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BACKGROUND OF THE RELATED ART

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

secretion and/or alterations in insulin action.

[03] Type 1 diabetic patients are currently treated with insulin, while the majority of
type 2 diabetic patients can be treated with agents that stimulate beta-cell function or with
agents that enhance the tissue sensitivity of the patients towards insulin. Over time,
almost one-haif of type 2 diabetic subjects lose their response to these agents and then
must be placed on insulin therapy. The drugs presently used te treat type 2 diabetes



channel ), and GLUCOPHAGETM (netform n HC'). [05] Al pha-glucosidase

I nhi bitors. Al pha-glucosidase inhibitors reduce the excursion of

post prandi al gl ucose by del ayi ng the absorption of glucose fromthe gut.
These dr ué’%oﬁg%‘mos"afe and provide treatnent for nild to moBEeFNeWY3I6%f 1 ect ed
di abetic subjects. However, gastrointestinal side effects have been
reported i ri0#he ih¢lude atalpha-gincbsidass t mnHibitors «(PRECOSEYesYOGIIBPSEMul amd

sensitizers. _ln il sensjtizers are drags that enhapce the body' s response
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Avandi aTM and ActosTM Even so, |iver enzyne testing is recommended every
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secret agogues. Sul fonylureas (SFUs) and the non-sul fonylureas, Nateglinide
and Pepagl ieffedtiveness.t hr ough t he ATP-dependent potassium channel to cause
gl ucose-i ndependent insulin secretion. These drugs are standard therapy for
type 2 diabetics that have mld to noderate fasting hyperglycem a. The
i nsul i n sed06} adasnlissenbitizers) ilngulliatsensitizerare drugd thdterhapes thetbodly’sfresponse

I nduci ng hypagl ycem a, weight. gain, and high_ primry and secondary failure
rates. Ten ofl hjogphdiaedigngs, wsh &g %&“ﬁ@ﬁ% {rasiglitazoge); pady ActosSY galivate ant
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I nsulin secretagogues responders after 5-7 years of therapy (Scheen et at,
Di abet es Re¥patofaxicitymndalevatpdiiver sugyme lovelg) dpanal 4pBery teby A smydiicantproblens]

1989). Nategl i pi e and Per Lk ni r& Short-acting drugs. that need t e
taken tnr o8 PRSI vt AaRERR) Ad RoRiR SRl i e ipg el efinehed
post - pr andi gleryifurtF Ridfith Ml thePfirst Péar 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. 6:533-343,
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control of fasting glucose. [09] GLUCOPHAGETM i s a biguanide that |owers
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GL.P-1 and gl ucagon both play major roles in overall ucose honeost asi s.
GP-1

[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



| owers plasma gl ucose concentrations nedi ated by gl ucose dependent insulin
secretion, whereas glucagon increases plasma gl ucose concentrations. G ven

the inmportant roles of both GLP-1 and gl ucagon in maintaijpl rml bl ood
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wi th enhanloedrssplairhi iglucoss eormentrations medéated bigrplwase iddpermignninshlin eécrétivn,
GLP-1 receptor have not, been %ﬁ;cri ed to date., [15]..Pepti de anal ogs of

gl ucagon ha¥YBeTEASEIUCARORINGTEASES RIRSIAR SEOLgP & Ciketieimpedant 1oles 8fyce

v Lot L) 0 GG oGP i SoBgl 000hal o

noved beyon opnent. er of Structura
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invivo. T in@ PSR 6@38 ' act i '
clinical s?ﬁggﬂlkés/ a corrpié%%g aﬁgé&ﬁ\{tll I e @ggg%igﬂlﬁ%@?ﬁeﬁcggg?g%t :lﬂgl“}eg?rge
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an advanta |0t Al.EH { tgéﬁ? Med |

reduci ng '?lﬁdés%is ea@%.?ig@?g&ség_a m e%ilgtgragt|’onpriﬁ%%3&e)$’§le§ggh?@g?€%ﬁg@e

f or mul at i onerduancededtabilityyare beprgomriuctih Nonypeptide agppistspofi the &SLMAreczptondiave
profiles for ?}oth e é?ichies This could be a nmjor obstacle to the

devel opnent 1% e%@%"g \Q utic. [17] Based on the foregoing, considerable

potential exists for a single therapeutic peptide functioning as both a

G.P-1 agoni st _and a gl ucagon antagoni st in_vivo. 4 W) 03/.040309
PCTI US02/ 31888 XsmtdRyaegiogsof | glveagpnoheyer deemnidsntifigds whish 36t 0% dducagen el

pol ypepti deg i Rgtstd HIF tdddle WObGeRRedlh A9&Abetc fis.t Mowever, no peptide glucagon
antagonist has moved beyond preclincal 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 iz vivo.
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GLP-1 receptor and an antagoni st of the glucagon receptor and which are
effective in the treatnent of diseases and conditions that can be

anel i orated by ents having both GLP-1 receptor agoni st and cagon

r ecept or a‘ﬁ?&é{%’g% activity. Pol ypept i des of the present Wgﬂi}?@gﬁ provi de
a new therapy for patients wth for exanple, netabolic disorders, such as
t hose resul tg QE&}&MEQHH b@nous I nsulin secretion, in particular
type 2 diabetics, or for patients with inpaired glucose tol erance, a

predi abetic state that has a mld alteration in insulin secretion or
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recept or gt Wgu setﬁg(r)\{élﬁg? I yd gheéoggl?figh feh\?gfﬁas t he po?‘%galﬁa{é s %\gﬂ in Sllz‘Q | D
NCS: 6- 32 ccﬂeptoctagms an k caepdar agita t iactindtyt. i 8o of Ghérpresent
enbodi mantg of ﬁhe in tynt i on ?gr?gfmg E%n%/ ﬁ tides thaytp;%nﬁ&){&s h

pol ypept i dedVSRIFHRIG Vit themhy ToF patATiS, r GXATRe=TgaRoN, Wsorders) e
necessary 1gs theeORRIIAAR" from CddrRsal %H&‘o%%ﬁ 6P gl @Reretidrt] uﬁgbexiubégm ffg%/ 2

enbodi nents of the invention provide nethods of treating dia
ot her di sead@betics, oofoi patmnts wfthempmdedoglupmﬁeyqobpancd,es poédmﬁeamstaterﬂialtdnas ian

mammal s, i ncwaq a%é’hurrans The et hods | Iye dmi ni st B'g

t her apeut i cdP Bﬂ?%‘é‘“‘a\ﬂﬁ?ﬁ’i"tmmcﬂ“’ﬁﬂ?r %W&éﬂ' of the present
i nvention to a mammal . [22] The invention aI SO provi des reconbl nant and
synt heti c net hods. of nmaking polypeptides of _the_ invention. BRIEF

DESCRI PTI N[t TQmeapsat _E ezayethgu$ a pelypeptidersslactad from the\asoup consisting ofal

o5 .S T Py e BEOHDAR i g

EMBCODI MENTS fnitfibn Heebotin\anndgonist joif aie GIP- b aeesptqrodndpaptantigenisiasf Wl gluesgon
fragments, derivatives variants, and anal-ogs thereof that function as both

an agoni st 6?"3?'1% atilﬁnsaanh@é:éﬁteoﬁm&rﬂev@rﬂs the Pelypentides showman §E(CHY HPS:6-32
receptor. ?Wegﬂ%O%gd&sb%g eﬂﬁoﬁﬁnc" ion in vivo as both GP-1

recept or ag n| S gon recep or antagonists in the prevention and/or

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

recombinantly express the polypeptides.

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

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

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

BRIEF DESCRIPTION OF THE DRAWING

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



treatnment of such diseases or conditions as diabetes, hyperglycem a,
| npai red glucose intolerance, inpaired fasting glucose, and obesity. [25]

G.P-1 and are nmenbers of a famly of structurally ,I(]gé epti de
hor nones, lgﬁ“';]l‘lgﬁigagon/ secretin famly. The stacking ali gnlr)rgﬁt 22{18% shows
the primar

Y, ' RS G uc Y.SKYLEAAKEFI AW.VKGR
SIDNO 1 G WT%%%%@E?@B@% AR %@%@%@W ID NO. 2) GLP-1
(7-37) HAEGTFTSDVSSYLEGAAKEFI AW.VKGRG (SEQ I D NO 3) Single-letter
abbreviations for amno acids can be found in Zubay, Biochem stry 2d ed.,
1988, MacM RAhn Fagpinvention prawdesysprel polypptides ease Welll 99 dragmgats, deryatives ol e
I n overall o) 1S4 =1 | Il £ | ons,
wher eas ¢l u%agi%g{r%’ élﬁn%r e glé&%(}%}slﬁa%giu&g %ggo%cééﬁ%?%ﬁﬁigf%b\?%&%
GLP-1" s r ol atagonist ofbeighg-agbnifeesistor. €Rplysdptides 6r3ké inveft® RincBdh invivd&s both
pancreas, G.P-1 receptor agonists_are potentially valuable in the treatnent

of net abol i €LPi EseploF Eanitsoamb Elurpgem secsptopantagesists & (he pssventien pndjor

ant agoni st d | [ | 4 ' cagon's
ol o ol draiity ofuil RERKE of BuRtuR W hbERL iBTGATE BkiRaieaeT
gl uconeogenatileranddpitmyyaired fhdtigelicass, andbbesitydo not guar ant ee gl ucose
reduction in vivo wthout inducing significant side effects. [27] The

i nvention provides new pol ypeptides that are both GLP-1 receptor agonists
and gl ucagops] eCERPAr addt@EARLS tave nYNnitERS lof RE ifRAI1P VNénicRurhile € Mted VWeplige | eve
that polypeptides of the invention are capable of reducing glucose [evels
in vivo by karmenesthergjucagas/geqretin familys cTherstackingradigomentcbdlew shows the prrimazy

gl ucose- dependent ner. wWhile at the same tine reducing gl-ucagon-nedi at ed
secretion o%“@ﬁﬁ%l&ggﬁ :E‘f'RSt he I'iver. WD 03/040309 PCT/ US02/ 31693 GLP-1
receptor agoni st and gl ucagon receptor antagoni st pol ypeptides 1281

Pol ypept i degluehednhe | NEET gpni st| and
a ﬁl ucalgonGUp"_fcl'e@;I“‘t—__ﬁ i 610 A

suc poly TOES

in vivo as yE 1‘@33 &% eptof Exahp . S55aY-S
I ncl ude, but, are not |imted to, in vitro assays_for jnduction of cAWVP in

R NnBF cel | Singlerleqriabbreydations feroaminqcagidsi can bst found, dm Zubay dbipehemistry 266l
pancreatic foggeMaimilish PhdRndRs K% Y8k, peSH!CThAR polypRpRihis #5A8 % overall

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

or

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]1 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.



| evel s, and in vivo assays for elevation in plasma insulin |evels as
described in the specific exanples below [29] Polypeptides of the

i nvention nstrate gl ucagon receptor antagoni st LV iJ1 one or
nore in v@@ﬁ%gﬁ’?ﬁ vivo assays for inhibition of gl ucago?lp(?ié/glé(%%l%l?ﬁ
activation._ Exanples of such assays include, but are not limted to, in
vitro assay&R-é recf?efgﬂgenvhm&li‘m&?ndﬁcegr%eawﬁnwl&@&d%cr ease in
cellular cAMP, in vitro assays to neasure inhibition of glucagon-nediated
gl ucose release from for exanple, cultured hepatocytes, or in vivo assays
f or gl ucagd?8]st iPelppeptdesgdflthesiaventionufimetion bethdasse IGLIRd necepternagossé @ndiac

exanpl es bel ow. [30] Preferred. pol ypeptd of the invention are sel ected
Fromthe oEUiREwbSbeRio GriAeonit) GRS GhiRDSIETIST RIS COPRFEn g, Soct
derivati Ve%ol;’f:@ﬁﬁ&@ta%tiv@ceﬁﬂﬁ”GtPQSrécBﬁbﬁﬁf ohd8f molrd! W Ltk ofdn Db Qsih?s ggoni st
of the GLP-1receptor and an antagonist of the glucagon receptor a

subst ant i alGlyP-1 treceptoreactizetion. o Examplesof sheh peshyspimotuddebutsarewnet limitsggo)
NCS: 6-32. [31] Pol ypeptides of .t r.e I nvent i.on. may be . . '
natur al |y- SEE AR oty ERen o6 SARCY G S IR, ) Mt FerdSe fog, indhetionen o
pol ypept i dggsuliflsaeeRon Frontl phncredticVB28ellsy & VivdtaSsaysTer AdatidSin pldsmi gh@oRNt |
derivative, variant, and anal og pol ypeptides retain substantially the sane
bi ol ogi cal l¢vghs andir vyo asseys/for glexatior iarplasmenipsudin lovely pedescribed wHbospacificSEQ
I D NOCS: 6- 32, é]gtgj/g%ltoant ially the sanme biological function or activity" is
0

about 30% 8% Yo 03/ 040309 PCT/ US02/ 31693 (i.e., 30, 40, 50, 60, 70,
80, 90, or 100% or nore of the sanme biological activity of the full-length

ol ypeptid (0] ich it is.c ar ed. rivatives [3 Derivatives jncl,ude
ol ypept | 923101 Holpephlesf G ERiTtm, ao0, SEHHOLREAP BRAROR FRPE GOtES oV  de
an additi C"}.éiliviﬁsI i ehdlo? B’ B vitienst iPVivo F&Eaﬁ%ﬁﬁﬁlﬁbitﬁﬁ' Ufeéﬂt‘ig%?grecéﬂtbﬁcm

(PEG or a fatt'y acid can be added to a pol ypeptide to inprove 1
hal f-1ife. argwdtion. Bximplepof dech sdsayshinclude,cbuttaxe grot limjtedpioc iir vitha gsseys tn

additional activi.ty.also be constructed, .as descri ..n nore detail
pel ow [ 3apeieiiiofisl o AheRmmsRRire HrSte Aol sl MrBRLEsR R fon s
posttransl #ida9@dl 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%



processing, or by chem cal nodification techniques, both of which are well
known in the art. Mdifications can occur anywhere in a pol ypeptide,

i ncl udi ng WhesP6Rje! de backbone, the amino acid side-chaing T/%Q&/;}l?ﬁ am no
or carboxyl termni. It will be appreciated that the sane ?ype 0

nodi ficatio e he or varyi degrees at,several. . sites
Th of ven B ent: S BaPhoB0 S s 00 REgoRt bt B sebcsigheRisl Bbas Ry o
types of  nR@LIEhGR pbBPeptiddoWaRer it edontPavede branched, for exanple, as a
result of ubiquitination, and they may be cyclic, with or w thout

branchi ng. [35] OQther chem cal nodifications include acetyl ation, acylation,
ADP-ri bosyl ation, anpgabimes coval ent attachment of flavin, covalent
attachment of a henme noiety, covalent attachnent of a nucl eotide or

nucl eoti de derivative, covalent attachnment of a lipid or lipid derivative,
coval ent at h . O VAR q = 1 i ki [ '

di sul fide b@%g P%?ﬁn%ﬁvgﬁhﬂgg@g?ﬁ%gk I on, 6¢gh+en§r{v%§ﬁo%ftﬂ%0\f}%ee%t¥&£rc§§@c I'nks,
formation bomocliiﬁyd tte ipmexlfidé an miiditionalm‘u'uptur@ gﬁdlﬁlafam]?ﬁ'on.f Q-Tomtka’ﬁplgn polyethylene
ganmma- car bo tion ycosyl ation, . GPl anchor formation, . roxyl ati.on,

i odi nati on, gxl%@rﬂ}?&é oA ,fa%%@?meaﬂdsﬁ to BRPIYRERTHS, to IHBEOYE i :hf%r BeEeR yt i c
processi ng, I : ifidit§CE g : t Lan

sul fati on, }t)drigg%?gtelg g@ﬂég?fgfﬁﬁgﬁ Fﬁ%}lﬁ%t? am ngédgﬁbélgl ?‘ghﬁﬁgt)ﬂeslﬁn%&sh%h

as ar gi nyl atonstmyctedyds dbscribed immoreatetailsboy. f or i nstance, T. E. Creighton,
PROTEI NS, STRUCTURE AND MOLECULAR PROPERTIES, 2nd ed., WH. Freeman and
Conpany, New York (1993); POSTTRANSLATI ONAL COVALENT MODI FI CATI ON OF
PROTEI'NS, B34F. Dédivutives carttle motifslichy eitiidy astuturblepro¥essksudboss. pobttredslatiSiig) |
Seifter et at, Meth. Enzynol = 182;626-46 (1990); Rattan_ et at, Ann. N.Y.
Acad. Sci. BeSessi@gsor by dumicalgnedificationfeciminues rotisob mhickoare el kirosm inghe v es
al so includ | -fu ' . he

pol ypepti de}&‘rsTMS(ﬂl#E%sa B? %%’Q%Qé‘éﬁqugn una%ﬂlg%ﬁﬂlﬁ(ﬁ%ﬁgﬁmﬁ%ﬁ‘dmét @ﬁg’ rggl&/&eb E';af_?ledla?ne,
phar macoki ngiamingoacifl islde-chainsj ad thé ainivd @daytioayl tefiiniC M wilkbagsReaibies tad by
any nmeans known to one_ skilled in the art. For exanple, a DNA encodi ng

human  ser unth§|SBRFitHPQAtmedifiqation sy ditcrresst Kuthesamepe YasEpgidegresy at sryeral

! . _ . ! _
Sk 1 ed ' ks B O oty BB AIRE B Ptafilnal YBRERCH or GEHLAIBERRN Bk o7
to the ot hemogificytimst i Ritypeptidesahay be Branblksin fisreexiaimpde) a6 aresulhef utdqiitifstion;

termnal histidine is required for, G.P-1 receptor activity (Kawa,
Endocr i nol ot 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).
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Apr; 124(49):1768-73, 1989). The resulting reconbinant fusion protein can
then be expressed by transformng a suitable cell line, such as HKB or CHO

é“mgﬁ ihxét“?v@? e pﬁlx%iéf | des. gfe the vent Lﬁh“t st | Epﬁé@é@?”t 0

[ PE [ The ,PEG noi
Can o or 30k oAt ehtivas sl e B e binep oo, GAL Boiecieser DeRLYIBooT
5. a0 50, PLPeRRR Bgh a%*“’mnﬁ%gﬁﬁ%‘%@ﬂsﬁ%@ﬂ%@ﬁkéw Buffoscct baiis"

pref er abl y profiltd. eFudion ofidwg polypfeptidesvemnrbe3dcckhiplishred b6 ank Deeapis kgown 36 0n86,
37, 38, 39,

, , 41, 42 . 44, or 4 Daﬁ !Exa”r | es of su EGy |, at
pol %/pept i degl“%‘?demtgs@{t ; gq f gﬁl\%}h@nﬁ% c]:arﬁlﬁ? é%ﬁ 1‘5@%‘%%&18‘20
cysteine re i é@Qu
and 26 and %b?%ez ° ?ergglt@})é;et}d;,oa 43 kDa PEG r%rgtye((l:an be attach to

t he cystei necpr@smduv:,ecem lowyimt ta)nnelslﬂlbﬂ iSRke lap. NDog&tionSef a%pdptﬂl@oﬁ’?thand

bl d f
The §nvent | BYCHPOHBHGAIE I G R ReRideo¥ Biefernad pecagetapue bl Rt S e ©
19. [38] O hghinal eiftidigs Hetdqupbd VRE GRYel afeééﬁtéry aRRVify nma%y Eh&&%%gyo

the polypeptide. The fatty acid noiety can be, for exXanp a fatty acid
bet ween C12Aant24(4%); 176816 rka80). Clke resultingi secomhmanbfumm ep‘re'ueabbgn ahepl be

fatt d h I t . 28:- whj ch
cont i n . CRPER o eaveipe B polR ool e.3uh ASBRIE oF KSID Wi e Vil
within the pgpéssig thefiRiohdhbrinz. A fatty acid npiety can be added to a

| ysine resi due of = pol ypeptides of the invention by methods well known in
the art, for exanple, fatty acid acylation (Knudsen et al., J. Med. Chem

43: 1664- 166?; dZOﬁIQ}'erre% déRvaRI ARl Agk elgﬁ@@d @fltﬁ@??nv\éﬁfié)@gm% [113%03’%%22% S

are pol ypeptides on the invention that ve Oorf nore amn sequence
changes wi t whichsf( modety loea &rrtymmchmnmt)sm%m attachbdwihé¢ REGHADiEY daBesfoB2.

Vari ants als cifds jqinhed to difie tide
bonde, 1 . e KA LB B0 & Pleculat Vgl BEHEL RO Ko BrRUE D o MOSRRE { he
20 natur aI ' ‘X/e £ BetWBerfIB eﬁﬁ' 19 kﬂa‘l@l a'Se?Gr}'Sbw 50"5"5' @@tﬁ ?@”fSaBO‘ gye or
nore conservaftlve amno acid substit . 6, 7,78,
9, or 10 su%6t35 ert 100nklpa), pné ivere preferablyreomelesalat Maiglmunf |’metvmnc35 kDa and 45
kDa (e.g., 35, 36, 37, 38, 39, 40, 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 Cy, preferably Cy4
and C;3, and most preferably a Ci¢ 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 (Knudseh et al., J. Med. Chem. 43:1664-1669, 2000).



residues. A "nonessential" amno acid residue is a residue that can be
altered froma wld- type sequence of a protei n wthout altering its

bi ol ogi c ? %y, whereas an "essential” amno acid resgdigo) equi red
for biol gbgvl(g‘%mgic ivity, A conservative amno acid subst?lfdut | or213|§6$9§one in
whi ch the amno acid ,;e5| ?ue Is replaced with an am no acid residue having
a simlar side chain. Yies of anino acid residues havi ng simlar side
chains have been defined in the art. These fam lies include am no acids

wi t h basic gj ai Lnipne,. histidine aci.di c _side
chai ns. (e, 391" aoYtnRcarg bty Beryide Zaithe sdpilion e aysas nerB apiins i SSeiars
(e.9., glychitues WitPFedfich G thel dtlindasig. se@%békesho%rlﬁ@]i@% NOB#6930. "Pariants
cystei ne), nonpolar side chains (e.g., alanine, valine, |eucine, isoleucine,

proline, rgalndiae(mmno ractdsijoinedh éq eaqhyqthcrpbwnyomﬁndtpspudarb@h@ zg:,q:apt;&ial ns
e.g., threon ne i ne i sol.euci. t de chai ns
Lyt 051 ne. . BT PEFAY SR AN 2HOS AIHET faf 20 SAwALY SFGBRIE YD a%ufs

substltutlons woul d not be nmade for conserved am no aci d resi dues or or
am no acid resi idipng within a conserved protein domain

Conser vat i J& am‘dpﬁ?)fs%& ngsl ¢Qntain rPé‘ea‘?femB?f‘eF%qsaﬂa?V%ta“HB%laﬂdoﬁLbsﬁ tions
16, 17, or 810 ﬂf'ah t 11
pr ef er abl y (lle’sL i % 5:%1973%5@30{3 *HS nor es&r’wéfl%r agfgad g ﬂ%eﬁéal Bﬁﬁlg Ao
Position 12eqmd1£e‘sema‘f)iqnessenfral”lahu® adbﬂ, refidudis aares@ualﬂwhtmbe phterée frat aywild- A,

S, or N P05|t|on 16 preferabl R .V, .I. L _M.FE, Y, A, S T.N
Q G or HUBEREIHENCE HFraProfei thRut é,fernn,g its biglogigal aetivigy, V\ﬁﬂewe@ff &, “‘gspential

preferably v hi > . A ASc rgsgn% nd
more pref erahEPp ac@ %ld% ﬁrre@neg fo:r_Lleogb%?l é.cuﬁg;ﬂ t‘f‘on pr e‘?er ao?;c/i c|1c§ K,
R F, I, L subsutunod\ﬂs ofe mawhﬁnh the aninb anidd eesjuiue fierephicgd KithRn zﬁmnb acit] resitueor A
Al l possi bl.e conbi.n su stitutions at . positiqns, 11, 6 17, and
6, Pror uaiaUmRc: SHaLer Stie: i aFanRige ob B pyid Peiss Tovingtimig side phd

posi L ons, yaueb3RPaificadh he SRV THeSD RehilidOinRE ShAA0 300 R HER2LFLERnd 42]

Vari ants aI so i nclude polypeptides that differ in amno acid sequence due to
mut agenesi de.gVdysineyt arginiias, Histidine) oacidis sidet thaBisP(d.g.; espaptio acidg ghitanis aid),

gl ucagon E}lﬁg]ilﬁﬁ'tg%{] pggtragg ts c{a\n be |g%:1ysé4rg%8by reeni n .co ienatori al
l'ibraries : f ‘i‘f‘Hﬁp Pry EIATES S
conservati ‘f?ro§ﬁigsé)‘s€e‘iﬂé) Oﬁbﬁlgélar Js1d@rchﬁﬁ.§ ?efoﬁl'aﬁin@ Ngalink! leBeine, aiEoléucn?e g?blmé S,

6, 7, 8, 9, or 10 positions) can be screened for GLP-1 receptor agoni st

activity arpliexyﬂahage,rmcthwpmﬂ) tryptophar)nbets-branched sige olsding (e} theedsinepydlinknown
'n the art 1goqeucme) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).

Non-conservative substitutions would not be made for conserved amino acid residues or

for amino acid residues residing within a conserved protein domain.

[41] Conservative amino acid substitutions are preferably at positions 11, 12, 16, 17, or
18 of the consensus polypeptide shown SEQ ID NO:34. Position 11 preferably is R, S, A,
K, G, or T and more preferably R, A, G, or S. Position 12 preferably is K, N, R, H, A, S
or Q and more preferably K, A, S, or N. Position 16 preferably is K, R, V,, 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, S5, T, N, Q, or G, and more preferably
RALMV,S, HE,orQ. Position 18 preferablyis K, R, F, I, L, Y, V,M, A, G, or H
and more preferably K, R, F, I, L, Y or A. All possible combinations of substitutions at
positions 11, 12, 16, 17, and 18, including no substitution at any one, two, three, or four of

these positions, are specifically envisioned.
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described in the specific exanpl es bel ow. Anal ogs 1431 An anal og includes a
propol ypepti de, wherein the propol ypeptide includes an am no acid sequence

of a poly t the invention. Active pol ypeptides of i ion can
be cl eaveg(éa_royﬁfof e additional amno acids in the propol yp?%?{%éﬂﬁpiecul e

a2 by enzyniddlc " VarsBh e iroludeeaninitdes difreniel 1 A0 il seenre iede
than a ful | wyenghlifol Vasmkd e Fndtth b el mtp-ﬂfae%ﬂtegﬂr agmﬂsté Lﬂnhé%lg&{k%h

derivative, vartant, or analog, Ich has GLP-1 rece goni st
gl ucagon r seeptonantagordgis sas be adentified hy s¢zeéning combinatdeial [ikratiesof/mutants, for

pol ynucl eotide sequence that encqdes. ol tide of . .the invention can be
et Lo oxpPSwEuRaR Somtyptds, Vi sonubiaie subsbiemat L oot Bysiipts
codi ng sequgncat 1f r3,a, 596 YR BDY, 6#9 0Foskidhs)i daf ibe d6redhlél for IF-1 $QRLHIdY agdfkt O
non-codi ng sequences. [46 Po ynucl eot i de "sequences encodi ng a pol ypepti de
of the i nveagtivity avdglusagor yaeeplorantagonist agtivityaising methods well ¥nogn ohtbmagzand

met hods wel |, known. in the.art (see,. for exanple, Caruthers et at, Nucl.

Aci ds Res. %Bg%&tﬂeﬁaﬁlﬁcﬁéﬂpiﬁﬁio%rn et at, Nucl. Acids Res. Synp.
Ser. 225-32,1980). The pol ynucl eotide that encodes the pol ypeptide can 11 WD
03/ 040309 PCT/ US02/ 31693 then be cloned into an expression vector to express
t he pol ypeptide or into a cloning vector, to propagate the polynucl eoti de.
147] As will be understood by those of skill in the art, it may be

advant ageous to produce_ the pol ypeptide-encodi ng nucl eoti de sequences
possessi ng non-naturaﬂﬂ?ogéccurring codons. For exanpl e, codons preferred by
a particular prokaryotic or eukaryotic host can be selected to increase the

rate of poli/ eptide expr.ession or to produce an RNA transcript having
desirable p ‘&der Anegnaleg, dncladesaa paorolypeptide, vivhersini thel progelypepiude ingladepfana

i .ed_f h | e _ [48].Th
huol eot | be S8 Atd-scanaRie St a TuePiod of 6 veitnc, AGRTS ol PR Y the
general |y kifeftidcdn e alehvddofréth s addiforaP biBRIPAdidiemahe pEIpdtypeFEateneReuEOr @

variety of
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



reasons, including but not limted to, alterations which nodify the cloning,
processi ng, and/or expression of the polypeptide or nRNA product. DNA
shuffling m fragnentation and PCR reassenbly of gﬁF»gUgdﬁggggnts and
synt hetic |;{goﬂﬂ)gl eotides can be used to engi neer the nucleotide

sequences S [ new
restricti onﬂﬁglirlt ggél a teré afleexﬁi'ers?ﬁé{lf‘\%ﬁﬁgg ;1%% %he aga%gg &dmgdr)ef(g@gﬁ%
produce spl vectrytarprepagate therpolynunieotiadet atlons and so forth. Vectors [49] The
present invention also includes cloning and expression vectors conpri sing
one or nore nucl eotide sequences encodi ng a pol ypeptide of the invention.
The nucl eot [40]3 Asaquitinbe uaderstosd ibysthosecdf skillainf thievt, it ahay bk @idsantageous to
orientation. A DNA sequence . may be inserted into a vector by a variety of

pr ocedur es. PrPAuGSe rfbe alP° lynembide-aneoding c usleotides eseguences npessessirigp Frasgater

| Sanbr ook SR e R T Eaitl AR R B B iR} 1

Spring Har biggst ci e seldéQ&Pjo intieasde the este ddpelp eOéadpmssmﬁroe t6l pmalnde mRNA
within the scope of .t hgse skllledlnthe artj\gltl rrples of nlntg
vect ors i nclrerptohaving desirgble) praperties, such e ltfecyhlch i3 lpngsT atof'ang

pCRII. 12 m%&géﬁ%tﬁ%&%ﬁ%w%%%é%ﬂ&&geferred aspect of this

enbodi ment essl on vec I'ses regulatory sequences,
i ncluding, for exanple, a pronoter, operably linked to the coding sequence.

those of olBl | TR uhERefle SRaRRR: "Mt heef a1 hitherd] St MRl
expression gﬁgﬁ&wm inPthe \drel e alket tﬂ@)ﬁo%eﬁi&%b@dmg%@@ﬁhb@d foR XV en

vectors inc but are not limted to 70 pQEO pQEQ(Qa en pBS,
phagescr i ptIeagesixing dl%bluergc&rlmpﬁedsw, abeekgls whighgaodif thes glonisgHpROsessEIBH4 6 2

0O P oy R TR SR

pSV2cat, Cﬁﬂénemaﬁbh arldPER Tedsednilgle m)geﬁssﬁ%@nemBahﬁ sg;hﬁéﬁ c ifpdhuclédtitrs caci a) .

However %th her cloning or expre55| on vector e used- as long as it
repl i cabs esed i enginesrdbs pualentidg sequeaersh dior exam iterdirestpdonutagenesis gan

Sel ected "BINRRY 1008 S ST G el LGE TR filorhd, AHREEL A380n

expressi on vectors or other vec
preference, produce splice variants, introduce mutations, and so forth.

O'

Vectors

[49] The present invention also includes cloning and expression vectors comprising ooe
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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wi th selectable markers. Two appropriate vectors are pKK232-8 and pCW.
Particular named bacterial pronoters include laci, lacz, T3, T7, gpt,

| anbda PR, PL and trp. Eukaryotic pronmoters include CW i medi arly,
HSV t hym W%%”%P?‘Bse early and late Sv40, LTRs fromretr ’P%@}ﬁ?fﬁd nouse

net al | ot hi on Sel ectjon of a ropriate vector and onoter is well
wi thi'n the lﬁﬁleﬂjn& PisfeTedaspectiaf| isjmbogamety an FXIesSIOn wmrp N CRPRRIISSS
al so can C%&ﬁhﬁrﬁ sé u@ﬁ&!@”ﬁmﬁidﬁiﬁ%rop“ léoar Ito'irﬁﬁ'&l ﬁ#}ér%'lgnp e? t@tthé)EOdlfi‘g

transcripti ol term nator uenceé
expr essi on.seqéenee.c baigemumbetswfsuitatie czqnesmn wctgermdtprombtersaiekaowhemdioypl c

trait for s of ansf or med, host as di hydr.of ol ate
reduct ase o‘?tJ Sr?fgli) B}erFIF @%‘i e FomEnergially aV%‘ﬁ"’i’i“r y ohe go 8 CPIeTIen VEFOs AR a5
tetracycli f}ﬁoﬁﬁe@B?Wdﬂe&aﬁBﬁ PBRirR] E)gfres%wntw}%f%ré cc{ﬁty @g%r) e hotidiideR, [ 531

I n one enbodi nent, brary of 'vartants I's generate I natori a

mut agenesi spQE7Q, mQE&Q; IIQE:-%(Qlagdna;va ,aphthgescript) cusil¥t’7 4) ypBlueseripe §Kt, pBsESne

enzymet i cal PR o HELBlr BNEAGE SORERERS BTRGI%Ge Rk P40ed, P 38ne

sequences SysRs4()PRIRS (PRERAEER), CEakirystic &&&é‘s@fohadecto@{dcﬁﬂfe Bt 20 n8Ctikited

sequences i's expressible as i1 ndividual polypeptides or, alternatively, as 13

WD 03/ 040309 PUInespp5¥2683p@GH4s pET1 pS@e(Stmagem) gﬂ’\ﬂ(.’hl pBP‘(;‘ pMSEK R 12,
f or phage ainin et. of ences. t her There are
Lovallads Siphbumsatn S Bibiaes, Bl 0% AGHng br preaHEn Yerist BAvaRs Uspd Botonh o s
variants fr@ﬁh@abﬁ%ﬁ‘d‘%{a%l@wtﬁegmﬁed %Et' dhoi%i&efbgﬁ)ns%nweéle&éfd‘%%hﬁym a

degenerate ‘gene sequence can be perf ormed in an automati ¢ DNA synt hesizer,
and the synddsired gelgaelsmg CAF r(ch]nomlphdmcul lmarmferaqe)) expressiineveeiqus essthenvectors or .

of all of WEN Setanic dunrrsod e, seEbge VeBarLEE FRI4c 8t LR En B ©
sequences. &ﬁiéaogéctém %ﬂfomuﬁaﬁ& I8 pRYANS, O gggtuqhﬁeaa S P2 &nd poWn

inthe art (see, e. rang, Tletrahedron 39:3 ( ltakura et al.
Annu. Rev. Eﬁmmmromtﬂszkw@m@e@MV immiediate earlyaII-IS\Scthjannimelh&aSBOBﬁlx ch4)

| ke et al d Res 11. 477 983 5 ever a chni. gue are
known in tH@ &R&Pm Jom tlagl,{lés, z«,iqgié 1% o#’ fsallo&onem-i %eﬂcﬂcﬂm o

appropriate vector and promoter is well within the level of ordinary skill in the art.

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

coli.

Libraries

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

variant amino acid sequences is expressible as individual polypeptides or, alternatively, as
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conbinatorial |ibraries made by point nutations or truncation and for
screening cDNA I|ibraries for gene products having a sel ected property. Such

t echni que%ﬁé% /?]@Sl@pt able for rapid screening of the gene Qb@ﬁgﬁ%ﬁﬁ%

gener at ed onbi natori al nutagenesis of polypeptide

I nvention. The t widely used techni ques, which are anenable to _ high

t hr ough- put aéﬁtaggiﬁgeﬁ‘ g‘lslé’c P&W%gf%r aﬁ"@’é‘P§e fer phage.display) copipiming the; ?f-‘gl"lfde

cl oni ng thesqu beb&igry into replicable expression vectors, transformng
appropriate cells wth the resulting library of vectors, and expressing the
conbi natori al genes under conditions in which detection of a desired
activity fagdghit Lsql.at | .

pr oduct vvasfg éit eﬁ%g.*%gcﬁbg%%to%‘ﬁé@ﬁ%@gﬁ%{ 85@%%@@9'(’&% gﬁlle%ﬁf s‘egﬁﬁcl?%ﬁ%alt hat
enhances t hearfan&ofiei Gydepenérateciligomadlectideaddiencd) Chemicabsymthedts, ofaadegbferate ed
In conbination wth the screening assays to_identify the desired variants.
Host cel | s Eow]sequeace cak b performedin gn aufomatic DINA synthesizer, ard the syrfhetig gangg

t he above- dj -i : t . . c | r t ell,
Such as. & miniuiensd intf R BprobidExpsliof fidel e stiegbileli SUFABAGHET, |
Al t er nat i vefoy,thé peovisieh, irebhe aeirtubs; of il oR dliey Séquences ednkodiaig the assifedosettofr i al
cell. 14 WO 03/040309 PCT/US02/ 31693 [57] Host, cells can be _genetically

engi neer ed Petential analeg, saqpensss.orMethodsy forr yymthesizingdegenprate eligonuglgotides are
expressi on f I py.ent.d } , nm, o the
formof a pﬁ\ég@r#gf th% a\'}—IE ?’sgele gél’ ?\? 4(1:- Y T%%?"gﬁ%g%@@%?ﬁ&@‘% %t)c()d;}f Ac”Z'fﬁ ksee%an
be cul t ur edBidehers.038:828 (1984); Itukuta énil., Sehee 1986 566d984); e, INvickid A¢id
activating pronoters or setecting transformants. The sel ection of

appropri at eRel{drd 3% ti ons, such as tenperature and pH, are well within
the skill of the ordinarily skilled artisan. [58] As representative exanpl es
of appropriate hosts, include, but are not limted to, bacterial cells,

such as E. [55]s, Ssxeratoteshhigues pdre nkmawim in Sthee prto g essrechingg gene girodycts wdh

as yeast; insect cel such as .Drosophila S2 and Spodoptegra Sf9:. ma i an
ol 15 such SaTbiepprial BhroBEs st &7 Rnial piniionh of SopelBnomes et sArRtinR G VAL o
host I'S dee%&ﬁf&%en&?idﬁu@tsﬁﬁ@in%@%c@d ﬁrBﬁé‘r?y.SSth t;%Ehﬂi@ués*’h?e ﬁdziptzﬁilé’fﬂrt he
teachi ngs herein. [59] Introduction of the construct into'the host cell can

be eff ect edrapidiscresning|af, theygensalibriaties ghnsatedthy theanembinatosia] nDRAgenExix tofan

medi ated t rg&%eep 'tdleso of th%rinsclen%%tnr %rl%ét%dely 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

[56] 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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(Davis et al., BASIC METHODS | N MOLECULAR BI OLOGY, 1986). Constructs in host
cells can be used in a conventional manner to produce the gene product
encoded by the reconbinant sequence. Protein expression [60] NMature

prot ei ns 03403090 essed in manmal i an cells, yeast, bact eP¢HUSHBIEBher
cells wunder the control of appropriate pronoters. Cell-free translatlon
systems c an[55] s Heost Ceﬂmgﬂll) pe (gemtlcglly) goginesset fﬂ@sduwdngmﬁwm@dm&ﬁtedbd

fromthe uct r| at cl.oni and
expr esst on VI SRPUe G Srpssion o RERY shyRHB, s yeBBE BB 1% furteaBlpl i
descri bed athe ¥ermbofta plasmﬁzﬁ@kp@ﬁcla,l or, \?MEE& e&lﬂiﬁs&d&us o%ntbeBQR&E@ElY
MANUAL, 2d ed., (Cold Spri ng Har bor , 989 [61] Transcription of a

DNA encodi r@ﬂﬁm@ﬁébwtﬂé%t gedia n@dpﬁ@saérﬁppmm@ ﬁc%‘gﬂtllﬁg g’ﬁ@mo'te@tm#lﬁétl@g can

be increase rt n u .the e n.ve
Enhancer o Ay | e ER A2 YolonRitd R oPtich, wBh i WBRpRREEE
that act ornpm ar@ﬁv@m&ﬁnmgkﬂpéﬁﬁéﬁrdlﬁﬁﬂyéldné@ﬁhﬁid on. Exanples include the
SV40 enhancer on the late side of the replication origin (bp 100 to 270), a
cytonegal ovirus early pronoter enhancer, a polyona enhancer on the late

side of th 58§p|A§ %ﬂr@d&n&ﬁb@'eﬂamﬁl@ﬁi o@@ﬁﬁ&ﬁhﬁt@%o@ﬁh%ﬁﬁfes butlérevﬂat QR4i0309
PCT/ US02/ 31693 Ceneral ly, reconbi nant expression vectors will include

origi ns of basisriakeellspsuchras Es@llzeé‘abtﬂnellmhemmmr&repmmgres,r@nsalmeﬂatsudn of

t he host cel | L.t [ n fE. col i d

cerevi si ae aflﬁgi&g’gﬁéé’t cglﬁ% oéﬁ? %‘f}‘%y@gﬁ’??’ ”Z%Fglggssélﬁ 8¥ne
to direct tCHOS©QOPbi Boweb n@elﬁlfzmst TBéiHéléétfoHCéﬂJeﬁﬁé p‘i@j?ﬁh%‘ﬁ@st 1§le!6$1ned3fdJUé)t ers
can be derived from operons encodi ng ycol ytic enzynes such a

phosphogl| yc@ﬂhﬂ@«Smasef@wghllaimébQ@tﬁo ¢l tqanlisghbereize, or heat shock
proteins, anong others. The heterol ogous structural sequence is assenbl ed
in appropriate phase with translation, initiation and term nation
sequences, [S8H pntrbductiohyof theloeastarct sriqtherhestafiadinebe effedded, efot exampiechyet i on

of transl ate nt o the, periplasmc ace qr extracellular nedium

Opt i onaISI y, a?%gmlﬂi‘@ I%HB‘EF.@ Euéh@@a@ Waé‘rﬁﬁs te Xfeﬁ'ﬁorb r%fe&CHOPwePﬁ. ng

an N-term t ME?’P [
qmzatélj% gASi@ o?lgg}dMS%rE | ﬁ{Bidi%G‘}e%é%r esse ng ckf

e.g., stabi cation of "ex I nan
product. [ 6@&h Bé used in ansdmnenndmabnnmmea ts produiok ethé ggehe giroduat ennoﬂe@rbyvtthe of

the host strain to an
recombinant sequence.

Protein expression

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

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

a polyoma enhancer on the late side of the replication origin, and adenovirus enhancers.
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appropriate cell density, the selected pronoter is derepressed by
appropriate neans (e.g., tenperature shift or chem cal induction), and

cells are &g?%@g& for an additional period. Cells are tﬁ@&;@_ﬂ%@@ vest ed

by centrifu and di srupted by physical or chem cal
resul ting cpude extract i tained for fur rificatio Ccr.obi al

, t .
cells enpl 55843Hh E?B@g%ngﬁc’@fcsﬁ%t%?%c‘gﬂf[}%aﬁg%m yreRligation, #adi ent
thed *| . o
met hod, i nchdctiie m%fﬁg@ggerﬁdsam g%nifbﬁﬁhuoﬁ%@'&%dsf&ll, ..,lftﬁ@gﬁ;?imlﬂh%smadcen

or use of cell lysing Vari ous manmal | an Ce ufture systens
al so can begenepdiofedoli mndxPr emgvisine TR pene apd ct pramotix deqivedsfrom adhighlyi an
expressi on syste I nclude. the COS-7. |ipes .of nmonkey kidney fibroblgsts,
descri bed bf?é@ﬁ%fﬁf,“e a8 ﬁ“?g Yanscriptipny ? % gvattrRam S@Fﬁ‘nﬁi ?F@ge’??&paasuﬁﬁof
expressi Ng proafiRtdl ¢l BeV @&V floR oPEREP! Scodihg / glyddiFtic Lguchagd 3tBK
cell lines.” Protein purification [64] PolypeptideS of "the pfesent invention
may be r ecoposphoglyctrate kirfase(PGK)) m facter, anidi phasghatask,| ordieht shoels pioyeing tatnodg

wel |l known in the_art, including amoni um su)fate _or .ethanol precipitation,
acid extr ac?tE‘S‘ﬁ; The distesplogans sFichiraln seayencenis #8aeTBR\ed JRyaPPromists, RBese| Witk ose

chr omat ogr a6 d kB i oLpit , l.QJ

03/ 040309 P@%ﬁ@%@%ﬁ%m o%?%sﬁ‘i}*‘ﬁ%a‘?@?y}g%af?ﬁ’é lgééreg ﬁﬁ%‘g‘éreg% Pl o nd
| ectin chr oofitlivectmghsecrétionhof prensiaiedrprotein| intpu il périplasmhio gspapd vr (extaésllutaan be
enpl oyed as a ,finabp urification step. [65] Polypeptides of the . nvention
can be convERfiYR:| 8%1@“& &’8 @Eﬁr@@g@{éi SS&‘EP“F% cahgncodp adpsin P&Eﬁﬁfﬁp‘gg SRBw. A
purified po\viRERk ! . : 70% ¥ € otd

pol ypept i dce)Niys Su%lgfdaehﬁfljngqo?eﬁej)gg@(?@ B?gﬁguqeg#éﬁg?%%a ét%?l’d&%ésﬁd[bzlgg ﬁ%’lﬁi&rrl
about 30% §ibplified purficition offexpresse cdcombjrtantiprodedteri al . Preferably, the
preparations are 85%through 99% (i.e., 85, 87, 89, 91, 93, 95, 96, 97, 98,
and 999% pure. Purity of the preparations can be assessed by any neans

known in thp2grt Afigt ensPornTidon st &/ aifaPletivst etrdle land Grewthr OPthe RSt Straifids an
spectroscopy and_liquid chromatography. Post-translational nodification [66]

Dependi ng uiRpsoRTiate Relt density) theesglerted prometshisi deagpressed Y @ppropriptegueans(eg.,

pol ypepti de f | | ON: A . gl ycas d w | . her
eukaryotic &gg?re B%qu‘g & H&ﬁl §£%%ér}ﬂlﬁagf;%8§&r? gbi-a%ﬁy%ggy ea?‘@”ﬂ‘?‘%@%ﬁ‘ﬁ‘g‘)&g B?ﬁ‘?ﬁe
i nvention mgyllekfOtypically harvested by centrifugation and disrupted by physical or chemical

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 rhay 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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i nclude an initial methionine am no acid residue. Chem cal synthesis [67]
Al ternatively, polypeptides of the invention can be produced using chem cal

nmet hods t&,ﬁﬁ%@ﬁg ze its amno acid sequence, such as by W%zpﬁ&ptide

synt hesi s Sol i d- phase techni ques (see, for exanple, erd, J.
Am Ch Soc. 85, 2149 -.2154, . 1963; b | . Sqi 269, 202 .-
2(r)n4, 18815) C%&W%?)@'BP YD XdrAtyapatite &&'ﬂ g%r‘%i&? Gfelargﬁcﬂ%i %oerﬁ%teﬁgﬁlpgl"ec%ﬁ%ues
or by aut orpé}foﬂﬁancétﬁgai@élﬁéﬁ%gfag§§ (IPLEY cddtbe enfilbftes a ﬁ&ipﬁﬁﬁéﬂ_iﬂoﬁ’s'lc sing

Appl i ed Bi osystens 431A Peptid nthesizer (Perlim El ner). Optionally,
fragnents of a pol ypeptide can be separately synthesized and conbined using

cherm cal b0l BEARGE o, TvLAid:PRR! b Whidibdy LRlrunaula syl hes! zod

pol ypepti can be “subst ant puri by preparative pertornmance
| i qui d chr cpedifigerphple$ below. f Arpurifedijotypeplids ishit deast Bbait1096 pufs) that i) thes

Conpost ¢ 1 orlsted PERREIS is SHbAGHY tre o eohitir BRiesahind hasciis BAR abnt 30%
Goor adat 1 onh A an8 O BoRBRl K arBhel, SREUARL e pharRiARR Cassk Mok
o ypept | de. can be. ALt er s duri g direct syntnem.s andeac. conbimed tei n
chem cal ﬁ%?t aeRgEsed; k’M aRY) PSS XROWH By ﬁé‘%/ *B'Fof"‘é‘i%nsast§ RRivRCEY ri8&ht
ol ypopt | deARizpPhdrtile dacs BctRERpY 4R LR HRARIORERy. P8 “Type 2 df abet es

(non- insulin dependent diabetes nellitus) and/or to prevent subjects with

i mpai red gl ) e l.opai red fasting glucose, hypoglycem a, and/or
obesity fr %gggrg'éﬁl%%"ﬁgg{b?@ew&gpdi abet es. Pharnmaceutical conpositions [70]

Pol ypepti des of the present invention may be conbined with a suitable
phar maceut i cal rrier to form har npceut.i cal__conposi tion for parenteral
bdni ni st ratlPGh. Degsading PRl g Bad SsRlsyRCdn o8 rresbingny poadstion pRcEvE:
amount of  tagypRptideRest the SnitioR mdy6d PRESHIdIERWith REHAANIAR 08 ofiff leuRiryStic
exci pient. "Pharmaceutically acceptable carriers,

carbohydrates or may be non-glycosylated. 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,
17



I nclude but are not limted to, saline, buffered saline, dextrose, water,
gl ycerol, ethanol, and conbinations thereof. The fornulation should suit

t he node q{, ﬁgmo%gst ration. [71] Pharmaceutical comnpositi OF?THEX /gg%
adm ni stere(a I'n a convenient manner, e.g., by oral, topical, Tntravenous,

i ntraperitopeal,. intranmuscuylar., sybcutaneous, i.ntranasal, or intraderpal
rout es. Pha&%ﬁ?’i ﬁ'gf’g}gon&g@q anp POIATH o ¢ e o AMiNe éﬁ%aﬁﬁl}'ﬁ{l?e ﬂia{ﬁgi s
effective fpolypéptidei e BBOAIRFeddRRAY | divelt sPithédie aHBRE! dontbihétH usRE! SHemical
Suitabl e doseS range fromat |east about 3.5 ng of active pol ypeptide
(i.e., not metodsimath sequences fiom othemprote@isdio produceya variagt polypcgt%glqg apfgipn

wei ght to abciut .%0 g/ kg body wei ght per day. In nost cases, the dosage is
from about BYPLY Ky to about 35 g/kg (i.e., 0.1, 1, 5, 10, 15, 20, 25, 30,
and 35 g/kg) body weight daily, taking into account the routes of

adm ni stration, synptons, etc. These nunbers do not take into account the
bi coavail ability of the peptide in vivo, in which case nore or | ess may be
used to attBhermaseutidal dpplicationdse desired. Determination of a dose is well
within the skill of the ordinary artisan and requires only routine

screeni ng. [69] WOPGlyp Eptisies Df AT prdSaft/ i8dd®idn [cal |beRused je tdatiégpeal diabetep (ement

I nvention may al so be, emql oyed in..combi pation with _.qther .pharmaceut.i cal
agents usef %%ﬁn@dﬂ@ 68 IB&"@FO%B%‘{)%’S%‘O PHRYSRY é‘%PW%%t"Ylﬁ’g"ﬁP%gs%l}wose

I npai red gl t : - 13V, ' nd VAV |

i ncl ude i nsgﬁ}%?ce’sfeﬂé et agfgséndgsé,q&igo%g’ﬁgg ger%!ai ?%@%ﬁ%% ?éc?lre ﬁ)‘ipn ‘.§2Ki ts
[ 73] The i ndiab¢ten al so provi des pharnaceuti cal packs or kits conprising one
or nore containers filled with one or nore of the ingredients of

phar maceuti cal conpositions of the invention. A notice in a form prescribed
by a gover nment aPhévgrarertiédlabmpesitionmst es the manufacture, use or sale of
phar maceuti cal s or biological products and reflecting approval by the
agency can be associated with the pack or kit. Gene therapy [74] A

pol ypepti de[mj thelypeptriesi 6f MBYpRE&R Biveidl aiSEtbd Ncovibifed WhitlE Na | guitableen
referred to aS "gene therapy.” us, for exanple, cells may be engineered

with -a pol pharmaearticalcaftipyto fornrapharmaeaicalromposition foparentenal afmigistrationn and

t he engi neege cel |l s.then provided to.a . patient to be treated wit.h th

ol ypent | deSueh et Combtt a perapeluRaly Hircehe abholSi-bf 63 Silpolide i e 1y

be engi neer gkhridcdtitiRaRy AbESptdble Vhtrieh of lRRcipieht. D¥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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use of a retroviral particle containing RNA encoding for pol ypeptides of the
present invention. [75] In a preferred enbodi nent, the DNA encoding the

pol ypepti e invention is wused in gene therapy for_di rs, such as
di abet es. %,gécggrru ?(%g to this enbodi ment, gene therapy wt th’&(Z&géﬂ@g@} ng

pol ypeptides_.of the inventjon is provided to tient in .need, kB thereaqf,
Gontur rent WPk h PolypepHiescots apyesamﬂgvevalpam%g f?mptlwédp cqEbinalpy vafh

POl ypep! | dingt phitndteiifcal BEEAD sdFRYin REQHbAReh! 6 i Siblifed ABRY glhtosk®
target area, 1.e., the pancreas. For Instance a pancreéas-specifi %ronnter
was used timperehgmcesebielemanve] hypesglgcensia,i andt ebesity. mSuitableagents (réhudzhiasylin
Nature 315(6015):115-22,61985).. 19 03/ 04 gf PCT/ US02/ 31693 [77] Both in
vitro and iS58 nas FretmE G &Fgga e contenpl ated. Several

nmet hods for transferring potentially therapeutic genes to defined cell

popul ations_are known. See, e.g., Milligan, Science 260: 926-31, 1993.
These met hd¥® i ncl ude: 1) Direct gene transfer. See, e.g., WIff et al.,
"Direct Cene transfer Into Mbuse Miscle In Vivo," Science 247:1465- 68,

1990; 2) Liposone-nedi ated DNA transfer. See, e.g., Caplen et al.,

"Li posone- [#dkdi dthednurmtion@lseeprovidas pharmmesutingl paskspr kits eomprising one emmomnt s
Wth Cystic _Fibrosis, ".Nature Med....3:. 39-.46 - Crystal . "The Ce As A
D ug, * N PR Gt it Bhe bEmuRfor dle indrediohss of habmaclcal composifons S, o
Reagent Forinventiof] eAtnotité M%f%y&c%mwgéﬁﬂnﬁéhhﬁaﬁen@ kA1 a8l Y S -
Res. Comm 179:280-85, 1991; 3) Retrovirus-nediated DNA transfer. See, e.g.,
Kay et al . manufaciyrodusesysaleiod phprynaceyticplsios binlegigalprodiess andrefeqimgtapproval

Cor et Oy bt ot g gRce, 207,111 1299

Vi rus-nedi ated DNA transfer. Such DNA viruses include adenoviruses

(preferably Ad-%egor Ad-5 based vectors), herpes viruses (preferably herpes
si npl ex vi r(z&net 2] vectors), and parvoviruses (preferably "defective" or
non- aut ononous parvovirus based vectors, nore preferably adeno-associ ated

virus base ectors, nost preferabl AAV- 2 based vectors), See, e, g., Al

et al., "T Z,sze‘\_caolmu bt s tenilan, A sl be apFsserth it Xy, Whishnis afifgy apy

1:367- 84, 1929 mrelMot &9 gt Berdp ©hué 167 ‘exdfifble, 201sURlal 86k 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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States Patent 5,139,941. Cene therapy vector systens [78] The choice of a

particul ar vector systemfor transferring a gene of interest w II depend on
a variety BAS%& H§s- One i nportant factor is the nature of cel |
popul ati on. ough retroviral vectors have been extenS|ver S u |ed and

used in a f., gene thera |ication ese vectars II
Unenitad 1 oMo T Ball mdTha snddh S 5108 Lhateity RRTHodblagies e SPormppIT S8 Sty e
the potentimkthb@d N GARTRIRIgt M otenddslyeeﬁefapeﬁuﬂécga{es cteveéfﬁﬁaemls bﬁhl&ﬂlﬁlsfdré" d

of lentiviral vectors may CI rcunvent sone of hese |mtat|ons See Nal di ni
et al., Scilwye. See; g3 Mulligggciene 260: 927-34,0999. Pugyeuscthodslioolade:79] The
skilled artisan will appreciate that any suitable gene therapy vector

encodi ng pol ypept ' ntiaon be us i h this
embodi ment | he. TE DR e 8Rub SR e L 9L Tl SBe SaBRe B Mclst

e. 9., Ander MuScle WaViog Stiehcd247:3965-699990Ver ma and Som a, Nature 389
239-242, 1998. Introduction of the vector to the target site may be
acconpl i shed usi ng known techni ques. [80] Suitable gene therapy vectors

i ncl ude one or re. t b rs e

i ncl ude, but are n%ﬂlgqs?%%fng%‘ﬁ%te?%#?&aﬁﬁ%ﬁgﬁéeer%é e(%w'%i)ﬁ]r (rant%%[ o"\?. r;tﬁ Sgs?ﬁe'

SV40 pr onot gediakdeCBYRr Qibn&ﬂi‘l@,ﬁstbﬁﬂ% mhe nmm JEpitheliumhaOfr Patientsc Wittal Cyétic us
pronoter, Bl9 parvovirus ‘Prom)t uman cyt onegal ovi rus § pr onot er

ooty bed | Rty Nagre Med 3 oot A9RGBt SiHe Gone dsoh bS] Vapke b
Dot or o B8, [1688,°08, EF‘ 3 Hhidg, A Navel CHAGhD PLOTRAE Rohgartt For BEEIP! ©

promoter). Tfmsiaeticﬁp@fmnﬁﬁalﬁnﬂalltsatﬂz&ipmomys \Rek.| Cérem apT9a289A85, 1991those
skilled in the art_fromthe teachi nhgs contai ned herein. Retroviruses [81]

Retroviruses frommBgtravirusmeediated BYNA Bansfra Sge. ¢ g/’e%@)b?@l h&"e’ﬁﬁﬁ&?ﬂ@’rhﬁﬁﬂpy oned
may be derigeqrd fmifles: @ﬁ%taﬁfeﬁ ial! COBrdcifin tIﬁ fent'®opE M k.s%’én%e

Vi rus, Sp| een necrosts Vvirus, roviruses SUC OUS al CO

Har vey Sar cp6pl l\m-1915199$,vmrsdnei:ﬁmam(}¢ne 'ﬂheramr,’bbammd&mmla%u r us
human i mmunodeficiency virus, Meloproliferative Sarcoma Virus, and mamrary
tunor virus. In one enbodinent, the retroviral plasmd vector is derived

from Mol oney Mir pSNAS Wi @Eined¥itld HNA transfer. Such DNA viruses include adenoviruses
(preferably Ad-2 or Ad-5 based vectors), herpes viruses (preferably herpes simplex virus

based vectors), and parvoviruses (preferably "defective" or non-autonomous parvovirus
based vectors, more preferably adeno-associated virus based vectors, most preferably
AAYV-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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[82] The retroviral plasmd vector is used to transduce packaging cell lines
to form producer cell |ines. Exanples of packaging cells which maybe

transfect?‘?gi)?%{‘#g@, but are not limted to, the PE501, P?%%ksg%%gyr-AM

PA12, T19 -19-17-H2, 'yCRE, yCRI P, GP+E-86, GP+envA AN cel

| ines as de [ 10 | Ler. Hdman Ther a 1; 5-14 1990. The,vector
may t ransdu@git ﬁ@ﬁ%%}!‘%@ Fﬁ]ﬁa% WWQPW%%EHataW ﬁtéhlg ge?ﬁmraﬁ’)ﬁv?ﬁ% ezﬂp?c.lméuch
neans i ncl Uﬁ'ﬁgp e b€ th®invehtibi @6n be. used datdcondhndd ®ith thitCeMb&dient. The

| i posones, an PO4 precipitation. In one alternative, the retroviral

pl asmi d vecteshnigygs fopeonshueting sush vgctprs ase knpwpo Seewe-8-oAndensen, dvrturg 392|235 d,

and then adgi niggk. t t I I ' .gen

i ect | ous. Teast L aioa AR, Nendy S HREPEL 1058, IntrddiB B RR YBRar e
PCT/ US02/ 31fabgkt Bitkcingy be acdothplzhetbusing Browanecihiqeespol ypepti des of the

I nvention. Such retroviral vector particles then may be used, to transduce
eukaryotic cells, either in vitro or in vivo. The transduced eukaryotic

cells will pgopr esﬁitdbh@§éﬂecthaia y 364t6rs SBEHENSR( 60 mBRCHBdters. P SLtP biokssters |
the invention. Eukaryotic cells that can be transduced include, but are not

limted to, whithrmpaybe usadeimclide) but aserbet/limited ta rvitahpramaetets| (¢.2., astrowdtal LR,
hemat opoi et §§403t em.ccel | s at ocit es., fibro obl.ast s

h S .
or at | nocyt S840 B fe pIHoviteF RelSe g Brospasshe RRuRaioR pREral P progoter, BIS
Adenovi rus fﬁaﬁ@ﬁnﬁ%&ﬁo@ﬁsﬁﬁi HineR WAk virds [CROB Yo A8sdiibee it Neller et

advant age at they have a broad host range, can infect quiescent or
terminal |y @h.fRioteshniquasc9% 2809905 188P)aceldarrpyomoters frep ahistonespol BhdndPpear
essential ly non-oncogeni c. ,See L A et at, 4, at page re
Adenovi 1 us ot prARot e siraaters G &on MNS orionBie ilalfibioasin ey
exi st ext r agReRRaS I daY shdck Préthétér), ThelsBistidn SFPdnitbleIRER6RE Will Be SRty
reduced. AT et at, 1994, at page 373. [84] Adeno-associ ated viruses exhi bit
sim | ar advtrthespekilled indharast/ froml thd teechingsarontained herginever, AAVs exhi bi t
site-specific integration on human chronosone 19 (Ali et at, 1994, at page
377). Transkaryotic therapy [85] A different approach to gene therapy is
"transkaryotic therapRérrvdiruses n the patient's cells are treated ex vivo to
i nduce the dormant chronosomal genes to produce the protein of interest
after reintroduction to the patient. Transkaryotic therapy assunes the

[81] Retroviruses from which the retroviral plasmid vectors hereinabove mentioned

O

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 PE501, PA317, y-2, y-AM, PA12, T19-14X, VT-19-17-H2, yCRE,
WCRIP, 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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i ndi vidual has a normal conpl ement of genes necessary for activation.
Transkaryotic therapy involves introducing a pronoter or other exogenous

regul at or e capable of activating the nascent geng into the

chr omson&égﬂ‘%ﬁg@ the patients' cells ex vivo, culturi ngPéws%l@éti ng for
active proteipsprqducing cells, and then reintroducing the _activated cells
into the pam&ﬁpavgﬁmq%e@hﬁmrmlmmge& ofcthe Juvetiens (Juch reizeviral ivestar

The "gene d1&2heA | h @&ﬁ&#%. r ' £ i nter

some si gni fr%g%rll%/ aﬁﬂ;lﬁaﬁﬁﬁ%ﬁse{dr %t,rg%gyiaps OP Eggnfzoég%ﬁlaéh ?F{g (#il?evg“o%:‘ ’mée
patient. U.tfinsdeeeneuldrgotich, @i, 6110 expiessS the3 3putkeic dacid| samence(s)eteacddidghi s
concept. 22 03/ 040309, PCT/ USQ2/ 31693 G%I n qQrder that this {nvention
my be. bet (RAYRSHIASH JRenEHIST Jruiaons celle el G b Emsauredesiide, b weaot
exanpl es arngniéy td, %%ﬁe%mfcelué |ty Qhrcfidny cdRd ad el h&%?tgﬁoietic
construed as limfing the scope of the invention in anhy manner. |~ patents
pat ent  appténs atellsphepatocytes; f Sbreblasts, miytobthstsp Kerdtmodytes;| erdotleelial eells, and

i ncorporated herein by reference in their entirety. EXAMPLES Exanple |
Pept i de syﬁlr?%cg‘i“’ieﬂ’élﬂ%iiﬁ?l gy [87] The follow ng general procedure was

foll owed to synthesize sonme of polypeptides of the invention. Peptide
synthesis was carried, out by the F t-Butyl strategy (Peptide Synthesis
Protocol s (1994), Vol OB’S“W‘IME I'aSWc“F‘%Won & Ben M Dunn) under
continuous flow conditions using Rapp-Pol ymere PEG Pol ystyrene resins (Rapp-
Pol ymer e, Tubingen, Germany). At the conpletion of synthesis, peptides were

cl eaved frl83 t Hedanexirases have dhg pdvantage dhatsthey) haveaiwvad hostmangs spendpfect

sil ane (88/ 5/ e J2EPL -Ael €. LRI t.ate om t he cl eavage cpckt aj l
si g col d Teaior SRR RS RRL LR, BRYCE e o henalt e O |
col d ether eshtiaiyostoacsenid Sde, 83, 3B 4., 1@94,datqfa'ﬁe B67.0 Adeasvinises ab mep-
Peptide identity was confirnmed by reversed-phase chronmatography on a

YMC- Pack O@BPeante sitegrate(imothe hay genome. nBegpusmthexieyisbextepchrpmasemally, (thewnighe( r )

syst em (Wt g [ i - M. ugi: N / opjLrile with 3%
TFA as a grogrl gﬁfon%?%n%{aégﬁ%%%g&%lggee an't‘ﬂl F‘g‘fﬂgﬁgﬁ"b@(ﬁ%ﬁ_ﬁ& mass '
spectronetry on a VOYAGER DETM MALDI Mass Spectroneter, (nodel 5-2386-00,

[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 “transkaryotic therapy” wherein the
patient’s cells are treated ex vivo to induce the dormant chromosomal genes to produce the
protein of interest after reintroduction to the patient. Transkaryotic therapy assumes the
individual has a normal complement of genes necessary for activation. Transkaryotic
therapy involves introducing a promoter or other exogenous regulatory sequence capable
of activating the nascent genes, into the chromosomal DNA of the patients’ cells ex vivo,
culturing and selecting for active protein-producing cells, and then reintroducing the
activated cells into the patient with the intent that they then become fully established. The
“gene activated” cells then manufacture the protein of interest for some significant amount
of time, perhaps for as long as the life of the patient. U.S. Patent Nos. 5,641,670 and
5,733,761 disclose in detail this concept.
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Per Septi ve Bi oSystens, Fram ngham MA). Mtrix 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 rever segb ph@@esoochr omat ogr aphy on a Waters Delta Prep 4p@Puktldpsssyst em
(Waters Corporation, MIford, MA). Exanple 2 Peptide cloning [88] To

establi sh qgpPbus offet HAH HhiPinveXRILRSY BO B AABISIIIBS R 1ol Fine BERbIeR BN
mut ants thereof, nucleotide sequences” encodi ng poly pept| es re clone
C-term nal sbbforfBT’l\lmesdwemmplasglaxe feacthe rpuifmse eddljnsttation wily,cask prer mdti togbd he
nmononeri c peptid q GST. 23 WO 03/ 040309 PCT/ US02/ 31693 T ene encodi ng
t he Fact or °R§ g r‘ﬁl‘ﬁ‘?‘g e §°°PES‘§de‘FomY?PéI°BI\1R LB TERBEF of fﬂ?g tenise PAERE t o
be pr OdUCgCNLXBB&tQﬁﬁ nd ¥fehiR e Géd Ry tHhY Bistidhgt B ﬁlx%&é%dl R0 Y réfeRBke1n

st randed fragments (70-90mers) contalning a Ba or EcoRlI “restriction
enzyne si ttheir emtizeiyat el y 5' to the DNA sequence of the pol ynucl eotide to be
cloned, followed by DNA synthesis of the opposite strands via the |arge
fragnent of DNA polynerase | (Life Technologies, Inc., Gaithersburg, M).

[ 89] The DNA geﬁuence chosen for each pol ynucl eoti de was based on the
reverse tr ' of the designed am no acid sequence of each peptide. In
sone cases,g% le POl ynucl eoti de encoding the peptide is generated by PCR

nmut agenesi EQC‘err et al. Nucl ei ¢ Acids Res 22: 2587-91, 1994; Sanbr ook
et al. (19S@prNElEthdshinahéldlog A LABORATORY MANUAL, 2nd ed., Cold Spring
Har bor Laboratory Press, New York) of a polynucleotide already nade by the
met hod desqeTpedrhabolswink gendaibhoedire a8 Estlovrdas ighthisizé hsfie 6f BeigHEMAbY
BanH and EcoRI and Ilcat ed into pGEX-6P-1 (Amersham Pharnmaci a Bi ot ech)

whi ch has #fske mzention Septide synttwsisrwaspatried cyRby thedFYIOLH-Butyh statesy (Reptide he

PG o 1. SRR ERERETE (55, iy 25 B ARENEE Wl Poblsfon £ SR, ¢
gl ut at hi oneoitifickss fRWa SRNMESR | udiHEFREFTSTREAPHEACRAKEAMKERRAHSEQ | D
NO 33), where the first 4 anmino acids, 1EGR, is the factor Xa recognition

site and t HRolyrsergi Bubigean Germasy). At the completion of synthesis, peptides were cleaved
from the resin and de-protected using TFA/DTT/H,O/Triisopropyl silane (88/5/5/2).

Peptides were precipitated from the cleavage cocktail using cold diethyl ether. The

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

4

Example 2
Peptide cloning

[88] To establish a robust method for expressing polypeptides of the invention and
mutants thereof, nucleotide sequences encoding polypeptides were cloned C-terminal to
GST with a single Factor Xa recognition site separating the monomeric peptide and GST.
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acids is the am no acid sequence identified as SEQ ID NO 7. [91] The first
and | ast six nucleotides of the nucleic acid sequence encoding the

pol ypepti identified as SEQ ID NO 7 represent the restrict] sites
(BanH angﬁlolﬁgg)ﬂws used for cloning into the pGEX6P-1 pl as?ﬁdér%?/é% ). The
"TAATGA" sequence | di at e recedi ng.the FcoRl site (" ITC') engcqdes
two stop cog‘gﬁsg.ene\'ﬁ&gg?r%@g ?]Eﬂ ﬂ‘ftﬁé c%éﬁ%@hélée g‘l‘?@ﬂ(f@stg‘? Pasqaypnce of the

Xa- pol ypept Lagided@Nthé fy ; [ S 03/ 09
PCT] USoB) 518055 ot PrSicad el Dok hhisialt b DRI Wfe Friping e
[92] BL21 (BESided dINA fragments (EhROmershenntainimgc RemHl or EDRIapstiicion’ enziyme

i ni | asni ) 37C unti| 0 hed Q.6 . 0.,and
Cnduced by e npReli Y todb e seangme Y the polyclabfes e oner, Biibpieay” o
cells were $INA syﬁthésiJQ@mgggpbsiﬁe%uaﬁamh% 128t SgrRérf G f BINA HfymethR C@life

pell et was resuspended in m B-PER bacterial Tprotein extraction reagent
(Cat No. 78Zachnokigigsebic.,£rithessb@gaMI2k e Prot ease | nhibitor (Roche) until
the cell suspension was honbgenous. The honpbgenous m xture was gently
shaken at roomtenperature for 10 m nutes. Lysosone and Dnase | were added
to a final [893ncdhe RNAosequen0chayémifon pathl pojymicleadideuwas dasedobmilthe reverse

proteins and tq .redu | scogity, respectivel The m xture was i ncubated
for an addi ERAAEIOnsof e designe o il SRAFRCE el BAPtunTa BT CBYS et or
20 m nut es. n Jad s ~ o athjone
Sephar ose 488-1?@;?n E Ighgéaﬁaagg\g?l%o%epgag ﬁ%"'lggﬁe%tgg‘ﬁo [ gEtRp gﬂ @ﬁ?ﬁgﬁgwpeést%ﬂms
spun down atVutleiGlcids Res 225258791, 994 pSarialerdok et ol. €989 MOLECIRABICLONING: A
Chr omat ogr aphy Col umm Bi 0- Rod) d.w 30 PBS f ol | oyed 0 L of
Facror . boRPRRRTORT AT, 258 o KRR Seaint Haebos s ahnretaey Fets: Nepi R ot orine

peptides mb@lgﬁh&é’d‘cﬁﬁ Qlfréadghﬁmﬁé’l eMidebho@0dsRtibed Abot@Ct Phe HoublERBAARD 2)
Fac r, h t 4 C Th | h

in 1 nmL of tor Xa buff overni ght a ' ese eluants were then run

on a C13 HPpodufiBsdhendigested by Bawhd) andifcoRl andligited imp plHEXGPelv(Amersham 1
mLimn with_the follow r 5 m, nut f ffer 0. 1% TFA/ Hz0), 30
m nutes of § agmélpﬁécﬁgwbiéégﬁgagz)bgen(cdqafgg$¥%pg%apﬁ§§o t'nut es of Buffer
A, 10 mnutes of gradient, and 10 mnutes of Buffer A Peak fractions (0.5
nm. each) were coll ected and screened by 10-%0% Tri ci_({le,- .

[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 EcoR1 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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SDS gel el ectrophoresis. The identity of each peptide was confirned by mass
spectronetry using the nmass predicted fromthe am no acid sequence. Typical
yi el ds ar jmately 50 g free peptides per liter of ' | ture.
Reconbi naﬁyogg/g{og@es have been shown to have the sane act F&{l{é@éﬁlgéﬂ"t hei r
synthetic versions. [93] The follow ng table, Table 2, contains sone

sel ected pol ypepti des nade according to the peptide synthesis protocol

di scussed Waml e 1), or reconbinantly as described above. 25 WO
03/ 040309 Tabre PCT/ US02131693 G ucagonHSQGTFTSDYSKYLDSRRAQDFVQALbI D1T

( SEQ | D NO Péptidelreednibin®8 )expiesion sl BaifidaGoMAKEFI AWLVKGR- NH2 ( SEQ D NO 2)
GLP- 1(7- 37) HAEGTFTSDVSSYLEGQAAKEFI AW.VKGRG ( SEQ | DNO: 3)
GLHSQGTFTSD92KYLBERRAOBR Y eMIMIStRtakik) (abhstonédDwith a GST-peptide fusion containing
GBHSQGT FTSDYSKYLEGQAAKEFI AWLVKGR- NH2 (SEQI D NO 5)

&R 7ESQGT axrids pEmRgrem AGAIKamtil ®) 1.0 and induced by 1 mM IPTG

% éﬂggi¥g@i§&%&%¥ o VKWEQS’,E@DNgtq(%pgyeHS were spun at 7,700xg for 15
T T AN BARSANEEH UM S 2 GRBR flfded i 80 mi PSR bt

G5 8HSQGT FT Shrvteiy lefodddfiditfeh gatit \(KeRNo( 38248, Phikdcd)land 1x Complete Protease Inhibitor
GEIHSQGTFTSDYARYL DAKKAKEF] AW.VKGRG ( SEQ | DNG. 12 .
GBOHSQGT FTSBNSRE) UikiA ascest] suapensigrRavishamaasRpusy shhe homogenous mixture was gently

GB1HSQGTFT AR bl
G7 1HS@TFT %kﬁﬁA - (PFJ %%ﬁ%@ and Dnase I were added to a final

G74HS@TFTS&MW§5®2\\% OEE@H' M} solubilize proteins and to reduce
G7 5HSQGTFTSDYAKYL DARRAKEF| VKCRG (

G76HSQGTFTSDW¥MmmnE¢ivA\MMm3@u@mm®me4 r an additional 5 minutes. Cellular

G/ 7THSQGTFTSDYARYL DARRAKEE] A S D| . .
277 HSQGTF TSI PRXAS M@@éf’ %‘“ %g‘%ﬁ“ﬁﬁ@%ﬁm was mixed with 2 mL
of pre-washed Glutathlone Sepharose 4B resin (Pharmacia) 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 mL/min with the following
program: 5 minutes of Buffer A (0.1% TFA/H,0), 30 minutes of gradient to 100% Buffer
B (0.1% TFA/ACN), 10 minutes of Buffer A, 10 minutes of gradient, and 10 minutes of
Buffer A. Peak fractions (0.5 mL each) were collected and screened by 10-20% Tricine-
SDS gel electrophoresis. The identity of each peptide was confirmed by mass
spectrometry using the mass predicted from the amino acid sequence. Typical yields are
approximately 50 ug free peptides per liter of E. coli culture. Recombinant peptldes 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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G82HSQGTFTSDYARYLDARRAREFI AW.VRGRG ( SEQ | DNO: 21)
G83HSQGTFTSDYARYLDARRAREFI KW.VRGRG ( SEQ | DNO: 22)
G84HSQGTFTSDYARYLDARRAREFI AW.VKGRG ( SEQ | DNO. 23)
G85HSQGTF RRAREFI AW.VRGRGK ( SEQ | D NO. 24)
é’?@é@% DARRAREFI KW.VRGRC ( SEQ | DNO: 25) PCT/US02/31693
G2185HSQGTETSDYARYL DARRAREFI KWL.VRGRC( 22kD) ( SEQ 1 D NO: 26) :
(4185HSQGTAABIBYARYL DARRAREFI KW VRGRC( 43kD) (SEQ | D NO: 27)

GL85HSQGT

dofime=

GB7HSQGTF
GB8HSQGTFT

e o R R R Y

GOO0HSQGTF

| SR¥ARYIsPPRRARIFTE ik S BN ika I TnrvirGR 1882 N5 B30} D Mo : 2)

GL82HSQGT

GL83HSQGTH

%ﬁ&%ﬁ ;W %W‘(‘@E%ﬁ%ﬁ? *FA): Cl6 pal mit

at e

linked to

e | ysi has¢@sirebesxyr.isrBKd)rvondikB Mo (duak esl Moesf he cystei ne

residue. (43 kD) 143 kD PEG linked to the cysteine residue. 26 W) 03/ 040309
Exanpl e 4 |B5epar at | §AQGHFTRPYIFEERAGPAAKEFE ATHVKARSTHRCITEISTD /NR1 50 3 [94 Fl asks of
RINNBF celllga7wer e \vasherrrsbiAkvERGraparapaker wmd0 (489 Hepese)l MM EDTA- 25D nM
oS NS o BRI EAE I (CERSp g)MoToue 2o T
needl e.  [f9B% oken ¢BFRGTFIRRHARYENARRARETANIVERR VD b‘iFQcélPltl"Pl #lgation at 50pxg
for 5 m niGss. The| HpgdIFEED AT LIARRNKEFEANIAOGRINERIESHQUED ado: BSTI Ng a 23 gauge
needl e anﬁIGISl}le cen hhéém&b%mkﬁiﬁﬁ%n %_nNri\ge(c%p% %L%ts Trom The t wo
Spi ns wer g—corbi-ref—aRa—cent++iuged 40-—006% 20—-A—FhRe—Fest ng
pl asma nefd®&ne pe | FSQOTRTSOYAKXLARKERKRFIATLYRERSS (SER (IPWOId) g a 23 gauge
needl e folllcGsoed by | as@frrgaprpRynmecth ke FIMIGREN dSEQUE@DeNsiia)ed at - 80C unti |
use. Examplggo®> PrepabgdrreEp iy iHarm kel IHRIRGRE G3Ed MOThé Al) T 1 Ver

G61 HSQGTFTSDYARYLDAAKAKEFIAWLVKGRG (SEQ ID NO:14)

G71 HSQGTFTSDYAKYLDARRACEFIAWLVKGRG (SEQ ID NO:15)

G74 HSQGTFTSDYAKYLDARRAKEFIAWLVCGRG (SEQ ID NO:16)

G75 HSQGTFTSDYAKYLDARRAKEFIAWLVKCRG (SEQ ID NO:17)

G76 HSQGTFTSDYAKYLDARRAKEFIAWLVKGCG (SEQ ID NO:18)

G717 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;¢ 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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[95] Rats were sacrificed and livers renoved into ice cold TES buffer (20 nmM
Tris, pH 7.5, 1 nM EDTA, 255 nmM sucrose contai ning protease inhibitors).

The wet way@@sofebod Ne |ivers was determned and the tissu ) ) 5

vol umes of ice cold TES buffer and a slurry prepared usi ngcgh%(&)ﬁ:glﬁ%n. Al l
buf-fers an i Sy Vere kept at 4C. The slurry was further honogeni zed using
three stro handhel d dounce honbgeni zer. The honbgenate was passed

t hrough sevmegdratiow 6f RINASEEbSIBRERbrRRkEs and spun at 25,000 x g for 10
m nutes. Pellets were honogenized in 22.1 m TES buffer using 10 strokes of

a handhel QM;]EU'F[&kB%PmﬁHiSF%eﬂsW%?h%@Vﬂ& EB"S[‘Ecr 'é&emnidmiﬁeﬁésil%w- 4 M

sucrose in was added and m xed well. The honbgenate was distributed

anong seveEDTA2H0 mMaudrosebhuffertcobtainimgsproteasd inhibitars (HES )rand dibnibgShirad ihar .
The tub t .120_. 000 f O m nutes. .Th | nb
were T omoveluRe RRRETFF PlaRed (HarcReupd e st CRRLEL 31 70 EPLOERIFn TES
and concentfr&inUel19 dnd nhelel e x%m‘é%d‘t?%‘beﬁﬂgxféaﬁgn %t 9 Ox;g"%r 5 @ftkds! Mehe
S buf fer ed wt

pel |l et was agali n honogenized in 9.8 ni , conbl h 10.3 ni

2. 4M sucr opelletovasriesiisgendetlin HEY buffeE8sing ad23cgavge nkedje dnd thel @atrifdgationgvdsor 30
mn. The plas ranes resemyved fromthe interface, diluted with TES
Ut er | andFPRRREI o BBy TIAAES FRBLA OHO PR 8 FoRbHedypad el ot
final pell e 00BRg 6526 RERDeThd Resulfifs pldid SABMBRRE RNSSwEL t&useali&diPHES80C
until ready for use. 27 WO 03/040309 Exanple 6 Preparation of rat

hepat ocyt eduffemusign223 gees: n@dle fblowiedbya 85 gangemndedlsl Aenibrneowelierstpredata

nodi fi ed pr%&?urg of Berry and Friend (J. Cell. Biol. 43:506, 1969). A fed
mal e W star $8nest heti zed with sodium pent obarbital (55 ny/ kg,

i.p.). The rat was placed on its back on the tray of the liver perfusion
apparatus (37C), and its |inbs were secured with | aboratory tape. The
ventrical surface was cleaned wth 70% al cohol, and the abdom nal cavity
was opened Bxiamplesti ssors to expose the liver, portal vein, hepatic artery
and the posﬁ eri O{i ve cava. %‘gﬁat res re placed | oosely around the three
vessel s. A‘CHMAIY R UHERFPREAWE™ AL Y8rt al vein and was secured with
the ligature. The hepatic . artery and the posterior, vena cava _bel ow t he

i ver wer e B8l Rty Weersaoriced qné.a\tvslfsersmowbnwﬁ agxdoliﬁﬁbﬁn%erv(&@ Mk BH and
the 7.5,1 mM EDTA, 255 mM sucrose contajning 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 shurry 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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descendi ng aorta was i medi ately severed to allow the buffer to escape and
to exsanguinate the rat. The chest cavity was quickly opened to expose the
heart. A (“gﬁﬁg)&\”was inserted into the superior vena cava throu?h t he heart
and was se %% h a ligature to the conplete the circuPSTEAZIODuf f er
through the liver. The liver was perfused with Krebs-Henseleit buffer
containing 5 - 10% sheep RBC and under constant 95% 02/5% CO2 flowin situ
at a flow %14 m/mnute. It was perfused in a non-circulating system
for 5 mn followed by a re-circulating system (wth 30ng

col | agenasAreparatiomobrdidepdbcymesnut es. The |iver was then renoved, m nced
wWth scissors in a plastic beaker and filtered through a nylon sieve. The

hepat ocyt eqogper EH%)@’Q)%S@E Qbré isoMmteticblin/toda fRdifRd proéedatd H€BeitRahd FesndNd

centrifugation ; r room tegBer ature, 90 sec). An aliquot of cells was

690 m
di luted wi t@h Bgts Siol. gﬁéﬁoﬁed%ﬁ’k dfed omale y WastarBratewas dmesthetized witihsodingmt  of

the cells wer L Wiat h .buf fer a_ denskt rqpriate.for ch. assay.
Eeanpl o 7 Aoy (B ke b, T8 sprle RHtes phP BAAEOLINS bpY ofiBE 1B S 3,
g) were us§frfSioh fas?a&% £7°0f), SRANRhSd WS seireEWith. labdri@rPRApe BRSvetBfal
filled wth 10 mM of cold reConstituted Liberase R (Boehringer Manheim,

har vest ed asnrfa¢awaseleangdwitth7@ddlcohalnand thembdemingheavstyl wasi apenédiwith seissopmat h
f 30 minutes. T ' h t Wi W th | d .10% FBS/ Hank
bufer (G eBose e R AR Ve Behplc 368 b PpRFHSona e AR ety
with 5 m %&d%os@%ﬁ&mﬁﬁd‘dﬁ PROARRA L edidBD%/as 133 ed Ao aRE pdrtddovelrt 2d -

The islets’in the 20% | ayer after centrifugation were renoved, washed tw ce
with col d e eBsediarvith thef igaturanthe bepatip antdndandtheqoseBst REng cavadelowdls a

(Sigm). anple 8 i tive bi.ndin peptide to the P-1.rece in
RINTGE cel |G 20, SBRamat fsslisedy The GEEHER bffwp oraired vB Bhdihg o
pol ypept i defes@nding0 hotes Rlasd Smhdcaihie t severell 2t ANbW. IR budeA!898scape tdhd to

i nvention to the P-1 receptor in RI NnbF nenbranes typically are at | east

about 0. 01 exsangpinate thboaft The chest caviy. wasoquiakly @pened toexpase the hgart.6A canuds 9,
10, 11, 12, 13 149_@5, 16, 17
|

18, 19, or 1 | C50 val u for ..
ol ypept | devaPITiR B e Sipefift vetheat? FufliatBF bitt g REs KRR S tigwursy
to about 5GF tRMcéhpRte thHe- dirculation of bufféP through the liver. The liver was perfused with
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

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

(Gibco), resuspended in 8 ml 25% ficoll (Sigma) and then layered with 5 ml each of 23%,
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50, 100, 150, 200, 250, 300, 350, 400, 450, or 500 nM. [99] Conpetitive
bi ndi ng of sone pol ypeptides of the invention to. R NnbF cell plasm

menbr anes ured as follows. N nety-six-well G-/ C fijpEtrksPiesyl ates
(M1 poré{ﬁﬁﬁ@g?@rd, MA) were bl ocked with 0.3% PEI for atéT@ast gne hour
and washed tpg,ce i [ndi J onsi Sit.i g ( S Jin A,
pH 7.5, 1 n%p\d/rﬂ %i%aﬁ?i&q %/@#E%Q‘Eﬂ%r%b?@”% E\'/ﬁegrn%;apg%%éagr?é vg Rl fr’g cel |

pl asma nmenbrasied tdidervith cold 10% FBSHank biiffsr ank résugpdiideé th 1 0%EBSYRBRAT 1640
together with 0.05 C_ 1251 | abeled G.P-1 and peptide concentrations rangi ng

from | x10- 1edi (Bigma)s M Fol | owi ng a 60 mnute incubation at room
tenperature, the plates were washed 3 times with ice-cold PBS containing 1
ng/mM BSA. The plates were dried, scintillant was added to each well, and
cpmper well determned using a Wallac M crobeta counter. [100] The nunber
of 1251 coulBxsmpledhd to the nmenbranes at each concentration of peptide were
pl otted and anal yzed by nonlinear regression using Prizmsoftware to

det erm ne t Wampbhfve Eb&znggpéﬁﬂe s\ GLE.9\reapibriin RIRMSE céll Dshid théinBrifesA-P- 1
receptor present in the plasnma nenbranes isolated from R NnbF cells with

| C50 val ues of between 1.4 nMand 248 AM (determ ned froma m ni num of
three trial §98] | &6 vialues fiar the coropetitivaibinsling:éf polypsptidesanddwlypeptidé fagments,mal

051040900 PEAPEISTBsmStRgs o e neion: . 48 (1L s RRieR gn SRR PR e
gl ucagon reggidaflyy ardlat 184st labd@r0.( M RbbHEZEaM 1810.0150a V&, 84 5, @ 7 e

conpetitive bindi ng of i)ol ypepti des and g)ol eptide fragnents, cfer.i vatives,
variants, afdlQdd) byd3o14,t19e16,iVe b8, 1Gnox (ﬂ{ﬁ g@gqo’ab@ﬁfm@@émepmdﬂ derivativasi ver

T 10, 50,  ORB dyndyBieat R u 58 b ub B3 Bunt QGii8, Seflcbeagio sop,
750, 800, 85@,,1@9%)50,9@@; 25(}230(1,%@,4%#_5(5,%931)0%139'[ itive binding of sone

pol ypeptides of the invention to rat |liver plasm nenbranes was neasured as
follows. Ninety-six-well OF/C filtration plates (MIlipore, Bedford, M)

b ndi ng_but o coaarstirebinkaly I somEpBlp e S ARentBR RE R Reltlidma g

I 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 micro grams of RINmS5F cell plasma membranes diluted in binding

buffer were applied to each well together with 0.05 pCi °I labeled GLP-1 and peptide

concentrations ranging from 1x107? 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 ICsy 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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ng/ M bacitracin. Three mcrograns of rat |iver plasma nenbranes diluted in
bi nding buffer were applied per well together with 0.05 C 1211 | abel ed

gl ucagon e concentrations ranging from 1x10' 12 0'5 M
Follomnngqgégg&ﬁ$%ﬁte i ncubation at roomtenperature, the¥§ré$é§”ﬁ%¥e
washed 3 ti h ice-cold PBS containing 1 ng/mM BSA. The plates were
dried, scintd was added to each well, and cpm per well determ ned
using a Wallac M crobeta counter. @&303] The number of 1251 counts bound to
the menbr arfeanpetiivebindingaf pepidato she gincagon secentorinrat livevplasma membasngsy zed by
nonl i near regression using Prizmsoftware to determne the |IC50. The

pol ypepti des disclosed in Table 2 bound to the glucagon receptor present in

t he pl asna [telbriCaewaliesdbathe dofnpetitivecdinding of pallypéptided and/ polypeptide ffaginests)
11.7 nMand 726 nM (determ ned froma mninoumof three tri aI s)..1Csq is the

concent r at i%GHV#vesviADYs, @pd i dalogs ofthe Ivieationin the Slusasgnecepitreinemt g‘;‘l"ﬁbagon

I s reduced r P- 1
receptor udinitaies ERA el MERAUBAEN AP LRTE bR ROBRY B, LAY By
pol ypept i dei0ans0, 200y25) 300,350y 4@0yei505500y 850,a6005 65@3 17002750, 896, 850, DOG 950,

I nvention, "a 6i vation" of the G.P-1 receptor in a cAWP scintil [ ation
proximty é§s}9§ i nduction of 30 WO 03/040309 PCT/ USOZ/ 31693 a nmaxi nal
activity that is at | east about 80% up to about 200% (i.e., 85, 90, 95, 100,
105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175,
180, 185, 18621 MDPGU@WCZDID@@gmf some pelypepiides of ithe uwenm&datbkvqrndasm i ve

GLP-1(7-36) Vi o :at 49 tQ
about 10oocﬁ”‘%’qﬂsgg“éS ‘X’*}p ?Qﬁ‘%@& fﬁl‘?%% Zlgfneg’oﬁx st %R)': f “°§§’%ti éwﬁggfe, 300,
400, 500, @BKafordDMA)BHEre B1OEkedowitll 0Q98PEI Fexf atnedsy bﬁ@hbﬁemddmshwttwmemﬁ t he
I nvention, actlvatl on" of the GP-1 receptor_in a cAVP scintillation

proxi mty 2rdingbyffer,eensistiog off20amMJirisal aM EPTAs pHh:S,i s me/m] B84y, aaddut

230, a5, Mgl ppEta Thes diinghitng BEret e biima tgmorki allgy it ke’
2009 of t hgfepxidi@lapglidd pért Well noltied wivh OIS jiet 1Elabeled- gliichzd® and Pefdiddd

NG 2) with a relatlve potency of at | east 0 5%u to about 1000% (Le.

10 5, 1, 10onséniratiods rapgihg RGN, 1x40t5 to 0910 GMJ Famwmgméo mﬁuteanaﬂ:aﬂm@t
"Rel ati ve

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 125 counts bound to the membranes at each concentration of
peptide were plotted and analyzed by nonlinear regression using Prizm software to
determine the ICso. The polypeptides disclosed in Table 2 bound to the glucégon receptor
present in the plasma membranes isolated from rat liver with ICso values of between 11.7
nM and 726 nM (determined from a minimum of three trials). ICsp 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

30



potency” is the EC50 of native GLP-1(7-36) (SEQ ID NO 2) di vi ded by the EC50
of a polypeptide of the invention, nultiplied by 100. "EC50" is the

trat I tide at which 50%of th I '
ggﬂicg\r)egla ngib ‘Bﬂ?ot Pgeyglegnial ?ng of IGIC_P- 1 regept ore Pgi(l rsrgryé:afz‘%ﬁ %L%?l des of
Fol | ows. | Rl RIFSRIA e iRE et ideast ahont BRI i oSk B0% bsor i POy, 108, 105
x105cel | s/ wejd, 185.0129) 934) 10, §§§1f49r14%41§@l13§ 160, if6Y! 1701‘1“}9 15?%1@35190 95,

antibiotic/anti m/cotic (G bto B he medi & was renoved
wer e washedon 20069 Qﬁlthmmalmtyend@ed@yehe native {FIRH1 (7-86) (SEQ IIVO:2) W1th

BSA and 100 PRAMERTRg of 1 ap( aund ebomrioonde e & SoEGvId a0, A Ckd B

with fatty ggiep, idlfv‘ 2994 3085 400] 5(‘)(?0'606 W)U‘ 806, gmu&aqom"%pufﬁ&r POI?E‘?MG

i ncubation buffér was renoved, and th ells were’lysed 1in the
reagent pr odértetives offithe Heventive, ‘&ctlmtldnf’axf |t1m Gk |rmep§orABsaayAM$P¢b)ntdlaraent

amount of BRI FoRiiA RO S PACER sppahl BeF hat st bl AL oo Bl

i nstruct i ongogv, Gvd. 0B 8590, bsttoosws ,i110] 111(3612(5W125 2190U135, qf400ﬁM°1$o rlssnpdd
produced at each concentration of pept| e was plotted and anal yZed by ~

nonl i near rb@r 496,108, 180,185,190z Widﬂﬂﬁﬁ%éot' theaeaxdmal antivithiéndicsd by thernatisie h

Por the  polbRair 2aE e 30 N0 TR HHapierauesy sTablean G5 %pslasbrut {0104
maxi mum aCt(z\é' tays, 31 1‘@05@31&}‘1%@93@09’% 63700 '8@0 890, 'R ME%) " OReBBivR L O
132% of the native peptide GLP-1(7-36) QIDN&?2) "(determnéd froma

m ni mum of pdteray”tis ithd Eso Sﬁaaﬂ'waéPéllUBﬁ)u(@E@ D)lN(ZI;a)s drvedﬂeinby tlie BEgi ofla

;L%Q?'m?:‘s; Hted ol o ver et oot TucL00n s i of cione sl f o

variants, yﬁe?ﬁh@gﬁwﬁfchtsb%bf‘tﬁ@ﬁiakﬁﬁhlachﬁ%hb&@&é% of the glucagon
receptor i n a scintillation proximty assay is i nductlon of a maxi mal

activity that is at |east about 0% up to about 75%_(| .e., 0_ _10 ZQ 25, 30,
f’ﬁ . nj'(t)i ng HO%@éS%ﬁide Qfbnafing of GLPO! receptor Kr solife pONPePRUeSH th¥ ifventiBf USHE PY
cAMP scintillation proximity assay was measured as follows. RINmSF cells were plated
in 96-well plates (Costar) at 1.5 x10°cells/well and grown at 37°C for 24 hours in RPMI
1640, 5% FBS, antibiotic/antimycotic (Gibco BRL). The media was removed and the
cells were washed twice with PBS. The cells were incubated with peptide concentrations
ranging from 1x10™2 to 1x10° M in Hepes-PBS containing 1% BSA and 100 uM 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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(SEQID NO 1) with a relative potency fromat |east about 0.001 to about 5%
(i.e., 0.001, 0.01, 0.1, 1, 2, 3, 4, or 5% . For polypeptide derivatives of
t he i nventy oativation” of the glucagon receptor in

W harnsods gg{’;%?’{/’lf%at Is at

scintillation proximty assay is induction of a maxi nal

| east about 0%to about 4Q% (. 0 0, 20,..3 r 409 nrxi mal
ot vity | e pBs om B0ty Frave assre piis rptidb bt FohHe BB

pot ency Ogdeﬁémiﬁﬁﬁoﬁﬁ%ixﬂuﬁ%tﬁree@ﬁﬂ?ﬁs%’@éﬂleﬁ;g 0.001, 0.01, 0.1, 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1%9. "Relative potency"” is the EC50
of native glucagon (SEQ ID NO 1) divided by the EC50 of a pol ypeptide of
the invention, multiplied by 100. "EC50" is the concentration of a

pol ypepti d% ah l\é/qilch 50% of the maximal activity is achieved. 11081 Pepti de
si gnal i ng gon receptor for sone pol ypeptides of the invention using
CAMP scintillation proximty assay, was asured as follows., Freshly isol ated
rat hepat HeFIHrEmGRhof PEPlideignaking shraugh %F%&ogsre@ﬁpm usingyavchie 4444 o5

cel | s/ wel | sqiRfiliagign proximéy assiydfB4PBS cont ai ni ng 1% BSA and 100 pM | BMX.
Followi ng equilibration at 37C in a 5% C02/95% 02 environnment for 10 mn,
pepti de at concentrations ranging from 1x10-12 to 1x10.5 M was added for an
addi ti onal [10F] nFor polixsephided @l putypeptida fragrhergs; orarilits, eind\analolge of the ibahtion)
buffer was_renoyed, gﬁdgiuge cells were lysed in. lysis reagent provided with
the cAVP Scachvatianyiqfdhe glugagam regepierdn g qAdMR scigtiflakon Er@atg@%/ Avay isiaductionst em
(Amer sham £ | a2 91 _The f 2 £ AMP
(i prot ) o SEannd oBligh B I 1ol B 090U bbby PN O 10PDEY, 38125
provi ded w4045, 50,5560, 657170, anTide) oftthe mbkithad] iaoti vityoinfiugeddsiuthe chative glacdgon2 WO

03/ 040309 PCTI USQ2/ 31693 concentration of peptide was plotted and apal yzed
by nonIineé’%bﬁﬁié‘sl%&ﬂ&lﬁﬁlﬂjwpwmy%ﬂ%dwt9‘2?‘3&(?9'1# oy °oé€500-8 » each
peptide. T r | af & : ' . . gl ”»
concent r at p@rll’ 'g’ g’g%y%g'b?{ ?j%’?cgﬁ%:gﬂ% W%lﬁgﬁﬁé%&%?gg%%‘g@%%&%%% :

det er m nedtHerglncagotiiredeptominia AMP escintillaticn) ploimity assag dnindackigt of a arkimalt i on
for polypeptides of the inyention e maxi num acti vi % j.nduced

<5% Th
ranged frofyIv3y that isqat7lpagioabgpt P?fetor\qgfqu\?éo%ﬁt‘iwd% bl U a4fb 30 @& 4074 feter r om
T T S ) R S N L
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 ECso of native glucagon (SEQ ID NO:1) divided by
the ECsp of a polypeptide of the invention, multiplied by 100. “ECsy” 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 cCAMP scintillation proximity assay was measured as follows. Freshly isolated rat
hepatocytes were plated in 96 well plates at 7.5x10* or 2x10° cells/well in Hepes-
bicarbonate-PBS containing 1% BSA and 100 pM IBMX. Following equilibration at
37°C in a 5% CO,/95% O, environment for 10 min, peptide at concentrations ranging
from 1x10™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 cCAMP (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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follows: Follow ng equilibration at 37C in a 5% CO2/ 95% 02 envi ronnent for

10 mn, 10 itM peptide was added to the cells followed imediately by a

submaxi malywg 9868y 2t i on  of glucagon for 15 min. The cel Ig Wﬁ: % ed and
"%

CAMP determ ned as descri bed above. [111] After subtractin t of
AMP duced in th t Ll at h t f . h dat i.nt . th

per cent | nAPRICPFEethaL PaedELIVaR BIPE SROIPINEED rBBHRcHr ARPBISTD g SricFc
amount of  gAfParet6 detelslinethé E@soofo?%ﬁ‘dh%pﬁﬂe.%;@?&g@keﬁﬂi\%&cﬁ&%y&}aﬁﬁfﬁa{tﬁsS

the anount of cCAMP produced in the presence of subnaximal® gl uCagon and 10
pM pept i de of thei glichgan ispneantrativtorpolyfeptideFonsenttationdit 5% tespquse ex 390,

submaxi mal gl ucagen:.al one__.and nmultiplied 00.. The average r cent

“nhi bi t i on SSETBREE AHE A FrigHYm b?/‘t ihrge et&aﬁi p‘ébt%la‘éa@%i ERFRIDE AoRyaten, for
was bet weempolypeptiies ot 8 mtéifionrwashestsf  He fnaxithiinmbhvahy nli®d fahged fFdm See
Table 4. Exanple 12 Measurenent of glucose release fromrat hepatocytes

[112] | nhi BR3Yeto dil.336 ofdhemativalpentisld glncagos ddgtemained iftom asminimuoy

gl ucose r%ag%se fromrat hepatocytes is typically at |east about 20%

i nhi bition about 100% inhibition (i.e., 20, 30, 40, 50,60,70, 80, 90, or
10099 . [113] Inhibition of glucagon nedi ated gl ucose production by sone

pol ypeptid f.the_ .nventio S syred .as follows. .Rat hepatocytes were
e nt o Lt Znecaitiele By PR to S0iB3 altrsedh stV aMHS BFSedcBoat cd
in a 37C i pguha: %,}ﬂg&@ﬂﬁk ' rivAe /131693
under 95% ggl/ 5%%%l Tl owfor %Hnr?%ggga%g?%%%e@ mre@%ﬁﬁ%—?g f’olﬁ151
anot her 30 pMripeptideswas adidedddhe calls folowédinamediatelyt by arsubmakimal corgeniration

Cells were then |ysed. with . 15%perchl orjc .aci nd pl at.es wer. un at 2600
o 4ot o of BEbedt o1 Bt TR SR Rk Sed AraliAMP ABEmRineis dforbrd e ( piy
8.0): 2.5 N KCH (45:55) and spun again. The resulting supernatant was

anal yzed for glucose with hexol dnase and gl ucose-6-phosphate dehydrogenase
y u:ﬁ . 8 ) Qﬁ pne y }g

(Met hods ofl1Hdz yMisrisublagtingsthe amqupf o duged in the ypgipnplated hisRatocylesy t he
A340 d ; : yl i \ o E114
G ucose ot eickl hud paif, hE AetBkn iHRbEGH s 1L as DUBRKY Pefbenfohipitoh 4

produced i s tHelwnatns of cAMEP pebduegbinohy pesserice sabmiaxithad] Flyragor alanel ldsh ¢he

ercent inhibitiopn was
P amount of cAMP 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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cal cul ated. Percent inhibition is the anmount of glucose produced in the
presence of 1 nM glucagon alone | ess the anobunt of glucose produced in the

presence @fo dsabdeg! ucagon and 100 nM peptide, divided by
gl ucose produced in the presence of InM glucagon al one anﬁmﬁ%q&ed by

i bi t o GRS OAth GBI R QbR ith. EPERERH ok et M@E&ﬂ%ﬁr Mom 3
trials. Seginiady fet- adﬁifﬁa%feglﬁ&gwﬁ%'ﬂ{ 8 ®hof p %J%ﬂg'ergusgﬁh?ﬂieﬁﬁ with f used

rat islets [115] Increase of insulin secretion rat iSlets in
this assayli% perchiorty #id endplatgs wéreapun it 2600aiprh, 4T6efoSl Poiinr The pipernatembni st

conponent of polype s.of -t.h . on S suI In secretjon from
perfused i ¥P% Eu'@zgé ghéMf Ing?-lfd‘; (Bﬁlgo)ib%él Iﬁl%ﬁgﬁ(ﬁ%g@ d spug againpThe 3 o
4.0, 5.0, Rs@

perfused rat tmgglt?pse rret%?ate af}rzg&o?% %Jé(g%sfé‘gsl@?( e mve%t %s%d%sﬁﬂatasured
as f ol | owsdelijtimgenasp k(bzﬁathodseﬁ'pﬁlmmtlofAnabsmL iH]Ur Beans;&r,sEd A cademiciBregshese
ber ! usi onaLasercca e paVAYBats ader VipiopatReviben SHmRIAE SAM gi ucose at
peri f usi ond gl ucose a
37C. After 60 mn, isl ets were exposed to buffer containing 8 nmM gl ucose
with or wthout i)eptlde and perifused for another 30 mn. Fractions

of perifusHddl we 1@0%94%&%5 Cealculat@s} T sEbtracting the anunt of EBKOWWQ@Q‘?d in

\o/l\?tn%;n'mnat Q”mﬁuﬂgﬂ%%%c on O?)]? %Shn(%t@qhe pgﬁfe{/peptpe{%ﬂn‘gaw ng 4 S

03/ 040309 EMﬂM&&ZP&bGﬁt&nhibmdmm e anouht 9€ gliesseepraiausd ih theéSpresdne bIO1 GM
i ncreased insulin_secretion fromperfused islets approxinately 2-fold

which is e&lﬂPwpé‘lﬂnetlﬁsstth%ma%|°£‘8B¥§°Wf9@1°ﬁ15141@_h’ preseps@pky] BMiglueagen and,

From di spel SOEM RPRRIE BviGe) phShe Rfoid St pltbdse pRALEACH Ble pBSct SEAGRECC | O
1.5-fold. gl gahl-'éidneramemhmbhe@bwleo Thepo Bpuda‘hm@tmdnﬁﬁerahudemeneé t he

i nvention 1.ncreases insulin secretion from %er sed 1slet cell s by at | east
1.5-fol d t&howanauSEQ)IPoNG:§ mlébltedlglswa@nomeél d glugosesprgdugtion. by 43% as o,

9.0, or 10gLighfihed from 3 trials. See Table 2.

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. Afier 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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[118] Insulin secretion of dispersed rat islets nediated by a nunber of
peptides of the invention was neasured as follows. Islets of Langerhans
were isol SD rats (200- 250g) through a digestion procedure using
col | agena&. gﬁ{’{”g@r sed islet cells were prepared through FE@’&JLSW@M th
trypsin, seeded intQ 96 V-bottom plates and pelleted. Cells were cultured
over ni ght he amipe acid seqnenceghowadipiSELQ HYNQ\@ ingreased insulinseczetipndrom pertpsed e d
with Krebs:Ri - HEP fe 0 gyt es at
37, pro-; B AESHEy Zoldtbonfe B Bdbalthe e MaPactiad oo it GRETYL
Krebs- Ri nger- HEPES buffer containing the appropriate glucose concentration
(e.g., 8 MM, with and w thout peptides for an appropriate tinme at 37C. In
sonme st udi %s, n_gppropriate concentration of GLP-1 also is included. A
portion of—l‘—%&&ﬁt ant was renoved and its insulin content was neasured by
SPA. The results are expressed as fold over control (FOC). At a

concent r at Insulin secpetianyfrom déspprsey patsletrellhavi ng an ani no aci d sequence shown
in SEQ ID NO 27 increased insulin secretion fromdispersed islet cells

appr oxi nat 3-fold. See Table 2. anmpl.e 15 .Me rin l.ucagon- sti,nmul at ed
glogco)s(:a prﬁ&mt fsreast, Qg feéfe%‘r"&t or?%gierieﬂh; ﬁ%iF%ﬁeq@?ullj .t%%.as.sésy., is an
gl ucagon- stjcrask@best 184st ¢ SR1D " PRUGEPA ekt dgdoniE ééxﬁ?ér&nﬂaf Mbhg:gl ) esOf at

| east 20% The glucagon receptor antagoni'st conponent of pol ypéptides of the
i nvent i on pfithie inventigh incacpses msulinateerttioh fvat dispersad isleboallsdiyuat deast hS-foldasur ed

rea”w ot ar bt 107010112y T3 20560 £ R i 0.r0-B b gt TG098 T i bi t10n (1.
20, 30, 40, 50, 60, 70, 80, 90, or 100%. [120] G ucagon stinulated gl ucose

production_jn fed Wstar rats by some pal ypeptid of the invention was
measur ed abl18b) nsuhin sgeretion)pk dispersed rat gglets nml%,tfcf iyan@srph@tqumhm of the

I sof | urane; : | &g?i r . .!aﬂégwgi n

gi ven an i%@?q%ﬁhépﬁ%o %ﬁog#‘?QSIg% of e ’ﬁer ve e%c}ig@??ogligls)gﬁg%@ 1%
human al bugb0y), thtown aodigkgiongprocedyde  usingnodlldgengsel y Digperstdsistet delle were

i nvention or glucagon + polypeptides of the_ . invention. The anesthesi a was

wi t hdr awn BreRated dhrangh dreptmentawith (vpaing seededjinfg %y &i-botigm qlates) and polletedy 30

m n. 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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[ 121] G ucose inhibition was determ ned by anal yzing the area under the
gl ucose curve after subtracting the basal glucose |evel (dAUC). Percent
i nhi bitioR,. j;ned as the anount of glucose produced by 0.3 nnol/kg
gl ucagon y%ﬁ%&ﬁé@s t he amount of glucose produced by 0.3¥9W§92’Pd69él ucagon

in the presence of 1 nmol/kg hyhrid tide,. diyided by the anmount of
Igl ucoseppr &ﬁ@iﬁe‘{)?%‘.’s\? R’fﬂ&‘?c/t‘l?é lﬁif?ijcgggﬁl ’é‘FSo‘ﬁé‘It I ﬁq_rﬁ’t‘f{lt}ht’@ﬂ tBy'i‘g‘i‘ﬁd%O%lZZ]
A ucagon aljmmgitRngyrat 26 30! 89,%50060/50580,90V 6! fooehyer eas pol ypeptides of the

i nvention al one had no effect on blood glucose evels. The pol ypeptide
having the amno acid sequence shown in SEQ ID NG 6 inhibited

I - bt fel i I 0 I
U6 Neaeur | 520) RStuEdeoh ikttt d el A8 BrodloHGLBErelXy Rirtats BY oo blyfenta BP0
| nhi bi ti on thé inyetitiars wap nedswatd as followshi MakksWastari 1atsawerer Uil dffyt dnesthetized twitteast

about 20% . Prefer abl%i} t he gl ucagon receptor_antagoni st conponent, of .
pol ypept i ddsofbwanergas; talbled fon blqomahtﬁosgugngje@wmém and then | gaxeatangnieptipth| 0od

gl ucose in.mc . lc€ . Lol g l.uc, 0 i i n
Ped Bal by C e oSl TR St 0l vty Sihfis 30 SyBlal ARGl 088l 7,
80, 90, or ghifaghn, [rdAélkgCpulypgptides tofnthe aheshtiohusogkicagondecpolppeptides of thkal b/ C
m ce by sone paol ypeptides of the invention was neasured as follows. Fed

mal e Bal b/ @2 nwlge apgsthesia s withdrawn ogsl Hig/conseions maiswessdail-bled 9gaip afign,
saline + 1%hsEmang in) or 100gg/ kg derivatized pol ypepti de by

subcut aneou@’ I Nj e%(%?%?? 17 hours prior to the glucagon chall enge. The next
day the mce were fasted for 2 hours before receiving an intravenous

i njection K I on or.vyehi.cle in the tail vein. .The mce were
Lol bl oo ALpIgia s ShEBRGR Y qeGRifed oy Rudin B srod Bl 1S B ool

injection amer @ﬁl&ttd&tiﬁ? the 'buﬁ&ﬁgfltﬁfok@ﬂéﬁ%l AULSS Ipeltrart GhIEPHRNI B dBEHEP BE Ry er
the 15 m nutes was calcul ated Tor each nouse. Then the average change in

gl ucose i n ampuny ofighicese produead by 8.3pnmeldkesglvcagont alone lessrihchameiind of glucose

| f h in.the.treated t 0. 0bt ai.p the .ch ia.gl
due to gl PEoAd BRIE oimbukceanisBf i e ikibRes. B £ Syl Ve B dded O°°
produced bybylB8hMBuntHfEHRGEprAIRER nya?% 351/62159 E{/ﬂéﬁgorpiloﬂ AHAGREPRATME B, by

| Ogg/ kg gl ucagon in the presence o brid peptide, divided by the
anount of gl ucose produced by 100gl/ kg

[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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gl ucagon alone and nmultiplied by 100. See Table 3 37 WO 03/040309 Table 3
PCT/ US02/ 31693 d ucose (ng/dl) G oupO mnl5 mnDelta -Vehicle % of 10g/ kg %
(15-0)del tad ucagonl nhi bi ti on Vehicl e9210816 | Oyg/ kg gucagon9519510084100

| 0gg/ kg glViRAH8H2Y 100g pol ypeptide 7515075596931 (SEQ | D RETAFIVHEYhpl e 17
Measuring increases in plasma insulin levels during in vivo %Iyucose

tol erance t@H% sajinech Vidrbumanalpuming @r Weuetke derivatiradpglypeptids by subentangops asnma

LnouLi 1, ! eggbiy B 3508l b b P CRRRA T ol B8] IR e Bl
invention 2 harsbefore reosvingandaeavehouwsrinjettided 51 0pg/kgaAacagon obyetitle imthe &dbe in

pl asma insulin |evels durinqﬂin vivo glucose tolerance testing in_fasted
W star ratsVeHy ABemicoWer Wilibled iy glucose psing a Glyeemeleniust aEp toptae Hhicagon

2-fold to &% - f ]?ﬂ% i e preferably by about 2-fold to about
20-fol d (iﬁn., %ulggi%?ﬂ‘ , lﬁ#% 8,'10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20-fold). [127] Plasma insulin |evels during in vivo glucose

t ol erance t i in fasted W star rat by.sone | ypept.i des, of the
oventon iz e henB HERNSE e I B 7 GRYEP o BB Biog S T g
and then angghiehge@anpé ilhglussitlin IRNRhBRS trealétPgrop wadBiktrattedefford theddHanyei N

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 100pug/kg hybrid peptide, divided by the amount of glucose produced by 100pgl’kg
glucagon alone and multiplied by 100. See Table 3
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denonst r at Wé’\% prol onged gl ucose lowering activity and a
prol onged half- life in vivo. GP-1 has a very short half-life in vivo (< 10
mn.). The ability of the peptides of the invention to | ower bl ood gl ucose
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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

1nmol/kg GLP-1 (positive control) or Inmol/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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hence has prolonged half-life relative to GLP-1. Exanple 19 Peptide

PEGyl ation [131] PEGylation can be performed by any nethod known to those
skilled i E)QS"/ ‘ﬁ’ However, in this instance, PEGylation was perfornmed by
i ntroduci % A% le cysteine nutation into the peptide f8CT3H31693

PEGyl ating_the cysteine via a stable thioether 39 W 03/040309

PCT/ US02/ 3Exampkeil8kage between the sul fhydryl of the peptide and nal ei mi de
group of the nmethoxy-PEG nmal ei m de reagent (Inhal e/ Shearwater). It is

pr ef er abl eEffectiofipemilies f thecinuveritign endyapritencal glicbse toldrende testing(IPGTE) in
pepti de torars ok micee potential reduction of activity by PEGylation. [132]
Speci fically, a 2-fold nolar excess of nPEG mal (MW 22kD and 43kD) reagent
was added to ng_ of peptide (e.qg. Q ID NG 25 having a cysteine nutation
at the C {1&81n Acdecase e binogh gluose émlsORSs@gasu@d bynthisassey dhakigerease effatpH 6

Commor o b RanaRab oy PR (e GLEVY FEGLbr o6 cqthipandlR S pRlvpbSHAs phhe

free cyst einventieh 8&réaseBbloodBudeRpldvdts MEGts"® mideeACineasurdd ¥y titeapepifonadlp! | ed
to a cation exchange colum to renove residual PEG rea(ggnts fol owed by gel

fi |mt3 rati ?nSBJGPﬁ?rﬁﬁleF@cP dofbing ip safs qumice heabaus pOVedte. abvre6Qier moye preﬁmldy band
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or three or 17 hours after administration 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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and 3 hours post-dosing the decrease in glucose |levels were determ ned by
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st i nul at ed[132} cSpexificallph 8 Rsfokd mobareitéss of mPEG-mal (MW 22kD and 43kD) reagent

was added to 1 mg of peptide (e.g., SEQ ID NO:25 having a cysteine mutation at the C-
terminus of the peptide) and dissolved in reaction buffer at pH 6 (0.1M Na phosphate/
0.IM NaCl/ 0.1M EDTA). After 0.5 hour at room temperature, the reaction was stopped
with 2-fold molar excess of DTT or free cysteine to mPEG-mal. The peptide-PEG-mal
reaction mixture was applied to a cation exchange column to remove residual PEG
reagents followed by gel filtration 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
pg/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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(nM cAMP stimulated % ai ncreasebl ood glucoseb d ucagonl.8 G.P-10.4100100
d 66.9112. 16. 6 G50.569. 9109. 4243. 1 &X72. 213. 498. 169. 331

G518. 258. ]@é Sﬂ@% 35.2 (b59.818.6115.9139. 232. 1 Gb66. 637.2114.8125. 328.6
G5714. 718. 5037 .518. 4 (586.976.199. 0163. 532. 6 G592. 122 P¢TABOY¢IF541. 1

6013. 822. %213 768221.8 (6110.612. 196. 023245. 2 G715. 84. 393. 325.611. 3
G744. 48. 43330184 723 7 o757 76 686 154 017 1 G7610 27 78559123 0
G778. 99. 502 161 198PE 277ND1 803 74665 5 CRSincagpm 097 133 630 2
S 2 fer alian e shsloitap e e s S g, F
: ' ' ’ | Invivo Liver % Inhib | % Decrease
Decrease | IC50 glucagon | glucagon
peptide RIN Relative IpGTT (nM) | stimulated | stimulated
IC50 Potency | % GLP1 AUC cAMP blood
(M) (%) max (%)* increase | glucose®
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 22 13.4 98.1 69.3 31
G51 8.2 58.1 91.2 154.1 35.2
G55 9.8 18.6 1159 139.2 321
G56 6.6 37.2 114.8 1253 28.6
G57 14.7 18.3 1324 177.5 18.4
G58 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
Gé61 10.6 12.1 96.0 232 452
G71 5.8 43 933 25.6 11.3
G74 44 8.4 88.7 21.7 23.7
G75 7.7 6.6 86.1 54.0 171
G76 10.2 7.7 85 59.1 23.0
G717 8.9 9.5 92.1 61.1 18.6
G277 ND 1.8 93.7 46 65.5
G82 8.1 29.9 97.1 33.6 30.2
G83 3.2 29.9 89.4 28.6 247
G84 14 61.8 113.9 11.7 25.2
G85 1.5 64.5 95.8 16.1 279
G185 45 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 14 1044 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 ng/kg peptide
ND= not determined
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m ce 3 hours post dosing with 100 pg/ kg peptide b= gl ucagon chall enge in
m ce 17 hours post dosing with 100 pg/ kg peptide ND= not determ ned 41 W
claim 1. A polynucl eotide encoding a pol ypepti de sequence selected fromthe
group consisting of SEQ ID NGs: 6 through 32, and functionally equival ent
fragri@etlaim:deri vati ves and variants thereof, or a degenerate variant
thereof. 2. A vector conprising a polynucleotide of claim1. 3. A host cell
conprising a vector of claim2. 4. A gene therapy conposition corrpri sing a
ggln)éntj ﬁtf%ﬁ] 8{e8ﬁdea elif%qogimgapo y%gf)t? etsec%]ence set?ec%ed é'cprg rtha gergltq; go%lslsym ff S%% vae
NOs: 6 through 32, and functionally equivalent fragments, derivatives and variants thereof, or a

degenerate variant thereof.
2. A vector comprising a polynucleotide of claim 1.
3. A host cell comprising a vector of claim 2.

4. A gene therapy composition comprising a polynucleotide of claim 1 in combination with a

therapeutically effective gene therapy vector.
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