SPECI FI CATI ON GLYCOSYLATED GLP-1 PEPTI DE TECHNI CAL FI ELD [ 0001] The
present invention relates to an oligosaccharide chain added GLP-1 pepti de.
BACKGROUND ART [ 0002] G.P-1 (glucagon-like peptide-1) is a peptide of
intestinal origin that is deeply invol¥ed in regul ation of glucose
honeostasis. GLP-1 is synthesized in intestinal L-cells by the

ti ssue-specific post-transl ational processing of preproglucagon which is a
gl ucagon precursor and rel eased gmtoreicguiati on in response to food
intake. This peptide serves as main nediators of the enteroinsular axis and
act through the binding to particular receptors. [0003] GLP-1 has been
known to act mainly on the pancreas and pronote the insulin release of p

cells in FCLEHURPETATENCER +htFERTFHEpendent manner. It has al so been
suggested that GLP-1 is likely to suppress glucagon secretion, delay
gastric enpEyHMNESATand Edhance peri pheral gl ucose disposal. [0004]

[0001]

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

GLP-1 (glucagon-like peptide-1) is a peptide of
integtinal origin that is deeply involved in regulation
of glucose homeostasis. GLP-1 is synthesized in
intestinal L-cells by the tissue-specific post-
translational procesgsing of preproglucagon which isg a
glucagon precurscor and released into circulation in
response to food intake. This peptide serves as main
mediators of the enteroinsular 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
concentraticon-dependent manner. It hasg aiso been
suggested that GLP-1 is likely to suppress glucagon
secretion, delay gastric emptying, and enhance peripheral
glucocse disposal.

[0004]



- 2 - The adm nistration of GLP-1 to patients with

noni nsul i n-dependent di abetes nellitus can normalize postprandi al gl ucose

| evel s, suggesting that GLP-1 may be used as a therapeutic drug. GLP-1 al so
has the effect of inmproving glycemc codntrol in patients with

i nsul i n-dependent di abetes nellitus. Since the effect of pronoting insulin
rel ease by G.P-1 depends on plasma gl ucose concentrations, GP-1 nedi ates
reduced insul i THelgRS@ i@t ratlion plrasmr-gl teose enaentyiald ewrand therefore
advant ageously causes no serious hypoglycem a. Thus, the highly safe

treat ment nisdl Abed@sendom tbed odds teve dndolyl icord rad i mgrdnkei zerount of GLP-1 in
bl ood as necessary. However, the half-life of G.P-1 in blood is as

extrenel y shorprasdizl gBiansrtlesye by estradant e Prabl@nrof nas %4 nited
possibility as a therapeutic agent. [0005] To sol ve such a problem
an attenptused dHeeh HRIERD ot i FYIG PSLE - Fop 18RamgiSe Fhipatddechoftnent 1

di scl oses a PEGyl ated G.P-1 conpound conprising a G.P-1 conpound conj ugat ed
to at | eaﬁmﬁr%ﬂ%twcﬁ?@%l%r?bé@ %%%.W%W tHEPEG 1 at ed GLP-1

d, h PEG is, d with the GLP-1 t . th L '
aci d o AR DR EP IRA L thiio S4Ge THE PE&IAi 24 Q-1 conpound
h li_m nat.i. =i f f I h - -

Agcszofgi ﬁglg@oor&%}agtlg{rk rB%Jo%”J”ulr%%’ln1(3:e ,eat%ee bgﬁt%ali%éld |po€?r£)ég)l£gogf% Ipylaa%?a} ve peptide

has a I onggr, hald -ddfeand highl v del.ayedglearancen cumargd, 1:g, t hose of
unPEGyI at peptides. It has also been shown that the PEGyl ated GLP1

conpound and LAPRI i ARAKR sl Y1 dddbdehedieaitminti Hf ddwe heal th
condition such as di abetes, obesity and irritable bowel syndronme as well as

reduci ng hiiead mmigandvertlageupilive $siuag sgast Ide iandy ofydatiesidmial. notility,
gastric and/or intestinal enptying, and controlling food intake (e.qg.,

Non- pat entThagurgrt highlyO@Gte treatmdomwewdr diREGtHes a&agofpound that is not
nmet abol i zed in vivo. Therefore, the continuous adm nistration of the

PEGy| at ed s@rR-eleshringyo ke tacddrimigattés REGUNG wily Gldhd mirghicsause adver se
reaction in the livi ng bodi es (Non-patent docunment 1). [0008] .

Mbr eover , NEFSFEGItohg Hasewars - Fheehaafngt BBdofoFLBddi A BACBEI gBsacchari de
chain to GLP-1 or nodified GLP1 has al sqQ been proposed&&e. , Pat ent
Docunent s 33 & 4T e Baflrt tDdCureC § HFEUFESes PX SPE T ‘—"V\%ih@h conpri ses

i ntroducin ol i gosacchari.de chai n.added_am no id_to pasitions 26, 34
and/ or 37p%f3%%_eﬁ9- Y é‘?@ qﬁg\?fg\?gr ,potsﬁé%tlaﬁgyoﬁst ﬁe%gﬁelr&?seé%&ﬁaﬁg&g%(ihai n and
the oli goi%%%ﬁri de chain added sites are |less than optimal. On the other
hand, Pat ent cunent 4 di scloses a nethod which

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

[0006]



conprises binding nodified hyaluronic acid having a - 4 - nol ecul ar wei ght
of about 200 KDa to a G.P-1 anal og. However, when such big hyaluronic acid
mol ecul es are produced in large anounts, it is difficult to make their

| engt hs or structures uniform Thus, “t%e actual hyal uronic acids may

| argely vary in structure or length. A igosaccharide chain added peptides
of uniformlength or structure are required for pharnaceutical use. [0009]
Exendi n- 4 f oundhddmraddie tsaldatiernf modungartd 1 Hedredessmgined a conpound t hat
is structurally simlar to GLP-1 and has simlar activity and high

stabil ity birxbhbodckh] Noregatentpdocitetta?)a wheohe hasabéehi pt aged on t he
market in U S.. However, exendin-4 has a nonhuman sequence and m ght i nduce
neut r al i zi miplahy | dothesd attedtanes] conpores tle? ntaen vstyrkEeGnlateddi ng to

attenuat ed efficacy Non- pat ent Documents 3-5). 0 r¥]§ On the ot her
hand, it HeePbHEDIe dewst acisar b@leingﬁé@é”@héﬁad'e t&’f‘?a Y&aat)?%é%‘lipdus rol es

in vi vo. They have been | ess we] |, studi ed dufelfto their | i cat ed. and

di verse st} (c@R@ed t%&?@%%%t%ﬂ?ﬁ:é‘?ﬁ hett e eE‘? t‘?%’&)gﬁ‘ﬁ zed. An

tt t h t hod .f I de h

const ant ?éﬁepﬁg B R SR ttee S e R AR e T on et hod

i till

: Zr;el scal e pro% ﬁ%ﬁ%v&éalﬁhﬁﬂ{s néféné{éq?e\ﬁlg\r%;%;%%g ms(‘%) dg%a;%?%ag{ arly for

| ong ol i gosagohard t r}@{%s%fﬂg drig M ond Lt gnf1 Decument,, 11 Nati onal
nati ona

Publi cation of Int tent Application No. 2006- 520818
gastric and/or intestinal emptying, and controlling food
intake (e.g., Non-patent document 1).

[o007]

However, PEG is a compound that is not metabolized
in vivo. Therefore, the continuous administration of the
PEGylated GLP-1 compound accumulates PEG in vivo and
might causge adverse reaction in the living bodies (Non-
patent document 1).

[0008]

Moreover, to prolong the half-life, a method for
adding an oligosaccharide chain to GLP-1 or modified GLP-
1 has also been proposed (e.g., Patent Documents 3 and 4).
Patent Document 3 discloseg a method which comprises
introducing an oligosaccharide chain added amino acid to
positions 26, 34 and/or 37 of GLP-1, etc. However, the
type of the oligosaccharide chain and the oligosaccharide
chain added sites are less than optimal. On the cother
hand, Patent Document 4 discloses a method which

compriges binding modified hyaluronic acid having a



[ Patent Docunent 2] National Republication of International Patent
Application No. 2005-095331 [Patent Docunent 3] National Republication of

I nternational Patent Application No. 2006-095775 [Patent Docunent 4] WO
2007/ 063907 [ Non- patent Document 1] To%icol ogi cal Science, 42, 152- 157
(1998) [Non-patent Document 2] J Biol Chem 267, 7402-5 (1992) [ Non-patent
Docunment 3] Vascul ar Health and R sk Managenent 2, 69-77 (2006) [ Non-patent

Docunent 4o JAMA a 298 1 d9¢4- 20 KAMO7) 0 § Nava pad eat cDecunens 164 . Endocri ne
Revi ews 28, 187-218 (2007) SUVMMARY OF THE | NVENTI ON PROBLEM TO BE SCOLVED BY

THE | NVENTH&MNTED 1 Ifhen sucrbipjlecdlwforie gredendlecwbati@aneis to provide
an ol i gosaccharide chain added GLP-1 peptide that has higher stability in
bl ood t harptddced BLP:drgmdamemwrtes pref erabdyL Lexhl bite mighefhekrivity of
controlling bl ood-sugar |levels than that of G.P-1. MEANS FOR SOLVI NG
PROBLEM -lsngthipoap]structures uniform. Thus, the actual

hyaluronic acids may largely vary in structure or length.

Oligosaccharide chain added peptides of uniform length or

structure are required for pharmaceutical use.

[000¢g]

Exendin-4 found from the saliva of a lizard

(Helederma) 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).

[0010]

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

gtill less than sufficient from the viewpoint of

convenience or large-scale production and is not



The present invention can have the follow ng characteristics to solve the
probl em Specifically, the present invention provides an

ol i gosacchari de chain added GLP-1 peptide having GLP-1 activity, wherein at
| east two amino acid is substituted wi®h-an oligosaccharide chain added
amno acid, in (a) GP-1; (b) a peptide having the am no
aci d sequence of G.P1 with deletion, substitution or addition of one or

several ampQ-aLkLs; m&Fhod part{@1& G-Prdr anghgUo1{§848dchariadhe present
i nvention al so provides an oligosacchari de chain added GLP-1 peptide having

GLP-1 actishiiyns Weetetinatiteastotwo amino acid is substituted with an

ol i gosacchari de chain added am no acid, in (a) GP-1; or (b)
a pepti de heataegt thecanemo BcilbtseouehcdsiloliGPlomi ¢h betetnaonional
substitution or addition of one or several am no acids and having GLP-1
activity. 7003} Applidielprdsent2@Hemi®dke al so provi des an

ol i gosacchari de chain added GLP-1 peptide having GLP-1 activity, wherein

t he ol i gosEREMRIRE deOCHERRE atid Pl Jegiilfel¢ation of

International Patent Application No. 2005-095331
[Patent Document 3] National Republication of
International Patent Application No. 2006-095775
[Patent Document 4] WO 2007/063907

[Non-patent Document 1] Toxicological Science, 42, 152-
157 {1998) |

[Non-patent Document 2] J Biol Chem. 267, 7402~5 (1992}
[Non-patent Document 3] Vascular Health and Risk
Management 2, 6%-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
PRCBLEM TO BE SOLVED BY THE INVENTION
i0011]

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

MEANS FOR SCLVING PROBLEM



-7 (a) an oligosaccharide chain added GLP-1 peptide wherein at | east
two amino acids of GLP-1 are each substituted with an oligosaccharide chain
added ami no acid and at |east one of the substituted sites is position 18,
20, 22, 26, 30, 34 or 36 of GP-1; or 6 - (b) an oligosaccharide chain
added GLP-1 peptide having the am no acid sequence of the oligosaccharide
chain added GLP-1 peptide defined in (a) with deletion, substitution or
addition ofpo®ne or several amino acids except the oligosaccharide chain

added am no acids. [0015] The present invention also provides an
ol i gosacchar i denehaire sadded ndeltl ope pind@akavitng: EcR-1bvacig vity, wherein
the ol i gosaccharide chain added G.LP-1 peptide is (a) an

ol i gosac chara ke totrai st addl e GdP-vie pept ideswmrein at | east two ami no aci ds
of GP-1 are each substituted with an oligosaccharide chain added am no
acid and each &bechdisgdsyi .t thed Pyeresti $NFesittlicsn PI®Viges 22, 26, 30, 34
or 36 of GLP-1; or . b) an o%%gosaccharide,chain added GLP-1 peptide
havi ng théﬂdiﬁc?ﬁﬁ%ﬁﬁacffls%ll?(é’f?dé‘ G4k BE JoRERNHS d¥cHd (Flddded GLP- 1
peptide defined in (a) with deletiagn, substitution or additi.qon of one or
sever al arﬁ%va“rﬁyds(”@{&‘@ﬁtn e G3Fo A FIHR s % S i ds.

[ 0016] . I n Q%f. resent_.i.nventian, t | i gesacchari de chai n added
am no aci d’cdh e ﬁoésra}foq TSR c?f‘@tlni iarf'ﬁe@ecg at"%,ﬂcola}%lg{s’acl&ari de chain
added Asn or ouggo%igqqaride chai n added Cys, dependi ng on enbodi nents.
[ 0017] I n 'the presént invention, the oligosaccharide chain added am no

acids linked tquthg 9EEQQ§@CEQ@&5 ecphakpiadded ;6L B=Lupepti de Apy.be the
sanme or different in"the type of fhe oligosaccharide chain or the am no

acid. [0018}yith adiretlile Prersil dutvemt icen additife @d gesaesgharide chain
added am no acid, the oligosaccharide chain may be linked to the am no acid
via a |inkerreatalnantiot saildsnkerr. Preferably, the oligosaccharide chain is
linked to the amno acid without a |inker (i.e., directly), depending on
enbodi nment s. (¢) a GLP-1 analog.
[0013]
The present invention also provides an
oligosaccharide chain added GLP-1 peptide having GLP-1
activity, wherein at least two 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 ad&ition of one or
several amino acids and having GLP-1 activity.
[0014]
The present invention also provides an
oligogaccharide chain added GLP-1 peptide having GLP-1

activity, wherein the oligosaccharide chain added GLP-1

peptide is



[ 0019] In the present invention, the oligosaccharide chain is
general |y preferably an oligosaccharide chain consisting of four or nore
sugars. However, an oligosaccharide chain consisting of five to el even
sugars may be preferable, dependi ng on’/ enbodi nents. [0020] In the
present invention, the oligosaccharide chain may be preferably, but not
limted to, biantennary conpl ex-type oligosaccharide chain, dependi ng on
embodi ments. The oldrgesachaiddeGhiai rhaEy: beiquefanabl weptic® - but not
limted to, an oligosaccharide chain selected fromthe group consisting of
di si al o, nomesdal gt asdadio, twh Grolthe andisdicmneioBel crgosacitchari de chai ns,
dependi ng on enbodi nents. [0021] In the present invention, the

ol i gosaccheubhsiel ot d wisiyh en priefeasisighamide nohain mdeed tayminm

ol i gosaccharide chain represented by the fol]low ng fornula, depending on
enbodi rrent%@lci m]at[ Farahft 19 of the substituted sites 1is

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,
gubstitution or addition of one or several amino acids
except the oligosaccharide chain added amino acids.
[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 at least two amino acids of GLP-1 are each
substituted with an oligosaccharide chain added amino
acid and each of the gubstituted sites is pogition 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,
gsubstitution or addition of one of several amino acids
except the oligosaccharide chain added amino acids.

[0cl6]



1 -A) HOHO HAc [0023] wherein 122 and R2 are the sane or
ifferent and each represents [Fornula 2] - 10 - HO

- 8 -

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.

[6017]

In the present invention, the oligosaccharide chain
added amino acids linked to the oligosaccharide chain
added GLP-1 peptide may be the same or different in the
type of the oligosaccharide chain or the amino acid.
[0018]

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

[0019]

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.

[0020]

In the present invention, the oligosaccharide chain
may be preferably, but not limited to, bilantennary
complex-type oligosaccharide chain, depending on

embodiments. The oligosaccharide chain may be preferably,



and Ac represents an acetyl group. [0024] The present invention al so
provides an ol igosaccharide chain added GLP-1 peptide wherein at |east one
am no acid of the parent peptide is substituted with an ol i gosacchari de
chai n added anmino acid and the oligosatcharide chain is oligo hyaluronic
acid. Exanples of the oligo hyaluronic acid may include an oligosaccharide
chain having 2 (tetrasaccharide) or nore and 8 or |less of units each

consi sting,@f MNeeet yh Ot &tg oS e ST A AMCAHDMN Ge € 4lin THe1 &GO hyal uronic
acid can have 2 (tetrasaccharide) or 4 (octasaccharide) of the units.

[ 0025] fromhenhpresens dowvendt oy absSaprmidesnanmool dgosasehatrdé de chain
added GLP-1 peptide wherein the oligosaccharide chain is linked to at | east
one am no &ttieNAa and i diternndanpl esooic ety aie nchachs, ofepdiedi@ P- 1
pepti de bound to the linker may include Lys. In this case, the |linker may
cont ai n arPranemerdioielts- t he termi nal bound to the oligosaccharide chain.
Exanpl e of the amno acid contained at the oligosacchari de chai n-bound
term nal of°%He Iinker may include Asn. [0026]

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:

[0022]

IPormula 1]

1
i
HO
] _OH —OH
HOUN 0T o
| HO HO
R? HAC HAc
fo023]
wherein

R* and R® are the same or different and each
represents

[Formula 2]



In the present invention, the oligosaccharide chain is, preferably,
substantially uniformand preferably has, e.g., at |least 90% or at | east

99% uni formty. [0027] The ol i gosacchari de chain added GLP-1 peptide
of the present invention, preferably, Ras higher stability in blood than
that of G.P-1. [0028] The ol i gosacchari de chain added GLP-1 peptide of

the present invention can have the activity of controlling bl ood-sugar
l evel s preferably.at least 5 tines, nore p %f glL,ably at least 10 tines, even

nore prefer lreast 20 times thaf Ri i n OGTT Oral d ucose
o swabhe oli ‘Added GLP-1 peptide
~§§hﬁ%@ve DPPrt\/ eS|sta Eempr e%ably at | east 20

Tol erance T
of the pre
times, nore preferably“at 30 tinmes, even nore pEg bly at |east 50
times that of G.P-1. [00301 The ol i gosacchari de chai n added
GLP-1 peptide of the present |nvent|on can be used as a novél active
i ngredient in nedical application. Such nedical application enconpasses the
treatment or preventlon of di seases associated with GP-1. Such di seases
are typified by@?¢ g., diabetes. [0031] O course, one or- any
conbi nati on of u X &ristics df ¢present invention described above
is also incorporat &d et oligos§& | ge chaiqﬁ%gged Q%P-Lipeptide of

Hor I

the present invention. ue
HO

x

and

Ac represents an acetyl group.
[0024]

The present inventicn alsc provides an
oligosaccharide chain added GLP-1 peptide wherein at
least one amino acid of the parent peptide ig substituted
with an oligosaccharide chain added amino acid and the
oligosaccharide chain is oligo hyaluronic acid. Examples
of the oligo hyaluronic acid may include an
oligosaccharide chain having 2 (tetrasaccharide) or more
and 8 or less of units each consisting of N-
acetylglucosamine and glucuronic acid. The cligo
hyaluronic acid can have 2 (tetrasaccharide) or 4
(octasaccharide) of the units.

[0025]

The present invention also provides an
oligosaccharide chain added GLP-1 peptide wherein the
oligosaccharide chain is linked to at least one amino

acid via a linker. Examples of the amino acid of the



EFFECT OF THE | NVENTI ON [ 0032] The ol i gosacchari de chain added G.P-1
pepti.de of the present invention has higher stability in blood than that of
GLP-1.. I n one aspect of the present invention, the oligosaccharide chain
added GLP-1 peptide of the present indéntion has higher activity of
controlling bl ood-sugar |levels than that of G.P-1. Accordingly, the

ol i gosacchari de chain added G.P-1 peptide of the present invention can be
admi ni steredeoal gepoies Wlosed andl he Maidiesr nuapeinOfudosegs t ham t hose of

GLP-1. [0033] The ol i gosaccharide chain to be added to the
ol i gosacchatiglecada) ntias dethKdP-nlaypepintcei rofan hemjmesentid iawente on i s
easily degraded in vivo and therefore, does - 13 - not cause adverse

reaction aterminakdewnd tte ddeimili@drrdimnige | ¢ha iy bédiaawle 0634)
Sonme or all of the added oligosaccharide chains in the oligosaccharide
chai n addeghesmming e ideBitaedradsdite i TMAFRFICREL 4t i gosdechari de

chains existing in vivo in mammal s including humans, birds, etc., or
modi fi ed AFYYEdcEiEridte Thdifts ]tlﬁé?eébf“}aﬁfrwg}ﬂc‘é@? He#¥i y exhibit side
effects orvﬁ%%ggenicity, when adm nistered to living bodies. Therefore,

t hey do no sent the problemof allergic reactions, antibody production,

or a loss of effjcagy %%%%-Qfﬁﬁﬁﬁé@gbﬁtotpgpgﬁﬁ asaccha¥isk %%Fégfy Short .

ol i gosacchari dé chaing G§& present invention are rela

Therefore,: th j und TGL UL 8 4 t.ai -t
i ’p?f’g*?fc%/‘"’l&q" @Jﬁgﬂ_ﬁ%ﬁé{aﬁiﬁ}’;ﬁu@kn@%r&p ﬁer@é%aoal IV

conplicate on ‘st eps. a‘high-quality gosacchar i de chain

added GLP-l peptdde Hfspharmeeeutd aaladevrls qan dg-ohtai ned stably in large
anount s.

[0027]

The oligosaccharide chain added GLP-1 peptide of the
present invention, preferably, has higher stability in
blecod than that of GLP-1.

[6028]

The oligosaccharide chain added GLP-1 peptide of the
present invention can have the activity of controlling
blocod-gsugar levels preferably at least 5 times, more
preferably at least 10 times, even more preferably at
least 20 times that of GLP-1 in OGTT (Oral Glucose
Tolerance Test).

[0029]

The oligosaccharide chain added GLP-1 peptide of the
present invention can have DPP-IV resistance preferably
at least 20 times, more preferably at least 30 times,
even more preferably at least 50 times that of GLP-1.

foo30]



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0036] FIG 1 shows the results of
measuring, by Oral G ucose Tol erance Test (OGIT), the effect of suppressing
rise’ in blood-sugar |levels by the administration of an oligosaccharide
chain added GLP-1 peptide (26 and 34C¢8- - - 14 - disialo oligosaccharide
chain added G.P-1 or 18 and 36Cys-disialo oligosaccharide chain added
GP-1) or GP-1. The 26 and 34Cys-disial o oligosaccharide chain added G.P1
or the 18 and 36y sidigisiceelviges ateliar adelechainr-addegpt@R bi she

adm nistered at a dose of 0.9 nnmol/kg, while the G.LP-1 is adm nistered at a
dose of 9 puwmddikg;inventidn GarR shows=d s resuwbtsl ociceasuring, by O al

A ucose Tol erance Test (OGIT), the effect of suppressing rise in

bl ood- sugaindeadd enthyln Hee & niagldtdaoni ot afusiti gesdeeari de chai n added
GLP-1 peptide (22 and 30Cysdi sial o oligosaccharide chain added G P-1, 22
and 360ys diRR bl ¢ ol 9y RRAIRET T S i LRAISERE P24 RS P 380y s-disial o
ol i gosacchari de chai n added GLP—%? Qr g;P—%.C%g 22 and 30Cys-disialo

ol i gosaccHariE ChAFTARRFEBL (HE 22 and %ﬁ?ﬁﬁ%ﬁsaﬁgeoligosaccharide

chai n added - 1. aqr the 30 d.3 s-di sial o oligosacchari de chain added
GLP-1 is gﬂ’rﬁq}flﬁ%&’é’d ae[‘ga’dgd;leabc?f% 9 nmol / kg, while the GLP-1 is
adninisterﬁg} t, a dose of 9 nnol/kg; FIG 3 shows the results of
measuri ng, by al ducose Tol erance Test (OGIT), the effect of suppressing

rise in blood- sygap,heyel $.RY othenadebRibshhatison f «ae ol i gosacchari de
chain added G.P-1 peptide (36Cyshyal uronic acid tetrasaccharide added GLP-1

or 36Cyshya] =015 180 it P AL hald 26 tadaat {8ionl )adfc Ad abBe
36Cys-hyal uronic acid tetrasacchari de added G.P-1 or the 36Cys-hyal uronic
aci d oct asacchaid devqadged 8% Iranthe olliyosadduha@iRel drear esfeet i vel y
adm ni stered at a dose of 9 nnol/Kkg; FIG 4 shows the results of
measur i ng, Gy 10raiptGldec asfe thel ermmeatTdstve®EPR). the effect of suppressing
rise in blood-sugar |evels by the adm nistration of an oligosaccharide
chain added G.P-1 peptide (26Lys-asialo oligosaccharide chain Asn
linker-nodified GLP-1) or GP-1. The 26Lys-asial o oligosaccharide chain Asn
| i nker - modifEiEéd QP HEAFERE 18- 1 are respectively

[ce32]

The oligosaccharide chain added GLP-1 peptide of the
present invention has higher stability in blood than that
of GLP-1. In one aspect of the present invention, the
oligosaccharide chain added GLP-1 peptide of the present
invention hag higher activity of controiling blood-sugar
levels than that of GLP-1. Accordingly, the
oligosaccharide chain added GLP-1 peptide of the present
invention can be administered at a lower dose and a
smaller number of doses than those of GLP-1.

[0033]

The oligosaccharide chain to be added to the

oligogaccharide chain added GLP-1 peptide of the present

invention is easily degraded in vivo and therefore, does



adm ni stered at a dose of 9 nnol/kg; and FIG 5 shows the results of
Oral @G ucose Tol erance Test (OGIT) conducted for exam ning the influence of
t he dose of the oligosaccharide chain added GLP-1 peptide on the effect of
suppressing rise in blood-sugar |evel 43 The 18 and 36Cys-disialo

ol i gosacchari de chain added GLP1 is adm nistered at a dose of 0.9 nnol/Kkg,
while G.P-1 is adm nistered at a dose of 9 nnol/kg. DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBCD MeMNTS:d 08373 tion att@ihided usedi her et dudiepi€sent s

gl ucagon-1li ke peptide-1 and refers to G.P-1 (7-37). [0038] The GP-1 (7-37)
has the anmimotiaei Th o ane@ios .

H s- Al a-d u-d y-Thr - Phe- Thr - Ser- Asp- Val - Ser-Ser-Tyr-Leu-G u-Ay-d n-Al a-Al a
-Lys-Qd u- Phet34e- Al a- Trp-Leu-Val -Lys-@y-Arg-dy (SEQID NO 2). - 16 -
[0039] Some or all of the added oligosaccharide chains in
the oligosaccharide chain added GLP-1 peptide of the
present invention are oligosaccharide chains existing in
vive in mammals including humans, birds, etc., or
modified coligosaccharide chains thereof. They can hardly
exhibit side effects or antigenicity, when administered
to living bodies. Therefore, they do not present the
problem of allergic reactions, antibody production, or a
loss of efficacy attributed thereto.

[0035]

Most of the oligosaccharide chains used in the
present invention are relatively short. Therefore, those
having uniform structure can be cobtained without
complicated production steps. Thus, a high-quality
oligosaccharide chain added GLP-1 peptide of

pharmaceutical level can be obtained stably in large

amounts.

BRIEEF DESCRIPTION COF THE DRAWINGS
(0036]

FIG. 1 shows the results of measuring, by Oral
Glucose Tolerance Test (OGTT), the effect of suppressing
rise in blood-sugar levels by the administration of an

oligosaccharide chain added GLP-1 peptide (26 and 34Cys-



In the present invention, a "GLP-1 analog" is a peptide structurally
simlar to G.P-1 and/or a peptide structurally overlapping with G.P-1.
Exanpl es of such peptides include: a peptide having the am no acid sequence
of GLP-1 with deletion, substitution éf addition of one or nore am no
acids; a peptide having the am no acid sequence of G.P-1 with conservative
substitution of one or several amno acids; nodified GP-1; a GP-1
fragment haviwr OB do@eddond yide! angat ediddP-drbaviag R Paddactivity; and
exendi n-4 ("Ex-4" means exedin-4 in this specification) and its anal og
(Curr. OpiyeCisveisdiglo lLgsodscB42-81d 200A)n aAdddhathBcd] .oEx@LP-Ther. 307,
490- 496 (2003), Di abetes 50, 2530-9 (2001), etc.). [0040] The "am no
aci d" usedTherzd rnd ek di 2 el droladistasdrsel dhd oo pddse St only
natural am no acids but also nonnatural am no acids such as am no acid

vari ants ahddetiaatd vsrd AGRiFTi sl rdgRFTHAT B | vl e ctidafer at i on,
those skilled in the art. can understand th% exa%s of t”g?elji am no acid
used her ei F8 Tel RIS IHRFH T RleFyeti®e 12faf b I DM o ds:
chemi cal |l y, nodi fied am no acids such as am aci ariants and

deri vat i ves=" mat't ﬁ‘f"ﬁdﬁpsrtoetréeo earsﬁ & acfﬁsﬁao Oggi%dsm% H*%s norl euci ne,

P-al ani ne and qrpithi %ﬁbﬁngh%h%@s%%!syo%yFﬁEH%%ﬂxé%g C%g/p% s havi ng
properties characteristic of am no acids known in tHe art. anples - 17 -

of the no ' ' I Ncidiaena- meih ] ' AsJeihyl al ani ne
etc.), | D@%%ﬁacws%%h% ?%énﬂgldl ke a%rﬁ no agfd%%ﬂg?ja?n%n%%)hiegsti di'ne,

P- hydr oxy-hi gt i46] nodmomfjsst i1dngs anf lteer eretilstiadidh ne and

a-nmet hyl histidine, etc.), amno acids having extra nethylene in the side
chai n (" hym'qEaenaids) @l abdaedadlds thadptg de c@rband i30ae-d
functional group in the side chain substituted with a sulfonic acid group
(cystei ¢ atisd.sgtoc JL1igSere dBaR-iHeardladgs aldaeicn GIE-P-,1 2ctand 3¢ dyave been
known to contain nonnatural am no acids. In a preferable aspect, the am no
aci ds contdigiedd o ltilgeseogieurideofchalia podeentGCLiiniemts o @@ssi st only of
natural am no acids. [0041] In the phrase "del etion, substitution or

addi ti on 6&f CiFe dG igdwe Ol snfars hadiide: chiséd RECEIh Cltthe 'ndi&ofl -ani no
acids substituted, etc. is not particularly limted as |lo S P-1
BCtivi by Mg Bae Gl YR RiAer o0f SarPRYhATGE SHEen AGted e s 1 to
about 9, preferahly 1 t out..5,, re.preferably .l to,ahout r
corresponds F%ew?fﬁﬁﬁdzé ,Yﬁr@ﬁ&ﬁé@%&C%ﬁﬁﬁﬁﬁcf%@%&%ﬁn%gawﬁbﬁg eg’ngth. The
am no aci g;ips_lib%&! tt&a%e%.eogn%d%%%ﬁ%&*gﬁaﬂ%t g&ggo%gaz@lmd%s chagpnat ur al

S an rab

am no aci of am no aci d anal og are pre y natural am no acids.

Exanpl es ofy @ qGePpl1peRt a6 :havhgcadaketi ahaeslst tuth@n /e, addi tion of
one or several amno acids" include BIMb1077 wherein 8Ala and 353y of

GLP-1 are.gagk substiputied swWaldhiaiReeratiueal a dol® orani AMoagikd ;
a- met hyl al ani ne (al so cal | ed am noi sobutanoic acid or Aib); 37Gly thereof
is del eted; andI86Asgshbesedhei seanidatefl (€asnrifpi noyl ovestig. Drugs 8,
842-8 (2007)). [0042] The "conservative substitution of one or
several armilngoaei Uleusadeh@eeitn (OETEY s tbeamiffiecaciod suppressing
rise in blood-gugar levels by the administration of an
oligosaccharide chain added GLP-1 peptide (36Cys-
hyaluronic acid tetrasaccharide added GLP-1 or 36Cys-
hyaluronic acid octasaccharide added GLP-1) or GLP-1.

The 36Cys-hyalurconic acid tetrasaccharide added GLP-1 or

the 36Cys-hyaluronic acid octasaccharide added GLP-1 and



substitution that substitutes the original amno acid with an am no acid
havi ng hydrophilicity and/ or hydrophobicity indexes simlar thereto and
does not produce evident reduction or loss of GLP-1 activity after the
substitution. [0043] The "nodifiled -GLP-1" used herein is a conpound
wherein GLP-1 is naturally or artificially nodified. Exanples of such
nodi fi cation include al kylation, acylation (e.g., acetylation), am dation,

carboxyl at ign, gester LiLcabhkghot di-84f Leg: RoBdet-aEMaLi angogkyeesyl ati on,

| i pi dati on, phosphoryl ati on, hydroxylation and | abeling of one or several
am no aci dnfesi/dges of G.P-1. [0044] The "G.P-1 fragnent having G.P-1
activity" used herein is a peptide that has deletion of one or nore am no
acids fromthe N&erdn gtadwanddeor-«&d Bran ofalned s @ g andy narat ai ns GLP- 1
activity. [0045] The "elongated GP-1 having GLP-1 activity" used
herein is @lpeptedéclhnanhasTaddi (OGHTDf bme effpoteci- stiPpregming acids to
the Ntermnal and/or Ctermnal of GP-1 and maintains G.P-1 activity (see
e.g., Endotipfolaghloedssugapolevelsioby)fhe[ponsnistratipp Phedphr ase
"peptide having one or several am no_acids further added to the_C term nal
(posi tion 8¥yoeFaetparidgselnherafided i fot oFRs1d8dédotESrRé € Per i nal of

ari no Zéfgéiﬁgﬁaé%ﬁ%%iéef gﬁéfge%%nafﬁ?ﬂ%%%%gs?%‘aé Berad BRetht Several

. . . - . G_P- 1" , 3
aci ds. addedFo THESRAL BhE rat er=te Pt e Celtd b 1Bk arred 16 a5 an
am no aCi?%§&%PQé&téﬂﬁ-§1aﬁ& e ng Aci da Al POSLLLED a3y .. etc. Exanples of

t he "pept aving one amno acid further added to the C term nal

(Foag (in 3dhi Rl sFed " at N&l 888 2o pePpthfer 2yt ngndsn or Cys added to 37Qy
0 - 1.

FIG. 5 shows the results of Oral Glucose Tolerance
Test (OGTT) conducted for examining the influence of the
dose of the oligosaccharide chain added GLP-1 peptide on
the effect of suppressing rise in blood-sugar levels.

The 18 and 36Cys-disialo oligosaccharide chain added GLP-

1 is administered at a dose of 0.9 nmol/kg, while GLP-1

is administered at a dose of 9 nmol/kg.

DETAILED DESCRIPTICON OF THE PREFERRED EMBODIMENTS
{0037]
"GLP-1" used herein represents glucagon-like
peptide-1 and refers to GLP-1 (7-37).
[0038]
The GLP-1 (7-37) has the amino acid sequence of
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gin-Ala-Ala~Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val-

Lys-Gly-Arg-Gly (SEQ ID NO: 2).



[ 0047] The "ol i gosaccharide chain added GLP-1 peptide (glycosyl ated
GLP-1 peptide, sugar chain added GLP-1 peptide)"” of the present invention
is characterized in that at |east one amino acid is substituted with an

ol i gosacchari de chain added am no aci d6 - The "ol igosaccharide chain
added GLP-1 peptide" used herein enconpasses a peptide wherein at |east one
amno acid of GLP-1 is substituted with an ol igosaccharide chai n added

am no acidighdsp peptide wherein at least one - 20 - anmino acid of the
GLP-1 analog i1s substituted with an oligosacchari de chain added am no aci d.
These peptides B &HNGHRYAL ghhightite 0ld gegacchalridephaid added GLP-1
pepti de, even when they further have del etion, substitution or addition of
one or sevgsptiad soractlsa Exgepimi er ot d gEismetT hang der chapepatded am no
acids. A peptide wherein the Ctermnal of any of these peptides is

am dat ed (etguct@#t Iy 7o86) N2 hay i witlt heL2m no Exeing 1seq weh caradf

H s- Al a-d u-Qdy-Thr-Phe-Thr-Ser-Asp-Val -Ser-Ser-Tyr-Leu-@u-Gy-A@n-Aa-Aa
-Lys- G u- Pheprtildedl rdiypde elp \REPTYEe A3 INY- N ISE [ZEND. 3), wherein at
| east one amino acid is substituted with an oligosaccharide chain added

am no aci dyedeenge Pf fde? porvatidl IRl e heeD i GotletHarieR ThaAT Hedd GLP- 1
peptide. Salts of these peptides, are al so incorporated.in the

ol i gosaccHr i Y& cPai M2 FEH P Beptd (féept[J(fg‘?l aving FHe TS used

herei n may_be_any of aCi§3 | tiqn . and base addition.salts. Acids.usually
used for fHrHt nsgé/(¥LFleeI1(:aeciO addhi v of tghalcf%nas;errér EFltnlc;‘fegaSn1‘|1k?:s('ata][(:t—iu sﬁsljtﬁc r as

hydrochl ord ¢, fogf 4 . droby,0m ¢ aggﬂéis,- hyesl{ 08 0§ e d, laft&ﬂwi ¢ acid and

phosphori c ac and organi ¢ aci such as p-tol uenesul fonic acid,

met hanesul 001G ACithy ¥Rl di acCidh t Rrfnpmphemd sl fan o agdhngar boxylic
acid, succinit acid, citric acid, benzoic acid and acetic acid. Exanpl es of

the base agich ti Q-tSa}iltsy ;i Rl decesal ilrs- derinded 4 maaramaddim -hy diroxi de or
al kali or alkaline-earth netal - 21 - hydroxides and salts derived from
i nor gani ¢ thaise Ssualt ias tdanoratde iarwd sbisdargpofatre:. Rarin .culrardgtig.

Drugs 8, 842-8 {(2007), J. Pharmacol. Exp. Ther. 307, 490-

496 (2003}, Diabetes 50, 2530-9 (2001), etc.}.

[0040]

The "amino acid" used herein is used in the broadest

sense and encompasses not only natural amine acids but

algo 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;

chemically modified amino acids such as amino acid

variants and derivatives; natural nonproteogenic amino

acids such ag norleucine, P-alanine and ornithine; and

chemically synthesized compounds having properties

characteristic of amino acids known in the art. Examples



pharnaceutically acceptable salts are preferable. [ 0049] The

"ol i gosaccharide chain added am no acid" used herein is an amno acid

| i nked to an ol igosaccharide chain. In this context, the oligosaccharide
chain may be linked to the amino acirdiVia a linker. The site of the

ol i gosaccharide chain to which the amno acid is linked is not particularly
limted. Preferably, the amno acid is |linked to the reducing term nal of
the ol i gosaechat ide ehtaifhl amino Hteidsy%cpﬁuc_n@eaarﬁeﬂgy:acmiﬂl&) nked to the
ol i gosaccharide chain is not particularly limted, and both natural and
nonnat ur al 3 & H10( AGh&lshERIT dre rus esk ¢ Fr o tdvei wo esvpod el hhat 1 ¢ hee-

ol i gosacchari de chain added amno acid is structurally the sane as or
simlar taihosenine stdidg i (2 -anfioraniofs gldicepe pb + ded{gtydopstot@img, in vivo,
the ol i gosaccharide chain added amno acid is preferably oligosaccharide
chai n addéwasi suichires, an Nudnkest it} doisdcichane dné Haimeory 1 -

ol i gosacchari de, chain added Ser and ol i gosacchari de chai.n added Thr such as
an O- I|nk&&%ﬂ¥§6§h¢éﬁé?lde%ﬂﬁQQ1aﬁiﬂ% ¥ﬂ9§ﬁﬁﬁ¥ﬁeﬁ%ﬂﬁx;%ﬁ?gﬁéaccharlde

chai n adde . , the o osac hari de cha n.s linked to
t he anino J\ﬁ% ﬂr’nk(erhon}cn(f””éiﬁﬂonda a%cci # as diF'gd5hcchar i de

chai n added anlno cid i r nor e

car boxyl OL?prsbl aJI T acs dot‘?‘{nq{taigguc %;}Oq@p iC acg%y %V}?am c acid; an

am no_aci fgh MO0 Al & HO ITRURS Jrnld) w%cmwh as |ysine,
|st|

ar gi ni ne, ne or tryptophan; an amno acid LaV|ng a hydroxyl group in

the mol ecyig,. SUCBO{%@ egianeanambgenhaeleg ty/posi Betien tgmhageaci d having a
thiol group in the nolecule, such as cysteine; or an am no acid having an

am de gr oy dm Kikevrce Gdre a iSUGlbras tasear agiite aciglaut amnne, from the

vi ewpoi nt of easy binding with the linker. Particularly, aspartic acid,

gl utam ¢ ardetedatdienespacg, nithe, aggmnecitdy eonite,nagy sitreitties  aspar agi ne or
glutam ne is preferable fromthe viewpoint of reactivity. [0051] The
ol i gosacclvamipdeichaifn tdvdedeGiePt] ipweritdes sfonse rassiahtod masitadn
exhibits no large difference in the activity of suppressing rise in

bl ood- sugaminsy &élcsidset ween ol i gosacchari de chain added Asn (without a

| i nker) and ollgosaccharlde chain added Cys (via a linker) as an

ol i gosaccH&%*de chain added amino acid, when they had the sane

ol i gosacchari dg_ ggﬁnpg%;gggggggétthe SgMESSLLUELUres XEaRL i of

ol i gosaccharid Re’ s5mB~6 |gosacc ar al n "added

sites and e $ame AyThers, of, aligRsacehdl kg ShAl thd Ruipeadded. [0052]

amino acids substituted, etc. 1s not particularly limited
as long as GLP-1 activity is maintained. The number of

amino acids substituted, etc. is 1 to about 9, preferably
1 to about 5, more preferably 1 to about 3 or corresponds
to within 20%, preferably within 10% of the whole length.
The amino acids substituted or added may be natural amino
acids, nonnatural amino acids or amino acid analogs and

are preferably natural amino acids. Examples of a GLP-1

peptide having "deletion, substitution or addition of one
or several amino acids" include BIM51077 wherein 8Ala and

35@ly of GLP-1 are each substituted with a nonnatural



- 23 - When the oligosaccharide chainis linked to the amno acid
via a linker, any linkers widely used in the art can be used. Exanples

t her eof may i ncl ude: -NH (C0)- (CH2)a-CH2- wherein "a" represents an
integer, preferably an integer of 0td8,  but not linmited to these nunbers
unl ess |inker functions of interest are inhibited; C no pol ynethyl ene and
-CH2-R- wherein Ris a group forned by renoving one hydrogen atomfrom a
group sel e&r&?ﬁof&Qmit&emgﬁﬁ%l]?aﬁe%‘%ét (89s6f cahkyh, agubst sbyhednakkyl

al kenyl, substituted al keny al kynyl, substituted al kynyl, aryl,
substltuteﬁcﬂdybr AiBAf bpryTyi cheronp, ia debstefiut eddcasbogychécegf oup, a
het erocyclic group and a substituted heterocyclic group; and

- (Q0) - (CH235 -{ioDjatedef@inr ! aOpirprevepssian Pnvgged, pteférabPy7ah. i nt eger
of O to 4, but not limted to these nunbers unless |inker functions of

i nterest af@4ahibited. [0053] In the oligosaccharide chain added
am no acid, when the ollgosaccharlde chain is linked to the am no acid on
the GLP-1 skel it \RoRseTYatdele sHhs J1trllill:é'r‘°nal%'go Brefr eﬁﬁvfrcagnt ai ns an

amino acid at_the termnal . bound. to t%% oligosaccharide chain. Preferable
of

exanpl es oIt TP USHR AT A &t Ry T el iR, SHtf not particularly

I ted t 4 P-1 tid

h:'ﬁ\r?l nS thg okfggots%%lc??a]r?he o %%%did%égﬁlg@ngé%gfd&%ﬁerel n t%m% 24Iofalo de

ollgosacchﬂhnggmﬁl (% @a&gﬂhtﬁvafggﬂglfgigywAﬁ@pyg a linker can have
0

| ower antigenicity t t e ol i gosacchari'de chain added GLP-1

pepti de m@f@ﬁml@iﬁﬁm@dlﬁ%g@ NtHerd t hkegh tdrddhengni no acid via a
| i nker. The ol i'gosacchari de chain added G.P-1 peptide having the

ol i gosacchafddle« hativaddeacan hioracd Wes e h ¢le- bldgosaccharfer chain is
linked to the am no acid via a |inker can have higher stability in bl ood

t han t hat tdfe tshebsditgosiapchari de chain added G.P-1 peptide wherein the

ol i gosaccharide chain is linked to the amno acid without a |Iinker. [0055]
A process Wbﬁﬂﬁroducing t he ol i gosacchari de chain added GLP-1 peptide of
the present invention is not Ilnlted by any neans by the description (e.g.,
the descripti ofPst dreRg fisdi Féfade h&ﬁﬁ@eh€ﬁ§#ﬁ d@déd CePCYFept i de wherein

an ani no aC|d is substituted with .an oI| char.i_de chai ded am no
?c: Id) An BsFodacetfary de 6}%%‘ edqE Qt1&;‘@% ‘B%Lfge%h bydanyhof
ol | owi ngEliD(rocSIsses @r?e dﬁ% rapéolro%t gxdlué koyl osalt_lcc aride chain

added GLP- reln an am no aci (S sub With a

ollgosaccggﬁéggjgﬂplg %h B%Hdi: NorEaqv unh|ﬁ%§f%?¥d%lkgpsa00harlde

chai n add T pepti-dé n an arfi no aci d- gosacchari de
chain is ldJueed [didRGHY, %s\aﬁl@el 'H&Jﬁ@ ARt 13, NQ1dkidd-i1n ctilke pept i de;

an ol i gosacchari de chai n added GLP-1 pepti de wher ei 0 an ollgosaccharlde
chain lipidation, phosphorylation, hydroxylation and labeling

of one or gseveral amino acid residues of GLP-1.

{0044]

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 CGLP-

1 and maintains GLP-1 activity.

foo4s]

The "elongated GLP-1 having GLP-1 activity" used

herein is a peptide that has addition of one or more



- 25 - already added is further elongated by the addition of a sugar or

ol i gosacchari de chain thereto; an oligosaccharide chain added G.P-1 peptide
wherein one or several amino acids bound with am no and/or carboxyl groups
of the oligosaccharide chain added antAo-acid are further |linked to one or
several G.P-1 fragments; and an oligosacchari de chain added G.LP-1 peptide
wherein an am no acid-linked oligosaccharide chain is linked via a |inker
to an am ngnfed thé s Neo Pemd idec g rgd S G d)CoF por edeelihdl. the cLp-1

ol i gosacchari de chain added GLP-1 peptide of the present invention as |ong
as their fam@lmstmtcing esLBre ddtiagreentde tdhey ew Eido¢0056]ogy, The
nunber of substitutions that substitute an amno acid of G.P-1 with an

ol i gosacchei de3 Idhai kv atdd®tP lani no aci d may be adjusted appropriately
according to stability in blood, biological activities (e.g., the activity
of control I94#%f bl ood-sugar | evels), the nunmber of amino acids existing in
the final oligosaccharide chain added, G_.P-1 peptide, the nol equl ar wei ghts

>- 1
of the ol i gosadEh&Cd@ EREEn "REBEA CELBAY 1p8p MiFe BefiG5VE Tand FAEr t he

dditi f oli har | i te. For, le, .1t tituti

are prof e HRFEs Gralid (YR (e e an PR Urerae e T one aspect
f th t [ at | t UQSt ] ' , , .

gubst ?t E[ ?%L’ﬁﬂ;" la'|r guvsgerrge:‘hgerr}aebjl%e’ , aanEmZ %[c(s#%s Si Ilﬁ)&s%ﬂi ?Jl}f ito%ls g;t‘arteezrrrn%)lﬁﬂeaapr ef erabl e.

Pref er abl v, o Subs!d WK ITBY 3¢ raredfie SR & o T4pMmd e awpoi nt of

conveni ence as |long as S one substitution produces the desired activity.
I n_gener alyo AN Q)] Gasachaiide, Ghaid Aadded @Ryl peptide mher eitA one ani no
acid of GCP-1 is substituted with an ollgosaccharlde chai n added am no acid
tends to exh bﬁﬁe&ﬁﬁ@']@@dfiﬁgalﬁdei o iseviRiread sanchg ediickd fatdhert y of
controlling bl ood-sugar |evels, when one or nore am no aci ds except the

ol i gosacchaldede techaile addedremalo (@pasds iarme furdath@LEsUbst ianitred Wt h an

ol i gosacchari de chain added am no acid (however, the reduced activity of
control | i pgildlsoedidaigae Itéwels teamibe lc ofp&adatled sy semieariiaided stability
in blood). [0057] In the oligosaccharide chain added GLP-1 peptide of
t he presefefcAvrent itonast R SUHHC BGHidoR ts POE 131 Can Sanmidio e WCR an

ol i gosacchari de chain added am no acid can be adjusted appropriately

accor di ng 2o POSEELAY ¥ /i n bl §6€ -or EXRBPAEEi 9F t Y16f ESHFF@EIP%&lB?OOd-sugar

| evel s. [0058] . I n .one pect .of .the esent_ invention, the

subst it ut FOf %ﬁﬁ@cbﬁcéﬁ‘gﬁﬁﬁ§e§bﬁ %8# éEPB ew??ﬁegﬁugﬁigggggéﬁéPPde chai n
added am 09, agld g0 10 ;3EheELC LEAT: ALY nalleY AanCl Lacaadung fo the
desired activity and’is, €.g., at“least one site S8l ect € frompositions 8,
9, 12, 18,1 - 6, 30, 34, 36 and 38 (= addition of an
oligosaccﬁgr?gg%ghgﬁnG% déd amno acid to an amno acid at position 37) of
GLP1, prefigpabhy at |east one

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 pepitide wherein at least one



- 27 - site selected frompositions 18, 20, 22, 26, 30, 34, 36 and 38,
e.g., at least one site selected frompositions 18, 26, 30, 34 and 36, and
particularly at |least one site selected frompositions 30 and 36. [0059] In
one aspect of the present invention- BPom the viewoint of the stability of
t he 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

sel ected f{RMAN-&ites Ofe Qb L aihicsy & Gubstiteesd whensdte sel ected
frompositions 9, 10, 11, 12, 14, 16, 18, 19, 20, 22, 24, 25, 26, 27, 28,

30, 32, 341 3foabidbride agdthin oiddd amnigld gosaechartigie chaitidadded am no
acid to an amno acid at position 37) of GP-1, preferably at |east one
site sel eciwd fnarmrpositednsn Khe Oyl ik sak2;haldi dando28in andligdrdlieul arl y
preferably at |east one site selected frompositions 9, 10, 11 and 12.
Parti cul arpgptigithstdvan ivdrenfthay ddmndecilpim E©beteorl ose to the N

termnal of GLP-1 is also preferable. Particularly, exanples of the
subst i t ut iBPKIes igm ar 1akdit ok Hnidte &8 EEWIG BN (3 ids

ol i gosacchari de chai n added ani no aci ds .may jnhcl ude substjfutign of
P05t} ons S B8 SSAAHIT BT BEa PO ESHE B L dbsti tuti on of

g](c)sip'éis;)?is%é@&deagﬂ%%%uﬁtﬁ%fé%%%qsiotf' %r;lsy 202f atqges386,peaprkdidseusbsti tution
ig amidated {e.g., GLP-1{7-36)NH, having the amino acid
sequence of Hig-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-
Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-
Leu-Val-Lys-Gly-Arg-NH, (SEQ ID NO: 3), wherein at least
one aminc acid is substituted with an oligosaccharide
chain added amino acid) is also incorporated in the
oligosaccharide chain added GLP-1 peptide. Salts of
thege peptides are also incorporated in the
oligosaccharide chain added GLP-1 peptide.
[0048]

The salts used herein may be any of acid addition
and base addition salts. BAcids usually used for forming
the acid addition salts are inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiedic acid,
sulfuric acid and phosphoric acid and organic acids such
as p-toluenesulfonic acid, methanesulfonic acid, oxalic
acid, p-bromophenylsulfonic acid, carboxylic acid,
guccinic acid, citric acid, benzolc acid and acetic acid.
Examples of the base addition salts include salts derived

from ammonium hydroxide or alkali or alkaline-earth metal



- 28 - In one aspect of the present invention, fromthe viewpoint of
the effect of controlling blood-sugar |evels by the oligosaccharide chain
added "GLP-1 peptide, the substitution site of an amno acid with an

ol i gosacchari de chain added am no acidlis, e.g., at |east one site selected
frompositions 18, 20, 22, 26, 30, 34, 36 and 38 (= addition of an

ol i gosacchari de chain added am no acid to an amno acid at position 37) of
GLP-1, preﬁd}ecﬁla&ya@é Arfasda PNe Sdtersel aded AsAMRPosi bions h&n 26 30, 34
and 36, and particularly at |east one site selected frompositions 30 and

36. Parti ceh@sdnate exam esm@fortdie subatittivtilenrisites of at least two anino
acids of GLP-1 with oligosaccharide chain added am no acids may i ncl ude
substi t ut i gheoda s td=0ns, 18 @k 36, e Wesittist wironpoéfposilie ons 26 and 34,
substitution of positions 22 and 30, substitution of positions 22 and 36,
and substit@4%n of positions 30 and 36 of GLP-1, fromthe viewpoint of the
effect of controlling blood-sugar |evels by the oligosaccharide chain added
GLP- 1 pepti de. Theoé o]l igosacrhagideaspadt 8RRk PreSemCidiveértidon, fromthe
vi ewpoi nt of the ability to synthesize cAMP, of the GP-1 activities of the
ol i gosaccHyide difaiat & AP LIeFEude A SUFRTIWITT G te of an

am no acid with an oligosaccharide_chain.added am nqg acid.is_preferably at

| east oneqg%%?se?@chgsfF8HF5§értF%ﬁsogigoﬁgfcgﬁflgﬁ,Cgf}nsgagn “38 (=
addi tion of, an.pligesaceharide ahai added nyee 29 iAMmng agiyd fa an amino
acid at posf%lon ), and ‘mor e preferably at J'east one site selected from
posi tions 22528 cc3hridh 3RHEAGnilP082e aming ldb008 ASPeHle LT the

pr esent |nveﬁ{|on, the substitution site of an amno acid with an

ol i gosacchay ide ¢hain added yaniika tae.d pseabrheast ene sitieosekegted from
sites except positions 8 9 and 12 of G.P-1. In one aspect of the
present i neentindead the thidh Atddudiingn teirdnafl af aMenelagjabandha rdrde

ol i gosaccharide chain added amno acid is at |east one site selected from
sites exceptaipositions 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. [008BE type ©fi bhe awpeetaeidt henjsedsént thavention, the
substitution site of an anmino acid with an oligosacchari de chain added

ani no aci @ldawspecherddn KEQify ¢ R PRAGILAY Isittles lemided.1a0¢ a GLP-1

receptor'hkg%ﬁigtural 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
oligogsaccharide chain added Asn.
[0050]

When the oligosaccharide chain is linked to the

amino acid via a linker, the amino acid in the



I n one aspect of the present invention, when two or nore amno acids are
substituted wth oligosaccharide chain added am no acids, the substitution
sites of the anmino acids with oligosaccharide chain added ami no acids can
be selected from but not linmted to, “any of - 30 - conbinations of the
sites descri bed above. For exanple, a conbination wherein one site is
selected fromthe preferable sites and the other sites are selected from
any sites ofid&ddadechantia aom neddah anereiar beisi peefsraelectad fromthe
preferable sites and the other sites are selected fromany sites of one or
several ammnhacidsd fhatiey tadder: totdhea@hmeryd ngtogpositi ore 37) of GP-1
are also incorporated in a preferable aspect of the present invention.

[ 00651 molé¢eulohe BEPects cﬁsnaf?@:%ﬁe?s@nf qmeheianic prei@r abte exanpl es of
the deletion, substitution or addition of one or several am no acids except
the ol i gosHEEHardade A NAddE AT AGHED FFO@RP-4 ey i ncl ude, but not

limted to: substitutiqon of 8Ala with an am nqg acid selected fromthe group
consi st i nd"OfeE ., SCh At LTS 13FINHDS %b%s%‘?)l%%ao{ys;

substitution of 9 u with an am no. acid selected fr the group.consisting
of Asp and:li}ﬁpgc,(’p%an’ LU O %fav . vqxﬂcﬂr%xog 1Ff%)u];gcjl‘rydptsheﬁ ect ed

f ro_m the 9 C ,Sis%d-l'p sOf Zéélhi%e,q Yaredflind &4 é}L 0S \ﬁ’é: % U, ARP and
Lys; Og%gs %Tnutlon % 9Phe Wltth an anm no aci dleseJ[ecte fromthe group
consi sting ofg HAR-8R alWni SURSAUMItIPE R w3y T heR8t jas

cysteine; or an amine acid having an amide group in the

molecule, such as asparagine or glutamine, from the

viewpoint of easy binding with the linker. Particularly,

aspartic acid, glutamic acid, lysine, arginine, serine,

threonine, cysteine, asparagine or glutamine is

preferable from the viewpoint of reactivity.

[0051]

The oligosaccharide chain added GLP-1 peptides of
the present invention exhibits 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) asg an oligosaccharide chain added amino acid,
when they had the same oligosaccharide chain structures,
the same gtructures except oligosaccharide chain
structures, the same oligosaccharide chain added sites
and the game numbers of oligosaccharide chains tc be
added.

[c052]



- 31 - substitution of 14Ser with an am no acid selected fromthe
group consisting of Ala, Gy, Thr, Leu, Ile, Val, @u, Asp and Lys;
substitution of 15Asp with 4 u; substitution of 16Val with an am no
acid selected fromthe group consistimg of Phe, Ala, @y, Ser, Thr, Leu,
Ile, Tyr, Au, Asp and Lys; substitution of 17Ser with an am no acid
sel ected fromthe group consisting of Ala, Gy, Thr, Leu, Ile, Val, Qu,
Asp and Lys;  whersubsd idilgodncefhalB9ey oMdith ans amimedad e ected from
the group consisting of Ala, dy, Thr, Leu, Ile, Val, GQu, Asp and Lys;
substitutianind 40Tgrvidtd hinleew namei Hisedest eddéipnusdd gnotlpe consi sting

of Phe, Trp, Gu, Asp and Lys; substitution of 20Leu with an am no
aci d sel ecaed ¢awmnre hesed oufxeowdiest ithgreoAMRY dnglugs: -TH- (A%, |le,
Val, du, Asp and Lys substitution of 21du with an amno acid

sel ect ed f(EalhEHgr GHiE DS 'R iERFe S A Lykteger, Peef¥dhtfi on of
22Gly with an, am no acjd sel ected fromth,ejgirﬁg p_consisting of Ala, Ser,
Thr, Leu, #telntgger ¢h 0 AD ndPilydet 1im ‘gt??u{]ﬁl%eo? fiwith an

PILne 20l GARLES AL RADG AR NN SN O Athiff Gea A&k, 5P and
polymethylene and ~-CH,-R- wherein R is a group formed by
removing one hydrogen atom from a group selected from the
group consgisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryil,
substituted aryl, a carbocyclic group, a substituted
carbocyclic group, a heterocyclic group and a substituted
heterocyclic group; and - (CO)-(CHy),-(CO)~ wherein "a“
represents an integer, preferably an integer of 0 to 4,
but not limited to these numbers unless linker functions
of interest are inhibited.

[0053]

In the oligosaccharide chain added amino acid, when
the oligosaccharide chain is linked to the amino acid on
the GLP-1 skeleton via a linker, the linker also
preferably contains an amino acid at the terminal bound
to the oligosaccharide c¢hain. Preferable examples of the
type of the amino acid may include, but not particularly
limited to, Asn.

[0054]

The oligosaccharide chain added GLP-1 peptide having

the oligosaccharide chain added amino acid wherein the



- 32 - substitution of 24Ala with an am no acid selected fromthe
group consisting of Gy, Ser, Thr, Leu, Ile, Val, Arg, GQu, Asp and Lys;
substitution of 25Ala with an am no acid selected fromthe group consisting
of Ay, Ser, Thr, Leu, Ile, Val, du 2Asp and Lys; substitution of
26Lys wth an am no acid selected fromthe group consisting of Arg, @n,

A u, Asp and His; substitution of 273 u with an am no acid sel ected

fromthe 9:59 §00shst1i N8 MaHshis |1 meed dystheubsthbuiton wicRSithe with
Trp; stitution of 2911e with an ami no acid selected fromthe group

consi st ngaoithe@r Yah ledeke Al@yer antigabstitut tlanofth30AbA whéh an am no
acid selected fromthe group consisting of Gy, Ser, Thr, Leu, Ile, Val,
Gu, Asp anti¢ysaccharideudisdin wdded (ﬁL%-lﬂ'rHaeWi@eawh@m'%m "eed sel ected

from the group consisting of Phe, e))élr p and Lys; _ Substitution
of 32Leu v@liﬂ@?ﬁ@ﬁ&i@l@@@%@é& rf}?%in‘it%et@@o@bl%n%?%@l‘ﬁgaoﬁ‘ dy, Aa,
Ser, Thr, 1le, Val, substjtution of 33Val wth an

ani no aci leSI%J‘F%TE:t ea?hler 6’r%1tgl‘i’§a(jt05’&61§8n§|h§‘tlpng“déafe%%¥‘ Al £eP&dAe Thr, Leu,

Ile, Qu, As
ha 1ng thg'ollgosaccharlde 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.

[0055]

A process for producing the cligosaccharide chain
added GLP-1 peptide of the present invention is not
limited by any means by the description (e.g., the
degcription stating "oligosaccharide chain added GLP-1
peptide wherein an amino acid is substituted with an
oligosaccharide chain added amino acid). An
oligosaccharide chain added GLP-1 peptide produced by any
of following Processes A - C is incorporated in the
"oligosaccharide chain added GLP-1 peptide wherein an
amino acid is substituted with a oligogaccharide chain
added amino acid". Morxeover, e.g.: an oligosaccharide
chain added GLP-1 peptide wherein an amino acid-unlinked
oligosaccharide chain is linked directly or via a linker
to an amino acid in the peptide; an oligosaccharide chain

added GLP-1 peptide wherein an oligosaccharide chain



substitution of 34Lys with an am no acid selected fromthe group consisting
of Arg, Qu, Asp and His; - 33 - substitution of 35y wth an am no
aci d selected fromthe group consisting of Ala, Ser, Thr, Leu, Ile, Val,

A u, Asp and Lys; substitution 8 36Arg with an am no acid sel ected
fromthe group consisting of Lys, GQu, Asp and H s; and/or

substitution of 37y with an am no acid selected fromthe group consisting

of Ala, Sely Hy d&tkali® ridlneHdl ot &Ndoi:-Yne [H886Lion of la one

aspect of the present invention, a site of the deletion, substitution or
addi ti on afugys ner asi dsoexeapiride ldigosacefetsdeaghai n added amino acids
is preferably at |east one site selected fromsites except positions 7, 10,
13, 15, 19%1iHgs28ctendi &9 «dfai@ Rdbded . QLE- latpdpasde onrestin ort ext ed from
sites except positions 7, 10, 15 and 28, (Structure-Activity Studies of

G ucagon! ideveRept iafeing aRHEIY QURNAL YO IBIaBHOS Gd GHEMETREXb] . 269, No.
9, Issue of March 4, pp. 6276-6278. 1994). ,[00% . Exanpl es of the

ol i gosaccHIwRs Hai hadicd@amchagdsly dd o 1#0%1 RBHIC | 3Nt F0h i ncl ude

an ol i gosacchari de chain added GLP-1 peptide represented by th ener al
formul a (HUF IS A RIEU- 2t PP AISST A p. Vot R S Y8 XA 15-

Leu- G u-Xagy G n; Al Al Xaam, O 1 Phe e D3RR T5p-esel s pa. 34- G y- Xaado

amino acid-linked oligosaccharide chain is linked via a
linker to an amino acid in the peptide 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.

[005¢8]

The number of substitutions that substitute an amino
acid of GLP-1 with an oligosgaccharide chain added amino
acid may be adjusted appropriately according to stability
in blood, biological activities (e.g., the activity of
controlling blood-sugar levels}), the number of amino
acids existing in the final oligosaccharide chain added
GLP-1 peptide, the molecular weights of the
oligosaccharide chain added GLP-1 peptide before and
after the addition of oligosaccharide chain, etc. For
example, 1 to 5 substitutions are preferable, and 1 to 3
substitutions are more preferable. In one aspect of the
present invention, at least 2 substitutions, e.g., 2 to 5
substitutions are preferable, and 2 to 3 substitutions

are more preferable. Preferably, one substitution may be



- 34 - wherein: Xaan represents Ser, oligosaccharide chain added Cys
or oligosaccharide chain added Asn; Xaan represents Tyr,

ol i gosacchari de chain added Cys or oligosaccharide chain added Asn;

Xaan represents Ay, oligosaccharide &kai-n added Cys or oligosacchari de
chai n added Asn; Xaca26 represents Lys, oligosaccharide chain added
Cys, oligosaccharide chain added Asn or oligosaccharide chain added Lys;

Xaan) represeitSed) fro@! IIOSACEHA i e ShaldhAddedn&ysa0r16h4 gosacchari de
chai n added Asn; Xaa34 represents Lys, oligosaccharide chain added

Cys, ol i gosershsd deusdai tuaisiedbAsTuals ahigasaechad i sec Chain. added Lys;
Xaa36 represents Arg, oligosaccharide chain added Cys or oligosaccharide
chai n addegesfsrgl, an caBjosapriesehis ddAain NH2ded §E»t 1 gospicodar i de chain
added Cys or dy-oligosaccharide chain added Asn, and when Xaan is
Ser, Xaal9hsrdyr on@amine Aoid XdarbhR-1yiss sasBitutedwitiXaaB4 is Lys,
and Xaa36 is Arg, then Xaan represents dy-oligosaccharide chain added Cys

or G y- ol iYosEraArarel &ha e gy delloas PG T 1o BRndeast %2 no aci ds

of the parent peptide are each o
enhariced stability in blood and reduced activity of

contrclling biocod-sugar levels, when one or mere amino
acide except the oligosaccharide chain added amino acids
are further substituted with an coligosaccharide chain
added amino acid {however, the reduced activity of
controlling blood-sugar levels can be compensated by the
enhanced stability in blood).

[0057]

In the oligosaccharide chain added GLP-1 peptide of
the present invention, the substitution site of an aminoc
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.

[0058]

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

acid at pogition 37) of GLPl, preferably at least one



substituted with an ol i gosaccharide chain added am no acid; the

ol i gosaccharide chain is oligo hyaluronic acid; and/or the oligosaccharide
chaiin is a high-nmannose type - 35 - oligosaccharide chain. Each of the

ol i gosacchari de chain added Cys, the &l’i gosaccharide chain added Asn and

t he oligosaccharide chain added Lys may contain a |linker between the

ol i gosacchari de chain and the am no acid. The peptide represented by the

general fosmd asd1dctsd rensesesy edidys SEQ 120 N2 1 hereim, $00684

Speci fic exanpl es of the oligosaccharide chain added G.P-1 peptide of the
present inwvefdtidn ¢ ngl ude: least @ )sikpepilicetedpfesentesi biotdhe general
formula (1) wherein Xaan represents oligosaccharide chain added Cys, Xaam
represent s1Tyr26 Xadm reprasenis Gnd padmawirebemts 1§ast Xazm $6p® esent s
Al a, Xaamrepresents Lys, Xaamrepresents Arg and Xaamrepresents Ay (SEQ
| D NO 4);selecteq fom Rrghh gy et &5eht®d by the general fornula (1)
wherein Xaan represents Ser, Xaam represents Tyr, Xaam represents
oIigosacchH%FH@ chai n added Cys, Xaam represents Lys, Xaamrepresents Al a,

Xaam repr esent§, Lys, Xaam {epresent 3 ALd and, Xaam.repr gsenf 4,8 ¥ (SEQ 1D

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 gelected from any sites of GLP-1 and 1s, e.g., at
least one sgite gelected from pogitions 9, 10, 11, 12, 14,
le, 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-1I,
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, i1 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 at
least two amino acids of GLP-1 with oligosaccharide chain
added amino acids may include substitution of positicns
18 and 36, gubstitution of positions 26 and 34,
substitution of positions 22 and 30, substitution of
positions 22 and 36, and substitution of positions 30 and
36 of GLP-1.

[o0s0]



5); (a3) a peptide represented by the general formula (1) wherein
Xaam.represents Ser, Xaam represents Tyr, Xaamrepresents Gy, Xaam
repriesents ol igosaccharide chain added Cys, Xaam represents Al a, Xaam
represents Lys, Xaamrepresents Arg-adf Xaamrepresents Gy (SEQ ID NO 6);
- 36 - (a4) a peptide represented by the general fornmula (1) wherein
Xaam represents Ser, Xaamrepresents Tyr, Xaan represents Gy, Xaam
represents Lys InXaa® aepeeseriss told gosaenhatiidemtiaim added t(Bes, Xaam
represents Lys, Xaamrepresents Arg and Xaamrepresents Ay (SEQ ID NGO 7);
(ab) a peptigeagiepr esentred dffddie gfenmerdlrdldrimg abYd9d whegar nloealm
represents Ser, Xaamrepresents Tyr, Xaan represents Gy, Xaamrepresents
Lys, Xaamlyieprles enttigyonas ciXaaie efrasemdsies] (Gosak drpt dée chidith added Cys,
Xaam represents Arg and Xaamrepresents Gy (SEQ ID NO 8); (ab) a
pepti de r et Ed BY aiie gherfal2HomAE d i tthét®i n Xaam represents Ser,

Xaam represents Tyr, Xaan represents. Gy, Xaamrepresents Lys,. Xaam

repr esent LS L5 BNty agped ﬂéﬁﬂor Jéie]rﬁ's 19" os%tccflt%fﬁ e chain
adged Cys and Xaamr ﬁ%tts Gl)ij (SS 9 D qéﬁ%le s 26g(a37 a pepti de

r epr esent €d°by* e § g‘r?é:réﬁ foruiFy (l% Qer&in Aaarfiteptesent's Ser, Xaam

" Epresent S el tng XAAN L LA oF Yan &%?JE%FQHW L35, i XBRMJEPT ESeNt S

Al a, XaamTrepreséents Lys, Xaam represent aamrepresents

Gy-oli 902@&%@@&% ¢hain, added Q¥sid SEQJRINGorl M4y of crp{88) a peptide

r epr esent y the general fornula (1) wherein Xaamrepresents Ser, Xaam
repr esent $Ql7:365a6Char nde thaine added Qs céanF i@pPrRsetiord we, - 37 -

Xaam represents Lys, Xaam represents Al a, Xaam
26, 20, 34 and 36, and particularly at least one site
selected from positions 30 and 36. Particularly,
examples of the substitution sites of at least two amino
acids of GLP-1 with oligosaccharide chain added amino
acids may include substitution of positions 18 and
36,substitution of positions 26 and 34, substitution of
positions 22 and 30, substitution of positions 22 and 36,
and substitution of positions 30 and 36 of GLP-1, from
the viewpoint of the effect of controlling blocd-sugar
levels by the oligosaccharide chain added GLP-1 peptide.
[0061]

In one aspect of the present invention, from the
viewpoint of the ability to synthesize cAMP, of the GLP-1
activities of the cligosaccharide chain added GLP-1
peptide, the substitution site of an amino acid with an
oligosaccharide chain added amino acid is preferably at
least one gite gelected from positions 22, 26, 27, 30, 34,

36 and 38 {= addition of an oligosaccharide chain added



represents Lys, Xaamrepresents Arg and Xaamrepresents Gy (SEQ I D NO
11); . (a9) a peptide represented by the general formula (1) wherein
Xaam represents ol igosaccharide chain added Asn, Xaamrepresents Tyr, Xaan
represents Ay, Xaamrepresents Lys,” X&am represents Al a, Xaam represents
Lys, Xaamrepresents Arg and Xaamrepresents Ay (SEQ ID NO 12);

(al0) a peptide represented by the general formula (1) wherein Xaam

represent Szphe AS8dN £ &R SEM S0 THdid X@arpdept 66Nt $) 0l hgesasedari de chain
added Asn, Xaamrepresents Lys, Xaamrepresents Ala, Xaamrepresents Lys,

Xaam r epr esest Sra6 Dy et Heam reps esend ssdloe(SEQG e Nbs18)ons 22, (all) a
peptide represented by the general forrmula (1) wherein Xaamrepresents Ser,
Xaam r epr esent30 ,Ty¥4, Xeamnepresents Ay, Xaamrepresents oligosaccharide
chai n added Asn, Xaamrepresents Al a, Xaamrepresents Lys, Xaamrepresents

Arg and XabM42presents Ay (SEQ ID NO 14); (al2) a peptide
represented by the general fornmula (1) wherein Xaam represents Ser, Xaam
represents Tyr ITX&&F Pepresse s taSy PTRESMEr dprESErit® Lyd® Xaam represent s

ol i gosacchari de, chaj n added n, Xaam represents Lys, Xaamrepresents Arg
and Xaam rEpreseitst & ygl(téaEC?AﬁsD?‘INdmjfﬁ; Cl-dssi“élgsh An (al3) a peptide

ted by th eral .forml i n, ts Ser, X
ot esent SO el cdEns S Y Ao ST e coont s
Aa, X . i harj i - ts A
and Xaam rEaTeeanE Yy TR D Mo PO, ama R asent s A0
GLP-1.

In one aspect of the present invention, the
substitution gite 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.

[0063]

In one aspect of the present invention, the
substitution site of an amino acid with an
cligosaccharide chain added amino acid can be determined
from the binding sites of GLP-1 to a GLP-1 receptor.
{0064]

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

can be selected from, but not limited to, any of



(al4) a peptide represented by the general formula (1) wherein Xaan
represents Ser, Xaamrepresents Tyr, Xaamrepresents Gy, Xaamrepresents
Lys,: Xaam represents Al a, Xaamrepresents Lys, Xaam represents

ol i gosaccharide chain added Asn and-Xa&mrepresents Ay (SEQ ID NO 17);
(al5) a peptide represented by the general formula (1) wherein Xaam
represents Ser, Xaamrepresents Tyr, Xaamrepresents Gy, Xaamrepresents

Lys, Xaam ¢&R6ESePisnd & Ranseps esent Si 1S, aXaaa I et ¥ g and Xaam
represents G y-oligosaccharide chain added Asn (SEQ I D NO 18);

(al6) a peptdisasiept bsentled-din tdree geier ails foshataed 1frahetleén Xaan
represents Ser, Xaamrepresents oligosaccharide chain added Asn, Xaam
r epr esent sox& feraben s epresend sty sothéiam Yieps ezeat se e ateXabnerepr esent s
Lys, Xaamrepresents Arg and Xaamrepresents Ay (SEQ ID NO 19);
(al7) a pepty deltrepresmRdl byandhe et 2 Fiopauracrain whiee ef ht Xabh
represents ol i gosacchari de chain added Cys, Xaam represents Tyr, Xaam
repr esent SESLCORATON BY PREER S 158 %‘én?lilgp?%%%ﬁt%l%ﬂa%, Xaam
represents Lys, Xaamrepresents Arg and. Xaamrepresents NH2 (SE D NO
07 o™ a2 g T R AT o Bt & 1919 HEE Err 1L 1B TR (5 wher ef n
xaan repr esenhs. Selaapan, [ERr eSEMLS, Uy XA { £RL espnt sy obi gopacchari de
d”&/s, ys,  Xaam®r

chai n adde aam T epr esent’s epr €sents ‘Al @, Xaam r epresents

Lys, Xaam r [ i r ]pesie\é]]t ﬁg&l 21);
()8/.19) a coa{rrrgegun re%}égs%n%é%%gaﬁ%é?g%neraaﬁ%%ﬁ% a (1)&\,\“'\%% n) Xaan

represent ;:3&fantXa@ draprgsents Tyr, Xaamrepresents Gy, Xaamrepresents
ol i gosacchari de chain added Cys, Xaamrepresents Al a, Xaam represents Lys,
Xaam r epr egyss Arg and Xaam represents NH2 (SEQ I D NO 22); (a20) a
conpound represented by the general formula (1) wherein Xaam represents

Ser, Xaan reprasephe IgpecXaam tépr esesestGiyveXdadmr, eprefentdlleys, Xaam
represents oligosaccharide chain added Cys, Xaam represents Lys, Xaam

r epr esent sxanplasd ofad3e Cepredsamn,s SNHBTEISEQ I NG #B)ition 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;



(a21) a conpound represented by the general formula (1) wherein Xaan
represents Ser, Xaamrepresents Tyr, Xaamrepresents 3Gy, Xaamrepresents
Lys,: Xaam represents Ala, Xaamrepresents oligosaccharide chain added Cys,
Xaam represents Arg and Xaam representid NH2 (SEQ ID NO 24); - 40 -
(a22) a peptide represented by the general formula (1) wherein Xaam
represents Ser, Xaamrepresents Tyr, Xaan represents 3y, Xaamrepresents

Lys, Xaam repr esgis; 3o @@L SERYS aky SmHaR i d eprasaititted
ol i gosacchari de chain added Cys and Xaam represents NH2 (SEQ ID NO 25);

(a23) a peptdmieckepiesant@shdysthey gehexrd, feLyul ahtl) Laber ela, Xaam
represents Ser, Xaamrepresents oligosaccharide chain added Cys, Xaan
represent 3Gy, Asfaamd dpresent s Lys, Xaamrepresents Al a, Xaam represents
Lys, Xaamrepresents Arg and Xaamrepresents NH2 (SEQ I D NO 26);

(a24) a pepti deubgirigsdnoad ofy 16RePgeriéhaltitor mul a (1) wherein Xaam
represents oligosaccharide chain _added Asn, Xaam represents Tyr, Xaan
represents Gy SUREkhEGOSs Okt $6143d, WkdkEnPie fEsh oS 1A £2ved®T epr esent s
Lys, Xaam represents Arg and Xaam represents NH2 EQ LD ) 27);

(335) "o e o U S H LIS Gundis . o bl G 1) her v Xt
represent s..Ser,._ Xaam.J epr.esents r, Xaan represents oligosaccharide chain
added Asn?IJ)?darﬁyF%’pr ]s%ntpssﬁ_fsﬂd ;ﬁ’ésm represents Ala, Xaamrepresents Lys,

Xaam r epr esent %u@rsgi%%i da:r epkasent § NEy %ﬁﬁ%‘ DNT L8kcreq  (a26) a
pepti de represented by the general fornula (1 erein Xaamrepresents Ser,
}aifln repr &SR S HY Tgr{RaMJIrRRILseR} SO Ma Xad F epieseid:s, otigosacchari de
Glu, Asp and Lys;
substitution of 18Ser with an amino acid selected
from the group consisting of Ala, Gly, Thr, Leu, Ile, Val,
Glu, Asp and Lys;
substitution of 19Tyr with an amino acid selected
from the group consisting of Phe, Trp, Glu, Asp and Lys;
gsubstitution 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, Iie, Val,
Glu, Asp and Lys;
substitution of 23CGln with an amino acid selected

from the group consisting of Asn, Arg, Glu, Asp and Lys;



chain added Asn, Xaamrepresents Al a, Xaamrepresents Lys, Xaamrepresents
Arg and Xaamrepresents NH2 (SEQ I D NO 29); (a27) a peptide
repriesented by the general formula (1) wherein Xaamrepresents Ser, Xaan
represents Tyr, Xaan represents Ay, 3aﬁ1represents Lys, Xaam represents
ol i gosacchari de chain added Asn, Xaam represents Lys, Xaamrepresents Arg
and Xaam represents NH2 (SEQ I D NO 30); (a28) a peptide represented
by the general shgraniltat(ibn wifereairi aXadmbr epr esenics 5erd Sdarctreepr esent s
Tyr, Xaan represents Ay, Xaamrepresents Lys, Xaamrepresents Al a, Xaam

r epr esent sfdn gosaceivan deorchiad virgldel Agn, S@am Fepr esent sThe g Bl Xaam
represents NH2 (SEQ I D NO 31); (a29) a peptide represented by the
general fo¥ral &XW) Adieradich D¥am represents Ser, Xaan represents Tyr, Xaan
represents Gy, Xaamrepresents Lys, Xaamrepresents Al a, Xaamrepresents
Lys, Xaam repr @é‘@ﬁ@t&til@@sﬁécﬁéﬁéewéﬁgi AR GIEdAST 1gh F S Pepr esent s
NH2 (SEQ ID NG, .32); and . .(a30 peptl de represente t gener a
formul a (B Fhers rgr)?&ﬁ?nc?oé'bﬁgésstelﬁigs Céc‘e%,l&aaénejf'ep Sen %ubﬁ{g)%Sa\E% ari de
chain add(?ﬂuAsrhS Xa}ia},ln represents Gy, Xaamrepresents Lys, Xaamrepresents
Al a, XaamTepr eddnts dLy , 'Xaam represents Arg and Xaam represents NH2 ( SEQ
ID NO 33). - : : ~nl Ret e I : ] i de chain
added GLP-1 pegﬁﬁgg}tpﬁéogl?Soggggﬁa??gg §ﬁa?ﬁ”%§p5$§f§%§%%§ﬁéﬁgr exanpl e,
ol i go hyalAy aNithAG b Rl iG-immnrReEseddype 1l | gosac izged ahiad n. [ 0069]
Exanpl es of the oligosaccharide chain added G.P-1 peptide of the present

i nvention al sogupekudarion of 2¢a3h) wathephi dmihepredeniedchyctthe gener al
formula (1) wherein Xaa.1l8 represents Ser, Xaa. 19 represents Tyr, Xaan

r epr esent ¥ r@ny thaagragpreseniis iolg gdsdegharlilee ahldilysdded Lys, Xaan
represents Al a, Xaa.34 represents Lys, Xaa36 represents Arg and Xaan
represents G ys(BEQiEDtNOn 84) 288hd with Trpa32) a peptide represented by
the general fornula (1) wherein Xaa.18 represents Ser, Xaa.l1l9 represents
Tyr, Xaan repr 8sbfAtstaryonxal. 28TLeprésbnks PYINOXasATr 61E8ERs Al a, Xaa34
represents oligosaccharide chain added_Lys, Xaa. 36 reer esents Arg and Xaa37
represent§reﬁy%@§E@quHW9Pn§§Fﬁlng of Leu, Val and ala;

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

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

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

substitution of 33Val with an aminc 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;



In these exanpl es of the oligosaccharide chain added GLP-1 peptide, the
ol i gosaccharide chain is preferably linked to Lys via a |linker, for

exanple, in the oligosaccharide chain added Lys. [0070] Exanpl es of
the ol i gosaccharide chain added G.P-13geptide of the present invention also
i nclude: - 43 - (a33) a peptide represented by the general formula

(1) wherein Xaam represents oligosaccharide chain added Cys, Xaam

represents Tyr @AM ERIESIH S5A1 widdinare Rinesentse iy Sse éaadad epr esent s
Al a, Xaamrepresents Lys, Xaam represents oligosaccharide chain added Cys

and Xaam repsesent sgtbyp (SEE 1 Ny 36)ala, Ser, (2B4) hepeplide vepresented
by the general formula (1) wherein Xaamrepresents Ser, Xaamrepresents
Tyr, XaamGkpr esentandlligosacchari de chain added Cys, Xaam represents Lys,
Xaam represents oligosaccharide chain added Cys, Xaamrepresents Lys, Xaam
represents Arg Samstikadmhoremifedéhirg @ih spQampNoacid selegdmd g pepti de
represented (1) wherein Xaamrepresents Ser, represents @y (SEQ ID NO

38); frqm3gie SERBM i FRFepredeftled Y Ey) Shér 5P X ¥ i esent s Ser,
and/or

substitution of 37Gly with an amino acid selected
from the group consisting of Ala, Ser, Thr, Leu, Ile, Val,
Glu, Asp and Lvs.

[0066]

In one aspect of the present invention, a site of
the deletion, substitution or addition of amino acids
except the oligosaccharide chain added amino acids is
preferably at least one site selected from sites except
pogitions 7, 10, 13, 15, 19, 21, 28 and 29 of GLP-1, e.9.,
at least one gite gelected from gites except pesitions 7,
10, 15 and 28, (Structure-Activity Studies of Glucagon-
like Peptide-1, THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol.
268, No. 9, Issue of March 4, pp. 6276-6278. 19594} .
[0067]

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):
Hig-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Xaais-Xaaiqo-
Leu-Glu-Xaa,;-Gln-Ala-Ala-Xaazs~Glu-Phe-Ile-Xaas,-Trp-Leu-

Val-Xaasq-CGly-Xaass-Xaasy



37); by the general fornula Xaamrepresents Tyr, chain added Cys, Xaam Al a,
Xaam represents Lys, chain added Cys and Xaa 37 by the general fornula Xaam
represents Tyr, Xaamrepresents Ay, Xaamrepresents oligosaccharide chain
added Cys, Xaam represents Al a, Xaam Pépresents oligosaccharide chain added
Cys, Xaamrepresents Arg and Xaamrepresents Ay (SEQ ID NGO 39);

(a37) a peptide represented by the general fornmula (1) wherein Xaam
represent sylgefein@am represents Tyr, Xaa22 represents Gy, Xaamrepresents

Lys, Xaam - 44 - represents oligosaccharide chain added Cys, Xaam
represents Lys XaX¥aanreepseserd sSet | golsiapetrardloer cdail chaddegidyd @md Xaam
represents Ay (SEQ ID NO 40); (a38) a peptide represented by the

gener al formdlaiqddaatierwide Xdwnn eptdssedtssi;ol i gosacchari de chai n added
Asn, Xaam represents Tyr, Xaa22 represents Gy, Xaamrepresents Lys, Xaam
represents Al aXaRaarh §RHFESEH STUYs O REARFETrESEIR SR 1R e chain

added Asn and Xaamrepresents Ay gSE% I D NO 41);
or oligosaccharide chain added Asn;

Xaa,, represents Gly, oligosaccharide chain added Cys
or coligosaccharide chain added Asn;

Xaass represents Lys, oligosaccharide chain added Cys,
oligosaccharide chain added Asn or oligosaccharide chain
added Lys;

Xaas, represents Ala, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaa.; represents Lys, oligosaccharide chain added Cys,
oligosaccharide chain added Asn or oligosaccharide chain
added Lys;

Xaass represents Arg, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaaj; represents Gly, NH, Gly~oligosaccharide chain
added Cys or Gly-oligosaccharide chain added Asn, and

when Xaa,s is Ser, Xaais is Tyr, Xaa; is Gly, Xaass is
Lys, Xaas, is Ala, Xaas, is Lys, and Xaais is Arg, then
Xaas; represents Gly-oligosaccharide chain added Cys or
Gly-oligosaccharide chain added Asn, wherein: at least
two amino acids of the parent peptide are each
substituted with an oligecsaccharide chain added amino
acid; the oligosaccharide chain is oligo hyaluronic acid;

and/or the oligogaccharide chain is a high-mannose type



(a39) a peptide represented by the general formula (1) wherein Xaam
represents Ser, Xaamrepresents Tyr, Xaan represents oligosaccharide chain
added Asn, Xaam represents Lys, Xaam represents oligosaccharide chain added
Asn, Xaam represents Lys, Xaamrepreséfits Arg and Xaamrepresents Ay (SEQ
I D NO 42); (a40) a peptide represented by the general formula (1)
wherei n Xaam represents Ser, Xaam represents Tyr, Xaa22 represents
ol i gosacchgr i §l8s shahay palsleghAsh, X¥Ra26 Jrephes il Sydaksccniasing eplisent s Al a,
Xaa34 represents Lys, Xaamrepresents oligosaccharide chain added Asn and
Xaa37 reprasead scd y {ISEQI1DINR cABride chaixfaddjed peptadé tiepresented by
the general formula (1) wherein Xaamrepresents Ser, Xaamrepresents Tyr,
Xaan repr eskhgssadd ghaXaden olepte seiiad divgosac chantaen chal inagided Asn, Xaam
represents Ala, Xaamrepresents oligosaccharide chain added Asn, Xaam
r epr esent sP@FwEeihd Haam ragrasdm sl «g s 4Bl Nehe 4@y inangcid. 45 -
(ad42) a pelpti de represented by the general fornula (1) wherein Xaa. 18
r epr esent sTSerReRaklel F SRS B rC e G115 ept ebHELE Y1) ¥a%m represent s
Lys, Xaam represents Ii%ﬁcﬂ%i de chai n. added Asn, Xaam represents Lys,

i

Xaam r epr SIGO Hrain ‘Asn and Xaam represents Ay
(SEQ I D 0 46591. In these exanples of the oligosaccharide chain added
GLP-1 pept 8k he ol i gosaccharide chain is preferably, for exanple, a

bi ant ennary Cb %géfﬁ%pgxgkﬁgg§aéﬁh@ﬁkdglggg%%cdh(EEHe chain.%éﬁggles of

t he ol i gosaccha chain a P-1 peptide of the present invention also

include: grp-1 d3A3)ad Septide rannasantrd ol hemaenesal formula (1)
wherei n Xaam represents ol i gosacchari de chain added Cys, Xaal9 represents

Tyr, Xaan repregsents pkbgesacehpiedentbd hyadded seys raXagdmenzesents Lys,
Xaam represents Ala, Xaamrepresents Lys, Xaamrepresents Arg and Xaam

repr esent s(1d ywanegos aechar teeredhan s adtegbh QysciSEQIE DohNOin48jided
(a44) a peptide represented by the general formula (1) wherein Xaals
repr esent £y@,i gesacchepiaecnhai Ty addeLysepXegeny sr édres&anss Tyr, Xaan

represents
represents Lys, Xaa,, represents Ala, Xaaz, representg Lys,

Xaass represents Arg and Xaas;; represents Gly (SEQ ID NO:
4);

(a2} a peptide represented by the general formula
{1) wherein Xaa;s represents Ser, Xaa,s represents Tyr,
Xaa,, represents oligosaccharide chain added Cys, Xaaps
represents Lys, Xaa, represents Ala, Xaa; represents Lys,
Xaais represents Arg and Xaa;; represents Gly (SEQ ID NO:
5);

(a3) a peptide represented by the general formula
(1) wherein Xaa,p represents Ser, Xaa,s represents Tyr,
Xaa,, represents Gly, Xaa,s represents oligosaccharide
chain added Cys, Xaa;, represents Ala, Xaa;, represents
Lys, Xaass represents Arg and Xaas; represents Gly (SEQ ID

NO: 6);



ol i gosacchari de chain added Cys, Xaamrepresents oligosaccharide chain
added. Cys, Xaamrepresents Ala, Xaamrepresents Lys, Xaamrepresents Arg
and Xaamrepresents Ay (SEQ ID NO 47); - 46 - (a45) a peptide
represented by the general fornula (1Péwherein Xaan represents Ser, Xaan
represents Tyr, Xaan represents Gy, Xaan represents oligosaccharide chain
added Asn, Xaan represents Ala, Xaamrepresents Lys, Xaan represents

ol i gosacchari de(gzhaish R EATR ARG XA TEPEsLHendIyr ofdgasacchari de
chain added Asn (SEQ ID NO 48); and (a46) a peptide represented by
t he gener al1f ormertaif Naavherepne Xaansr epreskabs, addmaessatimriyde chai n added
Asn, Xaan represents Tyr, Xaan represents oligosaccharide chain added Asn,
Xaan repressnbsreprgosatehditydeXahai wepdeegnAsn LyXaaXaaspresents Al a, Xaan
represents Lys, Xaan represents Arg and Xaan represents NH2 (SEQ I D NO

49) . repredrises exkbirgnsRc@dray drhag]dﬂsa?eiﬁﬁfgi%nésch?é@madded GLP-1
peptide, the oligosaccharide chain is preferably, for exanple, a

bi ant ennarSERGHFESE tiyffe dlapestaeohaf tide® cha® nafo623)” rePresSeahsl es of the
ol i gosacczélri de, hﬁ[i n @gd%ﬂ GLP-1 peptide anal og of the present invention
may i ncl udé %ex D Nibv i g the ami no acid sequence of

H H s-d y-d u- Gy~ Thr - Phe- Thr - Ser - Asp- Leus Set s Lys- G n-Net- G u-G u-G u- Al a- Vv
al - :Afg L)e/u- Pﬁe?ﬁ%(—):- élr gfm,?r%&:&%re6_%%%5%%?%??8%1%%&%3:& éfro- al%/l-gA:Ja- Plrjo- P?o-
Pro- Ser - NH2, ( SEQ A NQFa0) 85 oyt D9s@p, ord gosacghaidede chai added

t her et o.
Xaaz: represents Gly, Xaa,e represents Lys, Xaas,

represents Ala, Xaa,, represents oligosaccharide chain
added Cys, Xaais represents Arg and Xaa;; represents Gly
(SEQ ID NO: 8);

(a6) a peptide represented by the general formula
(1) wherein Xaa,y represents Ser, Xaa,, represents Tyr,
Xaa;, represents Gly, Xaais represents Lys, Xaasg
represents Ala, Xaa,, represents Lys, Xaa;s represents
oligosgaccharide chain added Cys and Xaa,; represents Gly
(SEQ ID NO: 9);

(a7) a peptide represented by the general formula
(1) wherein Xaa;s represents Ser, Xaa,s represents Tyr,
Xaaa: represents Gly, Xaaze represents Lysg, Xaasg
represgsents Ala, Xaas: represents Lys, Xaais represents Arg
and Xaaj;; represents Gly-cligosaccharide chain added Cys
(SEQ ID NO: 10);

(a8) a peptide represented by the general formula
(1) wherein Xaa,z represents Ser, Xaa,; represents

oligosaccharide chain added Cys, Xaa,: represents Gly,



- 47 - The oligosaccharide chain added exendin-4 is represented by, for
exanpl e, the general formula (2):

H Hi's-d y-d u- d y- Thr - Phe- Thr - Ser - Asp- Leu- Ser - Xaan- G n- Xaapi - @ u- Xaan-d u- A
| a- Val - Xaan- Leu- Phe- | | e- Xaan- Tr p- Led- Bys-=Xaan- G y- Xaan- Pr o- Ser - Ser-d y- Al a-
Pr o- Pro- Pro- Ser-NE2 wher ei n: Xaan represents Lys, oligosaccharide
chai n added Cys or oligosaccharide chain added Asn; Xaan represents
Met, ol i gosagchaepdesehaknLaddedadys reprelsegasadchar ixbe;chai n added Asn;
Xaan represents 3 u, oligosaccharide chain added Cys or oligosaccharide
chai n addedeissgents LyXadfeaepreseassnpsghrol pygdseehariade atraits added Cys
or oligosaccharide chain added Asn; Xaan represents Qdu,

ol i gosaccHaky deSEhalth Mded )Gys or ollgosaccharlde chai n added Asn:

Xaan represents Asn ollgosaccharlde chain ad?} s or. ol i gosacchari de
chai n added Asra%) @ Degidfer sFPEsEFIse 6§%E€ﬁgr n added Cys

or Ollgosafch%&%g %&ﬂhgdggdrégehts giigesaccharmde chain added

Asn, Xaa,s represents Tyr, Xaap, represents Gly, Xaags
represents Lys, Xaas;, represents Ala, Xaa;, represents Lys,
Xaa;s represents Arg and Xaas;; represents Gly (SEQ ID NO:
12);

{210) a peptide represented by the general formula
{1) wherein Xaa:s represents Ser, Xaa,y represents Tyr,
Xaa,, represents oligosaccharide chain added Asn, Xaasg
represents Lys, Xaas, represents Ala, Xaa,, represents Lys,
Xaa;s represents Arg and Xaaz; repregents Gly {SEQ ID NO:
13);

(al1l) a peptide represented by the general formula
(1) wherein Xaa.; represents Ser, Xaa., represents Tyr,
Xaa,, represents Gly, Xaaps represents oligosaccharide
chain added Asn, Xaas;; represents Ala, Xaai, represents
Lys, Xaa;; represents Arg and Xaas; represents Gly (SEQ ID
NO: 14);

(al2) a peptide represented by the general formula
(1) wherein Xaa;ps represents Ser, Xaa;s represents Tyr,
Xaa,, represents Gly, Xaa,¢ represents Lys, Xaasg
represents oligosaccharide chain added Asn, Xaass
represents Lys, Xaass represgents Arg and Xaa;, represents

Gly (SEQ ID NO: 15);



at | east one of Xaan, Xaan, Xaan, Xaan, Xaan, Xaan and Xaan is

ol i gosacchari de chain added Cys or oligosaccharide chain added Asn (SEQ I D
NO '51). Anong them for exanple, Xaan and/or Xaa30 are preferably

ol i gosaccharide chain added Cys or ~ 2488-- oligosaccharide chain added Asn.
Particularly, Xaa20 is preferably ollgosaccharlde chai n added Cys. [0073]
Exanpl es of an oligosaccharide chain added G.P-1 peptide havi ng del etion,
substitution or(zddi td @emfi e cpresevaiaal HBMylee apsrdn fdddla which s

t he ol i gosacchari de chain added G.P-1 of the present invention, may include
Bl Mb1077 héavi ngh¢heimniam satedreegquencBenf Xaa,s, represents Tyr,

H s- R2- d u- d y- Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr-Leu-d u-d y-d n- Al a- Al a-
Lys- G u- Pheadd.erAbacTepiieflival Xags REPACGENEE e eid®aR2 represents

a-nmet hyl al anine (SEQ ID NO 52) and having an ol i gosacchari de chain added

t her et o. 1?&9%#?%%%%d%h%w|%&?%h5ﬁﬁrﬁﬂﬁ%ﬁsBP%S@@??CFEaFéS?e§Eﬁ%§d by, for

| | f | a
T R AT T b Tt SRRt Uah T 6P D% X2 Ty EIESSRE Fi¥an22- G n- A
a- Al a- XaaZFSE% L&ﬂ?% I I Xaa30 Tr p- Leu- Val - Xaa24- R2- Xaa26- NH2

(al4) a peptide represented by the general formula
(1) wherein Xaa.s represents Ser, Xaais, represents Tyr,
Xaa,; represents Gly, Xaays represents Lys, Xaasg
represents Ala, Xaa,, represents Lys, Xaazs represents
oligosaccharide chain added Asn and Xaas;; represents Gly
(SEQ ID NO: 17});

(al5) a peptide represented by the general formula
(1) wherein Xaa;; represents Ser, Xaa,s represents Tyr,
Xaa,, represents Gly, Xaa,; represents Lys, Xaas
represents Ala, Xaas represents Lys, Xaa,s represents Arg
and Xaa;; represents Gly-oligosaccharide chain added Asn
(SEQ ID NO: 18);

(al6) a peptide represented by the general formula
(1} wherein Xaa.; represents Ser, Xaa,, represents
oligosaccharide chain added Asn, Xaa,; represents Gly,
Xaa,; represents Lys, Xaa;, represents Ala, Xaai,
represents Lys, Xaa,e represents Arg and Xaa;; represents
Gly (SEQ ID NO: 19);

(al17) a peptide represented by the general formula
{1} wherein Xaa;s represents oligosaccharide chain added

Cys, Xaais represents Tyyr, Xad,; represents Gly, Xaagg



wherein: R2 represents a-nethyl al ani ne; Xaa28 represents Ser,

ol i gosaccharide chain added Cys or oligosaccharide chain added Asn;

Xaan reepresents Leu, oligosaccharide chain added Cys or oligosaccharide
chai n added Asn; Xaa22 represenBf Ay, oligosaccharide chain added
Cys or oligosaccharide chain added Asn; - 49 - Xaan represents Lys,
ol i gosacchari de chain added Cys, oligosaccharide chain added Asn or

ol i gosacchasp e ohed nLpsldethdysSrepresenXaanlar,epregsgnispAbdents Lys,

ol i gosacchari de chain added Cys or oligosaccharide chain added Asn;

Xaam r epr esent Sreyseseht gosagchadi Heachaepradeded sOP8]: dEEQoshcHRari de chain
added Asn or oligosaccharide chain added Lys; Xaan represents Arg,
ol i gosacchatide chain added Cys or oligosaccharide chain added Asn, and

at | east one of Xaan, Xaan, Xaan, Xaan, Xaan, Xaam and Xaan i s
ol i gosacchari déadifdi # &QTEQUOYs rEPTECEGESEc Eariife SSvET lad®edVAsn (SEQ I D

NO. 53).
) {1) wherein Xaa,s represents Ser, Xaa,s represents Tyr,

Xaa,, represents oligosaccharide chain added Cys, Xaaqe
represents Lys, Xaa,, represents Ala, Xaa,;, represents Lys,
Xaa,; represents Arg and Xaa;; represents NH, (SEQ ID NO:
21} ;

(al9) a compound represented by the general formula
(1) wherein Xaa,s represents Ser, Xaa,; represents Tyr,
Xaa,, represents Gly, Xaa,s represents oligosaccharide
chain added Cysg, Xaas; represents Ala, Xaass represents
Lys, Xaass represents Arg and Xaa;; represents NH; (SEQ ID
NO: 22);

(a20) a compound represented by the general formula
(1) wherein Xaa;s represents Ser, Xaa,s represents Tyr,
Xaa,, represents Gly, Xaa,¢ represents Lys, Xadig
represents oligosaccharide chain added Cys, Xaas
represents Lys, Xaazs represents Arg and Xaas; represents
NH, (SEQ ID NO: 23);

{a21l) a compound represented by the general formula
(1) wherein Xaa,s represents Ser, Xaa,s represents Tyr,
Xaaz: represents Gly, Xaaps represents Lys, Xaasg
represents Ala, Xaas;s, represents oligosaccharide chain
added Cys, Xaass represents Arg and Xaas, represents NH;

(SEQ ID NO: 24);



[ 0074] When an ol i gosaccharide chain added am no acid wherein an

ol i gosaccharide chain is added to an amino acid at the Ctermnal of a
peptiide originally having an am dated C termnal, such as exendin-4 and

BI M61077, is synthesized, the C term 8l “may not be amidated. [0075]

The "ol igosaccharide chain" used herein refers to a conpound conposed of at
| east one sugar unit (nonosaccharide and/or its derivative). \Wen two or
nmore sugar unit@oane d igdad.dd heseeskgakrdubiyt Sciar eydiaind. o xaetiyedr ati ng
condensati on through a glycosidic |inkage between them Exanples of such a
ol i gosacchéar) dehatwim Xawclkudeprbaennot S¢i m Xad: 4 o,eprmwesdace lami, des and -
50 - polysaccharides (glucose, gal actose, mannose, fucose, xyl ose,

N- acet yl glXrros antpeestRbsetyy gakastcogapraesngisallives .adiadisand t heir conpl exes
and derivatives) contained in living bodies as well as a w de range of

ol i gosaccH#ERF RS THe sl ductPoas BRPFatRAt potySacERdrdi F&P*EFE tHose degr aded

or derived from conpl ex_ bi Io,iggi | ecul es, such as gl ycoprotejns,

pr ot eogl y <G end"g"faylg“a G &G grars *fﬁgr%ﬁ? bSalithari de
chai n may §ﬁ§#;§§ or, aranched. [0076] The "ol i gosacchari de chain”
used herei corfpadsses ol i gosacchari de chain derivatives. Exanples of

the ol | gosaCPh%izg?. gh%iegm‘l%i gégifﬂééénit@&' uge . Uiy nat i Mt edHto,
ol i gosacchari de chai ns~conpose a sugar having~a carboxyl group (e.g.,

al doni c aci:d whidih i 6 poxybiesasi d 408 mothby, Ridldearsat C 1 position
(e.g., D-gluconic acid fornmed by the oxidation of gl ucose) and uronic

aci d wher 11 ddie dc@laAiRRl GRriboRaieamdRas beern,oxegrésentd @l garboxyl group
(D-glucuronic acid fornmed by the oxidation of D glucose)); a sugar having
an am no =euUp OEpPes et gropp, derd.varepeefenys, Adeet Whated am no group)
(e.g., Nacetyl-Dglucosam ne and N acetyl-Dgal actosanm ne); a sugar having
bot h am no egn seartizoXyls ,gredps (eRpseN-acety| ardrdadni certcedefi§pal i ¢ aci d)
and N-acetylnuram c acid); a deoxy sugar (e.g., 2-deoxy-Dribose); a

sul fated $WgarlSEBentHi HPng28&)sul furic acid - 51 - group; and a

phosphoryl at ed sugar cont ai ning a phosphorjc acid group.
(a2Z) a peptide ¥epresented by the géneral formula

(1) wherein Xaa;s represents oligosaccharide chain added
Asn, Xaa;s; represents Tyr, Xaas; represents Gly, Xaage
represents Lys, Xaa,, represents Ala, Xaass represents Lys,
Xaais represents Arg and Xaa,; represents NH, (SEQ ID NO:
273 ;

(a25) a peptide represented by the general formula
(1) wherein Xaais represents Ser, Xaa,s represents Tyr,
Xaa,, represents oligosaccharide chain added Asn, Xaazs
represents Lys, Xaas; represents Ala, Xaa;: represents Lys,
Xaa3s represents Arg and Xaasy; represents NH; {SEQ ID NO:
28) ;

{(a26) a peptide represented by the general formula
(1) wherein Xaa:;s represents Ser, Xaa,;, represents Tyr,

Xaa,; represents Gly, Xaap; represents oligosaccharide



[ 0077] In the present invention, preferable oligosaccharide chains
enhance stability of GLP-1 in blood and, nore preferably, do not delete the
acti‘'vity of controlling blood-sugar |levels of GLP-1, when added to GP-1
(i.e., when an amno acid of GLP-1 i-s4dubstituted with an oligosacchari de
chain added am no acid). In one aspect of the present invention, preferable
ol i gosacchari de chai ns enhance the activity of controlling bl ood-sugar

level's of GLPrl, qMen @&@,ed;;;;&m@fé’p%eéén@s,zémmnxaagm'e&ﬂ:@své&sof GP-1is

substituted wth an oligosaccharidée chain added am no acid). [0078]

The ol i gosagshatdglg ebprBskAtbhargl hgasassharida-haitr addeds€oPst pepti de
of the present invention is not particularly limted and may or nay not
exist in wep 29 a formof conplex carbohydrate (gl ycopeptide (or

gl ycoprotein), proteoglycan, glycolipid, etc.). [0079] The

ol i gosacchari deagifdi i tHleatt igde seprieserited by &lfeorgargfradorpimicar bohydr at e
is preferable fromthe viewoint that the oligosaccharide chain added G.P-1
pepti de of (thelprsehtXasyehitPHRSEBtaAdPehi skePed HERPUSSENYS Fodi-es. Exanpl es
of such an oligosaccharide chain include an N-Iinked oligosaccharide chain
and an 0- [¥3fked ePre2ent | F4¥satRhar FEBTERSTHS WiSch &P bound in vivo to a

eptide (or protein) to form | yco t.ide r coprotein). Preferabl

P T e S i AAn Sk o BB S A e N 1 e
ol i gosacchar.i.de chaij inclu . gh- manno t , I type and a
hy bri d typre?prﬁwseenr(}gérrp&l@yt}&yap%égi gg%%? %uf‘g% a”)?’f @ %ﬁ%f %ggfﬂ %.e%f%%%){s P

Exanples.g&hpqgggrggl Oqoggng-pype ol igosaccharide chains usable in the
present invention include an oligosaccharide chain represented by the

foll owi ng generabsfoandbatiBEOKBBasdhted by the general formula

{1) wherein Xaa,s represents Ser, Xaa,y represents Tyr,
Xaa,; represents Gly, Xaays represents Lys, Xaasg
repregents Ala, Xaass represents oligosaccharide chain
added Asn, Xaass represents Arg and Xaas; represents NH;
(SEQ ID NO: 31);

(a29) a peptide represented by the general formula
(1) wherein Xaa,s represents Ser, Xaa,;s repregents Tyr,
Xaa,, represents Gly, Xaape represents Lys, Xaaae
represents Ala, Xaa;s represents Lys, Xaa;s represents
oligosaccharide chain added Asn and Xaai; represents NH;
(SEQ ID NO: 32); and

(a30) a peptide represented by the general formula
(1) wherein Xaa.z represents Ser, Xaa,y; represents
oligosaccharide chain added Asn, Xaa,; represents Gly,
Xaa,s repregents Lys, Xaas;, represents Ala, Xaaa.
represents Lys, Xaa;s represents Arg and Xaas, represents

NH, (SEC ID NO: 33).



wher ei n

RI and R2 are the sane or different and each represents

- [Formula 4] Hofl HAc HO = Hon, HO St_41 HO

- 42 -

In thege examples of the oligesaccharide chain added
GLP-1 peptide, the oligosaccharide chain is preferably,
for example, oligo hyaluronic acid or a high-mannose type
oligosaccharide chain.

[0069]

Examples of the coligosaccharide chain added GLP-1
peptide of the present invention also include:

{a3l) a peptide represented by the general formula
(1) wherein Xaa,s represents Ser, Xaa., represents Tyr,
Xaa,, represents Gly, Xaa,s represents oligosaccharide
chain added Lys, Xaa,, represents Ala, Xaa;; represents
Lys, Xaas;s represents Arg and Xaas; represents Gly (SEQ ID
NO: 34); and

(a32} a peptide represented by the general formula
(1} wherein Xaa,y; represents Ser, Xaa,, represents Tyr,
Xaa,; represents Gly, Xaais represents Lys, Xaasg
represents Ala, Xaa;:; represents cligosaccharide chain
added Lys, Xaa;s represents Arg and Xaa;; represents Gly
(SEQ ID NO: 35).

In these examples of the oligosaccharide chain added
GLP-1 peptide, the oligosaccharide chain is preferably
linked to Lys via a linker, for example, in the
oligosaccharide chain added Lys.

[0070]

Examples of the oligosaccharide chain added GLP-1

peptide of the present invention also include:

53



and Ac represents an acetyl group. [0081] In the oligosaccharide
chai n_added G.P-1 peptide of the present invention, the oligosaccharide
chai’n may exist in vivo in a form of conplex carbohydrate or may be bound
to the GLP-1 peptide in a manner other4X han 0- |inkage and N-|inkage. For
exanpl e, oligosaccharide chain added GLP-1 peptides wherein the

ol i gosaccharide chain is linked to Cys or Lys via a |linker, as described

above, are also,| r i i id i P-1
pepti de of the E%§§§ﬁ$q§§§5§§%iﬁﬁ 6%%§%g§qﬁfh@#% eIgre grggfggégtect of

the presenthnygaLE9A, xhhg ebibgesacehacidgoehaidhd s deelald Melanaea
| ow- nol ecul ar - wei ght gl ycosam nogl ycan i ncl udi ng hyal uroni ¢ aci d,

chondr oi ti oys¢hradloirkipresehiat eyrA kaal, fwpesienthepny amnxsalfate and
keratan sulfate. These oligosaccharide chains have - 54 - linearly |inked
repeat s of redpsasehasi Ugsunkés;comgirstdang sofilan, afmayQ segaesents Lys,
(N-acetyl gl ucosam ne or Nacetyl gal act osam ne) and uronic acid (glucuronic
acid or L-Xdaromepregcedyrs Thégrshrarhealigel ohansl ecdlear Cysi gimd Xaas;

gl ycosam nogl ycan used herein neans that, for exanple, the nolecul ar wei ght
i s about 1DERDAS®RLEoWEY, (PFRfEP Py Abbut 6 kDa or lower, nore preferably

about 4 kDa or .
{a34) a peptide represented by the general formula

(1) wherein Xaa;s represents Ser, Xaa,, represents Tyr,
Xaa,, represents oligosaccharide chain added Cysg, Xaass
repregents Lys, Xaasg represents oligosaccharide chain
added Cys, Xaais represents Lys, Xaa;s represents Arg and
Xaa;y represents Gly (SEQ ID NO: 37);

(a35) a peptide represented by the general formula
(1) wherein Xaa;s represents Ser, Xaais represents Tyr,
Xaa,, represents oligosaccharide chain added Cys, Xaas
represents Lys, Xaas, represents Ala, Xaa;; represents Lys,
Xaass represents oligosaccharide chain added Cys and Xaass
represents Gly (SEQ ID NO: 38);

(a36) a peptide represented by the general formula
(1) wherein Xaa,s represents Ser, Xaa,; represents Tyr,
¥Xaa,, represents Gly, Xaaps represents oligosaccharide
chain added Cys, Xaa,;, represents Ala, Xaa,s represents
oligosaccharide chain added Cys, Xaa;s represents Arg and
Xaaj;; represents Gly (SEQ ID NO: 39);

(a37) a peptide represented by the general formula
(1) wherein Xaa,s representg Ser, Xaa,, represents Tyr,

Xaay, represents Gly, Xaa,s represents Lys, Xaaag



| ower or the nunber of sugars therein is about 50 or |ess, preferably 30 or
| ess,. nmore preferably 20 or | ess. [0083] In one aspect of the present
i nventi on, the oligosaccharide chain in the oligosaccharide chain added
GLP-1 peptide of the present inventi-od4i s preferably an oligosaccharide
chain consisting of four or nore sugars, e.g., five or nore, seven or nore,
particularly, nine or nore or el even or nore sugars. [0084] In a

preferablergéﬁggé%ggC%gfgégﬁﬁéﬁﬁriégeagénga&gg?ogﬁgpsgggﬂaride chain in

t he oligosa a G.P-1 peptide o e present invention

consi sts OfefidEeiOs el fYCNKadl NP RcB8bAY BNoDN @B RMasUgR! $haliB08] _
In a preferable aspect” of the present invention, the oligosaccharide chain

in the ol i gesagchas i sed chad adgedsenPslcpeptsde ab tde pogsent invention
is a biantennary conpl ex-type oligosaccharide chain. The conpl ex-type

ol i gosacchari de(ac@di i ipepthiateacikepriesethtnd donprhesiqendmol foSBila or nore
types of nonosacchari des and having the follow ng basic structure and a

| act osami nEllstwhetere ¥apresenrededys GlioacaeNherifrorhalia gpded

Agsn, Xaa;y represents Tyr, Xaa,; represents Gly, Xaad.g
represents Lys, Xaa;, represents Ala, Xaaj;; represents Lys,
Xaass represents oligosaccharide chain added Asn and Xaai,
represents Gly (SEQ ID NO: 41);

(a39}) a peptide represented by the general formula
{1) wherein Xaa;; represents Ser, Xaa.; represents Tyr,
Xaa,; represents oligosaccharide chain added Asn, Xaay
represents Lys, Xaa;, represents oligosaccharide chain
added Asn, Xaass represents Lys, Xaasgs represents Arg and
Xaas; represents Gly (SEQ ID NO: 42);

(a40) a peptide represented by the general formula
(1) wherein Xaa.: represents Ser, Xaa,; represents Tyr,
Xaa;, represents oligosaccharide chain added Asn, ZXaaszs
represents Lys, Xaa;, represents Ala, Xaay, represents Lys,
Xaa;; represents oligosaccharide chain added Asn and Xaas
represents Gly (SEQ ID NO: 43);

(a41) a peptide represented by the general formula
(1) wherein Xaa.g represents Ser, Xaa,s represents Tvr,
Xaa,, represents Gly, Xaas represents oligosaccharide
chain added Asn, Xaas, represents Ala, Xaa;. represents
oligosaccharide chain added Asn, Xaa;; represents Arg and

Xaa;; represents Gly (SEQ ID NO: 44); and



OHr OH 00 00 HOHO NHAc NHAc OH The bi antennary conpl ex-type

ol i gosaccharide chain refers to those wherein a nonoantenna oligosaccharide
chain consisting of O to 3 sugars is linked to each of two term na

mannoses of the basic structure. The kismantennary conpl ex-type

ol i gosaccharide chain is preferably, for exanple, the follow ng disialo

ol i gosaccharide chain: - 56 - the nonosial o oligosaccharide chai n:

[Formula 7] (a42) a peptide represented by the general formula
(1) wherein Xaa.; represents Ser, Xaa,, represents Tyr,
Xaa;, represents Gly, Xaays represents Lys, Xaasp |
repregents oligosaccharide chain added Asn, Xaas
represents Lys, Xaass represents oligosaccharide chain
added Asn and Xaa;; represents Gly (SEQ ID NO: 45),

In these examples of the oligosaccharide chain added
GLP-1 peptide, the oligosaccharide chain is preferably,
for example, a biantennary complex-type oligosaccharide
chairmn.

[c071]

Examples of the oligosaccharide chain added GLP-1
peptide of the present invention also include:

(a43) a peptide represented by the general formula
(1) wherein Xaa;s represents oligosaccharide chain added
Cys, Xaa.s represents Tyr, Xaa,, represents
oligosaccharide chain added Cys, Xaa,s represents iys,
Xaa;, represents Ala, Xaais represents Lys, Xaase
represents Arg and Xaa;; represents Gly-oligosaccharide
chain added Cys (SEQ ID NO: 46);

(a44) a peptide represented by the general formula
(1) wherein Xaa,s; represents cligosaccharide chain added
Cys, Xaa,s; represents Tyr, Xaa,, represents
oligosaccharide chain added Cys, Xaa;s represents
oligosaccharide chain added Cys, Xaaz, represents Ala,
Xaas, represents Lys, Xaass represents Arg and Xaajy

represents Gly (SEQ ID NO: 47);



HOOC HOHOHO 0 HOHO AcHNI IO 0 HO>, 11-1A0 0 OHH6t 74: 07' 0 HO HO OHOHOH
HCO 0.0 O

- 46 -

(a45) a peptide represented by the general formula
(1) wherein Xaa,g represents Ser, Xaa,s represents Tyr,
Xaa,, represents Gly, Xaa,s represents oligosaccharide
chain added Asn, Xaas, represents Ala, Xaa;, represents
Lys, Xaass represents oligosaccharide chain added Asn and
Xaas; represents Gly-oligosaccharide chain added Asn (SEQ
ID NO: 48); and

(a46) a peptide represented by the general formula
(1) wherein Xaa;s represents oligesaccharide chain added
Asn, Xaa:s represents Tyr, Xaa,; represents
oligosaccharide chain added Asn, Xaays represents
oligosaccharide chain added Asn, Xaa,;;, represents Ala,
Xaa;, represents Lys, Xaas, represents Arg and Xaaj,
represents NH, {SEQ ID NO: 49).

In these examples of the oligosaccharide chain added
GLP-1 peptide, the oligeosaccharide chain is preferably,
for example, a biantennary complex-type oligosaccharide
chain.

[co72])

Examples of the oligosaccharide chain added GLP-1
peptide analog of the present invention may include
exendin-4 having the amino acid sequence of

H-His-Gly-Giu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-
Gln-Met-Glu~-Glu-Glu-Ala-Val-Arg~Leu~Phe-Ile-Glu-Trp-Leu-
Lys-Asn-Gly-Gly-Pro-Ser-8er-Gly-Ala-Pro-Pro-Pro-Ser-NH;
(SEQ ID NO: 50)

and having an oligosaccharide chain added thereto.



HOHO NHAc NHAc OH HO 0 0 HONHAo HO OH the asial o oligosaccharide chain:
57 - .[Formula 8] HO HO

- 47 -

The oligosaccharide chain added exendin-4 is
represented by, for example, the general formula (2}:

H-Hig-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Xaa,;-
Gln-Xaa,~-Glu-Xaa,s-Clu-Ala-val-Xaass~Leu-Phe-Ile-Xaag -
Trp-Leu-Lys-Xaa,s-Gly-Xaa;g-Pro-Ser-Ser-Gly-Ala-Pro-Pro-
Pro-Ser-NH,

wherein:

Xaa;, represents Lys, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaa;4 represents Met, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaa,¢ represents Glu, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaa,, represents Arg, oligosaccharide chain added Cys
or coligosaccharide chain added Asn;

Xaa,;. represents Glu, oligosaccharide chain added Cys
or oligosgaccharide chain added Asn;

Xaays represents Asn, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaas, represents Gly, oligosaccharide chain added Cys
or oligosaccharide chain added Asn; and

at least one of Xaa:;, Xaais, Xaais, Xaazy, Xaazs, Xaagg
and Xaas; ig oligosaccharide chain added Cys or
oligosaccharide chain added Asn (SEQ ID NO: 51).

Amcng them, for example, Xaau, and/or Xaas, are

preferably oligosaccharide chain added Cys ox



OHO...a....NHAc O orifici' tS0-0 HO HO OHOH HO01-1 0 0 0 O HOHO
HOQNHAC NHAc HO OH HO i N., 206,u00 ', 1H ka

-~ 48 -

cligosaccharide chain added Asn. Particularly, Xaas is
preferably oligosaccharide chain added Cys.

[0073]

Examples of an oligosaccharide chain added GLP-1
peptide having deletibn, substitution or addition of one
or several amino acids in GLP-1, which is the
oligosaccharide chain added GLP-1 of the present
invention, may include BIM51077 having the amino acid
sequence of

His~R2-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val-
Lys-R2-Arg-NH,
wherein R2 represents a-methylalanine (SEQ ID NO: 52)
and having an oligosaccharide chain added thereto.

The oligosaccharide chain added BIM510677 is
represented by, for example, the general formula (3):

His-R2-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Xaa;s-Tyr-
Xaasc-Glu-Xaa,,-Gin-Ala-Ala-¥aass-Glu-Phe-Ile-Xaayz-Trp-
Leu-Val-Xaazs-R2-Xaag~NH;
wherein:

R2 represents o-methylalanine;

Xaa s represents Ser, oligosaccharide chain added Cys
or cligosaccharide chain added Asn;

Xaa,, represents Leu, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaa,, represents Gly, oligosaccharide chain added Cys

or oligosaccharide chain added Asn;



HOroi -r? the di G cNAc ol igosaccharide chain: [Formula 9] HO HO HO 0O 0 HO
NHAa . OHOHO 0 0 0 HO NHAt WHAc

- 49 -

Xaa,s represents Lys, oligosaccharide chain added Cys,
oligosaccharide chain added Asn or oligosaccharide chain
added Lys; |

Xaa,, represents Ala, oligosaccharide chain added Cys
or oligosaccharide chain added Asn;

Xaas, represents Lys, oligosaccharide chain added Cys,
oligosaccharide chain added Asn or oligosaccharide chain
added Lys;

Xaas;; represents Arg, cligosaccharide chain added Cys
or oligosaccharide chain added Asn, and

at least one of Xaais, Xaa,,, Xaaz:, Xadqs, Xaaag, Xaa
and Xaa;s 1s oligosaccharide chain added Cys or
cligosaccharide chain added Asn (SEQ ID NO: 53).

[0074]

When an oligosaccharide chain added amino acid
wherein an oligosaccharide chain is added to an amino
acid at the C terminal of a peptide originally having an
amidated C terminal, such as exendin-4 and BIM51077, 1is
synthegized, the C terminal may not be amidated.

[0078]

The "cligosaccharide 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



t he di mannose ol i gosaccharide chain: [Fornula 10] HOHOH HOOO 0 HOHOHO
HONHAc NHAc HO OH - 58 - The disialo oligosaccharide chain is nore
prefierabl e. The "disialo oligosaccharide chain", the "nonosialo

ol i gosacchari de chain", the "asial o-olaogesacchari de chain”, the "di A oNAc
ol i gosacchari de chain", and the "di mannose ol i gosacchari de chain" used
herein al so enconpass, in addition to those shown above by the chem cal

formilas, gLigosperlalbgs chah50avhng.pabler NRaRhokiikages d!flerent from

t hose sho e m cal as- an ol 1 gosacchari chain is also

preferabl y,usgde asnt Hec 01 g0sa66harhae ﬁh@!:@tfi hhgcpregRRhel Nvention.
Exanpl es of " such an ol i gosaccharide chain inc uge a disialo oligosacchari de

chain or asial 9cohtgesasgharéte ehapexbereid Qealiiataced)is linked to
gal actose via (a2-*3) |inkage. ‘ '
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
moleculeg such as glycoproteins, proteoglycans,
glycosaminoglycans and glycolipids. The oligosaccharide
chain may be linear or branched.
[0076]

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

riboge); a sulfated sugar containing a sulfuric acid



[ 0086] The hi gh-mannose type oligosaccharide chain used in the
present invention is an oligosaccharide chain wherein two or nore nannoses
are'further linked to the basic structure of the conpl ex-type

ol i gosacchari de chain. Since the highSfannose type oligosaccharide chain is
bul ky, the binding of the high-mannose type oligosaccharide chain to the
peptide can nore highly enhance stability in blood. An oligosaccharide

chain containing Snk0z GoABENNSES1 atde s @528 FBAERL hanghhopABBPASE: LY pe
oligosaccﬁgri egch%in?g?s prefﬁfé%le. A%ﬁzligosacchar?de ghai% coﬁtaining

nore mannosess §uehpas a yeast high-mannose type oligosaccharide chain, my
be - 59 - used. Exanples of high-nmannose type oligosacchari de chains
preferabl ylused] in the present invention may include: the high nmannose-5
(M5): [Formula 11] H OH HOO HOd2 OH

In the present invention, preferable oligosaccharide
chains enhance stability of GLP-1 in blood and, more
preferably, do not delete the activity of controlling
blood-sugar levels of GLP-1, when added to GLP-1 {i.e.,
when an amino acid of GLP-1 is substituted with an
oligosaccharide chain added amino acid). 1In one aspect
of the present invention, preferable oligosaccharide
chains enhance the activity of controlling blood-sugar
levels of GLP-1, when added to GLP-1 {i.e., when an amino
acid of GLP-1 ig substituted with an oligosaccharide
chain added aminc acid)}.

[0078]

The oligosaccharide chain in the oligosaccharide
chain added GLP-1 peptide of the present invention is not
particularly limited and may or may not exist in vivo in
a form of complex carbohydrate (glycopeptide (or
glycoprotein), proteoglycan, glycolipid, etc.).

[0079]

The oligosaccharide chain that exists in vivo in a
form of complex carbohydrate is preferable from the
viewpoint that the oligosaccharide chain added GLP-1
peptide of the present invention is administered to

living bodies. Examples of such an oligosaccharide chain

include an N-linked oligosaccharide chain and an O-linked



OH HO HO OH and the high mannose-9 (M9) [Formula 12] [0087] In the
present invention, exanples of preferable oligosaccharide chains may

i ncliude ol igosaccharide chains structurally the sanme as (oligosaccharide
chains having - 60 - the sane types 6&f2 constituent sugars and the sane
patterns of |inkages of the sugars) oligosaccharide chains which are bound
to a protein to forma glycoprotein in hunman bodies (e.g., oligosaccharide

chai ns desgiibedatBna EE§§ LETERSYOIn 20 DOund, 1Febivd9¢8"d, or
ol i gosaccharide chains | acking one or several sugars fromthe nonreducing
end t her eopepthieh (ar epﬂ@@@imbewb i forfabd eglicbpedrhabovor

glycopreotein) . Preferably, the N-linked oligosaccharide

chain is used. 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.

{0080]

Examples of preferablie complex-type oligosaccharide
chains usable in the present invention incliude an
oligosaccharide chain represented by the fcllowing
general formula:

[Formula 31

1

HO
H {”‘OH

HO— -

R2 HAC HAS

whereiln

R* and R® are the same or different and each

represents



[ 0088]

61 - [Table 1] - 62 -

[Formula 4]

and

Ac represents an acetyl group.

(o081}

In the oligosaccharide chain added GLP-1 peptide of
the present invention, the oligosaccharide chain may
exist in vivo in a form of complex carbohydrate or may be
bound to the GLP-1 peptide in a manner other than O-
linkage and N-linkage. For example, oligosaccharide
chain added GLP-1 peptides wherein the oligosaccharide
chain is linked to Cys or Lys via a linker, as described
above, are also incorporated in the oligosaccharide chain
added GLP-1 peptide of the present invention,

[0082]

In a preferable aspect of the present invention, the
oligosaccharide chain is relatively low-molecular-weight
glycosaminoglycan including hyaluronic acid, chendroitin,
chondroitin sulfates A to C, heparin, heparan sulfate and

keratan sulfate. Thegse oligosaccharide chaing have



[ Tabl e 2]

- 63 - [0090] [Table 3] - 64 - [Table 4] - 65 -

linearly linked repeats of disaccharide units consisting
of an amino sugar (N-acetylglucosamine or N-
acetylgalactosamine) and uronic acid {(glucuronic acid or
L-iduronic acid). The relatively low-molecular-weight
glycosaminoglycan used herein means that, for example,

the molecular weight is about 10 kDa or lower, preferably
about 6 kDa or lower, more preferably about 4 kDa or
lower or the number c¢f sugars therein is about 50 or less,
preferably 30 or less, more preferably 20 or less.

[0083]

In one aspect of the present invention, the
oligosaccharide chain in the oligosaccharide chain added
GLP-1 peptide of the present invention is preferably an
cligogaccharide chain consisting of four or more sugars,
e.g., five or more, seven or more, particularly, nine cr
more or eleven or more sugars.

[0084]

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

[(0085]

In a preferable aspect of the present invention, the
oligosaccharide chain in the oligosaccharide chain added
GLP-1 peptide of the present invention is a biantennary
complex-type oligosaccharide chain. The complex-type

oligosaccharide chain is characterized by comprising two



In one aspect of the present invention, the oligosaccharide chainis
preferably an oligosaccharide chain having a |inear structure. Exanples of
such/an ol i gosaccharide chain include oligo hyaluronic acid. The oligo
hyal uroni c acid used herein refers to =#an oligosaccharide chain wherein
N-acetyl gl ucosam ne and glucuronic acid are alternately linked linearly to
formdi to dotriacontasaccharide preferably di - to hexadecasaccharide
nore preferabl ra- to.octasacch ti.cularly

refer abl o°0l MGEehy4PBPoRf o aer ASERh  Rer nang, bE5ATR BenrldbkigtLae un
ol gosacehat.de €0al,ac Ay 842, 1gLE8RaRCa" LIS AL AR cca

(hexadecasacc uni'ts each consistin

N—acetylgl e ucuronic acid. An ollgosaccharlde chain having 2
(tetrasacc %ﬂ?E 4§§gfgétasaccharlde) of the units is nore preferable,
and an ollggggﬁgmgrgye chain having 2 (tetrasaccharide) of the units is

nost preferable. Exanpl es of hyal uronic acids preferably used in the
present invention include oligo hyaluronic acid in the form of
tetrasaccharide: [E4nula 13] - 66 - oligo hyaluronic acid in the form of
oct asacchari déd mul a 141 [0093] In a preferabl e aspect of the
present i nvddf e glycopeptide of the present invention has a uniform

ollgosaccharﬂdélchal structure. The uni form oligosaccharide chain
structure in the gl ydopeRptjde used herein refers to the sane

ol i gosacchari de chain sitelOH the i de, the sane type of each
constituent sugarH Ii@ Shatg al the sane order wherein the
sugars are | ed, p I nkages between the sugars,

when conpar he glycopeptlﬂﬁﬁqcandhﬂéaﬂs ‘that the oligosaccharide

chain structurg bhay at | east 90% preferably at |east 95% nore preferably
at |east 99% ubi orlmty. The glycopeptides having a uniformoligosaccharide
chain structure hatlddconstant quality and are particularly preferable in
the field such as pharmaceutical production or assay. The proportion of

uni form ol i gosacchari de chains can be neasured by a nethod using, for

exanpl e, HPLC, mapiddaiteelost rapheresi spodR, i fessc SReEidOn@tdn et c.
refers to those wherein a monoantenna oligosaccharide
chain congisting of 0 to 3 sugars is linked to each of
two terminal mannoses of the basic structure. The
biantennary complex-type oligosaccharide chain is
preferably, for example, the following disialo

oligosaccharide chain:



[ 00941 In the present invention, exanples of preferable

ol i gosacchari de chain added GLP-1 peptides may include - 67 -

ol i gosacchari de chain added G.P-1 peptides (SEQ ID NOs: 54 to 66) produced
in Exanples 1 to 15 described | ater,” fe-, oligosaccharide chain added
GLP-1 peptides having the sequence of

H s7- Al a5- d u9- Gly10- Thr 11- Phel2- Thr 13- Ser 14- Asp15- Vall6- Ser 17 -

Ser 19- Tyr 19pdet20z Gu21- A y22- A n23- Al a24- Al a25- Lys25- GlunPhe29-11 e29- Al a30
-Trp31l-Leu32-Val33-Lys34-d y35-Arg36-dy37 (SEQ ID NO 2, GP-1) wherein:
(bl) 26Lys and 34Lys are each substituted with disialo oligosaccharide
chai n added Cys HE}CKIrpI 1) (SEQ 1D NO 54); (b2) 18Ser and 36Arg
are each subsh HEut ed WI di sial o oligosaccharide chain added Cys (Exanple
2) (SEQ ID N@ 0 @@OZZCEJHA%nd 30Al a are each substituted with
disialo oli arloH:\ s (Exanple 3) (SEQ ID NGO 56);

(b4) 223y and 36Arg are e A ted wth disialo oligosaccharide
chai n added Cys (Exanple 4) (SE(BHID 57); (b5) 30Al a and 36Arg
are each substituted with disial &1®li gosacchari de chain added Cys (Exanple

LN SR
HG O HO HO

HO NHA¢ NHAcC

HoOC HO
NHACc
A(’:HN HO
the monosialo oligosaccharide chain:

[Formula 7]

HOHUGC HO
HO a-
HO= HO e:&_ 6{0 NHAc
AcHN"HO OHHO o0
Bk
HO

CH
”°'§L., Ao
HQ

‘z\( A: NHAc
OH Ho
Ho >0 Ugﬁw/

Ho NHA

the asialo oligosaccharide chain:



(b6) 30Ala is substituted with oligo hyaluronic acid tetrasacchari de (HA-4)
added Cys (Example 6) (SEQ ID NO 59); - 68 - (b7) 30Ala is
substituted with oligo hyaluronic acid octasaccharide (HA-8) added Cys
(Example 7) (SEQ I D NO 60); (-b&)7 36Arg is substituted with oligo
hyal uroni ¢ acid tetrasaccharide (HA-4) added Cys (Exanple 8) (SEQ ID NO
61); (b9) 36Arg is substituted with oligo hyaluronic acid

oct asacchafyden - §) added Cys (Exanple 9) (SEQ ID NO 62); (bl1l0)
30Ala is substituted with oligo hyaluronic acid hexadecasacchari de (HA-16)
added Cys (Exarrpl e 10) (SEQ ID NO 63); (b1l1l) 36Arg is substituted
with oligo h ron |c aci d hexadecasacchari de (HA-16) added Cys (Exanple
11) (SEQID NHAc (bl2) 36Arg is substituted with high-mannose

type oli gosacchalt?'lr1 %: (Mb) added Cys (Exanple 12) (SEQ ID NO 65); and

-;&igﬂ ‘§§2:' GH

HA: NHAG
HU

OH Hqgﬁékfo
(a]
HO (-0
HJ%;x;&O NHAz

the diGlcNAc oligosaccharide chain:

[Pormula 9]

HD H ¢

H
HO
HO

HO%O{H ﬁ;oc';' -é_:moH

HO HDG o
HO‘I@-Q{’ NHA:  NHAC
HD

NHA¢

O

o

the dimannose oligosaccharide chain:

[Formula 1G]

H OH
HOS,
HO
o
N
Ho G AT qo
HO NHAc NHAc
HO
OH



(b13) asialo oligosaccharide chain added Asn is |linked to 26Eys via a

| i nker (Exanple 13) (SEQ ID NO 66), and further include: (b14) an

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

H Hi s1- Gly2- GLu3- G y4- Thr 5- Phe6- Thr 7- & 8- Asp9- LeulO- Ser 11-

Eys12- GLn13- Met 14- Glul5- Glul6- Glul?7

- Al al18-Val29- Arg20- Leu2l- Phe22-11 e23- GLu24- Tr p25- Leu26- Lys27- Asn28- Gly29- GL

30- Pro31- s §9.;3 ; (3 ¥34- ALA35: PE a36- . 39- NH2 ( SE
/D No. 50, "BFeraraca) whrara e Ay e e e e sl 0
0|igosaCCharideTﬁ@ai@ié%Eﬁﬁié%@?é%%@&ﬂﬁf&éé)cﬂéiﬂllEhﬁEI"ﬁgﬁésialo (b15)

an ol i gosacchari de chai n added P-1 peptide having the sequence of

H s, - R28- Gu9g&kykendbiaePhRhidh neSer 14sAspbsoVabhézSeni#iaser 18-
Tyr19-Leu20-G?u21-Gly22-G n23- Al a. 24- Al a25- Lys26-d u27-

Phe28-1 1e29nAia80- Thp3ldileldRayadB3gbys34b &R B8 cArp3bnNH2 anieraen R2
represents a-nethylalanine (SEQ ID NO 52, BIM1077) wherein 26Lys is
subst i t ut etldwnahndesi al bgotagosacthar cdaichainaeddbedepsalBranpl e 15) (SEQ
ID NO 68); and - (b16) an oligosaccharide chain added GLP-1 peptide
havi ng t heeBegheags, olnexe@dt ol (SECheEe NEROBD) akpEkebr 8D&ly is .
substituted wth high-nmannose type oligosaccharide chain (Mb) added Cys

( Exanpl e 1%1)1.6mf@®§5?°m‘ﬁasTh%lwq’%%%l%ﬁ%a@?d%héﬁa?’nhaﬂéléa PREPLeTPEpt i de of

th t.i ti b d_by i ti | i hari d
chai ' addi T ol SFRPET o bt HEPET et Syht HESFS TePHOA RnbWA BYSFhoSe skilled in

the art. Per-gligosaseharide gL Addit o A Jei hodl ysida rever se

reaction of an enzyne transg mnase Ts al'so usabl e. However,
this method-presents BLOB! LS. sUch Agodalahap: aU0URL O opecassary
gosacchari de chal ns to be added, Tonplicated purification after the
final steppresent invention. Examples of such an oligosaccharide
chain include a digialo oligosaccharide chain or asialo
cligosaccharide chain wherein sialic acid is linked to
galactoge via (az2—3) linkage.
[0086]
The high-mannose type oligosaccharide chain used in
the present invention is an oligogaccharide chain wherein
two or more mannoses are further linked to the basic
structure of the complex-type oligosaccharide chain.
Since the high-mannose type oligosaccharide chain is
bulky, the binding of the high-mannose type
oligosaccharide chain to the peptide can wore highly
enhance stability in blcood. An oligosaccharide chain
containing 5 to 9 mannoses, such as a mammalian high-
mannose type oligosaccharide chain, is preferable. An
oligogaccharide chain containing more mannoses, such as a

veast high-mannose type oligosaccharide chain, may be



- 70 - limted sites to which oligosaccharide chain is added, and limted
types of oligosaccharide chains that can be added. Therefore, the nethod is
not practical for |arge-scale production such as pharnmaceutical production,
though it nmay be used in synthesis i snall anounts, e.g., for assay use.

[ 0096] A process for conveniently producing the oligosaccharide chain
added GLP-1 peptide of the present invention and for stably producing

ol i gosacchatj.de chal =1 i i DY i i gosacchari de
aELAe 3 Svg%%?%egf%fgﬁ &&B}w@% 89; obREERL M 8L

chain structure i ically exenplifie el ow by a process for

produci ng @Hthbgﬁ§éE§B§b&geu§@@|BnagﬂédpgbgénﬁeEhk@%t@%n?&h?g _

ol i gosacchari de chain added Asn as an oligosaccharide chain added am no
acid and uthtizdeg a pepti de synthesis method known in the art such as

sol i d- phase synthesis or |iquid-phase synthesis (Process A) and a process
for producthg hngbl mngosasehar {desthai n added GLP-1 peptide which conprises
produci ng a peptide wherein any amno acid of G.P-1 is substituted with
Cys, accor dFagmedaalpkpti de synthesis method known in the art and then
addi ng an ol i gosaccharide chain to the Cys through chem cal synthesis
(Process B). @dcess for producing an oligosaccharide chain added GLP-1
pepti de havﬁ? O ol i gosacchari de chain added am no acid wherein the

ol i gosaccha chain @y |inked to the amino acid via a linker and the

| i nker contains a ' acid at the - 71 - termnal bound to the

ol i gosacchari de ¢ gb exenplified by a process for producing an

ol i gosacchar,ideGthai n agded GLP-1 peptide which conprises first binding one

end of a i Q olh osdebhar ch&i4r: added Asn, then binding an

N- hydr oxysuB&™ni myghy| &, k%t nd of the linker and reacting the
N- hydr oxysucci ni oup h siﬂ$ ¢hain amno group of the Lys

resi due of a GQP- i de (Proce . ﬁbse skilled in the art can

produce various oli charide chain added GLP-1 peptides with reference
to these production processes. The oligosaccharide chain added G.P-1
pepti des thus obtained and production processes thereof are very useful
particul ardydin the field of pharmaceutical production. Two or nore of
t hese Processes Ato C nay be performed in conbination. For synthesis in
smal | anoupts, higly nanpesesgai?udle, these processes may al so be conbined
wi th oligosaccharide chain extension reaction catalyzed by transferase. The
Processes HefmBlark2described in the panphl ets of WO 2004/ 005330
(US2005222382 (Alyy) and WO 2005/ 010053 (1JS2007060543 (Al)), respectively.
The discIOSUﬁgﬁémmgéeof are incorporated herein by reference in their

tl

entirety. ProbRicti of oligosaccharide chains having a uniform
ol i gosacchari deyd structure used in the Processes Ato C are descri bed
in the panphl e g“bf 108431 (US2004181054 (Al)), W?2004/ 058984
(US2006228 A\ )), H 4/ 058824 (US2006009421 (Al)), W=2004/070046
(US2006205 % X02007/,011055, ete, - 72 -
H o "% o Q o5+8
HO © NHEc NriAc
Ho

O
HO
Uo7l
HI7
HO
HOR7T0

OH

[0087]
In the present invention, examples of preferable
oligosaccharide chains may include oligosaccharide chains

gstructurally the same as (oligosaccharide chains having



The di scl osures thereof are incorporated herein by reference in their
entirety. [0097] Process for producing oligosaccharide chain added G.P-1
pepti de (Process A) First, (1) a hydroxyl group of a resin having

t he hydroxyl group and a carboxyl grow® of an am no acid having am no group
nitrogen protected with a fat-soluble protective group are subjected to an
esterifying reaction. Since the am no group nitrogen of the amno acid is

protect ed %&hsémé%%ﬁ%UQE%B&QEEE&&M@ 9n9xPs Lhe budroxyk group of the
resin is reacted with the carboxyl group of the amino acid, with

sel f- condepsatépAsobrt Nenrabae Afi €hdr S¥eated. oligosheXharfdy the
fat-soluble protective group is renoved fromthe resulting ester to forma
free am nochgabwp,which aré3dothe toee protwigr oupfosmami dated with a
carboxyl group of a desired am no acid having am no group nitrogen

prot ect ed givtopréatisolnbhempnobedieve(group, cligosac¢hrrifie fat-sol uble
protective group is renoved to forma free am no group, and (5) the
steps (3) @naigg)degeriepdated" BEBS cBITHHNEVES.- t her eBy . obt aFaba pepti de
havi ng a desired nunber of desired_am no, acids as |inked and having the
resin attathed t o FnePEhICTHEFIF LA RE Fr el ARFRBY gPBAPCHL SEHRrdt her end

thereof. - 73 - Next,%éG% t he freg m no roug,is am dated with a
car boxyl oFOEPrDFTINE R FAGT DU i T ot ehe 35 pat AyFRe T F nked

ol i gosacchari de..(ol i go charide chai,n added asparagi ne) havi ng am no group
ni trogen p?%?%r@tée%éwlgrfﬁ?agb?%?-goff%b?eb%ﬁ%vf"ecti ve group, (7) the
fat -sol ubIFO(psré)}tective group is renoved to forma free am no group,



(8) the free amno group is amdated with a carboxyl group of a desired
am no. acid having am no group nitrogen protected with a fat-soluble
prot‘ective group, (9) the steps (7) and (8) are repeated at | east
once, and (10) the fat-solubleégrotective group is renoved to forma
free am no group and thereby obtain a gl ycopeptide having a desired nunber
of desired am no acids as |inked and having the resin attached to one end
t hereof, ajfseesanj no group at the other end thereof and an oligosaccharide
chai n added asparagi ne at an internedi ate position. (11) The resin
is cut off with an acidn whereby a gl ycaepepti de can be prepared which has

i i : ;glnﬁ at a degiireeh position of the
terﬁatlvely‘fghebol|gosacchar|de chain
to An end pgfEi o’ of the peptide
n haying a hydroxyd group may usual ly
ar soTi d- phasggsynt hesis. Exanpl es of
) eEgk) . WANg resin (product
det Bt cBeR©100] Al ami no
Exanlia #ri no aci ds ~ds§ gbl e are natural anino

peptide chain therdpt. $0098]
added aspar agi ne 2;- bqglntroduced_
chain. - 74 - [009§ g The re
be a resin havingﬁq,drd?yl usef ul
resins usabl e AlpesMal nos PEGA 1 asiy
of Merck), HVEASREGAwasi

aci ds are usabf{¥ as’

aci ds such as_jgerine ( er) as e i ne_fAsn), vallne,"al), | euci ne (Leu),
i sol euci ne : al ani ne (AIJ; ne (Tyr), gly@se (Ay), lysine
(Lys), argi (A«g) hi stidi ne (HISEya* 52

783 L1 ge3

1S2M-8NC, 4




aspartic acid (Asp), glutamc acid (Gu), glutamne (Gn), threonine (Thr),
cysteine (Cys), nethionine (Met), phenyl al anine (Phe) tryptophan (Trp) and
proline (Pro). [0101] Exanpl es of fat-soluble protective groups are
9- fluorenyl nmet hoxycarbonyl (Fnoc) greédp,- tertbutyl oxycarbonyl (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-sol ubl erpr éeg%ive group, e.g., Fnoc group, can be introduced by adding
9-fl uorenyl met succi ni m dyl carbonate and sodi um hydrogencarbonate to
the contenpl ated conpound for reaction. It is preferable to conduct the
reaction at 0 to 50 DG C, prefergbly at roomtenperature, for about 1 to
about 5 hours. - 75™ [00102] ., The above amino acid can be protected
with a fat-soluble E)rgt ectlvewgp by thewrwret hod descri bed above. The
above protected aginofaci d cani pd/akl abl e comrercial ly. Exanpl es

E Froc- i = Leu,Z Fnoc-1le, Fnoc-Ala, Fnoc-Tyr,
Fm)c-Gy, Fm)cLys n@c-Arg, 3 i GéASp, Froc=(d u, Fnoc-dn,

Frnoc- Thr, Frmc-q/sw Fffoc- Met , :rmc Phe “EnoE-Trp a g I%}mc Pro. [0103]
Usabl e as esteri f&4 ng, cat al ¥ "€ harei dehydr at i ng c@pdergsat i on agents such as
1- mesi tyl enes @phry =" 352 24N | agQig 834i gycl ohexyl carbodiim de
(DCC) and di i stpiZopyl car bodi i m de ‘.ﬁ, J5e The deragl ng condensati on
agent is used*#h an amount of 1 c_), wt 9t preferly'*2 to 5 w% based on
Iwt.1 of an am no acid. [0104] " The esteri "rv acti on is conducted
preferably by placing a resin, fqg exanpl e, inr _ 1
washi ng the reS|n\@ gnd t her eaf t er an a sol ution of anino
acid in a sol vent¥fo fhe resyit. & sol vents for washing are

{ gthykkene chloride, etc. Exanpl es of
et hyl sul f oxi de (DVSO), DMV,
@?ducted ateD to 50 DEG C,

solvents for dissigf
nmet hyl ene chl ori dg
preferably at 4

1GNIGN-TNC, 2

1G2M-TNG, 11
HAG HAe
1IM2GN-5NC, 19
Hae

1GN-SNG, 14



- 76 - roomtenperature, for about 10 to about 30 hours, preferably about

15 m.nutes to about 24 hours. [0105] Preferably, the unreacted
hydrioxyl group remai ning on the solid phase at this tinme is acetylated, for
exanple, with acetic anhydride for capd ng. [0106] The fat-sol uble

protective group can be renoved, for exanple, by a treatnent with a base.
Exanpl es of bases to be used are piperidine, norpholine, etc. This
treatment iigggenducted preferably in the presence of a solvent. Exanples of
sol vents usable are DMSO, DWMF, nethanol, etc. [0107] The reaction of
am dating thgprieee)am no group with a carboxyl group of a desired am no
acid having am no group nitrogen protected with the fat-soluble group is
conducted, preferably in the presence of an activator and a solvent. [0108]
Exanpl es of useful aqgt.ivators are dicygl ohexyl carbodiim de (DCC),

1l-ethyl -3- (3- dinmetHyl am nopropyl ) carfiodii m de / hydrochl ori de (WSC/ HC1) ,
di phenyl phosphorylygzi gle (DPPA), cé gbon¥l dii m da Gl e CCDI ),

di et hyl cyanophos una@e (DEPC), tfifsopFopyl car ﬁ%iai mgde (DI PCl),

benzotri azol e- 1- xygri spyrrolids RHexafd uor ophosphat e
(PyBOP), 1-hydroxXybengotriazol e £HOBt)E hydr oxy&iicci g m de (HOSu), - 77 -
di et hyl ani nopyr j df ne=( DMAP) , 1- hfdr ox§- 7- azapghzotriazol e (HOAt),

hydr oxypht hald_j-& 3'._ HC : b uot ophenol KR H) ,
2- (1H henzot ripgx of & % 153, 3¢ @¥ r anet hyl uf @riggm hexaf | uor ophosphat e
(HBTU), 0- (3% got 1 | 3 &4, 1, 3, 3-t et rad®t hyl ur oni um
hexaf | uor ophgg 7o Xr i azol e- 1- y1:%y
3, 4-

1,1, 3, 3-t et Fiy gdborat e ( TBTU)ET

1M253)-8NC, 32
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[0109] The activator is used in an anount of 1 to 20 equival ents,
preferably 1 to 10 equivalents, nmore preferably 1 to 5 equivalents, based
on an am no acid having am no group nitrogen protected with a fat-soluble
protective group. [0110] Exanple%f useful solvents are DVBO DM,
met hyl ene chloride, etc. It is desired that the reaction be conducted at O
to 50 DEG C, preferably at room tenperature, for about 10 to about 30
hours, prefeasbkysabout 15 minutes to about 24 hours. The fat-soluble
protective group can be renoved in the sanme manner as descri bed above.
[0111] The peptide;chain is cut off fromthe resin, preferably by a
treatment with an acd :ZExaanes of acids to be used are trifluoroacetic
| uoride (HF), etc. - 78 - [0112] A

he peptide chain thereof can be prepared by suitably
causi ng am dation between the free am no group of
the peptide and a carfjoxyl group of the asparagi ne portion of an
oligosaccharide chaEnladded asparagi ne having am no group nitrogen

i ; AAI@ protective group and the step (7) of renoving
group to forma free amno group. At this tine,

RgFE Bast two kinds of oligosaccharide chain added

aspar agi nes atm“xdesnred 2 -'tlon of the peptide chain thereof can also be
prepared by usjf
[0113] £5 4

[0092]



A gl ycopeptide having at | east one oligosaccharide chain added asparagi ne
at a.desired position of the peptide chain thereof can be prepared by
perfiornmng, as final steps, i.e., instead of the steps (9) and (10), the
step (6) of causing anidation between®°he free anmino group and a carboxyl
group of the asparagi ne portion of an oligosaccharide chain added

aspar agi ne having am no group nitrogen protected with a fat-sol uble
protective groupm iyl {sheddf dJemid norddwnd amseohtdde, prigd ective group to
forma free amno group. [0114] - 79 - A gl ycopeptide having an

ol i gosacchatigleszhahar ddeechasparagrefatalthe &nt el ignahccaarbéeprepared by
performng the step (1) of subjecting, to esterifying reaction, a hydroxyl
group of achasinhamnina zalbosad rouptwlie t h&xaparegiafe potttiaon of an

ol i gosacchari de chai n added asparagi ne having am no group nitrogen

prot ect ed W IFPEIFABHIULTRS i oteetidRe YreEp Pridterendt anidn ndeaci d

havi ng am no,ggroup nitrogen protected with a fat-sol uble protective group.
In this cddkld? MY 3hEPTES dfs‘?%ﬁlerﬁlrbé‘”?%?’fﬁe?op%?forned. [ 0115]

In this vva%,.an ol i osac?ch ride chain added %35_1 peptide substituted at a
desired postGIHFWHH OTF JoHEE HAI et el - Haded ASR° B Dbt ai ned.
[0116] Pr r (o | i g%gp Fqi aj P- pepti de
(Process Csérgr?lcf:%[rcgd&l AalI%eagtﬂl e coeflﬂt ailnlgﬁ%g%isfﬁlgglgf}gd%ef ril/ a met hod
such as solj d-phase syshesiscrd.qudl- Rhase sysipesi s, sel | - based synt hesis
and separation and extraction of those 'existing naturally. An

ol i gosacchanifiechaidrigan e added e rerdasivv egetpasi tion by changi ng the
position of Cys. [0117]
octasaccharide.

Examples of particularly preferable cligo hyaluronic
acid usged in the present invention include an
oligosaccharide chain having 2 {tetrasaccharide) or more
and 8 (hexadecasaccharide) or less of units each
consisting of N-acetylglucosamine and glucuronic acid.

An oligosaccharide chain having 2 {tetrasaccharide) to 4
(octasaccharide) of the units is more preferable, and an
oligosaccharide chain having 2 (tetrasaccharide) of the

units is most preferable.

Examples of hyaluronic acids preferably used in the
present inventien include

oligo hyaluronic acid in the form of tetrasaccharide:

[Formula 131

H
N o HOOH’C o 10O Home
TR
3
0
OH NHAc OH HAC

and



Next, a hal oacetam de conpl ex-type oligosaccharide chain derivative is
allowed to react with the thus-obtai ned peptide containing Cys for
production. The - 80 - reaction nmay be conducted usually at 0 to 80C,
preferably 10 to 60C, nore preferably®5 to 35C. The reaction time is

usual ly preferably about 30 m nutes to about 5 hours. After the conpletion
of reaction, the reaction product nmay be purified appropriately by a nethod
known in t8eigsthi€lgrenht ghe peri10r tiee ceoth WEdocehsaBcnlE0a8E Ogr aphy
(HPLCO)]. [0118] The hal oacet am de conpl ex-type ol i gosacchari de chain
derivativelFszrmelg.]l4h conpound wherein a hydroxyl group bound to carbon at
position 1 of a conpl ex-type asparagi ne-linked oligosaccharide chain is
substituted %ﬁjf\;&i (CO)-(CH2) a- CH2X, wherein X represents a hal ogen atom
and a repres dLsH%ﬁ§%§$g L& ar abi it eged of @w¢ o 4, but not
limted to tTREE-NUNDRLS y QST are inhibited.
[0119] Specifically, t hal 04cet ant'de cofpl ex-bype ob4 gosacchari de
chain derivative is allowed to react with the peptide containing Cys in a
phosphat e Qﬂ%%g{ at roomtenperature. After the conpletion of reaction, an
ol i gosacch chain added G.P-1 peptide substituted with oligosacchari de

hai dded i P ey ian. ;
Srghﬂc?ngeol %??;%2%%%3?%%?%5%5%5&%%% fdprgeg%éirg{]e roccei]éjgﬁg%%eess o

glycopeptide of the present invention has a uniform

oligosaccharide chain structure. The uniform
oligosaccharide chain structure in the glycopeptide used
herein refers to the game coligosaccharide chain added
site in the peptide, 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, when compared among the
glycopeptides, and means that the oligcosaccharide chain
structure has at least 90%, preferably at least %5%, more
preferably at least 99% uniformity. The glycopeptides
having a uniform oligosaccharide chain structure have
constant quality and are particularly preferable in the
field such as pharmaceutical production or assay. The
proportion of uniform oligogaccharide chains can be
measured by a method using, for example, HPLC, capillary
electrophoresis, NMR, mass spectrometry, etc.
[0054]

In the present invention, examples of preferable

oligcsaccharide chain added GLP-1 peptides may include



- 81 - First, a peptide containing Lys is produced by a nethod such as
sol i d-.phase synthesis, |iquid-phase synthesis, cell-based synthesis and
separation and extraction of those existing naturally. Next, glutaric
acid is bound to an oligosaccharide <t m added ami no acid. For exanpl e,

t he ol i gosaccharide chain added am no acid is dissolved in a DMSO sol ution.
To this solution, a DMBO solution containing a glutaric acid-EDC m xture is
added and siigébedcdhat0@a tRADEr 2hak@ Eop-1 daycidhe rneact ronnokxture can
be diluted appropriately and then fracti onated by size-excl usi on gel
filtrati onsehtonas pgpaphyce@t tn, Btanpbiai n & 0Ei gesaechadi Uetehai n added
am no acid wherein glutaric acid is bound to a-am no group.
Subsequentiyg. t ool hgoDMBDaoldee i o Uf adieq| GEAr L cpapt ddéounaving

ol i gosacchari de chain added am no acid, a DVSO sol ution of

N- hydr oxystieei $eaerecandt a DVSO sol uti on of EDC are added and stirred at
roomtenperature for_6 hours. Then, EDC can be inactivated to synthesize
Nhydr oxysuéeFmifmiddy Flest @tYiof TPhe “glhgear ) & :ac S bodiiP:ef Yybesasekari de chain
added am ng aci d. Subsequent |y, DI PEA and the N-hydroxysuccini m dyl
ester of t ?@F%YEH'&%Pbéjo%ﬁﬁigpi‘&gg‘atﬁ?aﬁ%‘*déléh%ﬁ SgedetMdni no acid are
added to | uti-Qn a P-1 tide and.stirred at. roomtenperature
for 2 hou§¥9¥$%%;$“f%&a?%giyg%gk?gnfggﬁFﬁé5§F4BSE¥W€9555FT? ‘of an aqueous

gl yci ne soeégd%_@:e_ieaﬁzcﬂ,gg s&l%eéio 'i can be - 82 - subjected to

appropriate purification to link t gosacchari de chain added am no acid

to the Lys resigye ofsrihe ;@sP-kipaprbi-de i he glivtardc agyd |inker. In
this way, oligosaccharide chain added GLP-1 having an ol igosaccharide chain

added am npiACIb WielRishdditeldygegrtehalddiel ahad N(Estadp nked t@rde am no
acid (Lys) via a linker and the |inker contains an amno acid (Asn) at the
term nal bount:t g4)he ol i gosaccharide chain is obtained. An

ol i gosacchari de chain added GLP-1 peptide having an oligosaccharide chain
added am no aci(é#2boliBetroaaddéshredasit eachnshbsthittaiteed wbyhsubstituting an
amno acid at the desired site of the GLP-1 peptide with Lys or

subst i t ut MG @ Iy £ liesisHFETEsHGs §EG 1 agldgiq sy pE-ample Fept iSFE wi t h

anot her am no acid. According to the Process C, when an oligosacchari de
chain is d%dé@:t % ys contained in wild-type GLP-1, an ol i gosacchari de

hai dded G.P- Lde_havi th t i de.skel et on that of th
chaLn, saded GLpe pepbide.haNtagL e, SR RCpLL B el Gp.ge [hat of (e
AapP-1 i f i i P: VitV he "GP-1
GLP. 1 beptda.of HhacRissan, pueiap amc A sty oy (grfle, 0

in the ar&Da%OQOSQEP-l. G.P-1 has been known to have, in addition to the
ef f ect !

(b4) 22Gly and 36Arg are each substituted with
disialo oligosaccharide chain added Cys (Example 4) (SEQ
ID NC: 57);

(b5) 30Ala and 36Arg are each substituted with
disialo oligosaccharide chain added Cys (Example 5) {(SEQ
ID NC: 58);

(b6) 30Ala is substituted with oligo hyaluronic acid
tetrasaccharide (HA-4) added Cyg (Examplie 6) (SEQ ID NO:

59} ;



of controlling blood-sugar levels, e.g., insulin secretion associated with
CAMP-synt hesi s induction, - 83 - pancreatic islet protection (apoptosis
suppression) and pancreatic islet growh as effects on a pancreatic islet
as well as appetite suppression, gast®©di ntestinal notility suppression,
calcitonin secretion pronotion and cardi oprotective action during ischem a
as extra-pancreatic effects. Thus, the GLP-1 activity refers to all or sone
of bi ol ogi cal agdi)Vviddres assenirded wdd diteseefdechgal@shidhese g
activities can be nmeasured respectively using an approach known by those
skilled i nottesaddhatPdR2]HA-8) addled heyd Fdamplévit i €SEQeID. NOt he
activity of controlling bl ood-sugar |evels can be neasured using the
measureneng0pbf the effect of |owering bl ood-sugar |evels in diabetes mce
(db/db mice) or the neasurenent of the effect of suppressing rise in

bl ood- sugar | eVidl8s 3% 0%l sGsydrdd Crleer aicd Testoq ATFRUrorHe pifrigse
"controlling blood-sugar |evels" used herein enconpasses both concepts of
suppr essi nef FFRVGHG 8- SRyt 1338 G (BRrPrg Bl 068EQ Lt Pevel s.
Particularly, the effect of controlling blood-sugar levels in db/db mce is
al so refer?%h;to herein as the "effect of |owering blood-sugar |evels", and
the effect of contralli o] - r. levels in. i ferred to
herein as the A%E#e%FA5~ é%b%&%??ﬁ%%tFFéﬁgFﬁ 6?6%§¥£B§§fﬁ%%@é{§pi 0123] -
84 - T [ Mty O tr ' 0 EﬁHgﬁg % [ T can be
determ neoﬁ%{yysrfagcgésﬂuar |ln%e sﬁ%?@ssﬁf&odnéd;%% s%q? n oo%l’-esg%%? {%ve s in mce
forced to gink sugar. \Wen, e.g., an approach of follow ng Test Exanple 7
is used, a test conpound is first adm nistered to mce fasted overnight. 30
m nutes after tipeoadnioninst Kat soBstatgkeaose tH0lutiigen nys 1erakliy adm ni stered
to the mce. Muse bl ood-sugar |evels increase due to the glucose

adm ni st r atdieh heseatdvdde dred idem @reuts )3Gddgdit®ss afRxexmple 10)

adm ni stration, and gradually decrease. The bl ood-sugar |evels can be
measured 3GEG At ¥ :afé3dr; t he gl ucose administration and conpared with
those obtained by G.P-1 adm nistration to thereby nmeasure the effect of
control li ng bl 6bdlsugaprpedsl subgtihatefi yoshcerapcdayeRairanadded GLP- 1
pepti de. Wen the bl ood-sugar |evels measured 30 m nutes thereafter are
conpar ed W RFSECHFEE peq PAT anPHioGS &Mon(EX3WP 1S ilgdsacchari de
chain addegggtP-lgggptiqq of the present invention exhibits preferably 80%
or Iomer,( IF eréﬁly 601 or | ower, even nore preferably 401 or | ower,
particularly pr a 0l_o ; t he.gontrol S | evel s. The
strength of théggggig%%§§o Sc%ﬁ%%ﬁ?F?g%db g%ﬁ ﬂ%ggrmgégggé Egg%he

ol i gosacchar:i L0 add P- eptsl t nt; -iyNny, I can be
deternine%aéygggﬁggﬁgﬁggdggggkbé#ﬁ?r%Egg?n@g&T$%F%h§§$h&ngéggbgg?ivaIent
effects ofyosupenessihpg rise in bl ood-sugar |evels. \Wen, e.g.,

{b13) asialo oligosaccharide chain added Asn is
linked to 26Lys via a linker (Example 13) (SEQ ID NO: 66},
and
further include:

(b14) an oligosaccharide chain added GLP-1 peptide
having the sequence of
H-His~Gly,~Gluy-Gly,-Thrs-Pheg-Thry-Serg-Asps-Leusy-Ser;, -
LysSi12-Clnis-Met ,-Glus-Gluis-Glusyy-Alasg-Valie-Argae-Leus: -

Phe,;-Tle,;-Gluys ~Trpas-Lelzs-LysS,7~ASn s -Glys-Glysg-Pros:-



10 doses of GLP-1 and 1 dose of the oligosaccharide chain - 85 - added
GLP- 1-.pepti de produce the sane effects of controlling bl ood-sugar |evels,
the activity of controlling blood-sugar |evels by the oligosaccharide chain
added GLP-1 peptide is 10 tines that & the GLP-1. The ol i gosacchari de
chain added G.P-1 peptide of the present invention has the activity of
controlling bl ood-sugar |levels preferably at least 5 tinmes, nore preferably

at |east 18etimeerthatlaf- A& lerb0ldo Wierotheeol,l aesacehay irge chain
added GLP-1 peptide is an oligosaccharide chain added peptide having

del etion, NObstd| uieandoi-addiheoaniof one or several amno acids of GLP-1
or an oligosaccharide chain added G.P-1 analog, a G.P-1 analog or a G.P-1
peptide havi ng & lamiso sadist igedeshod tildelitsiigal o tal tgwsat dlgosiabehar i de
chain added GLP-1 peptide except_ the oli osaccharlde chai n added am no acid
my be use%lh%%ﬂc%ﬁﬁg%gl%éﬁl Pearpte For GEL TRCPvi €Y) i [ 0125] The

activity of controlllng bIood su%ﬁi Ievels dn db/db m ce can be_ determ ned
by neasuring bl'¢dd)sddariiarsass EFEE et (&P adiRshtsideati on of a

admi ni ot T O hr R D 'f?’%@r 'Tﬁée'e?fZEEeLftF?,&e??E‘g"’EPé’od-_sugar
FEREN A G M EE W e
Serig=Tyrie=-Lelyg~Gluz;-Glys:-Glngs-Alass-Alays-Livs,s~Gluyy -
Pheyg-Ilezs-Alase-Trpsi-Leus,-Valy;-LysS;.-R235-Argas-NH;
wherein R2 represents o-methylalanine (SEQ ID NO: 52,
BIM51077) wherein

26Lys is substituted with disialo oligosaccharide
chain added Cys (Example 15) (SEQ ID NO: 68); and

(bl16) an coligosaccharide chain added GLP-1 peptide
having the sequence of exendin-4 (SEQ ID NO: 50) wherein
30Gly is substituted with high-mannose type
oligosaccharide chain (M5) added Cys (Example 16).

[0095]

The oligosaccharide chain added GLP-1 peptide of the
present invention can be produced by incorporating an
oligosaccharide chain addition step to a peptide
synthesis method known by those skilled in the art. For
oligosaccharide chain addition, a method usging 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,



time of admnistration. Alternatively, the durability of the effect of

| oweri.ng bl ood-sugar |evels can be determ ned by neasuring bl ood-sugar

| evel s, e.g., 300 mnutes after the adm nistration. Wen, e.g., blood-sugar
| evel s measured 120 minutes after the7%dministration are conpared with

t hose obtained by GLP-1 adm nistration, the oligosaccharide chain added
GLP-1 peptide of the present invention exhibits preferably 801 or | ower,

nore pref el abl yed 086 0&s | oyenhi@ardl Cabaadyngr efier ahhyn60% anckaywer of the
control bl ood-sugar levels. Alternatively, when bl ood-sugar |evels neasured

120 m nut esndfienitde agdoeni st raligomsarchaoinpar edainththhvseaneasur ed at
the time of adm nistration, the oligosaccharide chain added G.P-1 peptide
of the presddedi nvistriedivorexhithiet siepheiderisbiny t7 @Whaort I averfomorarger-ef er abl y
60% or |lower, particularly preferably 50%or |ower (e.g., 45%or |ower) of
t he controfCdlooredigarionveladl amam bR Subat] | eyeddcheasur ed 300

m nutes after the adm nistration are conpared with those obtained by G.P-1
admi ni st r atfoiER tHe Y JoR i ari S EHAITF WRIdEd SEple PERHIEE of - The
present invention exhibits preferably 70% or |ower, nore preferably 50% or
| oner of tH& cUHiT0I"Hl ood- sugar | evels. Wien bl ood-sugar |evels neasured
300 m nut efO@%é er the adm nistration are conpared with those neasured at
the tinme of adm nistration, the oligosaccharide chain added GLP-1 peptide

of the present i nyeREQN XN REeker ARy Bk - or |over, nore

preferably 50% or | ower of the control Bl ood-sugar |evels. [0126] Even

if the actdwmidosfcreontdeldraaic blord: sugan Ml sadyot hendlhgosacchari de
chai n added P-1 peptide of the present invention is |ower than that of

GLP-1, thiisdeow iant iatid oAkt lsomensatied; byl erdwneathsidgbidiidan i n bl ood.
[0127] O the G.P-1 activities, e.g., insulin secretion activity can
be nmeasur edidesi I.Earl ipeptiitdes testingf o hevidoidn tol tgosyathreside cAMP. GLP- 1
IncreaseSChain structure is specifically exemplified below by a

process for producing an oligosaccharide chain added GLP-

1 peptide by using oligosaccharide chain added Asn as an

cligosaccharide chain added amino acid and utilizing a

peptide synthesis method known in the art such as sclid-

phase synthesis or liquid-phase synthesis (Process A) and

a process for producing an oligosaccharide chain added

GLP-1 peptide which comprises producing a peptide wherein

any amineo acid of GLP-1 is substituted with Cys,

according to a peptide synthesis method known in the art

and then adding an oligosaccharide chain to the Cyg

through chemical synthesis (Process B}. A process for

producing an oligosaccharide chain added GLP-1 peptide

having an oligosaccharide chain added amino acid wherein

the oligosaccharide chain is linked to the amino acid via

a linker and the linker contains an amino acid at the



intracellular cAWP concentrations through the binding to its receptor and
pronmotes insulin secretion. Thus, e.g., nouse G.P-1 receptor-expressing
CHO'Kl' cells are stinulated with the oligosaccharide chain added GLP-1
pepti de and then, the amount of cAMP siiht-hesized in the cells is neasured.
Its EC50 val ue can be conpared with that obtained by G.P-1 to thereby
nmeasure the insulin secretion activity of the oligosaccharide chain added

GLP-1 peptkdemih@128bung toThﬁeObwgéégeBﬁakQ@ecBﬁaﬁlna;d;@ed GLP-1 peptide of
the present invention has higher stability in blood than that of G.P-1. The

stability eReRpbdodieanpbeanpasveed BstngresuappyoashokngwBabyhthese skilled
in the art and can be determ ned by neasuring, e.g., stability in plasnma or
- 88 - resthtancedtiedDBEP}IY pdppepti dyichepthpaseckVyiand bshddng

hal f-1ife, AUC (area under the blood concentration tinme curve), etc., as an
i ndex. | ncepraseddrefad tiekennte aligosanthibitieschaivnhddedndan,in
stability in blood. [0129] The stability in plasma can be determ ned
usi ng, e.gtheanbippioachn déskydpedysuCcebniviwyg TesuPERanphe 2thhe

ol i gosacchari de_chai n_added G.P-1 peptide of the present invention has
hi gher st aBifi®y FhephiRher t#ad ¥%%ftb?9GE¢61N FE@@@TysuCCln?ﬁé Yési st ance
to DPP-1V can be determ ned. by nmeasurin fe in a DPP-1Y solution,

as shown |%ro%nglt? Four hg® T84 ?I%X3ﬂb$% QFO%- %IFB%S%X%hﬁ??ﬂ U€hai n
dded GLP- t t
I e T TS AN e s R
east 2 tiggs)p, gé@r@ﬁymg«.f beasbaoigRsas TDhe ! ehaLabtyo cast 10

tinmes, partic preferably at™ | east 20 tines er than that of

GLP- 1(e g. p@@timtwﬂ@@ tf@Sdncned F1esséStnNsQut 0i&PRotVodscapasured
using, e.g., the approach of follow ng Test Exanple 1. [0131] The

ol i gosacchaite del thed dc @gtietidd dhdi mepddae @iptheppsesent tmyention al so has
a half-life of preferably at least 1 hour, nore preferably at |east 3, 5,
7, 10, 15 obtained and production processes thereof are very useful
particularly in the field of pharmaceutical production.
Two or more of these Procegses A to C may be performed in
combination. For synthesis in small amounts, e.g., for
assay use, these procesges may also be combined with
oligosaccharide chain extension reaction catalyzed by .
transferase. The Processes A an B are described in the
pamphlets of WO 2004/005330 (US2005222382 (Al)) and WO
2005/010053 (US2007060543 (Al)), respectively. The
disclosures therecf are incorporated herein by reference
in their entirety. Production of oligosaccharide chains
having a uniform oligosgaccharide chain structure used in
the Processes A to C are described in the pamphlets of
WO03/008431 (US2004181054 (Al}), WO2004/058984
(US2006228784 (Al)), W0O2004/058824 (US2006009421 (Al)),

W02004/070046 (US2006205039 (Al)), WO2007/011055, etc.



- 89 - and 20 hours, even nore preferably at |east 24 hours, in blood.

[0132J Next, a pharnmaceutical conposition conprising the
ol i gosacchari de chain added GLP-1 peptide of the present invention as an
active ingredient will be described.- 72 - The pharnaceutical conposition

conprising the oligosaccharide chain added G.P-1 peptide of the present

i nvention as an active ingredient is effective for the treatnent or
preventionTpt diseasesrassoréptet y-dhiEFrdorGBalnBasifegp known to have
various effects, as described above, and these effects are associated with
vari ous dlﬁ@ﬂéﬁéncétlﬁash@53neﬁtuw§hyhai, e.g., GP-1 stinulates insulin
rel ease and thereby causes cellul ar uptake of glucose and reduction in

bl ood- sugafctevkls. It has al so been found that GLP-1 suppresses gastric
and/or intestinal notility, gastric and/or intestinal enptying, and food

i ngest i on. PAbeess t fer dhsedsesnassbigetaachnyrhde PhainneddpasélPelg.

non-i nsul i ndependent di abetes nellitus (NIDDVM, insulin-dependent dlabetes
mel litus, B@E@@(M&l&@lmw by Efendic), myocardial infarction (see
VD 98/ 08531 by Efendlc &géee WO 98/19698 by Efendic), functiona
dyspepsi a, irriftdbite oovel® gﬁ?’ﬁi&% EFENS @WW‘H%&% and

t | et | ant at Th h I t i Si
FﬁECLF?gé@e@%%w SRR i TP DOBITHG BF The b BREHE- T nvent1 on as

an - %f 0@’ e&f&fﬁ A 5,5 &?;;H’&é)c%r ﬁl@iﬁ'é( E&E é@fuﬁ%at ment or

preventlon nor'e Speci e prevention ype 1

di abetes %%é}ﬂ;f&@ ]FE?J};E Ofe tH &:@é@b{%% £04331 £ 11’1%I rdB€tion.

phar maceut’l ca conp05|t|on may be Tormulated 1n a usua arnmaceuti ca

conmposi ti o f MRS N6h £ | HeRS 10t XD BNtish S Ushi B aﬁéichei_§, ext enders,
bi nders, wetting agents, disintegrants, surfactants and |ubricants usually

used. protected with a fat-soluble protective group, the

hydroxyl group of the resin is reacted with the carboxyl
group of the amino acid, with self-condensation of the
amino acid prevented.

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

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

(4) the fat-goluble protective group is removed to
form a free amine 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
attached tco one end thereof and a free aminc group at the

other end thereof.



Exanpl es of such a pharmaceutical conposition include tablets, pills,
powders, liquid fornulations, suspensions, emnulsions, granules, capsules,
suppositories and injections. [0134] The anmount of the

ol i gosacchari de chain added G.P-1 pept/Bde of the present invention
contained in the pharmaceutical conposition is not particularly Iimted and
can be selected appropriately fromwithin a wi de range. The ol igosacchari de
chai n added GLRektpeptdydardf #he RrASeNgroend Ani g tsualion gpntai ned in
an amount of preferably 1 to 70 wt ic in the pharnmaceutical conposition

[ 0135] carihexphagrmoeus f cale coposddion wonrptosi af &be ol i gosacchari de
chain added GLP-1 peptide of the present invention as an active ingredient
may furt hexsmporaime aninked®lolkigeailidlizonale atdl veosagrkar e oraimy al so be
used in combination with a pharmaceutical conposition containing an

addi t i onalad@ad \aspanpEdienthaVere aEme 1310 Hhar hecedr i cafolearpedi ti on
conprising the oligosaccharide chain added GLP-1 peptide of the present

i nventi on YEs-art @t vie THyre R eie SRy § (8- conpri se at | east one

di fferent oligosaccharide chain_added GLP-1 peptide of the present

i nvention as aﬁ7§cﬁp$ef@ﬁgﬁg MEAE BFORES tdlVEo B HFTCIMT r&tion with a
phar maceut,j cal conposition conprising at |east one different

ol i gosacc éFﬁh@wﬁ%%%1%ﬂﬁﬁﬁjQé§§%fpeptide of the present invention as an
active ingrediqgh. (hB136Le aninoAB. B! BESLRAANATELRA] Okl
pharmaceutical conposition accordirng to the present i1 nvention IS not
particul aidpyndd W+ %ﬂ-d@gl?ra@%rn@fbel&diﬁa%a%@fg?%xﬁir%‘ AGRY HinG-Jfedd he
present invention is admnistered by a nmethod suitable for various dosage
forms, theragectnd sexiofs FRaldAM1 Reorevatidy Bfowgp di sease and ot her
conditions. Exanples of adm nistration nethods of tablets, pills, liquid
fornmul ati ons, {suspaasisarps €Myl sndng 8 )grakulreparitbd apis Uleesst nelase or al
adm nistration. Injections can be adm ni stered intravenously,
intranuscalr@ |y, intradermally, subcutaneously or intraperitoneally either
alone or as a mxture with a usual glucose or am no acid infusion.
Suppositories ate)athenifstepedubéetprpyectivgpgroup 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
aminc group at the other end thereof and an
oligosaccharide chain added asparagine at an intermediate
position. |

{11) The resgin 1s 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 therect.
[0098]

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

peptide chain.



[0137] The dose of the pharnmaceutical conposition nmay be sel ected
appropriately according to use, the age and sex of a patient, the severity
of a disease and other conditions. The pharnaceutical conposition is
usual |y adm nistered at a dose of 0.1 70 -900 nnol, preferably 1 to 90 nnol,
in terns of the oligosaccharide chain added GLP-1 peptide of the present

i nvention per kg of body weight. The oligosaccharide chain added G.P-1
peptide of (fhegpresent invention has nuch higher stability in blood than
that of G.P-1. In one aspect, the oligosaccharide chain added GLP-1 peptide
of the present THwemdian Hmas AgIeh HidhesylaetdoMip Ynf COM T} Bt

bl ood-sugar |l evels than that of GLP-1. Therefore, its dose can be decreased
advant ageoustsin pHiR8F HhéroxpbenseofuldoSes of1ilepphae magethéshs .
conposition may be sel ected appropriately according to use, the age and sex
of a pati eftamples seleresinofusahiiscuse Andiot RBEAcoadini Opsodwndtis, e.g.,
3 doses/day, 2 doses/day or 1 dose/day. Alternatively, the pharmaceutica
conposi ti oit TP adfty sfey el RrIUEsOF Mepehty %%P@?PEquﬁ%ﬂlv\eek, or
1 dose/nonth) according tgo its stability in blood. The number of doses of

t he pharma o Qﬁnﬁ%ﬁﬁ%ﬁ(w?§%°preferably 1 dose or |less/day. The
oligosacchﬁibﬂﬁ chain added GLP-1 peptide of the present invention has much
hi gher sta y in - 93 - blood than that of G.P-1. Therefore, the nunber
of doses can b e e ant.ag Ly. _LLO |d gosacchari de
chai n added toﬁﬁﬁe%%ﬁ%%bggggﬁarl%eﬁgﬁgﬁ% g%dégg%tP}?Eﬁnggbgﬁ%f t he present
i nvention J.S; i | old.c i i I ne. aspect
of the pr e‘ﬂjl'énglnrtgj31 i%rév%ln{ﬁ%{l@lt edl{)% ?lga{)%ltar%(bfkh;!r“ﬁ e i‘%%‘lmné k%a‘is/é%ois't rgulecl'?llr}’ge e that is
bound in adanm efs Bl nepRRPt (2848))(,0fvalireopretel N)1duk & oLelhus, the

ol i gosacchari de chain added GLP-1 peptide of the present 1nvention and the
phar maceutiiseAle e@meosilic0n carpriirsd NG iEhi,s hepidde: asrar actliwsa dengr edi ent
exhibits neither side effects nor antigenicity, even when admnistered to

| i vi ng bodic8y.) , THemdler e LtHey aadvarinegedusi)y, pricduckineei tHhier) al l ergic
reactions nor a loss of efficacy attributed to anti body production. [0140]
Fur t her noespatid colbicges adcirr.i dd udlraiir added @RV mepttiadeingf (e )pr esent
invention can be supplied stably and conveniently in |arge anounts and is
al so very "HEEPWinEr dittHe WYEISATRt (&8 Spr oViediig e 4 dWLeg*dm ity drug having

stable quality.
g phen&lalanine (Phe) tryptophan (Trp) and proline (Pro).

[0101]

Examples of fat-soluble protective groups are 9-
fluorenylmethoxycarbonyl (Fmoc) group, tert-
butyloxycarbonyl (Boc) group, benzyl group, allyl group,
allyloxycarbonyl group, acetyl group and the like, which
are carbonate-type or amide-type protective groups. The
fat-goluble prctective group, e.g., Fmoc group, can be
introduced by adding 9-fluorenylmethyl-N-succinimidyl
carbonate and sodium hydrogencarbonate to the
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.



The present invention also provides a nethod for treating or preventing a
di sease associated wth GLP-1, conprising adm nistering an effective anount
of t'he oligosaccharide chain added GLP-1 peptide of the present invention.

- 94 - [0141] The terms used her/ein are used for describing
particul ar enmbodi nrents and are not intended to limt the present invention.
The term "conprise" or "conprising"” used herein neans the existence of a
stated itemppéngpper, step, factor, nunber, etc) and does not exclude the
exi stence of any other item (menber, step, factor, nunber, etc), unless

ot herwi se i nt erpeetagdbvien antigvcc antieXtcar] @ Protectedidhes teryrs (i ncl udi ng
technical terns and scientific terns) used herein have the sane neani ngs as

t hose br oask yulihe grist oot oye tdrosee sk | dled nathdd descofbedealpresent
invention, unless otherwi se defined. The terns used herein should be

i nt er pret ethasalbemg et eaad mnitatadiyl ciisike eprowe tavahbiblereani ngs in
the context of the specification and relevant art and shoul d not_ be

i nt ei gr et EPTIEEH- G deal i FEFRICDVETT VHIBTTRET s i8S -4t esBEehefdL di f f er ent
definitions are specjfied, [0143 The enpodi nent s t he present
ovent | on TG B Hedtid ekt G ik nd8i s SehenBieC- Gl kor SHE - These
schematic .di agrans. | be_ exagger at ar. burposes.of illustration.

Terms such 4y "Pfﬂ%or"s{%%lg ’aﬁ%ﬂ ch'g'%osﬂd"fmgcjrtje%us ed P?“(IJ?C e%%? ’esﬁg?%% {\EI%H ous

factors. g ln.De Mpersfeoddhatdhesadashors ol fhoabe 1imted by

t hese ternms.
moc-Pro.

[0103]

Usable as esterifying catalysts are dehydrating
condengation agents such as l-mesitylenesulfonyl-3-nitro-
1,2,4-triazole (MSNT), dicyclohexylcarbodiimide (DCC) and
diisopropylcarbodiimide (DIPCI). The dehydrating
condensation agent is used in an amount of 1 to 10 wt¥%,
preferably 2 to 5 wi%, based on 1lwt% of an amino acid.
[0104]

The esterifying reaction is conducted preferably by
placing a resin, for example, into a solid-phase column,
washing the resin with a solvent and thereafter adding a
solution of aminc acid in a solvent to the resin.
Examples of solvents for washing are dimethylformamide
(DMF), 2-propancl, methylene chloride, etc. Examples of
golvents for dissolving amino acids are dimethyl
sulfoxide (DMSQ), DMF, methylene chloride, etc. The

reaction is conducted at 0 to 50 DEG C, preferably at



- 95 - These terns are used only for discrimnating one factor from anot her
factoer. For exanple, the first factor can be described as a second factor,
and vice versa, without departing fromthe scope of the present invention.
[ 0144] Hereinafter, the present- iTvention will be described in nore
detail with reference to Exanples. However, the present invention can be
realized in various aspects and is not intended to be limted to Exanpl es

descri bed hgbgi PemFMMPLE: [ 0445] about Hereh nabbge. sbhgoprgsent invention
wi |l be described specifically wth reference to Exanpl es. However, the

present inyestépsbls Asdut ntendesuts beo ldwdded2tonbhem by any neans.

[0146] Exanple 1 Synt hesi s of 26Cys, 34Cys-di sial o ol i gosacchari de

chai n addefdoQFr 1 pepti de A sol i d- phase synthesis col um was charged
wi th Am no- PEGA resin (100 Anol) (product of Merck), washed thoroughly with
di chl or onet haneqcE@Wakdyd DV and aavd adedividrwasy t hprouygsmasiwinen with

DVF. 4-hydroxynet hyl- 3-nmethoxyphenoxybutyric acid (HWB) (0.25 mmol), TBTU
(0. 25 nmol 97 alfiele Nt HY IR Ph G e D. 2Bremist )agefelated, for

example, with acetic anhydride for capping.
[0106]

The fat-soluble protective group can be removed, for
example, by a treatment with a base. Examples of basesg to
be used are piperidine, morpholine, etc. This treatment
ig conducted preferably in the presence of a solvent.
Examples of solvents usable are DMSO, DMF, methanol, etc.
[0107]

The reaction of amidating the free amino group with
a carboxyl group of a desired amino acid having amino
group nitrogen protected with the fat-soluble group is
conducted, preferably in the pregsence of an activator and
a solvent.

[0108]

Examples of useful activators are
dicyclohexylcarbodiimide (DCC}, 1l-ethyi-3-(3-
dimethylaminopropyl) carbediimide / hydrochloride
(WSC/HC1), diphenylphosphorylazide (DPPA},
carbonyldiimidazole (CDI), diethylcyanophosphonate (DEPC),
diisopropylcarbediimide (DIPCI), benzotriazole-l-yloxy-
trispyrrolidinophosphonium hexafluorophosphate (PyBOP),

1l-hydroxybenzotriazole (HOBt), hydroxysuccinimide {HOSu},



- 96 - dissolved in DVF (2 m), loaded to the colum, and stirred at room
tenperature for 4 hours. The resin was washed thoroughly wi th DVF and DCM
to obtain HWB- PEGA resin, which was used as a solid phase for solid-phase
synt hesi s. Froc-dy (0.50 nmol-) ,7WVBNT (0.50 nmol ) and

Nmet hyl i m dazol e (0.375 mmol) were dissolved in DCM (2 m ), |loaded to a
sol i d- phase synthesis colum and stirred at 25C for 3 hours. [0147]

After stirgiR@chiNemi8ShPr@sn¥asheto t - EXM-an . Frmoc group was
removed by usi ng§’20%}o pl%gjl;l dlzl}le/Dl\/F sol uti on (2 ?ﬁ) for 15 mnutes. After

washi ng W §9abMrzoant 880 8€1 (ISoNe) & Sedbenihiat hy1eandensadrhn) accor dance
with the nethod shown bel ow to extend a peptide chain. [0148] The

am no aci dptava Aguancpngnol gt pip- P pt ezt e vibéhzEnptagobaplwas) di ssol ved in
N- et hyl pyrrolidone (NWP) (1 m). After addition of 0.45 M HCTU. HOBT/ NVP
(0.4 mmol )1, 1h2 3 esetramegtny kererlwasheoatbtorophosphiatdepiEBEUSynPhesi s

col um. Subsequently, 0.9 M D PEA/NWP (0.8 nmmol) was added to the

sol i d- phasé'?s@/mb@%z%t%mmﬁﬁ Wyer-5ilr¥ihotatraverhy enperatire for 20

m nutes, the resin was washed with DCM and DVMF, and Fpoc group was renoved

by usi ng f%@%ﬁ%’é‘ﬁﬁ??@?%%o[%ﬁ?% ((%“kPﬁr)Z?EFlﬁ%Othfléé Thi s |
o th Froc brbub 10 eta%‘ﬁe%ﬁ%ﬁﬂ@“ﬁﬁ%%nmt?%mﬁ Hntengtat hie 2l st foTac)
oo Tr b BOEN o N Lo Eoe Pt phroe i Ehe R CBRS) Froer

Cys(Trt), @%ﬁ_\la FnmocAl a, Fnoc- GIn(Trt) Frmoc-dy, Fnoc-d u(Q Bu),
Frnoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu), Fnoc-Ser(tBu), Fnoc-Val,

Froc- Asp( Qt Bu) mremeer3entbBu)is t¥eer Thr GhBahor®ePhe e me- Thr (tBu),
Frnoc-dy, Fnoc-G u(OBu), Fnoc-Ala and Fnoc-His(Trt) were used as the am no

aci ds pr oteeptieh lan a0 @@ 16, abttad @ 3 1esl shwes pepstsle of
G yArg(Pbf)-d y-Leu-Trp(Boc)-Ala-11e-Phe-3 u(QBu)-Cys(Trt)
- Al a- Al a- GuHfE®abIG Y- o (F0eBn)i-tadierifysr, ( ttBeBearnt tBu)amine acid
Ser (t Bu) - Val - Asp( O Bu) - Ser (t Bu) - Thr (t Bu) - Phe- Thr (t Bu) -
d y- d u( OByl @rHirs( BudurBeut t(rSafre e tNet 8d)with a fat-soluble
protective group.
([0110]

Examples of useful solvents are DMSO, DMF, methylene
chloride, etc. It is desired that the reaction be
conducted at 0 to 50 DEG C, preferably at room
temperature, for about 10 to about 30 hours, preferably
about 15 minutes to about 24 hours. The fat-soluble
protective group can be removed in the same manner as
described above.

[0111]

The peptide chain is cut cff from the resin,

preferably by a treatment with an acid. Examples of acids

to be used are trifluoroacetic acid (TFA), hydrogen

fluoride {HF), etc.



[ 0150] The obtained resin having a peptide forned 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
stirred at roomtenperature for 3 hour® -The resin was 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 (C18p152kim, (1) 20 x 250 nm gradient: A solution: 0.1% TFA water
B solution: 0.099s TFA/ 1096 water/90% AN 8.0 - 98 - m/mn; 35 -* 6098, 20
mn linear gradiefijcdmembidd maarijpeptdide ediet et o 26LySoandcBdtyse of CGLP-1
were each substituted with Cys. The foll ow ng bronoacetam dyl disialo

ol i gosacchahaile {djefaapradagined 0 SukdeCheaticabsCoipnlbd. Yhel0.5 ny) and
t he peptide chain synthesized above (2.1 ng) were dissolved in 100 nV
phosphat e beptede (phpinstheneof| ¢3napel prepwedct byr eaétakiy3addiog 4 hours.

[0151] [Formul a 15] 0 OCH nr . ) )
the step” {6) of causing amidation between the free amino

group of the peptide and a carboxyl group of the
asparagine portion of an cligosaccharide chain added
asparagine having amino group nitrogen protected with a
fat-soluble protective group and the step (7) of removing
the fat-soluble protective group to form a free amino
group. At this time, a glycopeptide having at least two
kinds of oligosaccharide chain added asparagines at a
desired position of the peptide chain thereof can also be
prepared by ugsing a different oligosaccharide chain added
asparagine.

[0113]

A glycopeptide having at least one oligosaccharide
chain added asparagine at a desired position of the
peptide chain therecf can be prepared by performing, as
final steps, i.e., instead of the steps (9) and (10}, the
step (6) of causing amidation between 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.

[0114]



0O NH 0 Ca440H3 (a) [0152] After conplete consunption of the raw

mat erials were confirmed by HPLC, the reaction solution was directly
subjected to purification by HPLC [col um: SHI SEI DO UGL20 (018, 5 um), (1)
4.6 x 250 mm gradient: A solution: -0.78%-TFA water, B solution: 0.091

TFA/ 10% water/ 90% AN 0.7 m/mn; 35 -* 6098, 20 m n | i near gradient] to
obtain 0.1 ng of oligosaccharide chain added GLP-1 peptide - 99 - wherein

26Lys and 34Lysp 1%@ r%aﬁmgs%tdﬂltgﬂaa\@ﬁ&p&ég@@@ﬁ@wa@& chain
added Cys (26, 34 GP-1- dIS alo
asparagine at the C termlnal can be prepared by

performing the step (1) of subjecting, to esterifying
reaction, a hydroxyl group of a resin 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 instead of
an amino acid having amino group nitrogen protected with
a fat-soluble protective group. In this case, the step
(6} may or may not be further performed.
[0115]

In this way, an oligesaccharide chain added GLP-1
peptide substituted at a desired position with
oligosaccharide chain added Asn can be obtained.

[0116]

Process for producing oligosaccharide chain added GLP-1

peptide (Process B)

First, a peptide containing Cys 1is produced by a
method such as solid-phase synthesis, liquid-phase
synthesis, cell-based synthesis and separation and
extraction of those existing naturally. An
oligosaccharide chain can be added to a desired position
by changing the position of Cys.

[0117]

Next, a haloacetamide complex-type oligosaccharide

chain derivative is allowed to react with the thus-

obtained peptide containing Cys for production. The



[0153] Exanple 2 Synthesis of 18 and 36Cys-disial o oligosaccharide chain
added. G.P-1 A sol i d-phase synthesis colum was charged with

Ami no- PEGA resin (100 iinol) (product of Merck), washed thoroughly with

di chl or onet hane (DCM and DMWF and the 8lsin was t horoughly swollen with
DVF. 4-hydroxynet hyl- 3-net hoxyphenoxybutyric acid (HWB) (0.25 nmmol), TBTU
(0.25 mol ) and N-et hyl nor pholine (0.25 nmol) were dissolved in DM (2 m),

| oaded to %Q&c@%ﬂ”ﬁayaﬂé sbhitede@tusQoM y eapepatr gob@r 4 hours. The
resin was washed thoroughly with DVF and to obtain HVPB- PEGA resin,

whi ch was psefeasbay S0bi €o phese fres Prickdihase, synthesisee [ 0154]
Frmoc-Ady (0.50 nmol ), MSNT (0.50 nmol) and Nmrethyli m dazole (0.375 mmol)
wer e di ssotfwadtioen DCh¢ 2isl Jsud badenr¢ tewalsby i dbphas@0synathessstool umm and

stirred at 25C for 3 hours. [0155] After stirring, the resin was
washed wi t3DCM andoBhF: Brideyted aRaw edmsvedbyrerst WgP20%!lp peri di ne/ DVF
solution (2 m) for 15 mnutes. After washing wth DWVF - 100 - am no

aci ds wer e SRt i BFPJUCoritnseY B Wt O%EPIEEOW-’@‘FF?%% ®éthod shown bel ow
pr ot ect od T GG otb T oot vEd |9 rBEREPRYRRaF| HOAGENNP) (1
m). Attercaddit! Q- Qla Qg M HEHBTY NP (0.4 mol ),

[0118]

The haloacetamide complex-type oligosaccharide chain

derivative is, e.g., a compound wherein a hydroxyl group

bound to carbon at posgiticn 1 of a complex-type

asparagine-linked oligosaccharide chain is substituted

with -NH-(CO) - (CH;),-CHzX, 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.

[011.9]

Specifically, the halocacetamide 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 sgubstituted

with oligosaccharide chain added Cys can be obtained by

HPLC purification.

[0120]

Process for producing oligosaccharide cheain added GLP-1

peptide (Process ()




the resulting m xture was | oaded to a solid-phase synthesis col um.
Subsequently, 0.9 M DI PEA/NW (0.8 mol) was added to the solid-phase
synthesis colum. After stirring at roomtenperature for 20 m nutes, the
resin was washed with DCM and DVF, andiFmoc group was renoved by using a
20.1-; piperidine/DMF solution (2 m) for 15 mnutes. This operation was
repeatedly performed using an amno acid protected with Fnoc group (0.5
mol ) to sequerkiadd )y £ ggderisk avmaiacirgs Lyfd1bd | producedmme-4 v,

Frnoc- Cys(Trt), Fnmoc-Ady, Fnoc-Lys(Boc), Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),
Frnoc- Al a, wadeed | ycinees - Rkl d Arioes«d ay(rQtiBeg i s Fnibtglyd (Boaye Fnoc- Al a,
FrmocAla, Fnoc-An(Trt), Fnoc-Ady, Frnoc-Q3 u(QBu), Fnoc-Leu, Fnoc-Tyr (tBu),
Froc- QIS(WYI)thEI‘—'ﬁ?ﬁﬁ: S@X%B@ésecﬁrﬁi@wmﬂ:@@ﬁ%%}@@@mon%@ Ser (t Bu),
Frnoc- Thr (t Bu), Fnoc-Phe, Fnoc-Thr(tBu), Fnoc- Gly, Frnoc-d u(QtBu), Fnoc-Al a
and Fnoc- I—?’é‘(”’ﬁ*%l%r%’f USRP A HE Wi MRt Pr ot ect ed by Froc group to
obtain a 31-res e peptide of

dy-Cys(Trt)-d XIl_éy NG GG T PBEOF A3 LBHRBUEBIE Lys(Boc) - A
| a- Ala-d n g

Ty (180 G ﬁ%%eer AT FeFalf sl e oligosacchariae
T Bu)-P T Y/
solrl(tj g%as%%lggr#%% agé{noga%}g?h dAilbt aln ‘%H’e%l%ﬁﬁ%df r?sg&gape |32 ?ormad

ther eon was, pafitd ysalaitelrbﬂ n aa Hald %&Q&%ﬁ%ﬁ@mwfw@nmﬂﬂ& uor oacetic
acid: water: TIPS (= 95: 2.5: 2.5) was added such th the resin was

t hor oughl ya sieakert atfidctﬁleer ried satadnemd erpenaddire: fesom tisratihe: resin
was renoved by filtration and the reaction solution was concentrated under

reduced priessur elaylheThesukticngonesigduerwasapubiefl iddd ugdHPLC [ col umm:

SHI SEI DO UG- 120 (C18, 5 1.1.m, (1) 20 x 250 mm gradient: A solution: 0.1%
TFA wat er am®rsginifEtely GrEb%HIERALIGT bianert/ed0 % AN i&% € ardInaior8Fel* 601 B,

20 min linear gradient] to obtain a peptide wherein 18Ser and 36Arg of
GLP-1 wer €id&aR td@is ahmpmed osirep Gy s eto159p Obtaerrammacet am dyl disialo

ol i gosacchar,i de ( lﬁg;oduct of  OTSUKA Chem cal Co., Ltd.) (10.5 ng) and
the pepti @& Wﬁﬁaﬁ%‘?ﬁ FEd TaFGFE S 2mi g P St ¢ Reig) e tETiT00 M

phosphat e buffer ﬁjH 7.5, 210 1.t1) and allowed to react at 37C for 4
hours. Af @&fdcdidp é’f*‘éidc&ﬁsﬁ‘ﬁﬁﬁl&‘? GFM&w materials were confirmed by HPLC,

ne Lonct Lo SOLLAIeNESy O LBCLAY SHBbSEbEHLBPUE! EhEh 00,01 PLC
sol ution: agma%%gﬁﬁd“@ﬁ%@osgc%% W@ eh:09%dged amino acid, a DMSO
solution of N-hydroxysuccinimide and a DMSO golution of
EDC are added and stirred at room temperature for 6 hours.
Then, EDC can be inactivated to synthesize N-
hydroxysuccinimidyl ester of the glutaric acid-bound
oligosaccharide chain added amino acid.

Subsequently, DIPEA and the N-hydroxysuccinimidyl
ester of the glutaric acid-bound oligosaccharide chain
added amino acid are added to a DMSO solution of a GLP-1
peptide and stirred at room temperature for 2 hours.

Then, the reaction ig terminated by the addition of an

agueous glycine golution. The reaction golution can be



- 102 - TFA/10% water/90% AN 0.7 m/mn; 35 -* 6098, 20 mn |inear
gradi.ent] to obtain 0.8 ng of oligosaccharide chain added G.P-1 peptide
wher'ein 18Ser and 36Arg of GLPl1 were each substituted with oligosaccharide
chai n added Cys (18, 36Cys GLP-1-disi-al8@) .- [0160] Exanple 3 Synthesis of 22
and 30Cys-disialo olicrosaccharide chain added GLP-1 A sol i d-phase
synt hesis colum was charged with Am no- PEGA resin (100 inol) (product of

Mer ck), wastiesle &hos otghhyp Wb b hi gt € hber ot Hansn( DEM 1aRd DM and the resin
was thoroughly swollen with . 4-hydr oxynet hyl- 3-met hoxyphenoxybutyric

acid (HVPBY1 { §o2hcam®dt ) de TBIA) 1§ Oa 2P dmadh Jnange Naet By b rer phel 8140 25 mol)
were dissolved in DM (2 m), loaded to the colum, and stirred at room

t enper at uref f one 4GhBUY spedhide esian wes glasteedi ¢ hacddghliykeart h IDMF and DCM

to obtain HWB- PEGA resin, which was used as a solid phase for solid-phase
synt hesi s.t1 04643y, oligrpmeci@yid®. GRrimuiddedBNIP(D. B&vin®l nand
Nmet hyl i m dazol e (0.375 nmol) were dissolved in DON (2 m), |oaded to a
sol i d- phase! s9PiHesiar ¥4t R B Pdd9T raing %tdfwlaege%u%@ [0162] - 103
- Aftcglr‘ stirring,. the resin was, vvascged with DC:li_\/Iang DMF.  Fnpc group
was removedt HPWRS % pf et dih HUtFon F21P)3F0Y 15/ nutes.
e e A L B O B SN SRR o165
at the terminal bound to the oligosaccharide chain is
obtained.
An oligosaccharide chain added GLP-1 peptide having
an oligosaccharide chain added aminc acid bound to a
desired site can be obtained by substituting an amino
acid at the desired site of the GLP-1 peptide with Lys or
substituting a Lys residue contained in a wild-type GLP-1
peptide with another amino acid. According to the
Process C, when an oligosaccharide chain is added to Lys
contained in wild-type GLP-1, an oligosaccharide chain
added GLP-1 peptide having the same peptide skeleton as
that of the wild type can be obtained.
ic121]
The oligosaccharide chain added GLP-1 peptide of the
pregsent invention has GLP-1 activity.
The "GLP-1 activity" used herein refers to some or
all of biclogical activities known in the art as to GLP-1.
GLE-1 has been known to have, in addition to the effect |

0of controlling blood-sugar levels, e.g., insulin

secretion associated with cAMP synthesis induction,



The ami no acid having an am no group protected with Fnoc group was

di ssolved in N-nethyl pyrrolidone (NW) (1 m). After addition of 0.45 M
HCTUHOBT/ NMP (0.4 nmmol ), the resulting mxture was | oaded to a solid-phase
synthesi s colum. Subsequently, 0.9 -M&3 PEA/NW (0.8 nmml) was added to the
sol i d- phase synthesis colum. After stirring at roomtenperature for 20

m nutes, the resin was washed with DCM and DMF, and Fnoc group was renoved
by using ap2R%-phperi dinet DMFoeotttbeN (dgoptdshar shppieRUtes) IhiS
operation was repeatedly performed using an am no acid protected with Fnoc
group (0. 5panelgat bc Sequent abhyh candensecud o achdscrkQt64] islet
Frmoc-dy, Fnoc-Arg(Pbf), Fnoc-dy, Fnoc-Lys(Boc), Fnoc-Val, Fnoc-Leu,
Froc- Tr p( Beg) ve Fhoes Gysfdti)e Snpotéssidmpozdherobnbes&ingD Bu) ,

Frnoc- Lys(Boc), Fnoc-Ala, Fnoc-Ala, Fnoc-A n(Trt), Fnoc-Cys(Trt),

Frnoc- G u( GeBul 1iFyosuprie s Fhoe - TyaleBi)niFrnpec Ber LInt profaptosSeatd Bu) ,
Frnoc- Val , Fnoc- Asp(Qt Bu), Fnoc- Ser(gl Bu), Frmoc-Thr(tBu), Fnoc-Phe,

Frnoc- Thr(t%ﬁdl%t@ylvqfn%t@ra( B} FiRkenicand EbERH s(Trt) were
used as the am no acid prot cted b)i Frnoc, group to obtain a

31- reSIduép?Eﬁﬁ?%ﬁﬂ%ﬁe fects Thus, e GLP activity refers to

O y7r OCPOIY ¢ Q- Lyl BOO)s Vel s L T RUBRR)e QU (TE LD L el (OB - Lys(Bo

gelrJEtOtBE;J) #‘%‘E %égp%gsrhgé%aﬁgé%e a(cé&(*)&%a% ﬁ? Ig&) u‘%é?ﬁur?%EQ ID NO 71)

on a soli d-phase {881 ud 6 s, _hial n&wﬁ%gr&%@gsmpf@&lﬂ? was

partly taken’in a SO|Id phase synthesis col umm i fl uoroacetic acid:
water: TlIRSd =985 2.5 2.5) was added such that the resin was thoroughly
soaked and stirred at roomtenperature for 3 hours. The resin was renoved
by filtraticmeznd the reaction solution was concentrated under reduced
pressure. The resulting residue was purified by HPLC [ col um: SHI SElI DO
UG 120 (C18, 50f. fime, GLIPr120cxi25@imm, grgdi erthe Actdlwittiyvormt 0. 1% TFA
water, B solution: 0.09% TFA/ 10% water/90% AN 8.0 m/mn; 35 -* 6098, 20
m n | i nearcqyrtadildnit]o td asist-dugas pegitaide Gaverks mepaiye ek BOA heof GLP-1

were each substituted with Cys.
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
bloocd-sugar levels" used herein encompasses both concepts
of suppressing rise in blood-sugar levels and lowering
bleood-sugar levels. Particulariy, the effect of
controlling blood-sugar levels in db/db mice ig 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 risge in blcood-sugar levels".

[0123]



[ 0166] Br onpacet am dyl disial o oligosaccharide (a) (a product of
OTSUKA Chem cal Co., Ltd.) (7.9 ng) and the peptide chain synthesized above
(1.3 ny) were dissolved in 100 nmM phosphate buffer (pH 7.4, 200 pi) and
allowed to react at 37C for 4 hours- Akter conplete consunption of raw
materials were confirmed by HPLC, the reaction - 105 - solution was
directly subjected to purification by HPLC [colum: SHI SEI DO UG 120 (C18, 5

am, (1) 4.6 X 1320 498; WhadigNtcord r8ahutigoml b d %ddzA- w15 Brsol uti on:
0.09% TFA/ 10% water/ 90% AN 0.7 m/mn; 35 -* 60%8, 20 mn |inear gradient]
to obtai n defr ngrwfiosdl dgosacohal ikle mdwur adfesugpPadspeptbferberein 22dy
and 30Al a of GLP1 were each substituted with oligosacchari de chain added
Cys (22, 300ysh1addA Asutia dleo)eld 06 Alidxampteed Syndhask ssefa?2 and
36Cys-disial o oligosaccharide chain added GLP-1 A sol i d- phase

synt hesi s Wotunme vis, chraragaraath i g IREGAT eBe ot (B:00nphai J {%roduct of
Merck), washed thoroughly w th_ dichloronethane (DCM and DVF and the resin
was t hor oudtd: swolgesn SRR, 1 % -THythtodiethiate 3= dret hidkdphenoxybut yri c
acid (HwB) (0.25 mmol), TBTU (0.25 m‘rnlf)E and N-et tgiyl_rm,r phol i ne (0.25 mol)
vere di ssol&EEd PINEIP 0 ) 301 BAAEEEEo3E BT ¢ S IHAd SStieried - af room

Lo 0bt ai n MSRFECK VU hioBR Wb ‘0SB0 8 S 01 1 TR o Sol | d- phase

et hy 1 AT & (6 SR e e BBl I s ede *
administration, reach the maximum about 30 minutes after
the administration, and gradually decrease. The blood-
sugar levels can be measured 30 minutes after the glucose
administration and compared with those obtained by GLP-1
administration toc thereby measure the effect of
controlling blood-sugar levels by the oligosaccharide
chain added GLP-1 peptide. When the blood-sugar levels
measured 30 minutes thereafter are compared with those
obtained by GLP-1 administration, the ocligosaccharide
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 kloocd-sugar
levels by the oligosaccharide chain added GLP-1 peptide
of the present invention can be determined by comparing
doseg confirmed in OGTT to bring about equivalent effects
of suppressing rise in blood-sugar levels. When, e.qg.,

16 doses of GLP-1 and 1 dose of the oligosaccharide chain



- 106 - loaded to a solid-phase synthesis colum and stirred at 25C for 3
hours. [0169] After stirring, the resin was washed with DCM and DMW.
Froc group was renoved by using 20% pi peri di ne/ DMF solution (2 m) for 15
m nutes. After washing with DMF, anmimd@Saci ds were sequentially condensed in
accordance with the nethod shown bel ow to extend a peptide chain. [0170]
The am no acid having an am no group protected with Fnbc group was

di ssol ved iacﬂdéb”@iﬁyipﬁyéﬁ:@i&éloﬁﬁocﬁ%@tlﬁé_éﬁrﬁe Akkertaddiktion of 0.45 M
FI CTUHOBT/ NWP (0.4 mmol ), the resulting m xture was | oaded to a solid-phase

synt hesi s eohunnl 1 Subpsietvedt $ygad. Dehd Db PEAMNVEC€Dv8tpmeE) was added to the
sol i d- phase synthesis colum. After stirring at roomtenperature for 20

m nut es, thentesihingshivshesiuignt h1HOCM andy DMEe ahdgfaacchaniipewas renoved
by using a 20% pi peridine/ DMF solution (2 m) for 15 mnutes. This

oper at i on Wasirpepdde@dFyP perperede uss Nl ailw@dnbhati df prbee@bBdlwi t h Fnoc
group (0.5 mmol) to seqklljen_ti ally condense am no acids. [0171

Frnoc-dy, ﬁﬁ%cag&?ﬁ?@§ 2IRRR - 3R e V& iBot ) PerRbes Vaf | tifoc- Leu,
Frnoc- Tr p(Boc), Fnoc-Al a, Fnoc-11e, Fnoc-Phe, Fpoc-d uég Bu%l, Frnoc- Lys(Boc),
Fnoc- Al a, MG, TR (R ) PR T, CRRbES & 1T BUYOd Frioc Levu,

Fm)c-Tyr(tBl% Fnoc- ezét Enoc-.S FT(tB%) Fnoc- - 107 - %(%I
oo Aop( CLETET FROELGdr T Phte T BL3 . © ERGR PHECT BrBEs TR B
Froc-Qy, HFnogs qu(]g @mef%ﬂ@% dipcr Hi s(Trt) were used as the amno
aci ds protect ed y Fnoc group to obtain a 31-residue peptide of
A y-Cys(Trigrddy-Lys(Boc)-Val -Leu-Trp(Boc)-Al a-11e-Phe-3 u(Q Bu)-Lys(Boc)-A
la-Ala-A n(Trt)-Cys(Trt)-d u(CQ Eu) -
Leu- Tyr (t Bu) - SeheiBiheSern (4Behc¥abrAse( GhBih- SRIddBWIP-1 peptide
Thr (tBu) - Phe-Thr (tBu)-Ay-A u(QBu)-A a-H s(Trt)-Cys(Trt) (SEQ ID NO 72) on
a sol i d- phaseur esiifyjosaccharide chain added peptide having deletion,
gsubstitution or addition of one or several amino acids of
GLP-1 or an oligosaccharide chain added GLP-1 analog, a
GLP-1 analog or a GLP-1 peptide having an amino acid
sequence identical to the oligosaccharide chain added
GLP-1 peptide except the oligosaccharide chain added
amino acid may be used as comparison material for GLP-1
activity.
[0125]
The activity of controlling blood-sugar levels in
db/db mice can be determined by measuring blood-sugar
levels in diabetes mice after administration of a test
compound. When, e.g., 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.9g., 120 minutes after

the administration are lower than those measured at the



[0172] The obtained resin having a peptide forned 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
stirred at roomtenperature for 3 hour& -The resin was 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 (Cl8im& BH) adfilhidBrXt26A. A1 @ adiente 14, Sehdt §0R3 01180 TEA water,
B solution: 0.09% TFA/ 10% water/90% AN 8.0 ml/mn; 35 -* 609613, 20 mn

| i near gradhentffeotobfalaowarpeptbllecdheugan 226Gy sardn3BArg of GLP-1 were
each substituted with Cys. [0173] Bronbacet am dyl disialo

ol i gosacchderdemind(ayprodeering CISUkAsCheni davels. , el.td.) 2021. 9 ng) and
t he peptide chain s¥nthesized above (2.0 ng) were dissolved - 108 - in 100
mV phosphafténBhefep L EpH ha, adpdnpsrantcal | dWeent o= reactb@od7C for 1
hour. After conplete consunption of raw materials were confirnmed by HPLC,

the reacti dhI3bl LEYBRS WBS2EHTRL 1190 shbFebeR P E62puFPi cati on by HPLC
ot on: STTIPTFRTTEISE, S SSPTRAER B BB 1t RRA 100 ALE BBVAR B, 7
21{glggcgﬁ%§%%§9%ﬁ%?%g% ag%ﬁigffggéééﬁ@ﬁg}%%e?gﬁﬁggggg§é§ngggg;rg of GLP1
P 10t o1 SRS R M By A ARRER 08 SO0 B B RO b s PO

ol i gosacchar i gew&Pai foAdl AR5l pepid d8r 1owerA §QLEI-RNASE, SyNnthesis

colum was charged with Ami no-PEGA resin (100 Anol) (product of Merck),
washed t hoseegdtab 1y t 08 ehl Dot hanehé DEdMt 280 PMbcangdughe 18sknswas

t horoughly swollen with DMF. 4-hydroxymnmet hyl- 3-nmet hoxyphenoxybutyric acid
(HVPB) ( 0.ZBteamns. )3 vaBIU wite2 5o omd ) swage Neastdayd noe photéder£0. 25 mol ) were
di ssolved in DVF (2 m), |oaded to the columm, and stirred at room

t enper at ureifwrest hioias . tikheadreigi s et Wers ece t bompamgdd ywidk it htiBMe and DCM

to obtain HVPB-PEGA resin, which was used as a solid phase for solid-phase
synt hesi s.measured at the time of administration, the

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

peptide of the present invention exhibits preferably 70%



[0175] - 109 - Froc-dy (0.50 nmmol ), MSNT (0.50 nmol) and

Nmet hyl i m dazol e (0.375 mmol) were dissolved in DCM (2 m ), |oaded to a
sol id- phase synthesis colum and stirred at 25C for 3 hours. [0176]

After stirring, the resin was washed #/th DCM and DMF. Fnbc group was
removed by using 20% pi peridine/DMF solution (2 m) for 15 mnutes. After
washing with DMF, am no acids were sequentially condensed in accordance

with the ngthpshyshoWiobe! ¥ tOraxt e f PeptdWerchai Bhel 8347 o1 The
am no acid having an am no group protected with Fnoc group was dissolved in

N- et hyl pysTebd dongaf NMyeld. ). After addition of 0.45 M FI CTUHOBT/ NMP
(0.4 mmol), the resulting mxture was | oaded to a solid-phase synthesis
col um. SubxkEzriently, 0.9 M DI PEA/NMP (0.8 mml) was added to the

sol i d- phase synthesis colum. After stirring at roomtenperature for 20

m nutes, the résian vids tles Red IwWilily D@wcﬁmwl%&@ﬁﬁ"m was renoved

by using a 20% pi_peri di ne/ DM sol ution for 15 mnutes. This
oper at i on YR& Fegeat & W%’eﬁqstﬁ%tﬁlifﬁ%gc}éﬁ%%nﬁ‘%e%c@dp pt PREEE W t h Froc

group (O. SW to se uentlally condense ami.no acids. [0178]
Proc- Gy, §Ee TR C"c -ELSy?(CBbecs T ooARE ot oty
Foc- Trp(Bae), QY8 (s Emeed e TSRS d0g; QA8 Froo- Lys(Boo).

Froc- Al a
stability in blocd.

[0127]

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

[0128]

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



Froc-d n(Trt), Frnmoc-Ady, Fnoc-3 u(OQBu), Fnoc-Leu, FnocTyr (tBu),

Frnoc- Ser (tBu), Fnoc-Ser(tBu), Fnoc-Val, FnocAsp(QBu), Fnoc-Ser(tBu),

Fnoc- Thr (t Bu), Fnoc-Phe, FnocThr(tBu), Fnoc-dy, Fnoc-d u(QBu), Fnoc-Ala
and FnocHi s(Trt) were used as the am & aci ds protected by Fnbc group to
obtain a 31-residue peptide of @Qy-Cys(Trt)-d yLys(Boc)-Val -Leu-Trp(Boc) -
Cys(Trt)-11e-Phe-d u(Q Bu) -

Lys(Boc) - Abas Abgafda(Tst ppfd yv G (S350 af-BUpd¥E(8BYE- 1v) and usin

Ser (t Bu) - Ser (t Bu) - Val - Asp( O Bu) - Ser (t Bu) - Thr (t Bu) - PheThr(tBu) Gly G u( O Bu)
-Ala-H s(Tathal(SEQ O, NQUT 3) apda ausddt delphastobastbnekt #9tion tidbe

obt ai ned resin having a peptide forned thereon was partly taken in a

sol i d- phaseusyal hests. cohsnan Trddx uorloaoetase@crenalvat Braraid®S (= 95. 2. 5:
2.5) was added such that the resin was thoroughly soaked and stirred at
room t enperdg@rechipriBubesrse ThEanesenhatn r erebediby inl bptaedon and the
reaction soI uti on was concentrated under reduced pressure. The resulting
resi due was Jp%ﬁ fled by HPLC [coI um: SHI SEIDOUGlZO (C18 5 pm, (1) 20 x

250 nm gradien ?#itl on % TFA wat qE}F‘esol uf i 0. 09% TFA/ 10%
wat er / 90% AN 8. ma2(§arﬁ taerr“(}fr éjrﬁ:']ngt'o obtain a
pepti de wher e| n 30AI a and 36 each tut eg th Cys.
[0180] &9 e AT tA iy .%ﬁ%ﬁ%%%?. ey s ohuct o

OTSUKA Ch %d%%jt th d
above (2.1 emecaéj\"/\gosaﬂgsso%z\?%%]?}ﬁa ?82)"" phéc}:ée%ﬁgfééggﬁ ?pﬂ){ .4,681168 pl)
and al | Om%é&ﬂ@%vé{tf&g R4 killg{}ﬁtele&-‘ 'Sﬂﬁﬂl@?%%?&%smi on of raw

material s 'were confirmed by HPLC, reaction solution was directly

subj ect ed dxnpwd faigati on by HPLC [ col um: SHI SEI DO 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% AN7 mM/mn; 35 -t 6098, 20 mn |linear gradient] to obtain 1.6
ng of oligosaccharide chain added GLP-1 peptide wherein 30Al a and 36Arg of
GP1 were eachTsgbseististedoni tth dPPgdYacemaliedelstiraim.reddéd Cys (30, 36Cys
GLP-1-disialo). [0181] Exanple 6 Synthesis of 30Cys-hyal uronic acid

t et r asaccmad ingn-a)haldided aaim B giRt-ilde solutigyalas ghavmcin
tetrasaccharide (hereinafter, oligo hyaluronlc acid is also sinply referred
to as "hydl §onifeHQung Tasaraa®lontai A6g o igpsaresps ideanple 1 (12.7

ng) was di sol ve the additi O. of of water and, 48 | of

di et hyl a%ﬁ%b@%j 5 St St é&ﬂtﬁt%%éﬁfﬁg

anmoni um rbon te 37C 0 LS, AN t e e-dried. To t he
obt ai ned qulze et ﬁrnocﬁauctto Df% L}J%Ol{h ét]m yc}JreEgéLencadr gjonate 300 pl

of water, ,and 34 19 qf yonpacet; m%sawfy%f' 48 {3 east 2 times),

preferably at least 5 times, more preferably at least 10
times, particularly preferably at least 20 times higher
than that of GLP-i{e.g. at least 100 times), when
resistance to DPP-IV is measured using, e.g., the
approach of following Test Example 1.
[0131]

The cligosaccharide chain added GLP-1 peptide of the
present invention alsc has a half-life of preferably at

least 1 hour, more preferably at least 3, 5, 7, 10, 15



- 112 - product of Sigma-Aldrich Corp.) dissolved in advance in 17 gl of

N, N- di et hyl f ormam de (DMF) were added and allowed to react for 1 hour with
ice:cooling. One hour later, the reaction systemwas returned to room
tenperature and allowed to react for &&ditional 1 hour. The reaction
solution was subjected to purification by gel filtration to obtain 11.5 ng
of the follow ng bronpacetam dyl hyaluronic acid tetrasaccharide (1):

[0182] [ Fosnal 20 Wdurs, (ddeh W83 preferdib®, 0Bt aisgdcbponpaeetam dyl

hyal uroni ¢ acid tetrasacchari de (I% (2.4 ng) and a peptide wherein 30Al a of
GLP-1 was subsdituted with Cys (SEQ ID NO 76) (1.3 ng) synthesized in
Synthesis Exanple 2 were dissolved in 100 mM phosphate buffer (pH 7.5, 130
gl) and al [@wezl to react at 37C for 1.5 hours. After conplete consunption
of raw materials were confirnmed by HPLC, the reaction solution was directly
subj ected to pdiext.cat inhazmaadpitd dadolc@miposSi ISEl DRG0y &I 5 gm), (1)
4.6 x 250 nm gradient; A solution: 0.1% TFA water, B solution: 0.09%

TFA/ 10% we et Y TTRC AR DL G Fhadm addpd Clghog Pobt #id P nele FFegreht] to

obtain 1.0 of . oli gosaccharj de : . ,
invention ds 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 bheen known to have various effects, as
degcribed above, and these effects are assogiated with
various diseases. It has been found that, e.g., GLP-1
gtimulates insulin release and thereby causes cellular
uptake of glucose and reducticon in blood-sugar levels.

It has also been found that GLP-1 suppresses gastric
and/or intestinal wotility, gastric and/or intestinal
emptying, and food ingestion. Thus, the diseases
associated with GLP-1 encompass, e.g., non-insulin-
dependent diabetes mellitus (NIDDM), insulin-dependent
diabetes mellitus, strocke (see WO 00/16797 by Efendic),
myocardial infarction (see WO 98/08531 by Efendic)},
obesity (see WO 98/19698 by Efendic), functional
dyspepsia, irritable bowel syndrome (éee WO 99/64060 by
Efendic) and pancreatic islet transplantation. The
pharmaceutical composition comprising the oligosaccharide

chain added GLP-1 peptide of the present invention as an



- 113 - chain added GP-1 peptide wherein 30Ala of GLP-1 was substituted
with hyaluronic acid tetrasacchari de added Cys (30Cys G.P-1-HA-4). [0184]
Exanplee 7 Synthesis of 30Cys-hyal uronic acid octasaccharide (HA-8) added
GLP-1 peptide Hyal uroni ¢ aci d & asacchari de obtained in Synthesis
Example 1 (8.7 ng) was dissolved by the addition of 17.4 gl of water and
314 gl of dinethyl sulfoxide (DMSO). This solution was treated with 100 ng

of ammoni ugt-bi¢ar bogedei @bt 37E épfedbiPowsrandut henf Feezendried. To the
obtai ned freeze-dried product, 7.6 ng of sodi um hydrogencarbonate, 180 gl

of water, aneadBeBt nor obrdvenvisetsf @idiysresle farpr egduct rotaSigpma- Al drich
Corp.) dissolved in advance in 7 gl of N, N-dinethylformam de (DMF) were
added and &bt owviedl prevestiod orf 1thmeirl witdbdtcescaontli hge Oneahoemt| ater, the
reaction systemwas returned to roomtenperature and allowed to react for
addi ti onal®d Hoe .2 Theahez@$i on sol ution was subjected to purification by
gel filtration to obtain 7.3 ng of the foll ow ng bronpacetam dyl hyal uronic

aci d octasatthdride (11): [0185] - 114 - [Formula 17]

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.

[0134]

The amount of the oligosaccharide chain added GLP-1
peptide of the present invention contained in the
pharmaceutical composition is not particularly limited
and can be selected appropriately from within a wide
range. The ocligosaccharide chain added GLP-1 peptide of
the present invention is usually contained in an amount
of preferably 1 to 70 wt% in the pharmaceutical

" compegition.
[0135]

The pharmaceutical composition comprising the

oligosaccharide chain added GLP-1 peptide of the present

invention as an active ingredient may further contain an



[0186] The obt ai ned bronpacetam dyl hyal uronic acid octasacchari de
(2.9.mg) and a peptide wherein 30Ala of GLP-1 was substituted with Cys (SEQ
ID NO. 76) (1.5 ng) synthesized in Synthesis Exanple 2 were dissolved in
100 mM phosphate buffer (pH 7.5, 150 @) -and all owed to react at 37C for
1.5 hours. After conplete consunption of raw nmaterials were confirned by
HPLC, the reaction solution was directly subjected to purification by HPLC

[ col um: Sii&H DAAG d20i(£18gbedint (31 hp X1260pamisgradhent: A
solution: 0.1% TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 0. 7

M/ mn; 35cetbBidBio20riin & iplearmagadi srd] dompbsathof. Songadhing

ol i gosacchari de chain added G.P-1 peptide wherein 30Ala of GP-1 was

subst i t ut ean vieddi hiernal ot el eei dhaeedsstichaModeatded Wys (300ys

GLP-1-HA8). [0187] Exanple 8 Synthesis of 36Cys-hyaluronic acid |

t et r asacchati TRt 192 LHATRP AP peEiR e 1yl tronPtigefaceet¥ 5dacchari de

SO T SRS RETE S G2 Tl e ol M ol s Gen)
Thi's sol ution was, treated wth 0 of _anmoni um %i arbonate at 37C for 30
hours and Then’$ r]éjegzre%%“ﬁ%td.ma%zghretr%ﬁ SNET 17ecde- tried Product, 22.4 ny
of sodi um@ﬁeox%ﬂ?%lbi%aecck?’egpiﬁ cq{ai%ta%{decf%g’ﬂl gpeptide 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 asg an active

ingredient.

[0136]

An administration method of the pharmaceutical
composition according to the present invention is not
particularly limited. The pharmaceutical composition
according to the present invention is administered by a
method suitable for various dosage forms, the age and sex
of a patient, the severity of a disease and other
conditions. Examples of administration methods of
tablets, pills, liguid formulations, suspensions,
emulsions, granules and capsules include oral
administration. Injections can be administered
intravenously, intramuscularly, intradermalily,
subcutaneocusly or intraperitoneally either alone or as a
mixture with a usual glucose or amino acid infusion.

Suppesitories are administered rectally.



ng of bronvacetic anhydride (a product of Sigma-Aldrich Corp.) dissolved in
advance in 17 ul of N, Ndi nethylformam de (DVMF) were added and all owed to
react for 1 hour with ice cooling. One hour later, the reaction system was
returned to roomtenperature and al l-od to react for additional 1 hour.
The reaction solution was subjected to purification by gel filtration to
obtain 11.5 ng of bronoacetam dyl hyaluronic acid tetrasaccharide (1).

[ 0188] ro1Ihe obtained bronpacetam dyl hyaluronic acid tetrasaccharide
(1) (1.1 ng) and a G.P-1 peptide wherein 36Arg of GLP-1 was substituted
wth Cys (SEQ I'hd\N@osk8)of e mhasyaddesiczad ¢ombGysi beshsmioxappl e 3 were
di ssolved in 100 nM phosphate buffer (pH 7.5, 130 ul) and allowed to react
at 37C forsdléchedrsppibpeiacehpl ateocdisynpd i oreof thawapat entlaksxwer e
confirmed by HPLC, the reaction solution was directly subjected to
purificatioh dyr#PLER] cotligms e BEY D UG- ADPeace8ang gifier(k 4.6 x 250 nm
gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/ 10% wat er/ 90%
AN 0.7 m/FPREiBEons. (il PIEURATIUtHER. FrIRHt]ien bbtw¥rbi® ng of

ol i gosaccharide, - 116 - chajn added G.P-1 peptide_wherein 36Arg of GLP-1
s aubst | SO G 9 FHERyAT (F IS 405 P (it AR ahaRP e BHAATEHLY (300yS

GLP-L e 0 A0URL DAL 8.0, QUi e ol SRCURDVBLUCEILE 2640,

celssaccraten (o SIS ST Bl e semakzse el by
weight. The oligosaccharide chain added GLP-1 peptide of
the present invention has much higher stability in blood
than that of GLP-1. In one aspect, the cligosaccharide
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.
[6138]

The number of doses of the pharmaceutical

composition may be selected appropriately according to
use, the age and sex of a patient, the severity of a
disease and other conditions and is, e.g., 3 doses/day, 2
doses/day or 1 dose/day. Alternatively, the
pharmaceutical composition may be administered with less
frequency {(e.g., 1 dose/week, or 1 dose/month) according
to itg stability in blood. The number of doses of the
pharmaceutical composition is preferably 1 dose or
less/day. The oligosaccharide chain added GLP-1 peptide

of the present invention has much higher stability in



This solution was treated with 100 ng of amoni um bi carbonate at 37C for 45
hours and then freeze-dried. To the obtained freeze-dried product, 7.6 ng
of sodi um hydrogencarbonate, 180 41 of water, and 13.8 ng of bronpacetic
anhydride (a product of Sigma-Aldrich%3orp.) dissolved in advance in 7 41
of N, N-di met hyl f ormam de (DVF) were added and allowed to react for 1 hour
with ice cooling. One hour later, the reaction systemwas returned to room

tenperat urg1 888 ghipvweldst oof each-1 or magdidienral dndomimbdhesf egeddHn
sol ution was subjected to purification by gel filtration to obtain 7.3 ny

of br onpaceianbdydebyad sk @ dvact dyesha@baccharide (11). [0190] The
obt ai ned br onpacet am dyl hyal uroni c acid octasaccharide (2.4 ng) and a
GLP-1 peptidezsherein 36Arg of GLP-1 was substituted with Cys (SEQ I D NO
78) (1.5 ng) synthesized in Synthesis Exanple 3 were dissolved in - 117 -
100 M phosphat®hehfifigrosasgarg del IManin) hltowddeto react at 37C for 2
hours. After conplete consunption of raw materials were confirnmed by HPLC

the react i oW PR FRACIRR HrFEetadiedfetied Bt piei P caRf R BFHPLC
[ col um: SHI SEI DO UG 120 (j&l& 5 ag% (1? 4.6 x 258 mm _ gradient: A

sol ution: TIYBTE vt 725 BB ATHIHBIES 0- D P TERF 2D /%V\/a%g?%%lm 0.7
mM/mn; 35 -* 609 inear .gradie tq _obtai.n 0. of

; , 20 m |
ol i gosaccharidUe ﬁlaioﬁlea(rip&g’& &P 1tg‘§pﬁr§§t terlé}vnergﬁ&jrng %hr%_P- 1 was

bati i Coni ~ . .
P 1 ha 8 YRR &4 S SRR B it
hexadecasacghard de;: ddhself) added %.%’;éowejg@) in vi¥¥yal unepi ¢ acid

hexadecasacchari de” ("11.6 'ng) obtained in Synthesis Exanple 1 was di ssol ved

by the addidd o iQfosi:dHardfaanatieri bR qlp-of gipeidylor sthd oxi de
(DMSO). This solution was treated with 260 ng of amoni um bi car bonate at
37C for 7adenars andrdreiod reey eldy igdrmbrdute: @bl aidwesbd 1eexe- dri ed
product, 5.5 ng of sodi um hydrogencarbonate, 230 m of water, and 10.2 ny
of br onpacetmpx faningritdes (@yiricducts e Sagmne-eAl thgxohd Cortp. gxidilsisd ved i n
advance in 5.1 m of N, Ndinethylformam de (DWMF) were added and allowed to
react for neider wiltds isddests! ingy. aOfd deouc it erevarmevtiadact i on syst em was

returned to room tenperature and ,
administered to living bodies. Therefore, they

advantageously produce neither allergic reactions nor a
logs of efficacy attributed to antibody production.
[6140]

Furthermore, the oligosaccharide chain added GLP-1
peptide of the present invention can be supplied stably
and conveniently in large amounts and is alsc very useful
from the viewpoint of providing a high-quality drug
having stable gquality.

The present invention also provides a method for
treating or preventing a disease associated with GLP-1,
compriging administering an effective amount of the
oligosaccharide chain added GLP-1 peptide of the present

invention.



118 -

subjected to purification by gel filtration to obtain 8.7 ng of the
fol l'owi ng bronpacet am dyl hyal uroni c aci d hexadecasaccharide (111):
[ Formul a 18] X2 - 120 - - 94 -~

[0141]

The terms used herein are used for describing-
particular embodiments and are not intended to limit the
present invention.

The term "comprise" or "comprising" used herein
means the existence of a stated item {member, step,
facteor, number, etc) and does not exclude the existence
of any other item (member, step, factor, number, etc),
unlegs otherwise interpreted in the context.

[0142]

All the terms {including technical terms and
scientific terms) used herein have the same meanings as
those broadly understood by those skilled in the art of
the present invention, unless otherwise defined. The
terms used herein should be interpreted as having a
meaning that is consistent with their meanings in the
context of the specification and relevant art and should
not be interpreted in an idealized or overly formal sense,
unlegs their different definitions are specified.

[0143]

The embodiments of the present invention may be
described with reference to schematic diagrams. These
schematic diagrams may be exaggerated for purposes of
illustration.

Terme such as "first", and '"second" are used for
expregging various factors. It will be understood that

these factors should not be limited by these terms.

allowed to react for additional 1 hour. The reaction sol ution was

119



The bronpacetam dyl hyal uronic aci d hexadecasaccharide (I111) (3.1 ng) and a
peptide chain synthesized in Synthesis Exanple 2 (SEQ ID NO 76) (1.0 np)
wer € di ssolved in 100 nM phosphate buffer (pH 7.5, 190 [Al). After addition
of a 10 nM aqueous tris(2- carboxyet-hy3) phosphi ne hydrochl ori de sol ution
(10 141), the mxture was allowed to react at 37C for 8 hours. Since no
nore reduction in raw materials was observed by HPLC, the reaction solution

was directiiesabieehedate puehfbeadi for byisPCnliaakyny: opll 8EEPE-130-120
(C18, 5 un), 0 4.6 x 250 mm gradient: A solution: 0.1% TFA water, B

sol ution: Pr8Q%A&EMMa0%Esater ! 90 AN AmpId,/ mite Sbrat &09%Hr 26 n | i near
gradient] to obtain 0.4 ng of oligosaccharide chain added G.P-1 peptide
wher ei n 304 adetcGlifed amsasubsend ufedtowt hehgal-dceniveraai dwithout
hexadecasacchari de added Cys (300ys G.P-1-HA-16). [0192] Exanple 11

Synt hesi s @P36ECYRT hiyadir oig cserpel Mextirecaisagentr LtdeentHAm16) added GLP-1
pepti de The bronpacetam dyl hyal uroni c aci d hexadecasaccharide (I11)
prepared i FCE&%hpl e 10 (4.9 ng) and a 36Cys GLP-1 peptide chain synthesized

in Synthesis Exanple 3 (SEQ I D NO 78 g}iZ % wer e di sso|lved jin 100 nM
Mohat o but { SETRiRal (o 150 FERSaA SHVARIAThIotL 8 e RS
tris(2-carhoxyethy hosphi.ne hydrochl ori de.solution (36 ”rﬁl#’ he m xture
was sl onetl” 2os e BREFRELEE RGBS HATR AT i e
consunpti of w.at.erdals & 14 % g,—%} he [ sol ution
was di rect%i/ seurg?ecte to pucraiqfi caﬁ'!ng?l be HP _cgmér'mzséig-féil UG 120
(C18, 5 umg {d) #AhilrgepddmBe OGN "t SOAML 08 aDs IPATEA Water, B
solution: 0.0996 TFA/ 10% water/ 90WAN 0.7 m/mmn; 35 -* 6098, 20 mn |inear
gradi ent] Hea-ghtain 0.3 ng of oligosaccharide chain added G.P-1 peptide
wherein 36Arg of GLP-1 was substituted wth hyaluronic acid
hexadecasacchari de added Cys (36Cys G.P-1-HA-16). [0193]
EXAMPLE
[0145]
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.
[0146]
Example 1
Synthesis of 26Cys,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 (EMPB} (0.25 mmol}, TBTU

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



Exanpl e 12 Synthesis of 36Cys- hi gh- mannose type ol i goSacchari de chain (M)

added. GLP-1 peptide Soybean powder (100 g) was washed twice with 500
m of ‘acetone and twice with 500 M of nmethanol to obtain 61.4 g of
def atted soybean powder. To thé&%obt ai ned defatted soybean powder

(43.0 g), 430 nml of water and 4.3 g of Liquefying Enzyme T (a product of
HBI Enzynmes Inc.) were added and allowed to react at 70C for 19 hours with

stirring. dheséeasdi on S9F ut2 om was sepad af @ dchat ecausdpesnat ant and
precipitates by centrifugation (10000 G 10 mn) to obtain 800 m of

super nat antt imoed het preen ptémbpess th30 fvr of hates . amthel. 3= giofwdd quef yi ng
Enzyme T were further added and allowed to react again at 70C for 19 hours.
The react iwvrskal uthonougsl s epallatBtF iand M uper pataht HMPR2PEGA and
precipitates by centrifugation_ (10000 G 10 mn) to obtain 600 nml of

super nat anfeshe Wbt @ redF sWIRF it aht2P Wit CRadi hed £2409-Piase total ).
After addition of 100 m of 500 nM phosphate buffer (pH 7.0) and 3.0 g of
Ori ent ase %k(eagjp?oduct of HBI Enzymes Inc.), the mxture was allowed to

react at 50C fqr 19 hour ith stirri The reactian so ion was filtered
for renmoval of “IMrSol~ut] e(%r‘rglot W?ﬁéndk&gg’g i I'tsroatrq-f-“%;s a&dng\t'ntrat ed to a

vol une of 4 . _USi r r T N |, uti on, was

subj ect ed n%eg%ﬂlr a 4%% i gcifa:{yhsr gn\é%ﬁﬂa?eﬁ{ r%¥$?$$%$‘? oﬁgn%@%r (E;\énenr?lv& th

nmol ecul ar j t.of f 5 J TEFR CRpsyl gwﬁr%g a product
of PALL Col\rlé%{. . tcdl&psfﬁl?lec% %@eﬁwﬁrﬁ%ﬁ%%ours, %é%@ 0 (gr%aol ution
that did %"C%@B@t rat,g, tae menbrane was collected. To the collected

sol ution, 20 of 1 Mtris-HCL buffer (pH 8.0), 250 ng of sodium azi de and
423.5 ny ofoiActii nase E (a product of KAKEN PHARMACEUTI CAL CO., LTD.) were
added and allowed to react at 37C for 82 hours. The reaction solution was
filtered for rafpeal sofirrisgl, ubhe mabter waandatshed mitthateMvasidt hen
concentrated to a volunme of 100 ml using a rotary evaporator. The

concent r ab¥BrasFaPei dedupnivashaewesedebrhusinghicéf wapefidénedhdFed using a
Sephadex- G5 (4) 25 mm x 100 colum. Only a oligosaccharide

chai n- conESWtAG™¥ r(@cfildn fvds 1coF“I1@éltt@(§*-anﬁfg@ﬁcé’ﬁﬁ?‘&ﬁédwﬂéhoﬁf’fﬁiwn 2.22 g.

amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0148]

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 sclid-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



- 123 - The obt ai ned ol i gosacchari de chain-containing fraction was
di ssolved by the addition of 21.0 ml of distilled water and 14.9 m of
ethanal . After addition of 1.13 g of sodi um hydrogencarbonate and 2.02 g of
FnocOSu, the m xture was allowed to-rédct at roomtenperature for 16 hours.
After the reaction, 250 ml of acetone was added thereto, and the
precipitates were filtered through a nenbrane filter ((i) 47 nm pore size:
0.5 p.m au@:[@%t@ﬁ £hi A6 VaR! @ CodOya-tad Shesh Liflod . gh-pagl ubl & Hmbier
remai ni ng on the nenbrane was dissolved in distilled water, collected, and
concentr ated $eqaenolaley ofoddemde camionexcidsng a rotary evaporator The
concentrate was fractionated using a Sephadex-@&5 (4) 25 mm x 100 mm)
colum. Anl@l43gbsaccharide chain-containing fraction was coll ected and

concentrated to obtain 1.37 g. This fraction was further dissolved in
4 m of distil [Fa®avitiar fﬁ@q-ﬂ)&‘& (Fdat e dmesi-fgl van KIBS @l Uiy ()wakogel
100C18, 4) 25 mmx 150 an_ol i gosacchari de chai n-cont ai ni ng

fracti on WHRTO3 ectBP Gr "%:on}@é?ﬁ THREID obfBPH- 2826 RrofI+e

chai npﬁ,;'sf%ff?q?%%OE@n““aféﬁ%fh A Zﬁw%gt““ed o °Z§%§q'% el uent.
t t 2 ta b ff m / t
bt ai n 150y WOE TBR NES YR %%&%%\?é”oéa%%%&r%e chai n (5
I : h d
2h;?ﬁs?‘i‘ik%“°d fm .ssoﬁ“‘v%%”%“ (e adﬁﬁ%o%bé R R W i

sol uti on weg,d I %?1@%9/& th ﬁ%%ﬂka@fﬁmw&am@@(@ﬂm Sl 1M

tenperature for ours and then freeze-dried. To the obtained

freeze- drim@dPrmegueisu)l2.Fnd dify S seicdmndiydioagancardsenate.s By 41 of water,
and 19.9 ng of brormacetl C anhya/rl de (a product of Si gma- Al drich Corp.)

di ssol ved HrocadManaet)n wkdepluseld MaNtthieneihiyld erateis de-d(dMtleamr,e added and
allowed to react for 1 hour with ice cooling. One hour later, the reaction

syst em was'moet gmeeg tte oddmire rpSilatrase caed paldtowed 4 Gleact for additi onal
1 hour. The reaction solution was subjected to purification by gel

filtrati oRn9d PoB5Y a:lGﬁY?"l@UrTQ-"r@f Bolge f“élal ddieng Hisr-GvelatEan -@ys L)

ol i gosaccharl de _chai.n (r Formula 19] ite.0-"1 -44,4 HONHA ¢ NHAc HO
-Ala-Ala-Gln{Trt) - zy—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) -Boc {Sequence No. £9).
[0150]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluorcacetic acid: water: TIPS (= 95: 2.5: 2.5} wasg
added such that the resin was thoroughly soszked 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 golution: 0.1%

TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0



OH (b) The obt ai ned bronpacet am dyl M ol i gosaccharide chain (b) (4.1
ng) and a G.P-1 peptide wherein 36Arg was substituted with Cys (SEQ I D NO
78) (1.2 ng) synthesized in Synthesis Exanple 3 were dissolved in 100 nM
phosphate buffer (pH 7.5, 190 ml). Af®6r -addition of a 100 nM aqueous
tris(2-carboxyethyl)phosphi ne hydrochl oride solution (24 m), the mxture
was allowed to react at - 125 - 37C for 10 hours. After reaction, the

reaction sgi uti@n yas subisect ed 4 pukinkheabirei hHPLG [z SHI SEI DO
UG 120 (C18, 5 pm, 0 4.6 x 250 mm gradient: A solution: 0.1% TFA water, B
sol ution: PePOLAd RALh et &Y DOOANALYE M EhP- B5we¥e 6888, 20 min |inear
gradient] to obtain 0.3 ng of oligosaccharide chain added G.LP-1 peptide
wher ei n 36#ulgp it @dd Wilds Gihstituted with hi gh- mannose type M

ol i gosacchari de chain added Cys (36Cys G.P-1-Mb). [0194] Exanple 13

Synt hesi s of 28gsfadilaMgngl Fgesrecrarmdeyehsiifi/sk® | i nker-nodified

Ao N R L o
G Seot ved 7if Dvec et il A U PR R (RS e Dvso
sol ution ((]é)o.l. F?rl’g) Q«?é]?e pc{@s?oﬁpég Q'Lirpil% mM phosphate buffer (pH

7.5, 210 pl) and allowed to react at 37°C for 4 hours.

[0151]

[Formula 15]

{a}

[c152]

After complete consumption of the 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



a 0.52 Mglutaric acid-EDC m xture (1:1, nol/nol) was added and stirred at
roomtenperature for 1 day. The reaction mxture was diluted with distilled
water (1.5 nL) and then fractionated repetitively three tinmes by
si ze-exclusion gel filtration chronmat & aphy (Sephadex G 25, 0 1.5 x 45
cm distilled water). After freeze-drying, the follow ng asparagi ne-1inked
asi al o oligosaccharide chain glutaric acid (c) (51.4 ng) was obtained
( MALDI TOFW@%@%@%@@H&@J;L{;M&] d1.8891w66e £QURdSLBALi¥8reg - 126 -
[ Formul a 201! OH 0 HO HO OHO Wi

with oligosaccharide chain added Cys (26,34Cys GLP-1-

digialo).
[0153]

Example 2

Synthesis of 18 and 36Cys~-disialo oligosaccharide chain

added GLP-1

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
disgsolved 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, wnhich was used as a solid phase for solid-phase

synthesis,
[0154]

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.
[0155]

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,



(c) (2) Synthesis of asparagine-linked asialo oligosaccharide chain
glutaric acid N-hydroxysuccini mdyl ester In a 1.5-nL Eppendorf tube,
a DVb0O solution (25 gL, 11.0 gnol) of 0.44 M N hydroxysuccinim de and a
DVSO sol ution (75 gL, 27.6 gnol) of ~0187 ™M EDC were added to a DVSO (200
gL) solution of the asparagine-linked asialo oligosaccharide chain glutaric
acid (c) (17.2 ng, 9.2 gnol). After stirring at roomtenperature for 6

hours, EDGamesoci fachiviaéed byqhder addiyi oon@dnbId (8. ZchBrdd6c8 gnol)
(G abarek, Z., Gergely, J. Anal. Biochem 1990, 185, 131-135). This

sol uti on nixtureheontahod nghdie Holdbowtogeasqpadagi pepkidkedhashal o
ol i gosaccharide chain glutaric acid N hydroxysuccinimdyl ester (d) was
directly usedséh peptide condensation as a sugar |inker reagent (0.03 M

solution): - 127 - [Formula 21] HO
The aminc acid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml}). After addition of ¢.45 M HCTU-HOBT/NMFP (0.4 mmol),
the resulting mixture was loaded to a solid-phasge
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.

[0157]

Fmoc-Gly, Fmoc-Cys(Trt), 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, Pmoc-
Ala, Fmoc-Gln{Trt), Fmoc-Gly, Fmoc-Glu(CtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Cys{Trt), Fmoc-Ser{tBu), Fmoc-Val,
Fmoc-Asp (OtBu), Fmoc-Ser{tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Froc-Thr {tBu), Fmoc-Gly, PFmoc-Glu{OtBu), Fmoc-Ala and
Fmoc-Hig (Trt) were used as the amino acids protected by
Fmoc group to obtain a 3l-residue peptide of Gly-

Cys (Trt) -Gly-Lys (Boc) -Val-Leu-Trp{Boc) -Ala-Ile-Phe-

Glu{CtBu) -Lys (Bog¢) -Ala-Ala~-GIn(Trt) -Gly-Giu{OtBu) -Leu-



H NH HOHOHONy- - . N, Thr HONHAC NHAc 0 COOHO HCDO

- 101 -

Tyr (£Bu) -Cys (Trt) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) -

Thr (£Bu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NC: 70) on a solid-phase resin.

[0158]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase gynthesis 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
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
mi/min; 35 — 60%B, 20 min linear gradient] to obtain a
peptide wherein 18Ser and 26Arg of GLP-1 were each
substituted with Cys.

[0159]

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) {10.5 mg) and the
peptide chain synthesized above (2.1 mg} were dissclved
in 100 mM phosphate buffer {(pH 7.5, 210 pl} and allowed
tc react at 37°C for 4 hours. After complete consumption
of raw materials were cconfirmed 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%



0O CHO (3) Synthesis of 26Lys-asialo oligosaccharide chain Asn
| i nker-nodi fied Arg34G.P-1(7-37) In a 1.5-nL Eppendorf tube, D PEA (4.8 AL,
27.6 Anol) and the 0.03 M sugar |inker reagent prepared above (150 AL, 4.5
Anol ) were added to a DVSO (300 AL)-s®b@tiron of Lys26A. 1, 534G.P-1(7-37)
synt hesi zed in Synthesis Exanple 4 (SEQ ID NO 80) (2.8 ng, 0.83 Anol).
After stirring at roomtenperature for 2 hours, the reaction was term nated
by t he add of QUSSP Kt 00, AL ycC ny, 26.6

nol ) . Frag%%ggg o gggagsatﬁg ?e?eﬁ??%%gflﬁé %? %%g% n?ﬁqaére directly

col |l ected DynkREColaakunn] Zorbexa3005Bs Gy 4 416g%s350nAmiagr adient: A
solution: O.11 TFA water, B solution: O. 09@6TFA/10@6mater/90@6AN 1.0 M/ mn;

10 -* 409Bck8iR aﬂ@¢d40LP 1508 {Be 20hatra)nl| i agar ghadientkl. oAf Gep-
freeze-drying, the follow ng 26Lys-asi al o oligosaccharide chain Asn
| i nker - nodi f vede AeeeCLPsubFL 37 t€@. Wi ply) chagovbtahpreddeMBhBin added

Cys (18,36Cys GLP-1l-disialo).
[0160]
Example 3

Synthesis of 22 and 30Cys-disialo oligosaccharide chain

added GLP-1

A solid-phase synthesis column was charged with
Aminc-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 (MMPB) (0.25 mmol), TRTU
{0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF {2 ml), loaded to the coclumn, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain BHMPR-PEGA
resin, which was used as a solid phase for solid-phase
synthesis,

(61611

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

{0l62]
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After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution {2 ml) for 15 minutes. After washing with DMF,
amince acids were seguentially condensed in accordance
with the method shown below to extend a peptide chain.
[0163]

The amino acid having an amino group protected with
Fmoc group wag dissolved in N-methylpyrrolidone (NMP) (1
ml). After additiocn of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a soclid-phase
synthesis column. Subseqguently, 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.

[01l64]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys{Boc),
Pmoc-vVal, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc~Cys(Trt}, Fmoc-
Ile, Fmoc-Phe, Fmoc-Glu{CtBu), Fmoc-Lys(Boc), Fmoc-Ala,
Fmoc-Ala, Fmoc-Gln(Trt}, Fmoc-Cys(Trt), Fmoc-Glu{OtBu},
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc~Ser(Trt), Fmoc-Ser(tBu),
Fmoc-Val, Fmoc-Asp(0OtBu), Fmoc-Ser (tBu), Fmoc-Thr{tBu),
Fmoc-Phe, Fmoc-Thr (tBu}, Fmoc-Gly, Fmoc-Giu(QtBu}, Fmoc-

Ala and Pmoc-His{(Trt) were used as the amino acids
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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) -Cys (Trt) ~

Glu (OtBu) ~Leu~Tyr (£tBu) -Sexr (tBu) -Ser (tBu) ~Val-Asp (CtBu) -
Ser (tBu) -Thr (tBu) -Phe~Thr {tBu) -Gly-Glu (OtBu) -Ala-His (Trt)
(SEQ ID NO: 71) on a scolid-phase resin.

[0165]

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) wag
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 sclution wasg
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(Clg, 5 um), ¢ 20 x 250 mm, gradient: A sqlution: 0.1%
TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0
ml/min; 35 — 60%B, 20 min linear gradient] to obtain a
peptide wherein 22Gly and 30Ala of GLP-1 were each
substituted with Cys.

{0166]

Bromoacetamidyl disialo oligosaccharide (a} (a
product of OTSUKA Chemical Co., Ltd.) {7.9 mg) and the
peptide chain synthesized above (1.3 mg) were dissolved
in 100 mM phosphate buffer (pH 7.4, 200 pl) and allowed

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

of raw materials were confirmed by HPLC, the reaction
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solution was directly subjected to purification by HPLC

[column: SHISEIDO UG-120 (Cl18, 5 um), ¢ 4.6 x 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 1.0 mg of oligosaccharide
chain added GLP-1 peptide wherein 22Gly and 30Ala of GLP-
1 were each substituted with oligosaccharide chain added
Cys (22,30Cys GLP-1l-disialo).

[0167]

Example 4

Synthesis of 22 and 36Cys-disialo oligosaccharide chain

added GLP-1

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 pmel) (product of Mexck), washed
thoroughly with dichloromethane {DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmcl), TBTU
(6.25 mmol) and N-ethylmorphcline (0.25 mmol) were
diggsolved in DMF (2 ml), loaded to the column, and
etirred at room temperature for 4 houxs. 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.

[0168]
Fmoc-Gly {(0.50 mmol), MSNT (0.50 mmol) and N-

methylimidazole {(0.375 mmol) were dissolved in DCM (2 ml),



S221t 4 er - 130 - [0195] Exanple 14 Synthesis of 30-Cys-disialo

ol i gosacchari de chain added exendin-4 A 39-resi due peptide wherein
30d’y of Ex-4 was substituted with Cys élz.o ng) synthesized in Synthesis
Exanpl e 5 and bronpacet ami dyl di si at 01®%i gosaccharide (a) (a product of
OTSUKA Chem cal Co., Ltd.) (36 ng) were reacted in 100 mM sodi um phosphate
buffer (pH 7.4) and 5 nMtris(carboxyethyl)phosphine (1 nm.) at 37C for 1
hour. The 16a&édotio sl sbl Di-pess4li spctheys Subjethed hadpueitieathon by HPLC
[col um: SHI SEI DO UG 120 (C18, 5 p.m, (1) 20 x 250 mm gradient: A

sol ution: Osd%rHA maiens .B sol ution: 0.09% TFA/ 10% wat er/ 90W AN 8 ml / mi n;
35 -* 50WB, 20 mn linear gradient] to obtain 10.6 ng of oligosaccharide
chai n addetoEx2}4 peptide wherein 308y of Ex-4 was substituted with disialo
ol i gosacchari de chai n added Cys (30Cys Ex-4-disialo) (MC271H422N580123S
MALDI TOF Mass Addisdulsdtied i [SMPHEE S0 3363 WF Bl '6uby. 33) .a1d196]

Exanpl e 15 %ynthesis of 26Cys-di sial o %Ii%psaccharide,chain added BI M61077
DMF. Fmoc group was removed by uUsing 20% piperidine/DMF

goluticn (2 ml) for 15 minutes. After waghing with DMF,
amino acids were seqguentially condensed in accordance
with the method shown below to extend a peptide chain.
fo1vao]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrclidone (NMP) {1
ml). After addition of .45 M HCTU-HORT/NMP (0.4 mmol},
the resulting mixture wasg loaded tc 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.

[0171]

Fmoc-Gly, Fmoc-Cys(Trt), 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-



A 30-resi due peptide wherein 26Lys of BIM1077 was substituted wth Cys
(2.4 mg, 0.72 !'mai) synthesized in Synthesis Exanple 6 and guani di ne (216
mg) ‘were dissolved in distilled water (240 'AL), and an aqueous TCEP
solution - 131 - (100 mM 100 gL); bfdnovacetam dyl disialo

ol i gosaccharide (a) (10 ng/m., 100 gL, 4.2 gnol) and 500 mM sodi um
phosphate buffer (pH 7.4, 100 gL) were added thereto in this order. The

mxture wag,al | pned-£8p(€ash) at FRLE- £6F (ZhpUr Fmofhent-gagt) onpgglut i on was
directly subjected to purification by HPLC [colum: SHI SEI DO UG 120 (C18, 5

m, 4. 6pKe 2588 THY atBEeN] : FrfoSob Uy | oo ®- 3% TEBABWAL eFmoB-80kYt i on:
0.09% TFA/ 10% wat er/ 90% AN 0. 7 m/mn; 35 -* 6098, 20 mn |inear gradient]
to obtai n Em8cngiefTot] gosae cheed des chizé nemduedaBL&B107dtpeptidbywher ei n
26Lys of BI Mb1077 was substituted with disialo oligosaccharide chain added
Cys (26CysFBPRBIOTIR digi @bod iy NMALT - TR s Pepttdeac&dGiyr [ M (aver age) +H
5578. 72, found 5578.74). [0197] Exanple 16 Synthesis of 30Cys-M
ol i gosacchars H@%ba@Weﬂeﬁé@&Bo%&emﬁpﬂu‘Tm( oq) 38laesiduBhpepti de wherein

30y of Ex-4 was substituted with Cys (1.2 ng) synthesized in Synthesis
Exanpl e 5 GHd(CHE bilond et am i1 > Wb ot %%@c’é%&?hﬁ%h%?ﬁ@%?u)synt hesi zed

1, £l & A2 {3 Bl e o 4 ot o L 0%, M 2 phosphol g put er (H
1 SE1 DO B0 I Sy oo B e T Pt SR R LR TSRO 190 Tea
water, B (tgE32p n0:72) on a solid-phase resin,

{0172}

The obtained resin having a peptide formed thereon

was partly taken in a solid-phase synthesgis 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 regulting

regidue was purified by HPLC [column: SHISEIDO UG-120

(C18, 5 um), ¢ 20 x 250 mm, gradient: A solution: 0.1%

TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0

ml/min; 35 -» 60%B, 20 min linear gradient] to obtain a

peptide wherein 22Gly and 36Arg of GLP-1 were each

subgstitutred with Cys.

[06173]

Bromocacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (11.9 mg) and the

peptide chain synthesized above (2.0 mg) were dissolved



solution: 0.09% TFA/ 10% water/90% AN 0.7 m/mn; 35 --> 5098, 20 min |inear
gradient) to obtain 0.5 ng of oligosaccharide chain added Ex-4 peptide
wher'ein 3001y of Ex-4 was substituted wth hi gh-mannose type M

ol i gosacchari de chain added Cys (30€y$0&x=4-Mp) (M C233H362N54097S NMALDI

TOF Mass cal cul ated for [M (average) +H) +5504. 74, found 5506.85). [0198]
Tabl e 5 bel ow shows MS spectrum data (MALDI - TOF rrass) of t he

ol i gosacchapi dgochai 5hé99§9tg;5’uéf@§ Gjaﬁ!es obt alo@e NakyamRh8gek to 16.
[0199] [Table 5] Exanp di ot aal o bI oat ed Ber

CDU||asaar@@|§@a&ﬂ2éﬂ 3ikjﬁﬁﬁﬁllkﬁﬁﬁﬂd After complete consumption

of raw materials were confirmed by HPLC, the reactiocn
solution wag directly subjected ﬁo purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 x 250 mm,
gradient: A solution: 0.1% TFA water, B solution: ¢.09%
TFA/10% water/90% AN 0.7 mi/min; 35 — 60%B, 20 min
linear gradient] to obtain 2.9 mg of oligosaccharide
chain added GLP-1 peptide wherein 22Gly and 36Arg of GLP-
1 were each substituted with oligosaccharide chain added
Cys (22,36Cys GLP-1-disialo}.
[0174]
Example 5

Synthesis of 30,36Cys-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
regin wag thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) {0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
digsolved in DMF (2 ml), loaded to the cclumn, 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.

[0175]
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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.

[0176}

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.
[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 locaded 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 wasg
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, Cys(Trt), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-

Val, Fmoc-Leu, Fmoc-Trp(Boc), Cys(Trt), Fmoc-Ile, Fmoc-

Phe, Fmoc-Glu{OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Ala,
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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 cobtain a 3l-residue peptide of Gly-Cys{Trt)-Gly-
Lys (Boc) -Val-Leu-Trp (Boc) - Cys (Trt) -Ile-Phe-Glu(OtBu) -
Lys (Boc)-Ala-Ala~Gin{Trt) -Gly-Glu (OtBu) ~-Leu-Tyr (£Bu) ~
Sexr {tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) -Thr {tBu} -Phe-
Thr{tBu) -Gly-Glu (OtBu) ~Ala-His (Trt} (SEQ ID NO:73) on a
solid-phase resin.

[0179]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluorcacetic 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 wag purified by HPLC [column: SHISEIDO UG-120
{(Ci8, 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 cktain a
peptide wherein 3CAla and 36Arg of GLP-1 were each
substituted with Cys.

[0180]
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Bromoacetamidyl disialo oligosaccharide (a) f{a
product of OTSUKA Chemical Co., Ltd.} (11.4 mg) and the
peptide chain synthesized above (2.1 mg) were dissolved
in 100 mM phosphate buffer (pH 7.4, 400 pl) and alliowed
to react at 37°C for 1 hour. 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%
TFPA/10% water/90% AN 0.7 wml/min; 35 -» 60%B, 20 min
linear gradient]l to oktain 1.6 mg of cligosaccharide
chain added GLP-1 peptide wherein 30Ala and 36Arg of GLP-
1 were each substituted with oligosaccharide chain added
Cys (30,36Cys GLP-l-~disialo).

[0181]

Example 6

Synthesis of 30Cys-hyaluronic acid tetrasaccharide (HA-4)

added GLP-1 peptide

Hyaluronic acid tetrasaccharide (hereinafter, oligo
hyaluronic acid is also simply referred to as "hyaluronic
acid" in Examples) obtained in Synthesis Example 1 (12.7
mg) was dissolved by the addition of 25.4 pul of water and
482 ul of dimethyl sulfoxide (DMSC}. This solution was

treated with 200 mg of ammonium bicarbonate at 37°C for

30 hours and then freeze-dried. To the obtained freeze-
dried product, 22.4 mg of sodium hydrogencarbonate, 300

ul of water, and 34.9 mg of bromoacetic anhydride (a
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product of Sigma-Aldrich Corp.) dissolved in advance in
17 pl of N,N-dimethylformamide (DMF)} were added and
allowed to react for 1 hour with ice cooling. One hour
later, the reaction system was returned to room
temperature and allowed to react forxr additional 1 hour.
The reaction solution was subjected to purification by
gel filtration to obtain 11.5 mg of the following
bromoacetamidyl hyaluronic acid tetrasaccharide (I):
[0182]

[Formula 16}

MG HOHRC HOOG HOHC
Q H % o) o Br
BRI R
OH NHAG ‘on HAG
o

(1
10183]

The obtained bromoacetamidyl hyaluronic acid
tetragsaccharide (I} (2.4 mg) and a peptide wherein 30Ala
of GLP-1 wag gubgtituted with Cys (SEQ ID NO: 76) (1.3
mg) synthesized in Synthesis Example 2 were digsolved in
106 mM phosphate buffer (pH 7.5, 130 pl) and allowsd to
react at 37°C for 1.5 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,

o

gradient: A sclution: 0.1% TFA water, B solution: ¢.09%

TFA/10% water/90% AN 0.7 ml/min; 35 —» 60%B, 20 min

linear gradient] to obtain 1.0 mg of oligosaccharide
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chain added GLP-1 peptide wherein 30Ala of GLP-1 was
gubstituted with hyalurconic acid tetrasaccharide added
Cys (30Cys GLP-1-HA-4).

[0184]

Example 7

Synthesis of 30Cys-hyaluronic acid octasaccharide (HA-8)

added GLP-1 peptide

Hyaluronic acid octasaccharide obtained in Synthesis
Example 1 (8.7 mg) was dissolved by the addition of 17.4
Ll of water and 314 pl of dimethyl sulfoxide (DMSO) .

Thisg solution was treated with 100 mg of ammonium
bicarbonate at 37°C for 45 hours and then freeze-dried.
To the obtained freeze-dried product, 7.6 mg of sodium
hydrogencarbonate, 180 pl of water, and 13.8 mg of
bromocacetic anhydride (a product of Sigma-Aldrich Corp.)
dissolved in advance in 7 pul of N,N-dimethylformamide
(DMF) were added and allowed to react for 1 hour with ice
cooling. One hour later, the reaction system was
returned to room temperature and allowed to react for
additional 1 hour. The reaction scolution was subjected
to purification by gel filtration to obtain 7.3 mg of the
following bromoacetamidyl hyaluronic acid cctasaccharide
(II):

[0185]
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[Formula 17]

HOG Hal HO!
0, led HOH
HOETN - O HOO e H Br
a hiaao & 0 N
H OH HA Y HHAG

(1 1)

{0186}

The obtained bromoacetamidyl hyaluronic acid
octasaccharide (2.9 mg) and a peptide wherein 30Ala of
GLP~-1 was substituted with Cys (SEQ ID NO: 76) (1.5 my)
synthesized in Synthesis Example 2 were dissolved in 100
mM phosphate buffer (pH 7.5, 150 pul) and allowed to react
at 37°C for 1.5 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 um), ¢ 4.6 x 250 mm, gradient: A
golution: 0.1% TFA water, B solution: 0.0%% TFA/10%
water/90% AN 0.7 ml/min; 35 - &0%B, 20 min linear
gradient] to obtain 0.5 mg of oligosaccharide chain added
GLP-1 peptide wherein 30Ala of GLP-1 was substituted with
hyaluronic acid octasaccharide added Cys {30Cys GLP-1-HA-
8) .
fo1s7]

Example 8

Synthesis of 36Cys-hyaluronic acid tetrasaccharide (HA-4)

added GLP-1 peptide

Hyaluronic acid tetrasaccharide obtained in

Synthesis Example 1 (12.7 mg) was dissolved by the
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addition of 25.4 nu! of water and 483 ul of dimethyl

sulfoxide (DMSC). This sclution was treated with 200 mg

of ammonium bicarbonate at 37°C for 30 hours and then

freeze-dried. To the obtained freeze-dried product, 22.4
mg of sodium hydrogencarbonate, 300 ul of water, and 34.9
mg of bromoacetic anhydride (a product of Sigma-Aldrich
Corp.) dissolved in advance in 17 pul of N,N-
dimethylformamide (DMF) were added and allowed to react
for 1 hour with ice coocling. One hour later, the
reaction gystem was returned to room temperature and
allowed to react for additional 1 hour. The reaction
solution was subjected to purification by gel filtration
to obtain 11.5 mg of bromcacetamidyl hyaluronic acid
tetrasaccharide (I)}.

[0188]

The obtained bromoacetamidyl hyaluronic acid
tetrasaccharide (I) (1.1 mg) and a GLP-1 peptide wherein
36Arg of GLP-1 was substituted with Cys (SEQ ID NC: 78)
(1.5 mg) synthesized in Synthesis Example 3 were
dissolved in 100 mM phosphate buffer (pH 7.5, 130 pl) and

allowed to react at 37°C for 1.5 hours. After complete

consumption of raw materials were confirmed by HPLC, the
reaction solution was directly subjected to purification
by HPLC [cclumn: SHISEIDO UG-120 (Cl18, 5 um), ¢ 4.6 x 250
mm, gradient: A solution: ¢.1% TFA water, B sclution:

0.09% TFA/10% water/90% AN 0.7 ml/min; 35 -» 60%B, 20 min

linear gradient] to obtain 0.9 mg of oligosaccharide
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chain added GLP-1 peptide wherein 36Arg of GLP-1 wasg
substituted with hyaluronic acid tetrasaccharide added
Cys (36Cys GLP-1-HA-4).

{0189]

Example 9

Synthesgig of 36Cys-hvalurcnic acid octasaccharide (HA-8)

added GLP-1 peptide

Hyaluronic acid octasaccharide (8.7 mg) obtained in
Synthesis Example 1 was dissolved by the addition of 17.4
ul of water and 314 pl of dimethyl sulfoxide (DMSO).

This solution was treated with 100 mg of ammonium
bicarbonate at 37°C for 45 hours and then freeze-dried.
To the obtained freeze-dried product, 7.6 mg of sodium
hydrogencarbonate, 18¢ pl of water, and 13.8 mg of
bromoacetic anhydride (a product of Sigma-Aldrich Corp.)
dissolved in advance in 7 pul of N,N-dimethylformamide
(DMF) were added and allowed to react for 1 hour with ice
cooling. One hour later, the reaction system was
returned to room temperature and allowed to react for
additional 1 hour. The reaction solution was subjected
to purification by gel filtration to obtain 7.3 mg of
bromoacetamidyl hyaluronic acid octasaccharide (II).
[0190]

The cbtained bromeoacetamidyl hyvaluronic acid
octasaccharide (2.4 mg) and a GLP-1 peptide wherein 36Arg
of GLP-1 was substituted with Cys (SEQ ID NO: 78) (1.5

mg) synthesized in Synthesis Example 3 were dissolved in
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100 mM phosphate buffer (pH 7.5, 130 ul) and allowed to
react at 37°C for 2 hours. After complete consumption of
raw materials were confirmed by HPLC, the reacticn
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
linrear gradient] to obtain 0.5 mg of oligosaccharide
chain added GLP-1 peptide wherein 36Arg of GLP-1 was
substituted with hyaluronic acid octasaccharide added Cys
{(36Cys GLP-1-HA-8).

[0151]

Example 10

Synthesis of 30Cys-hyaluronic acid hexadecasaccharide

(HA-16) added GLP-1 peptide

Hyaluronic acid hexadecasaccharide {11.6 mg)
obtained in Synthesgis Example 1 was dissolved by the
addition of 35 pl of water and 680 pul of dimethyl
sulfoxide (DMSO)}. This solution was treated with 260 mg
of ammonium bicarbonate at 37°C for 75 hours and then
freeze-dried. To the obtained freeze-dried product, 5.5
mg of sodium hydrogencarbonate, 230 pl of water, and 10.2
mg of bromoacetic anhydride (a product of Sigma-Aldrich
Corp.) dissolved in advance in 5.1 pl of N,N-
dimethylformamide (DMF) were added and allowed to react
for 1 hour with ice cooling. One hour later, the

reaction system was returned tc room temperature and
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allowed to react for additional 1 hour. The reaction
sclution was subjected to purification by gel filtration
to obtain 8.7 mg of the following bromcacetamidyl

hyaluronic acid hexadecasaccharide (IXII):



6506.85 [ 02 0 0 ] Conparative Exanple 1 - 133 - A sol i d- phase

synt hesi s colum was charged with Am no- PEGA resin (100 unol), washed

t horoughly with DCM and DMF and the resin was thoroughly swollen with DV
4- hydr oxymet hy1- 3- net hoxyphenoxybut yrt?acid (HWB) (0.25 nmol), TBTU (0. 25
mol ) and N-et hyl nor pholine (0.25 mol) were dissolved in DVF (2 m),

| oaded to the columm, and stirred at roomtenperature for 4 hours. The
resin was \eshedlshogpbughly with DMF and DCM t o obtai n HWPB- PEGA resin,

whi ch was used as a solid phase for solid-phase synthesis. [0201]

Froc-dy (0.50 mml ), MSNT (0.50 nmol) and Nnet hylim dazole (0.375 mmol)

were dissolved in DCM (2 , loaded to a solid-phase synthesis colum and
stirred at 25C for 3 hours. [0202] After stirring, the resin was
washed wi th DCM and DWVF. c group was renoved by using 20% pi peri di ne/ DVF

solution (2 m) for 15 m/nuPes. After washing with DMF, ami no acids were
sequentially congdensed T accordance with the nethod shown bel ow to extend
a peptide chai nIO[QZOS]CJ ‘%‘ The amino acid having an am no group

protected with ar was dissolved in NMP (1 nml). After addition of
0.45 M HCTU. 4 mmol ), the resulting m xture
gle 8
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was | oaded to a solid-phase synthesis colum. Subsequently, 0.9 M D PEA/ NVP
(0.8.mmol) was added to the - 134 - solid-phase synthesis colum. After
stirring at roomtenperature for 20 minutes, the resin was washed with DCM
and DVMF, and Frnoc group was renoved-b¥y2tising a 20% pi peri di ne/ DVF sol ution
(2 M) for 15 mnutes. This operation was repeatedly performed using an
am no acid protected with Fnoc group (0.5 mmpl) to sequentially condense
am no acids. [ 02} bromoacde-G Y hRme-Arig( Réjg Fnoc-3y, Fnoc-Lys(Boc),
Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-11le, Fnoc-Phe,

Froc- A u( GhBudde Fameedlyst Bde) ( IFNDC{A A, mfnocAaa Papci@ntiati), Fnoc-Advy,
Frmoc- 3 u(QxBu), Fnoc-Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu), Fnoc-Ser(tBu),
Frnoc- Val , $yochespt€i Bl , SProlee Ses (EBWIR1enmdcl FHQ( IBUYQ : FAbBL- Phef

Froc- Thr ('t BUL, Fnoc-Gy, Fnoc-d u(QiBu), Fnoc-Al a and Fnoc- Hi séTrt) wer e
used as t HBI an¥eee aéi w0 bred ekt el by kO BRpe t Bubbesi hPH 315r esi due

pepti de of o ,
A y- Ar g( Pbt§ 2 @ty Ly $EB6e) adalitien PipEBdd) MM &quayshd-rd (2 Bu) - Lys( Boc) - A

ser (1) iAo bl spr i ST st st 1S 10 R0 7a)
on a solid-phase resin. 021 A}_jter shi Wi t h and DMVF, the
resin equi VAT éntXT8 s "i’ar%m&f Ojg%w?%et%l-%ae%ti %hﬁ% Ygd% \ig\éurraﬁ"rsf erred to an
Eppendor f dube [02Q8le redBxifon in raw materials was observed by

HPLC, the reaction solution was directly subjected to

purification by HPLC [column: SHISEIDO UG-120 (Ci8, 5 um),

$ 4.6 x 250 mm, gradient: A sclution: 0.1% TFA water, B

golution: 0.09% TFA/10% water/90% AN 0.7 ml/min; 35 -»

60%B, 20 min linear gradient] to obtain 0.4 mg of

oligosaccharide chain added GLP-1 peptide wherein 30Ala

of GLP-1 was substituted with hyaluronic acid

hexadecasaccharide added Cys {(30Cys GLP-1-HA-16}.

[0192]

Example 11

Synthesis of 36Cys-hyaluronic acid hexadecasaccharide

(HA-16) added GLP-1 peptide

The bromocacetamidyl hyaluronic acid
hexadecasaccharide (III) prepared in Example 10 (4.9 mg)
and a 36Cys GLP-1 peptide chain synthesized in Synthesis
Example 3 (SEQ ID NO: 78) (1.2 mg} were dissclved in.lOO
mM phosphate buffer (pH 7.5, 190 ul). After addition of
a 10 mM agqueous tris(2-carboxyethyl)phosphine

hydrochloride solution (36 pl}, the mixture was allowed



The obtained resin having a peptide forned thereon was partly taken in a
sol i d-phase synthesis colum. Trifluoroacetic acid: water: TIPS (= 95: 2.5:
2.5) was added such that the resin was thoroughly soaked and stirred at
roomtenperature for 3 hours. The restAlwas renoved by filtration and the
reaction solution was concentrated under reduced pressure. The resulting
resi due was purified by HPLC (Cadenza col um C18 100 x 10 nm devel opi ng

sol vent A .§. :}efa@QU§QU§7%F&o%Ol4utﬂchbs B: a@cdW Fc%rr@ﬂ%tt@“ctcfrié&nﬁ’fﬁtcﬁr =90: 10,

gradient A B=95:5 -* 15 mn, flowrate: 3.0 m/ mn) to obtain GLP-1
[0207] Synbhesas tﬁ('ﬁeﬂ.’ﬁi&lé By h@mﬁlme@lmgoz{h;aal uthai ceactdon
ol i gosacchari de chain To 500 ng of hyaluronic acid (a product of

Shi sei do Gecluttian, wayed bgec by eswhbbecived gin :par200¢0800pn BPOHRL.Cof acetate
buffer (pH 4) was added, and the m xture was well stirred until

di ssol uti ofcolfiter JFHAEHEILD GF-226 kULDF Shyakur ohi daSex (26 product  of

CALBI OCHEM Bovi ne Testes-derived), the mxture was allowed to react at 37C
for 2 daysgrQ¢&%n%oL%t$Q%PQ%ﬁﬁco%c%ht?%ﬁéﬁ”&ﬁﬁ tRefo4rEdePved  88&in in 45

m of acetate buffer (pH ‘) After addition of 4.5 kU of hyal uroni dase (a
product of T H OCHEM T BN n%q'r%s'fé%ld‘éﬁ'fivéﬁﬁ Xt P 5R xtaft @%hs al l owed to

react at 37C for add |o al reaction solutl n_was fractionated
using ultr %l?%régf%n Hﬁﬁé%a%ﬁ I%ﬁf%# %%%%%%a O?o?%éeof 3 kDa and

1 kDa (progdycts a?cided éﬁ@ I %ﬁéi&’é’r»ﬂ%@ it %6}&{1565? Gr¥L Y, %28 4 mg of

hyal uronic acid fractions wi A ol ‘ecul ar wel g 110 3"k

obt ai ned. gupgtiRANEE #i18 OPEA &S 1Y &l M DOHGAGE &a § 4 @Sk A PIGe V‘&&cﬁ‘e@ ,
nol ecul ar weight of 1 to 3 KDa contai ned several kinds of oligo hyal uronic
aci ds, prepas atiae,HRAUG wasiperdormed for separating them The oligo

hyal uronic acid fractions with a nolecular weight of 1 to 3 kDa were

di ssol ved fareslsnmal | anobunt of water and fractionated in several portions
by HPLC purification [colum: Shodex Asahi pak NH2P-90 20F 9 pm 0 20.0 x
300 Mm nolddmpighdse: 180 nM NaH2PO4 aq] to each el ution peak. The obtai ned
fractions were desalted b gel filtration and freeze-dried to obtain oligo
hyal ur oni EYadingsi(s axfy 3 e emneasy de®ss Lol saghamge yi el d of each

oligo hyaluronic acid is shown b
chain (M5} added GLP-1 peptlde

Soybean powder (100 g} was washed twice with 500 ml
of acetone and twice with 500 ml of methanol to obtain
61.4 g of defatted soybean powder.

To the obtained defatted soybean powder (43.0 g),
430_m1 of water and 4.3 g of Liquefying Enzyme T (a
product of HBI Enzymes Inc.) were added and allowed to
react at 70°C for 19 hours with stirring. The reaction
solution was separated into a supernatant and
precipitates by centrifugation (10000 G, 1¢ min) to
obtain 800 ml of supernatant. To the precipitates, 430
ml of water and 4.3 g of Liquefying Enzyme T were furthex

added and allowed to react again at 70°C for 19 hours.

The reaction solution was separated into a supernatant



[0208] Aigo hyaluronic acid tetrasaccharide 22.5 ng (tR=10.0 mn) digo
hyal uroni ¢ acid hexasaccharide 51.1 ng (tR=11.8 mn) Aigo hyaluronic acid
oct asaccharide 52.7 ng (tR=14.0 nmin) digo hyaluronic acid decasaccharide
27.0 mg (tR=17.0 min) Aigo hyaluroni ¢zacrd dodecasaccharide 9.6 nyg

(tR=21.4 mn)
and precipitates by centrifugation (10000 G, 10 min) to
obtain 600 ml of supernatant. The obtained supernatants
were combined (1400 ml in total). After addition of 100
ml of 500 mM phosphate buffer (pH 7.0) and 3.0 g of
Orientase ONS (a product of HBI Enzymes Inc.), the
mixture was allowed to react at 50°C for 19 hours with
stirring. The reaction solution was filtered for removal
of insoiuble matter, and the filtrate was concentrated to
a volume of 400 ml using a rotary evaporator. The
obtained sclution was subjected to ultrafiltratiocn
through an ultrafiltration membrane with molecular weight
cutoff of 1 K (Minimate TFF Capsule 1K membrane, a
product of PALL Corp.).

After treatment for 6 hours, 230 ml of a solution
that did not penetrate the membrane was collected. To
the collected solution, 20 ml of 1 M tris~HCl buffer (pH
8.0), 250 mg of sodium azide and 423.5 mg of Actinase E
(a product of KAKEN PHARMACEUTICAL CO., LTD.) were added
and allowed to react at 37°C for 82 hours. The reaction
solution was filtered for removal of insciuble matter,
and the filtrate was then concentrated to a volume of 100
ml using a rotaxry evaporator. The concentrate was
divided into halveg, each of which was fractionated using
a Sephadex-G25 (¢ 25 mm x 100 mm) column. Only a
oligosaccharide chain-containing fraction wag collected

and concentrated to obtain 2.22 g.



- 137 - digo hyaluronic acid tetradecasaccharide 7.8 ng (tR=27.6 m n)
A i go.hyal uronic acid hexadecasaccharide 4.1 ng (tR=36.0 mn) digo

hyal uroni c
- 123 -

The obtained oligosaccharide chain-containing
fraction was dissolved by the addition of 21.0 ml of
distilled water and 14.9 ml of ethanol. After addition
of 1.13 g of sodium hydrogencarbonate and 2.02 g of Fmoc-
08u, the mixture was allowed to react at room temperature
for 16 hours. After the reaction, 250 ml of acetone wasg
added thereto, and the precipitates were filtered through
a membrane filter (¢ 47 mm, pore size: 0.5 um; a product
of Advantec Toyeo Kaisha, Ltd.). Insoluble matter
remaining on the membrane was dissolved in distilled
water, collected, and concentrated tc a volume of 10 ml
or lower using a rotary evaporator. The concentrate was
fractionated using a Sephadex-G25 (¢ 25 mm x 100 mm)
column. An oligosaccharide chain-containing fraction was
collected and concentrated to obtain 1.37 g.

This fraction was further dissolved in 4 ml of
distilled water and fractionated using an 0ODS column
(Wakogel 100C18, ¢ 25 mm x 150 mm). Only an
oligogsaccharide chain-containing fraction was collected
and concentrated to obtain 48.6 mg of a semi-purified
oligosaccharide chain. The semi-purified oligosaccharide
chain was purified by HPLC [column: YMC-Pack ODS-AM ¢ 20
x 250 mm, eluent: acetonitrile/25 mM ammonium acetate
buffer=82/18, flow rate: 8.0 ml/min] to obtain 13.0 mg of
a high-mannose type Man5GlcNAc, oligosaccharide chain (M5

oligosaccharide chain}.



acid octadecasaccharide 2.0 ng (tR=47.4 mn) [0209] Synthesis Exanple 2
Synt hesis of peptide wherein position 30 of GLP-1 was substituted with Cys
A sol i d-phase synthesis colum was charged with Ani no-PEGA resin (100 Anon
(product of Merck), washed thoroughtyl®#th dichl oronethane (DCM and DVF
and the resin was thoroughly swollen with DVMF. 4-hydroxymet hyl-

3- net hoxyphenoxybutyric acid (HWB) (0.25 mml), TBTU (0.25 mml) and

N-et hyl mor phol iTes (be2biiawivs warieydlasstaiade NnedMm (2119 .mdoaged to the

colum, and stirred at roomtenperature for 4 hours. The resin was washed
t hor oughl ya v & b &3t %}ﬂdtm\é&@i@ﬂiﬁlcﬂf HVPB- (PEGAr I pst 8r . Whitehs was used as a

solid phase for solid-phase synthesis. [0210] Frmoc-dy (0.50 nmol),
VBNT (0. 50swiwot ) oanga Nntet ¢yt ¢ dn wiatZo| 20 € Ond 75t namhgnwemeb decssiobradei n DCM (2
m), loaded to a solid-phase synthesis colum and stirred at 25C for 3
hours. at room temperature for 41 hours and then freeze-dried.
To the obtained freeze-dried product, 12.5 mg of sodium
hydrcgencarbonate, 110 pl of water, and 19.9 mg of
bromoacetic anhydride {a product of Sigma-Aldrich Corp.)
dissolved in advance in 10 pl of N,N-dimethylformamide
(DMF) were added and allowed to react for 1 hour with ice
cooling. One hour later, the reaction system was
returned to room temperature and allowed to react for
additional 1 hour. The reaction solution was subjected
to purification by gel filtration to obtain 7.9 mg of the

following bromocacetamidyl M5 oligosaccharide chain (b):

[Formula 19]

HOg=0
i oH (0
g
LY s
HO NHA: MHHAc 5 Br

(b)

The obtained bromoacetamidyl M5 oligosaccharide
chain (b) (4.1 mg) and a GLP-1 peptide wherein 36Arg was
substituted with Cys (SEQ ID NO: 78) (1.2 mg) synthesized
in Synthesis Example 3 were dissolved in 100 mM phosphate
puffer (pH 7.5, 190 pl). After addition of a 100 mM
aqueous tris(2-carboxyethyl)phosphine hydrochloride

solution (24 pl), the mixture was allowed to react at



- 138 - After stirring, the resin was washed with DCM and DVF. Fnoc
group. was renoved by using 20% pi peridine/ DM solution (2 m) for 15

m nutes. After washing with DMF, amino acids were sequentially condensed in
accordance with the nethod shown bet ot o extend a peptide chain. [0211]
The ami no acid having an am no group protected with Fnoc group was

di ssolved in N-nethyl pyrrolidone (NWP) (1 m). After addition of 0.45 M
HCTuHOBT/ Ner{ e D INouddhe hesukt h:egcﬁhzsaure:h\@asrela%ci%@l @1at3eki d- phase
synthesis colum. Subsequently, 0.9 M DI PEA/ NVP (0.8 nmol) was added to the
sol i d- phaseas yaibpst ised ot vinpur A 1 @t sdn risy rgeac r[oomnmﬂfrpaHasEneofor 20

m nutes, the resin was washed with DCM and DMF, and Fnoc group was renoved
by using av@02api pers di heddVF ¢al e bores02mm,) dradilnim rutsesluthi:s:
operation was repeatedly performed using an anmino acid protected with Fnoc
group (0.5 kbl T¥4 ovasterfier® | 21yt cvhdehsE am o/ het deatepplpy AN

Fnoc-Gy, Fnoc-Arg(P Fnoc- Gy, Fnoc-Lys(Boc), Fnoc-Val, Fnoc-Leu,

Fnoc- Tr p( Bdc) , m:|:/ Lyé’( TPt 5,0 %B el BilnFABEePHe 93431196@1@ (tGB@)taln

Egngéﬁs(Boc f%lécﬁﬁﬁc AI%SBLI})@C An Tr (E'IBE Frmc G u(OQBu),

Fnoc- As F T

F%g €] 5( % Jé:@%%;éé El;h froc- Nr@é:an%kgn%?%{%ofﬁfgﬁm%f use Cgés(‘ﬁ'ltj%le am no
id t t tide of

G v A (PR s P P i e £ T B O By - Lys( B

oc)-Ala-Al gy dn(Trt)-Ad y-G u(QBu) -Leu-Tyr (tBu)-Ser (tBu)-Ser(tBu)-Val-Asp(O
tBu)-Ser(tBu)- Thr(tBu)-Phe-Thr(tBu)-Ay-AQu(OQBu)-Ala-Hs(Trt) (SEQ ID
NG 75) on Exa@lied-yzhase resin. [0213] The obtai ned resin having a
pepti de fornmed thereon was partly taken in a solid-phase synthesis col um.
Tri fl uor oshetihesda tf watlers -aHiRS o old5os2dsha ihye was iaddedh such that the
resin was thoroughly soaked and stirred at roomtenperature for 3 hours.
The resi n Makerempded iog Ada3i&ilifod @nd W heargdatd on sol uti on was
concentrated under reduced pressure. The resulting residue was purified by
HPLC [ col uii: SSHItbESBe U6 BEparessnes lgmed 138 izd o A5@anacdivgdident : A
sol uti on: 0 1% TEA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8.0
m/mn; 3%5hadngggEtaxd iggid near gradient] to obtain a 31-residue peptide

wherein 30AIa of GLP;1 yas substityted,with Gys (SEQLDNG 76). [0214

agialo oligosaccharide chain (50.6 mg, 28.7 umol) was

dissolved in DM8O-water (4:1, v/v, 1.5 mL). To this
solution, a DMSO sclution {100 pL, 51.7 umol) containing
a 0.52 M glutaric acid-EDC mixture (1:1, mol/mol) was
added and stirred at room temperature for 1 day. The
reaction mixture was diluted with distilled water (1.5

mL} and then fractionated repetitively three timeg by
size~exclusion gel filtration chromatography {Sephadex G-
25, ¢ 1.5 x 45 cm, distilled water}. After freeze-drying,
the following asparagine-linked asialo oligosaccharide
chain glutaric acid {¢) (51.4 mg) was obtained (MALDI TOF

Mass calculated for [M+Nal+ 1891.66, found 1891.78):



Synt hesi s Exanpl e 3 wherein substituted with Cys A sol i d- phase

synt hesi s colum was charged wi th Am no- PEGA resin (100 pnol) (product of
Mer ck), washed thoroughly with dichloronethane (DCM and DVF and the - 140
- resin was thoroughly swollen w th BMF. - 4- hydr oxynet hy1-

3- met hoxyphenoxybutyric acid (HWB) (0.25 mol), TBTU (0.25 mol ) and

N- et hyl mor pholine (0.25 nmol) were dissolved in DMF (2 mM), |oaded to the
colum, andrsthirzedz@t roomtenperature for 4 hours. The resin was washed

t horoughly with DMF and DCM to obtain HWB- PEGA resin, which was used as a
solid phase for_solid-phase synthesis. [0215] Froc-dy (0.50 mmol),
MSNT (0.50 n’m)[’, and Nnet hyli m dazole (0.375 mol) were dissolved in DCM (2

m ), | oaded t”ﬁo Sad (- se synthesis colum and stirred at 25C for 3
hour s. Af t 5 styg long, the resin was washed with DCM and DMF. Fnoc

group was renoved byHl!,a 20% pi peridi ne/ DMF solution (2 n) for 15

m nutes. After washi ngp h DMF, am no acids were sequentially condensed in
accordance with the rret hocfJ sdsvp Bﬁl ow 4ip extend a peptide chain. [0216]
The amino acid havin ot dicted W th Fnoc group was

di ssol ved in N et hyl rr yér-atmiowi on of 0.45 M
HCTUHOBT/ NMP (0. 4 mmb® he result”f' $hreiwas | oaded to a solid- phase
synt hesi's col um. Subs'@q jently, 0.9 M DI PEA/ NMPP2®. 8 mmpl ) was added to the

sol i d- phase sy t'*tbe Cumm. ~ Af t er stirring at roomtenperature for 20
m nut es, the npashed wi )DCM and DMF, and Fnoc group was

(2) Synthesis of asparagine-linked asialo oligosaccharide
chain glutaric acid N-hydroxysuccinimidyl estex

In a 1.5-mL Eppendorf tube, a DMSO solution (25 ul,
11.0 pmol) of 0.44 M N-hydroxysuccinimide and a DMSO
solution (75 pL, 27.6 umol) of 0.37 M EDC were added to a
DMSO (200 uL)} solution of the asparagine-linked asialo
oligosaccharide chain glutaric acid {c¢) {17.2 mg, 9.2
umol) . After stirring at room temperature foxr 6 hours,
EDC was inactivated by the addition of DTT (5.7 mg, 36.8
pmol) (Grabarek, Z., Gergely, J. Anal. Biochem. 195¢, 185,
131-135). This solution mixture containing the following
asparagine-linked asialo oligosaccharide chain glutaric
acid N-hydroxysuccinimidyl ester (d) was directly used in
peptide condensation as a sugar linker reagent (0.03 M

golution) :



- 141 - renoved by using a 20% pi peridine/DVMF solution (2 m) for 15

m nutes. This operation was repeatedly perforned using an am no acid
prot'ected with Fnoc group (0.5 nmol) to sequentially condense ami no acids.

[ 0217] Frnoc-dy, Fnoc-Cys(Trt)l2Fnmec-A3y, Fnoc-Lys(Boc), Fnoc-Val,
Frnoc- Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-Ile, Fnoc-Phe, Fnoc-d u(Q Bu),

Frmoc- Lys(Boc), Fnoc- Al a FrmocAla, Fnmoc-A n(Trt), Frnmoc-dy, Fnoc-d u( QG Bu),
Froc- Leu, Ifg:ggmaxé tBy), Fnoc-Ser(tBu), Fnoc-Ser(tBu), Fnoc-Val,

Frnoc- Asp(Oc u), Fnoc- er (tBu), Fnoc-Thr(tBu), Fnoc-Phe, Fnoc-Thr(tBu),
Frnoc-Qd vy, Frmc GIu(CIBu) Frmoc- Ala and Fnoc-Hi s(Trt) were used as the am no
aci ds prot ecte by Frmoc group to obtain a 31-residue peptide of

Ay- QIS(Trt) Baweipe Val - Leu- Trp(Boc) - Al a- 11 e- Phe-d u( O Bu) - Lys(Boc) - A
la-Ala-A n(Trt)- p(&t Bu) - Leu- Tyr (t Bu) - Ser (t Bu) - Ser (t Bu) - Val - Asp( G Bu) -
Ser(tBu)- Thr(tBu)- P (tBu)-Ay-Au(OQBu)-Ala-H s(Trt) (SEQ ID NGO 77)
on a solid-phase resiHe 218] The obtai ned resin having a peptide

formed thereon was partly9 gie ) I |d phase synt hesi s, col umm.
Stk
RO

Trifluoroacetic acid: wajpey 5) was ad ed such that the
resin was thoroughl yH8oak

m for 3 hours.
The resin was renoveif iltrati dHAand i on ol it Yon was
concentrated under reéFGc d pressure The resuF?‘?'hg - %2 residue was

purified by HPE[W SHI SEI DO UG- 120 (C18 5 pn), (1) 20 x 250 nm
gradient: A $8l k% TF ter, B solution: 0.09% TFA/ 10% wat er/ 90%

AN 8.0 m /mi n#935P1 % 6008, 20 min Ilnear gradient] to obtain a 31- residue
pepti de wher ei n 36Arg of GLP-1 is substituted by Cys (SEQ ID NO 78).

[0219] SynthesspnExedpl &4 26Lys-asialo oligosaccharide chain Asn

linker-modified Arg34GLP-1(7-37)

In a 1.5-mL Eppendorf tube, DIPEA (4.8 uL, 27.6
pmol) and the 0.03 M sugar linker reagent prepared above
(150 pi, 4.5 umol) were added to a DMSO (300 uL) solution
of Lys**Arg**GLP-1(7-37) synthesized in Synthesis Example
4 (SEQ ID NO: 80) (2.8 mg, 0.83 umol). After stirring at
room temperature for 2 hours, the reaction wag terminated
by the addition of an aqueous solution (200 uL) of
glycine (2 mg, 26.6 umol). Fractions of peaks at a
retention time of 15.5 min were directly collected by
HPLC [column: Zoxbax 3008B-CN, ¢ 4.6 x 250 mm, gradient:
A solution: 0.1%TFA water, B solution: 0.09% TFA/10%
water/90% AN 1.0 ml/min; 310 — 40%B (0-8 min) 40 — 50%B
(8~20 min) linear gradienti. After freeze-drying, the
following 26Lys-asialo oligosaccharide chain Asn linker-

modified Arg’*GLP-1(7-37) (0.7 mg) was obtained (MALDI



Synt hesis of peptide wherein position 34 of GLP-1 was substituted witn_Ara
A soli.d-phase synthesis colum was charged with Am no- PEGA resin (100 pnol)
(product of Merck), washed thoroughly w th dichl oronethane (DCM and DWVF
and the resin was thoroughly swollen wegBh-DMF. 4-hydr oxymnet hyl-

3- met hoxyphenoxybutyric acid (HWB) (0.25 muol), TBTU (0.25 mmol ) and

N-et hyl norpholine (0.25 nmol) were dissolved in DM (2 ml), |oaded to the
col umm, an t d e r {qur kS es s washed

t hor oughlyq\?\n@t M%g Cg&c{l%%\ﬂ%?oﬂggt Z{qn %\I\T/i%%%%éé%%{r?es?%% ?chkﬁgﬁeused as a
sol i d phasezhar 130l i d-phase synthesis. [0220] Froc-dy (0.50 nmmol),
MSNT (0.50 mmol ) and Nmet hylim dazole (0.375 nmol) were dissolved in DCM (2
m), loaded to a solid-phase synthesis colum and stirred at 25C for 3
hours. - 143 - After stirring, the resin was washed with DCM and DWF.
Fnoc group was renoved by using 20% pi peridi ne/ DMF solution (2 m) for 15
m nutes. After washing with DMF, am no acids were sequentially condensed in
accordance with the nmethod shown bel ow to extend a peptide chain. [0221]
The amino acid having an am no group protected with Fnoc group was

di ssolved in N-nethyl pyrrolidone (NWP) (1 m). After addition of 0.45 M
HCTU. HOBT/ NMP (0.4 mmol ), the resulting m xture was | oaded to a solid-phase
synt hesi s col unmm. Subsequently, 0.9 M D PEA/NWP (0.8 mmol ) was added to the
sol i d- phase synthesis colum. After stirring at roomtenperature for 20

m nutes, the resin was washed with DCM and DVF, and Fnoc group was renoved
by using a 20% pi peridi ne/ DM solution (2 m) for 15 mnutes. This
operation was repeatedly performed using an anm no acid protected with Fnoc
group (0.5 mmol ) to sequentially condense am no acids. [0222]

Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Gvy, Fnoc-Arg(Pbf), Fnoc-Val, Fnoc-Leu,
Frmoc- Trp(Boc), Fnoc-Ala, Fnoc-Ile, Fnoc-Phe, Fnoc-d u(QiBu), Fnoc-Lys(Boc),
Frnoc- Al a, FnocAla, Fnoc-An(Trt), Fnoc-3y, Fnoc-d u(QtBu), Fnoc-Leu,
Froc- Tyr (t Bu), Fnoc-Ser(tBu), Fnoc-Ser(tBu), Fnoc-Val, Fnoc-Asp(Q Bu),
Frnoc- Ser (tBu), Fnoc-Thr(tBu), Fnoc-Phe, Fnoc-Thr(tBu), Fnoc-Qdy,

Frmoc-d u(OQxBu), Fnoc-Ala and Fnoc-Hi s(Trt) were used as the am no aci ds
prot ected by



- 144 - Fnoc group to obtain a 31-residue peptide of
dy-Arg(Pbf)-dy-Arg(Pbf)-Val -Leu-Trp(Boc)-Al a-11e-Phe-d u(Q Bu)-Lys(Boc)-A
la-Ala-An(Trt)-Ay-d u(QBu)-Leu-Tyr (tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(Q Bu) -
Ser (tBu)- Thr(tBu)-Phe-Thr(tBu)-dy-GLaéO-Bu)-Al a-Hi s(Trt) (SEQ I D NO 79)
on a solid-phase resin. [0223] The obtained resin having a peptide
formed thereon was partly taken in a solid-phase synthesis colum.
Trifluoroagebi-fuagi dojwater: TIPS (= 95 2.5: 2.5) was added such that the
resin was thoroughly Soaked and sti rred at roomtenperature for 3 hours.
The resin was re Y. if 3,4%.@@%10% fthe reaction solution was
concentrated W@% %C %Bessur e resulting residue was purified by
HPLC [ col um: =SH UG 1 (C1 5 pn), 4 20 x 250 mm gradient: A

sol ution: 0. f%:TFA water, |Utlﬁl’§ 0.09% TFA/ 1096 water/90% AN 8.0
m/mn; 35 -*=60%3, 20 mn gl near zgradient] to obtain a 31-residue peptide
wher ei n 34Lys iilP—l was substituted with Arg (SEQ ID NO 80). [0224]
Synthesi s Exaffpl e 5 Synthesis of peptide wherein position 30 of exendin-4
was substi tutg ith Cys A sol i d-phase synthesis colum was charged
with Rink- Amgg GA resin (100 linmol) (product of Merck) and washed with
DMF. Then, an;nifve»cb%l ds wereC\geguentl ally - 145 -
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condensed in accordance with the nmethod shown bel ow to extend a peptide
chai n.. The am no acid (0.5 mml) having an am no group protected with
Frroc group was di ssolved in 0.45 M HCTU. HOBT/NWP (2.5 mmol ), and the
resulting mxture was | oaded to a sol Ld9phase synthesis col um.
Subsequently, 0.9 M D PEA/NW (2.5 mmmol ) was added thereto. After stirring
at roomtenperature for 20 mnutes, the resin was washed with DCM and DWVF,
and Fnoc greupswas renoved by using a 201 piperidi ne/ DM solution (2 m)
for 15 mnutes. This operation was repeatedly perforned to sequentially
condense apka@pasi Us. Fnoc- Ser (tBu), Fnoc-Pro, Fnoc-Pro, Fnoc-Pro,
FrmocAl a, Fnoc-Ady, Fnoc-Ser(tBu), Fnoc-Ser(tBu), Fnoc-Pro, Fnoc-Cys(Trt),
Frnoc- Ay, Fyochdshné Tof) 30 Fipe-dys{d8bc)ol FgusateharEdecelapfiBadiied

Frmoc-d u(QtBu), Fnoc-I11e, FnocPhe, Fnoc-Leu, Fnoc-Arg(Pbf), Fnoc-Val,

Fnoc- Al a, &eedaft© Bu), Fnoc-Gd u(QtBu), Fnoc-d u(QBu), Fnoc-Met,

Froc-d n(Trt), Fnoc-Lys(Boc), Fnoc-Ser(tBu), Fnoc-Leu, Fnoc- Asp(ClBu)
Froc- Ser (t Bu) , #Fnict- rﬁﬁl(qlﬁl)PeHi'r%&?- Pﬁ@r%@fﬂﬁ#xt%)mﬁm@af@ y,

Froc- d u(Q Bu were used as the am no acids

Froc-Ay and F s(Trt
pr ot ect ed %‘ifb%%"cuﬁ?% ty Opta Jr12a §& e'%YI&I‘E}éeﬁéﬁ? delof YREREE BR) -
Pro- Pro- Pr d (£ Bu Ser ) Trt Tr (Boc) - Le
- Tr p( Booy ST BT BT R LA SUBbf LAt & S O er 0y e BBy - & u( O
t Bu) - Met - ( S ) t 146 -
Thr (t Bu) - Phe %S% %y 5%0&1’93“5§*§é*§ é&ey (ﬁ? %??‘(s%é ‘E&?\ld“ B9) on a
sol i d- phasﬁee{@@écﬁ' in 100 e QRi@h Bt 488 fe h@ﬂff‘@raﬁﬁ@ ptigde fo5med thereon
was partly taken in a solid-phase synt heS| s colum fl uoroacetl c acid:
vater: Tl Rey (789 c@r&ax@e@ Mashaddethsueh dihat 4t heyiesidgy was,dior oughly
soaked and sti rred at roomterrperature for 3 hours. The resin was renoved
by filtratTion ek dden resoiton seldtd oreaslsy comsadtad egb under reduced
pressure. The resulting residue was purified by HPLC [ col um: SHI SElI DO
UG 120 (ClBirixiprgsichl 120 mpi250[cofumgi adeIsETHO subui2onic0s 1% ThA water, B
solution: 0.09% TFA/ 10% water/90% AN 8.0 ml/mn; 35 -* 60%B, 20 mn |linear
gradi ent] & @obt @5 anB9-gresiicud :p@ptsicde tileer:eih IZ0@AFRA ofatx:,4 Bras
substituted with Cys (MALDI TOF Mass cal cul ated for [M+H 4230. 60, found
4231.27) (SEQUIPINOO g% TRfH)% syarﬁ%é%’ Bnpl B14min; 35SyntHe¥Bs of
pepti de V\herel N position 26, of was. substituted with Cys A

sol i d- phas® &t @ g ét?ar%ét@ Wt 7 7% A do- PEGA resin (100

prol ) (praoduct of am nao

Dot PariHosleEia e A e IR bl Pl T AR IR end

a pept'deﬂﬁy@'%as substituted with disialo oligosaccharide chain

added Cys (30Cys Ex-4-disialo) (M:C271H422N5801238 MALDI
TOF Mass calculated for [M+H1" 6493.63, found 6494.33).
{olos]

Example 15

Synthesis of 26Cys-disialo oligosaccharide chain added

BIM51077
A 30-residue peptide wherein 26Lys of BIMS1077 was

gubstituted with Cys (2.4 mg, 0.72 umol) synthesized in

Synthegis Example 6 and guanidine (216 mg) were dissoclved

in distilled water (240 pL)}, and an aqueous TCEP solution



[0226] - 147 - The amino acid (0.5 mml) having an am no group
protected with Fnoc group was dissolved in 0.45 M HCTU. HOBT/ NMP (2.5 mmol ),
the resulting mxture was | oaded to a solid-phase synthesis col um.
Subsequently, 0.9 M DI PEA/NW (2.5 bbb} was added to the solid-phase
synthesis columm. After stirring at roomtenperature for 20 mnutes, the
resin was washed with DCM and DMF, and Fnoc group was renoved by using a
20% pi peri di pg/ FYF $6bULL PN Lohbd od Qhmidd, 1 UESS1 6 TR $48REERLLE PDq¥aS
repeatedly perfornmedto sequentially condense am no acids. [0227]

Froc- Arg( PRf ) (1&mme /¥ nobsobut va 1 £ AT Albd, sbooemLyséBes) ., Fnoc- Val,
Frmoc- Leu, Fnoc- Trp(Boc), FnocAla, Fnoc-Ile, Fnoc-Phe, Fnoc-d u(QBu),

Fnoc- Cys( Tshdsplane - MhafeFmosH AV & , Fooe - @A n(JFeig, afided- Chyreftootd u( O Bu)
Frnoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu), FnocSer(tBu), Fnoc-Val,

Fnoc- Asp( GtIBLS , ofiec - Sa(e Bu)xtuErp Bl EBWwWe dFnoe -1Riwes € Fnp G 77RY oBu) |
Frmoc-Ady, Fnocd u(OQ:tBu), Fnoc-Aib and Fnoc-Hi s(Trt) were used as the am no
aci ds prot2ci@grhy ARSC IHEU o SR a 8F Gty peptisess to

Ar g( Pbf) - Al b- ,Lg/,s( Boc) - Val - LeuTr p(Boc) - Al a-11 e-Phe-d uga Bul- Cys(Trt)-Ala-A
a- @ n(Trt)Ruri ication by HPLC [column: SHISEIDO UG-120 (Cl18,° 5 um),

A y-d u(QBu)-Leu-Tyr (tBu)-Ser.(tBu)-Ser(tBu)-Val ) u) - Ser (t Bu) - Thr (t Bu)
- Phe- Thr(tdBLfg'-gGW-Qé%%‘@'Btﬁna‘i&g&%ﬂi é(fﬂ])u%(lﬁb l{gs%%% V@ﬁte&(s?’f i d- phase
resin. - 1 - The i hed resj \avyi.ng p i de f d thereon
was partl yS AJngtelnm? n % %%Teijge& ha{g"eq"’s"iytn&fs)}rzgasc|h>‘§1 21'?:lgl %?n.g%rlh% Uo?%g%eti c acid:
water: TIRR4E 9B b 1 o)y Wamaddad sushthatntes regi g was thoroughl y
soaked and stirred at roomtenperature for 3 hours. The resin was renoved
by filtratdomctdie 1Raciiom selddd EIMaD ToNseHt 1@ eshdtrgies reduced
pressure. The resulting residue was purified by HPLC [ col um: SHI SElI DO

UG 120 (C8Lyx wy 20 250 way sotkeediienttedA veDtutdsialo 1% TFA water, B
solution: 0.09% TFA/ 10% water/90% AN 8.0 mi/mn; 35 -* 60WB, 20 mn linear
gradi ent] aldgusagighak2idey odfaim I@deebiGe (Pt ysleB WEY &1 h R6iysi @f Bl 61077
was substituted with Cys (MALDI TOF Mass cal cul ated for [M (average) +H]
3315. 69, fOMEPBIF ¥Rsq SEQDAED d4r. PM2mjerage) +Hihe 581’Bgd3acchari de
chain added G.P-1 peptides produced in each Exanpl e above are

ol i gosaccﬁ&rﬁ“@e%”’l*?%-r?‘lddded GLP- 1 peptides having the sequence of

H s7- Ala8- Glu9- Gly10- Thr 11- Phel2- Thr 13- Ser | 4- Asp15- Val 16- Ser 17-

Ser 18- Tyr 1 1%020- GLU21- GLY22- G n23- Al a24- Al a25- LYS26- GL1127-

Example 16

Synthegis of 30Cys-M5 oligosaccharide chain added

exendin-4

A 39-residue peptide wherein 30Gly of Ex-4 was
gsubgtituted with Cys (1.2 mg} synthesized in Synthesis
Example 5 and the bromoacetamidyl M5 cligosaccharide
chain (b) synthesized in Example 12 (3.9% mg) were reacted
in 35 mM sodium phosphate buffer (pH 7.4) and 1 mM
trig{carboxyethyl)phosphine (0.17 mL) at 37°C for 3 hours.
The reaction solution was directly subjected to
purification by HPLC [column: SHISEIDC UG-120 (€18, 5 um),

$ 4.6 x 250 mm, gradient: A solution: 0.1% TFA water, B



Phe26-11 e29- Al a30- Tr p31- Leu32- Val 33- Lys34- d y35- Arg36- Gly37 (SEQ ID NO 2,
GLP- 1) wherein: (bl') 26Lys and 34Lys are each substituted with

di si‘al o oligosaccharide chain added Cys (Example 1) (SEQ ID NO 54); - 149
- (b2) 18Ser and 36Arg are eaehispbstituted with disialo

ol i gosacchari de chain added Cys (Exanple 2) (SEQ ID NO 55); (b3)
220y and 30Al a are each substituted with disialo oligosaccharide chain
added Cys ample 3 E L 56),; o ) 22 .and ,36Arg are each
Subst | Lot ed AR P ROR P aPd e o BoAat charFale that uded _*&ncE%énéfe 4) (SEQ
ID NO 57) 503m, 20(R3% §Qﬁ‘l§§raﬁga§§€ﬁg1 afg &8ch1guRsSEl f[te¢ wi th disialo
ol i gosacchari de chain added Cys (Exanple 5) (SEQ ID NG "58); (b6) 30Ala is

substi t ut edi1wgbbabyahyi @ai enachdadeés asacehgepdeaeHAnd) caddedcysotExanpl e
6) (SEQ ID NO 59); (b7) 30Ala is substituted with hyal uronic acid

oct asacchaeEkde ¢&iA- 8hbaddedt &y swi Exanphle-aniSES ERpAOMS
ocligogaccharide chain added Cys (30Cys Ex-4-M5)
(M:C233H362N540978 MALDI TOF Mass calculated for [M

found 5506.85) .,

{(average) +Hl " 5504.74,

[0198]

Table 5 below shows MS spectrum data (MALDI-TOF

mass)

obtained in Examples 1 to 16.

of the oligosaccharide chain added GLP-1 peptides

[0199]

[{Table 5]
Example 1 | 26,84Cys GLP-I-disiale | Calovwrated for CayHagNeOm Sz [M+HF | 78281 § found. | 78283
Example 2 | 18,36Cys GLP L digiale | Calmarated for CaeHudinime DtsEP 178410 | foamnd | 78453
Example 3 | 2280Cys GLP-L-disialo § Calourated for | CouHeelNuOimnSs [M+HE | 7960.9 | found. | 79808
Example 4§ 22.860ys GLP-1-distslo | Odlonrated S | CroFlreNaCrnSs eHy ] 8758 | fomd | 15768
Example 5 1 86,560ys GLP-1-distale | Culeurated for ConHlumNa O Sy M+ | 78618 | found. | 78604
Example 6 | $0Cys GLP1-HA-4 Coleurated for | CinHanNaathoS {M+H}F | 42016 | fund, | 4208%
Example 7 | 30Cys GLE-1"HA'S Caleurated for | CaasHlaeNaOpsth BAvER | 49800 | found | 49819
BExample 8 | 36Cys GLP-I-HA4 Calouvated fox CrreHanNuOnd [M+H]* | 41168 | found. | £218.8
Example 9 | 360pe GLP-1-HA8 Calouvated for | GasFlanlNaOul (+Hl | 48751 | fumd, | 46765
Example 10 | anfys GLF1-HALS Calenvated for | CpaFaeCisnd MeHls | 84786 | femd, | 64778
Example 11 | 868Gys GLP-1-HA-16 Galeurated for | CoaHeslfwOinS IMHPM | 63915 | found, | 69941
Example 12 | 860yz GLP-1-M4 Calewrated for | CoaHalVwOnS [M+H)+ | 4675.0 | foumd, | 4576.2
Example 13 | 20iyy asislo-Asplinker | Calearated for | CraHaNaOn [M+HF | 5256.35 § found | 52391
Example 14 | 200ys Bx-4-disialo Qalgarated for | ConHlapdllued IM+H)+ | 5498.65 | foond | 649483
Example 15 § 28Cya"BIME1077 disisle | Calenvsted for | TaaeflaedlaCias +HE+ | 657872 [ fumd | SBT8.TA
Example 16 | 800ys Ex-4-b3 Crlourated for ConElaNuCn 3 [MeHl+ | 5504.74 | found | 550685

[0200]

Comparative Example 1




60); (b8) 36Arg is substituted with hyaluronic acid tetrasaccharide (HA-4)
added-.Cys (Exanple 8) (SEQ ID NO 61); (b9) 36Arg is substituted with
hyal urooni ¢ acid octasacchari de (HA-8) added Cys (Exanple 9) (SEQ ID NO

62) ; (b10) 30Ala is substitutediswth hyal uronic acid

hexadecasacchari de (HA-16) added Cys (Exanple 10) (SEQ ID NO 63); - 150 -
(b11) 36Arg is substituted with hyaluronic acid hexadecasacchari de (HA-16)

added Cys (Exanplgbl- iR IdMPeHd) icolumn wdPlhaBdAd Gyisnsubstituted
wi t h hi gh- mannose type oligosaccharide chain (M) added Cys (Exanple 12)

(SEQ I D NQim6hd: p®8 resin ({Hd3)maSs) ,a|v€a§1iéc90’éﬂ§§8ﬁ_§h@g whehnpedded Asn is
| inked to 26Lys via a linker (Exanple 13) (SEQ ID NO 66), and

and DMF and the resgin 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 HMPE-PEGA

regin, which was usgsed as a solid phase for solid—phase.

synthesis.

[0201]

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.
[c202]

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 mi) for 15 minutes. After washing with DMF,
aminc acide were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
f0203]

The amino acid having an amino group protected with
Fmoc group was dissolved in NMP (1 ml). After addition
of 0.45 M HCTUHOBT/NMP (0.4 mmol), the resulting mixture
was loaded to a sclid-phase synthesis column.

Subsequently, 0.9 M DIPEA/NMP (0.8 mmeol) was added to the



are al so (b14) an oligosaccharide chain added GLP-1 peptide having

t he sequence of

H H s-A@ y-d u-d y-Thr - Phe- Thr - Ser - Asp- Leu- Ser-Lys-@ n- Met-d u-d u-d u- Al a-Vv
al - Arg- Leu-Phe-11e-d u-Trp-Leu-Lys-Ash3¥d y-Ad y- Pro- Ser - Ser-d y- Al a- Pro- Pro-
Pro-Ser-NH2 (SEQ I D NO 50, exendin-4) wherein 30y is substituted
with disialo oligosaccharide chain added Cys (Exanple 14) (SEQ ID NO 67);
(b15) an 0&&;99&_?_%&‘&'%' n €Ra% Ds aglgegn Prk qeapt & der-havd ng: tAsogequence of

Hi s- R2- d u-d y- Thr - Phe-Thr - Ser - Asp- Val - Ser- Ser-Tyr-Leu-d u-3d y-d n- Al a- Al a-
Lys- G u- Pheehperétardr poterio al nhyss R2c e grdPnwWhgEelvasR2dr epeRSpOMS

a-net hyl alanine (SEQ ID NO 52, BIM1077) wherein 26Lys is

substi t ut esinadi DF di sndl Brnot | gosae chas | denahed nbaddedngys gExanpl e 15) ( SEQ
ID NO 68); and - 151 - (bl6) an oligosaccharide chain added GLP-1
pepti de haviperidensgliRneelof lexendim 4 {SEQ FDnNutss) Wherein 30y is
substituted w th high-mannose type oligosaccharide chain (M) added Cys
(Exanpl e 18§eration S P tR FreEXanpnesat 28ing #8¢@é subj ect ed
to Test Exanples 1 and/or_2 below [0230] Test Exanple 1 (Test of

resi st ancePTOL AT pept ¥yl FPptIeRigR (& 3 DB\ §o sequentizlyynnpl of the
oli gosacchari(géa chai n, addedj‘g_P- 1 peptide prepared in each Exanple or the
GLP-1 prepaf & ih COWpdt atTVe Exanpl e 1 was added together with 2.2 nU of
DPP-1V (di E&EM yl peptidase IV from porcine kidney, product of SIGW) to a
0.5-m Eppendorf tube. Each solution m xture was adjusted with 100 nV

sodi um phosphatEfnok&ufol , %&o@%r@‘{ﬂb&)ﬁ%ﬂ%c@@ﬂg@' W_% p(lrEec%qt at 37C. A

10 pl aliquot of the reaction soélution was m X of '10%

trifluoroasgid orac! dvicepahed tbAduanGRd)n anidetr £ppensorfid ube. 20 pl
thereof was injected into HPLC to nonitor conplete consunption of raw

mat eri al s KndR-Greondindcommsiu @odaim,:  itd SENQ HAPCELIRMNC Gl UGkZE: - (1) 4.6 X
250 mm devel opi ng sol vent A: 0.1% aqueous TFA sol ution, devel opi ng sol vent
B: 0. 09% PHA acetandln (Tefodat étmor -@/y1,0 Frgradi lant O B=65f: -He180/ 60, 20
mn, flowrate: 0.7 m/mn). The half-life (tllzg, whi ch serves as an index
for resi stEnwse Tvy (OER)] VvV Frgle 96 (GER)1 Windfowre ol i Byolsadtitvr i\eel chai n

addi ti on of
Fmoc-Asp (OtBu}, Fmoc-Ser (tBu), Fmoc-Thr (tBu}, Fmoc-Phe,

Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu{CtBu), Fmoc-Ala and
Fmoc-His (Trt) were used as the amino acids protected by
Pmoc 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(0OtBu) -Leu-
Tyr{tBu) -Ser (tBu) -Ser (tBu} -Val-Asp (OtBu) -Ser (£tBu) -
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu(OtBu) -Ala-Hisg (Trt) (SEQ ID
NO:74) on a sclid-phase resin.
[0205]

After waghing with DCM and DMF, the resgin equivalent
to 5 umol of the 31l-residue peptide was transferred to an
Eppendorf tube.

[0206]



- 152 - Conparative Exanple 1 was defined as a standard (= 1). A typi cal
val ue.eval uated on the oligosaccharide chain added G.P-1 peptide of each
Exanple is shown in Table 6. [0231] [Tabl e 6] Compound Rel ative

Resi st ance Exanple 1 26,34Cys GLP. 1-di4bato 23.6 Exanple 2

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluorcacetic acid: water: TIPS (= 95: 2.5: 2.5} was
added such that the resin was thoroughly soaked and
stirred at room temperature for 3 hourg. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC (Cadenza column C18 100 x 10
mm, developing solvent A: 0.1% agueous TFA golution, B:
0.1%7TFA acetonitrile:water=90:10, gradient A:B=95:5 —
5:95, 15 min, flow rate: 3.0 ml/min}) to obtain GLP-1.
[0207]

Synthesis Example 1

Synthesig of oligo hyaluronic acid oligosaccharide chain

To 500 mg of hyaluronic acid (a product of Shiseido
Co., Ltd., average molecular weight: 1,200,000), 100 ml
of acetate buffer (pH 4) was added, and the mixture was
well stirred until dissolution. After addition of 2.5 kU
of hyaluronidage (a product of CALBIOCHEM, Rovine Tegsteg-
derived), the mixture was allowed to react at 37°C for 2
days. This solution was concentrated and then dissolved
again in 45 ml of acetate buffer (pH 4). After addition
of 4.5 kU of hyaluronidase (a product of CALBICCHEM,
Bovine Testes-derived), the mixture was allowed to react
at 37°C for additional 2 days. The reaction scluticon was
fractionated using ultrafiltration membranes with

molecular weight cutoffs of 3 kDa and 1 kDa (productg of



18, 36Cys G.P-1-disialo 128.6 Exanple 3 22,30Cys Gl,131.-disialo 32.5
Exanpl.e 4 22,360ys G.P.l.alinialo 22.5 Exanple 5 30,36Cys A.P-1-disialo 7.5

Exanple 6 136 .
Millipore). After freeze-drying, 268.4 mg of hyaluronic
acid fractions with a molecular weight of 1 to 3 kDa was
obtained.

Since the obtained hyaluronic acid fractions with a
molecular weight of 1 to 3 kDa contained several kinds of
.oligo hyaluronic acids, preparative HPLC was performed
for separating them. The oligo hyaluronic acid fractions
with a molecular weight of 1 te 3 kDa were dissolved in a
small amount of water and fractionated in several
portions by HPLC purification [column: Shodex Asahipak
NH2P-90 20F 9 pm, ¢ 20.0 x 300 mm, mobile phase: 180 mM
NaH2P04 aqg} to each elution peak. The obtained fractions
were desalted by gel filtration and freeze-dried to
obtain oligo hyaluronic acids (tetrasaccharide to
octadecasaccharide). The yield of each oligo hyaluronié
acid is shown below.

[0208]

Oligo hyaluronic acid tetrasaccharide 22.5 mg
{tp=10.C min)

Oligo hyaluronic acid hexasaccharide 51.1 mg
(tg=11.8 min)

Oligo hyaluronic acid octasaccharide 52.7 mg
(tg=14.0 min)

Oligo hyaluronic acid decasaccharide 27.0 mg
{Lr=17.0 min)

Oligo hyaluronic acid dodecasaccharide 9.6 mg

{tr=21.4 min)



300ys OLP-1-11A-4 2.1 Exanple 7 300ys GLP-1-11A-8 3.4 Exanple 8 36CQys
GLP1-11A-4 2.2 Exanple 9 36Cys GLP-1-HA-8 Exanple 10

- 137 -

Clige hyaluronic acid tetradecasaccharide 7.8 mg
{tp=27.6 min)

0ligo hyaluronic acid hexadecasaccharide 4.1 mg
(tp=36.0 min)

Oligo hyalurconic acid octadecasaccharide 2.0 mg
{tg=47.4 min)
[0209]
Synthesis Example 2

Synthesis of peptide wherein position 30 of GLP-1 was

substituted with Cys

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 mmocl) were
dissoclved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The regin was
washed thorcughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesils.

[0210]

Fmoc-Gly (0.50 mmol}, MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmel) were digsolved in DCM (2 ml),

loaded to a solid-phase synthesis column and stirred at

25°C for 3 hours.



30Cys OLP1HA16 3.9 Exanple 11 36C' WP. 1-HA-16 8 Exanple 13 2filLys

GLPPlLinkerasialo 5.7

[ 0232]

The ol i gosacchari de chain added G.P-1 peptide

of €ach Exanple exhibited DPP-1V resistance 2.1 to 128 tinmes that of the

GLP-1 of Conparative Exanple 1. - 138 -

After stirring, the resin was washed with DCM and

DMF. Fmo¢ group was removed by using 20% piperidine/DMF

for 15 minutes. After washing with DMF,

golution (2 ml)
amino acids were sequentially condensed in acccrdance
with the method shown below to extend a peptide chain.

[0211]
The aminc 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 sclid-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.

[0212]

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

Froc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Cys{Trt), Fmoc-
Ile, Fmoc-Phe, Fmoc-Glu{OtBu), Fmoc-Lys{Boc}, Fmoc-Ala,
Fmoc-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu{OtBu}, Fmoc-
Leu, Fmoc-Tyr{tBu), Fmoc-Ser {tBu), Fmoc-Ser(tBu), Fmoc-
Val, Fmoc-Asp(0OtBu), 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



[ 0233] Test Exanple 2 (Oral G ucose Tol erance Test (OGIT)) A PBS

sol ution of the oligosaccharide chain added GLP-1 peptide prepared in each
Exanple or the GLP-1 prepared in Conparative Exanple 1 was
intraperitoneally - 153 - adnminister&d®at a dose of 10 m/kg to

C57BL/ 6JJcl mce (10 week old, nale) fasted overnight. After 30 mnutes, a
gl ucose solution was orally adm nistered at a dose of 1 ng/g. Bl ood was

col l ected hyopmbbegpelpt 6obehosenthiez gl veoseuadpepistipabkonignd 30 m nutes,
60 m nutes and 120 mi nutes after the glucose adm ni stration. Bl ood-sugar

| evel s wer ergepisfly ed] wsLig (BEE- GHEK.Avi 7ap (RoehecDsagrost Ets) Phdypi cal
results are shown in FIGS. 1 to 4. In the drawi ngs bel ow, for exanple,

"26, 34Cys @LR{AtBd] sinb Bocwhhth-Aka ablw(TyosadthatidéOothal nhadded GLP- 1
pepti de wherein am no acids at positions 26 and 34 of GLP-1 are each

subst i t ut ely i tBu i S¢ml oBwl T Fos beBhar Valk- Al AtBddedeysBuls referred to as
"C26,C34", if necessary. The sane holds true for other oligosaccharide
chai ns and™&fi PR ac e sTREEEBROZBYY - NextOt BB, 3bEysHEE PTL Hi §$B olind GLP- 1
were eval uated by OGIT usjng doses of, 1/10 (0.9 nnol/kg) and 9 nnol/ kg,
respecti vely: ' ahdPt ohpir bt G &sUitS are shown in FIG 5. [0235]

The 18, 36(,?;[?2 P-1-disialo adm ni stered at a dose of 0.9 nnol/kg exhibited
al nost equ thect of suppressing rise in blood-sugar |evels to that of

GLP-1 admi ni st gred o%ttaﬁn%%s%e%fing h%]@g%l/ g EE)GCIB.]O% 34 thPhZI(_—%c'e(HnSi al o had

t1Tmes that of

the effect of suppressing rise’in -sugar level s about
GP-1. was partly taken in a solid-phase synthesig column,
Trifluorcacetic acid: water: TIPS (= $5: 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 wasg purified by HPLC [column: SHISEIDO UG-120
{Ci8, 5 um), ¢ 20 x 250 mm, gradient: A solution: 0.1%
TFA water, B solution: 0.0%% TFA/10% water/90% AN 8.0
ml/min; 35 — 60%B, 20 min linear gradient] tc obtain a
3l-regidue peptide wherein 30Ala of GLP-1 was substituted
with Cys (SEQ ID NO: 76).

fc214]

Synthesis Example 3

Synthesis of peptide wherein position 36 of GLP-1 was

substituted with Cys

2 solid-phase synthesis cclumn was charged with

Amino-PEGA resin (106 pmol) (product of Merck), washed

thoroughly with dichloromethane (DCM) and DMF and the



- 154 - [0236] Sequence Listing Free Text SEQIDNO 1 is
ol i gosaccharide chain added G.P-1 peptide represented by the general
formula (1). GP-1 (7-37). GP-1 (7-36) NH2. oligosaccharide chain added
GLP-1 peptide represented by (al). - 120 SEQ ID NO 5 is oligosaccharide
chain added G.P-1 peptide represented by (a2). SEQIDNO 6 is
ol i gosacchari de chain added GLP-1 peptide represented by (a3). SEQ I D
NGO 7 is otrégosaceharhaecedial p adseleS#:tdh pemtri de fepiesentethby- (a4) .
SEQ ID NO 8 is oligosaccharide chain added GLP-1 peptide represented by
(ab). 3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU

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

dissclved 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 HMPR-PEGA

resin, which was used as a solid phase for solid-phase

synthesis.
{0215]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a sclid-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
scolution (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.
i0216]

The amino acid having an amino group protected with
Fmoc group was disscolved 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 synthesgig column.
After stirring at room temperature for 20 minutes, the

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



SEQ ID NO 9 is oligosaccharide chain added GLP-1 peptide represented by
(a6),~ SEQ ID NO 10 is oligosaccharide chain added GLP-1 peptide
represented by (a7). SEQ ID NO 11 is oligosaccharide chain added
GLP-1 peptide represented by (a8). ~ 14 SEQ ID NO 12 is oligosaccharide
chain added G.P-1 peptide represented by (a9). SEQID NO 13 is

ol i gosacchari de chain added G.LP-1 peptide represented by (al0). - 155 -
SEQ | D NO rddoved dby gosacg harl e whee mi didde(OME Psd1pepbndé2repr eSent ed by
(all). SEQ ID NO 15 is oligosaccharide chain added G.P-1 peptide
repr esent etb byiffed®y. This OPSE@tIiInN@aSI@epﬁaﬂd@qsmmw chai n added
GLP-1 peptide represented by (al3). IDNO 17 is oli gosaccharl de
chai n adde#s @P-an @Mﬂ%@?%r%@?ﬁ%’?ﬁ%wl(% mMoc grougp | P MNPlNg s

ol i gosacchaé |gequehr?élnalald}gecdon%_ngsle erg)fl de r ec{ar esented by (alb).

[0217]

Fmoc-Gly, Fmoc-Cys{Trt), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu{0OtBu), Fmoc-lys{Boc), Fmoc-Ala, Fmoc-
Ala, PFmoc-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,
Fnoc-Thy (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~
Cys (Trt) -Gly-Lys (Boc) ~-Val-Leu-Trp{Boc) -Ala~-Ile-Phe-
Glu{OtBu) -Lys {Boc) -Ala-Ala-Gin{Trt) -Gly-Glu(OtBu) -Leu-
Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp {OtRBu) -Ser {tBu) -

Thr {tBu} -Phe-Thr (tBu) -Gly-Glu(OtBu) ~-Ala-His {Trt) (SEQ ID
NO: 77) on a solid-phase resin.
[0218]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluorcacetic 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 undexr reduced pressure. The resulting



SEQ ID NO 19 is oligosaccharide chain added GLP-1 peptide represented by
(al6)- SEQ ID NO 20 is oligosaccharide chain added GL.P-1 peptide
represented by (al7). SEQ ID NO 21 is oligosaccharide chain added
GLP-1 peptide represented by (al8).” 142 - SEQID NO 22 is oligosaccharide
chain added G.P-1 peptide represented by (al9). SEQID NO 23 is

ol i gosacchari de chain added GLP-1 peptide represented by (a20). SEQ
I D NO 24 i6&sdiigosacchari flised hay HemltetbcAibhrd : pepisHEDOEepecesent ed by
(a21). SEQ ID NO 25 is oligosaccharide chain added G.P-1 peptide
representefchy fa22), ¢ 20 x SEQ kb, NQra2f «ins :0lA gashechati de. Charsr added
GLP-1 peptide represented by (a23). - 156 - SEQID NGO 27 is

ol i gosacchartieie, cdhainl Wddut: QLARAS JEHA 0 rvade eseh® edABys (a2m) /min;

35 = 60%B, 20 min linear gradient] to obtain a 31-
residue peptide wherein 36Arg of GLP-1 is substituted by
Cys (SEQ ID NO: 78).

in219]

Synthesis Example 4

Synthesis of peptide wherein position 34 of GLP-1

was substituted with Arg

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 (HMPR) (G.25 mmel), TBTU
{0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the cclumn, 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.

10220]

Fmoc-Gly (0.56 mmol), MSNT (06.50 mmol) and N-

methylimidazole (0.375 mmol) were digsgsolved in DCM (2 ml),

loaded to a golid-phase gynthesis column and stirred at

25°C for 3 hours.



SEQ ID NO 28 is oligosaccharide chain added GLP-1 peptide represented by
(a25).. SEQ ID NO 29 is oligosaccharide chain added G.P-1 peptide

represented by (a26).

SEQ ID NO 30 is oligosaccharide chain added GLP-1

peptide represented by (a27). SEQ ID N&? 31 is oligosaccharide chain added

GLP-1 peptide represented by (a28).

added GLP-1 peptide represented by (a29).

SEQ ID NO 32 is oligosaccharide chain
SEQ ID NO 33 is oligosaccharide

chai n added G.RPifltgpepiideriepr asenteskity «a30yashed with DCM and

DMF .

solution (2 ml)

for 15 minutes.

¥moce group was removed by using 20% piperidine/DMF

After washing with DMF,

amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.

[0221]
The amino acid having an amino group protected with

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

ml}). After addition of ¢.45 M HCTU-HOBT/NMP (0.4 mmol},

the resulting mixture was loaded to a solid-phase

synthesis column. Subsequentiy, 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.

[0222]

Fmoc-Gly, Fmoc-Arg(Pbf}, Fmoc-Gly, Fmoc-Arg(Pbf),

Fmoc-Val, Fmoc-Leu, Fmoc-Trp{Boc), Fmoc-Ala, Fmoc-Ile,

Fmoc-Phe, Fmoc-Glu{OtBu), Fmoc-Lys{Boc), Fmoc-Ala, Fmnoc-

2la, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,

Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser{tBu), Fmoc-Val,

Fmoc-Asp (OtBu), Fmoco-Ser (tBu), Fmoc-Thr(tBu), Fmoc-Phe,

Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu{OtBu), Fmoc-Ala and

Pmoc-Hisg (Trt) were used as the amino acids protected by



SEQ ID NO 34 is oligosaccharide chain added GLP-1 peptide represented by
(a31):. SEQID NO 35 is oligosaccharide chain added GLP-1 peptide
represented by (a32). SEQ ID NO 36 is oligosaccharide chain added GLP-1
peptide represented by (a33). SEQ ID M 37 is oligosaccharide chain added
GLP-1 peptide represented by (a34). SEQID NO 38 is oligosaccharide chain
added GLP-1 peptide represented by (a35). SEQID NO 39 is oligosaccharide
chai n addeEm&t:Pgfopeptoddebtepn esenhl edebyd@a3dbepride of Gly-

Arg {Pbf) -Gly-Arg (Pbf) -Val-Leu-Trp{Boc) -Ala-Ile-Phe-
Glu(OtBu) -Lys {Boc) -Ala-Ala-Gln(Trt) -Gly-Glu (OtBu) -Leu-
Tyvr (tBu) -Ser {tBu) ~Ser {tBu}) -Val -Asp (OtBu) ~Ser (tBu) -

Thr (£tBu) ~Phe-Thr (£Bu) ~Gly-Glu (0tBu) ~Ala-His (Trt) (SEQ ID
NO:79) on a solid-phase resin.

[0223]

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 guch 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
(cig, 5 um}), ¢ 20 x 250 mm, gradient: A sclution: ©.1%
TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0
ml/min; 35 — 60%B, 20 min linear gradient] toc obtain a
31-regidue peptide wherein 34Lys of GLP-1 was substituted
with Arg (SEQ ID NO: 80).

[0224]

Synthesis Example 5

Synthesis of peptide wherein position 30 of exendin-4 was

substituted with Cys

A sclid-phase synthesis column was charged with

Rink-amide-PEGA resgin (100 umol) ({product of Merck) and

washed with DMF. Then, amino acids were sequentially



- 157 - SEQ ID NO 40 is oligosaccharide chain added G.P-1 peptide
represented by (a37). SEQ ID NO 41 is oligosaccharide chain added
GLP-'1 peptide represented by (a38). SEQ ID NO 42 is oligosaccharide
chai n added GLP-1 peptide represented-dy {a39). SEQID NO 43 is

ol i gosacchari de chain added GLP-1 peptide represented by (a40). SEQ
ID NO 44 is oligosaccharide chain added GLP-1 peptide represented by
(a41). condéSEd D MNQcdrdsnad iyiodacdimmeaiehcashoaddedl &iPed pepti de
represented by (a42). SEQ ID NO 46 is oligosaccharide chain added
GLP- 1 pepté=desndp asepit et byhdanl) . SEQ ID NO 47 is oligosaccharide
chain added GLP-1 peptide represented by (a44). . SEQID NO 48 is

ol i gosacchar i d&€héhaini nedded SGLP- P pepti) deavépre sehtasti ey U5 . SEQ

ID NO 49 is oligosaccharide chain added GLP-1 gept | de represented by
(a46) . protected with Fmoc group was disgsolved in 0.45 M

HCTU-HOBT/NMP {2.5 mmol), and the resulting mixture was
locaded to a solid-phase synthesis column. Subsequently,
0.9 M DIPEA/NMP (2.5 mmol} was added thereto. 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 to
sequentially condense amino acids.

Fmoc-Ser (tBu), Fmoc-Pro, Fmoc-~Pro, Fmoc-Pro, Fmoc-
Ala, Fmoc-Gly, Fmoc-Ser(tBu), Fmoc-Ser(tBu}, Fmoc-Pro,
Fmoc-Cys (Trt), Fmoc-Gly, Fmoc-Asn(Trt), Fmoc-Lys(Boc),
Fmoc-Leu, Fmoc-Trp{Boc}, Fmoc-Giu{OtBu), Fmoc-Ile, Fmoc-
Phe, PFmoc-Leu, Fmoc-Arg({Pbf), Fmoc-Val, Fmoc-Ala, Fmoc-
Gluv(CtBu), Fmoc-Glu{OtBu}, Fmoc-Glu(OtBu), Fmoc-Met,
Fmoc-Gin (Trt), Fmoc-Lys(Boc), Fmoc-Ser(tBu), Fmoc-Leu,
Fmoc-Asp (OtBu), Fmoc-Ser{tBu), Fmoc-Thr(tBu), Fmoc-Phe,
Fmoc-Thr (£Bu), Fmoc-Gly, Pmoc-Glu(OtBu), Fmoc-Gly and
Fmoc-His {Trt) were used as the amino acids protected by
Fmoc group to obtain a 39-residue peptide of Ser (tBu) -
Pro-Pro-Pro-Ala-Gly-Sexr (tBu) -Ser (tBu} -Pro-Cys{Trt) -Gly-
Asn(Trt) -Lys (Boc) -Leu-Trp (Boc) ~Glu(0OtBu) -Ile-Phe-Leu-
Arg (Pbf)-Val-Ala-Glu (0OtBu) -Glu(OtBu)} -Glu (OtBu} -Met -

Gln(Trt) -Lys (Boc) -Ser (tBu} -Leu-Asp (OLBu) -Ser {tBu) -



SEQ ID NO 50 is exendin-4. SEQ ID NO 51 is oligosaccharide chain
added-.exendi n-4 represented by the general fornmula (2). SEQID NO 52 is

Bl M51077. SEQ ID NO 53 is oligosaccharide chain added Bl M61077
represented by the general fornula (3}46 - 158 - SEQID NO 54 is
ol i gosacchari de chain added GLP-1 peptide represented by (bl). SEQ

ID NO 55 is oligosaccharide chain added GLP-1 peptide represented by (b2).
SEQ | D NO Ti6( t Bu o} Plg@saice hisgu dec That 1u autded) GEPyinpeprirde (eppesent ed by
(b3). SEQ ID NO 57 is oligosaccharide chain added G.P-1 peptide
represent ef0byg1b4dn a solid SH@dd NEF158 is ol i gosaccharide chain added
GLP-1 peptide represented by (b5). ) SEQ ID NO. 59 is oligosaccharide
chai n added GLRhE saptEided eesdsemped gy 8 peRtide formed thereon

wag partly taken in a solid-phase synthesis column.
Trifluorcacetic acid: water: TIPS (= 95: 2.5: 2.5) wag
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 sclution: 0.1%
TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0
ml/min; 35 — 60%B, 20 min linear gradient] to obtain a
39-residue peptide wherein 30Gly of Ex-4 was substituted
with Cys (MALDI TOF Mass calculated for [M+H]"' 4230.60,
found 4231.27) (SEQ ID NO: 82).

[0225]

Synthesis Example 6

Synthegis of peptide wherein pogition 26 of GLP-1

wasg substituted with Cys

A solid-phase synthesis column was charged with
Rink-Amido-PEGA resin {100 umol) (product of Merck) and
washed with DMF. Then, aminc acids were sequentially
cocndensed in accordance with the method shown below to
extend a peptide chain.

[0226]



SEQ ID NO 60 is oligosaccharide chain added GLP-1 peptide represented by
(b7) . SEQ ID NO 61 is oligosaccharide chain added GLP-1 peptide
represented by (b8). SEQ ID NO 62 is oligosaccharide chain added
GLP-1 peptide represented by (b9). - 147 ~SEQ ID NO 63 is oligosaccharide
chain added G.P-1 peptide represented by (bl0). SEQID NO 64 is

ol i gosacchari de chain added GLP-1 peptide represented by (bll). SEQ
I D NO 65 is oligosatelarddie: ctuaisn radded HahR-rlg peptamiend epragent ed by
(bl1l2). SEQ ID NO 66 is oligosaccharide chain added G.P-1 peptide
represent egrdoye¢thdd)with ABSc -group BEQIIDFNOLvEd is oligogaccharide chain
added exendi n-4 represented by (bl4). SEQID NGO 68 is

ol i gosacch&rT@BOoBAANHPadded BnhBELO77heepeeséhtiay byxthis) was SEQ | D NO

69 is 31l-residue peptide with protective groups synthesized in Exanple 1.
loaded to a solid-phase synthesis column. Subsequently,

0.9 M DIPEA/NMP (2.5 mmol} was added to the solid-phase
synthesis column. After stirring at room temperature for
20 minuteg, 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 performedto sequentially condense amino acids.
0227]

Fmoc- Arg{Pbf), Fmoc-Aminocisobutyric Acid(Aib),
Fmoc-Lys (Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Trp{(Boc), Fmoc-
Ala, Fmoc-Ile, Fmoc-Phe, Fmoc-Glu(OtBu)}, Fmoc-Cys(Trt),
Fmoc-Ala, Fmoc-Ala, Fmoc-Gln{Trt), Fmoc-Gly, Fmoc-
Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser{tBu), Fmoc-
Ser (tBu}, Fmoc-Val, Fmoc-Asp{OtBu), Fmoc-Ser(tBu), Fmoc-
Thr (tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-
Glu{otBu), Fmoc-Aib and Fmeoc-His (Trt) were used as the
amino acids protected by Fmoc group to obtain a 30-
residue peptide of Arg(Pbf) -Aib-Lys (Boc)-Val-Leu-
Trp{Boc) -Ala~Ile-Phe-Glu(0OtBu) ~-Cys (Trt) -Ala-Ala-Gln(Trt) -
Gly-Glu (OtBu) -Leu-Tyxr (tBu) -Ser {tBu) -Sexr (£Bu) -Val-
Asp{OtBu) ~Ser (tBu) -Thr {tBu) -Phe-Thr {(tBu} -Gly-Glu (0OtBu) -
Alb-His{Trt) (SEQ ID NO:83) on a solid-phase resin.

rg228]



SEQ ID NO 70 is 31l-residue peptide with protective groups synthesized in

Exanpl.e 2. SEQID NO 71 is 31l-residue peptide with protective groups
synt-hesi zed in Exanple 3. SEQ ID NO 72 is 31-residue peptide with
protective groups synthesized in Exanpt®& 4. SEQIDNO 73 is

31l-residue peptide with protective groups synthesized in Exanple 5.
SEQID NO 74 is 31-residue peptide with protective groups synthesized in
Conpar ati ve Examd epkbained reSHQ IHAWNQg 85 peth Bilad esded pepttdten Wi th
protective groups synthesized in Synthesis Exanple 2. SEQ ID NO 76
is 31-resigue peptlyetsyat hiosi zesblid -SimidressgntEraspbec@lumn. SEQ I D NO
77 is 31l-residue peptide with protective groups synthesized in Synthesis
Exanpl e 3.TrifluSR@dErNOag8li swBler esSTIRRe pepfbde2synt ReSi zedsin

Synthesis Exanple 3. SEQID NO 79 is 31-residue peptide with protective -
160 - added such that the resin was thoroughly socaked and

stirred at room temperature for 3 hours. The resgin 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 watexr, B solution: 0.09% TFA/10% water/90% AN 8.0
ml/min; 35 — 60%B, 20 min linear gradient] to obtain 12
mg of a 30-residue peptide wherein 26Lys of BIM51077 was
substituted with Cys (MALDI TOF Mass calculated for M
(average) +H] " 3315.69, found 3314.72) (SEQ ID NO: 84).
[0229]

The oligosaccharide chain added GLP-1 peptides
produced in each Example above are oligosaccharide chain
added GLP-1 peptides having the sequence of
His,;~Alag-Glug~Gly,o-Thry;-Phe;»-Thryy-Ser,,~Asp;s-Val ;s-Ser; ;-
Serig-Tyris-Leuzs-Glus -Gly,-Gln,;~Alag, -Alagzs-Liysre-Glugy -
Phesg-Tleys-Alasy-Trpa;-Leu;;-Val-Ly S, -Gly s -Args-Glys,
(SEQ ID NO: 2, GLP-1) wherein:

{(bl) 26Lys and 34Lys are each substituted with
disialo oligosaccharide chain added Cys (Example 1) (SEQ

ID NO: 54);



SEQ ID NO 80 is 31l-residue peptide synthesized in Synthesis Exanple 4.
SEQ D NO 81 is 39-residue peptide with protective groups synthesized in

Synt'hesi s Exanpl e 5. SEQ ID NO 82 is 39-residue peptide synthesized
in Synthesis Exanple 5. SEQ IDMNJ 83 is 30-residue peptide with
protective groups synthesized in Synthesis Exanple 6. SEQ I D NO. 84

is 30-residue peptide synthesized in Synthesis Exanple 6. | NDUSTRI AL
APPLI CABI LI TY [@237]18Ser aHie ymresenire reeht isatbgiovides artiol i gosacchari de
chain added G.P-1 peptide that has higher stability in blood than that of
GLP-1 and,djsefler abl igosadutmitsidi giwim agldad tgyef (Eomtpde | 2 hg{ $E®od- sugar

| evel s than that of G.P-1. The present invention is useful particularly in
phar maceut¥2afof i®d)d. MCSLLP - 161 - CLAIMS

(b3) 22Gly and 30Ala are each substituted with
disialc cligosaccharide chain added Cys (Example 3) (SEQ

ID NQO: 56);

(b4) 22G1ly and 36Arg are each substituted with
disialo oligosaccharide chain added Cys (Example 4) {SEQ

ID NO: 57);

(b5) 30Ala and 36Arg are each substituted with
disialo oligosaccharide chain added Cys (Example 5) (SEQ
ID NO: 58);

(b6) 30Ala is substituted with hyaluronic acid
tetrasaccharide (HA-4) added Cys (Example 6) (SEQ ID NO:
59);

(b7} 30Ala is substituted with hyaluronic acid

octasaccharide (HA-8) added Cys {(Example 7) (SEQ ID NO:

60) ;

{p8) 36Arg is substituted with hyaluronic acid
tetrasaccharide (HA-4) added Cys {Example 8) (SEQ ID NO:
1) ;

(b9) 36Arg is substituted with hyaluronic acid
octasaccharide (HA-8) added Cys (Example 9) (SEQ ID NO:
62) ;

(b10) 30Ala is substituted with hyalurcnic acid
hexadecasaccharide (HA-16) added Cyg (Example 10) (SEQ ID

NO: 63} ;



[1] An oligosaccharide chain added G.P-1 peptide, which is (a) an

ol i gosacchar de chain added GLP-1 peptide, wherein at |east two am no acids
of G.P-1'are each substituted with an oligosacchari de chain added am no
acid and each of the substituted sites°?s selected fromthe group
consisting of positions 18, 22, 26, 30, 34 and 36 of G.P-1; or (b)
an ol i gosacchari de chain added G.P-1 peptide having the am no acid sequence
of the oligosaci¢hani deszahaiin adied iGLR<cE pepii deyadefroredt iavid) with

del etion, substitution or addition of one or several am no acids except the
ol i gosacchaexalie cird qvlteddiste afimd @ciadkled Cys Wherephe ebth 03EQalll

ol i gosaccharide chain is independently a biantennary conpl ex-type

ol i gosaccH¥? i detlchai n; and sai d oligosaccharide chain added GLP-1

pepti de exhibits 80% of a bl ood sugar |evel obtained by GLP-1
admi ni stration (&2 oREAT FniéN SHEES RS0 Vi Ruteg PN fgiRfcose

adm nistratjon in T (Oal_dugcose Tol e ce Test);.and_ a -life of
Sa 0 of | GECHEER G T ik P A G (FARP 33 shrt B s at
least 2 tiyes higher than the half-life of G.P-1, wherein GLP-1 neans
gl ucagon-I'i ke pezp’ti des 1. [2] The oligosaccharide chain added GLP-1 peptide

according to C@hAy 1agWhgbein ;§akdceuast khubed 131 tegides nMC3lLP
linked to 26Lys via a linker (Example 13) (SEQ ID NO: 66),
and
are also

{(bl4) an oligosaccharide chain added GLP-1 peptide
having the seqguence of
H-His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gin-
Met-Glu-Glu-Glu-Ala-vVal-Arg-Leu~Phe~Ile-Glu-Trp-Leu-Lys-
Asn-Gly-Gly-Pro-Ser-8er-Gly-Ala-Pro-Pro-Pro-Ser-NH; (SEQ
ID NO: 50, exendin-4} wherein

30Gly is substituted with disialo oligosaccharide
chain added Cys (Example 14) (SEQ ID NO: 67);

(b15) an oligosaccharide chain added GLP-~1 peptide
having the sequence of
Hig-R2-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-
Glu~Gly-Gin-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-
R2-Arg-NH, wherein R2 represents o-methylalanine (SEQ ID
NC: 52, BIM51077) wherein

26Lys is substituted with disialo oligosaccharide

chain added Cys {(Example 15} (SEQ ID NO: 68); and



- 162 - selected fromthe group consisting of positions 18, 22, 30, and 36
of G.P-1. [3] The oligosaccharide chain added G.P-1 peptide according to
Claimil or 2, wherein each of said oligosaccharide chains is selected from
the group consisting of disialo, nonos?alo, asialo, didoNAc and di mannose
ol i gosaccharide chain. [4] The oligosacchari de chain added G.LP-1 peptide
according to any one of Clains 1 to 3, wherein each of said oligosaccharide
chains is indepgsmentdy ¢epresenited: hie tdie ifrol Aeaéagcipr nubapt{&for nul a 1]
wherein R and R2 are the sane or different and each represents - 163 -
having the sequence of exendin-4 (SEQ ID NO: 50) wherein

30Gly is substituted with high-mannose type
oligosaccharide chain (M3} added Cys {Example 16).

Some of the peptides of Examples 1 to 15 were
subjected to Test Examples 1 and/or 2 below.
[0230C]

Test Example 1 (Test of resistance to dipeptidyl

peptidase IV {DPP-1IV))

17.7 nmol of the oligosaccharide chain added GLP-1
peptide prepared in each Example 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
gsolution mixture wasg adjusted with 100 mM sodium
phosphate buffer to 100 ul in total and allowed to react
at 37°C. A 10 pl aliquot of the reaction solution was
mixed with 15 pl of 10% triflucroacetic acid prepared in
advance in ancther Eppendorf tube. 20 ul therecf was
injected into HPLC to monitor complete consumption of raw
materials ({(HPLC conditions: column: SHISEIDO CAPCELPAK
C18 UG120, ¢ 4.6 x 250 mm, developing solvent A: 0.1%
aqueous TFA solution, developing solvent B: 0.09% TFA
acetonitrile/water = 90/10, gradient A/B=65/30 — 30/60,
20 min, flow rate: 0.7 ml/min). The half-1ife (t1/2),
Which serves as an index for resistance to DPP-IV, of the

GLP-1 without oligosaccharide chain addition of



[ Formul a 2] HOOF ackiHC AHd) "D 2-e H and

- 152 -

Comparative Example 1 was defined as a standard (= 1). A
typical value evaluated on the oligosaccharide chain

added GLP-1 peptide of each Example is shown in Table 6.

[0231]
[Table 6]
Compound ﬁgé?stégice

Example 1 | 26,84Cys GLP-1 -disialo 23.6
Example 2 18,38Cys GLP-1-distalo 128.6
Example 3 22,30Cys GLP 1 -disiale 825
Example 4 22, 368(lys GLP 1 disiale 22.5
Example 5 | 30,36Cys GLP-1-disiale 135
Example 6 30Cys GLP-1-HA4 2.1
Example 7 30Cys GLP-1-HA-8 8.4
Example 8 86Cys GLP-1-TTA4 2.2
Example 9 88Cys GLP-1"HA8 3
HExample 10 | 80Cys GLP'1-HA'18 3.9
Example 11 | 86Cys GLP-1-HA18 3
Example 13 | 261ys GLP U linkerasialo 5.7

[0232]

The cligosaccharide chain added GLP-1 peptide of
each Example exhibited DPP-IV registance 2.1 to 128 times
that of the GLP-1 of Comparative Example 1.

[6233]

Test Example 2 (Oral Glucose Tolerance Test (OGTT))

A PBS sgolution of the oligogaccharide chain added
GLP-1 peptide prepared in each Example or the GLP-1

prepared in Comparative Example 1 was intraperitoneally



Ac represents an acetyl group. [5] The oligosaccharide chain added GLP-1
peptide according to any one of Clains 1 to 4, wherein said oligosaccharide
chain is substantially uniform [6] The oligosaccharide chain added G.P-1
peptide according to any one of Carnk>31 to 5, wherein each of said
cligosaccharide chains is a disialo oligosaccharide chain. [7] The

ol i gosacchari de chain added G.P-1 peptide according to any one of Clains 1

and 3 to Gaamheiet8ral heastaty® M NY AC/Ks eb GtPel/ahgcsuhstituted with
an ol igosaccharide chain added am no acid at positions 18 and 36, positions

26 and 34, {posidélonsi@? matke B30faposd towssn2P2hand Bf;e0r3 paosidutons, 30 and 36
of GLP-1. [8] The oligosaccharide chain added G.P-1 peptide according to
any one ofaCGihirssd $oldiioherad mmtlleaxinimbsharad aci dsdofeGrP-1 are
substituted with an MCSLLP - 169 - oligosaccharide chain added am no acid
at positi dfs/46 &EI®oZ6 vasosictilensem fanm She pushitisorke irearidie36, or
positions 30 and 36_of G.P-1., [9] The oljgosaccharide chain added G.P-1
pepti de actioteR TRy FHNLHS Ot G m® M HBHBES whe? SR HRdFe and e Befd of
GLP-1 is substituted with an .oligosaccharide chain added am no acid at

posi ti ons 22 Ertf ;O 9% l 2 6ot E- 1. 51Ot e _
Co 6 ahorals adibist T oI bOEaeRn e Rar it A acid is
i ndependent|.y.an ol d gosageharide  ghah i ;added AR ANY g ql igosacchari de
chai n added C%/s.

In the drawings below, for example, "26,34Cys GLP-1-

disialo", which is an oligosaccharide chain added GLP-1

peptide wherein amino acids at positions 26 and 34 of

GLP-1 are each substituted with disialo oligosaccharide

chain added Cys, 1is referred to as "C26,C34", if

necesgary. The same holds true for other oligosaccharide

chains and amino acid sites.

[0234]

Next, 18,36Cys GLP-1-disialo and GLP-1 were

evaluated by OGTT using doses of 1/10 (0.9 nmol/kg) and 9

nmol/kg, respectively, and compared. The results are

shown in FIG. 5.

[0235]

The 18,36Cys GLP-1-disialo administered at a dose of

0.9 nmol/kg exhibited almost equal effect of suppressing

rise in blood-sugar levels to that of GLP-1 adminigtered

at a dose of 9 nmol/kg. The 18,36Cys GLP-1l-disialc had

the effect of suppressing rise in blood-sugar levels

about 10 times that of GLP-1.



[ 11] The ol i gosacchari de chain added G.P-1 peptide according to any one of
Clainms 1 to 10, having the follow ng properties: higher stability in blood
than that of G.P-1; activity of controlling bl ood-sugar |levels at |east 10
times that of GLP-1 in OGIT (Oral G ukbbse Tol erance Test); and a half-life
in a DPP-1V solution is at |least 20 tines higher than the half-life of
GP-1. [12] The ol i gosaccharide chain added G.P-1 peptide according to
anyone of Ghzieps 1 to 11, wherein a half-life in a DPP-1V solution is at

| east 30 tinmes higher than the half-life of GLP-1. MCSLLP - 165 - [13] An

ol i gosaccheedquienodal. is adade dFf&4P-Tlexpept | de, wherein at | east one am no acid
is substituted with an oligosaccharide chain added am no acid, in
(a) GP-1; SEQ (Ip) N :pdptiisde lhigvisagchise 1am rdhadol ddiafudiide lof GLP1 with
del etion, substitution or addition of one or several am no acids; or
(c) a GLP-RERnfd®gepresented by the general formuia (1).

SEQ ID NO: 2 is GLP-1 (7-37).

SEQ ID NO: 2 is GLP-1 (7-36) NH,.

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 (az2).

SEQ ID NO: 6 is oligosaccharide chain added GLP-1

peptide represented by (a3).

SEQ ID NO: 7 is oligosaccharide chain added GLP-1

peptide represented by (a4).

SEQ ID NO: 8 is oligosaccharide chain added GLP-1

peptide represented by (a5).

SEQ ID NO: 9 is oligosaccharide chain added GLP-1

peptide represented by (a6).

SEQ ID NO: 10 is oligosaccharide chain added GLP-1

peptide represented by (a7).

SEQ ID NO: 11 is oligosaccharide chain added GLP-1

peptide represented by (a8).

SEQ ID NO: 12 is oligosaccharide chain added GLP-1

peptide represented by (a9).

SEQ ID NO: 13 is cligosaccharide chain added GLP-1I

peptide represented by (all).



and said oligosaccharide chain added GLP-1 peptide exhibits 80% of a bl ood
sugar-.| evel obtained by GLP-1 admi nistration or |ower, when neasured 30

m nutes after the glucose administration in OGIT (Oral d ucose Tol erance
Test); and a half-life of said oligoskeTharide chain added GLP-1 peptide in
a DPP-1V solution is at least 2 tines higher than the half-life of G.P-1;
sai d oligosaccharide chain is oligo hyaluronic acid; said oligo hyaluronic
acid is an ol i gngaccha deahal miladsRg chattield asacthaiddle) @rpmore and 8
(hexadecasaccharide) or less of units each consisting of

N acet yl gl pepiskie mee@mes gh tuedirioni ) d, wherein G.P-1 neans

gl ucagon-1i ke peptide-1. [14] An oligosaccharide chain added G.LP-1 pepti de,
wherein at | easEQA® & :nd Sacisd dls gosesciaatict: wilidil maddddsiaechari de
chain added amno acid, in (a) GP-1; or MCSLLP - 166 - (b) a

pepti de mﬁﬁﬁﬁf@@m¥%ﬁﬁ%ﬁﬁQﬁﬁQi%@qﬁ%ﬁ@e of GLP1 with deletion, substitution
or addition of one _or _several, am.no aC|d§86and sai d olkgosaccharlde chain

added GLP-1 peﬁtEleé[ Do bitts 1§05 36F &hady &5t dlfed by aLP-1
adm ni strati r | ower %9 ;ﬁd 30 mnutes after the gl ucose
adnlnlstréf?on |1%§§FF%§§ (E%m Tol erance Test); and a half-life of

sai d ol igosacc adde i ion is at

| east 2 times %%gh ﬁ% ﬁphg%hgﬁgﬁﬁ %CEE @% f%%%#?%§§%§‘%ﬁﬁEBSaccharlde
chain is gld Egﬂ&yqléﬂm&%q) and 48ai d oligo hyaluronic acid is an

ol i gosacchari de chain having 2 (tetrasaccharlde) or nore and 8
(hexadecasacchgkpdeh an:| e8s ief olAgbsaeathreaRsichbiifg atfded cLP-1

N-acet yl gl ucosam ne and gl ucuroni ¢ acid,
peptide represented by (alsk).

SEQ ID NO: 19 is oligosaccharide chain added GLP-1

peptide represented by (alé)

SEQ ID NO: 20 is oligosaccharide chain added GLP-1

peptide represented by (al7}.

SEQ ID NO: 21 is oligosaccharide chain added GLP-1

peptide represented by {(als8).

SEQ ID NO: 22 1is oligosaccharide chain added GLP-1

peptide represented by (al9).

SEQ ID NO: 23 is oligosaccharide chain added GLP-1

peptide represented by (a20).

SEQ ID NO: 24 1is oligosaccharide chain added GLP-1

peptide represented by (a2l).

SEQ ID NO: 25 is oligosaccharide chain added GLP-1

peptide represented by {(a22).

SEQ ID NO: 26 ig oligosaccharide chain added GLP-1

peptide represented by (a23).



wherein GLP-1 neans gl ucagon-like peptide-1. [15] The oligosacchari de
chai n..added GLP-1 peptide according to Caim13 or 14 wherein said oligo
hyaluronlc acid is an oligosaccharide chain having 2 (tetrasaccharide) of
units each consisting of Nacetyl gl ucos3fihe and glucuronic acid. [16] The
ol i gosacchari de chain added GLP-1 peptide according to any one of Clains 13
to 15, wherein said oligosaccharide chain added amno acid is

ol i gosacchari desgtham reddet GQes.ol iMcSladehatliAe Athaol ik goddet enp-de chain
added GLP-1 peptide, wherein at |east one amno acid is substi tuted with an
ol i gosaccpepuede hepr egee@bnolad d, in (a) GP-1 (b) a
peptide having the am no acid sequence of GLP1 with deletlon substitution
or addition of Sie 1 Nevefalisamligosgicehargde chain (agded &I®-1 anal 0g,
and in said oligosacchari de chain added am no acid, the oligosaccharide

chain is IR§RE? oS BRERA &Y d3AY a
SEQ ID NC: 29 is oligosaccharide chain added GLP-1

peprtide represented by (a26}).

SEQ ID NO: 30 is oligosaccharide chain added GLP-1

peptide represented by {(a27).

SEQ ID NO: 31 is oligosaccharide chain added GLP-1

peptide represented by (a28}.

SEQ ID NO: 32 is oligosaccharide chain added GLP-1

peptide represented by (az29).

SEQ ID NO: 33 ig oligosaccharide chain added GLP-1

peptide represented by (a30).

SEQ ID NO: 34 is oligosaccharide chain added GLP-1

peptide represented by (a3l).

SEQ ID NO: 35 is oligosaccharide chain added GLP-2

peptide represented by (a32).

SEQ ID NO: 36 is oligosaccharide chain added GLP-1

peptide represented by (a33).

SEQ ID NO: 37 is oligosaccharide chain added GLP-1

peptide represented by (a34).

SEQ ID NO: 38 is oligosaccharide chain added GLP-1

peptide represented by {(a3s).

SEQ ID NO: 39 ig oligosaccharide chain added GLP-1

peptide represented by (a36).



| i nker; and the am no acid bound to said linker is Lys; and said
ol i gosacchari de chain added GLP-1 peptide exhibits 80% of a bl ood sugar
| evel ‘obtained by GLP-1 admi nistration or |ower, when neasured 30 m nutes
after the glucose adnministration in  GAT {Oral d ucose Tol erance Test); and
a half-life of said oligosaccharide chain added G.P-1 peptide in a DPP-1V
solution is at least 2 times higher than the half-life of G.P-1,
wherei n GLP-1 mamnsigingcagon-ild ka ipepiacderatri dd 8haih dd@asaachar i de chain
added G.?-1 peptide, wherein at |east one amno acid is substituted with an
ol i gosaccheeptde heepradeecedibno(axid, in (a) G.P-1; or MCSLLP - 168 -
(b) a peptide having the am no acid sequence of GLP1 with deletion,
substitution oSEQdD Ngn dfl dise drigcerecilhradaclacinsddad GIP <ai d
ol i gosacchari de chain added am no acid, the

peptide represented by (a38).

SEQ ID NO: 42 is oligogaccharide chain added GLP-1
peptide represented by (a39}.

SEQ ID NO: 43 is oligosaccharide chain added GLP-1
peptide represented by (a40).

SEQ ID NO: 44 is oligosaccharide chain added GLP-1
peptide represented by {(a4l}.

SEQ ID NO: 45 igs oligosaccharide chain added GLP-1

peptide represented by (a42).

SEQ ID NO: 46 ig oligosaccharide chain added GLP-1
peptide represented by (a43).

SEQ ID NO: 47 is oligosaccharide chain added GLP-1
peptide represented by (a44d).

SEQ ID NO: 48 is oligosaccharide chain added GLP-1

peptide represented by (a45).

SEQ ID NO: 49 is oligosaccharide chain added GLP-1
preptide represented by (a46).

SEQ ID NO: 50 is exendin-4.

SEQ ID NO: 51 is oligosaccharide chain added
exendin-4 represented by the general formula (2).

SEQ ID NO: 52 is BIMGS1077.

SEQ ID NO: 53 ig oligosaccharide chain added

BIM51077 represented by the general formula (3).



ol i gosaccharide chain is linked to the amno acid via a |linker; and the

am no.acid bound to said Iinker is Lys; and said oligosaccharide chain
added ‘GLP-1 peptide exhibits 80% of a bl ood sugar |evel obtained by GLP-4
admi ni stration or |ower, when neasured”80 minutes after the glucose
admnistration in OGIT (Oral d ucose Tol erance Test); and a half-life of
sai d oligosaccharide chain added GLP-1 peptide in a DPP-1V solution is at

|l east 2 times hRgham twan she shallfiddsee: odfar@de lohahereideGdsd- neans

gl ucagon-1li ke peptide-1. [19) The oligosaccharide chain added G.P-1

pepti de aceardidyg tepGaamdd y {I6]) wherein said |inker contains an am no
acid at the term nal bound to said oligosaccharide chain. [20) The

ol i gosacchar i dSEhdith ¥Mddé§ dsPol iggsEicddeadcsy ditmgint eddedd LD, 1 wher ei n
the amno acid contained in said |linker is Asn. [21] The oligosacchari de
chai n adde&rritiia SRR EFW RPto any one of daims 17 to 20, wherein
the ol i gosaccharide _chain is substantially ynjform,K MCSUP - 169 - [22)
The ol i gosacchafdéPchi%in *4ddEd @ llgpfaﬁé’ﬁf"'ir&geac?gw RGeS &F dne of
clainms 1 to as_a nedi qcflr%gjt é 3] A pharmaceutical conposition

conpri si nd THe- Bt I JoracTHAr i e hdi T added GLP-1 peptide according to any
one of Cains Liho.21,8% 39 36! LY gbRaredhertand. A Yenf.prdlen excipient.

peptide represented by (b4).

1,

SEQ ID NO: 58 is oligosaccharide chain added GLP-1

peptide represented by (b5).

SEQ ID NO: 59 is oligosaccharide chain added GLP-1

peptide represented by (b6).

SEQ ID NO: 60 is oligosaccharide chain added GLP-1

peptide represented by (b7}.

SEQ ID NO: 61 is oligosaccharide chain added GLP-1

peptide represented by (b8).

SEQ ID NO: 62 is oligosaccharide chain added GLP-1

peptide represented by (b9).

SEQ ID NO: 63 is coligosaccharide chain added GLP-1

peptide represented by (bl0).

SEQ ID NO: 64 is oligosaccharide chain added GLP-1

peptide represented by (bll).

SEQ ID NC: 65 is oligosaccharide chain added GLP-1

peptide represented by (bl2).

SEQ ID NO: 66 is oligosaccharide chain added GLP-1

peptide represented by (bl3).



[ 24] The ol i gosacchari de chain added GLP-1 peptide according to any one of
Clains 1 to 21 or the pharmaceutical conposition according to Claim23 for
treating or preventing di sease associated with G.P-1 . [25] The

ol i gosaccharide chain added GLP-1 pept?fle or the pharnmaceutical conposition
according to Claim 24, wherein said disease associated with G.P-1 is

di abet es. [ 26] The ol i gosaccharide chain added G.P-1 peptide according to
any one of C aigmy IId @ic22,6 24 sanrd i2fweic diie iphar siecontadddd conposi ti on
according to any one of Clainms 23 to 25; for use in a nethod for treating
or preventéxgnaimi$ecosprassooedatizd (Wi GP- 1.

SEQ ID NO: 68 is oligosaccharide chain added
BIM51077 represented by (bl5).

SEQ ID NO: 69 1is 3l-residue peptide with protective
groups synthesized in Example 1.

SEQ ID NO: 70 is 31-residue peptide with protective
groups synthesized in Example 2.

SEQ ID NO: 71 is 3l-residue peptide with protective
groups synthesized in Example 3.

SEQ ID NO: 72 is 3l-residue peptide with protective
groups synthesized in Example 4.

SEQ ID NO: 73 ig 3l-residue peptide with protective
groups synthesized in Example 5.

SEQ ID NO: 74 is 31l-residue peptide with protective
groups synthegized in Comparative Example 1.

SEQ ID NO: 75 is 3l-residue peptide with protective
groups synthesized in Synthesis Example 2.

SEQ ID NO: 76 1is 3l-residue peptide synthesized in
Synthesis Example 2.

SEQ ID NO: 77 is 3l-residue peptide with protective
groups synthesgized in Synthesis Example 3.

SEQ ID NO: 78 is 31l-residue peptide gynthesized in
Synthesis Example 3.

SEQ ID NO: 79 is 31-residue peptide with protective

groups synthesized in Synthesis Example 4.
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SEQ ID NO: 80 is 31l-residue peptide synthesized in
Synthesis Example 4.

SEQ ID NO: 81 is 39-residue peptide with protective
groups synthesized in Synthesis Example 5.

SEQ ID NO: 82 is 39-residue peptide gynthesized in
Synthesis Example 5.

SEQ ID NO: 83 is 30-residue peptide with protective
groups synthesized in Synthesis Example 6.

SEQ ID NO: 84 is 30-residue peptide synthesized in
Synthesis Example 6.

INDUSTRIAL APPLICABILITY
[0237]

The presgent invention provides an oligosaccharide
chain added GLP-1 peptide that has higher stability in
blood than that of GLP-1 and, preferabkly, exhibits higher
activity of controlling blood-sugar levels than that of

GLP-1. The pregent invention is useful particularly in

pharmaceutical field.



MCSLLP

- 1el -

CLRIMS
f1] An oligosaccharide chain added GLP-1 peptide, which
is

(a) an oligosaccharide chain added GLP-1 peptide,
wherein at least two aminc acids of GLP-1 are each
substituted with an oligosaccharide chain added amino
acid and each of the substituted sites is selected from
the group consisting of positions 18, 22, 26, 30, 34 and
36 of GLF-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,
substitution or addition of one or several amino acids
except the oligosaccharide chain added amino acids;

wherein each of said cligosaccharide chain is

independently a bilantennary complex-type oligosaccharide

chain; and
said oligocsaccharide chain added GLP-1 peptide
exhibits 80% of a blood sugar level obtained by GLP-1

administration or lower, when measured 30 minutes after

the glucose administration in OGTT (Oral Glucose

Tolerance Test); and a half-life of said cligosaccharide

chain added GLP-1 peptide in a DPP-IV sclution is at

least 2 times higher than the half-life of GLP-1,
wherein GLP-1 means glucagon-like peptide-1.

{21 The oligcsaccharide chain added GLP-1 peptide

according to Claim 1, wherein said substituted sites is
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selected from the group consisting of positions 18, 22,

30, and 36 of GLP-1.

[3] The oligosaccharidé chain added GLP-1 peptide

zccording to Claim 1 or 2, wherein each of said

_ sligosaccharide chains is selected from the group

consisting of disialo, monosialo, asialo, diGlcNac and

dimannose oligosaccharide chain.
[4] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 3, wherein each of

said oligosaccharide chains is independently represented

by the following formula:

[Formula 1]}
Ri
i
H

Q\H

_OH

HO
HAC

wherein

2! and R® are the same or different and each

represents
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fFormula 2]

and
Ac represents an acetyl group.
[5] The oligosaccharide chain added GLP-1 peptide

according to any one of Cclaims 1 to 4, wherein said

ocligosaccharide chain is substantially uniform.
[6] The oligosaccharide chain added GLP-1 peptide

accoiding to any one of Claims 1 to %, wherein each of

said oligosaccharide chains is a disialo oligosaccharide

chain.
[7] The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 1 and 3 to 6, wherein at

least two amino acids of GLP-1 are substituted with an

oligosaccharide chain added amino acid at positions 18

and 36, positions 26 and 34, positions 22 and 30,

positions 22 and 36, or positions 30 and 36 of GLP-1l.

8} The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 1 to 7, wherein at least

two amino acids of GLP~1 are substituted with an
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oligosaccharide chain added amino acid at positicns 18
and 36, positions 22 and 30, positions 22 and 36, or
positions 30 and 36 of GLP-1.

[9] The oligcsaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 8, wherein an amino

acid of GLP-1 is substituted with an oligcsaccharide

chain added amino acid at positions 22 and 30, or
positions 22 and 36 of GLP-1.

[10] The oligosaccharide chain added GLP-1 peptide
according to any one of Cleaims 1 to 9, wherein each of
the oligosaccharide chain added amino acid is
independently an ocligosaccharide chain added Asn and/or
an oligosaccharide chain added Cys.

f11] The oligosaccharide chain added GLP-1 peptide
according to ény_one of Claims 1 to 10, having the
following properties:

higher stability in blood than that of GLP-1;

activity of controlling blood-sugar levels at lesast 10
times that of GLP-1 in OGTT (Oral Glucose Tolerance

Test}; and

a half-life in a DPP-IV solution is at least 20 times

higher than the half-life of GLP-1.
[12] The oligosaccharide chain added GLP-1 peptide
according to -any one of Claims 1 to 11, wherein a half-

1ife in a DPP-IV solution is at least 30 times higher

than the half-1life of GLP-1.
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[13] An oligcsaccharide chain added GLP-1 peptide,
wherein at least one amino acid is substituted with an
oligosaccharide chain added amine acid, in

{a) GLP-1;

(b} a peptide having the amino acid seguence of GLP-

1 with deletion, substitution or addition of one or

several amino acids; or

{c) a GLP-1 analog,

and said oligosaccharide chain added GLP-1 peptide
exhibits 80% of a blood sugar level obtained by GLP-1
administraticn or lower, when measured 30 minutes after

the glucose administration in COGTT {Oral Glucecse
Tolerance Test); and a half-life of said oligosaccharide
chain added GLP-1 peptide in a DPP-IV solution is at
least 2 times higher than the half-life of GLP-1; -
said oligosaccharide chain is oligo hyaluronic acid;
said oligo hyaluronic acid is an oligosaccharide chain
having 2 (tetrasaccharide)'or more and 8
{hexadecasaccharide) or less of units each consisting of
N-acetylglucosamine and glucuronic acid, |
wherein GLP-1 means glucagon-like peptide-1.
1141 An oligosaccharide chain added GLP-1 peptide,
wherein at least one amine acid is substituted with an

oligosaccharide chain added amino acid, in

ta) GLP-1: or
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(b) a peptide having the amino acid segquence of GLP-

1 with deletion, substitution or addition of one or

several aminoc acids;

and said oligosaccharide chain added GLP-1 peptide

exhibits B80% of a blood sugar level obtained by GLP-1

administration or lower, when measured 30 minutes after

the glucocse administration in OGTT ({(Cral Glucose

Tolerance Test); and & half-life of said oligosaccharide

chain added GLP-1 peptide in a DPP-IV solution is at

least 2 times higher than the half-life of GLP-1;

and said cligosaccharide chain is clige hyaluronic acid;

and said oligo hyaluronic acid is an oligosaccharide

chain having 2 (tetrasaccharide)} or more and 8

(hexadecasaccharide} or less of units each consisting of

N-acetylglucosamine and glucuronic acid,
wherein GLP-1 means glucagon=-like peptide-1.
[15] The oligosaccharide chain added GLP-1 peptide

according to Claim 13 or 14 wherein said olige hyaluronic

acid is an oligosaccharide chain having 2

(tetrasaccharide) of units each consisting of N-

acetylglucosamine and glucurconic acid.
[16] The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 13 to 15, wherein said

oligosaccharide chain added amino acid 1is oligosaccharide

chain added Cys.
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[17] An oligosaccharide chain added GLP-1 peptide,
wherein at least one aminc acid is substituted with an
oligosaccharide chain added amino acid, in

(a) GLP-1;

{b) a peptide having the amino acid segquence of GLP-

1 with deleticon, substitution or addition of one or

several amino acids; or

(c) & GLP-1 analog,
and
in said oligosaccharide chain added amino acid, the
oligosaccharide chain is linked to the amino acid via a
linker;
and the amino acid bound to said linker is Lys;
and said oligosaccharide chain added GLP-1 peptide
exhibits 80% of a blood sugar level obtained by GLP-1

administration or lower, when measured 30 minutes after

the glucose administration in OGTT (Oral Glucose

molerance Test):; and a half-life of said oligosaccharide

chain added GLP-1 peptide in a DPP-IV solution is at

least 2 times higherrthan the half-life of GLP-1,
wherein GLP-1 means glucagcn-like peptide-1.

[18] An oligosaccharide chain added GLP-1 peptide,

wherein at least one amino acid 1is substiﬁut@d with an

ocligosaccharide chain added amino acid, in

{3) GLP-1; or
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(b} a peptide having the amino acid sequence of GLP-

1 with deletion, substitution or addition of cne or

several amino acids,
and
in said oligosaccharide chain added amino acid, the

ocligosaccharide chain is linked to the aminc acid via a

linker;

and the amino acid bound to said linker is Lys;
and said oligosaccharide chain added GLP-1 peptide

exhibits 80% of a blood sugar level obtained by GLP-1

administration or lower, when measured 30 minutes after
the glucose administcration in OGTT {Orazl Glucose

Tolerance Test); and a half~1life of said oligosaccharide

chain added GLP-1 peptide in a DeP-IV soluticn 1is at

least 2 times higher than the half-life of GLP-1,
wherein GLP-1 means glucagon-like peptide-1.

18} The oligosaccharide chain added GLP-1 peptide

according to Claim 17 or 18, wherein said linker contains

an amino acid at +he terminal bound to said

cligosaccharide chain.
(201 The oligosaccharide chain added GLP-1 peptide

according to Claim 19, wherein the amino acid contained

in said linker is Asn.

[21] The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 17 te 20, wherein the

oligosaccharide chain 1is substantially uniform.
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{22) The oligosaccharide chain added GLP-1 peptide
according teo any one of claims 1 to 21, as a medicament.
[237 A pharmaceutical composition comprising the
cligosaccharide chain added GLP~1 peptide according to
any one of Claims 1 to 21 as an active ingredient and
diluent and/or excipient.

[24] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 21 or the
pharmaceutical composition according to Claim 23 for
treating or preventing disease associated with GLP-=1.

[25] The oligosaccharide chain added GLP-1 peptide or the
pharmaceutical compositicn according to Claim 24, wherein
said disease associated with GLP-1 is diabetes.

[26] The cligosaccharide chain added GLP-1 peptide

according to any one of Claims 1 to 22, 24 and 25 or the

pharmaceutical composition according to any one of Claims

23 to 25; for use in a method for treating or preventing a

disease associated with GLE-1.



