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Glucagon-Like Peptide 1 (GLP-1) is a 37 amino acid
peptide that is secreted by the L-cells of the intestine in
response to food ingestion. It has been found to stimulate
insulin secretion (insulinotropic action), thereby causing
glucose uptake by cells and decreased serum glucose levels

(see, e g., Mojsov, 8., Int. J. Peptide Protein Research,
40:333-343 (1992}). However, GLP-1(1-37) is poorly active
and attention has been focused on truncated analogs,
referred to as GLP compounds, which are biologically much
more potent than GLP-~1. Examplés include GLP-1{7-37), GLP-
1(7-36)NHp, Gly8-GLP-1(7-37)0H and Ser34-GLP-1(7-37)O0H.
Because of their ability to stimulate insulin secretion, GLP
compounds show great promise as agents for the treatment of
diabetes, obesity, and related conditions.

GLP-1 compounds can exist in at least two different
forms. The first form is physiologically active and
dissolves readily in. aqueous solution at physiological pH
(7-4). 1In contrast, the second form has little or no

insulinotropic activity and is substantially insoluble in

30

water at pH 7.4. Unfortunately, the inactive form is
readily produced when aqueous GLP-1 solutions are agitated,

exposed to hydrophobic surfaces or have large air/water
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form than currently available GLP-1 compounds.

-15 : It has now been found that a number of GLP-1 analogs
with modifications at one or-more of the following
positions: 11, 12, 1le, 22, 23, 24, 26, 27, 30, 33, 34, 35,
36 or 37, show markedly decreased propensity to aggregate
compared with GLP-1(7-37)0H.

20 Many of these analogs retain GLP-1 receptor activation
that is comparable and in some cases- greater than known GLP-
1 compounds such as GLP~1(7-37}0H and Val®-GLP-1(7-37)0H.
For example, the aggregation time of Val83-Glu22-GLP(7-37)OH
is over twenty fold greater and its GLP-1 receptor

25 'activation is about 25% greatér than GLP-1(7-37)0H. Based on
these discovéfies, novel GLP-1 compouﬁds'and methods of
treatment using the novel GLP-1 compounds are disclosed

" herein.

According to a first aspect, the present invention

‘ -30 provides a polypeptide having the amino acid sequence of
formula I (SEQ ID NO: 1):



15 40: 333-343 (1992)). However, G.P-1(1-37) is poorly active and attention
has been focused on truncated anal ogs,” Teferred to as G.P cotpDetuther 2L h
are biologically much nore potent than G.P-1. Exanpl es include
QP-1(7-37), GP- 1 (7-36) NH2, dy8-GP-1(7-37) OH and Ser34-G.P-1 (7-37)
OH. 20 Because of thet e CleyCLy~Sapmniaaa2T Hetr Fo- o etddm, GLP

conpounds show gr eaje AIQIY.S8, A5 AGRNLS A, , 108, 1L RaLIRAl k5 ,dL abet es,
obesity, and related conditions. G.P-1 conpounds can exist I1n"at |east two

different forns. Wes:hiPhe-Iberkazsopliypir-beogKeabi-KametiiXeaanda2x-di ssol ves
readily in. aqueous, solution at physiological pH (7.4). In contrast, the
second formhas little or no insulinotropic activity and is substantially
insoluble in water at flilimGils TUnforgd umated:y,1)the inactive formis readily
produced when aqueous G.P-1 solutions are agitated, 30 exposed to

hydr ophobi ¢ surfaces or have large air/water 16 Decenber 2004 WO 01/98331
-2 PCT/USERL1B8444 interfaces. The tendency to convert to the insoluble form
consi derably conplicates the production of conmercial quantities of active
GLP-1 conpeandss: k¥ nghbperélonsewr Ibont$emwouse Mivenent t hrough a punp

are comoy_gper.atiagns in.5 bul k uf acturi processes and these
operationgaggusles‘t %‘ésP’agi]tuat i%cﬁg,’ngt{]hﬂ:/’vvg"tl&’ irig’lserf%c S4dnd/ or contact with

hydr ophobkgasgurifsaces &, hatry,esd,s dri T3 i nsol uble form Conversion to the
inactive formmay al so occur during storage or after admnistration to a
pati ent, Kafthérs:1donmigkatlitiy tH® udd sof Aiees@seonpednddyas drugs.
ThereforeGlEhng hia‘? great need for biologically active G.P-lI anal ogs

whi ch converf less readily to the insoluble formthan currently avail able
GLP-1 conPeapdsis:1%1y, Rap, n@Gluhe@inf,oldsch,t Nats,aamgnberysof o@LP- 1 anal ogs

w th nodificationg at one or nore of the following positions: 11, 12, 16,
22, 23, 24Y° 8}023F1§0, 33, 34, 35, 36 or 37, show markedly decreased

propensi t ¥ah9, agar egat,e aAsgMIALd At h ¢FaP- &73&@;04.

Xaazq is: Gld, Arg, Ala, or Lys:

Xaaze is: Trp, Tyr, Phe, Asp, Lys, Glu, or His:;

Xaapyy is: Ala, Glu, His, Phe, Tyr, Trp, Arg, or Lys;

Xaaszg is: Ala, Glu, Asp, Ser, or His;

Xaasz is: Asp, Arg, Val, Lys, Ala, Gly, or Glu;

Xaaj3y 1s: Glu, Lys, or Asp;

Xaas3s is: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Gly,

Prc, His, or Glu;

Xaaszs is: Thr, Ser, Asp, Trp, Tyr, Phe, Arg, Glu, or His;

R is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His,
-NHz, Gly, Gly-Pro, or Gly-Pro-NH,, or is deleted

provided that the polypeptide does not have the sequence
of GLP-1(7-37)0H or GLP-1(7-36)-NH, and provided that the
polypeptide is not Gly®-GLP-1(7-37)0H, Gly®-GLP-1(7-
36)NH,, Val®-GLP-1(7-37)0H, Val®-GLP-1(7-36)NH,, Leu®-GLP-
1{7-37)0H, Leu®-GLP-1(7-36)NH,, Ile®-GLP-1(7-37)0H, Ile®-
GLP-1(7-36)NHz, Ser®-GLP-1{7-37)0H, Ser®-GLP-1(7-36)NH,,
Thr®-GLP-1(7-37)0H, or Thr®-GLP-1(7-36)NH, Ala'l-Glp-1 (7-



20 Many of these analogs retain GLP-1 receptor activation that is
conparabl e and in sone cases-greater t-h#&n -known GLP- 1 conpound®esitaber@904
GP-1(7- 37)C]—I and Va18 GP-1(7-37)OH.  For exanple, the aggregatl on time of
Val 8-3d u2 over twent ylfsol d great er and its

recept or %55 apcﬂ'l \f%t]tal oﬁ&% ia%u?%%ﬂ%'grpgﬁ oAk G P hPH- 35’3"%]—1 Gé8§ed on
these di scoyeri@sn,Noneh?Adipl comppunis m%me@bgdf I36)t gat ment usi ng

the novel GLP;-1 corrpounds are di'sclosed herein ccor |ng to a first
aspect, tﬁbqu)re@bmliﬁvéﬁt@@n OJprMa&eélla pdllygéptiHede havi ng the amino acid
sequence of forrmula | (SEQ ID NO 1): 3 16 Decenber 2004

Hi s- Xaa9- G u- Ghycoadikl Xag12s T@eéﬁa %S_;

é invention
Ser - Ser - Tyfokled H- X3 - Xa324s AligiXa X ? % In
| e- Xaa30- %@ﬂm-ﬁaa@ﬁ@% .Xap35- Xaa36- %ﬁgnrr% g%z 6”186‘3&00%) |
wherein: - Xaa8 is: Ay, ‘Ala, Val, Leu, IIe, Ser, or Thr Xaall is: Asp,

GQu, Arg, Thr, Ala, Lys, or His; Xaal2 is: H's, Trp, Phe or Tyr; Xaal6
is: Leu, Ser, Thr, Jrp, Hs,.-Ph or Al a; Xaa22 is:
dy, Asp, Qu, d nl:[%g oty ST E\Ggl Aé@? \%\’dlzd}/ﬁ%#ﬁ% x%?%—xﬁéa]é2§ ©fs: Hi s,
Asp, Lys, GQu, dn,Ser- W:g*Lelx-a@M—XaazzelXaazﬁrﬁglaﬂlaa, XarabyGluXela@6 i s:

Trp, Tyr, Phe, Asp,p{¥Sxa&3 UpRL1H,Sir51X8327 _fdu, H's, Phe, Tyr,
Trp, Arg, or Lys; XaaSOaigso %Pa BI 2 g% §Ia§35 i's; Xaa33 is: Asp,

Arg. Val, Lys, Ala, 4 yfowpuks It %%‘3415351\70(3% Lys, or Asp; Xaa35 is:
Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, GQy, Pro, H's, or Qu; Xaa36 is:
Thr, Ser, W%se%ei'lr'lr:p, Tyr, Phe, Arg, GQu, or Hs;

Xaag is: Gly, Ala, Val, Leu, Ile, Ser, or Thr;

Xaajz is: His, Trp, Phe, or Tyr;

Xaa¢ is: Leu, Ser, Thr, Trp, His, Phe, Asp, Val, Glu, or

Ala;

Xaaz; is: Gly, Asp, Glu, Gln, Asn, Lys, Arg, Cys, or

Cysteic Acid;

Xaayz is: His, Asp, Lys, Glu, or Gln;

Xaaze is: Asp, Lys, Glu, or His;

Xaasp is: Ala, Glu, Asp, Ser;, or His;

Xaaszs is: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Gly,

Pro, His, or Glu;

R is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His,

-NHz, Gly, Gly-Pro, or Gly-Pro-NH,, or is deleted

provided that the polypeptide does not have the sequence
of GLP-1(7-37)0H or GLP-1(7-36)-NH» and provided that the
polypeptide is not Gly®-GLP-1(7-37)0H, Gly®-GLP-1(7-
36)NHy, Val®-GLP-1(7-37)0H, Val®-GLP-1(7-36)}NH,, Leu’-GLP-
1(7-37)0H, Leu®-GLP-1(7-36)NH,, I1e®-GLP-1(7-37)0H, Ile®-
GLP-1(7-36)NH,, Ser®-GLP-1(7-37)0H, Ser®-GLP-1(7-36)NH,,
Thr®-GLP-1(7-37)0H, Thr®-GLP-1(7-36)NH,, Ala'®-GLP(7-37)0CH,
or Ala'®-Glp-1(7-36)NH,.



Ris: Lys, Arg, Thr, Ser, Qu, Asp, Trp, Tyr, Phe, H's, -NH2, Qy,
G@y-Pro, or Ay-Pro-NH2, or is deleted provided that the pol ypeptide does

not have the sequence of GP-1 (7-37) OH or GLP-1 (7-36) -NH2 3RE,pL%05ed
that the polypeptide is not Ay8-GP-1 (7-37) OH, dy8-GP-1 (7 36)NH2,
- Val 8- AP~ (7- OH, Val 8-GLP-1 (7-36)NH2, Leu8-GLP- 1 (Z- ,
Leus-G_P-"giot"f?é NH2, |1e8-GLP-1 (7-37) OH, Ile8- GLP- 1"%’/@%@%&
Ser8-CG.P-1 (7-37) OH, Serb-GLP-1(7-36) NH2r Thr8-GP-1 (7-37) OH, or
Thr8-AP-1 (7-36) NH2, Ala"-A@p-1 (7 - 4 16 Decenber 2004 37)CH,
Al an-d p-1(7-36) NH2i Ala' 6-d p-1(7-377.0H, Alal6-Adp-- 1 (7-36) NH2,
Ala27-d p-1 (7-37) OH, A a27-Gp-1 (7-36) NH2, Ala33-dAp-1 (7-37) OH, or
A'a33-G p-1 (7-36) NH2. According to a second aspect, the present invention
provi des a pol ygggm-‘@@&a\tpngat hehird nesgerd, seduengeesént f ordienaibh ( SEQ
| D NO  2): PHP¥ Y@ RdyRent A Hraviag] 2hd hamSer -sAspd- Xagqién&erof formula
Ser - Tyr - Led< & (SBQdFP2NRaaPB: Al a- Al a- Xaa26- G u- Phe-
| | e- Xaa30- Tr p- Leu- Val - Lys- Xaa35--Arg-R forrmula Il (SEQ ID NGO 2) wherein:
-Xaa8 is: dy, Ala, val, Leu, Ile, Ser, or Thr; Xaal2 is: H's, Trp, Phe, or
Tyr; Xaal6 is: LewHiSeXaagHsin-GLp~ThirsPh&RChrASBr-¥3h-vAl UsepLsefla; Xaa22
is: Ay, Asp, Qu,mdr m_,_s,_ Qys, or- steic Agid;, Xaa23 is:
H's, Asp, Lys, 4 ui,’j%);h e %ﬁ%%%?%iﬁ,ﬁ?ﬂ%ﬁ'g?aﬁf&h%? ©Xaa30 is:
Ala, du, Asp, SerXaaw—Frp:LoadBsltkys-Biry-Ma~RLys, Arg, Trp, Tyr, Phe,
Asp, Gy, Pro, H's, Ofs/Guira R11S: gﬁ;@s . r, Ser, GQu, Asp, Trp, Tyr,
Phe, H's, -NH2, Qy, Ccsl)y-dgrao, for ( y- 5P§-h%ﬂ2:g}or I's del eted provided that
t he pol ypepti de does not have the sequence of GP-1 (7.37) OH or GP-I
(7-300) -WH2rafd:provided that the polypeptide is not Ay8-GP-1 (7-37)
;Mg y§:a%P5_.slz (gly, Ala, Val, Leu, Ile, Ser, or Thr;

Xaazz is: Gly, Asp, Glu, Gln, Asn, Lys, Arg, Cys, or Cysteic

Acid;
Xaaz3 is: His, Asp, Lys, Glu, or Gln;
15 Xaay; is: Ala, Glu, His, Phe, Tyr, Trp, Arg, or Lys
Xaa3zp is: Ala, Glu, Asp, Ser, or His;
R is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His,
-NH;, Gly, Gly-Pro, or Gly-Pro~-NH,, or is deleted.

2_0 provided that the polypeptide does not have the
sequence of GLP-1(7-37)CH or GLP~1(7-36)-NH, and provided
_ that the polypeptide is not Gly’-GLP-1(7-37)0OH, Gly®-GLP-
,N . 1(7-36)NHp, Val®~GLP-1(7-37)0H, Val®-GLP-1(7-36)NH,, Leu’-
 GLP-1(7-37)OH, Leu’-~GLP-1(7~36)NH,, I11e®-GLP-1(7-37)0H, Ile®-
25 GLP-1(7-36)NHz, Ser®~GLP-1(7-37)0H, Ser®-~GLP-1(7-36)NH,,
" Thr®-GLP-1(7-37)0H, Thr®-GLP-1(7-36)NH,, Ala'®~Glp-1(7-37)0H,
Ala'*-Glp-1(7-36) NHy, Glu*’-Glp-1(7~37)OH, or Glu*’-Glp-1(7-
' 36) NHa. ' B
According to a fourth aspect, the present invention

. 30 provides a polypeptide having the amino acid sequence of
formula IV (SEQ ID NO: 4):

< Xaa-,—XaaB—Glu-Gly-Thr-—Phe—i‘hr—Ser-—Asp—Val—-Ser-—
Ser-Tyr-Leu-Glu-Xaa;,~Gln-Ala-Ala-Lys-Glu-Phe-

Ile-A_;la-Trp—Leu—Val—Lys-Gly—Arg—R
35 {SEQ ID NO: 4)



36)NH2, Vvalli-GP-1 (7-37) OH, Val'-G.P-1 (7-36) NH2i Leu8-G.P- 1 (7-37)
O—|) Leu8-G.P-1 (7-36§ NH2i) 11e8-G.P-1 (7-37) OH, 11e8 GP-1 (7-36) NH2,
SerB-GP-1 (7-37) OH Ser8-GP-1 (7-36) NH2, ThrB-G.P-1 (7- 3?@Dg'émber2004
ThrB-GP-1 (7-36) NH2, Ala"-G.P (7-37) OH, or Alal6-Gp-1 (7-36) NH2. 16
Decenber  $Q969463;01/ 98331 PCT/ USOI /16474 -5 t Accor di ng tr@udodtiibdsaspect,
the present invention provides pol ypeptlde havi ng the am no acid sequence
of formula 111 (SEQIDNO 3): 5

H s- Xaae--Qd u--Q3 y- Thr - Phe-Thr - Ser - Asp- Valz-YSIGDL- Slelr-

"Tyr-Leu- G u- Xaa22- Xaa23- Al a- - Al a- Lys->@a27- Phe-11 e- _

.Xa§30- Trp-Leu-Val -Lys-A@y-Arg-R formula 11l (SEQ 1D NO 3) 10 wherein: Xaae
is: Ay, Ala, Val,. Leu, Ile, Sex, or Thr; Xaa22 is: Gy, Asp, Qu, Gn, .
Asn, Lys, Arg, Cys, or Cysteic Acid; Xaa23 is: H's, Asp, Lys, Qu, or Gn
15 Xaa27 is: Awler®@im: H s, the, Tyr, Trp, Arg, or Lys Xaa30 is: Ala, Qu, :

Ph H s,
e, 56y o o bR, By LB oS R R 1S

ol ypept | dardpes hicit idave, t Behyaegu9raeseidhl; lhédoRia e GeP--1(7 36)
-pNH)leaﬁd provi ded that t he pol ypeptide is not dy8 GLP-1 (7--37) OH,

d ye- G P- fluprosetiyl-Wdssidipe]l 07- 8FeChylvhiet@iPrdf 7- 36) NH2, Leue-

] -GLP-1(7- P- 1(7-.37 Il eB -25
G P 1(7 30 NOoELE Fentd, Alatthl e LigE §doihe Ao Leutge oL p- 1
(7-37) OHseHing @IxP—tIhr@am&)aNHEreﬁbaﬂaﬁlﬁ PXdhd- 59 )gXYdined abigen- 1(7-36)

N2, Glu2 Qe or G u27- Glp 6) NH2 .30 35 According to
a. fourth é‘s%’?z‘ 't ﬁesoél)gélgéﬂfe |ﬁ$5f‘lf‘feoﬂr tﬁrgonln

Xaazz is aspartic acid, glutamic acid, glutamine,
3 10- asparagine, lysine, arginine, cysteine, or cysteic acid.
R is -NH; or Gly(OH).

According to a fifth aspect, the present invention
" provides a glucagon-like peptide-1 (GLP-1) compound having an
amino acid other than alanine at position 8 and an amino acid

15
other than glycine at position 22.

Also disclosed herein, the present invention may provide -
a method of stimulating the GLP-1 receptor in a subject in
need of GLP-1 receptor stimulation. The method may comprise
the step of administering to the subject an effective amount
20 of the GLP-1 compounds described herein or the polypeptide
having the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4.
Also disclosed herein, the present invention may be the
GLP-1 compounds described herein or the polypeptide having the
25 amino acid sequence of SEQ ID NO: 1. SEQ ID NO: 2, SEQ ID NO:
. 3, or SEQ ID NO: 4 for use in stimulating the GLP-1 receptor
. in a subject in need of GLP-1 receptor stimulation.
The GLP-1 compounds of the present invention may retain ‘
GLP-1 receptor activation ability and, in addition, may have
30 decreased propensity to aggregate compared with other GLP-1 )
compounds. As a result, solutions of these compounds can be
- agitated with minimal conversion to the insoluble, inactive
form. This advantage greatly simplifies the manufacturing

Process. In addition, it may be expected that little or no in



provi des a pol ypeptide having the am no acid sequence of formula IV (SEQ

I D NO 4): Xaa7- Xaae-d u-d y-Thr-Phe-Thr- Ser - Asp- Val - Ser -

Ser - Tyr - Leu- @ u- Xaa22- @ n- Al a- Al a- Lys-d u- Phe- 16 December 2004
Il e--Al a-Trp-Leu-Val -Lys-@y-Arg-R (SEQ ID NO 4) 16 Decenber 2004 WO

01/ 98331 wéraiidssNl/ 16. 174 -6 wherein: Xaa7 is L-histi#cChasomdaatsti dine,
desam no- hi stidine, 2am no- histidine, 0-hydroxy-histidine,

honohi stidirie, a- 5 fluoronethyl-histidine or a-nethyl-histidine; Xaag is
gl yci ne, al anine, valine, |eucine, isoleucine, serine or threonine.
Preferably, Xaa$ is glycine, val i ne, “7feuci ne, isol eucine, serine or
thregnine; Xaa22 1is aspartic acid, glutamc acid, glutamne, 10
asparagi .ne__1ysj i.ni-ne t.ed i fYSititG oaCld. patRdnts- NH2 or G
y(OH). Ac‘é%‘r’%i%%xjtagagg‘%?ft ﬂaggg‘%{?,%ﬂ%,g%ent i nventi onp‘ provi des a

gl ucagon. théidey depredeing (ECLRviYY coifth SURdTHEYRH J En POERR I adi®d ot her than

al ani ne aédwp@ﬁ%éi 081808, an aAkAEi&e) dhekB OLher ddr@BushyCimdg ak position
22. Al so di'sclosed herein, the present invention nay provide - a nmethod of

sti mul at i ngst$and poldiapapmertifage stihjdeorafat 1 o2 P PeBEpt or

stimgatigpy ]{EE&? JRLhod OB GRARLLSE td Reosiap oftamint sterdidigoho the
subj ect an effective anount 20 of the G.P-1 tonpounds descri bed herein or

t he pol ypépt V&ec- having the ami no acid sequence of SEQ ID NO 1, SEQ I D NO

2, SEQID NO RecSERAPNO: 4ixl sepdbef! asedreeent ninddie ipnesent

i nvention may be the P-]1. conpounds described herein_or_the polypeptide
havi ng t heropidemian@sgcPll &84 @HcBt of SEYT B REFPASERT |E>r?\ﬁn‘:3, SEQ I D
NO 3, or ;SEQ RN@ordcherprigRirianishi ofil Atdedg cahentGRrltheceptor in a
§g§Lect in need of GP-1 receptor stinula&{og.tThe GL.P-1 conpounds of the
Dﬁ_skﬁn i ﬁVéﬁFm%ﬂFlﬁ§ynP§fé?§Plln dependent diabetes. -

According to a seventh aspect, the present invention
provides a use of any of the GLP-1 compounds of present
invention for the preparation of a medicament for the
treatment of obesity, stroke, myocardial infarction, catabolic

15 changes after surgery or irritable bowel syndrome.

Figure 1 shows the amino acid sequences of Val®-Glu?2-
GLP-1(7-37)0H (SEQ ID NO: sy, Val8-Asp22-GLP-1(7-37)0H (SEQ
ID NO: 6), Val8-Arg22-GLP-1(7-37)OH (SEQ ID NO: 7) and Val®-
Lys22-GLP-1{7-37)0H (SEQ ID NO: B).
| Figure 2 shows the amino acid sequences of Gly8-Glu22-
£y GLP-1(7-37)0H (SEQ ID NO: 9), Gly8-Asp?2-GLP-1(7-37)0H (SEQ
ID NO: 10), Gly®-Arg22-GLP-1(7-37)0H (SEQ ID NO: 11) and

Gly8-Lys22-GLP-1(7-37)0OH (SEQ ID NO: 12}.

Figure 3 shows the amino ‘acid sequence of Val®-Glu®’-

20

2 GLP-1(7-37)O0H - (SEQ ID NO: 13), Gly®-Glu®*-GLP-1(7-37)0H (SEQ
ID NO: 14), Val®-His¥-GLP~1(7-37)0H (SEQ ID NO: 15), and
- Gly®-HisY-GLP-1(7-37)0H (SEQ ID NO: 16).
Figure 4 shows the amino acid sequence of Val®-Giu%-
Ala?’-GLP-1(7-37)0H (SEQ ID NO: 17)and Val®-Lys?’-Glu®-GLP-

30 .
: 1(7-37)0H (SEQ ID NO: 18).

A GLP-1 compound is a polypeptide having from about
twenty-five to about thirty-nine naturally occurring or non-



- GLP-1 receptor activation ability and, in addition, my have 30
decreased propensity to aggregate conpared with other G.P-1 conpounds. a
result, solutions of these conpounds can be agitated wi t Gl joer 26684
conversion to the insoluble, inactive form This advantage greatly
sinplifies the manufacturing process. In addition, it may be expected that
little or noin i 16 Decenber 2004 WD 41/98331 PCTIUSO /16474 -7 5 vivo
aggregation will occur after adm nistrat ¥n to patients, thereby

i ncreasing activity and mnimzing the potential for adverse reactions. in
addition, these G.P-1 conpounds may be resistant to di am nopeptidase [V

degradation and nmay bind zinc and may therefore be, bel ig_\/ed t]c_)Bgrovi de

ext endechatwea bty orcurriniy aminec @cdidsg g Basi RRATASHER homalad¥sent:
inventiaqn. Vi des ong xniketsl Pnsdleropeopils of present

i nv_e.nti%\qf@é)ir'gt%g?p?.g%%g}tﬁhn%g%taaﬁedi cérrent fg? t he %}Er eat nent _of

non- i nsudchivépendeBramplietafs nonsredwslly SEEHFELRG BORGLEAPH aspect,
the present_invention rovj des g pse, of any of .t h P- npgunds of
present 1Fﬁ%Bﬂ?i6ﬁm?B'Pth%mﬁf% 3 off & 'a&n%&tégﬁe%gP%P%?heB treat nent
of obesifyinst keKEs, "N PSET &l -1 idearatiiron acidsaliel gc, 2hamgme-after surgery
or irritable bowel syndrone. Figure 1 shows the am no acid sequences of
Val8- GlLuR2st BiPné( 7B-Byd ok y-SHQUIKING, SomohidstidiBEp 20T P- 1(7-37) OH ( SEQ

IDNO 6), Val8-Arg22-GP-1('7-37) OH (SEQ.I.D.NQ. 7 . Val 8-
Lys22- G_zf’imwgms#?%%rbfsﬁé“ﬁbgmn%gq‘lﬁi?‘i(mﬁgl"}sﬁgh?eb Hggg}}]nﬁg a%%u"&
seauencepsgingShHSeftudnet i {of 13 Gad SHRIKD (NBomdY' amino

A y8- Asp22- GLP-1(7 -37) OH ( iD'NG 10), G y8- Arg22- GLP- 1(7-37) OH (SEQ
ID NO 11) and G y8-Lys22-G:P-1(7- 37)OH (SEQ iD NO 12). .




Figure 3 shows the am no -acid sequence of Val8-d u30- GP-1(7-37) OH
(SEQ ID NO 13), dye-Au36-CGP-1 (7-37) OH (SEQ 1D NGO 14) 16 December 2004
Val8- Hi s37-G.P--1 (7-37) OH (SEQ ID NGO 15), and Gdye- Hs 37 -GP-1
(7-37)4 géog%g%ll D NO 16). Figure 4 shows the am no aci fcpedsgRsa of

Val e-d u22- "AN'aZ7-G@P-1 (7-37) OH (SEQID NO 17) and .

Val e- Lys22- Glu23-G.P- 1(7-37)OH (SEQ ID NGO 18). A GP-1 conpound is a

- pol ypepti de having from about twenty-five to '"about thirty-nine naturally
occurring or non 16 Decenber 2004 -7&#=aturally occurring amno acids and
has sufficient homology tom GLP-1(7-37)OH such that-it exhibits

i nsul i notycaRisy AR iafiing abidsphias whiichos- BakbbRl L ycogevdr FigcibhRglaci ds’
i nclude a-nmethyl am no ,acid yl . al ani ne D. am nQ acids,

i i ée.g., a-peth , l . [
hi sti di né4qUR ldnithte Sideqchadngls’ sepipRsd Withi @i aulfonic acid :

33- hydr ogrdipst fdiqie, cyseeaki sthdi..neprarebhBoyPnEbRYYehi sthdi agpand
a-net hyl --histidine) , am no acids having an extra nethyfene i n_the
si de- chaiGPmPRAS ofhiths PEepeRinBBreDboanErmRY 4883anlpcretpalivs74 -8 -

aci dsg arGHFNO PG BciisCRxaepRl BOXYLhErackd sposiFosatiygroup in the
side chain is replaced wwth a sulfonic acid group (e.g., cysteic acid).
Preferabﬁﬁoﬂrﬂﬁéﬁé’rﬁr%% GLP-1 conpounds of the. present invention

conpri se only may-al |c\bm§»og_ﬁ@ultXbﬂﬂ:aim}rnéoﬁﬁkﬂ§e§X§ﬁ@éi{ﬁépﬁibé_rWi se
specifically provided herein. GLP-1 conmpound t¥§|0al y conprjses a
pol ypept PNy FHECaACHE EAHeRE]uRhcLETL & PI1|9H, 38R rPatpP anal og

of GLP-1df/G1hH-1047-87ORGMBNErabmht- 45 (G1.B41 (B PJoR bfagnEPagrénel a
GP-1(7--37)OH_ anal og. GP-1(7- 37)CH has the amino acid sequence of SEQ
D NS 16f B GLEA (i) GH188R)09r GPRaL THr 360U 1has jthe amipo f¢id

Tyr - 20Lelg, midey o el ap2RA:kaibys-- G u-Phe-11e-30A a- 15 Trp-Leu-Val -Lys-

35 y-Arg-37dy
"His-Ala-Glu-19Gly-Thr-Phe-Thr-Ser-1"Asp-Val-Ser-Ser-
Tyr-?’Leu-Glu-Gly-Gln-Ala-?Ala-Lys-Glu-Phe~Ile-Ala-

15 Trp-Leu-Val-Lys->*Gly-Arg-*'Gly
{SEQ ID NO: 19)

By custom in the art, the amino terminus of GLP-1(7-37)0OH
has been assigned number residue 7 and the carboxy-terminus,

20 number 37. The other amino acids in the polypeptide are
numbered consecutively, as shown in SEQ ID NO: 19. For
example, position 12 is phenylalanine and position 22 is

" glycine. When not specified, the C-terminal is in the
traditional carboxyl form. .

25 A "GLP-1 fragment" is a polypeptide obtained after
truncation of one or more amino acids from the N-terminus
and/or C-terminus of GLP-1(7-37)OH or a GLP~-1(7-37)0H

" analog. The nomenclature used to describe GLP-1 (7-37)OH
carries over to GLP-1 fragments. For example, GLP-1(9-36)0H

30 denotes a GLP-1 fragment obtained by truncating two amino
acids from the N-terminus and one amino acid from the C-
terminus. The amino acids in the fragment are denoted by the
same number as the corresponding amino acid in GLP-1(7-
37)0H. For example, the N-terminal glutamic acid in GLP~



(SEQ ID NO 19) By customin the art,

the amno termnus of GLP-1(7 -37)H

has been assigned nunber residue 7 and the carboxy-term nus, PODessdeF 2G04
The other amino acids in the polypeptide are nunbered consecutively, as
shown i n 8B@19E3MNO. 19. For exanple, position 12 is phenpCauat/ree7iand

position 22 is glycine. Wen not specified, the Ctermnal is in the

traditional carboxyl form 25 A "G.P-1 fragnent"” is a pol ypepti de obt ai ned,

after

Ctermnus of GLP-1(7-37)OH or a G.P~
used to describe GP-1 (7-37)OH carries over to GP-I fragnments. For

exanpl e, 139-3¢ LOH 3y Gt o seniire A KBS didn agreid ebéepned B

two am no, acids, fromthe t er,m nus and, one am no aC|dfromt e G

't er mi nus PP Lol nf fhd PAHE FPhghents HICHRIRA &Y BLYRENe sap® Hunber

as the cq;masppndfgﬂ)g)}am no aC| d in GLP- 1(7- 37)OH  For exanple, the

N-termnal glutamc acid in P 16 Decenber 2004 WO 01/98331 -9
"PCTI USOL/ 16474 qlc%'lsamoq'sd talrﬁfélltflfb]ﬁ-‘@s ;Rglfmeﬂtqctes; simceluptled by

pheny$ al &y aﬁwrep%%ltﬂcp%&?dg %a%:%&ﬂ

e 351

truncation of one or nore amino acids fromthe N-term nus and/or
B-(7-37) OH anal og. The nomencl ature

truncati ng

(7-37) OH. "GL -1 conpound” al so 1 ncludes ‘?ypept es’in %\A&wmqﬁf 5 one or
nore ani PRHQE SCHevirash cfd P10 T+ JOH tCBT rfi ragmerdrsl /[idiex@e®r i nus of

G R TS B Bes, 3 b AP Mt ae

GP-1(7-
t o about

irty-ni'ne amno acid am n

conpound aMinal e dsl by['hm@maxm aujjmerlrasthmé‘emremmwmﬁmno ani no aci d

in GP-1(/::37 a he N-ter us 0 acid of a
corrpound(<:(§JE§tF?b|"}nnga(;| %’fdl& rgf\ﬂ“y &?% ansei 5 taﬁe qriﬁ ST TP Yt J(§_93 1(7
- 37)114 i emEngpestid am ELP-ar(d-{il’ve)dE t erFomMuxaply) atal pitarmnddhisl conpound

obt ained__h

is at pod§ty

posi tiona2dds tar il ef-tRrndnkai RE IGLMAI(Y-37)0H is at position 5;

15

20

- 25

30

and the C-terminus amino acid of a GLP-1 compound obtained
by adding one amino acids to the C-terminal of GLP-1{7- 37)OH
is at position 38. Thus, position 12 is occupied by
phenylalanine and position 22 is occupied by glycine in both
of these “extended” GLP-1 compounds, as in GLP-1(7-37)0H.
Amino acids 1-6 of an extended GLP-1 compound are preferably
the same as or a conservative substitution of the amino acid
at the corresponding position of GLP-1{1-37)0OH. Amino acids
38-45 of an extended GLP-1 compound are preferably the same
as or a conservative substitution of the amino acid at the
corresponding position of glucagon or exendin-4.

A “GLP-1 analog” has sufficient homology to GLP-1(7-
37)OH or a fragment of GLP-1(7-37)OH such that the analog
has insulinotropic activity. Preferably, a GLP-1 analog has
the amino acid sequence of GLP-1(7-37)0H or a fragment

thereof, modified so that from one, two, three, four or five

amino acids differ from the amino acid in corresponding
position of GLP-1{7-37)0H or the fragment of GLP-1(7-37)0H.
In the nonmenclature used herein to designate GLP-1
compounds, the substituting amino acid and its position is
indicated prior to the parent structure. For example,

Glu?2-GLP-1(7-37)0H designates a GLP~1 compound in which the

&id%ng_ﬁé%i%%%stge C—eé{jmnal of G.é{-l(? -37)CH 15

QA& ANd



of these "extended" G.P-1 conpounds, as in GQP-1(7- 37)OH. Amno acids 1-6
of an extended GLP-1 conpound are preferably the sane as or &6 Decssbcy 2004 €
substitution of the amno acid 20 at the correspondi ng position of

GLP- 1( 1- 3WP &¥833Ani no acids 38-45 of an extended GLP-1 cBRPESHAIAHe
preferably the sane as or a conservative substitution of the am no acid at
the corresponding position of glucagon or exendin-4. A "G.P-1 anal og" has
sufficient honology to GP-1(7- .25 37)0H or a fragnent of G.P-1(7-37)CH
such that the analog has insulinotropit activity. Preferably, a GLP-1

anal og has, the am no acid sequence of f GQLP-1(7-37)COH or a fragnent
t hereof, FbUFiRedmahby Foupd onk Peabtiemred of dekPot (TT38) Odnhas

aci ds-di f 11 Q o WY e i 23Q S it /i=0
GP-1(7- 31%%0[14 E%I?mt%:e@fﬁ%ﬁr]rg%?% %EIQ_P&%&%' 37 O—Iéf1QJ I'n t%Z 1n(gn§e7 f((:) ature
used her ef@signafeas ghatel G Fcampewnd ol dehicheakamine t moimagl by fhoumti d and

Its positi hSs 44 Adi | ’T:;th?a ruct | e, .
&uZZ-&P%?ér‘zi%sid‘}lg %gésl?tgn%%és){%éé’_ - - o(rar%{(’)%rﬁ% élji% %%Efﬁeﬁigé%ecenber
2004 WO (G1B8BEA-3NPPdRYadpaen cagrl agsd i horalking dmdingluttamisi tion 22
of GLP-1ddig, APt hasyeieen replaced with glutamc acid; Val8_d U22-GP-1
(7-37) OH designates a (P-1 conpound in which al anine normally found at
position 8 andhg Yitermigwum|d & diik-latcompsivricdorni 2 eriesmlAP- 1(7-37) O H

nave beeruiEphaEioud e 1, AR G PRI, e
al kyl at ed{pre feoydbdie C1-{q20df er e CiteGtnus Tam Gd amdubstidartdal
“neately st A $ad I N IR0 AT SRS R
or iatcyl _ IOUFRR( jurefeartadd i i@H +G20) —~0R”.0 R amdalRylared Cilrdaﬁ')pdentlfy o
the GLP. TRl SBLReT oo P o B emal Ty SRS s 17 @R arfius. that | &
unsubsti t i@ledC2d)) . sEIHAIL (M6 )WHhis- BhPexample of an “amidated GLP
compound”. Preferably, the GLP-1 compounds of the present
15 invention have a C-terminus that is unsubstituted or
substituted with -NH,. '
Preferably GLP-1 compounds of the present invention
comprise GLP-1 analogs or fragments of GLP-1 analogs
wherein the backbone for such analogs or fragments contains
20 an amino acid other than alanine at position 8 (position 8
analogs). The backbone may also include L-histidine, D-
histidine, or modified forms of histidine such as desamino-
histidine, 2-amino-histidine, P-hydroxy-histidine,
homohistidine, oa~fluoromethyl-histidine, or a-methyl-
25  histidine at position 7. It is preferable that these
position 8 analogs contain one or more additional changes at
. positions 11, 12, 16, 22, 23, 24, 26, 27, 30, 33, 34, .35,
36, and 37 compared to the corresponding amino acid of
native GLP-1(5~37)OH. It is more preferable that these
30 position 8 analogs contain one or more additional changes at
positions 12, 16, 22, 23, 26, 30, 35, and 37 compared to the
corresponding amino acid of native GLP-1(7-37)0H. It is
even more preferable that these position 8 analogs contain

one or more additional changes at positions 22, 23, 27, 30,



Preferably G.P-1 conmpounds of the present invention conprise GP-1 anal ogs
or fragments of GLP-1 anal ogs wherein the backbone for such pBLlRe%CF004
fragnents contains 20 an am no acid other than al anine at position 8

(position 8 | ogs). The backbone may al so include L-hpstieiiRigs D
histidih@T“%Pgﬁﬁdified forms of histidine such as desa2¢no- hpstidine

2-am no- hi stidine, ii-hydroxy-histidine, honohistidine,
a-fluoronethyl-histidine, or a-methyl 25 histidine at position 7. It is
preferable that these position 8 angiggs contain one or nore additional
changes at 'positions 11, 12, 16, 22, 23, 24, 26, 27, 30, 33, 34, .35, 36,
and 37 conBaﬁgd to the corrgﬁgonding aniao acid,of na iVﬁ GLP:1(7--37) OH.
It is nofBApPdi EPRBRESHNAP sECBEEFREREI DY 8MART) BG5S cBht H W BRe or nore
addi ti onagf,pchanggg)el. positions 12, 16, 22, 23, 26, 30, 35, and 37

conpared to the _ corresponding am no, acid of natiie GQP-1(7-37)OH. It is
even nore preftr 46 81eRaPrefiekablestbebnthespappgiogsntays 6 or nore

+ addi ti ongbyebhapfgfgal Bombhr8AStd2thé3colFespOndifigDeReRbescL@94 N0
01/98331 PCT/US01716474 -11 and 37 conpared to_the correspondi ng am no

aci d of native GEBEpl{7¢373QH.MoretPrefarsedpreferdbl BaYRa? ehekE¥¥ehal ogs

have 6 Ophah &@rceggggea £8MPREEHoE Pt PENEPRE CARPANE! AEI @S 1Y Mgt fee i N 5
native GP-1 7-37% . More preferred-anal ogS have 5 or fewer changes
conpar edCLB-1 kd-8d) PHspEnbRKE AnPRofe¥eEsChang@si cempayed 1Y7- B9 OH or have

4 or fe"‘%BrE%_éPSﬁ&iﬁg”Hﬁﬁﬁg EeilleinCRAE £5806HPY (AOBNPORCI fS 14 native

GLP-1(7-37) even nore preferable that these anal ogs have 3 or
f ewer 10€¥RBnHexechrpireable thatcbhesspandlagsahrre Acvusiewehative

GLP-14 7- %ﬁépf-?g}eg g Ebmbéﬁgas Eop{:ﬁfeeEg?%ésﬁaﬁ&iﬁaeéﬁége%eﬂés Jpvigagi g8 fewer

changes co to't correspon g am no ~acl in native GQP-1(7-37)COH
It has b&&R-RdUnd7iAH: t BEséssmpsti puefensbiedbbett beesasamlgensity of

?5; éuﬁ ggia‘gg“tﬁﬁgkgrfggg%tegﬁéﬁgégdcgﬁ{?&fé‘& eebNene! BSLLUDLENd LG andilfo G-P- 1
acids in native GLP-1(7-37)0CH.
It has been found that these substitutions reduce the
15 ©propensity of GLP-1 compounds to aggregate and generate the
insoluble form. The GLP-1 compounds of the present
invention generally aggregate at least about 5 times less
rapidly than GLP~1{7-37)OH when assessed, for example, by
the aggregation assay described in Example 3, preferably at
20 least 20 times less rapidly, more preferably at least 40
times less rapidly, more preferably at least about 50 times
less rapidly, even more preferably about 60 times less
rapidly, and even more preferably at least about 65 times
less rapidly. ~Preferably, GLP-1 compounds described herein
25 are analogs of GLP-~1(7-36)NH, or GLP-1({7-37)0H.
In a preferred embodiment, the amino acid at pdéition
22 of the GLP-1 compound of the present invention has a side
" chain which comprises at least two carbon atoms and a polar
or charged functional group. Aspartic acid, which has a
30 methylene and carboxyl carbon, is included. More
preferably, the side chain of the amino acid at position 22
is a straight or branched chain alkyl group with from two to
six carbon atoms and a charged functional group, e.g., a

carboxylic acid, an amine, guanidino group or a sulfonic



I nvention generally aggregate at |east about 5 tines less rapidly than
GP--1(7-37)OH when assessed, for exanple, by the aggregati ¢6Dassaber 2004
described in Exanple 3, preferably at 20 least 20 tinmes less rapidly, nore
pref er abl WORVBBAst 40 tines less rapidly, nore preferabP¢TaSI/EH34 about
50 times less rapidly, even nore preferably about 60 tines less rapidly,
and even nore preferably at | east about 65 tinmes |ess rapidly.-Preferably,
GLP-1 conpounds described herein 25 arﬁ anal ogs of GLP-1(7-36)NH2 or- GLP-1
(7--37) OH In a preferred enbodi ment; £he ami no acid at position 22 of
the GLP-1 conpound of the present invention has a side chain which

conpri sesagaid| gaeert woTbasbosxampiesand rrebfearedoeméhar ged dsurdt i onal

group. As ; | chél, : Whi. h | e and.carboxyl _carbaon, is
incIuded.Bﬁééggogr%?e%ﬁg}ggetﬁgugﬁégcgﬁégﬁ’oggPﬁggéﬁi381§Ci&rgﬁnﬁ8§ition 22 °
i s a strakpdtlpsime anclibenchabshtabkyl2gisupspatbifragityogliatasiix carbon
atons and_g. gh ed functjonal .grou e, g. .carboxyli¢c.acid, an anm ne,
guanidinoag%§03£%h£%ﬁgﬁl?5n E?l%%'EgegﬁBg?ﬁ2€0ﬁsVEf6§¢§8§§¥ 9§¥§1ne'

PCT] tJ;so /tgﬂiﬂe?c%jeiugiﬁw;ta.ighmec:i_ﬁgarrpésmf)_‘ pmeéggmd aHi m_etn@bdigélt _
posi tion incl ude u c cid, aspartic acid, arginine and |ysine.
When posi%?%ﬁmaﬁgigf%giﬁﬁﬁf% vﬁ@?ﬁ? °§I§f¥ﬁ+%e'ac%ﬂ,eﬁﬁﬂgﬁﬁnef 8P | ysi ne,
pﬁsitipn Sminopﬂﬁiﬁﬂﬁiﬁy'@IsﬁlﬂeniE H@%ﬁrgi?uﬁeﬂﬁiﬂﬁe,siﬁél@Bhﬂﬁ, A?erine

t hreoni ne_gr. nethi oni a re prefera v aline or cine. An

exanpl e of VAR AR HS ag'ﬁﬁﬂ"ﬁﬁgﬁég?s%’&'%%?cag%FHVQFEGS ] ?'I‘%r'as"i)de chain
cysteic athen (pddttidd QALIAB)a- & forDOrayi AlagkRSas Yfsteic NBEQ, POsition

22 ispaa sulfonjc id such_as cystejc acid, 10 position 8 is preferably
gl _ycﬁge, R3F1hen Iaéu’c?r r%’,’ef‘?g?}Pé%i FRYCIRA i e ling eokewein®e, net hi oni ne and

more  pref sopdtihe/al dd1ei 08, OtNEESRind No AU oPlred B4 &G pROdi nent, the
amno acid af position 8 is preferably glycine, valine, |eucine, 15
i sol euci MRFSLTIHY, Tk ¢, 9byciRe hi oni ne and nore preferably valine or

glycine and pomi tadrt i iSr & Al Cembodiment, the amino acid at

position 8 is preferably glycine, valine, leucine,

15 isoleucine, serine, threonine, or methicnine and more
preferably valine or glycine and position 30 is glutamic
acid, aspartic acid, serine, or histidine and more
preferably glutamatic acid.

In another preferred embodiment, the amino acid at
20 position 8 is preferably glycine, valine, leucine,
) isoleucine, serine, threonine, or methionine and more
. preferably valine or glycine and position 37 is histidine,
lysine, arginine, threonine, serine, glutamic acid, aspartic
acid, tryptophan, tyrosine, phenylalanine and more
25 preferably histidine. '
In another preferred embodiment, the amino acid at-
position 8 is preferably glycine, valine, leucine,
" isoleucine, serine, threonine, or methionine and more
preferably valine or glycine and position 22 is glutamic

30 acid, lysine, aspartic acid, or arginine and more preferably
glutamine acid or lysine and position 23 is lysine,
arginine, glutamic acid, aspartic acid, and histidine and
more preferably lysine or glutamic acid.



acid, aspartic acid, serine, or histidine and nore preferably glutamatic
acid. In another preferred enbodinent, the amno acid at 20 npp@kh@@rﬁomﬁ

preferably glycine, valine, |eucine, isoleucine, serine, threonine, or
met hi oni nW0an8dre preferably valine or glycine and posipciraseBissis
histidine, |ysine, arginine, threonine, serine, glutamc acid, aspartic

acid, tryptophan, tyrosine, phenylal anine and nore 25 preferably histidine.
I n anot her preferred enbodi nent, the amno acid at- position 8 is
preferably glycine, valine, |eucine, ~1¥vl euci ne, serine, threonine, or
met hi oni ne and nore preferably valine or glycine and position 22 is

gl utam ¢ 30 adind,angtdier posirrted edialimntar gilné nenbmsl aeie pr ef erably

glutamn i yisl ne d ition .23 is lysine,.  arginine, glutamc
‘acid, as a%fﬁtgoggiéd,l arr]fjdr af%‘?%ﬁf%eg%cdm%rvéa%’r%?'er%%‘??/%ll?/si ne or glutamc
acid. 16 iBedeneimel 00k, 1/13083% I inel,3 orP@E R 111 Hb 4idy IR0t her
preferre Qdiinent ., the amnaq acid at position 8 is preferably glycine
val i ne, %reerl%r é)riey ivﬁ}t%i%,gcﬁs\@lﬂ‘?e,a"t%mmn 0?2 et i bHiamiand nor e

eucl
pr ef ebablacivq! ilyssiore glagpaie andiesi 0o A riihdl EMErd aﬁféaééréx%@gﬂe,
aspartic qpld ,Or argipi ne and nnre(Prefqrqbly _flptan1nq cid or I ne
and posi Gr&edihes iHe 1YSidieh@nd pogidiies 3% ik et na,y doss e,

phenyl al arigi@ine, RirSigtd anRd, 1PYifel’ SherdAln | ne,.. | her
preferred enbodinen#?ﬁihéﬂ%fg-?g%onﬁbﬁndg&B?egio tzﬁﬂ%rggén %ﬂ%ﬁ%hﬁ(mw have

an ani no®RG BoXe pesterably ad@®ineave one, two, or three anino acids
sel ected fromphandthiek freiehddGnBbdagehl, Otntl ai2Y WflottiaP 2y {1 O
, positi ,

16, osi%&on 22, position 23, position 24, position 2
posi 19 ont86, PpEsEntofnysnties hiage 38, apdsot redBHRt PoSidsion 8nadE and
posi ti onh3dte WhkGh el f &r hRLt .an : 2aCl t Lr ondi n
position of native Glﬁ-lff-37 ) '1ﬁ§LB§%g hggl%%§¥£fF% “b%%%dﬁﬁ?
GLP-1 coffBSA8s1sg of position 11, position 12, position 16,

position 22, position 23, position 24, position 26, position

., the

27, position 30, position 33, position 34, position 35,

15 position 36, and position 37, which differ from the amino
acid at the corresponding position of native GLP-1(7-37)0H.

In another preferred embodiment, the GLP-1 compounds of

the present invention have one or two amino acids, in
addition to the amino acid at position 8, selected from the

20 group consisting of position 11, position 12, position 16,
position 22, position 23, position 24, position 26, position
27, position 30, position 33, position 34, position 35,
position 36, and position 37, which differ from the amino
acid at the corresponding position of native GLP-1(7-37)0H.

25 '

As described above, the GLP-1 compounds of the present
. invention can have amino acids in addition to those at

position 8, 11, 12, 16, 22, 23, 24, 26, 27, 30, 33, 34, 35,
36, and 37 which differ from the amino acid at the

30 corresponding position of GLP~1(7~37) or a fragment of GLP-
1(7-37). The amino acids other than those at posifions 8,
11, 12, 16, 22, 23, 24, 26, 217, 30, 33, 34, 35, 36, and 37
in the GLP compound which differ from the amino acid in
corresponding position of GLP-1{7-37)OH are preferably



the present invention have one or two amno acids, in addition to the

am no acid at position 8, selected fromthe 20 group consi stigDedinber 2004
position 11, position 12, position 16, position 22, position 23, position
2.4, posi W@/BE3t position 27, position 30, position 33, RoEV$E18/4734,
position 35, position 36, and position 37, which differ fromthe am no
acid at the corresponding position of native GP-1(7-37) OH 25 As

descri bed above, the G.P-1 conpounds of the present invention can have

am no acids in addition to those at pdgdition 8, 11, 12, 16, 22, 23, 24,

26, 27, 30, 33, 34, 35, 36, and 37 which differ fromthe amno acid at the

30 correspondefyadsid isubsfi tdtRols/ a6, Hore ifrra®Mbf, GFs HidnBy) . The
am no aci ds other than those at positions 8, 1, 12, 16, 22, 23,” 24, 26,
27, 30, 380nggrvasives subfbifptions.ne GLP conpound which differ fromthe

anino acid in peareaPARd RGP e3P0 Rl farfds He 130 fddadm preferably 16
Decermber 2004 WO 01/ 983% EheP G 1 S QoS Of the pmesBit B Clti ons

and, nor elpVePELanl paver garigghlope, cdiseorattihnees @isitia wdisks . itPreferabl y,
the G- 1,087P98R0% Ok HN GRS S0 dd fa\eeg).tdg,%jt%%e S fg%hitdaig or three
Ids a S an 2

amno acids In 5 addition to the amno a posi tion whi ch
differ franffar Amomothe amdnot Aeidomtespendionyespsinding qfos @i (Ff 37) OH
or a GLP-&fp: a t n e I or re of the .am no
aci ds at pfégi ?Q%q?}%%gg%d(;ﬁ %186 Pﬁéégﬁfgg%%%dun diqfq}eere’?af@r%aefhe

cor r espongnfgoanhpgeacifdthe emiGbPatide7al7poshitdons QP21 (@hdBD7 Gf

Pr ofer abi 7 20aFD - BosPrpoynt BigELEn 35kt HT RIYSRrRB AT TR AP (he
cot r @épon&hn§LBod (73 ) OH GrPalGLP3L (VEB7) 08 faabmegsntin keiddefilon Ito i s
ot opor | cE12aATbES BEEAPAS PPRATRRBANS BRGI Adrcal Iy active GLAL compounds
by replacing Brgfemeblgl paiwtposiR2oasd7pr @f andbby dli&@Feie falom the
amino acid at the corresponding position of GLP-1({7-37)O0H
(or a fragment thereof). It is expected that other improved
15 GLP-1 compounds with reduced aggregating properties can be
obtained from known, biologieally active GLP-1 compounds by
replacing glycine at position 22 and preferably alanine at
position 8.of these compounds with a suitable amino acid, as
described herein. Known biologically active GLP-1 compounds
20 are disclosed in U.S. Patent No 5,877,071 to Hoffmann, et
al., U.S8. Patent No. 5,545,618 to Buckley, et al.,
Adelhorst, et al., J. Biol. Chem. 269:6275 {1994), the

entire teachings of which are incorporated herein by

reference.
25 A “conservative substitution” is the replacement of an
amino acid with another amino acid that has the same net
electronic charge and approximately the same size and shape.
" Amino acids with aliphatic or substituted aliphatic amino
acid side chains have approximately the same size when the
30 total number carbon and heterocatoms in their side chains
differs by no more than about four. They have approximately
the same shape when the number of branches in the their side
chains differs by no more than one. Amino acids with phenyl
+..or substituted phenvl aroups in their side chains are



position 8-of these conpounds with a suitable amno acid, as described
herein. Known biologically active GLP-I conpounds 20 are di sci@p&&uniber 2062
Patent No 5,977,071 to Hoffrmann, et al., U S. Patent No. 5,545,618 to
Buckl ey, wab opds3zr Adel horst, et al., J. Biol. Chem 269: 82TAIS(NEI) , the
entire teachings of which are incorporated herein by reference. 25 A
"conservative substitution" is the replacenent of an amno acid with

anot her am no acid that has the sane net electronic charge and

approxi mately the same size and shapel®~Anino acids with aliphatic or
substituted aliphatic amino acid side chains have approximately the sane
si ze wheeonkédd@edotal hauebeboutr bbe a@mie heireocabdnshape.t hBistsdde chains
differs e n ur. . They have oximately__the sane shape
"when theBéﬁﬁgegP%ff%ggn %gg %ng?hém%%gi%cﬁﬁﬁé Q%ﬁ%?ﬁén%i??e?@lBQ no nore

t han oneacAdi in acGHE-Ui thmpbengl with - smbshéet ubreiinpheovd feomupBei n their
si de chal are 16 Dece r. 2004 WO 01/98331 -15 CT/ USOL/ 16474 consi der ed
“to have Sgﬁﬁtgfﬁgpiaﬁﬁsgﬁgé aMd? sHapRe YRt s sE@f€%$%F%°?Fve groups of

am ncb aci ds. Regimsipnd anyladine, adiathiiine,av@lRnk,campiineg with anot her
amno acid from.th sane gro%ps re% lts i,n a conservative substitution: 5
Goup |: glyci néSoHSI e FaLRe, LOTEPRENe | SYISEGENTa, 20 PRR™ t hr eoni ne,
cysteine, and nexturailineldecuaedng ahdndmaee dac wdshwictihc@l a@4 palaicRlkat i ¢ or
Cl- C4 hydroxyl subs itut@fcflgﬁagti si,de chains . (straight chained or
monobr anched) . BF &lodf MY aftRshdtyred; addphpdiscisd dgnghadns
natural | y occur rist@s3ihio chdidedvorhmeabbexnlhedaci d substituted C-C4

al i tic side chains (unbranched or one branch point). 15 Goup II1:
1y$i e, ornithine, arginine and non- naturally occurring amno acids with
am ne or Group I1: glutamic acid, aspartic acid and non-

naturally occurring amino acids with carboxylic acid
substituted C1-C4 aliphatic side chains (unbranched
or one branch point).

15
Group III: lysine, ofnithine, arginine and non-
naturally occurring amino acids with amine or
guanidino substituted Cl1-C4 aliphatic side chains
- (unbranched or one branch point).

20
Group IV: glutamine, asparagine and non-naturally
occurring amino acids with amide substituted C1-C4
aliphatic side chains (unbranched or one branch
point).

25
Group V: phenylalanine, phenylglycine, tyrosine and
tryptophan.

Except as otherwise specifically provided herein,
30 conservative substitutions are preferably made with
naturally occurring amino acids.
A “highly conservative substitution” is the replacement
of an amino acid with another amino acid that has the same

functional group in the side chain and nearly the same size



guani dino substituted O -C4 aliphatic side chains (unbranched or one
branch point). 20 Goup IV: glutam ne, asparagi ne and non- naiéDaddmber 2004
occurring am no acids with am de substituted C-C4 aliphatic side chains
(unbr anch¥@ Y6#83%he branch point). 25 Group V: phenyl al aniF&d/US01/16474

phenyl gl yci ne, tyrosine and tryptophan. Except as otherw se specifically
provi ded herein, 30 conservative substitutions are preferably nmade with
naturally occurring amno acids. ' A _'leﬁ%ghI y conservative substitution"” is
the replacement of an am no acid with another ami no acid that has the sane

functi onal Cgr up in the,side chain and nearly the sane size 16 Decenber
2004 WO G €16 ﬂb}:“}? UEeHES eirh At RP&BAC A% SBP&EL&8t&A h al i phatic

or substiguitht o i phokb CadidNOLiAE Shsige KhAENSRRYE BRAr hgisame size
when t he total nunber carbon and heteroatons in ?hei? s?degglg[ﬁalg%2%differs

by no nmorB¢hdh§ viPtaheYumRse FRERPY dMe Betereatprmpeinhtheinepitiave the
same_nunhaiaols RIPAELES b ddhoddicikart! fifo Charnisy FXQEPhELRE,NLERIY

conservative substitutions include valine for ) reoni ne for
serine, &&%r tShargivhebrthgyvithane the dsamel npheey| gf ybraechésrin the

phenyl al 336, B BIMLES: suijrqg' [ | hi ghly
conservative include Igiﬁarggl ne ornlll%/lga{%t i%%%ﬁ?n@érﬁ%gg{%égvﬁe and aspartic
aci d for ss¥stidutgnnsximpl udefval iGd-flor ohpouime pf thheoptrsefibr | nvent i on

or ot ol T el anaen & kg Pt L SR SRR fing Bhenyl e dinen: *t ha
Xaa8 is Goy eohevatlalamizgei s Bdanpdres lofs, subnsit MaaRBons swid ¢h cairéyaot! n
‘én?t er @ﬁi@'ﬁﬁfc&ﬂ%%fve cQmRKpd a{fanq‘n% 1fo7f SJgﬂ_'neFnggxgixgga o:)r(aae 's
y or Val "an
‘ serine and aspartic acid for serine.
One example of a GLP~-1 compound of the present
invention is a polypeptide having the amino acid sequence of
SEQ ID NO:1. 1In a preferred example, the GLP-1 compound is

15 GLP-1(7-37)OH except that Xaag is Gly or Val, Xaas, is Glu or
Lys, and Xaajy3 is Glu or Lys.'.In another example, the GLP-1
compound is GLP-1(7-37)OH except that Xaag is Gly or Val and
Xaaz is Glu. BAn additional example is a GLP-1 compound
which is GLP—1(7—37)OH'except that Xaag is Gly or Val and

20 Xaaszr is His.

Another example of a GLP-1 compound of the present
invention is a polypeptide having the amino acid sequence of
SEQ ID. No. 4. In a preferred example, Xaa; is L-histidine,
D-histidine, desamino-histidine, 2amino-histidine, B-

25 hydroxy-histidine, homohistidine, a-fluoromethyl-histidine
and a-methyl-histidine, Xaas is glycine, alanine, valine,

. leucine, isoleucine, serine, or threonine, and preferably,
glycine, valine, leucine, isoleucine, serine, or threonine,
R is -NH; or Gly(OH) and Xaa,; is lysine, glutamic acid,

30 aspartic acid or arginine in SEQ ID NO:4. 1In a more
preferred example, Xaa; is L-histidine, Xaag is glycine or
valine, Xaaz, is lysine, glutamic acid, aspartic acid or
arginine and R is Gly(OH). Alternatively, Xaa;, Xaag and R

in SEQ ID NO: 4 are as described above and Xaap; is an amino



Xaa30 is Gu. An additional exanple is a GLP-1 conpound which is
GP-1(7--37)OH except that Xaa8 is Gy or Val and 20 Xaa37 16 Betdndber 2004
Anot her exanple of a G.P-1 conmpound of the present invention is a

pol ypept ivd@ olvesssng t he am no aci d sequence of SEQ I D. NopcHusdimesrs
preferred exanple, Xaa7 is L-histidine, D-histidine, desam no-histidine,
2am no- hi stidine, 13 25 hydroxy -histidine, honohistidine, a-

fluoronet hyl -histidine and a-nethyl-histidine, Xaae is glycine, alanine,

val i ne, leucine, isoleucine, serine~1ot-threonine, and preferably,

gl ycine, valine, |eucine, isoleuci ne serine, or threonine, Ris -NH2 or
dy(OH) ardXaadh i 6 Mhaidl Wal 0, 2Red 14 arginine in
SEQID NO4. In a nore preferred exa q}dj Xaa |sc%_-%?3§c?i%cﬁlﬁep'Xaa8 i's

"glycine &r 9-valGyideixmazrid.s | ysine, gI utami c acid, aspartic acid or

arginine and Ry $nd Cgbﬁé(lag)xag@ aarén’;atdL\‘Eelly’c ”ﬂff%e | EQ I D NO

4 are as descri be ove an I'S an am 01198331,
"-17 PCTHOSentijong4 theaeind nei taeis aitd@ocsria:iiromcﬂmrs Sioig'a a)-sam‘fmi c acid
groups 410 . | | ot h anpl e of GLP-1 conpounds of the
present i %ver?tn%?& e]%%m%r?geaé:?' %%ogﬂqlﬁh céto L YHPey BYHRRy 5 acid
and doesthoeomine,t lnyssiedaec bai be@b#@hﬂﬂﬂﬁh Wi the eG4 st ei ne or

bet a-al a posi 2 has a Cl-C2 al kyl side
chain, Bé%(i&\é’%% éox at—"eg:1 ﬁgylaii(ry e 5¢1 r? Ny @ CExrGiol ated al kyl
chai n (ehgdpmy;laﬁ:erdna)iky[tnsader ehelihed;re&amll-ezzoftr@eﬁa|te%p alW!iPOU”dS of
the presgpt.invention position 8_.is not a D-anino acid

and does no%nhe{?egt Hecgﬁggln?ﬂal ﬁno:a Blrﬁ(?ﬁ’féedsﬁ‘raﬁ?let I?rfe&I-IPrTéL cyst ei ne

or * et a- cainpouneswoEn thbepaﬁseataﬁhdeatlbﬁsl theN afd nb2% 3 LhtC4 al kyl  side
chain, roxyl a ed %I_k . side chal n or a Cl-C4 15 thiolated al kyl

chai n. Iﬁoﬁﬁgﬁ'ﬁé‘r ex&npP _ appatidoApsuR@esonothdavier &éhentsiidevent i on,
t he am nohadhd ot gmgeuhepns&rﬁﬁe OtuekBRine, cysteine or beta-

alanine when the amino acid at position 22 has a C1-C4 alkyl
side chain, a C1-C4 hydroxylated alkyl side chain or a C1-C4

15 thiolated alkyl chain.

In another example of tﬁe GLP-1 compounds of the
present invention, the amino acid at position 8 is glycine,
valine, leuciﬁe, isoleucine, methionine, serine, threonine,
cysteine, aspartic acid, glutamic acid, lysine, arginine,

20 asparagine, glutamine, phenylalanine, tyrosine, histidine or
tryptophan; and the amino acid at position 22 is aspartic
acid, glutamic acid, lysine, arginine, ésparagine, glutamine
or histidine.

Specific examples of GLP-1 compounds of the present

25 invention include Glu22-GLP-1(7-37)OH (SEQ ID NO: 20),
Asp?2-GLP-1(7-37)OH (SEQ ID NO: 21), Arg22-GLP-1(7-37)0H
(SEQ ID NO: 22), Lys22-GLP-1(7-37)OH (SEQ ID NO: 23), Cya22-
GLP-1(7-37)0H (SEQ ID NO: 24), Val®-Glu22-GLP-1(7-37)0OH (SEQ
ID NO: 5), Val®-Asp?2-GLP-1(7-37)0H (SEQ ID NO: 6), ValS-

30 Arg?2-GLP-1(7-37)O0H (SEQ ID NO: 7), Val®-Lys22-GLP-1(7~-37)0H
(SEQ ID NO: 8), Val®-Cya??-GLP-1(7-37)OH (SEQ ID NO: 25),
Gly®-Glu?2-GLpP-1(7-37)0H (SEQ ID NO: 9), Gly®-Asp22-GLP~-1 (7~
37)0H (SEQ ID NO: 10), Gly8-Arg?2-GLP-1(7-37)OH (SEQ ID NO:

11), Gly®-Lys22-GLP-1(7-37)OH (SEQ ID NO: 12), Gly®-Cya22-



valine, leucine, isoleucine, nethionine, serine, threonine, cysteine,
aspartic acid, glutamc acid, lysine, arginine, 20 asparagi 0€Defrber DO,
phenyl al ani ne, tyrosine, histidine or tryptophan; and the am no acid at
position @2d.isesgspartic acid, glutamc acid, lysine, argdim@i@sparagine,
gl ut am ne or |st|d|ne Speci fic exanples of GLP-1 conpounds of the
present 25 invention include Glu22- GP-1(7-37)OH (SEQ I D NO 20),
Asp22- G P-1(7-37)OH (SEQ ID NO - 21), Arg22-GP-1(7 -37)oH (SEQ I.D NO
22), Lys22--GP- :L(7-37) OH (SEQ | D-®- 23), Cya22- AP-i (7-37) OH (SEQ
ID NO 24), Val8- Gﬂu22--GLP—I (7-37) OH (SEQ ID NO 5), Val8-Asp22-G.P

- 1(7-37) gLEM (SEQ)ldR Neegbrp n¥al &630 614 ﬂ—é%ﬁ’a%éﬂaég%p[g_‘gg%fgd 3[))7;“&

7), Val 8-lys22 7-3 é QIDNO 8

|(ng Als ngé 25)), :éﬁ@i%y;@gﬁﬂz?ﬂ(} @lbi;lgtﬁg IHNCSE@S)D Mg@rGLe-l(T(—jH (SEQ-
DNo 5 T BoLyss0) GLP§’;_( 37) Goﬁléfﬁ%}ﬁég%%&%le% 3%22 16
Decenber Cz@é’& oiﬂ@sééwﬂz USEPED M/SﬂeA.?Aia@?PGlu@?rGEy DHT¢SEQ ID NO. -
26 P, 630 NH2 { SRR, 78 P, H2 (SE
oS 2ge %E%L%? *?ﬁ%éfﬁhi N A AN et AN
\N/H|28(25Q 3D, N@ai oRrg? < ]GJ(}316()7I*1P&6)(ISEQ (595@01: ?BHKD.. 33)21 —Lyszzl (7.36) N
a u

(SEQ ID NO S 57 3@3'?@ E\%Eéyz%e_ :"/Bses (31 CY§E N VARE 2?)%69518 Lys22 -
S_OP- é6§ 7- G‘é@)ﬂ\IIJ'IDQNPSEQGI)D ﬁ@r‘?s@}lg) 1?y7a-Q?_&5)®_PE- -($EgzIDGNNH237)(SEQ I D

Q y8- Asp St (7- 3%1557 314537&%? ks ag EE gﬁ% ﬁlg AEIE R (7-36) N2
(SEdq D ﬂac(v7-§§)>Nsz§ LIR MO G, (G2 BBl a8 -GEEEL { D- 3HONH4 0] SEQ AID

ays 1643 val OH (SE
D N a4 RO N S Beq B TRp A, (add) O (SEQ
Val 8-Q ué«arsé?_ﬁGLﬁl 87 B QHBEGHD MNWW)fGWBGWJ'e;Bpﬂnazym( SEO 1D

951843.) ség@gp- | ?9%%&: Y%I]E %’%ﬁlﬂéﬂﬁ%@"l %/EIQE 3@592 IR 8Os &4psq(7-37) o
(SEQ | D Rdy®a€iu ~ IGTAr 37 QHU ASEQ_ D1 NOZ%- 3B) OHVESECHE B3RNCELR9) (7-
Val&ﬁluéi})éﬁa%ﬁm ID NO: 46), Vai8-His37-GLP-1(7-37)0H (SEQ ID NO:
47), Val®-Glu22-Lys®-GLP-1(7-37)0H (SEQ ID NO: 48), Val®-
G1lu22-Glu*-GLP-1(7-37)OH (SEQ ID NO: 49}, Val8-Glu22-ala?’-
GLP-1(7-37)0H (SEQ ID NO: 50), Val8-Gly34-Lys®-GLpP-1(7-37)OH
(SEQ ID NO: 51), Val8-His37-GLP-1(7-37)OH (SEQ ID NO: 52),
20 Gly8-Bis37-GLP-1(7-37)0H (SEQ ID NO: 53).
As used herein, the term "GLP-1 compound" also
includes pharmaceutically acceptable salts of the
compounds described herein. A GLP-1 compound of this
invention can possess a sufficiently acidic, a
25 sufficiently basig, ¢r both functional groups, and
accordingly react with any of a number of inorganic
bases, and inorganic and oxganic acids, to form a salt.
" Acids commonly employed to form acid addition salts are
inorganic acids such as hydrochloric acid, hydrobromic
30 acid, hydroiodic acid, sulfuric acid, phosphoric acid,
and the like, and organic acids such as p-toluenesulfonic
acid, methanesulfonic acid, oxalic acid, p-bromophenyl-
sulfonic acid, carbonic acid, succinic acid, citric acid,

benzoic acid, acetic acid, and the like. [Examples of



GP-1 (7--37) OH (SEQID NO 50) , Val8-dy34-Lys35-GP-1 (7-37) OH (SEQ
ID NO - 51), Val8 His37-G.P-1(7-37)OH (SEQ ID NO 52), 20 Glygpgu:@%r@&l
(7-37)OH (SEQ ID NO 53). As used herein, the term"G.P-1 conpound” al so

i ncl udes whar/seageut i cal |y acceptable salts of the conpoendasdesard bed
herein. A GLP-1 conpound of this invention can possess a sufficiently
acidic, a 25 sufficiently basic, ¢ both functional groups, and accordingly
react with any of a nunber of inorganic bases, and inorganic and organic
acids, to forma salt. Acids commnli/we"rrpl oyed to formacid addition salts
.are inorganic acids such as hydrochloric acid, hydrobrom c 30 acid,

hydr oi odi&i—l@tcifiﬁltﬁjlifnﬂliuﬁﬂadﬂtﬁ phiospiteor ipymﬁhdfa’cmdhimmllﬁalte,, and organic

aci ds sugly, f ﬁﬁQﬁ% oxal ic acid,
" p-br om)phenffJt sul oér@c%%’d%}{o rgaﬁﬂleg ér[cgﬁl sucg;] 05«? (ft%c'l tric acid,
benzoi c aim@dmnmcmphjgteanahettlaqohqdmmt@amylm@rmfsp}:ﬁtlaecenber 2004 WO
‘01/98331 i ncl ude .t he sul fate, pyrosulfate,
,blsulfatelgﬂggﬁééﬁeafﬁn d%ﬁlﬁp * osp §%‘e'n§H8P P@&@thospha
d|hydﬁogehphnﬁphanecapnyﬂmmspQMmylxmgoﬁhnmphame;soﬂwﬂyrata,twonide

I odi de, acetat I,Qna 5 decan t ca Iate yIate f or mat e,
|sobutyrzﬁ aefced &?z%[t nﬁ?&ﬁt’ar?d:ﬁpel Sisi ﬁ%rl FatSy| onat e,

succi nat esucmbﬂnm e subehatat e,sefl:imﬁtﬁ,e,fuﬁtﬁlra&te@ mbllb)ﬁlt@- bk ysteoat e,
hexyne- | nzoat |l aro enz ate, . nethyl benzoate
dlnltrobéﬁfgé? qﬁ?d&ﬁ%y 20;? %F 5Enz FRLQTO ﬁéF&ve

SE| f onzgt mebhﬁlmm&dafmamflmwzmeﬂeat deﬁbgwleﬁrz@ait@r)at e, I

phen utyrate, .citrate act at e, r OX r at col at e,

t a'rt:ﬂglt e"}/ t?ﬂﬁ’ﬂ’ FtSaPlt ﬁ‘é&@’ %é(gﬁ%‘ @ﬁé’na{e'sul f onat e,
napht hal @tezxﬁrmdénzw Ethmlﬂ'd.@I@pﬁ.or@lt@ tb@en&ibht&@ateasaﬂéatbl on salts

i ncl ude der| ved from ani ¢ basﬁggoimh as ammoni um or al kali or

al kal i ne ahWPG)?ixé’ Y& 5en Btear b8RAEEEE and t he

methanesulfonate, propanesulfonate, naphthalene-1-
sulfonate, naphthalene-2-sulfonate, mandelate, and the
15 1like.

Base addition salts inciude those derived from
inorganic bases, such as ammonium or alkali or alkaline
earth metal hydroxides, carbonates, bicarbonates, and the
like. Such bases useful in preparing the salts of this

20 invention thus include sodium hydroxide, pofassium
hydroxide, ammonium hydroxide, potassium carbonate, and the
like.

The GLP-1 compounds can be used to treat subjects with
a wide variety of diseases and conditions. It is believed

25 that GLP-1 compounds, including those of the present
invention, exert their biological effects by acting at a
receptor referred to as the “GLP-1 receptor” (see U.S.
Patent No. 5,670,360 to Thorrens). Subjects with diseases

. and/or conditions that respond favorably to GLP-1 receptor

30 stimulation or to the adminstration of GLP~1 compounds can
therefore be treated with the GLP-1 compounds of the present
invention. These subjects are said to “be in need of
treatment with GLP~1 compounds” or “in need of GLP-1

receptor stimulation”. Included are subjects with non-



| i ke. Such bases useful in preparing the salts of this 20 invention thus

i ncl ude sodi um hydr oxi de, potassi um hydroxide, ammoni um hydr g Dd&mber 2004
pot assi um carbonate, and the 1ike. The G.P-1 conmpounds can be used to
treat subVed48itth a wide variety of diseases and condi PFFONSOVI6TY o
believed 25 that G.P-1 compounds, including those of the present

I nvention, exert their biological effects by acting at a receptor referred
to as the "GLP-1 receptor” (see U S. Patent No. 5,670,360 to Thorrens).

Subj ects with di seases and/or conditi8A3 that respond favorably to GLP-1
receptor 30 stimulation or to the adm nstration of GLP-1 conpounds can

t her ef or eibeuftiratiegendehtt HeabeRekl,conpulndsdepentenpr adabetespvent i on.

These subj ar bn, ne reat ith,d._P--|.conmpounds" |
T noshERRe g Beg P, 08 18T ol e EReRle) TR P Reethne ERRFEELERW Lh mon

16 Decenbéseaowa 9ﬂ¥0&59835y EfendiBCT| bBesit§644dei woubgr1dependent

di abet es, .i.ns de ndent, di bet es, tro e 9 Ef endi ¢

nyocardlaFfFﬁa i %gaggg 88968531 5§ ﬁPEéﬁFE)Y[%Seglgy ggEé >

98/ 12638361“2535t eog# @53 cat alﬁehdac(;ba:ﬁggetabhm aysg@pmésaﬁgl U. tS) Patent 5

No. t en ncti ona irrcitable bowel

syndr one %gﬁét9§}§9?%ﬂﬁg SBQHE?@ﬁdlé?e %§p§87pﬁg€@dgg Bfendip] ectBlso

reqU|rlnglﬁémﬁhdhaﬁfeCsﬁbﬁé&ﬁgnkeghihlng FEpAyTaseddntredtilent SWPEECt S at

endent di apetes (see WD 00/07617).

risk for de ﬁ£o I ng_non- .insulin
Subj ect s ﬁﬁ¥ "i 8%%%??@0 ﬁrﬁcosﬁugé?%FﬁnﬁE 6+$¥n5%Fr€8V?éSP%ﬂ% BPRcose,
subj ect s wagﬁhhodypemught ﬂﬁaﬁéﬁéb Zéafeadwveon@vm) bodgubyetegstwien the

subj s, hei ght _an buj sub ects parti al _pancreatectony,
subjgg%s ﬁﬁﬁ?gﬁegn %?Oﬁ%rEOiﬁﬁﬁﬁﬁFs ﬁn%ﬂPﬂbﬁe¢ P EhgcPetiaes®s di abet es,

subj ect s #tibjdbtHamieosadpgayt akignel idi Aehes2 59 dasebe esdsm¥h bb@ye had
devel oping non-insulin

acute or chronjc_pancreatitlis are at, risk for
dependent¥ ﬁ+%%gtggr éﬂ e-gpbiectve BRboht and body Rulldnpebirsts t he
with a partial pancreatectomy, subjects having one or more
parents with non-insulin dependent diabetes, subjects who
15 have had gestational diabetes and subjects who have had
acute or chronic pancreatitis are at risk for developing
non-insulin dependent diabetes.
An “effective amount” of a GLP-1 compound is the
quantity which results in a desired therapeutic and/or
20 prophylactic effect without causing unacceptable side-
effects when administered to a subject in need of GLP-1
) receptor stimulation. A "desired therapeutic effect”
includes one or more of the following: 1) an amelioration of
the symptom(s) associated with the disease or condition; 2)
25 a delay in the onset of symptoms associated with the disease
or condition; 3) increased longevity compared with the
absence of the treatment; and 4) greater quality of life
'_compéred with the absence of the treatment. For example, an
“effective amount” of a GLP-1 compound for the treatment Qf
30 diabetes is the guantity that would result in greater
control of blood glucose concentration than in the absence
of treatment, thereby resulting in a delay in the onset of
diabetic complications such as retinopathy, neuropathy or

kidney disease. An “effective amount” of a GLP-1 compound



quantity which results in a desired therapeutic and/or 20 prophylactic
effect without causing unacceptable side effects when adm ni siensdnlar 2004
subject in need of GLP-1 receptor stinulation. A "desired therapeutic
effect” i@eglsdes one or nore of the followi ng: 1) an amptrRkalicdry of the
synpton(s) associated wth the disease or condition; 2) 25 a delay in the
onset of synptons associated with the di sease or condition; 3) increased

| ongevity conpared with the absence of the treatment; and 4) greater
quality of life <conpared with the absgnce of the treatnment. For exanpl e,
an "effectrve anount” of a GLP-1 conpound for the treatnent of 30 di abetes

|'s the quagf ?@%%éﬁiwn rc?fucﬁaﬁ & A Ghne ‘E;‘H’efr%&t e faloof glgicose

concentratlon t absence o t reat ment y resultlng in a
~del ay i n débayonssrmpirediabidt | the oxlpd droce |Qﬁ1$@ﬁﬂqnem:,r d:thew@materty of

December SHOP gt ST i e TN e vaitor
~di abet es érstiﬁtwmpm);&d&qmi@adrmlmcrddsaﬁumw adredst,h t he absence of
treat f he jonse

L1 cat Mot U9 AR e Rty o g S L cac. 5
t hi azol i di nedlmeﬁffetst.tﬂ\.rm aweliretr” hjfsglhmmeilmas comeuanurﬁf fective amount" of
(e P L RPN RN ) SLSLELL S8 SULEr il A Sgengnd gt e 1Pe
such as gmwnltywaaftﬁhe affesesEX , arlidhh Wieg thaaedtklitsd)iessanEe the drugs.
R ot SR S dg DS S e T R T ARRTGRS
ef f edOi vetcﬁ&mtarrtce)fto @Rags £ orgr ngk ikred a\llgﬁsfalmmﬂb.ollie @pdé B per day to
Sbott 0, SLF UG APREPRIATE ERPAP PR oD CHESRoral PheSm about |
1.0 ng/da@adtbﬁ&unﬂTﬂﬁldﬁﬂI&%/a £Huxaad&thdamnym@ﬁfédmhvbhamauﬁﬁeat
vent o sa [ SiafPLes Do st ged 4 Al e B Lo about
' 1000 mg per day for an adult. Preferably, the dosage ranges
15 from about 0.1 mg per day to about 100 mg per day, more
preferably from about 1.0 mg}day to about 10 mg/day.
The GLP-1 compounds of the present invention can,
for example, be administered orally, by nasal
administration, inhalation or parenterally. Parenteral
20 administration can include, for example, systemic
administration, such as by intramuscular, intravenous,
subcutaneous, or intraperitoneal injection. The GLP-1
compounds can be administered to the subject in
conjunction with an acceptable pharmaceutical carrier,
25 diluent or excipient as part of a pharmaceutical
composition for treating the diseases discussed above.
The pharmaceutical composition can be a solution or,
" if administered parenterally, a suspension of the GLP-
1 compound or a suspension of the GLP-1 compound
30 complexed with a divalent metal cation,. as described
below. Suitable pharmaceutical carriers may contain
inert ingredients which do not interact with the -
peptide or peptide derivative. Standard

pharmaceutical formulation techniques may be employed . .~ . .~ .



20 adm ni stration can include, for exanple, system c adm nistration, such
as by intranuscul ar, intravenous, subcutaneous, or intraperii®nesdmber 2004
injection. The G P-1 conpounds can be administered to the subject in

conj unct i YR W84/ 1an accept abl e pharmaceutical carrier, 25PETUSBHI6IH

exci pient as part of a pharmaceutical conposition for treating the

di seases di scussed above. The pharnaceutical conposition can be a solution
or, if adm nistered parenterally, a sugpension of the GLP- 1 conpound or a
suspensi on of the G.P-1 conpound 30 cofiflexed with a dival ent netal
cation,-as described below Suitable pharnmaceutical carriers may contain

i nert i ngFBaheassthipsendascrabednisr Beningthnt se Phpephiceatdrcafept i de

derivati vga; ar h l.ca | at.l t echni ques may be enpl oyed
16 Decenbg?lg%%ﬁgVmﬂ%ﬁ?Qgggﬁggg}bgsgi%géﬁyﬂ E?ggogﬂcggés t hose described in
Reni ngt onSy¥ithbtespkarineabut ScedncesridbskfBubpasbhbgr&dnpany, Easton, PA.
Sui t abl e | C cartiers for parenteral . adm nistration include,

f or exanp?gﬁig?%gg%%lgétéPFiggﬁhy Pﬁlgﬁ?ﬁﬁieSa FﬁE}T%aH? Prostatic saline
(sali®e pbysbohogicabosaldn8% bytvérbeseytial sabohy, (sahesphat e- buffered

line, Hank: s, sol uti inger’ s | actat the |ike. S les of
i 1abl o COETHRERY s#PRr o IFcpitel Befhrt celooitl ose. 10 trohal ose.

sor bi t ol , phssphatwiber ferdd " 584D 86] "HABK 8 "BOYBLioR) eRERGRLYsa human, but
can al so fe aqfanlqgl, e.g. conganlon anjmals _(e.g., _dogs, cats, and the
like), fardremiaetRd (Ehg. fikgasSone RegPegsof hsktkabland the |ike) and
| abor at orgxdfpient@l snéPuge , 158t 6se /T dént BoALAsRESSseand the like). The
GLP—% comﬁgqggf of the géesent i nvention can be conplexed with a suitable
di valt@nt BT i O vt entPd R it ¥hpl exes of GLP-3 conpounds are
general |y i ns@ Uhdibiédt @OUEOHSmERhat | QP& OBG1 Phy Shaheg] Cgkte PH  Thus,
these 20 conplexes can be adnini stered subcutaneously as suspensi ons
can also be an animal, e.g., companion animals (e.qg.,
dogs, cats, and the like), farm animals {e.g., cows,
sheep, pigs, horses, and the like) and laboratory
15 animals (e.g., rats, mice, guinea pigs, and the like).
The GLP-1 compounds of the present invention can be
complexed with a suitable divalent metal cation. Divalent
metal complexes of GLP-1 compounds are generally insoluble
in agqueous splution around physiological pH. Thus, these
20 complexes can be administered subcutaneously as suspensions
- and show a decreased rate of release in vivo, thereby
R extending the time action the compound. Examples of
suitable divalent metal cations include zn*t, Mn*+, Fett,
catt, Cott, cdtt, Nitt, and the like. Zntt is preferred.
25 To obtain the complexes between the GLP-1 campounds’' of
the present invention and a divalent metal cation, a GLP-1
is dissolved in a suitable buffer and in the presence of a
metal salt. The mixture is allowed to incubate at ambient
temperature to allow the complex to precipitate. Suitable
30 buffers are those which maintain the mixture at a pH rangé
from about 3.0 to about 9.0 and do not interfere with the
complexation reaction. Examples include phosphate buffers,
acetate buffers, citrate buffers and Goode’s buffers, e.q.,

HEPES, Tris and Tris acetate. Suitable metal salts are .. ..



and show a decreased rate of release in vivo, thereby extending the tine
action the conmpound. Exanples of suitable divalent metal catj@pscehdbet 2R
Zn++, ©Mh ++, Fe++, Ca++, Co++, Cd++, N ++, and the like. Zn++ Is preferred.
25 To obhyd phdghs conpl exes between the GLP-1 conpounds' pET/ubhgispriesent

i nvention and a divalent netal cation, a GLP-1 is dissolved in a suitable
buffer and in the presence of a netal salt. The mixture is allowed to

i ncubate at anbient tenperature to allow the conplex to precipitate
Suitable 30 buffers are those which maizatain the m xture at a pH range
fromabout 3.0 to about 9.0 and do not interfere with the conplexation

reaction 4?@@@ hat.e e citrate

buffers an Gboég sjgﬁ#ﬁgﬁ%QE&§R 35 ﬂ%%&g%B%e gggnggﬁﬁﬁgﬁégg%gte Sui t abl e

- et al saﬂﬁ?mm&§SlG§ Boidree z@@¢ wBlo3s/ 9883 ndePeinusSoblesides z28ct hose in

which th gﬁ zgggpggi§gkgn Pgéggpggixof suitable zinc
oXi de,

sal ts i nclude Z|nc c orlz1 Zl nc ~acetafte, 4 Z|nc sul f ate.
‘Preferabuﬁvaden¢lwwhaﬁ q&nmmusaBaQM|6ushlassaahcashibnmdehharlde is 5

provi ded | t [.QV, l.ar ra f 0 50, nol ecul es of
B G VAl R an et YR, BrBRaRe b odp? eBib eBnpELre 008t

"I nsul i n&0r muilecadtesy ictty'a mﬁrallentomtaﬂrubatu.ng fosukaoh meteehnlenofn
response&&%_ Ievate%' ucose levels, thereby 10 causing gl ucose uptake by
cells an ecr ETER ‘um gl ucose |levels. Insulinotropic activity can be

assessed by nﬂﬂhaﬁaldbtrmpﬂcnabbﬁvaty" reckndi tg ushm@lhﬂlngVQngﬁmﬁhinEntS

and in vitro.,assays that nea SL % rece tor ndlf? %
recept or “ECTVAPPor? gggponggs 25§fng Bﬁﬂﬁ?e EYe+¥sl ceIIs or
lnsulOnomaumdhbsglmmcdesaunhﬂﬁ by EBlﬁé9a382dé6ré§bédnder&m @lucosed U. S
Pat ent specti e enti ﬁe t eachi

T s of t
referenygf 593 ﬁ@gpﬁ&P 5apﬁ8r8FﬁlK§ Yef8Pe Eeasﬁﬁﬁs Fb! o) g%%gﬁds of
t he presdmbwmnﬁ.anﬂ:lh@n aed; Hecld@ingepatind By usvBlespepsmedtseihg@dsnof
soli"d- pha&%rp ssays that measure GLP-1 receptor binding activity or
' receptor activation, e.g., assays employing pancreatic islet
15 cells or insulinoma cells, as described in EP 619,322 to

Gelfand, et al., and U.S. Patent No. 5,120,712,
respectively. The entire teachings of these references are
incorporated herein by reference.
The GLP-1 compounds of the present invention can be
20 prepared by using standard methods of solid-phase peptide
synthesis techniques. Peptide synthesizers are commercially
available from, for example, Applied Biosystems in Foster
City CA. Reagents for solid phase synthesis are
commercially available, for example, from Midwest Biotech
25 (Fishers, IN). Solid phase peptide synthesizers can be used
according to manufacturers instructions for blocking
interfering groups, protecting the amino acid to be reacted,
' coupling, decoupling, and capping of unreacted amino acids.
Typically, an a-N-carbamoyl protected amino acid and
30 the N-terminal amino acid on the growing peptide chain on a
resin is coupled at room temperature in an inert solvent
such as dimethylformamide, N-methylpyrrolidone or methylene

chloride in the presence of coupling agents such as

dicyclohexylcarbodiimide and l-~hydroxybenzotriazole and -a — -« oo -



synt hesi s techni ques. Peptide synthesizers are commercially available
from for exanple Applied Biosystens in Foster City CA Reagggk&m&ggzoo4
solid pha ﬁggesis are commercially available, for ex

M dwest B 5 (Fishers, IN). Solid phase peptide synt %%ng%an be
used accordlng to manufacturers instructions for blocking interfering
groups, protecting the amno acid to be reacted, coupling, decoupling, and
cappi ng of unreacted am no acids. Typi %IIy, an a-N-carbanoyl protected
amno acid and 30 the N-terminal am n6®acid on the grow ng peptide chain
on a resinis coupled at roomtenperature in an inert solvent such as

di r net hyl basmasiids, aSNdiiHephypyyethdemnaeor nmmhmken@anﬂﬁmmyxhai n the
presence of ng agents such as C ex hodii m de ~and 1-

v oxybeR 58t PR3 BPa SAAiPaL 6T BB LRt roBok Doy Rs LIRSS PREFAGSOR 9igu 7 4
-24 base ssthgaa debgeptoputbht A 8pi feuordhecil aaibaBRY bigdhaiBGld N9
group is regnved fromthe resulting peptide resin using a reagent such as

trifluorodRet FREaEPHPLTE| HERFHIAR, repfgtefe vddhiptheg ne&ic desd neshdét ed

with the pestedesir aflibo5aB1Qt £6t88 38188 E6'@hbopQ§t§9Qe%h% the peptide
chai n. SU|tabIe am ne protecting groups are wel own in g art and are

descri bedSUibabieaapiee ProtREbhNGNArYUPS, arepweildcknaynGiouphe mr® gani c
SyntheS|SandJQPQ deLeyipod, f@PSexéﬁéie,tbﬁugggéﬁe bgaﬁﬂgggs of which are

|ncorporated 10 by reference s inc & t-bi yl oxycar bonyl (tBoc)
and fl uor@ﬁ?tﬁﬁth@gyﬁapnmym(Gnmz)ucTEgnpbpsudés dobnallddegyankesi zed

but oxycarbonyt - 1o L1 EaEeBPHES L E00SE B4R PR B ChPR ot BB RePdatin, n
appr éé e seferenaén Brampbes omcmdert-—butplex:yoarbényynt(stbs, apdpt i des

are cleawegugf iﬂgtha%%#%#ﬁ?%ﬁ g@ﬁg@$ t mﬁth si mul t aneous side-chain

deprotection usihg stan oride nethods. Crude peptides are
t hen further p'Uwfpeﬁtuéemgamva}chﬁQtMEe@husﬂﬁgogtaﬁhargn Vydac C18

o ooy R UnBEEA OB 1 L4l oS WiithSaL ) BedtbLolL SOLSGOELC e ¢ (TFA).
butoxycarbonyl— or fluorenylmethoxycarbonyl-alpha-amino

15 acids with appropriate side-chain protection. After
completion of synthesis, peptides are cleaved from the
solid-phase support with simultaneous side-chain
deprotection using standard hydrogen fluoride methods.

Crude peptides are then further purified using Reversed-

20 Phase Chromatography on Vydac C18 columns using acetonitrile
gradients in 0.1% trifluorcacetic acid (TFA). To remove
acetonitrile, peptides are lyophilized from a solution
containing 0:1 % TFA, acetonitrile and water. Purity can be
verified by analytical reversed phase chromatography.

25 Identity of peptides can be verified by mass spectrometry.
Peptides can be solubilized in aqueous buffers at neutral

) pH.
The invention is illustrated by the following
examples which are not intended to be limiting in any

30 way. '



acetonitrile, peptides are |yophilized froma solution containing 0.1 %
TFA, acetonitrile and water. Purity can be verified by analylé glenltoV 6L
phase chromat ography. 25 ldentity* of peptides can be verif % c:nass oF
spect r onB¥0y1/983pkpt i des can be solubilized in aqueous bt]’qu@PSéW +Theut r al

pH. The invention is illustrated by the follow ng exanples which are not
intended to be limting in any 30 way. WO 01198331 -25 16 Decenber 2004
PCT[USO / 16474 Exanple | - Preparation of the G.P-1 Conpounds of the

Present Invent-ion by Solid Pbas e t-B&c Chounistry Approximtely 0.5-0.6
grans (0.38-0.45 mmowle) Boc Gy- 5 PAMresin was placed in a standard 60
m reaction vessel and double couplings were run'on an Applied Biosytens

AB1430A .peptide gynthegizer. The follow ng de- chaln ro ected am no
‘acids (2 RES att r T d R RO i gﬂ‘\eds%&‘ﬁe?'e fPomMivest

Bi ot ech (Priederits Inhvidntaoa wge@ouadt In.asEO t%h%hes&sei-g Tosyl (TOS),
_Asp- 8- cycl ohexyl est er (CHXL) -8- ¢ cohexyl ester  (CHXL), Hi s

- benzy! oxynet HPPEBEHmat §-§a5cﬁlér@ﬁ@ﬂfyl@k@@apbéﬁymmoégtlBZP GlY-

Met - syl f paMIG-dB) r Nyl -.e I hi. y oBzl),
Tr p- fgrnyl 1§.(CHQrggngQayggziﬁrgn%%%ﬁ?&??ﬁﬁ@arg QCE§?§ fgg oc Ay
PAM r esi flouble fcoupdd agst Wersc run( PRARD aspplugdeapyybemw maacm( DI EA) ,

0.5 M h )ége%ﬁtthbgﬂ%‘ém( 8t h 1 oPiYhg280a8-anlln PEGFERE88d from

di cycl ohexyl carb rchlorg ane Wwere r
PE- Appl | éehingj esydisert? mol(ngatramcgw oeA;aocDamenbybtmdafmrmdee (

pur chasedPr ANt 2ohn Bahant h6PLaR0TRNARE, (FG" ML hBSHATh pFe ©
coUpl@ng§YW¢h@Sn§n usi ng either symetric anhydr|Qe or ROBt esters, both
honr o o Prgiosys  TH06) KR ErelindRyY EstOr flnsy, (Halgxt THA
cycohexyl ester (CHXL), His-benzyloxymethyl (BOM), Lys-2-
chlorobenzyloxycarbonyl (2Cl1-%Z), Met-sulfoxide (0}, Ser-0O-
benzyl ether (OBzl), Thr-O-benzyl ether (OBzl), Trp-formyl
15 (CHO) and Tyr-2-bromcbenzyloxycarbonyl {2Br-Z} and Boc Gly
PAM resin. Trifluoroacetic acid {TFA), di-~
isopropylethylamine (DIEA), 0.5 M hydroxybenzotriazole
(HOBt) in DMF and 0.5 M dicyclohexylcarbodiimide (DCC) in
dichloromethane were purchased from PE-Applied Biosystems
20 (Foster City, CA). Dimethylformamide (DMF-Burdick and
Jackson} and dichloromethane (DCM-Mallinkrodt) were
purchased from Mays Chemical Co. (Indianapolis, IN).
Standard dQuble couplings were run using either
symmetric anhy&ride or HOBt esters, both formed using DCC.
25 A second set of double couplings (without TFA deprotection)
were run at Trp3l, Thril3 and Thrli. At the completion of
_ the syntheses, the N-terminal Boc group was removed and the
peptidyl resins treated with 20% piperidine in DMF to
deformylate the Trp side chain. After washing with DCM, the
30 resins were transferred to a TEFLON reaction vessel and
dried in vacuo.
For analogs containing Met, an on-the-resin reduction
was done using TFA/10% dimethyl sulfide (DMS)/2%
. concentrated HCl. Cleavages were done by attaching the



were run at Trp3l, Thrl13 and Thrll. At ' the conpletion of the
syntheses, the N-term nal Boc group was renoved and the pept {glipbciftet 7Gog
treated with 20% pi peridine, in DM to defornylate the Trp side chain.
After wasid pgosasit h DCM the 30 resins were transferred t ®CA/UPEFIQAN r eacti on
vessel and dried in vacuo. For anal ogs containing Met, an on-the-resin
reduction was done using TFA/ 10% di net hyl sul fide (DMS)/2% concentrated
HCl. d eavages were done by attaching the 16 Decenber 2004 WD 01/98331 -26
PCT/ USO1/ 16474 reaction vessels to a - hydrofluoric acid) apparatus

(Penni nsul a Laboratories). 1 ml mcresol per gramiresin was added and 10
M HF (pured@siosh frass @A td Mimawdmfﬂd‘@nmmn@@mhﬁmo t he

pre-cool ed vessel er gra 5.resin wa vvhe nmet hi oni ne
(reriite i AR s U 1 3t SRR BF

was prese L5at 3RP the HF
renoved idHdedcaiad ﬂmm&mdmcvﬂ@ecsmﬂm i rrrﬁﬂayiapeihesr anj the

solids were filt red nd washed wi th ethe F]O(L ﬁs extracted )
into aquétts iPEhdRE BRE 99 Py Pteded E&@y onto

a revsr S&é&@&&qa@lwﬁbd W fméxadime/\@ra% rpmssyma. 2 TheX FEBiondDAC C18
colum in buffer iO 1% Trifluoroacteic acid in water, B: 0.1%_ TFA in

acet oni t Me%§ SIXIRBATEN VI Ag6an toPs thadnd tisn HE remeveq vidt er s)
over 120 3l es gle %ﬂdd@é“#&é’@d%&ﬁé@@r{ UthRA Ahdd Ala 43 nm (4.0

A) and colTecting one mnute fractil Appropriate fractions were

conbi ned solfxdﬂzere%cﬁll;t@md iaret . Wf'{?heeﬂd wirtdd gdhe e r EaginBerdddey HPLC
(0.46 x ,l\ﬁr{a%_%éd /i%% %uaég]ﬂl f s %%ms%@ QR £ refeAxample 2 -

Pr epar at | on o e GLP- Present Invention by Solid

Phas0 F- Mol ech e ﬁq@%&mqﬁmlqm%& r@V(ea@enma@)e Fdemg-y WANG r esi n
E)Iroggrg(r:gasmrgg f/vrecﬁmlh'&/iac%e 96vvell rga%ﬁ;ogn%s?o\g%aggéggﬁfﬂ@@% oL umn

in buffer A (0.1% Trifluoroacteic acid in water, B: 0.1% TFA

in acetonitrile). A gradient of 20% to 90% B was run on an

HPLC {Waters) over 120 minutes at 10 ml/minute while

15  monitoring the UV at 280 nm (4.0 R) and collecting one
minute fractions. Appropriate fractions were combined,
frozen and lyophilized. Dried products were analyzed by
HPLC (0.46 x 15.cm METASII AQ Cl8) and MALDI mass
spectrometry.

20
Example 2 - Preparation of the GLP-1 Compounds of the
Present Invention by Solid Phase F-Moc Chemistry

Approximately 114 mg (50 mMole} FMOC Gly WANG resin
(purchased from NovaBiochem, LaJolla, CA) was placed in each

25 programmed well of the 96well reaction block and double

couplings were run on an Advanced ChemTech 386 peptide

] synthesizef. Analogs with a C~terminal amide were prepared
using 75 mg (50 pmole) Rink Amide AM resin (NovaBiochem,
LaJdolla, CA).

30 The following FMOC amino acids were purchased from
Advanced ChemTech (Louisville, KY), NovaBiochem (La Jolla,
CA), and Midwest BioTech (Fishers, IN}: Arg-2,2,4,6,7-
pentamethyldihydrobenzofuran-5-sulfonyl {Pbf), Asn-trityl

o (Trt),; -Asp-B-t-Butyl .ester . (tBu) ,~ Glu-0-t-butyl ester (tBu),



couplings were run on an Advanced Chenifech 396 peptide synthesizer.

Anal ogs with a Ctermnal am de were prepared using 75 ny (SR%R%% r FRJAK
Ami de AMresin (NovaBiochem LaJolla, CA). 30 The foll ow am no
aci ds wem® @wsstiased from Advanced ChenTech (Loui svil | €CTiMALVI&EYaBi ochem
(La Jolla, CA), and M dwest BioTech (Fishers, IN: Arg-2,2,4,6,7-

pent anet hyl di hydr obenzof uran-5- sul fonyl (Pbf), Asn-trityl (Trt),

Asp-p-t- Butyl ester (tBu), G u-8-t-butyl ester (tBu), WD 41/98331 --2 7
16 Decenber 2004  PCTIUSol/ 16474 d ~“Aitrityl (Trt), His-trityl (Trt),
Lys-t-butyl oxycarbonyl (Boc), Ser-t-butyl ether (O Bu), Thr-t-butyl ether
(O Bu), Gﬂn&ﬁrihlytlyl(mxydar Hdlsyrtrc‘LBg&) (TTGF; t Lbert tbuey hexy¢@xBenyl Sol vent s

di net hyl f DVE- B
(NP Bur e PR ER B € PR JBBRRD a2 ok 1R oy 0
purchasedmerﬁhutyionbewboaNlCdBo@DndTmnapabmsyl|¢©her {OtBu).

Hydr oxybenz ot g aQledeCHEBRLe i £oSARRORY! SRUROHLIAT, LD) Bactlan

|sopropylethylan1n piperi Wer e purc §§éd from
Al drish Qhemﬂﬂaﬂ.@gr@hﬂhﬁanbedNMMFﬁuréﬁbkaahdoJamksbnMﬁre di ssolved in 0.45

T e o W P
after demnﬂmmxdahamm af@dnddupbbodds, ATNEr 15 the Iast coupllng and
i the react| Y SROBORenEREE 2ER8 WAERE) orir CAR RGUOREATY | n bl ace
2 M Reag@IC)K wds-isdgedpyoetaglanehe DIEANS adépigseridieet {mip)m xed for
i hakba O s cened rER BIATI6hEnept FrboroalitiedRed By al
pur chased fromlAI diminb achesl eelreCdissdlveaukee). 44 |M I-]EbtetTﬁAl\fMH t rat es
wer e added 40 nm et eC| jtants centrlf
it o @00 TR of X BoPRL R T bEr Co AR TR Werk A AHH o
r e- susperdedhinut4d depebhective- aehhygi 209 eplip/BMF, Each resin was
washed with DMF after deprotections and couplings. After -
15 the last coupling and deprotection, the peptidyl resins were
washed with DCM and dried in vacuo in the reaction block.
With the reaction/cleavage block assembly in place, 2
ml Reagent K was added to each well and the cleavage
reaction mixed for 2 hours [Reagent K= 0.75 gm phenol, 0.5
20 ml thiocanisole, 0.25 ml ethanedithiol, 0.5 ml water per 10
ml trifluorcacetic acid (TFA), all purchased from Aldrich
Ty Chemical Co., Milwaukee, WI]J. The TFA filtrates were added
to 40 ml ethyl ether and the precipitants centrifuged 2
minutes at 2000 rpm. The supernatants were decanted, the
25 pellets re-suspended in 40 ml éther, re-centrifuged, re-
decanted, dried under nitrogen and then in vacuo.
0.3-0.6mg of each product was dissolved in 1 ml 0.1%
' TEA/acetonitrile(ACN)_and 20 ul was analyzed on HPLC [0.46 x
. 15cm METASIL AQ C18, 1lml/min, 45C°, 214 nM (0.2R),
30 A=0.13%TFA, B=0.1%TFA/50%ACN. Gradient ='50% B to S0% B over
30 minutes].
_ bPurifications were run on a 2.2 x 25 cm VYDAC C18
column in buffer A (0,1% trifluoroacteic acid in water, B:
0.1% TFA ln acetonltrlle) A gradient of 20% to 90% B was

i e L e e e Sened g e YA e e L o g



decanted, dried under nitrogen and then in vacuo. 0.3-0.6ng of each
product was dissolved in 1 m 0.1% TFA/ acetonitrile(ACN) and g@D@&mmﬁ§2004
anal yzed on HPLC (0.46 x 15cm METASIL AQ C18, 1nﬁ/n1n 45C1,

(0.2A), 3WOAKEE3P1 o FA, B=0. 190FA/ 50%ACN. G adi ent = 50% B’QT&JS%’%4B4over 30
mnutes]'. Purifications were run on a 2.2 x 25 cn1VYDAC Cl8 <colum in
buffer A (0.1@6trif|uoroacteic acid in water, B 0.1% TFA in
acetonitrile). A gradient of 20%to 90% B was 16 Decenber 2004 WO 01/98331
-28 PCTIUSO /16474 run on an HPLC ( ers) over 120 minutes at 10
mM/mnute while nonitoring the WY at 280 nm (4.0A) and collecting 1

m nut e f rEdt Bnan KFRCopMades stir ayeiroAd Owedautesbiated 0 nfl/odemtand

| hi | | kP METASI L
W C18) e O O e O3 b RJdPS AT Ron Assay.

GLP pept iTids1te ﬁﬂ®Q§MQ$ﬁentﬁ@@IW@ﬁéaéﬁaﬁyzedlmehwex@ cespdaied,o their
potentla&gage%ggkggqb% N 1590\, 1 OBy-5 LAy ggg @I, ?%t'%ﬁﬁy'n Seglution vwere

stirred at el evated mmrﬂurelna.3|ta ebu &dum

t ur bi 8i t JHEAC 390 46ni é§> &rf MEGRSAE 8D CilRg. aMdnMALOIt masenset of

aggr egat iR Magmarasured to quantify the potential of a 15 given GP

mol ecul e to aggregate under these stressed conditions. Protocol: A GLP-I
conmpound was first dlssolved under al kaline 20 conditions (pH 10.5) for 30

m nut es iéo?ve a ggégd material . The solution was then

adj ust ed % % PF? PP¥eally, 4 ng of a Iyophilized GLP-1

conpound was GLBspprddEB 3fnthQE iﬁv&ﬁtﬂbﬁsﬁéﬁbeéﬁgl yvaMd githate. The pH
f@ iﬁ%g C% %O ghlo 5 _and g ; 30 25 m nuytes. The sol uti on was

ady FHC FRT7PRLER ia Pe?%ﬁr?ﬁﬁBﬁgﬁnasgépFéﬁpe Initer, for

exanpl e gellebrheyx F¥ptiviesnga BolueiohMielépsterceapatakhadatBgdiord, M) .

This temperature in a suitable buffer while recording turbidity
at 350 nm as a function of time. Time to the onset of
aggregation was measured to guantify the potential of a

15 given GLP molecule to aggregate under these stressed

conditions.

Protocol:
A GLP-1 compound was first dissolved under alkaline
20 conditions (pH 10.5) for 30 minutes to dissolve any pre-
aggregated material. The solution was then adjusted to pH
Lfﬁ 7.4 and filtered. Specifically, 4 mg of a lyophilized GLP-1
compound was dissolved in 3 ml of 10 mM phosphate/10 mM
citrate. The pH was adjusted to 10.0-10.5 and held for 30
25 minutes. The solution was adjusted with HCI to pH 7.4 and
filtered through a suitable filter, for example a Miilex GV
syringe filter (Millipore Corporation, Bedford, MA). This
" solution was then diluted to a final sample containing 0.3
mg/mL protein in 10 mM citrate, 10 mM rhosphate, 150 mM
30 NaCl, and adjusted to pH 7.4 to 7.5. The sample was
incubated at 37°C in a quartz cuvette. Every five minutes
the turbidity of the solution was measured ét 350 nm on an
AVIV Model 14DS UV-VIS spectrophotometer (Lakewood, NJ).
For 30 seconds prior to and during the measurement the



solution was then diluted to a final sanple containing 0.3 ng/nL protein
in 10 MM citrate, 10 MM phosphate, 150 mM 30 NaCd, and adju 4
to 7.5. The sanple was incubated at 37C in a quartz cuvette. f‘fi@gﬁ&ﬁ}e?%&
m nut es WOE1483¥bi dity of the solution was neasured at 386TUWM/B™an AvivV
Model 14DS UWV-VIS spectrophotoneter (Lakewood, NJ). For..30 seconds
prior to and during the neasurenent the 16 Decenber 2004 WO 01/98331

PCT/ US01116474 -29 solution was stirred using a nagnetic stir bar from
Starna Cells, Inc. (Atascadero, CA)ngﬁ i ncrease in OD at 350 nm

i ndi cates aggregation of the GLP-peptide. The tine to aggregation was

appr oxi mecddtipn: was sttdrsedt neangf al nagaetis bittis bert heopr Stgroat h and

growt h-p a di od f Kk Arvinte T, Cudd and Drake
"AF. (199§%ﬁ§§'8ﬁggﬁ é%gﬁ%%§g§%g649§?64ggﬁ.E?%gegﬁ$e%PeODmﬁg ésgaﬁ@d bet ween
exper i neirsliwat-k sa aggareghité osoaf sheuGLBRpéptdde .CoMheatim8) tol0 The
results for n er of - 1 _conpoynds t he resent inyention are
'reportedagﬁr$38¥g%f ggstggngﬁ%mnﬁe hgﬁrgg?eﬁUF?gﬁng?o?h8¥c£ﬁﬁﬁﬁﬁd to

aggr efat €ithstoamnhlee preegrpwtheandnpeuntk - phakbeapeosaihgi dyentthodshow
greatly _increased.aqgqgregati on ti,mpes over G P-1_co known in 15 the
prior arfP*t Efﬁ%ﬁ|gAE%gn%%p&1 g@ggg$0ra¥§tP§§F%oﬁ%v??£ggﬂz ¢ P49« Conpounds
of the Popeant 2bByemineredbe)ability of the, GLP-1 conpounds of the present

20 inventiaon &g activgte t he G&P—l receptor was assessed using in.vitro
assays such asPPhGY¥ehEecFRBeicANEP BaOwaeD errerihenky Withad. | and U. S

Patent Neausti20s643. solaspest (¥ehy, dberesslive)teachings of these
reng nces are incorgorated herern by reference. The activity of these 25

cohpounds r el APPyvESSYIEReTQEL fVIUGOSE e FEEF71- gomeppnds eEpbheed in Tabl e
1" As caprbgefitcinbeamibhesgel eybifedt I TAEIEVIt ¥sOfnd heifd Pyl conpounds
of the present invention is generally about as good as or better than
GLP_1(7_hg§f§}Fequ1red for the compound to aggregate. As can be
seen, the compounds of the present invention show greatly
increased aggregation times over GLP-1 compounds known in

15 the prior art.

Example 4 — GLP-1 Receptor Activation With the GLP-1
Compounds of the Present Invention
The ability of the GLP-1 compounds of the present

20 invention to activate the GLP-1 receptor was assessed using

in vitro assays such as those described in EP 619,322 to
51} Gelfand, et al., and U.S. Patent No. 5,120,712,

respectively. The entire teachings of these references are
incorpo;ated hergin by reference. The éctivity of these

25 compounds relatife to the activity of GLP-1(7-37)0H is
reported in Table 1., 'As can be seen from these results, the
activity of the GLP-1 compounds of the present invention is
generally about as good as or better than GLP-1(7-37)OH.



WO 01/98331 -30 Table 1 16 Decenber 2004 PG/ USOL/ 16474 GLP-1
ConPoundAggregati on GLP-1 Receptor Tine in HoursActivation 5 @ Bedeshter 2864
OHL1. 0 Vahgofdelzl (7-37) OH0.9 f 0.20.47 (n = 6) 10 G y8- Hicgaseif47 1(7-37)
OH9*0. 282 Vale-Alall -GP-1 (7--37) OH100.021 15Val "-Lys"-
GLP-1(7-37)CH130. 001 Val e-Tyr"- G.P-1(7-37) OR60.81 Val e-d ue's-G.P-1(7-37)
OH120. 047 20 Vale-Ala"-G.P-1 (7-37.) OH160.112 Val8 -Tyre's-GP-1 (7-37)
OH51. 175 25Val ' - Lys2-G.P-1(7-37) OH5033 A nl2 -GAP-1 (7-37)CH 70. 42
Val"-Ala 22-GP--1 (7-37)0H 190.56 30 Val8-Ser22 -G.P-1 (7-37) OH220.50

Val e- - Asp22-G.P-1(7-37) O+>900.40 16 Decenber 2004 WO 01198331

PCTI USO1116474 -31- Val8-Glu22 -G.P-1 (7-37) OH721.29 Val e-Lys
22-GP-1(7-37) OH100, 540. 58 5Val8-Pregd LGP - 1 (7-37) O+>750. 01 Val8-His2
2-GP-1(7-37) OR>750.14 Val'-Lys22-GP-1(7-36) NH2240.53 10

Val e- G u22- GLP- 1(7-36) NH2>651. 0 GEBr€dpDoE P- 1( 7- 37GLBH 9ReB@ptor

GLP-1 Compound Time in Hours Activation
5
GLP-1(7-~37)0H 1 1.0
Val®-GLp-1 (7-37)0H 0.9 £ 0.2 0.47
' (n = 6)
. ".‘.._ 10
Gly®-His*!-GLP-1(7-37)0H 9% 0.282
Val®-Alal'-GLP-1(7~37)0H 10 0.021
15 Vval®-Lys''-GLP-1(7-37)0H 13 0.001
Val®-Tyr'?-GLP-1(7-37)0H 6 0.81
Va1®-G1lul®-GLP-1(7-37)0OH 12 0.047
20 |
Val®-Alal®-GLP-1(7-37)OH 16 ' 0.112
Val®-Tyr*®-GLp-1(7-37)0H 5 1.175
25 Val®-Lys**-GLP-1(7-37)0H 5 , 0.33
_ G1n*2-GLP-1(7-37)0H 7 0.42
val®-Ala®?-GLP-1(7-37)0H 19 .0.56
30
Val®-Ser?-gLp-1(7-37)OH 22 0.50
Val®-Asp??-GLP-1(7-37)OH >90 0.40



15Val e- GLu23- GLP- 1( 7- 36) OH650. 28 Val e- Lys23- GLP- 1(7_37) OH>450. 18
Val e- Hi s24- GLP-1 (7-37) OH30. 007 20 Val ' -Lys24-GLP-1 (7-37) OH

Ala -H's 26_GLP-1 (7-37) OH>240.8 25Al ae- G u26-GLP-1 (7-37) cﬁ@ﬁ‘g%‘}’“zom
Val e-H s@@ofhdsi (7-37) OHL00.37 Val e- Al a27-- GLP-1 ( 7- 37p&kRQe %430

d y8- GLu30- GLP- 1( 7- 37) OH>400.29 Val ' - GLu30- GLP-1 (7-37) OH300.29 WO

01/ 98331 -32 16 Decenber 2004  PCT1USO 1116474 Val8- Asp30- GLP - 1(7-37)
OH>450. 15 Val e- Ser30- GLP-1 (7-37) OH80. 19 5Val8- Hi s30- GLP-1 (7-37) OH130. 19
Val e- G u' 3- GLP- 1( 7--37) OH>700. 039 Vat3lAl a 33-GLP--1 (7-37) OH200.1 10
Val6- Gl y33-GLP-1 (7-37)0H90.01 Val e- Glu34- GLP-1 (7-37) OH>40%0. 17

15Val e- PrasE-GIRAH{ELIBT) (THIZ0094 Val "74 s35- GLP- 1 (7733} OH>45, 300. 41
Val 8- Q@ u35- GLP-1 (7-37) OH630.15 20 Val "-Glu36-GLP-1 (7-37) OH>450. 11

“Val "-His:"'--GP-1 (7-37) OH80.22 25Val'-H s3I-GLP-1 (7-37) OH. >400.33
Val " - Leu M1 ug623adh-1 (72-$)oo->200. 2 y/al &4 Lys22- G g3 GLP- 1( 7- 37)

OHA0. 37 30 Val 6- Lys22- GLu23- GLP- 1( 7- 37) O >300. 35 Valse W 122- - Gln23- GLP- 1
*(7--37)OH >200. 47 16 Decenmber 2004 WO 01/ 98331 |

5 Val®-Pro??-~GLP-1(7-37)0H >75 0.01
Val®-His**-GLP-1(7-37) OH >75 -+ 0.14
Val®-Lys®>-GLP-1(7-36) NH, 24 0.53

- i0
Val®-Glu??-GLP-1 (7-36) NH, >65 1.0
Gly®-Glu*>-GLP-1(7-37)OH 19 1.07
15 val®~Glu®®-GLP-1(7-36)0H 65 0.28
Val®-Lys?-GLP-1(7-37)0H >45 0.18
Val®-His?-GLP-1(7-37)0H 3 0.007
20
Val®-Lys®-GLP-1(7-37)04 22 0.02
Ala®-His?®-GLP-1(7-37)0H >24 ' 0.8
25 Ala®-Glu®*~-GLP-1(7-37)0H >24 ' 0.7
val®-His?®'-GLP-1(7-37)OH © 10 0.37
Val®-Ala?’~GLP-1(7-37)0H 2 0.47
30
Gly®-G1u**-GLP-1{7-37)0H >40 0.29
val®-Glu®-~GLP-1 (7-37)0H 30 0.29



PCT/ USO01/ 16474 -33 5 10 Val8- Glu22--Ala27- G.P-1(7-37) OH>451.02

Val e- GLlu22- Lys23- GLP- 1(7-37) OH>651. 43 Val e- Lys33- Val 34- GLP- {g December 2004
(7-37)0OH220. 08 Val e-Lys33-Asn34-GA.P-1 (7-37) O+480.09

Val 8- G yo@ diyss38- GLP-1 (7-37) OH270.34 Val B- 4 y36- Pr 037- APHIHISH NH2
20.53 *Aggregation tinme determ ned at 30C Exanple 5 - Zinc Precipitation of
GLP-1 Conmpounds 15 Individual G.P-1 conpounds were prepared as descri bed
in Exanples 1 or 2. 3 ng of an individual |yophilized GLP nolecul e-was
dissolved in 3 mM 0.1 M HEPES buffer pH-10.5. The pH of the resulting
solution was then adjusted to between 10.0 and 10.5 with 0.2 N NaOH  The
soIutionvwa§-Ag§”sGmPLQQ7aavqmmient temegr ature for 3@ymmutes and the
solution was then adjusted to a pHof 7.4 with 0.2 NHC. The solution was
filtered through an appropriate syringe filter, for exanple a MIlex GV
syringe ¥ihfese M GLippere—-3690porati on,g Bedf ord, MA), @ndgthe concentration
of the GLP 25 1 conpound was estimated by neasuring the absorption at 280
nmin a spectrophotoneter, for exanple a Beckman DU640. The protein
concent r ghi 60y YE®-ERG01 3G ughed to 200 @M in HEPES phy B4 The filtered
G.P-1 solutions (100 pl) were diluted wth 30 100 pl of 0.1 M HEPES pH
7.4 containing various levels of zinc chloride in an ELISA plate, (e.g.

Fal con B IH 86) (resdhtygng in 2 pl of soluti nt ai ni ng vari ous
| evel s o?ggiﬂ%ﬁiﬁlg??d%(gngqigg pM GLPQ%OCOHpounds. Téggggpsolutions wer e

i ncubated at anbient tenperature .(22.C).:.for 16 Decenber 2004 WO

01/98331Vé§48ﬁﬁ¥§lbgg§?$?%ggiéﬂ;s hour&oand t hen cent@;&gged, for exanple,

in a Jouan Wi th mcroplate adapters.” 150 pl of the
10
val®-Gly**-GLP-1(7~-37)OH 9 0.01
Val®-Glu®*-GLP-1 (7-37)OH >40% 0.17
15 Val®-pro®*~GLP-1(7-37)0H 14 0.094
Val®-His¥®-GLP-1(7-37)0H >45, 30 0.41
val®~Glu®*-GLP-1(7-37)OH 63 0.15
20
Val®-Glu¥®-GLP-1(7-37)0H >45 0.11
val®-His*®-GLP-1(7-37)0H 8 0.22
25 val®-His¥-GLP~1(7-37)0H >40 ‘ 0.33
Val®-Leul$~-Glu2-GLP-1(7-37)0H >20 0.23
Val®-Lys?*~Glu®*’~GLP-1(7-37)0H 4 0.37
30
val®-Lys??-Glu®~GLP-1(7-37)0H >30 0.35
val®-Glu??-G1n?*-GLP-1(7-37)0H >20 0.47



supernatants after centrifugation were then transferred to a UV-readable
ELISA microtiter plate (e.g. Costar DV plate) 5 and the OD ajs B8QAnRS2004
determned in a mcroplate reader (e.g. Ml ecul ar Devices SPECTRAmax PLUS,
SOFTmax PRg). 3;ghe results of an experinent are shown in plabi146574280

val ues ar8OW&¥Lsult of two I ndependent determ nations. 10 Table 2 dy Val
dn - Val - val - zZn/ GP-1 GP-1 GP-1 GP-1 Glu22 Ala22 AP--1 (7- (7-
(7- (7- GLP-1 GP-1 nolar 37) OH 37) OH 37) OH 37) OH (7- (7-37)CH

rati o0A280A280A280A28037) OH A280 A280 0833370..32. 0. 30. 2900. 2950. 289

Val®-Glu**-Ala®’-GLP~1(7-37)0H >45 1.02
Val®-Glu?*~Lys?>-GLP-1(7-37)0H >65 1.43

5 Vall-Lys®-val®*-GLP-1(7-37)OH 22 0.08
Val®-Lys*-Asn®i-GLP-1(7-37)0H >48 0.09
Val®-Gly*-Lys*5-GLP-1(7-37)0H 27 0.34

10
Val®-Gly*®-Pro3’-GLP-1(7-37)NH; 2 0.53

*Aggregation time determined at 30°C

Example 5 - Zinc Precipitation of GLP-1 Compounds

15 Individual GLP-1 compounds were prepared as described

in Examples 1 or 2. 3 mg of an individual lyophilized GLP
molecule was dissolved in 3 ml 0.1 M HEPES buffer pH 10.5.
The pH of the resulting solution was then adjusted to
between 10.0 and 10.5 with 0.2 N NaOH. The solution was
20 stirred at ambient temperature for 30 minutes and the
sclution was then adjusted to a pH of 7.4 with 0.2 N HC1.
The solution was filtered through an appropriate syringe
filter, for example a Millex GV syringe filter (Millipore
Corporation, Bedford, MA), and the concentration of the GLP-
25 1 compound was estimated by measuring the absorption at 280
nm in a spectrophotometer, for example a Beckman DU640. The
protein concentration was then adjusted to 200 pM in HEPES
" pH 7.4.
The filtered GLP-1 solutions (100 pl) were diluted with
30 100 pl of 0.1 M HEPES pH 7.4 containing various levels of
zinc chloride in an ELISA plate, (e.g. Falcon Microtest™
96} resulting in 200 pl of soluﬁion containing various

levels of zinc chloride and 100 pM GLP~1 compounds. These

solutions were incubated at ambient temperature (22° C) .£fOr .. i it



0. 30. 3180. 1660. 270. 3900. 2910. 202 0. 50. 3290. 1510. 260. 1230. 2920. 107

0. 70. 2530. 1560. 1240. 0760. 2930. 104 10. 1480. 1190. 060. 0740. 260. 1{fDecember 2004
20. 0920. 0890. 0250. 0950. 078 10. 110 30. 0810. 0850. 0210. 0950. 0520. 104

50. 0740. Q¢8§@1/65590. 0970. 0350. 119 16 Decenber 2004 WO 011988Ftuso1/16474

PCT/ USOC1L116474 -35 Table 2 (continued) Zn/ Val - Val"- Val'- Val"- Val -
GLP-1 Ser22_ - Phe22- Pro 22_ Lys22- Asp22- nolar GP-1 (7- GLP-1 (7- GLP-I
GP-1 GP-1 ratio37) OH 37) OH (7-37) OH (7-37) OH (7-37) OH .
A280A280A280A280A280 00. 28550. 310. 2595(%-2990. 288

0. 30. 28050. 14850. 24550. 08250. 2785

18 hours and then centrifuged, for example, in a Jouan CR412
centrifuge with microplate adapters. 150 pl of the
supernatants after centrifugation were then transferred to a
UV-readable ELISA microtiter plate (e.g. Costar UV plate)

5 and the OD at 280 was determined in a microplate reader
(e.g. Meclecular Devices SPECTRAmax PLUS, SOFTmax PRO).
The results of an experiment are shown in Table 2. Aggp
values are the result of two independent determinations.

SN 10 Table 2
in/ GLP-1 Gly® val® Gln“- [val®~ [val®-
GLP-1 | (7- GLP-1 }GLP-1 |GLP-1 |Glu®** |Ala®
molar | 37)0H (7- (7- (7~ GLP-1 |GLP-1
ratio | A280 37)0H | 37)O0H |[37)0H | (7- (7-37)0H
A280 A280 | A280 37)0H |A280
' A280

0 0.337 0.32 0.3 0.290 |0.295 §0.289
0.3 0.318 0.166 0.27 [0.390 [0.291 [0.202
0.5 0.329 0.151 [0.26 [0.123 10.292 |0.107
0.7 0.253 0.156 |0.124 |0.076 ]0.283 |0.104
1 0.148 0.119 0.06 [0.074 [0.26 |[0.110

j 2 0.092 0.089 ] 0.025 |0.095 |0.078 |0.110
3 0.081 0.085 |0.021 [0.095 [0.052 |0.104
5 0.074 0.078 0.019 [0.097 [0.035 |0.119




0. 50. 26650. 11650. 23250. 09050. 2845 0. 70. 18250. 10150. 2190. 11950. 287

10. 1490. 12650. 19050. 12250. 291 20. 09350. 0920. 16950. 16750. 184 16 December 2004
30.1010. 0610. 16150. 14750. 1485 50. 06150. 007950. 1710. 1420. 1675 These results
show t hatwomhysspal | amounts of zinc are 5 required to REGFHFREYIH4h and
precipitate a significant portion of various GP-1 conpounds fromthese
dilute solutions. EQUV)LENTS 10 While this invention has been
particularly shown and described with references to preferred enbodi nents
thereof, it will be understood by thosgbskilled in the art that various
changes in formand details may be nade therein w thout departing fromthe
spirit and 15 scope of the invention as defined by the appended clains.

Those skilled in the art will recognize or be able to ascertain using no
‘more than routine experinent 38Pd8, ZndFpnédivedlents to the specific
enbodi mefg 57O IRFETHTVETT I Qi5 T ' 3 1 | h

equi val ents are | ntgnded §0 be,
“clai ms. .| GLP<1 | Ser®“t6 De( &hgsT-

2

s d

conpri si } DO, agd d uenge _o r{rul a SE ]

Hi s-XaaB[}%%Q% P/Q gl, ﬁi %’gﬁg— %‘ﬁr S%{r’QAg:J) Xaj ]é Sg - Sejrai%rli Leu-{@ u-
Xaa22- Xaagdt ¥aa237 pPH- Xad3G)R¥a27- Phé7+3@) 0RaB o730t U- Kaa3B)0%ia34- :
Xaa3S- Xaja36- R Foﬁfﬁ!‘jﬂa I ( D NG 1a%¥\6|erei N Xaa§ jsandy, [Ala, Val,
Leu, Ile} Ser, lor r: Xa 5 8ilos: Aspi, u, Ar ,A%%Q, AJa,Afgg, or H s;
Xaal2 isfOH s, T®p28$me,_%D.Byr;'Xaa,ﬁ.ZSBBLeu,OSE@S Thr{,0.1288 H s, Phe,

0.1485 0.2455 0.0825 0.2785

Asp, Val Faht—IStsg s Y

0.5 |0.2665 0.1165 0.2325 |0.0905 |0.2845
0.7 | 0.1825 0.1015 0.219 0.1195 | 0.287
1 0.149 0.1265 0.1905  [0.1225 |0.291
2 0.0935 6.092 0.1695 |0.1675 [0.184
3 0.101 0.061 0.1615 | 0.1475 |0.1485
5 0.0615 0.00785 |0.171 0.142 0.1675

These results show that only small amounts of zinc are

5 required to complex with and precipitate a significant
portion of various GLP-1 compounds from these dilute
solutions.

EQUIVALENTS
10 While this invention has been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the
art that various changes in form and details may be
_made therein without departing from the spirit and
15 scope of the invention as defined by the appended
claims. Those skilled in the art will recognize or be
able to ascertain using no more than routine --.-- "*°
experimentation, many equivalents to the specific
embodiments of the invention described specifically

20 herein. Such equivalents are intended to be

encompassed in the scope of the CLAIMS. .o ol s s s



Xaa22 is: Ay, Asp, GQu, dn, Asn, Lys, Arg, Cys, or Cysteic Acid; 15
Xaa23 is: H's, Asp, Lys, Qu, Gn, or Arg; Xaa24 is: Qu, Arg ;
Xaa26 is: Trp, Tyr, Phe, Asp, Lys, GQu, or H's; Xaa27 is: A }5166%3%11,1)%{-?@48
Phe, Tyr, Trp, Arg, or Lys; Xaa30 is Ala, Qu, Asp, Ser, or H's; 20 Xaa33
is: Asp, Arg, Val, Lys, Ala, dy, or u; Xaa34 is: du, Lys, or Asp;
Xaa35 is: Thr, Ser, Lys, Arg, Trp, Tyr'3 Phe, Asp, Ay, Pro, H's, or Qu;
Xaa36 is: Thr, Ser, Asp, Trp, Ter rlE,ISArg, GQu, or His; Ris: Lys, Arg,
Thr, Ser, Qu, Asp, Trp, Tyr, Phe, [14 25 NH2, dy, Gy-Pro, or

G y-Pro-NH2, or is deleted. provided that the GLP- I conpound does not have
the sequence of GP- 1 (7 3 7)OH or GP-1 (7-3 6)-NH2 and provided that the
GLP-1 conpouhd#4 SLRdt copmpynd eompprsing thg apipe acyl yamengs.of fornzdy AKBEQVR)
-CGLP-1(7- 37)0—? ml 8-GP--1(7- 30 3 6)NH2, LeuB-G.P-1(7-37)CH,

LeuB- GLP- 1(7- 8 e - GP-1(7-37)OH, Ile' - GP-1(7-36)NH2, Sera-G.P-I
(7- 3 OH, Sera- GLH{ﬁ{XZaaa&ahNEBy-XﬁhnQ(zﬁpfﬂnm&-&i)}ﬂr?ﬁs-%r-%?%{ﬂeﬁ-mgﬂ 3

6) NH2, Ala"- G.P-1(7-37 | ai P er. 2004 _-37_36) NH2,

Al al6- GLP- 1( 7- 37) O4-32%- i@3$@4ﬁ1?7% 127" %ﬁe aagoplrprieugiigasyiXaayy 5

8- GLP- 1( 7- 36) NH2, gzxggﬁ PRL(7-37) OH, Ala27- GLP- 1(7-36) NH2, Al a33-
AP-1(7-37)OH, or Ala"-GP-1(7-36)NH2. 5 2. A GP-1 corrpound conprising the
ami no acid sequence of FM&&(SEQ(IB@@DID NO 2): 10

Hi s- Xaa3- d u- @ y- Thr - Xaal2- Thr - Ser - Asp- Xaal6- Ser - Ser Tyr - Leu- G u-

Xaa22- Xaa23- Al 55};1 ‘Xaa2fi-d u-Phe-11e-Xaa30- Tr p- Leu- Val - Lys- Xaa35- Arg-R

fornu@ |1 (SEQKhdDidNGly. ZAlaWKT@IQJeﬁIIIe Xaa8rThi; Gy, Ala, Val, Leu, lle, Ser,
or Thr; 15 Xaal2 is; HIS R Phe or. Tyr; Xaal6 is: Leu, Ser, Thr, Trp,
e,

H's, Phe, Asp, X isehsp, Glyr A, dhryédadysierHigy, Asp, Gu., G n, Asti, Lys,
Arg, Cys, or qlggglgﬁﬁq-rp’%ga&:ﬁ«)jrs H's, Asp, Lys, Gu, or Gn; 20 Xaa26

51 Asp. Xaayg is: Leu, Ser, Thr, Trp, His, Phe, Asp, Val, Tyr, Glu, or Ala;
Xaay is: Gly, Asp, Glu, Gln, Asn, Lys, Arg, Cys, or Cysteic Acid,
15 Xaays is: His, Asp, Lys, Glu, Gln, or Arg;
Xaayg is: Glu, Arg, Ala, or Lys;
Xaayg 18: Trp, Tyr, Phe, Asp, Lys, Glu, or His;
Xaay7 is: Ala, Glu, His, Phe, Tyr, Trp, Arg, or Lys;
Xaazg 1s: Ala, Glu, Asp, Ser, or His;
20 Xaazz is: Asp, Arg, Val, Lys, Ala, Gly, or Glu;
Xaasg 1s: Glu, Lys, or Asp;
Xaazs 1s: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Gly, Pro, His, or Glu;
Xaajsg is: Thr, Ser, Asp, Trp, Tyr, Phe, Arg, Glu, or His;
R is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His,
25 —NH3, Gly, Gly-Pro, or Gly-Pro-NH; or is deleted.

provided that the GLP-1 compound does not have the sequence of GLP-1(7-
37)OH or GLP-1(7-36)-NH, and provided that the GLP-1 compound is not Gly®-
GLP-1(7-37)OH, Gly*-GLP-1(7-36)NH,, Val®-GLP-1(7-37)OH, Val®-GLP-1(7-
30 36)NH,, Leu®-GLP-1(7-37)OH, Leu®-GLP-1(7-36)NH,, Ile}-GLP-1(7-37)OH,
Te®-GLP-1(7-36)NH,, Ser®-GLP-1(7-37)OH, Ser®-GLP-1(7-36)NH,, Thr®-GLP-
1(7-37)OH, or Thr’-GLP-1(7-36)NH, Ala''-GLP-1(7-37)OH, Ala''-GLP-1(7-



Xaa30 is: Ala, Qu, Asp, Ser, or H's; Xaa35 is: Thr, Ser, Lys, Arg, Trp,

Tyr, Phe, Asp, dy, Pro, Hs, or Au; Ris: Lys, Arg, Thr, ,
Trp, Tyr, Phe, H's, -NH2, Ay, Ay-Pro, or Ay-Pro-NH2, or i?‘é’é’f“’%@ rf@@
provi ded that the G.P-1 conpound does not have the sequence of GLP- 1 (7-
37)OH or G.P-1(7-36)-NH2 and provi ded t3 at the GP-1 conpound is not dy$-
GP-1(7-37)0H, dy8-GP-1(7-36)NH2, Val"=G.P-1(7-37)0H, Val 8- GLP- 1(7-

POUNE, LSBT Sl LG AD Wale A8 S !
1(7-37)CH, Thr &1@@;&( 7673§6)Nl=2,, xa?7 &Bﬂ@?@mﬁ(ﬁm@&hm(7-36)1\312%%31
conpound conpri Si ng{ the a 9uence of formul a (SEQ ID NO 3):

35 16 Decenber Gldb 7@)@%1%@@&@1@'“ @OWNHnr - Phe- Thr- S
er - Asp- Val - Ser - Ser- Tyr - Leu- G u- Xaa22- Xaa23 -Al a- A
a- Lys- Xaa27- Phe- 11| e- Xaa30-Trp-Leu-V al -Lys-Ay-Arg-R formula Il (SEQ ID

NQ 3)55 Wﬂere'AnGLi(ala&mﬁﬁmnggcbﬁKPg 1%h\éaa!rmmlr§§/{d séc#u%ncesﬁf or Thr; Xaa22 is:

Gy, Asp, u stefc Acid; Xaa23 is: His,
Asp, Lys, Qu, f‘?}?n“@ﬁ E@dﬁﬂ‘]@@ Ala, Qu, H's, Phe, Tyr, Trp, Arg, or Lys
10 Xaa30 is: Al a, Qu, Asp, Ser, or Hs; Ris: Lys, Arg, Thr, Ser, du,

Asp, Trp, Tyr, Phe, H| 2,..4 N or |.s del eted.
provi ded that the G aa&%&}}ﬁﬁﬂ'ﬁél%ﬁF%‘?é%P%\%l%gﬁ ﬁf&ﬁ“&w 1(7 15
37)CH or GLP-1(7. BQaMaQMIQ{MMQQ -GlodthetlheX ;R Tip-Lonpaliigs-Kaapot G y8-
GLP-1{4{-37)0H,_dy8 %@’ 1(7-36) NH2, Val'-G.P-1(7-37)0OH, Val 8-G.P-1(7-

36) NH2; Leu8- GLP- 1(‘? )OH, Leu8-G.P-1(7-36)NH2, Ile' -GP-1(7-37)CH,

|1 e -GLP-1(7-36) NH2, Ser dorguls H(FEQIPND: Ber b- GLP- 1( 7- 36) NH2, Thr 8- GLP-
1(7-37)OH, Thr8-G.P-1(7-36)NH2, Al al6e-d p-1(7-37)0H, Al al6-d p-1(7-36)NH2,
20 Glu27-A@p-1(7-37)OH, or Gu27-G p-1(7-36)NH2. 4. The G.P-1 conpound of
any one of cla¥™% 2 or 3 wherein no nore than 6 amino acids in the

GLP-1 conpound Xdaf fseGly, neanvAa suQnie eSeprdihpg amino acid in G.P-1(7-37)CH
or G 1(7-36) %2211'2 isz:%is, Trp, Phe, or Tyr;
‘ Xaayg is: Leu, Ser, Thr, Trp, His, Phe, Asp, Val, Glu,
or Ala;
Xaay is: Gly, Asp, Glu, Gln, Asn, Lys, Arg, Cys, or Cystelc Acid;
Xaays 1s: His, Asp, Lys, Glu, or Gln;
20 Xaayg is: Asp, Lys, Glu, or His;
Xaay is: Ala, Glu, Asp, Ser, or His;
Xaags 1s: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Gly, Pro, His, or Glu;
R is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His,
—NH,, Gly, Gly-Pro, or Gly-Pro-NHj or is deleted.
25
provided that the GLP-1 compound does not have the sequence of GLP-1(7-
37)OH or GLP-1(7-36)-NH, and provided that the GLP-1 compound is not Gly®-
GLP-1(7-37)OH, Gly*-GLP-1(7-36)NH,, Val’-GLP-1(7-37)OH, Val®-GLP-1(7-
36)NH,, Leu®-GLP-1(7-37)OH, Leu®-GLP-1(7-36)NH,, Ne®-GLP-1(7-37)OH,
30 1e®-GLP-1(7-36)NH,, Ser’-GLP-1(7-37)OH, Ser®-GLP-1(7-36)NH;, Thr'-GLP-
1(7-37)0OH, Thr®-GLP-1(7-36)NH,, or Ala'®-Glp-1(7-36)NH,.

3. A GLP-1 compound comprising the amino acid sequence of formula III (SEQ ID
NO:3):
35



5. The G.P-1 conpound of claim4 wherein no nore than 5 amno acids in the
GLP-1 conpound differ fromthe corresponding amno acid in G&pddehibdd26dd
or GP-I (7-36)NH2. 30 6. The G.P-1 conpound of claim5 wherein no nore
than 4 amino acids in the GLP-1 conpound differ fromthe corresponding
amno acid in GLP-1(7-37)0CH or GLP-1(%,36)NH2. 7. The G.P-1 conpound of
claim6 wherein no nore than 3 16 Decenfber 2004 -39- amino acids in the
GLP-1 conpound di f fyesr, <fr.omt e, 6l | ding arina aglid.in  G.P-1(7-37)0H
or GLP- 1 (7-3 6) NI—]|§1J.{S )%d_’ag ﬁ{é%ﬂ@%ﬁﬁgghﬁgﬁ W@P g?%g%drv&r{er}“reg%ﬁn%éaﬁfore t han
2 ami no acids in theaag-Rla-SlatlysoXpuRbe-defXfaas-Tpomue Mel-lywsrGlyspigrli ng ani no
acid in GP-1(7- 37) @il nAFRJ Y NEPBNH2. 9. The GLP-1 conpound of any
one of claims | to 8 wherein Xaa8 is glflycine or valine. 10 10. The G.P-1
conmpound of any one of clains 4 to 8 wherein Xaa8 is glycine or valine and
Xaa30 5is al anmwhereigl utam c acid, aspartic acid, serine, or histidine. 11.
The GLP-1 conpqund. of. cl.ai wherejn a34 is glutamc acid. 15 12. The
G.P-1 conpound o?slgh{;lyoﬁga’(lﬁa}’gregi ﬁ%egfr’toé Wwherein Xaa8 is glycine or

val i ne and XaaZXapaniis (HiyshspdiGhe, Glphasy |Lakatign€ys, oy Oysteiwedcid;r ypt ophan,
aspartic acid, .34tk CA o AF 1 ice, threonine, arginine, or lysine. 20
13. The GP-1 g%rgriﬁg%%g%’o‘?wé%&?nq]i’g{rﬁg?ei n Xaa37 is histidine. 14. The
GLP- 1 conpoundX8az7asiyAlarfdlupHisg Phe. fyrdlmpoAs. whkyei n Xaa8 is gl yci ne or

val i neg and XaaXdai,ss: 280Gkl Asp®etl or@isit am ¢ aci d, gl utam ne, asparagine,

| ysi ne, arginine, cysteine,_, or_cystei i 2515, _The GP-1 co und of
cl ai m 14 wher ei S')Jayé?grg’g%&ﬁ?&rq]i“cié%i'ﬁﬁa@mdf%?’é&a&}h; 8131’ {dy-Reo, OgE}? -
arginine. 16. The GER-NHyopodelekedf clai m 15 wherein Xaa22 is glutamc
acid. 30 17. The G.P-1 conpound of any one of clainms 4 to 7 wherein Xaa8 is

glycine or valine, Xaa22 is glutamic acid or lysine, and Xaa23 is
gl utam c aci d orovidedithat thel GLPdccomponnd 00 not bavedthe FvpemieRI Gidbfound of any

one ofsclai ms 47jcy ér RBLRTBE]RAB anli HrVid&d AR BE GLP-1 compound is not Gly®-
GLP-1(7-37)OH, Gly*-GLP-1(7-36)NH,, Val®*-GLP-1(7-37)OH, Val®*-GLP-1(7-
36)NH,, Leu®-GLP-1(7-37)0H, Leu®-GLP-1(7-36)NH,, Ile’-GLP-1(7-37)0OH,
1le®-GLP-1(7-36)NHa, Ser®-GLP-1{7-37)OH, Ser®-GLP-1(7-36)NH,, Thr*-GLP-
1(7-37)OH, Thr®-GLP-1(7-36)NH,, Ala'-Glp-1(7-37)OH, Ala'®-Glp-1(7-36)NH;,
20 Glu?’-Glp-1(7-37)OH, or Glu*’-Glp-1(7-36)NH,.

4. The GLP-1 compound of any one of claims 1, 2 or 3 wherein no more than 6
amino acids in the GLP-1 compound differ from the corresponding amino acid in

GLP-1(7-37)OH or GLP-1(7-36)NH..

25
5. The GLP-1 compound of claim 4 wherein no more than 5
amino acids in the GLP-1 compound differ from the corresponding amino acid in
GLP-1(7-37)OH or GLP-1(7-36)NH,.
30 6. The GLP-1 compound of claim 5 wherein no more than 4

amino acids in the GLP-1 compound differ from the corresponding amino acid in
GLP-1(7-37)OH or GLP-1(7-36)NHo,.

7. The GLP-1 compound of claim 6 wherein no more than 3



valine, Xaa22 is glutamc acid and Xaa27 is alanine. 5 19. A GP-1
conmpound conprising valine at position 8 and aspartic acid, %Bké’éﬂﬂérzom
acid, lysine or arginine at position 22. 20. The GLP-1 corrpound of claim
19, wherein the amno acid at position 22 is glutamc acid. 10 21. The
GLP-1 conpound of claim19 or 20, mhergjg; said GLP-I conpound conprises no
nore than 6 amno acids that differ fromthe corresponding amino acid in

GP-1(7-37)CH , e to the
anmi no aci ds at %’9&? cl!’ggné] @9 EQ 1258'511@:11??‘}'19 %ﬁg}"&% Jf%%%pr?ﬁlgh%gﬂi %‘6 g‘ggﬂrf*n 21,
wher ei n sai d GLE-I€GEPOHdr GDRH(T-S8NH0 nore than 5 am no acids that
differ fromthe corresponding amno acid in G.P- 1(7-37)0OH, G.P-1(7-36)NH2,
or a fragnment thereof in addition to the am no acids at positions 8 and
22. 20 23.g The fHeRs1lp QQGHE,H&SH Of 1&hAT Phéin mbﬁatﬁa&@bﬂlf%@s ifi AEPGHPI
conprises no nore than 4 anmino acid that differs fromthe correspondi ng
amino &cid in ALfempound diffeifiom theRom¢sposdinslahino anid e GFELBJFEAT)QHer eof in
addition to th at positions 8 and 22. 25 24. The G.P-|
conmpound of cl gﬁ%%gj,z?’@ﬁéﬂéi n said G.P-1 conpound conprises no nore than 3
amno acid that differs fromthe corresponding amno acid in G.P- 1(7-37)CH
, GLP- 1 (7-3 6)NH2 a fragnent thereof in addition to the am no acids
at positichs 8 HREE! @9“@9““‘*??@“@9!’39 f claimgpbimtiwberemnyaas peely¢ine pai ns 21 to
24, wherein thg,ggino acids that differ fromthe correspondi ng am no acid
in GLP-1(7-37) OH "GLP-1(7- 36)NH2, 16 Decenber 2004 -41- or a fragnment
theredP are a conservative substi tuti on of the corresponding amno acid in

GLP-1(7-37).0H, - 3 agnment thereof, 5. 26. A GLP-1
conpound clgrrpr .@GESLQI g‘ﬁ%’ﬁﬁ_{m °§8HE %%5 ’8?0 gsﬁ%”ﬂ? Xigs isglycine gt xaas- @ u
- @ y- Thr - Phe- Thiatige ghd X@@Prs\éq’dm& @]’uta%n%racﬂi{ﬁsplaﬁié deldUserine, ork hJStldlne

Xaa22-d n- Al a- Al a- Lys- @ u- Phe-| eu- Val - Lys-d - A (SEQ I D
NO 4) wherein:
11. The GLP-1 compound of claim 10 wherein Xaasy is glutamic acid.

15
12.  The GLP-1 compound of any one of claims 4 to 8 wherein Xaag is -glycine or
valine and Xaa;7 is histidine, phenylalanine, tyrosine, tryptophan, aspartic acid,

glutamic acid, serine, threonine, arginine, or lysine.
20 13, The GLP-1 compound of claim 12 wherein Xaasy is histidine.
14, The GLP-1 compound of any one of claims 4 to 8 wherein Xaag is glycine or

valine and Xaay; is aspartic acid, glutamic acid, glutamine, asparagine, lysine,

arginine, cysteine, or cysteic acid.

25
15.  The GLP-1 compound of claim 14 wherein Xaa,, is aspartic acid, glutamic acid,
lysine, or arginine.
16. The GLP-1 compound of claim 15 wherein Xaay; is glutamic acid.
30

17.  The GLP-1 compound of any one of claims 4 to 7 wherein Xaag is glycine or

valine, Xaap, is glutamic acid or lysine, and Xaa,; is glutamic acid or lysine.



10 Xaa7 is L-histidine, D histidine, desam no-histidine, 2-am no-histidine,
(3 hydroxy-histidine, honohistidine, a-fluoronethyl-histidine d a-nﬁéépg-
hi stidine; Xaa8 is glycine, alanine, valine, |eucine, |soleuc} A
threonine; Xaa22 is aspartic acid, glutam c acid, glutam ne, asparagine,

| ysine, arginine, 15 cysteine, or cys% ic acid; and Ris NH2 or dy(OH)
27. The GLP-1 conpound of claim 26, wherein Xaa8 is glycine, valine,

| euci ne, isoleucine, serine or threonine. 20 28. The G.P-1 conpound of
claim 27, wherein Xaa22 is |lysine, aspartic acid, glutamc acid or

ar gi ni ne. 139. Tihe GLIR1 J:ompﬂmmxrﬁinsabn@bﬁﬂmh&& tOVEREERA g 15 glﬁcd}e@ﬂ stidi ne,
Xaa8 is glycine gr 25 valine and Ris y(OH). 30. A GP-1 conpound

sel ect ed from NG FHay 1 Sanye ppg apd Xa%l%alezm*zz GLP-1(7- 37)OH (SEQ ID
NO 5): Val 8-Asp22-GLP-1(7-37)OH (SEQ ID NO 6): Val8- Arg22- GLP-1(7-37)OH
(SEQ 1D NO 7): Val8-Lys22-GLP-1(7-37)OH (SEQ ID 30 NO 8): dy8-Qd u22- GLP-
1 (7-357) @9 ( SRQGLE-N@m®yund Ghypriging @@ #Ppositi¢y 8 afd FypaHic(SEQgBNG  10) ;

G y8- Ar g22- GLP- 1(,7; 37) OH_( SE ): and Qy8-Lys22-GLP- 1 (7-3 7)OH
(SEQ ID N 12)%° (d 'I‘%é’éﬁ%@?%ﬁd’&’gg@% - The GLP-1 conpound of any one of

claims 1 to 30, V\/ner ein said GP-1 corrpound is conplexed with a dival ent
metal cation. 5 32. The GLP-1 conmpound of claim 31, wherein said GP-1
conmpound i28- C&F}flﬁl%@’e&Compﬂwdcnf\ﬁéﬂl%iw,ﬁlﬁ@lit@?mmo@ﬁamﬁ)elt@lmlﬂi corrpound
of any one of ? 52: 40 32 for use as a nedicament. 10 34. The GLP-1
conpound of any’ one of Clainms 1 to 32 for use in the treatnent of non-
insul16 dependent diabetes. 35. The GLP-1 conpound of any one of claims |
to 32 for se i té;lﬁ? ?rophyl ct] treat nen of non-insulin dependent

di abet es. © &p1PY o 28nY @ﬁ@%?dQLB11rP§mPOP 32 for use

inthe tr eat rre%m HisesHRG b ¥han¥d {)rﬁfﬁ%’acomﬂ%i@ﬂﬁ’feglﬁohpﬁl@ 8&%@8@.@@% | C

changes after surgery, or irrita syndr one use of a
GLP-1 conpound agisl in IGHiPrb{d- 37|)OHnSBLBﬂH7df6)NHa|0mi ftagtnentBereof intddditioprte feer at i on
of a nedi canent_f.or the tre g‘“ﬁ%non-i nsul in dependent di abetes. 38.
The use of a GPP™° %9 %Qﬂﬁ 3%3 din any one of clains | to 32 for the

15
22.  The GLP-1 compound of claim 21, wherein said GLP-1 compound comprises no
more than 5 amino acids that differ from the corresponding amino acid in GLP-
1(7-37)OH, GLP-1(7-36)NH,, or a fragment thereof in addition to the amino acids
at positions 8 and 22,
20
23.  The GLP-1 compound of claim 22, wherein said GLP-1 compound comprises no
more than 4 amino acid that differs from the corresponding amino acid in GLP-
1(7-37)OH, GLP-1(7-36)NH,, or a fragment thereof in addition to the amino acids
at positions 8 and 22.
25
24.  The GLP-1 compound of claim 22, wherein said GLP-1 compound comprises no
more than 3 amino acid that differs from the corresponding amino acid in GLP-
1(7-37)OH, GLP-1(7-36)NH;, or a fragment thereof in addition to the amino acids
at positions 8 and 22
30
25.  The GLP-1 compound of any one of claims 21 to 24, wherein the amino acids that
differ from the corresponding amino acid in GLP-1(7-37)OH, GLP-1(7-36)NHo,



preparation of
myocardi al 25

bowel syndrone.

LI STING <110>
ANALOGS <130>
31 <212> PAT
<221> VARl ANT
Leu, Ile, Ser,

position 5 i's Asf,inGLP-1{&3)OH] BLP- K786)NKs, or @rfrdghfent thekos
<223> Xaa at position 6 is H's, Trp, Phe, or Tyr; <220>

<222> (6)..(6)
<221> <222>
Thr, Trp, 26 s,

5
10
15
27.
20
28.
29.
25
30.
30

a nedi canent for the treatnent of obesity, stroke,

infarction, catabolic changes after surgery, O0fgpedniiRPb804

16 Decenber 2004 WO 01/98331 PCTI USO 1/ 16474 SEQUENCE
Eli. Lilly and conmpany <120> GLUCAGON - LI KE PEPTI DE- 1
X-13989 <160> 53 <170> Pgtentlsi version 3.0 <210> 1

<213> Artificial <220> "<223> synthetic construct <220>

<211>

of fttpdmicf tobt s S508sc AR R Blibh 82 pfp orespintipgtityn Y2

<221> VARl ANT

<223> VARIANT (10)..(10) Xaa at position 10 is Leu, Ser,

08P Asdnpolll compfising Hethmifh aliliRequeaddar SEG D NOAR ANT
Xaaz-Xaag-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-
Xaap-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-R
(SEQ ID NO: 4)

wherein:

Xaag is L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, -
hydroxy-histidine, homohistidine, o-fluoromethyl-histidine and o.-methyl-
histidine;

Xaag is glycine, alanine, valine, leucine, isoleucine, serine or threonine;

Xaay, is aspartic acid, glutamic acid, glutamine, asparagine, lysine, arginine,
cysteine, or cysteic acid; and

R is NH; or Gly(OH).

The GLP-1 compound of claim 26, wherein Xaag is glycine, valine, leucine,

isoleucine, serine or threonine.

The GLP-1 compound of claim 27, wherein Xaay; is lysine, aspartic acid, glutamic

acid or arginine.

The GLP-1 compound of claim 28, wherein Xaa; is L-histidine, Xaay is glycine or
valine and R 1s Gly(OH).

A GLP-1 compound selected from the group consisting of: ValS-Gluzz-GLP-l('?-
37)0H (SEQ ID NO: 5); Val8-Asp22-GLP-1(7-37)OH (SEQ ID NO: 6); Val8-
Arg?2_GLP-1(7-37)OH (SEQ ID NO: 7); Val8-Lys22-GLP-1(7-37)OH (SEQ ID
NO: 8); Gly8-Glu22-GLP-1(7-37)0H (SEQ ID NO: 9); Gly8-Asp22-GLP-1(7-
37)OH (SEQ ID NO: 10); Gly8-Arg22.GLP-1(7-37)OH (SEQ ID NO: 11); and
Gly8-Lys22-GLP-1(7-37)OH (SEQ ID NO: 12).



<222> (16)..(16) <223> Xaa at position 16 is Gy, Asp, du, CY5 0r Cysteic
Acid Gln, Asn, Lys, Arg, or <220> <221> VARI ANT <222> (17).. &ﬂzc <23§54
Xaa at position 17 is H's, Asp, Lys, Qu, Gn, or Arg; <220> Pageé bfé
Decenber 2004 WO 01198331 PCTAJS01116474 <221> VARI ANT <222> (18). (18)
<223> Xaa at position 18 is Qu, Arg, ﬁ%@, or Lys; <220> <221> VARI ANT
<222> (20)-.(20) <223> Xaa at position 20 is Trp, Tyr, Phe, Asp, Lys, Qu,
or His; <220> <221> VARI ANT <222> (21)-.(21) <223> Xaa at position 21 is
Ala, Qdu, H's, Phe, Tyr, Trp, Arg, or Lys; <220> <221> VARI ANT <222>
(24) .. (24) <ZbeX3D&d camppasi of apy 0Bd of dlathsal to@() whésin sabGLPor Hi s; <220>

<221> VARI ANT <222> (27) . 7.) <223> Xaa .at .position 27 is Asp, Arg,
val, Lys, Al a, C°§P9?“%¥°%@Plﬁxg‘i2’2%>ad%‘£§§‘f@%§?ﬁ " <222> (28)..(28) <223>
Xaa at position 28 is GQu, Lys, or Asp; <220> <221>

5 32.  The GLP-1 compound of claim 31, wherein said GLP-1 compound is complexed

with divalent zinc cation.
33.  The GLP-1 compound of any one of claims 1 to 32 for use as a medicament.

10 34,  The GLP-1 compound of any one of claims 1 to 32 for use in the treatment of non-

insulin dependent diabetes.

35.  The GLP-1 compound of any one of claims 1 to 32 for use in the prophylactic
treatment of non-insulin dependent diabetes.
15
36.  The GLP-1 compound of any one of claims 1 to 32 for use in the treatment of
obesity, stroke, myocardial infarction, catabolic changes after surgery, or irritable

bowel syndrome.

20 37.  Theuse of a GLP-1 compound as claimed in any one of claims 1 to 32 for the

preparation of a medicament for the treatment of non-insulin dependent diabetes.

38.  Theuse of a GLP-1 compound as claimed in any one of claims 1 to 32 for the
preparation of a medicament for the treatment of obesity, stroke, myocardial

25 infarction, catabolic changes after surgery, or irritable bowel syndrome.



<222> <223> VARIANT (29)..(29) Xaa at position 29 is Thr, Gy, Pro, Hs,
or Gu; <220> <221> VARIANT <222> (30)..(30) Ser, Lys, Arg, Trp, Tyr,
Phe, Asp, .<223> Xaa at position 30 is'Thr., Ser, Asp, G u, rDédesber200%
- <221> <222> <223> VARIANT (31) .. (31) Xaa at position 31 is Phe H s,
~-NH2, d 00> 1 Trp, Tyr, Phe, Ar'g, Lys, Arg, Thr, Ser Ti p,
Tyr, w%‘gﬁ'g’ r dy-Pro--NH2, or is deleted. H s Xaa GllfLr %9%‘5 Xaa Thr
Sex' Asp Xaa Ser Ser Tyr Leu Gu Xaa 1 5 10 15 Page 2 16 Decenber 2004 WO
01198331 PCT1USO | 16474 .Xaa Xaa Ala Xaa Xaa Phe Ile Xaa Trp Leu Xaa Xaa
Xaa Xaa Xaa 20 25 .30 <210> 2 <211> 31 <212> PRT <213> Artificial

<220> '<223> synthetic construct
SEQUENCE LISTING

<110> Eli Lilly and Company

<120> GLUCAGON-LIKE PEPTIDE-1 ANALOGS
<130> X-135989

<160> 53

<170> PatentIn version 3.0

<210> 1

<211> 31

<212> DPRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> VARTANT

<222> (2)..€2} : :

<223> Xaa at position 2 is Gly, Ala, Val, Leu, Ile, Ser, or Thr;

<220>

<221> VARIANT

«<222> {5}..(5) )
«<223> Xaa at position 5 is Asp, Glu, Arg, Thr, Ala, Lys, or His;

 <220>

<221> VARIANT

<222> ({6)..{6)

<223> Xaa at position & is His, Trp, Phe, or Tyr;

<220>

o <221> VARIANT

A <222> (10)..(10)

e <223> Xaa at position 10 is Leu, Ser., Thr, Trp, His, Phe, asp, val ,h Tyr,
Glu, or Ala; )

<220>

<221> VARIANT

«<222> (16}..(16)

<223> Xaa at position 16 is Gly, Asp, Glu, GIn, Asn, Lys, Arg, or

Cys ,or Cysteic Acid

<220>
<221> VARIANT
«222> {17)..{17)

<223> Xaa at position 17 is His, Asp, Lys, Glu, Gln, or Arg:

<220>
page 1



<220> <221> VARI ANT <222> (2)-.(2) <223> Xaa at postion 2 is-Ay, Al a,
Val. Leu, Ile, Ser, or Thr; <220> <221> VARI ANT <222> (6).. (6) <223> Xaa
at postion 6 is his, Trp, Phe, or Tyr; <220> <221> VARI ANT 168&dsmber 2004
(10)..(10) <223> Xaa at postion 10 is Leu, Ser, Thr, Trp, H's, Phe, Asp,
Val, du, or Ala; <220> <221> VAR ANT <222> (16)..(16) <223> Xaa at
p05|t|on ‘ﬁuf@%y Asp, Qu, Gn, Asn, Lys, Arg, Oys, Qicfri§hifkHsAci d;
<220> é A <222> (17) .(17) <223> Xaa at postion 17 is H's, Asp,
Lys, Qu, or Gn; <220> <221> VARI ANT  <222> (20)..(20) <223> Xaa at
postion 20 is Asp, Lys, GQu, or H's; <220> <221> VAR ANT <222> (24)..(24)
<223> Xaa at postion 24 is Ala. G u, Asp, Ser, or H's; <220> <221> <222>
<223> VAR ANT 29)..(29) Xaa at postion 29 is Thr, Sex, LYs, Arg, Trp,
Tyr, Phe, H . J18)

<223> Xaa at position 18 is Glu, Arg, Ala, or Lys;

<220>

<221> VARIANT

<222> (20)..(20)

<223> Xaa at position 20 is Trp, Tyr, Phe, Asp, Lys, Giu, or His;

<220>

<221> VARIANT

<222> {21)..{21)

<223> Xaa at position 21 is Ala, Glu, His, Phe, Tyr, Trp, Arg, or
Lys:

<220>

<221> VARIANT

<222> (24)..{24) Hiss
<223> Xaa at position 24 is Ala, Glu, Asp, Ser, or ;

<220>

<221> VARIANT

<222> (27)..{27)

<223> Xaa at position 27 is Asp, Arg, Val, Lys, Ala, Gly, or Glu;

<220>

<221> VARIANT

<222> (28})..(28)

<223> Xaa at position 28 is Glu, Lys, or Asp;

<220>

<221> VARIANT

<222> {29)..(29)

<223> Xaa at position 29 is Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp,
Gly, Pro, His, or Glu;

<220
<221> VARIANT
<222> (30)..(30) i _ .
<223> Xaa at position 30 is Thr, Ser, Asp, Trp, Ty;,~Phe, AFQ:
. Glu, or His; . . T
<220>
<221> VARIANT
<222> (31)..(31)
<223> Xaa at position 31 is Lys, Arg, Thr, Ser, Glu, ASp, Tip, Tyr,
) phe, His, -NH2, Gly, Gly-Pro, or Gly-Pro-NH2, or is deleted.

<400> 1

His Xaa Glu Gly Xaa Xaa Thr Ser Asp Xaa Ser Ser Tyr Leu Géu Xaa
1 5 10 1

Page 2



16 Decenber 2004 WO 01/98331 PCTI 11S01/ 16474 Gy, Pro, His, or du;
<220> <221> VARI ANT <222> (31)..(31) <223> Xaa at postion 31 is Lys, Arg,
Thr, Ser, du, Asp, Trp, Tyr, Phe, H's, -NH2, Ay, 4y-Pr D&fember 2004
Ady-Pro-NH2, or is deleted. <400> 2 Hs Xaa Gu . dy Thr Xaa Thr Ser Asp
Xaa Ser Ser Tyr Leu Gu Xaa 1 5 10 15 Xaa Ala Ala Xaa Gu Phe Ile Xaa
Trp Leu VHPOMYE3Kaa Arg Xaa 20 25 30 <210> 3 <211> 31 PECRABSURRTT <213>
“Artificial <220> <223> synthetic construct <220> <221> VARI ANT <222>
(2)..(2) <223> Xaa at position 2 is Ay, Ala, Val, Leu, Ile, Sex', or Thr;
<220> <221> VARI ANT <222> (16)..(16) <223> Xaa at position 16 is Gy,
Asp, Gu, dn, Asn, Lys, Arg, or Cys; <220> <221> VAR ANT <222>

(17). (17) <223> Xaa at };()osmlon 17 is H's, Asp, Lys, Qu, or @n; <220> _
<221> VARIENT %2220L2 (23)%a= Foy) Tl ¥ss mst }fﬁ%#{ﬁﬁo}?ﬁazxaasxw a, Au. His,
.Phe, Tyr, Trp, Arg, of° Lys; <220>

C<210> 2
<2311i> 31
<212> PRT
<213> Aartificial

<220>
- «223> synthetic construct

<220>

<221> VARIANT

<222> (2)..(2}

<223> Xaa at postion 2 is Gly, aAla, Val, Leu, Xle, Ser, or Thr;

<220>

<221> VARIBNT

<222> (6)..(6)

<223> Xaa at postion 6 is His, Trp. FPhe, or Tyr;

<220>

<221> VARIANT

<222> (10})..(1Q)

<223> Xaa at postion 10 is Leu, Ser, Thr, Trp, His, Phe, Asp, Val,
Glu, or Ala;

<220>

<221> VARIANT

<222> (16)..{16)

<223> Xaa at position 16 is Gly, Asp, Glu, Gln, Asn, Lys, Arg, Cys,
or Cysteic Acid;

<220>
<221> VARIANT
SR <222> (17)..(17)
A <223> Xaa at postion 17 is His, Asp, Lys, Glu, or Gln;

<220>

«<221> VARIANT

<222> (20}..(20)

<223> Xaa at ppstion 20 is Asp, Lys, Glu, or His;

<220>

<221> VARIANT

<222> (24)..(24) _

<223> Xaa at postion 24 is Ala, Glu, Asp, Ser, or His;

<220>

<221> VARIANT

<222> (29)..(29)

<223> Xaa at postion 29 is Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp,

Page 3



<221> VARI ANT <222> (24)..(24) <223> Xaa at position 24 is Ala, Qu, Asp,
Ser, or His; Page 4 16 Decenber 2004 WO 01/98331 PCT/ USO / 1684 PDtcerdRer2004
<221> VARI ANT <222> (31)..(31) <223> Xaa at position 31 is Lys, Arg, Thr,
Ser, G u,woIp9s3Bap, Tyr, Phe, H's, -NH2, dy, dy-Pro, ®CTESYVRH4O+NH2, or
Is deleted. <400> 3 Hs Xaa Gu @y Thr Phe Thr Ser Asp Val Ser Ser Tyr
l,eu Gu Xaa 1 5 10 15 Xaa Ala Ala Lys Xaa Phe Ile Xaa Trp Leu Val Lys Qy
Arg Xaa 20 25 30 <210> 4 <211> 31 <212> PRT <213> Artificial <22.0>
<223> synthetic construct <220> <221> VARI ANT <222> (1)..(1) <223> Xaa at
position 1 is L-histigine,: LS&i.6l ne, desam no- histidine,

2am no- hi sti di nefﬁ%fétg%ﬂyg%%(%h?is‘gi di ne, honohi sti di ne,

al pha--fluoronet hyl -hi stidine or al phanet hyl - histidine; <220> <221>

"VARI ANT <@2P> (2)..(2) <223> Xaa at position 2 is Gy, Ala, Val, Lou, Ile,
Ser, or Thﬁzzézzzm > VAR ANT <222> (16)..(16) <223> Xaa at position
,16 'S ASp,<ﬁ3g, ]é;ﬂat D s’ti!ﬁys.i’l fé%ya?%%%“ﬁirf%@?? Glu, Asp, Trp, Tyr,

Phe, His, -WNH2, Gly, Gly-Pro, or Gly-Pro-NH2, or is deleted.

<400> 2

His Xaa Glu Gly Thr Xaa Thr Ser Asp Xaa Ser Ser Tyr Leu Glu Xaa
1 5 10 15

Xaa 2la Ala Xaa Glu Phe Ile Xaa Trp Leu Val Lys Xaa Arg Xaa
20 25 30

<210> 3

<211> 31

<212> PRT

<213> aArtificial

<220>
<223> synthetic construct

<220>

<221> VARIANT

<222> (2)..(2) '

<223> Xaa at position 2 is Gly, Ala, Val, Leu, Ile, Ser, or Thr;

<220>>

<221> VARIANT

<222> (16)..(16)

<223> Xaa at position 16 is Gly, Asp, Glu, Gln, Asn, Lys, Arg, or
Cys;

<220>

<221> VARIANT

<222> {17)..{17)

<223> Xaa at position 17 is His, Asp, Lys, Glu, or Gln;

<220>

<221> VARIANT

<222> {21}..(21)

<223> ZXaa at position 21 is Ala, Glu, His, Fhe, Tyr, Trp, Arg, or
Lys;

<220>

<221> VARIANT

<222> (24)..(24)

<223> Xaa at position 24 is Ala, Glu, Asp, Ser, or His;

Page 4



<221> VARI ANT <222> (31)_(31) <223> Xaa at position 31 is -NH2 or Qy.
<400> 4 Xaa Xaa G u Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr UeWDeckmbia2004l
510 15 Gn Ala Ala Lys Qu Phe Ile Ala Tarp Leu Val Lys Ay Arg Xaa 20 25
30 <210> wo 01d343r 31 Page 5 16 Decenmber 2004 WO 01/ 98331 RCTIvsohid116474
<212> PRT <213> Artificial <220> <223> synthetic construct <400> 5 Hi's
Val Qu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Gu QQu 1 5 10 15 G@n
Ala Ala Lys GQu Phe Ile Ala Tip Len Val Lys Ay Arg Ay 20 25 30 <210> 6
<211> 31 <212> PRT <213> Artificial <220> <223> synthetic construct
<400> 6 Hi&22&l Gdu Gy Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Gu Asp 1
5 10 15 Gg%lmw&%lw?(?s AQu Phe Ile Ala Trp Leu Val Lys Ay Arg Ay 20 25
30 <210> 7% ?8211913)1 3ho> PRI |, <213> rtificial <230 asp, Trp, Tyr,

3> " Xaa at position ¥s,
Phe, His, -NH2, Gly, Gly-Pro, or Gly-Pro-NHZ, or is deleted.

<400> 3
His Xaa Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa
1 5 10 15
Xaza Ala Ala Lys Xaa Phe Ile Xaa Trp Leu Val Lys Gly Arg Xaa
20 25 30
<210> 4
<211> 31
<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> VARTANT

<222> (1)..(1)

<223> Xaa at position 1 is L-histidine, D-histidine, desamino-
histidine, Zamino-histidine, Beta-hydroxy-histidine,
homohistidine, alpha-fiuoromethyl-histidine or alpha-methyl-
histidine;

<220>

<221> VARIANT

<222> {2)..(2)

<223> ZXaa at position 2 is Gly, ala, Val, Leu, Ile, Ser, or Thr;

<220>

<221> VARIANT

<222> (16}..{(16)

<223> Xaa at position 16 is Asp, Glu, Gln, Asp, Lys, Arg, or Cys;

<220>

<221> VARIANT

<222> (31)..{31)

<223> Xae at posgition 31 is -NH2 or Gly.

<400> 4
Xaa Xaa Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa
1 [ 10 5 -
Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Xaa

20 25 30
<210> 5
<211> 31

Page 5



<223> synthetic construct <400> 7 Hs Val Qu Gy Thr Phe Thr Ser Asp Val
Ser Ser Tyr Leu Qu Arg 15 10 15 Gn Ala Ala Lys @ u Phe |H&Débambereaeu
Val Lys Ay Arg Ay 20 25 30 <210> 8 <211> 31 <212> PRT <213>
ArtificialweBR#sl <223> synthetic construct <400> 8 Hi s Valcrigsdi/days Thr The
Thr Ser Asp Val Ser Ser Tyr Leu Qu Lys 1 5 10 15 Gn Ala Ala Lys Gu Phe
Ile Ala Trp Leu Val Lys Ay Arg Gy Page 6 16 Decenber 2004 WO 01/98331 20
<210> 9 <211> 31 <212> PRT <213> Artificial -\ <220> <223> synthetic
const ruct <400> 9 25 30 PCT /US01116474 Hs Ay Au Ay Thr Phe Thr Ser Asp
Val Ser Ser2 q gnggcu Gu 1510 15 dn Ala Aalys u Phelie Ala Trp
Leu Val Lys y y 20 25 30 <210> 10 <211> 31 <212> PRT <213>
Art i ficial <220>

<223> synthetic construct

<400> 5

His val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu
1 ) 5 10 15

Gln Ala Ala Lys Glu Phe Tle Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 6

<213> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> &

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Asp
1 s 10 15

Gln RAla Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 7

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> 7

. His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Arg
o 1 5 10 i5

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> B8

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> 8

?is Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Lys
5 ip 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly

Page 6



<220>
Asp Val Ser Ser Tyr Leu Qu Asp 15
Trp Leu Val Lys Gy Arg Ay 20 25 30 <210> 11

<223> synthetic construct <400> 10 Hs Gy Qu dy Thr

Phe Thr Ser
10 15 G n Ala Al a Lys Gi6Debemberc2¢ds
<211> 31 <212> PRT <213>

Artifici alvoiBARz1 <223> synthetic construct <400> 11 H s £@yu&diHefsy Thr

Phe Thr Ser Asp Val Ser
Phe Ile Ala Trp Leu Val
PRT <213> Artificial <220>

Ser Tyr

Leu Gu Lys
Arg Ay 20

Ser Asp Val Ser Ser %Q/r
Ala Trp Leu Val Lys y
<213> Arti k2am>al 9 <220>
- <211> 31

<212> PRT

<213> BArtificial

<220>
<223> synthetic construct

<400> 9
His Gly Glu Gly Thr Phe Thr Ser
1 5

Gln ARla Ala Lys Glu Phe Ile Ala
20

10

31

PRT
Artificial

<210>
<21l1>
<2312>
<213>

<220>
<223> synthetic construct

<400> 10
His Gly Glu Gly Thr Phe Thr Ser
1 5

Gln Ala Ala Lys Glu Phe Ile Ala
20

<210>
<211>
<212>
<213

11

31

PRT
Artificial

<220>
<223> synthetic construct

<400> 11

His Gly Glu Gly Thr Phe Thr Ser

1 5

Gln Ala Ala Lys Glu Phe Ile Ala
20

<210>
<21i>
<212>
<213>

12

31

PRT
Artificial

<220> :
<223> synthetic construct

<400> 12

Leu Gu Arg
Lys Ay Arg Ay 20 25 30 <210> 12
<223> synthetic construct <400> 12 Page 7 16
Decenber 2004 WO 01/98331 PCT/USOL/ 16474 H's Gy du GL Thr

1510 15 dAn Ala Ala Lys Gu
<211> 31 <212>

Phe Thr
2%5 10 15 G n AI%AIa Lys Gu Phe Ile
30 <210> 13 < (11> 31 <212> PRT

<223> synthetic construct

Asp Val Ser Ser Tyr Leu Glu Glu
i0 15

Trp Leu Val Lys Gly arg Gly
25 - 30

Asp Val Ser Ser Tyr Leu Glu Asp
16 i5

Trp Leu Val Lys Gly Arg Gly
25 30

Asp Val Ser Ser Tyr Leu Glu Arg
10 15

Trp Leu Val Lys Gly Arg Gly
25 30
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<400> 13 H's Val Qu dy Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu u dy 1
510 15 Adn Ala Ala Lys Gu Phe Ile Qu Trp Leu Val Lys Gy # deGmberZdD5
30 <210> 14 <211> 31 <212> PRT <213> Artificial <220> <223> synthetic
constructwe4d@ss3i4d Hs Ay Au Ay Thr Phe Thr Ser Asp VatCc1deso18es74 Tyr Leu
Qu dy 1510 15 Gn Ala Ala Lys Qu Phe Ile Gu Trp Leu Val Lys Ay Arg
Ay 20 25 30 <210> 15 <211> 31 <212> PRT <213> Artificial <220> <223>
synthetic construct <400> 15 Hs Val Qu Ay Thr Phe Thr Ser Asp Val Ser
Ser Tyr Leu Au dy 1510 15 dn Ala Ala Lys Gu Phe Ile Ala Trp Leu Val
Lys Oy Argidbsy il &5 ¥k R10MGer s3pl3der se21R PET cidldn ATtificial
<220> Pagei1 8 16 Decenbes 2004 WO 01/ 9833 PCTI USO / 16174 18223> synt heti c

construct <400> 16 Hs Gy GQu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu
‘du d y Gln Ala Ala gys Glu Phe Ile Ala T;‘p Leu Val lLivs Gly g:gg cly
Y 2

<210> 13

<211> 31

<212> PRT

<213> Artifieial

<220>
<223> synthetic construct

<400> 13

His Val Glu Gly Thr Phe Thr Ser asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Glu Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 14

<21i> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> 14

His Gly Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tvr Leu Glu Gly
1 ' 5 10 15

Gin Ala Ala Lys Glu Phe Ile Glu Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 15
. <211> 31
g «<212> PRT
' <213> Artificial

<220>
<223> synthetic construct

<400> 15

His vVal Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg His
20 25 30

<210> 16
<211> 31
<212> PRT
<213> Artificial

<220>

Page 8



151015 dn Ala Ala Lys Gu Phe Ile Ala Trp Leu Val Lys Ay Arg H's 20
25 30 <210> 17 <211> 31 <212> PRT <213> Artificial <220> 4@P2zempatd@id c
construct <400> 17 Hs Val Gu @y Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu
Gu Gu womod3fi5 Gn Ala Ala Lys Ala Phe Ile Ala Trp LedcYalksoliiddy Arg
Hs 20 25 30 <210> 18 <211> 31 <212> PRT <213> Artificial <220> <223>
synthetic construct <400> 18 Hs Val Qu Ay Thr the Thr Ser Asp 1 5 Val
Seer Ser Tyr Leu Qu Lys 10 15 Ju Ala Ala Lys Qu the Ile Ala Trp Leu Val
Lys Ay Arg Hs 20 25 30 <210> 19 <211> 31 <212> PRT <213> Honp sapi ens
<400> 19 Hi a Thr Ser Asp Val Ser Ser Tyr Leu Gu Gy 1
510 15 G ﬁ§ﬁﬂa ﬂqﬁﬁg‘%é{éggg? ggl le Ala Trp Leu Val Lys Gay Arg Gy 20 25
30 <210> 2Q4pes21ip 31

His Gly Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg His
20 25 30

<210> 17

<211> 31

«<212> PRT

<213> Artificial

<220>
<223> synthetic¢ construct

- <400> 17

His val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu
1 5 10 15

Gln Als Ala Lys Ala Phe Ile Ala Trp Leu Val Lys Gly Arg His
20 25 30

<210> 18

<211> 31

«212> PRT

<213> Artificial

<220
<223> synthetic construct

<400> 18

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Lys
i 5 10 15

Glu aAla Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg His
20 25 30

<210> 19

<211> 31

<212> PRT

<213> Home sapiens

<400> 19

- His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 s 10 15

Gln Ala Ala Lys Glu Phe Tle Rla Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 20

<211> 31

<212> PRT

<213> Artificial
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<212> 'PRT <213> Artificial Page 9 16 Decenber 2004 WO 01/98331 PCT/ USOL
/16474 <220> <223> synthetic construct <400> 20 Hi s Al a G u1@DgecéimbelPh@04
Thr Ser Asp Val Ser Ser Tyr Leu Qu Cu 15 10 15 Gn Ala Ala Lys Gu Phe
Ile Ala T bfugsMal Lys Ay Arg Ay 20 25 30 <210> 21 <3%¥ms§ﬁ164ﬁ212> PRT
<213> Artificial <220> <223> synthetic construct <400> 21 Hs Ala u Qy
Thr Phe Thr Ser Asp Val Ser Ser 1 5 10 Tyr Leu Gu Asp 15 Gn Ala Ala
Lys Gu Phe Ille Ala Trp Leu Val Lys Gy Arg Ay 20 25 30 <210> 22 <211>
31 <212> PRT <213> Artificial <220> <223> synthetic construct <400> 22
Hs Ala A&zodl y. Thr  Phe Thr Ser Asp Val Ser Ser Tyr Leu Au Arg 1 5 10
15 G n Al a<¥3a LswtBeuic Rhestdriet Ala Trp Leu Val Lys Gay Arg dy 20 25 30

<210> 23
. <400> 20

His aAla Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu
1 5 10 i5

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 21

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> 21

His Ala Glu Gly Thr Fhe Thr Ser Asp Val Ser Ser Tyr Leu Glu Asp
1 5 10 15

Gln ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 22

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> 22

His Ala Glu Gly.Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Arg
1 s 10 15

T Giln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30
- 5
<210> 23
<211> 31
<212> PERT
<213> Artificial

<220>
<223> synthetic construct

<400> 23

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Lys
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 24

Page 10



<211> 31 <212> PRT <213> Artificial <220> <223> synthetic construct
<400> 23 His Ala AQu @y Thr Phe Thr Ser Asp Val Ser Ser Tyr 1B@ec&nbet B804 1
510 15 Gn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay Arg Gy 20 25
30 <210> ¥ dimgs3110 16 Decenber 2004 WO 01/98331 PCT/ USO /pgaRbinezil> 31
<212> PRT <213> Artificial <220> <223> synthetic construct <220> <221>
VARI ANT <222> (16)..(16) <223> Xaa at position 16 is cysteic acid. <400>
24 Hs Ala Gu @y Thr Phe Thi Ser Asp Val Ser Ser Tyr Leu Qu Xaa 1 5 10
15 dn Ala Ala Lys Gu Phe Ile Ala Trp Leu Val Lys Ay Arg Gy 20 25 30
<210> 25 211> 34 <212> PRT <213> Artificial <220> <223> synthetic
construct < px21> VARI ANT <222> (16)..(16) <223> Xaa at position 16
I S cysteic<zwd>d. Artificial

<220>
<223> synthetic comnstruct

<220>

<221> VARIANT

<222> (16)..{16)

<223> Xaa at position 16 is cysteic acid.

<400> 24

His ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa
1 5 - 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp leu Val Lys Gly Arg Gly
20 25 30

<210> 25
<21i> 31
<212> PRT
<213> Artificial

<220>
<223> synthetic construct

<220>

<221> VARIANT

<222> (16)..{16)

<223> ZXaa at position 16 is cysteic acid.

<400> 25

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa
1 [ 10 15

T

Gln 2Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 26

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> VARIANT

<222> {16)..{16) .

<223> Xaa at position 16 is cysteic acid.
<400> 26

His Gly Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa

Page 11



<400> 25 H's Val Qu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Xaa 1
510 15 Gn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay A6 @etenber200@5
30 <210> 26 <211> 31 <212> PRT <213> Artificial <220> <223> synthetic
construct, _<220> <221> VARI ANT <222> (16)..(16) <223> Xaa at position 16
is cystei WOMPH<400> 26 Hs Gy Gu Gy Thr Phe Thr SerPGEBSNAFTSer Ser
Tyr Leu A u Xaa Page 11 16 Decenber 2004 WO 01198331 PCTIUSO /16474 1 5 10
15 Adn Ala Ala Lys GQu Phe Ile Ala Trp Leu Val Lys Gy Arg Ay 20 25 30
<210> 27 <211> 30 <212> PRT <213> Artificial <220> <223> synthetic
construct <400> 27 Hs Ala Gu @y Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu
Gu du 1315 10 15 Gdn ARla Ala Lys Gu Ph& Ile Ala Trp Lé¥® Val Lys Ay Arg

20 25 30 <g£ﬂoila%%xlaﬁg};§1%1§09he<gfezilg% Leu Val Lys Gly Arg Gly
. 20 25 30

<210> 27
<211> 30
<212> PRT
<213> pArtificial
<220>
<223> synthetic construct
<400> 27
His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu
1 5 10 15
Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
. 20 25 30
<210> 28
<211> 30
<212> PRT
<213> Artificial
<220>
<223> synthetic construct
<400> 28
His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Asp
1 5 10 15
Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 25 - 30
<210> 29
<211> 3¢
‘§ <212> PRT
. <213> Artificial
<220
<223> synthetic construct
<400> 28
His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Arg
1 5 10 15
Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 ) 25 ) 30
<210> 30
<211> 30
<212> PRT

<213> Artificial

<220>
<223> synthetic construct
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<213> Artificial <220> <223> synthetic construct <400> 28 Hs Ala u Gy
Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Gu Asp 1 5 10 15 Gie Dalcamber2bys
Gn Phe Ile Ala Trp Leu Val Lys Gly Arg 20 25 30 <210> 29 <211> 30
<212> PRTwg@bdssiArtificial <220> <223> synthetic constryetusgORs429 H s
Ala Au Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Arg 1 5 10 15 Gn
Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay Arg 20 25 30 <210> 30
<211> 30 <212> PRT <213> Artificial <220> <223> synthetic construct Page
12 16 Decenber 2004 WO 01198331 PCT/USO /16474 <400> 30 Hs Ala Qu dy
Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Lys 1 5 10 15 dn Ala Ala Lys
Gu Phe |LgyAl agglrp Leu Val Lys Gy Arg 20 25 30 <210> 31 <211> 30
<212> PRT <213> Artificial <220>

- His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Lys

1 5 10 15
Gln ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly aArg

20 25 30
<210> 31
<211> 30
<212> PRT

<213> BArtificial -

<220>
<223> synthetic construct’

<220>

«221> VARIANT

<222> (16)..(16)

<223> Xaa at position 16 is cysteic acid.

<400> 31

His aAla Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa
1l 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly 2Arg
20 25 30

- <210> 32
<211> 30
<212> PRT
<213> artificial

<220>
<223> synthetic construct

<400> 32

His val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu
1 5 10 15

Gln ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 25 30

<210> 33

<211> 30

<212> PRT

<213> Artificial .

<220>
<223> synthetic construct

: <400> 33

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Asp
1 5 10 1s
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<223> synthetic construct' <220> <221> VARI ANT <222> (16)..(16) <223> Xaa
at position 16 is cysteic acid. <400> 31 His Ala Au Ay Thr iPDecdhber3ay04
Asp Val Ser Ser Tyr Leu Qu Xaa 1 5 10 15 dn Ala Ala Lys Qu Phe Ile Ala
Trp Leu Valobyssssdy Arg 20 25 30 <210> 32 <211> 30 <21%TR§%'51“6<_@3LB>
Artificial <220> <223> synthetic construct <400> 32 Hs Val Qu dy T

the Thr Ser Asp Val Ser Ser Tyr.Leu Qu GQu 15 10 15 @dn Ala Ala Lys G u
Phe Ile Ala Trp Leu Val Lys Ay Arg 20 25 30 <210> 33 <211> 30 <212> PRT
<213> Artificial <220> <223> synthetic construct <400> 33 Hs Val u Qy

Decerber 260 VB B GR3T PR 08 P Fodts e A &Y Ts G u The |16 Ala
Trp Leu Val Lys Ay Arg 20 25 30 <210> 34 <211> 30 <212> PRT
: <210> 34

<211> 30

<212> PRT
<213> Artificial

<220>
<223> synthetic construct

<400> 34

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Arg
1 5 10

Gin Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 . 25 30

<210> 35

<211> 30

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<400> 35

His val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Lys
1 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 25 30

<210> 36

<211> 30

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> VARIANT

<222> (16}..(16)

<223> Xaa at position 16 is cysteic acid.

<400> 36
His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Xaa
1 5 10 15
Gln ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg

20 25 30
<210> 37
<211> 30
<212> PRT
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<213> Artificial
Thr The Thr

<212> PRT
A u GWOTHISIEhe Thr Ser Asp Val
Ala Ala Lys Qu Phe Ile Ala Tip Leu Val
<211> 30 <213> Artificial
<221> VARI ANT

<400> 36 Hi s Val

<220>
Ser Asp Val Ser Ser Tyr
Gu The Ile Ala Trp Leu Val Lys Qy
<213> Artificial <220>

<212> PRT
Gu @y Thr

<223> synthetic construct

<400> 37
His Gly Glu Gly Thr Phe Thr Ser
1 5 :

Gln Ala Ala Lys Glu Phe Ile Ala
20

<210>
<211>
<212>
<213>

38

30

PRT
Artificial

<220>
<223> synthetic construct

<400> 38
His Gly Glu Gly Thr Phe Thr Ser
i 5

Gln ala ala Lys Glu Phe Ile Ala
20

<210>
<211>
<212>
<213>

39

30

PRT
Artificial

<220>

<223> synthetic construct

<400> 39

His Gly Glu Gly Thr Phe Thr Ser
1 5

Gln Ala Ala Lys Glu Phe Ile Ala

Ser

<223> synthetic construct <400> 34 H s Val
Leu Gu Arg 1 5 10 15 G1b DAcambkezdos
<211> 30
<223> synthetic construct <400> 35 Hi s
Leu G u IREE/USDIB64IO 15 G n
Lys Ay Arg 20 25 30 <210> 36
<223> synthetic construct
<222> (16)..(16) <223> Xaa at position 16 is cysteic
Phe Thr Ser Asp Val
Xaa 1 5 1621% Ghrtifliaisfll a Lys Qu Phe Ile Ala TIP Leu Val
25 30 <210><2§07> <211> 30

Arg 20 . 25 30 <210> 35
Ser Tyr
<220>

Ser

<212> PRT Page 14

Asp Val Ser Ser Tvr Leu Glu Glu
10 15

Trp Leu Val Lys Gly Arg
25 30

Asp Val Ser Ser Tyr Leu Glu Asp
10 15

Trp Leu Val Lys Gly Arg
25 30

Asp Val Ser Ser Tyr Leu Glu Arg
10 15

Trp Leu Val lLiys &ly Arg

20 25 30
<210> 40
<211> 30
«212> PRT
<213> Artificial
<220>
<223> synthetic construct
<400> 40
His Gly Glu Gly Thr Fhe Thxr Ser hsp Val Ser Ser Tyr leu Glu Lys
1 5 10 15
Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 25 30
Page 15

Gu Gy

Leu Qu
Lys Ay Arg 20

Ser Tyr



16 Decenber 2004 WO 01/98331 PCT/ 1JS01/ 16474 <213> Artificial <220> <223>
synthetic construct <400> 37 Hs Ay Qu Gy Thr the Thr Ser1dpRcMAberSRio4
Ser Tyr Leu Qu GQu 1510 15 dn Ala Ala Lys Gn Phe Ile Ala Trp Leu Va
Lys Ay AvB 0148325 30 <210> 38 <211> 30 <212> PRT <213ﬁ:1ﬁ?1§0i1,f1jsp,i4al <220>
. <223> synthetic construct <400> 38 Hs Gy Qu Ay Thr Phe Thr Ser Asp Va
Ser Ser Tyr Leu Gn Asp 15 10 15 dn Ala Ala Lys Gu the Ile Ala Trp Leu
Val Lys Ay Arg 20 25 30 <210> 39 <211> 30 <212> PRT <213> Artificial
<220> <223> synthetic construct <400> 39 Hs Gy Qu Ay Thr Phe Thr Ser
Asp Val Ser Ser Tyr Leu Qu Arg 15 10 15 dn Ala Ala Lys u the Ille Ala
Trp Leu Vabidysa@y Arg 20 25 30 <210> 40 <211> 30 <212> PRT <213>

Artificiak2x2030 <223> synthetic construct
. <212> DRT
<213> Artificial

<220>
<223> synthetic construct

<220>

<221> VARIANT

<222> (16)..(16)

<223> Xaa at position 16 is cysteic acid.

<400> 41
His Gly Glu Gly Thr Phe Thr Ser Asp'Val Ser Ser Tyr Leu Glu Xaa
1 5 10 15
Gln Als Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 25 30
<210> 42
<211> 31
<212> PRT
<213> BArtificial
<220>
<223> synthetic construct
<400> 42
His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tvr Leu Glu Gly
1 5 16 15
Lys Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30
<210> 43
) <211> 31
- <212> PRT
<213> Artificial
<220>
<223> synthetic construct
<400> 43
His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15
Gln Ala Ala Lys Ala Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30
! <210> 44
<211> 31
<212> PRT

<213> Artificial
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<400> 40 Hs Gy Qu Ay Thr the Thr Sex Asp Val Ser Ser Tyr Leu Gn Lys 1
510 15 Gn Ala Ala Lys GQu the Ile'"Ala Trp Leu Val Lys Gy %@ecggbgﬁz&%
Page 15 16 Decenber 2004 WO 01/98331 <210> 41 <211> 30 <212> PRT <2
Artifici aWw0028€831 <223> synthetic construct <220> <221> mgwliﬂﬁzz»
(16)..(16) <223> Xaa at position 16 is cysteic acid. <400> 41 PCTIi750 1 /
16474 Hs Ay GQu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Xaa 1 5
10 15 Adn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay Arg 20 25 30
<210> 42 <211> 31 <212> PRT <213> Artificial <220> <223> synthetic
construct «s400> 42 H's Val G u Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu
GQu Ay k25340 sibtharscAlaasthartlys G u Phe Ile Ala Trp Leu Val Lys Ay Arg

Ay 20 25 30 <210> 43 <211> 31 <212> PRT
. <400> 44

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Glu Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 45

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic comstruct

<400> 45

His Gly Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 . 10 15

Gln Ala Ala Lys Glu Phe Ile Glu Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 46

<21l> 31

<212> PRT

<213> Artificial

<220> :
<223> synthetic construct

<400> 46

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys His Arg Gly
20 25

<210> 47

<2il> 31

<212> PRT

<213> Artificial

<220>
<223> synthetiec construct

<400> 47

?is Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
5 10 15

Giln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg His
20 25 30

<210> 48
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<213> Artificial <220> <223> synthetic construct <400> 43 Hs Val Au Ay
Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu GQu dy 15 10 1516n3céhBerdcda
Lys Ala Phe Ile Ala Trp Leu Val Lys Gy Arg Ay 20 25 30 <210> 44 <211>
31 <212> WBhiesal3> Artificial Page 16 16 Decenber 2004.@%@@?{%&;

PCTI USO / 16. 174 <220> <223> synthetic construct <400> 44 H's Va u Gy
Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Gy 15 10 15 d@n Ala Ala
Lys GQu Phe Ile Qu Trp Leu Val Lys Ay Arg Ay 20 25 30 <210> 45 <211>
31 <212> PRT <213> Artificial <220> <223> synthetic construct <400> 45
Hs Ay du, 1Y ‘Ié‘ir Phe Thr Ser Asp Val Ser Ser Tyr Leu du dy 1 5 10" 15
An Ala Ala.d3ys Gge Phe Ile Gu Trp Leu Val Lys Ay Arg Ay 20 25 30
<210> 46 <&hk3> Fhrigldidr PRT <213> Artificial <220>

<220>

<223> synthetic construct

<400> 48

His val Glu Gly Thr Phe Thr Ser Asp Val Sexr Ser Tyr Leu Glu Glu

1 5 10 15

lys Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 49

<211> 31

<212> PRT

<213> Artificial

<220>

<223> synthetic construct

<400> 49

His val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu

1 5 10 15

Glu Ala Ala Lys Glu Phe Ile Ala Trp Leu Val lLys Gly Arg Gly
20 25 30

<210> 50

<211l> 31

<212> PRT

<213> Artificial

<220>

<223> synthetic construct

_ <400> &0

)

’ His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Glu
1 5 10 15
Glin Ala Ala Lys Ala Phe Ile Ala Trp Leu Val Lys Gly Arg Gly

20 25 30
<210> 51
<211> 31
<212> PRT

<213> &aArtificial

<220>
<223> synthetic construct

<400> 51

His Val Glu Giy Thr Phe Thr Ser Asp Val Ser Ser-Tyr Leu Glu Gly
1 5 10 i 15
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<223> synthetic construct <400> 46 Hs Val Au Ay Thr Phe Thr Ser Asp Val
Ser Ser Tyr 1 510 15 Gn Ala Ala Lys Gu Phe Ile Ala Trp Leqsﬁ%e,w(gr%@
Arg Ay 20 25 30 <210> 47 <211> 31 <212> PRT <213> Artificial <220

<223> synta%tdlg,s%gnstruct <400> 47 H's Val Qu Gy Thr Phe Thr Ser Asp V I
Ser Ser Tyr 15 A n Ala Ala Lys Qu Phe Ile Ala 20 'E‘é’i"d)@o%‘é”r'rp 25
Leu Val Lys Ay Arg Hs 30 Page 17 Leu Au @y lieu u Ay 16 Decenber
2004 WD 01/98331 PCT/USQO /16474 <211> 31 <212> PRT <213> Artificial <220>
<223> synthetic construct <400> 48 Hs Val AQu Ay Thr Phe Thr Ser Asp Val

Ser Ser Tyr Leu Gu du 1510 15 Lgs Ala Al a cgys Gu Phe Ile Ala Trp Leu
Val Lys Gly @lc'alv.a Lys Glu Phe IleAJ.. Trp Leu Val Gly Lys ;\Egey

f <210> 52
<211> 31
<212> PRT
; <213> Artificial

<220>
<223> synthetic construct

<400> 52

His Val Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
k] 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Axrg His
29 25 30

<210> 53

<21l> 31

<212»> PRT

<213> Artificial

<220>
«<223> synthetic construct

<400> 53

His Gly Glu Gly Thr Fhe Thr Ser Asp Val Ser Ser Tvr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg His
20 25 30
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20 25 30 <210> 49 <211> 31 <212> PRT <213> Artificial <220> <223>
synthetic construct <400> 49 Hs Val GQu Ay Thr Phe Thr Ser Vi %9
Ser Tyr Leu Qu Qu 15 10 15 Cu Ala Ala Lys Qu Phe Ile Alafllss]%:ce beeu a4]
~ Lys Gy Aré,g ﬂfy 0 25 30 <210> 50 <211> 31 <212> PRT <213> Artificial
<2252 sy

<220> Mthetic construct <400> 50 His Val G u G yPFRUSBHEThr Ser

Asp Val Ser Ser Tyr Leu Au GQu 15 10 15 Gn Ala Ala Lys Ala Phe Ile Ala
Trp Leu Val Lys Ay Arg Ay 20 25 30 <210> 51 <211> 31 <212> PRT <213>
Artificial <220> <223> synthetic construct <400> 51 H's Val u G.y Thr
Phe Thr Ser ‘Asp Val Ser Ser'Tyr Leu Au dy 1 5 10 15 Page 18 16 Decenber
2004 i WD 01/98331 PCTIUS0111647-1 dAn Ala Ala Lys Au Phe Ile Ala Trp
Leu Val Ay Lys Arg Gy 20 25 30 1/4

Fig. 1

5 His-Val-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val—-Ser-Ser-Tyr-
Leu-Glu-Glu-Gln—-Ala-Ala-Lys~-Glu-Phe-1le~Ala-Trp-Leu-
Val-Lys-Gly-Arg-Gly '

val®-Glu®?*-GLP-~1(7-37)0H

10
His-Val-Glu-Gly-Thr-Phe~Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Asp-Gln-Ala-Ala-Lys—-Glu-Phe-Ile-Ala-Trp-Leu-
Val-Lys-Gly-Arg-Gly

Val®-asp??-GLP-1(7-37)0H
15

His-Val-Glu-Gly-Thr~Phe-Thr-Ser-Asp-Val-Ser~Ser-Tyr~-
Leu-Glu-Arg-Gln-Ala-Ala~-Lys~Glu-Phe-Ile-~Ala-Trp-Leu-
Val-Lys-Gly-Arg-Gly

20 Val®-Arg®?-GLP~1{7~37)0H

His-Val-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser—Ser-Tyr-
Leu-Glu-Lys-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala~-Trp-Leu-
25 Val-Lys-Gly-Arg-Gly

Val®-1ys?2-GLP~1(7-37)CH



<210> 52 <211> 31 <212> PRT <213> Artificial <220> <223> synthetic
construct <400> 52 Hs Val Qu Gy Thr Phe Thr Ser Asp Val Se r I
Gu dy 151015dn Ala Ala Lys Qu Phe Ile Ala Tip Leu \/gqﬁ%i%nu)&wf
Arg H's 2008289801 <210> 53 <211> 31 <212> PRT <213> Arpicfrisesissri220>
<223> synthetic construct <400> 53 Hs Gy Qu Ay Thr Phe Thr Ser Asp Va
Ser Ser Tyr-Leu Qu Ay 15 10 15 Gn Ala Ala Lys Qu Phe Ile Ala Trp Leu
Val Lys Ay Arg Hs 20 25 30 Page 19 16 Decenber 2004 WO 01/98331
PCT/ USOL116474 1/4 Fig. 1 5
Hi s-Val - @ u-d y- Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr -
Leu-Gu-du-A@n--A a-A a-Lys-d u- Phe-gléqrAl a-Trp-Leu- Val-Lys-@y--Arg-Qy
Vale-@u2 2-GP--1 (7 -37) OH 10 Hi s-Val--d u-Gly-
Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr -
Leu- 3 u-Asp-Ad n-Al a- Al a-Lys-{d u-Phe-11e-A a-Trp-Leu- Val-Lys-@y-Arg-Qy
Val e-Asp 22- G.P,]. (7-37) OH 15 Fig.
Hi s-Val -3 u-d y-Thr- P, he- Thr - Ser - Asp- Val . - Ser - Ser - Tyr -

5 His-Gly-Glu~Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-

Leu~-Glu-Glu~Gln-Ala-Ala-Lys—-Glu-Phe~Ile~Ala-Trp-Leu-

Val-Lys-Gly-Arg-Gly

Gly®~Glu®’-GLP-1(7-37)0H

10
His~Gly-Glu-~Gly-Thr—-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr~
Leu-Glu-Asp~Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp—Leu-
Val-Lys—-Gly-Arg-Gly

Gly®-Asp??-GLP-1(7-37)0H
15

His~Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val~Ser-Ser-Tyr-
Leu-Glu-Arg-Gln-Ala-Ala-Lys~Glu-Phe-Ile~-Ala-Trp-Leu-
Val-Lys-Gly-Arg-Gly

20 Gly®-Arg®?-GLP-1(7-37)0H

His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Lys-Gln-Ala-Ala-Lys~Glu-Phe-Ile-Ala-Trp-Leu-
25 Val-Lys-Gly-Arg-Gly

Gl1y®-Lys®*~GLP~1(7-37)CH
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Leu-G u-Arg-d n-Al a- Al a-Lys-3 u-Phe-1le-Al a-Trp-Leu- Val-Lys-@y-Arg-dy 20
Val e- Arg22- G.P-1 (7-37) OH Hi s-Val

-d u-3y-Thr-Phe-Thr- Ser - Asp- Val - Ser - Ser - Tyr - 16 December 2004
Leu- G u- Ly#o G835 a- Al a- Lys- G u-Phe-1-1e-Al a-Trp-Leu- 25 perasoi/ies7s

Val -Lys-Ay-Arg-@y Val'-Lys22-GP-1(7-37) OH 16 Decenber 2004 WO 01/98331
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s-dy-d u-Ady-Thr-Phe-Thr-Ser-Asp- Val - Ser - Ser - Tyr - :

Leu-d u-G@ u-d n- Al a- Al.a-Lys-d u-Phe-11e-Al a-Trp-Leu- Val-Lys-Ay-Arg-Gy
dy8-G3 u22-AP-1(7-37) OH 10

Hi s-d y-d u-Ad y-Thr-Phe-Thr - Ser - Asp- -3/Al- Ser - Ser - Tyr -

Leu-3d u- Asp-d n-Al a- Al a-Lys-G u-Phe--11e-Al a-Trp-Leu- Val-Lys-Ay--Arg-Ady
Ayll _ASp22 Gp_:L (7-37) OH 15

H s-3 y-d u-d y-Thr- Phe- Thr - Ser - Asp_,Val --iler-Ser-Tyr-

Leu-G u-Arg-dn--Ala-Al a-Lys-d u-P 28-e-A a- Tr p-Leu- Val-Lys-A@y-Arg-Ay
20 G ye-Arg22-GP-1(7-37) OH

Hi s-3 y-d u-d y-Thr- Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr -

Leu- @ u- Lys- A iHA-afaAl-GluyGIG-ThRRrEhaThrAlSerFigpt¥al -38r-Ser~Tyr-

Val . -Lys-Qd y- Arg- G w G ye- 22-GLP~-1_(7- 04 WO
01/ 68351 3/ 4 FILFS 4 R R ET P o s Sy Pl 12 B8R - 2807
- @ y- Thr - Phe- TWal1SysAsI-WalrgS&lySer - - Tyr- Leu-d u-3 y-d n- Al a- Al a- Lys-

G u- Phe-11e-d u-Trp-Leu-
val®-Glu®’-GLP-1(7-37)OH

10 |
His-Gly-Glu-Gly-Thr-~Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gln-Ala—-Ala-Lys-Glu-Phe-Ile-Glu-Trp-Leu-~
Val-Lys-Gly-Arg-Gly

Gly®*-Glu®*’~GLP-1{7-37)OH
15

His-Val-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-His '

20 val®-His*’-GLP-1({7-37)0H

His~-Gly-Glu-Gly-Thr-Phe~Thr-Ser-Asp-Val~Ser-Ser-Tyr-
Leu~-Glu~Gly-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu—
25 Val-Lys-Gly-Arg—-His

Gly®-His¥"-GLP-1(7-37)0H
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Val - Lys-G@ y-Arg-Gy Val'-Glu3 0-GLP-1 (7-37) OH 10

H s-d y-Q u-dy-Thr-Phe-Thr - Ser - Asp- Val - Ser - Ser - Tyr - 16 December 2004
Leu-Gu-dy-An-Ala-Ala-Lys -3 u-Phe-lie-3 u-Trp-Leu- Val-Lys-Ay-Arg-Gy
d y6- GLu3wo- @9Bs3( 7- 37) OH 15 PCT/USO1/16474

H s-Val -G u-Qd y- Thr - Phe- Thr - Ser - Asp- Val - Ser - Sex- Tyr -
Leu-d u-Gay-d n- Al a- Al a-Lys-d u-Phe-I11e-Al a-Trp-Leu- Val-Lys-dy-Arg-H s 20
Val 8-Hi s'"-AP-1 (7-37) OH Hs-dy-Au-4dy-
Thr - Phe- Thr - Ser - Asp- Val - - Ser - Ser - Tyr -
Leu-Gu-dy-dAn-Al a-Al a-Lys-G3 u-Phe-11e-Al a-Trp-Leu- 25 Val-Lys-Ay-Arg-H s
Ay8 -H s37-G.P-1(7-37) OH 16 Decenbeg /004 WO 01/98331 PCT/USO /16474 4/ 4
Fig. 4 5 Hs-Val-d u-d y-Thr-Phe-Thr- Ser - Asp- Val - Ser - Ser - Tyr -
lLeu-Gu-Au-G@n -Ala-A a-Lys-Al a-Phe-Ile-Ala--Trp-Leu- Val-Lys-Ay-Arg-H s
Val8- Glu22-Ala 27-GP-1(7-37) OH 1Q_,
H s-Val -d u- Q@ y- Thr - Phe- Thr - Ser - Aspm- sh - ser- Tyr- Leu-d u--Lys--
‘A u-Ala--Aa--Lys-G u-Phe-Ile-A a-Trp-Leu- Val--Lys-Ay-Arg-H s Val'
-Lys22- Glu23- ALP-1(7-37) OH 15
5
His-Val-Glu-Gly-Thr-Phe~Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu~-Glu-Glu-Gin-Ala-Ala-Lys-Ala-FPhe-Ile-Ala-Trp-Leu-

Val-Lys-Gly-Arg-His
val®-Glu?*~-Ala?’-GLP-1(7-37)OH
" 10
His-Val-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Lys—Glu-Rla~Ala-Lys—-Glu-Phe-Ile-Ala-Trp-Leu-
Val~-Lys-Gly-Arg-His

Val®-Lys??~Glu?*-GLP-1(7-37) OH

15





