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BACKGROUND OF THE RELATED ART

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

secretion and/or alterations in insulin action.

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



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

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

post pr andi se by del aying the absorption of glucose gut .
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secret agoguq%f. .Sul'fonyl ureas (SFUs) and the non-sul fonyl ureas, Nateglinide
and Pepagl i SHGEVEDESS- 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 m_ |d to npderate fasti ng hyper gl ycen a. The
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addi tional 20-30% | oss of treatment effect_ after six nonths of treatnent
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taken three tines a day. They are used only for the control of
post - pr andi exeryytwocmontha il theofirst year of therapy and periodically thereafter. Avandia™ and

Actos™ treatments are associated with fluid retention, edema, and weight gain.
Avandia™ is not indicated for use with insulin because of concern about congestive heart
failure. Rezulin™ (troglitazone), the first drug in this class, was withdrawn because of
elevated liver enzyme levels and drug-induced hepatotoxicity.

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

responders after 5-7 years of therapy (Scheen et al., Diabetes Res. Clin. Pract. 6:533-543,
2
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GLP-1 and gl ucagon both play major roles in overall glucose honeostasis.
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
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an advantage of hmaintaining the desired [oweri'ng of ood gl ucose
reduci ng t has significant fiputationCes- aftienapeuticragentpad modified versicng wif thegpentidé wigh e

prof 1 o T oPAgest HeEae Vet ettt NkpEpich. RIS ek e QIS hrpptdt Bave
devel oprment nefhesh @bscAibbd Ry @RgUt i c. 117] Based on the foregoing, considerable

potential exists for a single therapeutic peptide functioning as both a
G.P-1 agoni st and a glucagon antagonist in vivo. 4 WO 03/040309 SUMVARY OF

THE | NVENTI ﬁg] Pcféﬁﬁﬁz@ﬁéi@gg’ of glucagon have been identified which act as glucagon

antagonists and reduce hyperglycemia in diabetic rats. However, 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 in vivo.
4



[ 18] This invention provides novel polypeptides that function both as an
agoni st of the G.P-1 receptor and an antagoni st of the glucagon receptor
and whi chygy &Rbdesctive in the treatnment of diseases and me@ndsdzpns that
can be anellorated by agents having both GLP-1 receptor agonist and

gl ucagon re‘S‘?WAI@? ?H?]N‘m Y. Polypeptides of the present
I nvention provide a new therapy for patients with, for exanple, netabolic
di sorders, such as those resulti ng from decr eased endogenous i nsulin

secretion, pagt.i cul ar. |cs r, f.o atl SWIthI

ol ucose  t of WBhnahis ishion Hfides noyel o imras dusFonditncth s i peept ot the

i nsul i n secGEPi1GRc&Ptor dHdedn flagonfst bPthe %@%rec@pto?lﬁﬁ& which dré XffeliiR ﬁS(H@Ct

of the invention is a polypeptide selected fromthe group consisting of SEQ

| D NOS: 6- 32reatmentwif|disgases ang rendionsdhatican be warsliorated/byr agentsshayingphwitly ides
that funct bot h t.Qf Lhe GLB.1 t t of
the gl ucagdtoelid ey R AR hocRior FoiaREmaC e PR s R SR e
shown in SHevédoch@roRded newCtlklaf$ forvfitivats WAL, Y&%&atdﬂﬁ& nftaidlie disbr@dns,isaeh ) -

[20] O her enbodi nents of the invention incl ude po Iynucl eotides that encode
pol ypept i deas Brosg ﬁ@suﬂtmgeﬁtonmde@n@edh@dag@@mamuhﬁewtmam Pestiqulagetyps 2

emboa ment BBt 0 BRbrts YR b R AR S, bl ke BACR 2,

ot her di Se%\‘aﬂ&aﬂéraﬁ&miiMﬂﬁﬁse@ﬁeﬁ@ﬁbﬁﬂnféﬁ@ﬁsﬁﬁ@@lﬂcd&?oﬂébésﬁ? invention in
mammal s, i ncluding humans. The net ho I nvol ve adm nistering a

therapeut i cal ly effective amount of any of the polypeptides of the present

invention tQop NoMipect didhe %ﬁéﬁ/ﬁr& p&yp@hae slEctéd Bt th%cﬁ&% SiistiAg df

synt hetic net ods of ‘'maki ng pol ypeptides of the invention
DESCRI PTI ONSER IDHNQS=IENe [v2] asFirggments, desivatives sandi Yanants ¢fa1pplmepadog/§1at aI

%ag?/ 84ggn ai ni n%sg2 - pe t| de ﬁ‘é el O%ﬁ@”““ %(%}1 codi @F@ﬁ erglggn

EVBODI VENT Srefefstdr &fs@bstwnty 188 sﬂﬁ@\m@pas ﬂﬁwyﬂéghmeshbweiﬁ  SEQ IDEN0Sa532

fragments, derivatives variants, and anal ogs ereof that function as both
an agoni st @bllmelm_ﬁolypwbé?ﬁ@ﬁh@memn”hnt agoni st of the gl ucagon
receptor. Polypeptides of the invention function in vivo as both

[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.



GLP-1 receptor agonists and gl ucagon receptor antagonists in the prevention
and/or treatnent of such diseases or conditions as di abetes, hyperglycem a,

I mpai r ed %#8&?@4‘330& nt ol erance, inpaired fasting gl ucose, a{;&@g&;jdg% [ 25]
y relate

G.P-1 and ‘gfucagon are nenbers of a famly of structurall pepti de
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1
G@ ucagonHSQTFTSDYSKYL EGQAAKEFI AW VKGRFFAAKEFI AW.VKGR (SEQ D NO'1 GLP-1
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gl ucagon increases pl asrrgiigl ucose concentrations. [26] Gven GP-1's role
i n pronot i ngLBtluzessptor caganistseand glupagen seqeplor i aagomsthan thepsevsation @nglon

receptor a ' of.ent.Lal .uabl e i reat nent of nmetaholic

i sorder s SRaBbR O OUSHRL ot Yo Bt st leBelbt Bl i, Pomsifeh st o
al so prove intoMrande| Enpdiredrfestingplucdss aad ebgityen gl ucagon's role in el evating
pl asma gl ucose by stinulating hepatic gl ycogenol ysis and gl uconeogenesi s.
However, these facts alone do not guarantee glucose reduction in vivo

wi t hout i ndpsj NoGEPANiahd C%ﬁkia 6h (e Rhredrs -of [22 fAmil{icofl AMRAIrAIDN relaRYi siptideew
pol ypepti des that are bot P-1 receptor agonists and glucagon receptor
ant agoni st shormones the glacaggnisecrsian familyh cbhestackingrdignment ]DQ%Q.W shorus the@pimeages of
the inventi b of reducing glucose levels in vivo by stinulating
insulin reléﬁgg&ﬁfgﬁgggﬁgyéatic beta cells in a glucose-dependent manner,
while at the sanme tine reducing glucagon-nedi ated secretion of glucose from

the |i ver . [ Gl 040 SBQEFTSOVBRVIAE0 SARTFIAWEVKER BEQIDINGAY o Ucagon
recept of  AGAROIY7S36)P ) HABGTFSOVESYLEG) XRREFIARL Pk GRINH, (SEDIDANOIZ Lt | on

both as a 4 (75HP! B I st T1he
GP-1 rece%;g?ﬁaguni St %\g‘l:s Vg 1B m . P-1

receptor in_one or re in,vitro or in,vivo assays.for. G.P-1 receptor
activation. Sleglgﬂﬁﬁt@ga%mws égrsmom@sm,bebfgtm‘i% Zybay, Bipghegnstry, 2d jed.,
1988, MacMillan Publishing, New York, p. 33. These polypeptides play a role in overall

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

increases plasma glucose concentrations.

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

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

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

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



vitro assays for induction of cAMP in RINnbF cells, in vitro assays for

I nduction of insulin secretion frompancreatic R-cells, in vivo assays for
reducti onyi \@s5098 9l ucose levels, and in vivo assays fOopcf8iAIEAN 1N

pl asma ingﬂ P:ﬁ l'evel s as described in the specific exanples be?égstw. [ 29]
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gl ucagon receptor activation. Exanples of such assays include, but are not
limted to, in vitro assays to neasure inhibition of_ glucagon-nediated
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are selected fromthe group consisting of (1) SEQ ID NOS:6-32 and (2) .
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NCS: 6- 32. [ifsblinRetrefiop tfrothe pandredtiveB-peltss émvivo ragsayt ifonredaytidiein plasma glucose
natural l y-qccurring pol ypeptides, .reconbi nant polypeptides, or synthetic
pol ypept i ddevelsand peWye assaiy fo‘r&f%w mﬂ?%ﬂpgﬁlﬂa]ﬁ&d&ﬁﬁfl%@f‘%ﬂ tﬁFF%thé%t ,
derivative,, Xrﬁ-ﬁ{e@ﬂ&lwﬁ”d anal og pol ypeptides retain substantially the sane
bi ol ogi cal FUREET OR CoF activity as, for exanple, polypeptides shown in SEQ
ID NOS:6-32. "Substantially the sane biol ogical function or activity"is

e o TS VST 80 Pl S e,

pol ypept i dectivityViri ofie idr téreCHTPivoesr irDehbVabdysefor [iBRbitioar o glutagen feogitorde

pol ypepti des .of the_inventign that have been chem cal I, nodi fied to provide
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addi ti onal measinel injibaticrD of agludagon-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%



constructed, as described in nore detail below [34] Derivatives can be
nodi fied by either a natural process, such as posttranslational processing,
or by chem cal nodification techniques, both of which are well known in the

art. Mdi fyy§@sbdBs can occur anywhere in a polypeptide, ingLy &
pepti de bacﬁbone the am no acid side-chains, and the am ng @F@%alr%gxyl

or caent to (e Lad8 SRURTHTAE 0. 4P 00kl e BT ph R e BRfap el Bl ST

pol ypept i defullMefigth palypeplidefo wikivh & @écthparéd)e or nore d| fferent types of
nodi fications. Polypeptides may be branched, for exanple, as a result of

ubiquitination, and they may be cyclic, with or without branching. [35]

QO her chem cal nodifi pativemsesi ncl ude acetyl ation, acylation,

ADP-ri bosyl ation, am dation, covalent attachnent of flavin, coval ent
attachnment of a heme noiety, covalent attachnent of a nucl eotide or

nucl eotide gdayi VBEhVﬁweE %ah&@tpogye? GAEDE o u?vehh&il %@r hhve 'bge ety Ve
coval ent attachnment of phosphot’i nositol, cross I ng, cyc |zat|on

di sul fi de bmodiffedrtogirovide adeadﬂttim;aalastnmtu;e fnd/om flinotionf Foo\exhmple, pobsthylenenks,

g car bRy PR BR) S5 RBL A bR 2adBbiS Tneh B P EiYe Ty it Krsh,

i odi nati on, pappdpridad ivitich %Bﬁfe?ttﬂigleﬁ QPecifivitydat laQNadditRRaAY | fl ,als%r%eeéyt Ic
processi ng, phosphoryl ati on, preny ion, racem zation, enoyl ati on,

sul fation, comh‘sﬁed,-aRldﬁsmddatmdratWﬁbehwof am no aci ds to prot ei ns such
as arginylation, and ubiquitination. (See, for instance, T. E. Creighton,
PROTEI NS, STRUCTURE AND MOLECULAR PROPERTI ES, 2nd ed., WH. Freeman and
Conpany, Ne[84] YoDkriydtb/es ):an B@ST oifiedShyA EitlieAl nafifvalpiokdss)VElidhFdsGoottfaiNslafonal
PROTEINS, B. C. _ John on dem c Press, w York, 1-12 (1983);
Seifter et PROCCSRIEHOT al @8@%8%114@@%)13%&{ Mwhe@r% Arell kgawm i the

Acad. Sci M \ﬁ%ﬂ% ]%11%9 ves

al so incl ud%ﬁrrat urg&ﬁ%’f’?gﬁ%‘t’?‘ﬁés atgﬁ‘p gglggém#hse W ﬁl zf%@il %&“@ﬁe‘

pgl ypept |k dethte_saunho a&?fsu’re—cdmhmpﬂ&l ﬂh? csarcranbcady:)_tugmm ﬂowlljlh’pe ap;&ectliln_@d hthat o

phar macokingtic pro si,on of two po i des can be acconplishe
ovme Vi of HiogiHRtan mipy: tebrabent EGR s g Y RESREER BIAG

any nmeans k
human ser umigGHl gvé olgpehile. SARCIGEiANERT oBhafh BN YPRIES BiffeRint tiRs of

e
i nvention can be clone to any I an expression vect odﬁ{mown to one
skill ed i n modifmationsl dRalypeptides may be[byzplshe:d, der efantphe; as a result of ubiquitination,

and they may be cyclic, with or without branching.

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

182:626-46 (1990); Rattan et al., Ann. N.Y. Acad. Sci. 663:48-62, 1992).
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I nvention N-termnal to the other polypeptide is preferred, because it
appears that a free N termnal histidine is required for GLP-1 receptor

activity W&Z"“ngdocrl nol ogy Apr; 124(49):1768-73, 1989) S]%(}I'ﬁﬁ ébl:’ti ng

reconbi na onh protein can then be expressed by transform ng a sui tabl e
cell Iine, s.HKB o th the ess on
protelln [?)[%’J]CPr]é1 yatiges BJ@PW@P‘}{\‘%/E?WI?](PP %}E@phqvﬁg@eﬁfﬁf%e tﬁ ﬁ%eb
(SEQ ID 029}%% idd, Quchd ﬁ?eﬁmﬁ’;ﬁ@hﬁ&aﬁ%&u&rd&ﬁﬁt Ed’mi’;f‘rb {H&ir BRIk MEES

attached. G noi ety can for exanple, a PEGwt ol ecul ar wei ght
great er thaprofile. klilsslorppﬁmmwcptldmloenmaaccomehghdhyfa:tbemmlcrzcswoeo enel 100

k Da 4 65, 70, 75, 80, 85 9 00
(Da) . and rSHIECLPLRE b o5 HAPRRL RPN PisR At N SR SR 26 24BN A Do
(eg., 35, 3Rquehle chBodiRg a ﬂﬁ?'%ébhdedcﬁ' mé%%uoﬂrcaﬂ%é@aﬁed 8 Rl OB arRmalibie
PEGyI ated polypeptides are ose that contain a 22 kDa PEG noiety attached

to the cyst@qpmssmes\featpe lamwnptsspmt skilled infthSaED | Doomnlef arpolypeptide oSEhp | D

NCS: 20 and .26 rnafiyv PEG m)l et n

N tached 1 dTeR Pt o, e o BByt i frefefretoPoclns F Bpreale 8 AB® Ny 1 o
NO 27 and Tiehhifal? hididiteC 1§TDteq{1ix‘ed33iBr beLRAdg€ceptora actbvift E(K%Wa,r eEﬁdiUéﬁn&lBgy

pol ypeptides of the invention net hods well known in the art, for

exanpl e, seé%@daéﬁﬁﬁ)é7§&73} 3@}39b: Ehe prsaltiag riegondbinanta fisians preteia earf éhe!lybfam d
exanp o o Paresed! RersBomtRs 8 shidis el e, SurnpLfkcn PERID. iR sclob ot 1o

preferably ﬁbﬁnémdmsﬁﬁlpﬂgteﬁxan‘pl es of such polypeptides are SEQ ID
NCS: 28- 32, V\A}'I)ICh contain a Cl6 (palmtate) fatty acid noiety attached to a

|l ysine residue wthin the peptide. See Table 2. A fatty acid noiety can be

added to a (3ypi rlf‘refeﬁ%ﬂ%ﬁvé’cives RIS igégﬁd&fofttﬁ@lﬂv%t%ﬁ uSdE;%ﬁYN@S BQ&Q? tgel |

known in the art, for exanple, fatty a acylation (Kn n et al
Med. Chem W&chﬁ@EGlﬁ@mty 200 fitty a8idnoeT/10W beéattach¢d STy BEGQmWarmhc,sfo{ 39]

Variants are | p des, on_t nvention that h m Nno _Aaci
sequence cHRBIS R PR Wl o molepular it e et tbet ook BEICHINA PR
NOS: 6-32.  M@éibRitfbetwéen® sk 4200 &Dalle.g22k 4%0,138] BG,50L 858615 165010195, &0, 85
nodi fi ed peptide bonds, i.e., peptide rsosteres, and nmey c¢ontain am no
aci ds ot her9@Q, 9arort 109 ldba)namdmmlret preferably rai mglealﬂmnB'e@ht d€ between 35 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;2 and Cao, preferably Ci4
and Cig, and most preferably a Cy 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 (Knudseﬁ et al., J. Med. Chem. 43:1664-1669, 2000).



[40] Preferably, vari ants contain one or nore conservative amno acid
substitutions (i.e., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 substitutions),
preferabl wlsdaggssential amno acid residues. A "nonessgii@h/3i@§i no acid
residue is a reS|due that can be altered froma wld- type sequence of a
protein w thout al ter,;,r}ga t}s bi ol ogi cal activity, whereas an "essential"
amno acid residue is Tequired for biological activity. A conservative am no
acid substitution is one in which the amno acid re5|due |s repI aced with

an am no a;isrﬂ r |duF havb?gga simJar si de h I n. Fam | m no_acid
resi dues havling ST 80 files pu the myention Ver?édn‘?rﬁ aP?‘PéO ﬁ‘f‘l SeaHvEte
fam |'ies i nphités vath RSperE tdlthevdntifo Eﬁ&'s@q@h@& shB#n"18 SE@ ID-NOK6S32)€Variants
argi nine, histidine), acidic side chains ) asgjart Ic acid, glutamc

aci d), un@lﬁ@r@goha[yglammguad@sowacdnﬁo @@hgothergb}ym dammdagxonés igl, peptidene,
ine, th t h
i ant ne, | vAHOVREES pad foHh BOAR oeBiR PSSt AR BR iy et ABinkifcih ne,

trypt ophan), beta-branched side chalns (e.g., threonine, valine,

i sol euci ne) i C SJde ch i.ns (e.q., rosi ne, phenyl al ani.ne, .

T ypt ophan MOl s R} VRIS GHRGLR P 7 b SSEUTER i SIRB A OBt
for conseryged amng fcs OB r7e~°e @U%ﬁ 19rsub§tﬁﬁudi1'§) NRefRFably Eﬁﬁbxiis'é@eiu&leéiﬁb%ld

within a conserved prootei’n’domain. [41] Consérvative am no acid
substi t ut i gesiduase Apinomessebtial” aminwoarid residue is]gresﬂpe tigyt carybe alteredﬁ‘om‘a wild-

o or TR A s R BibAaR o alteine i holopise] potits ShgieRr e pmgmial i "
N, R H  Aamno %1@r€d"1'd’ué“i’§ @eﬁﬁﬂﬁefoi‘bélﬁlo@caﬁacﬁ?m A c&%%h?ah@é‘ ahfino acid

preferably is K R V, or H and nore
preferably SKbstwuthn, isope m wajchothe pnirfeoarid residug s reptaee«é Mathl gn amginDacid resifuek, R,

F, I, L, M f bl, R..A.L, M
U S K Chafined sigfef sidsichbin. Farliedpf s foidl BEsTaults HaVing ithilay Sige chiney
H and nor gap¢ 8641 définedXn the aft Ifheséfanﬁhéy meludélaknlﬁeaélublvﬁﬂfsm §ad trhiss of

substitutions at positions 11, 12, 16, 17, and 18, including no

substituti dngatlyang; agmine, histidine).cacidio rsideochrainst (eghesmtm)scud; ghitamigragid),
speci ficall n | o ed... 10,0 03/ 040309 PCT/ USQ2/ 31 42] Variants. al so

i ncl ude pol h?%fl FORis, (&8 ERCIS A5PaieRBg, 8 %IL e SPYC JitRF M fesi s.

Variants th sihb' r@ste‘iﬁb Aforpelat sideRhhing ?&gphlﬁﬁmég@dhétﬁuéiﬂg 1961&&‘0%9@ ?rolme, _
receptor antagonists can bé identified by screenlng conbi natorial Iibraries

of nut ant s,phenylalanivg apedioning, élryp@pban)pbﬁtybmh@bs; devchaing (s cthregningevaline,
substituti e eu%&ne afd A& s1aé E:]'J S (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 preferablyisK, N, R, H, A, S
or Q and more preferably K, A, S, or N. Position 16 preferablyis K, R, V,, L, M, F, W,
Y, A, S, T, N, Q G, or H, and more preferably X, V, I, F, A, S, or N. Position 17
preferablyis D, E, L K, R, F, LL, M, Y, V, W, A, S, T, N, Q, or G, and more preferably
R,A,L,M,V, S,H, E, or Q. Position 18 preferablyis K, R, F, L L, Y, V,M, A,G,or H
and more preferably K, R, F, I, L, Y or A. All possible combinations of substitutions at
positions 11, 12, 16, 17, and 18, including no substitution at any one, two, three, or four of

these positions, are specifically envisioned.
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(i.e., at 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 positions) can be screened for
GLP-1 receptor agonist activity and glucagon receptor antagonist activity

usi ng mnet | known in the art and described in the kLo xanpl es
bel ow. Angf(ggséﬁﬁé@] An anal og includes a propol ypepti de, \Aﬁ(glrerglg(fnzl:’tqﬂgg

pr opol ypept i incl udes. an, i no,aci d.sequence of a pol ypeptide of .th

i nventi on. fﬂgfl V\Za‘}%’%/ﬂlesﬂt F’ﬁﬁ@e Wlmgd?sn&éﬁﬁlﬁﬂ o) @B ?FQHG?‘}GO?Het ER%
addi tional @fapthedis] % aiints GaP HARALY p&%étﬁ%@lle?gﬂlﬁwrg%’gogﬁsuﬁ@d ghicigdtl VO

processes or by procedures well known in the art, y enzymat i
cheni cal clrecepiayeantaponigteecansd idertifiedfhyasgreening conbdsatortial dibrarids of Imutantsytfhr

pol ypepti de _of the inventio includi.ng a ful.l- lLength derivative, variant,
b Ahal oo, SHATEIR FAUME St o petiifes WL e Hhirs sy EbigBh of | GE apiis pobitons
ant agoni st @g! bivi,ty 3, B8, )9 7C8,80 bt U6 poditiSils) Lty bPSriieétiea fSIOGLBE] REEPHIS HpRnishat
encodes a pol ypeptide of the invention can be used to‘fé’lpr ess the

pol ypept i deactimy gmd,glueagondeeepterantagasistactivity ysing methasldiwejl lowogmaindhe art and a
pol ypepti de, or ..can_i.ncl ude addi tj onal codi ng and/ or non-codi ng sequences.
[ 46] Pol ynu@ﬁ%‘%@d’é%&?ﬁ@ﬁ@&a‘t%ﬁ%ﬂﬁ"a pol ypeptide of the invention can be
synt hesi zed in whole or in part using chem cal nmethods well known in the art
(see, for exanple, Caruthers et al., Nucl. Acids Res. Synp. Ser. 215 - 23,
1980; Horn et al., Nucl. Acids Res. Synp. Ser. 225-32, 1980). The
pol ynucl eoti de that encodes the pol ypeptide can 11 WO 03/ 040309
PCT/ US02/ 31693 then be cloned into an expression vector to express the
pol ypeptide or into Aralogs ng vector, to propagate the pol ynucl eotide. [47]
As will be understood by those of skill in the art, it may be advant ageous
to produce the po ept i de- encodi ng nucl eoti de sequences possessilgg

es an

| ypept i . : SE€s
non- nat ur al [43] anglogg insbiden 2. propelypsptids) avheraindhe nyerdlypeptide ine

Pate of  poldBpcIolE stdbsmes B oh PiBbriids, O e B eioga” AGtuRCePpsptigd B gee
desirabl e paegfiohicah beiddved Frot thalddditiohs anviib @bids Sn kiR E8polyp@tide Mdledile 2

transcript generated fromthe naturally occurring sequence. )
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
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[ 48] The nucl eoti de sequences di scl osed herein can be engi neered using
nmet hods generally known in the art to alter the pol ypepti de-encodi ng

sequences“fd)(; @o gri ety of reasons, including but not |ingdggsdBies
al terations V%I ch nodi fy the cloning, processing, and/or expression of the

I tid : . ' at | and PCR
Featbondl y i bETMHE AR Eh xR ool BY clieeld MR fRE R FHdRE ")

engi neer t hectnctbpodpagatesbepsipmedeotilor exanpl e, site-directed nutagenesis
can be used to insert new restriction sites, alter glycosylation patterns,

change codon preference, produce splice variants, introduce nutations, and

so forth. Mgt orAs [Wifl] bel GadepstesE By thoseest sl ial the drf) Gt WEkSS be laBdritdpedil to
exXpr essi on vectors conprising one_ oOr nore nucl eot i de sequences encodi ng a

pol ypept i depreducehehe npelypenside-enneding c necleqtide sequpnees: epessessing inepanatwsally n a

vector by SEFrReRR MR blite bodbhs BERMEES P mrPRRIGE o elafie. o
into an apnidsp_éénalt;@sdlaﬁédﬂocﬁlb&ﬁseanelmaﬁ/iéﬁ@lgpemid&%xbnesﬂm@eWp@auwmm the
art and described in Sanbrook et at, ECULAR CLONI NG. A LABORATORY

MANUAL, 2d teapscript(haying dgsirablg mrppastss, sughvas a halddife, which iplongerithaadhatnf a

others are | £ hj co e[;. f skilled in the art. [50]
Exanpl es of%g‘%%g%@%gﬁoypﬁc a&%@}f Ut a%ese{%“(t)ﬁ%égi mted to pBR322, pUC18,
pUC19, pSport, and pCRII. 12 WO 03/040309 PCT/ US02/ 31693 [51] In a preferred

aspect of th| odi nent. an _expressi,on.vector further .co i ses

regul atory lggf]ugﬁ%ee3?551%?1%4%a‘in’qlll&?‘pelso&“é%?ﬂpﬁg?maciﬂ (ylcm?%g.n,leeg%% Psipemethpdty o
the codi ng geheAUINGRWNLAI HE aHEDATCE thE pSlypéptlle@nBsdihE SeqRceeolr A varRBfl of
pronoters are known to those of skill in the art and are commerciall’y

avai | abl e. reasens,cinclydinggbus et disuitedntoy elierationsawhich gnedifyithe ¢lgning, protessingnpl e.
Bacteri al expression vectons inclu but e no I i t.ed & Q. 70 QE60,
pOE 0 (& aghljor SlatfsibRebO e, poljpctlile of ARG pRRtct  JoNE shulningehy ey
PNH16a, pNHidanenpiMdhtmd(FER 2éRGRMTY of AR B Aner G SydrtotichilifdRik1otide® RAFP40,
PRI TS (Pharmaci a). Eukaryotic expression vectors include, but are not
limted tdhe ysed teongipSvivonyclesOda sequences, Fosexqnmle sitecliresied sayrgenesigran
PG oo o 8 TRk Bk TR Rhen 6! ifer HGEYsDA0h FARLES Yl S84 ™
preference, produce splice variants, introduce mutations, and so forth.

-
-

-

Vectors

[49] The present invention also includes cloning and expression vectors comprising oﬂe
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 pCRII.
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replicable and viable in the desired host. Pronoter regions can be selected
fromany desired gene using CAT (chl oranpheni col transferase) expression
vectors or other vectors wth selectable markers. Two appropriate vectors

are pKKZBQV#(@m:, @CM7. Particular named bacterial pronoteperigelies | aci,
lacz, T3 gpt, lanbda PR, PL and tip. Eukaryotic pronoters iInclude CW

Irglnregi/ﬂ 359["5" Ly Inl_?i; a%pgﬁhl one| n- lfoeﬁé%{t %F%;é%ﬂe?%l& §¥4§rp%£rr%;|§sc(§f g Vect or

and pr onot efegilatong |sbquunt:dﬁ;L indhiding, fge bxamfipley 4l promoters lopbtablynliiked tarthe chdidg An
expre55| on vector so m&éal a ribosone binding site for, transl ation
initiation, Seau?l%can ?swre%ﬂml wsiarsad Iarpemé@a grerkewnstg those

anpl i fying gxgag 'tl?enart aE&Efeec:]tﬁ%@&c%é?lg ?ﬂaﬁ@“lﬁg%ﬂé@]ﬂg &‘fyﬂ%m ngéthé' e a

phenotypic trait tor selectio ornmed host ce suc
di hydr of ol aprevided bytveeseoftaxampteryBacteriab skpressinnevdetors mclmickhutya:re inot kimited to,

e o A A AR BG4 T 5
by conbi natggg b, Pgmag,epﬁﬁl%a pNEDGa SHaBlstndC pTRCDUA, 2?365%%-393/ a

vari egat ed ary of" variants can be’ produced
exanpl e, bypBRi&(Dr&tRI&‘él(Phaﬂnagml)l t'Egka'ynilcxexpressnin vezcj;ms eethide, bt aye mot limited des

aci 0 SequenBeb G phydcstsPRE PRTLy PROHHHASERDET Tod: BPPVa MRSy

as 13 WO O3(HdBrit9a)PEdwEses ady Bihir éioﬁﬁk of Exﬁx%ésﬁkﬁf vectt ey BY @eab fonlgal 'it[lg 4

exanpl e, for phage dlsplay) contai ning the set of sequénces therein.
There are areplicabdd undfviable frothe désired dwst. b@rametdr regignsochncke Iseloeted ifan ahy

potenti al atiants fro ner at e onucl otide.se nce. em cal

Ponthes: s ofdrefggtnulioy CATEHE G ReBirobL L RiereRsS Goreon GePeiors ah ol s
DNA synt hes#g rselei-i’«t!&ﬂlet rﬁ&k%ﬁént’b\% 'aﬁpﬁ?ﬂ@te Je%& &emz Qtaﬁdfii@M’Pp'P@R{chPa!re
expression vector. Use of degenerate set of genes allows

provi si on, namedwbammlup@mmrs aintludé ladie landgUEhCcEE, gpk ddinhda tlhe Riesnd dtp. set
of ot ent 0 enc ods f.or s erat e

oli ggnucl el)f“l %f&' an “de[ W‘EWQ&E éi] %&ﬂ’gﬁ“‘% %5&?&@%9 3
(1983); |t ajaty &VA0, AL TR\ Mk  FAMoviru$ e@mqmus%?»m%@lo&ﬁ&&ﬁ-l | tSRieetion e3f ah-

Sci ence 198:1056 (1984); Ike et at, Nucleic Acid
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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Res. 11:477, 1983). [55] Several techniques are known in the art for

screeni ng gene products of conbinatorial libraries nade by point nutations
or truncatdQpseashel OF screening cDNA libraries for gene ppefucssifavi ng a
sel ected property. Such techniques are adaptable for rapid screening of the

of 'the i nvcherolt kg ARG picing (R IAThRle, for, BRARORARE’ sPeiaBd MR HR °°

hi gh t hr ougdeqpeticeathateisi s for screening large gene libraries, typically
include cloning the gene library into replicable expression vectors,
transform ng appropriate cells with the resulting library of vectors, and
expressing fs4p CPHE® Al 8 VarbtydsSMasthbdtiat 681HE Lk&® produdiiiblarieebepéteminl of a
desired activity facilitates isolation of the vector encoding the gene

whose pr oduvariantssrorn redegenerateatigoryolestida sequshes. nChemyisaksynthesimifja, degenerate

t echni that _enh t he fr f fungti tants.in the.
oo fos, " Bk spIAE ERT b REform iR B tumalit TANA SRbesire il ins Buddiic apm ¢
the desir edihéalip@Bd fnto BB Shpropihte ekpi@bsidleckire metofbra\egéﬁekaa s&lofgeﬁs%w@s

host cells containing the above-described vectors. The host cell can be a
hi gher eukafoydhe provasipn, buere mixtyreyefrall phthecsdquenass encodingdhe desivedysst iof

cell, such a .yeast cell . Al ternativel he. host cel |l can be .

pr okaryot i CPO%EI@}# ,mglﬁghseggen&e%ag\dgﬁpgq ‘f;ogéﬁyp%heil PR g&%&?ﬁ?@?ﬁ/ #9693
[57] Host ceidwn Bethehft (2B 5 S Marahge Teirakal66 30 BT @083l IRRurat &13H1S AMIERAOT
transfected wi th cloning or expression vectors of t'he invention. The

vector may Biochdnyr53s323n(di084); iltekurates of.oSerende 198pl046i984)alkei atal., Pacleicclaid or
a phage. Engé‘sn?g,rﬁg 1?@3 cells can be cultured in conventional nutrient
medi a nodi fTéd"as’ appr éjriate for activating pronoters or selecting
transformants. The sel ection of appropriate culture conditions, such as

t enperat ure d H .are.well within the skill of. the ordinarily skille
et Doan. | SR asSPA LIPS, Bt hatrodn often B G0 SaIEBTNE. BE0C ARGt O bu

are not |i mdrisinitorial REYaHES alde 65 point MufaRoAS oF trufi€ition 23! f5PR6febAing cDNA
typhi murium Streptonyces; fungal cells, such as yeast; insect cells, such

as Drosophi libragigs fomgemppridpctshaviep;a selacted| prapertye | Suchstackiniqies aGH@japbi: for
Bowes mel ang The .sel i on_of..an_.appropriate host is. deenpd to be. wi.thin
The- scope. OB STBSRE Afcthe; PrreriBtaneY BRORReR s B hormisBRERL asaenesis Ut

polypeptides of the invention. The most widely used techniques, which are amenable to

high through-put analysis for screening large gene libraries, typically include cloning the
gene library into replicable expression vectors, transforming appropriate cells with the
resulting library of vectors, and expressing the combinatorial genes under conditions in
which detection of a desired activity facilitates isolation of the vector encoding the gene
whose product was detected. Recursive ensemble mutagenesis (REM), a technique that
enhances the frequency of functional mutants in the libraries, can be used in combination

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

[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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[ 59] Introduction of the construct into the host cell can be effected, for
exanpl e, cal ci um phosphate transfecti on, DEAF-Dextran nedi ated
transfect| |l ectroporation (Davis et at, BASIC I\/ETI—{;B% ECULAR
Bl OLOGY, Ygg%}f()%?@gnstructs in host cells can be used in con%/dgln onal

Protel n oxiodss i Pa CALPL B ghe AEntetR rensiiseio et T 51 15,

yeast, bactye elonﬁg &tesksfesﬁsﬁ kzsctomq%e m%nﬁ&ﬁt TR veétolaﬁa_{,?er foleRaBpRRIBL €T S.
Cell-free translation systens can also be enployed to produce such pr ot ei ns

usi ng RNAs theformef afplasmidhe vibhlpaisie or acphegeofEngmerqdrtmtamllsIcmbqwlamdm
ropriate clonin t f. .n K t d

etkar yot | ¢ REPEoRH g il AR ool 5 foroarials oF Beokelre Biom e st

CLONI NG AranéfBfrdntORt hiidetion &f aﬁﬁopnét@@hﬁuﬁmohﬂﬁoh?réﬁ% as n}i)eratﬁﬂﬁﬁid

[61] Transcription of a DNA encoding pol ypeptides of t'he prese I nvention
by hi gher péliezerwyell withimthe skili of theerdiribyskiliedeartisang an enhancer sequence
into the expression vector. Enhancers are cis-acting el enents of DNA,
usually fromabout 10 to 300 bp, that act on a pronbter to increase its
transcri pti[68]. Bsarepressntativé exbmplee obegopmdia hosts, imnludbebitaire not lidbtedftot he

enhancer . PaClER B, BishdA b ol oalmenela bk az‘u%'éﬂw%to?r@v%% SRR g,

and adenov 'a%'&éas?"iﬂfé@?@éll% sueh ﬂ@r@%{pﬂﬂQ@Q%&’ bbb a X¥9SRarkRAREPEAIN such as

recombi nant éxpression vectors will include origins of replication and
sel ect abl e CHOkKEOS preBawes mefpnoman sTher sel¢ction offant apprdpoiate bext lis deentpd, totee

anpicillin res tance ol i evisiae TRP1 gene, and a
pronot er delﬁ'I’ efSPBPﬁ%ﬁﬁf’ﬁerﬁ?ﬂ}leﬁéQ éﬁmdg"n@a&ﬂ“ IR transcription of a
downst ream structural sequence. Such pronoters can be derived from operons

encodi n I i c.enzynes. such as 3- phospho cerate_kinase (P&
fact or, gagi[égl ﬁg %{c&eﬁ of fhe ﬁ@%ﬁ%ﬁ%«%h@%ﬁ% ycaarh?niffecéﬁdhé?%éx

het er ol 090[&%10?&115?5 étbl’ o{r? Eﬁgf’e%ﬂ&? Dﬁﬂ%émh%ﬂe&&e&lﬁ%él %r Q%?ﬁ&‘pd%ﬁ Jh

transl ation, 1ni termination sequences, and era eader
sequence cdPabiset abf BdsnceMBng)ssmcMeLEMAMBmLam;J 15&&60. }ﬁ}on'smaudns 1m]ncmt télis

peripl asm c space qr. extracel | ul medi um ti naI I t he het ey gl.ogous
sequence cé%‘Ing?'Fc in ponyEn é‘?*I‘i‘nFrnE‘I BEHQ% ‘I?&Ien?%gtl?#ﬂt"at i on
peptide i ”H@&otnﬁﬂ?ﬁhxﬁ@&hfeﬁge.(:har acteristics, e.g., st ab| I | zation or

(i

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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sinplified purification of expressed reconbi nant product. [62] After
transformation of a suitable host strain and growth of the host strain to an

appropri akeo ggbios(genm ty, the selected pronoter is derepre%@ﬁ]s@/ 1693
appropri ate neans (e.g., tenperature shift or chem cal |nduct|on3

by contri f GETY daf RO Bt on ryeies Wik Tl drEtg R %@arve&te{j
resul ting céeideabfednaiets pemittihg tafdornPitioh oF iH2HosPAHIL, E'gcalﬁé %{/}mfﬂﬁ r&Rklce

cells enployed in expression of proteins can be di $ript ed any conveni ent
met hod, i ncgangi ofgE. fco b and- §. hearevisiae ITRP1 gensi @od iaoprommsehderiived| frainsa dpghilpn,

RSN e R ks e S T

expressi on swiiodH® danCbedgerived £6¥er 6 eﬂoh@%c&im%m sleytié dRym Es bgu@b'&stss

described by @ uzman, Cell 23:175 1 and other cell Iines capable of

expr essi ng thsphq@yqemtem @GK) arfaetma ﬁplldq)hospbzmse,@’f:h,eat(sh@;k pi@LanS, amdngiBK
cell lines. Prote i f.ication epti des,.of .the pres i nvention
o b T ecotrRy he Belerolofdl ARl saBrine. B, ASSEBbIRd i SRRGA Phser

wel | known ﬁﬂxsldﬁ%n%ﬂhahbﬁ%&'%r&ﬂaaﬁ@ﬁ?éddéﬁée%L&Jd%r@feré%‘ly,%ﬂ@ﬁi&? beqRiefisd Pm&i on,
acid extraction, anion or cation exchange chromatography, phosphocefl ul ose

chr omat ogr agh ;lJ,Ied’upgr seotetioncofl tramslated pm’(em hintentiteoperiplasmic sspace ot yextrécellglar

01050, R M R R

enpl oyed aSNﬁtelfnhlﬂﬂ' 1déﬂﬁﬁédtféﬁtlbe%ﬁd§ @ Partih® Wesiked b!l&ﬁ@étéﬁ’s‘?ﬁs 0@ gl REbilR¢ass |09n

can be conveniently isolated 'as described in the speC|f|c exarrpl es below. A
purified posipplified perification of expressad raeombomEpprodyct: hat is, the isol ated

pol ypeptide is substantially free of cellular materi al and has | ess than
about 30% (by dry weight) of non-pol ypeptide naterial. Preferably, the

pr epar at i onfe2hr eARbf/drbdfomgation A0 éliltahle ho86 strii .an® Erowth, ofothe HOSt stbiin tO®dn 98,

and 99% pure. Purit f the p tlons can, be assessed by an
known i n t h#PPipRriat %e%haa?ﬂsoﬁeﬁsf PYAHETIS dg@?pre%ﬁfigy raaawaryﬂéts.% andeg
spectroscop GRN q A | o RN gy, [ 661
Dependi ng u%gﬁﬁf%hlrh%(&)ﬁsifo{é@n%i oye |Hn a e%o%?%lg%?agr o%ﬁgﬁlagn pr%dgggg
Cells are typically harvested by centnfugatlon and disrupted by physical or chem1ca1
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 ﬁnay 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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pol ypeptides of the invention may be glycosylated wth manmmal i an or ot her
eukaryotic carbohydrates or may be non-gl ycosyl ated. Pol ypeptides of the

I nvention include an initial nethionine am no acj |

Chem cal s‘gﬁ%‘?{@so?@ [67] Alternatively, polypeptides of thei’f’l#\'/‘]g?lit/ﬂg% can be
produced usi,ng chem cal t hods, to, synt hesi.ze its,an nq aci d sequenceg,, such
as by direct ﬁ?gﬁ@ﬁgﬁy %ﬁ@aﬁ?ﬁ giromaigerephyy, and Eeé’g%n%ﬂ@é%(g?é’gy fg'ﬁgh
exanpl e, Meperformendd lighid o h$PEPLEY car’Bdéinplod®ds a fidAGRrifCARR 4. et
al, Sci encM;‘; 269, 202 q-1]1204, 19 5)p. §SI(;IIPyprtide slg/n hesi s ca(ril)%ll;le per?%r med
usi ng manual techniques or by automation. Autonmated synthesis can be

achi eved, figs) expd&g;%@ﬁm 0P 4hé\Rlehfish %w%xs&o%v?ﬂéﬁyiég’@ﬁ&d de dSvuaaShzs
(Perkin Elner). "onal 'y, fragnents of a pol ypeptide can be separatel.y
synt hesi zedspacific exemplesdetlavei gpuriified polypeptide xlat least @boutut0%% pute|thatlig e h

by pr epar at ROBA EgRPHEN Broiimea iy Oire PR pE raGri Ayd PeLleS gl auntbt '

G ei ah , : . - . d
ei ghton (%Zfa&ﬁygfg,ht%fgﬂggpm@;epn&éﬂaﬂxﬁw%&ﬁfabﬁr, mwprtehﬁﬁuo%&%pfﬁ%ugﬁiof

Co., New Yor conposition of "a synthetic pol ypeptid

t he present99%Gent85%87c8% Me9% a1 96,1909% \and 8AV4) puse: | Burity off $hs preparationg wemci ng
by, for ex | e, the,.Edman degradation.procedure (.see, 03/ 040309

PCT/ US02/ 3%%333%5%‘?'&9@’0&“3’38’6%% Wyt of RSl 7, St *_Eorsz[f%ﬁ" peryipe L

aci d sequenggct@iphérasis, ﬂ%é@@é&ds&tﬁ:%ﬂlﬁﬁi@&&&hﬂ@gﬁ%&”g direct synthesis
and/ or conbi ned using chemcal nmethods wth sequences from other proteins
to produce a variant pol ypeptide or a fusion polypeptide. Pharmaceutical
Appl i cat i ong,d G BRLYRSRS 'ﬁ&@lggf the present invention can be used to treat

type 2 di abetes (non- 1 nsul”in dependent diabetes nellitus) and/or to prevent
subjects with inpaired glucose tolerance, inpaired fasting glucose,

Y | ! ” . ! e '
Phar acout i B8] * CObaREr St b it BB 18, bYREoduibh? BRidiRtion prpredure,
be conbi nedpolipeptidessof thabineentivhanampbe glycostlated withematendliah roraothdragulagetié i cal

conposition for parenteral adm nistratjon. . ) )
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,
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Such conpositions conprise a therapeutically effective anount of the

pol ypeptide and a pharmaceutically acceptable carrier or excipient.
Pharmaceutically acceptable carriers, include but are not limted to,

sal i ne, buydese@ds@al i ne, dextrose, water, glycerol, ethanoperudidsicos
conmbi nations thereof. The fornulation should suit the node of

adm ni strat pQk 1 r el bt ¥YmiR 1 Q] edcimn_ a
conveni ent %et%lz %“‘5’9? g%‘aﬂi(ﬁogﬁl‘:l’y,t ogi Bgfﬁotnl (rzl)?ftg\ggnous, %lgl@t ?%(%tgﬁ‘h gﬁeﬂgﬁ
i nt r amuscul polypeptide utamn be ualterédh tinring shitect eynthesid raadéer nmimbined asing chemical

Phar maceuti cal, go sitions are admnistered in an anpunt, that. is )
et vo. {OPORS ISR HOp OBy MaETS Grorodhee G REianl pobRHids(d gusion

Sui t abl e dolg(g gee fromat |east about 3.5 ng of active pol ypeptide
(i.e., not inCluding the weight of a PEG or fatty acid noiety)/kg body

wei ght to about 100 gg/ kg body wei ght per day. In nbst cases, the dosage is
fromabout 0.1 g/kg to about 35 g/kg (i.e., 0.1, 1, 5, 10, 15, 20, 25, 30,

and 35 jig bod ight daily, taking into account the routes of

adni ni stratf’)é‘ﬁ?"‘“ﬁ’ﬁ%ﬁ“zﬁé’{%c“é’%? These nunbers do not take into account the
bi oavai l abi ity of the. peptide in vivo, .in i ch case nore o | ess be
nseq 1o att99h”  PelvBeides Op A pieent dbyensit omdiberbed de st bipe T digbegs (ot |
Wi thin the st deferidoRt BTBbBRMCIRRL] SRToR RS pfaM i

screening, To N0 O TL ok g R Bl EU;B{ o o ﬁgégg?%ﬁg resent

i nvent i on najerancspinipairedfhstingglucose, drypoglycanuin, and/dr obssihe frophdavelmpingttypa?
agents useful,in the treatnent of diabetes, inpaired fasting glucose,
i mpai red gl ‘ﬁé‘&?gst ol erance, hyperglycem a, and obesity. Suitable agents
include insulin secretagogues, insulin sensitizers, and netformn HCl. Kits
[ 73] The invent |n§p al so &rﬁvi des .pharmaceuti cal packs or kits conprising one
or nmore cont ai nefEMECEFRRE GPTRC or nmore of the ingredients of
pharmaceutical conpositions of the invention. A notice in a formprescribed
by a governnent al agen%)é that regulates the nmanufacture, use or sale of

]

phar maceut i 81 s Belypersidssi efiithe present s nyartione fast t hen gombinas ayith 13/ sujtable

agency can Bﬁ E? 4 ot ed .y - K 74& é .
pol ypeptide o ﬁégfﬁlcﬁl\;%g?%’i‘g% %%?gﬁ%@%g%&géﬁﬁog ggig%fltrfgﬁa\?%}fﬂ\%dn? C Isga%? ‘en
referred toSah cepusitichercamprise attherapduticalbxefifgptive aawiuhtofithe gidyeptide esd ad
with a
pharmaceutically acceptable carrier or excipient. Pharmaceutically acceptable carriers,
include but are not limited to, saline, buffered saline, dextrose, water, glycerol, ethanol,

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

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

a dose is well within the skill of the ordinary artisan and requires only routine screening.
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pol ynucl eoti de (DNA or RNA) encoding for the pol ypeptide ex vivo and the
engi neered cells then provided to a patient to be treated with the

pol ypept i q@g osbebooet hods are well known in the art. For Féi‘ﬂj’@bﬁsmfsel | s may
be engi neered by procedures known in the art by use of a retrovira

particle c iy e ing far | vpepti.des aof the.presenmt .inveption.
P35) T a 3re o eolibephfsctdi oretes bR REBLHIAE Be Aimnldiog Bo sPrbnetts W

i nvention igther phendcButil agédieusubyl ih e SefMeAles fSAisbEies, AfpaltadbRitay: %we‘dse,r di ng
to this enmbodi ment, gene therapy w th DNA encodi ng pol ypeptides of the

i nvent i on iEPpiresd, glyeeset tolesanea; hyperelysentacand qut:éogmt@ldﬁ @gente includet insulisy

i mredi at el y, i i [ e | y of polypeptides using gene
t herapy mf%%%géggkﬁg%%%%%%’i%g%&r .’"ﬁ%é{'he target area, i.e., the
pancreas. For instance a pancreas-specific pronoter was used to create a
bet a-cel | ncreatic tunor nmouse nodel (Hanahan, Nature 315(6015):115-22,

1985). 19 %03/ 040309 PCT/ US02/ 31693 1771 Both in vitro and in vivo gene
t her apy net hodol ogi es are contenpl ated. Several methods for transferring

o B bR W SR D o
gene transfghtainefefilléd With o961 fnoRlofThe in&fe@eh%‘%f piaRSaceifchd E@ﬂl{)&ed(ij‘ﬁc%ﬁ%? HRe

Miscle In Vivo," Science 247:1465-68, 1990; 2) Liposone-nedi a
transfer. $aesntiong.A nGtipé ém acformlpresctibed by angovempuentaleageBFy fhabaaguldtes thef er

To The Nasal Epithelium O Patjents Wt stic _Fibrosis,/ ture Med. 3:
36- 26, 10oananaRphitS ust Ok Sale el phitRiatuionld oPbTolaiopl prafuis st reBSCHRE SpBSKAL ci
and Huang, pyAhd\ayedlky eai bOaMs6cibied ¥MTRe fikWRRit. For Efficient Transfection O
Manmal i an Célls,™ Bi ochem Biophys. Res. Comm 179:280-85, 1991; 3)

Retrovirus-nmedi ated DNA transfer. See, e.g., Kay et al., "In Vivo Gene

Ther apy O‘Gé;}grgpé;.gj, ia B: Sustained Partial Correction In Factor

| X- Deficient Dogs,™ Science 262:117-19, 1993; Anderson, "Human Gene

Ther apy," Science 256:808-13, 1992. 4) DNA Virus-nedi ated DNA transfer. Such

DNA vi ruseg~jncl Vi e - - 5. ha vec S),

her pes vi rﬁg{gs p&g}@rggﬁ&y bﬁﬁ%?sveéﬁgr?p@; a,(@%(%/ Bé‘deyﬁggégéeﬁegrtvg,r 2’@,§Lhafr§1’d‘S fie

par vovi r us gefefrpd etbeanlgyne’ dedrgot't This, ofor nexanld, ocedlR0HRAY Py \eayinedrsd 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)?115-22, 1985).
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based vectors, nore preferably adeno-associated virus based vectors, nost
preferably AAV-2 based vectors). See, e.g., Ali et al., "The Use O DNA

Vi ruses A%Va/ﬁ@ﬁ%(%?For Gene Therapy," Gene Therapy 1: 367-ﬁ€?&g§ﬁ386%gni ted

St at es. Pat'en , 368, and United States Patent 5,139,9 her apy
vect or sys 781 The chojce of a parti cul ct.or systemfor
transferri kgﬂz é&%é"b?”t’f"n EsYvq gene %G@BXH%CW‘EO&}% ?Iét%?nmﬂ”l%fEQDrsg‘.’er&e
| npor tant kg fof thiiRfendhg rpsteﬂﬁaﬂﬁ%e{r@feaﬁé RéP bR hopiatifpy af

. é%ﬁéé to e
retroviral vectors have been extensive studied and used 1n"a” nunber of
gene t her afpowunpfes g .dMulligahaSoience 26@192641 o1 3 chheis¢ methods inchudef or
i nfecting non-dividing cells. In addition, retroviruses have the potenti al

voctors omy ci v ISR B fracsfoE S oSy WA o Dirbll O e tnfer JpfS ot &
Sci ence 27 M@l % V9 Seicnd 20108580868, PCT/ US02/ 31693 [79] The skil | ed

artisan will appreciate that any suitable gene therapy vector encoding
pol ypepti des of the invention can be used in accordance with this

enbodi ment. The,t | QU [ tructingesuch veglors are, kapwn. See,
e.g., Anderson, 2&!&?&?%”@‘5%%5%?“3@?@ ng%e{ler %g’aﬁ‘g" § 51,1 %afdf}r eﬂwgﬁome'
239-242, 19848iatéd tCFIRI 0Geren Tednsfen €Ty €THeONabdl Epigheliudd dBf Patiérts 'Withb€ystic
acconpl i shed usi ng known techni ques. [80] Suitable gene theraEy vect ors

i ncl ude on&1spsip NatigreoMededs39-80i 1203 Crpstalnpdae Cengrhe i PEys,bdVaggedMed.
i ncl ude, byt LA Vi A Vi A
SV40 pro m)'ti élrséf’gd{ayr?tgv idr}a{ugs LEn(gjl—%{r?m{;’at ‘éalg?gerrlm e rof?’iérS é" g‘g‘fsrglgte olri%éegtn c!?‘ 9? ?Eé‘#&% tr us
pronot er, Bisthsfaetion OfMafmalianO&lts;”) Bidokenk) Bioph)8.yRBTEGMNO179:280-88MYO1pr onot er
described in MIler et al., Biotechniques 7(9): 980-990, 1989), cellular
promoters (e.g. 3) Regovims-medipted DNA sranster. Seer ¢.& ., Bagwbelr 43 Vivefdenenkhesany) e
pronoters . wg .0 : L.0net t : at oShock
pronoter). h%ens10 ec?ﬁ%’n 0 zﬁféedsij%{ngib@h%ét%?ﬁ?a%ﬁf?ﬁblgé%%@gﬁ%%, ig?)lg?c%ose
ski | | ed i n2624124:10, 1993mAndersbs dElinag Gene Thatape Jetunee 056:808-18i990ses [ 81]
Retroviruses fromwhich the retroviral plasm d vectors herei nabove nenti oned
may be derived include, but are not limted to, Mloney Mirrine Leukem a
virus, spleen  DEEHORIVink fdintel DR HHRES Sh IR ViRiEs RIS TRetfvirdSes
Har vey Sarconma rus, avilan

(preferably Ad-2 or Ad-5 based vectors), herpes viruses (preferably herpes simplex virus

based vectors), and parvoviruses (preferably "defective" or non-autonomous parvovirus
based vectors, more preferably adeno-associated virus based vectors, most preferably
AAV-2 based vectors). See, e.g., Ali et al., “The Use Of DNA Viruses As Vectors For
Gene Therapy,” Gene Therapy 1:367-84,1994; United States Patent 4,797,368, and United
States Patent 5,139,941.

Gene therapy vector systems

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

these limitations. See Naldini et al., Science 272:263-7, 1996.
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| eukosi s virus, gibbon ape | eukem a virus, human inmmunodeficiency virus,
Myel oproliferative Sarconma Virus, and mammary tunor virus. |In one

enmbodi mentwo b)Gyosdect roviral plasmd vector is derived fronpMpluQiSieddr i ne
Leukem a Virus. [82] The retroviral plasmd vector is used to transduce

ackagi n | : I L i
Pl 1 2y o 7Pk PR St will Aiebto L any Bfidle UM Ry ool EHERIAY
PA317, y-2,pdlypeptiflesPéfl the ihiventiohXcanvbe 18edl Tn llcord«mieE, witly @3 Rymbodiment. The

GP+E- 86, GP+envAn 2,. and DAN cel |, | i nes as, descrjbed in [l er, Human ne
Ther apy, 1;te<§3.ni°&,es fgfonstRprtng suel, veqiors ape kpas %ﬁeg-’p%’é’\éﬁéﬂ?nna'“%gsgz SET‘ ough

any means d@;@m;'wrha%arsomgwaumwnﬁzu@m.bﬂfuoaﬁ@ddh%fthé Pedi&oliRe
el ectroporation, the use of i posomes, and CaP04 precipitation. |n one

al t er nat i vdargetwitermay ba/agcamnpliskedmisthgkmowortechniquebe encapsul ated into a

| i posonme, or coupled to a lipid, and then adm nistered to a host. The
producer cell line generates infectious retroviral vector particles that

i ncl ude thq88JL \SifaBleOzen8 @eeralyTvddfiiR irthfiddbnews Inbre paemadtefse qSudtabR( Frpmeteeodi ng
pol ypeptides of the invention. Such retroviral yector particles {hen may be

used, to trENEHmay bswsed pelnde, bt pre notilimited toy, viFak prometers ge.gi JRrovirRLLTR,

t ransduced ' é‘.ﬁw : ' E'ﬂﬂtﬂ] §§.&w&g )

encodi ng pﬁgf’@r})ﬂﬁo‘t e’s&ge#lbt e 1%1%81:%?&[ %ﬁ@oﬁﬁgrkyol{tﬁ% el’l's t hat cglﬁéeg’emg

t ransduced panavirde prdmdter aad homan citontegalotvious EENMWVY) promotst describéd m, Miltdp ey oni ¢
carcinoma cells, as well_ as hematopoieti stemcell s, hepat ocytes,

fi brobl ast < Riserhuiques L 380980y 1%9), ceHulsr pramefers(e|g shistgne Pobddnand Bt
epi t heli al I Vi,L WS - as I a Vi [ S
Adenovi rusea(séﬁﬁa@rem‘tﬁﬂ%@gd\%djntgg%aﬁﬁa? %@?ﬁ hzé\?é"a r%‘ahf(#%(g ’rgl:r%g?thé%nnem

i nfect quipremetet, and hieet stiociaptomater).f Thesdléotion df ashitsble promiotaswilkby apparent
hepat ocytes, and a,ri)pear essential |l y_non-oncogenic, See, e.g., Al et al.,
1994, at pdfdhoseskillad anthgiart fem thedearhings spplained hereitht egrate i nto the host
genone. Because they exist extrachronosonally, the risk of insertional
nmut agenesis is greatly reduced. Ali et alL, 1994, at page 373. [84]

Adeno- associ ated vir VEusesbi t simil ar advant ages as adenoviral - based
vectors. However, AAVs exhibit site-specific integration on hunan
chronmosone 19 (Ali et al., 1994, at page 377). Transkaryotic therapy

[81] Retroviruses from which the retroviral plasmid vectors hereinabove mentioned
may be derived include, but are not limited to, Moloney Murine Leukemia Virus, spleen
necrosis virus, retroviruses such as Rous Sarcoma Virus, Harvey Sarcoma Virus, avian
leukosis virus, gibbon ape leukemia virus, human immunodeficiency virus,
Myeloproliferative Sarcoma Virus, and mammary tumor virus. In one embodiment, the

retroviral plasmid vector is derived from Moloney Murine Leukemia Virus.

[82] The retroviral plasmid vector is used to transduce packaging cell lines to form
producer cell lines. Examples of packaging cells which maybe transfected include, but are
not limited to, the 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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[85] A different approach to gene therapy is "transkaryotic therapy" wherein
the patient's cells are treated at vivo to induce the dormant chronosonal

genes to 89&7@3369% protein of interest after rei ntroduci,éi)/ﬂlgéz??é?&e

patient. Transkaryotic therapy assunmes the individual has

conpl ement of ., geneg necess fqr activat.i.on. Transkaryotjc, thera

Vol ves. i HRIEIER B SRR S FRrodiRe RSP M BV Rdgt cStshy e dS b fegor
capabl e  ofpagdiés/fhich Ryt BE ufldS 68 Rhnd8OE Sukakyiitie dells, SGHEP AP HSRdr WVRT Thire

patients' cells ex vivo, _culfurlr_l and sel’ectin _’for active
pr ot ei n- pr deansduegd c enkaryotithdeallse will eexpressddbs mpcldie acidt sequenci(s)elensoding o

th tient_with.the intent that_they th ful | t.ahl i . Th
“gent-act | AR oS fnbolf mUGRS Ells BaF St Fenethiralinguss BEF ame 30E
signi fi cantlimii®@l ), entrybnifBtenh Rells REntrPénie TatciitinA sellsh @s W dlEaP hetbBpsisfié ent .

U. S. Patent Nos. 5,641,670 and 5,733,761 disclose in detail this concept.
22 WO 03/ 045h@nocelis;T/hepateres o8blobbikts) auynblasts, tkezatinogytes,i andatesliah qells,

better und , . owi ng exanples are set forth. These exanples are
for the pu?%éé%ﬁ%fpw&u%%lgsﬁ on only, and are not to be construed as

limting the scope of the invention in any manner. All patents, patent
applications, and references ci tgd in this disclosure are incorporated

herein by reference i4feHORENES GHE AIOASSRSMRAVIERESEy anpl e | Pept i de

synt hesi s nmet hodol ogy [871 The foll owi ng general procedure was followed to
synt hesi ze me of pol ypepti de f the invention. Peptide synthesis was
carri ed outligll t&@&ﬂﬁ%“-lﬂﬁ%ﬁe §8Yaé’ﬁ‘¥£§yth€q3§‘ﬁ¥ib&¥e achrepd hostsTapRe | GREgintect
(1994), Vol Y/ |l 43 eﬁ%éq' 0 e Iy %%Seg | Qrous
flow condit ongéﬁs(?ntgemgggﬁ%ﬁ\%nere %P(Q)lf‘gjsi%;?eé% resﬁ%%a ( pb?ﬁgg]lt’%/erg%yer e,
Tubi ngen, Gssemntially noMontbgenim nfideseiggAlber aly,rit99dsatspagp8p7i dedenorineses deaotd
fromthe resin and de-pr.otected using TEA DIT/H20/ Triisopropyl sj.lape.
(88/ 5/ 5/ 2) . 8PPERIP i‘%FE%m%e‘P@ il&?t;ﬂe%l 8dEF?%'ﬁ? they GZS}S&S?%BW%R@Y’ tﬁ%ﬂﬂ@
col d di et hylf; el t ' ith the cold
y(%]f ifidcRfSnal iﬂﬁ?ageﬁés‘?scis Rl fedifesd AR e, 1@9@,%%%573&

ether and then dissolved in 5%ace cid prior to ation. Peptide
i dentity was confirnmed by reversed-phase chromatography on a YMC- Pack

ODS- AQ col ughy (YAeno! fiSociatil 'Vituld QRibif inifdF 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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Waters ALLI ANCE(r) system (Waters Corporation, MIford, MA) using

wat er/ acetonitrile wth 3% TFA as a gradient from0%to 100% acetonitrile,
and by MALRH oBB§300 SPeECtronmetry on a VOYAGER DETM MALDI ter
(model 5-2386-00, PerSeptive Bi oSystens, Fram ngham M). %&&i&ﬁgﬁ;fg@

(50/50 dH2 et qpi I wWa X
buffer 1/1. @Eosgﬂgié&p t@%\ghl%lg? ﬁ%‘-&rﬁ‘%‘}% e‘gﬁ‘#‘fﬁw‘l‘fiﬂﬁe follagiirfg g)é%@%e#ré
purified byseteforth.s €Thesd axamples i@ fo0 the) 652 &f iltiskition bely! an®raed ndORObEPLC
system (Waters Corporat.ion, leord MA). Exanple 2 Peptlde cloning [881 To
establ i sh aconsBued asdimitinsthe seams e & %gnvsmgnp@:ptapneammerthéﬂ PRSI i

nmut ants the

G-t orm nal - T Hopgp el dincal NG s RIS obitRink el olrtiEh |
nmononeri c ptheirieireend GST. 23 WO 03/ 040309 PCT/ U802/31693 The gene encodi ng
the Factor Xa recognition site fused to the DNA sequence of the peptide to
be produced has been synthesi zed by hybridizing two overl appi ng single-
stranded DNA fragnments (70-90mers) containing a BanH or EcoRI restriction
enzyne sit BX %tely 5' to the DNA sequence of the polynucleotide to be
cl oned, fol E%ﬂggy DNA synt hesis of the opposite strands via the |arge
fragnment of | ymerase | (Life Technol ogies, Inc., Githersburg, M).

[ 89] The DNRemhilgusprrbesichefivdology each pol ynucl eoti de was based on the
reverse translation of the designed am no acid sequence of each peptide In
sone cases, [g7)e TROFIIPWEhE Béredfl p@&S‘eﬁdﬂer\ﬂastfﬁﬁoW&Pid %the’inz%ﬂﬁé%tf ?Qlyg

nmut agenesi s icard et al., NucCleic Acids Res 22: "2587-91, anbr ook

et al. (1986l thmhvectipmRPditidsisishesks wwmm%ymoc@mmmtew (Repsidei ng

ot hod desoTHebREls (88 Aafbinels B MERaA o hineten & BRTH pHBREuig "
BamHl and Eggffinuauid ﬂdvga&&smﬁdﬁsousﬁgx -Po(yﬁfaé SPBOPJTt{TeRE | Resiil O !

whi ch has al so been cl eaved by BanH an EcoR . [90] For ‘exanple, en the
DNA sequencBolymsrey dlupjngon; Germanyht iAtithel completion (o syuhesis, geptidésowens dleaved

P o L o3, B! L 20 PR MReRE A GeiS g RSO RERSS Sfand BBATST). " "

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™ MAILDI Mass Spectrometer, (model 5-2386-00,
PerSeptive BioSystems, Framingham, MA). Matrix buffer (50/50 dH;O/acetonitrile with
3% TFA) peptide sample was added to Matrix buffer 1/1. Those peptides not meeting the
purity criteria of >95% were purified by reversed-phase chromatography on a Waters
Delta Prep 4000 HPLC system (Waters Corporation, Milford, MA).

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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| EGRHSQGTFTSDYAKYLDARR. AKEFI AW.VKGRG (SEQ I D NG 33), where the first 4
am no acids, IEGR is the factor Xa recognition site and the remaining 31

am no aci am' no acid sequence identified as SEQ i 11 The
- D Pty sealidpie’

first and SI'X nucl eoti des of the nuclelc acid sequenc t he

pol ypeptide, jdentifie as S resent .th Il on _enzy sites
(BanHl _and &R B ng%?'ﬁ #g lieFﬂ qq{’e“ﬁf(ﬂ*B& seapense” of) the o
"TAATGA"  sepuifiagso bm%hlﬁw |h¥1? e DNghﬂaesﬁéaebﬁgﬁigdfziﬂ tv('o @ Igm\g %ﬂ%des

two stop codons. The rest of sequence odes the Fact
Xa- pol ypept steraded ENA ffragments GEE?QnBrs)Gomaimag @nBamHﬁtoe@eRI mmmsmmsog

PCT/ US02/ 31693. Ex I Pept | b t

(021 BL21 ( BEIPRarRen ST D sepi gt s adRiiroude de be sufefi o B B
cont ai ni ng Dmaféyﬁmlmme@ tetrandsvit! Hd largePaghtsht Bf@r@A ofyenekade Ia(mke

i nduced by 1 mM 1 PTG L|fe echnolo ies) for 2 hours at 37C. "Two liters of

cells were @Pﬁhﬂomﬁ,mo@thmb%,m nutes, and stored at -20C. The cel |
pell et was resuspended in 80 nl B-PER bacteri al protein extraction reagent
(Cat No. 78248, Pierce) and I x Conplete Protease Inhibitor (Roche) until
the cell subi®nsThe DWHA seguenpenchesen ‘fmeeatohnpxdmmmlmtindbxww basmdsogelrd reyerse

shaken at ropomtenp ture.forr 1Q mn Lysoso and .Dn were a ded
Co a Ti nal GBI, ol e iesisnes GEaP APL-SHIREE O 408, FBHiChe hoByh Frepette
proteins an olyﬁua@dif&eencsaﬁg%etpepua@wg@ﬁérxtea BOR HluXdgdhé&sis\@Sicrd Catoat, ed

for an addlﬁlonal 5 m nutes.” Cellular ebris ssundwnat 27,000 g ’f or
20 m nut es. NitleicsAqids Rat a1 258391711904 Sambrodk et al. cﬁf9&9|)MQBmde@mm$nAne

Sephar ose 4 Aée]%%ﬁ) PQ@nnamg‘i)lq](a)& gjoﬁggker ﬁ\#ﬁ%gigﬁt stl'bﬁ'F?fsnFNEY{eYor%O?ams
spun down a

Chr omat 0gr apiynédésHiRS aledddy- iade by BRNB-HM éileséﬁbéd- ab&R. f@ﬁ@%@bl@%ﬁ&meat of
Factor Xa bu er (1 mM CaCl2, 100°nmM Nadl, and nmv Tri s-H The

pepti des weprodutteiathen drg‘estem&yc&dmﬁhamd EholsTothgaied)intF@ﬁEX-@el (mhlaIrShanl a)
on a G s rPPERTeB ARy b AR Braboen iivelty Bomit 08 EedBE 1 ow rate of 1.
m./mn with the following program 5 m nut es of Buffer A (0. 1% TFA/ HZ0), 30
mnutes of ?9r ?dl l%cr;l:[ e);[a?np e, ngﬁegu f %&\IA sequence the polypeptide identified as SEQ ID NO:7

was cloned into pGEX-6P-1, the following polypeptide sequence was expressed as fusions

with glutathione S-transferase (GST):

IEGRHSQGTFTSDYAKYLDARRAKEFIAWLVKGRG (SEQ ID NO:33), where the

first 4 amino acids, IEGR, is the factor Xa recognition site and the remaining 31 amino

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

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

sequence.
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B (0.1% TFA/ ACN), 10 m nutes of Buffer A, 10 m nutes of gradient, and 10

m nutes of Buffer A Peak fractions (0.5 nL each) were collected and
screened Ryo ¢foepste Trici ne- SDS gel el ectrophoresis. The igefiykdsigfs each
peptide was confirned by mass spectronetry using the mass predicted from
the am no acid sequence. Typical yields are approximately 50 Vg free
peptides per liter of E. coli culture. Reconbinant peptides have been shown
to have thmmivities as their synthetic versions. [931 The foll ow ng
tabl e, Table 2, contains sonme sel ected, pol ypeptldes made according to the
pepti de syrﬁ%é@%ecﬁ(’g’{ géon Exanpl e 1), or reconbinantly as
descri bed above. 25 WD 03/040309 Table 2 PCTI US02/ 31693

d ucagonESARAPT BVIKIDEDRreiisriStrajagene) trasfomead wish 2)GST-peptide fusion containing

%E: ig; g% ] HAE FTSDVSSYLE%Q&EFU MGR lﬁféﬁgﬁog h@ngl()(ﬁ?ced by 1 mM IPTG
f&EE?S&Eﬁ%%W@%V%%%%&@%@xﬁ%@x&%ﬁﬁ@@%ﬁq 0

NO 6) Gb1HSQIohieE SNGA0tcQARRABHE | AU VHMGPEH et S&@rédaslb&ﬂdzal in 80 ml B-PER bacterial
G55ESQGTFTSDYARYL DARRAKEPI AW.VKGR- NH2 (SRO I n

G5 6HSQGTFT Snnisiny extrstinp tersent( GaaRo NESZ48 sEcgmeD and g;s CoypistexBretesmyinkibiton

No: 11) - GronAe o rati e R geor AR ey YhE gt A ik ey |

G60HSQGTFT SRMKehYAtOSMAKID Erairy {60 mbiufds| Dydddohd)and Dnase I were added to a final
6 1HSQGTFTSDYARYL DAAKAKEFI AWLVKGRG éSEQ | D NO 14)

G7 1HSQGTF T SowgeatiabipmRfCRd) Memkamt [0gg/ol| o fughes polubilize proteins and to reduce

gg@wﬂg%@K LDAR 2 A%@@J % Pasi Icgb%d %o,rgan additional 5 minutes. Cellular
G76 HS@TFTSBK&K%@@M M’)‘{mf&sﬁﬁniﬂatém Ik supernatant was mixed with 2 mL

of pre-washed Glutathione 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 peptides have

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

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

described above.
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G7 7THSQGTFTSDYAKYL DARRAKEFI AWLVKGRC ( SEQ | D NO: 19)
Q27 7HSQGTFTSDYAKYLDARRAXEFI AWLVKGRC( 22kD) (SEQ I D NG 20)

G82HSQGTF RRAKEFI AW.VRGRG ( SEQ | D NO: 21)
GB3HSQGTF1T’§g 5’%@&

ARRAREFI KWLVRGRG ( SEQ | D NO: 22)

PCT/US02/31693

GB4HSQGTFTSD YLDARRAREFI AW.VKGRG ( SEQ | D NO: 23)
GB5HSQGTFT L DARRAREFI AWLVRGRGK ( SEQ | D NO 24)
G185HSQGTFTSDYARYL D =
2185HSOGH OREHPARYI RREARE? %‘@@M gﬁ:ﬁ% R o6
64 185HSQGT IGLEDY/ASRY | BARRAREBY ISV RARRKEPIRNIDKCR - SEQ) | d2oNDD Aid): 2)
G8 7THSQGTF A N pTep v =Yk 1D NG
GSSESQIBTF"g%?AéY’JLg RRAKEF AV\LVKC%&FJ EA) FES“EO ‘[1)8 |\g o))
GO OHSQGT FTSRYARYL DARBAGRTEBY S7A). MIRW R IGoMnSRGR 1R 2N(B B0 YD No:4)
G182HSQGTETSDYARYLDARRAREEL KMLVRGRGK(EA) (SEQ 1D NO: 31)
G183HSQGT FZﬁSDYARYLl)RWFF%WFW@% A5 2D NOFA) Cl6 palpithte
| i nked to|tdwe |ysi NnasgerFETdenKYLIARRKINFIARAKOR RIES (srgkenl Moest he cystei ne
residue. &3 KO [ #&3obtsrE] MQAMEHS(IS&Q% [&5])due. 2o WO 037040309
Exanpl e 4 [Prepareatiron—oi—™H '\:.WC . ..c..uranes r\,./ USG”/ +693—19H4t+—FH-askps of
RI NnBF cel ; TRPYAR FOR 19 IR -
sucrose bufd@eér cont aBmWSPYWMMWRMBE@Q andiohem)genl zed in p
douglce ho[namm Zer | mebeRMBOYAYLIDRRREFANTVAGRIBRN P4HY 15 Woough a 23 @Jauge3
needi e. or OKET ¢ |u T | AL Tt | f ugaLl O at o0PX(g
for 5 ni nmﬁg._the L VSRS, (%EQ olta ) using a 23 gaube
needl e and G5Ae cent HEQERFISPYARYLRAKKAKERIABRXGRG T(58Q siPple @) ants from the [wo
spi ns ver ¢ gsonbi ned napsrreentarvinoRAxE AWK KGR Qsgo 1oy N3N n. The result) ng
| asma nmenr-ane pel qﬂqg TMg—a 23 gauge

Ir[:eedl e folH-ewed By hﬁb) MP"E*A% reede tﬂbxbhé"-RSEBLfn ﬁé ﬂ? gm SgC gn i
use. G71 HSQGTPTSDYAKYLDARRACEFIAWLVKGRG (SEQ ID NO:15)

G74 HSQGTFTSDYAKYLDARRAKEFIAWLVCGRG (SEQ ID NO:16)

G75 HSQGTFTSDYAKYLDARRAKEFIAWLVKCRG (SEQ ID NO:17)

G76 HSQGTFTSDYAKYLDARRAKEFIAWLVKGCG (SEQ ID NO:18)

G77 HSQGTFTSDYAKYLDARRAKEFIAWLVKGRC (SEQ ID NO:19)

G277 HSQGTFTSDYAKYLDARRAKEFIAWLVKGRC (22kD) (SEQ ID NO:20)

G82 HSQGTFTSDYARYLDARRAKEFIAWLVRGRG (SEQ ID NO:21)

G83 HSQGTFTSDYARYLDARRAREFIKWLVRGRG (SEQ ID NO:22)

G84 HSQGTFTSDYARYLDARRAREFIAWLVKGRG (SEQ ID NO:23)

G85 HSQGTFTSDYARYLDARRAREFIAWLVRGRGK (SEQ ID NO:24)

G185 HSQGTFTSDYARYLDARRAREFIKWLVRGRC (SEQ ID NO:25)

G2185 HSQGTFTSDYARYLDARRAREFIKWLVRGRC (22kD) (SEQ ID NO:26)

G4185 HSQGTFTSDYARYLDARRAREFIRWLVRGRC (43kD) (SEQ ID NO:27)

G87 HSQGTFTSDYAKYLDARRAK (FA) EFIAWLVKGR-NH2 (SEQ ID NO:28)

G88 HSQGTFTSDYAKYLDARRAKEFIAWLVKGRK (FA) (SEQ ID NO:29)

G90 HSQGTFTSDYARYLDARRAREFIK (FA) WLVRGRG (SEQ ID NO:30)

G182 HSQGTFTSDYARYLDARRAREFIKWLVRGRGK (FA) (SEQ ID NO:31)

G183 HSQGTFTSDYARYLDARRAK (FA) EFIKWLVRGRG (SEQ ID NO:32)

(FA): C;6 palmitate linked to the lysine residue.
(22kD): 22kD PEG linked to the cysteine residue.
(43 kD): 43 kD PEG linked to the cysteine residue.
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Exanpl e 5 Preparation of plasma nenbranes fromrat liver [95] Rats were
sacrificed and livers removed into ice cold TES buffer (20 MM Tris, pH 7.5,
1 M EDTAwg350dihosucr ose containing protease inhibitors). i ght of
the livers was determned and the tissue mnced in 5 vol uﬁggﬁ}g&? 1(‘%Fcol d
TES buffer ﬁnd 2 !sl urry prepared using a polytron. Al buffers and spins
wer e kept he slurry was further honogeni zed using three strokes of

a handhel d}d@pmgoﬁlgfwﬂzgéumg’,hg,«anapnogenate was passed through several
| ayers of cheesecloth and spun at 25,000 x g for 10 mnutes. Pellets were

honogeni z eq94]_rwe%§asi(s e RINRSRUEIS wers waaleaowﬁﬁ pake §m9ge@%t§ggl}r@ gisegeé*?lﬁﬁme

honogeni zer -seven point nine [Tilirters of TE was
added and RIXBA-240 InhM s‘lihmshbuﬁg@natammwothas& mhihnbmﬂﬂﬁ)ruydslmmgahz&mhes

and each t s overlaid wth 7 of ,TES buffer S were un at
120, 000 x §loRHe BemSHFAcOlIOHkE U KnsdedhBiasmion, duaus fodLce et Mol

interface tirolfear doBld afly 'il'l.lgfgl w"eféereﬁﬁk@d 'cbﬁ{hﬁikahﬂn Eﬁ%g&ldfdf%nﬁﬁﬁftésat’ﬁfé

using a 15 m nute spin at , resul ting et was again
honogeni zedellet ms&esnsmeEdanF@r buﬁﬁey rdsmgead23/\galtge Igedie rahd tle cHntrifugatiomeyas

| d th 7,0 I TS i f t 180, 000 in,. T
o) e romsbmbate, Ik R BRE Hom HHE Ar arsre sontbinl AP roREE for
and col | ecfogsdoRy fEEP0 hihlIPkd fBBulﬁhn% HManfa0B epbehnk (ifellét5w% @esuﬂé'bﬁdéd fafmgel | et

was resuspended In TES. Plasnma nenbranes were stored at -80 ntil ready
for use. 2buffer vingaddgsugsmeedledfoBowedbna 35 igavgeoieedlet Mephranes wers stored at
PCT/ U802/31?8%L?®J%Hepat ocytes were isolated according to a nodified
procedure o Kd Friend (J. Cell. Biol. 43:506, 1969). A fed male
Wstar rat was anesthetized with sodium pentobarbital (55 ng/kg, i.p.). The
rat was placed on its back on the tray of the |iver perfusion apparatus
(37C), and its linbs were secured with | aboratory tape. The ventrical
surface waExamplmdd with 70% al cohol, and the abdoninal cavity was opened

with sci ssggr%paragogx? a%m%mbr&’ gogtola“%ervel n, hepatic artery and the

posteri or ve a cava (P alier aced Ioosely around the three
vessels. [Bgln : lﬂa‘%‘s Were sadn éédea%dlhr\]/%r% r%ggvgdo 1In Sice dnl']%1 guffer (20 mM Tris, pH
7.5, 1 mM EDTA, 255 mM sucrose containing protease inhibitors). The wet weight of the

livers was determined and the tissue minced in 5 volumes of ice cold TES buffer and a

slurry prepared using a polytron. All buffers and spins were kept at 4°C. The slurry was
further homogenized using three strokes of a handheld dounce homogenizer. The
homogenate was passed through several layers of cheesecloth and spun at 25,000 x g for
10 minutes. Pellets were homogenized in 22.1 ml TES buffer using 10 strokes of a
handheld dounce homogenizer. Twenty-seven point nine milliliters of 2.4 M sucrose in
TE was added and mixed well. The homogenate was distributed among several tubes, and
each tube was overlaid with 7 ml of TES buffer. The tubes were spun at 120,000 x g for
60 minutes. The plasma membranes were removed from the interface that formed during
the spin, diluted in TES and concentrated using a 15 minute spin at 200,000 x g. The
resulting pellet was again homogenized in 9.8 ml TES buffer, combined with 10.3 ml
2.4M sucrose, overlaid with 7 ml TES, and centrifuged at 180,000 x g for 30 min. The
plasma membranes were removed from the interface, diluted with TES buffer, and
collected by centrifugation at 200,000 x g for 15 min. The final pellet was resuspended in

TES. Plasma membranes were stored at —-80°C until ready for use.
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was secured with the ligature. The hepatic artery and the posterior vena
cava below the Iliver were tied off with the ligatures. The perfusion punp
was taned e descending aorta was inmediately sev ow t he
buffer to ggc(g}ggmgﬂd to exsanguinate the rat. The chest cg{/&ﬂygo\%ggé%w ckly
opened to expose the heart. A cannula was inserted into the superior vena
cava through the heart and was secured with a ligature to the conplete the
circul ati onggdmglel6f er through the liver. The liver was perfused with

Krebs- Hensel et buffer containing 5 - 10% sheep RBC and under constant 95%
02/ 5% Co2 Freperatian gf raf hgpatgcxtesow rate of 14 m/mnute. It was perfused in a
non-circulating systemfor 5 min and then followed by a re-circul ating
syst em (wi t[96B0ndepatidytegemers ejoldted accardingmt;r a g@dified proseduts of B'crm randvé?sienme n

T on-si cud il i e Re o onbl A By RaleC WIRAD Fit P meppeied SO

buf f er was hidntshail Qﬁ“xﬂg/ﬁg'(?@] Uhe (18P Yrak RRcell Mt BABEGALHE Fray ¥ tﬁ@q}ver An
aliquot of cells was diluted with buffer, stained with 0.4% Tfrypan Bl ue and

count ed. Ttmerfuemn apparatue (37°€0)) md/mrlanbls Walteesdcumd mﬂldhbmtomtapedﬁlesvdnmcal

S e B B R il i
o s i, 48 i S g =

enzyrre sol uplaced looselgam@mn&ahmthrm vesSgls. rAmanmﬂa w‘Essnmated unstoethe poﬂalvml amd hed
t th | d 10% b G bco ded 8 25%
ool 1 (51 e Scafird wlh B et s heests artepland B¢ BAHOr Seninerspeian 160

PCT/ US02/ 311603 w& aad o’f‘ti%lﬁi arl hﬁatm@ ThE Sictfulsiont Pﬁnﬁ%& Fkd il Ghd the

centrifugation were renoved ed twice wth co 0% FBS/ Hank buffer and
r esuspendeddaseenddng EBEA RPM mmathseale(eél MLOWEMrmléfeB 'ﬁompetandeto

bi nding of peptide . to the Plrec tor Rl NnbF, cel | ane

(o8] 150 vErsatiis Beira a5k Shév ERGE NA bR ot GrepePel Taal BSRIRER i de

fragments, sta:hb&féhﬁnto&ﬁé' sEpEroP Yénatavh Reon B‘h'eﬂﬁ‘ ah® wab 8edar&lt With QARIARLE 1 N

R NrrBF rrenbranes ¥ pically are at |east about 01 nMup to about Z0 nM

(i.e., 0.01o the romplete thw, c1zpu1a510nfpf bpffeg through the liver. The liver was perfused with
Krebs-Henseleit buffer containing 5 - 10% sheep RBC and under constant 95% O,/5%

CO; flow in situ at a flow rate of 14 ml/minute. It was perfused in a non-circulating

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

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

Example 7
Protocol for rat islet isolation

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

(Gibco), resuspended in 8 mi 25% ficoll (Sigma) and then layered with 5 ml each of 23%,
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9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nM. 1C50 val ues for
pol ypepti de derivatives of the invention typically are at |least 0.01 nMup

to about J0 g €, 0.01, 0.1, 1, 10, 50, 100, 150, 208ctARbh31880: 350,
. . T. 1
400, 450, OQOQ%S%M. [99] Conpetitive binding of sonme pol ggept |65/es of the

i nvention tgpeR o,C@l |41 pl a sur . f ol |

Ni nety- si X\%(e)ﬁ L@ﬁ@ {ﬁf{’lrl'at'ﬁgegﬁlpﬁta es e(%’F}%I ]}‘A‘%orr %ﬁ?& Be nég@onh)ﬁf%%ved’

bl ocked wi t kvashedwhEd withrcoll 10%FBS/HAK baffer aaddendpéiridd invil 0% FBS/RPMI 1640ng
buffer consisting.of 20 MM Tris, 2 nM EDTA, pH 7.5, 1 ng/m BSA, and 1

ng/ mM bacit F%F@Farﬁglm%be m crograns of RINnSF cell plasma nenbranes diluted in
binding buffer were applied to each well together with 0.05 jtC 1211

| abel ed GLP-1 and peptide concentrations ranging from 1x10"12 to 1x10"5 M
Following a 60 mnute incubation at roomtenperature, the plates were
washed 3 ti Hxamplet®h i ce-cold PBS containing 1 ng/ M BSA. The plates were
dried, scintillant was added to each well, and cpm per well determ ned
using a Ml IGympMigvebiniimgOf pepiide to tHeQBL P-Thecdporin RINImSEZ2l Raswat keni®ngs t O

t he nenbranes at each concentration of peptide were plotted and anal yzed by
nonl i near regression using Prizmsoftware to determ ne the IC50. The

pol ypept i de§98li sdCosvalnes fortthp cempetiivghindiag ofpolypaptides ansepnlypeptide Esgments,n

t he pl asma ranes, 1sel ated. .from Rl NnpF,..ce iL.th | C50 u of .bet ween
1 P ana: TR R b S0k, BTG R AR G- ebalor i KEVHST e
concentrati %i@du%%r@@d e RbblD.G1 nvhip-td 45t 20hMbjiedionml, of1 1,ahe! £0,@ 7-§,

(7-36) (SEQ 'ID NO2) is reduced by 50% 29 WD 03/ 040309 PCTI US02/ 316973
Exanpl e 9 COnbtlilt 12:d bl thdliSn d6.0k7, ééﬂt , 6229 M) h ECg|vigbigg 1 podypeptide deriyativas

pol ypept | deot HTRAR PRy e R} 9T maup i E0RCTRLAN (e BRI 10006
of the invespj 100, 150,200, 250/36Q330! $00¢R50,oriS00 ahg). liver nmenbranes typically

are at |least about 0.1 nMup to about 1000 nM (i.e., 0.1 1, 10, 50, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,

900, 950,  ¢49]10@Qnipditivé biddingeTEBRkE pbiypeptiics OF it iRlentidiRo RINMBEREI Peanaf

the invention'to rat liver plasma nmenbranes was neasured as follows.

Ni nety- si x- msmbrayes ovas ineasaredoss folllawss Ningtyisipwed, GF/C filtration plates (Millipore,
Bedford, MA) were blocked with 0.3% PEI for at least one hour and washed twice with
binding buffer consisting of 20 mM Tris, 2 mM EDTA, pH 7.5, 1 mg/ml BSA, and 1
mg/ml bacitracin. Five micrograms of RINmSF cell plasma membranes diluted in binding

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

D

concentrations ranging from 1x10™2 to 1x10° M. Following a 60 minute incubation at
room temperature, the plates were washed 3 times with ice-cold PBS containing 1 mg/ml
BSA. The plates were dried, scintillant was added to each well, and cpm per well

determined using a Wallac Microbeta counter.

[100] The number of '*I counts bound to the membranes at each concentration of
peptide were plotted and analyzed by nonlinear regression using Prizm software to
determine the ICsy. The polypeptides disclosed in Table 2 bound to the GLP-1 receptor
present in the plasma membranes isolated from RINmSF cells with ICsp values of between
1.4 oM and 248 nM (determined from a minimum of three trials). ICs 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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Bedford, MA) were blocked with 0.1% PElI for at |east one hour and washed
twce with binding buffer consisting of 20 M Tris, 2 mM EDTA, pH 7.5, 1
ng/ M BSA, /m bacitracin. Three mcrograns of rat liver plasna
menbr anes vglﬁ{bg/to%o oslpg binding buffer were applied per well PFS‘G@PH%‘%W th
0.05 G 1251 Ial?eﬁed gl ucagon and peptide concentrations ranging from
1x10" 12 to BX2mpled N Fol | ow ng a 60 mnute incubation at roomtenperature,
the plates were washed 3 tinmes with ice-cold PBS containing 1 ng/nm  BSA.
The pl at es Gempetitive bindingoifipeptidetottheplucagbiadcdptorancht liver plasamdnanhroper  wel |
determ ned using a Wall ac M crobeta counter. [103] The nunber of 1251 counts
bound to the nenbranes at each concentration of peptide were plotted and

anal yzed by[100n! 1038#ludseef ﬂx%sdoﬁiébeﬁﬁ{ré‘lﬁnﬁiﬁgg‘i’g&% e§ aﬁ&po?ﬁ&ﬂfd@"ﬂ‘)@deﬁ@

| C50. The pol ypeptides disclosed in Table 2 bound to the glucagon rec_epi or
present i n derdativess weriantsriangd ranslogs @if she dnviention taathd glueagoni reneptasin tadllives of

bet ween 11. termned. from VNI of, three tri )
"0s0 1o 1 natenRhAl Bafcaly 3 S BT AFONT1 iyl Torto RhPlttB e ten Bl oD 3

| abel ed gl u@g ©50,i290) 250360, 330, 400/458X50M1550,1600VESE, UT0BITRSU, 80D, F50DDOGIS50,
signaling through G.P-1 receptor using cyclic AMP scintillation proximty
assay (SPAoIr[IY8dpMlor pol ypeptides and pol ypeptide fragments, variants, and
anal ogs of the invention, "activation"” of the GLP-1 receptor in a cAW
scintillation proximty assay is induction of 30 WO 03/040309 PCT/ US02/ 31693
a maxi mal dd02lvi Compétittvei binding| afasomeapolyperdides vf the imteation 20 @86 livereplasnds,

90, 95, 100, 105, 110, 115,,12Q.. 125, 130, .135 145, 150, 155 . 160,
165, 170, 19 g’f%?ﬁ Wigmeagigpd ag ,°WsorNE¥§g%’xﬂ‘fe'“t &ﬁ? %@iﬁ’éﬁ“ é&tﬁ mp?ﬂ?uced
by the natin&ifésdPMAY wefd blo6ie With Ng‘yggg‘l"if%rgat 1%% gi%ghb%agadaogﬁdh%a tiiceabitd east

4% up to about 1000% (i.e., 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 4#odingdoffesoonsisting, ofSADMMis, 3rmM EDEA, pidr7.5hol megipl BSd, and 1

derivatives_of .the.inventjon, .ractivation”.of the GP-1 receptor .in.a.cCAW
Sol nt 11 | at BR L TG y TH ApioRE P 06 o Jiv b PR PRETAnEE, SUACE B RS o o
| east abouty fRYouiRe taggﬁ&i)gér well QddtherSwith 85 ?éi 18P1ab8Rd %Q%OE%d éilelagde 115,
120, 125, 130, 135, 140, 145, 150, 155, 160 65, 170, 175, I80, 185, 190,
195, or 2008ncedtratibas rangingpfromctildi? yo InHItM Byllowingrm60 nainute incubation at
room temperature, the plates were washed 3 times with ice-cold PBS containing 1 mg/ml
BSA. The plates were dried, scintillant was added to each well, and cpm per well

determined using a Wallac Microbeta counter.

[103] The number of 1251 counts bound to the membranes at each concentration of
peptide were plotted and analyzed by nonlinear regression using Prizm sofiware to
determine the ICsp. The polypeptides disclosed in Table 2 bound to the gluca;gon 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). ICso is the concentration of
a polypeptide at which maximal binding of labeled glucagon is reduced by 50%.

Example 10

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

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

“activation” of the GLP-1 receptor in a cAMP scintillation proximity assay is induction of
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GP-1(7-36) (SEQID NGO 2) with a relative potency of at least 0.5%up to

about 1000% (i.e., 0.5, 1, 10, 50, 100, 200, 300, 400, 500, 600, 700, 800,
900, or 1QPQY “Rel ative potency” is the EC50 of native P-1 7 36) (SEQ
D NO 2) 3‘? "%("ﬁ” Y the EC50 of a poI ypeptide of the inveGF' 2’?1‘8?%. plied

by 100. "EC50" js_the . concentration of a polypepti 9 at which 50% of the
nexi nal actarW‘Vaﬂg"’th"éW@%téaa %@Poweﬁﬁ/?&ﬁt%?@ﬁlzoﬂé’ Gfe. @§P9Q’ 5%ed 8t 106, f or

some pol Ypep) §p 19b, 143 130Y 48] 190, 195MB0S§65)1170] 94 9 pppfﬁll%%sassay

was measure as fol lTows. F céI]1$ wer e~ pl at in v
(Costar) ator208%) wmana:amamuvaydngmewﬂy e RG> GIP- -PF-36)(BEQ D RO\2) witl640,

el s wer o SERLHNSR PORRCE ShA Iraells S sBi 10004 e; e ot 20, dpadh: FOphiecl.

concentrati r [ 1 l-%a 0 S 1%
BSA and 100 R 1B 1"“"’92"9 R R AL S v

fatty acid, denlvalRS/bfwhs imventiom d‘activationt lo€ thenGlLBal rcmapﬂonﬁﬂ arcAMBescintidlatiart i on
buf fer was renove and .the cell.s wer.e sSe Si_S ent pr.ovj ded
ot ht e o AVBRS AssdY SdetSR e oAl iy abh s ook about SO0 5 ddh,
system (Aﬁez(mb@mePfserw%@fi 190183, 116,115} Pzz)ai@ymo 195) 1401521301155, 1o, CAVP
(in pnol) present in the [ysates was determ ned followng i nstruédtions ’

provi ded wia5h17Ghilg5) 18O, lﬁid@ 196 on20QP4) Oﬁhemﬂnﬂlmhmmdumd)wmmaave each

concentrati f ' ted.and a i near .re

using Priz '13{?&3&2&(‘5855@&29@3 {ht 1%(‘55(? pqng& gﬁ%ﬁgﬁgﬁ%d@ to'ﬁl?B ‘g@?%
relative quz 8neos, \131995(5 ofo0(26b,1300¢ 366, 500, 866, 708, 800, 0V, ok heoo%?l YR@I&EWGS
di scl osed Fabl e’ 2 Was befween 0.6%’and’ 76.1% ' The maxi mum activity 31 WO

03/ 040309 Fzmwnoss’Ois mE@sa ofindid GERJEL36) (Sﬂ(BS‘D) NO:2)3dvidstl tyhthenBCsovef a

pepti de GLP- fb ,a.m.ni num o hr e
Prrals). saobmenes o7 Be mipaioy mutiRfRERENOG: “BRST i F GrarePighioh 20,
gl ucagon remﬁseaﬁdmmcﬁsgwmﬂ\ﬁaxmaéﬂddy% héeveloxi mty assay (SPA)

[ 107] For pol ypeptldes and po ypeptide fragnents, variants, and anal ogs of

the invention, "activation"” of the glucagon receptor in a cAWP

scintillatiqQospPrivptigs kbnafsP¥f GEPLINULEIthCdr some polypeptides of the invention using
cAMP scintillation proximity assay was measured as follows. RINmS5F 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 1x1072 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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of a maximal activity that is at |east about 0% up to about 75% (i.e., 0, 10
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, or 75% of the maximal activity
i nduced by the native glucagon (SEQ ID NO 1) with a relative potency from
at | east abo03/0403@3301 to about 5% (i.e., 0.001, 0.01, 0. 1, pdT/uBe2/36934, OF
5% . For polypeptide derivatives of the invention, "activation" of the

gl ucagon r aRBédFanigbd Fowf\8BYS mz%b@tth@ﬁaﬁ’sfé)fféﬂﬁdb)(}ﬁlsﬂg’)’ )S(smqptmmfof a
maxi mal activity that is at |east about 0% to about 40% (

20, 30, or (detemningd froma a minimwe of dhyee trials). Secilalde4by t he natlve gl ucagon (SEQ
ID NO 1) with a relative potency of at |east 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 EC50 of native glucagon (SEQ ID NO 1) divided by the EC50
of a pol ypErtungle 14f the invention, nultiplied by 100. "EC50" is the
concentration of a polypeptide at which 50% of the maximal activity is

achi eved. M&ﬂreﬂsphsf% AHER dli?z t/e,foughgon Fefés mzsrmg clf39fpgp Pol ypepti des

of the inv ;‘ r oxi ty ass y was neasured as
fol |l ows. F?ée}s ‘ﬂwnlsbikﬁ ra at ocytes were plated in 96 well plates at

7.5x104 or 2x105 cell s/wel I in Hepes- bi car bonat e- PBS cont ai ning 1% BSA and

100 pM I B I ovm i1 tion.a 37C in.,a 5% S% envi r.onnment
for 50 m nl10EoFptEd @sfnﬁmeyﬂée Iragaole Varinun SR EBAIDES DE B NSIHOM v
added for a tﬁ%&’*m i recdié: Al Aﬁ@p%ﬁﬁﬂﬁﬁ{ﬁ ity 9* ihbidotichhe

I ncubation buffer was r and the cells were S reagent

provi ded wof & mdximmvﬁylﬂmtus atdeasb abdat 0%4 np twalmls;é'lﬁ%(@léA)O dIO 20,25, 865 38ni ng

ambunt 2?“&&9&?&?&%@”&5 %éﬁ% o B S el vinE e Fectieg PUHeR
i nstructi oySEQOWAY 24 %amemhbm 02 Ho (dbBuiPs™! (.. PO deced
at each 32 WO 03/040309 PCT/ USO /316 3 concentration of peptide was plotted

and anal yz@d)lbg) Inbn2,i Hdaor 6%gr Fos polypeptideglefivatives of thanmventian, dantivaménieoft he
EC50 for e tide. The ave relative ncy val ue ati of . t e
ol cagon o IRGRBAR TErPPIE hah /ouh sinetlahon Srebenfy Gheey ds BGwbiEtpEn
100,  det epEgnRROthhf %ﬁle%tmmﬁb?{]té Bp&R 4omb @.8) of or 1@' waamrbrrm péf)fhe
activation for~ pol ypeptides of the invention was < THe naxi rmm activity
i nduced r amyiimdlraotivitg ;1d30sd by T BiveglucagomBEQ éDri’é@tll)daﬂgamda@mpotency
(determ ned .ty QM 3paut .06 indul 188 ie., 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 ECsq of native glucagon (SEQ ID NO:1) divided by

the ECs 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 cAMP scintillation proximity assay was measured as follows. Freshly isolated rat
hepatocytes were plated in 96 well plates at 7.5x10* or 2x10° cells/well in Hepes-
bicarbonate-PBS containing 1% BSA and 100 pM IBMX. Following equilibration at
37°C in a 5% C0,/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 lyséd in lysis reagent
provided with the cAMP Scintillation Proximity Assay (SPA) direct screening assay
system (Amersham Pharmacia Biotech Inc, Piscataway, NJ).

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

instructions provided with this kit. The amount of cAMP (in pmol) produced at each
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trials). [110] The ability of the hybrid peptide to inhibit glucagon
activity was rreasured as follows: Following equilibration at 37Cin a 5%
02/ 95% 03y87Y nt for 10 mn, 10 M peptide was added é the cells

f ol | owed |mTe ate y by a submaxi mal concentration of gl u 36%?"%’&69315 m n.

lﬂ&?:&%ﬁfﬁg it PopSdenias Bllad B A VesL o REB e doBEup Bbe Sras
from each dgfwaRabdeterfnlif t6'ECS M orieltH Rinkilie wn@aa%e&%kqahﬁ&@go@&gfmd%o
resence o

Percent inhibition is the anbunt of cAMP produced™in t
submaxi mal of thecglyeagoalconecntration tdpolypeptide consknirativn qi 568urssponsa (EGw) rlég,e nce

of submaxi l ugagon and_.10 iide I d the a of c
produced i eteﬁ[gmﬁﬁe St & Suny mgfﬁgfeegwggﬁéﬁ glf“fﬁ%m 5‘??81’%@(9 P‘?%

100. The avRIypeptiRa’ SiNe inPeitiont W <8%. ITHE 38Imam hotivity MdudddCranged from

pol ypepti des ‘discl osed in Table 2 was between 11.3% and 59%(determ ned from

a m ni num28f3% te §8.3%if] thy naliee paptisecglucagbnr A detemmined Meoms w miimumobf fireecose
rel ease fqu:1 ﬁg hepat ocytes [112] Inhibition of glucagon-nedi ated gl ucose
producti on %1 asured by glucose release fromrat hepatocytes is typically
at | east about 20% inhibition to about 100% inhibition (i.e., 20, 30, 40,

2020 1 50 il S okl R, Sl R S
Rat hepat 0Gyfisigs: %!lsmﬁu}hﬁb@atfw@é 1&395%0@1)?/95%8%4 envioirent ¥ 10 it Of)

gi/well) and pre-inc in a 3/C incubator W th constant shaking and 33
WO 03/ 0403 memidaswas 8ddzd3tothel ecllsofsilowad atediately byvafsubmaginmel caneepiration

o1 toagon wid BSREYR ThdaExtc 0t i wegt pecd and PAMR R tp i kb8 e o i

acid and plates were spun at 2600 rpm 4C for 15 mn. The super natant was

B R

gl ucose- Eﬁﬂﬁ@ ta J6Y.AHO %&%ﬁg&wﬁfomga%é%j Zd/éfsafdl wAD Pe¥cthBinhiBifibn

Ber neyer, ., Aca ?’ng resg an 4o rcea on a 1? e}late reader

(Mol ecul ar iHéhei amount Sd mAWIBIpmdlﬁdk) in the presence of submaximal glucagon alone less the
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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[ 114] G ucose output was cal cul ated. after subtracting the amount of gl ucose
produced in the unstinul ated hepatocytes from each data point and the

percent i Rpblpsbdgasy Was cal cul ated. Percent inhibition is {he REPURL; Of
gl ucose produced 1n the presence of 1 nM glucagon al one |esSs the Stbunt of

i vi ded by e T2k Dt>¥5 o EBE 1Y ol HotaPaies Mt ncabepd SiRoliet X gor

al one and mihited hfi€dadtitiddBf glRSadROWMR P tviifub P¥piive. ' ' ence
shown in SEQ I D NO 6ai nhi bi tgya‘g% ucagon nedi gt ggb gl uc@(;égg%ggrrgg%%tqiygenéﬁ'%M%

as deter m'; A¥%dpereldoni@ acidi @)kls)l.lat%wefBaSpne aP 26k x| 4°CLor NiSamnin: ive stpefiatantsul i n
. ; | : . .
por fused oS REEtzer pith 101 R3] GHL A B ScHakOnt (S5 Bl SRR The

GLP-1 recepdsaltingde) éﬁhmﬁpwaﬁﬂheﬁrfopgw&%%i&gﬁ&dﬁn&é‘%?% ggfce&é-@- 130' fgeases

insulin secretion Tromperfused isletS by at |east 1.5- to about 10-fold
(i.e., 1. 9ehyiregendse0(Méthods &f Bnzygnadic Andlysis. H.U. Bédmeper, Bd-,f Adadgmid Rresd)

| nsulin secretion of perf r i sl et dj ated. by sone peptjdes of the

i nventi on ag@ﬁ:e MP@&D&%P@&&Fﬁﬁﬂ@@%bﬁ@%ﬁ’&ﬁxﬁe@h nsul i n

rel ease stinulated by these polypeptides were tested by islet perfusion.
chanper and perifused with

Fifty isl eiM\ercﬁ | oaded in the peri fysi og
HEPES- KRB alFiaoge Sutpt Wes eajedated agssubiapqting the amaynt ofiglycope PrdpesdeRposed

to buffer ' S | 0 | [ 01an
perifused orhg%tgi?ﬂgtre%g%rﬁwr?&&grg%ﬁ ggnhg g?wp@r}?ifn&ggtegk %géngo ect%@% 1 or
5 mnute icateated! Pefeznt inhihitiomisdbe emountatfighcosd poduced incthe preaencead 1udving an

ELI SA kit Al pco .Di agnostics, Wndham NH). At a concentraton of 50 nM
the pol ypeﬁh\cag’%%‘%gs% e oYY epreg;l@s@%ﬁ@em@enpﬁef 3 M. glugegop and
sequence shgymgng I‘?‘W | 6" BRI o ' Is %&Sr

I slets app?gxi ma{be y 2- ,q’xnl:ggh 'S Eeié]’lkji alogﬂﬁ(fdé{ct@ élﬁ)@%%:hl eve %f;ﬁ@g nM
GLP-1. Exaghicegdidalons and mudtiplied bydi90f rThe mhlyeetidetaviag thesdrminocaeid seqidricé]

I ncrease of_insyli retion fromdispersed rat islet cells,. in this assay,
is an i ncrRoMSR %f@ﬁﬁeﬁgzgl‘?{?ﬁi’ﬂ%ﬂ gliosgen mediated, g a%eoproo@glsmrsbyc%récﬂ%em
of such poly¥RERINES&Sm 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. After 60
min, islets were exposed to buffer containing 8 mM glucose with or without peptide (50
nM) and perifused for another 30 min. Fractions of perifusate were collected at 1 or 5
minute intervals for insulin determination. Insulin was measured using an ELISA kit
(Alpco Diagnostics, Windham, NH). At a concentration of 50 nM, the polypeptide having
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of the invention increases insulin secretion fromdispersed islet cells 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, WoWs08300l0-fold). [118] Insulin secretion of dis islets
medi ated by a nunber of peptides of the invention was rreag’gﬁ'z@g’éél%%l | ows.

| sl ets of lﬂﬂngﬁg X L $0l. at ). at 0-,.2509),.t hg ough

di gesti on proce graglaus\é\ﬁ]egméyﬂ@g@%&é%ﬁé&%gﬁg&%s&méﬁqﬁo ?%%eﬂﬁ%%ar ed
t hrough tr ¢détsmapproximidtely 2y, whichde dqdvalaitao Bt ¥eHieted®y 50 @eSLRNd pel | et ed.
Cells were cultured overnight in nmedia. Media was aspirated and the cells
were pre- incubated wi th Krebs-Ri nger-HEPES buffer containing 3nM gl ucose
for 30 mnutes at 37C. Pre-incubation buffer was renoved and cells were
stimul at ed%al Kryebs- Ri nger - HEPES buffer containing the appropriate

gl ucose concent g ion (e.g., 8 MV, with and w thout peptides for an
appropriate ti.ne at .37C. Ip so studi e an appropriate concentration of
GLP-1 al so?rl’sghf’ﬁ%(irﬁtéoe(ﬁgo'ﬂ%&eﬁg‘gﬁatdflgé?f?érnat ant was renoved and its

i nsulin content was neasured by SPA. The results are expressed as fold over

control  (I3G). m¥redie MRSl Sdcr@idnOfromOdiBpdrsddnent Hﬂ}sb’@éﬁ, i Gn{adaks iy i@Mhnam No

acid sequence  shown in SEQ ID NO 27 increased insulin sécretion from
di spersed ingrease ofat least dgpfoddii The GILP- Breceptar agomist Tampenent of suninodypeptides

Me [ -sti.nmul ated gl duct i ' W st 19
it bi 1 on OB He g R PRy Par TR ca fintied Bt Frisy e el Tl
i nhi bi t on abeil 0tfoldP@s!, 1300, THe4 0l 036017 0 EEWBlora0iaEyN St _component of

pol ypeptides of the invention iInhibits glucagon-nedi ated el evation in bl ood
gl ucose as neasured by glucagon 35 WO 03/040309 PCT/ US02/ 31693 sti mul at ed

gl ucose propiggt ipdlih Rebi2fon\of ditpersad PatlisleBmbRATE by MhABEDLE hQRdES o PRI
100% inhibition (i.e., 20, 30, 40, 50, 60, 70, 8(5’?' f uBLref pep St

d ucagon stnvention wds gleaswsdasfotlaws.t Istats ofLdngdridins ware isalated fsons 8Perats (200-

I tid f ., the i ti d foll . Mal.e. W st t
or & bt 1 of PI0BNLERH o HEHPPICRURT i cofiazentis; | THpnmiondssle ol HSCose

using a G wedaRiSthroupRlirédhABntIHE tryPsin| Bb&Ied iR1d 96 V-Boftdif flated M@ Igeuettad.

either vehicle (0.9%saline + 1% hdman™ al bum n), 0.29nnol /'’kg gl ucagon,

| nnol / kg pé&lellpoysre dubumet avemightviermedia dviedjr wasgaspirated ocindpthet Gelle svesé préve
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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i nvention. The anesthesia was w thdrawn and the conscious rats were
tail-bled again after 10, 20 and 30 mn. 1121] d ucose inhibition was

det er m neqy@¥s/a4dadoyzi Ng the area under the glucose curve acting
t he basal glucose |level (dAUC). Percent inhibition is defigzé‘%%ggﬁ#?%{ anount

o odced b RBAE Bl Pateite MIGAERRL 8000501 B Yl B0
peptide, dihibitidbn (by., 20,30240,5% 60,/70980,3056r POMYE)iced by 0.3 nnol / kg gl ucagon

alone and nultiplied by 100. [122] d ucagon al one el evated bl ood gl ucose
| evel s whereas pol ypeptides of the invention alone had no effect on bl ood

gl ucose | evigbg] Gheagorl sribfititedglubaséiprdiction 8T Wisee irfls 59 I6H80 pelypEstides bf SEQ
ID NG 6 i n\kllli b‘iﬁt ed glga%agon- madlgat ed pg?ﬁevat ion in blood gl ucoge y 63% See

Talblb /e 2. Bﬁmvgnﬁom/ﬁras grdagred lag &tldlgmr» sMiaIijVé%tmag werssigilyoangsthetiaedwith ed
B C . I . . . . . . . S.
ot bit 1 on e gt b or Hood' #EREFuBEE R YSihicRertd ahd iien B fjeBfon

ant agoni st ifimpen@ilt véth dToditHee RiehidRS(029%! safink W P4 ihthani dlBikin) S 0.29nmol/kg
gl ucagon-nedi ated el evation in blood glucose in mce as nmeasured by

gl ucagon- salvapgpmy temalke: polypeptisies ofi B inKertion waelicasan depolypantides ofdbsto -
200Ut 100%iof e THY anecfess s bl o0 o Bnadifys s 08 R plcd b Grgpacon

stinmul at ed gl ucose "proadction In m sone %/pep

the inventi@n2ovasd Beadbred as follows. Fed male Bal b/ C mice were given
vehicle 36 WO 03/ 040309 PCT/US02/ 31693 (0.9% saline + 1% human al bum n) or
1009/ kg derivati zed pol ypepti de by subcutaneous injection 17 hours prior to

t he gl ucagqizphatues@einhibitfon ®¥d d&eﬂhihé@bwaﬁﬁ{%igg ¢nd &eh Hdérahe ghicBbQéve

before receiving an intravenous injection of kg gl ucagon or vehicle in

the tail \afiensutimastingche \hasal glagase devell (AAUC)! Reeent ushihifion il definedtagrthg ust
prior to the gluc n_ injecti d again 15 mnytes,aft.erward. [.1251 The
Change | drRsL 8t pepss Rlsaveed Py, AR slbedn b 165 HELEROMS et Rbat
t he aver aggyr6diaeddy 013 DudlREShhdaghhén HRPrededcd bﬁiitrﬁ%m{gqg}bn‘dﬁ%pﬁ&é}tdiﬁﬁé@d
fromthe change in glucose for each nouse in the treated groups to obtain

t he change byithg rmousteofgliecose proguersidyoh3 nmel/kg gluckgan dpng and multiphied bed0kis t he
anount of gl ucose produced by 10g/ 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 al one | ess the anpunt of glucose produced by 10g/ kg gl ucagon in the
presence of 100g/ kg hybrid peptide, divided by the anmount of gl ucose

pr oduced I g glucagon alone and multiplied by 100 Table 3 37
WO 03/ 040%8 0%@%‘?3 PCT/ US02/ 31693 G ucose (ng/dl) G oupopﬂfﬁl‘%yﬂ? Ita

o P SO ORI A RS RN 2,

I D NO 27) Expowdie] 1Kol psiof tmel &ﬁllbﬁgep"ﬁfef@ex't a&yiuerhicew@réfagwmﬂ in
vivo gl ucose toI er ance testing 2) infasted Wstar rats [126

increase ir? lpmﬁ%mfomgmmng|aev@trayen¢u5tlmegt1<a1£d@ug€<geaiuqagen enyehiele iny eltaéhst

pol ypept i daihy T BTHEYel el ed o buckSE ERAh FERa b FRTRAPEE, wf pugagon

neasur ed b)rinj%@héﬂ?ﬁid&n%féﬁz 19 mihvdsaRetwigd] in levels during in vivo glucose
tolerance testing in fasted Wstar rats by about 2-fold to about 5- fold,

nor e preferably by about 2-fold to about 10-fold, and still nore preferably
by about 'dme%tﬁﬂ $in gllodsd! dref theSl5 minuted: wab catoul us®: Then 12,
13, 14, 15, % 8g 19§1qor &% ¥h§| d). [1112 W‘/II'SFS: aélrfagccll ﬁosru g:roevel S during
in vivo gl ahmavaeragel c&laagﬁzm gleense mgthervehmbt-’echtw g‘oup waatmbtracted from the change

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 10ug/kg
glucagon alone less the amount of glucose produced by 10pg/kg glucagon in the presence
of 100pg/kg hybrid peptide, divided by the amount of glucose produced by 100ugl/’kg
glucagon alone and multiplied by 100. See Table 3
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by sone pol ypeptides of the invention were neasured as follows. Male Wstar
rats were fasted overnight and then anesthetized with isoflurane gas. The
rats were tail vein injection of 0.4g/kg of gluco ther
vehi cl e (dgggﬁ@‘g?qs'ne + 1% al bumn) or |nnol/kg GP-1 (pos??T@g&z3d§4rol) or

| nnol / kg of pol ypeptides of the invention. The rats were eye-bled one

m nute | at eTalded t he pl asma assayed for insulin using an ELISA Kit (Al pco
Di agnostics (Wndham NH)). At a concentration of 1 nnol / kg, the polypeptide
havi ng t heramno—aet-d—seguenrce—shawr—a—SEQ+B-NO6—prenbted—iAst
secretion B-4 fold, whidh is equqﬂ{}afeéﬁ’?m?_o that _achi eved byl 1 nnol [ kg
GLP-1. See|Gmiyie 2. 38 WDOGEAOH40B0@ POERUSD VeSO % ebdamaiec (L8 Ef f eft of
peptides of the inventior on intrapenifsqepheng! ucc%ﬁllwg%heranq&lﬂi&ﬁt ng

(IPGTT) inl—rats or mcel[128]1A decrieasé |n blood glutose lleve ap
measur ed byVeWies assay i 98 de¢i®ase|df at| |east |about 10%| Preferfbly, the
GP-1 receamnykgagmgogf CqrmpONENTos0T HQby PEPES dES Qi10p NE T NVention gecreases
bl ood gl ucpge=—t ev-els—-h .al“‘ H—Fee-1as—hepsH-ed—y—i-nt+raperi-toneal{ gl ucose
tol erance | & 5153““1“??% atd or m ¥ by dbout | 0% t o |ZBout 60%)| For e ptef erably
by about [U¥pdmlyptptide 8Q0% still none preferably |by about 10%to apout 100%
(i.e., 10, éngﬁg,z—,)élO 50, 60 70, 80, 90, or 100% . [129] |Bl ood g|ucose
level s durlhgintraperitdneal glucose tolerance testing in rats or Irice by
sone pol ypept| des of the invention were nmeasured as fol lows. The in vivo
activity of the polypeptides of the invention when adm ni stered

subcut aneously was exanmned in rats or mce. Rats or mce fasted overni ght
were given a subcutaneous injection of control or peptide (100 sg/kg).

Basal bl ooExghpledse was nmeasured prior to adm nistration of peptides or
three or 17 hours after adm nistration of derivatized pepti des, and the rats

or nice werpfeag: m%wds& M I&Macmmua 1RSI LR ﬁtzﬂ %@'gmcosﬁk agm was
measur ed ag ’Wz ragd 60 nmnutes ' rats “or tes in
m ce. [130] e I'MVention si gnificantly reduced bl ood gI ucose

| evel s rel at|ve to the vehlcle followng the IPGIT, with 13% 54% r educti on

in the gluc AUC., Thi s nonst hat peptides have prol onged gl ucose
| oweri ng acfﬁg] zmeaerwaf uﬂ.g?eve 5| 1pthis japsayils, an mergesq ohatledst gl 25 hor ¢

hal f-Tife i Ryl BR&abIyOHE GEP-1 g1 Rigohist cdthpdrdft of polypeptides of the invention
increases insulin secretion in rats as measured by an increase in plasma insulin levels
during in vivo glucose tolerance testing in fasted Wistar rats by about 2-fold to about 5-
fold, more preferably by about 2-fold to about 10-fold, and still more preferably by about
2-fold to about 20-fold (i.e., 2, 3, 4,5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or
20-fold).

[127] Plasma insulin levels during in vivo glucose tolerance testing in fasted Wistar rats
by some polypeptides of the invention were measured as follows. Male Wistar rats were
fasted overnight and then anesthetized with isoflurane gas. The rats were given a tail vein
injection of 0.4g/kg of glucose plus either vehicle (0.9% saline + 1% albumin) or
Inmol/kg GLP-1 (positive control) or 1nmol/kg of polypeptides of the invention. The rats
were eye-bled one minute later and the plasma assayed for insulin using an ELISA Kit
(Alpco Diagnostics (Windham, NH)). At a concentration of 1 nmol/kg, the polypeptide
having the amino acid sequence shown in SEQ ID NO:6 promoted insulin secretion 3-4
fold, which is equivalent to that achieved by 1 nmol/kg GLP-1. See Table 2.
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pepti des of the invention to | ower blood glucose 3 hours follow ng peptide
admnistration is a clear indication that the peptide is present in the

circul ati apo@sododpes time point and hence has prol onged hak’E’I‘HSBﬁSI%?J ative
to GLP-1. Exanple 19 Peptide PEGylation [131] PEGyl ation can be pertorned by

any net hod o those skilled in the art. However, in this instance,
PEGyI ationg\%gﬁ%el&f ormed by introducing a unique cysteine nutation into the
peptide fol lL.owed by PEGylatjng the cysteipe via a stable thioether 39 WO
03/ 040309 #&%’&%&%ﬁ%t & Kengen 9ay %?FW%“@&WWJP ange tﬁﬂ@gp{zf’&mé"and
mal ei mi de HHHAP™HE t he met hoxy- PEG mal ei mi de reagent (1 nhal e/ Shearwater).

It is preferable to introduce the unique cysteine at the Ctermnus of the

Speci 1 cai FEET L L AErfe I AECHEIGRR 3 mBlhietl by s ol Aldebilosd 46T
was added leastabowt 10%.pRfeferdbly( the GLP-Brédeptor b@rﬂéi cbmipoiént df pyBpeptites GPihat i on
(o}

at the G termnus of the peptide) and dissolved in reaction buffer at pH 6

(O 1 M Na pHyspin decrease Rloqd glucose levelspnapts offmice 5. measyrad by inteapesitoneal

t enper at ur e i | d o, € or
free cyst egt#(g& 30%5%&% rtr‘éﬁ%m E@fﬁé%ggﬁ’?%e‘!%%ﬁé?‘% }ggﬁ {I gdn/"mé%?% rﬁ%ﬁ%@@ﬁ(m I ed
to a cati osbait dD%@eaboat 8094, still morOpreferstdy By aboltBB% teabhmntioovolikouen2®y gel
filtration_colum to_renove residual free peptide. The purity, mass, and
nunber of P&EEM 809, 29480 el & er ni ned by SDS- PAGE and MALDI - TOF  mass
spectronmetry. PEGylation with a smaller PEG (e.g., a linear 22 kD PEG w ||
less likely reduce activity of the peptide, whereas a |larger PEG (e.g., a
branched 4§i28] PBlyod gligase fayiels during infrapetitoneal ghicose tojeranqg\testiag in rateor micger

PEG Wi || i | half life. furth t hat k injecti
maybe possPHEEE paPpRRides St the mveplian whte Scasi®dan ROV GERR & it siyi i ng
Phannacoki bt olfpep lidsibf R0 aRGsHwHaH adtinBafcchibouRMbhly FueinfindDinalsat | ve

potency of GLP-1 receptor agonist and glucagon receptor "antagoni st
pol ypept i desmicea Ratgopmicefaster myernight veveagives p stibsutansoyppedtionoficosreldri n
Table 4 Walsiepqledte?i& ﬂge/ﬂgf%asal blood glucose was measured prior to administration of peptides

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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described in Exanple 8. Relative potency val ues and percent G.P-1 activity
were calculated as described in Exanple 10. Rats or mce were dosed with

100 gg/ kg and 3 hours post-dosing the decrease in Jyﬁ Aﬁevel s
wer e det ervgﬁgﬁ&e/g gy |ntraper| toneal gl ucose tol erance testrﬁ %&

values) 1 ol Bk EHtarciEe sHEYER o Ths npyié s palSimifl Biep o ane BelRS YRR | n
Exanpl e 9. nResiged¥reh @nhbl@lSh mw)caw%rﬁfewefm&omehﬂ NG

determ ned as described in Exanple 11. Rats or mce were dose vméfsﬁe 100

gg/ kg pept ﬂlﬁecmllﬁmBeRﬁdQﬁommmb@du@mdmmbﬁPEﬁwimu by the
nmet hods of Exanples 15 and 16 and reported in Table 4. Pol ypeptides of the
i nvention function as GLP-1 receptor agonists and gl ucagon receptor

ant agoni st $132} Speaifically, WQ- ﬁﬂdmaoaca'ssbjfanEEﬁéﬁﬂL(MW 221D andi4BRD) veagemtn | n

vivo % Inhib In.vivo IN elative De e uca % Decr.ease

eptid e(l) 50 “igggaﬁlré{,to é@ﬁad &3@ gﬁaaﬁ) Nld ¥ La\%ng a c%rstemeomutatlon at the C-
terminus of the peptide) and dissolved in reaction buffer at pH 6 (0.1M Na phosphate/
0.1M NaCV 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 (ICs values) for polypeptides listed in Table 4 was determined as
described in Example 8. Relative potency values and percent GLP-1 activity were
calculated as described in Example 10. Rats or mice were dosed with 100 pg/kg peptide
and 3 hours post-dosing the decrease in glucose levels were determined by intraperitoneal
glucose tolerance testing (IPGTT) as described in Example 18. See Table 4.

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

GLP-1 receptor agonists and glucagon receptor antagonists in vivo.
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stinmul ated gl ucagon OWO/6)maxAUC (nM cAMP stinulated NO increasebl ood

| ucoseb @ ucagonl. 8 GLP-10.4100100 G166.9112. 16.6 G50.569.9109. 4243.1
Q272. 213. 498036836931 Cb18. 258. 191. 2154, 135. 2 (G559. 818. 6115 %ﬁ%"%%%%’l
G566. 637. 2114. 8125. 328. 6 05714. 718. 3132. 4177.518. 4 G586. 975 . .532.6
Gb92. 122. 7%%‘%;97. 541.1 G6013. 822. 395, 768221. 8 (6110. 612. 196. 023245. 2

G715. 84. 3932536448482 23— o 66863154061+
G7610. 27. ’°55%%2§%f6778. 99599 +6+ 86— N 893745655
(3B28. 129. 997. 133| 630. 2 [3B833. 2209. 989. 428. 6247 In vivo
In vivo Liver % Inhib | % Decrease
Decrease | IC50 glucagon | glucagon
peptide RIN Relative IpGTT (nM) | stimulated | stimulated
IC50 Potency | % GLP1 AUC cAMP blood
(nM) (%) 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 22 134 98.1 69.3 31
G51 8.2 58.1 912 154.1 35.2
G55 9.8 18.6 1159 139.2 32.1
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
G61 10.6 12.1 96.0 ’ 232 45.2
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 17.1
G76 10.2 7.7 85 59.1 23.0
G77 89 9.5 92.1 61.1 18.6
G277 ND 1.8 93.7 46 65.5
G82 8.1 29.9 97.1 33.6 30.2
G83 32 29.9 89.4 28.6 24.7
G84 14 61.8 113.9 11.7 25.2
G8S 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
GS88 109.0 2.3 118.3 16 350
G90 254 0.8 83.5 13 726
G182 12.6 14 104.4 14 220
G183 158.7 0.6 90.5 27 663

a=ipGTT in mice 3 hours post dosing with 100 pg/kg peptide
b= glucagon challenge in mice 17 hours post dosing with 100 pg/kg peptide
ND= not determined
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(3B41.461.8113.911. 725. 2 B51. 564. 595. 816. 127. 9 G1854.513. 0103. 94832
(3218556. 16. 2112, 744347 (41852480. 798. 33654731 GB8798. 66. 1100. 41362059
(388109. 02. 3118. 316350 (P025. 40. 883. 513726 G18212.61.4104. 414220
G183158. 70. 690. 527663 a = i pGIT in mce 3 hours post dosing with 100 g/ kg
pepti de b= glucagon challenge in mce 17 hours post dosing with 100 tg/kg
peptide ND= not determined 41 We claim 1. A purified antibody which binds
specifically to the polypeptide selected fromthe group consisting of SEQ

| D N®eclgmhr ough 32, and functional ly equival ent fragments, derivatives and

variants thereof. 42
L. A purified antibody which binds specifically to the polypeptide selected from the group consisting of

SEQ ID NOs: 6 through 32, and functionally equivalent fragments, derivatives and variants thereof.
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