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WO 01/98ﬁﬁﬁHFCT/USCHI16474 GLUCAGON- LI KE. PEPTI DE- 3 ANALOGS Thi s appllcatlon

clains t ehefit of U S. Provisional 5 Application Nunber 60/212,171,
filed June 16, 2000 and U. S. PrOV|5|onaI pllcatlon Nunber 60/240 349

filed Cctober 2(903&tk leegﬁ pH de (ShPéE% a,37 amno acid
10 peptide tha %?%é% ? 3flﬁh§ t PﬁeaFﬁd response to
food1Dngeseptnide Iﬂhdta&é)es@lm:femem blyo thel MHcallds offstthen ingesetinenin
(Lnsul Lt gRhts el Fsq YRR G20y Yooae cUBaKE DL SElis,and
Protein Enﬁﬂﬁmxﬂ1secretlon (insulinotropic action), thereby causing
glucose uptake by cells and decreased serum glucose levels
(see, e g., Mojsov, 8., Int. J. Peptide Protein Research,
15 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.
20 Because of their ability to stimulate insulin secretion, GLP
B compounds show great promise as agents for the treatment of
D diabetes, obesity, and related conditions.
GLP-1 compounds can exist in at least two different
forms. The first form is physiologically active and
25 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
" water at pH 7.4. Unfortunately, the inactive form is
readily produced when aqueous GLP-1 solutions are agitated,
30 exposed to hydrophobic surfaces or have large air/water



15 40: 333-343 (1992)). However, G.P-1(1-37) is poorly active and attention
has been focused on truncated anal ogs, referred to as G.P conpounds, which
are biologically much nore potent than GLP-1. Exanpl es i ncl ug®ecember 2004
GP-1(7-37), GP- 1 (7-36) NH2, dy8-GP-1(7-37) OH and Ser34-G.P-1 (7-37)
OH. 20 Bwamesssssuf their ability to stinulate insulin secPelUSH/16E4p
conpounds show great prom se as agents for the treatnment of diabetes,
obesity, and related conditions. G.P-1 conpounds can exist in at |east two
~different fornms. The first formis physiologically active and 25 di ssol ves
readily in. aqueous solution at physiélogical pH (7.4). In contrast, the
second formhas little or no insulinotropic activity and is substantially
i nsol ubl éntarfagesr aThpHtendenclif bet epaYery, te hehe nheselwblieorfers readily
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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):



20 Many of these analogs retain GLP-1 regeptor activation that is
conparabl e and in sonme cases-greater than known GLP- 1 conpoubsiBesduttar 2604
GLP-1(7-37)OH and Val8-CGLP-1(7-37)0OH  For exanple, the aggregation tinme of
Val 8- 3 u22-G.P (7-37) OH is_over twenty fold greater and its GLP-1I
receptor 25 acti vat}Pc?n Xaaszfdlr 2805 gRearSieh Ti?xizésipi?%@él‘ Based on

these discoveries, diouefe,QaRyl 1COMRA! L‘m_q%a%gdxgg hggg a1dseatment using
ose

t he novel G.P--1 corrpounds are di scl her el n ccordl ng 20 a first
aspect, the pr esentXaawePﬂwohler@alaodé?spaLpal-ypemﬂP@@ah@Oaaug ¥Xhez@am no acid
sequence of formula I (SEQID NGO 1): -- 3 16 Decenber 2004

H s- Xaa9- 3 u-d y- Xaall- Xaal2- Thr - Ser - Asp Xaal6-

Ser - Ser - Tyr - Leu- G u- Xag22-mdal 3 X&aA-1A arokaad6- Xaa27- Phe- |

| e- Xaa30- Tr p- Leu- Xaa33- Xaa34- Xaa35- Xaa36- R forrmula I (SEQ ID NO 1)
wherein: Xaa8 is: Ay, Ala, Val, Leu, Ile, Ser, or Thr; Xaall is: Asp,
Gu, Arg, wfBreiA.a, Lys, or H's; Xaal2 is: H's, Trp, Phe, or Tyr; Xaal6
is: Leu, Ser, Thr, Trp, H's, Phe, Asp, Val, Tyr, Qdu, or Ala; Xaa22 is:
dy, Asp, X@m ig nGlAsmilaysValy ghewQysller S@y,stcel'r CThAci d; Xaa23 is: His,
Asp, Lys, , Xaa24,.is: p& rg, or Lys; Xaa26 is:
Trp, Tyr, Xﬁ’ﬁél lﬁspASprsg% uAr(?r’ élhéf R PYe: Elg] 5@ u, H's, Phe, Tyr,
Trp, Arg, xeb:lVs: }piagaSQﬁps, pNeg, od wyrAsp, Ser, or His; Xaa33 is: Asp,
Arg, Val, Lys, Ala, Qy, GQu; Xaa34 is: Qu, Lys, or Asp; Xaa35 is:
Thr, Ser, XE956 lﬁrgLePrrp Serr Thphe JTrmRep Higry, Phepr #5Phi Yalor T@U; Xaa36 is:
Thr, Ser,Gfﬁp,OIrgla’Tyr Phe, Arg, Qu, or His;

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

Cvystelc Acid;

Xaapz is: His, Asp, Lys, Glu, Gln, or Arg:

Xaan, 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-



Ris: Lys, Arg, Thr, Ser, Qu, Asp, Trp, Tyr, Phe, H's, -NH2, Qy,
Ady-Pro, or Ay-Pro-NH2, or is deleted provided that the pol ypgpe.aabd2964
not have the sequence of GP-1 (7-37) OH or GLP-1 (7-36) -NH2 and provided

that th | ti i t dy8-GP-1 1-37 H dys8-AP- p 7 36) NH2,
Vars- G b B BB - e o e b b - bt PTG o g

Leu8- GLP- } (77;3?@)NI.MI;|2A1|31E&;1%(17.(3778%’ GH.a2fle -_pEP;S'L ggﬂ 36) NH2i
Ser8-GLP-1 (7:37) OH Serb-GLP-1(7-3§) NH2r Thr8-GLP-1 ? -37) oH, or
Thr 8- GLP- RYe7 363 pNHET - AT BOH A @r 1A1& '~GAp-16 7TB86eWHer 2004 37) OH,
Alan-d p-1(7-36) NH2i Ala' 6-d p-1(7-37)OH, Alal6-Adp-- 1 (7-36) NH2,

Ala27-G p-1 (7adddrdHg AL827%: GeBednd 7-38b N2, 11, A1833: G p- 1,(Z-37) OH, or

Al 833- G pplod Ta3b) aﬁ?w@ge{@én%wng %gongmfé&egfcfﬁ toe%fi@(?’l%%ﬁ C%ﬂ nvent i on
provi des aopalypant ifdep haymwag bhe am no acid sequence of ormul a 11 (SEQ

I D NO 2):- His-Xaa8-d u--d y-Thr- Xaal2- Thr - Ser - Asp- Xaal6- Ser - '
Ser-Tyr - Leu- 3 u- Xaa22- Xaa23- Al a- Al a- Xaa26- G u- Phe-

|| e- Xaa30- Tr p- Leu- Val - Lys- Xaa35--Arg=R formula 11 (SEQ I Q NO wher ei n:
Xaa8 is: Ay, Ala, ‘F!_)\{i%‘h, 4 eG,lyS_gI;h,r a%ﬂrﬁhrﬁéﬁ';‘%%%ﬁjfg%*?:ﬁ, Phe, or
Tyr; Xaal6 is: Leu,S&erTyThbeud®py-¥ha;—Rhe,: A8y —Alad-XaE8,6;Ghu—-Pida; Xaa22
is: Ay, Asp, du, . n, s r C _ £ Acid; Xaa23 is:

His, Asp, Lys, Qu, %(? }g%o Tkéa%géi galoﬁﬁ %Eggs,gﬁ%t ,Rcor H's; Xaa30 is:
Ala, Au, Asp, Ser, or FEmd@aB5 {SEQTRP N&erZ) Lys, Arg, Trp, Tyr, Phe,
Asp, Gdy, Pro, Hs, or Au; Ris: Lys, Arg, Thr, Ser, du, Asp, Trp, Tyr,
Phe, H's, -NH2, Gy, Ay-Pro, or Ay-Pro-NH2, or is deleted provided that

the pol yp&HtS'§ddoes not have the sequence of GLP-1 (7.37) OH or GLP-|
(7-36) -NB2agndspratiydedlthavalhelLepol ypept sde,i srnthrE y8-G.P-1 (7-37)

H' d y8'Xga|?§ ]1.47 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,.



36)NH2, Valli-GLP-1 (7-37) OH, Val'-GLP-1 (7-36) NH2i Leu8-GLP- 1 (7-37)
OH, Leu8-GLP-1 (7-36) NH2i 11e8-GLP-1 (7-37) OH, Ile8- GLP-1 (7-36) NH2,
SerB-GLP-1 (7-37) OH, Ser8-GLP-1 (7-36) NH2, ThrB-GLP-1 (7- 3@pdkhber 20
ThrB-GLP-1 (7-36) NH2, Ala"-GLP (7-37) OH or Alal6-Gp-1 (7-38) B 9%

Decenber 01/98331 PCT/ USOI /16474 -5 t Accordi ng i rd aspect,
t he prese‘?ﬁQQﬁ%B%nt I on provides pol ypeptide having the ahleﬁ’gjséal?]i%%sequence

of formula 11l (SEQID NGO 3): 5
Hi s- Xaae--d u--Qd y- Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser -
" Tyr - Leu- G u- Xaa22- Xaa23- Al a- - Al a- Lys=g(aa?27- Phe-11| e-
Xaa30- Tr p- Leu-Val -Lys-Ay-Arg-R formula |11 (SEQ ID NO 3) 10 wherein: Xaae
is: Ay, Ala, Val,. Leu, Ile, Sex, or Thr; Xaa22 is: Gy, Asp, GQu, dn,
Asn, Lys, Arg, @gsoréindydreie Weinl Xsp28tjs:tHd sprAspnt LySive@tdonor G nN;
15 Xaa27 i ®FOALAcs @ yPrRPside Hevingr thar anirdy gycidr skysend@ald0 fesmudha, G u,
Asp, Ser, OSFTH(SEQRD §0:13%k: Arg, Thr, Ser, Gu, Asp, Trp, Tyr, Phe, His,
-NH2, dy., Ay-Pro, or Ay-Pro-NH2, or is deleted. 20 provided that the
- pol ypepti de does not have the sequence of GP-1 (7-37)OH or GLP--1(7-36)
] NH2 %Eg pr1 ?\7“ gg;j Hiﬁas/aaahe;mec%pc;mhi;dehéswegts&ygsiga%-ééméai OH,
ye- - - N2, _Val e« 3LR-1(7- C e- - - , Leue-
GLP-1 (7-37) OH, %@L@%%&z Nﬁﬁ‘%”?ﬁa?@ﬁf YF-Aa9321080erLdB-- 25
GLP-1(7-36) NH2, StasctIfpileuVgl-hys-Sne-’Gtd™R(7-36) NH2, Thr8--G.P-1

7-37) OH, Thr8-GLP-1 $Js i 1(%,37) OH, Al alb-d p-1(7-36
§\IH2, )Glu27- G1|ro- 1(7--37%5@@%#% ﬁéﬁ}%}g %o(.(??a% 6% NH2 .3oa35 Acgor((:li ng %0

a fourth aspect, the present invention
10 wherein:

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

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

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

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

Xaa3zp is: Ala, Glu, Asp, Ser, or His;

R is: Lys, Arg, Thr, Ser, Gll-l, 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. ' R
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)



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- 3 u- Xaa22- 3 n- Al a- Al a- Lys- A u- Phe- 16 December2004
Il e--A a-Trp-Leu-Val -Lys-A@y-Arg-R (SEQ ID NO 4) 16 Decenber 2004 WO
01/98331 wRfdidg1/ 16.174 -6 wherein: Xaa7 is L-histidgcgysothbizgtidi ne,
desam no- hi stidine, 2am no- histidine, O-hydroxy-histidine, .
homohi stidirie, a- 5 fluoronethyl-histidine or a- met hyl - hi sti di ne; )_(aag S
gl ycine, alanine, valine, leucine, isoleucine, serine or threonine,
Preferably, Xaa$ is glycine, valine, -4eucine, isoleucine, serine or
threonine;. Xaa22 is aspartic acid, glutamc acid, glutamne, 10
asparagi .ne lysine, arginine, cysteine, or cysteic acid. Ris -NH2 or G
y(OH). According to a fifth aspect, the present invention provi des a

gl ucagon. -1ik&hsastinde-1 (GLP-1) corrpound having an amino acid other than:

al ani ne at pos = n o] ot he than g | ne at position
22. Al so discl g%ea grgl ﬁlg€he p‘?es‘g 1?11_'1 %n??bn \ﬁ/ diferet hod of

stimul at i Rgntihe-BiBtidiaeepBohylboRySHREESH ha, H@ﬁ@hf@tﬁ&%ﬁé—&ﬁﬁeptor
stinul ation. The method may conprise the step of adm nistering to the

subj ec? aflaoreneithy lakighidigeobrt hemekhyl-baspadids; descrl bed herein or

t he pol ypeptid hayL.n aC|d se ence of SE 1,, SEQ I D NO
2 8e0 To NG Taasety T Renes Afadthy SFRHER 2\ Reoleusing:
i nvent i on seayjiniee crhéhr@oRihe. can‘pﬁamdblyesxéa@eﬂs hﬁr}ﬁilrhé)r vtah‘inlé@' ypepti de

1. SEQ ID NO 2, SEQ ID
haVI ng th§§€é§_ am kS %:ugl;uslgggggﬁig% Bl %‘Fﬁ@nﬁﬂﬁ' GLP-1 N receptor in a

subj ect in neeXaak, G- dspeanent eicid,| Ylhatandt abid, GgPutameaepunds of the
pfe?eﬂS %%r'a%r:}.n@y lry%tzl.%e, 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



- GLP-1 receptor activation ability and, in addition, my have 30
decreased propensity to aggregate conpared with other GLP-1 conpounds. As a
result, solutions of these conpounds can be agitated wi th m rd DBlember 2004
conversion to the insoluble, inactive form This advantage greatly
sinplifi esobhimsspnuf acturing process. In addition, it nRETRSIENPRCt ed t hat
little or noini 16 Decenber 2004 WD 41/98331 PCTIUSO /16474 -7 5 vivo
aggregation will occur after adm nistration to patients, thereby
increasing activity and mnimzing the potentlal for adverse reactiions. in
addi tion, these GLP-1 conpounds nay be?-resi stant to diami nopeptidase |V
degradation and may bind zinc and may therefore be believed to provide

ext ended tlnE ggtighAﬁl . SBEGOT NG %am§n§é€g§11%ﬁp@§tpaﬁﬂ@%tﬂresent
i nvention' p oVi-des a use o any one of the GLP-- ng?unds of present
o]

i nvent|onthewehywenpre§a¥%8|aﬂ¢l@#tﬁ.?ﬁﬁhﬁ%&ﬁﬁh?l$ﬁwthFh8 Rkt foRt of
non- 'ns“'5$v9§£§Q%%@Elgﬁébﬁﬁﬁ%dd%§1&@ 2530 ACEOr diigoliad@ semebkh aspect,

the present Tnvention provides a use of any of the GP-1 conpounds of
present kevbshansn tholizhingpedsafass oY Gleoafatt Threht ™ForPtite 22 fFeat nent

Of obgsi t d%téﬁelﬁ%ergfgf@rﬁg 1k 8588 0fd Proveat abeldrledcbangessbher surgery
irrita P ndronme. Figure 1 shows 'the am no acid sequences of

Va18 Glu23n @®1(7- 37)OH (SEQ ID NO 5), Vale- Asp22- GLP-1(7-37) OH ( SEQ

ID NGO 6), Valgcé(gg@l% B- 4 (s izt JasPct SEQd Brient) ianght ival 8-
Lys22-G.P-1(7 -37)0OH (SEQ I D NG 8% Fi qure 2 shoms(%%s am no qgid
sequencesI?éP‘V’l‘i‘lf?W85L 815622f ary PRe Of 7Y 1 SEWPTE gyresen

A y8- Asp225 @Rk ldy £o37 LA #reRrak PolN £ Jaoxnedlaau&aw@zztfahp- 1(7-37) OH (SEQ
ID NO " 11) and Q y8- Lys22- GLP- 1§iepend OH {(SEQ 1D NO~ 12).

', 10 treatment of non insulin

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®-
20 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)O0H (SEQ ID NO: 11) and
Gly8-Lys22-GLP-1(7-37)OH (SEQ ID NO: 12).
95 Figure 3 shows the amino ‘acid sequence of Val®-Glu®’-
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-



Figure 3 shows the am no -acid sequence of Val8-d u30- GP-1(7-37) OH
(SEQID NGO 13), dye-@u36-GP-1 (7-37) OH (SEQ ID NO 14)

Val8-H s37-GLP--1 (7-37) OH (SEQ ID NO 15), and G ye- H% $Femyggs £004
(7-37)AU (SEQID NO 16). Figure 4 shows the am no acid sequence of

Val e-d u22- Ala27-GP-1 (7-37) OH (SEQID NO 17) and

Val e- Lys22- Glu23-G.P- 1(7-37)OH (SEQ IDQ,NO 18). A GP-1 conpound is a

pol ypeptide having from about twenty-f Ve to 'about thi rty-nine naturally
occurring or non 16 Decenber 2004 -7a naturally occurring am no acids and
has sufficient honmology tom GLP-1(7-37)OH such that-it exhibits
insulinotropic activity. Exanples of non-naturally, occu an m no aci ds’

i ncl ude matetayly socewrnigigariac a,CiéiSrréPﬁyPasaF‘éﬁf¥h%}?nB %‘ﬂ?ﬁﬁgyaci ds,

hi sti di ne-1ike_amn [ 1G4 12~ P i $hsdlfgotropic

33-_hydr21$e<?7- #gt £ nnﬁé,’ao*ﬁo% T .’%e,%mg%ﬁtgor onethyl < hi. st di ne_and
a- et hylacti sitdi nefxamphes o giots nedHnag 1an OSEPFﬁlﬁét APEBAeAFL f he

side-chain ("honp" anj np 16, Decentber 2004 01/ 31 S04/ 16474 -8
aci ds) a?ﬂc£ﬁiiﬁo“§@?gl§yfna‘9\iﬂ%t?cauﬁ"bréeoﬁl'iwca g‘%itg@?u%%taﬁgﬁgr' E/roup in the
side chahihs LePHASER ¥ 1d m-Sulkeoring rRciatidgr depg( ¢. §~aminetei c acid).

Preferably, however, the GLP-1 conpounds of the. present invention
conpr i sehbatydineur Bthydsoxycduratiiad ey homebilgsidkppt ©~as ot her wi se
specifically provided, herein. A GLP-1 co und .typical Ly .conpri.ses a .
pol ypept - - ) anal og

| faeorpaethylrhitsaiine s %‘&&I@P@E‘q&ﬁ%&%ﬁ? %‘i%a’l‘%% |
of GLP-1hL¢s %Z_}R afHex@rh' erff A Rtle (shde ch@inor “homodgaminol0 of a |
GP- 1(7-'-37% anal og. GLP-1(7- 37)0OH has the am no acid sequence of SEQ
ID NO 19: 7 His-Al.a-d u-104d y-Thr-Phe- Thr - Ser - 15Asp- Val - Ser - Ser - -
Tyr-20Leu-d u-d y-G n- Al a- 25Al a-Lys--Qd u- Phe-11e-30Al a- 15 Trp-Leu-Val -Lys-
35 y-Arg-37dy :



(SEQ ID NGO 19) By customin the art, the amno termnus of GP-1(7 -37)COH
has been assi gned nunber residue 7 and the carboxy-term nus, 2DessxRF 2804
The other amino acids in the polypeptide are nunbered consecutlvely, as

shown in“gg As NG 19, For exanpl e, position 12 is phepytakainea and
position

traditional

~after

two am no

t er mi nus 9TAYW df ddegige Pﬁ*atlﬁelfsr g

egC|ne When not specified, the Ctermnal is in the

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

truncation of one or nore amno acids fromthe N-term nus and/or
C-termnus of GLP-1(7-37)OH or a GLP8-(7-37) OH anal og. The nonenclature
used to describe GP-1 (7-37)OH carries over to GP-I fragnments. For

exanpl e, #diRsh( AndEnIo3@cdasotias waichPalchiBeRBDicOREaINEdnbYibhaDCat i ng

acids fromthe N-term,nus Hgd one amno acid fromthe C

ﬁFegrﬂlaﬁnﬁt§3159n%ﬁeacé§ne nunber

as the cerggpordiqg @95&@1@05@160 GLPreté&fab3y¢) hbwetOF, €XREPGEP-1 he

N-term na
PCTI USOL/CREPPRDHS)

phenys al Yt i
(7-37) OH. "GLP
nmore am HEoxdided

GLP- 1(7-37) OHa @Lr-f-rlampro&nahegpat:ansleoﬂp@ﬂgaguadﬁop%pégtﬁdéype have Up

to about thirty-nine _am no aci

conpound P& R tdtee @M1 RE1EaREIMEREE OBsChRaL £67 EEPndRAGRRBL i no aci d

glutamc acid in 6 Decenber 2004, WO 01/98331 -9

ofe\the PF§3§Ptp6§VFPBh°9 CﬁEEF%?%nOQ%YlgaBEE%b4Ed by
A0 bR dE2ekeePeCHE 8EhBYwIEY CsPEci ASchMLy G P--1
conpound” al so includes polypeptides in which 5 one or
R@8FSiBeen added to the AT-terminus and/or C-termnus of

m no _acid ext ended" G.P-1

in GLP- 1ok G3A-9H. (7-30m offaBPk@aghBAt Nof eETTPALST-3M) O 681 8 Pragméh- 1
conmpound obt ai ned (§ addln two amino acids to the Ntermnal of GP-1(7

- 37)

obt ai ned g

W i ot &
e F e @b Rp:agbds to the Ctermnal of GLP-1(7 -37)0H 15

W3§)0Haﬁﬁaiﬁé - COLBT #i hud7 b nlpa & chiae ofmbney #C4d conpound

is at position 38. Thus, position 12 is occupied by phenylalanine and
position 22 is occupied by glycine in both

"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-
Trp-Leu-Val-Lys->*Gly-Arg-*'Gly

(SEQ ID NO: 19) '

15

20

25

30

By custom in the art, the amino terminus of GLP-1(7-37)0OH

has been assigned number residue 7 and the carboxy-terminus,

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.

A "GLP-1 fragment" is a polypeptlde obtained after

truncation of one or more amino acids from the N-terminus
and/or C-terminus of GLP-1(7-37)0H or a GLP-1{(7-37)0H

" analog.

The nomenclature used to describe GLP-1 (7--37)0H

carries over to GLP-1 fragments. For example, GLP-1(9-36)0H

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-



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

substitution of the amno acid 20 at the correspondi ng position of
GLP- 1( 1- 3w odkis33Am no aci ds 38-45 of an extended GLP-1 chapwstdicarie
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 0g"
.25 37)OH or a fragnment of GLP-1(7-37)CH

sufficient honology to GLP-1(7-
such that the anal og has insulinotropr@-activity. Preferably, a GLP-1

anal og has the am no acid sequence of GP-1(7-37)CH or a fragment

t her eof ,

e 36 poH sis taatpddiiane; tyesithseel2 fasiro®tupi ¥ bam no
aREF ¢

aci ds- di f f.er {%fn11he an1ﬂo acid in correspondlng 30 position of

"GLP- 1( 7- PABY

siffiqy B2 (Y8 PPLed | By (Hhy tReenes atlir

the sane as or ps Dedeaderabi4e

has

used henﬁﬂpixuimgngnate G.P-1 conpounds, the substituting amno acid and

its position is indicated prior to the parent structure. For exanple,

"Glu22- GLP- | (7-5AH cming'e f lpaimeudepaiiient e hin iehieh Decenber

2004 I
of &%Pl%%ggigﬁdwhi@%%%%p%geeg%ﬂ hr%g ;’Pr# Cﬁé-la%l dwﬁ% U22- GLP-1

(7-37) oandyes mx@_mﬂﬁi@rﬂo&mmrom:crfmmm noemddF. f ound

ition 22

at

position ngn? 1(7-37)OH
have beer@ﬁ?acé@d&% vqm:'ne an lfévm c am?ﬁ respe’tci\;ﬁglli‘/1 D%he

N-t er m n@igio aaadds.l @hepeuicad acgsiaar:ai |the Uresttestdadit edL.x® can al so be

d ef rabl C20) The Ct rnlnus can
SRR Ut e B L 1R e fr e b IS A e e P - e,
-NHRLO or aWRRio aaid eist @THA1Ed~3W)i0H .- OFor R:anplR, ate lmdﬁemmﬁfg Iy alkyl
referably C .S an a Gl- C20
%g?ﬂ#b (éléi§¥ 'é 6¥”¥#?“I§a ARRE 43&9 rﬁﬁo s abl y,

the GLP- abielmintie of-teieniliags ot Gﬁ—llrwﬁim)@m Hay @ta dod &' BHus, that is
unsubstltuifd or _substituted with -NH2

al kyl ate
unsubst i

or acyl
GLP-1(7-

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



Preferably G.P-1 conmpounds of the present invention conprise GP-1 anal ogs
or fragnents of G.P-1 anal ogs wherein the backbone for such a6decodsbed?004
fragnents contains 20 an am no acid other than alanine at position 8

(posi ti onW@ 01488 ogs). The backbone may al so incl ude L-hi§8PH§W%W4tL

hi stidine, or nodified forns of histidine such as desam no- histidine,
2-am no- hi stidine, ii-hydroxy-histidine, honohistidine,
a-fluoronet hyl -histidine, or a-nethyl 25 histidine at position 7. It is
preferable that these position 8 anal©0gs contain one or nore additional
changes at_ positions 11, 12, 16, 22, 23, 24, 26, 27, 30, 33, 34, .35, 36,
and 37 coRPAFERE tRPFRRLEY rFAR Nt HBosHt Hon a6? PHIGLFal { Ve3 GLOH 14Fs - 37) OH.

It is nor e t QQ9§@é POS{ & J . 0 Ont i or nore
addi ti onalﬁe%a%%ﬁegﬁaet?d &%stllt I ons r?%gc %%1&2%%3%1346 9%6,%0@%% grpllg'&
conpar ed €8sigatedrd &8 | PRMPOERG Briwhith netanina PotFlRy) Brndt i s

S0d1t§onel E oo 8 (e JEREL RS oERn £ MY e A oS N ©
01/ 98331 GETY 1 1%t Apee) oeemdr eyl acshartidth twaldne camd eghoratnig ani no

acid of natiye rdddede{ved/) OH It is also preferable that these anal ogs
have 6 or fewer changes conpared to the corresponding amno acids in 5

native GLP-1(7e7)ertermws mifarGlal-laramysikhves earefaldyr changes
conpar ed ,_tupsc ﬂ&fﬂ!ﬂﬁ%%%&(}? Bci s af i\ rﬁ?(?éf%%é -37)OH or have

4 or fewer anges conpare _ correspondi ng a s in native
GLP- 1( 7- 3(@referdhly €1-628) .northepreftmmbims hain theamsansgataye 3 or

Gp 107 45 OF B Y Bt s £E DR AR BTl v “AlPe "M cver
changes cmmRRId o etsftee ridfiress poirtdi RERINI RO araLiRdS dre Naldeprrddith(7- 37) OH.
AP T coiIS G Nd e IRFEAARAEIe Sne 28 s o s FrbAhine. L. 1
conpounds{Qif-QAPy .pr €&eml (7-36)NH, is an example 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,



I nvention generally aggregate at |east about 5 tines less rapidly than
GP--1(7-37)OH when assessed, for exanple, by the aggregatifDasad¥r 2004
descri bed in Exanple 3, preferably at 20 least 20 tinmes less rapidly, nore
pref er ab ast 40 tines less rapidly, nore prefer st about
50 tines 'ﬁégkﬁapidly, even nore preferably about 60 t?ﬁ%ﬁu eggﬁﬁrapidly,
and even nore preferably at | east about 65 tinmes |ess rapidly.-Preferably,
GLP-1 conpounds described herein 25 are anal ogs of GLP-1(7-36)NH2 or G.P-1
(7--37) OH In a preferred enbodinenty4the amno acid at position 22 of
the GP-1 conpound of the present |nvent|on has a side chain which

conpri ses at east two carb atons and ol ar d funpctiona

O oup. - AEPar PG CRBPAToinEen ERS 4T BBoRERAIREnaming 6t BosgI neH Bon, | s

i ncl udedgrbne7-gnebarably, the side charn of the amno acid at position 22

I's a straight _or branched chain_ al k ug with fromtwo t si x carbon
atons and a cﬁ&rQédaﬁﬁﬁcPFﬁﬁﬁFaeﬂﬁugh ghesg apaipexyRe¥eRi*F an anine,

» guani di NgcQEPUBHARgBsSBbBALEd £6 EﬁéeabﬁfegﬁgﬂdYEb0&&9&83&cxdé21n
PCT[USQO /16474 acrg ?rou Thus, exanples of preferred am no acids at
posi t3 onnapivacFLlsl (grar dffle MagpdpPratpaFedcanaspras hayegi hite fewrr | ysine.

Wen posbhhﬂaegzcbﬁp§§€ar Ebcthécbgrreﬂriaé'ﬁéﬂhﬁ aRthd: aé{ @ NiAhativd YSi ne,
posi tion er a ci ne ine, “leucine , isolecine, serine

threonrn@LBrl(ﬁeﬁﬂPgﬂlﬁ gaﬁa AoPE FPeeEr ahapaes aFPRRAERd Gig iR, An
exanpl e ebr285p8RiBfgshiny| kBi8s $H! 1261 Foa6LE-21PLY7) Gyl e Stdle chain
cysteic acid (-N (B) -CO, abbreviated as "Cya") . \Wien position
22 is a eaﬁnomp@eaera §Héh1§stb?§tEh@sacﬁﬂalqgspbéVﬁl B FeWeF ef er abl y

gl ycige, gee bEEIRE: tol EALCELREesEhily LRLAONLELIS 1 Cgefrgne and
nore prefe I ne or ycine. In anoth g erred e t he
am no acﬁ&Paﬁ(7p§§09Hen gtrsSpmeﬁbrnneﬁegapbene avathere 2ralodge, 15

| SO PuC! eS8’ baeeehltaRLAGes LollE PLANE 8ot AE P EspShELAY Ahiny ™! 1 e O

gl yci ne and posi |on
acids in native GLP-1(7 37)CH.

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 cempounds 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.



acid, aspartic acid, serine, or histidine and nore preferably glutamatic
acid. In another preferred enbodinment, the amno acid at 20 p6Peténtber 3004

preferablé]gly0|ne val i ne, |eucine, isoleucine, serine, threonine, or
met hi oni nWCHASKHdre preferably valine or glycine and posPCGIBHIBTETE
histidine, I|ysine, arginine, threonine, serine, glutamc acid, aspartic

acid, tryptophan, tyrosine, phenylalanine and nore 25 preferably histidine.
I'n anot her preferred enbodi nent, the aH1no acid at- position 8 is
preferably glycine, valine, |eucine, goleucine serine, threonine, or

met hi oni ne and nore preferably valine or glycine and position 22 is
glutam c 8oidcpBoupysi Fbusasparmpdesciod, puefargedlamlandamuds pmeferably

g tam negae g ot byoL0e:gnd BESLLRGE 28uke LYSLDErc ALO Neyigliem ¢

acid, aspartic acid, an ne and nofe pre nGlutam'c
acid. 16 8mdebpein@004WNéen O0pHO8834n- 223159&5@&t€£&/&64&4 gnuaaﬁnher

preferred od t he_am no_ac tion 8 Ls fer | yci ne,
val i ne, gg@fnqufﬁ% ?eﬂflﬂ%Slggrlﬁgleﬁ$ % he, pﬁ?fﬁﬁghignﬂ Xciﬁg ror e
pr ef emabl vaifahenel@nc:gdlw beodadinesi bepin@? tBrgbuingi 6rSmathdonkinsi ne,
aspartic e. and re ref rabl | utam ne_acid or |ysine
ang p05|t$% 595% ?% %%1Y|V§£D ﬁr%fﬁ?h% tg§Bt%§ﬁﬁﬁ et9f0§Pney.
phenyl al amnimeo awldnﬁdtmlmesuaﬂdnﬂbrﬁcﬂﬁeéﬁﬁﬁﬁﬂﬂhatﬁél§§de|&héﬂﬁther
preferred_enbodi nent gﬁﬁg%ﬁ)%%z ngo gds o 10,the present invention have
an ani no BT 5t ?ﬁﬁt ArteSGs one? ﬁ6V16FthP§e "&¥end -aci ds
selected Whemn@d&itﬂdnmazngsasgmxmbﬁﬁcrggad|gﬁbﬁjasp@%gﬁéga ggldp05|t|on

805|t|0n 22 §os|t|on 23 fOSItlon 24, position 2 osition 27,

t

p05|9|on BRS1HHY ] ohs arefetabl¥nabucing,siyabinas, 1%5Cb6%rt|on 36, and
posi tion fﬁbld&&ﬁ&lChéffﬁejrﬁﬁ&ééﬁﬁﬁ%“é%’méﬂhfbﬁﬁnérﬁhﬁgﬁéﬁ%pond'”9

position of pative G.P-1(7-37 )OH I n anot her preferre odi nment he
GP-1 co#ﬁﬁﬂﬁﬁ?Q%Y valine or glycine.
In another preferred embodiment, 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.



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

am no acid at position 8, selected fromthe 20 group consi sti§Desdnber 2004
position 11, position 12, position 16, position 22, position 23, position
2.4, posiWOOn/9881 position 27, position 30, position 33, ppwaisbiseir34,
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
amino acids in addition to those at pb¥ttion 8, 11, 12, 16, 22, 23, 24,

26, 27, 30, 33, 34, 35, 36, and 37 which differ fromthe amno acid at the
30 correspondiliy Fusthenmodfaaiied (et3y)immts, ftlgnamnofa&d-atl(7-37). The

am no aci .Qf. X tho e itions 8 16, 22, 23, 24, 26,
'27, 30, ?%%’%i%%g % P %a?blfngs%%“tip‘*&%ﬁdb%hg% FHediffer fromthe
am no acudsq]mucuaref,e &g fasddriok OforGartHionBde £A4 ardxrreferably 16
_Decenber %%F_ 01/9%@?1 14 PCTIUS§%$%6474 conservative substitutions
and, nor ne I"ﬁlbiﬁjyy‘:% £A5- 1942 148 i pHtamkef er abl vy,

t he GRP- hcumpdtymegf ddpamriesemdid,l e rid Qur}fy%r;{prng)ré)g& dé/%}ﬂr three
am no am(cj{]%l 5 additjon to the am no acids at positions ﬁ%lch
differ f tﬁﬁ&nfmaﬁ& QY 1S inge anst pesddidim @ o @lemigre, @ﬁme?r 37) OH

or a GLP TR Qﬁbq-itﬂyrlﬂgjﬁ% I YR8 a mno
aci ds atﬁigépflons 7,. 21 and 2% of Fﬁé Eﬁ lgggggﬁ%dngﬁffe he
orrespoﬁ%@nEQE% pyeferably iadagimer (7-37) OH or a GLP-1 (7- 37) CH

fragment, in dﬁd'ahb‘%hetropﬂe&%r@s@d" n&%ﬁgﬁl]g?tt Pesid G‘?..n'i>S 18 & %ao%%ds °f the

Pr ef er abl only positions 7, e from 0 acld
cot respof PnQrS§§PF|éﬁWﬂ“ﬁagn-P@WES?H)@HlnPoﬁcaifﬁﬁg@@mutuMareoﬁhdIt i s

expectedhbb@togbhe&wbanﬁygﬂf%%nl Rud &0 uggiégﬁé& gg%wbggeL%%_e ating

properties can be obtaine nown, ologlc onpounds
by repl SEPAdSEANSi € Pesigdont ldn stahdopréﬂer@Msyt&b@n&ﬁ@ at

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

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 GLPp-
1{(7-37). The amino acids other than those at positions 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



position 8-of these conpounds with a suitable amno acid, as described
herein. Known biologically active G.P-I conpounds 20 are di scl@bpesnibsr 2@
Patent No 5,977,071 to Hoffrmann, et al., U S. Patent No. 5,545,618 to
Buckl ey, WO @W/9833t Adel horst, et al., J. Biol. Chem 269: 62FA5I/U3004374 t he
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 sanme size and shape~14Am no acids with aliphatic or
substituted aliphatic amino acid side chains have approximately the sanme

si ze whencbheeZ@attdivd sUPBIER RACREN 2] B QterBrdly [ Nekd 19 gler ghai ns
differs by no nore than about fqur. They have apprOX|nater t he san® shape

when the RGRSEXVEL iy suRstltutde®st heir side chains differs by no nore

than one. Am nerageds i h ype iy p-101= dtgd fihenyl ups in their
side chains are 16 Dece%%er 2004 WO 01 8331 -15 PCT#%EE%%%%4?4 consi der ed

to have abBH?nFPr@nswesﬂ@é”oan@n%aE@O loirs ttdireeh @imiacaras fds elmgr oups  of
am no aci dgq4i ReBhatioN¢naN A0 5 altnp%sqta.ojnsc dZQMVSI'g.S ot her

amno acid fromthe sane groups resu ts*ina conserv lve s tution: 5
Goup |: giférneframatinge amialoi asid aficitie, cqnﬂﬂspnndungspnsrulonruﬁonlne

cyst ei ne, d ural | CYrykl 4 aliphatic or
S0r hyat BRI RINR TR b2 ) cRERHILAG) OF TraBfknt 1 b e

nDnobraangg)orlmo@pog§ the gmgnanﬁc1d5|dt PRssRALons acldlammduzv of
T oot SEBBHEEL 0 TR0 LR G R A M L
Iy3|ﬁ@ olnlGthé(TaB@)ﬁHneraadGhBﬁl(ﬁaBUﬂ@Hﬂfragmummlngnamdaiﬁﬂbnktdmth
am ne or the amino acids at positions 8 and 22.
Preferably, only positions 7, 8 and 22 differ from 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



guani dino substituted O -C4 aliphatic side chains (unbranched or one
branch point). 20 Goup IV: glutam ne, asparagi ne and non- najgpadelnber 2004
occurring amno acids with am de substituted C-C4 aliphatic side chains
(unbr anckeglopsssine branch point). 25 Goup V: phenyl al arCnaIS01/16474
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 "highly conservative substitution” is
the replacement of an amino acid with®another amino acid that has the sane
functional group in the side chain and nearly the sane size 16 Decenber
2004 WO obhsggatedlbo REVAUSDLNLOURE aamie shape. avdi abapel dsLiwtadal i phatic

bst | d | ti ] | d_side. ¢hai ly th [
when  neESPal 258 BEr e 4FpRRt At Rhtel Abede ) RERTE¥ e ER MmhtPns dfrers
by no noeeitihan awBLP¥hegompoandeaitly adhetlbesaseinbapeidh€nomheyehave the
f b h hp_ the _thei i de. chains. I f hi ghl
Conservattle SEEEE FREPERE TR LBRP VR THE T, SPORET FEFLPRF coni ne. for
seri g, asparti Gmmipd ¥orglgiciinagi alaciiteandralienyl@dineg for

phenyl al ani ne. Exanpl es. of substitutions which are not 10 hjghly
conservative i nci®% ”ﬁ’ﬁ}ﬁ'nesefrd'tneva#‘ﬁg,onépﬁni ﬁé’-“‘%&ﬁ-neselaiqﬁje aspartic

aci d fO{ seringnﬂ?ﬁ:ammyq?dtuﬁkﬁ@ngﬁgﬁocg&a@gnqigh gEgFFE?%%PTatF&vention
is a pol ypeptide i e, am no aci d, ,sequence .0 : ] r1. In a
preferred exanpﬂ§;%ﬁﬁgghéﬁgﬁxB%ﬁp5&%3t9§u%§d69ﬁ39h6719-§?Feoﬂhé%@§pt t hat
Xaa8 is Ay or \@tralamd? dhaided oF mb¥sbrafenh¥adl3 is Gu or Lys. In
another exanple, the GP-1 conmpound is GP-1(7-37)OH except that Xaae is

Ay Val and
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



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 Peddniber 2004
Anot her exanple of a G.P-1 conmpound of the present invention is a

pol ypept i Y8 Y%8%A3%hg t he amino aci d sequence of SEQ ID. NoPCA/USOK1¢474
preferred exanple, Xaa7 is L-histidine, D-histidine, desam no-histidine,
2am no- hi stidine, 13 25 hydroxy -histidine, honohistidine, a-

fl uoronet hyl -histidine and a-nethyl-big;idine, Xaae is glycine, alanine,
valine, leucine, isoleucine, serine, of threonine, and preferably,

gl ycine, valine, leucjne, isoleucine, serine, or threonine, Ris -NH2 or
A y(oH) aﬁﬂf& is ‘#‘%‘iﬁ‘ﬁe?c ft%hte abinasycaeparrbsta&ingesr arginine in

SEQ ID NQiphdiia ai€o RELHCSIRE SHAIME Cha¥BaRehs1l Bha! kdhesi%3a8 is
glycine or valine, Xaa22 is lysine, glutamc acid, aspartic aci a5
ar gi ni ne ¥hfP Bhe tefgd uymber (@3 rReR vy habayoakams andtheirns$EO | D NO

4 iGHd APy XR22 1 ' 4 01198331
S pCT U e e s R " OTgy i R RE ReagBy i e, 2

group? S&mg shapg aikemcihey |haemdiersaranpimber GEPbtanchpsubdsthk t he
present dpuMentdioqe  AXe; R ”%%ﬁﬁf@tqf%ir%ﬁfg goh§e9?%tf D-amno 5 acid
ot gl'ycime, $efrne,

and does not have the side chain FebRi ne, cysteine or
bet a- al afiwps hiftart taornes aineinde ivkldine post tlemcPRe hashne@if® Abkyl side

Chai n' (65517 AR R e Melf SR hdla ot pRengl 18k Fanas of
the presdmr pheaptliadmnire. afizenpdeisl off syimst 1t wind @ns swinbth aafe afibgo aci d
o beya: TARRIY EeslEHeSe SRS ST 11OR Bine A E e 5 o de
chain, aserits kydt mepatted aldid Kimdeethaien or a C1-C4 15 thiolated al kyl
the am no aci 05 SIS, ¢y 4 Shig Goppouna SF fhe 'presEh€SCM fNVENIION
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



valine, leucine, isoleucine, nethionine, serine, threonine, cysteine,
aspartic acid, glutamc acid, lysine, arginine, 20 asparagi 0¢DcfimbeaRV0E,
phenyl al ani ne, tyrosine, histidine or tryptophan; and the am no acid at
positi onwa@oi/gs3aspartic acid, glutamc acid, |ysine, argpor/se/@asparagi ne,
glutam ne or histidine. Specific exanples of G.P-1 conmpounds of the
present 25 invention include Glu22- GP-1(7-37)0OH (SEQ I D NO 20),

Asp22- GLP-1(7- 37)CH (SEQ ID NGO - 21), Arg22-G.P-1(7 -37)oH (SEQ ID NO
22), Lys22--GP- :L(7-37) OH (SEQ ID-NQ-23), Cya22- AP-i (7-37) OH (SEQ
ID NO 24), Val8- GLu22- - GLP- | (7- 37) OH (SEQ ID NGO 5), Val8-Asp22-G.P

-1(7-37 I D NO
7). Val §lyess QR T an (BN R P CAR gl Lo o

"(SEQ | D REg-25)cyst@imBacigh? - GLP- 1 (7 37) O—I(SEQIDNO 9), G
| y8- Asp22- GLP 0 P-7370HSE
|>[/) NO P 11), a%y(saELfélz%? gaa%@?@ ?l%s%i}?o]—]( )Céﬁgﬁ‘%%%%ﬁ% 2122 (16 o ,
' Decenber 1Wmm1m@mlnm&cmwmm 84 hdt7-B 1)~ aﬁmﬁcsEQ | D NO
26) égldaapgldg X Nﬁ%sgﬁﬁm(lggo % 22--GLP-1(7-36) NH2 (SEQ
ID NO 28) Ag22 : 7 Q3 é%Yq_’%ezzsé_rlifiu--%)
Vel 8 EEQ%%%%%C“%;@?;E@;@:’“@& ‘é‘é S 18 fopzs AR 7-36) e
a - u - - ; a - - p
(SEQ I D ~&patky. PDNGCZ4), Vals- Lys22 -
S_OP- é6§ 7hSﬁpNﬁlat(ze?E@é_ﬂcglN@ld&S):ha‘slal&r @\égﬁzfﬁ_&ubl%e%ﬁ)ﬂlﬁl (SEQ ID
u - - - -

ays- Aspﬁgaé_lP?%(? sefYﬁFl?l(‘%éQ % Ropr§% rgeé ?8‘%?&229@_15%11 (7-36) NH2
(SEé‘ a2 G Rt g SN (SO LD RO, 43 \Al B LYes3 G £ 79N oH (SEQ

a - A a S -
ID NO. ~ 4BfSt \’/QPsgAfﬁz*?oéLé E(?mél?? ert (SEé F’Beﬁonolpsﬁave the 813

Val 8- d u8ha&hPof( §13¢é 37)OH (SEQ I D
hE) 45)u 218 alg§5§c%g? ;25%%h§7N€hr46h1ne ﬁ%ﬁ@@ﬂ%@ GePple4=37) OH (SEQ

Vals- H s3T2BipeY e§7}'—bﬁ trr| poidh at4ppsitysenp28@ has- By €23C4LR1KY2- 37) OH
S/ 25%9 ID Ngae48ha:.}«f§tl 8- c@QZZh%%ﬁy@aE’e& 61x31) HabSERLR NP 24®h1-ca
2h %ated 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), Gly8-Lys22-GLP-1(7-37)O0H (SEQ ID NO: 12}, Gly8-CyaZ22-



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)0OH (SEQ I D NO 52), 20 Gly8Dek&bér Sbit 1
(7-37)OH (SEQ ID NO 53). As used herein, the term"G.P-1 conpound" al so

i ncl udes ‘g@ g%gput ically acceptable salts of the conpoygdsy@desans bed
her ei n. 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 qrganic
acids, to forma salt. Acids commonlygenployed to formacid addition salts
are inorganic acids such as hydrochloric acid, hydrobronic 30 acid,

hydr oi odigy, g (d]_ﬁ,ﬂdﬂ.ll’(I@QlaQIDdNoth%[i?hOE;lnga.Cd;ﬂP Hi | K& a#t? organic
aci ds such as IPA'(Jg;(g)%gnesu onic acid, hanesu onlc aC|d oxallc acid,
p- br om)pr’i"@wyl2 Jsu cGHRT (7136 i c(SEQ dD sci2file Feia?2~6LErild Taci d,

benzoi ¢ @gq’f?ggggcmcwg; ag t ﬁ fezqu‘p_ﬁx(amgd@% f (gg Dg@eﬁ‘ger 38904 WO

01/98331 P OL"/ 16474 -19 Su salts incl fate pyrosdl f at e,
bi sul f at £¥a24uFEPré (TnBEUNH; +SEQHI: preat @DnorV@klﬁledgéﬁpﬁbgphﬁe .

di h 0 h h h hat.g, ori de,
od, do. g??é?@"*“%%%?ﬁ*ﬁ?%”ﬁ L R e R O 26THR (PR, ThOMREr e
i sobut yr &3, VadipAsaté-GhRpt hhnﬁ)éﬁﬂzpr(@ﬁﬂoﬁ@t HO 034D at &alﬁabyaé%-e
succi nat L e t€p X - i oat e,
hexyne- @’é‘%ﬁ& g%ggg%zl@ﬁé, hlf&nﬂ%enzoa%]ﬁ ‘?ﬂ}a met h%ﬁgxggoaee Ng

di ni t r obeSESE Nﬁ’ydﬁ@iybﬁﬂt’zﬁa@ku BT R 3204680 Iphtoal 302,

sul f onat myexhgpe&%ﬁwzfuas)&ﬁ?nxbﬁge&ﬁt ﬁo -PRgpy! {s‘ﬁ.gﬁ'-gﬁsﬁfa

phe f‘/l butyrate, “citrate | act dr oxybu at coﬁ’ate .
t at t¥%t e 1 ( Tma6N Hifes (FEQnER elﬂomwane@wﬁfm% Gbeﬂlt(ﬁaBémHHzl {(SEQIIDnat e,

napht hal goe- 403 ULhANgh G- ERIRRIGHRT NG, 18rb! KB nEEST1FddLYeD salts

I ncl ude those derived I norgani c fm or—al kali or
al kal i neLyS4Pt®LRet 47~ %XI)CFPH)X(FCE& Illd‘icbbrﬁi)es Vatiﬂc@dlaéﬁa(%é?-léﬂd%heﬂ

(SEQ ID NO: 43), Val8-Glu30-GLP-1(7-37)0H (SEQ ID NO: 44},
Gly8-Glu30-GLP-1(7-37)0H (SEQ ID NO: 45), Val®-His35-GLP-1(7-

15 37)0H (SEQ ID NO: 46), VaiB-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



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

i ncl ude sodi um hydr oxi de, potassium hydroxide, amoni um hydr g Dd&mber 2004

pot assi um carbonate, and the 1|ike. The G.P-1 conmpounds can be used to

treat subyeotusisith a w de variety of di seases and condPCirassi/ights i s

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 Thorr.ens).

Subj ects with di seases and/or condi t770tis t hat respond favorably to GLP-1
receptor 30 stimulation or to the admi nstration of G.P-1 conpounds can

t her ef or sWeh t3akte dingiude HheQsulif dwpuntsudifates pdesdftats,nventi on.

These suhj S ar |Gkt " ' i th P--1 conpounds”
“or "in ntey'e o%%_&%@l%e%%ﬁt ﬁlds%ﬂr%ueﬁ%gt %ﬁéﬁy%%gjéél@g&)@ag&j ects with non
16 Decenisbrh 200panplatsrsds], i aphREHNESO,1/pYedphdsphiatien dependent
. di abetes,_, | | nt .di abgt es roke _(see 00/ 16797 by Efendic),
. myocar di é:lﬂli%ﬁ#kadré(}t iq%ﬁo Sde W@'OM%?'EP&%&l&n}gg&esi ty (see WO
98/ 19598 dncaridatredi Qeprodiaaieg| iacoHatgss famatesuigobutiseae,U. S. . Patent 5
No. 6,006, 753 t.o Efendic), .functional i,rritabl e bowel

spepsi.,a, and
syndr orme TREL NS 0415 W’Epé?@lﬂ;adcy 's@g‘ailﬁgleudéﬁlé’lr‘@tfubj ects
requi ri nguyraiplatienctsuberatal, Meebaddte, Fudalate;omadeade, e biityneubj ects at
ubj ect s VAT SR B RES i T Ode Arel e PRRZEGF -1 FRAPTEReP2SRERg ol ubose.
sugjectsnwhﬂg&ﬁhﬁdyﬁmehgmidﬂﬁﬁﬂﬁaﬂﬁfﬂﬂ@am@wgoﬁgb@ﬁhoaeé¥ wei ght for the
subjegt’ s i an ody i1 d, .subject with a_parti pancr eat ect ony,
subj g@t s "F?%‘ﬂ‘d’%cﬁ?ezo Q%Pg‘%hﬁia@rﬁ's s\ﬂ&lf??nﬁé"ﬁ!i Fféf&fepﬁsb‘gﬁé’l‘?&@ﬁt di abet es,
subj ect s phemylle det et o) aghgesiigidopiainatiegbphenyapdtyrbirect ¢iwkarhave had
acute or .chronic pancre%@jtis re at risk_for _developing non-insulin
dependenttafitaidire SRz ~Nycroxybyd vEatGat 91yCcolakep. TagtgasEnd is 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-



quantity which results in a desired therapeutic and/or 20 prophylactic
effect wi thout causing unacceptable side effects when adm ni syigpestnitRr 2004
subject in need of GLP-1 receptor stinmulation. A "desired therapeutic
effect” WRMEBE one or nore of the following: 1) an arref'qué‘ilr”éhnof t he
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 treatnent; and 4) greater
quality of life conpared with the abséfce of the treatment. For exanpl e,
an "effective anount" of a G.P-1 conmpound for the treatnent of 30 di abetes
i s the quansiuftynt Hapemdehtl désbletteisn @neaﬁén depandehtoﬂihbeodsglucose

concentratjon,th ' h t her.eb ul t in a
Golay i 1 PhESKRoPebrwbnBoR 187890 pyoriebbARETE "hyohaRRERY, 1R3RxEH]&n

neur opat hysee WbiEaéQBEBﬂehyeEfAndheﬁteobesét§HWHeé"Wofga/GDBQR Bgnpound 16
Decenber 80 01/9? go PCT/ 801/164£ -21 for tZeRF ﬁv on of

di abet es PESPRECYuFRFEGCLAS: CRBNPES ALFSY, SULHBEY e45GRt Qﬁgﬁﬁce of
treatdﬁntNoFhé,OOSe?SﬁftoeFféﬁﬂ&d)bgﬁﬁﬂcgidﬁaiedygp? SlhrahdreqU|re
treatnent ,wt nt,- 0 aem rugs.s ul Ton ur eas
thiazolid%ﬁﬁﬁpﬁhgg,b?ﬂéglg¥X§58W8r(Bﬁﬁgﬁgnngﬁgéﬁg hy E%FPQ&F?ve Al®Rnt" of
t he GLP- 1iﬁem@aadar@d§hbﬁé&esedet;malﬁglbbﬁﬁphyiéétﬁéseréseﬁéﬁtOﬁléﬁie type
and severié¥g?i the dis ase and on, the characteristics of _the subject,

such as g®n hEAMY A9 ge® - Gex, SBBaﬁcﬁﬁlﬁﬁtréﬁﬁ i@rtﬁFE?éﬂE%ngoP%ﬁugs

The ski |msa11nsaepamaénbedﬁ§betteg (Seé enoi 08/0PPIPP! | a58b§LSBIOTith
depe ng, on the fnd ot her_ factors. t%g cally, a therapeutically
effe i ve ﬁﬂﬁﬁﬁ? Lepee 1LeLAHRRARE ehnt ﬂbﬁe@r€ﬁ§%bﬁﬁtg UBaS¢éy per day to

about 10@@bjracp§rwld@sefbéd9nw@ﬂght 1§’r§$@zﬁﬂb25(% Ab®vEogsaRal Gy 15 from
t o about nor e preferably f rom about

?bguﬁg? el ‘benasﬂa&?ct R i dau bk dy heubiestent
|nventlOnwﬁﬁﬂ,afﬁﬁrﬁ%@ﬂﬁﬁ@mc?@a@é&t@hﬁleéﬁﬁbéﬁﬁ%|HvaHgn@§@Jor more
adm nistration, inhalation or parenterally. Parenteral
parents with non-insulin dependent diabetes, subjects who
15 have had gestational dlabeteg 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



20 adm ni stration can include, for exanple, system c adm nistration, such
as by intranuscul ar, intravenous, subcutaneous, or |ntraper|hpng§%ﬁwr2004
i njection. The G.P-1 conpounds can be admini stered to the subject 1In

conj unct iaRobssky an accept abl e pharmaceutical carrier, 2pcgigst@islior

exci pient as part of a pharmaceutical conposition for treating the

di seases di scussed above. The pharmaceutical conposition can be a solution
or, if admnistered parenterally, a suspension of the GLP- 1 conpound or a
suspensi on of the G.P-1 conpound 30 cagmgd exed with a dival ent netal
cation,-as descrlbed bel ow. Suitabl e pharmaceutical carriers may contain

hg(rairslalt inve St ang%lrd é:m?f'iéjl(rgl-lrnané:)feudtl| ca %éﬁrl\rlrgﬁféa}}telt gﬁl r@%ﬁ# %Sleag nw%yattgfedgnpl oyed
16 Decen‘lréelmo&mﬂm@a@’eﬂh QR I8eElelke 2 tmmm‘xt,astheh@slsedtesﬁrl bed in
gﬁlmt ggltgnp arnaceu '?c(g:%‘lll Eg:,alﬁ?ssgérs or pare% %dls]‘lau'dmr&n%%?"fﬁt SE:IOEde!DA.
“for exanpimeti-dypod byomtmic drydy ssudtlhogisc aulfainyie, udssst,er i ost at ic saline
Saling e LRI e gl Sih s HiF U940 Some. exanpl co. of
suitabl e excutm e‘T&ﬁfécrml\t&ieanicamm'Sle chet @IFe]l sumpesmd 10 trehal ose,
sorbitol, nni t u ref r abl a human, but
can al so ?)%" t% 3. s"%%belrﬁ)qcar?f é'%si?argé%(eé“g 61Erﬁ‘(?g €af89 and t he
li ke), fasmmmlaf (131@ disewsse arshesp the gmarimﬂﬁﬁ,stam blfetheke) and
P 1 o o1 T ARTA TR Ol G4%/bE Do RS U SPER 2o i ¢ abl o
di valient teletaresd itmn. diigsl erthe regtidll b pltdsan ofi 1l Be3 abaepeonds are
?ﬁggéaggxéunsoluble I n a ueous solutl aro nd gﬂgi§9|09éa§pgggﬁ512us’
factors. Typlcally, a therapeutlcally effective amount of
GLP-1 compound can range from about 0.01 mg per day to 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 . .~ . .~ .



and show a decreased rate of release in vivo, thereby extending the tine
action the conpound. Exanples of suitable divalent netal cati@nscdntel P06s
Zn++, ©Mh ++, Fe++, Ca++, Co++, Cd++, N ++, and the like. Zn++ is preferred.
25 To obt WOP1E¥1conpl exes between the GLP-1 conpounds' ofCTUSBV s ent

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 mxture is allowed to

i ncubate at anbient tenperature to al&gm/the conplex to precipitate.

Sui tabl e 30 buffers are those which nmafffain the m xture at a pH range
fromabout 3.0 to about 9.0 and do not interfere with the conplexation
react i on. SERAnpPethpael descphbsphaneReuington’ safbeameceutiiend, citrate

buffers agd; 'S f 73 TE nd Tris acetate. Suitable
met al sal?gl§$gggfGM%g%e§B§%l§882gV&§E§$§¥33§5§E§?fUgéll16-173 -23 those in
whi ch t heSuktaiblé sphaninkablititel cepnpéexafopnparEntephés of suitable zinc
salts inc | Qri.de inc. acetate, zing oxide, and zinc sulfate.
Preferablé#ﬂgpfégg%fgép ﬁEFﬁPégatFBﬁiﬁxiﬁP%eSU§ﬁe5§i?iHégﬁﬁkoride is 5
provi ded phyekcksgital psalide, absoteriostapiof supihe 38aline50 nol ecul es of
a dival en tal.cation fo ch ecule of _GP-| conpound.
"Insulino%?%ﬁ?%nﬁﬂgi%P?VE beggrggggis??ﬂﬁY§t?%ﬁopﬂ%hrin secretion in
response pleogplents ebugfecodesaeyfe s, HAMET £byo10t £8H51 RIngkyegse upt ake by
cells anqﬁgecreased serua%gkucose | evel s, InsulinotropiC activity can be

assessed BYCMRTRHRI A% fi- t Feme rexarple §idPhgSBEF#LeN vivo experinents
and in \/éidipmsiﬁdﬂBﬁdéﬁﬁéét6sQ-Pclléx¢ﬁ9§@$ OsultHsE Ng i’ictivilg y olrI
recept.or activation, e.g, ssays enpl oying pancreatic islet cells or
i'.;n-sugbnon%r%f ,e'ass?i’é‘g\‘:#‘?ﬁed@ﬁ PR B22 to Gelfand, et al., and U.S.
Patent No. 5, IR0\l ject®SPECA| Hhial TS &L 14181 § €2CNLMSR, Obut hese

ref erences ar i ncorporated herein by reference. The GLP.1 conpounds of

the presemft? idhAhtRDAR AN HBAL 202 oF op AP YL o | Reimabdée da net hods of
sol i d- phassyPepidtds, 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
i 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 bufferé, €.9.,

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



synt hesi s techni ques. Peptide synthesizers are commercially available
from for exanple, Applied Biosystens in Foster City CA Reapept&nibef2004
solid phase synthesis are conmercially available, for exanple, from

M dwest Bi@bp&h325 (Fishers, IN). Solid phase peptide sypthesizmsas can be
used according to manuf act urers instructions for bl ocking interfering
groups, protecting the anino acid to be reacted, coupling, decoupling, and
cappi ng of unreacted am no acids. Typically, an a-N-carbanoyl protected
amno acid and 30 the N-term nal am-mg-acid on the grow ng peptide chain
on a resin’is coupled at roomtenperature in an i nert solvent such as

di rnet hyltf Coua.{jethd}ll- “+ HELRWLRY ”Olag‘gﬁﬂ% h\‘:lognggex‘étﬂl gpide in the

presence o I ng agents suc cyc hex car Frm and 1-
- hydr oxybdixagpliess cife sanidable6 zcba@ensbértszmlu\ﬂ@ aingseelopme USeint16474

24 base slahas dimonnond eLiu grhRe s, Fieca- Nogarhaupyl, pr ot ecting

group is renoved fromt e résulting peptide résin™ USing a’reagent such as
‘tr|fluor@ad@ﬂﬁ@tmmatar qEitjeonidi selt andht ke ednpl chioridet isn repeated

mﬁth isr e t LN dded to pepti de
chaln §ﬁ$§§6ﬁ% éﬁ%%ﬁk%gﬁfégtﬁﬁé%nggésg rermE%?lEnS&nu tPh@ QPF and are
descrlbe@O roleexdms of ian divedenannetiils catiBnofect eaghGnrolipsule ©fgani c
Synt hesi ohn Wley. and Sons, 1991, the entire teachings of which are

I ncor por a ed 16°HV &% ence. Exanpl es include t-butyl oxycarbonyl (tBoc)

and quorenyWEmBmmﬁwatﬁmpﬂﬁ a@Eﬂvﬁty"ThefeepttdeStam&latﬁﬁgSyﬂghﬂihZed
usi ng standard, aut.omated sol |g ph géat SIS g gtocgls u nggt-

but oxycaPBSRITLoEr 1 G6rEeRet RO CEPBETy PLEFRA S0 5tBeFERY v ¢ h
apprdpr i alamsdinge gihiozepnpitakei by. cAliter andOﬁabBEBQBdoéesumt deat6sepept i des
are clea eq,from [

P U T el s L S A O R T L
t hen fur kimewnptni ftihed ausi,ndnBevdiagduddnBhdnevhboarbeginghys oandydac C18
SOl e $1'e1d 28SEY thak® medsife *BLE-1 "rdoaptor binding activity of )
' 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 -



acetonitrile, peptides are |yophilized froma solution containing 0.1 %
TFA, acetonitrile and water. Purity can be verified by anal yi§ealeiyY266£d

phase chrw&l(?&é%phy. 25 ldentity* of peptides can be veriééﬁsﬁﬁsﬁgss

spectronmetry. pti des can be solubilized in aqueous buf utra
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,.gf the GLP-1 Conpounds of the

Present Invent-ion by Solid Pbas e t-B6C~ Chounistry Approximately 0.5-0.6
grans (0.38-0.45 mmowle) Boc Gy- 5 PAMresin was placed in a standard 60
m reacti baseesseh asddidsoblkepydephiyigminere M onN-warkeEmdyed Biosytens

AB1430A i de. t hesi . _The faql |l ow i de- I, t ect ed i
aci ds (2 RRBLECEARET S4GRE 5P BORORRANGZAE GLF ReSil LaBeamRet idorh Aot

Bi ot ech (&ssher a, rebjeandsushdakntENe1udRoayeithesasidAbg- g&?é'ric{ﬂ@) !
cycohexyl ester L), H's

Asp-8-cyclﬁaex I es&er(CHXL) .4 u- 8- (

- benzyl ox§t tFﬁ?(B@HP,1EQS¥E§CEﬁPBr6EEﬁ§ PExYdahb&hel negrcdezjired N-

Vet -5 { opidectObd SAnG: abeazvb BLhEEAELABEL) thzhﬁépﬂagzxéha-g.her ( oBzl),
Trp-fornyl 15 (CHO and Tyr-2-bronobenzyl oxycar b6hy 2B7'<2)"*and Boc Gy
PAM 1 esi nSuikabieysnénecpretaet ing Toreuprdi areswpldpkhewhy ianithe artDl EA),
0.5 M hyshexypendet ki e £&HQBL)md a 5

di cycl ohex Ic%?%o@i%ﬁ$gégétx£§-in a%#%ﬁ%??%ng?ﬁgﬁeaaérguﬁﬁfchased from

PE- Appl i edPretesyingnEreaps (fosOegami cySyTbheshefet Aghfowddaydand(

DVF- Bur di d k i h Mal L i nkrodt

pUr chased T Wy chas Saree EordliPiBt B unt el a8 1hisrEChbestc -
couplPngsbviereferencei nExamphes imyimde rtebabpydryderbonROBYtBstgr andbot h
f or med “Sf%#S£§E§lm3§h§&§55§ﬁgh§ft(§ﬁ0899b|e couplings (wthoixt TFA

deprotecti
The peptides are also synthesized using standard

automated solid-phase synthesis protocols using t-
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. '



were run at Trp3l, Thrl13 and Thrll. At ' the conpletion of the

synt heses, the N-term nal Boc group was renoved and the pept

treated with 20% pi peridine, in DM to defornylate the Tr s?ggk%cﬁ%%}mm
After wasWORY98®th DCM the 30 resins were transferred td“gﬂﬁﬂﬁﬁﬁﬂ‘reactlon
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/ USOL/ 16474 reaction vessels to a-HP—(hydrofluoric acid) apparatus
(Penni nsul a Laboratories). 1 ml mcresol per gramiresin was added and 10
m  HF (purchased from AGA, Indianapolis IN) was condensed into the

pr e- cool vessel ., 1 ra added when net hi gni ne
‘Was pres E%? F‘eactl%ﬁﬁpa’f/é 'gt e eGHBui mpewndsphH R the HF
renoved iptes&iRl InvERGioRS biUss14el SHasE) PR bﬁeﬁEQEkyEther and the
.solids were filtered and _washed with ether. Each peptide was extracted

into aqueous APPOXiRGtEl¥nd-ErOnér JreEs;d 013800 4§ BmoleadBecdBayct |y onto
a I VST SerM3sR iGOEN plaletl HnCal iseahduste sroumogeac&anxvégg% HRC C18
0

colum in buffer A (0.1% Trifluoroacteic acid I n water in
acetoni t fﬂaquale CRUPLAAOENWESE ZO% OO 90YPBPIAsdr Bhosytems HNPIE30RAt ers)

over 120 s@ht%%sﬁkég‘nu ﬁeW%bﬁﬁo%iRgggﬁﬁgrbﬁgl h§5?¥EQEe580 nm (4.0

A) and collectingone mnute fractions ropria I"ONS "Wer e
conblnedamlmwozgndandEIw@pﬂelcaedrlﬂgesdoﬁrBducamlmeracidabywedeby HPLC

é?eggrgtﬁgh 0 Mﬁgé§éhPﬂ%hg%§£oun§t thFﬁgﬁaﬁrzggﬁi A eﬂgegnlﬂy @gF:g 2

Phast0 F- e tdesdisst r y ApprOX|nater 114 nmg (50 mvwble) FMOC Ay WANG resin

b 0gr amBASHEREYaT  ARES06 W BHR-07 CHELOBAN B obREShUCHGA o100~

cycohexyl ester {(CHXL), Hls—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



couplings were run on an Advanced Chenmlech 396 peptide synthesizer.

Anal ogs with a Gtermnal am de were prepared using 75 ng (5¢ paRhikr FHHK
Ami de AMresin (NovaBi ochem LaJolla, CA). 30 The following FMOC an no
aci ds wekgp pissafyased from Advanced Chenifech (Loui svil |l ePCERN)S0I/NS¥aBIi 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 PCTI USol/ 16474 A -=b&rityl (Trt), His-trityl (Trt),
Lys-t-butyl oxycarbonyl (Boc), Ser-t-butyl ether (O Bu), Thr-t-butyl ether
(O BuU), reqriidiitodpeiahony iK Baoydrofiudriautadidietdpgrads@Bu) . Sol vent s

di et hyl f or mam -Byrdi ck and Jacksan) 5 N net hyl rrpolidone

( NVP- Bur df R ratQfiGslor oﬁeﬁ'ﬁ’aﬁgcrﬁﬁaﬁﬁaﬁ% i%ﬁ)ﬁe)s%rw s

E;(rj chasSChcidéundvaji/ao(GhBrﬁmad _mha(ééwwmpl gmg:_s,_, n]ijd@ianglpolisd_ IN)
roxybenzotri zol e t), .di-isopropyl carbodiinde i -

i sopropyl”@%ﬁ%ﬁfweﬁg%gq Hﬁ‘%’e‘i‘f‘éeﬁﬂ vassst - 1d &ﬁr?%%%“f rom

Al drigh Ghesiraladhadddd Wbt enetlloniAld wails prexeimds wWate diessdivrts in 0. 45

MHOBt in NMP and 50 minutes DIC /HOBt activated couplings were run after

20 m nut ETRFTHIEET ey A0vean prasvibatiy and dhe, Hiademprased i t h DVF
after deppoteeli Gfg %Qﬁfé@ Wde AfdRingby telgﬁ Vﬁt?f#l D%I%l%@ﬂ HhP e

deprotection, the pept | d1 resins wereé wash and dried in vacuo
in the r amtidm wenglEilugnad ared vashadhowidbe kg -bl Salehagamiiide i n pl ace,

2 hours. [FRaderiaE 0 7t FREOE oG, Jed ol A b AT Ty
et hab@di tdind @x ﬂ?ﬁd%tcﬁrrﬁsé'{l}lmﬂﬁo ta iHeVieaSSaPdEse &'@ildm("FFA_), al |
here added QU0 OB Ol SRy TDE preroroam LBk b cofuet oo
m nut es akn IOEenHH m@%tﬁfé{ﬁh{m@tﬁé@ea@é@gﬁ%d{ﬂm& B ;§’e&|’l‘et'1'§'A
re-suspended, ddy 4B #81 ]hher p T fBMdd 0998 t& 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 METASIL AQ €18} 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 396 peptide
] synthesizei:. 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

e s (TEE) 4 -ASPp-B-t—-Butyl -ester - (tBu) ,~ Glu-0-t-butyl ester (tBu),



decanted, dried under nitrogen and then in vacuo. 0.3-0.6ng of each
product was dissolved in 1 m 0.1% TFA/ acetonitril e(ACN) and gon eﬂ-}%ﬁ 04
anal yzed on HPLC (0.46 x 15cm METASIL AQ C18, 1ml/mn, 45C1, 21 n
(0.2A), 9@ dm@si1 %FA, B=0 1%FA 50%ACN. G adi ent = 50%B$HES0B%E over 30
mnutes]'. Purifications were run on a 2.2 x 25 cm VYDAC C18 columm in
buffer A (0.1%trifluoroacteic 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 (WAf&rs) over 120 minutes at 10
m/mnute while nonitoring the UV at 280 nm (4.0A) and collecting 1

m nut e f rdotHomsylAdfrapri ie-ftrddtyilonErbkr eLyenbtimedyl okyoazsrorsnt

| yophi l'i zed. .Dried prod S r ed by 5 4 cm METASI L
"AQ C18) a &xwﬂL erﬁ§s§U%§pegt g%éggﬁkxékaﬁg¥eéééﬁ%éiféggﬁgeggéggﬂ Assay:
GLP pept :Ickgs—ta-ibuﬂyilsxyn_mebbhgﬂ wsloe)an‘ayyz’edbmtyh etlifter e{;@‘_EB:m) to their
_potential to regat.e .i | L T t S ution were
stirred at eIg%%?g%%stg%%gigpégggﬂﬁmgagu?ﬁggl%ﬁEE§$%rég if%ﬁ#éﬁarﬁing-
turbi 8i t W-aiet3n pyrrad idohendidrBotdickeandi fecksonhe onset of

o9 ORI ARTRNSY SR DO PALED Rl o8l AR P
conpound ClasuifdalstCodi YInkiedapodds,allkali ne 20 conditions (pH 10.5) for 30
TS 0 SRR B B 2P SRR, THL bbb e Chen,
conmpound (EIC)di t¥6livegropydethyltmife nibpbRsphaid/diberddind t {fRie. The pH
was adjusted to 10.0-10.5 an el.d. f 30 2 I N ._The s tion was
ey oL Wenen RuEFhegeBrERoR Saarier Chpitedh, ot hiai¥eey 1 Cor "o
exanple a M1 |aX Giinsyesctige Webrbedibbbliépolie TP HOBY, irBavuford, M) .
Thys and 50 minutes DIC/HOBt activated couplings were run after
20 minutes deprotection using 20% Pip/DMF. 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% triflvoroacteic acid in water, B:
0.1% TFA in acetonitrile). A gradient of 20% to 90% B was

A A S e R ST e e e e e e it A R e e b g e



solution was then diluted to a final sanple containing 0.3 ng/nL protein
in 10 MM citrate, 10 MM phosphate, 150 nM 30 Nad, and adj ugg pd.dnfhePbogs 4
to 7.5. The sanple was incubated at 37C in a quartz cuvette. Every five

m nutes WRE/H8Hbi dity of the solution was nmeasured at 3FET/YRNAH7An AV V
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 sol ution was stirr%% using a magnetic stir bar from
Starna Cells, Inc. (Atascadero, CA). “An increase in OD at 350 nm

I ndi cat es aggregati on of the GLP-peptide. The tinme to aggregati on was

appr oxi metts Wy afh EFLG edemsdn oy itdfamingtest et d O vd /prisudgeownt h and

gr owt h- phgs: ' f ke 4( [ A, and Drake .
AF. (199%??%?.8 ?Bffp“)gﬁrt@éhqglg Q?%gt[ﬁg%ﬁ%gg%% q‘?ﬁ@% u\%{a{ }01%%(18111 aned between
exper i meMinuge: Kractiqons. c Mpaepsdlale dracsigns Gemer adnbdned}0 The
results f n K R- o] S ent__i.nvention are
reportexi%%?zégb%ggilgg&Fﬁglf%ﬁg Fﬁﬁq%gu §%P§g§Fr§%§%b% a%&&gg dund to
aggr efat diPLEs (€ad bb& 1Seem METASISNPEURAS) oRndhMARDISeatssi nvent i on show

greatly Jd g gregation tines over GP-1 conmpounds known in 15 the
PR EEREE 3!

prior art: GLP-1 Receptor Activation Wth the GP-1 Conpounds
of the Present Invention The ability of the, G.P-1 conpounds of the present

20 i nventy cti e.the G P.1 receptor was assessed using in vitro
assays suc% gégtﬁose& s@?ﬁﬁgga?ﬁ°EP§§ig¥322 to Gelfand, et al., and U. S
Pa]Eent No. 5, E2@, ﬁéﬁtidéesbmﬁhiel yng&“heifeﬁthéget gﬁﬁm'yaea Qithhefse ]
refefences _are. incorporate rein_by reference, The activity of these 25
cohp%ﬁndg%ﬁgﬁgFi%8 ?égﬁﬁePQgFPgFF 5P Eﬁggﬁgﬁt93?FCﬂ°ﬂ§t1PBpo¥Fed in Table
1. As cameberaggnpbpeidebesa sesutisn wbge 8eir¥eliyadf oiBeafk®-1 conpounds

of the present _invention is, erall about . as good as or bhetter than
GLP—l(?Pt§§$8ﬁ§£ure in a SUltggTe guf¥er wh&le récording 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

Pt At e e



WD 01/98331 -30 Table 1 16 Decenber 2004 PCr/ USQL/ 16474 GLP-1

ComPoundAggregati on GLP-1 Receptor Tine in HoursActivation 5 ﬁiBa%m%%
OH11.0 Vale-GP-1 (7-37) OH0.9 f 0.20.47 (n = 6) 10 Gy8-Hs'1 -GP-1

OHO*0. 28 Wwars3M al | -G.P-1 (7--37) OH100.021 15val " LysPCTfUSOHl6474

GLP- 1( 7- 37) OH130. 001 Val e- Tyr"-

398,

GLP-1(7-37) OR60.81 Vale-d ue's-AP-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-QA.P-1(7-37) CPEO 33 Adnl2 -GP-1 (7-37)0H 70.-42

Val "-Ala 22-GLP--1 (7-37)CH 190.56 3029a18-Ser22 - GLP-1 (7-37) OH220.50
Val e- - Asp22-GLP- 1(7-37) OH>900. 40 16 December 2004 WO 01198331
PCT u50131:64:7:40:13yaa/@rar@gulzgsa@gpalm@@nencoatzr parVaremlL$sarna

%%%3%1 (%%g§%§dg¥§éZSEé£§?§%%Eﬁgfea%ézgééogH %59581 Val8- Hi s2

Val e- G umd@bate(s?a:g@)renganaﬁloﬁ EhyScRupapEiBel( 7TRE) t Dhié 9t o007

22- GLP- 1
"2- GLP- 1(

R

10

15

20

25

aggregation was approximated by the intersection of linear
fits to the pre-growth and growth:'phase éccording to method
of Drake (Arvinte T, Cudd A, and Drake AF. (1993) J. Bio.
Chem. 268, 6415-6422),

The cuvette was cleaned between experiments with a
caustic soap solution (e.g., Contrad-70).

The results for a number of GLP-1 compounds of the
present invention are reported in Table 1 as the time in
hours required 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
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
invention to activate the GLP-1 receptor was assessed using
in vitro assays such as those 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 éctivity of these
compounas relati#e 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.



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) OH28®e02nber 2004
A a' -H s Whogelsl (7-37) OH>240.8 25Al ae- G u26- GLP-1 (7-3;&%%&71

Val e-H s27-GLP-1 (7-37) OH100.37 Val e-Al a27--GLP-1 (7-37)CH20. 47 30

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- Ser 30- GLP-1 (7-37) OH80339 5Val8- Hi s30-G.P-1 (7-37) CHL130.19
Val e-d u' 3- GLP-1(7--37) OH>700.039 Val "-Ala 33-GLP--1 (7-37) OH200.1 10
Val6- Gl y33-'GLP-1 (7-37)0H90. 01 Val e- Glu34- GLP-1 (7-37) O+>40*0. 17

15Val e- Pro35- GLP- 1( 7- 37) OH140. 094 Val "- Hi s35-GLP-1 (7-37) OH>45, 300. 41

Val 8- G u35- GLP-1 (7-37) OH630. 15 20 P¥@)ie GLu36-GLP-1 (7-37) OH>450. 11

Val "-His:"'--GP-1 (7-37) OH80.22 25Val'-H s3I-G.P-1 (7-37) OH. >400.33

Val "- Leul6- Glu26- GLP-1 (7-37) OHSIMregatien. | ys22- G GBR-TEL Reteptar)

OH#40. 37 .p4l & u23- GLP- 1 (- 35 Val .. Gln23-GLP- 1
(7--37) m‘m%ﬁ‘ggenber 2004—\7@—&%198%%( it ) 00 WA Voarish

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®-ala'-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)OH 19 . 0.56
30
Val®-Ser?-gLp-1(7-37)OH 22 0.50
Val®-Asp??-GLP-1(7-37)OH >90 0.40



PCT/ USO1/ 16474 -33 5 10 Val8- Glu22--Ala27- G.P-1(7-37) O+451.02

Val e- Glu22- Lys23- A P-1(7-37) O+651.43 Val e-Lys33-Val 34- GLP-

(7-37) OH220. 08 Val e- Lys33- Asn34- GLP-1 (7-37) OH>480. 09 F6 December 2004
Val 8- G y30plbysds: GLP-1 (7-37) OH270. 34 Val B- G y36- Pr 037- GePriAfsdr i )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 nol ecul e was
dissolved in 3 m 0.1 MHEPES buffer pHL40.5. The pH of the resulting
solution was then adjusted to between 10.0 and 10.5 with 0.2 N NaOH  The
sol ut i on Veek'-GAR*%+Gnp-er( Bt3Bds ent tenperature for 30ynpgutes 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 fid1erycfIdrimar g7-F0rgipr ati on,1 Bedfosd, M), Gndgt he concentration
of the GLP 25 1 conpound was estimated by heasuring the a%sorpti on at 280
*nmin a spectrophotoneter, for exanple a Beckman DU640. The protein
concent r atd16n pya22.idian 13-ty t o 200 in HEPES pH 7,4. The filtered
G.P-1 solutions (100 pl) were diluted wth 30 100 pl™" 0.1 M HEPES pH
7.4 containing various levels of zinc chloride in an ELISA plate, (e.g.

Fal con Mzaropest Rswhiggg in 2 I of soluti ont ai ni ng vari ous
| evel s of zi nggghﬁngrlll%g)el(and ftc%ppM G_chlllsgorrpounds. Thd(;'rs]]e’E sol utions were

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

01/ 98331 y34-7,,ECL 1 18 hour nd then centrjfuged, for exanple,
CRXlZ bHPSQm %;ééﬁ\;\inz mcr%égl ate adaptersd'éll:'go pl of the

in a Jouan centrifu th
- 10
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



supernatants after centrifugation were then transferred to a UV-readable
ELISA microtiter plate (e.g. Costar DV plate) 5 and the OD ajgB8AMWRS2004
determned in a mcroplate reader (e.g. Ml ecul ar Devices SPECTRAmax PLUS,
SOFTmax WRO)uss3sthe results of an experinment are shown i n BE¥E18¢74280
values are the result of two independent determ nations. 10 Table 2 Ay 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 molar 37) OH 37) OH 37) OH 37) OH (7- (7-37)CH -

rati oA280A280A280A28037) OH A280 A280 -Gf£.-3370. . 32. 0. 30. 2900. 2950. 289

Val®-Asp3®~GLP-1{7-37)0H >45 0.15
Val®-Ser¥®-GLP-1(7-37)0H 8 0.19
5 Val®-His®-GLP-1(7-37)0H 13 0.19
Val®-Glu®3-GLp-1(7-37)0H >70 0.039
val®-a1a33-GLpP-1(7-37)0H 20 0.1
10
val®-Gly**-GLP-1(7~-37)OH 9 0.01
val®-Glu**-GLP-1 (7-37)0H >40% 0.17
15 Val®-pro®*~GLP-1(7-37)0H 14 0.094
val®-#is3®-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



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. 11@December 2004

20. 0920. 0890. 0250. 0950. 078 10. 110 30. 0810. 0850. 0210. 0950. 0520. 104

50'0740'07§%¥§&88'0970'0350'119 16 Decenber 2004 WO 0119833Myso1/16474
235

PCT/ uso1 ™

GP-1 Ser22_ - Phe22- Pro 22 Lys22- Asp22- nolar GP-1 (7- GP-1 (7-
GP-1 GLP-1 ratio37) OH 37) OH (7-37) OH (7-37) OH (7-37) OH
A280A280A280A280A280 00. 28550. 310. 259232990. 288

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

10

15

20

25

30

Val®-Glu**-Ala®’-GLP~1(7-37)0H >45 1.02
Val®-Glu??-Lys?3-GLP-1(7-37)0H >65 1.43
Val?-Lys33-Va13“-GLp-1(7-37)01{ 22 0.08
Val®-Lys*-Asn®i-GLP-1(7-37)0H >48 0.09
Valﬂ-Gly“-Lys35-GLp-1(7—57)0H 27 0.34
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
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
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-
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
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 ..

Table 2 (continued) Zn/ Val - Val"- Val'- Val"- Val

GLP- |

At e e S BT



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 haty@@lysssimal | amounts of zinc are 5 required to campbsexaw7ah and
precipitate a significant portion of various G.P-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 understaood by thosm-skilled in the art that various
changes in formand details may be nade therein w thout departing fromthe

spirit a 8f Tm@ﬂt fS ned, | 8.
Those sklnf[jq 'P%é a?%&\?\ﬁ recfo% Ze %ﬁf zfg%/ h%‘ gagcer glldn r:(\stﬁf?éng no
nmore t harﬂerrdmemge e'«xqo’elulmvtcaﬂaﬂe ardimteaqul valshtisl taf tihe specific
enbodi ne av dasard he 0 her | n.

equi val ent are I n d%gé%imcb erfc'lcu T asseg‘;gl"'lﬁa %ﬂa g 21: edSL{;
cl ai nms. UV-J:ea;dable 1BL TR amtaaro t206h -p’iﬁlt@.ﬁdd\l@; g, Cdk:t@.rPU]V edEte)nd

conpr gsi a | e, rrul a I NO- 1 5

H s- XgaBQ%EI h% %aat?cééjo i‘g%%{é‘%hrl%ger grlsgéar Teu- @ u-
Xaa22- Xaam%mw@ammzmm&m 'EQPMJ&MB?a Xaa34-
Xaa3S- Xa | D. 1) vvherel dy, Aa, Val,
Leu, Ileaﬁ%e%esq'{ rp#]ao]%)é ﬁpe%‘%%s &, sk J"Fh&a 2|‘L@é‘“’ or His;
Xaal2 is:vaHiuwss Eus e, rasullyof Xam ﬁnldepd:mentSeIe,te'ElnunafrmnsHl s, Phe,
Asp, Val, Tyr, du, or Ala;

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)OH (7- (7- (7~ GLP-1 |GLP-1
ratio [A280 37)0H 37)0H |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 |0.293 |0.104
| 1 0.148 0.119 0.06 [0.074 [0.26 |[0.110
! 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




Xaa22 is: Ay, Asp, GQu, dn, Asn, Lys, Arg, Cys, or Cysteic Acid; 15
Xaa23 is: H's, Asp, Lys, Gu, Gn, or Arg; Xaa24 is: Qu, Arglﬁﬁk&rn&fzé(y§
Xaa26 is: Trp, Tyr, Phe, Asp, Lys, GQu, or H's; Xaa27 is: Ala, Qu, Hs,
Phe, Tyr,woropesidrg, or Lys; Xaa30 is: Ala, du, Asp, Serl’,CT(fSYﬂSOIHlé*;’l’-1 20 Xaa33
Is: Asp, Arg, Val, Lys, Ala, Gy, or Qu; Xaa34 is: du, Lys, or Asp;
Xaa35 is: Thr;, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Ay, Pro, H's, or Qu;
Xaa36 is: Thr, Ser, Asp, Trp, Tyr, Phe, Arg, GQu, or Hs; Ris: Lys, Arg,
Thr, Ser, Qu, Asp, Trp, Tyr, Phe, H-=<3525 NH2, dy, dy-Pro, or
G y-Pro-NH2, or is deleted. provided that the GLP- I conpound does not have
the sequence of GLP- 1 (7 3 7)OH or GAP-1 (7-3 6)-NH2 and provided that the
G.P-1 conpound is not Gly8- G LP- 1(7 37)OH, G y5-G.P-1(7-36)NH2, Val'
- GLP-1(7-37) OH, VaI 8- ap--l(Tabé@ dmﬂiilnE@eiﬁk GLP- 1(7-37) OH,

' TFeoyeyi2,—Ser a- GLP- |

LeuB- GLPF#f S INFE -J.U-pvyj, e 73587
(7- 37)0 G Thref 1(7-3‘5‘}3ng or [Thr 8 GLP-1(7-3

6) NH2, 1- GLPrq’(27 16 [Deyeffver omsp 37 36) NH2,

Al al6- P~1(,4-3 2, Al a P- 1({7~34)OH, Al ai

8- GLP- 1( a 3‘?) C}-%i\"gjljé27 CI%U?L 36)|\ﬁ§[,z s
AP-1(7-] B 370 DH36) NHR(7532) ORA GK_'P-3'7 o(TreBTo08br{i si ng the

am no acj d sequiepss lla 11 ( D NO R
H s- Xaa3} d u- 2 hrO- Ser - Asp- Xaal6- Ser- %er Tyr - L%zuq%l u-
Xaa22- Xap@3- Al a-G\l&BS@aZf | OGBCI- Phe- || @-23230- Tr - 22%- Val -(L.y:SB&(aaBS- Arg-R

formul a #—£SEG %_{—E— rerein——Maad s Matl-—tedu-—1Hl e, Ser,
or Thr; '%(aa_I ot%{; i S r'B,ﬁlghe, oV“Zr’@’PS a.aqﬁo?é%g LeiP' e[S,J Thr, Trp,

H s, Phe[0A8p, Mal266H U, |or. 1468, Xap@22835 G |y0.0805 QG|W0.Z846 ASti, Lys,
: : °F 23 isl H s As Lvys G in- {20 Xaa2
Arg, Q/Sﬁ%@f@fﬁé“oﬁ%ﬁs 0N 5 Gt 1T 6 C I 0T iy SR

Is: Asp, vS, .

1 0.149 0.1265 0.1905 0.1225 0.291
2 0.0935 06.092 0.1695 0.1675 0.184
3 0.101 G6.061 0.1615 0.1475 0.1485
5 0.0615 0.00795 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



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, (‘% H: \
Trp, Tyr, Phe, H's, -NH2, Ay, Ay-Pro, or Ay-Pro-NH2, or igﬁgre)Fc e 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$-
GLP-1(7-37)0H, dy8-GP-1(7-36)NH2, Var*=G.P-1(7-37)0OH, Val 8-G.P-1(7-

36) NH2, Leu8-G.P-1(7-37)CH, Leus- %’iﬁl&g 36)NH2i Ile' -GP-1(7-37)CH, 30
Ile' -AP-1(7-36) NH2, Sera-GA.P-1(7- Ser $- GLP- 1(7-36) NH2, Thr $- GLP-
1(7-37)0H, Thr8- GLP. 1(7-36)NH2, or Al al6-dp-1(7-36)NH2. 3. A GLP-1
conmpound conprising the am no acid sequence of fornula |11 (SE%I D NG 3):
35 16 Dece rAzﬁbﬁ L mpopnd comprsing the@mjnaagid mguerngerof$ormula 1 (8

er - Asp- Val - Ser N%ﬁ)- Tyr-Leu- d u- Xaa22- Xaa23 - Al a- Al

a- Lys- Xaa27- Phe-1Te- Xaa30- Trp-Leu-V al -Lys-Ay-Arg-R fornula Il (SEQ ID
NG 3)55 wherei n: tdhiagKdag-GiaGly-Xaha ;X adad-Thik-Ser. —Adpl—Xam@Sér, SarTyFen-Kaa22 is:
Gy, Asp, Qu, Gn, Ar Acid;. Xaa23_js: His,
Asp, Lys, du, or q?ﬂz“&%?&isﬁa?@'glﬂd)%zd(ﬁaﬂ'ﬁ:%‘ 30- FprLeurXaas-Xag- or Lys
10 Xaa30 is: Ala X dhys-RE8H RSer or H|s Ris: Lys, Arg, Thr, Ser, Qu,
Asp, Trp, Tyr, Phe, HIS Nﬁ y-Pro, or Ay- Pro-NH2, or is del eted.
provi ded that the GLP-1 EomdmidSBQdBN@t lhave the sequence of GLP-1(7 15
37)OH or GP- 1(‘@636 -NH2 and provided that the G.LP-1 conmpound is not d y8-
GLP-1(7-37) OH, "GLP-1(7-36)NH2, Val'-G.P-1(7-37)OH, Val 8-G.P-1(7-

36) Ny Leu8- G_j'{’aalg(ﬂ@?)m Vb,pn&(ﬁ&s&(&@ﬁl NH2, 1le' -GP-1(7-37)OH,

e -GP-1(7- 32&NH2 Sera-GP-1(7-37)QH, Serb-G.P-1(7-36)NH2, Thr 8- GP-
1(7-37) OH, Thr 8Xeapis1 Asp.38PNALE, TAF 118, leysporilis; 37) OH, Al a16- G p- 1( 7- 36) NH2,
20 Glu27-d p- 1()Za337?schs ?[—p:-igvhvﬁ p 1(7-36)NH2. 4. The G.P-1 conpound of
any one of clai erei'n no nore than 6 anmino acids in the

G.P-1 conpound Kaﬂrsr Léw, Ger, tThe, Trpr Hiss Phe) dispgVanTmo Gheiod Al GLP-1(7-37) OH
or G.P-1(7-36) '\k' adyy 1s 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-



5. The G.P-1 conpound of claim4 wherein no nore than 5 amno acids in the
G.P-1 conpound differ fromthe corresponding amno acid in G

or GLP-1 (7-36)NH2. 30 6. The G.P-1 conpound of claim5 wherein %%@T%Z%@i
than 4 amino acids in the GLP-1 conpound differ fromthe corresponding
amno acid in G.P-1(7-37)CH or GAP-1(7:,36)NH2. 7. The G.P-1 conpound of
claim6 wherein no nore than 3 16 Decemnber 2004 -39- amino acids in the

or P 1 (73 BNES Al U e R R e S A B O € Chan
2 am no aci ds iMa‘FmFGL@a@NHZ,cmﬁ’ognpl IQY—Bﬁﬂ)HfAE?ﬁGDB-Ig‘DBG)%&PPﬂ%mQ am no
acid in GQP-1(7- 37 NH2 . The GP-1 conpound of any

H o
one of claims Chfsl W@H@PﬁAka%{ I4P51( 1398 H2 or valine. 10 10. The GLP-1

conmpound of any one of clains 4 to 8 wherein Xaa8 is glycine or valine and
Xaa30 is alanine, glutamc acid, aspartic acid, serine, or histidine. 11.

The G.P- 12corrp%u gpof d%ﬁ}ﬁ)‘uH?J: an;fgg c acid. 15 12. The
G.P-1 conpound ? ¢ %ﬁﬁﬁﬁggﬂt V\ﬁ %&h%é;g is glycine or

val i ne and Xaaﬁ(?'mql% BRI NE:2phenyl al ani ne, tyrosine, tryptophan,
aspartic acid, glutamc acid, serine, threonine, arginine, or lysine. 20

13. The G.P-1 conp is histi 4. The
GLP-1 conpound of ﬁ?%@é(ﬁ?%?ﬁﬁ%“{ﬁ“&%?g 16838 qr;l'dyb—,?_gg- ¥ or

val ine and Xaa22 i sXaspXnii-@AlacilahXaglstGlarfhe-lksKaa;-ghpLamviabLyaXpassagi ne,
lysing, arginine, ‘@gﬁei ne, or cysteic acid. 25 15. The GL.P-I conpound of
claim14 wherein Xaa is aspartic acid, glutamc acid, |ysine, or
arginine. 16. The GLP-1 tampdaHdSER IDINON2)15 wherein Xaa22 is glutamc
acid. 30 17. The G.P-1 conpound of any one of claims 4 to 7 wherein Xaa8 is
glycine or valine, Xaa22 is glutamc acid or lysine, and Xaa23 is
glutamc acid b‘fhe¥%| ne. 16 Decenber 2004 -40 18. The G.P-1 conpound of any

one of clai ms XKahpis7TGWhalgival Naadlle,i Ser,Wryitine or
15 Xaays 1s: His, 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



valine, Xaa22 is glutamc acid and Xaa27 is alanine. 5 19. A GP-1
conpound conprising valine at position 8 and aspartic acid, ¢4 ptafer 2004
acid, lysine or arginine at position 22. 20. The G.P-1 conpound of claim
19, wherein the amno acid at position 22 is glutamc acid. 10 21. The
GLP-1 conpound of claim19 or 20, V\/ner_g'ﬁl_n said GLP-I conpound conprises no
nore than 6 amno acids that differ fr the corresponding amno acid in

GLP-1(7-37)OH , GLRy:l «(.7. 36) NP 0k an-br: ~hhereof 4n addidi to the
am no acids at posﬁ?%gglaés @%W%ﬁ’?g%%ﬁgﬁ &a’;'ﬁ&r %%n%d‘%gc@% )g%]aé% m 21,
wherein said GLP- 1 ¥#epdimdlackyfpXieBherde-Xaosel hlagn-Balaisriolyabigd® t hat
differ fromthe corresprmiinGgEyRGaHd in GLP- 1(7-37)OH, GLP-1(7-36) NH2,
or a fragnment thereof in addition to the am no acids at positions 8 and

22. 20 23. The G.P-1 conpound of claim 22, wherein said G.P-1 conpound
conprises no mesin:han 4 amno acid that differs fromthe correspondi ng

amno acid in P-. 1(7- GLR-1(7-36)NH2, or a fragnment thereof in
addi tion to the%’g%ﬁshég?yagﬁ%s%i’aﬁe“pﬁ%ijéef’o"ﬁ and 22. 25 24. The GLP-|

conpound of cl ¥am222 Glyhéspe iGhu, GindAG, Pys, AenPes)od CystajorAdds no nore than 3
am no aci d t hatydi.f:.{.8f; 0 rcigsponding amno acid in GP- 1(7-37)CH
, GP- 1 (7-3 %é:'l\#ﬁi 3$’é§pf%%ﬁﬁ’f&t¢%g’reof in addition to the am no acids

at positions 8X&adisAlaGicHisTRbe,dlyn-Tirp, degpbld of any one of clains 21 to

24, whgrein th@(aa;pigq;la,c@m;sAgé@ter,oqli}fig-er fromthe correspondi ng am no acid
in GLP-1(7-37) _OH,, GLP-1(7- 36) NH2, 13 enper 2004 -41- or a fragnpent
thereof are a &ﬁs@svéfg’\%“’ s@li“tﬁf*ﬁ” H?Dgfyrgﬁéﬁaéﬁ%r_&%oﬁm fdy- Fﬁar‘?é%lh‘ci din
GLP-1(7-37)0H, GLPPid-KH36)r iNG&etedr a fragment thereof. 5 26. A GLP-1
conpound conprising the am no acid sequence of SEQ ID NO 4: Xaa7-Xaa8-d u
-dy-Thr-Phe-Thr-S e r-Asp-Val -S er-S er-Tyr-Leu-Q u-

Xaa22- d n- Al a- piayideddhatithe GhB-1 dompiiuad Foes-rlot havéathe bggeieyof BIR-R7-( SEQ | D

NO. 45 wher ei N37y0H 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)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



10 Xaa7 is L-histidine, D histidine, desam no-histidine, 2-am no-histidine,
(3 hydroxy-histidine, homohistidine, a-fluoromethyl-histidinejgpd.beddod -
hi stidine; Xaa8 is glycine, alanine, valine, |eucine, isoleucine, serine or
threonine; Xaa22 is aspartic acid, glutamc acid, glutanm ne, asparagine,

| ysine, arginine, 15 cysteine, or cystfa(: aci d; and Ris NH2 or Ay(OH).
27. The G.P-1 conpound of claim 26, V\/nerel n Xaa8 is glycine, valine,

| euci ne, isol r r Q nd of
claim 27, wher g#%hﬁggggﬁll tQQI%I% lnEe:J;Hl Sp ar |cr2fgloélg §1° C-BPr%ngndlél% agnc%égé{g m

argi ni ne. 29. 'I(BlIeP-G(PS’Z)OTDanDBd(bB&NI@ m 28, wherein Xaa7 is L-histidine,
Xaa8 is glycine or 25 valine and Ris Ady(OH). 30. A GP-1 conpound
selected fromthe group consisting of: Val8-Glu22- GLP-1(7- 37)C]—I (SEQ I D
NO. 5); V& 8- ASpRGid-cbinfondd @ila(lmg}eh@m ﬁ)ne tﬂ%ﬁ-@amﬁ eé(}ﬂlé?’?) OH
(SEQ ID NO 7); Val8-Lys22-GP-1(7-37)CH (SEQ 2- ALP-
1 (7-357) OH ( SH@aumponad differ ﬁ@ry@wmsm@ommg amn(o7acu3m7()§E]’+1(’SEQOI'DONO 10) ;

d y8- Arg22- G_Péﬁ}i ﬁé@g SEQ ID NO 11); and dy8-Lys22-GP- 1 (7-3 7)CH
(SEQ ID NO 12) é er 2004 -42 31.- The G.P-1 compound of any one of
claims 1 to 30, wherein said GLP-1 conpound is conplexed with a dival ent
metal cation. 5 _32. The G.P-1 conpound of claim 31, wherein said GLP-1
conpound i%  corhsI @k COWPPWWW@H? of plamschto $hergm Xadads ghymne pr conpou nd
of any one of ¢lghgs 1 to 32 for use as a nedicament. 10 34. The G.P-1
conpound of any one of clains 1 to 32 for use in the treatnent of non-

i nsul iLA dependent diabetes. 35. The G.P-1 conpound of any one of claims I

to 32 for se gt | act tre tnent of non-jngulin dependent
di abet es. o' S T lzfﬁ%%&émaea clapgs Hio® whereinakas 19 EHYN8OT for use
in the treat rreruahﬁé andR&S) {alarsie] 1%%355%1%1(: deldf eérﬁfe' &rmst abolic
changes after surgery, or irritabfe bowel syndrone. . e use of a
G.P-1 conpound as clained in any one of clains | to 32 for the preparation
of a nedi ggnen [ 0 i n_dependent dlabetes 38.

qa! G_t’ll*jl'le%Ll; ti'%o}n § 1.0 Ctlal g} wI %l‘elg?k'aawg gﬁ.&arg]l ?fl

The use of "a npou to 32 for the
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.



preparation of a nedicanent for the treatnent of obesity, stroke,

myocardial 25 infarction, catabolic changes after surgery, oy, {Iri abé(?04
bowel syndrone. 16 Decenber 2004 WO 01/98331 PCTIUSO 1/16474

LI STING <110> Eli. Lilly and conpany <120> GLUCAGON - LI KE PEPTI DE-1
ANALOGS <130> X-13989 <160> 53 <170> B@tentlsi version 3.0 <210> 1 <211>
31 <212> PAT <213> Artificial <220> "<223> synthetic construct <220>
<221> VARI ANT <222> (2)..(2) <223> Xaa at position 2 is dy, Aa, Val,
Leu, Ile, Ser, or Thr; <220> <221> VARIANT <222> (5)..(5) <223> Xaa at

position F8i's Ae GIR-Ucofpgund offiihy oAt af clhiyiss 4 107 WhéreinS22P R glyadrder VAR ANT
<222> (6)..(6) <§23> Xag at position 6 is H.s, Trp, Phe, or Tyr; <220>
<221> <222> abns Xaapjinghtanyi¢ a5id apd gfpars ig@lanine.position 10 i s Leu, Ser,
Thr, Trp, H's, Phe, Asp, Val ,Tyr, Gu, or Al a; <220> <221> VARI ANT

5 19. A GLP-i compound comprising valine at position 8 and aspartic acid, glutamic

acid, lysine or arginine at position 22.

20.  The GLP-1 compound of claim 19, wherein the amino acid at position 22 is
glutamic acid.
10
21.  The GLP-1 compound of claim 19 or 20, wherein said GLP-1 compound
comprises no more than 6 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.
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,



<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).. (dPrcembod2834
Xaa at position 17 is H's, Asp, Lys, Qu, Gn, or Arg; <220> Page 1 16
Decenber 2004 WO 01198331 PCTAJS01116474 <221> VARI ANT <222> (18). (18)
<223> Xaa at position 18 is Qu, Arg, a, or Lys; <220> <221> VARI ANT
<222> (20)-.(20) <223> Xaa at position 20 is Trp, Tyr, Phe, Asp, Lys, du,

or H's; <220> < > < > ) - ) < a at positi.on 21 is
Ao S p s praemprhelilrad AEoaable shkibuBh o e R ot it 2
(24) .. (24) <22ithinXHP-H7-PHOIL, GLP- A2-I63NAb,or aBtagmeAsthereder, or His; <220>
<221> VARI ANT <222> (27) .. (27.) <223> Xaa at position 27 is Asp, Arg,
Val, Lys, Ala, dy, or Qdu; <220> <221> VARI ANT <222> (28)..(28) <223>

Xaa at pogiti omy &pLBedihpbunt¥SmpRSinf ¥R anfifd 45id sefiehde of SEQ ID NO: 4:

5 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:
10 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,
15 cysteine, or cysteic acid; and
R is NH; or Gly(OH).

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

isoleucine, serine or threonine.

20
28.  The GLP-1 compound of claim 27, wherein Xaay; is lysine, aspartic acid, glutamic
acid or arginine.
29.  The GLP-1 compound of claim 28, wherein Xaa; is L-histidine, Xaay is glycine or
25 valine and R 1s Gly(OH).

30. 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

30 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> <223> VARIANT (29)..(29) Xaa at position 29 is Thr, Gy, Pro, Hs,
or Au; <220> <221> VAR ANT <222> (30)..(30) Ser, Lys, Arg

Phe, Asp, .<223> Xaa at position 30 is'Thr., Ser, Asp, Qdu, 0}6 8Qemb§}z[ggg4
<221> <222> <223> VARI ANT (31) .. (31) Xaa at position 31 is Phe, H s,

-NH2, dvy, <400> 1 Trp, Tyr, Phe, "O,4Lys, Arg, Thr, Ser, GQu, Asp, Tip,

Tyr, Ay--Pro, or Ay-Pro--NH2, or |s de eted. H's Xaa GQu Ay Xaa Xaa Thr
Sex' Asp Xaa Ser Ser Tyr Leu Qu 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 X&d. 20h235LP-3@ompdind & anydhd of Aaimx<P 30, RREreinc@IBSIRrt i fi ci al

<220>  <223> sy n;[nr}])(e);[lﬁé: 15%8%%&@(%& Ezvith a divalent metal cation.

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.



<220> <221> VARI ANT <222> (2)-.(2) <223> Xaa at postion 2 is-dy, 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> VARl ANT 1c2&2mber 2004
- (10).. (10) <223> Xaa at postion 10 is Leu, Ser, Thr, Trp, H's, Phe, Asp,
_ Val, a, or Al a; 220> <221> VARI ANT <222> (16)..(16) <223> Xaa at
posi ti on™BOYEIY y p, Au, Gn, Asn, Lys, Arg, Cys, SICTERAEE Aci d;
<220> <221> VARIANT <222> (17)..(17) <223> Xaa at postion 17 is H's, Asp,
Lys, Qu, or Gn; <220> <221> VAR ANT <222> (20)..(20) <223> Xaa at
postion 20 is Asp, Lys, Qu, or His; <220> <221> VARI ANT <222> (24)..(24)
<223> Xaa at postion 24 is Ala Ser, or His; <220> <221> <222>
<223> VAR ANT (29)..(29) Xaas%‘%U%EtﬁﬂgﬁW% is Thr, Sex, LYs, Arg, Trp,

Tyr, Phe, <f§tg? EP‘.@ qg.l%y and Company
. <120> GLUCAGON-LIKE PEPTIDE-1 ANALOGS
<130> X-13989
<160> 53
<170> PatentIn version 3.0

<210> 1

<211> 31

<212> DPRT

<213> Artificial

<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> {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>

. <221> VARIANT

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

e <223> Xaa at position 10 19 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



16 Decenber 2004 WO 01/98331 PCTI 11S01/ 16474 dvy, Pro, H's, or Qu;
<220> <221> VARI ANT <222> (31)..(31) <223> Xaa at postion 31 is Lys, Arg,
Thr, Ser, du, Asp, Trp, Tyr, Phe, Hs, -NH2, Gy, G y-Pr{ pééember 2004
Gy-Pro-NH2, or is deleted. <400> 2 Hs Xaa Qu Ay 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 \ﬂ%o%@nxaa Arg Xaa 20 2530 <210> 3 <211> 31 peAddsnihRbs <213>
Artificial < > <223> synthetic construct <220> <221> VARI ANT <222>
(2)..(2) <223> Xaa at position 2 is Ay, Ala, VvVal, Leu, Ile, Sex', or Thr;
<220> <221> VARI ANT <222> (16)..(16) <223> Xaa at position 16 is Ay,
Asp, Gu, dn, Asn, Lys, Arg, or Cys; <220> <221> VAR ANT <222>
(17)..(17) <223> Xaa at position 17 is H's, Asp, Lys, GQu, or An; <220> _
<221> VAR §§><ng).. (21) <223> Xaa at position 21 is Ala, Gu. His,

> A § \
Phe, Tyr, <593> A){a%’ agrposli¥§0n 1%295 Glu, Arg, Rla, or Lys;

<220>

<221> VARIANT

<222> (20)..(20) -
<223> Xaa at position 20 is Trp, Tyr, Phe, Asp, Lys, Glu, 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) i
«223> Xaa at position 31 is Lys, Arg., Thr, Ser, Glu, Asp, Trp, 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



<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/USQO /16474 <220>
<221> VARI ANT <222> (31)..(31) <223> Xaa at position 31 is 16/Becohiter 2004,
Ser, GQu, Asp, Trp, Tyr, Phe, Hs, -NH2, dy, dy-Pro, or Ay-Pro-NH2, or
Is deleted. <400> 3 Hs Xaa Gu Gy Thr Phe Thr Ser Asp Val Ser Ser Tyr

|, eu G uWaa¥8B3E 10 15 Xaa Ala Ala Lys Xaa Phe Il e Xaa Pepuseuisval Lys Ay
“"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-histidine, D histidine, desam no- histidine,

2am no- hi stidi ne, Beta-hydroxy-histidine, honohistidine,

al pha--fluoronet hyl - hi stidine or_al phamethyl - histidine;, <220> <221>

VARI ANT <Fofapohla Eon ¥apmbheyle fpapha LEpnia Ksadfap Xapaaaval , Lou, |le,
Ser, or Thr; <220> <2%1> VAR ANT <2222 (16)..(16) <223% Xaa at position
16 is Asp_,{zci‘log, ZGI n, Asp, Lys, Arg, or Gars; <220> '

<2ii> 31
<212> PRT
«213> Artificial

<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, Tyxr, Phe, Asp.

Page 3



<221> VARI ANT <222> (31)_(31) <223> Xaa at position 31 is -NH2 or Qy.
<400> 4 Xaa Xaa GQu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr HIéleGembi@a004l
510 15 Gn Ala Ala Lys Qu Phe Ile Ala Tarp Leu Val Lys Ay Arg Xaa 20 25
30 <210> WO 4@435» 31 Page 5 16 Decenber 2004 WO 01/98331 PCTUSB¢416474
<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 His Val G Gy, Thic Phe 4y, Ser Asp Val Ser Ser Tyr Leu Gu Asp 1
510 15 Gn Ala %gLyso'GlhsPhe e Ala Trp Leu Val Lys Ay Arg Gy 20 25
30 <210> 7 <211> 31 <212> PRT <213> Artificial <220>
- <220>

<221> VARIANT

<222> (31)..(31)

<223> Xaa at postion 31 is Lys, Arg, Thr, Ser, Gilu, Asp, Trp, Tvr,

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



<223> synthetic construct <400> 7 Hs Val Gu @y Thr Phe Thr Ser Asp Va
Ser Ser Tyr Leu Qu Arg 15 10 15 Gn Ala Ala Lys A u Phe |16 Ddcambep2d®u
Val Lys Ay Arg Ay 20 25 30 <210> 8 <211> 31 <212> PRT <213>

Artifici alwod@d®e3s1 <223> synthetic construct <400> 8 Hi s Valcr@ssi/4y+ 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
construct <400> 9 25 30 PCT /US01116474 Hs Ay Qu Ay Thr Phe Thr Ser Asp
Val Ser Sex22Dyr Leu Qu Gu 1 510 15 Gn Ala Ala Lys Qu Phe lie Ala Trp
Leu Val Lys2a@>y %gmﬂgl) 20 25 30 <210> 10 <211> 31 <212> PRT <213>

Artificial <222> oo .
- <223> Xaa at position 31 is Lys, Arg, Thr, Ser, Glu, asp, Trp, Tvr,

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> YVARIANT

<222> {2)..(2} .

«<223> Xaa at position 2 is Gly, Ala, Vval, 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



<220>
Asp Val

<223> synthetic construct <400> 10 Hs Gy Qu dy Thr
Ser Ser Tyr Leu Qu Asp 1 5 10 15 Gn Ala Ala Lys G116 Déhembéerc2gida

Phe Thr Ser

Trp Leu Val Lys Ay Arg Ay 20 25 30 <210> 11 <211> 31 <212> PRT <213>
ArtificialwedRsl <223> synthetic construct <400> 11 Hi s Gygpdotn&Ghy Thr
Phe Thr Ser Asp Val Ser Ser Tyr Leu u Arg 1 5 10 15 dn Ala Ala Lys Qu
Phe Ile Ala Trp Leu Val Lys Gy Arg Ay 20 25 30 <210> 12 <211> 31 <212>
PRT <213> Artificial <220> <223> synthetic construct <400> 12 Page 7 16
Decenber 2004 WO _01/98331 PCT/USOL/ 16474 H's Ay du GL Thr

Ser Asp Val;
Ala Trp Leu

<213> Arti kpgpal <220> <223> synthetic construct

<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 Ala 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
1 5 10 15

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

<210> B

<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

Phe Thr

g%’r %g{i%xrateu Gulys 1510 15 Gn Ala Ala Lys Gu Phe Ile
4 CystaFyPArg Ay 20 25 30 <210> 13 <211> 31 <212> PRT



<400> 13 Hi s Val
510 15 dn Ala Ala Lys Qu Phe Ile Qu Trp Leu Val

30 <210> 14 <213> Artificial

Gu @y Thr Phe Thr

<211> 31 <212> PRT

Ser Asp Val Ser Ser Tyr Leu u dy 1
Lys Ay A8@etbmber2PO@b

<220> <223> synthetic

constructweAfidzssi4 Hs Ay Au Gy Thr Phe Thr Ser Asp Vall.cﬁg#ﬁghﬁyr Leu

Gu Gy

Ay 20 25 30 <210> 15

151015 Gn Ala Ala Lys Qu Phe Ile Qu Trp Leu Va
<212> PRT

<211> 31

synt hetic construct <400> 15 Hi s Val

Ser Tyr

Lys Ay Arg H' s
<220> Page 8 16 Dece
<zB0>» 16 Hs Ay Gu Ay Thr

construct
Au dy

Leu Qu Gy

20 30 <210> 16
er 2004 WO 01/

31
FRT
Artificial

<211>
<212>
<213>

<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

Lys Ay Arg
<223>
Ser

<213> Artificial <220>

GQu @y Thr Phe Thr Ser Asp Val

1510 15 Gdn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val

<213> Artificial
<223> synthetic
Ser Ser Tyr

11> 31. <212> E&T
331 PCTIUSO /16174

Phe Thr Ser Asp Val Leu

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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151015 dn Ala Ala Lys Gu Phe
25 30 <210> 17 <211> 31
construct <400> 17 Hi s Val

<212> PRT <213> Artificial
Gu @y Thr

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

Lys Ay Arg Hs 20
@ Percembent 24 c
Ser Ser Tyr Leu

Au Au Wo#AE8s31i5 Gn Ala Ala Lys Ala Phe Ile Ala Trp Lemctvisdorhys1dy Arg

Hs 20 25 30 <210> 18 <211> 31
synthetic construct <400> 18 Hi s Val
Seer Ser Tyr Leu Gu Lys
Lys Ay Arg Hs 20 25 30 <210> 19

<400> 19 His M@ hlenG ¥l et g EbF
510 15 Gn Ala Ala Lyss@u the Ile A

30 <210> 20 <211> 31
- Gln 2la ala Lys Glu Phe TIle Ala
20

13

31

PRT
Artificial

<210>
<21l>
<212>
<213>

<220>
<223> synthetic construct

<400> 13
His Val Glu Gly Thr Phe Thr Ser
1 5

Gln Ala Ala Lys Glu Phe Ile Glu
20

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

is

31

PRT
artificial

<220>
<223> synthetic construct

<400> 14
His Gly Glu Gly Thr Phe Thr Ser
1 ' 5

Gln Ala Ala Lys Glu Phe Ile Gilu
20

<210>

. <211>
g <212>
' <213>

15

31

PRT
Artificial

<220>
<223> synthetic construct

<400> 15
His Val Glu Gly Thr Phe Thr Ser
1 5

Gln Ala Ala Lys Glu Phe Ile Ala
20

16

31

PRT
Artificial

<210>
<21l>
<212>
<213>

<220>

<212> PRT

<213> Artificial <220> <223>
GQu dy Thr the Thr Ser Asp 1 5 Val

10 15 Gu Ala Ala Lys Qu the Ile Ala Trp Leu Val
<211> 31

<212> PRT <213> Honp sapi ens

A%rvﬁsﬁeﬁ/@grsgfr 86k vl Gu Ay
ailrp Leu Val Lys Gay Arg Ay 20 25

1

Trp Leu Val lLiys Gly Arg Gly
25 30

Asp Val Ser Ser Tyr Leu Glu Gly
10 15

Trp Leu Val Lys Gly Arg Gly
25 30

Asp Val Ser Ser Tyr Leu Glu Gly
i¢ 15

Trp Leu Val Lys Gly Arg Gly
25 30

Asp Val Ser Ser Tyr Leu Glu Gly
10 15

Trp Leu Val Lys Gly Arg His
25 30
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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 d ui€DgcdhbePheng
Thr Ser Asp Val Ser Ser Tyr Leu Qu Cu 15 10 15 Gn Ala Ala Lys Gu Phe
Ile Ala TwoD tiexg3ddal Lys Ay Arg Gy 20 25 30 <210> 21 <Bdtwsdihicsr2l2> PRT
<213> Artificial <220> <223> synthetic construct <400> 21 Hs Ala u Gy
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 d y e r Asp Val Ser Ser Tyr Leu Gu Arg 1 5 10
15 G n Al agi?rBS L%E@Fﬁ%pﬁ“?% a Trp Leu Val Lys Gay Arg Gy 20 25 30
<210> 23 <400> 16

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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<211> 31 <212> PRT <213> Artificial <220> <223> synthetic construct
<400> 23 Hs Ala Qu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr 1E@ecéinbet3604 1
510 15 Gn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay Arg Gy 20 25
30 <210> o fp@83110 16 Decenber 2004 WO 01/98331 PCT/ USO btedkthnagall> 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 &£t> 31 <212> PRT <213> Artificial <220> <223> synthetic
construct <Z26> sy@Bébtid/ARhANAct <222> (16)..(16) <223> Xaa at position 16

i s cystei C<4aDC0i>d'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 Gluv 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
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<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 ABdeCembe2PO@b
30 <210> 26 <211> 31 <212> PRT <213> Artificial <220> <223> synthetic
const r uct wedr®g331<221> VARI ANT <222> (16)..(16) <223> Xaz@iuposditi on 16
Is cysteic acid. <400> 26 Hs Gy Qu dy Thr Phe Thr Ser Asp Val Ser Ser
Tyr Leu A u Xaa Page 11 16 Decenber 2004 WD 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 %@ iz Hs Ala GQu Gy Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu
Gu Au 1:m2l0 2¢rAn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay Arg
20 25 30 <2418> 28rtif2dial 30 <212> PRT

<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
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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 Qu Asp 1 5 10 15 GiéDAtamberardoss
Gn Phe Ile Ala Trp Leu Val Lys Gly Arg 20 25 30 <210> 29 <211> 30

<212> PRT_ <213> Artificial <220> <223> synthetic construct <400> 29 H s
Ala Gu AP HFBbhe Thr Ser Asp Val Ser Ser Tyr Leu G u AGIUPIA6HS 15 G n
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 I1te Ala Trp Le& Val Lys Ay Argi®20 25 30 <210> 31 <211> 30

<212> PRT Gﬁ%xlifa '%flg ]t.}sc b%l.l Pi%zgfe Ala Trp 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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<223> synthetic construct' <220> <221> VARI ANT <222> (16)..(16) <223> Xaa
at position 16 is cysteic acid. <400> 31 Hs Ala Qu Ay Thr 1FiDecdibeSe004
Asp Val Ser Ser Tyr Leu Qu Xaa 1 510 15 dn Ala Ala Lys Qu Phe Ile Ala
Trp Leu Valodayssssdy Arg 20 25 30 <210> 32 <211> 30 <2l1gerkKiiissal3>
Artificial <220> <223> synthetic construct <400> 32 Hs Val u @y Thr
the Thr Ser Asp Val Ser Ser Tyr.Leu Qu GQu 15 10 15 @n Ala Ala Lys Qu
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
Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Asp 1 5 10 15 Page 13 16
Decenber 2004, . W3,P1/ 98331 PCTIUSO /16474 A n Ala Ala Lys Gu The Ile A a
Trp Leu Val Lys Gy Arg 20 25 30 <210> 34 <211> 30 <212> PRT

- 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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<213> Artificial <220> <223> synthetic construct <400> 34 Hs Val u Qy
Thr The Thr Ser Asp Val Ser Ser Tyr Leu Qu Arg 1 5 10 15 Gi&DAtembéraedoss
GQu The Ile Ala Trp Leu Val Lys dy Arg 20 . 25 30 <210> 35 <211> 30
<212> PRT wediddsssArtificial <220> <223> synthetic constr et 54093785 H s
Val Qu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu Lys 15 10 15 @n
Ala Ala Lys Qu Phe Ile Ala Tip Leu Val Lys Ay Arg 20 25 30 <210> 36
<211> 30 <212> PRT <213> Artificial <220> <223> synthetic construct
<220> <221> VARI ANT <222> (16)..(16) <223> Xaa at position 16 is cysteic

acid. <4003 i 5, V r.2he_Thr £ |,.Ser Ser Tyr Leu GQu
Xaa 1 5 1&@%‘% %laA%%s%lg yés/ Iégu%g‘;ﬁ‘ F_.guz%é ﬁ%%&gﬁal Lys Ay Arg 20
25 30 <210> 37 <211> 30 <212> PRT Page 14
. <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 15

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 lLys
1 5 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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16 Decenber
synthetic construct <400> 37 Hs Ay
Ser Tyr Leu Au GQu
Lys Ay Arg 20 25 30 <210> 38

2004 WD 01/98331 PCT/ 1JS01/ 16474

<213> Artificial <220> <223>
Gu @y Thr the Thr Ser 18%Rc¥abesSE004

151015 dn Ala Ala Lys Gn Phe Ile Ala Trp Leu Val
<211> 30

<212> PRT <213> Artificial <220>

<223> syntWee¥¥3¥onstruct <400> 38 Hs Gy GQu Ay Thr PRETRROISE4 Asp Val

Ser Ser Tyr Leu G n Asp
Val Lys Ay Arg 20 25 30 <210> 39
<220>
Asp Val Ser

Ser Tyr Leu GQu Arg

Trp Leu Vak2l¥s Etifaeipl 20 25 30 <210> 40

151015 dn Ala Ala Lys Qu the lle Ala Trp Leu
<211> 30
<223> synthetic construct <400> 39 Hs Ay u dy Thr
1510 15 An Ala Ala Lys Qu the Ile Ala

<213> Artificial
Phe Thr Ser

<212> PRT

<211> 30 <212> PRT <213>

Artificial <2@0> <223> synthetic construct
<220>

<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
Ty 1 5

Gln Ala Ala Lys Glu Phe Ile Ala
20

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

40

30

PRT
Artificial

<220>
<223> synthetic construct

<400> 40

His Gly Glu Gly Thr Phe Thr Ser
1 5

Gln Ala Ala Iiws Glu Phe Ile ala
20

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
25 30

Asp Val Ser Ser Tyr Leu Glu Lys
10 15

Trp Leu Val Lys Gly Arg
25 30
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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 Gu the Ile'Ala Trp Leu Val Lys Gy A% ®ecdlberGi
Page 15 16 Decenber 2004 WO 01/98331 <210> 41 <211> 30 <212> PRT <213>
Artificiayos2dfzr <223> synthetic construct <220> <221> p(ARANTs475222>
.(16)..(16) <223> Xaa at position 16 is cysteic acid. <400> 41 PCTli7501 /
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 <400> 42 H's Val @ u Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu
Gu Ay k2Pos10415 Lys Ala Ala Lys Gu Phe Ile Ala Trp Leu Val Lys Gy Arg

Gy 20 25280 <300> 43 <211> 31 <212> PRT
. <212> PRT
<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 10 15

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

<210> 43
") <211> 31
o <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

4 <210> 44
<211> 31

<212> PRT
<213> BArtificial
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<213> Artificial <220>
Thr Phe Thr Ser Asp Val Ser
Lys Ala Phe Ile Ala Trp Leu Val
31 <212>wBRI1r9833213> Artificial
PCTI USO / 16. 174 <220>
Thr Phe Thr Ser Asp Val Ser Ser Tyr
Lys GQu Phe Ile Qu Trp Leu Val Lys
31 <212> PRT <213> Artificial
Hs Gy G268y Thr Phe Thr Ser Asp

Ser Tyr

A n Al a A<azBys sghthetPhecdnksentdtu Trp Leu Val
<213> Artificial

<210> 46 <211>431 <212> PRT

<400>

His vVal Glu Gly Thr Phe Thr Ser
1 5

Gln Ala Ala Lys Glu Phe Ile Glu
20

<210>
<211>
<212>
<Z213>

45

31

PRT
Artificial

<220>
<223> synthetic comstruct

<400> 45
His Gly Glu €ly Thr Phe Thr Ser
1 5 .

Gln Ala Ala Lys Glu Phe Ile Glu
20

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

46

31

PRT
Artificial

<220> :
<223> synthetic construct

<400> 46
His Val Glu Gly Thr FPhe Thr Ser
1 5

Gln Ala Ala Lys Glu Phe Ile Ala
20

<210>
<2il>
<212>
<213>

47

31

PRY
Artificial

<220>
<223> synthetiec construct

<400> 47

His Val Glu Gly Thr Phe Thr Ser
1 5

Gln ala Ala Lys Glu Phe Ile Ala
20

<210> 48

<223> synthetic construct <400> 43 H s Val
Lys Gy Arg Ay 20 25 30 <210> 44

Page 16 16 Decenber 2004 N&/0dd188831
<223> synthetic construct <400> 44 H s Val

<220>

Gu Gy

@tlnﬁer"i@ozl
<21

Leu Gu dy 15 10 15460

Gu dy
Leu Gu dy 151015 dn Ala Ala
Gy Arg Ay 20 25 30 <210> 45 <211>
<223> synt hetic construct <400> 45
Ser Ser Tyr Leu Au @y 1 5 10" 15
Lys Ay Arg dy 20 25 30
<220>

Val

Asp Val Ser Ser Tyr Leu Glu Gly
10 15

Trp Leu Val Lys Gly Arg Gly
25 30

Asp Val Ser Ser Tyr Leu Glu Gly
1o 15

Trp Leu Val Lys Gly Arg Gly
25 30

Asp Val Ser Ser Tyr Leu Glu Gly
10 15

Trp Leu Val Lys His Arg Gly
25

Asp Val Ser Ser Tyr Leu Glu Gly
10 15

Trp Leu Val Lys Gly Arg His
25 30

Page 17



<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 LeysWakerthiis ddigx
Arg Gy 20 25 30 <210> 47 <211> 31 <212> PRT <213> Artificial <220>

<223> syntywelgieg@enstruct <400> 47 H's Val GQu Gay Thr Phe Pc-zr%s'ﬁﬁ 4,,Asp Val
Ser Ser Tyr 1 5 10 15 Gn Ala Ala Lys Gu Phe Ile Ala 20 < §%p 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_ gu Guu Gu 15 10 15 Lys Ala Ala Lys Qu Phe Ile Ala Trp Leu
Val Lys Gly_,\%rzg W

<213> BArtificial

<220>
<223> synthetic construct

<4D0> 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

<211> 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 Gly Thr Phe Thr Ser Asp Val Ser Ser -Tyr Leu Glu Gly
1 5 10
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20 25 30 <210> 49 <211> 31 <212> PRT <213> Artificial <220> <223>
synthetic construct <400> 49 H's Val Gu @y Thr Phe Thr Ser 14$RcMaberfio
Ser Tyr Leu Qu GQu 15 10 15 CQu Ala Ala Lys Qu Phe Ile Ala Trp Leu Va
Lys Ay Arg,o(a)é 0 25 30 <210> 50 <211> 31 <212> PRT <213> Artificial
<220> <2239 & eti c construct <400> 50 Hs Val Gu Ay FThPUBHAHH ser
Asp Val Ser Ser Tyr Leu Qu Gu 15 10 15 Gn Ala Ala Lys Ala Phe Ile Al a
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 GQu Gy 1 5 10 15 Page 18 16 Decenber
2004 i WD oﬁ%@@é@ﬂ?@%ﬂ%ﬂw Myge k&"a"ﬁ& FlyyLrige Ffﬁ‘é’ lle Ala Trp

Leu Val @y Lys Arg y 20 25 30
* <210>
<211> 31
<212> PRT
F <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
20 25 30
<210> 53
<21i1> 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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<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 n

Gu dy 151015dn Ala Ala Lys Qu Phe Ile Ala Tip Leu ngﬁ%?ugé/&

" Arg H's %ﬁo%§m§9|<210> 53 <211> 31 <212> PRT <213> Artificial <220>
<223> synthetic construct <400> 53 Hs Ay Gu Ay Thr PhECFHSOBEH™Asp va

Ser Ser Tyr-Leu Qu dy 15 10 15 Gn Ala Ala Lys Gu Phe Ile Ala Trp Leu

Val Lys Ay Arg Hs 20 25 30 Page 19 16 Decenber 2004 WO 01/98331

PCT/ USO1116474 1/4 Fig. 1 5

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

Leu-Gu-Gu-dn--Al a-Al a-Lys-d3 u-Phe-11e-Al a-Trp-Leu- Val-Lys-@y--Arg-GAy

Vale-@ u2 2-GLP--1 (7 -37) OH 10 Hi s- ¥dl4 - d u- Gly-

Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr -

Leu- @ u- Asp-d n- Al a- Al a-Lys-d u-Phe-11e-Al a-Trp-Leu- Val-Lys-A@y-Arg-Qy

Val e-Asp 22- G.P,]. (7-37) OH 15 Fi 1

Hi s-Vval -@3d u-Giy-Thr-P,he-Thr-Ser-Asp-6£1.-Ser-Ser-Tyr-

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*?-GLP~1(7-37)0H



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- Lo @/83M a- Al a- Lys- G u- Phe-1-1e-Al a-Trp-Leu- 25 PpCTAUS01/16474

Val -Lys-dy-Arg-@y Val'-Lys22-@.P-1(7-37) OH 16 Decenmber 2004 WO 01/98331
2/4 Fig. 2 PCTIUS(c)1136474 5 H

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

H s-d y-d u- Q3 y-Thr - Phe- Thr - Ser - Asp- -??Iq Ser - Ser-Tyr -

Leu-3d u- Asp-d n-Al a- Al a-Lys-G3 u-Phe--1Te-Al a-Trp-Leu- Val-Lys-Ay--Arg-Ady
Ayll _ASp22 Gp :L (7-37) OH 15

HsGy(juGy'mnPM'mnSa Asp- Val - - Ser - Ser - Tyr -

Leu-G u-Arg-A n--Al a-Al a-Lys- QG u- Ph&ige- Rl a- Trp-Leu- Val-Lys-Ay-Arg-dy
20 dye-Arg22-G.P-1(7-37) OH

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

Leu- Ggu- Lys-G nﬂféae aGLMSG %fﬁ%hélﬂiﬂgegﬁﬂsé%l%r-Ser—T r-

Val . -Lys-Ad y-Arg é é 2-AP--1 -37) OH" 16 Decenber 2004 WO

01/ 98331 3/4 Fi Iqeu-@lu 7‘%217%15-%/%—@ p-phe-Ile-Ala~Trp-Leu-

- @ y- Thr - Phe- Thy s Pef o 8581 Yahegatryer -- Tyr- Leu-Gu-Ay-An-Ala-Ala-Lys-
G Phe 1lo-d ol oY e LY

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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Val -Lys-dy-Arg-@y Val'-Glu3 0-GP-1 (7-37) OH 10

H s-d y-d u- Q3 y-Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr -
Leu-Gu-dy-An-Aa-Ala-Lys -3 u-Phe-lie-d u-Trp-Leu- Val - Lys}6d)§ﬁe&?b§{%§)(§/4
A y6- Glu3®We B483d1( 7-37) OH 15 PCT/US01/16474

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-His'"-AP-1 (7-37) OH Hs-dy-Au-4dy- :
Thr - Phe- Thr - Ser - Asp- Val - - Ser - Ser - Tyr -
Leu-Gu-dy-dAn-A a-Al a-Lys-3 u-Phe-11e-Al a-Trp-Leu- 25 Val-Lys-Ay-Arg-H s
A y8 -Hi s37-GP-1(7-37) OH 16 Decenbez /2004 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 -
Leu-Au-@u-An -Ala-Aa-Lys-Al a-Phe-1le-Al a--Trp-Leu- Val-Lys-Ay-Arg-His
Val8- Glu22-Ala 27-G.P-1(7-37) OH 1Q.
Hi s-Val - @ u- Q3 y- Thr - Phe- Thr - Ser - Asg;g‘b'g'l S%r -Ser-Tyr- Leu-Qd u--Lys--
G u-Al a--Aa--Lys-d u-Phe-11e-Al a-Trp-Leu- Val--Lys-Ay-Arg-H s Val'
-Lys22- Glu23- A.P-1(7-37) OH 15

5 His~-Val-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

Val®-Glu*-GLP-1(7-37)0H

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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16 December 2004
WO 01/98331 PCT/US01/16474

4/4

Fig. 4

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




