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BACKGROUND OF THE RELATED ART

[02] Diabetes is characterized by impaired insulin secretion manifesting itself among
other things by an elevated blood glucose level in the diabetic patient. Underlying defects
lead to a classification of diabetes into two major groups: type I diabetes (or insulin
dependent diabetes mellitus, IDDM), which arises when patients lack insulin-producing
beta-cells in their pancreatic glands, and type 2 diabetes (or non-insulin dependent
diabetes mellitus, NIDDM), which occurs in patients with an impaired beta-cell insulin

secretion and/or alterations in insulin action.

[03] Type 1 diabetic patients are currently treated with insulin, while the majority of
type 2 diabetic patients can be treated with agents that stimulate beta-cell function or with
agents that enhance the tissue sensitivity of the patients towards insulin. Over time,
almost one-half of type 2 diabetic subjects lose their response to these agents and then

must be placed on insulin therapy. The drugs presently used to treat type 2 diabetes



secret agogues (sul fonylureas ("SFUs") and other agents that act by the
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Actos™ treatments are associated with fluid retention, edema, and weight gain.

Avandia™ is not indicated for use with insulin because of concern about congestive heart
failure. Rezulin™ (troglitazone), the first drug in this class, was withdrawn because of

elevated liver enzyme levels and drug-induced hepatotoxicity.

[07] Insulin secretagogues.  Sulfonylureas (SFUs) and the non-sulfonylureas,
Nateglinide and Pepaglinide act through the ATP-dependent potassium channel to cause
glucose-independent insulin secretion. These drugs are standard therapy for type 2
diabetics that have mild to moderate fasting hyperglycemia. The insulin secretagogues
have limitations that include a potential for inducing hypoglycemia, weight gain, and high
primary and secondary failure rates. Ten to 20% of initially treated patients fail to show a
significant treatment effect (primary failure). Secondary failure is demonstrated by an
additional 20-30% loss of treatment effect after six months of treatment with insulin
secretagogues. Insulin treatment is required in 50% of the insulin secretagogues

responders after 5-7 years of therapy (Scheen et al., Diabetes Res. Clin. Pract. 6:533-543,
2
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the intestine and gl ucagon in the pancreas. The 3 WO 03/ 040309
PCT/ US02/ 33[%3

Problems with current treatments necessitate new therapies to treat type 2 diabetes.
In particular, new treatments to retain normal (i.e., glucose-dependent) insulin secretion
are needed. Given glucagon-like peptide-1’s (“GLP-1") role in promoting glucose-
regulated insulin secretion in the pancreas, GLP-1 receptor agonmists are potentially
valuable in the treatment of such diseases. Moreover, glucagon receptor antagonists
should prove valuable in treating type 2 diabetes given glucagon’s role in elevating plasma

glucose by stimulating hepatic glycogenolysis and gluconeogenesis.

[12] GLP-1 and glucagon are members of a family of structurally related peptide -
hormones, the glucagon/secretin family. Within this family, GLP-1(7-36) and GLP-1(7-
37) (30 amino acids and 31 amino acids, respectively) and glucagon (30 amino acids)
constitute a highly homologous set of peptides. In addition, these two hormones originate
from a common precursor, preproglucagon which, upon tissue-specific processing, leads

to production of GLP-1 predominantly in the intestine and glucagon in the pancreas. The
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non-peptide glucagon receptor antagonists have been reported in the scientific and patent

literature. However, attempts to identify small molecule inhibitors of the glucagon
receptor have met with limited success in vivo. The only antagonist of glucagon action
known to be active in a clinical study is a compound identified as BAY 27-9955. A

potential side effect of glucagon antagonism is hypoglycemia.

[16] Because of the potential side effects associated with administering either a GLP-1
receptor agonist or a glucagon receptor antagonist alone, a combination therapy would
have an advantage of maintaining the desired lowering of blood glucose while reducing
the side effects. Co-administration, however, réquires a single formulation and delivery
approach that yields appropriate pharmokinetic profiles for both peptides. This could be a

major obstacle to the development of such a therapeutic.

[17] Based on the foregoing, considerable potential exists for a single therapeutic

peptide functioning as both a GLP-1 agonist and a glucagon antagonist iz vivo.
4
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plasm d contai ning a GST-peptide fusion polynucleotide coding sequence. 5
WO 03/ 0403@ereptora g@j@}ag@gﬁgthe same level as the polypeptides shown in SEQ ID NOS:6-32

(collectively, “polypeptides of the invention™).

[20] Other embodiments of the invention include polynucleotides that encode
polypeptides of the invention and the attendant vectors and host cells necessary to

recombinantly express the polypeptides.

[21]  Still other embodiments of the invention provide methods of treating diabetes
and/or other diseases or conditions affected by polypeptides of the invention in mammals,
including humans. The methods involve administering a therapeutically effective amount

of any of the polypeptides of the present invention to a mammal.

[22] The invention also provides recombinant and synthetic methods of making

polypeptides of the invention.

BRIEF DESCRIPTION OF THE DRAWING

[23] Figure 1 is a restriction map of a typical plasmid containing a GST-peptide fusion

polynucleotide coding sequence.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [24] The invention

provi des novel polypeptides, as well as fragnents, derivatives variants,
and anal og® @3leeef that function as both an agoni st of trETAN82/E1498Ccept Or
and an antagoni st of the glucagon receptor. Pol ypeptides of the invention
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antagonists in the prevention and/or treatnent of such di seases or
conditions as diabetes, hyperglycem a, inpaired glucose intolerance,
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[26] Gven GP-1's role in promoting glucose-regulated insulin secretion in
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pancreatic 'beta cells in a glucose-dependent manner, while at the sane
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1988, MacMﬂlan Pubhshmg, New York, p. 33. These polypeptides play a role in overall

glucose homeostasis: GLP-1 lowers plasma glucose concentrations, whereas glucagon

increases plasma glucose concentrations.

[26] Given GLP-1’s role in promoting glucose-regulated insulin secretion in the
pancreas, GLP-1 receptor agonists are potentially valuable in the treatment of metabolic
disorders and other diseases. Moreover, glucagon receptor antagonists should also prove
valuable in treating disease given glucagon’s role in elevating plasma glucose by
stimulating hepatic glycogenolysis and gluconeogenesis. However, these facts alone do

not guarantee glucose reduction in vivo without inducing significant side effects.

[27] The invention provides new polypeptides that are both GLP-1 receptor agonists
and glucagon receptor antagonists. Without being bound to theory, we believe that
polypeptides of the invention are capable of reducing glucose levels in vivo by stimulating
insulin release from pancreatic beta cells in a glucose-dependent manner, while at the

same time reducing glucagon-mediated secretion of glucose from the liver.



GLP-1 receptor agoni st and gl ucagon receptor antagoni st pol ypeptides [ 28]
Pol ypepti des of the invention function both as a GLP-1 receptor agonist and
a gl ucagwo i3maepd or ant agoni st. The GLP-1 receptor agoni ICTCSIPON®Bt of
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consisting of " (1) SEQ ID'NGCS: 6-32 and (2) fragnents, derivatives,
vari ants, efanpleshedeis. t hereof that function as both an agonist of the
GL.P-1 receptor and an antagoni st of the glucagon receptor at substantially
the sane | evel as any of the pol ypeptides shown in SEQ ID NOCS: 6-32. [31]
Pol ypept i dB9] of Polypepsides eoft tlienuseniion alsey demomsitater aflicggarc (reklsap'tditg antagonist
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hepatocytes, or in vivo assays for glucagon stimulated glucose production as described in

the specific examples below.

[30] Preferred polypeptides of the invention are selected from the group consisting of
(1) SEQ ID NOS:6-32 and (2) fragments, derivatives, variants, and analogs thereof that
function as both an agonist of the GLP-1 receptor and an antagonist of the glucagon
receptor at substantially the same level as any of the polypeptides shown in SEQ ID
NOS:6-32.

[31] Polypeptides of the present invention may be naturally-occurring polypeptides,
recombinant polypeptides, or synthetic polypeptides.

Fragments, derivatives, variants, and analogs

[32] TFragment, derivative, variant, and analog polypeptides retain substantially the
same biological function or activity as, for example, polypeptides shown in SEQ ID

NOS:6-32. “‘Substantially the same biological function or activity” is about 30% to 100%



full-length pol ypeptide to which it is conpared. Derivatives [33]
Derivatives include polypeptides of the invention that have been chem cally
nodi fi ed Wo (@roaedode an additional structure and/ or functi @CT/Fee/3ewanpl e,
pol yethyl ene glycol (PEG or a fatty acid can be added to a pol ypeptide to

i nprove itg;habb,-40,f58, 66,U70, B0, 9006y I0E) slemo b e GRRAE DiolbFEASLctiD Y of the

specificity or an addi ti onal act|V|ty al so can be constructed, as

descri bed ifAllhength pelypentids éo which[igiscompetedat i ves can be modified by either
a natural process, such as posttranslational processing, or by chem cal
nodi fication techni ques, both of which are well known in the art.

Modi fi cations can ocd@ﬂ‘i’lvdﬂwmere in a pol ypeptide, including the peptide
backbone, the am no acid side-chains, and the am no or carboxyl termni.
It will be appreciated that the sane type of nodification nay be present
to the sand33r \Ibﬂrgxfiaﬁgesdh@ﬂmiesp@lypqéides alf thei ineentiom ¢hag)i heen ‘qm:hydeqmibajbr

Al so, a vari cont ai n re dlffer nt typsof |ca|ons
Pol ypept i dé‘%gdri% pmv&}t? 6‘?({] é&g Iﬁn‘?@ul ‘anﬁﬂﬂ ‘aLH YeHRY
and they matydde(MG) biCa fa g}rtablinan%taﬁ@éﬁ tObclr A8e td 13151]1’0@ N€halE e Fiﬁ.ion

nodi fi catl ons include acetyl ation, acylation,” ADP-ri bosylation, amdation,
coval ent aolihpides whickavinfer tresesingnipeeificiy foreart additiandenivityi @y can be
coval ent %ttse%ruhpeﬁ dé) atl’ uc eot i dte § nucI eoti de derivative, coval ent
att achnent “GF p?s S F}P&mfa&? F\} F coval ent attachnent of
phosphoti dyl i nositol, cross- Ilnklng, cycllzation di sul fi de bond

ovalent cross-1links, faor ion

formation, e Jalon f.or mat.i.on. of . ma
Cystel o, KNGSt TPUGR &7 SR AnERTY ProGammH: 3 pospramatgnl
gl ycosyl at ipgdbessi |or%?¢éh BhidaP BRIt ficAfon R6HAIGHSS, BEIhST whiBK aRBHb® Rnown in the
net hyl ati on, nyristoylation, oxidation, pegylation, proteolytic

processi ng artp H\i@@iﬂ@&tw@tqan @cclpraawham o, polyreptidd, andliding thespéptide phekbiooe,

sul fation, transfer di at ed..addi.ti no_.ac prot e ch
as argi nyl A4S gpimo aﬁﬁﬁN@? %Htlsi gt hc?namT%@E carL%yq]t clg w1f}%e@pp1@91€?§ﬁfng[
PROTEI NS, TR YRE oAb dVRHChLAR) B 1tEShe ditfle 6f VRI‘/%{ egréRaiRByarad
Conmpany, New York (1993); POSTTRANSLATI ONAL COVALENT | FI CATI ON OF

PROTEI NS, Bitesdn 2 giskmehypeptifle. Alsade ¥rzanbmeaysconfginyoe ok mqsg shfferemztype_sngs)

Seifter et ngdgéﬁ%g{ﬁgg P%ﬁﬂﬁe@ ﬁa@%e%gnc%@d (i%? %}Qz}mplga e?pesﬁft of ubiqu/%matlon,

Acad. Sci .
and they may be cyclic, with or without branching.

[35] Other chemical modifications include acetylation, acylation, ADP-ribosylation,
amidation, covalent attachment of flavin, covalent attachment of a heme moiety, covalent
attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid
derivative, covalent attachment of phosphotidylinositol, cross-linking, cyclization,
disulfide bond formation, demethylation, formation of covalent cross-links, formation of
cysteine, formation of pyroglutamate, formulation, gamma-carboxylation, glycosylation,
GPI anchor formation, hydroxylation, iodination, methylation, myristoylation, oxidation,
pegylation, proteolytic processing, phosphorylation, prenylation, racemization,
selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins such
as arginylation, and ubiquitination. (See, for instance, T. E. Creighton, PROTEINS,
STRUCTURE AND MOLECULAR PROPERTIES, 2nd ed., W.H. Freeman and Company, New
York (1993); POSTTRANSLATIONAL COVALENT MODIFICATION OF PROTEINS, B. C.
Johnson, ed., Academic Press, New York, pgs. 1-12 (1983); Seifter et al., Meth. Enzymol

182:626-46 (1990); Rattan et al., Ann. N.Y. Acad. Sci. 663:48-62, 1992).
8



WO 03/ 040309 PCT/ US02/ 31693 [36] Derivatives also include mature

pol ypepti des that have been fused with another polypeptide, such as for
exanpl e hwoas/eedoam al bumi n, to inprove their pharmcoki nerdTeUSopBofB| €.
Fusi on of two pol ypepti des can be acconplished by any neans known to one

skilled in [Bble dDdrivabioss ax@mﬁdme RafiNA Gﬁﬁé}didéﬁl thed RRe IREM Tt DWiTh AnsiRer @
DNA sequence encodin ol ypepti de OP e invention can be cloned into

any manmal iPRPeBhgs; %ﬁ oy exaneile kivoeh seremowaiik 1o igprove theie phanmacokivetid on

of a polyp e h ot her oI ept de i's

preferred, %E%f(i:lgus}gfsﬁn & t&&‘iﬁ&%ﬁ%{heﬁ"c?ﬁ aﬁgmtl]gelfs e?ipl 'ﬁyslflle% “8" r ed

for GLP-1 rskitledtiorthacid. VIFtny exdtapia, aEDNACéﬂcﬁ@Jhggﬁmaﬁpéerﬂaﬁ%lﬂﬁhmlﬁﬁﬁaﬁSNA

1989). The resulting yeconbinant, fusion protein can then be expressed by
i

t ransf or mi §AuENEY FREMIRE adralyneptide of (bt inysnipBcer bergdpned; nfo ey masamalianand

7
ol ypopt | deab et qBRabABbFh bo ot MICRENS s TANARL e PRBRHIS of ey,
fatty acid lmmablyNQ‘asmbmhtm the bthehpmiypefimde RbGefomicdf hecane ibsppehionthat @ fasglie, a

PEG with a nol.ecul ar. wei t n22 kDa, preferably a nol ecul ar
wei ght of ﬁgf"b\’éag l%éﬁ& %ér y I%Pto?,oac%'ﬁ}’ fioawe,0 Engacrigriogyps,

70, 75, 80,A ﬁ524(4@9178§79r 19@3 k%): re?tﬂﬂn 11%; rﬁgfé)ﬁ @S%l A@lgn‘i\%' ght

of between and kDa’(e.q.,
44, or 45 WWSSGEMMQ@mingwemtaBE@eﬂlah@d suqhods;&ﬂéBtdrc@HOamthtth@s&t«bﬂmid
contain a 22 kDa ‘5 noi etly attached to the cysteine residue at position
31 of SEQ PIPRODEGCPSIEPrOliL SEq | p NOS: 20 and 26 and Tabl e 2.
Alternatively, a 43 kDa PEG noi ety can be attached to the cysteine residue

at positio of. SEQ.1 D NO 25. E and, Tahle 2. A PEG noiety
can’be. adddiflt o PR it P Br g POBDRRIFH B tedBEngon REQ IR/%TQS. %3.2)059
met hods We'\x}hléﬁWPEG'erE@%r%rﬁtty EQH mAAY T BeenSBEcHI2 TR S‘PE@ ole ?§
preferred derivatives have a fatty acid noiety attached to the poa[rl pépti de.

The fatty azsardplnna #ABG owith henoltarareweaigpt ereater ftht 92 &Dagl poeferabbna Gldeaiat

Beampl 5. of A BursAege b G3ela b AR S5 "Ds0,, B bl bl 30 e

(pal m t at epof 98 bm@@maﬁ%atruoretﬁr@@ﬁ% 5 ehoteduyap 'W@gﬁte&f' 1 iiiGeen'd S RDR 2hBG5
pepti de. See Table 2. A fatty acid noi'ety can be added to arﬁy5| ne residue

of pol ypekPrdesdf. 3had7i h&éﬁt #orf b 2.8t Aby AkdiDa)k fiswmpias of kechaPEGylted
exanpl e, f ﬁ&lryiﬁep%a § are those that contain a 22 kDa PEG moiety attached to the cysteine residue

at position 31 of SEQ ID NOS:19 or 25. See SEQ ID NOS:20 and 26 and Table 2
Alternatively, a 43 kDa PEG moiety can be attached to the cysteine residue at position 31
of SEQ ID NO:25. See SEQ ID NO:27 and Table 2. A PEG moiety can be added to a

cysteine residue of polypeptides of the invention by methods well known in the art, for

example, see Example 19.

[38] Other preferred derivatives have a fatty acid moiety attached to the polypeptide.
The fatty acid moiety can be, for example, a fatty acid between C;; and Cy, preferably Ciy4
and Cyg, and most preferably a Cy¢ fatty acid. Examples of such polypeptides are SEQ ID
NOS:28-32, which contain a Cy¢ (palmitate) fatty acid moiety attached to a lysine residue
within the peptide. See Table 2. A fatty acid moiety can be added to a lysine residue of
polypeptides of the invention by methods well known in the art, for example, fatty acid
acylation (Knudseh etal.,J. Med. Chem. 43:1664-1669, 2000).



acyl ation (Knudsen et al., J. Med. Chem 43:1664-1669, 2000). 9 WD

03/ 040309 PCT/ US02/ 31693 Variants [39] Variants are pol ypeptides on the

i nvent i onwichasto4smvye or nore am no acid sequence changes RAISesSpest to
the am no acid sequences shown in SEQ I D NCS: 6-32. Variants also can have
am no aci ds joi ned t &@aghs ot her by nodified peptide bonds, i.e., peptide
i sosteres, and may contain am no acids other than the 20 naturally
occurring amno acids. [40] Preferably, variants contain one or nore

conser vat i y89Janivigianti fle §H@?éptidé§ ofMSe invbntfon thdt hate o%m&e aﬁlmcﬁacu? secﬁm&e or
10 substitutions), preferably at nonessential amno acid residues.

"nonessent |0h¢ngeam1ihcrechat0r thsiagino ped sequentasusbowhan SEAhIDNGS: 6 2edV zirtamm a
e Do g ST DR ) bR S B

wher eas an "essenti a am n

activity. @so@@f@gmmmyeorﬁmnm@nﬁ@a@ids @tua&haﬁ ﬂfelz@mau&awscduﬂqﬁgwﬁﬁotabﬂsam no
acid residue is replaced with an amno acid residue having a simlar side

chain. Famlies of am no acid residues having simlar side chains have

been dEfl n%ﬁ)]' nPfréfgraBIyt -vahBeE ol bh€ri MeleUsthsaRhii: aahitls a c‘,’Ydtﬁ?Q@tﬁﬁ&nsSi de

chai ns sine, arginine, histidine), acidic side chains (e.g.,
aspartic aéfr%la 1 W athi%s Ga &) D, o he H&bsgl@dlop@] arefeially ahainessefiéalqaminglagici ne,
aspar agi ne a e reonin t nonpol ar

o e chai nicoftdh R AoucREla Cap LB s B3t DG BRI o WG
phenyl al aniype, seq&tﬂ@b @fiiangroteir Wﬁth@llﬁhﬂﬂ&hng b@tb@olbgl@ﬂcefbﬁdltﬁ WRereAA2d N SesbGrtidl
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine,

pheny! al anA®&P° @pidnresihignis FRagtredli fe biologienl- edidler vad | camseviivel euminconsid
| d f
woul d not By gﬁ{gﬂg GObnE ARk AT ARG ER rgrgsée&m]aﬁggﬁg D9q3%idhe

resi dues resi In a conserved protern

ami no aci dhavibg wi similuoside ahsinprizhaliabdyarainopeid fesines hdvind imikl side/chapfs 18
|D.NQ 34. Position 11 preferably is

of the con ensus tide sh SEQ

R S A K doeﬁ%g‘ﬁ gﬂ Hhsr at. p&gn%’rrgﬂ]ﬂﬁsﬂndﬂde aningy acids pik bapig pidepchairs

preferabl y(d s Ksidl oReintde, AistiinePlacRi@ REele

Posi tion 1% pr(h;’%istlarat})ll%y1 s KS1 nef/acl ! Eﬂ K%%@ \F~ {?ﬁ&iﬁé %}d’%hﬂ%ﬂ %,ac@’ or

H, and nor énqha@edrp@my side Vhaihg (Eg.,AglySpe, oasljﬂragﬁnsi glhtamlﬂ.e? sapineSf eratliye,i S

Db Ef H K G, and_nore

pr ef er abl ytyrggme cyff;téma “gl"pcéér jifle g"m&?r(e@ %?5’%?% |V8hn?kéel}§|“§’ﬁ solggeine; profine, R

F, 1, L, Yphevyldnids, ntethiBhink] tryptophan), beta-branched side chains (e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
Non-conservative substitutions would not be made for conserved amino acid residues or

for amino acid residues residing within a conserved protein domain.

[41]  Conservative amino acid substitutions are preferably at positions 11, 12, 16, 17, or
18 of the consensus polypeptide shown SEQ ID NO:34. Position 11 preferably is R, S, A,
K, G, or T and more preferably R, A, G, or S. Position 12 preferably is K, N, R, H, A, S
or Q and more preferably K, A, S, or N. Position 16 preferably is K, R, V, I, L, M, F, W,
Y, A, S, T, N, Q, G, or H, and more preferably K, V, I, F, A, S, or N. Position 17
preferablyis D, E, H, K, R, F, LL,M, Y, V, W, A, S, T, N, Q, or G, and more preferably
R,A,L,M,V, S, H,E, or Q. Position 18 preferablyis K, R, F, L, L, Y, V,M, A, G, or H
and more preferably K, R, F, I, L, Y or A. All possible combinations of substitutions at
positions 11, 12, 16, 17, and 18, including no substitution at any one, two, three, or four of

these positions, are specifically envisioned.
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and nore preferably K, R F, I, L, Yor A Al possible conbinations of
substitutions at positions 11, 12, 16, 17, and 18, including no
substi t ut wannsasozmny one, two, three, or four of these posQdl/s/31@Be
specifically envisioned. 10 WO 03/040309 PCT/US02/31693 [42] Variants al so
i ncl ude pol¥eptVaiatst bigsd idtihlle holypeptiderothac diff s eiauaniin &te deGuence due to
mut agenesi s. Variants_that function as both GLP-1 receptor agonists and

gl ucagon MEEagMEYS-anYadys dha Bnatione ap dwoth i GLRd porier aspnisly awhBivsagwy i al
l'ibraries , £Qr : t - of b-des. W

conservati 3éecegtb%ga§aga?1%§ﬁ§n atéq@%lﬁe?mwg@%%%fl icgﬁlgkﬂéﬁ?%g.h,g?%ewﬁ H’ﬁ‘tangs’ f%, 5,
6, 7, 8, 9cxamplkDnmbsits bbpslypemided evithceonssreativeosubSlititidng stiCept Alor&@oditisis
activity and glucagon receptor antagonist activity using methods well known
in the art Qh‘ﬁdaﬁdgsgr‘}’éeg’ ’Rr$=t9h%t ls.opg‘b“?tfqné) eaphariceengd fa L) dpesgtor agamist An
anal og i ncl ' ki : [ | B n
anm no acidagg§§5%§§5%§%§Mg%?@%gg??%gﬁ%%bt’E |ﬁ@%ﬁ?ﬁ%ﬁ?aﬁgﬁggghE%P%%gg??hes
of the i ndestribedircthe specifit exangdesbadowt he addi ti onal anmino acids in the
propol ypepti de nol ecule by natural, in vivo processes or by procedures
wel | known in the art, such as by enzymatic or chem cal cleavage.
Fragments [44] A fragnent is less than a full-Ilength pol ypeptide of the
invention, including a full- length derivative, variant, or anal og, which
has GLP-1 receptor agoni st and gl ucagon receptor antagonist activity.

Pol ynucl eoti des [ 45]4méipgspol ynucl eoti de sequence that encodes a

pol ypeptide of the invention can be used to express the pol ypeptide.

Pol ynucl eoti des can consist only of a coding sequence for a polypeptide or
can incl udg43qddiAn endbg Gaeuag @Qﬁéﬁtﬂyﬁ@ﬁd@,o%%irﬁﬁwgfﬁp@&peﬁﬂ@] includes an

Pol ynucl eoti de a&guences encodi ng a polypeptide of the invention can be
synt hesi zed@™RP Aplg] geqyengenobhar polypsptide Hethe davenionh odstivie Inolypaptidesi of thse

art (see, ¢ . r . 1 Nucl, .Acids Res. .S Ser. 215 -
23, 1980; fenti é‘%ﬁ?cﬁ%&%ﬁéﬁ% Bt %@lr%‘) aciff s ropolymeghds iyt
pol ynucl eobi aetuirdlain wncpdesssth@ HryeintdsdeelClatdwn in the art, such as by enzymatic

or chemical cleavage.

Fragments

[44] A fragment is less than a full-length polypeptide of the invention, including a full-
length derivative, variant, or analog, which has GLP-1 receptor agonist and glucagon

receptor antagonist activity.

Polynucleotides

[45] Any polynucleotide sequence that encodes a polypeptide of the invention can be
used to express the polypeptide. Polynucleotides can consist only of a coding sequence

for a polypeptide or can include additional coding and/or non-coding sequences.

[46] Polynucleotide sequences encoding a polypeptide of the invention can be
synthesized in whole or in part using chemical methods well known in the art (see, for
example, Caruthers et al., Nucl. Acids Res. Symp. Ser. 215 — 23, 1980; Horn et al., Nucl.
Acids Res. Symp. Ser. 225-32, 1980). The polynucleotide that encodes the polypeptide can

11



11 WO 03/040309 PCT/ US02/ 31693 then be cloned into an expression vector to
express the polypeptide or into a cloning vector, to propagate the

pol ynucl esta @d@40jo47] As wil|l be understood by those of skiHdr/use2sh®3art, it
may be advantageous to produce the pol ypeptide-encodi ng nucl eoti de
sequences ﬁh&s bs silorgdniato- aatexp@bdign vectonita exgressothenslyfeptidexariioes ctoadens
preferred ‘y particul ar kar ot| c or eukaryotic host can be selected
to i ncreasé°fiE t?é’f‘&’ag?te&ﬂlipggﬂ{“ Hdexpression or to produce an RNA
transcri pt having desirable properties, such as a half-life, which is

| onger than that of a_ transcript generated fromthe naturally occurring
sequence. [48] %“ﬂﬂ&ee@%qeﬁéo%jehﬁgh@ésddﬂﬁﬂIlésﬁb@ aﬁerl‘ém&l}’c@ma%@l’l@@g@wﬁe@r ed

using meth e he pt i nGgRdi ng
sequances TarusOUT SpopebRBEBl s nlicori, ShdyEhodso PRRABEG pRaRRR
alterati on&cmmmng cndmhsf Yot beengplgriodgns mrefoned By a@artloaha@lbﬁfkaeyom@ssmmmfc t he
pol ypepti d 0 DNA shuf f | by random fragnentation and PCR
reassenbl y Ft Qj’é‘ﬂ? “F’ Efﬁ'éﬂtl%cr%ﬁ"?ﬂ t%ﬁ%&?%mﬁt@%ﬁm?wn fleto rraducerd RNAG to
engi neer t henfipk 6@ g%e&?ﬁ!@gﬁﬁéﬂlegoéucﬁxa@@hﬁf i tvﬁuﬂ{ ﬁsefotn g Mﬁgﬁ%ﬁ‘%l S
can be used to insert newre ction sites tér gl ycosy atl on patterns,
change codcﬁlransqmpégetmattcéfromrthduaiurﬂglqccmnglsecpmnea i ntroduce nutations, and
so forth. Vectors [49] The present invention also includes cloning and
expression vectors conprising one or nore nucleotide sequences encoding a
pol ypept i dd48]f tIthe nunlmﬂdeostquﬁimes rdm:llcsecﬂ|1¢ee1nsmubﬂmgﬁﬁerebeusm§eﬁétﬁéhsl n a
orientation. quence may be inserted Into a

f d
viétwﬁi bsr 52%‘”15%%90‘8? D s & 9 é%tef fhs @wﬁﬁe -eBCOolE SedyeRGee doy 8 variglyrafed

into an app&Rehd t n
the art and desglﬁlﬁudhﬁg |b|;1lt %g!ngﬁégﬂqgtﬁﬁﬁﬁm%ﬁ %%%?ﬂ‘fﬁ";ﬁfgz p%%%%é’mv
MANUAL, 2d aadfor expiession 9frthegolipeptide, onRNAlﬁt%ﬁ)lct SIDNA mhufihﬂlgl rbgsraatioin

ot hers are.deened..to b thin co 0 se skill.ed.in e.art. [50]
Exanpl es of *elSREHOR 38 F ref"?‘?ﬂ“bg' tsgﬁﬁ‘g %E%g@ a"ﬁl sypihsic ps Hdesfge1 g,
pUCL9, pSpee hse@t@%nlgﬁgbﬂ the hécleotide sequences. For example, site-directed mutagenesis can

be used to insert mew restriction sites, alter glycosylation patterns, change codon

preference, produce splice variants, introduce mutations, and so forth.

Vectors

[49] The present invention also includes cloning and expression vectors comprising oﬁe
or more nucleotide sequences encoding a polypeptide of the invention. The nucleotide
sequence can be inserted in a forward or reverse orientation. A DNA sequence may be
inserted into a vector by a variety of procedures. In general, a DNA sequence is inserted
into an appropriate restriction endonuclease site by procedures known in the art and
described in Sambrook et al., MOLECULAR CLONING: A LABORATORY MANUAL, 2d ed.,
(Cold Spring Harbor, N.Y., 1989). Such procedures and others are deemed to be within
the scope of those skilled in the art.

[S0] Examples of cloning vectors include, but are not limited to pBR322, pUC18,
pUC19, pSport, and pCRIL

12



WO 03/ 040309 PCT/ US02/31693 [51] In a preferred aspect of this enbodi nent,
an expression vector further conprises regulatory sequences, including,
for exanpiv@ o3a4moonot er, operably linked to the coding saquRUsHe/31doar ge
nunbers of suitable expression vectors and pronoters are known to those of
skill in tHsljar tnangrefii@dCopese of itk leyhbauihdndLdre expfés8ionOY dcIM MGh @ XddheskHN
vectors are rovi ded by way of exanple. Bacterial expression vectors

i ncl ude, b (PSR $RAUFRGES wgludme, fosgpmple @EmomofgFomergtdy digked fo gRSsoding

h i pt . X1 [ ; I 6a
(St at agency b Bine MBS SRt SRRy ot vep B B R e R Ty B
Eukar yot i ¢ ofsgpilbssiherartvact ae comnedreididy ataiiabk eTliE)folloiwﬁgG eﬂpprgi\jil_bn Pkore are

SV2cat, pOA4, 1, G (Stratagene) pSVK3, pBPV,, pM> o
FPha? maci Q)RTO‘PB%QQWY% ﬁX%(a?WSr FEAR NG PETSsIOn peeless pRlude b pregigs limaitaddad-

as | ong as {Jdgr+ | ey Cﬁ%% i i rad . Br

regi ons car%J QDEJOZ@I%E?[@(’%?@?%% a n)fdéﬂ;q,?péfggaggﬁgt, ﬂ)gﬁgﬁ()gwégﬁ?@r%ﬁnghgalﬁgbl

t ransf er as NS ¥l @mn phldi &, spMil4 @t l@&uratamb)grpTR@Dm,l @KII@QB&&)IC}ﬂ%Hmke; sl.
Two appropr.i v are K232-8 and pCMr. Particul ar nane cterja
pronot er s ip:qﬁ#ﬁ’geﬁ ﬁi{ﬁ ?PI}%%,F{!‘%T?&‘WOUQW%QSQ%HSC@R inglude, yyit ta?epl.wﬁ“mted
Eukaryoti c pr ) EWV e di ipdi N ;
ear | yyand t‘P’a e S\gl(gf(sjps‘{@'?l%gqﬁ om’rﬁet rd\%ﬁ?ﬁgg éﬁﬁ%??gﬁn%rydgﬂdwgﬁé?ﬁﬁp
Sel ecti on dPhamaciapprewevat ayvashersloningionmpnession vesomelay beusdd as lohgad it el
71 bosore. bRl stV B o m et Eio TEPRRFrEoR: Craecrlproom a1y
term nat or degifdd R UOREICAE (GR6HRPEaSHCH] WandeRist) skpRBsiBN RESBAI RMbther vectors
Expr essi on Vﬁf&ﬁrs can con;aép aggﬁnehgg ggov;us a hggf;%gu%w%rgééﬁf%r

sel ecti on ofith selegtadle mageprs o dWwocaiprepriata werters Y u eulayr
neonycin r '& for Kk 1%ti cel |, cylt 2T 184S s tetracycline
or anpicil ﬁ’lﬁirlll%r ng]dl%getngnc%&?%t%&cﬁ{%ureefaiche]éf:z’ ?:%1 :‘i.rfﬁpgr 5@9@1 ‘["5%} e
enbodi ment Eukadybtic prometrsviachude tCMVsingaaiitateadly DMSVoyiniidine kilse, early and
mut agenesi s at_the nucleic acid |l evel and is encoded by a variegated gene
library. AlateBY40.y LdRsy fomy getsovdnys, mad pmeysk daetaliihioagiarp| eSelegfion of “an

enzymat i Calabiob B3l el8r thdBrotdie idhet w%g@gl{mgy&%w S0f iff8 i)t 0 gene

sequences such at a degenerate set o Nt vari-ant amno acid
sequences i s expressible as individual polypeptides or, alternatively, as

[S2] An expression vector also can contain a ribosome binding site for translation
initiation, a transcription terminator, and appropriate sequences for amplifying expression.
Expression vectors can contain a gene to provide a phenotypic trait for selection of
transformed host cells, such as dihydrofolate reductase or neomycin resistance for a
eukaryotic cell culture, or such as tetracycline or ampicillin resistance for culture in E.

coli.
Libraries

[53] In one embodiment, a library of variants is generated by combinatorial
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A
library of variants can be produced, for example, by enzymatically ligating a mixture of
synthetic oligonucleotides into gene sequences such that a degenerate set of potential

variant amino acid sequences is expressible as individual polypeptides or, alternatively, as

13



13 WO 03/040309 PCT/US02/ 31693 a set of l|larger fusion proteins (for

exanpl e, for phage display) containing the set of sequences therein. [54]
There ar ewa osamoi®by of nethods that can be used to producediisoasi@s of
potential variants from a degenerate oligonucl eotide sequence. Chem cal
synthesi s of sa dielgaperfation @ekmsSEouexaepleafor ishape rdiglayy deontritifig aué GBRbT C
DNA synt hesi zer, and the synthetic gene then ligated into an appropriate
expr essi on SG@anees thessil. of 3 degenerate set of genes allows for the
provision, in one mxture, of all of the sequences encoding the desired set

of potential anal og sequences. Methods for synthesizing degenerate
ol i gonuc| edf4ldesThgreareianvauety @f mrsthagst thitsesa, beeusgd  to mapdueg  libTastes sHawitomiaBo: 3

(1983); It . eV |.0C 3: (1984): .It ra et . al.,
Sci once 108605 ppEp et offpuclcB e REnck  clehipd ibhesps SP Woulalc
Sever al teqpné sgy@sn@ @nkiegwiformed tarbditorhatic BRI eItiRGi-gE Aad Hcodutiesic @kne
conbinatorial libraries made by point nutations or truncation and for

. 0y .
screeni ng drsgdigatedypy eapproptidiPressionEEeT-nHe plp dessapiate stohgssplgws
Such techni : I i [ el j
gener at od By HRel e Bl A e, R b e o D B oo 36t BF
i nventi on. pbleatinbatialog dequencsse dMetiodisi fgv egnthedizial degenctate ndigbeudlentides gre
t hr ough- put analr%sd'js fz; screening | arge gene | i braries, typically include

cloning t h&noya ?B’Et N ietﬁoN?‘@BEai %%(’fﬂhé Rp1%3 416 Belewsp ¢ al.r dius e’?ei‘h ng
appr opr i at &;68]el,s 54isbh (t1§‘§‘43;e ¥t91§i1‘5 rgi ) i&&%@rly%?psi?lfg%%e @PQZ.,}%%JI%? Achf

t he conbi natorial genes un conditirons in C tection o esired
activity fdtes]it4t7ed983ol ati on of the vector encoding the gene whose
product was detected. Recursive ensenbl e nutagenesis (REM, a technique
that enhances the frequency of functional nutants in the libraries, can be
used in corfflnatSeveral wethniques ser daowngirashayat t fori seednidgy dgehe peductedofl

ot ai i ng CORGITSRUUL BRI TRl DY, BoMb IS Hosimeaae T fonEreE s HGNA
cukar ot 88k BB APEIRY S8 prid, RIS KOGtk e
cel |, suchrawdaschrmoingr phlthe @khe libraries generated by the combinatorial mutagenesis of
polypeptides of the invention. The most widely used techniques, which are amenable to
high through-put analysis for screening large gene libraries, typically include cloning the
gene library into replicable expression vectors, transforming appropriate cells with the
resulting library of vectors, and expressing the combinatorial genes under conditions in
which detection of a desired activity facilitates isolation of the vector encoding the gene
whose product was detected. Recursive ensemble mutagenesis (REM), a technique that

enhances the frequency of functional mutants in the libraries, can be used in combination

with the screening assays to identify the desired variants.
Host cells

[S6] The present invention also provides host cells containing the above-described
vectors. The host cell can be a higher eukaryotic cell, such as a mammalian cell, or a
lower eukaryotic cell, such as a yeast cell. Alternatively, the host cell can be a prokaryotic

cell, such as a bacterial cell.

14



14 WO 03/040309 PCT/ US02/ 31693 [57] Host cells can be genetically

engi neered (transduced, transforned or transfected) wth cloning or
expressi owovsauaos of the invention. The vector may be, f@CTexsepi@3 in
the formof a plasmd, a viral particle, or a phage. Engineered host cells

can be cul t[g7]ed Host celvetd SarticAllt érgiiterdi@iafsdmed, ftRdidSe@ PP HARSEAE® f Or
activating pronoters or selecting transformants. The sel ection of

appr opri at vitu¢loRing of srpressiemyectany o thes invemiias: aThe vectordmay b, far exaveple, in

wi thin the ! f .or di.nari L] arntisan. 58 representative
exanpl es oft Eé;%%#l c?gra ipg{bgnﬁ’oﬁlga? p?%\t%ﬁe?jgtg pg%e' a];“trng? I%S edlhloﬁg Cteﬁ% C%et?e C‘%@%?(gllni al

cel |'s, suchomgenbonal alutrienSaledim@bdidict up tappmpﬁatmfo&dﬁeaﬁl?ymmﬁs ongéketiRl | S,
such as yeast; insect_ cells, such as Drosophila S2 and Spodoptera Sf9;

mammal i an d@nenaydh dhe seireonceisARArOER SulET £ABFHONSTIuch: % EmesHst andn
appropri at E,Hb%twﬂgwﬂﬁﬁhrgﬁgsﬁiﬁ &??QWH?B’O%QEd%@% of those skilled in the

art fromthe teachi ngs herein. ction of the construct into the
host cell can be effected, for exanple, cal ci um phosphat e transfection,

. . by ! .
BASI C METHEE | AoNEE ReC AR oftui b RO dhviRle, il Rellinde soy, be
used in a bacterdaltcels)adicivanie ok, Sapwockilucsyphitugans Spepoustese AGRIEELIRY sdche

reconbi nant sequence. Protein expression [60] Mature proteins can be
expressed PRYSRIRARSEFLGFIIEcIuCk as Drosophilgal ped $@p,doefer@t3ﬁ‘£ fasgmplian qels sichiase
control of r i At | ' Lso be
enpl oyed t S TRToa08 o SaRiaEline. e cclfif bf B SpBEb AR AN BBl Ok
const r uct s vathirt the scqpeeddindseiskilledin the art&pgm dprteathingshersimg and expressi on
vectors for use with prokaryotic and eukaryotic hosts are descri bed above
and in Sanbrook et al., MOLECULAR CLONING A LABORATORY MANUAL, 2d ed.,

(Col d Spri i#p]Haiinxdncionyof tHeO&strudtGhio Theast t¢lptinbe Qffeate@NTr RRERFINGy
pol ypepti de resent invention by higher eukaryotes can b

of th
i ncr eased B%l"‘l%ﬁ_b@?‘{esp ge drmefRefigte HEAlediraar Medised Wenséichpasei @?Pﬂﬁg’ét%‘iﬁn
Enhancers aoai¢ bPaRANE MIBIRA'N MordtPar BHAILY {b56I" Eglgslrfrﬁplf;%QH.th%sifue sPP,

that act on a pronoter to increase its transcription. €s i nclude the
SV40 enhancar berustthen| atcenventideal omatiee toepotioa thengarei pioduétbgncdod] by RE0) ,

a cytonegal ovi rus earlé/ pronot er enhancer,
recombinant sequence.

Protein expression

[60] Mature proteins can be expressed in mammalian cells, yeast, bacteria, or other cells
under the control of appropriate promoters. Cell-free translation systems can also be
employed to produce such proteins using RNAs derived from the DNA constructs of the
present invention. Appropriate cloning and expression vectors for use with prokaryotic
and eukaryotic hosts are described above and in Sambrook et al., MOLECULAR CLONING:
A LABORATORY MANUAL, 2d ed., (Cold Spring Harbor, N.Y., 1989).

[61] Transcription of a DNA encoding polypeptides of the present invention by higher
eukaryotes can be increased by inserting an enhancer sequence into the expression vector.
Enhancers are cis-acting elements of DNA, usually from about 10 to 300 bp, that act on a
promoter to increase its transcription. Examples include the SV40 enhancer on the late
side of the replication origin (bp 100 to 270), a cytomegalovirus early promoter enhancer,

a polyoma enhancer on the late side of the replication origin, and adenovirus enhancers.
15



a pol yoma enhancer on the late side of the replication origin, and

adenovi rus enhancers. 15 WD 03/040309 PCT/ US02/ 31693 GCenerally,

reconbi namo @xpewssi on vectors will include origins of remdicetozomand

sel ectabl e markers permtting transformati on of the host cell, e.g., the
anpi ci | I'i n Gepetatiyaneeomigene efprEssiciOvectand will HGRIRN &iigRs THPYegl@Atdon il a
pronoter derjved froma highly expressed gene to direct transcription of a
downst r eamsslegtable mragkers pauafing traggopma hehestcalh do2. dermpedllinresistepter ons

encodi ng gl | ¥ti C. en : p i-0 .
factor, acgﬁ&%ﬁzg%H%%aé%?%gfa%%§¥giﬁggk%%ggt%ﬁﬁéﬁﬁgégﬁg(é%yﬁiﬁg&f$ﬁégﬂ§
het er ol ogouspiskdedcgenicato skhguie naascription SETh| ddviiste@ppstaptiral Sequeasse Wsidh
translation, initiatiqon and term nati on sequences, and preferably, a | eader
sequence cRFIBPErS g e eV fiome reper i srcodingn glweobricpFRmEIcE FiRlo 26 his

per 2 25T, SBAGE BRSO R SRS ey WIS 151 R

i denti fi calboties. pelblei Bterolggans istigetdRs ise@Eneh ay ageiblelt inC Spprépiate phase with
stabilization or sinplified purification of expressed reconbi nant product.
[62] After tiepgpiigns infHatisandsteninatiansaeenses and preerablynlegdgveancaee eanablsost
strainto . | at I i . . opot.er i

der opr essed 5 SEs BEr i BF anBER drbtect B M BEHBRoRIC P8 or Srrmocllyte

i nduct i on) mealivin c Elptisnaliye tiethdterobgofivseqaenceddh thevdela fusiongdoteinGatludingr @
typically rvested by centrifugation and_disrupted by physical or chem cal
means. The NEERMR Ade oL ReRtiley mpartng: d6sHEw hRCIETFidRe P-SpuititifiEation oy,

M crobi al %ﬁﬁﬂlﬁied‘i}ﬁﬁlﬁ@?ﬁ%ﬁ6ﬁx§%%9£e%%§é&1ﬁbiﬂa{nt@f®h§ﬂ.ns can be disrupted by any

conveni ent net hod, 1 ncluding reeze-thaw cycling, sonication, nechanical
di sruption, or use of cell lysing agents. [63] Various mamualian cel

cul ture Syi&ﬂg‘; mz{‘gje? UGG G LXGEBIOnSY Ririh and! %g%f‘@{bt hdit hSho an

Exanpl es o I an expression systens 1 nc I'nes of nonkey
ki dney fi brapiropsits celesnsityhdt dajectddunromoter Geldre@3sskd Hy(dbpbpriateumedarst (3t

cell lines capable of _ expressipg a conpatjble vector, for exanple, Cl27,
373, GHO, Hberatuieshifier chppice] Hddotom o tellsure Fridued Sor 12 dqg’@ﬂa}[ﬁ’éﬁf"il-des

of 1he DregRill ad YAALARNhARYRE by QA EfioRthdPishipl Y HARicAIGORRIRARN!

cell cultures by nmethods well known In e art, 1 ncludi 5 mroni um sul T ate
means. The resulting crude extract is retained for further purification. Microbial cells
employed in expression of proteins can be disrupted by any convenient method, including

freeze-thaw cycling, sonication, mechanical disruption, or use of cell lysing agents.

[63] Various mammalian cell culture systems also can be employed to express
recombinant protein. Examples of mammalian expression systems include the COS-7
lines of monkey kidney fibroblasts, described by Gluzman, Cell 23:175 (1981), and other
cell lines capable of expressing a compatible vector, for example, C127, 3T3, CHO, HeLa
and HBK cell lines.

Protein purification

[64] Polypeptides of the present invention may be recovered and purified from
recombinant cell cultures by methods well known in the art, including ammonium sulfate
or ethanol precipitation, acid extraction, anion or cation exchange chromatography,

phosphocellulose chromatography, hydrophobic interaction chromatography, affinity
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or ethanol precipitation, acid extraction, anion or cation exchange
chromat ogr aphy, phosphocel | ul ose chromat ogr aphy, hydrophobic interaction
chr omat ogwapisy4omdfinity 16 WO 03/ 040309 PCT/ US02/ 31693 mwsvaBogsaphy,
hydr oxyapatite chromat ography, and | ectin chromat ography. H gh performance

l'i quid chr ehmnegsgahy, (Ifk6yapatite behremploghgty,aand 1%&tﬁﬁ|chwiﬁét6grﬁdp}§}i.0nH$§Iﬁp-

[ 65] Pol ypeptides of. the_ invention can be conveniently isol ated as

descri bed Parfomeance fguidrhporaatagraples(HHdlo)gan Resomileyed @s pdingppitlicgtion stept

| east about 70% pure, that is, the isolated polypeptide is substantially
free of cellular material and has |ess than about 30% (by dry weight) of

non- pol ypepe3lde Patipeptidgs. ofpthef iavemsion, canhee spwrysaieatly oselatgd easgéersribedoigthe 99%
i.e., 85, . 8 95 7 . an 9 ur Purity.of.the’
br epar at 1 ofeeeiin st Bows R bR @08 a0 e R® 200 blebe s B

SDS- pol yactiglaed pelyp&itideds egist:nfbioy 6sé of colhss mpeHAlr HEGeResNhad st 90%
chr omat ographcx{q. Pgost-transl ati onal nodification [66] Dependi ng upon t he
host enpl of®Hdiyveights ebnes-pelxpentids mpteriabnPisiesallyythe prepsetippe prei §3és thspughne

i nvention \, I | ' o her, .- i .

car bohydr at ok @8- By PR E¥ 5198 . o8, PR OR Bl Rl nde: BB Bioblioions o 1y
al so i ncl bdeasssssedi by adnyrehdune nkmevaninncheacityl suehi dyeSDSofacallamiat belsi s
[67] Alternatively, polypeptides of the .invention can be produced using
cheni cal Frgt"ﬁ r?%‘g%aﬁ% F@Vﬁ%’opi’ém{agﬂ‘%%@mt%éﬁlé’nce, such as by direct
pepti de synthesis using solid-phase techniques (see, for exanple,
Merrifield, J. Am Chem Soc. 85, 2149 - 2154, 1963; Roberge et al,

Sci ence 26§PSf2fﬂ‘?1Slafmﬂl,mQélﬁ5‘¥f!0”Pol ypepti de synthesis can be perforned

usi ng manual techni ques or by automation. Automated synthesis can be

achi eved, for exanple, using Applied Biosystens 431A Peptide Synthesizer
(Perkin El¢fdr) Deppndieg dipog, thﬁrg@&em@omg  polrgqeaptinaé wadudiienspivgeditre| y

ol ecu e PaBPeidse TR eI ALl S i0kos Tl ko BhGHCE: fpkb ppipraiRt "
purified byarpoleyinates iovemby de n@sglyossyeaer |IPdlyiicptiady ofmaho ghvaatiyn (B alsoor
exanpl e, Creighton,, Proteins: Structures And Ml ecular Principles, WH

Freeman anictile anjgifjaligethionipeaming ggidyresidise

Chemical synthesis

[67] Alternatively, polypeptides of the invention can be produced using chemical
methods to synthesize its amino acid sequence, such as by direct peptide synthesis using
solid-phase techniques (see, for example, Merrifield, J. Am. Chem. Soc. 85, 2149 — 2154,
1963; Roberge et al, Science 269, 202 — 204, 1995). Polypeptide synthesis can be
performed using manual techniques or by automation. Automated synthesis can be
achieved, for example, using Applied Biosystems 431A Peptide Synthesizer (Perkin
Elmer). Optionally, fragments of a polypeptide can be separately synthesized and

combined using chemical methods to produce a full-length molecule.

[68] A newly synthesized polypeptide can be substantially purified by preparative high
performance liquid chromatography (see, for example, Creighton, Proteins: Structures
And Molecular Principles, WH Freeman and Co., New York, N.Y., 1983). The
composition of a synthetic polypeptide of the present invention can be confirmed by

amino acid analysis or sequencing by, for example, the Edman degradation procedure (see,
17



conposition of a synthetic polypeptide of the present invention can be
confirmed by amno acid analysis or sequencing by, for exanple, the Edman
degr adat | w0 (roae@dure (see, 17 WD 03/040309 PCT/ US02/ 316FT/Gvei3gi9s on,
supra). Additionally, any portion of the am no acid sequence of the

pol ypept i deCreightode supk@) edAitibmiugl T}@@@%Oﬁl&iﬁbﬁ&h@ aAfiflé Oici€ osEhhdiRg HIS iKY
chem cal nethods wth sequences fromother proteins to produce a variant

pol ypept i ddobpentide, spprbe amryéec&n%edlrmaﬁmt mddor ppipbineat IS cpggqcal
Pol tid t
Cone P nourisfofs ol BEFRECE o e;%%%?’m%ﬁ?t%méﬁ%e?#%n“@@ém&h ARG O

i npai red glpotypsptide ol er ance, i npaired fastl ng gl ucose, hypogl ycem a, and/or
obesity from devel oping type 2 diabetes. Pharmaceutical conpositions [70]
Pol ypepti des of the present invention may be conbined with a suitable
pharmaceutical carrier to forma pharmaceutical conposition for parenteral
admi ni st ratphgpmacé%gy gﬁé,;sl ons conprise a therapeutically effective
anount of the polypepti'de and a pharmaceutically acceptable carrier or

exci pi ent. I rEde C o)
limted to, [E{,al :@WE eé%g@?‘iﬁ%{r}g%grg%q} oelsflelgés usetd 19 ﬁéﬁe[ér olﬁgb%{% (%1011
and conbi natsutinsdepbadentfdiabEles melitns) atnd,tm ts horevetht Ssubjbcﬁs hxe1t]!mﬂ1@a1@éd glucose
adm ni strati.on. %’71 Ph rraceutl cal oSi ti ona/ %‘ﬁbe adm nistered in a
conveni ent NERHE a’@e aES}Hg glugese, hﬂiﬂ iepmig, 3pd/ay ety from devghening bwea |

i ntranusculgypetesubcut aneous, intranasal, or intradermal routes.

Phar maceuti cal conpositions are adm ni st ered in an anount, that is
effective for treati ng and/ or prophyl axis of the specific indication.

Sui t abl e doses about 3.5 ng of active pol ypeptide
(i.e., not inclu ?ﬁ’g“ﬁ"}’%‘% ?;la PEG or fatty acid noiety)/kg body

wei ght to about 100 g/ kg body vvel ght per day. In nost cases, the dosage is

from about 1 bout .,35 5 10, .15,.20, 2 30
and 35 gg/lzod) %{95& eégde%h?’ lﬂdg% 9?%5 lgtkl(n%lve%u?l omélXC%% N N [ oful?abl
admi ni st r atphaimaceytigal earsier toefbfin ammmawdaecc&np&um fot pleniefd @d@EL@HAbnt he
bi oavail abi lity of the peptide in vivo, in which case nore or | ess may be

used to at OHfth CORBOSIHPREIIRISE s Berrpsytically effgstirerament o thy polypeptide and'a

pharmaceutically acceptable carrier or excipient. Pharmaceutically acceptable carriers,
include but are not limited to, saline, buffered saline, dextrose, water, glycerol, ethanol,

and combinations thereof. The formulation should suit the mode of administration.

[71] Pharmaceutical compositions may be administered in a convenient manner, e. g.; by
oral, topical, intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal, or
intradermal routes. Pharmaceutical compositions are administered in an amount, that is
effective for treating and/or prophylaxis of the specific indication. Suitable doses range
from at least about 3.5 ng of active polypeptide (i.e., not including the weight of a PEG or
fatty acid moiety)/kg body weight to about 100 pg/kg body weight per day. In most cases,
the dosage is from about 0.1 pg/kg to about 35 pg/kg (i.e., 0.1, 1, 5, 10, 15, 20, 25, 30, and
35 pg/kg) body weight daily, taking into account the routes of administration, symptoms,
etc. These numbers do not take into account the bioavailability of the peptide in vivo, in
which case more or less may be used to attain the effective dose desired. Determination of

a dose is well within the skill of the ordinary artisan and requires only routine screening.
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a dose is well within the skill of the ordinary artisan and requires only
routine screening. 18 WO 03/040309 PCT/ US02/ 31693 [72] Pol ypeptides of the
present | woenstdaonay al so be enpl oyed i n conbi nati on wi t lpCTorSv231693
pharmaceuti cal agents useful in the treatnment of diabetes, inpaired fasting

gl ucose, '[m?ai PERp &t DE tHeObBEcRD EfentidiPBIag| Vo8 @mplRRel aPeshbiMatiocpuwitabl e
agents include insSulin secretagogues, insulin sensitizers, and netformn

HCl . Kits ofhgBpharmecsuticelnagents ustRb inptheiredsens iof dinbetsst impaired askisg GHICRSS, s

conprising.one qr .nore,  .containers,filled wth.one,o re of. S

i ngr edi ent gn%aflrea PIRSE &QIFTARSS: DYBHEESFRI% ﬁgwé’%’eﬁlﬁeesﬁ?\}?gegﬁeg% mgl'ﬂﬁ%tu} B n a
for m prescgddagsbddves hAUR kOERMeR, arDeBEYmiiA@#CIr egul ates the manufacture,
use or sale of pharmaceuticals or biological products and reflecting

approval by the agency can be associated with the pack or kit. Cene
therapy [ 74}, A pol ypeptide of the invention nmay al so be expressed in vivo,
which is often referred to as "gene therapy." Thus, for exanple, cells may
be engineered with a polynucleotide (DNA or RNA) encodi ng for the

pol ypept i dﬁﬁ?h’f%ﬁ%\%ﬁ ort BRo ?)(i}ﬁji&%f'%ﬁﬁnac%ﬁﬂiéﬁ phd&HriR\CoRistng AeRAth&GEt tO

be treated e pol ypeptide. h methods are well known~in the art.
For exanpl eontgieéds filled witheorerginmee pEthe hygrpdicnte dfipamapatical contpiositians obihe use

of a retroviral particle containin encodi ng for .pol ypeptjdes. of the
present i H’\Y&‘ﬁtﬂ‘?rgn.A PYse ond £°r_[5‘} 8?68?9%_ ‘%Vnﬁo%ﬂvﬂglmefl{%l ﬁgelﬁflﬁng&‘_@%Ee&H}aﬁeé t{hﬁe
pol ypept i dgsn@factul uk&¥LMd O pHaPmadénfehli br BiSRBidahffoARYs Al rélice@hg Sprowdich
as diabetes. According to this enmbodi ment, gene herapy with encodi ng

pol ypept i dey thsfagehey ¢amhbsrassastatedswish theipgekior ita patient in need thereof,
concurrent with, or imediately after diagnosis. [76] Local delivery of
pol ypepti des using gene therapy may provide the therapeutic agent to the
t arget ar eéené thergpyt he pancreas. For instance a pancreas-specific pronoter
was used to create a beta-cell pancreatic tunor nouse nodel (Hanahan,
Nature 315(6015):115-22, 1985). 19

[74] A polypeptide of the invention may also be expressed in vivo, which is often

referred to as "gene therapy." Thus, for example, cells may be engineered with a
polynucleotide (DNA or RNA) encoding for the polypeptide ex vivo and the engineered
cells then provided to a patient to be treated with the polypeptide. Such methods are well
known in the art. For example, cells may be engineered by procedures known in the art by
use of a retroviral particle containing RNA encoding for polypeptides of the present

invention.

[75] In apreferred embodiment, the DNA encoding the polypeptides of the invention is
used in gene therapy for disorders such as diabetes. According to this embodiment, gene
therapy with DNA encoding polypeptides of the invention is provided to a patient in need

thereof, concurrent with, or immediately after diagnosis.

[76] Local delivery of polypeptides using gene therapy may provide the therapeutic
agent to the target area, i.e., the pancreas. For instance a pancreas-specific promoter was
used to create a beta-cell pancreatic tumor mouse model (Hanahan, Nature
315(6015):115-22, 1985).
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WO 03/ 040309 PCT/US02/31693 [77] Both in vitro and in vivo gene therapy

nmet hodol ogi es are contenpl ated. Several nethods for transferring

pot ent i al W d3lveozapeut i c genes to defined cell popul ati ons POITEUSORBAB. See,
e.g., Milligan, Science 260: 926-31, 1993. These nethods include: 1) Direct

gene transfen. Bed inSiffo andh hivoetens!therapPideffoldologits dré 3sbMplatddt 0OSdvetige
Muscle In (ﬂ/o, " Science 247: 148?— 68, 19139}:;)1;Tf 2) Li posone-nedi ated DNA

transfer. BSethode for tragspiring paetentjally thefapeufensenaseldi defiedoretiRparitetions a8t er

3046, 1000100 S Moo Sl 20 o SogES, el fahae gbfihe © oy o

and Huang, "A Novel Cationic Liposone Reagent For Efficient Transfection
O Manmmal i an Cel) BiréctBiene hensfeBi S¢d) e, Welf eColffDitetd G0 tBbsfed Bd Md@jse
Retrovirus-medi ated DNA transfer, e, e.g., Kay et al., "In Vivo CGene
Therapy CMUsglfdp Ko aSCB@.”CS%?:éf"%ggalﬂ§9 ial Correction In Factor

| X-Deficient Dogs," Science 262:117-19, 1993; Anderson, "Human Cene
Therapy, " Science 256:808-13, 1992. 4) DNA Virus-nedi ated DNA transfer.
Such DNA vi r use?) iLipdsothe-mediatod | DN2e srangfpr. ef Seeabd.g., Ackplerorer Ad-, 5 “lipes®the-

b oar vovPEIBED. FETE GeabPhader Jof 106 RER1 Hshtn ol Bicgly St roste ™)
based vect piposid?0 Nk S8l a1 30-£61€1905 AESREI A+ Bick @eﬁ@%sbﬁsﬁﬂlgye&hgfr%;M% t

preferably AAV-2 based vectors). See, €.g., Ai et al., "The _
Vi ruses AslNédi7pri§9%0f5a0 GmdeHTing, ajsy Novek {éativhier hippsdme dicagent 1B@4Efigiint ed

St at es Pat ent 797 and Lted, States Patent 139,94 her apy
vect or sy_sf@ﬂﬁéf% Ogﬁ@%&a@é&&]ﬁ %lﬁé'ﬁ"'r %ﬁﬂpg S‘%ﬁ'té@@ygﬁeﬁ%gqsgh
transferring a geR@rdfirusMedifst DNA franst@ PS8 O, Bayaf diSt ¥ Pho Rak CI‘h@r-apﬁ)”'e
inportant factor is the nature of the target cell opul ation. Al thoug

ret rovi r al Of dtanenphiliva Be Systemed dastiali Geursetion g Barten ienh D gs.i ufeiasce of

gene ther Pl é L0 e eReral | U or

i nfecti nga‘@é,hzdgfﬁli%iﬁ%}?%’g&%% r%olsﬁ ; sﬁlﬁ%g@g{%{l‘?rgﬁ%ﬁ?}gt r@gl\??‘!reuéslsg%aiv%%? %ie pot enti al

for oncogenicity. However, recent devel opnents in the field of lentiviral

vectors may circunvent sonme of these |imtations. See Naldini et al.,

Sci ence 272: 2634)7DNfg¥grusgpediated DNA transfer. Such DNA viruses include adenoviruses
(preferably Ad-2 or Ad-5 based vectors), herpes viruses (preferably herpes simplex virus
based vectors), and parvoviruses (preferably "defective" or non-autonomous parvovirus
based vectors, more preferably adeno-associated virus based vectors, most preferably
AAV-2 based vectors). See, e.g., Ali et al., “The Use Of DNA Viruses As Vectors For
Gene Therapy,” Gene Therapy 1:367-84, 1994; United States Patent 4,797,368, and United

States Patent 5,139,941.

Gene therapy vector systems

[78] The choice of a particular vector system for transferring a gene of interest will
depend on a variety of factors. One important factor is the nature of the target cell
population. Although retroviral vectors have been extensively studied and used in a
number of gene therapy applications, these vectors are generally unsuited for infecting
non-dividing cells. In addition, retroviruses have the potential for oncogenicity.
However, recent developments in the field of lentiviral vectors may circumvent some of

these limitations. See Naldini ef al., Science 272:263-7, 1996.
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WO 03/ 040309 PCT/ US02/31693 [79] The skilled artisan will appreciate that
any suitable gene therapy vector encoding polypeptides of the invention
can be used 03r4avgor dance with this enbodi nent. The techmauen2Bom93

constructing such vectors are known. See, e.g., Anderson, Nature 392 25-

30, 1998; Ym|maTasdkillediagtisahiatillrpprdite @t 2d? suifBRBgenerthérapy etdtonerbdinige
vector to the target site may be acconplished using _known techniques. [80]

Sui t abl e geplpentides o the devsnsion ﬁéplhfeu%?ﬁéno?ccﬁiﬂaécep Pothothis smbegiment| elhe
pronot ers I t m }
pronot ers é@ﬁhﬂﬂeﬂ?y}( ‘ gl\?sit#ﬁgﬁg%%l&% ‘}ég®£%gjérkcr)lrm d‘ghg%[/l ?grﬁéﬂ rr]\eft%g{ 92 25
pronot er, Be,sm%aVemya MSMhlaaNawm 389 QBME er99SBJ[ﬂtrodmt1mmf tha:svepﬁm m)ther
and human cyto galo CEIV¥) ter ﬁm”bed in Mller et al.,

Bi ot echni qifdget#t 5“33’ %épls §m ‘?W‘Eﬁeﬁ APShot ers (e.g., histone, pol
11, and f3- actin prormters) and inducible pronoters (e.g., MMI pronoter,
nmet aI | ot hi onein_ praonoter, and heat shock pronoter). The selection of a
sui tabl e p[%t Sritghle gense i5ethgrap s Vesors inslufe, ga OB RIors BIPMaiersh Surhle ProsAfterie

teachi ngs Qgﬂe 'ﬁ%%aeiﬂ%l d@eﬂﬁtoéf prog ﬁﬁute%l %]wg?tp%%}{bt{)fés@%r FCRg! ikt he

retroviral vectors e?elna ove nentione i'ved |nc ude,
but are noSVI40 msrdsrﬁdtet aderdviran enajdvllate @mmﬁaig ecdpiraldry sgmcysqdlxemn prcnmielgﬁl.@

virus, retroviruses such as, Rous Sarco Har vey Sa co avi an
| eukosi s vP?IiYng@ﬁ‘ WBBIRteEHd nmat§ydepe Vlmﬁtff?% ) PRIt H&Wﬁﬁ

Myel oprolif, g“@a r

enbodi rrent ﬁztolté/cr ra%)s\c/? g%@mlgg@éctor %ro eri géy‘éf F&gsﬁﬁ\/bponey r| ne

Leukeni a Vhetits. prp@dtershh eanﬂeﬁmdlmtﬂal proh@sts d(evgectMﬂvr_ﬂ“ Sprumecbr,t anétaldstbiducia
packaging cell 1i nes to form producer cell |inpes. | es of, %ackagl ng

cel I's whi cRTO¥Sf¢e 284G Bepd parokarompter dde Ssl?ﬁtl%n gt a e lq RW@EPHW@ £ RRPPE( 1
PA317 - R 3@ fﬁ% , WCR P,
GF‘+E—86y[’;‘F‘Eoetrllléin{kgifl d]ﬁﬁﬁ% nﬁﬁ%(t?agﬁ]%g as gaedsﬂ%dr]il%élg!?ilzn MIler, Hunan Gene

Therapy, 1: 5-14, 1990. The vector may transduce the packaging cells
through any neans kpowg in the art. Such nmeans include, but are not
limted to, electropora |on the use of |iposones, and CaPO4
precipitation. In one alternatlve the retroviral plasmd vector may be

o a host. ot oRErRnlBy SR ity S0 RB0inC Pt o ProgfHorb B e

particles ufagtbel digived @ndllliti%, but are not limited to, Moloney Murine Leukemia Virus, spleen
necrosis virus, retroviruses such as Rous Sarcoma Virus, Harvey Sarcoma Virus, avian
leukosis virus, gibbon ape leukemia virus, human immunodeficiency virus,
Myeloproliferative Sarcoma Virus, and mammary tumor virus. In one embodiment, the

retroviral plasmid vector is derived from Moloney Murine Leukemia Virus.

[82] The retroviral plasmid vector is used to transduce packaging cell lines to form
producer cell lines. Examples of packaging cells which maybe transfected include, but are
not limited to, the PE501, PA317, y-2, y-AM, PA12, T19-14X, VT-19-17-H2, yCRE,
YyCRIP, GP+E-86,GP+envAm12, and DAN cell lines as described in Miller, Human Gene
Therapy, 1: 5-14, 1990. The vector may transduce the packaging cells through any means
known in the art. Such means include, but are not limited to, electroporation, the use of
liposomes, and CaPO, precipitation. In one alternative, the retroviral plasmid vector may
be encapsulated into a liposome, or coupled to a lipid, and then administered to a host.

The producer cell line generates infectious retroviral vector particles that include the
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21 WO 03/040309 PCT/ US02/ 31693 nucleic acid sequence(s) encodi ng

pol ypepti des of the invention. Such retroviral vector particles then may
be used, Wo @roasmgduce eukaryotic cells, either in vitro orrdMUSN2Bm93 The
transduced eukaryotic cells will express the nucleic acid sequence(s)

encodi ng  patReRid Q&ﬁleﬂée(é)r&lcbdlﬂ? Poiypeptided karti®inventél. | Suéhadirovanl Petor
transduced i ncl ude, but are not imted to, enbryonic stemcells,

enbryoni c partislesdhen way|bs, ussd, tadransduserrakayoporels eithatisnicelr § vivo. The

hepat ocyt e ' b . : t j,no , 0, ' o . .and
br onchi al %6}1 {dﬁlg‘lg(f a%"ﬁ%éﬁhg mé%@ e ﬁ‘gglls r ge;s?aﬁl g%‘éﬁgc- aaggfci) cglegﬁéedﬁ %’? r glgclg §mfg83]
Adenovi r us @slypaptiick be tirduaditivge Bubadyotit eylsitasean beinastiuees inchaiegent agafiot

infect quiescent or termnally differentiated cells, such_as neurons or
hepat ocyt edimiteddoq gmbBronicesisenéslly PRRbRORLCOpRregama cellsess Well ps hematopogetis| | |
1994, at p Lru o] a I gr L.{at10 e st
genone. Beggﬁls gbg]ti?‘ielé&%g& ﬁers’ejﬁi %@Esrt % rr%lg Sﬁ%ﬁ?’y ,ﬁie{aﬁgbg{@k &tgﬁ th%eprll%le r %1|Eb negllga

nmut agenesi drarehgt egitbeliareetliced. Ali et al., 1994, at page 373. [ 84]

Adeno- associ ated viruses exhibit simlar advantages as adenoviral - based
vectors. However, AAVs exhibit site-specific integration on human
chronosore 19 (Ali etddehovirusdOHd adehopd@riRddNirusés anskaryoti c therapy [ 85]
A different approach to gene therapy is "transkaryotic therapy" wherein the
patient's cells are treated ex vivo to induce the dormant chronosomal genes
to produce[g3le AdefbHIRe®havHRI &Fbn@RAES Sat BN haRAY GrdANhdsd rhd}R, Ral et
Transkaryotic therapy assunmes the individual has a normal conplenent of
genes necedqupsent oF terptinalin disterentipted SieHs.ywich @s nepwongpy lepslorxies andtapperici ng
a pronoter e enous ator e e ivat i ng
the nascent g%léﬁ%g’,eﬁ?nﬁ 18(%tg elg'c F\S;e%’get'j 'bﬁlgﬁggﬁﬁgg%g?gén#ggﬁoggﬁ %éss (goxﬁé\}i Vo,
cul turing apskas & @edgratg irfto thelgdst Yenopie0 tBdcaudertheuetistgxaatiremosumhllyh éi@ risk
reintroducing the activated.cells into the patient with the intent that
they then BEESAEOonY Mytagenesisis Sraly regueed. AMo¢erlad?94 at 2283781 | s t hen

manuf acture the protein of interest for sone significant anount of tine,
perhaps for as long as the life of the patient. U S. Patent Nos. 5,641,670
and 5, 733[8H1 didsae-eswciatedderuses cxiiby sepilaegsivantages as adenoviral-based vectors.

However, AAVs exhibit site-specific integration on human chromosome 19 (Ali et al.,

1994, at page 377).

Transkaryotic therapy

[85] A different approach to gene therapy is “transkaryotic therapy” wherein the
patient’s cells are treated ex vivo to induce the dormant chromosomal genes to produce the
protein of interest after reintroduction to the patient. Transkaryotic therapy assumes the
individual has a normal complement of genes necessary for activation. Transkaryotic
therapy involves introducing a promoter or other exogenous regulatory sequence capable
of activating the nascent genes, into the chromosomal DNA of the patients’ cells ex vivo,
culturing and selecting for active protein-producing cells, and then reintroducing the
activated cells into the patient with the intent that they then become fully established. The
“gene activated” cells then manufacture the protein of interest for some significant amount
of time, perhaps for as long as the life of the patient. U.S. Patent Nos. 5,641,670 and
5,733,761 disclose in detail this concept.
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22 WO 03/040309 PCT/ US02/ 31693 [86] In order that this invention may be
better understood, the follow ng exanples are set forth. These exanpl es
are for thWe® @uamose of illustration only, and are not to lrET/CIRS1@98ed as
limting the scope of the invention in any manner. All patents, patent

appl i cationge] ang dréérehenbiSneéited may bdb&ted ufddradod,ahafdllowisg epansite are
herein by reference in their entirety. EXAMPLES Exanple 1 Peptide

synt hesi s gt fsdol Ebgﬁe[w;nmﬁearﬁoﬁoréw RYDgenm ef allusyirBer @uke anésarﬁ a1t 698 t o
th f d
carried outoiied asPRAREPlE CBoe B (O dWERh Ghy BERMGCC CATVBERS, Sptits

(1994), Vo |ap1b1tB:aﬂ5ndQﬁnMdfél@ﬂ¢esWted’ﬁmhlsrtg§(ﬂ)dmuﬁe :Bermd\zﬂxpdiauﬂam heteirdiey referendd inuous
fl ow conditions using Rapp-Pol ynere PEG Pol ystyrene resins (Rapp- Pol ynere,
Tubi ngen, YSY- At the conpl etion of synthesis, peptides were cleaved
fromthe resin and de-protected using TFA DIT/ H2O/ Trii sopropyl silane
(88/5/5/2). Peptides were precipitated fromthe cleavage cocktail using
cold dieth The precipitate was washed three tinmes with the cold
et her and then dissolved in 5%acetic acid prior to |yophilization.

Pepti de i d@xtinbie Wwas confirnmed by reversed-phase chromatography on a

YMC- Pack S- AQ col.um (Y I nc Wl mngton, NC on a Wters ALLI ANCE(r)
syst em (\at P& Wﬂ%ﬂéme dofgey't or d, MA) using water/acetonitrile wth 3%
TFA as a gr adl ent fromO0%to 100% acetonitrile, and by MALD nmss

spect r onet 1§7lon The Velloxcer sereral m&@wwg% @ﬁ@@flﬂ@ﬁaﬂﬂh@swe(waf p9lypeRBdaso,

Per Sept
darZC)(’a gcle;/gr? ﬂh% ?{\Zetnvm hpgétf}{%%%?lg eptl aemslggh% Fﬁ\&ggﬁtﬁtgf)%%ergy >£P%QJ dfﬁer
1/ 1. Those SpeaihtsisiProtoweils (19e4), Vohinhe3 s pyMithactW. Penniagtoh & BefavivdDwmp unddri ed

by reversed-phase chr omat ogr.aphy on a Waters Delta Prep 4000 HPLC system
(Vaters Corpiiopsnflow cppditons\jpsingeRapptRolymerpe FEGROlyptyFing g rgsats) (Rapp-

establ i sh aqfyahus UriBRh SAd defthafs PT Sk NInp ¥ bRER! dyfliRsif pdgified WeRNLENRGAN

from the resin and de-protected using TFA/DTT/H,O/Triisopropyl silane (88/5/5/2).
Peptides were precipitated from the cleavage cocktail using cold diethyl ether. The
precipitate was washed three times with the cold ether and then dissolved in 5% acetic
acid prior to lyophilization. Peptide identity was confirmed by reversed-phase
chromatography on a YMC-Pack ODS-AQ column (YMC, Inc., Wilmington, NC) on a
Waters ALLIANCE® system (Waters Corporation, Milford, MA) using water/acetonitrile
with 3% TFA as a gradient from 0% to 100% acetonitrile, and by MALDI mass
spectrometry on a VOYAGER DE™ MALDI Mass Spectrometer, (model 5-2386-00,
PerSeptive BioSystems, Framingham, MA). Matrix buffer (50/50 dH,O/acetonitrile with
3% TFA) peptide sample was added to Matrix buffer 1/1. Those peptides not meeting the
purity criteria of >95% were purified by reversed-phase chromatography on a Waters
Delta Prep 4000 HPLC system (Waters Corporation, Milford, MA).

4

Example 2
Peptide cloning

[88] To establish a robust method for expressing polypeptides of the invention and
mutants thereof, nucleotide sequences encoding polypeptides were cloned C-terminal to

GST with a single Factor Xa recognition site separating the monomeric peptide and GST.
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nmut ant s t hereof, nucl eoti de sequences encodi ng pol ypepti des were cl oned
Ctermnal to GST with a single Factor Xa recognition site separating the
nonomer i cwoepsia® and GST. 23 WD 03/ 040309 PCT/ US02/ 3169 PCliesogsn®3
encodi ng the Factor Xa recognition site fused to the DNA sequence of the

peptide toThe dgbh@@ﬁ@@(ﬁnﬁiaﬁe Faetor Syentdaegiitd shy finedr fodihgi DY AL veuener bAER ng
single- stran DNA fragnents (70-90ners) containing a BanH_ or, EcoRl

restricti oRepiifleytppbe snr@@qeﬁﬂ@@ 1%@@& 59’111511651?@11 pehybriaizieg denceveslpPRing single-

ol ynucl eo
Gt ands. vi SriRisk A 088 (1COHAUREcRKioblls BURHTER, fec e BRE B
Inc., GaitRae iibme@atelMDS to[tBSDNzheec[ﬂ‘dﬁcesemhe pobmatiestide fodve eawdd, followed by
polynucleotlde was base&ﬁfn the revers

e ansl ation of the S no
aci d sequeht¥A syniagEHohEi5tqpgesiia sirag a&a% ge frpgmeny gt méu@%tm geeﬂ@d

t he peptid Ogg# grr}{m?enem S (P| card et al. Nucl ei ¢ Aci ds
Res 22: 25?‘7“311 gsrggﬂcecstz}a%r ogE} et al. (1989) MOLECULAR CLONING A
LABORATORY MANUAL, 2nd ed., Cold Spring Harbor Laboratory Press, New Yor k)
of a poly |l e Idﬁ%ﬁ Vi 0

doubl e- st riéﬂedqthpro uc %gﬁgx%{gﬁﬁgﬁgfg}s?gﬁgﬂﬁgc {gQ %ﬁ XEJh%ngaetrSgd

i nt o pGEX- GiEngdlat{diref shwdesigiedr amaimbaacRl eéqehde vhieadh baﬁldal sth beee catseptted by

BanH and EcoRI. [90] For _ exanpl e, when the uence t he poal ypeptl e
i dent i fi edPalynueleptids gsoding, e pentide ds .%@fﬂﬁ@@t mytagenedls |(Bigaidg P

St Y Bet er e R R S R Bl <Z€i%£%%%ﬁ‘?%%%eﬁ’%’%%§> ,

wher e t he IABoRATERWVMANUAAC RIS edl, EER] S'pEing hhrﬁoaidlaborai(ayrlhfessgtﬂewi ‘&fnrkéiotfea and

the remainin i ds i e am_no |ds ence ied a
DNO T [ goimecte redymade ik e AR, ArtrEbeEHoTe  IAT dokblaatighded
sequence encoglicNG thb didRled REPBLART laflg @tcbiu &fld ﬁgm@@@nb %@dspt?@mmant he
restriction enzynme sites (BamH and EcoRlI) used for cloning into the
pGEX6P- 1 p[Paamnnastla(Bm@chlyVhlcTﬁﬂl@s ﬁIEM&'@ﬂcle@eq&grB@mHIl amdetoRI.el y preceding the
EcoRl site ("GAATTC') encodes two stop codons. The rest of the DNA
sequence encodes the Factor Xa-pol ypeptide identified as SEQ ID NO 7 fusion
sequence. [90] For example, when the DNA sequence the polypeptide identified as SEQ ID NO:7

was cloned into pGEX-6P-1, the following polypeptide sequence was expressed as fusions
with glutathione S-transferase (GST):
IEGRHSQGTFTSDYAKYLDARRAKEFIAWLVKGRG (SEQ ID NO:33), where the
first 4 amino acids, IEGR, is the factor Xa recognition site and the remaining 31 amino

acids is the amino acid sequence identified as SEQ ID NO:7.

[91] The first and last six nucleotides of the nucleic acid sequence encoding the
polypeptide identified as SEQ ID NO:7 represent the restriction enzyme sites (BamHI and
EcoRI) used for cloning into the pGEX6P-1 plasmid (FIG. 1). The “TAATGA” sequence
immediately preceding the EcoRI site (“GAATTC”) encodes two stop codons. The rest of
the DNA sequence encodes the Factor Xa-polypeptide identified as SEQ ID NO:7 fusion

sequence.
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24 WO 03/040309 PCT/ US02/ 31693 Exanple 3 Peptide reconbi nant expression
and purification [92] BL21 (DE3) cells (Stratagene) transfornmed with a

GST- pept | ¥® @3u8030m contai ning plasm ds were grown at 37CRaUs0280R6600
reached 0.6 to 1.0 and induced by 1 mm I PTG (Life Technol ogies) for 2
hours at 37C. Two liters of cells were spun at 7,700xg for 15 mnutes, and
stored at -20C The cell pellet was resuspended in 80 nml B-PER bacteri al
protei n extBxaeplech reagent (Cat No. 78248, Pierce) and | x Conplete Protease

I nhi bitor P(eégg {‘Fe’co%{]iakté)l}??s&%n angﬁﬁﬁ 09;” was honpbgenous. The honpbgenous
en

m xture was erature for 10 minutes. Lysosorre and
Dn I t f. .20 m

Further ol | P gRI ool (HePis0r LML SEHGT G PRLisBarr OB rph e

m xture WapldspEadRbRbrbRh afB7 &gkl OD@), reachEd 0688 1. (?éﬁd #Hafted BiePLIN IP*F@

spun down at 27,000 g for 20 m nutes. a)li' he supernatant was m xed wth
of pre-waslikife (Elecmmﬂdgms)éo&hhmcasm% Tosiliter Rif aeliawies) spon aa7$7106k§|for 15
overnight at. 4 C.  The resin was spun down at 1,500 g for 15 mi nutes,

packed i nt MBS AnpEEgredpep20°Chr Biestedignellsh vawsumadquw EBsme@n@h th
30 mL PBS E f
and 50 nmM ;]?C}télg\ll_\%%’agﬁﬂ%g ag%nt (tﬁ]at I@ogfap ft%%l;l%#vei gﬁ% I(léa%g%% gl{%%a%%o i rV\A th

60 units ofRédR) aﬁul)ﬁae (cEIh guigpRadian wiah hdmbkermdlis. Faehomogendusmligture Gde géntg,ht
at 4 C. These eluants were then run on a C18 HPLC gBeckrran System Gol d
using a 2 fakesdprommy tqmw%ﬁ for 4P mingies.rh ysosamanand Bnass | waerigded iy ifiaal ' 5

B (0. 196 TP RS2, 0200 Lt I QL1 o Do BN Bl b YRS

m nut es of visBudifyekespectRRBK ThegiittoRSwilinbubiikedee ) 2d8HOnsI8 hieeited @sltlilar
screened by 10-20% Tricine- SDS gel electrophoresis. The identity of each

pepti de wadekinyay favg doymatsd OOQp%@F 28 mainpigs.u The gunwtﬁﬁwspméaql (thféc? miLom
h |
e e o BFbfh-FEME Py Sl % B PRAGY LB Pl Sl B

shown to hawe fekia wadBpac dowint k€3$,506 & e 15 SMBHuRR! ipachedr Fitd® Rapty aﬁily-iﬂha@
follow ng table, Table 2, contains some sel ect ed pol ypepti des made

accor di ng. Ghepragegisnhy iCGoburays (BiedRasd) pwathed ovithi38 suk é‘bléwed( bExdfpné af) |
or recomdi RNt} A uffer (1 mM CaCl,, 100 mM NaCl, and 50 mM Tris-HCL, pH 8.0). The

peptides were cleaved off the column with 60 units of Factor Xa (Pharmacia) in 1 mL of
Factor Xa buffer, overnight at 4 °C. These eluants were then run on a C;3 HPLC
(Beckman System Gold), using a 2 mL loop and flow rate of 1 mL/min with the following
program: 5 minutes of Buffer A (0.1% TFA/H;0), 30 minutes of gradient to 100% Buffer
B (0.1% TFA/ACN), 10 minutes of Buffer A, 10 minutes of gradient, and 10 minutes of
Buffer A. Peak fractions (0.5 mL each) were collected and screened by 10-20% Tricine-
SDS gel electrophoresis. The identity of each peptide was confirmed by mass
spectrometry using the mass predicted from the amino acid sequence. Typical yields are
approximately 50 pg free peptides per liter of E. coli culture. Recombinant peptides have

been shown to have the same activities as their synthetic versions.

[93] The following table, Table 2, contains some selected polypeptides made according
to the peptide synthesis protocol discussed above (Example 1), or recombinantly as

described above.
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descri bed above. 25 WO 03/040309 PCT/ US02/ 31693 Table 2 d ucagon
HSQGTFTSDYSKYLDSRRAQDFVQALIWNT (SEQ I D NO 1) GLP-1(7-36)

HAEGT FTSDWSSIEG@AAKEFI AWLVKGR- NH2 (SEQ | D NO. 2) GLP- 1( 7-F7)US02/31693
HAEGTFTSDVSSYLEGQAAKEFI AWLVKGRG (SEQ I D NO 3) GL :
HSQGTFTS Yrg‘%\({E)SRRAQDFVQ/\LVKGR NH2 (SEQ ID NO 4) &
HSQGTFTSDYSKYLEGOQAAKEFI AW VKGR-NH2 (SEQ I D NGO 5) (7

HSQGTFTSOYAkKX! RFAKEETMADVKGRDB&@Q(JWWHH NEECB)ID NG1)

HSQGTFTSDYAKYLDARRAKEF- AW VKGRG( SEOH+D

COT T STV ARy AR AR T AR ADYR R PSR R 3 SR 70+2

HSQGTF T SDYAYPY I MEETNADVK‘@EMKEBE@LVERNO(@)Q IW 3)

HSQ;TFTS Y AKYL DAARAKER-AVWAAAKGR-NHR2 (SEO |

HSQGTFTSWAKYLDAKKN@#FN%@%@@EY@LWRIW %% BoNora)

HSQGTF T SOVARYLCDARKAK '+@#¥%ﬁs§ Rxwd k&éRléﬁz %JEQ ID NO:5)

HSQGTFT SOYAKYEBAKKAKERF ARCVKERG
HSQGTFTSI:@@'&‘YLDAAK FW@#@WW@%W (889 ID NO:6)

HSQGTFTSOYAKYL DARFA@EWN@W@E@"HEL}X@RES) SEQGY@ NO:7)

HSQGTFTSOYAKSYL DARRAKIGE M YKo £ kalr@r 1 Anr.Mkar1 62 (€¥S 1D wo:8)

HSQGTFTS mLDA“"q }@;;W@Rm el gdz (§E8 1o wo:s)

HSQGTFTS L DARRAKEET AW VRGCG LSEQ D1 erk
HSQGTFTSOYAKYL DARRARISET FRABYRCROA A REEF TATLRESRI B2 (1579 1D MO: 10)

HSQGT FTSOYA$$YL DARRAKIE AMDVIKEREA 2By TABEQRRCD (MO 20)N0: CB2

HSQGTFTSDYARYCDARRAL Jﬁ/ \V kel L%&Rélks@%n NO:12)

HSQGTFTSOVAADARRARELL KWEVRCIE LS LR 2
HSQGTFTSDYA#YI DARR R TINS5 | 5o a8, 10+ 1)

HSQGTFTSOYBRYL DARFAF@E‘NNDVM@KAI(@E\GHWDVN@GZ@EQ 38%:14)

HSQGTFT SDYARYL DARRAR e KMoVioa £ikc) A kdreS ) sHE2 1B 30 : 15)

HSQGTFTSTY Ar Y DARFATE o S VRO 22h Db SO O 28h0:16)

G75 HSQGTFTSDYAKYLDARRAKEFIAWLVKCRG (SEQ ID NO:17)

G76 HSQGTFTSDYAKYLDARRAKEFIAWLVKGCG (SEQ ID NO:18)

G77 HSQGTFTSDYAKYLDARRAKEFIAWLVKGRC (SEQ ID NO:19)

G277 HSQGTFTSDYAKYLDARRAKEFIAWLVKGRC (22kD) (SEQ ID NO:20)
G82 HSQGTFTSDYARYLDARRAKEFIAWLVRGRG (SEQ ID NO:21)

G83 HSQGTFTSDYARYLDARRAREFIKWLVRGRG (SEQ ID NO:22)

G84 HSQGTFTSDYARYLDARRAREFIAWLVKGRG (SEQ ID NO:23)

G85 HSQGTFTSDYARYLDARRAREFIAWLVRGRGK (SEQ ID NO:24)

G185 HSQGTFTSDYARYLDARRAREFIKWLVRGRC (SEQ ID NO:25)

G2185 HSQGTFTSDYARYLDARRAREFIKWLVRGRC (22kD) (SEQ ID NO:26)
G4185 HSQGTFTSDYARYLDARRAREFIKWLVRGRC (43kD) (SEQ ID NO:27)
G87 HSQGTFTSDYAKYLDARRAK (FA) EFIAWLVKGR-NH2 (SEQ ID NO:28)
G88 HSQGTFTSDYAKYLDARRAKEFIAWLVKGRK (FA) (SEQ ID NO:29)
G90 HSQGTFTSDYARYLDARRAREFIK (FA) WLVRGRG (SEQ ID NO:30)
G182 HSQGTFTSDYARYLDARRAREFIKWLVRGRGK (FA) (SEQ ID NO:31)
G183 HSQGTFTSDYARYLDARRAK (FA) EFIKWLVRGRG (SEQ ID NO:32)

(FA): Ci6 palmitate linked to the lysine residue.
(22kD): 22kD PEG linked to the cysteine residue.
(43 kD): 43 kD PEG linked to the cysteine residue.
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(4185 HSQGTFTSDYARYLDARRAREFI KW.VRGRC(43kD) ( SEQ | D NG 27) 87
HSQGTFTSDYAKYLDARRAK( FA) EFI AWLVKGR- NH2 (SEQ I D NO 28) (388

HSQGTFT SDWAKOSLOBWIRRAKEFI AWLVKGRK( FA) (SEQ I D NO 29) (B0  PCT/US02/31693
HSQGTFTSDYARYLDARRAREF! K( FA) W.VRGRG ( SEQ | D NO 30) G182

HSQGTFT SDYAR¥MARRAREFI KWLVRGRGK(FA) (SEQ I D NO 31) G183

HSQ:II—ISDYA YLDARRAK( FA) EFI KALVRGRG (SEQ | D NO 32) (FA): Cl6 palmtate

| i nked to Praparationret RINeibHeell membpds: 22kD PEG |inked to the cysteine
residue. (43 kD): 43 kD PEG I inked to the cysteine residue. 26 WO
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for 20 m neepldied.r eshé tshﬁ&n@t'aﬁt% NMRoMEHRr fe spik| %reme@nbmws@pﬁneammeaa‘s
buf fer u3|ng a 23 gauge needle followed by a 25 gauge needl e. Menbranes
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pr ot ease |nQthh@may3 The wet weight of the |ivers was determ ned and t he
tissue mnced in 5 volunes of ice cold TES buffer and a slurry prepared
using a polytron. Al buffers and spins were kept at 4C. The slurry was
;Erthﬁr honogeni zed using three strokes of a handhel d dounce honogeni zer.
e onog s passed through several |ayers of cheesecloth and spun
at 25, 000 BRghfe ° d P
Preparation of plasma membranes from rat liver

[95] Rats were sacrificed and livers removed into ice cold TES buffer (20 mM Tris, pH
7.5,1 mM EDTA, 255 mM sucrose containing protease inhibitors). The wet weight of the
livers was determined and the tissue minced in 5 volumes of ice cold TES buffer and a
slurry prepared using a polytron. All buffers and spins were kept at 4°C. The slurry was
further homogenized using three strokes of a handheld dounce homogenizer. The
homogenate was passed through several layers of cheesecloth and spun at 25,000 x g for
10 minutes. Pellets were homogenized in 22.1 ml TES buffer using 10 strokes of a
handheld dounce homogenizer. Twenty-seven point nine milliliters of 2.4 M sucrose in
TE was added and mixed well. The homogenate was distributed among several tubes, and
each tube was overlaid with 7 ml of TES buffer. The tubes were spun at 120,000 x g for
60 minutes. The plasma membranes were removed from the interface that formed during
the spin, diluted in TES and concentrated using a 15 minute spin at 200,000 x g. The
resulting pellet was again homogenized in 9.8 ml TES buffer, combined with 10.3 ml
2.4M sucrose, overlaid with 7 ml TES, and centrifuged at 180,000 x g for 30 min. The
plasma membranes were removed from the interface, diluted with TES buffer, and
collected by centrifugation at 200,000 x g for 15 min. The final pellet was resuspended in

TES. Plasma membranes were stored at —80°C until ready for use.
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10 m nutes. Pellets were honogenized in 22.1 m TES buffer using 10 strokes
of a handhel d dounce honogeni zer. Twenty-seven point nine mlliliters of
2.4 M sucwos®/MB09 TE was added and m xed wel |. The honbgerriTeUseas1693

di stributed anong several tubes, and each tube was overlaid with 7 m of
TES buffer. The tubes were spun at 120,000 x g for 60 mnutes. The plasm
menbranes were renoved fromthe interface that formed during the spin,

di | ut ed i nESEEspland concentrat ed using a 15 minute spin at 200,000 x g. The

resul ting nogeni zed in 9.8 m TES buffer, conbined with
10.3 m prﬂf’s‘ﬁ’@ﬁgz«g 5331;0Fytes d with 7 m TES, and centrifuged at 180, 000 x

g for 30 The | asma e es rom i terf .
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for 15 m ney Theg fBzBﬁlmﬁbd 9196‘9?5Ar RAUSRRN GRdtal ot Wad. arRkidsiRd it r maﬁnv\er e
stored at -80C until re or use. 27 WD 03/040309 PCT/ US02/ 31693 Exanpl e
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perfu5|on apparatus (37C), and its |'inmbs were secured with | aboratory tape.
The ventri toedxpos&mhbénfer wagalveiy hepatio artery 884 ﬁiecmlfotﬂnor seh ¢dve. hLigdwrgsiggre
cavity was 0 t 0 .expose the |i.ver pot tic
artery andp]@Eeéﬁ;e%%%géraf%‘rnﬁ\}gﬁﬁ‘%%\yﬁsselﬁ ga%aBP‘él% ergserfﬂd {0 %F gggtgfyelgglggnd
the three yass&hued Withans ﬁgauyaa%b mepaticeattdritagd ttﬁ@p@@éﬂi(ﬁf' vergicavaneowhe
secured with the ligature. The hepatic artery and the posterior vena cava
bel ow t he 11V¢rvwr3rewé1¢fé aoff ewitlofthe Wigatyrashhei perfusiass pumpipe Wge rtpinsf opn pufptheas
turned on - descendi.ng mgd ly_s ed t I the
buffer to grbdin%rggrgowa%)ggn%egcﬁatél t\éa%é ratélfb%ﬁe%%h@is/ rcg)vi ?%/a% glw%qupckl y
opened to %ﬁnét@ ¢hd@arThe chegtannity fas waRkiyngehe@eh expgose thecheartpArdanhulaena
cava through t heart and was secured with a Ie@\%ature to the %wrrpl ete t he
circul at i oWa%)fHS@ﬁﬁd‘ iato 'Ehﬁl‘sBH@WftVﬁ@a ¢avpdhrough the heae and yeas seeyred Wit

Kr ebs- Hens I C 5%
021 596  ocp (15,5 RFIQE 0,F GROBMREE bhfer R IRP I RGP ARS (RIS AR

a non-cir CKkéHsLI-m@selelt buffer containing 5 - 10% sheep RBC and under constant 95% O,/5%

CO, flow in situ at a flow rate of 14 ml/minute. It was perfused in a non-circulating
system for 5 min and then followed by a re-circulating system (with 30mg collagenase) for
another 30 minutes. The liver was then removed, minced with scissors in a plastic beaker
and filtered through a nylon sieve. The hepatocytes were separated from debris by a series
of buffer washings and centrifugations (690 rpm, room temperature, 90 sec). An aliquot of
cells was diluted with buffer, stained with 0.4% Trypan Blue and counted. The rest of the

cells were diluted with buffer to a density appropriate for each assay.

Example 7

Protocol for rat islet isolation

[97] Sprague Dawley rats (275-320 g) were used as the source of donor islets. Briefly,
the pancreas was filled with 10 ml of cold reconstituted Liberase RI (Boehringer
Manheim), harvested and incubated with additional 5 ml enzyme solution in water bath for
30 minutes. Tissue suspension was washed twice with cold 10% FBS/Hahks buffer

(Gibco), resuspended in 8 ml 25% ficoll (Sigma) and then layered with 5 ml each of 23%,
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systemfor 5 mn and then followed by a re-circulating system (with 30ng
col | agenase) for another 30 m nutes. The liver was then renoved, m nced
Wi th sci sewr@/uesoa pl astic beaker and filtered through a poigse28i®@se. The
hepat ocytes were separated fromdebris by a series of buffer washings and

centrifugat2086 anh8911 % dinollr oThe tidefeeinahel20% Yyes abipr cdiirifldatiowtwedé rerBVdds
was diluted with buffer, stained with 0.4% Tr%pan Bl ue and counted. The

rest of theVasbet fuicgayith egldl J0eF Rk bufisr andyreguspendsd ip H3p FBSRRVIE 1640

each assay.mgdqg@gﬁ,lay_ Protocol for rat islet isolation [97] Sprague Daw ey
rats (275-320 g) were used as .the source of donor islets. Briefly, the
pancreas was filled with 10 mMl of cold reconstituted Liberase R
(Boehringer Manheim, harvested and i ncubated with additional 5 m enzyne
solution in.water.bath for 30 mnutes. Tissue suspension was washed tw ce
with cold Hanks buffer (G bco), resuspended in 8 m 25%ficol |l
(Sigma) and_ then |ayered with 5 ml each of 23% 28 W) 03/040309

PCT/ US02/ 319910sitivg éﬁ’d”ﬁofwﬂl%lolfﬁe GhE-1 racenter inmRiNwe ook plaspet mambranes

centrifugation were renoved, washed twice with cold 10% FBS/ Hank buffer

and resusp d 1 9 . ' j Ex le 8. Conpetitive
bi ndi ng of EIge tilggo %%@S@%% p%@@gep?lg&ﬂ?%f&ﬁ%%}dg & Fﬁl@gﬁgg?ﬁl Hé&s
[98] | C50 watiasts, fint ahdlege ofiiled livieviioitd dhé) G3ICH-1 petopbspin RESm3AOmembranes
pol ypepti de fragnents a:?%ri anb; and anal o%s of the invention to the GLP-1

recept or i YRFNRERES3EIRgstAdeut 0.07 BVE up (g abgu 28 nM Feest0-Bb &t 102,31 4nfu &> Bo

about 20 nM (p, £, 1201944, 55,4611 6.1k i i
14, 15, 16, 17, 18" 19, or 20 n7|\’/)a.8’ Fgcg 29211\4 'eslcfs"ora%beoslf‘;’/arp%oé??e é&%g%/ags?%ves
of the i nvedthomveyiorctipiopllynee atlehst 801 MO to\dbopt @0 abbdte., 3001, M, (1, 16, ,

Dol cormerr 108150080, 258 300 50, AP S80aND: *the T vention Lo RUNMEE

cell plasma nenbranes was neasured as follows. N nety-six-well GF/C
filtration @ate MIllipore, Bedford, MA) were blocked with 0.3% PEI for
at | east o lhodroraRriitivg SHding ofisemenolypeptides it top Huemtion te FINmSE ¢ef dasnpo v

Tris, 2 mModfifhandiRvds mreashrd@hdollows: 8rylsix-well GF/C filtration plates (Millipore,
Bedford, MA) were blocked with 0.3% PEI for at least one hour and washed twice with
binding buffer consisting of 20 mM Tris, 2 mM EDTA, pH 7.5, 1 mg/ml BSA, and 1
mg/ml bacitracin. Five micrograms of RINmSF cell plasma membranes diluted in binding
buffer were applied to each well together with 0.05 pCi °I labeled GLP-1 and peptide
concentrations ranging from 1x10™2 to 1x10° M. Following a 60 minute incubation at
room temperature, the plates were washed 3 times with ice-cold PBS containing 1 mg/ml
BSA. The plates were dried, scintillant was added to each well, and cpm per well

determined using a Wallac Microbeta counter.

[100] The number of I counts bound to the membranes at each concentration of
peptide were plotted and analyzed by nonlinear regression using Prizm software to
determine the ICsp. The polypeptides disclosed in Table 2 bound to the GLP-1 receptor
present in the plasma membranes isolated from RINmSF cells with ICsq values of between
1.4 nM and 248 nM (determined from a minimum of three trials). ICsy is the
concentration of a polypeptide at which maximal binding of labeled GLP-1 (7-36) (SEQ
ID NO:2) is reduced by 50%.
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mg/ nl bacitracin. Five mcrograns of R NnbF cell plasma menbranes diluted
in binding buffer were applied to each well together with 0.05 gCG 125l

| abel ed Qe /a9 pepti de concentrations rangi ng from 1x¥T20%00/31603105 M
Following a 60 mnute incubation at roomtenperature, the plates were
washed 3 t gpRspMiot h ice-cold PBS containing 1 ng/m  BSA. The plates were
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of the invention to the glucagon receptor in rat liver nmenbranes typically
are at |east about 0.1 nMup to about 1000 nM (i.e., 0.1 1, 10, 50, 100,

150, 200, ¢Rp: 3806 piHihe 8P ome WiypepRdestPOine6lentitOto P AiveSYhsmB50,
900, 950, ?or Mggg]pr?r\ﬁ?e [ 102]g Corr%rcralt ﬁ&}(/péﬁ%eﬁdi ng eof ?snolrre pol ypget ?des of
t he i nvent immmbranes avas easnred asiotlowse Minetpei-wel GG siilinetion plates| (Mitpore,

Ni nety-si x-well fil i on.pl i :
bl ocked v Birctobtasvers piokked Sl ELGePRTter ok RAConenteh el ool whEE it g
buf fer congifidg euf®dr HRsihg of 20 RMMAEDT AMPEDTAS pHL 7891 nhgBSBSANndnd. 1

ng/ m bacitracin. Three mcrograms of rat |iver plasma nmenbranes diluted in
bi ndi ng buiget bagitrecinp Tlireei nperogiges| of 8t divercplagie maptganas; dilged in bigdingg

ol Tow ng_ BUBH REFREAdTEALS plpedtier PABRDDE ety o iceq fifeell B phlae
washed 3 tigRsnthiidhs! afsin® FonPBR1¢ENbalNonavl FllioWing a 60 minute incubation at

room temperature, the plates were washed 3 times with ice-cold PBS containing 1 mg/ml

BSA. The plates were dried, scintillant was added to each well, and cpm per well

determined using a Wallac Microbeta counter.

[103] The number of 1251 counts bound to the membranes at each concentration of
peptide were plotted and analyzed by nonlinear regression using Prizm software to
determine the ICso. The polypeptides disclosed in Table 2 bound to the glucégon receptor
present in the plasma membranes isolated from rat liver with ICsq values of between 11.7
nM and 726 nM (determined from a minimum of three trials). ICs is the concentration of
a polypeptide at which maximal binding of labeled glucagon is reduced by 50%.

Example 10

Measurement of peptide signaling through GLP-1 receptor using cyclic AMP scintillation
proximity assay (SPA)

[104] For polypeptides and polypeptide fragments, variants, and analogs of the invention,

“activation” of the GLP-1 receptor in a cAMP scintillation proximity assay is induction of
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BSA. The plates were dried, scintillant was added to each well, and cpm per
well determ ned using a Wallac M crobeta counter. [103] The nunber of 125I
count s bowwdb3toaoiohe menbranes at each concentration of peautl/cke286198
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in 96-well plates (Costar) at 1.5 x10°cells/well and grown at 37°C for 24 hours in RPMI

1640, 5% FBS, antibiotic/antimycotic (Gibco BRL). The media was removed and the

v

cells were washed twice with PBS. The cells were incubated with peptide concentrations
ranging from 1x1072 to 1x10”° M in Hepes-PBS containing 1% BSA and 100 pM IBMX
for 15 min at 37°C. For assay of peptides conjugated with fatty acid, the BSA was omitted
from the incubation buffer. The incubation buffer was removed, and the cells were lysed
in the lysis reagent provided with the cAMP Scintillation Proximity Assay (SPA) direct
screening assay system (Amersham Pharmacia Biotech Inc, Piscataway, NJ). The amount
of cAMP (in pmol) present in the lysates was determined following instructions provided

with this kit.

[106] The amount of cAMP (in pmol) produced at each concentration of peptide was
plotted and analyzed by nonlinear regression using Prizm software to determine the ECso
for each peptide. The average relative potency value for GLP-1 receptor activation for the

polypeptides disclosed in Table 2 was between 0.6% and 76.1%. The maximum activity
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CAMP scintillation proximty assay was neasured as follows. RINmbF cells
were plated in 96-well plates (Costar) at 1.5 x105cells/well and grown at
37C for 2wommesobn RPM 1640, 5% FBS, anti biotic/anti nyaanigsog@Edso BRL) .
The medi a was renoved and the cells were washed twice with PBS. The cells
wer e i ncubialigebdWahFedoRpini 5% @ONGEN bAttcomRive HRPEI G- 0(M-36) (SEQRID NQ:210- 5
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assay of pdpiermmsd &ion) ugarismonpt trgedtiels). axgedlablart BSA was onmitted fromthe
i ncubation buffer. The incubation buffer was renoved, and-the cells were
lysed in the lysis reagent provided with the cAMP Scintillation Proximty
Assay (SPA) direct screening assay system (Amersham Pharmaci a Bi otech Inc,
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of at least about 0.001 to about 1% (i.e., 0.001, 0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, or 1%). “Relative potency” is the ECs of native glucagon (SEQ ID NO:1) divided by

the ECs of a polypeptide of the invention, multiplied by 100. “ECsq” is the concentration
of a polypeptide at which 50% of the maximal activity is achieved.

[108] Peptide signaling of glucagon receptor for some polypeptides of the invention
using cAMP scintillation proximity assay was measured as follows. Freshly isolated rat
hepatocytes were plated in 96 well plates at 7.5x10* or 2x10° cells/well in Hepes-
bicarbonate-PBS containing 1% BSA and 100 pM IBMX. Following equilibration at
37°C in a 5% CO,/95% O, environment for 10 min, peptide at concentrations ranging
from 1x10™'? to 1x10° M was added for an additional 15 min. The plates were centrifuged
briefly, the incubation buffer was removed, and the cells were lysed in lysis reagent
provided with the cAMP Scintillation Proximity Assay (SPA) direct screening assay
system (Amersham Pharmacia Biotech Inc, Piscataway, NIJ).

[109] The amount of cAMP (in pmol) present in the lysate was determined following

instructions provided with this kit. The amount of cAMP (in pmol) produced at each
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maxi mal activity induced by the native glucagon (SEQ ID NO 1) wth a

rel ative potency of at |east about 0.001 to about 1% (i.e., 0.001, 0.01,
0.1, 0.2, wo®4@0d4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1% . "Relptliv®2podency"” is
t he EC50 of native glucagon (SEQ ID NO 1) divided by the EC50 of a

pol ypept i dgneénttdtioni sTviemptitle Rvasrplbttddpdrideshaldyzed Y. nonEudAY reigiestibe using Prizm
concentration of a polypeptide at which 50% of the naximal activity is
achi eved. fofivgye Pegterne therfso der eseh gentideghe pesagnislativg potsgep value (ratio

pol ypepti des, of . t he i nvent.i i it i ¢ LI was
measur ed a%fsqn% Ig}ug\%%qn rngg]# @ﬁpégﬁg@g%&ﬁg&ﬁﬁ%ﬁ?%%%@ﬂﬁ gﬁ%l at@é@@fﬁﬁ)&
vel | pl at eget@inided X4 ormandim ol thedewsdidls) forHgheagorbireaaphon attbaiBS for
contai ning 1% BSA and 100 gM.IBMX. Followi ng equilibration at, 37C.in a 5%
C02/ 95% 02prdyRantideneh ths GHventomrs Pept i e Wexiagwe @ntiyiLy iyneed et drom r om
| x10-12 to 0: 5 . L d0 ' The,ipiha

centrif uge%igl'%%’r Jf%?%%?%@?ﬁ%ﬂ’fgg{epgﬁe %ﬂlg? %drn g%ger%glﬁcglvg%?l gﬁrﬁﬂt 'ﬁgﬁ?g@gegwer e
| ysed in | ylsy. reagent provided with the cAWP Scintillation Proximty
Assay (SPA) direct screening assay system (Anmersham Pharmacia Bi otech Inc,
Pi scataway, NJ). [109] The amount of cAMP (in pnol) present in the |lysate
was deternjmef Th bt @f the dlybti€ tpeptide fr mhilsledlusagdn bétivetykives nidasuredrasnt

of cCAMP (in pm)ll): roduced_ at each_ 32 W, 3/ 0403}) PCT/ US02/ ?16@3 .

concent r at fodlewst Feliqyring sqyitibrairs et 3HCIRG TALIQLR °§]eﬁiﬁ‘ﬁ?mﬁ‘?§’é or piws 49 o
using Priz ; ] Gy PaRL ge
relative p@/I eﬁ f}t/fd\%"g{a‘éea ??&aitﬁ% g{e@gp gtf ﬂ%%e:éucag{)dﬁétglgra@zant rataib%%alt %ﬁgglﬁgﬁgggt i de
concent r at bbgluedgoh @8 IempoTbe cEECHEE lyxsed @Od cANER deteinmived fs dascrzbadiaboveim of
three trials) for glucagon receptor activation for polypeptides of the
invention was <5% The maxi mum activity induced ranged from 28.3%to 71.3%
of the nat|[Me] pApikt gebtictiagdenaroaitef tAME piodured imile mstnofatéchhemtocytes

trials). [110] The ability of the hyhrid peptide to inhibit_glucagan..
activity wiemneash dpedoiRt, ¥1¥6d?qrfeﬁ%mhﬁml?1bwaﬁ§alé aﬁefliasrfglF‘?%% Betoapf atifitign 5.
C02/ 95% 02, [ 1.0,; [ cethk s
ol 1 owed 1 B R oA i e .
The cel | s wabent ofsgdVRpiodRb® inl diceprasened ofi sutuhemsimialbgldcagooved 10[1M Ijepide, er
subtracti ngivti({]e% b%/rcc%lél g}no%];lt gfb\ Mrporghllfceeg il!l [tlnet Ibrgselrjur:]es to]f‘ Q&Hrgz}x%galhgqﬁggggﬁ {o%%

and multiplied by 100. The average percent inhibition of glucagon activity by the

polypeptides disclosed in Table 2 was between 11.3% and 59% (determined from a
minimum of three trials). See Table 4.

Example 12
Measurement of glucose release from rat hepatocytes

[112] Inhibition of glucagon-mediated glucose production as measured by glucose

release from rat hepatocytes is typically at least about 20% inhibition to about 100%
inhibition (i.e., 20, 30, 40, 50, 60, 70, 80, 90, or 100%).

[113] Inhibition of glucagon mediated glucose production by some polypeptides of the
invention was measured as follows. Rat hepatocytes were added into a flat bottom 96 well

plate (2x10°/100 pl/well) and pre-incubated in a 37°C incubator with constant shaking and
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fromeach data point, the percent inhibition was cal culated as foll ows:
Percent inhibition is the amunt of cAMP produced in the presence of
submaxi mawogiswaasyen al one | ess the anmount of cAMP producedT/wsoehssopr esence
of submaxi mal glucagon and 10 M peptide, divided by the anbunt of CcAW

produced ipdthosRr@5SNCEOR FoSHRIBY Hitutd! HeRA IR Wae inaldtedUbt kdthaBdy

100. The average percent inhibition of glucagon activity by the
pol ypept i deswthssafiep eddition ofghicagon weth orewitbewt peptidos Gells wo%% f@@éth@ﬁfh"ﬁ@ﬁ

froma m thre SeeT sure

gl ucose r ege/&é’gr h‘fal?‘de%g eB&W%gp‘fnﬁ%&Pﬁﬂ% @Sggw %?1%?% ug% at ed
gl ucose pr@%ﬁéﬂtﬁﬁz@cﬁ wWABABUT Bds- R ‘.{JFHCW}? 2.5 N KOR (U538) smpagmym@ is
typically at |east about 20% i nhibition to about 100% 1nhibition (i.

20, 30, 40esBiing GpervdantSts a@olyzest for gdegose vithFexpkinpdsi and(giu@z{se@m]@g@@ﬁp

diated g f th
Teasr od SR g@é’es°?ﬁééhoﬁga§>%wae%¥§e§d§€§- PRre e iy SR BE e
pl ate (ZX%&EQM k¥l dn) a 18te rBRIePANVIERcUlRr Peddds, B ale0CAW t h const ant
shaki ng and 33" WO 03/ 04030 CT/ US02/ 31693 under 95% 02/ 5% CO2 fl ow for

10 m nutes. Hepat ocytes were i ncubated for another 30 mnutes after

addi tion ofj14] UGRGOR 5}5\?{ Wis chieddt arRe RivtEiRtn el amoMk 8f m@&;e gitédiﬂe&\ﬁlﬁ h

15% per chl or| c acid and plates were spun at 26 m 4C mn. The
super nat anthe wasimudaied dicpatecytod tﬂonﬂ_l\ﬂatrhl@a—mon(tpﬂl oy pez:est NphoRop 49as5)

d Th ta h
hexok! nascusieig uegseathuBRiE R SuahyBF shERs Tt e R It uP g LM
Anal ysi s, dﬂu&é oBAI0HR Y& ,théanourﬁgagmebsé PRo@gesd in R PrésaficeFAOnVGaekagsn and MAX
pl ate rea (gl\/bl ecul ar Devi ces unnyval e, CA). [114]. d ucose out gut was

cal cul at edlQfF o pentister éutldedgby fike amowRI: Oﬁglu@)ﬁ?cl@f@éu‘{&do@u@éopmﬁm? ]

unsti mul at dheaocy r. a r i tLon
was  cal oufitesan ot BRITTEY 300 Ife REb Bip it i REAER0 sl JeRicgbe ]

the presenggwaf 1n18EM D9|N96®Qﬂnlﬁte@n§1uba€g®ﬁ ﬁnb@la&dvglﬁtosefprgﬂmmmsebpm@%aed in
the presence of 1 nMglucagon and 100 nM peptide, divided by the amount of
gl ucose prédeereed fiompdrigle SepdeblgR- | nM gl ucagon al one and nul tiplied by
100. The pol ypeptide having the am no acid sequence

Example 13

Measurement of insulin secretion by perfused rat islets

[115] Increase of insulin secretion by perfused rat islets in this assay is an increase of at
least 1.5-fold. The GLP-1 receptor agonist component of polypeptides of the invention
increases insulin secretion from perfused islets by at least 1.5-fold to about 10-fold (i.e.,
1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, or 10-fold).

[116] Insulin secretion of perfused rat islets mediated by some peptides of the invention
was measured as follows. The bi-phasic responses of insulin release stimulated by these
polypeptides were tested by islet perfusion. Fifty islets were loaded in the perifusion
chamber and perifused with HEPES-KRB containing 3 mM glucose at 37°C. After 60
min, islets were exposed to buffer containing 8 mM glucose with or without peptide (50
nM) and perifused for another 30 min. Fractions of perifusate were collected at 1 or 5
minute intervals for insulin determination. Insulin was measured using an ELISA kit

(Alpco Diagnostics, Windham, NH). At a concentration of 50 nM, the polypeptide having
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shown in SEQ ID NG 6 inhibited glucagon nedi at ed gl ucose production by 47%
as determned from3 trials. See Table 2. Exanple 13 Measurenent of
i nsulin sewretiar by perfused rat islets [115] Increase ofpdmiskelisng3
secretion by perfused rat islets in this assay is an increase of at | east

1.5-fol d. {#§8emfdeRrcid segaeite@hows aN$BQ IDINDHi@bteastd ipailiineprotioie foni perfused
invention increases insulin secretion fromperfused islets by at |east
1.5-fol d tisletsspproximately 2fold, véhich ispqgivalpnito thatgehigves byS@nMgGEP-17 o, 8. 0,
9.0, or 10-fold). [116] Insulin secretion of perfused rat islets nediated
by sone peptides of the invention was neasured as follows. The bi-phasic
responses of insulin release stinmulated by these polypeptides were tested
by islet peddmii¢e dh. Fifty islets were | oaded in the perifusion chanber and
perifused with HEPES- KRB containing 3 nM glucose at 37C. After 60 mn,

islets mrﬁsﬁmgﬁ@oh%&y%ﬁgys&ﬂm aldaeslgy 8 MM gl ucose with or w thout
peptide (50 nM and perifused for another 30 mn. Fractions of perifusate

were collected at 1 or 5 mnute intervals for insulin determ nation.
| nsul i n wald1Tfedsarcest of insylinrseetetian flom disparspd aaiDislrrels.i s thispsrakath 2NH) .

At a concentrati f 5 e pept.ide havi .

PCT/ US02/ ARgEasedlat g‘?’??%&%‘%ﬂddt@@ﬁ@% é“geﬁ?E°\Xﬁg?‘ﬁw§%%‘ﬂ%é‘ﬁ\c/§9€9%§‘?lg§%’zﬁles

i nsul i n segnRl ifRendisomcRask ¥8Rlin sbabdsiraptigetsaatigbtcels bolatleasi. ol so
equi valent to that achieved by 50 nM GLP-1. anple 14 Insulin secretion

Ex
from di spesbostilQ-ftld (it ek-5,20,1350,[4104 510, prée 7 Ha8 &, B0, pklifald)- secretion from
dispersed rat islet cells, in this assay, is an increase of at |east
1.5-fold. The GP-1 receptor agoni st conponent of such pol ypeptides of the
i nventi on [li8) elaswin sevsetionrofsdispeassadont fstashmedintas Byea nusmber of geptidas\offhe
|l east 1.5-fold.to about 10-fqold (i..€.., 1. , . 7.0,
80, 0.0, BYewsnRueaReeldy et e art anesfuBiels Soifedgon b rls oo
medi at ed bysoa) nufgagh £fdigsnbh descddtrd hsingi tolRpéiacs WBispeBaes Usled calis fndrt ows.
| sl ets of Langerhans were isoIated~fron1%D rats (200- 2509{ t hrough. a

P

di gesti on prepued dhrough itieginsat vatheiapen, Pedgshinie §6 ¥ihottopr platesygndepellsicdyar ed

';)glr Fg? 2 d'.[ r&gﬁsrr\gvré}e %l{'urr]e& ro%)r%{g[ﬁt i Geded WP s stﬁ?&téc? The R esnLRdre pre-
incubated with Krebs-Ringer-HEPES buffer containing 3mM glucose for 30 minutes at
37°C. Pre-incubation buffer was removed and cells were stimulated with Krebs-Ringer-
HEPES buffer containing the appropriate glucose concentration (e.g., 8 mM), with and
without peptides for an appropriate time at 37°C. In some studies, an appropriate
concentration of GLP-1 also is included. A portion of supernatant was removed and its
insulin content was measured by SPA. The results are expressed as fold over control
(FOC). At a concentration of 50 nM, the polypeptide having an amino acid sequence

shown in SEQ ID NO:27 increased insulin secretion from dispersed islet cells

approximately 3-fold. See Table 2.

Example 15

Measuring glucagon-stimulated glucose production in fed Wistar rats

[119] Inhibition of glicagon-stimulated glucose production in this assay is an inhibition
of at least 20%. The glucagon receptor antagonist component of polypeptides of the

invention inhibits glucagon-mediated elevation in blood glucose as measured by glucagon
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Cells were cultured overnight in nmedia. Media was aspirated and the cells
were pre- incubated with Krebs-Ri nger-HEPES buffer containing 3nM gl ucose
for 30 m watasa4e9 37C. Pre-incubation buffer was renoved rPrmdusoeBia3wer e
stinulated with Krebs- R nger- HEPES buffer containing the appropriate

gl ucose copg@blated! glatbst prafiucti®n MVed Wistdr rands atiichdi @08, pdfliticieto fbwut 460%
appropriate tinme at 37C. In sone studies, an appropriate concentration of
GLP- 1 al soifhsbifipe (igaedd; 3% 4999, @ 70180 8Betrd0&t was renoved and its
insulin content was neasured by SPA. The results are expressed as fold over

control (FOC). At a concentration of 50 nM the polypeptide havi n? an
ami no aci d[284uéiteagor Kiwnlated sbmose proxiestion inded ¥stanrafshyisone rAmepiies Pt r om

di spersed i.slet _cells_ approxi Ly . 3- . . E)égrga! :
Measuri ng éhfeulgg }?ps‘?’?sn%lg%tug%f 55?%8?8%68' rl)\{l %éﬂzg Sﬁgﬁa‘gﬁ’wf@&g‘w far rat éém%]
| nhi bi ti onjidflugny@agani bledfot bibed gilcog0stngddd Glluwoiretsn, and thbi givas a@ynjecioan
inhibition of at |east 20% The}wal ucagon receptor ant agoni st_ conponent of

pol ypept i démo ghe ttpik veimoE sithemvehite HOOF gpliragohZnbanan aipugra), £-2°g¥qlke
bl ood gl . 0 P - 316
ot mul ot ed S, RATIAE oolipdhites 8fg HRvoifbl drOAalEn Rl SRa o e | o,

to about 1@0AmtiomhTd anesthefib was withdravdOanddibe cofscid® raty ver8Hjl-186d again A0EY) .
[ 120] G ucagon stjnul ated glucose production in fed Wstar rats by sone

pol ypept i déa’%ﬁandtz'tpemﬂhventi on was neasured as follows. Male Wstar rats
were briefly anesthetized with isoflurane gas, tail bled for blood gl ucose
using a G uconeter, and then given an injection into the tail vein of

ei ther vehl1d (duows dehibifien Wasoletrmied bt ine e 2eeiidek e glrerss gr'e
I nmol 7kg pg gglps%la e biXaI 'gﬂl\es%t 1981 m@bgcqmﬂ#ilﬁwsﬁ@g lWeEsedols e
i nvention. e anes Sla was“w t hdrawn - and the conscious rats were

tail-bled agwunt &f glacoseRodivRd dyd).3nmilfkg glidtbn Glanedsss thalindwuhi ofi glvasse

e basat  graiuaebby Brbim ke e iadhe prvais o bAmoUk brbib posidy Aidd ' N
f | : f
anmount o pggglﬁ@go@{;%ggrgegsﬁg@%édﬂg?d Mo%yga%@n%i&@%hmlﬁ1% @;ﬁgrgnt 0

gl ucose gl tcagon i he "presence of 1 nnol
hybri d peptide, divided

[122] Glucagon alone elevated blood glucose levels whereas polypeptides of the
invention alone had no effect on blood glucose levels. The polypeptide having the amino
acid sequence shown in SEQ ID NO:6 inhibited glucagon-mediated elevation in blood
glucose by 63%. See Table 2.

Example 16

Measuring glucagon-stimulated glucose production in fed Balb/C mice

[123] Inhibition of glucose production in this assay is an inhibition of at least about 20%.
Preferably, the glucagon receptor antagonist component of polypeptides of the invention
inhibits glucagon-mediated elevation in blood glucose in mice as measured by glucagon-
stimulated glucose production in fed Balb/C mice by about 20% to about 100%, (i.e., 20,
30, 40, 50, 60, 70, 80, 90, or 100%).

[124] Glucagon stimulated glucose production in fed Balb/C mice by some polypeptides

of the invention was measured as follows. Fed male Balb/C mice were given vehicle
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by the anmount of gl ucose produced by 0.3 nnol/kg glucagon al one and
multiplied by 100. [122] d ucagon al one el evated bl ood gl ucose | evels

wher eas pwloypapoicdes of the invention alone had no effectrcaudsboo®s gl ucose
| evel s. The pol ypepti de having the am no acid sequence shown in SEQ ID

NO 6 i nhi b{(.e% sglinkcadonhimenn albachie) @ViA0Lg/kgideribatired polyipeptidechbibsuboBithectise
Tabl e 2. Exanple 16 Measuring gl ucagon-stinmul ated gl ucose productjon jn fed
Bal b/ C mi c§1J$°112B]17Ih9H¥9d?rﬂfdﬂ%%ﬁ glyragen shalignggy dbe HFKG dayithe B ES fﬁ%eda%r

i nhi bition t 200 : S : ;

ant agoni ot 2 SoHB GelsEEFpRBin ElfenolX ERAHBROY101Fe BHARATE CALRRA e wil

gl ucagon- neeihatléd mice wedre ¢ail bled Hboglicaeusingen Giuavireter gsstpems to g glycagon

gl ucagon- stinylatgd gl% ose productipon in fed Bal b/ C m ce by about 20%to
about 100941g5tog and gggin gé‘}m‘& S algy a&ﬁ, 70, 80, 90, or 100% . [124]

G ucagon stinmul ated gl ucose production in fed Bal b/C m ce by sone

pol ypeptides of the invention was neasured as follows. Fed male Bal b/C

mce were Gi29bnTherhange inshopgs owrdao 3o mipess wap salsulaisd foy eachonause; dder 194
human al bugg r i v:atd : i

i njection %&Qﬁﬁﬁ'%é%%ﬁ%&9?gﬁ§ﬁ3ﬁg¥%§%ﬁﬁﬁh%ﬁ§??%ﬂ%@?*?%gﬁﬁg§?ﬁggﬁﬁ?ﬁgmﬁfce
wer e fast eth gltoseZoheuels nbaioiretheaestad groupnto oltteimvian changeninegiticasa dok to

109/ k | ucagon or_vehicle in the tai vein. The_m ce were ta] | ed, for
ol Hcose us ERGaEPne RiEcr kb S et e T n oG OL guiross A EkbRbRY AHBEkEal n
15 m nutes ggag&g‘ﬂn%& leksl@e kmbRR: SMARERe pFo@LUERY 802YRE olREeckoinThE PleSshcsas

cal cul at ed r- each nouse. Then the average change in glucose in the
vehi cl e-t r efifl 8QL.gfk® bybmidh peptide disddet by tenambentcofaghyeosei prodiasd duse 10@uzldach

nouse in the treated gr,ou 0, 0bt i n, t nge in glucose due to

gl ucagon. 5@%@%3 ‘?‘Tﬂﬂ%ﬁl’f“ﬁgﬂﬁ‘&bﬁtﬁ‘%&h@f{?e amount of gl ucose produced
by 10g/ kg glucagon al one |ess the anmount of gl ucose produced by 10g/ kg

gl ucagon in the presence of 100g/ kg hybrid peptide, divided by the anpount

of glucose produced by 100gl/kg glucagon alone and nmultiplied by 100. See
Tabl e 3 37 WD 03/ 040309 PCT/ US02/ 31693
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Table 3 A ucose (ng/dl) Goup O min 15 mn Delta -Vehicle % of 10g/ kg %

(15-0) delta ducagon Inhibition

Vehicle 92 108 16 10g/ kg gl ucagon 95 195

100 84 10Wol@gibayo gl ucagon + 75 150 75 59 69 31 100g pol VReaprsed810SEQ | D
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Table 2. 38 WO 03/ 040309 PCT/ US02/ 31693

Measuring increases in plasma insulin levels during in vivo glucose tolerance testing
(IVGTT) in fasted Wistar rats

t he

Exanpl e 17 Measuring increases in plasma insulin levels during in
in fasted Wstar rats [126] An

| east

as

ucose
fold,

ef erably

11,

| evel s

sone
rats

The rats

vehicl e

Were eye- bl ed one

(Al pco

[126] An increase in plasma insulin levels in this assay is an increase of at least about 2-

fold. Preferably, the GLP-1 receptor agonist component of polypeptides of the invention

increases insulin secretion in rats as measured by an increase in plasma insulin levels

during in vivo glucose tolerance testing in fasted Wistar rats by about 2-fold to about 5-

fold, more preferably by about 2-fold to about 10-fold, and still more preferably by about
2-fold to about 20-fold (i.e., 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or
20-fold).

[127] Plasma insulin levels during in vivo glucose tolerance testing in fasted Wistar rats

by some polypeptides of the invention were measured as follows. Male Wistar rats were

fasted overnight and then anesthetized with isoflurane gas. The rats were given a tail vein

injection of 0.4g/kg of glucose plus either vehicle (0.9% saline + 1% albumin) or

Inmol/kg GLP-1 (positive control) or 1nmol/kg of polypeptides of the invention. The rats

were eye-bled one minute later and the plasma assayed for insulin using an ELISA Kit

(Alpco Diagnostics (Windham, NH)). At a concentration of 1 nmol/kg, the polypeptide

having the amino acid sequence shown in SEQ ID NO:6 promoted insulin secretion 3-4

fold, which is equivalent to that achieved by 1 nmol/kg GLP-1. See Table 2.
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Exanpl e 18 Effect of peptides of the invention on intraperitoneal glucose
tol erance testing (IPGIT) in rats or mce [128] A decrease in blood

gl ucose | ewed3n4em9neasured by this assay is a decrease of miT/US0RAs®93 about
10% Preferably, the GLP-1 receptor agoni st conponent of pol ypeptides of
the inverddaaigesr eases bl ood gl ucose levels in rats or mce as neasured
by intraperitonea gl ucose tolerance testing in rats or mce by about 10%

to about ' PMber RN IR to18 Qe BLditd (IPOITS) in
preferablya%’%ﬁ%ﬁ%m{’%mg %’ﬁ%%’%’%%ﬁe., Hroteinee Bk ésf) & Mo,
80, 90, or (%‘%. [ 129] Bl ood gl ucose |levels during intraperitoneal glucose
tol erance testing in rats or mce by sone polypeptides of the invention

were neasyizs| as de@biRva. bldbE gluBodé lévclaas mdattedby thisesgnl iy pe@dcreles obhit t he
i nventi on when admi ni stered subcut aneously was, examned in rats,. o ]

r ce
Rats or mileast abostt 4000 Pseferabhy. thaoWEP i ieespter agopisticoimransat oimobmeptdespt the
control or. i i to
S i st - drySRBhidEetded bigld GhcogiEgers B 98¢ of dAEOSE iSRRI B pltb Rl
derivat i zegudaeptdle@nce ®Bithg feratsadranioe byiabeutviE)%e to gbote r602¢ /nkare irefgtablyolsye

intraperitoneal |l y. Blood glucose was red agaipn after o, 30 60
m nut gs i rabpyk 1500}0/@ Bbplﬁrwg/ﬁﬁu}hlﬂ‘ﬁfﬁ@§efgﬁg§‘iul&’egb°f"‘g%% @%PPH@%%’%*}@E%O’
i nvention 3]% ani4g 8?“7@ ¥ gﬁ?,ﬂ??@b‘%.md gl ucose levels relative to the

ol T owi ’he’l% , Wth

vehicle f owi ng 13% 54% reduction in the glucose AUC
This denonstrates that peptides have prol onged gl ucose | owering activity

and a prol e i fe.l I - : f ol ]
vVivo (< 10[(f ?rﬂn%lggéf%gwé%el IEY%@(%‘TM%} lﬁg%égietp e{ﬁg g @%S}é%{;%rea%?én)f/ég%t 51 nraétSoJr?Ig\%\gr
bl ood gl uags®n® peliseptided bbierigvapeiph e arasunédsas folloon. Ths im vbloemtivity of
i ndication that the peEti de is present in the cjrculation at this. ti n%
poi nt and thegplypeniides pf HhedRy@uionayhen administared spoeniansopslp as eggmps dn jas

Pepti de Pg@g%g%,ﬁqﬁ[&%%ce%%%d %éﬁ@h%@re%vé?@z{ Egycomtledt igjRktsRbNashtonewn to

those ski l e ar wever,” I n this instance, PEGy/lation was

per f or med geptide100dikg)gBasalibioqd glcys: wasmeasmedairiopto admpusttatiopeppemiges

Fol I oved bc%‘t %g%lr L otes akter SdmmistAGoN of d&riva 85 lgelf;[t' Eg%g%e raor ice were
given 2g/kg of glucose intraperitoneally. Blood glucose was measured again after 15, 30

and 60 minutes in rats or 30 and 60 minutes in mice.

[130] Peptides of the invention significantly reduced blood glucose levels relative to the
vehicle following the IPGTT, with 13%-54% reduction in the glucose AUC. This
demonstrates that peptides have prolonged glucose lowering activity and a prolonged half-
life in vivo. GLP-1 has a very short half-life in vivo (< 10 min.). The ability of the
peptides of the invention to lower blood glucose 3 hours following peptide administration
is a clear indication that the peptide is present in the circulation at this time point and

hence has prolonged half-life relative to GLP-1.

Example 19

Peptide PEGylation

[131] PEGylation can be performed by any method known to those skilled in the art.
However, in this instance, PEGylation was performed by introducing a unique cysteine

mutation into the peptide followed by PEGylating the cysteine via a stable thioether
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WO 03/ 040309 PCT/ US02/31693 |inkage between the sul fhydryl of the peptide
and nmal ei m de group of the nethoxy-PEG nal ei m de reagent

(I'nhal e/ Svearswat3wp). It is preferable to introduce the unirIEUHYSi@BNe at
the Ctermnus of the peptide to mnimze potential reduction of activity
by PEGy| atijifkage bbth@eh tipami lof he paepadé %dnmtﬂumdeegw@p‘a of tife mﬂEﬁy-rBEG( MV
22kD and 43kD) reagent was added to e ti.de ) Q I D NO 25
havi ng a clgaglteemde r?fﬁgﬁbﬂt Mﬁlﬁsh@tah‘éat@) tIte‘Hs M‘-‘rf léfto ﬂ@f@db‘é‘bﬁ}ed%&qu&rfdsﬁl@%l ved
in reacti o

After O. 5 ur 4 {nP ggfapé)ngé?ea%ur €, Eggfégg%lﬁjf %l}lcg\tfjvéslxlf mgﬂi[gebg MEEHZ fold
nol ar excess of DIT or free cystel ne to nPEG nmal . The pepti de- PEG nal

reaction dual
pea reagatedl toreeBelVEy 2g0id fofy BRbERr BERREANE (OU ST hd PR epTt
peptide. TRes pdettty.l m%‘b‘f%ept@dw(e@.l,rﬁm IDINOESYhAieda sidtcine wansiotdedt eherChed
by SDS- PAGE and MALDI - mass,_ spectronetry. PEGylation with a smaller PEG
(e.g., a |termauis f thppartde) and |d1aS@1§§d in F%‘éﬂ?ﬂ buffercet Bi(Q (-1) Yp nbpephate/

pept i de -G PEG) |y kel y
reduce acti ﬁ’fﬁ%@w T Al(f%F gesrh(%%g{ f\?\n&ﬁ?% éé?%%s? eﬁglrgasdrgghhaz{g?&ﬁ)ip% %
further SOwItha’I-fofllDﬁﬁ)lz& aneeds offIPET tar drecnoyyiche tpasBEGH®Aal( HEhe pqqtldeth-mal

PEGyl ati on: A Novel Process f Modi fyi ng _Phar macoki netl CS,

Phat nacok|Wé‘€t1°4?0n'5’§9I358‘@S Fobad o Eeaign SXEmeIatiL poreaky Toidiel BEG
receptor I Rﬁmf A I S P-1
bi ndi ng (al%g%é cﬁg)s o lg}?%p ﬁ%@gﬁ%& ?;st ed |eﬁlte§'l'1<'(aﬂg£l ﬂébegg%%eg {é%%%]#te}a
descri bed massEmdmhmb&. of REGylated spet wrrydarainines] on DS AGH andIMALIHCION i t y

100 g/ ko pOBR MectramEs  REGS RSB STp SR PG dedr adugh 72 S ERGESFLIh "
vere det erﬁwgged%f 'aeﬁxh?ypeﬂ‘ tht %ﬁ%gﬁ‘dle “qieucs‘a%qaltg% PE@@%tﬁﬁidnB&d( ARGT TFE%
anpl e . 0

descri bed i n See 134] Liver rane bi ndi ng}@f
val ues) fow1lbmquohb¢lyde@cblastlvady| HoWamreﬂw legere PEGewdl iicresde alaspedieHilfed in

Exanmpl e 9. .Percen nhi bitign | uca qan st. ted ¢ a

det er ni ned™8Su¥s {‘E}ecc? We‘%e&ﬁﬁlgn ﬁé’f)gﬂf&l?ﬂ ’ ‘?ﬁ@d Baflel ?‘heN%g

9/ kg pept i pRcaRdorVok: n%m%ameﬂas,qulm.cm@mk@mharm@-ﬂﬂgeom)ned by the
nmet hods of Exanples 15 and 16 and reported in Table 4. Pol ypeptides of the

i nvention function as
Example 20

Relative potency of GLP-1 receptor agomist and glucagon receptor antagonist
polypeptides

[133] GLP-1 binding (ICsp values) for polypeptides listed in Table 4 was determined as
described in Example 8. Relative potency values and percent GLP-1 activity were
calculated as described in Example 10. Rats or mice were dosed with 100 pg/kg peptide
and 3 hours post-dosing the decrease in glucose levels were determined by intraperitoneal

glucose tolerance testing (IPGTT) as described in Example 18. See Table 4.

[134] Liver membrane binding (ICso values) for polypeptides listed in Table 4 were
determined as described in Example 9. Percent inhibition of glucagon stimulated cAMP
increase was determined as described in Example 11. Rats or mice were dosed with 100
ug/kg peptide and 17 hours post-dosing glucose levels were determined by the methods of
Examples 15 and 16 and reported in Table 4. Polypeptides of the invention function as

GLP-1 receptor agonists and glucagon receptor antagonists in vivo.
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GLP-1 receptor agonists and gl ucagon receptor antagonists in vivo. 40 WO
03/ 040309 PCT/US02/ 31693 Table 4 G.P 1 Gucagon In vivo In vivo Liver %

| nhi b % Dawrmsages0d Decr ease | C50 gl ucagon gl ucagon pepti de PRITNUSSeBaB ve

| pGTT (nM stinmulated stinulated 1C50 Potency % GLP1 AUC CAMP bl ood (nM
% max (%afabrgarease gl ucoseb ducagon 1.8 G.P-1 0.4 100 100 d 6 6.9 112.1

6.6 5 09 . 9G0Y. 4 2431 &Z7 2.2 13. 4 Q8uched9. 3 31 b1 8.2 58.1 1.2
154. 1 35. &51(9.8 18]6 115.9 139.2/32.1 |6 6.6 37.2 114.8 125, 3 28,6
Gb7 14.7|18.3 132.4 177.5 18.4 (G568 6.9 76.1 99.0(163.5 3R. &rvi@9| 2.1 2.7
101.7 97./5 41.1| B0 13.8 22.8 95.7 p8Rvigd . |8 Li@s1 | 10.16hild 2| % Dg@eage P32 45. 2
Grl 5.8 4.3 93.3 25.6 9;1. 3ti G4 4.4 8].312Fre88’. 7 ?ﬂ;? 2%‘.1"?5?1(:7§1u73g?n6 6 86|1
SORERC E S BE S LR e
1 @M) (%) max (%)* increase glucose”
Glucagon 1.8
GLP-1 0.4 100 100
Gl 6 6.9 112.1 6.6
G5 0.5 69.9 109.4 243.1
G27 2.2 13.4 98.1 69.3 31
G51 8.2 58.1 91.2 154.1 35.2
G55 9.8 18.6 115.9 139.2 32.1
G56 6.6 37.2 114.8 125.3 28.6
G57 14.7 18.3 1324 177.5 184
G58 6.9 76.1 99.0 163.5 32.6
G59 2.1 22.7 101.7 97.5 411
G60 13.8 223 95.7 682 21.8
G61 10.6 12.1 96.0 ’ 232 45.2
G71 5.8 4.3 93.3 25.6 11.3
G74 44 8.4 88.7 21.7 23.7
G75 7.7 6.6 86.1 54.0 17.1
G76 10.2 7.7 85 59.1 23.0
G77 8.9 9.5 92.1 61.1 18.6
G277 ND 1.8 93.7 46 65.5
G82 8.1 29.9 97.1 33.6 30.2
G83 3.2 29.9 89.4 28.6 24.7
G84 14 61.8 113.9 11.7 25.2
G85 1.5 64.5 95.8 16.1 27.9
G185 4.5 13.0 103.9 48 32
G2185 56.1 6.2 112.7 44 347
G4185 248 0.7 98.3 36 547 31
G87 98.6 6.1 100.4 13 620 59
G88 109.0 2.3 118.3 16 350
G90 254 0.8 83.5 13 726
G182 12.6 1.4 104.4 14 220
G183 158.7 0.6 90.5 27 663

a = ipGTT in mice 3 hours post dosing with 100 pg/kg peptide
b= glucagon challenge in mice 17 hours post dosing with 100 pg/kg peptide
ND-= not determined
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382 8.1 29.9 97.1 33.6 30.2 (83 3.2 29.9 89.4 28.6 24.7 (G384 1.4 61.8
113.9 11.7 25.2 &85 1.5 64.5 95.8 16.1 27.9 G185 4.5 13.0 103.9 48 32
32185 56. Wo03A4d3h2. 7 44 347 (A185 248 0.7 98.3 36 547 31 FKATUDS3696. 1
100.4 13 620 59 88 109.0 2.3 118.3 16 350 90 25.4 0.8 83.5 13 726 (G182
12.6 1.4 194 daidd 220 G183 158.7 0.6 90.5 27 663 a = i pGIT in mce 3 hours
post dosing with 100 gg/ kg peptide b= gl ucagon chal

. . ) lenge in mce %@ho&ws
post dosi i 1 pnanigelddons de s ook oL o
consi sti ng@ggggleéu%%é%%& %%ﬁxggﬁwgg%éﬁfﬁgsﬁgﬁg??y equi 8al eP\t

fragnments, derivatives and variants thereof. 2. A polynucleotide encoding a
pol ypepti de sequence of claiml1, or a _degenerat(% i/ari ant .thereof. 3. A
vect or conpr Agtohguslestile ereorga rabyrsptide ssapence of glaig 1, gk ¢ dEgnFrale YAk ng a
vector of ﬁmlﬁi:"cjo 3. 5. Anethod for producing a pol ypeptide conprising: a)
cul turing e host cell of claim4 under conditions suitable for the
expression of said polypeptide; and b) recovering the polypeptide fromthe

host cell culture. 6. A pharnpceuti cal ition conprising a pol ypeptide
of claim 13i A ESIPBCARPTIAS 2RP yﬁ‘ugleﬁq‘&rcﬁg’iﬁg&?cal |y acceptable carrier.

4. A host cell comprising a vector of claim 3.
5. A method for producing a polypeptide comprising:

a) culturing the host cell of claim 4 under conditions suitable for the expression of
said polypeptide; and

b) recovering the polypeptide from the host cell culture.

6. A pharmaceutical composition comprising a polypeptide of claim 1 in combination

with a pharmaceutically acceptable carrier.

7. A gene therapy composition comprising a polynucleotide of claim 2 in combination

with a therapeutically effective gene therapy vector.

8. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID NO:25.

9. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO:26 .

10.  The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID
NO: 27.

11. A purified antibody which binds specifically to the polypeptide of claim 1.
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7. A gene therapy conposition conprising a polynucleotide of claim2 in
conbination wth a therapeutically effective gene therapy vector. 8. The
pol ypept i 4® wfo4edoai m 1 wherein sai d pol ypeptide i s represarausodp18EQ | D
NO 25. 9. The pol ypeptide of claim1l wherein said polypeptide is

represent et by ZEEEthBY oN@e@tng d thetabblc Aizbidee i hdﬁnﬁﬁal&io&ipﬁshgvddﬂﬁﬂisteriﬁgi d
pol ypeptide is represented by SEQID NO 27. 11. A purified ntibody whi ch
bi nds spectof ih@anmbattmamﬁyﬁbp@ﬁf@fé%famlm Af 8 peplde (et t3p a3 geceptor

PCT/ US02/ 3;@?&1&1 ?}@ﬁ%‘t}p@tﬁ{ Slieatl ng a netabolic disorder in a mammal

conpri sing mnis manmal a therapeutically effective anount
of a peptide that is a GP-1 receptor agoni st and a gl ucagon ant agoni st .

sy et hd °Lm I R L e R A
fragments, P'SE b1 NBE:c3Rfbugh28], AbldS fa e B0l eqja‘flvaléﬂi‘efrdﬁﬂeﬁ%d d%ﬁvéﬂv%‘s i

Wnerelnthe pep de I's se fromthe group consisting of

25, SEQ | Dvian®sthemofl SEQ I D NO 27. 15. The method of claim 12 vvherel n sal d
nmet abolic disorder is type 2 diabetes. 16. The nethod of claim 12 wherein
said therapeutically effective anount ranges from about O0.21lug/kg to about

1mg/ kg. 1744 TheThphhathddis HiRl 1, Wherdi iRl gephaé & d@!%‘c%ﬂ%drﬁ 1l getlesndiginghe

pre-di abetic state of inpaired glucose tolerance.
of SEQ ID NO: 25, SEQ ID NO:26, and SEQ ID NO:27.

15.  The method of claim 12 wherein said metabolic disorder is type 2 diabetes.

16.  The method of claim 12 wherein said therapeutically effective amount ranges from

about 0.1ug/kg to about 1mg/kg.

17.  The method of claim 12 wherein said metabolic disorder is the pre-diabetic state of

impaired glucose tolerance.
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