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X-16020 -1- POLYETHYLENE GLYCOL LINKED GLP-1 COMPOUNDS
}{iﬁb OF THE INVENTION The present invention relates to GLP-1

> ;%unds covalently attached to one or 5 more molecules of

polyethylene glycol or a derivative thereof, and related compositions and

methods useful in treating conditions or disorders benefited by lowering

blood glucose, decreasing food intake, decreasing gastric or intestinal

emptying, or decreasing gastric or intestinal motility. 10 BACKGROUND

OF THE | N Glucagan-like peptide-1 (GLP-1) i S NUMeEerous
biologicar%}éggg u\%{;‘é giﬁ%ﬁn@n&m&é@ﬁm@iﬁﬁgon
secretion, inhibiting gastric emptying, inhibiting gastric motility or intestinal
motility, enhancing gluco Iii} [ % induci ight loss. GLP-I

may further act to prevent the"| a%gcgr)ggﬁg I-Vé%;#jll\SLP(EJQ\ggrioration that

occurd as preseinsuliendepeadenttdiah@tascnapius NDDRMaPrograsreso one or
A significant characteristic of GLP:1 is its ability tg stimulate insulin .
RSO 1€ RCBOHEEhEK bR CLTTCRED i Seks positions
andingtinsidinstiel apyratisgmentiipess of dishthardpiasiital mctdyering blood

increasing insulin expression. The usefulness of therapy, involving GLP-1
e R R TS, A PP Ay SRS TR WliReasing
gastd¢he twestiadlirabiyildgcurring truncated peptides, GLP-1(7-37)OH and

GLP-1(7-36)NH2, are rapidly cleared in vivo and have extremely short in

vivo half lives. It is known that endogenously produced

dipeptidyl-peptidase BA (BRR{VY MROFIIS I TONEINT 1&L¥P- 1 peptides

by rerpaying the,N-terminal afding and slanine residues and s malor,

reaso es VIVO arious approachne ave
stinciéatalcein ol iextendttbe, elintatiopl haldifesefatiGl Pahipepiidensiric emptying,

.reduce clearance of.the peptide from the body while maintainir .
R e R SRRl o g e e, and
iahatogsvyeatie] resisim-onki Pslth degradatienday thepncatpdatianidf
modifications at the N-terminus of the peptide, An alternative oach
SRR e o e P 4B e B AR T progresses.
Aavigeiicyhgehapstdratiorey SHPDPR 4tV fdlinyaccasaingtthaiH tersatetisnok ithout
tthe eptide, ar at{%chedlto‘vario s.amino acjds of GLP-1 (Se
fterma %ﬁ%ﬁib%i ZBOR NS ﬁié??ﬁd‘g{h%} RIEARRIUGL D5 apg gy some types
ofntitlati iGHPS e rivaby ésci{sH0R20ui2 wipekgtaims the benefit of DK
Provisjonal Application Nos 0931/96 filed August 30, 1996, 1259/96 filed
Novors BB A RO GR I S LB ek Dt DEfSs o the fact
izt BIPandlégs arpodescribad.innd Se Ratanttépfiicatan BerialiNagd peptides,
3464 iled J Y. ,and 60/405,097 filed August 21, 2002,

D P B o B0 A s W g i Oftemely

sROO3y aiventiEdves. 1t is known that endogenously produced dipeptidyl-peptidase IV

(DPP-1V) inactivates circulating GLP-1 peptides by removing the N-terminal histidine
and alanine residues and s a major reason for the short in vive half-life.

Various approaches have been undertaken to extend the elimination half-life of a
GLP-1 peptide or reduce clearance of the peptide from the body while maintaining a
biological activity. U.S. Patent No. 5,705,483 teaches GLP-1 peptide analogs made
resistant to DPP-1V degradation by the incorporation of modifications at the N-terminus
of the peptide. An alternative approach for extending the half-life of GLP-1 peptides is
derivatization, wherein large acyl groups that prevent DPP-IV from accessing the N-
terminus of the peptide are attached to various amino acids of GLP-1 (See International

Application No. PCT/DK97/00340, filed August 22, 1997 entitled “GLP-1 Derivatives,”
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"Extended Glucagon-Like Peptide-l1 Analogs" and are incorporated herein
Xin e entirety. These applications describe analogs of GLP-1(7-37)OH
wherein various amino acids, when added to the C-terminus, yield GLP- |
peptide analogs with an extended half- life and reduced clearance than
that of the native molecule. Furthermore, GLP-1 analogs 10 with
increased potency are described in U.S; Patent Application Serial No.
60/314,573 filed August 23, 2001, now International Application No.

“B@K/Mﬁ%/%%ﬁeﬁw Pugpedvikdo IOy Sititied Makicagpnd4ked August 30,
tide- ]{ r}lﬁlo Hﬁrporated herein). Exendin-4 can act at the GLP-1
e S HIE ONCETRT S TIBGSAIATNG FheCagretiap s -
[Goke, refrabuidr EDPdCBﬁﬁébgélﬁ%a):%@&é@ﬁm .Ii.gﬁiﬁ@]ltaéfgﬁéﬂﬁ%n gerlal Nos.
5 exendin and exendin agonist molecules are described in
o AR B P IS A4 it br Tt Kereir
It entEN) p MBIl enVBioBE aNPROAATERS tRVE s8 Fulted B Cldosl all entitled
r potency than that of native

.gompounds with a longer half- life or greate
%‘ﬁﬁ?‘%%a‘gﬁfﬁ%% “hppraeHES n0ektRe e 2B e Aheegi n thei
emmbinaﬂemwmakaﬁm appiveehed aredTesdrd (0. Bﬂ}bﬁﬂﬁ@f@ﬁ%ﬁ@us amino
ance and increase GLP-1 compound half-lif
a%here“é’%)? &ffﬂ%g Eﬁmy%sbé“ﬁ@eﬁ}r%é Q?HEP&&@&%&%‘QFE&W ftended half
ﬁ&dmﬂustﬁr@@ a;eamrmw hahuhe dle e duslegudep PR Rerad Bf analogs
e. Covalent attachm tof one oy more molecules of polyethylene
T R T e o R S8 § o 314,573
finoseaghe nsmbmtmdummm@sm@@amw|m$@mms§m?(tmﬁlitm&,@ August
h lecu dredu n bj So severe as to make the
A ap e te Rrs CT v HaS FaH R, Fxendin-4
cdmweueﬂmi}i&sed@aﬁhﬁ finding thaiecavalal tafacnoleaiefinngiarawéang
ol s of PE ularr p. und esults in a
o iouTikty Acted, BSILSEa QL RID GO QA W CAB A eed

cxand ireghut etkatBaranceswhecodimparattiortbat of nativeGankt l\@ﬁhcaﬂon

exendln mOdIerd exendin-4 peptides of the
N e e IR R R i et mave
greaté’ﬁhnﬁeﬂmh‘nex%@@x@aﬂh@@&m@ttemw% &H@r&at@mpenﬂemieime Wilgse half-

an nati ve G se they retain -3- all rtion of |ca
ac?l Vo Cé(L ]_JLH] F g{%ugﬁag%hantedag hf’ﬂﬁ#fé‘pg??& (ﬁr %ﬁ%é%l d be used
efdleamamhemnﬂrnmmdmhhatmﬁhﬁmaﬁmwﬁeﬁmﬁmlﬂmdlef H@df@tse

Is-GLP-1(.7- 7-37 f
G%%?J;as gﬂll}g] f%?a enﬁas a t)ﬁrif?aﬁ%?oe rrluorqgJ él?[' EB?%%%% WRaRiZing
1tmbdmﬁjsit@ted1®ﬁhiwtanhﬁusbutﬁ\mat Globt adalogsand derivativesdhaber of

qarer sistant to endo enou otea av 0 not have half-lives
e e R e AR RO AR ot

ofREGythdehSERed trmmnaﬁm,dsoibgnmlnvecﬁmmmdhaueimhatﬂﬁb dn exendin-4
pRS5RR Sl aaaRlRnng Jor el aaministatons ol e FRSYRE ccule

-1 compound whil€ maintaining a hig level of the“compoun
ar@i/sﬂdaqbi@idn@éahfxewoyj softiaes SuohrﬁEGylade@hE-dnmmmdﬂarﬁdsumqs a
thg%#égﬁgcthﬁng%? S¢ ?”Xven rggul %ubcl\?CtS aseccillso%rgler%n%mgc%lhaq C%l\'lr’ié:l egE

to, diabetes, obesity, géstrlc and

attachment of one or more molecules of PEG to partzcular residues of a GLP-1 compound
results in a biologically active, PEGylated GLP-1 compound with an extended half-life
and reduced clearance when compared to that of native GLP-1 or Vals-GLP-1 (or native
exendin-4 for modified exendin-4 peptides of the invention).

The PEGylated GLP-1 compounds of the invention have greater usefulness as a

therapeutic as well as greater convenience of use than native GLP-1 because they retain



intestinal motility abnormalities, and gastric and/or intestinal emptying
abnormalities with a particular advantage being that the PEGylated
GLP-1 compounds of the invention require fewer doses during a 24 hour
period, increasing both the convenience to a subject in need of such
therapy and the likelihood of subject's compliance with dosing
requirements. SUMMARY OF THE INVENTION The invention described

he{ein rovides LPI;* compounds cqvalently attached to one or more ]
o RGeS C T (s Php & ok Lt 8BRgI half i
eﬁo%@&ﬁl@ﬁﬁ?@@yﬁf&é@%@hﬁ%ﬁ gfﬂtll)i\&li @ﬁiﬂ@ﬁéﬂ@e@d I%?’IYC%%H% or to that
of { eptide, . resulting in ate -1 compounds with an _

o e B o (S S b e e e b oy igutes.
2@hpung aml s preferably.atilaast 28109 Emithe PRy ates GkBl

rcT%}rﬁ ounds disclosed herein preferably have a clearance value of 200

BBFNEY- thFE Siefelabiy 60 a8 ¢ oTyai edhaoasasHtKg D prdegenous
apebraastPeefesahly iessHRAHRE, KON A0 MEE (ONR RIPERAIE M ministrations

disclos%d erein is a PEGylated GLP-1 compound comprising the amino

2SR qlidneeRsret PRP A EIPAE shewppprats | Banoventinmhasphore a baf-

mioleBuita cavalkentiyatiaaed Aldo? Rikridhediesidugs selected dromdhe p-1
group consisting of Lys25, Lys34 and Gly37:
7ERERAHNE mbileé}wééfwﬁﬁl@éﬂ% ishvd seonmeuRd-ovtreypeignged period

Ghfiein-Adacl PHentGti-Phecigpounds may be used therapeutically to treat
30Ala-Trp-Leu-Val-Lys-35Gly-Arg-37Gly -4- (SEQ ID NO: 1). Another
eftbEhEHRdseriset Rghlms Bupres &%@%@@Wmm gastric and/or

CoOmRHSGHNGAMING Atk iBRQUERCE. QLR LRI/ 1 S SRR ratities wi
SEQ ID NO: 2 v%rtuﬁ aPEG m%leculgacovalently a{ﬁ%ﬁg?at : 9é)lér I of(}tﬁgah jes with

resRitae Ly advartarshaine graubeddpsiatineidF L sheompesndsmd fhe@ention

7 pirda -0 G e Mo & $E‘1}i%é‘,siﬂbx\éa§lir% 65uSthe convenience to a subject
er-Tyr-20Leu-Glu-Gl y- Gin-Ala-25Ala-Lys-Glu-Phe-lle-30Ala-Trp-Leu-V

alll peedait fpshhesenam! (o tielikaethef srhisstisenndisetssedhérsing
is_fE&yiated GLP-1 compound comprising the amino acid sequence of
Formula | (SEQ ID NO: 3) Xaa7-Xaa8-Glu-Gly-Xaai
i-Xaa,2-Thr-Ser-Asp-Xaal6-Ser-Xaajs-Xaai9-Xaa20-Glu- Xaa22- Xaa23-

Xaa24-Xaa25- Xaa26-XageRiRIR NG ¥PRIGTE REHRPRSR- Xaas4-
Xaa3s-Xaa36-Xaa37 Formula 1 (SEQ ID NO: 3) wherein: Xaa7 is:

L-histidinElDthistiAslesedberiherpim mupie dos Fhitd-histpinedg-hydrosy: attached to

higtidinesdamahisigine rsfinemmaibyiis fdt‘l?@ﬁ ARV AINE £ wherein each
PEG 1s attached at a Cys or Lys amino acid or the carboxy terminus of the peptide,
resulting in PEGylated GLP-1 compounds with an elimination half-life of at least one
hour, preferably at least 3, 5, 7, 10, 15, 20 hour_s and most preferably at least 24 hours.
The PEGylated GLP-1 compounds disciosed herein preferably have a clearance
value of 200 ml/h/kg or less, more preferably 180, 150, 120, 100, 80, 60 ml/h/kg or less
and most preferably less than 50, 40 or 20 ml/h/kg,

One embodiment disclosed herein is a PEGyiated GLP-1 compound comprising
the amino acid sequence of GLP-1(7-37)OH as shown in SEQ ID NO: 1 with a PEG
molecule covalently attached at 3, 2 or 1 of the residues selected from the group
consisting of L}’Sz(,,. Lysss and Glysy:

"His-Ala-Glu-'"Gly-Thr-Phe-Thr-Ser- > Asp-Vai-Ser-Ser-Tyr->"Leu-Glu-Gly-

GIn—AIa—2SAIa-Lys—GiuwPhe-Ile~30Aia-Trp-Leu~Va1—Lys-3 S(}ly-uﬁxrgﬁ?(?rly



Xaa8 is: Ala, Gly, Val, Leu, lle, Ser, or Thr; Xaai i is: Thr or Cys; Xaal2 is:

Phe, Trp, Tyr, or Cys; Xaal6 is: Val, Trp, lle, Leu, Phe, Tyr, or Cys; Xaa,8

is: Ser, Trp, Tyr, Phe, Lys, lle, Leu, Val; Xaai9 is: Tyr, Trp, or Phe; Xaa20

is: Leu, Phe, Tyr, or Trp; Xaa22 is: Gly, Glu, Asp, Lys, or Cys; Xaa23 is:

GIn or Cys; Xaa24 is: Ala or Cys; Xaa254is: Ala, Val, lle, Leu, or Cys;

Xaa26 is: Lys or Cys; Xaa27 is: Glu, lle, Ala, or Cys; Xaa30 is: Ala, Giu,

or CygsBXpaRdist)Val or lle; Xaa34 is: Lys or Cys; Xaa35 is: Gly or

Cys; Xaa36 is: Arg or Cys; Xaa37 is: Gly, His, Cys, NH2i or is absent;

and vinetbin sbrdinétiheiCyssesithien ase ravalaathy atashegh iR HEG

molecule, or 3, 2 or 1 qof the Lys re Egé S gre_covalently attached o a .

B AR BTG L SFBOR) SR Ht 2hbired AT 8 CUPAIBDy BeabRREP: 2 with

4¢BPhGndlecsialangd pravidacinatthere @re2rekiat s Gisddiom the group

molecule. Another embodjment disclosed herein is a PEGylated GLP-1

BB Sr?f’pﬁigﬁ%@%%%}:ﬁi‘ﬁb acid sequence of Formula Il (SEQ ID

NO: 4HXaulg-Xaa8'Gly-GlypXaatit-Ser-* Asp-Val-Ser-Ser-Tyr-*Leu-Glu-Gly-

Xaal2-Thr-Sep;Asp-Xaa,6-Ser-Xaals-Tyr-Leu-

G X e DA s A B vs- " Gly-Are

e-XaaBoEipt aloXaa33- Xaal34- Xaa3s-Xaa36-Xaa37 Formula Il (SEQ ID

NO: ) geherelns XAaT il -hisiding, Donistdioe, desamina-Nigldiosing

-amino-histiding, P-Nydroxy- histiding, homohistrding,

&qpromethy|ansecirmd sequenethyl-histidine 1 (RE&BIIS: 1By 3Ala, Val, Leu,

o ol R KRR L Q- RPR I 0L SRR IR, amar -
Xaa22~ Xaa23~ Xaag4—Xaa25— Xaazs—Xaagqv—Phe-He—Xaa3g—Trp~Leu—Xaagg— Xaagq*

Xaays-Xaase-Xadasy
Formula 1 (SEQ ID NO: 3)

wherein:
Xaay 1s: L-lastidine, D-histidine, desamino-histidine, 2-amino-histidine, B-hydroxy-

histidine,
homohistidine, a-fluoromethyl-histidine, or a-methyl-histidine;
Xaag 1s: Ala, Gly, Val, Leu, Ile, Ser, or Thr:
Xaayy 18: Thr or Cys;
Xaays is: Phe, Trp, Tyr, or Cys;
Xaayg 1s: Val, Trp, lle, Leu, Phe, Tyr, or Cys;
Xaayg 1s: Ser, Trp, Tyr, Phe, Lys, He, Leu, Val;
Xaayg 1s: Tyr, Trp, or Phe;
Xaagp 15 Leu, Phe, Tyr, or Trp;
Xaay 1s: Gly, Glu, Asp, Lys, or Cys;
Xaays 1s: Gln or Cys;
Xaasq is: Ala or Cys;
Xaays is: Ala, Val, lle, Len, or Cys;
Xaazg 18: Lys or Cys;
Kaayy 1s: Glu, e, Ala, or Cys;
Xaazg is: Ala, Glu, or Cys



Xaal8 is: Ser, Tyr, Trp, Phe, Lys, lle, Leu, or Val; Xaal9 is: Tyr or Phe;
Xaa22 is: Gly, Glu, Asp, Lys, or Cys; Xaa23 is: GIn or Cys; Xaa24 is: Ala
or Cys; Xaa25 is: Ala, Val, lle, Leu, or Cys; Xaa26 is: Lys or Cys; Xaa27
is: Giu or Cys; -6- Xaa30 is: Ala or Cys; Xaa33 is: Val or lle; Xaa34 is: Lys
or Cys; Xaa35is: Gly or Cys; Xaa36 is: Arg or Cys; and Xaa37 is: Gly,
Cys, NH2, or is absent, and wherein: 2 or | of the Cys residues are
cavalentlyattachigd to a PEG molecule, or 3, 2 or 1 of the Lys residues
are covalently attached to a PEG molecule, or the carboxy- terminal
afrifie SclvistEdvatently attached to a PEG molecule; and provided that
therg are@ pt(lg,sgys in the molecule. Another embodiment disclosed
herein is a PEGylated GLP-1 compound comprising the amino acid
sOataeiEeaE PofAYla 11l (SEQ ID NO: 5)
Xaal- <Glu-Gly- Xaal2-Thr-Ser-Asp-Xaal6-Ser-Xaaig-Xaa 9-
A A B s
X4 oBiesED 7-Phe-lle-Xaa3o-Trp-Leu- Xaa33
*283f - - 7-Xaa3
g-Xaa%&%?ﬁ&gggﬁg(%ﬁgY Sl Yiachod to a PEG molecule, or
Xad45-Kabihe-kunnesilac 8 aadRnthabt dhotnnu R (SEQHRIN G &) carboxy-
4% 7 Js: L:-histidine,, D-histidine, desainino-histidine
e R provid
A dhenp et gl-Ristidiiéyoimdhmmethyddisti dine; Xaas is: Ala, Gly, Val,
Leu, UgoRh QhiloWimiaR bibio B & Ss XFEByst& 8 bR cOMpiraYS:
Xaals6 is: Val, Trp, lle, Leu, Phe, Tyr, or Cys; Xaais is: Ser, Trp, Tgilr, Phe,
LSmpRsiiethorvale sad Sisemss of ioonind; (SEA2I0SNLed)Phe, Tyr,

or Trp; Xaar-Xaag-Glu-Gly- Xaa; - Xaajp-Thr-Ser-Asp-Xaae-Ser-Xaay-Tyr-Leu-
Gh’l-—X&&zz-X&ﬂzg-Xaazd,-xaﬂz5—X&326“Xaaz7-i)h€—u6-X&330—T1‘p-L€1}-Xa&33-
Xaay- Xaays-Xaage-Xaasy
Formula II (SEQ ID NO: 4)
wherein:

Xaay is: L-histidine, D-histidine, desamino-histidine, 2-amine-histidine, B-hydroxy-
histidine,

homohistidine, o-fluoromethyl-histidine, or o-methyl-histidine:

Xaag 1s: Gly, Ala, Val, Leu, Ile, Ser, or Thr;

Xaay is: Thr or Cys;

Xaag is: Phe, or Cys

Xaayg is: Val, Phe, Tyr, Trp, or Cys;

Xaayg is: Ser, Tyr, Trp, Phe, Lys, lle, Leu, or Val;

Xaay is: Tyr or Phe;

Xaap 1s: Gly, Glu, Asp, Lys, or Cys;

Xaazy is: Gln or Cys;

Xaay 150 Ala or Cys;

Xaays is: Ala, Val, lle, Leu, or Cys;

Xaage 151 Lys or Cys;

Xaayy 18: Glu or Cys;



Xaa22 is: Gly, Glu, Asp, Lys, or Cys; Xaa23 is: Gln or Cys; -7- Xaa24 is:
Ala or Cys; Xaa25 is: Ala, Val, lle, Len, or Cys; Xaa26 is: Lys or Cys;
Xaa27 is: Glu, lle, Ala, or Cys; Xaa30 is: Ala, Glu, or Cys; Xaa33 is: Val
or lle; Xaa34 is: Lys, Asp, Arg, Glu, or Cys; Xaa35 is: Gly or Cys; Xaa36
is: Gly, Pro, Arg, or Cys; Xaa37 is: Gly, Pro, Ser, or Cys; Xaa38 is: Ser,
Pro, His, or Cys; Xaa39 is: Set, Arg, Thr,"”'ﬁﬁ, Lys, or Cys; Xaado is: Ser,
or: Cys; Xaadl is: Ala, Asp, Arg, Glu, Lys, Gly, or Cys; Xaa42 is: Pro,
%tg%&;/ss',z&c?r’al{ﬁr-l ,y%’r is absent; Xaa43 is: Pro, Ala, Cys, NH2, or is absent;
Xemddiis MalarAle, Arg, Lys, His, Cys, NH2, or is absent; Xaa45 is: Ser,
I—&sdafrig, }é;s,oA SGIy, Cys, NH2 or is absent; Xaa46 is: His, Ser, Arg,
Lys, Pro R yS,NH2 or is absent; and Xaa47 is: His, Ser, Arg, Lys,
Cymi: Nt X0y isr hsent; Xaa48 is: Gly, His, Cys, NH2, or is absent; Xaa49
isz Pro, His, Cys,.NH2, or is absent; Xaaso is: Ser, His, Cys, Ser-NH2,
Hé%ﬁ‘z,’%%s%\l%:, is absent; and wherein: 2 or 1 of the Cys residues
akegpialGinlyCatiashied éeia BE&atmolecule, or 3, 2 or | of the Lys residues
a{%%‘{g&”ﬂy attached to a PEG molecule, or the carboxy- terminal
amino acid s covalently attached to a PEG molecule; and provided that if

Read2o Mhad3ifaddde Xaa4bvAaand Haad/ 15 a4dg is absent
ejaghgam)ig%’gﬂd downstream is absent; and pro%?ge%?thgéﬁﬁ%%é %{re 2,1
or0 Cysi

S BRGNS 475 Sy dprthgptacherbie 4P PG viddetale, or the carboxy-

RéGiratechinb BeldGompass sampiingdheaming, agid sequence of
Fognula.lé/éSEQ ID NO:6) Xaa ) ’
SAGRiieE sk aroaiai T 86vAdH- sars BeviXaa, 8-Xaaio-

Xaa2o/pténarbddmddirzbotandei il Prefdkihe plo-XsaseahiP
-Leu- Xaa33-Xaa34-Xaa35-Xaa36-Xaa37-Xaa38-Xaa39-Xaad40-Xaa4
j_ggmygéh% amino acid sequence of Formula I (SEQ ID NO: 5)

Xaar-Xaag-Glu-Gly-Xaa, , -Xaa, Z-Thr-SepAsp—Xaal6—Ser~Xaalg~Xaa;9-
Xaazo-Glu—Xaan»Xaazg—Xaag4-Xaa25- Xaa25—Xaa27—Phe-IIe—Xaa3(;~Trp-Leu~
Xaazz~
Xaa34~Xa335-Xaa36-Xaag7—Xaa3g—Xaa39—Xaa4@-Xaa4;~Xaa43~Xaa43—Xaa44-
Xaays-Xaase-Xaas-Xaags- Xang-Xaasg

Formula HI (SEQ ID NO: 5)

wherein:

Xaay is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, f-hydroxy-
histidine,

hormohistidine, a-fluoromethyl-histidine, or o-methyl-histidine;

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

Xaay; 18 Thr or Cys; |

Xaayy 1s: Phe, Trp, Tyr, or Cys;

Xaayg is: Val, Trp, Ile, Leu, Phe, Tyr, or Cys;

Xaayg is: Ser, Trp, Tvr, Phe, Lys, Iie, Lew, or Val;

Xaaig is: Tyr, Trp, or Phe;

Kaagg 1s: Leu, Phe, Ty, or Trp;

Xaay; i1s: Gly, Glu, Asp, Lys, or Cys;

Xaaps is: Gln or Cys;



Xaad4-Xaad5-Xaad6-Xaad7 Formula IV (SEQ ID NO: 6) wherein: Xaa7
is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, (3-
hydroxy-histidine, homohistidine, a-fluoromethyl-histidine, or a-methyl-
histidine; Xaa$ is: Ala, Gly, Val, Leu, lle, Ser, or Thr; Xaaj 1 is: Thr or Cys
Xaal2 is: Phe, Trp, Tyr, or Cys; Xaal6 is:-\Val, Trp, lle, Leu, Phe, Tyr, or
Cys; Xaa,8is: Ser, Trp, Tyr, Phe, Lys, lle, Leu, Val; Xaa 9 is: Tyr, Tip, or
Pb(@faz)ga@agggrl@gz Phe, Tyr, or Trp; Xaa22 is: Gly, Glu, Asp, Lys or Cys;
Xaa23 is: GIn or Cys; Xaa24 is: Ala or Cys; Xaaz25 is: Ala, Val, lle, Leu, or
Cgfé‘?'lx‘ééé@aﬂis\@y BreyseXana7 is: Glu, lle, Ala, or Cys; Xaa3o is: Ala,
GM@;SQ,ygyg(g@@ Si,s: Val or lle; Xaa34 is: Lys, Asp, Arg, Glu or Cys;
Xaa3d5 is: Gly or Cys; Xaa36 is: Gly, Pro, Arg or Cys; - 7b - Xaa37 is: Gly,
P?&@éﬁb@@y@?»&%@igf}@er, Pro, His or Cys; Xaa39 is: Ser, Arg, Thr,

TDP&M%QAQX@%WXQS Ser, Gly, or Cys; Xaadi is: Ala, Asp, Arg, Glu,
Lys, Gly, or Cys; XaadZ2'is: Pro, Ala, Cys, NH2, or is absent; Xaa43 is:
Proemss: Gy ONKE, or is absent; Xaad4 is: Pro, Ala, Arg, Lys, His, Cys,

Nidea, 01513 SOSREY; Aﬁ@aé%i%x%ﬁ?s-"'is’ Pro, Lys, Arg, Cys, NHZ or is
absent; Xaa46 is: His, Ser, Arg,’Lys, Cys, NI-12 or is absent; and Xaa47

is*Ph, igéﬁlﬁ?@,q}gﬁ's, Cys, NHZ or is absent; and wherein: at least one

Cmﬁqy@)js];ggvg@@y @S}@ched to a PEG molecule, and provided that
if Xaa42, Xaa43, Xaad4, Xaa4s or Xaad6 is absent each amino acid

devisstiedahyid ro, Ser, or Cys;
Xaasg is: Ser, Pro, His, or Cys;
Xaags 1s: Ser, Arg, Thr, Trp, Lys, or Cys:
Xaay is: Ser, Gly, or Cys;
Xaag is: Ala, Asp, Arg, Glu, Lys, Gly, or Cys;
Xaagy is: Pro, Ala, Cys, or NH,, or is absent;
Xaags is: Pro, Ala, Cys, NH,, or is absent;
Xaays 1s: Pro, Ala, Arg, Lys, His, Cys, NH,, or is absent;
Xaays 1s: Ser, His, Pro, Lys, Arg, Gly, Cys, NH; or is absent;
Xaays 15: His, Ser, Arg, Lys, Pro, Gly, Cys, NH; or is absent; and
Xaagr is: His, Ser, Arg, Lys, Cys, NH, or is absent;
Xaagg is: Gly, His, Cys, NH,, or is absent:
Xaayg 18 Pro, His, Cys, NH,, or is absent;
Xaasg 1s: Ser, His, Cys, Ser-NHa, His-NHo, Cys-NHa,, or is absent;
and wherein:

2 or 1 of the Cys residues are covalently attached to a PEG molecule, or

3,2 or 1 of the Lys residues are covalently attached to a PEG molecule, or the carboxy-

terminal amino acid is covalently attached to a PEG molecule;

and provided that if Xaays, Xaays, Xaaga, Xaass, Xass, Xaagy, Xaagg or Xaags is absent each

amino acid downstream is absent; and provided that there are 2,1 0r 0 Cys in the

molecule,



absent; and provided that there are no more than two Cys residues in the
molecule. Another embodiment disclosed herein is a PEGylated GAP-1
compound comprising the amino acid sequence of Formula IV (SEQ ID
NO:6) X-16020 -8- Xaa7-Xaag-Glu-Gly-Xadl- '
1-Xaal2-Thr-Ser-Asp-Xaal6-Ser-Xaal5-Xaal9-
Xaa20-Glu-Xaa22-Xaa23-Xaa24-Xaa2s-Xaa26-Xaa27-Phe-lle-Xaa3o0-Trp
-Leu-
Xaa33-Xaa34-Xaa35-Xaa36-Xaa37-Xaa38-Xaa39-Xaado-Xaadl-Xaad2-X
aa43- Xaad4-Xaad5-Xaad6-Xaa47 5 Formula IV (SEQ ID NO: 6)

wherein: Xag/oise bfpistidiper i vsiding desasyaashisi®inecompound comprising the

2-amino-histidine, f3-hydroxy- histidine, homohistidine,

a-fluctOreAyE FeRdaEe s %W@I’%lﬁﬁ%g’ NBQhas is: Ala, Gly, Val,

Leu, lle, Ser, g, Th 258 1is; Thr or Qys Xagl2is: Phe, Trp, Tyr, or Cys;
Xaal6 is: Val Trp, Ie,glj%eélzfé e %?%Véaﬁ?éﬂéﬁ‘i%p ,‘T%}’W”“Xﬁaw'
Phe, Lys, IIe,Xé@w\@w-?liﬁaz@aﬁl a&iéii%-szﬁKBm»;%ﬁ@;mil&:neeyaamfp-mu-
Tyr, or Trp; X@a22is; GlyGlu,\Asp, Lys or.Cys; Xaa23is: Gln or Cys;

Xaa24 is: Ala or 8y§a56‘ %13 %?ﬁlg%la\?gl,%3 RlVineid 9%4,0“%&%628%@2%%-
Lys or Cys; X&a2#-KashkiXdesAanor Cys; Xaa30 is: Ala, Glu or Cys

Xaa33is: Val or lle; %ﬁg@%ﬁ{;@g@sﬁf&aggﬁ Glu or Cys; Xaa35 is: Gly

or Cys; Xaa36 is: Gly, rg o s: Gly, Pro, Ser or Cys;
Xaa38 hgeinPro, His or Cys; 30 Xaa39 is: Ser, Arg, Thr, Trp, Lys or
oY <R e P TARIIRY RSt SRS S -

hydroxy-histidine, homohistidine, o-fluoromethyl-histidine, or a-methyl-

histidine;

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

Kaayy is: Thr or Cys

Xaayy 1s: Phe, Trp, Tyr, or Cys;

Xaa is: Val, Trp, lle, Len, Phe, Tyr, or Cys;

Xaayg is: Ser, Trp, Tyr, Phe, Lys, Ile, Leu, Val;

Xaays 1s: Tyr, Trp, or Phe;

Xaay is: Leu, Phe, Tyr, or Trp;

Xaay, is: Gly, Glu, Asp, Lys or Cys;

Xaap 1s: Gln or Cys;

Xaay is: Ala or Cys;

Xaays is: Ala, Val, Ile, Leu, or Cys;

Xaays is: Lys or Cys;

Xaayy is: Glu, lle, Ala, or Cys;

Xaasp 1s: Ala, Glu or Cys

Xaasy 1s: Val or Te;

Xaass 1s: Lys, Asp, Arg, Glu or Cys;

Xaazs is: Gly or Cys;

Xaasg 18: Gly, Pro, Arg or Cys;



Xaadz is: Pro, Ala, Cys, NH2, or is absent; Xaa43 is: Pro, Ala, Cys, NHz,
or is absent; Xaa44 is: Pro, Ala, Arg, Lys, His, Cys, NH2, or is absent;
Xaad5s is: Ser, His, Pro, Lys, Arg, Cys, NH2 or is absent; 5 Xaa46 is: His,
Ser, Arg, Lys, Cys, NH2 or is absent; and %aa47 is: His, Ser, Arg, Lys,
Cys, NHZ or is absent; and wherein: 2 or | of the Cys residues are
covalenﬁ%ylaattlasg%ﬁd toa gEG Eaé!e_cule, or 3, 2 or 1 of the Lys residues
are covalently attached'td A PEG olecule, or the carboxy- 10 terminal
amino atihisicdvalghity Hitaehegto a PEG molecule; and provided that if
Xaa4d?2, %gaa4§s,_ éogla 4, 45 or Xaa46 is absent each amino acid
downstreant is abaenteand providedftiatthere are 2, 1 or 0 Cys in the
moleculBaapnetSer,éihpedident of the present invention is a PEGylated

GLP-1 compound comprising the amino_acid sequence of Formula V
(SEQ ||§9R?£:‘7°): &&%@%&%@%ﬁé’ﬁf é{aoi-cgs?
Xaal2-Faeder-Asp-XhalbyS e rot YE-byen6lu-Xaa22- Xaa23-

Xaa24- aazséﬁ,aaz‘]g- X§a27- ggg-lle,- XEaBO_-Trp-Leu- Xaa33-Xaa34-
Xaa35-X45365 XA 3 7 R ds- 8185448 K na41-Xaad2-Xaad3-
Xaad4-Xaad5sxead BXaadd, Eouaa, \C{(SEQIDNG afier0 wherein:
Xaa7 isibg_-histid,ige,lg-h' tidipe, desamino-histidine, 2-amino-histidine,
(3-hydrédhistiafie, ﬁblgfgh' TRAAESa b fethyt-ARstBine, or
a-methykdisfidiriéis, Kaadiss, Glys, \(als LR, g, iS85 a1t T 25 Xaaj is: Thr

or Cys; Xaal2 is. Phe or Cys; Xaal6 is; Val, Trp, lle, Leu, Phe, Tyr, or
Cys; xé%a(aﬁ? f8: éﬁ’%ﬁ%&%} Y987 -aYe RESABIENGIN or Cys; 30

Xaa24 isnd\ehersiiys; Xaa25 is: Ala, Val, lle, Leu, or Cys; Xaa26 is: Lys or

Cys; -10 TYLaa27 is(;jGIu or Cys; Xaa30 is: Ala or Cys; Xaa33is: Valorlle;
Xaa34 i& T58 R WriFSEiF brieyalonhaatached (b g moleadasamiprovided

Pro, ArghetriC¥8as,, Xaags, Xaasu, Xaass or Xaass is absent each amino acid downstreamn is
absent; and provided that there are no more than two Cys residues in the molecule.

Another embodiment disclosed herein is a PEGylated GLP-1 compound
comprising the amino acid sequence of Formula IV (SEQ ID NQ:6)
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Xaa37 is: Gly, Pro, Ser, or Cys; Xaa38 is: Set, Pro, His, or Cys; Xaa39 is:
)igéUA g, Thr, Trp, Lys, or Cys; Xaado is: Set, Gly, or Cys; Xaa4l is: Ala,
,Arg, Glu, Lys, Gly, or Cys; Xaa42 is: Pro, Ala, or Cys; Xaa43 is: Pro,
Ala, or Cys; Xaa44 is: Pro, Ala, Arg, Lys, His, Cys, NH2, or is absent;
Xaad5s is: Ser, His, Pro, Lys, Arg, Cys, NH2 or is absent; Xaa46 is: His,
Ser, Arg, Lys, Cys, NH2 or is absent; and Xaa47 is: His, Ser, Arg, Lys,
Cys, NH2 or is absent; and wherein: 2_<§3r_1 of the Cys residues are

covalently attached to a P olecyle, or 3, 2 or | of the Lys residues_are
covalently 3%%8%@‘5@@%8%5 é‘?‘éf%&"%%fmﬁﬁﬁ%%?ﬁiﬁg(aa”'
acid is covalently atiatheas ¥ aRBGamakawes and Heavidad thatihXaasds.Leu-

Xaad5, Xaad6, orxaadl,is absent each amino gcid downstream i
absent; an%ﬁ%@iggfﬁﬁ theredie ,aiﬁ%gl@a@" R tredfion Bﬁ‘fé'%fﬂﬁt fffa3-
embodimenKdisgiaed-haraiaa-PEGylated GLP-1 compound
comprising the amino aci rmula VI (SEQ ID NO:8)
Xaa7-Xaas-GIu-GIy%%ﬁi‘%ggg%@ﬁgé?e&sp%aa,
whBanSer-Tyr-Lys-Glu- Xaa22-Xaa23-Xaa24-Xaa25-Xaa26-Xaa27-Phe-ll
-Xaa3po-Trp-L.eu-Xaa33-Xaa34- . oy . o
G SR R ide. Sesasine s iaarbiscding. Redudiox-
aad5-etidde Xaad7 Formula VI (SEQ ID NO: 8) wherein: X-16020 -11-
Xaar is: L-histidine, D-hjstidine, desamino-histidine, 2-amino-histidine,
hemabifslipe istiamanishbiistiding, S o hdhiptisigsdine, or

xadnethythigtiding;) Xaag e, Sdy, Mafnkeu, lle, Ser, or Thr; 5 Xaail is: Thr
or Cys; Xaal2 is: Phe or Cys; Xaalé6 is: Val or Cys; Xaa22 is: Gly, Glu,

Xagy 1By 5Bl Xaa23 is: GIn or Cys; 10 Xaa24 is: Ala or Cys; Xaa25 is:
XAkg, Mable TuUrar GySysXaaz6 is: Lys or Cys;

Xaajg is: Val, Trp, Ile, Leu, Phe, Tyr, or Cys;
XKaayg 1s: Ser, Trp, Tyr, Phe, Lys, lle, Leu, Val;
Xaajg 1s: Tyr, Trp, or Phe;

Xaayg 1s: Leu, Phe, Tyr, or Tip;

Xaay; 1s: Gly, Glu, Asp, Lys or Cys;

Xaays 18: Gln or Cys;

Xaayy 1s: Ala or Cys;

Xaays 1s: Ala, Val, lle, Leu, or Cys,

Xaage 182 Lys or Cys;

Xaayy is: Glu, lle, Ala, or Cys;

Xaazp 1s: Ala, Glu or Cys

Xaass is: Val or lle;

Xaasg 180 Lys, Asp, Arg, Glu or Cys;

Xaass 1s: Gly or Cys;

Xaasg is: Gly, Pro, Arg or Cys;

Xaazy 1s: Gly, Pro, Ser or Cys;

Xaaszg 18: Ser, Pro, His or Cys;

Xaayg is; Ser, Arg, Thr, Trp, Lys or Cys;

Xaayp 18: Ser, Gly, or Cys;

Xaay 1s: Ala, Asp, Arg, Glu, Lys, Gly, or Cys;
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Xaa27 is: Glu or Cys; Xaa30 is: Ala or Cys; 15 Xaa33 is: Val or lle;
}5?%332 is: Lys or Cys; Xaa35 is: Gly or Cys; Xaa36 is: Gly or Cys; Xaa37
Is: Pro or Cys; 20 Xaa3g is: Ser, Pro, His, or Cys; Xaa39 is: Ser, Arg, Thr,
Trp, Lys, or Cys; Xaado is: Ser, Gly, or Cys; Xaadi is: Ala, Asp, Arg, Glu,
Lys, Gly, or Cys; Xaa42 is: Pro, Ala, or Cys; 25 Xaa43 is: Pro, Ala, or
Cys; Xaa44 is: Pro, Ala, Arg, Lys, His,mgxs, NH2, or is absent; Xaa45 is:
Ser, His, Pro, Lys, Arg, Cys, NH2 or is absent; Xaa46 is: His, Ser, Arg,

S, QYa. NHZ 0 is nt; anolr Xaa47 is: His, Ser, Arg, Lys, Cys, NH2 or
)&lé%%ls‘ént; 3& aflihgj Wherefh: 2'0r T'0f the Cys residues are covalently

Xatacheling AREGmBRBgulejsotBetor 1 of the Lys residues are
fa%alg:np%agﬁc’r)ﬁd tp H%JI%ESG @%I%ﬁe, or. thgsc%{boxy -12- terminal

amino acid is covarently attached to aPEG molecule:; provided that if
Xaadd, Xaads, RaadesoitaadysisNdbsenisedskmino acid downstream is
sent ar vided,that there.are 2. 1 or 0 Cys jn the molecule. Another
)%%&{gdi%@eghtgég’séd{%éé“?%gg?h%ﬁé Eﬁi‘%@%‘?g& -1 compound
Xeompsiditig the. dngnbecid sedliéneeiotbeniula VIl (SEQ ID NO:9)
JHisiAlaGlu-Gly-Thr-Phe-Thr-S
er-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-GIn-Ala-
2 Ml LySHGIGResithion|acd ppsadantly aitlagbeGlo a PEG molecule, or

RSIREI SEY eI SR BN moleedl s o

19U0e)! WireeinidXaed VikrThrasachest tXa®Eisn®beilr, Cys; Xaal6 is: Val

R £r6% a8 AR 1Pl Skl B dg Ao L 1P SARR R bl P heia

ys; Xaa2b is: Ala or Cys; "Xaa2b'is: Lys or Cys;
downstream is absent; and provided that there are 2, 1 or 0 Cys in the molecule.
Another embodiment of the present invention is a PEGylated GLP-1 compound

comprising the amino acid sequence of Formula V (SEQ ID NO:7)
Xaar-Xaag-Glu-Gly- Xaa; - Xaap-Thr-Ser-Asp-Xaayg-Ser-Ser-Tyr-Lys-
Glu-Xaazs- Xaaps- Xaap-Xaays- Xaaye- Xaay-Phe-Ile- Xaase-Trp-Leu-
Xaazz-Xaass- Xaass-Xaass-Xaaz-Xaaszg-Xaae-Xadsp-Xads) -Xady-Xadas-
Xaays-Xaass-Xaase-Xaas;

Formula V (SEQ ID NO: 7)
wherein:
Xaa; is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, B-hydroxy-
histidine, |

homohistidine, a-fluoromethyl-histidine, or a~methyl-histidine;

Xaag is: Gly, Val, Leu, lle, Ser, or Thr;

Xaay) 1s: Thr or Cys;

Xaayy 1s: Phe or Cys;

Xaayg is: Val, Trp, Ile, Leu, Phe, Tyr, or Cys;

Xaay, is: Gly, Glu, Asp, Lys, or Cys;

Xaaps 1s: Gln or Cys;

Xaagg 1s: Ala or Cys;

Xaaps 18: Ala, Val, Ile, Leu, or Cys;

Xaagg 18t Lys or Cys;



Xaa27 is: Glu or Cys; Xaa30 is: Ala or Cys; Xaa34 is: Lys or Cys;
Xaa35 is: Gly or Cys; Xaa36 is: Gly or Cys; Xaa37 is: Pro or Cys; Xaa38
is: Ser, Pro, His or Cys; Xaa39 is: Ser, Arg, Thr, Trp, Lys or Cys; Xaa4o
is: Ser, Gly or Cys; Xaa4l is: Ala, Asp, Arg, Glu, Lys, Gly or Cys; Xaa42
is: Pro, Ala, Cys, NH2, or is absent; Xaa43is: Pro, Ala, Cys, NH2, or is
absent; Xaa44 is: Pro, Ala, Arg, Lys, His, Cys, NH2, or is absent; Xaa45
- isX&8er 141810 (Ayys, Arg, Gly, Cys, NH2 or is absent; X-16020 -13-
X§a46 is: His, Set, Arg, Lys, Pro, Gly, Cys, NH2 or is absent; and Xaa47
is: ﬁ@,%er,%‘?éﬁﬁ@s, Cys, NHz or is absent; Xaa48 is: Gly, His, Cys, NHz
oKmalhisewtl xad49 is: Pro, His, Cys, NH2 or is absent; and 5 Xaa50 is:
t, His, Cys, Ser-NH2, His-NH2, Cys-NH2, or is absent; wherein said
Csﬁe‘iiljl-3 %o O&B’Mpﬁ%?‘ﬁa}ﬁ;one to seven further substitutions and
wKergits: 2307 bofthe Cys residues are covalently attached to a PEG
lecule, or 3, 2 or 1 of the Lys residues are covalently attached to a
g%@%ﬁ&é%’ﬂ’e?%’r H&cHrbdRy- 10 terminal amino acid is covalently
alaehdst 018, PRGIA0QCOR; provided that if Xaad4, Xaa45, Xaa46,
oXaa4d/ ig absent gach amino acid downstream is absent; and provided
thatHidie e 201 IS 0% 4% the molecule; and provided that if Xaa42,
Xeadh3 iX R4 P6aTAD, DIpaHGy Kaadt, Xaad8, or Xaad9 is absent each
%agi downstream is absent 15 Preferred embodiments of Formula
1-ViffA s P B PidoMipounds that do not differ from GLP-1(7-37)OH or
GX&, (6 3G N by morsuthan 7camipe @%js by more than 6 amino
ids, by more than 5 amino acids, f)y more than 4 amino acids, or by
e dianS-dhminBr&ctds. It is also preferable that the GLP-1 compounds
o_’p{lﬁgggmyla;{jymgg@y@ygline or glycine at position 8 and glutamic acid at
position 22. It is also preferable 20 that the GLP-1 compounds of formula

F 151K Kl A& By Give A Bosttigh ®santd glutamic acid at

Poiions30ed! isigiprpraferable dhat {he Gl Rsl.sempounds of Formula
I-VII have valine or glyc?rf\e at po(Es}glﬁbn 8 Zandlﬁiaé;t%(i%?é or cysteine at
pé?‘?'ié

ASaHIS| S&TalstE phefe abe Wikt eids@bratt o pounds of Formula
|-Xﬂah1;al‘é9}2i£}r8%19&9g91§;§,'@%/s, NH; or is absent;

and wherein:
2 or 1 of the Cys residues are covalently attached to a PEG molecule, or
3, 2 or 1 of the Lys residues are covalenﬂy attached to a PEG molecule, or the carboxy-
terminal amino acid is covalently attached to a PEG molecule;
and provided that if Xaag,, Xaaqs, Xaage, or Xaasr is absent each amino acid downstream is
absent; and provided that there are 2, 1 or 0 Cys in the molecule.
Another embodiment disclosed herein is a PEGylated GLP-1 compound
comprising the amino acid sequence of Formula VI (SEQ ID NO:8)
Xaar-Xaag-Glu-Gly- Xaay-Xaa; 2-Thy-Ser-Asp-Xaa; ¢-Ser-Ser-Tyr-Lys-Glu-
Xaazz-Xaagg—XaaM—Xaazs-Xaaze—Xaam—Phe-Ile»Xaam—Trp—Leu-Xaaaz-Xaas4~
Xaa35—Xaa36-Xaa37~Xaa3g-Xaa39~Xaa49-Xaa4;-Xamg—Xamg-Xam—Xams-
Xaag-Xaagy |
Formula VI (SEQ ID NO: 8)

wherein:
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residues. It is also preferable that there is one PEG molecule per GLP-1
Xgpg@@@und. 25 Another embodiment of the invention is a PEGylated
GLP-1 compound comprising the amino acid sequence of Formula VIl
(SEQ ID NO: 10) Xaa7-Xaa8-Xaa9-Xaal o-Xaal i
-Xaal2-Xaal3-Xaal4-Xaal5-Xaal6-Xaal 7-Xaa | 8-
Xaa19-Xaa20-Xaa2I-Xaa22-Xaa23-nggé-XaaZ5-Xaa26-Xaa27-Xaa28-X
aa29- Xaa30-
agl X . - 4-Xaa35-Xaa36:Xaa3d7-Xaa38-Xaa39-Xaado
NP AT I S e S SR S
wheréisti¥u6020 -14- Xaa-7 is: L-histidine, D-histidine,
desamino-histidine, 2-aming-hjstidine, (3-hydroxy. histidine,
g g i e i N———
X¥alisXadyg, ¥alb oG élc, Me;, oF Thr: 5 Xaag is: Glu, Ala or Asp; Xaalo is:
X.GIy,.AIargr Va&' Xaallis: Thr, Cys or Ala; Xaal2 is: Phe, Cys, Ala, or
Ef‘%}tl;I ‘aaigris:ylshr or Ser; 10 Xaal4 is: Ser, Ala, or Thr; Xaal5 is: Asp, or
Xealy, iXaditoisCheu, Cys, Ala, lle, Val, or Met; Xaal7 is: Ser or Ala; Xaalg
Xis: Lg;s_ Qrafb\la;clg Xaalg is: Gin or Ala; Xaa20 is: Met, Ala, Leu, lle, or Val;
48601 iIS¥Sluorala; Xaa22 is: Glu, Cys, or Ala; Xaa23 is: Glu, Cys, or
Xiday, 12 @GKadR4d, igspld.or GySyxaa25s is: Val, Cys, or Ala; Xaa26 is: Arg,
Xg((:ays Qr(ﬁllla 2 a27is: Leu, Cys, or Ala; Xaa2g is: Phe, Ala, or Tyr; 25
&?&“g IS 18, VAT, Leu, Gly, or Met; Xaa3o is: Glu, Cys, Ala, or Asp;
XXaasdl atnpCda, Phe, or Tyr; Xaa32 is: Leu or Ala;

Xaaps 1s: Ala, Val, Tle, Leu, or Cys;

Xaagg 181 Lys or Cys;

Xaapy is: Glu or Cys;

Xaazg 1s: Ala or Cys;

Xaays 1s: Vat or Tle;

Xaais is: Lys or Cys;

Xaagss 1s: Gly or Cys;

Xaasg 18: Gly or Cys;

Xaasy is: Pro or Cys;

Xaagzg 1s: Ser, Pro, His, or Cys;

Xaagg 18: Ser, Arg, Thr, Trp, Lys, or Cys,

Xaagp 1s: Ser, Gly, or Cys;

Xaag 1s: Ala, Asp, Arg, Glu, Lys, Gly, or Cys;,

Xaaygy 18: Pro, Ala, or Cys;

Xaays is: Pro, Ala, or Cys;

Xaayq 18: Pro, Ala, Arg, Lys, His, Cys, NH,, or is absent;
Xaags 1s: Ser, His, Pro, Lys, Arg, Cys, NH; or is absent;
Xaaug 18: His, Ser, Arg, Lys, Cys, NH, or is absent; and
Xaagy 18t His, Ser, Arg, Lys, Cys, NH; or is absent;

and wherein;

2 or 1 of the Cys residues are covalently attached to a PEG molecule, or

3, 2 or I of the Lys residues are covalently attached to a PEG molecule, or the carboxy-



Xaa33 is: Lys or Ala; 30 Xaa34 is: Asn, Cys, or Ala; Xaa35 is: Gly or Cys;
Xaa3b6 is: Gly or Cys; -15- Xaa37 is: Pro_or Cys Xaa3S is: Ser, Cys, NH2,
or absent; Xaa39 is: Ser, Cys, NH2, or‘&@s‘ent; Xaado is: Gly, Cys, NH2
or absent; Xaa4l is: Ala, Cys, NH2 or absent; Xaa42 is: Pro, Cys, NH2
B%Héf’zﬁf}l%aﬁ IS prelely Ritashsiddpseti Graplaatispro, Cys, NH2 or

phseasiand i Xaads, ixﬁé;; X NHRZ 0, 2R s8Rt apgkWheRaIn 2 2 08 F i€ is

Cys residues are covalently attached to a PEG molecule; and provided

057 aRd BV IEH PRGBS AdICEIE: TarthiegrstrgatEthat no more
VIR el R L

Xa a20, Xaa2l, Xaa22, Xa aa aa aaZ/,
ﬁ%ﬁg{}?ﬁ%ﬁfﬁ%&gé’f h %(?g%leé}cfnag ?Ezr%r\l}?dlij%ggégﬁgtm I>@a‘j.l) is His, Arg
or TYQ mmat'}@hs 8 _Kg 40, X ?ﬁ% ?(géﬁg%@%%% -I;(mh? o Al
provideg that if Xaa38, Xaa39,. Xaa40, Xaa4l, Xaa aa43 or Xaad4 is
absentggé 5@#% |§cd%§ﬁ1jt<¥% ‘féva?gs[éﬁf.cﬁﬁﬁlﬁf%%%sazﬁaw%am-
and 32 ddrebianla XiH,ca0n0} - Haepnuedate 8 CXsieing aine,agid

without resultant unaccept blﬁ of activity. The polyethylene glycol
polymers used in th}ﬁ?ﬁrfg 0 Iké%‘@)uargé/r%)oly have molecular

Wéighis between 500 and 100,000 daltons, more preferably between
%Qf’foﬂosﬁgr%)aoo daltons, most preferably between 20,000 and 40,000
! e

s 4
altons, may Betifiear or branched molecules, and may be polyethylene

olyetl derrativaSyas described in the art. In another aspect, there is
ovfged_ #I?ai usgj of a PEGylated GLP-1 compound as defined above in
Eaiutatie 8 a medicament for the treatment of diabetes, obesity,

strake imyideakdiaktnfarction, irritable bowel syndrome or functional

q)é/sa[?[ psia,,Disclosed herein is a method of stimulating the GLP-1 receptor

in 2153 2 SUHECEH need of such stimulation, said method comprising the

Hepafiadnnnistesing to the subject an effective amount of a PEGylated

gLP%}L .c_orrlpound described herein. Also disclosed herein is a method of
i dﬁn‘a e EVB-1 receptor in a subject in need of such stimulation,

Said2hedtiod epopgising the step of administering to the subject an

gge%%'v.e_ ount of an unPEGylated GLP-1 compound with a sequence
*&fovin T 8EQ'ID NOs 3-10provided that there are 2 or 1 Cys in the

Helgoule .A3sbjecis:in need of GLP-1 receptor stimulation include those

\%'th on-insulin dependent diabetes, stress-

a34 1s: Lys or Cys;

Xaa35 1s: Gly or Cys;

Xaa36 is: Gly or Cys;

Xaa37 is: Pro or Cys;

Xaasg 15 Ser, Pro, His or Cys;

Xaag 18: Ser, Arg, Thr, Trp, Lys or Cys;

Xaagg 1s: Ser, Gly or Cys;

Xaag 1s: Ala, Asp, Arg, Glu, Lys, Gly or Cys;

Xaag is: Pro, Ala, Cys, NHa, or is absent:

Xaag 1s: Pro, Ala, Cys, NHy, or is absent:

Xaay is: Pro, Ala, Arg, Lys, His, Cys, NH,, or is absent;

Xaays is: Ser, His, Pro, Lys, Arg, Gly, Cys, NH; or is absent;
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induced hyperglycemia, obesity, gastric and/or intestinal motility or
€ ing disorders including, for example, irritable bowel syndrome and
functional dyspepsia. X-16020 -16- DETAILED DESCRIPTION OF THE
INVENTION Glucagon-Like Peptide 1 (GLP-1) is a 37 amino acid peptide
secreted by the L cells of the intestine in response to food ingestion.
Numerous GLP-1 analogs and 5 derivatives have been described in the
art. The present invention describes modifications to GLP-1 compounds
at result in extended elimination-halfzlife and/or reduced clearance.
Xgr%é%}rsggﬁ’lt)gﬁ?é}? i%ér('i g’ S(’;)igb fe%st}éhegsl’nto articu 'g?ea{l#i%%gacid sites of the
XpeptigdipsoVided m thipt, rus gNdyvhichebspolyethylene glycol (PEG) or

' derjvati covalently attached resulting in a PEGylated
XEEE@S@W?%Y?, é(}@gfg%‘? IO(%I SHL

GLP-1 compoun onally, the’10 lysine residues or the
Xearbexy s ritindyysf e Gt Rabpeptidek, analogs or fragments of the

XIPRIARMAY b CovaIRvly 2i)2shad i oRg o1 moremglecties of PEG or

EG “derivative resulting fn a molecule wit Fextended elimination
whetltilifeagthioP redoveducibaranuecS Pl (T87) GdnaS tiherandinbtaiGiohs
anPIUENSS. of SEQIDNO:1:1578910111213141.516 17

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser- 18 19 20 21 22 23 24 25
2 oBloaf pig: Spy1PyiduestiaBigcGeGin-Kiachdd-toys K3 Rivde@0e26r30 31 32
3,3230§41” 3PHe é{s H%E&%ég%' é&}@!ﬁhﬁ%ﬁ%@%ﬁ@é@%éSE%egﬁy Qs -erggrboxy-
term "polypeptide” or "peptide” as used herein, is intended to iridicate any
tepBiaplETIRg] Foidhis eqya! prihyarye dedandaly Or tertignjdorm) of an amino
RPN R, ARSI, S, A0 5 A0 Al SR M BISRm
or may not be further moditied e.g., acetylated, carbox;l/llate )
abspidfs phe iraredtdipidalede oradylate 8)CThantdmtdtivgt:; refers to a
ralypentide that kas anagming acid gegu that js identical ne.foun
alin%ynatvure. The termﬁﬁzﬁati\(%ﬁ’is intge’ndeésf?)ﬁg%égr%%%és a eﬁ’igr\t/%?%izﬁtlss %l%sgm
eafieaptiypepiddlo Mo HuesabseThe term "amino acid” is used herein in its

broa@%@féﬁéﬁ?&nﬁﬁ@iéﬂ&&@&ﬁmﬁlyﬁ?%aw ?Srﬂll[’]-q %Slgﬁo%n&etﬁzgsdo not

non-naturally occurring amino acids, including amino acid variants an

differiframy 8- IO A skiledliarth- Bri (i 6adbghizenimaiben Graimbasads, by more
theeBNHOR, NAELSISTEREE GRS AN RIS AHIGANEIHHSS, IBL SXARPIS: by more

_naturally X-16020-17- occurring proteogenic L-amino acids; D-amino
thaedanspe afitdily hiv dlfe arsfaiabl adiasthech id samwardd ¢BRanmsiandVil

heAGHVRIES AUR Y PSSUBING NONRAIIRRIRNC.AMIGRon 22. 1t is also preferable
that the GLP-1 compounds of formula Formula I-VII have valine or glycine at position 8
and glutamic acid at position 30. It is also preferable that the GLP-1 compounds of
Formula I-VII have valine or glycine at position 8 and histidine or cysteine at position 37.
It is also preferable that the GLP-1 compounds of Formula I-VII have 2 or 1 or 0 cysteine
residues. [t is also preferable that there is one PEG molecule per GLP-1 compound.
Another embodiment of the invention is a PEGylated GLP-1 compound
comprising the amino acid sequence of Formula VIIT (SEQ ID NO:10)
Xaar-Xaag-Xaag-Xaag-Xaay-Xaaz-Xaa3-Xaas-Xaa;s-Xaag-Xaa;r-Xaal g
Xaajo-Xaasg-Xaay - Xaday-Xaas-Xadys-Xaays-Xaas-Xaay;-Xadrg-Xaaye-
Xaazo- Xaaz;-Xaan-Xaass-Xaazs-Xaass-Xaase-Xaazr-Xaasg-Xaazo-Xaaso-
Xaag-Xaaq-Xaag-Xadgs-Xadss
Formula VIII (SEQ ID NO: 10)

wherein:
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acids such as norleucine, (3-alanine, ornithine, etc.; and chemically

XS g&%sized compounds having properties known in the art to be

characteristic of amino acids. 5 Examples of non-naturally occurring
amino acids include a-methyl amino acids (e.g., a- methyl alanine),
D-amino acids, histidine-like amino acids (e.g., 2-amino-histidine, (3-
hydroxy-histidine, homohistidine, (x-fluoromethyl-histidine and
a-methyl-histidine), amino acids having an extra methylene in the side

chain (thpmo!.aming acids) and amino, acids in which a carboxylic acid
Xk QI o AT T e A A S e S
higigin&YigistagidinErefaraklymbowerntidhe GLR=HSemRAUNIS Afther, Ala or
Vgresent invention comprise only naturally occurring amino acids except as

herwise specifically provided herein. The term "GLP-1 compound" as
Xuger:herginengludes native GLP-1, [GLP-1(7- 37)OH or GLP-|
(7-36)NH2], GLP-| analogs, GLP-I derivatives, GLP-1 biologically 15
Xagitre ﬁ]é’gr%@r%,‘[\é%?fended GLP-1 or an analog or fragment of an
XextendedyGhRr-drpegtide (see, e.g., U.S. Patent Application Serial Nos.
60/346474 and 60/405,097), exendin-4 analogs and exendin-4
Xganvitils C8Rpidify one or two Cys residues at particular positions of
Xthe, petide agsdaserigethierein. By custom in the art, the amino terminus
of native GLP-1(7-37)OH has been 20 assigned residue number 7 and the
X8arlxy 46 Ahitfis, number 37. The other amino acids in the polypeptide
Xase, irsbergn cansgeutively, as shown in SEQ ID NO: 1. For example,
position 12 is pﬁe’nylalanine and position 22 is glycine in the native
XA dEUSPATEE B 1 fragment,” or "fragment of a GLP-1 compound” as
XusgdshekeinCis aa biolpgivallyoashive polypeptide obtained after truncation
of one gr more amino acids from 25 the N-terminus and/or C-tenminus of
X835 P Ethpdiimd. The nomenclature used to describe GLP-1(7-37)OH
Xappliesites Gt R4 fragments. For example, GLP-1(9-36)OH denotes a
GLP-1 fragment obtained by truncating two amino acids from the
Xieekin Orafﬁrlfbne amino acid from the C-terminus. The amino acids in
Xthe, fragmeni hrd denivtedibyatthe same number as the corresponding
Xamino_ id in GLP-1(7-37)OH. For example, the 30 N-terminal glutamic
E(elomin @Eﬁ)?l E-‘36)OH is at position 9; position 12 is occupied by
X phenylalanioes andypasition 22 is occupied by glycine, as in
XaGaLP.-Slgl-BY OH. X-JIG_OZO -18- GLP-1 compounds include GLP-1 analogs
ata Exen 'n%g’a%ra‘i})ﬁs. To be clear, "exendin-4 analogs" as included
Xuwathin: "&b B Cgempounds” always have one or twoCys residues.
XPrefer_a\?!%, GLP-&la,nalog has the amino acid sequence of
?f‘lz_bl-sl( - 7?@53’40& an extended GLP-1 peptide as described in U.S.
XRatent Application Sarial Nos. 5 60/346474 filed August 1, 2002, or
X6O/4‘%-5LO%7 iled A%qu_st 21, 2002, both entitled "Extended Glucagon-Like
Eﬁébhde-e.t Anﬁbars.' ot a fragment thereof, modified so that 1, 2, 3,4, 5 or
XeagnnBlaecidsddfersirom the amino acid in the corresponding position of
Xgﬁ%ﬂ%ﬁ%??ﬂe%r %{}r/?gm@{;of GLP-I (7-37)OH or modified so that 0, 1,
Xaay 1s: Glu, Cys, Ala, or Asp;

Xaaz; 1s: Trp, Ala, Phe, or Tyr;
Xaas, is; Leu or Ala;

Xaasz 1s: Lys or Ala;

Xaass is: Asn, Cys, or Ala;
Xaass 18; Gly or Cys;

Xaaze 15: Gly or Cys;



amino acids differ from the amino acid in the corresponding position of an
extended 10 GLP-1 peptide. Most preferred GLP-1 analogs are described

herein in Formulas, I, II, lll, IV, V, VI and VII. Most preferred exendin-4

analogs are described herein in Formula VIII. The term "PEGylated"”

when referring to a GLP-1 compound of the present invention refers to a

GLP-1 compound that is chemically modified by covalent 15 attachment of
OREQf MAE, ra}oé%ules of polyethylene glycol or a derivative thereof.
Furthermore, it is’intended that the term "PEG" refers to polyethylene

gRfewisds: SeacrivatVE Theredhastare known in the art (see, e.g., U.S.

Patent Nos; 5445 ; 5,900,461, 5,932,462; 6,436,386; 6,448,369;

6,437,025; é’,ﬁ’%’,ﬁ%‘?‘eﬁﬁ;ﬁ%@@; 6,515,100 and 6,514,491). Preferably, in
PEGylatef@LPx bBiApoudsmf the present invention, 20 PEG (or a

defi atiigefyl%e-'r )ﬁf?val ntly attached to one or more lysine or cysteine
resiélfjle_s' of t’§ %TL - c%rrﬁeg%%%ﬁd. Most preferably, PEG is covalently

aftéends Rrarevor NHarercaystsitje residues of the GLP-1 compound. For

PEGylated exendin:4.analpgs of the present invention, PEG is attached

to (%Xé prq?veb%%tg%% %sﬁggeé%’introduced into exendin-4 or an exendin-4
argioglalpoditionsit otifiekit;aanula V. Optionally, the 25 PEG

mplecule; b ched to the GLP-I compound via a linker or spacer
molg?:suuilsg%?e%eyy 3’)@%%&?}? sspez%er molecules described in U.S. Patent
64268¥348)nin the nonmenclature used herein to designate GLP-1

comppunds, the substituting amjno acid and its position is indicated
oI 4% B 618 T L sl B ples ool and

GLo2ZG LR 123 YO H slesiopalssha %ééu?@'ﬁﬂﬁ%%%lj%mi ihe

g cérg% norgally found at position 22 of GLP- 1 (7-37)OH ﬁ%agg%%nore then
replacad With gﬁ? Abt A RIS R 5 G R - K 187 @M (OFan1g, Xany, Xazs, Xam,
VIER2-Bhr (437 JOk) Jesignates 4 GLR:1 sempoynd,in X-16020.-19- ,
ié:h 1%I%nin normally found at position 8 éﬁid glygc?i’lré?({aIa r%ir%mglﬁ??%%\ﬁ%egtalm that, if
position 2576t EPPINT BHGH A eseehfepladat wat vadne iarda: and, further
ghutardedabid if sspegtiiely,, Yald; exeading designate %% LP-1 ,
cg(r:rll&)ggnd j[n which a;erine nor_ma?lly found eilg4 pz(’:)si?i%r:’i §ro exésneg]l%%%%asch AIHINO
been repiacedwith 3 Ylind astasasabiy: & % B b and 3pb Bioutsubs 1HE! Gannot
iracentionokiateen iBgetinQiaRis ALVt HRSVIDQHQRIG agtivity refers to.the. .

ability toﬁ@timu ate insulin secretion in response to e?eéget: d %%Eoggg Factivity.
levels, tHeraly YAILA st e Upmreshyebins thadn detieaEMRSpreferably have
ghuobsellevelssHnsinaicaRio REl Ity 6P ASSESSed by methods _know

in aﬁt&eﬁr@qbr&géjding using in vivo expefiments and’ i%%f?rgrgng%%;?g t %}Ve‘m%’%o
meas E@ﬁ%ﬁ@?%ﬁ%r@%%ﬂ@%@c@d@@&é&%me@w be linear or
absaysempiedarNanarealo,dsisteelis o inswlinpma cells, as described

in EP 619,322 to Gelfand, gt.gl?ar}% U'S.VS. I@%Cr%ﬂ%? 3G ?SCHL@% m the art.
respecﬂv@?‘?‘l‘ﬁﬁlﬂmﬁﬁﬁh@aetisiwdsidedttheIysmeastl?ecmﬁilatbumaﬂs1bwmpound as

riefars iagb sl devals et GuREBHIF S ey el EQ ANS I RURY Han E)chﬁabetes
Rresent mvintlon an II&_VI'[_I’O GLP-1 receptor signaling '
Ssily, stroke, myocardial infarction, irritable bowel syndrome or functional dyspepsia.

Disclosed herein is a method of stimulating the GLP-1 receptor in



15 assay is used to determine whether a PEGylated GLP-I compound of
the present invention will exhibit insulinotropic activity in vivo.
Insulinotropic activity is an activity that may be used to demonstrate that
the PEGylated GLP-1 compound is biologically active. "In vitro potency"
as used herein, is the measure of the-abflity of a peptide to 20 activate
the GLP-I receptor in a cell-based assay. In vitro potency is expressed as
the "EC50" which is the effective concentration of compound that results
in 50% activity in a single dose-response experiment. For the purposes of
the present invention, in vitro potency is determined using a fluorescence

a8SHyl tRabafpoysshibic:zo8-vlts that siatily EXRIBSSIHS AUMAN GLR-L .
regepielel :K-293 cells taply integrated a DNA 25 vecior stenng to
IBC Qg%?fbﬁﬁe?a?no éofh aaﬂ(%éggmg’hﬁp

having a cCAMP response elemefit eXprEssmdtseribed herein,
(Sleetisniased (RidiMigemetdednemalion Pl GkB:1 cumpgrpd (!

: ) N ) . ) ject in need
gQnistwith ihsreseptor. nitiates a signal that results in activation oflﬁlle'
cAMP response égﬁgﬁeatﬁédsﬁ%@gaﬁigﬁtt SRR SlorriBTvs erinarisaie, subject an

giglfgjﬁ‘f;‘a%@ e@ﬂﬁ}fﬁyﬁtﬁéﬁt&?@pemdsﬁm@ie%egqaemﬁ%}ﬁg&wn in
oes0RISe tRANMEEd: i to cells that
have ,ﬁpep%’gn %(ipoLﬁeg to.a pquiEC aén%qﬁripg (%ﬁblgﬁfeta%%ﬁlcs%? O%L}%\ﬁgg g need of
measure of GLP-T aaggﬂig?cg% E1RGSe At soRyine intHeperdsisiabites, stress-
oo et o e Bl RN orer
assay dgéscribed fk;dve. Rﬂelative inls\%ﬁ%wﬁrgfeﬁgg f}ﬁlé}é@%g}‘ psia.
established by running Val$-GLP-1(7-37)OH or native GLP-1 as a control
and assigning the control a reference value of 100%. 5 The term "plasma
half-life" refers to the time in which half of the relevant molecules circulate
in the plasma prior to being cleared. An alternatively used term is
"elimination half-life." The term "extended" or "longer" used in the context
of plasma half-life or elimination half-life indicates there is a statistically
significant increase in the half-life of a PEGylated GLP-I compound
relative to that of the reference molecule (e.g., 10 the non-PEGylated form
of the peptide or the native peptide) as determined under comparable
conditions. Preferably a PEGylated GLP-1 compound of the present

~ invention has an elimination half-life of at least one hour, more preferably
at least 3, 5, 7, 10, 15, 20 hours and most preferably at least 24 hours.
The half-life reported herein in Example 5 is the elimination half-life; it is
that which corresponds to the terminal log 15 linear rate of elimination.
Those of skill in the art appreciate that half-life is a derived parameter that
changes as a function of both clearance and volume of distribution.
Clearance is the measure of the body's ability to eliminate a drug. As
clearance decreases due, for example, to modifications to a drug, half-life
would be expected to increase. However, this reciprocal relationship is
exact only when there is no change in 20 the volume of distribution. A
useful approximate relationship between the terminal log
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linear half-life (t,/,), clearance (C), and volume of distribution (V) is given
)@Y()t@f’() equation: t,/, z 0.693 (V/C). Clearance does not indicate how much
drug Is being removed but, rather, the volume of biological fluid such as
blood or plasma that would have to be completely freed of drug to
account for the elimination. Clearance is 25 expressed as a volume per
unit of time. The PEGylated GLP-1 compounds of the present invention
preferably have a clearance value of 200 ml/h/kg or less, more preferably
180, 150, 120, 100, 80, 60 ml/h/kg or less and most preferably 50, 40 or
20 mi/h/kg or less (See Example 5). In the present invention, a Cys
amino acid malabABb KR SHBOGRIPATOOS KN E HE 30 YENDIQAN or 32 or

GLP- %ﬂfc%o%ﬂ:iﬁ@ @aﬁiﬁg @tNﬁJSPt—’ f")c%uasgﬂtr{ﬁﬁg Q&iﬁ%g%{}/dgfs&%ted 1')3/ the L-

resulting peptide. It is contemplated that all other resid may be replace
c?mrpﬁtbystéﬂﬁémmmmﬂbfmdi@g?@t@abwqm@mﬁwskmém and
abropprdiad A Rasiionipl alslea {omdhe. ARSI UAG bt rbifications
16, 22, 23, 24, 25, 26, 27, 30, 34, 35, 36 and 37 ofGLP-1 or GLP-1
toaAidd sepivesdytaiprstdtab Kirndedrel thamRoor i€ ideammitior aefisqsler

cf@@ﬁ%leh}&!}ﬁ&g{ﬁ%‘mn& Q(('%% ?%gﬁﬂgsqﬁ?ocfélaﬁf LinPleEe a&@sﬁ

Ve th
more preferred 5 preferred that they are located at position(s) selected ©

p%#ﬁ@tﬁéﬂ@i@ﬁfpéébh%igtmg?é? hidea i yebyEmastyer B everPingrderivative
i VE%%%&?&%%EH%%Q&&&%M%%&@S EASPIing POIREUIS MY RSy, the
PEGylated at the Cys amino acids resulting in a modified molecule that
hransinesuliey o pergorbotatsiomdaieslibeit Rvhirepiidencpacionger Fakifats of
wban thabahihesinmodified melarueLsbap M%gal&%iy@a%%@t&?a PEG

Alternatively, in the 10 invention, GLP-1 or GLP-| analog peptides may be
dppaiysted Biipadr avpdeapiew Pl ardengstheliraindties balpddiiortar sxdeped
cR\E,2G; or at the amino acid at the carboxy terminus of the peptide.

Another embodiment of the invention is the unPEGylated GLP-1
GdmipduhdOitias the sedendd searpw i ERAIDNOS 3-10 provided

that there are 2 oy 1 Cyg in the 15 moleceule ; Applicants; discqvered that

residyes-at;specific, positionrefithe GLR+1, compoynds. ¢an besubstituted
with Cys and still retain biological activity. These unPEGylated GLP-I
compoundg may-he intarmediates ysed4n the; procgss of progucing the

PEGyiated GL:R-1compaunds,ofdhe present invenfions These, gompounds

may also be used as therapeutics for disorders where an extended

half-lifesis not required; 2.9.3 20 igrtablesbowel syndrome. Once a peptide

for uselin the nvention is.prepared,and pyrfied;tsisymadified by no: 1)

covalently linking at least one PEG molecule to Cys or Lys residues or to

the carpboxy- termjnal amino agid. It is difficult to endow delicate peptide or
prote?ﬁ‘)r% %%Eul%%im?ﬁégﬁit%léj R ?)rﬁﬁé‘ﬁﬁg&ﬁ?%&mﬁﬁ%ﬂlwggcate any

strathaul ausieg|ppamfthaicdundiionalitidy Amige valietyied meathogsence
have been described in.the art to produce cqvalently conjugated.to PEG
R B et A HA PN e ARIERGRTA OL M modified

(e.g., acetylated, carboxylated, phosphorylated, lipidated, or acylated). The term “pative”
refers to a polypeptide that has an amino acid sequence that is identical to one found in
nature. The term “native” is intended to encompass allelic variants of the polypeptide in
question.

The term “amino acid” is used herein in its broadest sense, and includes naturally
occurring amino acids as well as non-naturally occurring amino acids, including amino
acid variants and derivatives. One skilled in the art will recognize, in view of this broad

definition, that reference herein to an amino acid includes, for example, naturally
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to be limiting (for review article see, Roberts, M. et al. Advanced Drug
sPeliyesy Reviews, 54:459-476, 2002). Carboxy-terminal attachment of

PEG may be attached via enzymatic coupling using recombinant GLP-1

peptide as a precursor or alternative methods known 30 in the art and

described, for example, in U.S, Patent 4,343,898 or International Journal

of Peptide & Protein Research. 43:127-38, 1994. PEGylation of proteins

may overcome many of the pharmacological and
oletitRIBHRAUIMROIRNGR i SR ARS AR AN A ARRH: il BN cias

peptides or proteins as therapeutics. However, for any individual peptide it
spshu ceriam apidethB ke PEGYiabddo matofale paptiteavifitpieeogenic amino

sigodicantpsa inchioactiviiy.as compared: (o he UpBRGY|ated form, of the
apeptide. The bioactivity of PIIE]GyIath? pr’ote‘tl(ﬁs%1 I&%r%%%%?%lge {%e 52(:8t§l)rs
cemplousishivéenSsivpesiahePEGImbleedls; li} Heparticsiiardivesios acids.

tachment; iii) the degree of . modification; iv) adverse coupling. :
S e D S M S i e o
nmpdiyindaisndigothndtiaabeld, Mytginetatiomahbaciaii o meausis hvitldine, B-
h%%mage_inﬂicted by the activated_polymer; or viii) retention of char%e. o
PEFCHSY RS RORIBHAL Feciutr eReH bR At A b fustidine),

AGYHRIIORS HBRaEiGUR DR HRBUeth hd S Ak MAHEIRANSHANSHD acids) and amino

bioactivity. [Francis, G.E., et al., (1998) PEGylation of cytokines and other
S SRS RS Wit p G E Ot SHaBBrEA MR Mt bBRBitsalicplaced with a
swiimizaiiogelrauplingsterchinye printkadi e 6&4 48l EG Watsshunds of

GLP-I compounds of the present invention have an in vitro biological

the pReRe A R P TSP B B At esip 1R SRR @ ciftsreraBy ahathsrvise

spéal Bail P pibRilitd-BAHAH. More preferably, the PEGylated GLP-1
compo#nd of the present invention has an in vitro biological activity that is

at least'$9678} 39t OrRag GEPsEbIFHdRe UlsaBN R ToF -1, [GLP-1(7-
3Wast LB KT-FIOMN S Y bl iolagisalactivit: mavbe deieranined by 1deimy

vitro potency assay as_ described herein (Example 4) or by other GLP-1
gt aen SR ERE U Al TG eBrieerE Epmpsatel Bl £anss (k- bf
pébadevesiien:meys20havesbigiegical setivitiiawen taan thahefaliveos ),

GLP-I gr of Val8-GLP-1( _-37)é)H as measured. in a particular assay;_ this
XU FRRIRRS 1S BHRPIBRELREL B} R REWIINRALC BkidiicUS SIS 2t

pandionlpudtclearbnesvplide anddsstapaveaia.a favorable characteristic
for a GLP-1 comé)[ound with an extended elimination_half-life. It is further

contempATEaThA: tHeFo SHGHE bt tHENES O PRNRIS IhitH HAVEH dias bsgn
addgneliteesidoemmasate améysiain® sesiduemwitionielinipatianobielegieal acids
. at%tiVigi maét.(g&e substitgteddwith a C¥.St ine in the anagoﬁéus Rosition of
i B AU TR S LS E NG A AV Sha By BE B atte SPoitdirg fg cxample,
p&sitiqd e cephenyRieferahlydthesaiane? s Mocmthaniz: aati(zysdevne.acids

per exendin-4 . analog of the invention. Preferably Cys that existinthe =

ol LBk Lol CARH PO the o0 LRGP 3eigsis
bidl2Ral3,a24 v 2 DppRpeRil S0hR 35 (86 ,131hcaBoB9f 40¢ 41 ndbie 4dhaithddls from

see Formula VI]II); preferably posit selected from the grou
th% (‘&?stleslflr}llauosfafé,} (%“6(’?—5%’1@%}1%8? ?#igg«iﬁmpo unci. ﬂe no%enc?ature used to
describe GLP-1(7-37)OH applies to GLP-1 fragments. For example, GLP-1(9-36)OH
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)OH. For example, the

N-terminal glutamic acid in GLP-1(9-36)OH is at position 9; position 12 is occupied by
phenylalanine; and position 22 is occupied by glycine, as in GLP-1(7-37)OH.
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40, 41, 42, 43 and 44; even more preferably positions 26 and/or 34. Cys

)?{’%. acids X-16020 -23- present in the molecule are covalently attached
0 a PEG molecule resulting in a PEGylated exendin-4 analog with an
elimination half-life longer than that of native exendin-4. Preferably a
PEGylated exendin-4 analog peptide (as described in Formula VIII) of the
present invention has a biological actjgté{jhat is at least 0.5%, 1.0%, 3%,
5 10%, 30%, or 50% that of the unPEGylated exendin-4 analog. The

sequ f wil exendin-4 is: .
HG Egﬁfi%%’%%’@é&%&wé\/\?ﬁ%ﬁ% AP EBE S DR B clear,
“extndm-itsatyalived fosrmcREG! iwdhin&ail foly nenwithdetadimay hipavexyle or two Cys
S an he forgnula HO-CH2CH2-(CH2CH20)n-CH -Oll, )
B o T T e, R S T iy om o
arsghistidee §rvith a gpotectbdespobedsudh. SsPateatkiboh edkian A agid iyos.

R t o r oup, more,pr ly it is
O G e £ o L R OO HIRUR R SR Gifuca
“Tadtudteldibrreaon- itk Beptpbptiderditesé are famydartherofPEGIfsefub that 1,
far th S in i0 raus_derivatives of PEG exist in_the art.
2 D O e St SR lion of
GERA 676808 000:461218:8 80462 6, 4367306 614183681 6,487 0252, 3,4, 5 or 6
44 ; ; / £.514.491 and Zalipsky, S.

o AR O O A R IR AR P xended
Gh#takpeptideGYIPst roofapedifd il 4he qgesendinudptibhesmobihtencéas1d, 11, 111,

IRy pari] ” REGS.IT r weight is.k fgrgbl from
00 00 e A e g St
VHAd most preferably from 20,000-40,000 daltons. PEG may be linear or

branched, and-PEGYIAIRE Ghbr k??ﬁ%?g%”ﬁ%ﬂ%ﬁ?&%ﬁ@&?&fﬁ% haved.

2, 3,4,50r 6 PEG ‘molecules atta e peptide. It is most
ingeaterabifaidothéreibé erePEG! tholdsslemperPEGyafed B fdalent

at&.femﬂawfm@%9%9%@y&ﬁexgmggﬁwf%'gqc%ma Eg}%%mg cylss

per peptide molecule, it is prefer t there 0 more than six. It'is

Fytifpen @s.coinenpded diriabboerneBEGT théPEGrsistylenmely ¢se or a
dm@%@%&w%ﬂmﬁqﬁ%&t@éé'@5!9@%%5@%&%&5%090;

compounds together. The present inventioni provides GLP-1'cdmpounds

5,3fith*rie DP PRS2 B:43 ISR GOVl AR Schdd Férst6.40h659; 6,515,100
ard8t894 197 prepadngiiheEeyaled SLP L SamReeds AR IS8 Ention,

invention involves the use of PEG-maleimide to directly attach 30 PEG to

PRGN yesup st h & pessitis. crval antly atiesbadoppusior funtibiitinptaysisine
reSRNIQVSORY GOHINGQLINREHN Q/[%s@f}fﬁef%%jﬁﬂ)‘? ﬂﬁ@i?ﬁ@v@&%&%ﬂggggqg one or

positions described above. A thiol functionality can also be introduce

mgfReXHEBRIEETAER of the (Peboerpaub plise B Gy latyanendortysirdogs of the
préseminR QoM PEathigksantaiing Asidy S LEGY Ao RIS G 10

present invention utilizes Michael addition to form a stable thioether linker.
exendin-4 or an exendin-4 analog at positions identified in Formula VIII. Optionally, the

PEG molecules may be attached to the GLP-1 compound via a linker or spacer molecule
(see exemplary spacer molecules described in U.S. Patent 6,268,343).

In the nonmenclature used herein to designate GLP-1 compounds, the substituting
amino acid and its position is indicated followed by the name of the parent peptide. For
example, Gluz-GLP-1(7-37)OH designates a GLP-1 compound in which the glycine
normally found at position 22 of GLP-1(7-37)OH has been replaced with glitamic acid;

ValgGluyy-GLP-1(7-37)OH (or VgEz-GLP-1(7-37)OH) designates a GLP-1 compound in
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The reaction is highly specific and takes place under mild conditions in the
Xp{g&ﬁ&ce of other functional groups. PEG maleimide has been used as a
reactive polymer for 5 preparing well-defined, bioactive PEG-protein
conjugates. It is preferable that the procedure uses a molar excess of a
thiol-containing GLP-I compound relative to PEG maleimide to drive the
reaction to completion. The reactionswalr _preferably performed between
pH 4.0 and 9.0 at room temperature for 15 to 40 hours. The excess of
nPEGylated thiol-containi eptide is readily separated from the . .
S SR T e e R S e A gnagon 22 08
Gedntiliar s OéhbiredtiamB Etadedion tbfvaibP dhdé @haponivdsalespetortblin Valg-
Example 1. Cysteine, REGylation may be performed using PEG "
o S e e PR RO g B BB Rt position 8 of
exandety bidiclogieplaetivitidsa FeliexahrpleraBlyRht: GAB-Heemioundi@f the

insténrr%luolr(ilrheair(1zslunlé{1mrgl ase. tah e causing glucose uptake by cells and 15
decreased serum &UC selevels’[see, e.g., Mojsov, S., (1992) Int. J.

PeptidmfioteirResetirchy 4018830 GkRblliy particuldte fueuhisistgrata in

treatment for non-insulin .dependent diabetes e”itUST(PI DM) as it dges
Sttt e peideie sl et e ha
désraisedqunsemplateni¢ddyela tieatinentdoic alogsity, cinitablesbowwéby methods

K éjr-orﬁlea d.functional dyspepsia. 20 It is conte _ la. dtr]ata of a
BRI A R e PERe S oot R b R 0 e

Ghdxiutaehire bindimpditarent focdetretitragon of porsiagutimpleyandentcreatic
. di i troke, cardial infargtiqn, irrifabl wel syndro
fies SR ok, s gy wisbebeye e
Padenh Bined WA Bihespeodifidatidnaiknotwrpin teg aty te moteabe iGioPuled in

f-life. (se U.S..25,Patent lication Serial Nos. 60/346474 filed
h%%&%ﬁ%%%%ﬁfé‘%&ﬁ&%%ﬂﬁ% eﬁ%%%ls%v S 2002) and thereby
incre&ise ikephiapolits of the wempbinvdngitenafuitherrth &l IP EGytationsidonieng

ificati herein, th "GLP-
asggﬁgé%%aggo;@g{g%@wﬂ&ﬁm%dp%@g?at%fd;*éﬁ@h A é?ggn%gresen}

udes pharmaceutically “acceptable salts 0
in@@mﬁp@m@@dhﬁ#tib@@h@@m A@L@ﬁiampqdnwﬁhmismo dntigitfionagevtivity
m%%?%%%s%éf lGIgatyaedic t&?%@@%@ﬁ %R@@ '8’16% p%&bn%’@ucﬁﬁ) }%‘%iolo sgically

groups, and accordingly react with any of a number of Inorganic bases;
aciive-inorganic and organic acids, to form a salt. Acids commonly

emp'%%%fﬁ&[@n%_saida@%q%oﬂe%&&@%%@a&ﬂg%ﬂﬁei%ﬁ%@gﬁ f?ér% Side to

such as hydrochloric acid, hydrobromic acid, hydroiodic acid;
achidiete poSpHoria aeiptoa i alsellikes ethebsvgahic deitpotenty aspxpressed as the
“ﬁ@éaememma@%cm%%ﬂ@éﬂl@mﬁ BE ARG AR results in 50% activity in a
_p-bromophenyl-sulfonic acid, carbonic acid, succinic acid, citric acid,
sipglg Aoitederpoase netitahd thethkevspesemebids ofessohissatstioe dde:ro

pdaSHiaiePEASHIRIG . RIStiALS, HUR ISHWINE m PROSAIREE 203 cells that stably

monohydrogenphosphate, dihydrogenphosphate, metaphosphate,

expypehivsdpiate, Ghidrdecertsmiddstditiek attaelphoproiehl; tdezmtssie DNA
veedhl Xm%’g a cAMP response element (CRE) driving expression of the B-lactamase

(BLAM) gene. The interaction of a GLP-1 compound (or agonist) with the receptor
initiates a signal that results in activation of the cAMP response element and subsequent
expression of B-lactamase. The B-lactamase CCF2/AM substrate that emits fluorescence
when 1t 1s cleaved by B-lactamase (PanVera LLC) can then be added to cells that have
been exposed to a specific amount of GLP-1 agonist to provide a measure of GLP-1

agonist potency. The assay is further described in Zlokarnik et al. (1998) Science 279:84-
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acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate,
1 te, succinate, suberate, sebacate, fumarate, maleate,
butyne-l,4-dioate, hexyne- 1,6 10 dioate, benzoate, chlorobenzoate,
methylbenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, sulfonate, xylenesulfonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, gammas-hydroxybutyrate, glycolate,
tartrate, methanesulfonate, propanesulfonate, naphthalene- | -sulfonate,

sfapfthalene:2: suffanate, 5@9&@3%@9%@%@1&5 @a%%%&%&%i&%éggﬁxg the

include those derived from inorganic bases, such'as ammonium or al

Maﬁm—é@wﬁbﬁé@m r&ﬂlﬂléispéarﬁ@ﬁale@i@mm bmdst_h@.ished by
rlikEnS e, Rases pesfldRPseRaing @%q».slagss é’ﬁ&%&f‘gﬁg‘ﬂgﬁéﬂgﬁﬂﬁ sS04

sodium hydroxide, potassium hydroxide, ammonium hydroxi
rederencsi e bohate, and the like. 20 The PEGylated GLP- | compounds

of theﬂ@%@t‘iﬁyﬁmpﬂaﬁﬁﬁa%@}ﬂw t}%‘fﬁ%% fﬁ)lr @Mﬁf@#f the relevant

administration, they can be also be delivered orally, by nasa

mgdfavesteaslto Fb\ et asaribpti Pae hedta lckefridistatidiemati vabloged form is

“GAMRS AYFIRRIC AHDIRIS AU, SHEN 3SR HIFMUSEHIA, ITANGEAPYFasma
subcutaneous, or mtgjaﬁgerltoneal injection. The PEGylated GLP-1

hahourdindastiva hakinlHisteroertes 2Berhéssupisiticaboriianefiomiviskragse in the
hAPIRRGRIS RRRIMAGRUISA CORIRSn A UaREOL (X ERIGPIRS AR Anotecute (e.g.,

pharmaceutical composition for treating the diseases discussed above.

thepepRArddsdteanconipoaamideantbe rrdviupenide) tudmanitradander
cHRFRRISIAL U CARINB (BB EPELPUNA, AL A SHPBE IR RSt AP

GLP-1 compound complexed with a‘divalent metal cation such as zinc.

ISR sDaBIAHaRE ot dul Chif el sgs comedinuneronsgredisabwabienst 3, 5, 7,
1610 RosderRCE it SbEL RERLUMR, OF R:%Q@@?l‘gﬁﬁiya%'ﬁmm@?gpoﬁed herein in

pharmaceutical formulation techniques may be employed such as those
Eyasphoe il rEimitgomsheidifak suthal rdurdneesemeands xorbe sonpsal log-
1P ishing SAMPRRY. HaRIQN, AR SHIEPIS PRHRAcRIIGRLSAIIS S M derived

parenteral administration include, for example, sterile water, physiological

PUZTHMEC ARt SHBRERE @S shilHiciien pf e BhelarTARCca o v omsand tEBREN-
alcohol)phrsnbate-Ruliaird saling danisase i Ringeradactale afance

the like. Some examples of suitable 5 excipients include lactose, dextrose,

desierseeire o szamedpoimanidicatiapits 2 trePrdyiftorogidhg expected to

CRIROUNGS Slthenikveatien- My At fRrmpulated Josn 8omMiRISHRHION $dGthange in
that blood plasma levels are maintained in the efficacious range for
theselvgs pg

(HEPRRBOR. ThESRsiRBEPER i arbtRsiPb pBiseadhg trgminal log-
lgelveNY- iseroon binavairbility de W Regadatiannimentides by acis @ad

enzymes, poor 10 absorption through epithelial membranes, and transition

eq3Rbeptites td- ardinkdiublElsarnwsftace vobsitieats thevasidib grig is being
A U 3 LD P PRI ot
have to be completely freed of drug to account for the elimination. Clearance is
expressed as a volume per unit of time. The PEGylated GLP-1 compounds of the present
invention preferably have a clearance value of 200 ml/h/kg or less, more preferably 180,
150, 120, 100, 80, 60 ml/h/kg or less and most preferably 50, 40 or 20 ml/h/kg or less
{See Example 5).

In the present invention, a Cys amino acid may not be incorporated at positions 7,

28, 29, 31 or 32 or GLP-1 or GLP-1 analog peptides because of loss of activity of the

resulting peptide. It is contemplated that all other residues may be replace with a cysteine
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in the art. For example, PEGylated GLP-1 compounds can be

2 ulated using microspheres and then delivered orally. For example,
PEGylated GLP-1 compounds 15 can be encapsulated into microspheres
composed of a commercially available, biocompatible, biodegradable
polymer, poly(lactide-co-glycolide)-COOH and olive oil as a filler. See
Joseph, et al. (2000) Diabetologia 43:1319-1328. Other types of
microsphere technology is also available commercially such as

bM?ﬂ@ﬁf@f&lﬁ‘}%ﬁ@l@ﬂ%@%ﬂ@g@%é%%%%ﬁt@é?IX %@;t{é%@ggfggfdg&y&%om the

Medisorb(r) pdlymers can"be 20 pro with any o e Isomers.
groagtiengRialiae rhtics tan2Be3addd2 betiuebh 89106, 34d310010 ZNofiBEP-1 or

ciosa braag, @%@a&f RONDRIRIARS ﬁ!)e_f%mmﬁﬁ%'bom fe;yéh&ﬁﬁéi&%%fﬁ%r

delivery systems and implantabledevices with resorption times rangi
mpditte SRS FirRminE psidpivaret aghalsd PublisHee um érousnartigiesreferred

pRIREHSSIRG %%quéiy&raeé&%fe geL@@efnf@; 9&9&9&%%%g%ea'dulgaﬁgéisﬁng of 22, 26,

example, see WO 25 9528838 by Leone-bay et al. w oses
3dpEbiflé sadricrnbenpriseeroPratriffiddo smihotavisision Ricilitdter 34. The resulting

mRRSRRURR, T8 FUREXIAGH: a'fg %%Eﬂ&?%@&%@&ﬁﬂ%%ﬂ(?%ﬁ FA LS ccule that

used to treat subjecCts with a wide variety of diseases and conditions.

TS WA IR GRIOR (i r it neis abpeiorip avsidel iy the plesemttisifdfisshan that of

ARG RIARACa SHEH N AN A RCPIANS %?éﬁ{&ﬁ%ﬁ}%ﬁ the
"GLP-1 receptor"&::'?e Dillon et al. (1993) Cloning and Functional

ingpiensishiof te(Hdimbmarg agoirdikapepaddCodited 1) Rucéptopr three of the
1ySREQEHRRRGY pdARH-A9Q - 110N Seiesisith HiReRses ARd/el S0 Ftécgﬁ%ms of

that respond favorably to X-16020 -27- GLP-1 receptor stimulation or
thtecabAsinstration of GLP-1 compounds can therefore be treated with the

PEGylaistl S LRrbaamposngs afihapresent imﬁe@&%t@eiw%%%m?s witlh

are said to "be in need of treatment with GLP-1 compounds" or “in need o

thes psienkscapton SaUES AR B Pirde ararddadbiestthierrivohanduflivs in the

md%%%meﬂgﬁiﬁaﬁﬁaiém&@@@ﬁﬁ%%ﬂe@ﬁ@ 1o SHOYRARSE WBLP-1
00/16797 by Efendic), myocardial infarction (see 98/08531 hy

COBIRABIS ey REEWD wgSromE pilarin biclemeticersiiyed htsr

BURGRIM - ; ichqf i o .
uland irritzti%ﬁa@ %gwifgemﬁﬁn%ggéﬁ%g% %%dwg%imﬂucmg

thiy Rk s eEubib crraaimds @ Pliopirsst dnt e HsamBrshRABPEIsmay also

bEREBRAY Bchr SpdutRY BiRCIR ltisk farAeyelaping NoR slin HePeAHRBY, ¢ 0.,
diabetes (see WO 00/07617). Additional subjects include those with

IR BV Bl ¥BLEBferance or impaired fasting glucose, subjects whose
body wigightjsabeub28% iRBRVE Rl Rodpweioht dantRgubiechS dified by

height and body huild, subjects with a partial pancreatectomy, subjects

“WAAY oG Al HpBRih R s RulsaIvaspdnadrtidnegiabindae carboxy-
tesMbieCisiviobRvahadgrsiational dishates anebsHBIECISWRSNAURAAL;s with

acute or chronic pancreatitis are at risk for developing non-insulin ' )
SUWapEREhPHRERESDY AEAsiES RABIEE P es fsde ek bradenetionality.
Alpventioneab e dised ave been described in the art to produce covalently

conjugated to PEG and the specific method used for the present invention is not intended
to be limiting (for review article see, Roberts, M. et al. Advanced Drug Delivery Reviews,
54:459-476, 2002). Carboxy-terminal attachment of PEG may be attached via enzymatic
coupling using recombinant GLP-1 peptide as a precursor or alternative methods known
in the art and described, for example, in U.S. Patent 4,343,898 or International Journal of
Peptide & Protein Research.43:127-38, 1994. PEGylation of proteins may overcome

many of the pharmacological and toxicological/immunological problems associated with
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normalize blood glucose levels, prevent pancreatic p-cell deterioration,
A (3-cell proliferation, stimulate insulin gene transcription,
up-regulate IDX-1/PDX-1 or other 20 growth factors, improve (3-cell
function, activate dormant R-cells, differentiate cells into 3-cells, stimulate
R-cell replication, inhibit R-cell apoptosis, regulate body weight and
induce weight loss. An "effective amount; of a PEGylated GLP-I.
compound is the quantity that results in‘a desired therapeutic and/or
prophylactic effect without, causing unacceptable 25 side-effects when . .
R e T o B B o S i s
utdesinedwhetlapabt € EGetttcnh Suchest dinepeptilere/ 0f baed ol mifiegnilipanin
amelioration of the tom ciated with. the disease or condition;
bé‘iaac%‘gfé{f inthe %ﬁgg{[g% eslyl/?n@t(g‘ﬁs%?%%ag%ﬁla e v?/i?ﬁ%gedisease or
conditir BpintregsetNbhgiatity portder ednvbithe fieetabbedesa @f theh as: i) the
treatment;.aad 4) greater quality. of life compared wvith tBe. ence of 3
e L Ry S SRR e DB R %)
npokipogied;for) tdedeatomptingfediabetes;is tdehantityrthat iwordd fesatkairhment
reatar control of blood. X-16020 -28-.glucose concentrationthan inthe = ..
o Rt ey A e R e w0
deorngtioafiots] Sychasctotinabpthynas unopatwe enkisnef/diseasd)évanding on the
"effective amount” of a,PEGylated-GLP-1 ¢cq und for the prevention o .
e e e i A o TR R R e
drensmeradubeconsebofelavigte d 5 bioed@iicose/le(H18hBEG@gation of cytokines
i afi- V. ic-drugs such as sulfgnyl ureas .
e O S R AR apuigpon of
cthelPEGydhred &L doMpourid lad®linistered to a subject will also
depequQj} mgdt@%,a_ rity of the di -.and on the characteristics, .
of the subject, suc ag%)zgn[\é(?gﬁﬁsegﬁmea%%%%%g%%n ilo\l}vitgi|agvk‘13taannI viro bivlogical
agolwitaribet te arisgst A6 %yhitalinatiecH Gylate hGieR+ticoiyobads of tHeGLP-

. et Y ot o] i

L e BN DYt gt Wention

haptiniamipidyniadisetis foity tGLR (P 3 7JOH Ve tefertied td Hheor more

pRabuesp ﬂ%%%@%g‘@?fm@fﬁ@%@eUééélr?g%ggﬂ@ﬂegéwsmgﬁ%%qgﬁ%med by
nas o F’l n on

range for the PEGylated GLP-I compou e prese ven
theilvrarigerPbmesisete daywgibed Hayito(EsemplodDanbypshdaG B hassays

¥ bl .
P g v T DR g

hmfgj/amb@gic%m}é‘éfy iaendramiant preteratsl b rirman{ bialch BIEEHE HPH as
nRNA -9 pmmme&mm@a{%gﬁdgggas&?st%oﬁ[b%ﬁ@ﬁéﬂ%ﬁ @?grgz%om ound’s

animals (e.g., cows, 20 sheep, pigs, horses, and the'like) and

catsmraisha igifeand/ pitey guitrssasig s aliscadentike fvEhdpe frideshised to
cHﬁQ@(@H@tf@%Pg@ﬁtﬁ%ﬁéﬁﬁﬁ&mgH R RAIALIRLERERLLIRYRN RN can

be prepared by using standard methods of solution phase or solid-phase
It is further contemplated that the positions of the GLP-1 peptide which have been

found to accommodate a cysteine residue without elimination of biological activity may
be substituted with a cysteine in the analogous position of exendin-4 and result in an
exendin-4 analog still capable of binding the GLP-1 receptor. Preferably there are no
more than 2 or 1 Cys amino acids per exendin-4 analog of the invention. Preferably Cys
that exist in the molecule are at positions selected from the group consisting of 11, 12, 16,
22, 23,24, 25,26, 27, 30, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43 and 44 (see Formula VIII);
preferably positions selected from the group consisting of 22, 26, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43 and 44; even more preferably positions 26 and/or 34. Cys amino acids
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peptide synthesis techniques. Peptide synthesizers are commercially
xgyg&%le from, for 25 example, Applied Biosystems in Foster City CA.
eagents for solid phase synthesis are commercially available, for
example, from Midwest Biotech (Fishers, IN). Solid phase peptide
synthesizers can be used according to manufacturers instructions for
blocking interfering groups, protectingigg amino acid to be reacted,
coupling, decoupling, and capping of unreacted amino acids. 30
prlRIEAML R GRCGRIRATOYARIICSIRE ALNO. 5K ARG N B IR, o
amino acid on the growing pep jde ¢haim on‘a redin is coupfe at'todm
Piempeteaterenidiant imertogoieénanselohiagt dimietylfGrihamidéhan that of native

-methylpyrrelidone lene chloride in the presence X-16020. -29-
o & R L BlBRE R enbaa it
VAdrbslybprezettiaraletanchas basdagichl astdiisopropylathydsirding:, THE ., 3%,

16-586ham %@&%@%mh%@df fgaioved Jfrom, the feswiting peptide, o iid type
resin usmg a reagent such as trifftuoroacetic acid or plﬁerl ne, andp?he
cxoublintiseHEHOG TERSRB KN THEReXRA4IIFSH N DIOERISG AR acid

gg% éﬁ@ﬂ%‘i o the peptide chain. Suitable amine protecting groups are
( e e{<nown in %[he art and are described, for example, in Green and Wuts,

"Protdotifgtproalpeim.ldganica Byenhesistedonthwileyrahty8oms; ¥99dps and has
[ —hi f whi resinca ted by _reference. Ex

e e S oA EER i about
40Q0THdp bgtides! Snalmigengynihesivddtising witind wdtactiomgteap such as an alkyl

id- nthesi s, USing. i~ onyl- or ” .
o L IO 8, pore ey s
teprutesdtivnr afiegroompletichishsymhesisypeptiddsiaedteaviytdigateth® react

iq- su ith.si 0 ide-chai rotection .using.
e T o
NygrfiedsubkingaResers & G phaset Gt madogeapiyhda fvydaciC I8 invention.

(sféy,tmg?,smi.nﬂa?e%%qe&r&e4gs?@@,nsédao%f{% ,5%%“96938%%% 36l (TER)=60.

To remove acetonitrile, peptides aré lyophilized from a $olution contaifiing

0.6 2P FA4ESEhitiid ahePnadels POfgnddnid delified BylipskalylicBioconjugate

CIRYE'88% Phase CRI9Matogiaghy . 19aNIY-Of RERTIIES SRR Poecgggfhegogypomds in

mass spectrometry. Peptides can be solubilized in agueous buffers at
theeuasans MvV2otPhd Srvé mishdedilaSiediadter the fellowiag erenTPiés shaelecular

wil @%W L&&%b@'ﬂi@d@(ﬁ@m@@ﬁﬁéﬂ?ﬁ%&reﬁﬁ@?&? 27000-60,000

PEGylation of GLP-1 related analogs: PEGylation reactions are run under

dalgmaaAsnpgupeisahl insosr At 41.800 SakivethBEGonay Bplisificallyhranched
aif® U RkbeGetQR IaRaaa oM .eherisa %epﬂgb& thio}-containing:

peptide concentrations rang;1 from 1 to 10 molar’excess of methoxy-

mpeggeypiadisiidertranentidhd FETy e vetitiohy Hrerabernaty Hinmplecule

péPPRGIgRREAtNe- Thp REGHIBIed Bl L Aeptideds then isolated UsingrG
reverse-phase HPLC or

molecules per peptide molecule, it is preferred that there be no more than six. It is further

contemplated that both ends of the PEG molecule may be homo- or heroly-functionalized

for crosslinking two or more GLP-1 compounds together.

The present invention provides GLP-1 compounds with one or more PEG
molecules covalently attached thereto. One method for preparing the PEGylated GLP-1
compounds of the present invention involves the use of PEG-maleimide to directly attach
PEG to a thiol group of the peptide. The introduction of a thiol functionality can be

achteved by adding or inserting a Cys residue onto or into the peptide at positions

described above. A thiol functionality can also be introduced onto the side-chain of the
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size exclusion chromatography (SEC). PEGylated GLP-1 analogues are
X_cﬂég)%ﬁterized 30 using analytical RP-HPLC, HPLC-SEC, SDS-PAGE,

a MALDI Mass Spectrometry. Thiol-containing GLP-1 peptides are

reacted with 40 kDa polyethylene glycol- maleimide (PEG-maleimide) to

produce derivatives with PEG covalently attached via a X-16020 -30-

thioether bond. For example, peptide Cex-51-C (VsE22133C40 GLP-1,

45aa in length; 7.5 mg, 1.8 mol) is disSolved in 2 ml of 200 mM

phosphate buffer containing 20 mM EDTA, pH 7.4. The solution is t .
P @&itﬁ“g{%‘b‘?ﬁ YRBSHRIBI iETaHR &Y %@‘}ﬂbc‘&?tammg acid) A%%Gyiat‘on
proeResHRE R MALyénhifu iaaiees REChavRRIm e (looidhR h-@28c1Biocther linker.

Shearwater mers,_Inc., I—%%ntsv'lle, Alabama) (0.55;1 mole/mole ratio

Polymers Al ;

Thy BSEEI98 HiEab) SRERTFRGGHSS Parf AR 1 %%@egpﬁgh%%we of

otthe REyaiedpaptideis punifiad dyh RdP LSedoharagietizeddmer for
size-exclusjon HPLC, and.tested for in vitro activity. Example 2 -

DB P TS A D GREEST P ARAIH L. O PR AhAdh G

prascatbE 42N dG@hdlardv8G3s Gidl-asatatirgtivaly Rmlaieddatithee to PEG
introdyced cysteine residue using maleimide-activated bifurcated 40 kDa

mfﬂﬁ 8 ‘f@v%ﬂ%ﬁ@‘é%é?ﬁol‘ﬁé’%tﬁ& ﬁl—i‘? ﬁé@%ﬁﬁéﬁ@&gﬁ&ﬁ{%ﬁé‘" ormed

bepapbseptd be RGyipieebismdisaplrediia HQ sM4DRISBUTEE 3k fds& O

.25-fold molar, excess of bulk 40 kDa- mPEG..is added. Th
R AR TS GBI RS AFRTOIS 8 HDOPS SR gekgyoduct by
cotiadyizie O\ pagibt/mkElrome mikanshagesndidchmil citeat g ORTMation of
osphate, 7.4 at oximately 5C. The PEGylated-GLP molecule
oS i e R R b SE o L RGBT BNt ormed
usiAgiershaml Biagbiendafifeargl PisGatalayidd)) using a NaCl gradient at
neutr 20 Example 3 - DSPE-3.4kDa-PEG-maleimide reaction with
oL P Bl SRS EIL BV B R o A PSRN Ss Berample. GLP-I
had 3eds GukdasamealectivalyiPiEylaletkatih edntiog ybadh aysieike by cells and
residue using maleimide-activated 3.4kDa mREG terminated, with,a lipid,.

O b AT G R RS (L Gowiler” B aTotei

Réwez)yckho40188 PEGYlRtDI reagtiolr h erpepticlk is digsatweshifol 00mikbulin
TRIS 2 ffer at pH.8 a -fold molar excess of b .

R SR N O TIRND e Ao R Ab g as do

prapproXiiaistytititmtatasSiksP i soditilizingtiidated to be a treatment for obesity,

; lIi)ta @Eb%é'é a-P 9'%!8‘%’3]!% . TQFJ%""%“S{‘ is allowed to stir at room
emperature%l} “Fhdlrs and then |aﬁy9e8'overnight (7 kDa membrane)
againstid Gomivhgiteatd, tHE mdde phodif@idatpt (Z1P &t apprexindatéljioiesent

I DR RURR pepide s putfed by anion 0 cxcheras chvomarog oy,
on a Mono-Q coliimn (Amersham Biosclences Corp, Piscataway, \B

insisimgdaiNa@Ging ki dientsab besityabobk X 60203 1L infacatiypleivtitabi o/itogvel

sy%%% @g@gﬁz R PR S 1 G o LR e RIS b ¥ ined

with other modifications known in the art to increase GLP-1 half-life (see, e.g, U.S.

Patent Application Serial Nos. 60/346474 filed August 1, 2002, and 60/405,097 filed

August 21, 2002} and thereby increase the half-life of the compound even further than

PEGylation alone or the other modification method alone.

As used herein, the term "GLP-1 compound" also includes phanmaceutically
acceptable salts of the compounds described herein. A GLP-1 compound of this
invention can possess a sufficiently acidic, a sufficiently basic, or both functional

groups, and accordingly react with any of a number of inorganic bases, and inorganic

and organic acids, to form a salt. Acids commonly employed to form acid addition
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CRE-BLAM system, are seeded at 20,000 to 40,000 cells/well/100 |

DMléf2 medium with | O%FBS into a poly-d-lysine coated 96 well black,
“bottom plate. The day after 5 seeding, the medium is flicked off and

80 | plasma-free DMEM medium is added. On the third day after seeding,

20 | of plasma-free DMEM medium with 0.5% BSA containing different

concentrations of PEGylated GLP-1 compound is added to each well to

generate a dose response curve. Gen@r%lly fourteen dilutions containing

om 3. nanomolar to 30,na PEGYI; tide are used to
) R S U P O B S0 ek R o B o aid
s@ﬁiﬁwm@ﬁbiﬁﬁﬁﬁ(ﬁ:h@ufs ehihtialatgniith faai FicQylated @qptlde 201l

3-lactamase ubs ate F2/AM, PanVera. LC IS added
wﬁ?%lg(ﬁ i 1&83% QIR AE IR R AT fawﬁ?ﬁécdwd

camboazccymx!lerccTMe aséawﬁcfmﬂhgbd@&ﬁﬂ taed?llthdﬂk&Eﬂdk a@ﬁ&he(ﬂ;ﬁ@ﬁ),

SC|e ce 78 84 The followi PEG lat
B S 0L T e b ooy e i B SR ity
pleayhhte ﬁﬁ@%)ydmt@ﬁoéﬁa&mfﬁﬁﬁpﬁ%pﬂﬁﬁ AkBRREGAMOC
87% gﬁ? Bi&kla EPSE PEG.18% V8C38-40QkDa é%(c; 3% 20
PYGgtiss BK PR H96, S 3155 P ABKE P RRe sApP e Ipte.
ackdtes &ﬁr{gmté;] iEtampless caphatenepldnetic, anafysiatof (ﬁizeflm%tlix@donate
GLP- t|d A P,{I)EG lated GLP-1 a alog SEZ?&%?BC% O kDa P
S R s 0SSR o U BT TR 4 e R KHATEots

difint, &Mbmmé%h@me&mm&%lﬂ&dm{@te maleoSidEatsate,

mT@l% anlfr:?]%!)sa 2 r%ﬁ Cﬂe{etlgn 0|nt for ts f%)r ti é)lnt for SC) are
6 ed 5? various times etween ggsﬁour gftg floh “Pasma is

ploatiégtep drone, qﬁrdn;ﬂhmpfetanﬂtﬁmlymdég)gaadtmmmnﬂﬁ&ﬁ@yate glycolate,
Ph rmag |net| ameters are.calculate epende

R P RS0k 80 MBS N PN Basg. e itblcne. 2

sdéqm%entaﬂs@ﬂabd’: thedphad#@itacokinetic parameters is reported in the Table

1 below, By, IV admipist he PEGylated GLP-1 h
el AL oA oS L e e don

aiﬁﬂ@ﬁﬁ@ﬁaﬁda)@i@ﬂ%nazaﬂmelahhythgméssaméimmw Gnchedbifeesfand the

R A e, PSR e

h}fﬁrok)dged)@hmmﬁivdmaiﬂhfenatmmmtedmﬂmalainp@kmwmycmgitmate and the
i k@gbcutaneous bioavailability (approximately 60%) are observed for the
compound. 5 Table 1 Compound Route Cmaxa Tn,axb AUCO" t12d CL/F’

Vss/Hits BB Gyigtad §: [d)- (r@ﬁhﬁnm)((d))frﬁim‘/hfk@n(tmg/kg)on are particularly

suited for parenteral administration, they can be also be delivered orally, by nasal
administration, or by inhalation. Parenteral administration can include, for example,
systemic administration, such as by intramuscular, intravenous, subcutaneous, or
mtraperitoneal injection. The PEGylated GLP-1 compounds can be administered to
the subject in conjunction with an acceptable pharmaceutical carrier, 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 complexed with a divalent metal cation such as zinc. Suitable
pharmaceutical carriers may contain inert ingredients which do not interact with the
peptide or peptide derivative. Standard pharmaceutical formulation techniques may

be employed such as those described in Remington's Pharmaceutical Sciences, Mack
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V8E22133C40- IV 1135 0.00 30293 1.5 3.3 161 40kDaPEG Sc 187 1-2
18128 1.3 5.5 256 60 a Maximum observed plasma concentration. b
X8t maximum observed plasma concentration. Area under the
plasma concentration-time curve measured from O to infinity. 10 d
Elimination half-life in days. 'Total body clearance as a function of
bioavailability, f Volume of distribution at steady state as a function of
bioavailability. B Percent bioavailabilﬁ§.6I5 When V8-GLP(7-37)OH is

similarly IV administered to_Fischer 344 rats at a dose of 10 g/kg,
PPl y e crdaPalde ANBIRIATBATSAHo-PRIsES rdpiseiriet

a@aiﬁiﬁtﬁdibl@Iﬁ\m@é@mes{agh%&éo&fﬁh@wsgérg(lgé%fafl&g%'égs%ﬁl&%%y&g’r@éﬂatic
LP-1 analog (V8E22133C40-40 kDa PE ate -modifie
B AT RIE VT BTy} D Hb B 8E) fethes

sélrt, doseQfshking/RenteMale ey amolguska kRY ex IS RO BN S R
bled at varigus times between 25 0 and 336 hours after dosing. Plasma is

O ORI O B A S Wial SRRy EPBY ORI s Eiggpuartol.
Pharmmacakinpfisipa@nietessapeeals wietediusing snade) depsngentedYor

ata) and independent (SC data) methods (WinNonlin Pro). A_ .
agpppLEEiaR SHBH e b&%fﬁ?ﬁ%&&}ﬁ‘éﬂé Farasiaaed e dforciaes range

foFaklenddietons Byibdadmia isﬁaiiwlanmao F}é}&&xﬂa&;x%%%@;;ﬁg@&l@gd&&@g is
elimination half-life of approximately 59.5 hours while y
Rk R R MR S e p—

atmmppﬂnkmhtel}gﬁJe;ﬁthelildi’&niénlﬁ@ﬁ@s;%ﬁd(ﬁa?!ftﬁ)?lV}f‘&%’ﬁ%@)ﬁ?ﬁ%}'ﬁlslfh)ﬂzﬁ)
Cmaxa Tmaxb AUCpcre T1 2" CL VSS (mg/kg) (ng/mL ng*h/mL.
f%mﬁﬁzge}faﬁm& the peis i@é?&%&%@% Qo5 Ttllehyery

sR28Rs4@ H3P3dE 42ch & THo46 DicdDPALER6Y 2. OredHhI Y €080 46 1abin
. Mean 2205 1.7 1652 950,6351.8 SD509.2.1 1244991 17.40.165.5
u@%ﬂ Bds %n?m%F% glﬁ*%é@idcsa@m&%fﬁfb EORAPSH IS ne

miogrsphdds) fnd thémite(R)etod dhdkg) (FOLBs@inple, PEGylated GLP-1 compounds

can be encapsulated into microspheres composed of a commercially available,
biocompatible, biodegradable polymer, poly(lactide-co-glycolide)-COOH and olive
oil as a filler. See Joseph, et al. (2000) Diabetologia 43:1319-1328. Other types of
microsphere technology 1s also available commercially such as Medisoth® and
Prolease® biodegradable polymers from Alkermes. Medisorb® polymers can be
produced with any of the lactide isomers. Lactide:glycolide ratios can be varied
between 0:100 and 100:0 allowing for a broad range of polymer properties. This
allows for the design of delivery systems and implantable devices with resorption
times ranging from weeks to months. Emisphere has also published numerous articles
discussing oral delivery technology for peptides and proteins. For example, see WO
9528838 by Leone-bay et al. which discloses specific carriers comprised of modified
amino acids to facilitate absorption.

The PEGylated GLP-1 compounds described herein can be used to treat subjects
with a wide variety of diseases and conditions. PEGylated GLP-1 compounds
encompassed by the present invention exert their biological effects by acting at a receptor
referred to as the “GLP-1 receptor” (see Dillon et al. (1993) Cleoning and Functional
Expression of the Human Glucagon-like Peptide-1 (GLP-1) Receptor, Endocrinology,
133:1907-1910). Subjects with diseases and/or conditions that respond favorably to
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0.1 100478 657 72.0 113518 64.4 0.88 81.8 100480 976 48.0 138306
58.80.72 61.3 Mean 817 60.0 125912 61.6 0.80 71.6 5 a Maximum
*5188~0ed plasma concentration. b Time of maximum observed plasma
concentration. Area under the plasma concentration-time curve measured
from O to infinity. d Elimination half-life. e Total body clearance as a
function of bioavailability. 10 f Volume of distribution as a function of
bioavailability. SD = Standard deviatib%?ExampIe 6 - Pharmacodynamic

analysis of derivatized GLP-1 peptide 15 A PEGylated GLP-1 analog
QUi 5iepie A N PES (SESPREANCBEHURb STEXIBF8 therefore be

radminiatared by aybeedanepus dsipoigide AtHO eSOl 3 AKKY These subjects
/kg. = 0.62 pg (microgram)/50g mouse) or 10 nmol/kg (41mg/kg

(12.33mg/kg. : . 5 e ,
ate éﬂ@imicﬁ’sgﬁ?&}ﬁ%@@giﬂﬁ%%‘) ot Gl sy mnpes i< @predieé GLP-1
rd@Sds AiNriMelenonly control. The animals (6 mice per timepoint) are
dosed with a single injection of either the PEGylated GLP-1 20 analog or

vehicl®'SPAE B e Al At A sterraderhirb ey Bsubrespendgnt

daexdrasedyd pddsperiormed7RoNeRhsAN RIS daravcane-a0H (OSincR8 /08531
re and after the %Iucose injection at 15, 30, 60, 90, and 120

RS AT BL AN Y0 o A i A A surgery (e

Uspededtinhe, Tehies helBndich 6820 1841 AYERsRA W YeIBR BmPLyndrome
PEG.10.nmol PEG 85965.75 28206 29765.25 58198.5 34884 22603.5

(5D 35508 138 bmdims ptf s yderl secanbigs b eqiving mephyloesic
1122024h BWiB08 GEIAG o RAI80S: S b 265&1&9& 3%2%2 ?c?\r-/ le@v‘éi((%%%%%&é%-insulin
34060.88,_St. Error 4100.657 4346.437 5519.325 pValue O, o
5R5B0EESFRAIEAERY P ILPIDAY o il iiecp s s isghtvith impaired
glaligosel Aetivaldolugasedohkeh MVR16048 fiBREY #6258 HBLOR NRAAB Ot 25%

5521 M 8.5206.3412.6. ob/ob NA A 47.1 209.6 419.2
a g\g)e?msrmal %?)/(?ybweizg t ﬁ)r the sub}sect's hei@t and body build, subjects with a partial

pancreatectomy, subjects having one or more parents with non-insulin dependent
diabetes, subjects who have had gestational diabetes and subjects who have had acute or
chronic pancreatitis are at risk for developing non-insulin dependent diabetes.

'The PEGylated GLP-1 compounds of the present invention can be used to
normalize blood glucose levels, prevent pancreatic -cell deterioration, induce B-cell
proliferation, stimulate insulin gene transcription, up-regulate IDX-1/PDX-1 or other
growth factors, improve B-cell function, activate dormant B-cells, differentiate cells into
P-cells, stimulate B-cell replication, inhibit B-cell apoptosis, regulate body weight and
induce weight loss.

An "effective amount” of a PEGylated GLP-1 compound is the quantity that
results in a desired therapeutic and/or prophylactic effect without causing unacceptable
side-effects when administered to a subject in need of GLP-1 receptor stimulation. A
"destred therapeutic effect” includes one or more of the following: 1) an amelioration of
the symptom(s) associated with the disease or condition; 2) 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 compared with the absence of
the treatment. For example, an “effective amount” of a PEGylated GLP-1 compound for

the treatment of diabetes is the quantity that would result in greater control of blood
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ob/ob NI' A 46.8 180.3 360.6 ob/ob NK A 48.7 222 444 Average 47.95
4;@0% St. Error 0.48563 21.99944 3 nmol GLP-1 PEG ob/ob MO C 49.4
Xi . 0374.2 ob/ob MP C 45.7 212.8 425.6 ob/ob MT C 53.3 253.5 507
ob/ob NC C 49.9 226 452 ob/ob NE C 50.3 247 494 ob/ob NG C 49.5
207.7 415.4 Average 49.6833 444.7 St. Error 0.99144 20.46022 10 nmol
GLP-1 PEG ob/ob MJ D 49.3 259 518_ob/ob ML D 47.4 221.9 443.8
ob/ob MU D 46.4 232.6 465.2 ob/ob MY D 48.2 227.6 455.2 ob/ob NB D

1.5185.7 371.4 opb/oh ND D.42.6 196.5 393 Average 47.5667 441.1 St..
R E R T B TE RS 55 BRTULC B O TGS A AR Sgeiay i the
offdenefalabtie Qnplinatib2® sMbusedbhBeskyActusd faligageAigtaliiscase. An
. Glucose Actual.G ctual cose Actual Glucose Actual Glugose .
B0 B o EEP A g1 CRHHO NG B DG B o568 A Siges i the
QUGG 204 WHZIO 09Ty 1 3h i AGE.6 BOThO £09:2388tdalch 0962:247 F clevated
77.2,612.3623.4,528.9 699.3 NI 0.0936 174.6 469.2 628.2 635.4 506.1
Qe i ]

KR 0D SBY G BASEEEY 4B YR P RGATH] B GBS

s BB HR693, 20 KBhddrorstEiren ke Alll6559648i2338538 28.99511166

L S ISR RO PP CLE EQNO Q08
sUMED 1 066184d3081¢ 3696 RP3.and4éRrity of the disease and on the characteristics
of the subject, such as general health, age, sex, body weight and tolerance to drugs.
Typically, the PEGylated GLP-1 compounds of the present invention will be administered
such that plasma levels are within the range of about 5 picomoles/liter and about 200
picomoles/liter. Optimum plasma levels for Vals-GLP-1(7-37)OH were determined to be
between 30 picomoles/liter and about 200 picomoles/liter.

A typical dose range for the PEGylated GLP-1 compounds of the present
invention will range from about 0.01 mg per day to about 1000 mg per day for an adult.
Preferably, the dosage ranges 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.

A "subject” is a mammal, preferably a human, but can also be an animal,

e.g., companion animals (e.g., dogs, cats, and the like), farm animals (e.g., cows,
sheep, pigs, horses, and the like) and laboratory animals (e.g., rats, mice, guinea
pigs, and the like).

The peptides used to generate the PEGylated GLP-1 compounds of the present
mvention can be prepared by using standard methods of solution phase or 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 (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 {-N-carbamoyl protected amino acid and 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
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NC 0.0998 156 481.2 521.7 532.8 449.1 389.7 NE 0.1006 158.7 453.6
2342871 258 518.7 NG 0.099 83.7 433.5 461.4 37/8.6 310.5 405.3 Ave
108.2 378.35 436.15 334.65 339.2 328.6 StError 15.91596683
42.33590084 33.90384197 43,80457168 57.00166664 52.57307296
pValue 0.074622229 0.127534361 0.012940369 0.004544365
0.073533898 0.021860517 10 nmol GLE-1 PEG M7 0.0986 91.2 164.4
312.3290.1 217.8 ML 0.0948 68.1 318.6 285.3 152.1 135 MU 0.0928

4 47.3.347.
o SR D A N A MU CBRRIHS U dote and o
basschae dibagrepyithatenior. I Beg-5cahin5)2 PeuE 208 S RddChmoved

.69268055 58.2 42159208
e S e e oGl g AR 0e s rid ap asgivine
ai0be 9869904020 mﬁ@m&hgﬁdﬁﬁ)@ d51861 6019012 20d el @ A ﬁ) be
2510 535.85 3 | Ave 108.2 37

JJdrse B3 O RER R SRRt BRI MR i s 3/CT DRl i he an
ad} 3r@ §ekcibe2 008 6x Aralic| én Kirveafihi& U5, Tifrer80 N e &I im &Rnic

0 Act lin Actual | | Insu
S e B B b B A Bogmgrated by
raEse0c00B8anm B Biachidet- 'bIﬁDQOMZf@E@@?IZtBQCYM udrbnk 1iNAhD 084 2honyl
(}Qf% 727273.33.6 NI0.09363.32.72.72.72.73.3 NK0.09745.4

2.7272.7342 Ave 5.452.852.7 2.7 3 4.4 StError 1.498832879 0.15 0
0 0.1 732080816 6722112 84BhesirnbhiGLPshiREF MO00888:4B15166 sinthesis

pﬁ%%}lz) 9119\%{ (t)%%écé(g égﬂsgngilé 6%%)7 %%m“éﬁgx%}@% ()511?} %1%114&1 %r%xﬁozaéds 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-
Phase Chromatography on Vydac C18 columns using acetonitrile gradients in 0.1%
trifluoroacetic 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. 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 that are not
intended to be limiting in any way.

EXAMPLES

Example 1 - PEGylation of GLP-1 related analogs:

PEGylation reactions are run under conditions that permit the formation of a
thioether bond. Specifically, the pH of the solution ranges from about 4 to 9 and the
thiol-containing peptide concentrations range from 1 to 10 molar excess of methoxy-
PEG2-MAL concentration. The PEGylation reactions are normally run at room
temperature. The PEGylated GLP-1 peptide is then isolated using reverse-phase HPLC or
size exclusion chromatography (SEC). PEGylated GLP-1 analogues are characterized
using analytical RP-HPLC, HPLC-SEC, SDS-PAGE, and/or MALDI Mass Spectrometry.

Thiol-containing GLP-1 peptides are reacted with 40 kDa polyethylene glycol-

maleimide (PEG-maleimide) to produce derivatives with PEG covalently attached via a
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NE 0.1006 27.9 14.7 24.6 1 14 12.9 25.2 NG 0.099 12.6 13.8 10.8 12

1? § 9.5 ave 21.2 18.75 21.4 11.65 19.4 14.95 SEnor 10.54808039
XSQ % 7807 10.1231418 2.793295545 6.650563886 4.764504171 pValue

0.198202864 0.11819731 0.123985904 0.023885517 0.127758283

0.089610323 10 nmol GLP-1 PEG MJ 0.0986 39.3 16.5 13.5 31.2 13.5

ML 0.0948 13.5 36.9 48 19.2 14.4 MU %.9928 32.413.815.61212.3 MY
0,0964 121.2 122.7 95.1 85.8 56.1 48.5 NB 0.103 35.7 50.7 56.4 34.8

13.2 16.5 ND 0.0852 70.5 56. 9 21. .8.7.5 Ave i 49 55 48.75
R0l 8 G PR s A a0 e A [enath; 7.5
mE0 188 1AHH0 % kil 684 47 mI0ISHEBIBS phaitet® 3RRQ34088nIng 20 mM

50 0.014767024.0.034608806 0.24535686 0.069087455 0 15 30
E@a" éoﬁaz‘?lyeﬁa@i%og} égz%guzs%f%.“f%ﬁ&?&%n OHAY OB 1918 ¢ 2490 me
o 2hedtibk 6P HGANIA 052 biGin b AVE G2k 4hDBA8.0% 34.0526.T, $8edbwater

-16020.-37 Vehicle. Time 0 Time 15 _Time 30 Time 60 Time 90 Time.120
P e o R | R ot o C h G0 The
rebaie ReptideriReptice’Repiicde Pepttieriepiide Pentidedd RD009% Bldfied by
67 1182 2736 MS 0.0938 3243.1875 1992 2709 5643 MZ 0.097
Ri'i%@é@é‘i@@?’i é’éi%e“ﬂ‘/i?b? ﬁl’é‘s‘gsaﬁgﬁ%z@fzﬁg@%%ﬁ%&
NI 0.0936 2391 2178 1776 2181 2469 3777 NK 0.0974 2580 2517 2115
_ 2577 2914695 Aveldbnd-BD8R1bald 84 2044243 A3B031 Btishyes

471, 63V BeBE O ST S B 10 BEEob b S 26 3 RO istd
the. DO ERAA2: petdin & 632143 A6 48 | dvhhi Qe lbly 25d BiZ9 12892 KIM4KPEG
(S%%ggwe{}cle(% 196(1)3?1191%39,6[%%.%012(??&?87 Egg)]ﬂ%%(?nsé%ction, the peptide to be PEGylated is

dissolved in 100 mM TRIS buffer at pH 8.0 and a 1.25-fold molar excess of bulk 40 kDa-

mPEG is added. The reaction is allowed to stir at room temperature for 2-3 hours and
then dialyzed overnight (7 kDa membrane) against 10 mM citrate, 10 mM phosphate, pH
7.4 at approximately 5°C. The PEGylated-GLP molecules are purified by anion exchange
chromatography on a Mono-Q column (Amersham Biosciences Corp, Piscataway, NJ)

using a NaCl gradient at neutral pH.

Example 3 - DSPE-3.4kDa-PEG-maleimide reaction with GLP-1 analogs
GLP-1 analogs such as CigEpnVsGLP-1 and ViCayGLP-1 are selectively

PEGylated at the introduced cysteine residue using maleimide-activated 3.4kDa mPEG
terminated with a lipid, distearoyl phosphatidyl ethanolamine (DSPE) (Shearwater
Polymers, Inc.). For the PEGylation reaction, the peptide is dissolved in 100 mM TRIS
buffer at pH 8 and a 1.25-fold molar excess of bulk DSPE-3.4kDa-PEG-maleimide is
added. Absolute ethanol is added to approximately 17% to assist in solubilizing the
DSPE-3.4kDa-PEG-maleimide. The reaction is allowed to stir at room temperature for 2-
3 hours and then dialyzed overnight (7 kDa membrane) against 10 mM citrate, 10 mM
phosphate, pH 7.4 at approximately 5°C. The PEGylated-peptide is purified by anion
exchange chromatography on a Mono-Q) column (Amersham Biosciences Corp,

Piscataway, NJ) using a NaCl gradient at neutral pH.
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NE 0.1006 6726 5349 6747 3843 9855 NG 0.099 5010 4812 3975 5670

X(E%% 337 Ave 5289.6 5155.5 4329.6 4703.4 5810 6217.5 StEnor
20279 1163.8275 615.6346725 644.8310244 1010.714104

1447.410464 pValue 0.104283454 0.021669546 0.012956014

0.010105544 0.095491566 0.15910403 10 n11lol GLP-1 PEG M7

0.0986 7200 3501 4296 10332 5901 (’)gt 0.0948 3687 8049 9627 4821

MU 0.0928 5955 6300 7278 MY 0.0964 16212 17643 13266 12423

11124 11943 NB 0.103 139 ?1 4 }1262 71 O 4362 6954 ND 0.0852

12162 8478 10785 4947381 HBYI51958849256 8718 6451

6900 HEK‘[EQE)IC&I%&C%&Z%@ ﬂﬁ%ﬁ@ﬂ@ﬂf’lﬁBGB@@Bﬂ@lﬂﬁ@ih@%ﬁlféra LLC

CREUoeR b sdasE O ot leI 6 BUe 058 0 8 TR o

witkhicleBRi A4 f32 SylifR4 2044 2313618802 L30MAL MR RZ886 The day after
55.5 4329.6 4703.4 5810 6217.5 IQnmol Ave 8892.5 9369 9256 8718

Se@éb‘%ﬁ%é"? TP Aigkediothasg &) alrerpiredhbolhaedppisadied

tHOBMANAY 88 SEILERNCRQf %@gm{ﬁaafﬁ%é (SRR with 0.5% BSA
Xaa7-Xaas-Glu-Gly-Xaal i-Xaal2-Thr-Ser-Asp-Xaai6-Ser-Xaais-Xaai9-

copsmpiehiicma soraasens o XEGY B ATeE Xasgrpmimel is added to each well

108 &RAAC-d %&%sﬁ&ﬁ@@g’u}g@%@?@%ﬁz m&ﬂ%&é%@rﬁt%mn% from 3
aa39-Xaado-Xaa4 i -Xaad2-Xaad3 ad44-Xaa45-Xaad6-Xaad

NP VIS EOIDND PEC WiHensrRdaz isuseh i@tmﬁéra@niéﬁ@ﬁﬁésponse curve
HrEBSRMCETSHINgLcaTHR AU HAING:, (Sa by SinstidiNBation with the

homohistidine, a-fluoromethyi-histidine, or a-methyl- histidine; 15 Xaag is:

PRAGw lateg Reatide R 0lel Jdt-lartanpseahtiat (CHr oY BYE RaaVzis 1BKe, is added

DBl UiRARI A Wl 1o bt FGolotn i CYBicARa B o
Ser, Trp, Tyr, Phe, Lys, lle, Leu, Val; 20 Xaai9 is: Tyr, Trp, or Phe

cytoﬂuor The assay is further described in Z lokarnik, et al. (1998), Saence, 278:84-88.

The following PEGylated GLP-1 peptides were tested as described and had ECs values

stated below (with ViGLP-1 equal to 100%):

VsCig-3.4kDa DPSE-PEG 4%
Vs-3.4kDa PEG-FMOC 87%
VsCas-3.4kDa DPSE-PEG 18%

VCag-40kDa PEG 3%

VsE»C6-40 kDa PEG 0.7%
VsEpl33Ca0-40kDa PEG (CEX-51) 9.4 +/- 1.5 % [n=5]

Example 5 - Pharmacokinetic analysis of derivatized GLP-1 peptide
A PEGylated GLP-1 analog {(VgEl13Cs0-40 kDa PEG (PEGylated, Cyp-modified

CEX-51)) is administered by intravenous (IV) or subcutaneous (SC) routes at a dose of
0.1 mg/kg to male SD rats. The animals (2 rats per timepoint for IV, 3 rats for timepoint
for SC) are bled at various times between 0 and 336 hours after dosing. Plasma is
collected from each sample and analyzed by radioimmunoassay. Pharmacokinetic
parameters are calculated using model-dependent (IV data) and independent (SC data)
methods (WinNonlin Pro). A representation of the pharamcokinetic parameters is
reported in the Table | below. By IV administration, the PEGylated GLP-1 analog has an
elimination half-life of approximately 1.5 days while by SC administration the PEGylated
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Xaa2o is: Leu, Phe, Tyr, or Trp; Xaa22 is: Gly, Glu, Asp, Lys or Cys;
%@%ﬁ is: Gin or Cys; Xaa24 is: Ala or Cys; 25 Xaa25 is: Ala, Val, lle, Leu,
ysS; Xaaz6 is: Lys or Cys; Xaa27 is: Glu, lle, Ala, or Cys; Xaa30 is:
Ala, Glu or Cys Xaa33 is: Val or lle; 30 Xaa34 is: Lys, Asp, Arg, Glu or
Cys; Xaa35 is: Gly or Cys; Xaa36 is: Gly, Pro, Arg or Cys; 3 1) Xaa37 is:
Gly, Pro, Ser or Cys; Xaa38 is: Ser, Prg, His or Cys; Xaa39 is: Ser, Arg,
Thr, Trp Lys or Cys Xaa4o is: Ser, Gly, or Cys; 5 Xaadi is: Ala, Asp, Arg,
ST O P T R SR U
olﬁdbmatmmns ata%ndmédaé&atis I'Ger, S@adﬁrm;ﬂymm@f CyisirNH2 OEkS;153C40-

G a46 His, Ser s, NH2 or is absent; and.
GBS bR RS At R SRl R S Bittast
sldmet@y:sameﬂxdm&aé:ﬁnﬂvadembrmimad’ % PESomaieed & ahd arovicdead.
that if Xaa42, Xaa43, Xaad4, Xaa45 or Xaa46 is absent each amino acid

downstream is 15 absent; and provided that there are no more than two
Cys résidads in the molecule. 2. The PEGylated GLP-1 compound of

fronﬁ@@iﬂﬁ(?-s?)@wt@r Cﬂr -

ofglaimLcppovided at thel PEEGyIat d GLFBQ2QS’ompoIJﬁd does ot differ1 61

fra@aRa(y-37)OH or GLP-1(7- 36 H2 by more than 6 amino acids
within the amino acitfs from ¥%37. 4. 'rfe PEEiA%ed GEP-1 compdund of 256

I,Z_allz' ; 6 ETI li ) ss/FF
7- @\IH O tt 7?n1%/10/ka9|dﬁvg) % F*

60

Ml:aamm phewrdethbthatthenPiaGylated GLP-1 compound does not differ
Tmmc@@ﬁmmn@ay@w@n@s@ar@mmz by more 25 than 5 amino acids
Wcﬁw@a@%ﬂaw&w%@w@m&wwé@a@@mﬁ,mmpound of
lﬁailo F@Wﬂ’éﬂl Ythe PEG ted GLP I compound does not differ

g{ Fp f;
re
Epéijme butl ? a%s?e?a y‘ﬂsrge S a ction o¥b10?waﬂab1hty

¢ Percent bloavallablhty

When Vg-GLP(7-37)OH is similarly TV administered to Fischer 344 rats at a dose of

10 pg/kg, profoundly different clearance and elimination half-life values are obtained as

listed below.
Clearance: 1449 ml/hr/kg
t1/2 (hr): 0.05

A PEGylated GLP-1 analog (VEx133Cs-40 kDa PEG (PEGylated, Cg-modified
CEX-51)) is administered by intravenous (1V) or subcutaneous (SC) routes at a dose of
0.1 mg/kg to male cynomolgus monkeys. The animals are bled at various times between
0 and 336 hours after dosing. Plasma is collected from each sample and analyzed by
radioimmunoassay. Pharmacokinetic parameters are calculated using model-dependent
(IV data) and independent (SC data) methods (WinNonlin Pro). A representation of the
pharamcokinetic parameters is reported in the Table 2 below. By IV administration, the
PEGylated GLP-1 analog has an elimination half-life of approximately 59.5 hours while
by SC administration the PEGylated GLP-1 analog has an elimination half-life of

approximately 61.6 hours.
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than 4 amino acids within the amino acids from 7-37. 10 6. The

Xgl%ﬁ {l)ated GLP- | compound of claim 1, provided that the PEGylated

compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH2

by more than 3 amino acids within the amino acids from 7-37. 5 7. The
use of a PEGylated GLP-1 compound of any one of claims 1-6 in the
manufacture of a medicament for the tg§ atment of diabetes, obesity,
stroke, myocardial infarction, irritable bowel syndrome or functional
dyspepsia. 8. The use of claim 7 wherein the medicament is used to treat
diabetes. 9. The use of claim 8 wherein the diabetes is non-insulin
deperitibiit tiabetes. 10 10. The use of claim 7 wherein the medicament
is used to treat obesity ABSTRACT The invention provides GLP-1

| I |
compgtinds-ceupled-to-atieast-one-polyethylene-glyeel-melecule-or

derjvative thereof, resulting in a biologically active peptide with an

extonﬁlesif:half life aﬂg a stower clearahce whan, compaget to thatpf Vss
unPEGykaled pemf‘de Thesd PEGiHated @ 'B/hicompaynds @iddh/kg) (ml/ke)

compdsitions #reddseful inGf@ating diabetes49ay8sity, ivitable bowel 57.5
syndrome and@ihe# condifidhs that would b&Benefitedy lowering 46.6
plasma glucod@d#mibiting@istric and/or inkésval motikitg and inlibiting 51.3

gastric and/oMaetastinal ezdpfying, arinhibitingXeed inteks. WO 0.63 51.8
2004/093823FCT/US200:/9006082. X-16020490quenctd. ListingogSB2S.txt 5.5

SEQUEBICE LISTING <110> Eli Lilly and Company <120> Polyethylene

Glyuul Hnaked-GLP-1 CGW““"“HC' <3 Qn\ x-1 Rf\’)(‘\ <] /In?d 60/456081
™ t rﬁ / ;u’f <21 ¥SS/F
<1AJ§ gij:% @311]1&1#168? I?fl?Béa’Pa e Hiﬁ]m < @hnj(mL/kg)

31 V4 / I"ﬁ ~ I_IU aap' '-I-U 1S9 7YX |u Ul_y —Tic

Thn SeoLr \/I Ser Leu I ’fg S (%1\ la AI s Glu gig
1] X! .
me—A

PheH eﬁ“ Val Ly By A 205251 <2825 1.6

* Maximum observed plasma concentration.
® Time of maximum observed plasma concentration.
Area under the plasma concentration-time curve measured from 0 to infinity.
¢ Elimination half-life.
* Total body clearance as a function of bioavailability.
"Volume of distribution as a function of bioavailability.
SD = Standard deviation.

Example 6 - Pharmacodynamic analysis of derivatized GLP-1 peptide
A PEGylated GLP-1 analog (VgE2133C40-40 kDa PEG (PEGylated, Cyp-modified

CEX-51)) is administered by subcutaneous (SC) route at doses of 3 nmol/kg (12.33mg/kg

= 0.62 pg (microgram)/50g mouse) or 10 nmol/’kg (41mg/kg = 2 ug (microgram)/50g
mouse) to male CS?BL/60iaHsd—Lep°b mice versus a vehicle only control. The animals
(6 mice per timepoint) are dosed with a single injection of either the PEGylated GLP-1
analog or vehicle at 11:00am. The mice are then fasted overnight and an IPTGG (1 g
dextrose/kg i.p.) is performed. Repeat samples for glucose and insulin are taken pre and
after the glucose injection at 15, 30, 60, 90, and 120 minutes. A representation of the

pharamcodynamic parameters is reported in the Tables below.



<211> 30 <212> PRT <213> Homo sapiens <400> 2 His Ala Glu Gly Thr
Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 1510 15 GIn Ala Ala Lys
21002fe Ile Ala Trp LeU Val Lys Gly Arg 20 25 30 <210> 3 <211> 31
<212> PRT <213> Artificial <220> <223> Synthetic Construct <220>
<221> MISC_FEATURE <222> (1)..(1) <223> xaa at position 1 is
L-histidine, O-histidine, desamino-histidine, 2-amino-histidine,
beta-hydroxy-histidine, homohistidiné,%lﬁha—ﬂuoromethyl-histidine, or
alpha methyl-histidine <220> <221> MISC_FEATURE Page 1 WO
2004/093823 PCT/US2004/006082 <222> (2)..(2) X-16020 Sequence
Listing.ST25.txt <223> Xaa at position 2 is Ala, Gly, Val, Leu, lle, Ser, or

Thr <220> <§§T9

Wr‘%s‘éCFEATURE <222> (5)1 5) <223> xaa at position

(6) <223> xaa

at position 6 is tﬁé%%gsl'yr o?%@@ZZOQ%@l&SMISC FEATURE

<222> (10). (10) Xaa at”é tion 10 1244, 51’rp, lle, Leu, the, Tyr, or
Cys 48125.25
73320.75 55793.25 54038.25
71703 48422.25 25024.5
72067.5 46707.75 24808.5
Average 7027275 41217.38 34060.88
St. Error 4100.657 4346.437 5519.325
pValue 0.000659 0.000365
Vehicle Day0 Day0 Day O
Strain Mouse ID GRP Weight Glucose  Actual Glucose
ob/ob MR A 497 2314 462.8
ob/ob MS A 46.9  260.5 521
ob/ob MZ A 485 2063 412.6
ob/ob NA A 47.1 2096 419.2
ob/ob NI A 468  180.3 360.6
ob/ob NK A 48.7 222 444
Average 4795 436.7
St. Error 6.48563 21 99944
3 nmol GLP-1 PEG
ob/ob MO C 49.4  187.1 374.2
ob/ob MP C 457 2128 425.6
ob/ob MT C 533 25335 507
ob/ob NC C 49.9 226 452
ob/ob NE C 50.3 247 494
ob/ob NG C 49.5 2077 415.4
Average 49.6833 4447
St. Ervor .99144 20.46022
10 nmoi GLP-1 PEG
ob/ob Ml D 49.3 259 518
ob/ob ML D 474 2219 443.8
ob/ob MU D 46.4 2326 465.2
ob/ob MY D 482 2276 455.2
ob/ob NB D 515 1857 3714
ob/ob ND D 426 196.5 393
Average 47.5667 441.1

St. Error 1.22384

21.50366



<220> <221> MISC_FEATURE <222> (12)..(12) <223> Xaa at position
12 is Ser, Trp, Tyr, the, Lys, lle, Leu, or Val <220> <221>
WI@@EFEATURE <222> (13)..(13) <223> xaa at position 13 is Tyr, Trp,
or the <220><221> MISC_FEATURE <222> (14)..(14) <223> xaa at
position 14 is Leu, Phe, Tyr, or Trp <220> <221> MISC-FEATURE
<222> (16)..(16) <223> xaa at posmon 16 is Gly, Glu, Asp, Lys, or Cys
<220> <221> MISC_FEATURE <22Z: ?I7) .(17) <223> xaa at position
17 is GIn or Cys <220> <221> MISC_FEATURE <222> (18)..(18) <223>
xaa at position 18 is Ala or Cys <220> <221> MISC_FEATURE <222>
(19)..(19) <223> xaa at position 19 is Ala, Val, lle, Leu, or Cys <220>
\;21> MISC_ FEATURE <222> (20)..(20) <223> xaa at position 20 is LyS

hicle

120
9{ géésﬂ)<28{ge> N Actr A 12 G% C yal (i -i &u{%’%%;{%ggx% mgf(}iucost_
POGIHON Z1 15, 03 2 T € 2 U 5684
PQ}éUSZ&Q&lOOQQ§2 299.1 568.8 759.3 204
MZ 0097 139.5 468.6 5974 609.3 383.4
NA 0.0942 2472 3772 612.3 6234 528.9 699,3
NI 0.0936 174.6 4692 6282 £35.4 506.1 687.6
NK 0.0974 267 563.4 649.8 662.7 4953 5724
Ave 17125 490.7 638.15 6932 510 33585

StError  29.71165596 432838538 2899511166  41.42960294 9978476838  82.05989581

3 nmol
GLP-1 PEG

MO 0.0088 70.2 206.4 3252 2409 2142
MP 0.0914 96.6 386.7 408 2952 196.5
MT (.1066 84 3087 369.6 2733 2472
NC 0.0998 156 4812 521.7 532.8 449.1 389.7
NE 0.1006 158.7 4536 531 287.1 258 518.7
NG 0.099 83.7 433.5 461 4 378.6 310.5 405.3
Ave 108.2 378.35 436,15 334.65 3392 3286

StBrror 1591596683  42.33350084  33.90384197  43.80457168  ST.00166664  52.57307296

pValue 0.074622229  0.127534361 0012940369  0.004544365  0.073533898  0.021860517

10 nmol

GLP-1 PEG .
MI (5.0986 g1.2 164 4 3123 290.1 2178
ML 0.0948 68.1 118.6 285.3 152.1 135
MU 0.0928 1146 384.6 489.3 4203 385.%
MY 0.0964 186 5316 606.3 4473 147.1 363.3
NB 0.103 92.4 354 261.6 151.5 117 2106
ND 0.0852 90.3 2715 2727 2094 147.6 147
Ave 107.1 338.45 37125 27845 203.9 24325

StError 16.88549674  49.69268055 5824718448 5342159208 7214284441 4377524685

pVatue 0.049860093  0.06660094  0.013403998  0.002986998  0.040209038 0018193438
0 15 36 60 90 120
Vehicle  ave 171.25 490.7 638.15 6932 510 535.85
3nmol Ave 108.2 178.35 436.15 334.65 3392 3286

10nmol  ave 107.1 338.45 17125 278.45 2029 24325



X-16020 Sequence Listing.ST25.txt <221> MISC_FEATURE <222>
Xﬁ@)é% 4) <223> xaa at position 24 is Ala, Glu, or Cys <220> <221>
FEATURE <222> (27)..(27) <223> xaa at position 27 is val or lle
<220> <221> MISC_FEATURE <222> (28)..(28) <223> xaa at position
28 is Lys or Cys <220> <221> MISC_FEATURE <222> (29)..(29) <223>
xaa at position 29 is Gly or Cys <220> <221> MISC_FEATURE <222>
(30)..(30) <223> xaa at position 30 is?ﬂéé'br Cys <220> <221>
MISC_FEATURE <222> (31)..(31) <223> xaa at position 31 is Gly, His,
sent, or a modified Residue <220> <221> MOD RES <222>
ettt

%) %%bc Ac{& WsuIATAdW’{nsuhn ActuaiXQuﬁnXAg ér usulm Actugé:s%m Actua!l nsuim

a @({9 aa Xaa
IIe Xaa Trp feu Xap2 ;(aa xaaggaa xaa 29725 30 <g;o> 4<211> 31 <?5392>
PRMWA213zArtificiak<220> - 27 37 51
NA 0.0942 6.3 2.7 2.7 27 33 36
NI 0.0936 33 27 27 2.7 2.7 33
NK 0.0574 54 2.7 2.7 2.7 3 472
Ave 5.45 2.85 2.7 27 3 44
StEiror  1.498832879 0.15 0 0o 0173205081 0.572712843
3 nmol
GLP-1 PEG
MO 0.0988 48 36 577 4.8 27
MP 0.0914 57 16,5 12.6 8.7 9.6
MT 0.1066 5.4 45 4.8 8.4 27
NC 0.099% 70.8 56.4 69.9 24.6 327 30
NE 0.1006 27.9 14.7 24.6 114 129 252
NG 0.099 12.6 13.8 10.8 iz 12.6 19.5
ave 21.2 18.75 214 11.65 19.4 14.95

SHrror 10.54808039 842807807 101231418 2793295543 6.650563886 4.764504171
pValne 0.198202864  0.11819731  (.123985904  0.023885517  0.127758283  0,089610323

10 nmol
GLP-1 PEG

MIJ 0.0586 393 16.5 13.5 31.2 13.5
ML 0.0948 1335 36.9 48 19.2 14.4
MU 0.0928 32.4 13.8 15.6 17 123
MY 0.0964 121.2 122.7 93.1 83.8 56.1 48.3
NB 0.103 35.7 50.7 56.4 34.8 13.2 163
ND 0.0852 70.5 56.7 63.9 213 10.8 75
Ave 521 49.55 48.75 34.05 26.7 18.75

StError 1573130637 162621801 1262063786  10.88735505  14.71631747 6035768385

pValue 0.033003008 003509872  (.014767024  0.034508806  0.24535686  0.069087455
0 15 30 60 20 120
Vehicle Ay 545 2.85 2.7 2.7 3 44
3nmol Ave 212 18.75 214 11.65 19.4 14.95

10nmol  Ave 52.1 49.55 4875 34.05 26.7 18.75



<223> synthetic Construct <220> <221> MISC_FEATURE <222> (1)..(1)
<223> xaa at position 1 is L-histidine, D-histidine, desamino-histidine,

X21 %Ro-histidine, beta-hydroxy-histidine, homohistidine,
alpha-fluoromethyl-histidine, or alpha-methyl-histidine <220> <221>
MISC_FEATURE Page 3 WO 2004/093823 PC1/US2004/0061182
<222> (2)..(2) X-16020 sequence Listing.ST25.txt <223> xaa at position 2
is Gly, Ala, Val, Leu, lle, Ser, or Thr 29905 <221> MISC_FEATURE
<222> (5)..(5) <223> xaa at position S is Thr or Cys <220> <221>
MISC_SE;LURE <222> (6)..(6) <223> xaa at position 6 is Phe or Lys
$220> Z2¥ MISC_FEATURE «229> (1i0y 3§10) 228> xfacdt positioi10
5 Val, Ahes Ty, g, onghe <230 <52 15 BASC BEATUNEA E327 S

(12)..(12MR223>»K@a at position 1&4s Serp:dyr, Trp#he, Lys, lle, Leuzor

Val <22045<221MISC2BEATURE <22232(13)..(18) <223> xaa at 5643

position Mis Ty#®F Pheis220> <221> MISC_FEABURE <222> 2916

(16)..(16)1;314?235’-%% at position 187is Gly 2&u, Asplskys, onBys <2203

0.0936 2391 2178 1776 21381 2469 3777
NE 0.0574 2580 2517 2115 2577 2510 4695
Ave 2644 1932.5 1794 2044 2437 3803

StError  280.3597689 2457235235 1803779366 241.5706936 282.7772975  471.6178538

3 nmok
GLP-1 PEG .

MO 0.0988 2130 3492 2613 1989
MP 00914 2472 5445 4632 4326 4248
MT 0.1066 2577 2919 2802 4149 3027
NC 0.0998 9663 10278 6759 7197 9846
NE 0.1006 6726 5349 6747 3841 9855
NG 0.099 5010 4812 3975 5670 6390 8337
Ave 5289.6 5155.5 4329.6 4703 .4 5810 6217.5

StBrror 1234.320279  1163.8275 6156346725 644.8310244 1010.714104  1447.410464

pValue 0104283454 0021669546 0.012956014 0.010105544 0.095451566  0.15910403

10 nmol
GLP-1 PEG

MIJ 0.0986 200 3501 4796 10332 5901
ML 0.0948 3687 £040 9627 4821
MU 0.0928 5935 6300 7278
MY 0.0964 16212 17643 13266 12423 11124 11943
NB 0.103 8139 9174 11262 7170 4362 6954
ND 0.0852 12162 8478 10785 4947 3867 4506
Ave 8892.5 9369 9256 3718 6451 £900.5

StError  1856.727996 2096 204400 1365273526 1352.954914 2340.865438 1104.975497

pValze 0015654599 0.025508262 0001556618 0.035883718 0.263009115 0.082555028
0 15 30 60 90 120
Vehicle  Ave 2644 1932.5 1794 2044 2437 3803
3nmol Ave 5289.6 5155.5 4329.6 4703.4 5810 6217.5

10nmol  ave 8892.5 9369 9256 8718 6451 6905
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<221> MISC_FEATURE <222> (17)..(17) <223> xaa at position 17 is GIn
or cys <220><221> MISC_FEATURE <222> (18)..(18) <223> Xaa at
position 18 is Ala or cys <220> <221> MISC_FEATURE <222> (19)..(19)
<223> Xaa at position 19 is Ala, val, lle, Leu, or Cys <220> <221>
MISC_FEATURE <222> (20)..(20) <223>ixaa at position 20 is Lys or Cys
<220> <221> MISC_FEATURE <222> (21)..(21) <223> xaa at position
21 is Glu or cys <220> <221> MISC_FEATURE <222> (24)..(24) <223>
Xaa at position 24 is Ala or Cys <220> Page 4 WO 2004/093823
PCTIU8R0ED4/006082 X-16020 Sequence Listing.5T25.txt <221>
MISC_FEATURE <222> (27)..(27) <223> Xaa at position 27 is Val or lle

281 e o A G e PR VPR Ay s esgbtormuls
xaa atlpotiisd EYNOGIY or Cys <220>
Xaay-Xaag-Glu-Gly-Xaa,-Xaa;»-Thr-S er-Asp-Xaag-Ser-Xaa g-Xaao-
Xaaw—Glu~Xaazg~Xaag3—Xaaz4»Xaa2S—Xaazf,uXaay-Phe—l]e~Xaa30mTrp~Leu—
Xaayy-Xaayy-Xaass-Xaaze-Xaas-Xaazg-Xaase-Xaaqg-Xaas -Xaas-Xaass-
Xaaqs-Xaass-Xaage-Xaag
Formula IV (SEQ ID NO: 6)

wherein:

Xaa; is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, -

hydroxy-histidine, homohistidine, a-fluoromethyl-histidine, or a-methyl-

histidine;

Xaag 1s: Ala, Gly, Val, Leu, le, Ser, or Thr;

Xaayy 1s: Thr or Cys

Xaayy 15t Phe, Trp, Tyr, or Cys;

Xaaye is: Val, Trp, lle, Leu, Phe, Tyr, or Cys;

Xaayg is: Ser, Trp, Tyr, Phe, Lys, Ile, Leu, Val;

Xaayg is: Tyr, Trp, or Phe;

Xaay is: Leu, Phe, Tyr, or Trp;

Xaay is: Gly, Glu, Asp, Lys or Cys;

Xaap; 1s: Gln or Cys;

Xaayg is: Ala or Cys;

Xaaps 15: Ala, Val, Ile, Leu, or Cys;

Xaagg 1s: Lys or Cys;

Xaay; is: Glu, Ile, Ala, or Cys;

Xaayy is: Ala, Glu or Cys

Xaasy is: Val or Tle;

Xaayg 15: Lys, Asp, Arg, Glu or Cys;

Xaass 1s: Gly or Cys;

Xaazg 15: Gly, Pro, Arg or Cys;



<221> MISC_FEATURE <222> (30)..(30) <223> xaa at position 30 is Arg
or Cys <220><221> MISC_FEATURE <222> (31)..(31) <223> xaa at
position 31 is Gly; C:ys, Absent, or a modified Residue <220> <221>
MOD_RES <222> (31)..(31) <223> AMIDATION <400> 4 Xaa Xaa Glu
Gly Xaa Xaa Thr Ser ASP Xaa Ser Xaa Ty¥ Leu Glu Xaa 15 10 15 xaa
xaa xaa Xaa xaa Phe lle xaa Trp Leu Xaa xaa xaa Xaa xaa 20 25 30
<210> <211>AI <212> PRT. <213> Atrtificial <220> <223> synthetic
Construct &P 651”<J2)§(1> RIS EEATURE <2225 (1)..(1) <223> xaa at
positioAdais is: Niatjdine HDshistidifie, desamino-histidine,

2-aming-histidi e b taé).%drqx glstldln homohistidine,
alphar}%of’&me yi-his 5% E;Flg athyl-Ai stidine <220> <221>

MISC_¥&aTit REr, <2220r (2¥s(2) <223> xaa at position 2 is Ala, Gly, Val,
5 Wo 3084156304 BE HES20bAbA0HE “Seibozo Sequence. -
Listing28ii25¢xPro, Ala, Cys, NH;, or is absent,
Xaagy is: Pro, Ala, Cys, NHa, or is absent;
Xaaq 1s: Pro, Ala, Arg, Lys, His, Cys, NH;, or is absent;
Xaays is: Ser, His, Pro, Lys, Arg, Cys, NH, or is absent;
Xaags is: His, Ser, Arg, Lys, Cys, NH; or is absent; and
Xaagy is: His, Ser, Arg, Lys, Cys, NH; or is absent;
and wherein:
at least one Cys residue is covalently attached to a PEG molecule, and provided
that if Xaag,, Xaass, Xaags, Xaass or Xaas is absent each amino acid downstream is

absent; and provided that there are no more than two Cys residues in the molecule.

2. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH, by more
than 7 amino acids within the amino acids from 7-37.

3. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)0H or GLP-1(7-36)NH; by more
than 6 amino acids within the amino acids from 7-37.

4. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH; by more
than 5 amino acids within the amino acids from 7-37.

5. The PEGylated GLP-1 compound of claim 1, provided that the PEGylated GLP-1
compound does not differ from GLP-1(7-37)OH or GLP-1(7-36)NH, by more

than 4 amino acids within the amino acids from 7-37.



<223> xaa at position 5 is Thr or Cys <220> <221> MISC_FEATURE
<222> (6)..(6) <223> xaa at position 6 is Phe, Trp, Tyr, or Cys <220>
<221> MISC_FEATURE <222> (10)..(10) <223> xaa at position 10 is val,
Trp, lle, Leu, Phe, Tyr, or Cys <220> <221> MISC_FEATURE <222>
(12)..(12) <223> xaa at position 12 is Ser Trp, Tyr, Phe, Lys, lle, Leu, or
Val <220> <221> MISC_FEATURE <222> (13)..(13) <223> xaa at
position 13 is Tyr, Trp, or Phe <220> <221> MISC_FEATURE <222>
(14)..(14) <223> xaa at position 14 is Leu, Phe, Tyr, or Trp <220> <221>
MISE_ PeadtiirintedodP (1 6pnipeyrdetsisian hipyositieh thet hGNE Gllated GLP-1
Asp, L FREATL 22@%}& h(ég)&}%zb
o B S 03 TR & B B3 ore
(18)..(1By <D 23uneac s poidhtin thegui M eide frone 2287 <221>

5  MISC REAL C ition19.is Ala, Val
lle, Leu, or cgéﬁ%zé%%%%f? %\(/Iﬂ;gl)é:_FIgg%ﬁlgogtaw%ﬂ&)f%?alms o6 i the

manufacture of a medicament for the treatment of diabetes, obesity, stroke,

myocardial infarction, irritable bowel syndrome or functional dyspepsia.
8. The use of claim 7 wherein the medicament is used to treat diabetes.
9. The use of claim 8 wherein the diabetes is non-insulin dependent diabetes.

10 10. The use of claim 7 wherein the medicament is used to treat obesity.



10

<222> (20)..(20) <223> xaa at position 20 is Lys or Cys <220> <221>
%I%% EATURE <222> (21)..(21) <223> xaa at position 21 is Glu, lle,

1 ys <220> <221> MISC_FEATURE <222> (24)..(24) <223> xaa
at position 24 is Ala, Glu, or cys <220> <221> MISC_FEATURE Page 6
WO 201111093823 PCT/US20041006082 <222> (27)..(27) X-16020
Sequence Listing.5T25.txt <223> xaa at position 27 is val or lle <220>
<221> MISC_FEATURE <222> (28)..(f85“<223> Xaa at position 28 is
Lys,ASp, Arg, Glu, or Cys <220> <221> MISC_FEATURE <222>
(29)..(29) <223> Xaa at position 29 is Gly or cys <220> <221>
MISC_FEATURE <222> (30)..(30A¥%2BRrR Ax€d at position 30 is Gly, Pro,
Arg, or Cys <220> <221> MISC_FEATURE <222> (31)..(31) <223> xaa
at position 31 is Gly, Pro, Ser, or Cys <220> <221> MISC_FEATURE
<222>1B2)jn(@3)is2 pBrviRa Gl positen @At Sesuplel, tis 0f6lyshcZA0ethylene
gﬁ%cz;o >m|\(/)|}esc%e|:0§%grli)v§gve< %lzgﬁsigc)suggg)g in a biologically active peptide with an
extended half-life and a slower clearance when compared to that of unPEGylated peptide.
These PEGylated GLP-1 compounds and compositions are useful in treating diabetes,
obesity, irritable bowel syndrome and other conditions that would be benefited by
lowering plasma glucose, inhibiting gastric and/or intestinal motility and inhibiting

gastric and/or intestinal emptying, or inhibiting food intake.



<223> xaa at position 33 is Ser, Arg, Thr, Trp, Lys, or cys <220> <221>
MISC_FEATURE..<222> (34)..(34) <223> xaa at position 34 is Ser, Gly,
or cys <220><221> MISC_FEATURE <222> (35)..(35) <223> xaa at
position 35 is Ala, Asp, Arg, Glu, Lys, Gly, or Cys <220> <221>
MISC_FEATURE <222> (36)..(36) <223> xaa at position 36 is Pro, Ala,
YRAAWSER, or a modified Residue <220> <221> MOD_REEUS295u6082
(36)..(36) <223> AMIDATION <220> <221> MISC_FEATURE <222>
(37)..(37) <223> xaa at position 37 is Pro, Ala, Cys, Absent, or a modified
Residue <220> <221> MOD_RES <222> (37)..(37) <223> AMIDATION
Page 7 WO 2003/09882830CSHe¥Rp00 43036085 TR51 6820 Sequence
Listing.5T25.txt <220> <221¥MISE-FEATURE <222> (38)..(38) <223>
sdd@at positidh!38aRIPFeM By Arg, Lys, His, Cys, Absent, or a Modified

R86idUR 1220516725y RET §2322638buiaR) <223> AMIDATION
<130> x-16020

<140> 607456081
<141> 2003-03-19

<160> 10
<170> PatentIn version 3.2

<210> 1

<211> 31

<212> PRT )
<213> Homo sapiens

<400> 1

His Ala Glu Gly Thr phe Thr Sser Asp val ser Ser Tyr teu Glu Gly
1 ) 10 15

GIn Ala ala Lys Glu phe Ile Ala Trp iLeu val Lys Gly Arg Gly
20 25 30

<210> 2

<211> 30

<212> PRT

<213> Homo sapiens

<400> 2

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

Gin Ala Ala Lys Glu phe Ile Ala Trp Leu val Lys Gly Arg
20 25 30

<210> 3

<211> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic Construct

<220>

<221> MISC_ FEATURE

<222> (1)..(L

<223> Xaa at position 1 1s L-histidine, D-histidine,
desamino-histidine, 2-aminoc-histidine, beta-hydroxy-histidine,
homehistidine, alpha-fluoromethyl-histidine, or alpha
methyl-histidine

<220>
<221> MISC_FEATURE

Page 1



<220> <221> MISC_FEATURE <222> (39)..(39) <223> xaa at position

39 is Ser, His, Pro, Lys, Arg, Gly, Cys, Absent, or a modified Residue
<220> <221> MOD_RES <222> (39)..(39) <223> AMIDATION <220>
<221> MISC_FEATURE <222> (40)..(40) <223> xaa at position 40 is His,
Sai 20ugpbys, Pro, Gly, Cys, Absent, or a Modified Residuare22@z004/006082
<221> MOD_RES <222> (40)..(40) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (41)..(41) <223> Xaa at position 41 is His, Ser,
Arg, Lys, Cys, Absent, or a Modified Residue <220> <221> MOD_RES
<222> (41) (41) <223>1A0HD Aeljiahk <2201 i 212sMIGC_FEATURE
gelyequsIZCys Absen ora

(4 L(42)

KggDAT

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

«<220>
<221>
<2Z22>
<223>

<220>
<221>
<222>
<223>

<220
<221>
<222>
<223>

<220>
221>
<222>
223>

<220>
<221>
<222>
<223

<220>
«221>
<222>
<223>

<220>
<221>
222>
<223>

<220

<223> ><8a.a

eS|du3$2§§On> <

(5)..(5)

SRS =

Xaa at pesition 5 is Thr or Cys

MISC__FEATURE
(6)..(6)
Xaa at position

MISC_FEATURE
(103..(10)
Xaa at position

MISC_FEATURE
(12)..(12>
Xaa at position

MISC_FEATURE
(13)..013)
Xaa at position

MISC_FEATURE
(14)..(14)
Xaa at position

MISC_FEATURE
(16)..(16)
Xaa at position

MISC_FEATURE
an..an
Xaa at position

MISC_FEATURE
(18)..(18)
Xaa at position

MISC_FEATURE
(19)..019)
Xaa at position

MISC_FEATURE
(20)..020)
Xaa at position

MISC_FEATURE
(21)..021)
Xaa at position

6 is phe, Trp, Tyr,

10 is wval,

12

13

14

i6

17

18

18

20

21

is

iS5

is

is

is

is

is

is

is

Trp,
ser, Trp,
TYr, Trp,
teu, rhe,
Gly, Glu,

GIn or Cys
Ala or Cys
ala, val,

Lys or Cys

Glu, Ile,

S'<222>

or Cys

59) 2642 %<oB5>
ON <220~ <221> MISC_FEATURE <222> (43)..(43)

Ile, Leu, Phe, Tyr, or Cys

Tyr, Phe, Lys,
or Phe
Tyr, or Trp

AsSp, Lys, of Cys

Ite, Ley, or Cys

ala, or Cys

Page 2

Ile,

Ley,

or val



<223> Xaa at position 43 is Pro, His, Cys, Absent, or a modified Residue
<220> <221> MOD_RES Page 8 WO 2004/093823 PCT/US2001/006082

<222> (43)..(43) X-16020 Sequence Listing.ST25.txt <223> AMIDATION
<220> <221> MISC_FEATURE <222> (44)..(44) <223> xaa at position
44 is Ser, His, Cys, Absent, or a modified Residue <220> <221>
WROHHREE23<222> (44)..(44) <223> AMIDATION <400> 5 BETASA44H81082
Gly Xaa Xaa Thr Ser Asp xaa Ser xaa Xaa Xaa Glu Xaa 151015 xaa
xaa xaa Xaa xaa Phe lle xaa Trp Leu xaa xaa xaa xaa xaa Xaa 20 25 30
Xaa xaa xaa xaa xaa xaa xaa xaa xaa xaa xaa xaa 3540 <210> 6 <211>
4g<g1 > PRT %&gﬁﬁﬁﬁ?&aﬁ@zw L2928 SyiThetietonstruct <220>
<3 MiSEBATURE <2225 (1)..(1) <223> Xaa at position 1 is
L<RistidingaDaRisedivie ord@4amirtd-histitine? 2-arfino-histidine,
betagbydroxy-histidine, homohistidine, alpha-fluoromethyl-histidine, or

a Zlggimeg%_lﬂ?gl‘%l% <220> <221> MISC_FEATURE

<223> Xaa at position 27 is val or Ile

<220>

<221> MISC_FEATURE

<222> (28)..(028)

<223> Xaa at position 28 is Lys or Cys

<220>

<221> MISC_FEATURE

<222> (29)..(29

<223> Xaa at position 29 is Gly or Cys

<220>

<221> MISC_FEATURE

<222> (30)..(30)

<223> Xaa at position 30 is Arg or Cys

<220>

<2231> MISC_FEATURE

<222> (3L)..3L)

<223> Xaa at position 31 is Gly, His, Cys, absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> (31)..(31)
<223> AMIDATION

<400> 3

Xaa Xaa G6lu Gly Xaa Xaa Thr Ser Asp Xaa Ser Xaa Xaa Xaa Glu Xaa
1 5 10

Xaa Xaa Xaa xaa Xaa Phe Ile Xaa Trp Leu Xaa Xaa Xaa Xaa Xaa
20 30

<210> 4

<«211l> 31

<212> PRT

<213> Artificial

<220>
<223> synthetic Constriuct

<220>

<221> MISC_FEATURE

<222> (1)..{(1)

<223> Xaa at position 1 is L-histidine, D-histidine,
desamino-histidine, 2-amino-histidine, beta-hydroxy-histidine,
homohistidine, alpha-fluoromethyl-histidine, or
alpha-methyl-histidine

<220>
<221> MISC_FEATURE

Page 3



<222> (2)..(2) <223> xaa at position 2 is Ala, Gly, val, Leu, lle, ser, or Thr
<220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa at position 5 is
Thr or Cys <220> <221> MISC_FEATURE <222> (6)..(6) <223> xaa at
position 6 is Phe, Trp, Tyr, or Cys <220> <221> MISC_FEATURE <222>
PORI409Y8223> xaa at position 10 is Val, Trp, lle, Leu, Phe, PRI USR8y 406082
Page 9 WO 2004/093823 PCT/US2004/006082 X-16020 Sequence
Listing.ST25.txt <220> <221> MISC_FEATURE <222> (12)..(12) <223>
Xaa at position 12 is Ser, Trp, Tyr, Phe, Lys, lle, Leu, Val <220> <221>
MISC F U <22251603) faBleap@3> skdaaigIasition 13 is Tyr, Trp,

OEFIAE 22035330 MISE REATURE, <222> (1)-(44) 23 rapat
posmon 14 is Leu, Phe, Tyr, or Trp 220> <221> MISC_ FEATURE <222>

ﬁ%ﬁﬁth@@ﬁW@t position 16 is Gly, Glu, Asp, Lys or cys <220>
<220> MISL. .REATURE <222> (17)..(17) <223> xaa at position 17 is GIn

of By8 IR PITIEE EERTURESYS

<220>

<221> MISC_FEATURE

<222> (8)..(6)

<223> Xaa at positien 6 is Phe or Cys

<220>

<221> MISC_FEATURE

£222>  (10)..(10)

«223> Xaa at position 10 is val, fhe, Tyr, Trp, or Cys

<220>

<221> MISC_FEATURE

<222> (12)..(12)

<223> Xaa at position 12 is Ser, Tyr, Trp, Phe, Lys, Ile, Leu, or val

<220>

<221> MISC_FEATURE

<222> (13)..(13)

<223> Xaa at position 13 is Tyr or phe

<220>

<221> MISC_FEATURE

<222>  (16)..(16)

<223> xaa at position 16 is Gly, Glu, Asp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222> (17)..017)

<223> Xaa at position 17 is Gin or Cys

<220>

<221> MISC_FEATURE

<222> (18)..{18> :

<223> Xaa at position 18 is Ala or Cys

<220>

<221> MISC. FEATURE

<222>  (19)..(19)

<223> Xaa at position 19 is Ala, val, Ile, Leu, or Cys

<220>

<221> MISC_FEATURE

<222> (20)..(20) :
<223> Xaa at position 20 is Lys or Cys

<2205

<221> MISC_FEATURE

222> (21)..021)

<223> Xaa at position 21 is Glu or Cys

<220

<221> MISC_FEATURE

<222> (24)..024)

<223> Xaa at position 24 is Ala or Cys

<220>
Page 4



<222> (18)..(18) <223> xaa at position 18 is Ala or Cys <220> <221>
MISC_FEATURE <222> (19)..(19) <223> xaa at position 19 is Ala, Val,
—"lle, Leu, or Cys <220><221>MISC_ FEATURE <222> (20)..(20) <223>
xaa at position 20 is Lys or Cys <220> <221> MISC_FEATURE <222>
(21)..(21) <223> xaa at position 21 is Glu, lle, Ala, or Cys <220> <221>
WUSEFEHTURE <222> (24)..(24) <223> xaa at position 24ds/Aéaed s
Cys <220> <221> MISC_FEATURE <222> (27)..(27) <223> xaa at
position 27 is Val or lle <220> <221> MISC_FEATURE <222> (28)..(28)
<223> xaa at position 28 is Lys, Asp, Arg, Glu, or Cys <220> <221>
MISC_FEATURE <222:6(29)5629)Ragei 10i Mg 221444093823
ngps HOBBE82 X-16020 sequence Listing.ST25.txt <223> xaa at
peIon K& iaGhwei Gys x220>vgP2E>1IMISC_FEATURE <222>
(%% ;30) <223> xaa at position 30 is Gly, Pro, Arg, or cys <220> <221>
\" g& FEAT LHRETURE

<222> (28)..(28) X
<223> Xaa at position 28 15 Lys or Cys

<220>

<221> MISC_FEATURE

<222> (29)..Q29) .

<223> Xaa at position 29 15 Gly or Cys

<220>

<221> MISC_FEATURE

<222>  (30)..0303

<223> Xaa at position 30 is Arg or Cys

<220>

<22}> MISC_FEATURE

<222 (31)..030)

<223> Xaa at position 31 is <%y, <ys, absent, or a Modified Residue

220>
<221> MOD_RES

222> (31..03D
<223> AMIDATION

Xaa Xaa Glu Gly §aa Xaa Thr Ser Asp xga Ser Xaa Tyr Leu Glu Xaa
1 1 15

Xaa Xaa Xaa Xaa Xaa phe Ile Xaa Trp Leu Xaa Xaa Xaa Xaa Xaa
20 25

<210> 5

<211> 44

<212> PRT

<213> Artificial

<220> .
<223> Synthetic Construct

<220>

<221> MISC_FEATURE

<222 (1)..(1)

<223> Xaa at position 1 is L-histidine, o-histidine,
desamino-histidine, 2-amino-histidine, beta-hydroxy-histidine,
homohistidine, alpha-flucromethyl-histidine, or
alpha-methyl-histidine '

<220>

<221> MISC_FEATURE

<222> (2)..(2)

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

<220>
<221> MISC_FEATURE
<222> (53..(5)

Page 5



<222> (31)..(31) <223> xaa at position 31 Gly, Pro, ser, or Cys <220>
<221> MISC_FEATURE <222> (32)..(32) <223> xaa at position 32 is
Ser, Pro, His, or Cys <220> <221> MISC_FEATURE <222> (33)..(33)
<223> xaa at position 33 is Ser, Arg, Thr, Trp, Lys, or Cys <220> <221>
WSHWOEHIRIYRE <222> (34)..(34) <223> xaa at position 34HS T ajoc0s2
or cys <220> <221> MISC_FEATURE <222> (35)..(35) <223> Xaa at
position 35 is Ala, Asp, Arg, Glu, Lys, Gly, or cys <220> <221>
MISC_FEATURE <222> (36)..(36) <223> xaa at position 36 is Pro, Ala,
Cys, Absent, or a modifethiRe sidaeen@@0 seP-SMODXRES <222>
(3832336) 235 PRRABRTON 28508 991> MISC_FEATURE <222>
(3432037) <223> xaa at position 37 is Pro, Ala, Cys, Absent, or a modified
R%ﬁe ﬁi@;g PPE MOD_RES <222> (37)..(37) <223> AMIDATION
<2203>< dél

<220

<221> MISC_FEATURE

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

<223> Xaa at position 10 s val, Trp, Ile, Leu, Phe, Tyr, or Cys

<220>

<221> MISC_FEATURE

<222> (12)..(12) .

<223> Xaa at position 12 i1s Ser, Trp, Tyr, pPhe, Lys, Ile, teu, or val

<220>

<221> MISC_FEATURE

<222> (13)..(13)

<223> Xaa at position 13 is Tyr, Trp, or phe

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa at position 14 is Leu, Phe, Tyr, or Trp

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa at position 16 is Gly, Glu, Asp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222 (AN..Aa7

<223> Xxaa at position 17 is Gln or Cys

<220>

<221> MISC_FEATURE

<222> (1B)..(18)

<223> Xaa at position 18 is Ala or Cys

<220>

<221> MISC_FEATURE

<222> (19)..(19)

<223> Xaa at position 19 is ala, val, ile, Leu, or Cys

<220>

<221> MISC_FEATURE

<222> (20)..020)

<223> Xaa at position 20 is Lys or Cys

<220

<221> MISC_FEATURE

<222> (21)..021)

<223> Xaa at position 21 is Glu, Ile, Ala, or Cys

<220>

<221> MISC_FEATURE

<222> (24)..(24)

<223> Xaa at position 24 is Ala, Glu, or Cys

<220
<221»> MISC_FEATURE

AEEATOIRE P22 38)(38)r cys

pPage 6



<223> xaa at position 38 is Pro, Ala, Arg, Lys, His, Cys, Absent, or a
Modified Residue <220> <221> MOD_RES <222> (38)..(38) <223>
—" 7777 AMIDATION Page 11 WO 2004/093823 PCT/US204/906082 X-16020

Sequence Listing.ST25.txt <220> <221> MISC_FEATURE <222>
(39)..¢39) <223> xaa at position 39 is 5er, His, Pro, Lys, Arg, Cys, Absent,

wor asMagiflied Residue <220> <221> MOD_RES <222> @9)yu30)4/¢1283>
AMIDATION <220> <221> MISC_FEATURE <222> (40)..(40) <223> xaa
at position 40 is His, Ser, Arg, Lys, Cys, Absent, or a Modified Residue
<220> <221> MOD_RES <222> (40)..(40) <223> AMIDATION <220>
<221> MISC_FEATWREBoz2 225t (441 1wg28F28aacat position 41 is His,

£>ArI§27L s{&H)s. Absent,.or a Modified Residue <220> <221>
Rg%]b_ %‘;%Ei’ EB*ZHE)??M? ¥3b 2L ANIDATION <400> 6 xaa Xaa Glu
G%@(aa Xaa Thr Ser Asp Xaa Ser xaa xaa xaa Giu xaa 1510 15

<221> MISC_FEATURE

<222> (28)..(28) | X
<223> Xaa at position 28 is Lys,Asp, Arg, Glu, or Cys

<220> _

<221> MISC_FEATURE

<222> (29)..(29) -

<223> Xaa at position 29 is Gly or Cys

<220>

<221> MISC.FEATURE

<222> (30)..030) .

<223> Xaa at position 30 is Gly, Pro, Arg, or Cys

<220>

<221> MISC_FEATURE

<222> (31)..031

<223> Xaa at position 31 is Gly, Pro, Ser, or Cys

<220>

<221> MISC_FEATURE

<222> (32)..(32) .

<223> Xaa at position 32 15 Ser, Pro, His or Cys

<220>

<221> MISC_FEATURE

<222> (33)..(33) .

<223> Xaa at position 33 is Ser, Arg, Thr, Trp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222> (34)..(34)

<223> Xaa at position 34 is Ser, Gly, or Cys

<220>

<221> MISC_FEATURE

<222> (35)..(35)

<223> Xaa at position 35 is Ala, Asp, Arg, Glu, Lys, Gly, or Cys

<220>

<221> MISC_FEATURE

<222> (36)..(36)

<223> Xaa 3t pasition 36 is Pro, ala, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> {(36)..(36)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (37)..G37) )

<223> Xaa at position 37 is Pro, Ala, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> (37)..(37)
<223> AMIDATION

page 7




xaa xaa xaa xaa xaa Phe lle xaa Trp Leu xaa xaa xaa xaa xaa Xaa 20 25
30 xaa xaa xaa xaa xaa xaa xaa xaa xaa 35 40 <210> 7 <211> 41
<212> PRT <213> Atrtificial <220> <223> synthetic Construct <220>
<221> MISC_FEATURE <222> (1)..(1) <223> xaa at position 1 is
WhisiidingsD-histidine, desamino-histidine, 2-amino-histidipes/us2o04/v06082
beta-hydroxy-histidine, homohistidine, alpha-fluoromethyl-histidine, or
alpha-methyl-histidine Page 12 WO 2004/093823 PCT/US2004/006082
X-16020 Sequence Listing.ST25.txt <220> <221> MISC_FEATURE
<222> (2)..(2) <223> xpa S RPSULIAR RIS Gbiva!siey. g, Ser, or Thr
<220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa at position 5 is
THSEYCysr 5220 5@21> MISC_FEATURE <222> (6)..(6) <223> Xaa at
positpN 6(BEPhE38D Cys <220> <221> MISC_FEATURE <222> glo?ntloc)r .

<2§?§§?xa§ifﬁ

<221> MISC_FEATURE <222> (16)..(16)

<220>
<221>
«222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<i22>
<Z223>

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<220>
<22)>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
<221>
<222>
«223>

<220>
<271>

MOD_RES
(38)..(38)
AMIDATION

MISC _FEATURE

(39)..(39)

Xaa at position 39 is -Ser,
or a Modified Residue

MOD_RES
(39)..039)
AMIDATION

MISC _FEATURE

{40)..(40) )
Xaa at position 40 is His,
or a Modified Residue

MOD._RES
(40)..(40)
AMIDATION

MISC _FEATURE

(41)..(41)

Xaa at position 41 1is His,
modified Residue

MOD_RES
(41)..(40)
AMIDATION

MIS{ _FEATURE

(42)7.(42) )

Xaa at position 42 is Gly,
Residue

MOD_RES
42)..(42)
AMIDATION

MISC_FEATURE

(43)..(43) .

Xaa at position 43 is Pro,
rResidue

MOD_RES

His,

Pro,

ser, Arg,

ser, Arg,

H QR 80 VAR 7B, 1R et By G (9

tys, Arg, Gly, Cys, Absent,

Lys, Pro, Gly, Cys, Absent,

Lys, Cys, Absent, or a

His, Cys, Absent, or a modified

His, Cys, Absent, or a Madified
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<223> xaa at position 16 is Gly, Glu, Asp, Lys, or Cys <220> <221>
MISC_FEATURE <222> (17)..(17) <223> xaa at position 17 is GIn or Cys
<220> <221> MISC_FEATURE <222> (18)..(18) <223> xaa at position
18 is Ala or Cys <220> <221> MISC_FEATURE <222> (19)..(19) <223>
xaa at position 19 is Ala, Val, lle, Feu, or Cys <220> <221>
WASHHBAZBURE <222> (20)..(20) <223> xaa at position 200%/ Lz @S2
<220> <221> MISC_FEATURE <222> (21)..(21) <223> xaa at position
21 is Glu or Cys <220> <221> MISC_FEATURE <222> (24)..(24) <223>
xaa at position 24 is Ala or Cys <220> <221> MISC. FEATURE <222>
(27)..(2 23> xaa at kit sedieisyalioriley.s220x 221>

Fﬁé&' ) <222> (28)..(28) Page 13 WO 2004/093823
PCT/U82004/006082 x-16020 Sequence Listing.5T25.txt <223> Xaa at

gg ?on dS RSP, Arg, Glu, or Cys <220> <221> MISC_FEATURE
(2 ‘1"( 28)4)
<223> Xaa at position 44 is Ser, His, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> (44)..(44)
<223> AMIDATION

<400> 5

Xaa Xaa Glu Gly Xaa Xaa Thr Ser Asp Xaa Ser Xaa Xaa Xaa Glu Xaa

1 5 10

Xaa Xaa Xaa Xaa Xaa Phe Ile Xaa Trp Leu Xaa Xaa Xaa Xaa Xaa Xaa
25 30

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

<210> 6

<21l> 41

<212> PRT

<213> Artificial

<220>
<223> synthetic Construct

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Xaa at position 1 is L-histidine, D-histidine,
desamino-histidine, 2-amino~ h1st1d1ne beta-~ hydroxy histidine,
homohistidine, atha fluoromethyi- h1st1d1ne or
alpha-methyi- -histidine

<220>

<221> MISC_FEATURE

«222> (2)..(2)

<223> Xaa at position 2 is Ala, 6ly, val, Leu, Ile, Ser, or Thr

<220>

<221> MISC_FEATURE

<222>  (5)..(5)

<223> Xaa at position 5 is Thr or Cys

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa at position 6 is Phe, Trp, Tyr, or Cys

<220>

<221> MISC_FEATURE

<222> (10)..010)

<223> Xaa at position 10 is val, Trp, Ile, Leu, Phe, Tyr, or Cys
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<223> xaa at position 29 is Gly or Cys <220> <221> MISC_FEATURE
<222> (30)..(30) <223> xaa at position 30 is Gly, Pro, Arg, or Cys <220>
<221> MISC_FEATURE <222> (31)..(31) <223> xaa at position 31 is Gly,
Pro, Ser, or cys <220> <221> MISC_FEATURE <222> (32)..(32) <223>
waaet98aitdn 32 is Ser, Pro, His, or Cys <220> <221> MISTTRBAFYRES?
<222> (33)..(33) <223> xaa at position 33 is Ser, Arg, Thr, Trp, Lys, or
Cys <220> <221> MISC_FEATURE <222> (34)..(34) <223> xaa at
position 34 is Ser, Gly, or Cys <220> <221> MISC_FEATURE <222>
(35)..(35) <223> xaa akpusitons3quienAda L Aspi,nargr BlupdtyS, Gly, or Cys
<2 > <221> MISC_FEATURE <222> (36)..(36) <223> xaa at position
363$]Browﬁda,, RE<220> <221> MISC_FEATURE <272> (37)..(37)

ro Ala, o S <22 <221>
Fﬁ?&é %égn 532‘3-’) <2§.§gy xag at %ﬁosmoﬁsém |sePr e%\'l val
Az@ﬂ’_;/s M@lsscgpyé”&p&sent or a Modified Residue <220>

<«222> (13)..(13)
<223> Xaa at pesition 13 is Tyr, Trp, or Phe

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa at position 14 is Leu, Phe, Tyr, or Trp

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa at position 16 is Gly, Glu, Asp, Lys or Cys

<220>

<221> MISC_FEATURE

<222> (17)..(17)

<223> Xaa at position 17 is Gin or Cys

<220>

<223> MISC_FEATURE

<222> (18)..(18)

<Z223> Xaa at position 18 is Ala or Cys

<220> :

<221> MISC_FEATURE

<222» (19)..(19)

<223> Xaa at position 19 is ala, val, Ile, Leu, or Cys

<220>

<221> MISC _FEATURE

<222> (20)..020)

<223> Xaa at position 20 is Lys or Cys

<220>

<221> MISC_FEATURE

<222> (21)..(21)

<223> Xaa at position 21 is Glu, 1le, Ala, or Cys

<220> _

<221> MISC_FEATURE

<222> (24)..(24)

«223> Xaa at position 24 is Ala, Glu or Cys

<220>

221> MISC_FEATURE

<222 (27)..027)

<223> Xaa at position 27 is val or Ile

<220>

<221> MISC_FEATURE

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

<223> Xaa at position 2B is Lys, aAsp, Arg, Glu, or Cys

<220>
<221> MISC_ FEATURE
<222> (29)..(029)
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<221> MOD_RES <222> (38)..(38) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (39)..(39) <223> Xaa at position 39 is Ser, His,
Pro;Lys, Arg, Cys, Absent or a Modified Residue Page 14 WO
2004/093823 PCT/1JS2004/006082 X-16020 sequence Listing.ST2S.txt
<220> <221> MOD_RES <222> (39)..(39) <223> AMIDATION <220>
wQ2uRrMMISE FEATURE <222> (40)..(40) <223> Xaa at pegities:46 ikees2
His, Ser, Arg, Lys, Cys, Absent, or a Modified Residue <220> <221>
MOD_RES <222> (40)..(40) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (41)..(41) <223> xaa at position 41 is His, Ser,

Arg, Lys, Cys, Absent- ggizoMedifiaddResiduy 228>t x221> MOD_RES
<2> (4P (L PPsI2PEs VD ATYON @400> 7 xaa xaa Glu Gly Xaa Xaa

ThroSer Asp Xaa Ser Ser Tyr Lys Glu xaa 15 10 15 xaa xaa xaa xaa xaa
gﬁ%#le % WiE Xaa Xaa xaa xaa Xaa Xaa 20 25 30 Xaa Xaa Xaa
% 2S

6@53(@%3(% is Gly, Pro, Arg, or Cys

<220>

<221l> MISC_FEATURE

<222> (31)..031)

<223> Xaa at position 31 Gly, Pro, Ser, or Cys

<220>

<221> MISC_FEATURE

<222 (32)..032)

<223> Xaa at position 32 is Ser, -Pro, His, or Cys

<220>

<221> MISC_FEATURE

<222> (33)..(33)

<223> Xaa at position 33 is ser, Arg, Thr, Trp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222> (34)..(34) '

<223> Xaa at position 34 is Ser, Gly, or Cys

<220>

<221> MISC_FEATURE

<22Z>  (35)..(3%)

<223> Xaa at position 35 is Ala, asp, Arg, Glu, Lys, Gly, or Cys

<220>

<221> MISC FEATURE

<222> (36)..(36)

<223> Xaa at position 36 is Pro, Ala, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> (36)..(36)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (37)..(37) .

<223> Xaa at position 37 is Pro, Ala, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> 37)..(37)
<223> AMIDATION

«220>

<221> MISC_FEATURE

<222> (38)..(38) .

<223> Xaa at position 38 is Pro, Ala, Arg, Lys, His, Cys, absent, or a
Modified Residue

<220>

<221> HOD_RES
<222> (38)..038)
<223> AMIDATION
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3540 <210>8<211>41 <212> PRT <213> Atrtificial <220> <223>
synthetic Construct <220> <221> MISC_FEATURE <222> (1)..(1) <223>
xaa at position 1 is L-histidine, D-histidine, desamino-histidine,
2-amino-histidine, beta-hydroxy-histidine, homohistidine,
alphasfluarmethyl-histidine, or alpha-methyl-histidine <220pc€22351/006082
MISC_FEATURE <222> (2)..(2) <223> xaa at position 2 is Gly, val, Leu,
lle, Ser, or Thr <220> Page 15 WO 2004/093823 PCT/US2004/006082
X-16020 Sequence Listing.ST25.txt <221> MISC-FEATURE <222>

(5)..(5) <223> Xaa at pasiEen Sis, [ Q" G¥Tirgads2el>
MISC-FEATURE <222> (6)..(6) <223> xaa at position 6 is Phe or Cys

<3B <221> MISGREEATURE <222> (10)..(10) <223> xaa at position 10
isval-or G <229 t221> MISC-FEATURE- <222> (16)..(16) <223> xaa

arPOBItiofF 63, YT AT ASp Lpsior Uil 20203 ¥D2459MISE . FIRATURESF 2

<220>

<221> MOD_RES
<222> (39)..(39)
<223> AMIDATION

<220>

«221> MISC_FEATURE

<222> (40)..(40)

<223> Xaa at position 40 is His, Ser, Arg, Lys, Cys, aAbsent, or a
; modified Residue

<220>

<221> MOD_RES
<222> (40)..(40)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (41)..(41)

<223> Xaa at position 41 1is His, Ser, Arg, Lys, Cys, Absent, or a
Modified Residue

<220>

<221> MOD_RES
<222> (41)..(41)
<223> AMIDATION

<400> 6

iaa Xaa Glu Gly ?aa Xaa Thr Ser Asp Xaa Ser Xaa Xaa Xaa Glu Xaa
10 15

Xaa Xaa Xaa Xaa Xaa Phe Ile Xaa Trp Leu Xaa Xaa Xaa Xaa Xaa Xaa
20 25 '

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

<210> 7

<21i> 41

<212> PRT

<213> Artificial

<2205 )
<223> Synthetic Construct

<220> :

<221> MISC_FEATURE

<222> (L)..(L)

<223> Xaa at position 1 is L-histidine, D-histidine, :
desamino-~histidine, 2-amino-histidine, beta-hydroxy-histidine
homohistidine, alpha-fluoromethyl-histidine, or
alpha-methyl-histidine

r
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<222> (17)..(17) <223> xaa at position 17 is GlIn or Cys <220> <221>
MISC_FEATURE <222> (18)..(18) <223> xaa at position 18 is Ala or cys

- <220> <221> MISC-FEATURE <222> (19)..(19) <223> xaa at position 19
is Ala, val, lle, Leu, or Cys <220> <221> MISC_FEATURE <222>
(20)..(20) <223> Xaa at position 20 is Lys or Cys <220> <221> _
WHBCYEBIRFURE <222> (21)..(21) <223> xaa at position 2BG$/Gieneyi@sps?
<220> <221> MISC_FEATURE <222> (24)..(24) <223> xaa at position
24 is Ala or Cys <220> <221> MISC_FEATURE <222> (27)..(27) <223>
xaa at position 27 is Val or lle <220> <221> MISC_FEATURE <222>
(28)..(28) <223> xaa at [0 edbitd \§ oriCYySSRB20%t<221>
_FEATURE <222> (29)..(29) <223> xaa at position 29 is Gly or Cys
1613&@%@1#@93523 PCT/US2004/006082 X-16020 Sequence

E@%Tg i’ggSa@@t;Oth%fg%lgé\{l ISC{IHI]:EQJUUF%&’ ser, or Thr

<220>

<221> MISC_FEATURE

<222> (5)..(5) _

<223> Xxaa at position 5 is Thr or Cys

<220>

«221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa at position 6 is Phe or Cys

<220>

<221> MISC_FEATURE

<222> (10)..010)

<223> Xaa at position 10 is val, Trp, Ile, Leu, Phe, Tyr, or Cys

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa at position 16 is Gly, Glu, Asp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222> (17)..(17)

<223> Xaa at position 17 is GIn or Cys

<220>

<221> MISC_FEATURE

<222>  (18)..(18)

<223> Xaa at position 18 is aAla or Cys

<220>

<221> MISC_FEATURE

<«222» (19)..(19)

<223> Xaa at position 19 is Ala, val, Ile, Leu, or Cys

<220>

<221> MISC_FEATURE

<222> 20)..2M

<223> Xaa at position 20 is Lys or Cys

<220>

<221> MISC_FEATURE

«222> (21)..(21)

<223> Xaa at position 21 is Glu or Cys

<220>

<221> MISC_FEATURE

<222>  (24)..(24)

<223> Xaa at position 24 is Ala or Cys

<220>

<221> MISC_FEATURE

<222> (27)..(27)

<223> Xaa at position 27 1is val or Ile

<220>
<221> MISC_FEATURE
<222> (28)..(28)
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<222> (30)..(30) <223> xaa at position 30 is Gly or Cys <220> <221>

- MI5C_FEATURE <222> (31)..(31) <223> xaa at position 31 is Pro or Cys
<220> <221> MISC_FEATURE <222> (32)..(32) <223> xaa at position
32 is 5er, Pro, His, or Cys <220> <221> MISC_FEATURE <222>

3834 883382323> xaa at position 33 is Ser, Arg, Thr, Trp, Lyd(diiSyai/a06082
<220> <221> MISC_FEATURE <222> (34)..(34) <223> Xaa at position
34 is Ser, Gly, or Cys <220> <221>MISC_FEATURE <222> (35)..(35)
<223> xaa at position 35 is Ala, Asp, Arg, Glu, Lys, Gly, or Cys <220>
<221> MISC_FEATURE1602022se(36)<£36) s<A28>5X48. &xposition 36 is
PFé? Ria, G Gfs PI935 115 NS C ABRATTIRES W22¥s £59)..(37) <223>
Xaa@t position 37 is Pro, Ala, or Cys <220> <221> MISC_FEATURE

<§%§ (3@3%&‘2@> xaa at position 38 is Pro, Ala, Arg, Lys, His, Cys,
Absant, aaa Maoshbied Reslue €320 €221> MOD_RES <222>

(3;%.&38) <223> AMIDATION

<221> MISC_FEATURE
<222> (30)..(30) .
<223> Xaa ar position 30 is Gly, Pro, Arg, or Cys

<220>

221> MISC_FEATURE

<222> (31..(31) | )

<223> Xaa at position 31 is Gly, Pro, Ser, or Cys -

<220>

<221> MISC_FEATURE

<222> (32)..(32) . .

<223> Xaa at position 32 is Ser, Pro, His, or Cys

<220>

<221> MISC_FEATURE

<222> (33)..(33

<223> Xaa at position 33 1is Ser, Arg, Thr, Trp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222> (34)..(34) )

<223> Xaa at position 34 is Ser, Gly, or Cys

<220>

<221> MISC_FEATURE

<222> (35%)..(35) .

<223> Xaa at position 35 is Ala, asp, arg, Glu, Lvys, Gly, or Cys

<220>

<221> MISC_FEATURE

<222> (36)..(36) )

<223> Xaa at position 36 is pro, Ala, or Cys

<220>

<221> MISC_FEATURE

222> @N..37) i

<223> Xaa at position 37 is pro, Ala, or Cys

<220>

<221> MISC_FEATURE

<222> (38)..(38) )

<223> xaa at position 38 is Pro, Ala, Arg, Lys, His Cys, Absent, or a
Modified Residue

<220> .
<221> MOD_RES
<222> (38)..(38)
«2Z23> AMIDATION

<220

<221> MISC_FEATURE

<222> (39)..(39) )

<223> Xaa at position 3% is Ser, His, Pro, Lys, Arg, Cys, Absent or a
smodified Residue
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<220> <221> MISC_FEATURE <222> (39)..(39) <223> xaa at position
39 is Ser, His, Pro, Lys, Arg, Cys, Absent or a Modified Residue <220>
<221> MOD_RES <222> (39)..(39) <223> AMIDATION <220><221>
MISC_FEATURE Page 17 WO 2004/093823 PCTIUS2004/006082
<222> (40)..(40) X-16020 sequence Listing.5T25.txt <223> xaa at position
WO 1g0Hig3Ber, Arg, Lys, Cys, Absent, or a Modified Residue&2ema /006082
<221> MOD_RES <222> (40)..(40) <223> AMIDATION <220> <221>
MISCFEATURE <222> (41)..(41) <223> xaa at position 41 is His. Ser,
Arg, Lys, Cys, Absent, or a Modified Residue 4220> <221> MOD_RES
<222> (41)..(41) <223=16000D5hlON <A i xemr XaaGlu Gly xaa xaa
?gg%erﬁosoo xaa Ser Ser Tyr Lys Glu xaa 151015 xaa xaa xaa xaa xaa
é gzﬁe X38)1 R 1HuU Xaa xaa xaa xaa xaa xaa 20 25 30 xaa xaa Xaa xaa
x3d3XaaraRrXENxaa 35 40 <210> 9 <211> 44 <212> PRT

<220>

<221> MISC_FEATURE

<222> (40)..(40) .

<223> Xaa at position 40 is His, Ser, Arg, Lys, Cys, Absent, or a
Modified Residue

<220>

<221> MOD_RES
<222>  (40)..040)
<223> AMIDATION

<220>

<22i> MISC_FEATURE

<222> (41)..(41) ) )

<223> Xaa at position 41 is His, Ser, Arg, Lys, Cys, Absent, or a
Modified Residue

<220>

<221> MOD_RES
<222> (41)..41D
<223> AMIDATION

<4(30> 7

iaa xXaa Glu Gly )5<aa Xaa Thr Ser asp xga Ser Ser Tyr Lys Glu Xaa
1 15

Xaaz Xaa Xaa Xaa Xaa phe Ile Xaa Erp Leu Xaa Xaa Xaa Xaa Xaa Xaa
' 5 30

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
35 40

<210> 8

<21i> 41

<212> PRT

<213> Artificial

<220> .
 <223> Synthetic Construct

<220>

<221> MISC_FEATURE _

<222> (..

<223> Xaa at position 1 is L-histidine, b-histidine,
desamino-histidine, 2-amino-histidine, beta-hydroxy-histidine,
homohistidine, alpha-flucromethyl-histidine, or
alpha-methyl-histidine

<220>

«221> MISC_FEATURE

<222> (2)..(2) _

<223> Xaa at position 2 is Gly, val, Leu, XIle, Ser, or Thr

<220>
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<213> Artificial <220> <223> Synthetic Construct <220> <221>
MISC_FEATURE <222> (5)..(5) <223> xaa at position 5 is Thr or Cys
<220> <221> MISC_FEATURE <222> (6)..(6) <223> xaa at position 6 is
Phe or Cys <220> <221> MISC_FEATURE <222> (10)..(10) <223> Xaa
WopwsHivnslD is Val or Cys <220> <221> MISC_FEATURE PE€IAZ2004/606082
(16)..(16) <223> Xaa at position 16 is Giy or Cys <220> Page 18 WO
2004/093823 PCT/US2004/006082 X-16020 Sequence Listing.ST25.txt
<221> MISC_FEATURE <222> (17)..(17) <223> Xaa at position 17 is GIn

or cys <220> <221> MISE REATURE. £222m6l8)2618k€223> xaa at
pg‘ggen #8SE AFABIREYS <220> <221> MISC_FEATURE <222>
(£

219§ 22283 xamatpasition 49 i Alger oys <220~ <221>
MISC FEATURE <222> (20)..(20) <223> xaa at position 20 is Lys or Cys

<2§§$§ MISC _FEATURE

<«222> (6)..(6) )
<223> Xaa at position 6 is Phe or Cys

<220

<221> MISC _FEATURE

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

<223> xaa at position 10 is val or Cys

<220>

<221> - MISC_FEATURE-

<222> (163..(16) ) ,

«223> Xaa at position 16 is Gly, Glu, Asp, Lys or Cys

<220

<221> MISC_FEATURE

<222> QN..Qn .

<223> Xaa at position 17 is GIn or Cys

<220>

<221> MISC_FEATURE

<222> (18)..(18) )

<223> Xaa at position 18 is Ala or Cys

<220

<221> MISC_FEATURE

<222> (19)..019) .

<223> Xaa at position 19 is Ala, val, Ile, Leu, or Cys

<220>

<221> MISC_FEATURE

<222> QCO..Q0

<223> Xaa at position 20 is Lys or Cys

<220>

<221> MISC_FEATURE

<222> (21)..Q21)

<223> Xaa at position 21 is Glu or Cys

<220>

<Z221> MISC_FEATURE

<222> (24)..(24) -

<223> Xaa at position 24 is Ala or Cys

<220>

<221> WMISC_FEATURE

<222> ((27)..027)

<223> Xaa at position 27 is val or Ile

<220>

<221> MISC_FEATURE

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

<223> Xaa at position 28 is Lys or Cys

<220>

<221> MISC_FEATURE

<222 (29..(29)

<223> Xaa at position 29 is Gly or Cys
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<221> MISC_FEATURE <222> (21)..(21) <223> xaa at position 21 is Glu
or Cys <220><221> MISC_FEATURE <222> (24)..(24) <223> xaa at

position 24 is Ala or Cys <220> <221> MISC_FEATURE <222>
(28)..(28) <223> xaa at position 28 is Lys or cys <220> <221>
MISC_FEATURE <222> (29)..(29) <223> xaa at position 29 is Gly or Cys
W2R0r093821 > MISC_FEATURE <222> (30)..(30) <223> xd& BUpesktithres2
30is Gly or Cys <220> <221> MISC_FEATURE <222> (31)..(31) <223>
xaa at position 31 is Pro or Cys <220> <221> MISC_FEATURE <222>
(32)..(32) <223> xaa at position 32 is Ser, Pro, His or Cys <220> <221>

MISC_FEATURE <222%d83)dgdncd 233 2iag ahpssitien 33 is Ser, Arg,

FRROTTD, Lys, or Cys <220> <221> MISC_FEATURE <222> (34)..(34)
253, %S%at’_&%‘@&’ 34 is Ser. Gly, o CJs Page 19 WO 20041093823

RTZFHU SO0 09868 207 39035 X6 16020 Sequence Listing.ST25.txt >

<220>

<221> MISC_FEATURE

<222> (31)..031 .

<223> Xaa at position 31 is Pro or Cys

<220>

<221> MISC_FEATURE

<222> (32)..(32) ) .

<223> Xaa at position 32 is Ser, Pro, His, or Cys

<220>

<221> MISC_FEATURE

<222> (33)..(33) .

<223> Xaa at position 33 is Ser, Arg, Thr, Trp, Lys, or Cys

<220>

<221> MISC_FEATURE

<222> (34)..(34) X

<223> Xaa at position 34 is Ser, Gly, or Cys

<220>

<221> MISC_FEATURE

<222> (35)..43%)

<223> Xaa at position 35 is Ala, Asp, Arg, Glu, Lys, Gly, or Cys

<220>

<221> MISC_FEATURE

<222> (36)..(36) .

<223> Xaa at position 36 is Pro, Ala, or Cys

<220>

<221> MISC_FEATURE

<222> (37)..(37) .

<223> Xaa at position 37 is Pro, Ala, or Cys

<220>

<221> MISC_FEATURE

<222> (38)..(38) .

<223> Xaa at position 38 is pro, Ala, Arg, Lys, His, Cys, Absent, or a
Modified Residue

<220>

<221> MOD_RES
<222> (38)..(38)
<223> AMIDATION

<220>

«221> MISC_FEATURE

<222> (39)..(39) _

<223> Xaa at position 39 is Ser, His, Pro, Lys, Arg, Cys, Absent or a
Modified Residue

<220>

<221> MOD_RES
<222> (39)..039)
<223> AMIDATION

<220>
<221> MISC_FEATURE

page 17



<221> MISC_FEATURE <222> (35)..(35) <223> xaa at position 35 is Ala,
Asp, Arg, Glu, Lys, Gly or Cys <220> <221> MISC_FEATURE <222>
(36)..(36) <223> xaa at position 36 is Pro, Ala, Cys, Absent, or a modified
Residue <220> <221> MOD_RES <222> (36)..(36) Q23> AMIDATION
wWiPhHmiddhs MISC_FEATURE <222> (37)..(37) <223> Xagat RRSiioosisz
37 is Pro, Ala, Cys, Absent, or a modified Residue <220> <221>
MOD_RES <222> (37)..(37) <223> AMIDATION <220> <221>
MISC_FEATURE <222> (38)..(38) <223> xaa at position 38 is Pro, Ala,
Arg, Lys, His, Cys, Absenkmoasddedified RSy r22Q%: <221>
M%%»RECSOLZZEB) 38)..(38) <223> AMIDATION <220> <221>
MTIEC” FRATIRIE 2208 (5Y) 1385« 05 LIS at' pSsitfolf 397sesEr, Pfis2
Pro, Lys, Arg, Gly, Cys, Absent, or a modified Residue <220> <221>
”Rli@ngE%b (39)..(39) <223> AMIDATION
<222> (40)..(40)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (41)..(41) .

<223> Xaa at position 41 is His, Ser, Arg, Lys, Cys, Absent, or a
; Modified Residue

220>

<221> MOD_RES

<222> (41)..(41)

<223> AMIDATION

<400> B

iaa Xaa clu Gly ?aa Xaa Thr Ser Asp Xaa Ser Ser Tyr Lys Glu Xaa
10 i5

Xaa Xaa Xaa Xaa Xaa Phe Ile Xaa Trp Leu Xaa Xaa Xaa Xaa Xaa Xaa
25
Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa
40

<210> 9

<211> 44

<212> PRT

<213 Artificial

<220>
<223> Synthetic Construct

<220>

<221> MISC_FEATURE

<222> (5)..(5)

<223> Xaa at position 5 is Thr or Cys

<220

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa at position 6 is pPhe or Cys

<220>

<221> MISC_FEATURE

<222>  (10)..Q0)

<223> Xaa at position 10 is val or Cys

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa at position 16 is Gly or Cys

<220>
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<220> <221> MISC_FEATURE <222> (40)..(40) <223> xaa at position
40 is His, Ser, Arg, Lys, Pro, Gly, Cys, Absent, or a modified Residue

<220> <221> MOD_RES <222> (40)..(40) <223> AMIDATION <220>
<221> MISC_FEATURE <222> (41)..(41) <223> Xaa at position 41 is

His, Ser, Arg, Lys, Cys, Absent, or a Page 20 WO 21814/093823
WCETHWE804 10406082 X-16020 Sequence Listing.5T25.txedvindifiaoscos2
Residue <220> <221> MOD_RES <222> (41)..(41) <223> AMIDATION
<220> <221> MISC_FEATURE <222> (42)..(42) <223> Xaa at position
42 is Gly, His, Cys, Absent, or a modified Residue <220> <221>

MOD_RES <222> (42):1447) 223 AVIRATION 520> <221>
STIIREURE222> (43)..(43) <223> xaa at position 43 is Pro, His,

MISE_PE
S0 o T hocied, Resice s2a <221> MOD_RES <222>
(43).(43) <223> AMIDATION |

<221> MISC_FEATURE
<222> (18)..(18)
<223> Xaa at position 18 is Ala or Cys

<220>

<221> MISC_FEATURE

<222> (A9..(1®

<223> Xaa at position 19 is Ala or Cys

<220>

<221> MISC_FEATURE

<222> (20)..020)

<223> Xaa at position 20 is Lys or Cys

<220~

<221> MISC_FEATURE

<222> (21)..(2L)

<223> Xaa at position 21 is Glu or Cys

<220>

<221> MISC_FEATURE

<222> (24)..(24)

<223> Xaa at position 24 is Ala or Cys

<220>

<221> MISC_FEATURE

<222> (28)..(28)

<223> xaa at position 28 is Lys or Cys

<220>

<221> MISC_FEATURE

222> Q29..02%

«223> Xaa at position 29 is Gly or Cys

<220

221> MISC_FEATURE

<222> (30)..(030)

«223> Xaa at position 30 is Gly or Cys

<220>

<221> MISC_FEATURE

<222> (31)..(3L) _

<223> Xaa at position 31 is Pro or Cys

<220> _

<221> MISC_FEATURE

<222> (32)..(32) .
«223> Xaa at position 32 is Ser, Pro, His or Cys

<220>

<221> MISC_FEATURE

<222> (33)..(33)

«<223> Xaa at position 33 is ser, Arg, Thr, Trp, LYS, or Cys

<220>

<221> MISC_FEATURE

«222> (34)..(34)

<223> Xaa at position 34 is Ser, Gly, or Cys
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<220> <221> MISC_FEATURE <222> (44)..(44) <223> xaa at position
44 is Ser, His, Cys, Absent, or a modified Residue <220> <221>
MOD_RES <222> (44)..(44) <223> AMIDATION <400> 9 His Ala Glu
Gly Thr Phe Thr Ser Asp val Ser Ser Tyr Leu Glu Gly 1510 15 GIn Ala

wiadysoaskrPhe lle Ala Trp Leu Val Lys Gly Gly Pro Xaa 20:2%;86:% 86032
Xaa xaa xaa Xaa Xaa Xaa xaa xaa xaa xaa xaa 35 40 <210> 10 <211>
39 <212> PRT <213> Artificial <220> <223> synthetic Construct <220>
Page 21 WO 211114/093823 PCT/US2004/1106082 X-16020 Sequence

Listing.ST2S.txt <2213 Misfe_EEATURE; 523243} (0k <223> Xaa at

pagiion 1 is L-histidine, D-histidine, desamino-histidine,
ZHminoesidiFgE Péta-hydroxy-histidine, homohistidine,
atphie-fluakomethyd-Histidiae, alpiia-methylAigtidine, Asg,, TyTy 2263
<234 MISC_FEATURE <222> (2)..(2) <223> xaa at position 2 is Gly,

Sep1AlapscTReaT@R0> <221> MISC_FEATURE <222> (3)..(3)

<222> (36)..(36)

<223> Xaa at position 36 is pro, Ala, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222>  (36)..(36)
£223> AMIDATION

<220>

<221> MISC_FEATURE

<222> ((37)..G7

<223> Xaa at position 37 is Pro, Ala, Cys, Absent, or a Modified
‘ Residue

<220>

<221> MOD_RES
<222> (37)..4{37)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (38)..(38)

<223> Xxaa at position 38 is Pro, Ala, Arg, Lys, His, Cys, Absent, or a
" Modified Residue

<220>

<221> MOD_RES
<222> (38)..(38)
<223> AMIDATION

<220> '

<221> MISC_FEATURE

<222> (39)..(39)

«223> Xaa at pgsition 39 is Ser, His, Pra, Lys, Arg, Gly, Cys, Absent,
or a Modified Residue

<220>

<221> MOD_RES
<222> (39)..(39)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222>  (40)..C40)

<223> Xaa at position 40 is His, Ser, Arg, Lys, Pro, Gly, Cys, Absent,
or a Modified residue _

<220>

<221> MOD_RES
<222>  (40)..(40)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (41)..(41) _ _

<223> Xaa at position 41 is His, Ser, Arg, Lys, Cys, Absent, or 3
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<223> xaa at position 3 is Glu, Ala, or Asp <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa at position 4 is Gly, Ala, or
- Val'<220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa at position ST
5is Thr, Cys, or Ala <220> <221> MISC_FEATURE <222> (6)..(6)
<223> Xaa at position 6 is Phe, Cys, Ala, or Tyr <220> <221>
W SEABLRE <222> (7)..(7) <223> xaa at position 7 is TRrIQUSar /006082
<220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa at position 8 is
Ser, Ala, or Thr <220> <221> MISC_FEATURE <222> (9)..(9) <223>
xaa at position 9 is Asp or Glu <220> <221> MISC_FEATURE <222>

(10)..(10) <223> xaa ﬁlﬁ?ﬁﬂ%&@eiﬁtb%s%.’Q‘@S'.'?xtva" or met
<220> 2215 MISEsFEATURE <222> (11)..(11) <223> xaa at position

13.g,Ser or Ala <220> <221> MISC_FEATURE <222> (12)..(12) <223>
xaalat pamitipes 12 is Lys or Ala Page 22 WO 20041093823

o UsERhE0e2

<220>

<221> MISC_FEATURE

<222>  (42)..(42)

<223> Xaa at position 42 is Gly, His, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> (42)..{42)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222» (43)..(43)

<223> Xaa at position 43 is Pro, His, Cys, Absent, or a Modified
rResidue

<220>

<221> WMOD_RES
<222> (43)..(43)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (44)..(44)

<223> Xaa at position 44 is Ser, His, Cys, Absent, or a Modified
Residue

<220>

<221> MOD_RES
<222> (44)..(44)
<223> AMIDATION

<400> 9

?is Ala Glu Gly ghr Phe Thr Ser Asp V81 Ser Ser Tyr Leu Glu Gly
1 15

GIn Ala Ala Lys Glu Phe Ile Ala Trp teu val Lys Gly Gly Pro xaa
20 25 30

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

<210> 10
<211> 39
<212> PRT
<213> artvificial

<220> _
<223> Synthetic Construct

<220>
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X-16020 sequence Listing.ST2S.txt <220> <221> MISC_FEATURE
<222> (13)..(13) <223> Xaa at position 13 is GIn or Ala <220> <221>
MISC_FEATURE <222> (14)..(14) <223> xaa at position 14 is met, Ala,
Leu, lle, or Val <220> <221> MISC_FEATURE <222> (15)..(15) <223>

w;@;t.@@m@n 15is Glu or Ala <220> <221> MISC_FEATURE 13837000082
(16)..(16) <223> Xaa at position 16 is Glu, Cys, or Ala <220> <221>
MISC_FEATURE <222> (17)..(17) <223> xaa at position 17 is Glu, Cys,

or Ala <220> <221> MISC_FEATURE <222> (18)..(18) <223> xaa at

position 18 is Ala or Cys 168203 spdédce MRS EifEAvbY R, <222>
(1%1@19)??2?%&&% position 19 is Val, Cys, or Ala <220> <221>
G

MISG: Fi o5R337 (20) - (2H)i52237<28-8% Positie, 20 is Arg, Cys,
or Ala <22@nipphigviS®eFEATURE <222> (21)..(21) <223> xaa at

position 315:hgun ¥\ Bet2aarag ni MIRGnEERIHRE vigine,

alpha-fluoromethyl-histidine, alpha-methyl-histidine, Arg, Tyr,

<220>

<221> MISC_FEATURE

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

<223> Xaa at position 2 is Gly, ser, Ala, or Thr

<220>

<221> MISC_FEATURE

«222> (3)..(03) . .
<223> Xxaa at position 3 is Glu, Ala, or Asp

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa at position 4 is Gly, ala, or val

<220>

<221> MISC_FEATURE

<222> (5)..(5) .

«<223> Xaa at position 5 is Thr, Cys, or ala

<220>

<221> MISC_FEATURE

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

<223> Xaa at position 6 is Phe, Cys, Ala, or Tyr

<220>

<221> MISC_FEATURE

<222> (7)..(7)}

<223> Xaa at position 7 is Thr or Ser

<220>

<221> MISC_FEATURE

<222> (B)..(8)

<223> Xaa at position B is Ser, ala, or Thr

<220>

<221> MISC_FEATURE

<222> (9)..(9)

«223> Xaa at position 9 is Asp or Glu

<220>

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa at position 10 is Leu, Cys, Ala, Ile, val, or Met

<220>

«221> MISC_FEATURE

<222> (11)..(11)

<223> Xaa at position 11 is Ser or Ala

<220>

<22]1> MISC_FEATURE

«222> (12)..(12) .

<223> Xaa at position 12 is Lys or Ala
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<222> (22)..(22) <223> xaa at position 22 is Phe, Ala, or Tyr <220>
<221> MISC_FEATURE <222> (23)..(23) <223> xaa at position 23 is lle,
vdl,"eu, Gly;or met 220> <221> MISC_FEATURE <222> (24)..(24)
<223> xaa at position 24 is Glu, Cys, Ala, or Asp <220> <221>
MISC_FEATURE <222> (25)..(25) Page 23 WO 2003/093823

WO Tdddp2394/006082 X-16020 Sequence Listing.ST25.txt $e4A% addkos2
position 25 is Trp, Ala, Phe, or Tyr <220> <221> MISC_FEATURE

<222> (26)..(26) <223> xaa at position 26 is Leu or Ala <220> <221>
MISC_FEATURE <222> (27)..(27) <223> Xaa at position 27 is Lys or Ala

<220> <221> MISC_REATIRE 52422 (38ki{aBk13335aa at position 28
is Asn. Cys, or Ala <220> <221> MISC_FEATURE <222> (29)..(29)

<2282 xqaasat positin 29 is Gly or Cys <220> <221> MISC_FEATURE
<ZZ2> (30RXN3ARXR23> xaa at position 30 is Gly or cys <220> <221>

VIRRE EEaRTRfRResition 13 s 6ln or Ala

<220

<221> MISC_FEATURE

<222> (14)..(014)

<223> Xaa at position 14 is Met, Ala, Leu, Ile, or val

<220

<221> MISC_FEATURE

<222>  (15)..(15)

<223> Xaa at position 15 is Glu or Ala

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa at position 16 is Glu, Cys, or Ala

<220>

<221> MISC_FEATURE

<222> (A7)..(4n

<223> Xaa at position 17 is 6lu, Cys, or Ala

<220> _

<221> MISC_FEATURE

<222> (18)..(18)

<223> Xaa at position 18 is Ala or Cys

<220>

<221> MISC_FEATURE

<222> (19)..Q19)

<223> Xaa at position 19 is val, Cys, or Ala

<220>

<221> MISC_FEATURE

<222> (20)..020)

<223> Xaa at position 20 is Arg, Cys, or Ala

<220>

<221> MISC_FEATURE

<222> (21)..Q21)

<223> Xaa at position 21 is Leu, Cys, or Ala

<220>
<221> MISC _FEATURE
<222> (22)..02D
" «223> Xaa at position 22 is phe, Ala, or Tyr

<220>

<221> MISC_FEATURE

<222> (23)..0231

<223> Xaa at position 23 is 1le, val, Leu, Gly, or Met

<220>

<221> MISC_FEATURE

<222> (24)..(24)

<223> Xaa at position 24 is Glu, Cys, ala, or Asp

<220>
<221> MISC_FEATURE
<222> (25)..02%)
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<222> (31)..(31) <223> xaa at position 31 is Pro or Cys <220> <221>
MISC_FEATURE <222> (32)..(32) <223> xaa at position 32 is Ser, Cys,
Absent, or a modified Residue <220> <221> MOD_RES <222> (32)..(32)
<223> AMIDATION <220> <221> MISC_FEATURE <222> (33)..(33)
waP8m.axmasat position 33 is Ser, cys, Absent, or a modified R€gigisenos/o06082
<220> <221> MOD_RES <222> (33)..(33) <223> AMIDATION <220>
<221> MISC_FEATURE <222> (34)..(34) <223> xaa at position 34 is Gly,
Cys, Absent, or a modified Residue <220> <221> MOD_RES <222>

(34)..(34) <223> AMIRATHIED seddbrcedaL2iMESEG 26 FATURE Page 24
W@R22904/8038280PT TR S2008/ 008082 a X ABD20TSExfuence

Ligtig.5T25.txt <222> (35)..(35) <223> xaa at position 35 is Ala, Cys,

Abgbnt, GtIé&R%%SﬁResidue <220> <221> MOD_RES <222> (35)..(35)
>

<2553 ANEDATIHY s £22026<22 12 MESGaEEATURE

<220>

<221> MISC_FEATURE

<222> (27)..Q27) | .

<223> Xaa at position 27 1is Lys or Ala

<220>

<221> MISC_FEATURE

<222> (28)..(28) _

<4223> Xaa at position 2B is Asn, Cys, or Ala
<220>

<221> MISC_FEATURE

<222> (29)..0Q9 i

<223> Xaa at position 29 is Gly or Cys

<220>

<221> MISC_FEATURE

«222> (30)..(3G) .

<223> Xaa at position 30 is Gly or Cys

<220>
<221> MISC_FEATURE
- <222>  (31)..(31) i
<223> Xaa at position 31 is Pro or Cys

<220>

<221> MISC_FEATURE

<222> (32)..(32) . o .
<223> Xaa at position 32 is Ser, Cys, absent, or a Modified Residue

<220>

<221> MOD_RES
<222> (32)..(32)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (33)..(33)

<223> Xaa at position 33 is Ser, Cys, Absent, or a modified Residue

<220>

<221> MOD_RES
<222> (333..033)
<223> AMIDATION

<220>
<221> MISC_FEATURE _
<222> (34)..034) o
- <223> Xaa at position 34 is Gly, Cys, Absent, or a Modified Residue

<220>

<221> MOD_RES
<222> (34)..(34)
<223> AMIDATION

<220>
<221> MISC_FFATURE
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<222> (36)..(36) <223> xaa at position 36 is Pro, Cys, Absent, or a
modified Residue <220> <221> MOD_RES <222> (36)..(36) <223>
AMIDATION <220> <221> MISC_FEATURE <222> (37).:(37) <223>
Xaa at position 37 is Pro, Cys, Absent, or a modified Residue <220>
<221> MOD_RES <222> (37)..(37) <223> AMIDATION <220> <221>

WSS FBHTURE <222> (38)..(38) <223> xaa at position 38d5/Rstui@ios?
Absent, or a modified Residue <220> <221> MOD_RES <222> (38)..(38)

<223> AMIDATION <220> <221> MISC_FEATURE <222> (39)..(39)
<223> Xaa at position 39 is Ser, Cys, Absent, or a modified Residue

<220> <221> MOD_I&_ < > (39)..( 9%E.<22%§2%I\4I ATION <400>
19X8a x33)xaamxaa xaEaﬁi;getZe% ngfgé%“e% 3(&% aa xaa xaa Xaa Xaa Xaa Xaa

<3239 1%aan Resw KHA xda Kad kaa e xae Bk xR RaMpdakirdaReabdue

Xgagaa 20 25 30 xaa xaa xaa xaa xaa xaa xaa 35 Page 25
<221> MOD_RES
<222> (35)..(3%)
<223> AMIDATION

<220>
T «<221> MISC_FEATURE
<222> (36)..(36) _
<223> Xaa at position 36 is Pro, Cys, Absent, or a Modified Residue

<220>

<221> MOD_RES
<222> {(36)..(36)
<223> AMIDATION

<220>

<221> MISC_FEATURE

222> 37)..(37) .

<223> Xaa at position 37 is Pro, Cys, Absent, or a Modified Residue

<220>

<221> MOD_RES
<222> (37)..(37)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (38)..(38)

<223> Xaa at position 38 is Pro, Cys, absent, or a modified residue

<220>

<221> MOD_RES
<222> (3B)..(38)
<223> AMIDATION

<220>

<221> MISC_FEATURE

<222> (39)..039)

«223> Xaa at position 39 is Ser, Cys, Absent, or a Modified Residue

<220>

<221> MOD_RES
222> (39)..(39)
<223> AMIDATION

<400> 10

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10 15

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa §aa Xaa Xaa
25 0

Xaa Xaa Xaa Xaa Xaa Xaa Xaa
35
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