- 3 APR 2006 WO 03/040309 PCT/ US02/ 31693 PEPTI DES ACTI NG AS BOTH GLP-1
RECEPTOR AGONI STS AND GLUCAGON RECEPTOR ANTAGONI STS AND THEI R - 3 APR 2006
PHARVACOL THODS OF USE FI ELD OF THE | NVENTI ON [ 01 I S invention
rel ates t8§§§@h9¥ﬁhentified pol ypepti des that act both as kﬁ¥gﬁgﬁi@%3 of the
GLP-1 receptor and an antagoni st of the glucagon receptor and the use of
such pol ypeptides for therapeutic purposes. Mire particularly, polypeptides
of the prese ' | b | i [ I j l'in
from pancr ot FbharS ACINGTAS BORIOLET IR OR ASONIETS 2aa T R AR

gl ucagon- mred RBGEPTGR ANTAGONISTS WINIB SHEIRI FHARMACOEQGIC?dr MBTHODSIGH ng a
treatnent option for those individuals afflicted wwth a netabolic disorder
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Cype o i abBFest RpRRtenthind WRffokioan titiatd Boretion F lieest ol ik, ot
be pl aced onvér,n@leiebg gtdwmgm-trelﬁﬁexﬂ lopfién RiraBésRtihdividuaR affictedSsith b Yiabdlic

di abetes 1 WO 03/ 040309 - 3 APR 2006 PCT/ US02/ 31693 [04] i ncl ude

al pha- gl ucodiserdse suehhpsidiabetes brpscgisegmip, ivpiiredptasting/glegege, impaired glucose

tolerance, prediabetic states, and obesity.

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 fo treat type 2 diabetes



M GITOL(r)), insulin sensitizers (e.g., Avandi aTM ActosTM and Rezul i nnM,
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and Pepaglini de_act through the ATP-dependent potassium channel to cause
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every two months in the first year of therapy and periodically thereafter. Avandia™ and

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, wéight 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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[11] Problems with current treatments necessitate new therapies to treat type 2 diabetes.
In particular, hew 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 agonists 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



PCT/ US02/ 31693 [13] receptors for these two peptides are honol ogous (58%
identity) and belong to the famly of Gprotein coupled receptors. LJSAﬂPR 2008

GLP-1 andy@ P both play major roles in overall gl ucos&-ﬂgm&%sgm S.
GP-1 Iovvers pllasma gl ucose concentrations nmedi ated by gl ucose dependent

insulin sec I O c o

concentrati@gL. %CQP en ?ﬁlga]??fcgor g%?iﬁ %ésp (@?é%&%?gﬁg#ﬁ?ﬂaﬁglbﬁoa to the
mai nt ai ni nofandlyreflG-proreid coupledteeetocent rati ons, there has been
considerable interest in the identification of GP-1 receptor agoni sts and
gl ucagon receptor antagonists. Cinical studies have denonstrated the
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versions Ofbdtl’ﬂ‘GIKIeDTahd?IWa bbn icmbibtasidg slbﬁball Blbod glueodeedon@enttations; dhere has

Non- pepti de agonists of the GLP-1 reciéé have not been described to date.
[15] Pepti deecarransigerable lgtemf»hgbﬂleném won PHERE} receptoniagpnists and glupagemgon

ol ucagon aispaan EREeRial PEGRRHAER Hale SRR fed BapuiTAR oa ARt

struct ur al | profliowcingelin seoretios phd eenermatisgplashe ghitbsy inaliitagio Rubjbcts."Ho®ebaen
reported in the scientific and patent |iterature. However, attenpts to

i dentify sn@lP-lnisratdivalegradedradhas ayvery shorthalé-lfom the bedypt BurtheametenGLPol ¢ h
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potential shaisigificat ligitatiérscd@aaherapbusig agers,andmsdifiedyetsions of the ﬁeﬂn&eﬂl&us e
of the potential side effects assomated wth admnistering either a GP-1

recept or ag@Wratedottability aye hgwg Rustieg: JVonpRPAde FaRist| afithe (E-EcbAssenter ibare

t her apy wo V. age of mamintaining the desired | owering of
bl ood gl ucg*é(gb ﬁfeéa?@ |d%83t the side effects. Co-adm ni stration, however,
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as both a G.P-1 agoni st and ucagon antagoni st in vivo.
antagonist has moved beyond prec cal development. A number of structurally diverse

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 ir vivo.
4
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This invention provides novel polypeptides that function both as an- agemni?ee
of the Q. P-| receptor and an antagoni st of the glucagon r d which
are effecwmélof‘??(o?he treatment of diseases and conditions a Q)é}'fgglbe

anel i orat ed W;ﬁEWP 1 receptor agoni st and gl ucagon
recept or ant's t ) ptides of the present invention provide
a new therapy for patients with, for exanple, netabolic disorders, such as
t hose resulting from decreased endoqginenous insulin secretion, in particular

type 2b di B8k i clhis gvention pravidswnavelipolyprphisies teal finationdwth o+ e aganist o the
i rod 1 00 g P unced o el oDt B Gpk e lhupE B Wiichigt e BRe T

pol ypept i darcagthén of distasesatidorditiung thad @an bé wnglicrated FyQAgehts Waling bdth GRE-1vel |
as fragments, derivatives and variants of pol ypeptides that function as

both an agdgfeptorAgonisk any Elucagen: egsepfer apfagemstastivgyniPolynsptidescofythe naessnt
t t: e I t ' ' FQ I D
N b 30 (TAHREhERSA b ot UierdV For plEits Vg R b Rlel 5o BB, et

enbodi ment sasothosen eesultingn fromn dedredsed eendogenous lissulindssdrdtion) i pastibalar type 2
pol ypepti des of the invention and the_ attendant vectors_and host cells
necessary tdabetiet FfoR RAtDfs aithy mpaired gluysess, nlerances . prediabetis: state thatrhas a
enbodi nent Y ' L OV ﬁ!q [F . t] L abetes and/or
ot her di sezl'g@ia%gr}g%%n i |(!)J%rs§e%?€eé% e %Q&ggaﬁggpé%@?gesbg % invention in
mammal s, i ncluding humans. The nethods involve adm nistering a

t her apeuti y ffectiv mpunt.. of any of .the | ypept.ides of the.present
nvent on (8L (e peb oL T Bhvortls bl Sifed BEE' bE @i, sommeati6F
synt heti c reHOIDSNOS:6BE] a0wel) s VPGP dnte HefiTatives and Wkt bf Jeptides that
DESCRI PTI ON THE DRAW NG [23] Figure 1 is a restriction map of a typical

pl asm d corfunétionngs hotbisn pgonistons the<GbRr1 1seentoiand gni antagooist of theglusagan 5
receptor at substantially the 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 atiendant 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.



WD 03/040309 - 3 APR 2006 PCT/US02/ 31693 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 24] The invention provides novel polypeptides, as

wel | as fragments, derivatives variants, and anal ogs thereof that f-UhgRR 2005
as both ay@guibsb of the GLP-1 receptor and an antagoni Sﬂcﬁﬁsdzh?wg' ucagon
receptor. Polypeptides of the invention function in vivo as both GP-1

receptor a | ' ' prevention and/ or
{reatment art AL P RPHON OF T SR e Rk REP RO RENT ST Voo o

i npai red glucose intolerance, inpaired fasting glucose, and obesity. [25]
G.P-1 and g[l cagqQn are nenbers of a fam |y qf structﬁrally rel at ed peptide
hor mones, A& gl tiCaltyspER PEeYides; Aoyl polymratidess asi WellAs Gigmants)dPdRtiYRbws

the pri mar Yyarighis UnkiUhalogk BleRddr @it MR i -
a ucagonHS@aiTnlgfﬁl'SDYSKYLl(E) KEF| A\/\L%n LR 3R 3Byt gfthg GLP-1 receptor and an

( 7- 36) HAEGRETEDNSSM] tREEIRHETT reVpibGrROl IS0 GES dfhedavayticd fendtion in vivo as both
( 7- 37) HAEGTET.SDVSSYL EGOAAKEF aAl_agv GRG (SE%I DNO3 Single-letter.
abbrevi at i ofeCERPhH S8R s USRS, IRFEPtPR aRtASeYiStspit, e BreyveRtion gnd/gr |

1988, MacM F.Hed? L SR LJ o B iiﬂ{é‘ﬁir ol e
i n overall &ég uco;bgl i‘%?redg%}a%ésgle? X%dé3°1ng|a§m§?2&§ﬁ§’#a9&hﬁ°8§§§e ong(%%tﬁ%cgtstlg ons,
wher eas gl untalprance] inpaired dastipg ghivesey bk olsssitg.oncent rati ons. [ 26] G ven

G P-1's role in pronoting glucose-regulated insulin secretion in the
pancreas, G P-1 receptor agonists are potentially valuable in the treatnent
of net abol i[25] diGPdeand ghadagéhare thepthrtesf aVmEDy of , st@ctiealtyo pelited qieptide

ant agoni sts should_al so prove valuable in treating disease given glucagon's

role in el dPENPRRS, theglwrrggn/secsdtin Isinilys (Thestagking gligament beloy shaygethe PYEIaEY and
gl uconeoge ' . fhese facts alone do not guarantee gl ucose
reduction %ﬁﬁéﬁ%%&%@h{psl nduci ng significant side effects. [27] The

i nvention provi des new pol ypepti des that are both GLP-1 receptor agonists .

and gl ucadaBlutsgapt or | HISQEIFTSD ¥SK WUBGQA AKEFRIA WIOVKGR (SEQHDNO: 1) bgl i eve

that  pol YREEPII(S6)T | HAEGTIESDVSSY2ECQANRBFEA WLVRGRCNAY (SEQ IO Ve! s
Iglnu\él)\s/g-g péc%%-clq- |‘|7'2un| et I ) ?‘@X?Sﬁ%@%%?%ﬁ&(ﬁg SL ut,agu.lSlj- medi at ed

ti . gl th ' . . . . .
secretion Ogmgleﬂgt(t)esreab{:rre%l@nonse fcl)rI a\ﬁ%glo aglds can be found in Zubay, Biochemistry 2d ed.,

1988, MacMillan Publishing, 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.



WO 03/040309 - 3 APR 2006 PCT/US02/31693 GLP-1 receptor agonist and
gl ucagon receptor antagoni st pol ypeptides [28] Pol ypeptides of the I?\ﬁﬁﬁdﬂﬁn

function RQoth as a G.P-I receptor agonist and a gl ucagon -
ant agoni sVOPaO8¥ p. 1 receptor agoni st conponent of such %&giq%es

activates the GLP-1 receptor in one or nore in vitro or in vivo assays for
GLP- 1 receftld! aeoeptoraRoRist andgiuagen seceBior Aniggamiykralyreptides, but are not
limted to, in vitro assays for induction of cAMP in RI NnbF cells, in vitro
assays for induction of insulin secretion frompancreatic (3-cells, in vivo
assays for [28]du®plypeptidespifathesingéntion sfenctioaviedth ,as aan GLiPA1 recaptarsagapist find a

el evation i | asma i nsulin |evel s, as cribed. in the, specific  exa es
bel ow. [ 29EeBEGD dBesPRTs BREPRES | nVBR: COR-h BERIVIARRISh, SRAOBEM G Fhbep or
ant agoni st 5o Rpkhtidel Yactivatéd e OGLERA fectplorint bt %rx m'oFl? il Vt?roaéxsﬁb/hﬁv$ @Ssays for

Inhibition o ucagon receptor activation. anpl es of such assays

i ncl ude, b@LPat eeqeptor|activatimh. t Bxamples of suchaassayssintiude,ntmt sare eot lihiitied tto,0in of

gl ucagon- nedi ated incregse.in eéw ar MR, in vitrpo assays.to asure’
i bi 1 on B BFRER S ABcHaR efCAME Bt BINBE cellsy i BaYs, BrRdUctdR) Ay ed
hepat ocyt egnsulh sbdtetion’ frofS pamtPeatioB-HIMC AIAD, Bbda! FGH &Qu&idﬁ%%ﬂas?ﬁsp ghieddeOn as
described in the specific exanples b_e1 ow. [30] Preferred polypeptides of

t he i nvent levelsaams eliwrasssysf foo plevitongn plagsmacnsulintlevels asf des¢ribedSBche spenifis: 6- 32
and (2) fragrre ts 1derivatives, vari ants, and anal ogs thereof that function
as both an® ﬂﬁﬂf’%ﬁ’e B¥- the GLP-1 receptor and an antagonist of the glucagon
receptor at substantially the sanme | evel as any of the pol ypeptides shown in

SEQ I D NGCS: 6-32..[31]. Pol ypept.i des of .the present invention may be .
nat ur al | y- &Hur Prlygepifes pebthe) duventipn calsm dsmenstige \GIACHEPR cecemior aptagemist; ¢

pol ypept i desivi , rivailves. [ , e Fg%%nt,
derivati ve?ét\l/vé i%?ﬁggﬁénanairogwgo ytﬁlegl?l5 es rg?lg?%]lglﬁ sﬁg’rs]%llhgﬁo? I{C sane
bi ol ogi cal attivatibh.orExamples of/ such @&saysfiaclude;cbhublage npd liynitedttod s vistoorssaysntoSEQ

ID NOS:6-32. "Sybstantially the sa i,ol ogi cal function or activity" is

about 30% p@aglge(g@}y 1atl%§ m—meﬁeg mcre%e C‘m ce]lupar cA?V[P, in vitro assa}}é to
measure inhibition of glucagon-mediated glucose release from, for example, cultured
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] Fragment, 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%



WO 03/ 040309 PCT/USO2/31693 (i.e., 30, 40, 50, 60, 70, 80, 90, or 100% or

nore of the same biological activity of the full-length polypeptide to

which it is conpared. Derivatives [33] Derivatives include pol ypepti éjeiﬁlﬁzlfﬂﬁ
[

t he invenw(pgb/&bﬁb have been chemically nodified to pr ovif?r/?gbz%qg:,

structure and/or function. For exanple, polyethylene glyco PEG or a

fatty acid gan,he t ypepiide to i ve its.half-]ife. Fusion
pol ypepti de@'e\hﬁptﬁ&%%& 99’2&8?’9? ﬁb&)@%ﬁ% 1“8#?&@‘? S&Hleztagﬁ’ c%gﬁuvétgto:f%? y
al so can befylig poBbestideas wifciCit isRehparedior e detai | bel ow. [ 34]
Derivatives can be nodified by either a natural process, such as

posttransl ati onal processing, or by chem cal nodification techniques, both
of which are well knopgrivdinkire art. Modifications can occur anywhere 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 md@s@LC%é&%ﬁW ih&u Sigié{ﬁi%%tg&s; ° tRAMRefifion Fhat! Aved BEAE Bherflically

several sites in a given poly , a variant may contain one or
mor e di f f ermodifieg pe provide awdidditionali shrusturdPedd/prefincdes Fay ekampleapalyetiylefher
exanple, as .,ar of _ubiqujtinatign and they may be cyclic, . wth or

o thout " br el (BEG) o2p BN taniih i B yRehiie 16 NG e DAt EVYioh
acyl ati on, eptiB QS WHAdH @onf 6&9@; iffeRy3bCBh AditRmABByif) alsban™
coval ent at acﬁ?ent of a _hemgr qn%ket ,%bg{/al ent attactﬁirirlent o‘flﬂfa r?ug(?éhe]ot?de
or nucl eot i ebastiestéd; as deseribedinaheoretdetailitebdwrent of a lipid or lipid
derivative, covalent attachnent of phosphotidylinositol, cross-1inking,
cyclization, disulfide bond formation, denethylation, formation of coval ent
cross- | i nksp34f orDedvativeotan by sdodified, by eithentai mturall proy¢segsuchaiRgiostiranslational
formul ati on, ganma- car boxyl ation, glycosyl ation, GFI anchor formatio

hydr oxy| at i BFRCCSFIBE 9FRY ehemisgpgdification, teghpiques. hith of whichoare deell ksewn in the
Ry o ; . | .
acem zat i i VSOkbfs BLOGRRS Wi RoR RN G PRRDRE NE BbO ppckbone,

am no aci dstht amioacid skleschains, ad the ginino artdarboxybtetininhi fuwill bedppoeciatédSaat f or
I nstance, T, E. Creighton, PROTEINS, STRUCTURE AND MOLECULAR PROPERTI ES,
ond ed., wihe spmgdyrenobmgdifisaiiemnay s\preseat to the same. orprasyrARgieesT picigxeral

Vork, pgs. L4 { R FOIGEBRRE, o, 3 vaapt ey Bl Gft or RERLERRERHERE 87 "
Rattan et ampdifioationsl YolypeptidesSnay bé biindleds for ek@iple, a8 a result of ubiquitination,
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 - 3 APR 2006 [36] Derivatives al so include
mat ure pol ypepti des that have been fused with another pol ypeptide, such as

for exanple human serum al bum n, to inprove their pharnacqki ' ) Oh
Fusi on of MA®BBY pept i des can be acconplished by any neaﬁéhﬁ&%%l?g %;rlllbed il
skilled in the art, For exanpl a DNA encodj nhg human serum al bumn and a

DNA _sequerléd e Rsireiyesasli IEHst PO POREPLIdRY hat e deen Ssodi Bieamhto any
ol ypept | a8 g STERETP bt Bubh AR Sl o kol Gk et @

preferred, prefilaudtusion apivempslypémides chii ®e abeorplistied dly dnysineahisriendws toeopd r ed
for GLP-1 ref eat,or activity (Kawa, Endocri n&iléocy Apr; 124(49); 1768- 73
1989) . The skiled|ipithg artec §pbexamples a N4 sneadiae human serem ybumin, andaJ2NAny

transform ' : | ?Iﬁ’%n CHRne . and
expr essi ng%tg%%n %lgflon p %teiédll#épflgei]&grié; errggﬁagé ibvat |%égsﬁﬁ?lédﬁﬁéfé&%%a@

pol ypept i desprssidth evectoy dndbvanto( Gle(skilled\iStle 82) Locatiohiafha poBlpeptide ef yheor a
fatty acid.noi et as pbeen attached. The PEG poi ety can . be, for  exanple, a
PEGw th a W&%Pﬂ?ﬁ% fp thgp ’EB&YP‘TP(S eygprﬁg,egpﬁlegmedbﬁgpegsﬁmt@&ﬂ%-

wei ght of RelWeaNhi K (SrBL1 Oppts 0, ; 5,
70, 75, 80? 85, 8%?% g*rfqu%‘%o iqu)@’f andlné%gptp??e?ce&riahgl ﬁw%ol%”?g rifdlo i ght
of bet ween Af;12B9x1T68H33, REBO) e The, re8dfing Gecddnbin@R, fuSdn piivteid lcandthen g 44,
or 45 kDa). Exanpl.es of _such PEGyl ated ..pol ypeptides are thqse that confain
' 22 KDa PiEEPHBIRRY ERSIHIRE ¢ Sahe Cyuils Me Bobihfor GO, 30 e fedier S SEQ
| D NOS: 19 @k %@sm%?ﬂﬁéﬁ&gﬁt S: 20 and 26 and Table 2. Arternatively, a 43
kDa PEG noi egy cah be attached to the cysteine residue at position 31 of

SEQ I D NO 25. See SEQ ID NO 27 and Table 2. A PEG noiety can be added to a

cystei ne rggndu | ' ' ' t Kl in
the art, f§§7] e%érrp e@dé%%ﬁ%}@%f&%ﬁ%@é@&? %ﬁg?’%@r@ggqua@v S have
a fatty aciwhictba PEG rabieticoreifatty atidengietyynsebéendittacheil THeREGQ nivdétyl caobe; tfyr can
be, for exanple, a fatty acid between C12 and C20, preferably Cl4 and C18,
and rost pre¥rEplenp\PEG oigh pamelecular weigh grestesthen 23 e, peferbby pdselegilar SEQ

I D NOCS: 28- [ ' | bat ags | t ed to
a |lysine revgcﬁ%l%}‘g@'bg\ﬁ%ﬁ%%@g ag%g@@ﬁ%%ég‘é&‘?’aﬁ gg’%?d’ﬁof g%"?; >9[T§%:’i ’r7n§j’i éeot?igg’can
be added t ®0a95 w8il0€ kiDay, shdemofe preferabbye ptmalesulaf wéibht ofbetweer0BS5 kipammidisds
wel | known in the art, for exanple, fatty acid  acylation (Knudsen e} al .,
J. Med. Chdia (e, B8636,1%¥698 %38,)41, 42, 43,44, or 45 kDa). Examples of such PEGylated

polypeptides 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 Cyo, preferably Ci4
and C,s, and most preferably a C;¢ fatty acid. Examples of such polypeptides are SEQ ID
NOS:28-32, which contain a C;¢ (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 (K.nudseh etal.,J. Med. Chem. 43:1664-1669, 2000).



9 WD 03/040309 PCT/US02/31693 - 3 APR 2006 Variants [39] Variants are

pol ypeptides on the invention that have or nore am no acid sequence %hﬁﬁ%ﬁﬂsﬁ
with res t e am no acid sequences shown in SEQ ID Qe ani |nt

al so canpﬁg’\%}og%hﬂo acids joined to each other by nodifie pg%to?/glgg’ onds,
i.e., peptide isosteres, and may contain am no acids other than the 20
natural |y occurring H 198 %aci ds. [40] Preferably, variants contain one or
nore conservative amno acid substitutions (i.e., 1, 2, 3, 4, 5 6, 7, 8,

9, or 10 sybstitutions), eferably at, nonessential am no agid .residues. A
“honessent 1391 r?PﬁBtSé)E‘F ablyBeRtides Of dhe.inyendion, At 49 OF FHTR THIG 25 SEQUERER 5
wild- type . > . " . ity
wher eas on CHAREE W (Bpctt B @l Sirind hcid Wthellcs Shod th SEPIOIGR:E32, Wil
activity. Alsoaanéavetamino acidsjoined th eachluthértbyt modified peptide bonds| ¢b., phptiden no
acid residye is replaced with gn am,no, acjd residue aving.a simlar, side
chai n. FanitosigEesy Y Gontain fmpipe pridsther than, the 20 papurally o 0 afid$e been
defined in the art. These famlies include am no acids with basic side

chai ns (em, | ysine, arginine, histidine), acidic side chains (e.g.,
aspartic a¢?ll, ﬁﬁﬁr&m)@ VAEIARSS Contaie 19AS PENPE| GANSEIVARVE RENIRE agid gybstitylions ne

. .l . ’ . . i i
BT oB. oAL A S T 80 SO erb AR R/ ALY

side chain i ne,; valine, Teucine,
phenyl al anirgsédueseAlfinonessentidl? ypinoeiinesidbeisa tesidae that cai biealedhad from(acwild-,
t hreoni ne, valine, isoleucine)_ and aromati ¢ side chains tyrosine,

e.g., iny
phenyl al anityRe seausase SiRaprotern whithgutaltering iis uiolggisal thewgﬁﬂ?%% 3% Ugssaial woul d
not be nade.f n d:.ani b 0 1 asidue . fo ) | d..resi_dises
o5 i ng. Y, R SEAR0IE Rl el HOBLRUCRoRYy DA OlisfiRaffe Sl olhiC
substi t ut i euisstiutidonfis ehe irivhichathe painot dcidesitiie isligplatéd with, ancamind cidfredide
consensus %ol_ypept_i de shown SEQ | D.NO 34. . Posi,(i_)i on, 11 preferably.is R, S, A
K, G or TDavine fovmilar sidechainy ﬁ@rm es of amginoqcidorrsiduey having siraylas;sign ¢haing K

pr of er abl y 22 R SRR Loy GHIERRIGS ipflugP apfiio MHigT UG el e chpine.
pr ef er abl y (&g., Wysine, drginie, Bistidine)y. acklis isideothaing (epy. chspastiv yeid sgltantic akid)K, R
V. 5 H Eumeergsd polsr o9 chbingeRor fpne; aopereiiie, cpuane, sding, BeORBSG, o
SHU bgt“f' ot mgﬁg%,ecrﬁt@dé),'ﬁonﬁolaf sidk chéins (2.8 aléhiné!ValBESEAGhE iSIRIARApioRAS, OF
phenylalanine, methionine, 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 preferablyis 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
RALMYV,S, H,E,or Q. Position 18 preferablyis K, R, F, LL, 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.

10



positions 11, 12, 16, 17, and 18, including no substitution at any one, two,
three, or four of these positions, are specifically envisioned. 10 MPAPRZME

03/ 040309 /31693 - 3 APR 2006 [42] Variants al so i 31693
pol ypepti f :{(H&?)gdl ffer in amno acid sequence due to %e%@él 39

Variants t { d. gl

aceptor andBhont St a8, Behde Refyreph€ Hat aif el A AR s 1 s
of mutants mﬁﬁgeneeasanpﬁaemnﬂgumaﬂﬁmc%n PRl bRBPGLESS r&e’pfbrCWsV ahd \@maﬁon
substitutions at or nore posjtions (i.e., at 1, 2, 4,

or 10 posi tieepior wowt%wé&w@mﬁfmd hl@r@nmd@mb;mta@@mbs@msﬁtmmmt& ffqnd

gl ucagon re ”@Eg'ﬁg i t
and descri éﬁ’% e ;I gﬁﬁ&egnv% egédt‘)ggﬂg %%g 0gs %ﬂg? oX’qn Qﬁioﬂ‘g
i ncl udes a (pegpol,2Heps, Sicﬁ, 7;/\81,69 et 10 Ebsiumsgvpﬂi ww&nﬂ:& fblﬂGLBdle&cqjlor agmﬂao
aci d sequence of a_pol ypeptide of the invention. Active poI ypept |tﬁle§rtofdthe

i nventi on caHvikard ghicagenitecaplorataganist aciNHY using msthadsgecll novmen

propol ypept | n vivo processes or by procedures well
known in tﬁ%Q@?&EJ@@&%$em%%f§%& QL%Iw or chem cal cleavage. Fragnents [44]
A fragnent is less than a fuII-Iength pol ypepti de of the invention,

including a full- length derivative, variant, or anal og, which has G.P-1
recept or agoni st and gl ucagon receptor antagoni st activity. Polynucl eotides
[ 45] Any pol ynucl eoti de sequence that encodes a pol ypeptide of the invention
can be wused to exprog t he pol ypeptide. Pol ynucl eoti des can consi st only of
a codi ng sequence %%Iypeptlde or can include additional coding and/or
non- codi ng sequences. [46] Pol ynucl eoti de sequences encoding a pol ypeptide
of the |nvent|on can be. nt hesi zed |n whole or, in part usi ng chem cal

met hods wel M3knot® 3ol Otghglc S (ssREOPolypePtidsy Jrhsrein the mipprlyreplide ncludgscqn

Aci ds Res. uc Xﬁ@i
Sex 225-32, %036%‘?%% frﬁﬁpoﬁg&d{ﬁ{ P’ enc esI{\It h‘%ctlargl & :ﬁges danl -
3 APR 2006 mV@tﬂﬁ/o@ﬂ%Qﬂea‘?&l' fitdhiDhe AtARIdnal amino acids in the propolypeptlde molecule

by natural, in vivo processes or by procedures well known 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; Hom et al., Nucl.
Acids Res. Symp. Ser. 225-32, 1980). The polynucleotide that encodes the polypeptide can

11



then be cloned into an expression vector to express the pol ypeptide or into
a cloning vector, to propagate the polynucleotide. [47] As wll be -3 AEJQ 2006
oduce

under st ood by those of skill in the art, it nmay be advant pr
t he pol ypé’%‘??‘ﬂ@%‘ﬁcodi ng nucl eoti de sequences possessi ng ﬁgﬁﬂﬁg?%ﬂg 3 y

occurring cdons. .For. exanpl e, codons preferred a partigcul ar prokaryotic
or eukaryot nrh‘?o%lfm?%?'}])%?)ggs@ipéﬁlga WCSPOFE (ERESS ?%’ep?]g'?g’tl# ?}'om(g@pﬁli?laég
expressi on ggctdrotos £ thE pbuclbstiesSCr i pt having desirabl e properties,
such as a half-life, ich is’longer than that of a transcript generated
fromthe naturally occurring sequence. [48] The nucl eoti de sequences

di scl osed h I n NS g&gﬁ' ' h r | art
to alter thg@olﬁggvgltui geef%gnco ?ﬁg}}sgﬁgtﬂﬁgﬁmf%?&ae %gpﬁertﬂ{l} ?F@a?geﬁe:% ér?gg%

i ncl udi ng bptodnezt  the mpbkpeptade-aicbdingt inuclsotide cdequerstes y podsessirigo mangnaturally

rocessi ng, and/ or expressi on pof the pol tide qr roduct . , DNA ,
Shuf 111 ng. bSCPERESAORS ERraeEpIeo PP i2RE PR S YA Ry AIOE ARG PLAYRERPE ang
synthetic ohigem'el 8abitedfo ﬁi@fbas%e?ﬁ@%f?@l}@@ﬂi&e&?rés%grlﬁ% ggiah@@an RNA

d nutagenesi s Can e us

sequences. For exanple, site-directe to 1 nsert new

restricti ontratiscept haing desifableoprypertiesy suginas erhalf:lifehwhigh is donger timnethet efhae,

pr oduce spl%ce var i ant§,dn€' nt r.odu eeﬁwut ations, and so forth. Vectors [49] The

present i nvEHISFOR &HRERS 59%3&“%’1 AU EPTEEsi on vectors conpri sing

one or nore nucl eotide sequences encodi ng a pol ypepti de of the invention.

The nucl eotjde sequence ,&gn be inserted in a,forward or, reverse
Hée s erg§

ori ent at i onl48h DRe JWgleetide spauenees disploasd; Bereim can Dey engineered, usingameghods of

procedures. Eﬁﬁnﬁf NGt L&l r o r '
restricti ongéedr% onuc 03‘?‘36 Site g@%&%ﬁ&hggﬁnoémnn?gﬁllﬁg{khgu%fra?@gﬁfpﬁe@??bed
i N Sanbr ookreatons} includid-blfl R 1zhited td(saltératiéBORAICERYodMNEIA cloBithgpe grocess{rigo! d
Spring Harb N Y., 1989%}. Such procedures.and g;y?ers are deened to be

wi t hin theg@wp@cmm%g thg, pelypeptids qmmRNA pro Ny shafilig by gandam

pr U 12 Pt B OR TR So i g B Pyt igbmu PRl £affC
aspect of tbe asedrtbedginesrithe aucleotideasqienvesy dtor @xarhple] ierdicsvtgal metagenesis can

regul at or equences, including, for exampl e, a pronpter, operabl | inked to
thg codi né ge sed to insert new restriction sites, rTaTl)l’cer glycc?sy?atlon patten?s, &an%/e 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.

[50] Examples of cloning vectors include, but are not limited to pBR322, pUCIS,
pUC19, pSport, and pCRIL
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sequence. Large nunbers of suitable expression vectors and pronoters are
known to those of skill in the art and are conmercially avail abl e. I@?PRZ%E

fol |l ow ng“@(&yogﬁ'bon vectors are provided by way of exa &.@2 1@5! al
DQEggl, p )8 PQE-9

expression vectorsS include, but are not limted to,

(Q agen), . Rhageseript | X174, pBl.uescript SK, .pBskK H8a. pPNH16a,

bNHIa, pNIPEL (S0 Beien iepiy pRte xmoiSaE | af oxnprssigh Vector fufthey it

( Phar maci a)regifiatisay é&d&lzﬁce@%ﬁbﬁﬁﬁi O forVé@xahle; al prohiot, oputhblg ke to kideddask t O,
P

pW.neo, pSV2cat, p XT1l, pSG (Stratagene) pSVK3, pBPV, pMSG PSVL
( Phar naci a)sequqpgebarge aumbersiaf suiggbimexpgessionarpiomsand piometeroare kagwp to thesal- as

long as it &S84, i | L] . desd P Lons
can’be sel Sl Pl A0uR BCoBRuEIY Sy A1 OTh oML oxbrlc T FlerbEGke

t r ansf er asgrodided by Magof er@hples Bactesi reseioh Gletorstintlnds,che athdtdiniedd<e) S -
Two appropriate vectors are pKK232-8 and pCWM/. Particular naned bacteri al

pronot ers iR PQERY, pQE:8 AQiagen), i8S, phagescrnb sidR 4, mBlugsaript K, pBsKS,

Eukaryotic t Lnc ' ' A t hyig 44

early and H%z}?ée@é@iﬁ}@@ﬁ?%@@%&?@%@&%ﬁ%??%m ?‘ﬁi %?iﬁp’

Sel ecti on Q/DRSY0, 2RIT S PPharinacid CEakarpstit dxpee¥Biof (vettdrsabludef Biltiafe hbtelithigs®! of
ordinary skill_in the art An_expression vector_also can contain_ a

. 52
O Dotony oitadP W nep: BSY et PAGHA aBKEL DG (B taterens) pS VBB oMk, PSVL

term nat or, r ' i Ly ¢ Lo si on
vect ors oarPRAMABRA" ARG FOHE G NG 8f RNl il SRR tonf AL S
t ransf or redeplivablecald siabkuinhthesdediréd Hostf oPwintotérerbgivngan e SetevRE dm any

resistance for a eukaryotic cell culture, or such as tetracycline or
anpi ci | | i n desissdsgansusinedr AT (rhloramphenicol transferase) expregsioasvertony on gtherjeectors

enbodi ment, | ri;ﬁ{,}} ' ] | . esi s
at the nucl‘gila%: Ls%%ft%ﬂ%g@%‘c&gn | S&@g@%ﬁ%@@&@%\;ﬁ@%‘?gg%@%gw. b?gftrugg A

| i brary of naatedabdcieriahpromofero dicledt 1dci)r laeXam3l, €7, bypte n@ubdd iPgalPL yardd @t i ng
a mxture of ~ synthetic ol|gonucleotides_ into ]cgyene sequences .such that a

degener at e Bikaryotic jyematersinclugds (MY mmediatecarly, SRY dnaaidineskinassy ey prdc as
I ndi vi dual I ti nat i el éaﬁ%h:f@( 30 USe2/.31693
- 3 APR ZO&Efeaggg ’ gqu?sa?gog% allfeﬁgflgl?ls’ p%ﬁ(?t )érllorlllgé ([%lor exanﬁpfel? fg?llg%({élggg P

di spl ay) cappripiateoveictoe asé promiotersie st witin tHedews] of ofdidbry kil tieragt.a vari ety
of nmethods that can be used to produce libraries of potenti al

[52] 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

[S3] 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 degencrate set of potential

variant amino acid sequences is expressible as individual polypeptides or, alternatively, as
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vari ants from a degenerate oligonucl eoti de sequence. Chem cal synthesis of a
degenerate gene sequence can be perfornmed in an automati c DNA synt hesi zer,
and the synthetic gene then ligated into an appropriate expressi on_ve '
Use of a ‘?ﬁ’éf"@?e set of genes allows for the provisi orf&i‘fﬂgoahé”?ri xﬁjm, 1008
of all of the seguences encodin e desired set of . potential, anal og
sequences. Y 365 rTUSIOR  BTLEis; (for GXyupler &r&}@IgFg(Bﬂﬂ@De?ﬁqt%g & sekpbwn
in the art eSthBrein Nar ang, Tetrahedron 39:3 (1983); Itakura et at, Annu.
Rev. Bi ochei’i‘ §3:32§u% 1984); Itakura et at, Science 198:1056 (1984); |ke et
at, Nucleic Acid Res. 11:477, 1983). [55] Several techniques are known in
the art for r ' . f ' r L hrar )

poi nt mut atl . CuEry peen 3R O Mot A N ildl o Brodlog Bl (gt
product s hawariants drone b elegenbrate ofigoriugleofide bequendeni Chensicalrsynthdsip béi hldegdnerate
rapid screening of the gene Libraries generated by the conbinatorial

nut agenesi $°BF %e‘b‘ﬁpﬁﬁp‘a& Qged frpan ﬂ%@ﬁ?ﬁlﬁ)hb&l’ pinthesizer, gnd dh sypthegic gene

t echni ques, i | ugi | | ng

v oo gane Pfligtedfo ATRAAGMENE Bxprleth Jeploh'0: Bra dBAleRg St EporeS RAGHS

repli cabl e fex thiee poivision; cnt anesmidture) of atlnefhtheagenuares aheodimg e désived tsee of

resul ting Iibr%{% of, vectors, a etg())( rg;si ng the conbi natorjial genes under
e

condi t i ons Rotentizh apglog Seguances, rSynthgsizing; degenerate) oligopucleotides 416 on
of the vect ' NRarWBO0 . t : c j v/
ensenbl e nu@%é@@gﬁg Q%Ié?fegi’ tﬁé'f:dﬁ] 1 gﬁéﬂ{eﬁgﬁipﬁ‘%ﬁﬁﬁg@g ftt e fert elggu}ei?\l?:lfl }gefv
functi onal Biotient. $3t1323t(1884); Hiakura s gl.,CSdierize 19084056 11 984bike at kbNNuslelcddide
screeni ng Sai’ﬁ _H) ig ntify the desired variants. Host cells [56] The
present in t 1 oh/ 5118 §‘)pr ovi des host cells containing the above-descri bed
vectors. The host cell can be a higher eukaryotic cell, such as a mammali an
cell, or a_|ower eukaryotic cell, such as_a yeast cell. Aternatively, the
host cel | d&fl beSexersl oleshnigugsc are dnowns it Hthgsary fuc s@eempg cgene. produgts: of APR

engi neer eq (PHIRIGHA S Rgaes By phi il rlacift 3 965 fobaibe Yo

expr essi on liteadiéyfor génd produdty having a.selbbred \pesiepty. rSichliechniques erecddaptablei for t he
formof a plasmd, a viral particle, or a phage. Engi neered host cells can
be cul tured@Pid saEesmingof Jhelgenatlitraras gensratedibyi theeepmlingipraloprutagenesic pf

activating ﬂyl%ﬁ&éssofothe $iefibh "She 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.
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transformants. The sel ection of appropriate culture conditions, such as
tenperature and pH are well within the skill of the ordinarily ski{ ked)006

artisan. epresentative exanples of appropriate hgsisy oyde, but
are not Il{ﬁnﬁi‘“’/edgﬁﬂog, bacterial cells, such as E. coli, Sal rrl)neﬁoP}éln’?ékl

22" Dr osophilpl SR SOt Ersoeet meinaredcropdiockl Shpstor@ed or ateieged)

Bowes nel aRgffeloding o‘i%&?fé%éi_@ﬁ' vBdtoRIbfARP v BAticH erﬁ@@éqtéﬁmgﬁ%apf& fegmggle, M thin
the scope of those skillTed in the art fromthe teachings herein. [59]

| ntroduct i dhe formidf@ plesmidy aviralipattisle, loe a pbage. disiginected Host eflscan belculfuged in
exanpl e, by _cal.ci ym phosphate tr. fection,. F- Dext.ran_nedi at ed .

Cr anat et | Smvayonl SRR B phHRR A5 mEPriale ToL AR AR R G KR8 AR
BI OLOGY, 198@sfork@itet Muetselection6F hppibpridte chFe RAndi%iBHs, SUcIR af St Ad
manner to produce the gene product ‘encoded by the reconbi nant 'sequence.

Prot ei n expther well wibin tha skillof theordinaglyskilladartsapr essed i n mammal i an cel | s,
yeast, bacteria, or other cells under the control of appropriate pronoters.
Cell-free transl ation systens can al so be enployed to produce such proteins
usi ng RNAs [88)r i Asdrepresemtatiee Sdéplemef appropriaté hosts, inpludechit drewmehiimited to,

ckar yot | ¢ PAER il Bk ok T a B i P il SeplarBes ASEEEioaRSch
CLONING A haBERAEERYIN Neflas Drblsdpflila SO @84 gy[)éw té¥d STO hatmalihn'cells $8&Has:

[61] Transcription of a DNA encodi ng pol ypepti des of the present invention
by hi gher GHRACHS ersBowes hrelannmae dBledsdbaction ©f rani apgrapmiateniest i deepegutertee

into the expr,essi on vec{}gr. ancers are cis-acting el enents of DNA,
usual Iy fr ﬁ‘é’?}ﬁqﬁtsc‘ill?? %ﬁ%ﬂ@&ﬁﬁﬁﬁ?méﬁe%’”&ﬁ?gﬁ qet to increase its
transcription. Exanples include the Sv40 enhancer on the late side of the

replication_origin bE 10Q to 270), a c tomesgal oviruys early pronoter
enhancer, [ﬁlpoﬁ?%?ﬁgm Am of dae constiuplonto, the Rosycelhrcan (he siisstade £0n SRmPle, Jivn,

and ademw&i&ﬁm‘?ﬂ%ﬁﬁsﬁﬁﬁfa%aﬁs&cm qgﬁﬂﬁ%%aﬁ%%@@/ Rk, OF aeé%b%ration

General ly, reco Nt expressiagn vectors W I 'nclude ori1 gl ns
replicati ofDavid et &) Bas@NeTHer®Ir MOpECUTARBIODOGY, 218860 Wahbtouctoin lidse célisst

cell, e.g., the ampicillin resistance ene of E. colt and S. cerevisiae
TRP1 gene, S#AdPeaussdoina fonyentiopal mangen 0 RIgHes %%ﬂﬁ%i’sf&!lcbéﬂ@dﬁé by thect
transcriptigh afin a6 id eam structural sequence. Such pronpters can be

derived from operons encodi ng gl ycol ytic enzynes such as 3-

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



phosphogl ycerate ki nase (PG&K), a factor, acid phosphatase, or heat shock
proteins, ampbng others. The heterol ogous structural sequence is asseﬁfl’Re?UUE
i n approp se with translation, initiation andter -
sequencesw%(i'?zl E:?Dgf erably, a | eader sequence capable 0‘1‘&12‘3% %b“gecr etion
of translat rotein into the periplasmc s ace 0 extracel | ul ar f medi um
Optional |y, qnﬁ%llwetrs%n emamaeetaw &t oeluder guging Bf d@@m PR i ng

an N-term @ﬁhﬂ{i}l%}ﬂi‘% [
e.g., st abi® zatlon or i)SI mplitie f%@?‘%‘ | cCa f’ggsto é%f‘éh(sése eco %ﬂﬁg(%{
product . [@ile AEtEer cdli and fSOrcerdvistae TRPA gene,t afd e promibtestdesived a"mingrmghly of

the host strain to an ap rlate ceII densi t t he sele ed pronot |s
derepressecfxBVS%?Spgﬁﬂ?r t%t‘greﬁg qrptign of @ M&Fﬁmes@ﬁ éFq‘{f’H%?n c pc

i nduction), I eﬁé&ﬁﬁ @T@Jo
typically éﬁggﬁgdhﬁyﬁigﬁﬁyﬁ u%gdggi& and di sr Lgpt phy5| ceétl or gﬁem cal

neans. The phesphoglyograte kidssedRGK) oo ficsor] stidphesphitase, bﬂhéduehoqklpi'oﬁ‘eh@ﬂimmg
M crobial cells enployed in expre55| on of proteins can be disrupted b any

conveni ent Afhodthe heteiologeys struetusab seqisnce j& [assemblads in @pproprate rithene i
di t
Culture oy PatiGE iBiad pnd b G0RRhhort, A0 pEeRON: o TR el Eapabie

Exanpl es ofofrmfa&ﬁhg aBcretion @fsrmlafeﬁspmtml Ghiiee] thég)ehbﬁsﬁi&—s facel omesrabllitankey
ki dney fi brobl asts, descri bed d uzman, Cell 23:175 (1981), .and. ot her

cel | 1ines auliyn éjnﬂo nally, the B ?tﬁ"Q logous, esends can\eaeedsya fisign proteiminsludameran
3T3, CHO | S r | [64] t | des
of the preggn [ nvcein |or§£‘§rlw?1ﬁ P %ecf%@ghgkr?gapd&%aﬁ%h R&I’ ?tg@(h# [ nalr)l
cell cul tursas ]Hiedrmﬁﬁmdﬁom&féxﬁem%ecmbﬁmtqﬁduct.ncI udi ng ammoni um sul fate
or ethanol precipitation, acid extraction, anion or cation exchange
chromat ogr aphy, phosphocel | ul ose chronmat ogr aphy, hydrophobic interaction

chromat ogr gpfy. Afdr! thinkFordatif0o03/sUitAb10 ot GlaldSB gboAB of tBe AGYR s&@f¥5to an

chromat ogr aphy, hydroxyapatite chromatography, and | ectin chronatography.

H gh per f Gptoptistel qelf eusmrtbmnlesgubm@mo@qnm;@yrepmsedeb)emr@m meas (agal
ficat t P f t b t

a0l at ed. adanBegtire, it of Gried dEod) aid falcie Shldiha TRF e RGN Besion. ¥

pol ypept i deCdls @t typieslly dRRiested Q%) Bantrefugativht ands d1s§1i}ﬂed wf;%]wsﬁdl BP lcH&aRal de

is substantially free of cellular materral and has |ess an about 30%
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 ﬁlay 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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(by dry weight) of non-pol ypeptide material. Preferably, the preparations
are 85%through 99%(i.e., 85, 87, 89, 91, 93, 95, 96, 97, 98, and 9

pure. Puru;(i %Bgs e preparations can be assessed by any np@,géé‘i&%gwé %rﬁpﬁh@nﬁ
Ss 0

art, such pol yacryl am de gel el ectrophoresis, py and
i d chrogat ogr aph ttra tonl di figa 6 endi

the host | eiFOyERBRRYY: PEEbREARARR HPORREEI Gro. Eame BROBBOERERY T dLush

the invent '&Pfoi’ﬁéhc'éfh d%ﬁhﬁg&‘é W(HP G}i@&iﬁ pl18Y e@és@ﬁnaﬁ?hﬁﬁé’élfoh%t

carbohydrat'es or may be non-glycosylated. Polypeptides of the |nvent|e8'n may
also include an initial nethionine am no acid residue. Chem cal synthesis

671 AL Ler g v oty AP P eI ioftfor B bBBRYGAREA oo BORGS RN

chem cal 0 synt hesi ze am no acl d sequence, such as
pepti de syrspbefic :examphg behoot.i A mirified pod!ypeptldmfssat(lem abdbtur70%@m:d, dahat is, the

%Eé;ln?b%le: isdaed fgb@fph s diset colda maepal a!rsgﬁ%fegi gﬁ% %?Qﬁ%ﬁgfe
xami o, us e AR o oL PRI AR BrotgRoh, R prdfuafilaR O tulheh )
combi ned ﬁ 995(“ é’?ﬁ?ﬁ cal et ﬁ%ﬂdfw 'gaﬁ?fﬁ?"d i i“’iw °“‘f§’$ﬁ‘f“£m2§m
Elevvlhy sgp; S i23¥ECHoI%Y paPY | H’@a@aﬁp‘rﬁ stﬁ%m?rf’ais?“gh rﬁ:’t A Ozrﬂﬁ?g%r

Pr gt ei P\s CSHE% E?%ilﬂﬁ%g%@b%dﬁg aﬁPr| nc métg%{v—lsﬁjggrmn and ?:o , New

York, N. Y., 1983). The conposition of a synt heti c pol ypeptide of the
present inv L.xmed by am no acid anal ysis or sequencing by,
for exanpl eﬁ(ﬂ[‘ h@”%ﬁ?fé%%‘r&??ﬁn procedure (see, 17 WD 03/040309

PCT/ USO02/ 31693 - 3 APR 2006 Crei ghton, supra) Addi tionally, any portion of

t he am no eof t ecanb tere i ng _direct
synt hesi s gﬁﬁf eH %qﬁ% h§ nlBtﬁ 3§°rﬂﬁJ ﬁ ghf?‘i?ﬂﬂﬁ her
proteins tg ti&& & ﬂﬁ@rmﬁéiﬁnoﬁ%éléps@klﬁesﬂﬁte&“ﬁmsmﬁﬂmdh@h)b@%lﬂidrfé‘ﬂkaryotlc
Phar maceut i cal plications [69] Polypeptides of the present invention can

be used t o carhedydiaieseor mayabe mes-glypoaylated. Polypeptides of the invention may also

include an initial methionine amino acid residue.
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,
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I nsulin dependent diabetes nellitus) and/or to prevent subjects with

I npai red glucose tolerance, inpaired fasting glucose, hypoglycem a, and/or
obesity from devel opi ng type 2 diabetes. Pharnmaceuti cal con;Posi t i ons J[APR]2006
Pol ypept i 3EO¥M038e present invention may be conbined wi t PGIEE3A¢3e
pharmaceutical carrier to form a pharmaceutical conposition for parenteral

admi ni st r at ¢eightons,#preb mpAdiitionplly, camh PPEion, of 1Be ofyainei eeif jequencsc of \the
amount of 't ﬁgg@;ﬁ@%gﬁ Afbddd ﬁﬂ%&ebﬁdtﬁéiksl In@6f %8%1%%%% udh 'c%re?m%al

exci pi ent. 'y "accept abl'e cartiers, 1nclu ut are no
limted to,methbdswithizefdacedfroml sther, proeitisito peoduse tacvariat yeIgpeptide @t Adusibn
and conbi nati ons thereof. The fornul ation should suit the node of

adni ni st r atPBYPePHYS] Phar maceuti cal conpositions may be administered in a
conveni ent manner, e.g., by oral, topical, intravenous, intraperitoneal,
I ntramuscul ar, subcutaneous, intranasal, or intradermal routes.

Phar maceutical conpositions are admnistered in an anount, that is

ef fecti ve fBharmaeadticalApplidationpr ophyl axi s of the specific indication.

Sui tabl e doses range fromat |east about 3.5 ng of active polypeptide

(i.e., not JesF! URBlpgeptides We @ bresdnt dnvafiow can batisyd &6 b@atBipet2y diak&ed G-
wei ght to about 100113/ kg body wei ght per day. In nost cases, the dosage is
from about Wsulingdependentadisbetess melfiing gnd/ar. to preyentisubgects) with) inpajred ghacosgo,

i i ot a1 Pkt Mgl thoBichcosd HbAE AR ABerbl ol itk et e 1 e

bi oavai | abi dihbetespf t he peptide in vivo, in which case nore or | ess may be
used to attain the effective dose desired. Determ nation of a dose is well
within the skill of the ordinary artisan and requires only routine

screeni ng. 18 rRZLALHIAI comphiidng006 PCT/ US02/ 31693 [72] Pol ypepti des of
the present invention may al so be enployed in conbination with other

pharmaceutical agents useful in the treatnment of diabetes, inpaired fasting

gl ucose, iﬁggi MBSy EepHiaes Sof GheT RBGht RVARI Uﬁ?agmb%z BRIl -a %pithﬁé" €
agents incl i'nsul i'n secretagogues, insulin sensitizers, and metfornn
HCl . -Ki t s [ptatmddeatical\carrier dmforimsoplanmacettical gbmpozition forgatenparakaintnisteation.

conprising gne or nore containers filled wth one or nmo of .t he,
i ngr edi ent <Sigh WQEPPE‘BFS%%@W@%’ &ffectifg amount of the 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 ug/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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I nvention. A notice in a formprescribed by a governnental agency that
regul ates the nmanufacture, use or sale of pharmaceuticals or biologic

I
products cting approval by the agency can be assggi 'th?lAFPemﬁ
pack or k?‘t;t?o%@fg%@t herapy [74] A pol ypeptide of the invent?g*{%&r@%léq;‘so be

oo ol YBmsBlion S pbSeu r¥ifon S, e Be eyl BesBpioeing b |
encodi ng f Qfher gﬁaﬁ%xm Egﬁtseﬁsetﬁﬂ‘iﬂ M&B&%@ﬁgﬁ?% ﬁgéglﬁs&ngeg}%ﬁsavi ded

to a patient t0 be treated w't e pol ypepti de. s ar

known i n t mpaired glEcosedrikngice, hypetdlycenna; dnd abesityieSnitable pgmto inethdeassutimown
in the art b use of, a.retraviral particle tai ning RNA encodi ng for

pol ypept i déE&S?g?%s’dPWIW%ﬁpgm? ofn?@]ﬁ‘?ﬂ a preferred enbodi ment, the

DNA encodi ng the pol ypeptides of the invention is wused in gene therapy for
di sorders such as di abetes. According to this enbodinent, gene therapy with
DNA encodi Hétspol ypeptides of the invention is provided to a patient in need
t hereof, concurrent with, or inmediately after diagnosis. [76] Local
delivery of pol ypeptides using gene therapy may provide the therapeutic
agent to t Bk a}/fglétmﬁéﬁnélﬁl,l ajsogprovidessphasmageatieal preks emisitseareprising one or more

pancreas-s {0 S ts - Ck | Gt unor
ouse mode ottt R bnd o0 te RS BpgBltetifig SARRRER pflel
03/ 040309 H&bntis2/Bhofice i 4]foBRtplescribed by @ %dvém:ﬁmt alVapeflEy hat refARYs the

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

pot ent i al | ynansEacheise Or sap of phamgequtigaly ot biologies) preductsrandgeflecting gpprovaee,
e.g., Milli ' - =33, i ese nmethods include: 1) Direct
gene trans g?ﬁhgééwg&gbg%??%&ﬁa ;fa%ﬁar?ae}.ct Gene transfer Into Muse

Muscle In Vivo," Science 247:1465-68, 1990; 2) Liposone-nedi ated DNA
transfer. gf:e, .g., Caplen et al., "Liposone- nediated CFTR Gene Transfer
To The Nasal®® (ﬁe{g@fiumo‘ Patients Wth Cystic Fibrosis,” Nature Med. 3:
39-46, 1995; Crystal, "The Gene As A Drug,"” Nature Med. 1:15-17, 1995; Gao

and Huang, A Novel Cationi¢ Liposomre Reagent For Efficient Transfection O
Vel i an’ G411 < A PeBERR OBHEpRyEatioReway © FAprosiRy. o vvgoBlich s 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 a preferred 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)5115-22, 1985).
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3) Retrovirus-nedi ated DNA transfer. See, e.g., Kay et at, "In Vivo Cene
Therapy O Henophilia B: Sustained Partial Correction | n Fact or -3 APR 2008
TX- Deﬂm% 8}3&3 9" Sci ence 262:117-19, 1993; Anderson, "Human Gene

Ther apy, " "Sc?dMe®” 256: 808-13, 1992. 4) DNA Vi rus- medi at ed BUUYREHer . such
DNA viruses include adenoviruses (preferably Ad-2 or Ad-5 based vectors),
her pes vir [Fs {3 theinayitg| apda viuesgene therany mei/h%lolqwevae vertegplated. apeyeral

par vovi r us n d
Vect or's, - miaiod SpE AN pOEMAE tBfaplRl) BHIGDRTBUEATLAP Phbiliord e

pref er abl y knd/- QeebageMulhgamlﬁbl)enc&@ 926-31, 19981 Theseainethoddimeludse Of DNA
Viruses As Vectors For Gene Therapy," Cene Therapy 1:367-84,1994; United

St at es Pat ent 4 7 7, 368 and Uni %ed St gélf 941. Ggle t her apy
vector systens | ﬁB’Pég & G ngile 2y ‘?ﬁt%ﬁ teapsfep fnto Mouse
transferrlMlsaegﬁwvoofsélggcgrzggimps %E end on a variety of factors. One

i nportant factor is the nature o e ta get cell popul ation. Although
retroviral vectors have been exten5|vely studied and used in a nunber of

gene t herapy ap i.cations, ctors_are ner al unsui t.ed,
i nfecting non- Jflmﬁqglec@mslete XA crpssh, SShr 68 r éé%%n Ph\Alt TR | al

o OncogChicliated CFIRRYEE, THACRS!T @g‘fﬂ%'m"ﬂﬁtﬁeﬂ O] PRI Wi Eystic" 2

vectors may circunvent some o hese I'imtations ,
Sci ence 27Pib2asis,”7 Nat19e Med 03:\89-48/ 19963 CoyseaLTI TIv) HeRd GACA Brud’RN20GE Mé’d)] The

ancodi ng . by HenoPSie CoBr ah Boipb et I‘i%éﬁﬂ%ﬁ%ﬁ SiiRe RABPUARR CHRGFRL i s
embodl Tent gyofofecib RN SHERIGCREBE e PRRISHOD VOB ”%%*3’&?%‘1?2& See,

e.g., Anderson, Nature om a,
239- 242, 1998. B)‘nRetmj&imSJ}medmtédDthMm See, e heKay af fet‘IsVive Gmy ’[lherapy

SCCOTEL! B gtShaaty B B ch kSl Bk PERGAIS VoS

i ncl ude, bygy.gye é@qt99blm@reo& C¥tpifah Sen TR R Sckfiodnse: Sk 133»1999' LTR

SV40 pronoter, enovi rus maj or te pronote respiratory syncytial virus
pronoter, B19 parvovirus pronoter, and human cytonegal ovirus (CW) pronoter

bromters (o.g. % BN Y rpeieted DA Grafaer. . Shetl, DRYA g inolode At o
pronoters (efdrablyNi-PbLRRLSbasedTbétbisy HA N Firdses (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 et al., Science 272:263-7, 1996.
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pronoter, and heat shock pronoter). The selection of a suitable pronoter
w |l be apparent to those skilled in the art fromthe teachi ngs contained
herein. Retroviruses [81] Retroviruses fromwhich the retroviral plasmd

vectors hey@idipbsye mentioned nay be derived include, butp@pgsdiBhedsi SrRetlls
to, Mol oney Miurine Leukem a Virus, spleen necrosis virus, retroviruses such

as Rous Salg@ime (Yl ica BE4SYe RPLEORY i Sy Bk e EbRUSRED Kbk Bl on

ape | eukem™a “vi rus, uman 1 nmu I Cl ency V rus, eratlve

Sarcoma Vi rpolypepuittés neEfnier iyivéntivar can belased th m:dﬁﬁb@dhtﬁsﬁs entbediniedt." OFte al
plasm d vector is derived from Mol oney Miurine Leukem a Virus. N[82 The
(7]

retroviral 'eAhaigyesifof copgructing saeyvactprs preidende S$Rge R &gidnl uredd2 35f orm

ncl ude, bt S8 YRk KRN, Nabg5 3300197108, Yo Wmé R 6 1
T19- 14X, Vﬁr&&sﬁ%ﬁ&beyﬁaﬁnpllsﬂhﬁng@dﬁ%hﬁamvam 2, and DAN cell lines

as described in MIler, Human Gene Therapy, 1. 5-14, 1990. The vector may
transduce t he packagi ng cells through any nmeans known in the art. Such

nmeans incl yge] ISuitable el thekdp eRtbrs Michak @hk roﬁﬂﬂ:fré?t&ﬂotefshﬁslh'%leq&omoters
l'i posonmes, and CaPO4 precipitation. In one alternative, the retroviral

pl asm d vedtlseh may berised irclydaibat arg not digited tppmdrmom@ters: ) eedrovisaladL TR pi d,

and then a | ost lin ener at es

nrect s ous AUBbRORT. ddndnthuer EREBRALE Fiuty syl PR B e 39 1o
03/ 040309 RGNoWSA2HALEAS, BAE hinan BptbicBRGVaRIENTY) b desBdbedne VIIRe s of
the invention. Such retroviral vector particles then may be used, to

t ransduce etl;kara}mhmyu@eﬂ(%), 980-99@r1986), wellvler promotersi(eg., histene, pohHEdansel
eukaryotic cells wll ss t nucl ei.c a nce enco

ol ypopt | d6t; BrORBteraly RS GRdicHtle aPRIRUES a4 TIT Bizmdes PRl atiaugin

| ncl ude, birorféter, 3l hebtisRbiiCHtoter £ P/ Rllcfioft bE BRI Eprof KA HBAkhN O™
cells, as well as hematopoie em cell's, hepatocytes, fibroblasts,

myobl ast s, t«éhoat slalled/ irethe aﬂrftbmhﬂ!@lteamhmg&bd)ﬁmnad]herebr onchi al epi t hel i al
cells. Adenoviruses and adeno-associ ated viruses [83] Adenoviruses have the
advant age that they have a broad host range, can infect quiescent or
termnally differentiRdmesiiragdsl s, such as neurons or hepatocytes, and appear

essentially non-oncogenic. See, e.g., Ali et at, 1994, at page 367.
Adenovi ruses do not

[81] Retroviruses from which the retroviral plasmid vectors hereinabove mentioned
may be derived include, 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 PESO1, PA317, -2, y-AM, PA12, T19-14X, VT-19-17-H2, yCRE,
yCRIP, 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 CaPQ, 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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appear to integrate into the host genone. Because they exi st
extrachronosonal |y, the risk of insertional nutagenesis is greatly r_%ﬁ#ﬁzﬂnﬁ

Al et at ’W&%?@ﬁb@t page 373. [84] Adeno-associ ated vi ruse?gﬁﬂghﬂfégii

advant ages as enoviral - based vectors. However, AAVs exh pecific
I ntegration_o

.hunan chronmpsone 19 | et, at 1994, . at page 377).
Transhar yot?‘tc[i"ilﬁé? p?q’[l%]g&i«eﬂ?‘?‘%%& é@g'??ﬁ'ﬂ%agwetlﬁ}vm-t ‘E%afﬁ oyizal vector
"transkar yobdriclbd & 2 ' ' ' I Vi to
nduce e Bagoieh ey BOSSR o balupS LIt ol SUBE T1 LIAPGDR: Bt TKD
af ter rei ntragdetedoreukaryotic eellsi ovill. eXprasss khe youdleict heidapgquensa(ske ssncbding

I ndi vidual h .nor e {ﬂlfOf ﬂe%ﬁgﬁ?gﬁﬁ%ﬁésﬁﬁée CHB &Lé’ﬂiklgg’;@ﬁ{?ﬁs

s a conpl.e
Tr anskar yot? ype[pﬁg?sa P VGG
regul atory ges RE8; f t'rﬂﬁ'ﬁrb' algn &8P as I ;

chr onosonal DN%\E?)(]%%trhe p%%?séﬁ?sqeﬁ%e? I's elggvi vo,diﬁ%&altl%raigng aﬁsdhglgllgtg@??%% for
active protsem- pelisd hepatpcytes,| fibrabiedts; eyobhlastsyt keyatinvicytgs,t lerdothelial veelled anél | s
into the pa,é{i erﬁ; Wihﬁliage intent that they then becone fully established.
The "gene Sopetjalephelial ¢S hen manufacture the protein of interest for
sonme significant amount of tinme, perhaps for as long as the life of the

patient. U S. Patent s. 5,641,670 and 5,733,761 disclose in detail this
concept. 22 WD 03/ 0404’\8@0-"”33%&@‘126689-

=ie]

pledpimsesso3 [86] In order that
this invention may be better understood, the follow ng exanples are set
forth. These exanmples are for the purpose of illustration only, and are not

to be consiBliedAdenaviryses hayet the adraiegeothat theyihaye ra broad iheskhrangemeareinfect |

patents, pa a ' ' fere S_Ci | n.thi I scl are
i ncor porate Esté:?%ti @P{S){?ﬁﬁl tgpg @ﬁg@ﬂ&a&é@g ﬁésr Eﬁ"glnﬁck‘%'f’gng %ﬁﬁ@t&%gﬁ%ﬁé@i
Pepti de synéssesially hivadogeady. K& le.glhkli lephl. 019940 atlopaperis7. pAda@@diiss \dosot
foll owed to synthesize sonme of pol ypeptides of the iInvention. Peptide

synt hesi s weppeatiprintsgratnintathethqet gsnome: Becaupe thayrexist gytrachegmosqmallythe Hek s
Protocol's (JARddiont? iitBeeRsifl M AN Ieuckl. REVP LI, & f2503H. Dunn) under

[84] Adeno-associated viruses exhibit similar advantages 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 “traﬁskaryotic 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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continuous flow conditions using Rapp-Pol ymere PEG Pol ystyrene resins (Rapp-
Pol ynmere, Tubingen, Germany). At the conpletion of synthesis, peptide R8N
Ji

cl eaved f resin and de-protected using TFA/ DTT/ H2Q, Trii sopro
si | ane (8&?&@%’&"&%’9 Peptides were precipitated fromthe cl 35@@&@’@6%% ai l

using cold di ethﬁtie efher. The precipitate was washed three tines with the
col d ether B8 t feArdsr thadthis anventionmay bejbettermndgrsinady the; f9lloymeexamplas; 56

Pepti de idegti ' r - g

WG Pack CrE: [to) hebe Bpbe ¥ i it Vi sl BAQDRAY dte BB, e
syst em (WAt emstrigdr po liatiting thdVistdper of tHePinverstionginvahy mhamet. onAll rpateats, \patdat 3%
TFA as a gradi.ent from 0% to 100%.acetqnitrile, and by [ DI, mass )
spectrometr Whﬁa@"WPE(%éf@EWWi®Imwa§gf°§Hé @ BaePpeFat E‘é{{’%’gﬁmﬁ &0,
Per Septi ve tﬁb@%‘%@:ﬂs, Fram ngham MA). Matrix buffer (50/50

dH2O acetonitrile with 3% TFA) peptide sanple was added to Matrix buffer
1/1. Those peptides not neeting the purity criteria of >95% were purified
by reversed-phase chromat ography on a Waters Delta Prep 4000 HPLC system
(Waters CorpXAMPIES M Iford, MA). Exanple 2 Peptide cloning [88] To
establish a_robust nethod for expressing pol ypeptides of the invention and
nut ant s t helxasple k¢l eot i de sequences encodi ng pol ypepti des were cl oned

C-term nal ] i L. ' Factor Xa recognition site separating the
mononer i c _p}é G e APR 2006 WD 03040309 PCT/ US02/ 31693 The
Shes pootr ol & e Bt ing oot SHRentE i teBuett Sl bt spbe of Biligeptes
over | appi ngqﬁhé‘ﬁiv@nti&i rP’éﬂﬁﬁQ sﬁhi?esisr WEN AR &u}@?’WC/@Bﬂ%ﬁiSHMB@y ﬁ’e%ﬁgé‘" or

EcoRI restriction enzyne site imediately 5 fo the DNA sequence of "t he

pol ynucl eot $ynshasis Byetocolsi(£994) olumedd tiyyMichaed WyPerméingten &fBerhM. Bupo)under
P b o SRS RS S
pol ynucl eot pelgm¥Rs THBRREn WBeriy). 1S the corhpRiad B sfithélis, Laprislasiae Seaded no

acid sequence” of each peptide. I'n sone cases, the " pol ynucl eotide encodi ng
t he pepti defrora thenmasht eud bde-profectedt using) I ADIN/H 0/ rissopzapyl silané B%/S/A<2)ds

Res 22 2584 Ohes Tane preanbiell ot 18 clbdvid) colal Sy} oSTa MelGl 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™ MAILDI 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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LABORATORY MANUAL, 2nd ed., Cold Spring Harbor Laboratory Press, New York)
of a polynucl eotide already made by the nethod descri bed above. The-3 APR 2008

doubl e- st duct is then di ted by BanHl d EcoRl i gat ed
[ (rjltjo géx@ﬁﬁ&%ﬁ?{e?sﬁ;m | E’har rGrgci :alggisoteechgl wﬁi ch ﬁgs alcg§ci§§§ﬁ2/g68§vgd by
BanH| d Pl. [90] F | wh t he DNA th | ti
Cdont i {1 ed L85 GRS Peiodkst the, Balen ¥adacoimtpnBio Rl 10 thnDNS) fegupits of the

| tid ' i 1k i . .
7 Y net er SRTRL0 P WRENEKENAE TRtk Sty bl (uBlfimips el
where the §tranded DN fragnaemisd€70-90m6dRs) domtditing facRaraHl ¥a HcoRD gesirtiction aizimeand
T o a8 T Wt RS e e Ko7
Foat i oti ons o SFthels oy HDBRHC CRahdi3A I ifeeBRpaiicnt bPDNA pol BRERRITLiR"®
pGEX6P- 1 pl Eschndlogtes(Incl Gaithersbirg AMDJA" sequence inmedi ately preceding the

EcoRl 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. 2f89] 3TRCPNAOGEquideOHR&D 3&%535? cd1id8 3w &sx Baged cors tHe Péviefte

reconbi nant expression and purification [92 L21 (DE3) cells (Stratagene)
t r ansf or nedtresiation efsthedgsigned amine @aidcesquencai efgeach| pephides Tesameycesep e 37C

for 2 hour sPUFRGIEHAY dhebfind. B HBAIC I BEErI by PLR Thilaghln’ i 49’ °°)
m nutes, anNugbRr AfideRes 20258700, 49b4; rehiresk vogl. (B89 MEOGRULAR CHONMYG:BA PER

bacteri al rotein extraction reagent (Cat No. 78248, Pierce) and Ix
Conpl et e Pr BABRRATORYhHMANUAE, 2ndedhEpld dpring Hagbor baborgiosy FaessoNewagork) of a

honobgenous. _The hopnge ] Xk Uk S I t rqom erat ur.e
for 10 m nuP@ﬁuﬁvﬁgoﬂg&%?ﬂ&%gg %m@gﬁggd%ﬂéﬁ%kgg?‘%nalﬁec gélgbg%ts#%:#gn of
200 g/ nl  anprodfie/ilthémddigested 8y Bumiband EoRY &ideligfied o pGEICERCIE(AMbSE&RRI LY,
respectively. The m xture was incubated for an additional 5 m nutes.
Cellular d nddioteplywhichvhanalsobeenwieayed by BawHliand EeeRL. The super nat ant
was mxed with 2 nL of pre-washed @ utathi one Sepharose 4B resin
(Pharnmacia) on a shaker overnight at 4 C

[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 EcoRlI 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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The resin was spun down at 1,560 g for 15 m nutes, packed into enpty
Pol y-Prep Chronat ogr aphy CoI ums ( Bi o- Rad), vvashed with 30 nL PBS foll O“’iu(ﬂs

by 10 niL r Xa buffer (1 nmM CaC 2, 100 nM NaCl, an

pH 8.0). %%Ofg@%@i des were cl eaved off the colum with GOQG’E/QIISQ%&?&FaCt

Xa (Pharmacia) in 1 nL of Factor Xa buffer, overnight at 4 C These el uants
were then run on a Gs HPLC (Beckman System Gold), using a 2 nL | oop and
flowrate %%#é%%m'n with the following program 5 mnutes of Buffer A
(0.1% TFA : m nutes of gradient to 100% Buffer B (0.1% TFA/ ACN), 10
m nut es of Beptideredambifantienpriessoméndmadification and 10 minutes of Buffer A
Peak fractions (0.5 nL each) were collected and screened by 10-20% Tri ci ne-

SDS gel el efg2] opBDREEDE3) delis (Seafapere) tahsfonndl withla GSTYRpti€d Risicn &atddyingBS S

spectronmetry using the mass predicted fromthe am no acid sequence. Typi cal
yi el ds ar e plagmids wermgrawn &3 7§Crungié Obkspireached Hefr td 1.0 @nd dadueed byl li mMLIRTG e.

55:&? ot i o VT EDoIOBIED FoRe HOUFS Bt oG- (L1 Bieroigeloprert bt 1 QQpgefor 15
i scussed SREUEN EERORENG 600 ThRRu hau e Refieh SR H SOGEL B BEEREAY,

03/ 040309 Tmrbtetn 2xtractioNRBagdh §CatPNd/ TSB/ 3’1&8@ and 1x Complete Protease Inhibitor
A ucagonHS FTSDYSKYLDSRRA VOALMNT (SEQ | D NO 1)

GLP- 1( 7- 36) (el lFuspension was harmgengys. (Bred Brdanpaqeopy mixture was gently

%Es&%é%@ﬁ%ﬁ@ﬁ%%@ %@E@%ﬁg Ra"Bhadl 1 were added to a final

GHHSQGTF T SCX6akentatio8¢ERd &‘H@g &AHQo! Rrfiek §blub111ze proteins and to reduce
(327HS@;TFTSDYAKYLDARRAKEF| VKGR- NH2 ( SEQ I D NO 6)

Gb 1HSQGT FT Styousity, Desprot vty AViheosR@r¢ SEQindbaed f()r an additional 5 minutes. Cellular

%gﬂggi¥s ARV DARRA@? g&%@ R‘ﬂ%é @ggt % sgliwmatant was mixed with 2 mL

G5 THSQGTFTSR AVE h .
G58HSOGTFTSDYAKYL DAKKAKE AWé%%éMéSEQI%?%%O 11 cid})on a shaker overnight at 4 °C.

The resin was spun down at 1,500 g for 15 minutes, packed into empty Poly-Prep
Chromatography Columns (Bio-Rad), washed with 30 mL PBS followed by 10 mL of
Factor Xa buffer (1 mM CaCl,, 100 mM NaCl, and 50 mM Tris-HCI, 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 mIL/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

1= |

spectrometry using the mass predicted from the amino acid sequence. Typical yields are
approximately 50 ug 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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GB9HSQGTFTSDYARYL DAKKAKEFI AW.VKGRG ( SEQ | D
GBOHSQGTFTSDYAKYL DAAKAKEFI AW.VKGRG ( SEQ | D
GB 1HSQGTFTSDYARYL DAAKAKEFI AW.VKGRG ( SEQ | D NO. 14)
G7 LHSQGTFReB¥Ak¥s QID

I D

GroHSQITFT MY

RARRACEFI AW.VKGRG ( SE

074HSQGTFTSDYAKYLDARRAKEFI AW.VCGRG ( SEQ
YLDARRAKEFI AWL.VKCRG (SEQ I D NGO 17)
LDARRAKEFI AW.VKGCG ( SEQ | D NG 18)

NO: 12)
NO: 13)

NO: 15)
NO: 16)

-3 APR 2008

PCT/US02/31693

G77HSQGTF
R77HSQGTR

YAKYL DA

RYLI

RERATEE AV VRS TR P B 83y

082HSQGTF TSRPARY36)S

\RREGHTTs BV SVRESEA KIBERWIRGRINH21 Y SEQ ID NO:2)

G83HSQGTF

GB4HSQGTFTM§\%)

Giieedalah sa (s%éﬂdf’%w .égg)m NO:3)

G85HSQGTF TSRYARYL DARBAGEE MY RGO BB KER NR2243EQ 1D NO: 4)
G185HSQGTRISDYARYL DARRAREE! KMLVRGRC (SEQ 1 D NQ. 25)
& 185HSQGTISASDYARY || HARFISRSPY RULEFIBAKEEIARINKCRIER [ $FANCP 2% 5)
04185HSQGTIEEPDYARY (| RARRAREPYARENREREFIRNIYRcE SR | $2INDD 2%0): 6)
B BHSOCTF | S A DAL SN DAY Mk Ry s 13 w6 1)
GOOHSQGTFT %?ARYLD/\#%%‘P@‘—TFR’(P@HW% PISRER 2 \EFRR) P NO: 8)
GL82HSQGT FC'ESYARYLDARWEEDMWH?A}M(!@EQHZD(M 38)N0:9)
G183HSQGTI BV AR Y DRERBRAE A AL N B RGRLH Tedo'2) dd-A9; CLo parm Tpte
oo e, O T | Seb T BB AR Ao (S8R D BRCdin b wh 0ar 040308
Exanpl e 4 R’bepar at i| GEoEHFTRD MRE FDARKAKERTARINKERE S(SEQ IDARR 12006 PCT/ US02/ 31693
[94] Fl askgepl R Nibo@mirsbvMet SairarERAwikcRc Rigmg £CkaPRY I n 20 nM Hepes- 1
oogent 2 At T H8aE bl SRR AN (688 o BT o> (HESand

G71 HSQGTFTSDYAKYLDARRACEFIAWLVKGRG (SEQ ID NO:15)

G74 HSQGTFTSDYAKYLDARRAKEFIAWLVCGRG (SEQ ID NO: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):

C,6 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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dounce honogeni zer foll owed by repeated resuspension through a 23 gauge
needl e. Unbroken cells and nuclei were renoved by centrifugation at-?ggigmﬁ
for 5 ”inqﬁﬁ%mmlﬁﬁa pell et was resuspended in HES buffer usingﬁﬁ 23 gau
needl e and the centrifugation was repeated. The supernataﬁpg ¥iPhe two
spi-ns were onban d and centrifuged at 40,000xg for 20 mn. The resulting
pl asma nenﬂ%@ﬂgu%gllet was resuspended in HES buffer using a 23 gauge

needl e fol lﬁé@ﬂaﬁhgfﬁﬁvﬂfﬁg 1 hembtFes VEMDr anes were stored at  -80C until

use. Exanple Prepdration of plasma nenbranes fromrat liver [95] Rats were

Tatlls o ! . i A : 5
1 EDTA, B85 MRS SRR eolR e SRt Wicl PRSNBR o 0 Wl Nkt B o
the |iver EDBA-230EMSusRSe dlffer doatainifg poteise Bbibitofs gﬁsy atidefonigehig€d i d

TES buffer and a_ slurry prepared using a polytron. buffers and spins
were kept glounes homegenizer @lﬁa@d byureneated hispusgersion dhrgagh ¢ 28 gauget s of

Cayers of Qe QAR MER! well RadVRTRY SaRkiRuSy BR300 KU lnar BiL
honmogeni zedellet was reswperddesd i HES buffériuzihg 2P pavdeatedle aad theoditfugatitpngse

honogeni zer. Twenty-seven point nine mlliliters of 2.4 Msucrose in _ TE was
added and rFR@tEdwe| The sunempianty drom dhodwodsping ive cwmhinady and \entiifugadoat

and each t rlai o . T fern.Jhe.t at
120, 000 x ¢ rROVE T’ #5 e TH el ot Slelel Vs BRP-HFL B RS
interface tjuffer isinged3danpdecdldfolloned by 8125 gatge héedl-MemBraes vef sicre€ ot
using a 15 m pute spin at 200,000 x g. The resulting pellet was again
honogeni zed80rC yniel ype. TES buffer, combined with 10.3 nl 2. 4M sucrose,
overlaid with 7 m TES, and centrifuged at 180,000 x g for 30 m n. The

pl asma nmenbranes were renoved fromthe interface, diluted with TES buffer,
and collected by centrifugation at 200,000 x g for 15 mn. The final pellet
was resuspelxdapleh TES. Pl asma nenbranes were stored at -80C until ready
for use. 27 - 3 APR 2006 WD 03/ 040309 PCT/ US02/ 31693 Exanpl e 6 Preparation
of rat hepdtrépanagen 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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[ 96] Hepatocytes were isolated according to a nodified procedure of Berry
and Friend (J. Cell. Biol. 43:506, 1969). A fed nale Wstar rat wasJd APR 2005
anest het i ] odi um pentobarbital (55 ng/kg, i.p.). The rat was pl aced
onits baé‘ggc?wo%oﬁggstray of the liver perfusion apparatus ESFESO23ER it s
linbs were secured with | aboratory tape. The ventrical surface was cleaned
with 70% al cohol, and the abdom nal cavity was opened with scissors to
expose the ];H fie portal vein, hepatic artery and the posterior vena cava.

Li gatures vwﬁa'é&—p?aced | oosely around the three vessels. A cannula was

i nserted i rRrepdratiopof taalhepbeytadnd was secured with the ligature. The
hepatic artery and the posterior vena cava below the |iver were tied off

with the |ijggf UnspatobhRs RRE 1sdla0sH RBRINPR 4 HoBfitdProdddtird HEBerdy 8iE PHEMD

aorta was i nmmedi atel y" severed to allow the buffer to escape and to

exsangui nat(é Cal. Bial. 431686¢1869). o fed ymale sWisiarc katywap anesthetized xpitls sodivm
heart. A : ' ted . t ior . th t he heart
and was scdtrmnanEhEs e deo- Ted i 5ol shiEpa B0 IR BRPY e Belptdne fer ey
through thgelf¥igh (?})ﬂ_i?ﬁuk KS’PC),‘@% iRaAfhbsSRere Wedited Witﬁtl%c}#ﬁefﬂ(a:%tm"%ﬁ&fcal _

containing 5 -110% sheep RBC and under constant 95% 02/ 5% flowin situ
at a fl ow rsatfeceowasleleanied withi70% alcohelaandothe fabdemdinahcavityovasaipened with scjssoss/st em

for 5 mn and then, foll owed by, a, re-circul at| system (with 3Q
col | agenasdp cKBRSe ti BYStopors) VHit EREEC e SAABF PRRISTIOT A 8Hb JdERIIE e
Wi th sciss lz%cehrio&e%J Adhhé I veséid! AEbbﬁn%ﬂ?@z_aE 'ﬂﬁs@ﬂ?&‘gﬁl?rlﬂé Boktal! et andl NE

hepat ocytes were separated fromdebris by a series o0 fer washi ngs and
cent ri f ugatwasrsec8@ witintherlogatore cTirehepatic arte80amsiethe. posteriat ivemeotavafbelavelthes was

diluted with buffer, stajne ith 0.4% pan, Bl ue and counted, The yest of
The " col I's HeF Sveas o alwvih B ey ﬁ%mﬁwnaw%pwsapgn%rone s say .
Exanple 7 X r Is ke Q| @tk 9 p l.b%ﬂ@? e 2¢5- 320
g) were us?g%ge%e%s}g%r‘gées 0 glr?})erwi%lbg?g.{%ﬂlg |§',?°g t he \[I){gngsrcg ssavl\llgllszol5
filled wtrex&hguinatef the odtd The chess cavityt was duitidy apenddl to(eBpeser tha heart. A/saimiar)

harvest ed and .i ncubated, with .additional, 5 enzynme solution jn _water bath
oV e30  Atasdaseriod Juf the SnGuALY o e trostle Begt Bndpieh Secgred YiSh e BESHFn ks
buffer (G ks i ' . :
PPEnTE i aod comBRIBENIR R e Buge bl ek ITRY KON WAl PEmIR e
Krebs-Henseleit buffer containing 5 - 10% sheep RBC and under constant 95% 0,/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

[971 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/Hanks buffer

(Gibco), resuspended in 8 ml 25% ficoll (Sigma) and then layered with 5 ml each of 23%,
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20% and 11%ficoll. The islets in the 20% | ayer after centrifugation were
renoved, washed twice with cold 10% FBS/ Hank buffer and resuspended- § apioff

FBS/ RPM ja (Sigma). Exanple 8 Conpetitive binding.g Nkdde to
t he G_P-lj‘gégse/% o‘?’l in RINYbF cell plasma nenbranes [ 98] |ch ;\}]as ues for the

conpetitivea,Rindi f y t] . a y. t] [ , ari ,
and anal ogszte)é %d;q}%’vggﬁh'on oisﬁ%m(]@%-gé%elgg t%#je%i ‘%’" | %mgfﬁ%srlgfﬁgogéé’
typically ammshéd twiesivithivold 10% FBSINublO biifferadnd tesudPerdd¥l (h 16% FBS/RPMO16401,

2, 3, 4, 5, 6,.7,..8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nM.

| C50 val ues mf‘@ia@égf%)ept ide derivatives of the invention typically are at

| east 0.01 nMup to about 500 nM(i.e., 0.01, 0.1, 1, 10, 50, 100, 150,

200, 250, 300, 350, 400, 450, or 500 nM. [991 Conpetitive binding of sone
pol ypeptides of the invention to. R NnbF cell plasma nenbranes was neasured
as foll ows. Examele\8 si x-wel | G-/ C filtration plates (MIlipore, Bedford, M)
were bl ocked with 0.3% PEI for at |east one hour and washed twice with

bi ndi ng buf f | 5kl Bp_ RINWSF el pldsniiDhéhbBnéy and
1 g/ ba%@%ﬁ%@?ﬁ??@é%@ GEP Lielpr ik i Floc pldsmihibriingy | 0<
in binding buffer were applied to each well together with 0.05 G 1251

| abel ed GLP{98]andCspealieddor the nampetitiveibimding afpplypeptidesartiidlyidtide fragrherits,M

Foll ow ng a_60 m nute incubagion, at .roomte rature, th aLes were

washed 3t | NeSap g el of BRSTEEMIcH 1 iy GLiy) Aoepissn ROVISK pekbigasse

dried, sci n&@iéa;'\nptar%ﬂeﬁ&%gmt@oﬁmom Abou@mnwg)ewomlﬂ 1, Zet grangnedg,
c [100] Th of is

using a Wall crobeta counter. e nunbe 125i" Coun ound to
t he menbr an@s1@t11e82;H 3¢ dhclSnl 6,017, 8, 18 or 2&pM)dECsyenabuep fartpodypeptide dervativesd by

nonl i near regressi on. usin ri zm sof re.to deternne t I . ~Th
pol ypept i deg?mes@]" YRICLY AR aﬁfﬁ:? ﬁg’ltn&&t"ﬂé"(‘;’q&_’@gwﬁv %50&’ Qsleﬁt 19,
the pl asma RBMYERDSE 2‘0%912%,‘3go,f§5@£m®, s For 380 i th 1 C50 val ues of between

1.4 nM and 248 nM (determned froma mnimmof three trials). 1C50 is the
concentration of a pol ypeptide at which maxi mal binding of |abeled GP-1

I(Déjl'? ?J)S O(ZISE?é%dS] DEXIEaer%ﬁzfegjﬁSe f)ﬁﬂﬂfgecg sBdhe ?)gf@peﬁt?de's of tHeRvalifa to_\lﬁ\l%oc%ﬂ%?a%ma
membranes was measured as follows. Ninety-six-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 uCi '>°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 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 GLP-1 receptor
present in the plasma membranes isolated from RINmSF cells with ICsg values of between
1.4 nM and 248 nM (determined from a minimum of three trials). ICsp 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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Conpetitive binding of peptide to the glucagon receptor in rat |iver plasma
menbranes [101] | C50 val ues for the conpetitive binding of polypeptides and

pol ypepti derivatives, variants, and anal ogs of the inJéfRi 160%
to the gl S@é’g"&ﬁg‘f‘ﬁ ept or inrat liver nenbranes typically PATEINqR/31683 st

about 0.1 nMup to about 1000 nM (i.e., 0.1 1, 10, 50, 100, 150, 200, 250,
300, 350, 4Bxampied 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or
1000 nM. [102] Conpetitive binding of sonme pol ypeptides of the invention to

rat |iver pCompetitivedbiidingefipeptide rocme ghuedgatrebeptboingat oergilysnia MembrahesG-/ C
filtration plates (MIlipore, Bedford, MA) were blocked with 0.1% PEI for
at Ieast one hour and washed twi ce with binding buffer consisting of 20 mV

Tris, :

i orograms BELaC 1 ouss fof SRRt Lt o PR RS il pR B nents,
appl i ed perdemblativeso yetils, andt imat[hga&f | th€iinvdenfion |ta i gmcggommeptoamd rgtelpter de
concentrations,rangin om | x 1 5 M _Fol n

i ncubat i on Zemb Faﬁﬁgﬂfpg‘?f’bé(raﬁ at i‘mtt pét‘é\g UvBetPeab\R/Hts Hg(vh}g gl%t ?ﬁeé) wlt i:(g 50,

i ce-col d PBﬁ)(PQBf)aZO’(‘)' 080, 5000550, 4085450, ?b@ 202665 6‘59%)6“756"11005% 1igjob)! was
added to each we and cpm per wel [” “det’erm ned using’a cro efa
counter. [163]000mMhunber of 1251 counts bound to the nenbranes at each
concentration of peptide were plotted and anal yzed by nonli near regression
using Prizmsoftware to determne the 1C50. The pol ypeptides disclosed in

Tabl e 2 boufl@2} oCbinpetitivec Bmding 6 sqrhe polypestides tofi the tlh@ennbﬁsmr&amhv&r phega
isolated fromrat liver with | C50 val ues of between 11. M and 726 nM

(det er ni nedmMEMBFANSS Wag mgaIse as fpllews. r Ninety-sixrwelb qFéCtﬁlEa‘é%E]éF?ﬁ (Millipareyf  a
| d | o f | 0%
polypept| depgie gy URk] Bk B0 0P et G000 L6 SHUHHLLE

Exanple 10 pepti S|gnallng receptor using

cyclic AVP biadingi buffer iconsistiigosf 20 tyMaEsg)2 anP/BDTAOﬁ]H F6) 1 pog/mdBBA dasl and
pol ypepti de fragnents, variants, and anal ogs of the invention, "activation”
of the GLP-mgimlbasitiacin.n Threenmisragraysof rat iver plasssa mempranes siluted inhinding on

of 30 WO O 03 A 0 usQ2/ azs I IS

2t least abBUteratsHe pPHEY Bsh T 0Rsher Wik 0'GE ey 67T Bl gficlgok dnt ppe
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.

[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 ICsp. The polypeptides disclosed in Table 2 bound to the glucégon receptor
present in the plasma membranes isolated from rat liver with ICsy values of between 11.7
nM and 726 nM (determined from a minimum of three trials). ICso 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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110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180,
185, 190, 195, or 200% of the maxinmal activity induced by the natlvg APR 2006

GLP- 1( 7- 36y005hs NG 2) with a relative potency of at I
about 1000%%0 36@4 5, 10, 20, 30, 40, 50, 60, 70, gg%@é’ég%g’oo 300,

400, 500, 600 700, 8Q0 900, 800O For e f the
i nventi on, ethAtY that LFI%PGQ_t Qut 8% 3p 49 g‘?‘ﬁ-}@‘ag%\&%@g %’I qastatlis@nl 03,
proximty a n t f | t160i t{at ut
ST s o ey s oo 1 1, .

130, 135, ﬁ0¢(200%45f theanaxlmsactwmy mdlr_gediby 1e0ativg STLPL8(0-36) A SEQUEONOLYSittor
: . Bhactl . DEBPQ BN 25wt
NG 2) i t h ST Epireey oF ehicfs 490 35 % it 19006 oS albaD: 1Dcbe0 R 10

, 0.5, 1, 1G, Ty, 11)@02060@003@61) 568.6080900,5860, 56%)0 or896b00 01Fo? &?&g
" Rel atlve potency is the EC50 of native GLP-1(7-36) (SE NC? I vi ded

by t he EC5dlevivatives mfltbpaptmﬁen, ofactivationt) o€ the Ghl’—]rm&cbpqot iirec dAMchmmtﬂlEﬁED i's

the concentrat. on of a. epti de at i.ch 50%.of ac i
achi eved.  (Progmpeemais vt s Bpdimabacudhehig et Jegst e St Gploptiouts of
the invent 'm%lﬁ'engo 95“\'% 953'1'00' 1d5at11@r119rggq Mﬁ M 365838 114@514'3‘9?%”1@5' 59,
follows. RINMBF célls were plated in 96-well pl'ates (Costar) a

x105cel | s/ wii5| 1Hhd 78 180 183, 190C1 95 01 ZQO%bqﬁthe maxﬁﬁahachmmduﬁ%mp native

nr & vashed Lo CESR) (ShbH NG T it a ERisR Bolhey BE oL o 4 Mo apgut 000

concent r at |@B0.5 angbso, foemabo| ol 400,506 806, 70H, 800, oRe ey RB@o%ynt‘Ruawa 1%
BSA and 100 pM i BMX for 15 mn at 37C. For assay of peptides conjugated

with fatty pmebmty’ i eheBBBsonafs nativiet GBB-1(T-36n(SEQ IDnNGbk)t divided Ufyf the. ECheof a

oagent pr RHRSEIAS Oh BRoRaRIonSEHEP R By ofDtbr GRGH 3 At AmeRBRYom

screeni ng SIS hPRICHEBY:STaRe AR altvityi9h@f&veinC,  Pi scataway, NJ). The
anount CAMP (i n pnol) present in the |ySates was determ ned follow ng

instructlons provided wth this kit. [106] The anount of cAMP (|n prml)

produced atpy p. tegﬁll%

nonl i near r g?fe:g% gﬁ&g@hﬁgﬁ%ﬁfﬁ]ﬂg&f‘e&gp&tgﬁ{o%gmt Ejloﬁgp %r&}%m or eac

peptide. TheAMPecimgitiatien poximmity aisep was nedasiered ag fdlowsl REBNIRSF o¢llsawére\pldtedn

for the polvqo ptides djisclqsed in Ta blls%vébm bet ween 8 6% and 76.1%. The
Ory gl

maxi mum actip elb plaigs (G9smords® x1¢c grown at 37°C for 24 hours in RPMI
1640, 5% FBS, antibiotic/antimycotic (Gibco BRL). The media was removed and the

cells were washed twice with PBS. The cells were incubated with peptide concentrations
ranging from 1x102 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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PCT/ US02/ 31693 i nduced ranged from 83%to 132% of the native peptide
GP-1(7-36) (SEQ ID NG 2) (determned froma mninmmof three tri aI S)J'AP%QB’UB
Tabl e 4. %g_%ﬁ ool Measurement of pepti de signaling througgﬁg&.}g

9?3 For

receptor using cyclic AMP scintillation proximty assay (

pol ypept i des a ti nts, variants,

i nventi on, ﬁi‘? #’&FﬁY%’F?%I 536/‘{ {?e?:gﬂ;éggtgﬁ@%%B?Rﬂde%a@%?wét[hhﬁgtz)on
proximty M]ﬁ Ghin®A SR ty that is at |east about
0% up to about 75% ((?H_Jlé_, quanﬂ%ke 25, djgge@%mwm 45, 50, 55, 60, 65, 70,
or 75% of the maxi nal act|V|ty i nduced by the native glucagon (SEQ ID
NG 1) with a relative potency fromat |east about 0.001 to about 5% (i.e.
0.001, O. le )y 1, 2, 3, 4, or 5% . For polypeptide derivatives of the

i nventi on, ion" of the glucagon receptor in a cAWMP scintillation
proximty assay is induction of a maximal activity that is at |east about
0%t o abouiMeasiemenicof peptidesignaling thyough gl USREATAFERIOT ¥3iReg Chebini AR activity

i nduced by seintllation proxigiityaasspor(SPEEQ 1D NO 1) with a relative potency of at
| east about 0.001 to about 1%(|. ., 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 EC50 of native

gl ucagon (§E! Eoi\ﬁbl(ijzﬁ,eﬂid%s stethpdiypeptite fERRentSvatiame] aidapilods opthelibention,

i nventi on, t| plie is the concentration of a_ pol ypept i de
at which 5(5@@6’&&%@ frbs glmagcmzltepmt@rymu @M.sgm@élatlmpwmwseﬁ 1%mgwmonng of

0| yeagon © SEERREmLIkASRY RSl MABRE LAGH 0 u Ut 3504 02, 0LTD38, 26

scintillation proxi e rBaslr ¢y d r at

hepat ocyt eg0y43, so,psiatsegss r17096r 76%) oftha n€xiraal atibityl iueed W&ﬁ&aﬁeé gméa@hl in
Hepes- bi car bonat e- PBS cont ai ni ng 1% BSA and 100 pM I BMX. Foll o

equi | i br at (FFRIP NQAY with g relativerptanyfiom atloast M&Oqldp abgutﬁ% (z @eQ,fJObe at

15 min. Tt ek BERTDT R0 iSeaick s B ion PO O

renoved, alt gliicagofirbcepyarrift a c&@m* dcintilldtors fo&aﬁi@ﬁhssapﬁ@mdieﬂow HniditﬁnﬂANP
Scintillation Proxi mty Assay (SPA) direct screening assay system (Amersham

Phar maci a Betbiecthal fcat MC&OSWVQ% tovahout (4066 i.erh8, Amb&in20,030, aMO%) of ol )

R e T e R A I S e R R e

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 ECsj of native glucagon (SEQ ID NO:1) divided by
the ECsq of a polypeptide of the invention, multiplied by 100. “ECs,” 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 uM IBMX. Following equilibration at
37°C in a 5% CO0,/95% O, environment for 10 min, peptide at concentrations ranging
from 1x107'2 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, NJ).

[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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anal yzed by nonlinear regression using Prizm software to determ ne. § Pﬂ; HEp0
for each olne average rel ative potency value (rati t he ucagon
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for 15 m n.pof %gﬁdﬂs'&f %fﬁvm%ﬁqés%méﬁﬁﬁhﬂe%@ﬁ?dﬁaﬁéédbﬁﬂ &P%ﬁl
[ 111] After subtracting the amount of cAMP produced 1 n the unstinulated
hepat ocyt e28.3% ¢m7éaB(% af dha native peptidecgipeagor (detemhinkd tfropm avaimimaicof tireed as
fol |l ows: Pre#ﬂ‘lﬁ inhibition is the anount of cAMP produced in the presence
of submaxi | ucagon al one | ess the anount of cAMP produced in the
presence of submaxi mal gl ucagon and 10 pM peptide di vi ded by the anmount of

by 100, ThaTEiler BhsosmiBbcanhe hilrid Pere gp Tgki {;zgjﬁ%%&e?a{caﬁﬁy W5 pgsured as ¢
pol ypept'd%g&ui%ﬁa%g ugmggoﬁ%%ﬁga% 01/9 %ﬁ:@eﬁ%}%@%efb from

a nmninmmo ree tria abl e asurenent o ucose
rel ease fr M paptidecwad addedes thd ddlls folibwwed hnmadlafel}gbyl aaybmanmhl gbretnirhticios e

production as, neasu gl.uco ase fr rat hepat ocyte s, typically
at | east a@ga%ucsz%ﬁﬁeﬁp JE’PF? smiyseﬁ@%% am."e% dgseri Q%a boys, 40,
50, 60, 70, 80, 90, or 100% . [113] Inhibition of glucagon nedlated gl ucose
production by sone pol ypeptides of the invention was neasured as foll ows.

Rat hepat odﬂvlds Afigrsuly g the smoupt ok cAME: predoedyia) the upstimelated hepatoqyies
| /wel |) a”‘}v%i g%@g@ggﬁ? the pérodt tnhiBHOR M R calduldled Y B1BWS: PR InichS3 -

3 APR 2006
is the amount of cAMP produced in the presence of submaximal glucagon alone less the

amount of cCAMP produced in the presence of submaximal glucagon and 10 pM peptide,
divided by the amount of cAMP produced in the presence of submaximal glucagon alone
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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PCT/ US02/ 31693 under 95% 02/ 5% CO2 flow for 10 m nutes. Hepatocytes _Vﬂﬁ\,
I ncubated for another 30 mnutes after addition of glucagon with or h@@ﬁt

pepti de. 309656 then lysed with 15% perchloric acid a
spun at 260 /m 4C for 15 mn. The supernatant was neut 3&%@%&?&9 h 1M
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amount of t he
anount of gI ucose Lgkﬁ%u gvln t he pre?gir%8 ﬁth eﬂ%‘“@e?@g ﬁé%%gﬂ%
pepti de, didehgdrdginasé I(Meﬂwdsl oif Bntymhmu: Anelypis,OHUd.cBereyet)Edy Assteatic BresinM
gl ucagon al one and nul ti pI 100 The poI ypept.i de_having the am no acid
sequence sqli'a\ﬂl‘F fp0 2520 ﬁif?i'idﬁ Jeewadoevicrsasunnyyalg) Gadse
production by 47% as determ' ned from3 trials. See Table 2. Exanple 13
Measurenment of insulin secretion by perfused rat islets [115] Increase of

i nsul i n sedltli dalupgsenuitpyt suag cplgula %lesljaé’qessuhﬁrapmgtb&mnt of glucosapreduced ¥ at

mventi on ThapedRBetid heoh ORE, Blon SRR Hua” BERP I, R, pERGUD RIS B0 1"
1.5-fol d t cakhtied. IRertent nHibitien is thé -atoust 6F %lﬁc duced idtheGrébende 65 1 MO,

9.0, or 10-fold) 116] Insulin secretion o used rat islets nediated by
sone pept i c&l%caapn e ﬂqse&ﬁalmunt abslupess preduge slthgprqsmce ofHenMiglysagen and

by ol ot perdPucRerRder ARG, B L8 ARG ot Oy @l RRthe HifoehBl e A8V 21
perifused vlidag biEEE‘ﬁelﬁFfoﬁlﬂ pmcmywo(ﬁ Mgblm@tﬁe&iavﬁ@%eﬁrﬁﬁ adi@ sediiefice

islets were exposed to buffer containin | ucose wi th_or, w_thout

pepti de (5ChowR)nabRQPE Nﬁ)éemhihsﬁedaslmsen rg@ﬂl#ﬁéa glwgose tnrediisction ByefT¥oussat e
were col | ec&e?e;mﬂ{ed]ﬁ-%ﬁnal@ gg{zﬁﬂégﬁe.rval s for i n;ul in dgat erm nat i on.

Insulin was measured usim kit (Al pco D agnostics, Wndham NH).
At a concentration of 50 nl\/l t he pol ypeptide having 34 - 3 APR 2006

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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WO 03/ 040309 PCT/ US02/ 31693 the am no acid sequence shown in SEQ I D NO 6

I ncreased insulin secretion fromperfused islets approximately 2-fol-dj APR 2006
which is | 047 to that achieved by 50 nM G.P- 1. Exa nsulin
secretion from é‘l?sg%oer sed rat islet cells [117] Increase om(ﬁﬁﬁ%?)ﬁl@écr etion
fromdispersed rat islet cells 1n.thi S I s.an _.increase.of at.least
1ol d - Theermn epid segtesis shaiin i SOD 3 erered T S A EPEETE  ne
i nvention Iiﬂ@@%ﬁﬁ@ﬁma&wz-ﬁmw&is%gmfvmﬁ@téltﬁﬁ%ﬁi%ded@l%nmadatmby at | east
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). [118] Insulin secretion of dispersed rat islets nediated
by a nunber of peptides of the invention was neasured as follows. Islets of
Langer hans | splated from SD rats (200- 250g) through a digestion

pr ocedur e Eaiple | agenase. Dispersed islet cells were prepared through

t reat ment \tht),tryps,i n, seeded i to_a? \{-bottom pl ates and pelleted. Cells
vere cul t urBigsecrerigniromdispensed rajjstet gellfas aspirated and the cells were
pre- incubated wi th Krebs-Ri nger-HEPES buffer containing 3mM gl ucose for 30

mnutes at [hﬁﬂc-mﬁéﬁ'&%ﬂgﬁ QWBerlitdd ?fom"‘@ﬁp%r%é@‘f&disf’e?%cﬁ ,Lﬁz}h‘liﬁggsgit s at ed

W th Krebs- ger - er contal ning e approprra

concent r at iindredse .of at ledstriVj-foldi The HIP-1 rédepton bggristtdotponémtrofaactepglypyptides e
time at 37C._ In sone studies, an appropriate, concentration of %P—l also is

i ncl uded. A nventionsingreases Msutin secrpiion, feor disperspd islet cells by at Jepst defaddito was
measur ed by Sk -o-r‘égtifg{ﬁ%%%tzso %@4%?!0‘3&%69'.0%.03‘ Q0% Neforpont rol  (FOO). At a

concentration o € polypeptide havi ng’ an’ amno daci d sequence shown
in SEQ ID NO 27 increased insulin secretion fromdispersed islet cells

o bcose or LRy Thil seofefiof o diwersel SATRIeE, EaRRATNY § Hipet SF Bablidet of'the' °
gl ucagon- Stihesktioh Gths BheiE e ap FAIWEI Q8s bLkiomhads e isolaf6a froliiSD Hk000! at

| east 20% The gl ucagon receptor antagoni st conponent_of polypeptides of the
i nventi on i23Aghithrough s digsstion: Precedarccnsing icotlaganases| dispersed dslet aellsmivesaur ed

by g ucagorbrgpgréﬁl) ﬂ@é&ﬁf‘%&%eht %'itﬁpt%'pzs%?fsseeded into 96 V-bottom plates and pelleted.
Cells were cultured overnight in media. Media was aspirated and the cells were 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 glucagon-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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PCT/ US02/ 31693 stinul ated gl ucose production in fed Wstar rats is at |east
20% i nhibition to about 100% inhibition (i.e., 20, 30, 40, 50, 60, &g ﬁ&
,,;,!;3 r

90, or 10Gi®o3bdedfd G ucagon stinulated glucose productiong b?/‘fsﬁ
rats by sonme pol ypeptides of the invention was nmeasured as owWs.” Mal e

Wstar rats i [ f
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gl ucagon, | nnol/kg pol ypeptides of the invention or glucagon + pol ypepti des
of the invention. The anesthesia was w thdrawn and the conscious rats were

tail-bled a%aop Glucggon smaulaedgmdo raautuoﬁﬁfeh WASHE @818 blyRbineipblypeptids of
determ ned by anal y2| ng the area er the %bucose curve after subtracting

t Pe Pas al ¢hedueatipn yas mepswe). asrkﬁelnlqyeqqt Majeh Wistar ats wsm@%emea&xehzvf Wlf!ihmunt
b oduoed by oaic s il e, R PueePeoatE SRR aTBE5meteS Sl Ao vat iy fypction %

peptide, dipiclge tablyvdihofaemhentveRicled (0/9%S suline OH UE thuanOaBuiid)! Hlo9nfloVE@ION
alone and nultiplied by 100, [122] & ucagon al one el evated bl ood gl ucose

| evel s Merﬁa@agpm ypaptkgi wlmmdvé of] theeimverionapbsiicagen ropelypentides wfihe od

gl ucose | ev. h ef SEQ
' 'R0 6 1 miictioh R Ak e PR o2 B OReinfElle WER{RTE AR oo
Tabl e 2. Exmmbandgonﬁﬁsurl ng gl ucagon-stinul ated gl ucose production i n fed
Bal b/ C m ce [123] Inhibition of glucose production in this assay is an
inhibition of at |east about 20% Preferably, the glucagon receptor

ant agoni st [P OBRRbseCMhittioP e H&@ﬁmﬁéd by ‘%nél g;‘tlhé)ﬂrea [l N %lucose curve

gl ucagon-nedi ated el evation in blood glucose in ce as neasured by
gl ucagon- saftemshbirastingl the dwmealpglochse tleveh (1AUKCHd BerbdntGnhibitionbis ddfined a8abs t o

bout 100% i .e. 0, 30,, 40, .5 60,.,70,.80, 9 10099 . 2 d
SO o Bt od amopi of ebitoss, BradyRed by 3@&%31/159 glugagon n§ i%%b%%s%ﬁtq] cosg

the i nventiggd Hye@atbhﬂfi/kg ThéHpbi I seiigé of Balrhd id/pBide] difided
vehicle 36 Ifi'63 APR"2005 WO 040309 P U802/31693 (0 9 o sal'i ne % | % hurman

al bumi n) orbylthe gmoyntief glucose produpes byp@ p nimid/kp glucagenslane andmultiplied by 100.

[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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injection 17 hours prior to the glucagon challenge. The next day the gichgR 2006
were fasted for 2 hours before receiving an intravenous injection of SR

| 0gg/ kg gl\yﬁgggﬁeﬁr vehicle in the tail vein. The mce V\eé@pitug%l/gﬁ%ed for

gl ucose usi uconeter just prior to the glucagon inj again
15 m nutes affervard. 25] The chan i n gl ucose over. the .15 mnutes was
cal cul at od (Pave R % rafmtan el o Tobiaath SR aferd Rilvespids By Shbptipeots
vehi cl e- t r afatbrOI PHEAUr¥BBios tPhE 3hfc8gord é]ﬂﬁbﬁ%.e THARAE day theGhide Wfe fRted F6CH

nmouse in the treated groups to obtarn the change in gllucose due to )
gl ucagon. Iielmlmbeﬁmhmﬂwmgmn@@emdwedeetmmdfdoam&uqagmgbnmmde pribeltaied by

| 0Og/ kg gl uca al one | ess..the, anount of .gl ucose pr.oduced.b sa/ k
gl ucagon in® gflb? B Ee tBthl%éé Oﬁ"yﬁ?ﬁ a@ﬂ?‘?‘ﬁ%@f H’isgpla%%toége lgﬁ‘gag‘ﬁbunt
of gl ucose ipfeibicad dauinlPP@ ik afighwgagon al one and nmul tiplied by 100. See
Table 3 37 03/040309 - 3 APR 2006 PCT/US02/31693 Table 3 d ucose
(my/dl) GoupO mnl5 mnDelta -Vehicle % of 10.tg/ kg %
(15-0)del t c b 4 | 0P34 00
10.tg/ kg gﬁuﬁcﬁg?ﬁ@h&%%g%g%g?&b‘fg’gg‘§515 %gég%gggﬁ%%gé@%g%%%7 "Exanpl e
17 Measur i ribe averageahasgd in glicosenin thevehicle-treatesl groupy mias gubtracted\frony theccharge
tol erance t.es ing . . .

in glucose for each mouse in the treated groups to obtain the change in glucose due to

glucagon. Percent inhibition is defined as the amount of glucose produced by 10pg/kg
glucagon alone less the amount of glucose produced by 10pg/kg glucagon in the presence
of 100pg/kg hybrid peptide, divided by the amount of glucose produced by 100ugl’kg
glucagon alone and multiplied by 100. See Table 3
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WO 03/ 040309 PCT/ US02/ 31693 Exanple 18 Effect of peptides of the invention
on intraperitoneal glucose tolerance testing (IPGI1) in rats or mce [128]
A decrease in blood glucose | evels as neasured by this assay is a decrease
of at |east about 10% Preferably, the G P-1 receptor agoni st conponent of
pol ypept i ddxampletl¥e i nvention decreases bl ood glucose levels in rats or

mce as nmeasured by intraperitoneal glucose tolerance testing in rats or
m ce by aboMeasifffgt crdiRbs intfdema msidlindevdledinmg/intivo gihevst tIePinkotestpmpt 80%

still nore pwefrey ablayreBWiglapphts 10% to about 100% (i.e., 10, 20, 30, 40, 50,
60, 70, 80, 90, or "100% . [129] Bl ood glucose levels during intraperitoneal

At a
sequence

for insuli
concentrat

o acid

6€W ndham
g the amn

nnol
azasss

gl ucose tolerance testing in rats or mce by sone polypeptides of the

i nvention I asured as follows,. The,i.n vivo activity of .the

ol yhent i ael8t "RAIHrRSe R olfira iitin Ko B s a8l Gt o el of ot 6t 2ot 2 e
inrats

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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or mce. Rats or mce fasted overni ght were given a subcutaneous injection

of control or peptide (100 sg/kg). Basal blood glucose was measured pgiAGR 2006
to adm ni syhabosBePf Peptides or three or 17 hours after g. . i on of
derivatized peptides, and the rats or mce were given 29/% tp(f)l;yog%{?g}ose

I ntraperitgneal]y., Bl ood gl ucose was neasured again after 15, 30 and 60

m nut es in% iey8 30 and 60 mnutes in mce. [130] Peptides of the

i nvention Isdﬁgni ficantly reduced bl ood glucose levels relative to the

vehi cl e f o6 AGertresiobéherinvetion ondntraperitonegh glucase ioferange 1gstingddRGATGR Thi s
denonst r at &S phBECeept i des have prol onged gl ucose lowering activity and a
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in.). Th ji | i i d f ' iop.to | | ood
3 hours 1 otfail fysloash AT IR HBEES JPeit A momMirdl b Rssef dF 2 fecfiiss 4 e
peptide i slqastbont 10%. PhferablyCthealiRN rédeptoRia; ﬁiét%nﬁié%li&gceoi'ggléyl@gl’{iti&g r?h[ﬁ%sl]
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a stabl e t Gbaurt1084 to aHdut\CDR] 4 B prefezablyBy 2066t 10% 16 WEOR/ 10090, 10k age
bet ween t he sulfhydréle of the 1pq%Ftlde and mal ei m de group of the

net hoxy- PED; 4faP58; 6, dB; 3@ 2§eor 100PMhal e/ Shearwater). It is preferable to

I ntroduce the unique cysteine at the Ctermnus of the peptide to mnim ze
potential reduction of activity by PEGylation. [132] Specifically, a 2-fold
mol ar exce§i29%f BistdGgInedse (¢valsadriring sntthpsGiobealiglunpe toleranes tastihgdn rass or mipeof

tid . SEQ, | D NO 2 ' . tei t atj the C term f
Phe. pept | b s palpeBtdasco e pivaidhyRes eadired s ol gPs. O Tof Ao At SHAt)
O 1M Nad / @W&QS ofthé &iveRtion ALK adthinis@REd sytR@nsdusyPwald Bankifefin @Ay Was

stopped with 2-fold nolar excess of DIT or free cysteinrne to nPEG nal. The
pept i de- PECr mi¢e. Rataor mipe fastedavernight veanp givied atsubeutangous injectionaafgpontol amm t o

Fesi dual 1 PRSI0 e TS o S v e pib o BRI e B8 e
det er m ned opyhréd¥r Pridurs fferMi¥nbhistts¥on of derivatized peptides, and the rats or mice 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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mass spectronetry. PEGylation with a smaller PEG (e.g., a linear 22 kD PEGQ

will less Ilikely reduce activity of the peptide, whereas a | arger PEGAPR 2006
(e.g., a byanssdest3kD PEG will nore likely reduce activiphyyshoygyer. the
| arger PEG will increase plasma half life further so that once a week

I nj ection | B ' lati.0n. Gags for
Modi fyi ng gﬁg?#&:egﬁ?%ieﬁegg@@r& L&fﬁgéfﬁg%eoﬁﬁ@egﬁg g%‘“@s‘g}% gb&? ﬁxg’@g‘?ml e
20 Rel ati vengleitrédcrcagént @nBale/Steaspita). Riopretdratde b ditredacohe ﬁlﬁméb‘f’meine at
ant agoni st _ pal ypeptides [133] G.P-1 binding. (1C50Q values) for polypeptides
listed in TRpbdemminpsolfbe septidede minimizgepetentmd sedugtion afgstinity by RECGyl4tipa.
potency val ues and percent G.P-1 activity were calculated as described in

Exanpl e 10. Rats or._mce were dosed with 100 g/ kg peptide and 3 hours
post - dosi nd132le Speeifisally; 4 er@ldu@@%ewmfsr%%emebﬁ\é%ﬁ%w gyl 43kD) reagent

15" be Tanl bdePpE B of Bt NEE, SR Q25 e VoA hifoh ISP O
listed in Teigusdofheepeptidé)eint diesblval nieRactioackhffer OpHBl @.1M Mg pBsphate/
i nhi bition of g}%iclggon stimul ated cAMP increase was determ ned as descri bed

in Exgrrpl e 1M IM BRIA ehBerdds éemttrnomdempgr/ange,ﬁg@ma]g@mawas stepprslr s
- dosi ng.. i : . 5
brd 16 and WELEFAImORY kil SEDTLHEREL BRaRY 10 Wbl red penfitiEFRIERal

GLP-1 recepémtiongixaeswad dppliddC &y ancatios egxchingentlgmni Bt femdveVtesiduat@EG 3

APR 2006 WD 03/04Q309_ PCT/ USQ2/ 31693 Tabl e 4 G.P1d ucagon In _vivo % | nhib
In vivo | Keagentstiollewed byegel diliratiqn column to remove residual free peptide. The purity,

mass, and number of PEGylated sites were determined by SDS-PAGE and MALDI-TOF
mass spectrometry. PEGylation with a smaller PEG (e.g., a linear 22 kD PEG) will less
likely reduce activity of the peptide, whereas a larger PEG (e.g., a branched 43kD PEG)

will more likely reduce activity. However, the larger PEG will increase plasma half life

further so that once a week injection may be possible (Harris, et al., PEGylation: A Novel
Process for Modifying Pharmacokinetics, Clin. Pharmacokinet 40:539-551, 2001).

Example 20

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

[133] GLP-1 binding (ICsy 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
ng/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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gl ucagon % Decrease eptidel C50 Potency % GLP1 | pGIT |1 C50 stinmul ated

glucagon (nM (% nmaxAUC (nM cAMP stinulated (% ncreasebl ood gl ucosey app 2008

G ucagonl. Wwo@sBadkhe 4100100 G166.9112. 16. 6 G50. 569. 9109. 424:i,§:]lr 0

G272.213. 498. 169. 331 G518. 258. 191. 2154. 135. 2 G559. 818. 6115 F&T45Y3%

Gb66. 637. Zﬁél.e%lza 328.6 G5714.718.3132.4177.518.4 G586.976.199. 0163.532. 6
wie) i~ 1

692. 122. E64+H-79 150138223957 68221—3H110612-196023245-2
G715. 84, 3¢a-—325 (PLFL — Glucagon ___~~ "~ |
In vivo
In vivo Liver % Inhib | % Decrease
Decrease IC50 glucagon glucagon
peptide RIN Relative IpGTT (nM) | stimulated | stimulated
ICs0 Potency | % GLP1 AUC cAMP blood
(nM) % max (%)* increase | ghicose®
Glucagon 1.8
GLP-1 04 100 100
Gl 6 6.9 112.1 6.6
G5 0.5 69.9 109.4 243.1
G27 2.2 134 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 18.4
GS58 6.9 76.1 99.0 163.5 32.6
G59 2.1 22.7 101.7 97.5 41.1
G60 13.8 223 95.7 682 21.8
G61 10.6 12.1 96.0 232 45.2
G71 58 4.3 93.3 25.6 11.3
G74 44 84 88.7 21.7 23.7
G75 7.7 6.6 86.1 54.0 17.1
G76 10.2 79 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 32 299 89.4 28.6 24.7
G84 14 61.8 113.9 11.7 25.2
G85 1.5 64.5 95.8 16.1 279
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 23 118.3 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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0744. 48. 488. 721. 723. 7 Gr57.76. 686. 154. 017. 1 G/610. 27. 78559. 123. 0
G778.99.592. 161. 118. 6 G77NDL. 893. 74665. 5 G828. 129. 997. 133. 630. 2

G833.229. 989. 428. 624. 7 GB841.461.8113.911. 725. 2 G851. 564. 595. 816. 127. 93 APR 2006
G1854. 513. 0103. 94832 (218556. 16. 2112. 744347 (41852480. 798. 33654731
(38798. 66. 1100. 41362059 G88109. 02. 3118. 316350 (P025. 40. 883. 513726
G18212. 61. 4104. 414220 G183158. 70. 690. 527663 a = i pGIT in mce 3 hours post
dosing with 100 pg/ kg peptide b= glucagon challenge in mce 17 hours post
dosin ith 100 pg/ kg peptide ND= not determned 41 - 3 APR 2006 W claim
1. AVgﬁg%ﬁ%ptide sel ected fromthe group consisting of SEQ ID NGs: 6 through
32. 2. A nethod for producing a pol ypeptide conprising: a) culturing a host
cell conprising a vector having a pol ynucl eoti de encoding a pol ypeptide

sequqnce Npcﬁ%p%;'gﬂﬁelsel&ﬁec?fr&ﬂ b Eonéfafih HFSE@%gﬁédvz%kmggh gondi tions

sui table for expression of Said polypeptide; covering the

pol ypeptide fromthe host cell culture. 3. A pharnmaceutical conposition
conprZ si nd method {peprdugingdfpadypeptide campristngdi nati on with a pharmaceutical ly
acceptable carrier. 4. The pol ypeptide of claim1 wherein said pol ypeptide

I's representgd by SHRNE NogOcell comprising a vector having a polynucleotide encoding a
polypeptide sequence of claim 1, or a degenerate variant thereof, under conditions

suitable for the expression of said polypeptide; and
b) recovering the polypeptide from the host cell culture.

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

pharmaceutically acceptable carrier.

4. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID NO:25.
5. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID NO:26.
6. The polypeptide of claim 1 wherein said polypeptide is represented by SEQ ID NO: 27.

7. Use of a peptide that is a GLP-1 receptor agonist and a glucagon antagonist selected from the
group consisting of SEQ ID NOs:6 through 32 in the manufacture of a medicament for the therapeutic

and/or prophylactic treatment of a metabolic disorder.

8. The use of claim 7, wherein the peptide is selected from the group consisting of SEQ ID NO: 25,
SEQ ID NO:26, and SEQ ID NO:27.

9. The use of claim 7 wherein said metabolic disorder is type 2 diabetes.

10.  The use of claim 7 wherein said therapeutically effective amount ranges from about 0.1 ug/kg to

about Img/kg.

11.  The use of claim 7 wherein said metabolic disorder is the pre-diabetic state of impaired glucose

tolerance.
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5. The polypeptide of claim1 wherein said polypeptide is represented by SEQ
I D NO. 26. 6. The pol ypeptide of claim 1l wherein said pol ypeptide g APR"2006
represented by SEQ ID NO 27. 7. Use of a peptide that is a G.P-1 receptor
agoni st and a gl ucagon antagoni st selected fromthe group consisting of SEQ
I D NGs: 6 through 32 in the manufacture of a nedi canent for the therapeutic
and/ or prophylactic treatnent of a netabolic disorder. 8. The use of claim
7, wherein the peptide is selected fromthe group consisting of SEQ I D NO
25, SEQ ID NO 26, and SEQ ID NO 27. The use of claim7 wherein said

met ab@l i c The ser efenlaims 7t §,5% 10, afildbehersin sa@l peptide isPE@flated.ai m 7 wherei n sai d
therapeutically effective amunt ranges from about 0.1 ug/kg to about

1mg/ kg. 1 L a] 7\/\@96' i YANe 'é%%risthe

pre- ?’abegl‘ihg-ggsg%%ﬁigg fic%)rg% ?’]e4d 59 ucg}s}lgréﬁa?(le?@%@%?ldh%%, g' use of clains
7, 8, 9, 10, or 11, wherein said peptide is PEGyl ated. 13. The pol ypepti de
of clains 1, 4, 5, or 6, wherein said polypeptide is PEGyl ated. 43
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