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GLUCAGON GLP-1 RECEPTOR CO- AGONI STS CROSS REFERENCE TO
RELATED APPLI CATI ONS This application clains priority

wao o008notoed St at es Provi si onal Patent ApplicatipOI/Ne2008/053857

60/ 890, 087 fil ed on Februaryl15, 2007 and United
States Provisional Patent Application No. 60/938, 565
filed May 17, 2007. The subject matter disclosed in
t hese provi SHonaAGONYGLPat RBAEPTORNED AFORKPress! y

i ncorporated by reference into the present
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thﬂxmﬁguh@hcnmmof food i ntake. d ucagon is a 29-am no
acid peptide that corresponds to anm no acids 33
np of pre-proglucagon, while GP-1 is
pro uceg as a 37-amno acid peptide that corresponds
t o anPreepragludagor2s 4 hFargino 268 padcupsoe p@lypgptide 8yois.processed in

7- 36 de or GP-](7-37)acid ar g bi ol ogi.cal |y
gﬁfeé “F%‘P éElPH‘Ibef ¢f rdé{fera@r%?év%% @é@érﬂegtéqf
e@w@g gﬁéagaﬁtgwdaga{n ﬁke Jb%dQ}E’GLPfﬁcgeéégbn like p Optlde 2 (GLP-

Hypoglycem a occurs gl ucose Ievels
thJ@nd @yntomagrby (@Xl\@ntd)altgahe anvelvgy irf owideheribydy ‘physwloglcal
v tleﬁ¥rln adulhs ortchijdﬁen olger tQan 1Oy¥ear§1
é&‘i‘sy%f’é 10 &I BAMER SR RN SeCTSan. gasths pRplyings an
mtadﬁamegsmwhead WED4s thBWgulakiof 8Nfool $ithite. fG108AZ0H A 29-amino
nmedi catl ons or di seases, hornone or enzyne

aeflipeptisiechas somrespondsro eginasids 3| tb@@glgﬁh@fagré nseginargon,gvhile
@l 34 éjcﬁ.\%gﬁ? as .3 Fl%{nggoag Rﬁjeut%g co% gﬂotﬂﬁs B Zan%%? agids 72

3|gna rea
giru@ghslff)s o@@tespmglubhgmd (}JlR,II:(OS%) hmvcal & GIP- [@7S$7)£@&\al‘ed a
normal | eve gluca gon's general role in ?Iucqse
PrgRaicHly @ﬁteptsfomss e%@i Pds Hidt denpasipte egsniaallyi squiypicat agHyity at
ﬂ%l ]ﬁﬁ?a% @pd gl ucose levels. However for diabetics,
this glucagon response to hypogl ycem a nay be
i mpai H@doglymzlmmgcauts \Ivulamdﬂoocf gncage levels elrdpaved ow to provide
r et u[‘n to nor dITB g
enough energy. or the body's aCtIVItI s. In adults or children older than 10 years,
hypoglycemia is uncommon except as a side effect of diabetes treatment, but it can
result from other medications or diseases, hormone or enzyme deficiencies, or tumors.
When blood glucose begins to fall, glucagon, a hormone produced by the pancreas,
signals the liver to break down glycogen and release glucose, causing blood glucose
levels to rise toward a normal level. Thus, glucagon’s general role in glucose
regulation is to-counteract the action of insulin and maintain blood glucose levels.
However for diabetics, this glucagon response to hypoglycemia may be impaired,
making it'harder for‘glucose levels to return to the normal range.

Hypoglycemia is a life threatening event that requires immediate medical
attention. The administration of glucagon is an established medication for treating

acute hypoglycemia and. it.can restore normal levels of glucose within minutes of
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Hypoglycema is a life threatening event that requires
i mredi ate nedi cal attention. The admistration of

w@basagon? i s an established nedi cation for treptT/mR008/053857

acute hypoglycenmia and it caR restore. normal |evels
pf glucose within mnutes ofadm nistration. \Wen

gl ucagon is used in the acute nedical treatnent of
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striving to achieve this hysi ci ans have
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p%l@ﬁ%@{ e X‘lt&i %QL ¥hce§%5:y 1111 %m&ﬁglts a(gr{lée\g%ls %oala%h sicians

ccor rmaceut’i cal
mmvmmdomngheasamemnaedeémkamdﬁﬁﬁghmmgadd&behq&ﬁthat

%re lless . likely to induce hypoglycem a than current
MBRH Y%H%@rtaw gigbetig patignth 5 cwrélﬂsle/elmprwe&P@@«%Putwals and
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sti mul at’i on of |nsu Iin s sI's and secretion,
ihmpo gbydeimpmthed cgirent agolin Secpesi on, and inhibltlon of

food i . P- 1 s been .shown to redu

hyper SLPEL s ar RS B CE) G DLE Tougredo .gﬁlcag%e‘fs. sgigons
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BE SR TP Ak e BRI e e Gk a Br g rom

umma ken@ thap SIRF&! BoNEI0gNEmIn0SSid iaéhtiey ek GIIFNatacpdtbsthe
be beneficial not only for diabetics but al so for

SEE- bFRcepteaddikevisehad bscasaay e jo repagei hyperslyremin ip abetis.
have %hgpﬁ Ao &ViddcOf hagbﬁpellt ey e QP/cHS" Eltrﬁﬁ}sxje(glﬂ’e food intake and

hyper i pidem a, cardiovasc I sease
@Hanéa$KﬁtE%ﬁhndﬁ&ﬁﬂ&ES©ukUﬁﬂkdﬂthymtmn?ﬁﬁwhﬂﬁabmﬁnabo
erep%tlgnotsr su%Letn%rg r%trrll (\)/bees%? dPap 1reggcse\25181bcl)b)é31lty have a?ngher risk of
diabetes, hypertension, hyperlipidemia, cardiovascular disease, and musculoskeletal
diseases.
Accordingly, there remains a need for alternative and preferably improved

methods for treating diabetes and obesity.

SUMMARY
As described herein, high potency glucagon agonists analogs are provided that
also exhibit increased activity at the glucagon receptor, and in further embodiments

exhibit enhanced biophysical stability and/or aqueous solubility. In addition, in
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met hods for treating di abetes and obesity. SUMVARY As
descri bed herein, high potency glucagon agoni sts

wa@e@Bogwiare provi ded that al so exhibit increaBerUS2008/053857

activity at the gl ucagon recéptor, and in further
enbodi nents exhi bit enhanced bi ophysical stability
and/ or aqueous solubility. In addition, in- -
acoodaian ith whétherapdchef thadpestior) gluchgoni aguest dnalogs are
gl ucagon oni st anal ogs are rovl ed that have | ost
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achepiotsege advsinfageous dorese sdralagppli¢atians. orfisst ofalf gie usd ofadlhcagon to
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gﬁt&?qﬁl?/:olﬁ %glgg lge%tg\’g I@qg%t p\élgd 1%85 sma {n(t)el'slgne gsee bla%etes 2005;

54:2390-2395). Oxyntomodulin is a 37 amino acid peptlde that contains the 29 amino
acid sequence of glucagon (i.e. SEQ ID NO: 1) followed by an 8 amino acid carboxy
terminal extension of SEQ ID NO: 27 (KRNRNNIA). While the present invention
contemplates that glucagon analogs described herein may optionally be joined to this
8 amino acid carboxy terminal extension (SEQ ID NO: 27), the invention in some
embodiments also specifically contemplates analogs and uses of analogs lacking the 8
contiguous carboxy amino acids of SEQ ID NO: 27.

The compounds can be customized by amino acid modifications to regulate

the GLP-1 activity of the peptide, and thus the glucagon analogs of the present can be
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54:2390-2395). Oxyntonodulin is a 37 amno acid
peptide that contains the 29 am no aci d sequence of

w@bwsagon (i.e. SEQ ID NO 1) followed by an 8PEIs1908/053857

aci d carboxy term nal extenstton of SEQ 1D NO 27
(KRNRNNI A) . Wil e the present invention contenpl ates

t hat gl ucagon anal ogs descri bed herein may optionally
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é?f_},\e afmiwéiﬂf Jafiye gngEej tﬁ@%%dl E6C l%grn 812%2%1 669,‘79 of the activity
ehafe BRhon A it %lﬁé"a%@ﬁ‘ rRERbE 1R ABAsER0% Bi the %tl\llt‘?@ﬁ hative

10% of the activity of native glucagon at the gl ucagon
(d&eptabthe4reP- étreqep’@gt 50% of the activity of native
GLP- 1 the rece east 40% of the

act 1 v ESetsS oo bR B for i ficagP Bl Ve HicLP-
agveptat cdn&%&ies%%’@i af the hela@@et ratid biygloéagbaiaIrel &Rty (@b

the GLP-1 receptor, or at |east 60%of the activity of

ReRtidge a@PU%@}é‘Pﬁ gliicaghB regepieRtsdi Ve dergitve lugagonalividegd dy the
?gp{?dg qcs atcp\% ttllleV GH" loxfeceﬁh%r'ré‘l? 1\%1'8 nlatn‘;"(-:t G];p 3% G%’g; exfaﬁlgle, a

ect Vit ucagon

g]uum@gqnpmcm:thprteambwe 6e%s>fttlkeeac&1l?y bf Itame pluotiganan t}b%lucagon
descri bed relative ratjo of gl ucago n/ GLP-

ROEROY At QX ‘h%g 13@ B Vil of natdye iRy ahtherHleP- I”’tF@an’bhas a 1:1 ratio
bESBRLBH/AIE- RhiUBty! BxBAbIaVPra8bUSBIRAg oY PILL Yy il fude

about 1:1, 1.5:1, 2:1, 3:1,4:1, 5:1,6:1, 7:1, 8:1, 9:1 or 10:1, or about 1:10, 1:9, 1:8,
1.7, 1:6, 1:5, 1:4, 1:3, 1:2, or 1:1.5.  As an example, a glucagon/GLP-1 activity ratio
of 10:1 indicates a 10-fold selectivity for the glucagon receptor versus the GLP-1
receptor. Similarly, a GLP-1/glucagon activity ratio of 10:1 indicates a 10-fold
selectivity for the GLP-1 receptor versus the glucagon receptor.

In accordance with one embodiment, analogs of glucagon are provided that
have enhanced potency and optionally improved solubility and stability. In one

embodiment, enhanced glucagon potency is provided by an amino acid modification
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peptide's activity at the GLP-1 receptor relative to
native G.P-1). For exanple, a glucagon peptide that

we@z2iwhitos7 60% of the activity of native gl ucage@I/as200$1¢53857

gl ucagon receptor and 60% of-3the activity of native
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In another embodiment analogs of glucagon are provided that have enhanced
or retained potency at the glucagon receptor relative to the native glucagon peptide,
but also have greatly enhanced activity at the GLP-1 receptor. Glucagon normally has
about 1% of the activity of native-GLP-1 at the GLP-1 receptor, while GLP-1
normally has less than about 0.01% of the activity of native glucagon at the glucagon
receptor. Enhanced activity at the GLP-1 receptor is provided by replacing the
carboxylic acid of the C-terminal amino acid with a charge-neutral group, such as an

amide or ester. In one embodiment, these glucagon analogs comprise a sequence of
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reduce or destroy glucagon receptor activity. In sone
enbodi nents the anal ogs have about 10% or |ess of the

w@edosaotoy7 of native gl ucagon at the gl ucagon rBCEPSM®Ng/053857
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U evr&e@mr@ttezd abiind :iUid%Q)fltHiH &t agﬂh @thﬁﬁlvﬂfé)s@ﬁH@'@halﬂsrbamclpate

exenplary enbodi ments, the ge or linker is about 8

rdPrapE dhe ctam rarassHased fé@fgtone ardhar iy irep Btsieemn g rgio

QJ@S!. T agéor%g?gg @ﬁ §61%Bocﬂﬁ1%httthg ta%?be%gg%%glb ’rna%grilo gt

posi tions or a OSl 1 ONS
mﬁpﬂsiemmsarﬁ#loamdi ﬁ@enﬂ’d’l&l@tﬂdﬁrd}h merg&ouip‘ cdnhh@ﬁ@ @BAY ID NO:

6ot ENeb Tai s 80 NG e SeRiBUET 14,360 B No: 15, sEQ o
16, SEQ ID NO: 17 and SEQ ID NO: 18. In one embodiment the carboxy terminal
amino acid of the lactam bearing peptide comprises an amide group or an ester group
in place of the terminal carboxylic acid. In one embodiment a glucagon peptide of
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, and SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17 and SEQ ID NO: 18 further comprises an
additional amino acid covalently bound to the carboxy terminus of SEQ ID NO: 11,
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,
SEQ ID NO: 17 or SEQ ID NO: 18. In a further embodiment a glucagon peptide is

provided comprising a sequence selected from the group consisting of SEQ ID NO:
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such as the formation of salt bpdges, or by coval ent
bonds. In accordance with one enbodi nent a gl ucagon

w@owailet17 s provi ded conprising a glucagon pepe¢TESDS/053857

SEQ ID NO 20, wherein a lacfampng is fornmed between
the side chains of a lysine residue, |ocated at
position 12, 20 or 28, and a glutam c acid residue,
l66cSE@ID AO:BOSSEQAD N®: €8 andSEQUTR NE: I69tfﬁ1€netr‘ﬁ@mp1ﬁr§e@@n
aci ds of the g]ucagon geptl de whose si

ﬁgﬁhfmr&l Y Hi Cfoe{?lﬁil U 19 BEtcahoph genarmfs §E§E@éDrN%n§6
th’V 6% L& SEQWﬂamn%‘ﬁE ggfooéhpnent the amino
acco ance ‘Wt one ‘enbodi neént” t he 1actam beapng

gtid eapwiticarisl io gspeogppse Sysar ade athdaséquenaen 29 is
%El ected fromthe group consisting of SEQ ED NO 11,
e NO 12, SEQ ID NO 13, SEQ ED NO 14, SEQ ED

l1\|80 18nhaakld FavNPar th8 GIPEIEENDGS aikd ﬁﬂ@de@%@ arAnlNGY acxd

I n one enbodi nent the carboxy term nal amo aci d
ofodiftretidragitpesitibed?.i hpnesepthodenant rrvpglesimare earppsieog 2Oup

i n..pl f..the t | i
R8s SRRk dhetBr R G55 e hovos Enet B FALER e ©
RArgédlor hat6 &[ﬂld}'% hdro g SE6dTaDaMNGs ad Bast abéhit SEQR £5auNOb)
14, SEQ ED NO 15 SEQ ED NO 16, SEQ ID NO 17 and SEQ

Eomgdn lepgthg tﬂr@h@nplédwmégr@meammm% AaPmEhire aci d

10, sBoy phrRa Seb s GRE M P IR i
gmcagan r&&ptoSE@l iy aNDwhldh, in&Eége Hl]NDrecl:ﬁtoO ﬁctﬁE@cthod\@phed
I n a further enbodj nent a gl ucagon

BB o PR R COBUSHER dheUPRAICK I g L
g Q&%bt%} bl 661%@163@00@3 ﬁ%her%@’ IlDachQty B4n at%Eﬁ dubh NO.

68 and SEQ further conpp ses an a onal
awdoicagors tdwalcmnt Fyr bauplt, the ihvemtioaplhoides ghicaganussalofs that

SEQ 1D 6,. SEQ 1D .NO,, 67, SE 68 d SEQID

RO RO BRLBRCRUAE 166 Pomadh b b o PGP Bl Sogonic

laéd% ? GRioAf1PWith ¥ SbNEerRBEnd AW Me 8kl zt%¥ds@9§és‘itid?@ 16
hreoni ne. Enhanced activity at the GLP-I

m@i:%ibtgbmg@ alakogs ﬁ\abwrdme myodafnpaanmﬁcﬁt @@mdomb@l prid & 4he Gn
Qn..20 .I.n t he gl ut am

Bl Er it S0f o dpRe TRt PG e Srrb B B

peditiorRaBiang 2@, dptidalBhaitiNa tdalent BorRi BhdenGheuigiad abids Bas

an ability to hydrogen-bond, and is at |east about 5

e%%ltl%détandJQ) anétgé}rﬁég%ana@%fh@t cqraprissvagepiietionsafipagtion 20
S T ST R D S0l bR v
diatioeasiet gbsitag tihismec Apd; oF optiinally tvythalmeiprokise that the raefusce
acnl?-at porsﬁl(%% tlggota t ivity can be applied

Other modifications at position 1 or 2, as described herein, can increase the
peptide’s resistance to dipeptidyl peptidase IV (DPP IV) cleavage. For example, the
amino acid at position 2 may be substituted with D-serine, alanine, D-alanine, valine,
glycine, N-methyl serine, N-methyl alanine, or amino isobutyric acid. Alternatively,
or in addition, the amino acid at position 1 may be substituted with D-histidine,
desaminohistidine, hydroxyl-histidine, acetyl-histidine, homo-histidine, N-methyl
histidine, alpha-methyl histidine, imidazole acetic acid, or alpha, alpha-dimethyl
imidiazole acetic acid (DMIA). It was observed that modifications at position 2 (e.g.

AIB at position 2) and in some cases modifications at position I may reduce glucagon
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i ndi vidual ly or m conbi nati on. Conbi nations of the
nodi fi cations that increase GLP- 1 receptor activity

w@emsnadoy provi de higher GLP-1 activity than BeyUsf008/053857

such nodifications taken al ofie For exanple, the

i nvention provides glucagon anal ogs that conpp se
nodi fi cations at position 16, at position 20, and at
tabi@vi(y; tamnevingds sipaifanyy; iscrpasingl yg thodipdudiph ilmglabz{g)bn\&btﬁ\htyacan
;pvalen bond between the ammop aci ds at positions

Rdesoued By fexgent Bonsd %@eepwa%m% Wt@@ﬂﬁ%ﬁ 12 a@stlﬁok(sand 20,
Ak 20954 34 QN 16 candyadoct R%%%wamlc a%ﬁmg@' brs: @Gl 1ysine
Ogg | ca | ONns %

group; gl'ucagon anal rrse no
pbpdﬂﬁamﬁ@ 16 and 20, optionally mnth a coval ent bond
bet we ﬁﬂge am no CIdS at 03|t|ons 16 and 20; and

gl uca ?ﬂ%aéen? 4 BRRBIICE: ABLPTIG ErFe9E Gompounds can

RO $irtHeP hodPicaRsl; n@ﬂm%hﬁa@h ARty r?ftﬁ@%}ﬂo' LidPfpbsition 15 of
group, optionally with the provi so that the amno acid

§1EQ01@5N9| dito eBugesdegradatiorgef tbﬂ’ peppide onaltinge, wéptebiatlipen acidic or
Vi s %:at the ammop acid at position 9 is not G u.
8#% %5 {Yications at position 1 or 2, as described

her ei I aro@er eME6@RSE: the @ol@lﬁﬂty c&f@heS 108208 HReRs HRclosed herein
dlpegtldéb pepti dase |V (DPP I Teavage For exanpl e,
a

#ca® ba deoxpleydinkagent azhyﬁﬁ;phﬂ@ 18QipFttP thetpedtide. tIh one
B
Bhkesirtn alici pe@hglc at@ne onmaetdoftpositiond 1§ 18110 28C19d oBghe C-terminus.
e e e ok athtr et
BT 4 SildveHEe: su!l\é' Jﬁ%fn@(ﬁtalhb £l c%%ml@ﬁ@@ﬁﬁ ﬂg&%ﬁﬁhhc moieties, to

hi stidine, i'mdazole acetic acid, or" a
&cphate @lnh@eh)ﬁ thel hyiddiphdiolreoieiyet ite prpiide. (IEDMh@) embodiw@sts, an

observe dlflcat ons posi ti o ( Al B at
gt Gy R Pirnsbha heg el hinSaner e dir Fiaertcl e -

Eb@ﬁlrfuls Oth dnebotiBEHHE &eﬂiei&iﬁm&%ﬁﬂsﬁ&ﬁpné@ﬁ ?éq'u&?c% selected

significantly; suf risingly, this reduction

@pmdég QIT@UH@@I’PSng ot 8RQUP N@stbrsé?@ BYN®: d&x&ﬂ@ﬁb N$yrid, SEQ

7N 0 B0 55" sBOAORT Lt Rt B ARG ana

aEQdDGNOpD;'Swhd:Iem tﬂ@s@dﬂéha@n byl Hindhcif dsidue AN orlof poBition 16,
et further exenplary enbodi nents, any of the
hr?ég%u 2f gt sudparaes p@a%deoférth@rrqon@rlswoﬂyeéw@r@ dlyqet ehvein,

EPARLL PRl PRI LR A BT et o SO RELGLE G
Dukonst ilmene @sipeichaltltlye pdiy@lwldle(glylfol alhelﬁahasrvernbluélﬂar Weight

%?2‘?53?? é(?rr? gl}egrgq?g%g{;gﬁwg,sgp Eo gl?olulfl IOl()O Baliltgr]:s. tIrrl] gno Lel':”ce?n %Qiment

the polyethylene glycol chain has a molecular weight of about 10,000 to about 20,000
Daltons. In yet other exemplary embodiments the polyethylene glycol chain has a
molecular weight of about 20,000 to about 40,000 Daltons.

In another embodiment the solubility of any of the preceding glucagon analogs
can be improved by amino acid substitutions and/or additions that introduce a charged
amino acid into the C-terminal portion of the peptide, preferably at a position C-
terminal to position 27 of SEQ ID NO: 1. Optionally, one, two or three charged
amino acids may be introduced within the C-terminal portion, preferably C-terminal

to position 27. In accordance with one embodiment the native amino acid(s) at
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are enhanced by the coval ent |inkage of a hydrophilic
noi ety to the peptide. In one enbodi nent the

whyasophiti c noiety is a polyethyl ene glycol (IREXAIS2008/053857

chain, optionally |linked to-Phe peptide at one or nore
of positions 16, 17, 21, 24, 29, or the Ctermnus. In
some enbodi nents, the native am no acid at that
[PositibhsoNB dnd/os abstd dubiRatewikih aRa@Bl BRindCAcHls haiodeh further
side chain suitable for crosslinking with hydr ophilic
eibeimest onegofhies phargedeminhicdieare plse pdderlyiel s Shicringnus of the
Yy 0,.
Bep et 1yl SR ienl ol N o ST BEh S s e
tnegdtivel ypapicedl eAadimbm n@dﬁrdmlmwse gl dbn@d’i@atﬁzﬁb@lﬁhﬂﬂﬁi@hs s be
pepti de co-agoni st _conprises a sequence selected from

tm?éle & 66 §lucasy I%CPP%théﬁ‘ stigpaHoppt fQectanmglucggen pet valy, Inmone

RE 5900 R i RER DNl B

wh@o g diffetshieors SHEE IEhEDN20by dno A @dd chbst@siichset pdsithone 17-

f sition 16, 17, 2 1 or 24 f s id Iuc epti de
P 3 ORoBF GRd i SR e me R e B R0 BaSPhgS by
An ARIRCAH BJubWR LIS ar9BhiR6H 86 fromthe range of about
500 to about 40,000 Daltons. In one enbodi nent the
poI y elthgdcerfangg) \ylﬁobnecdi!drqdlrhfaé the gimag@mpamd%dlgﬂosed herein

d fr rapge of about

A FEREC 1P rhal BER oo Rt 12BEstPefhitind: 81 e o
ghahgonhRpiide, Moyl eembRl SE@IDMNOOf6, EFEQUID X0): 090 SBQADAND: 28.
20,000 Daltons. In yet other exerrpl ary enbodi nents the

Pvethﬂdéﬂ@t@@}l@agorbmpﬁe havdnga prittide seaencgeselghied fom the

[IP@IId t.he

g%%ggogrrsg%?}g% sol u |[|il?’y5%c§$ any'g?’ %%%T%?ﬁtgel T%EQH)NO
a4 LREQ dd Neh dlSp§BQABRMNDel 6, SEQAYeNObY7,88BQ D HE: d8, SEQ ID NO:

i N R S8 Bine heBdR wP R an éﬁﬁjﬁoﬂ%w the
B&RIdnHS ’boﬁ’ﬁ@tfh%%gla%e%ﬁde%oge $ 15 E&Bn&jg ik NFherlif the second

position 27 of one, two or
péptele comarigped saquence seddctksl froay tlteegr@u);t msﬁsm@ofvﬂﬁ(hlmNﬂu%

SN et PR TRl 50 & bty ko P o Fosonapges

A6 H(COMpAEPBS I lePRMa P& @R Othe 2FedHife §%§1hbﬁ 0d 80hWhhive
a charged am no acids, and/or in a further enbodi ment

shieagop peplideds cipdacge @Vﬂémﬁiqu ds ghwc@cal asx@loadid@dg nglyche
glbsﬁ{uglna?ﬁor%rei&{j fie Ete tgﬁ brg]m(? ¢ 111 al %the g)f,yrrt%rnml%bl

are

Brergesl drvet] sE@mu\Igmé/%ﬁﬂiut tlmesahs ;ﬂfﬁéﬂt &l mat}mnmeceptgx as native
conservatjyve substitutions, may be nmade to

glua%g&@é?p ffésst togempriag the catppx wieriaial extangion @f §E@ ID NO: 26.
%&ﬁ %%é %/epk% %86 Hx?i‘ﬂ&dé 'ﬂgﬁ%:d% aﬂqgalnﬁg s%sn‘ﬁnl%n for

pept I'S pIovl ereln
the natlve argmme at position 18.

Thus, as disclosed herein high potency glucagon analogs or glucagon co-
agonist analogs are provided that also exhibit improved solubility and/or stability. An
exemplary high potency glucagon analog exhibits at least about 200% of the activity
of native glucagon at the glucagon receptor, and optionally is soluble at a
concentration of at least 1 mg/mL at a pH between 6 and 8 (e.g. pH 7), and optionally
retains at least 95% of the original peptide (e.g. 5% or less of the original peptide is

degraded or cleaved) after 24 hours at 25°C. As another example, an exemplary
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analog differs fromSEQ ID NO 20 by 1 to 2 anmp acid
substitutions at positions 17- 26, and in one

wersdirent the anal og differs fromthe pepti deCDUSHOBEDS3857

I D NO 20 by an amino acid substitution at position 20.
In accordance with one enbodi nent the gl ucagon
pepti des disclosed herein are nodified by the addition

(g‘lucag@eaﬂﬁgbntsem’(dl@geexhiblﬁs fgﬁea@a&ﬁﬁb@k}éotﬁt@m% SiuGefr thz!&ﬁabout 60%
gl ucagon P for exa | e, é'ht) 26, SE
r@@lwzwatap SE@II“E?QQGMQB“C éﬁ@?eé?%?o f #risio batwgend %d 3

Bt YO e SR PRLERL B G A

[1EAsNOmgaBl. aSERH bExwden 6 bdd 8$EQ pHD7NGhd 5t onSEQeltdh NDleast 95%

8, SEQ r 19, SE
%%thqaﬂoe%ﬂpp é@ r@é%%@vs at 3 ,1@1%@5 smplémg@@@omg
NEbni & %AnhiSg @%Bﬂt§£goluylw BOmbRI & "ﬂlgahacﬁvﬁf Bf A e BRRY: Gt fhe

sécond peptide, wherein the second peptide coffprises a
shugagrcreceptdrent @bout 267h drhiess gf tepctansefstatingGoP- 1ISEGd GLP-1

NO_ 26,. S ] f
OB e ARy DR B BB TGUEY RhidFioCbSUEE o heH bebveen
G dnarsneel pHW? ,@R8 bPonatlh eethifE §ABIsNES Blof BRI RN dehifter 24
the native uca peptide is replaced with a

@py@,ah@og\ tg@qg@r@xgmg]a@gglhmpﬁ gogg@ﬂlgl@pﬁgg exhibits about 10%
SYRSL bEMHL 5(9{1/# %('f: 3{)% X%/%yta 08 ﬁtthéﬁ ' ! I gq‘ec%gto?%\]ndsﬁ&aé about

conpri si ng ermn 8ndts

190% &Ghé sctivybf hdtive Glas1 pothe BLpPat ret:&ﬁoﬁs%;iﬂoﬁﬂ@&i@hﬁﬂe ata
as native Iuca%on nodi fied to conprise the_carboxy

CerqTniRationet pelvas éﬁn%!fnlﬁapﬁ bayepemisanddpteeh il At andiptionally
@Bnb af 1@:%?95% "th%?n LB L EDARR A BY . @NY ] a%%@f«‘

substitution f |ve argimme at position
Thersplaggldiagen crsegbnlnse redlog dihghitspbbenidye gf lasagoabove 0.1% ,

0 St 1 A RC i SO orach o) BRI ) S

QB&IBLY. Y0h! LY, PAIIEBY, & HPIDG R 8 a%ﬁ{?‘x't}bbitr?au% GLP-1 at
| east about 200% of the activity of native glucagon at

ﬂh%ﬁbﬁﬁcagmhnﬂe@B@v@HySQnde@pacwwaMhmongf@ububﬂenamLata

RSN o B G R spr i TP e REORE o By,

péptidaefier Zéglhdi@é atPSRC] Uesoh® dnboaifdtis, k@$hSel@fagbih 8nalogs retain
orlglnahzsggg de is degraded or cIeaved) after 24
2

RbIGAS 23t 25p80.2r o B8 of éb@alﬁmrfély QEAUIEINE APl gﬁgds@a‘gon
QQH&?QIEHH?%% 1’199(’{ 1‘?%18/'&%5& f}é ﬁ%\/e I- ?q ?EIO Pt3 mod1 ca%ons

grea oac gl ucago
aﬂdnkhenﬁhﬁHW(m@ﬁﬁ@g9%8%£ﬂ) a rati o between about 1 3
and 3:1, or tween about 1:2 and 2 1), is optionally

sol ubIAéY [pe g 6%%’\(]?%{)6{%@6%}@ ex¢luded frém the compounds of the

invention, although further modifications thereto exhibiting the desired co-agonist
activity, pharmaceutical compositions, kits, and treatment methods using such
compounds may be included in the invention: The peptide of SEQ ID NO: 1 with an
[Argl2] substitution and with a C-terminal amide; The peptide of SEQ ID NO: lwith
[Argl2,Lys20] substitutions and with a C-terminal amide; The peptide of SEQ ID
NO: 1with [Argl2,Lys24] substitutions and with a C-terminal amide; The peptide of
SEQ ID NO: 1with [Argl12,Lys29] substitutions and with a C-terminal amide; The
peptide of SEQ ID NO: 1with a [Glu9] substitution; The peptide of SEQ ID NO:
Imissing Hisl, with [Glu9, Glul6, Lys29] substitutions and C-terminal amide; The
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least 1 ng/nL at a pH between 6 and 8 (e g pH 7), and
optionally retains at |east 95% of the original

weepsila®iaft er 24 hours at 25C Anot her exenpl aPgT/US2008/053857

gl ucagon coagoni st anal og exhi-bits about 175% or nore
of the activity of native glucagon at the glucagon
receptor and about 20% or |less of the activity of

maptideert GERY ID WO: theh GGRY] Gua6 Spfse) subsit@dns QR@kIH a C-
soluble at a concentration of at least 1 /mL at a pH

petwe Amelcahbe peptiee gt SERIRNOahtholbip bh&ilely/] serstiuiensat
'h%ﬁé& v\}g 201 bﬁ% ARGk té} d Qr%m%f RS %%gmgﬁgggﬁfg xo:

et anoth exenplary ucagon’ co-
eanuh BLys 76t | s‘lib%tonoﬂséﬁxked)fnaﬂzimmbtldgﬂ dnyl vath n@térvienal

| ucagon at th | u n receptor and at |east about
SRt RePUg ] FRYIDIYOnkeisveL Ess. 1A {ChRg. lepd fsubstitutions
8 L&Pi R actanSh ionally soluble at a concentration of

at least 1 ny/ at a pH between 6 and 8 (e.g. pH 7),
and opt iwnalahge wigt Gimnmdim@nsmh%%afticuMHmobigbm&I provided

ide after 24 h t 25 t h
G b e o e HlFesPb aidides etio st FORPPD e and
l@b&fm@l’ﬂ?‘éﬁa Qurit%levepoﬁ%éaﬁt 9b%, o1 94, b@%agﬁ%VM% B, @@% W%

| ucagon at t gl ucagon receptor and at |east about
gé%ol 8% arﬂbwh%@l%euggw}%ymccqm@% dituent cerrief ottdxeipient. Such

BpbYde oy SBhae Shlagbn Bprhy Shin bERER! Rl O3 mom
Wgﬂgﬁnl atmg/npﬁs b@m\}ee mgamarjdng/nﬂ & Gg/n@AHy Kw)g/mlaedng/ml 9 mg/ml,
I$Etl onal ly retains at | east 95% of the origina

e rab Iimgdml, 42 I‘Pﬁﬁ{&l} 3135{15;/@5},@4 mgm olemg/my o Iﬁé/rli@ls”
g%%lﬂ% bt 21“19 hl@'%lyrﬁ%rrh% fad: 2PRemA %4 %g/ 1

e nat ral ccurri g anmo aci ds

Lhenghol mrdrsgimndlmgnemﬂ]othnmms therphmaxuacmﬁwgl Comg@eintiofec@nprise
ificati sre ve to

have 1- Y C1- gm?r 1-3 ?fg
AEaPRIASHOgE ?Peﬁﬁ:rlblp (ﬂ{g}lon 8 ingyggous containers.
frad taupRBdPsIhE E%Cdt%\%ﬁﬁéﬂ%%‘%e uemtaesolegﬁp QG OF

the invention, although further nodifications thereto
exhodinentig pterperedﬁsmrwla@@ @fons teady forvmt:gx;on In other
tions,. kits

h { {
T R A e T R
pat@atdudtal cdBofeRsicde b@fur@’ég)dc@aéﬂ@ as babof R kRhak NcBlded a

substltutl on and with a C-termmal am de; The peptide
Ppaselode (dpyingfor aginirtistgrmeghe carpragiongo E@td'ilfmntﬂ@rﬁ@nfan@rs or

t
]Mtg Bﬁ?i}&abﬁéﬂ‘rﬁﬁ Z{Qe%?%mggﬁtultglg% ntélglgergtme ch(gt e %geiraéth |
empdaturdhe peptide of SEQID NO Iwith [Argl 2, Lys29]
substjtutions and with a C-ternmmal am de; The peptide

of SE® AcePRgnce Wiih gnegberingnt a msdiadiof rarsiy IFHESIHE siucats
Q@el%@@eﬁt%g’@poglycemla using a pre-formulated aqueous composition of

glucagon peptides of the invention is provided. The method comprises the step of
administering an effective amount of an aqueous solution comprising a novel
modified glucagon peptide of the present disclosure. In one embodiment the
glucagon peptide is pegylated at position 21 or 24 of the glucagon peptide and the
PEG chain has a molecular weight of about 500 to about 5,000 Daltons. In one
embodiment the modified glucagon solution is prepackaged in a device that is used to

administer the composition to the patient suffering from hypoglycemia.
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lmssng Hsl, with [Au9, Gul , Lys29] substitutions
and C-termmal am de; Thepeptide of SEQID NO |with

WO 089910& ul , Lys29] substitutions and wi th aPCT/US2008/053857

Cterm nal amde; The peptidel?f SEQ ID NO Iwith
[Lysl 3, GQul7] substitutions |linked via |actam bridge
and with a Gteinmal am de; The peptide of SEQ I D NO

| Wi t hIif hoestdénceGhiiRdle antasliménttah @Agrovédketiol bardgaatiagblood
bridge and with a C-termmual am de, The pept| de of SE
Iob‘CR@ leyalsigiipglipjdependgRtpatients 1o vidsss S nagiiack qongpris
s{ngggpad\lﬂﬁs eﬁﬁ% gllrglrlrlg{(’: @Sa?fagnc{uﬂt ﬁ&% ?Fl@ﬁef‘%cﬁb? gﬁ\)?hcfecgntrol of
cloatpics smgacmnyismfm | haom\n&idlf@ﬂd@mggm pepide d"e&e gpresertosed
erein, preferably sterile and preferably purity
OBy Er i e itespgyticsiyeTosig? Tarshg P‘M%“"@E??J‘YW/XCW&
%é?mr?&/& &Hmﬁ%%@rma@@pﬁaﬂéQ@ﬁ&[ﬁ%@%lﬂﬁﬁMéfv@}%?@(gfae%l?othel In
| uent, earner or excl pl ent. Such conposi ti ons may
@omlabmﬂlmew the glgoagop @ppti ddend theangdmoenta-admiorstapéd @sta single
| east .0.5 [, 1 I, g/m . 3 m__ 4 /m,5
ﬁﬁl}lePs,ltl%l, Wg‘%ﬁ‘ln th% g%n?gﬂn pegg (Iif‘gl? H.Fg})l@ecﬁg%ﬁ_l P%Cl{_%} l?ﬁvm
ol weibht S8W0Md frdn tH&/aﬁ'ée, of Jaﬂoﬁ'ﬂiﬁ/ 000 to 1150111'@0 b D]aﬁons
my/m, 17 ng/m, 18 ng/m , 19 ng/m, 20 ng/nml, 2
mg/ m In apthey pmbod1g@nwgmmhod wprevyfed £ for PElupigL rqhe tgmporary
@LII%BE{S Otf 18[%&1&1?9%3' rfﬁomne hlgﬁ c&%ﬁﬁ?‘g?ﬁ’e stt% Cc?fl administering one
nprise aqueous SO I ons at are

ot gioid (bleesdglaa@o@ pEprates HisylosetdQTeeadn W 4 putieM@pous
contai ners. The conpounds of the present invention can

be us&HY§ AnQibeSPeAERenhA M thadeo! divhits hertsl xesmin: @béf’fﬁt od
t
gg%gdgfqm'te%ﬁq?%mﬁ Btfﬁhhaﬂ w@&ﬂgl?ésg Qhrd VR HHRR inyoveQt her

armac tica ositions conprise a
Iaghopﬁﬁtctringem qﬁﬁaMamoﬁheoﬁﬁmaaqmm lsbﬁucalh caopxisd 4 glocazon

e further. packaged a art. of a kit that includes
o R I M Ry i R R [ R
bR eAed®@b WBBhnt of AR 0RPOE AGNESRprRindd S18cTBY a?&uét@gl@ét@djfrom the
for storage at anmbi ent roomtenperature of at

gefupicgesisimgdf SEQPEY HOut b SHQIANEL i daFe@ NG 18n8EQ ID NO:

PV BTN A2 FhO TRy Sl GRER & YT RS R iR Raseq

A GOUSn SR Shibb@itheat, (1 HERHOERRRES S8HinRterinB@n effective
invention is provided. The nmethod conprises the step

BMOER Al AICOMBPIINY eamRETsingct 8lyeagambeniist.orheasin rpalutrgon

S5 LR R9TPE BB B I TR RO BRI
N dagSEQ pENG:de, SEQIBgyDal EEEQ IIpNS): tl# BEQ I N 134SBf) ID
N 18! S583BNBP! 588 Bo! '€ sEQ D No: 19, SEQ ID NO: 6, SEQ ID
NO: 67, SEQ ID NO: 68, and SEQ ID NO: 69, wherein amino acid 29 of the glucagon
peptide is bound to a second peptide through a peptide bond, and said second peptide
comprises the sequence of SEQ ID NO: 26, SEQ ID NO: 27 or SEQ ID NO: 28. In
further embodiments, methods of treating diabetes involving co-administering a
conventional dose or a reduced dose of insulin and a glucagon peptide of the
invention are provided. Methods of treating diabetes with a glucagon peptide of the
invention, without co-administering insulin are also provided.

In yet another aspect, the invention provides novel methods for treating

hyperglycemia and novel methods for decreasing appetite or promoting body weight



10

15

20

25

30

PEG chain has a nol ecul ar wei ght of about 500 to about
5,000 Daltons. In one enbodi nent the nodified glucagon

waoloatioon7 i s prepackaged ma device that is usedr/US2008/053857

adm ni ster the conposition tB-the patient suffepng

from hypogl ycem a. | n accordance with one enbodi nent an

i nproved nethod of regulating bl ood gl ucose |levels m
ilossuhdt ﬁh\/d)ﬂ{eelﬁdﬁﬂktramah ioén l@&ch@nﬂﬁbﬂild@d&gﬂl@t msied0d (including
H% pses.the steps of adm nistering nsulmin an anmount

élﬂ%%‘ﬁ}tcﬁ%ﬁqcﬁpté‘?lﬁ Seltsi tharegfp hag %Félvé@ﬁ bPBIthegluehegp srcarior
X ﬂ@l (RS L) ?@%Pﬂop 9A8oMON &l e. MR diof o HEAGBCR t ﬁ?/}qu—l

e present scl o8ure in’an anouht thei apeutyc
eédepotd pevifler ant unex pacesdentprormofht doypagidye €iibal ag«dnemea’alnne in
ducted within twel ve

d ad t teps. ai.e ¢
Bt DPeRLER G nEns. Tk R oRt Rem et GPuCagSh

Qﬁ@iﬁe@t‘éd aditds sryﬁwgmléaee& Q5 REHE: (BEGEQE Afhidl %é&@k@)
nmposi tion, wherein the glucagon peptide is pegyl ated

\Adnmnatl REG witlai portvantiongl dosprof asulirar rvdaxcgrhtlosse)lf ectied or

m t he ,ran of .about 5.000 to ab 000 |.t ons
MR RS SRR heuins P R dalogp o the Miagon
irfdpor Aigo hikeant BRRSICRIIbe REM] ¥Ee& c@f’nphﬂé@ td QLS dddAsm alone
tract The nethod conprises the step of adm ni steri ng

GhBIogIoting meight losher RPYrebpd Wepdpsdides di scl osed herein

10 2 PRLAARly o kDB InPLOE e FTARGL TRt TS 108 Dy e

treating cem a
@ﬁtheonvdnndmﬂlrlgl wedlghy thhtassvdts beth @liRdednd yheapon receptors,
| nvoI \lg)gs adm ni stering an _effective anount of an

glispaani A Edimbrar disigns £t glusesrgomaloeptidfel brl anplees,
'opyl%?ﬂlbﬁfeﬂ/rméd}fl&p&’erﬁﬂg%'tﬂ&%f ?‘erhﬁ'ﬁ]y&gt DO RIPBBE Sctivates

admnistéring an effective anmount o osition
dcﬂuiuaagomgpcaptgﬂ wcodgon- adgmnstsxteds‘etheamoaq)ohn@ma neivgeothe

SE SEQ I.D NO. . 12, SE
i:gﬂ’sism | nt% &wh af% d}g%goaggo&@n ei(g%cilgé@n?]@gmde Qatwgg@ereof)
e menﬂ(?n alstF&entes dBadiiidlisBREdr &2 aNRicalh addhisRBREINEWith

enbodi ment, the nethod conppses adm ni stepng” an
efGld1 pgenisinpalog. of a conposi tion conprising a

Lo P38 Bt et Berkll S IR AR For PG R P ongri o
£i c a i c
R Y ’&'%GEDMN"S SR O dueck®n IR N
48,

N@dlfﬁtmxgg@oglgomé)’l ( 18EL), p]g1qq@jl§[gq cogpaaton Nath rgedifications
\%ﬁgsﬁ%nl\f@ fdfor %Qfggn%&o?ﬁ?@f th?ﬂl‘%él%g AR Pdie f?dm1B1strat ion of

reln ammo acid ucagon
Bucagmemalods eiristies etnhh’ﬂlmghleallmﬂﬂidlgd eetbxeaxdtheamé chgihglof two

Second c%d(p kL dgp %H%J @%rmgg %@Sse uaer?d02€9 t%at geE sep%gteléll%y t%16ee
mtelvenmg amino acids, e.g. positions 12 and 16, positions 13 and 17 (e.g,. Lys13
Glul7 or Glul3 Lys17), positions 16 and 20, positions 17 and 21 (e.g. Lys17 Glu 21
or Glul7 Lys 21), positions 20 and 24, or positions 24 and 28, with the optional
proviso that the amino acid at position 9 is not Glu, and optionally including a C-
terminal amide or ester.

In accordance with one embodiment excluded from such glucagon/GLP-1 co-
agonist molecules are any glucagon analogs or GLP-1 analogs in the prior art known
to be useful in such a method. In another embodiment peptides described in U.S.

Patent No. 6,864,069 as acting as both a GLP-1 agonist and a glucagon antagonist for
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further enbodi ments, nethods of treating di abetes
i nvol vi ng co-adm ni stepng a conventional dose or a

wo ewsaeitdose of insulin and a gl ucagon pepti deCDS100£053857

invention are provided Methods of treating di abetes

with a glucagon peptide of the invention, wthout
co-admm stepng nsul mare al so provided In yet another
aepecy diatiehs arcalendxichidep aogluciesn/airel coregdrodendi@ules. In
treating hyperglycem a and novel nethods for .

da %faeér?gtw Imgnb et ludedols the Usaet Bycasay I REPYHE Fuiseat dighgtes,
SOk ?r?égoﬂis?sgfe%ibgﬁ iPn@ndl HE30BN). . £RRIG $loso)
nmol ecul e (ihcludi ng pharnmaceutically acceptable salts
tAheregalf,)/. Madt Claant. | 44a3 199-3 06 RAOHE agdl Semgenalr, atépWed., and

h P- | 1leceptor onism._i e , activation, of both
@FP@QEF—%%&%@%&% aéﬂggffr e.“i’@é‘&%%‘n‘ gxww%@g 034 glucagon analog

e X ARG hEMe IBTRIOMENE Rhine AR bESKk ynforReiih (SOOI 799
in tieating hyperglycem a Thus, the addition of

glsocagudedag ghicegnybolildesagamisunelkpdet ed addi tive or

synergi stic, effec ol .ot her unexpecte i,nic
enet PETEDERG F L B ShelvesRe SBtveries i “GoLbrar
ivarsd bhtypés dfegpeen caaseinefudindsidbetes, dibestotQiitts typs ! i N
I s contenpl ated according to such nmethods. Agoni sm of
flinbetgy meligesriypeld eqstesstatangbdinbeiesapithen insplie tlepgndent or non-
3Gl f - Qni i
L T e L G
Estienpdtay yndvasodgatifeedeP-Shick meagdn @ redmingipb&fic binsbudeng

| ucagon peptides of the invention, G.P-1 anal ogs that
goéf P&é&dg( VB8 26 BPECtethie By uselahBriedusingtogy sveighidiresating

] ' f.
T e bt NPl 0] PR A 4Be ana
tddlecieg tomplidagpmadssacedtgd wah obespy invdudidmpvasad b disdases(cotoeary
L ucagon receptor. can be co-adnministered with a
RS Gt NGRS P ldtlodSus ey ISP Rpigr P SeR s a
rten AORIoAGt ol aBA&NY T 4hyRAIPREMI 2 in Bl NRIkMES! diseases.
thereof). The invention al so contenpl ates

co- adAdlriBerapeutio meods phhuragoivabepomiositionn &ite gndabthér semilar
GP-1 a Lst..anal og. Such haods for. treati

R bl g PR AkRlio AT B cp B Rl bR ey o2 il 7 Effason anatoss
pichided Alnphapvadeuriedlyhiccdpade dane bigieerahetdat.st ration of a
gl ucagon analog with a nodification at position 12

(e.g. Argl2), optionally in combination with

Eﬁ@ﬁﬁb@@bﬂpﬁ(ﬁ@%%@ﬁqégd/or 20. The nethods of
t he ude adm

I nvention also inc ni stration of glucagon
anal oBig. T onples igraph agprésehti@ymbe e@biliay ofiGludgenbet ween t he

Bl ALY, e aIR, 2 05 W L01D Lhe gl one oL,
respectively.

Fig. 2 represents data generated from HPLC analysis of Glucagon
CyszlmaleimidoPEGﬂ( at pH 5 incubated at 37°C for 24, 72 or 144 hours,
respectively. |

Fig. 3 represents data showing receptor mediated cAMP induction by
glucagon analogs. More particularly, Fig. 3A compares induction of the glucagon
receptor by glucagon analogs E16, K20 @, E15, E16 A, E16, K20 V¥, E15,E16 «,
E16 » and Gluc-NH,
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i ntervening ammo acids, e.g positions 12 and 16,
positions 13 and 17 (e.g,. Lysl3 Gu 17 or Gu 13

wa.y®B/I)101positi ons 16 and 20, {ositi ons 17 andr@rI/IIS2008/053857

(e.g. Lysl7 Gu 2 1 or Qul7lkys 21), positions 20 and
24, or positions 24 and 28, with the optional proviso
that the ammp acid at position 9 is not Ju, and

opt i omfad. U dndciBu@piegends ieshaming @63pler roddisd éXMPrinduction by
accordance wi th one enbodi nent excluded from such

GlireagomeaEp- Ycsorgbe!sly: fis douoapais sdyonpiibagypeon
30b00%, A BR-haROLAASVEN @ BEARRINA! W KAOM, £, e, V.

n anot er embodi nent
(&8 | KleGldedd, dedd Nid3, 1 P&t enNHNP> rﬂaﬁ'&lltp(hﬁ@veagucagon m,
acting_as hoth a G.P-1_ agonis
arheaf‘g'\gﬁ ﬁgrarrr@atqdﬁglqrr A5 égﬁ‘;l 186@?%§Yé PRI alegs

qtru@mprd G R Aue NIRIRNESLE 1HI6C M*H?Sv bm3aped BRIc-NH, € and

enbodi ment, excluded i's the use gl ucagon
aeaguniGusNib, PriehtivaicabsveSLPsulh as the ant agoni sts

(1080 ] 1E At Eepre e gt oo Seeigr oo SAMP Tnduehich by
2049 nan@l’éﬁ‘s SM@)&?% 101ﬁérly, Fl@SA%%paregﬁr@Jth&ﬂofaﬁe?glucaoon
e

2002). In a further enbodi nent oxyntonodulin or a

geagews bn shinegoagneleat (HEnKaP fdua NE: 8 (EnVestasinwilutiom.dd 5, E16

t 1 | .
S BB SR RO Skl B PN IR NP W BB slgtom
HESTBLISGHonNHy a0, hyiesoBlikaPINCE R Glue ek yhldibiche

useful foréa variety of types of hyper lyc

ghcpern NG M bwhergas I albfaepases indycgign 99%1@ GLP- " hfospRionly
'grdc% gf%ﬁ’ ?Edl ll K20'GIEERI @ %“1%' £ AR Ae'a‘ﬁ €16 Gluc-
|nsu endent ~or noni Asul 1 n: depen e

Mdybr)ngiatm@rtpl@ld%}ﬂ |(I|)sndagludag@bé‘ﬂé§(m)1cl ud| ng

nephr Qpa tino and vascul ar di sease uch .
nelto oS b ing B R b et o i ot b P fduction by
%dﬁ«ﬁdngmgs al(@r@ﬁa‘?ﬁ&ﬂ@rﬁr [303 B& dé%ﬁ)fafék 1ﬂdﬁctﬁ&fjéf°ch@§l @&@

wei ght, préventing wei ght gain, or treating obesity of
veaeplouby ghioages anilog @u@@%rﬁgﬁ%ﬁl@d‘éﬂz bbegi Ay Elémlo -NH,

R A RN G AR AR SRy D gduceson

$I) Olk@ercpEFie PO E@hpe\féﬁ‘ﬁdu@ron @ SRATIER-1 |r§déb©ﬂb? glucagon analogs
re erfu5|on etc. hypert ensi on, onset of diabetes

O, {3 3B 1 6- i daita dncE IS8V s ketper X1 KAPESYES lactam
I t
X t%&ﬁﬁfﬁeﬁot : fucll Petnu RIAATC P ) C2 . SDTRON L Lon®

cont eify. ahentl ﬁBtreprb&thaOs‘hotvh% ieedprghedtagben MiPahdgson by

i ncl udes al | arnaceutrcall acceptable salts or
S41°a8Y Aaloss oY lorerarEsulanps |SORIPeyes MdeciispRaphthgagucagon

receptor by glucagon analogs (GIuc—NHz @, E16 Gluc-NH,, A, K12, E16 Gluc-NH,
lactam V¥ E16, K20 Gluc-NH, 4 and E16, K20 Gluc-NH; lactam P ) relative to
glucagon (M), whereas Fig. 7B compares induction of the GLP-1 receptor by
glucagon analogs (Gluc-NH, @, E16 Gluc-NH,, A, K12, E16 Gluc-NH; lactam V¥,
E16, K20 Gluc-NH, d and E16, K20 Gluc-NH; lactam W) relative to GLP-1 (I).

Figs. 8A-8F represent data showing receptor mediated cAMP induction by
glucagon analogs at the glucagon receptor (Figs. 8A, 8C and 8E) or the GLP-1
receptor (Figs. 8B, 8C and 8F) wherein hE = homoglutamic acid and hC =

homocysteic acid.
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Fig. 1 is a bar graph representing the stability of
A ucagon Cys2 1nal ei m doPEG 5K at 370C i ncubated for

WQ@200848,0172, 96, 144 and 166 hours, respecti vePgr/UFi008/053857

2 represents data generat ed-¥r om HPLC anal ysi s of

A ucagon Cys2 1mal ei m doPEG 5K at pH 5 i ncubated at
370C for 24, 72 or 144 hours, respectively. Fig. 3

r epr efenda addVB: stppwiengdatedepting reogtorah@iiateddAMP induction

| | |
BN SHIarE E e e e R A HIE GG RONBEGpRS hpatve
ld&g@cﬂl‘}g}ig}@ Q6S 1 BL8e b@@]osubstltlﬁlé w1tﬁ:¥§e ﬁnmo Bdifls o5 Ritibns 17-

and d uC 4B represents
daoansghewsliy 1 (@ﬁ@[ﬂD(NO r@()ll Moe@palmril}n (ﬂ‘“Lg:f)Amwrriygnes induction

el RBe e i b e BRP R ) HhPurongoRoanar i

S BN by A

@blcagqn\ﬂ@akoes native glucagon , whereas Fig. 4B

conpa ction aof the G P-| ent or .gl uca

anar obed Qe Bt e Gy g RE Bonspftd (R AR 1 e
LlucagInpeptideb &f Beliesdin, m@d’l!ﬁoh“t(ﬁﬁndu(ﬁ]ﬁm@tu&s Nrfhice injected
relative to native GLP-I Fig. 5A and 5B represents

gaftcatageinl yrivith e estictedaspnuatsed] TrsAvFPeCHERDIRONNGsy Sequence
e
(LEABChikREa TG @m.mm( PR®) (SEQADKNS0#RA)] AR C2BEHimEhe 4OK

R b8 <o Litrorh? Bk K30 B eloR BERND NO: 26

ﬁgo ¢6B S&ibgtdzq@m angtezd ﬁoﬁ'(SEQ"ﬂj%\Io 304') ShRAGAY €2k @hj 2 Lactam

gl'ucagon-NH 2 ( ), whereas Fig. npares i nduction

éﬂKt(ﬁBQ@FN(D Y80 «PrimeralyDYIAE zﬁl}érﬂoﬁn@ﬁ@l@ Xe16]9)kaa

Chirir e 26 80P (PO o hoea e s (e o g e

%I\L}% RBghABY BS 8HdaSe GRHiHRPY0 &gsfroaﬁﬁcnn@m@epbcatmz w/
[ nductl on b ucagon anal 3%209\|vwbre particul arl

Ficgm 64 é@ﬁﬁ%ﬁ@é WO, AMBBE1O et - A<O8SER

S0 RAHIR 2 PR GIS NG J0ERTLA 1

E24 K2 8adNith zﬂmm(sEQ D Nﬂ auBy@dtMAUEa@ mo (w/a) Jactam CEX
wher eas onpares inducti

Fi of P- |
AR §9EQ rmg\?ogm@ 361 OBh A g oo o34 40K GBI NO: 504),
AIB2 E16 K20 w lactam C24 40K (SEQ ID NO: 528), DMIA1 E16 K20 w lactam

C24 40K (SEQ ID NO: 510) and DMIA1 E16 K20 w lactam/Cex C24 40K (SEQ ID
NO: 513), wherein the number at the end of the sequence designates the dosage used,
either 14 or 70 nmol/kg/wk; Fig. 10E: AIB2 w/o lactam C24 40K (SEQ ID NO: 486),
Chi 2 AIB2 C24 CEX 40K (SEQ ID NO: 533), AIB2 E16 A18 K20 C24 40K (SEQ
ID NO: 492), AIB2 w/o lactam CEX G29 C40 40K (SEQ ID NO: 488), AIB2 w/o
lactam CEX C40 C41-2 (SEQ ID NO: 532), AIB2 w/o lactam CEX C24 C40- 2 (SEQ
ID NO: 531) and AIB2 w/o lactam C24 60K (SEQ ID NO: 498), wherein the
designation 40K or 60K represents the molecular weight of the polyethylene chain

attached to the glucagon peptide.
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(A uC-NH2 # , KL2E16-NH 2 lactam A, E16K20-NH 2
lactam T , K20E24-NH 2 | actam < and E24K28-NH 2 | act am

woO 2008nedoat i ve to GLP-1 () . Fig. 7A and 7B r epCBEES2WS053857

data showi ng receptor medi ated cAMP induction by

gl ucagon anal ogs. More particularly, Fig. 7A conpares

i nduction of the glucagon receptor by glucagon anal ogs

(A uCG NH2 _ E16 G uCGNH2, A, K12, E16 G uC NH2

lactam T K20 G uC- NH2 and E16, K20 A uC NH2

I%@WDI?E??@RQH@@tO gl ucagon ( ), whereas Fig. 7B

conpaifs ]giﬁ%(f\ﬁ on of the G.P-1 receptor by glucagon

anal ogs , E16 GQuC NH2, A, K12, E16

A uCG M—@esblalmhgamdl' clamEﬂ@the K2@n Gbn) GrdNdRoaing t&hinol8G0will be

A uC NH2 | act a relative to GLP-1 ( ) . Figs.

gpedgp aFCé’b‘ilaé@% (H%Fg‘?f@ﬁkﬁ\ﬂﬁﬁeé fortbs3eWr nedi ated cAWP

| NdUCHi Qe ¥ &h%ﬁ@%ﬂ “BRAMAESRAI e Aw&@aﬁ REGREGEy of

(Fi gs. SSA 8el C and 8E) gﬁk’he (%LP>I ceptor %l i g%yo

e ma@@‘laMIﬁaﬂml ¢Elfl‘lers I’wniDg:i mplwsplmt@blﬁfbrmﬂ.ihhﬁsdutlon

honocystei c ac ., represent data

SRR SabialEn i snedil e Bho AR hTsioBr iy app D of

(“ib?tmg@)gergk UTRORHM AR8Ad a%@'éﬁy 5¥ t8'h tsaag)bﬁi)vg@ﬁyﬁl ons

17-26 of native glucagon (SEQ I'D NO have been

segmiatory geegy Wi the WhEBedgral soveaninery Odjﬂlstp@sn the blvsPhermacpgeia for
P- D NO 50). Mre particularly,

ggelg% a% %%L}dé%éﬁ%gtl on of the glucagon receptor by

t he des Iugﬁl&ﬁe@dn HeRernd Tohdfhacghit@a g accepaBleags, re&ﬁiﬂtol'_slags of
9B conpares induction of the GP-1 receptor by the

RBP4 B i (e Pidlegicy) g dlyor thmparey SOmPPYs, andoybigh are
%teo@bglesgfy B iy as@gma&nxmg%gag Rt &%Qﬁ&%ﬁ&fs 1ok &fherein

abi | the gl ucagon pepti e present
lamwemblleoof fooning duidender bdst shlodsy vinuerofttle pregact eflamino

(?cut neously with the, |[1?g| cated amobunts of the
?Jrecé‘f Q& SO PGPS SYIREHEEPdenti fiers for the

| uca &
o ConmmpRL O b8yt 01881 S M oo

Irorgaaic ams@)rganm isResCHaltChéned droth G ahmdhasay) iHSEQ bpwhiDpf

B SR S e B B ST AR B

SEib) deribBd AbmG2danidThases ihalaliamudiKnbSERdRoNAlts 8PPmary,
Chinera 2 DM C24 4K (SEQ ED NGO 519), and i mera

secppdspy mpytetiaky I8BEs-ED NO: 486), wherein the nunber at
the ep}qclr&facetuhgally acceptable acid addition salts may be prepared from

inorganic and organic acids. Salts derived from inorganic acids include hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts
derived from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic
acid, oxalic acid, malic acid, malonic acid, succinic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, ethanesulfonic acid, p-toluene-sulfonic acid, salicylic acid, and the like.

As used herein, the term "treating” includes prophylaxis of the specific
disorder or condition, or alleviation of the symptoms associated with a specific
disorder or condition and/or preventing or eliminating said symptoms. For example,

as used herein the term "treating diabetes" will refer in general to altering glucose
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sequence designates the dosage used, either 70 or 350
nnol / kg; Fig. 10C. AIB2 w |actam C24 40K (SEQ I D NO

wGR/10MIB2 E16 K20 w | actam C24 40K ( SEQ ED NI/US28§/053857

DM Al E16 K20 w |actam C24-¥6K (SEQ ED NO 510),
DM Al E16 K20 w [|actam CEX 40K (SEQ ED NO 513) and
DM Al E16 K20 w o | actam CEX 40K (SEQ ED NO 529);

FHlgpd 18D inAlBArastibiaof worimelidved Qnd SEQnERIABcrdabid} or Al B2
E16 K20 w lactam C24 40K (SEQ ED NO 528), DM Al E16
Keeregsinslplpaghelesse AoRls dsmdm NG Si5ASituahen DM Al E16

K20 WASQ&E@E&%&&%?&%% 4H%Qt FPy l\ﬁ%é 1‘5&1%&11 A ferﬁgllé’]antnaﬁlt"

nunber at the en the sequence si gnat
dbdsaheagmegbptiéd tefiuzs toldnaroxiObutryoffickent wkiourftiofjthe peptide to

Al B2 w I t C24 4 EQ E 86 Al B2
@zwé@agﬂeﬁ%%é% tE%ONéa"S?%‘?%e fﬁﬁlsezfﬂé %@@9@2@6@2%%@ or

(tl%EQlelnpo pof @mla%%a‘%l‘édlf@?@)@m&ﬁ @3%0%96 AP odd S ose
ED NO I'B2 W o I'actam CEX 1-2 (SEQ ED NO

382]., AAEB@nwl\@ desictdenficCHEXr B2 40@4¢0nis2anplSEQ tDe N@serﬁ:%l)

and, Al B2 w t ED NO. 498), wherein
R e A ims 55 R e BRI B e & PRt frgpee
Wb intluddbe lehel RRbyBtBYhaNs: ishaidk wéibRaAbE ré@nﬁﬁ'@weloht gain,
gl ucagon p (gtl de. DETAI LED DESCRIPTI ON DEFI NI TI ONS I'n

deScasinpiapged by redbetian ip god hecighty enprcwenting peradgeing @i mgrease

dr? ?&Wélg&y OIV\A(!I‘J’H?H?I{I % ﬁ%cgr %}W&%glg[ltg&n evxirﬁolﬂn{ t?%t eis t’ eefﬁercrz;[ive”

ns set used herein,

“ahamreEfe@t bulgedt ky sibgees pikphaldmgamrthenge dnﬂtgbhﬂi@l&:o&ﬂlyioﬂbf the
t he standard tphar maceuti cal earners, such

pndividnal mog piradminisigationeanddhe ik nl hueif ot @mv&v%%@le to
3 éﬁ{?fgﬁa? ARt Obidc p@& Sho®@t. "V\ﬁB@we?' dn ﬁ% Shi@Pe ﬁf@c@l‘ée" amount in

types of wetting agents. erma
eng onipadsd sasamyaydfe deteemage by nappordinady dyil a the gtibsihg roatine
ncy of. the US Federal government or listed mthe US
ﬁ%ﬁ?'}%% ©Pa for use in animals, including humans. As

used 'T%é Qdrh, “ﬂh@en‘t&ﬁlmn'{eﬁﬂﬁﬁdf%%ugﬁ ﬁ@'ahﬁﬁeﬁ%&%ﬁﬁ@uﬁby some
salt" refers to salts of compounds that rétain the

witheir ogyitesich as subauttayecmfs mm@mmnbnnntwm@u adintrayeshowhi ch

the comptmtach; Be lSuoaRurEY IFe ET R ER Fe roiong o
aﬁdl&uw&/c@mpbaﬁan&&bhﬁ tl’ﬁfils\élubith&&aﬂfl fleB 6f WneS\ASAs Abrmally
%grsrcr&a?erc]idvél?hr thg ?nrokl)e%ﬁye or%{)rcr)lggfndci; a%;t?\lfjepc?r nsalturrr;llle?lfnr(t)nr;r?ern(?t o

As used herein, the term "purified" does not require absolute purity; rather, it is
intended as a relative definition. The term "purified polypeptide" is used herein to
describe a polypeptide which has been separated from other compounds including, but
not limited to nucleic acid molecules, lipids and carbohydrates.

The term "isolated” requires that the referenced material be removed from its
original environment (e.g., the natural environment if it is naturally occurring). For
example, a naturally-occurring polynucleotide present in a living animal is not
isolated, but the same polynucleotide, separated from some or all of the coexisting
materials in the natural system, is isolated.

As used herein, the term "peptide" encompasses a sequence of 3 or more

amino acids and typically less than 50 amino acids, wherein the amino acids are

naturally occurring or non-naturally occurring amino acids. Non-naturally occurring
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Phar maceuti cal |y acceptabl e base addition salts can be
prepared frominorgani c and organi c bases. Salts

wa@leq@saadioiT om i norgani ¢ bases, include by way oPCEXS20p$/E53857

only, sodium potassium |it#rum amonium calcium
and magnesium salts. Salts depved from organi c bases
i nclude, but are not limted to, salts of ppmary,

apdondalsyefant dnénd hadythardons natbhadly Bae uh vicalbhywhich,
acceptable acid addition salts may be prepared from

PRYST Gl CHIME 1BFaMREd sup H pegide %rua@wélﬁsqﬂbsﬁhelem
i nor 9@@' g%dagel&aﬁ, th@% THQ%OM@{)@&!'] AR oprBE} rﬂ alg%%é)ﬁgtoag% fispd

aci d, C aci ni'tric aci oric aci
M@cmanlgeabl)sw 1efer dea polgderf afamins gaain mtaomtdScrarahcd theleength of
ionic acid, iC aC|d, pyr uvi c

t I
e YC%%?S P/Blcglix olypent d&S%{&HgteryPéﬁlavﬁ gpymgr ledglh dhahisc

a@agi tHXRkek 6f @Efebgdesfvvurmnc acid, tartaric acid, citric
aci d, benzoic acid, cinnanic acid, mandelic acid,

met hafe ghichgomi R?pa@ﬁ ds ustdieres meudm oyaeiptde comprising, either

ﬁzse a(r)rlmgoe Qeﬁ%?é{u%&%toﬁ g%&elgjnll\l E)ah, Oétamﬁ éna ﬁ():%gii tﬂea @gmtoha%ldl selc}uence
pf SPOQ YD D s, Hclidi: SRIQ6 iatild GubktisRIHE ad@ftiosD AElketibRMbr Ot
all eviation of the synptons associ ated with a specific

gresdrtigesl repdidentiant (e ragibylations pextasinn wWeawrinationmniramplegular
?ﬂaﬁ%n B&H%%T&Bh F@fa@tﬁéﬁ{{@lgg f(%rg'l%tl(lilf?’ % ‘i{t | nantdl'lﬁ% ﬁke) n’% the

m’gen
gd:pmle,seﬂrﬂrmo thd @vigStinulans glicagat mﬂfﬁuaﬂ rmpmabcd\a\yeé g as

and i ncl ude | ncreasi or decreasing bl ood glucose
%dy epEd PRyt %HO%US@?&}E?] asspy deseribgd m%é‘aﬁ@k?dmher ein

v i '
amuﬁ?f‘@%%hag‘sf%@‘éégimﬁe%??a‘é“?& G Lo HEGRLYE
p‘t}ﬁlﬂﬂ tiag stimalnes ghcag‘ontrérepmepd:tl\mtg ¢.0., p)frmr:isdEe:dthy&Al\fﬂ;I ]

ired eff ct For e._one desired effect wou e
PR PRy Sine it 4 AERRER SRR fogl yoent o, as
nMeasuhg Gsedff@fen?% #on BYonfR ahaﬁ&% q8a %Idcﬂgd?ll &Bgd@édﬁ?ﬁ?ﬁfﬁ ga
| evel . alternative desired effect

geguenyo raf:lsfttecéframdg@ grofip corsispng séﬁEQstMDom; BEQ/M Q: 11,

SRR ST NP ES SUFRING, 8 8 SERTRISASHS Sy
bihdiE b BgueRicdhit Ha®Beehh@NE&E foRELIN®I @Rtor @RrdlconSerdati Veaﬁ’mno
nmeasured by reduction in body weight, or preventin

pediErshigtians 4t gee %@eremfmayome% ght,, 1001, rlar Hall#ziTngs, 19 20,
ribution. The amount that is "effective"

@P% %§?§%¥r%m subj ect to subject, depending on the

age afgdugdmereal arcanieb ttidrmoflificagor Trefeys duahbstinmida, afdition

ad nlstratlon and the like. Thus, it is not always

yS
Pakisign of ppampmeacydy anghingldestsubgptyticy Wileorasgiiien of any of the
HONBRNS Tacid@ BordRBhYRB@Ein hefhf pdiMfs, 28 WRHAL af¥bical or non-

naturally occurring amino acids. Throughout the application, all references to a
particular amino acid position by number (e.g. position 28) refer to the amino acid at
that position in native glucagon (SEQ ID NO:1) or the corresponding amino acid
position in any analogs thereof. For example, a reference herein to “position 28”
would mean the corresponding position 27 for a glucagon analog in which the first
amino acid of SEQ ID NO: 1 has been deleted. Similarly, a reference herein to
“position 28” would mean the corresponding position 29 for a glucagon analog in

which one amino acid has been added before the N-terminus of SEQ ID NO: 1.
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any individual case may be determ ned by one of
ordinary skill in the art using routine

wexpepment at i on. The term par enteral " nmeans POL/US2008/053857

through the alinentary canat2but by some other route
such as subcut aneous, intranuscular, intraspinal, or

i ntravenous. As used herein, the term"purified" and

| Cdoemereraimoureek af &ypiocaltadiensé sodsintlode Sigma- At VMBwalkee, WI),
cgg%%un inaformthat is substantially free of

y
i e 1A deepr dhaanageytivatsie anbridgea M Jor
B R e e R S S
pepd,\or chetihary, modhfua@ or deriyadlzed fasn athmedramo \aeds
definition,, The term purlfled po tide" ed
her ei réstuéeqjléﬁgfélf‘|abe{uﬁa%5’6‘lcy9pae=ﬁ'ﬁ‘?rdés %\ggﬁ OHQgptEf@élﬁat exhibits
sePanal e Jlu&t%@?e'@@ﬁtoﬁ&"ﬁpfé'dﬁ(ii%oﬁtrl@%]@' a‘Bgut ﬁ)@t’/o &%hore relative
limted to nucleic acid nol ecules, |ipids and
é@nmmwrcag@sand‘aﬂﬁ@ exbibits 4étatyat dd’ GIrRelq uiceptor ofhatout ddeast
ved its original

envstg)g[ﬁ]?}g K Olénorefeﬁaetwﬁgoﬂ?tﬁie fronnent if it is

nat ur alslugedigegeih " BBt adoR/ GIEX ARPlaBoni& molecule” is a molecule that
natural |l y-occurring polynucleotlde present in a |iving

gﬁmm aqtiyity g the gblp@&@@dece@m of pideashpoup &P % eleti wedpindidve

t I
| 0 t (g] aﬁlg us;t)gzghlséﬁ CtlQ/Ety% he ]EI P?e&gﬁgfs%fsatt Ilegg[h gr%&énef()l‘?a S
trdflanteetomﬁ\ree(ﬁal}i’de enconpasses a sequence of 3 or nore

am no acids and typically |less than 50 anmo aci ds
wher efYi USFHENSET By sNagive ghlﬁ%&ﬂnarqfwé%a?mdﬁgowstmg of the

RAPeRRLHMTSH] 1 Repyr zgridrtge QWHQWCQB"LM“B%HEI% {e¥m that

occurringanimo acids refer to anmp aci ds at do not
datigmagds| QLR ¢ @H¥6)amide i(camsidung efthe kequaeeof SEQ BENO: 62)nGLP-

G DR RS Gte sidberenieneRar ST B O mne Spfgose oo
COMPERIAR" ARLSAIRIITS, al JRAbraPlefordtReh Q&&g@&%@@ﬁ@i ¥’ {h%he
refer to a polymei of ami no aci ds, out regard to

gbrengeeafgnhi figrther Hesigratigmisrintemyedi te alchy patjxsl ghprapen deEatiand

[ a pol ymer length that is greater than
eﬂ‘gfr?s%ﬁ%gﬁ Ydes." A" 'gl ucagon peptide" as used

her ei AsiuBel Hegas af ByiindeRid 'Webstiiidhi fféld to @k kdpRicefBst of one
ammo aci d sequence of SEQID NO 1, or any anal og of

PRECASHesEnEb s e diliErae aBMogEd EBIMO. 1, i ncl udi ng armo
e PSR e Ui 8500 A e
aerginads ie@chanpdsi vojthiih bad ofathe fdllotimfveegrul@t coval ent
bondi ng such as | actam bridge formati on, PEGyl ation,
and t Iie grinlél?%li&fatitc,hn%npolar or slightly polar residues:
Ala, Ser, Thr, Pro, Gly;
II. Polar, negatively charged residues and their amides and esters:
Asp, Asn, Glu, Gln, cysteic acid and homocysteic acid;
III. Polar, positively charged residues:
His, Arg, Lys; Omithine (Orn)
IV. Large, aliphatic, nonpolar residues:
Met, Leu, lle, Val, Cys, Norleucine (Nle), homocysteine

V. Large, aromatic residues:
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pepti de, wherein the anal og stinul ates gl ucagon or
GLP-1 receptor activity, e.g., as neasured by cAMP

w@e@daetoion usi ng the assay descpbed in Exanpl BCT/US200$1€53857

term "gl ucagon agonist" refetls to a conpl ex conppsing
a gl ucagon peptide that stinulates glucagon receptor
activity, e.g., as neasured by cAMP production using
the assay @B&d@héﬂpjﬂm@&pﬁﬁb&k&ﬁm As used herein a

"glucagon agoni st anal og” is a glucagon peptide
conppsing a sequence selected fromthe group

consi St S "

T2 st T8 R Ts S N A &ﬁs NG S g

aﬁeanalrmgumfs oﬁcmhiemsaseqptdmmel stofiathyleas okide andwdkief, ied t o
nore conservati ve anmo

I
LRI GRG! SF Toftror HoFUSFpaS) PrTBHS HOCE,CHMGH,
l\;lhelel@n isla? leadto. Ags,ent%vy f\lﬁ%aer%ﬁ)alac%éﬂzaaém tl?e7t?emg% 19{en3§i to

used herein an anmo acid "nodification" ers
slmi)‘giel polnesn of edledéerne giworb witieh@v¢roge ofal awleanianeebi $d:1ected

i S8 A RE QLRS- nelns Rl B Ralar shior BT 1R gggin

V‘ﬁl\sled ascabBIRitalwitra MeMRRLUFN t'o){n&é‘&élﬁl%'aﬁ oRiMdOaverage
aci ds. Throua out the application, all erences to a

M%qutaxu waighh istsoh ke epaaplei BEG@)OQQuﬁﬁ@@rto @elygthyk@es ebyceln
n native
2Pl BB BB AEPAELS Bl Tabologiy) o [ nati ve

pOSI t hemsédheadiy tf&ﬁainol}{&gylla&ﬂé add hl@CtEm@Qafwd ®,a o@mpound that
eference erein to "position 28" ul d nean

BY PS8 UG PR R PatDIR Se pofinkangp a@a@bﬂe%naw@ Chgin to the
W Sburah ey 'f[iegfl te@@[ﬂ%aﬁﬁ eﬂg@fie"‘?’?@ 1P pe%t iR 8T PEG

del eted. Si arly, rence Herein ot posi t1on
QE%HwwmkmﬂnbamuthM£gnagsnpqﬂuhg position 29 for a

| ucagon alog in ich one anmmp .aci d has been added
g e i R R LR B Y e R e e

%fd@@&a@lﬁav@ﬁﬂdﬂhf?e@' anBRO B SIS It&%had%ﬁbmlédag Rnfehb acid
? | waukee, W), ChenPep Inc. gNIanl FL), and Genzyne

Plnﬁam pRERIAn zgm(icgmp uugl@ce M&)xe teAning] ealboxativacid e idtended

g QB %}%OI%Uas ¢ ey ?‘POVI%IHO 8?1 (‘,SF]%L}?‘P%C ﬁlle]sggn%grtﬁ tg? %tanddellrd Blo acids.

vat | 2ad ubgdierat Aelni@M® a@6hd nolduldseHodiLsahdledules that binds
gl ucagon co-agonist” is a glucagon pepti de that

@&we@%aée Aagipyforape grothee Linkssaganpiosde ferowtioral spacingaf the
Pkirit03f 10y ARG supB s | I

af)ucalg 10%) c{i’a{?gy Ul sy 8/ 2 ltgiéﬂeg%’r[k%%é ﬁlafe‘;hl tﬁe t&}% IIUYISS to be

sapeetddirorn Eachludhkr. aummm;;&e%m& @Wﬁeaﬁﬂﬂ@ygl@nps”mtlﬁ-labﬂe

relatl% to native GLP-I

moieties, base-labile moieties and enzyme-cleavable groups.

As used herein a "dimer" is a complex comprising two subunits covalently
bound to one another via a linker. The term dimer, when used absent any qualifying
language, encompasses both homodimers and heterodimers. A homodimer comprises
two identical subunits, whereas a heterodimer comprises two subunits that differ,
although the two subunits are substantially similar to one another.

As used herein the term "charged amino acid" refers to an amino acid that
comprises a side chain that is negatively charged (i.e., de-protonated) or positively

charged (i.e., protonated) in aqueous solution at physiological pH. For example

negatively charged amino acids include aspartic acid, glutamic acid, cysteic acid,
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As used herein a "glucagon/ GLP-1 co-agoni st nol ecul e"
is a nolecule that exhibits activity at the gl ucagon

wo eepoon7 of at | east about 10% rel ative to naPCWwES2008/053857

gl ucagon and al so exhibits a&ivity at the GLP-1I
receptor of at |east about 10% reI ative to native
GLP-1. As used herein the term"native gl ucagon"

mefret gstdio add pepthbieglenst still Nohedéas s $&qURReR] Qﬁm&&@ds
ED NO 1, and the term"native GP-1" is a gene

R vee Figiningelysign arcblystaine | QW@G‘)W@ acidcipplsfle the sharsed
(aﬂﬁnosmeﬂr?cﬁw%e 1'11@ aHQs c o%nt)%lgég @ﬁ%ﬁ}% OQems as well as

consi sting 6f the sequence
mtypuaatel ah-tadnosiey dmuncrgmmnmdsds As used herein,

gener reference to "glucagon" or "GP-1" in the
absen?@ “é‘F(I hetsin £R5 (PR r Sk PgHRLAC K Tfersit f ABBY 2l thtan

r&aﬁlgﬁgesal SHEAGABI IR mBRly, ME1@HT thy e FIRES teh¥Bk Mic ;ﬁﬁi dsed

in an amno acid "substi tution" erstot
selpbrac enggtoupf one ammo aci d resi due by a different
ammo acid residue. As used herein, the term
"conservative ammp acid substitution" is defined
her ei EnvasOBXVMBaTges Wit hm one of the follow ng five
groups: | . Small aliphatic, nonpolar or slightly
pol ar The givanieas: prayides gegagom heptides with Gloyeasgd or dPoeaged activity

r:ll,e?n@:g ucggésﬁ r%&%scge&éfyf’ﬁ h éj%%to‘g;ogr tbt &el"[glg?régegﬁ@ gso provides
Ignmgms;te@naesamudanekddl seleB@Viar for Peidcay@l ¥cEta@ads the GLP-1
residues: H's, Arg, Lys, Onithine (On) IV. Large,
&FPRAti c, nonpol ar residues: Met, Leu, He, Val, Cys,

Nor | e%%sﬁd\!c‘ﬁ)/rt%f QQH? g])(u?& hne e}{tot%és y?\%fiec?ﬂ}p%ﬁo aci

resi dues: P ety ani‘ne
hmdéiqatlbma @emen ab of eatme "‘ghehyet (ISEQeIﬁ?eNg)I Y desdritied henafn.

" PEG refeis to m xtures of condensatjon

pol yn&ﬁ uC&f‘ a%tt‘ﬂtylaéﬁwg NGAEE AP IN? BIOVIder: G bt #BigO gfid
stdagicahibn &@glﬁons%ge&%ﬁsé@&rm the general fornula

Hf OCEbCE n wherein n is at | east 9 Absent any

furt hé?cr@h@kéﬁﬁwiéy iitzthft GoR-1 tebepteras proveled by ecpdaing the
.{: gg)fy %F@C%Itl};\e i h Iél}eg%{ogﬁ}{ a chargé plel%pal g%%{;,a%ch as an
amide or ester.

Increased activity at the GLP-1 receptor is provided by modifications that
permit formation of an intramolecular bridge between the side chains of two amino
acids that are separated by three intervening amino acids, for example, positions 12
and 16, or 16 and 20, or 20 and 24, as described herein.

Increased activity at the GLP-1 receptor is provided by an amino acid
modification at position 20 as described herein.

Increased activity at the GLP-1 receptor is provided in glucagon analogs
comprising the C-terminal extension of SEQ ID NO: 26. GLP-1 activity in such
analogs comprising SEQ ID NO: 26 can be further increased by modifying the amino
acid at position 18, 28 or 29, or at position 18 and 29, as described herein.

Restoration of glucagon activity which has been reduced by amino acid

modifications at positions 1 and 2 is provided by a covalent bond between the side
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fromthe range of 500 to 40, 000 Dal tons. "pol yethyl ene
gl ycol chain" or "PEG chain"” is used in conbination

waowdok/1eomunmep ¢ suffix to indicate the approxi PEL/ES2008/053857

average nol ecul ar wei ght t hef®of. For exanpl e,
PEG 5,000 refers to polyethyl ene glycol chain having a
total nol ecul ar wei ght average of about 5,000. As used

hﬁﬁles Bf tweeanties mldmgwdrat@drat@ir% thiek entb@EMTEg h@frRY &ids Ofon
npound t hat has been fromits native state

wamplﬁkwgloas poPYEthyr ehangiQ obP0 arthit 28 descred herein.

I I
epti oG REEHEER TP BRI b s YRR
gimicagod aggepitiodd0 tAse Tped herein a general reference

to a pepti s . i.ntended to enconpass peptides that
have Y] |°Ifq?§d“‘é4iflﬁ%108ﬁ gesé’é?%jo%??v? WA HHCrease pr dseER e,

UL D) DUCATRPSRAT 0L s B 25

emhmtdpdb&&dn bymbinatamrA moifdhsrqdiénaend d&cgh@i abmge tdrealso be
t and i nker".

SR S B M s R Ror T e erl Pispriet &

SeRedsad &1elitytan8&r biabiAfReandNRdbRkion bi f6hH SA‘I‘E@%a@{?éW 'aﬂ? of
for optimal Spacing of the two entities or may further

Shpppyifisatioab Heseribidwbage cartzet combinpdsvitthethenmodiheationethat do

B M0 RALAE LE A SRR achaB) bR

blaSﬁelbalbaﬂeelommeéd@s and enzyme-cl eavabl e groups. As
used herein a " " 1s a conplex conprising two
subunifsmeRsQung ﬁQIPWhB’G) (M @xuBplsny iaHedusene aieatwy, Hireferrmore

-Eﬂﬁé&?ﬁﬂﬂng'a&ﬁ ’)tdﬂéﬂg@ 1% ﬁlalﬁoﬁ‘t? doﬁﬁﬁv@%lﬁéﬂ%)w gfeaab rXeat a

uage, enc npasses I ers
AosioonGitamringd eorpositses2 vﬁnch dehtrigedihmBio auidichs be wWhexieas by

het di t i.ts that differ,
S PRBEGR SrHEVS S0 B ApORT e S EEeQ dBUROHIY 413 9 RASTHOR 28 e,

QP SItERANEE by AindSCHalded Ginthdt J&f“d E&! Mer %Bﬁﬁ&?ﬁb G 29. In

acid"' reféers to an amio acid that “conprises a si
@h@mpialtyfﬂmbopismm@g and, edythichar glédf TQ‘IB cmrge@mnpo otidn an’eed)

e i S Bl Saia BT VBT o HEyaf OEipa amine

@aag Q@@oﬁﬂﬂ&y @l@drgé‘d iSich %ﬂﬂlf&%ﬁ@lﬁstlh@reﬁs@sglubﬂﬂt}we fovide at
acid Q}\%Stel c acid, honocysteic acid, and honbgi utan c

Seapicl-folh Srfels 1pdeld 15/El4 2érfa}dg é@ff@mgraetﬁd@mmhuyudl@twe to
r

AL B P o038 T3l o

afentadrtoyrsfao@feC.i n human proteins, as well as at ypi cal

or non-naturally accurring ammo_aci ds.

) Increasing solubility and duration of action or half-life in circulation by
addition of a hydrophilic moiety such as a polyethylene glycol chain, as described
herein, e.g. at position 16, 17, 20, 21, 24 or 29, or at the C-terminus of the peptide.

(C) Increasing stability by modification of the aspartic acid at position 15, for
example, by deletion or substitution with glutamic acid, homoglutamic acid, cysteic
acid or homocysteic acid. Such modifications can reduce degradation or cleavage at a
pH within the range of 5.5 to 8, for example, retaining at least 75%, 80%, 90%, 95%,

96%, 97%, 98% or 99% of the original peptide after 24 hours at 25°C.
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As used herein the term"acidic amp acid" refers to
an ammo acid that conprises a second acidic noiety,

wo pBuaadiony for exanple, a car boxyl ic acid or sedT/Usi008/053857

acid group. EMBODI MENTS The-¥4nventi on provides
gl ucagon peptides with increased or decreased activity
at the glucagon receptor, or G.P-1 receptor, or both.
The i (Velnticasingbtsiliprguneifcgion odgeranfiepidid aspositioh 27, for
altereg)suLect|V|t for the %Iuca gon receptor versus

M

FRUNRIE. dluinoyith MRGH@ESe fugies PyRGripugine.t Reehgperkihgsians

LRERBLY oxi GuiRE Q¥ iiedoky an ammo acid nodi fication at
positi onoxi 1o nallt [ vg glucagon (SEQ ID NO 1) as

descr (IHddcthaireg ms1stma1§tuc dipepiedyil peptidast TV PRI chgeage by
tor I OVi

HEaReRa oRC s Biaon DY B B e et .

I ncr e@%%n@&%t}/\lets}z{bﬁtutﬁ)hﬁ aSlRohs 61%?6%59&[ thhSdPR Yirelgd
by replacing the carboxylic acid of the Gtermual ammo

aetivdtywior Rxanméappesrvagiue pelistigtionynt 09@ olhmas cérpoamrdsez 6r7,

ter c e tiVvity, .a tor. i
300 o Bl ek B pa R 0 LI ot o
RObpasHall ?@@th&he(bﬁltﬁ g -RehwaEanidber &dtélen phsd HStheT-tbMBinal
am no _acids that are separated by three intervening

8RO YAEi2gis eT9WY exanpl e, positions 12 and 16, or 16

and ZR}) EQ%@ ’ext%ﬁmgl% %rdeg)c?l%e(@ Eér& | ncreased

activity at receptor I'S provi Fded by an anmo
aci d (fdiémeditnenratiah opbatiotoner2bti@sasdiesaided detemer ei n
I ncre sed a t|V|t%d§at the GLP-1 receptor is provided

in gI BYUmERPyipe glurRECr REP etr@%Yrﬁ?érrplné% Nk,
6 t
ah toSiEQp t@3 tozl g 1861 ﬂBgy}xfEJFbt %Lﬁ?% gng g§é0 gr}rlnno

conpri si ng 6 can i ncre
and m0¢1fr¢gtl®ﬂ$e‘elanvmtoam ghtiyt gposgdn soqueb8e. 28 or 29, or

t t s des ribed here
rost oPt PBRode R EsekRid RGeS st dreltaBonasgpist that has
hRAURETHi Y reANE At G 10R il JebRld GNGis &er- @@rﬁG‘l}b PRSPHe- AR Ser-
2 is provided by a coval ent bond between the

Apptd yhaemisysof yitlvia-Aspberadirgid rg-Hda-Ghr- és;s@bfawat -Gth-Byp-Leu-
S L 0, o AR B
Reggon. Sufprisiigly Fplh‘ﬁﬁd@&hvd@b&ﬁ&&drﬁha@'ﬂ%donﬁ@l‘l}ﬁdi&)drﬂr@ serine
eri)tl p%\s/1|t19)r? (%6% natn})\glglucagon (SEQ ID NO: 1) can be substituted with select acidic
amino acids to enhance the potency of glucagon, in terms of its ability to stimulate
cAMP synthesis in a validated in vitro model assay (see Example 14). More
particularly, this substitution enhances the potency of the analog at least 2-fold, 4-
fold, 5-fold, and up to 10-fold greater at the glucagon receptor. This substitution also
enhances the analog’s activity at the GLP-1 receptor at least 5-fold, 10-fold, or 15-
fold relative to native glucagon, but selectivity is maintained for the glucagon receptor
over the GLP-1 receptor.

In accordance with one embodiment the serine residue at position 16 of native
glucagon is substituted with an amino acid selected from the group consisting of
glutamic acid, glutamine, homoglutamic acid, homocysteic acid, threonine or glycine.

In accordance with one embodiment the serine residue at position 16 of native

glucagon is substituted with an amino acid selected from the group consisting of
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ammo acid at position 10 to be Tip Any of the
nmodi fi cati ons descri bed above whi ch i ncrease or

wale@sre®e’ gl ucagon receptor activity and whi chPCUS®as 3857

GLP-1 receptor activity can-Be applied individually or

i n conbinati on Any of the nodifications described

above can al so be conbined with other nodifications

tglmahmrccmf(bglu@trﬂnﬁf hdewsgluaddie agid ape hbimessteileht, asd in one
ased solubility and/or stabiljity and/or duration

&tm 8 W‘@htw?%fma%lﬂ%wu SHHedowith a@t%a?@fliicat nsregnbodiment

ol o
RSP PO nile SnRORPLRRACD I Rl o/ fapprimpeptor comrises
Sbﬂ pepiite ofySIHE I Ny g, SEQ Ior Nacj SEQ yD B@Er’l‘ﬁl(mla)glucaoon agonist
ifications i.n ut are not limted to:

PRAIPB TR SORT Treic boR forBA PR Y oM R el Fopsehpsylic

20 oréily. 8 a8dordREEWRABNEEHbATRRNACH S dn hnid @ompnsmo the

C-t er nmal portion of native glucagon, preferably" at

G@@Jemﬁmf N1 HrSnSqnﬁlntCByﬂ@&PhﬁoThriSm ASpchyr&echas- @TgadLeu Asp-

AR G AT b Qi R et P BTl o

28) @rpr &Bdedowrlaleinem@ 9épt1‘d@ eXhibiYs %}%@dﬂﬁa@y@h@f&@ enimtao
aci d, . after position 27, or 29. In exenp Iarz
ein

SRISBEN #é ucagqB receNeT, T¢Il o At vl §lucson Aemetsaregey t
iiyely charged. In other
@ﬁ odi neg§%@ gﬁgﬁﬂﬁklﬁ three or all of the charged

armo dae gmcmoa pppﬁdeﬁ iof eleypresbatrigedhtioSuahboaethén ieadifien®
|ncreaesol provi de at |east 2-fold

BIPIOVE ! eP@Pﬁ% SpO Ui?ﬁltf' avﬁstabzthfla Rueogpsqlgns g pl@f&@%&géqal PH,
%@1'11@ *Péthhirﬁg tﬁeellngﬁ !53%2%%&% ?&Mtg‘?elgﬂl%ct@gﬁ%@%u@a gh Vﬁ{‘aég&ldance

&_4

bet ween about asure
afitheome 2ehbhdinmest, attrads@ion(@hytirophidia grouys sopashiohs 1Y, 2dnshd 24

St eraicGr TSNP Rior SEkipl 46,  Larnitged & lmblove the
@&hbﬁﬁb}"éﬂdﬁé%llﬁ%%ﬁ@k h?%\%&bnc?%h@%%ﬁ%%ghﬁE&hﬁbns Gabing 3t

position 16 or at
QhYSé?lﬂglﬁalg)beIntw@cp@ppf weh Eopps ml@qo gasiasy detagionof egtiopye.g.

OSSR o FERREL LG, SRkt

atiudle ahp W@@alr smam: @)0@1&1663 krioy&lif ltK‘e A€ i 1@fin PR I0E co-
acid Such nodifications can reduce de%ra ati on or

erlymgegd PG, & magometyinsistitutegdipdyragr of PEG BEG) or
gé] eg@/lern%tgygg/}oﬁ] %@(E)el Igl‘%ﬁéorZé\é% &t%%?na %916‘%)&11 {%%%ﬁ?u (s

hydr QﬁﬁchDgrobp copsieng pst}@thlyldné X(PE@') cmadi fMGI&tpaﬁR:uQafrlyI iA®ne
position, 27, for exanp substitution

at
aﬁ%dl%fﬂﬁh%ﬁ {uRagon PERde fOmEIsERI P é%ﬂé‘?‘%?@ oéﬁ@@ ID NO: 6 or SEQ
O NJ: 176 dr@R% PEG chain is covalently linked to the side chains of amino acids

present at positions 21 and 24 of the glucagon peptide and the carboxy terminal amino
acid of the peptide has the carboxylic acid group.

The present disclosure also encompasses other conjugates in which glucagon
peptides of the invention are linked, optionally via covalent bonding and optionally
via a linker, to a conjugate. Linkage can be accomplished by covalent chemical
bonds, physical forces such electrostatic, hydrogen, ionic, van der Waals, or
hydrophobic or hydrophilic interactions. A variety of non-covalent coupling systems

may be used, including biotin-avidin, ligand/receptor, enzyme/substrate, nucleic
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can reduce oxidative degradation (E) Increasing
resi stance to dipeptidyl peptidase |V (DPP 1V)

w@b@waneme? by nodi fication of the ammp acid at POFUS10081053857

1 or 2 as described herein (3 Conservative
substitutions, additions or deletions that do not
affect activity, for exanple, conseivative
acidsticleistaclrt8ndihg prve:iQNipitslisid 6fndpSrbte@Nsellar adhefion10,
11, 12, 13, 14, 16 17, 18, 19, 20, 21, 24, 27, 28 or
splecyle ppEnes; SNy PindinecPagas g 026agm%ntemepywb@hﬁamﬁmty
1 fermal amide or ester in place of the
%l elg%}?ﬁ)tﬁgl carboxylic acid group; (G Adding
C— t er Ekeraplagxdoejightonmchse desepbedintieded ahetetdlogous peptide or
Honodi nepzati.on or het erodj zation as descpbed
REVBFhide ?Wal@%nﬁwmme}%ea aﬁ%ﬁpgotﬂ%éwgg%@g@awtp@pt i de
E@Mluﬁ@mﬁﬁﬁ 0§p51@i()§ khetdor te.o %rlﬁlﬂe %301&9 DR 3 FER AN A
up to 5, up to 6, up to 7, up to 8§, Up t68 9, of up to
@Glgafmtm 1?@0@] &dlChrafda fadaaiqtmmsﬂu@ bpﬂqwer ¢naymhec labdlj apolymer

t discl d herein
RS0, By e L G RS e
1 g1 e | f
Eﬁhgbds glsﬂt Cflf ﬁin%logﬁ_équ_% ?@;{?S? C(\'jl'ylk’]]ir) iiiss gy PeIuBRRhipd st Rfof the present

5nqcy}ang@rplq_sy~@ pwtmeyberAglrjhgghasma protein is selected form the group

%@‘%% %ﬁur% Er@i%gerr] hﬁblYl?c{gﬁ:g arbde %luglélmss pcon%e eﬁ% or(]‘lg{ler{tﬁbe

g]asmagmtem e0a} of the SoijPgdtSisAiuynin 3PPhrstsint In litﬁﬁce
vered that the normally occurring sepne
3940 IIGRS118° BRKeR §ePRidses A ¢eaih ohaloBEdrorDl mbomg 6% anl e30

%Qﬁtoﬂ %@2‘% 50o8R! 26 1PRLALS @ ]gc?h?é glsl({), 20 &F&%ng

the potency of ucagon in ternms o
Bt domel eatbododdvies, ﬁ;enmhmsamns are all eabbalatoad. msonne embdmdeits

B KB bR o BRsFhe of e Tobe Rt s Gre it gt sansisting of
CeosK, Zrd 9| ChaifhBhd an@ 1ihRrdmaR BE siR td Lacd Gl tg 1SR b& Y ed

at the gl ucagon receptor. This substitution™al so
@i@fﬂh@ég}'&rh@fum@l} 6Q astogrovidd & yost softide @_nﬂ-“ugjater do eqzm@r
£ast d.relatjve

ShoddBRls IS B ofltideSi funsBibudt B Bhdtis SPREl DG 4 Srecipen

@{zyﬁlag)@ Bthéﬁ@a@zﬂ%@ or ﬂycﬁblyhh @or@u’f’(m's ORISR Y targbttissue or organ or
accordance with one enbodi nent the serine residue at

#disiln seme epbetimans the legBilicod demlinksr isuera dnoughetd reduch then
g{l‘gmlg%ﬁ% Qteﬁghﬁlﬁa‘%ge f 10 l‘i\ﬂ(% ar Cﬁ?‘gl}%ﬁ@%ﬁ dcrl] 9ep%dyl bond and
tho woigysdteisa }ﬁ:d:ypépudeh tl&cemtlfee:oﬁj’ug@dewﬁm B€a fusion protein. Such
peptidyl linkers may be any length. Exemplary linkers are from about 1 to 50 amino
acids in length, 5 t0 50, 3 to 5, 5 to 10, 5 to 15, or 10 to 30 amino acids in length.
Such fusion proteins may alternatively be produced by recombinant genetic
engineering methods known to one of ordinary skill in the art.

The present disclosure also encompasses glucagon fusion peptides or proteins
wherein a second peptide or polypeptide has been fused to a terminus, e.g., the
carboxy terminus of the glucagon peptide. More particularly, the fusion glucagon
peptide may comprise a glucagon agonist of SEQ ID NO: 55, SEQ ID NO: 9 or SEQ
ID NO: 10 further comprising an amino acid sequence of SEQ ID NO: 26

(GPSSGAPPPS), SEQ ID NO: 27 (KRNRNNIA) or SEQ ID NO: 28 (KRNR) linked
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In accordance with one enbodi nent the serine residue
at position 16 of native glucagon is substituted with

warooairm1aci d sel ected fromthe group consi stiPQI/US2008/053857

of gl utam c acid, glutame, R@noglutam c acid and
honocysteic acid, and in one enbodi nent the serine
residue is substituted with glutamc acid In one

ﬁm?ﬂ% H&th%h &a@l&t@g&p& R8Pt Indfe RAbBhBNMBARALD acid

specificity f e gl ucagon i eceptoi conprises the

ﬁf@lpcncsi@f SEQSIH;N DDZQ\@%SCB’E@HS) R 9 NQSIQ@ (KBNENY A )oir

1 ,ana n the ¢
PP S SRS T LR BT i a0 DB R Bes et LA e o
B4RdP bbid. a&FHcERE ﬁ@vevmchv&e@mmadmdﬁgm fudio@llpdpragen
agoni st conprising the sequence of

PMPPTHIRE. (B - igming) e)xtenpipn peiide of Exendin-4 (e.g., SEQ ID NO: 26 or

@Q-@ﬁg—jm’- &%gt}té%nn_ ng‘AfBE/t%g %fé/_ebg P-Ié%%.eﬁld]‘le at position 29 with

glyeire MeimafisaltyiRcre£SOOB1 PSEQcE oML LD, Tlsis pihinei adRickubstitution
wherei n_the peptide exhibits approximtely fivefold

%lwpéwe@orawﬂ@ H@G@PQ@Q@@WUF é@@eﬁf‘&rher%roafmhwet%e
Q@Jﬁg 6t gﬁ%%ﬁgg&hﬁaogg?&%@éwsﬁ rkéc}:gtdr F&l %ﬂaﬁl GANR B3Ry

cagon pepti r ésent
smemtlommrdm’cobﬂmfedrwlﬁﬁhe FbelE AndeN20K ainimr ;oudesubbtgutions,

eptide' s, sol ubi and stability j eou . .
B fe g En 3ty biideoiean gnpo ogith LS RS fidhaprionglly wit
B d9rond 1t 6Rdin ACAdsMided heRlRt inRie bAbbditickea SubdE@N-P-1
In accordance with one enmbodi nent, introduction of

tegentopto-ddonisyispupddest corogsisingohe sepenc2of SERUIDPNOphd t Fieone

BBt SR mePgie relon 3t Bn Bt aRaigs ey
frbﬁi thé gfdup @b@mt:lyig gl SE@IDIN@NSH, SEQ D NO! Dt SEMED hapy:i3NGE ID
si ol ogl cal I ntroduction of such groups al so
ﬁﬁ}é e@@e& énwmrela@tl’%cha@ O/haB Preses g eagitisps &7, 21, 24,
I

g @“%%%PE“%P’% G S R 3 R R e AR i range of 500
mm()y(m@r[salionsz\AMorerpdﬂmleam in wmcdnuﬁ)dn@anE@ glivaper paptide o
e e o BRYB EHYIURE ob AP  BOB HANC? S, and
SE6IHAAHCES, \OdhtefhrP!E@ Pﬁ@&ﬁin"i@ §§leét&{3fr&¥%é3ﬁﬁgé 5508199 R00.

conmprises a pol yethylene chain
paoreiecnblodimhent therglaagorepdpo de: rerfusibh gerglda cagpnsipg fieisdguence

IR IR N pRand R So2hs hgmmy praicBer S b g
GERRIAS tHfcafIP tdmifs oPEBOEDINGt sPositions 2 1 and 24
of the glucagon peptide and the carboxy term nal amo

aci d lfaceerdareptithdae gabodimeent an lhosijipeal absroicroepiigasien of
PSR ko hBRLO51E 0 1 R0 HRAATBRT 172l ML PGRLHHR Bncy o
a point where the relative activity at the glucagon and GLP-1 receptors is virtually

equivalent. Accordingly, in one embodiment a glucagon/GLP-1 receptor co-agonist is
provided wherein the terminal amino acid of the glucagon peptides of the present
invention have an amide group in place of the carboxylic acid group that is present on
the native amino acid. The relative activity of the glucagon analog at the respective
glucagon and GLP-1 receptors can be adjusted by further modifications to the
glucagon peptide to produce analogs demonstrating about 40% to about 500% or

more of the activity of native glucagon at the glucagon receptor and about 20% to
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peptides of the invention are |inked, optionally via
coval ent bonding and optionally via a linker, to a

weosugate Li nkage can be acconpli shed by covaP@nus2008/053857

chem cal bonds, physical forXes such el ectrostatic,
hydrogen, ionic, van der Waals, or hydrophobic or
hydrophilic interactions. A variety of non- covalent
GAYRLLHG o‘f’Yxﬁﬁ@Hﬁthgﬁé’m@@ JH98e d1Ne) YHiHR G- OtdBpRY iedi Bo-
I'i gand/ receptor, enzyng/substiate, nucl elcaC|d?nuc I%ei c
daliddl 0ol argnque otcedang reldtiye ¢ thie porindd iapiehirygpf gtusegdmat the GLP-
ellug)r adhesi on nol ecul e partners; or any bindi ng
dFtR&¥s or fragments thereof which have affinity for
each ¢f hefthExentd dnynt GARabePdRf ok Bl JieadithatadkBibRot
limted to a heterologous peptide or pol ypeptide
(oiwemmh&lﬂmepm aAPE@)IStACHYIBSWREIpN G emtrﬁ)molwtaabgégq 1Ag
3%%%%116 ewererel 9‘\&3%%' sh& C%ramg o gtgblg‘ze tplg o ge c}%glg{lgima

lsebghre 98 eHe o@fboay Eeahi riviks @otm@emﬁd 618 @hﬂrcelaﬂy 1@ zlyleraniaims of
| abel , a polyner including water sol uble polyners,

Sherpaning ﬁ@ﬁa@m% k6, b arthefbtkanggérr 34 ami] 2% Ae linked 10 one
P@IRQJ 418 %us%ta%g 'ﬂ%a%l cag§n Ré’ hegﬁd THEMRb ik 'agalﬁs ca]n be linked
o} a plasma

ucagon pepti ent I nvention an
p'xls M®mtheMN@hmyﬂmgembm poridd itaradtions ehacdsabie fou)mmion of

t he oup consi sti al bum n r ansf rn1 fibri.no
ég&lblg‘i[z‘i%lﬂﬁi?g COY%’*%E?% nﬂ%é‘?%ﬂi‘lb‘?({ﬁ@e?ﬁé ?T%iz“p?goLF%PHg r
MRk&LY atut § BONEOH #8at B9 bn@l bum n or transferm In
some enbodi ments, the |inker conppses a chain of atons

from Exaroplabommlﬁa acigpaitingethgdaracapmbleoy chorigly, bopding t&

Pt e eBme b  ve Rl il Eierd At o

CRIRRE-HbRFBI (labtofOMExBRBPRE bBANS acidRirfia it Al fi&mMan
t he backbone of the |inker are selected fromthe grou

eighspiem linkepmelgde Bys-Nlu garians); Homedysat emdaci; Crmkiomoglu
TR SERECPEIASEAIANDG, O ALElLc SXPOEL S BOh MRl bt
PaimnpgmbEmay fa)rﬁlcmﬁn@mrbﬁﬂmkenms},udé He ol y3k@l (@mni)dle;& a
functlonal%ghoup that is subject to cleavage

drampnqReyfgly %Ptam)cﬁréf yrihe (acihemt .Aélefé)f the side
gﬁ%ﬂsdoﬂ fﬂe§e|'h?mﬂﬁé(gﬁ§ mta#f ﬁ@dgtior{%ﬁggf: %ﬁuﬁ{teac\?{tl& addu‘i]orﬁpaﬁ:mwal

odi nent's eng ong enou
eooupedu deng dsehgpibteentimansidml statcape ohihadipaadelix 1sfnot hlsrupted.
[ i nk a val ent. bond .ar tidyl. bond and t he
ot bbiery 5B VS e R it PaaSon RERtve Priaan PR BB kEFmino
Q&d%n£15§§ %hﬂ'ir%t &ﬂeﬁucaﬁy SlbdpRREHEkvEd BH6EhBulARYeREs ANy
| engt h mplary |inkers are fromabout 1 to 50 am no

a@bdlgmlgrstru@n@tqf sing lar ¢iz8@nd @esuod sffecs. For ex@mpk:, & bomscystgine-
%gmtogys?ecl)neam?ﬁgecli)rg cyellsn 6 atom% in length and may be further modified to
provide the desired effect. Even without covalent linkage, the amino acid pairings
described above or similar pairings that one of ordinary skill in the art can envision
may also provide added stability to the alpha-helix through non-covalent bonds, for
example, through formation of salt bridges or hydrogen-bonding interactions.

Further exemplary embodiments include the following pairings, optionally
with a lactam bridge: Glu at position 12 with Lys at position 16; native Lys at position
12 with Glu at position 16; Glu at position 16 with Lys at position 20; Lys at position

16 with Glu at position 20; Glu at position 20 with Lys at position 24; Lys at position
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Such fusion proteins may alternatively be produced by
reconbi nant geneti c engi neepng net hods known to one of

we@easnary? skill in the art. The present di scl oRUF/ESBNEE53857

enconpasses gl ucagon fusi on-29epti des or proteins
wherein a second peptide or pol ypeptide has been fused
to atermnus, e.g., the carboxy term nus of the

gb YRR aps&ﬁtmlezzt MY o;i%’é&'hbh ou Iw@t"hlﬂéns af fst%uws&sonys at position
gl ucagon peptide may conprise a gl ucagon agoni st of

SEQ@ithBiINGS p&HjonSEQ I D NO 9 or SEQ I D NO 10 further
conpr ~an_arn e uenc of SEQ ED NO 26

( CPoStsRENe Y 13 RO ReNIeRFanT 58 "SReY s et
3Bnib#RMag bh/@L@dI f%cgﬂmoa@do%sg&t@fty thBretH e 3808s comprises

pepti de In one enbo he ammvo” aci d sequence of
SE@)TIITD NG se%ﬁﬂ@@@@@ﬂifws)he SE@ EDsIRM 2t JECRNRNIQ: A)L, bF, 48

d f
b ol npsbop R e g B Risgt PR RSB B u8 e ana

haure cdhtanNer ad ttvbatnmmacgdsweg@mdft@l §h<9£ho|ﬂ%md {@e8 a lactam
sng the C-termmal extension peptide of Exendm 4

p@gg%he Sl the Napering cagayy dsprlinggy) thedenigsht ¢ftth ppinogeid
*&8 cf?ﬁtxé gr?d ltnlyng %mbﬁgmﬁe'ﬁg' hg "lja%ta% &Qﬁ%é& bgn &?no‘%é gde chains of

yC|ne r amat I Nncreases
adysinel dnyino H'chdSo agimmﬁchddsiubsham ution can be used in

conL VIELLR, WL SLnE L e o cacd e
tiRB S5 forth &EBRY O thE Qe EXATIIG L dyﬁsli@ aﬂ_c?z?@uﬁ@%%tahéﬂ&t Very

can be conmbined with the S16E an am no aci d
bdb@mnaﬁmibhsvi@byMOhaMHwamdmheammambanmbﬁdget&gnme@n

an1no d 20 nd 0 t|o th additj
Wt hg o A0 330x AnuiBRSmeRln AMdstine o aiiee

gétwéaxg@le/sfae Rhding 8CA&PRINARo 68d E@@ @él@dted ﬁo@m@e\/graasieonsmm g of

conppsi ng the sequence of S 64. In one

emSiCiErirs t A endl bi08god 2pe o ﬁ@lﬁb%@fr 242 28 Te hee embodiment a

IHEARRR L S ARP RS S S BN Rk RO Al P o
glucHioR peplidéGnatbg i@ SEQIBENOD20NGheinvie pejtide aofbfzes Al n,
when esent at positions 17, 21, 24, or the Cternma

HIRBOMRear lagiamgridgs fprmed egyypgn 2ming acidpasitiong 42 pRb R The
t t
050 L) Ot M 3 v
s@bpiot eﬁagmcsmstﬁnmqasqummsmgutlsd seqgeret oSEERIID NNQ 207 wherein

63, wherein the PEghch
ameleu R G e eﬁaaedo?et@%l NS g8 gos fipsgaend 0.
s&m&x FRRb atlfaepoglhaﬁsagmd%pbﬂ ﬁe@we&l Anihysdia Boge&{slz@eand 24
conppsi ng t he sequence of SEQ ID NO 55 and
a5 thhemaiorcida posipon a2 isfl y SEQWEBreNChe 8&juesce of SEQ ID NO 29
is linked to the C-terminal amino acid of SEQ ID NO: 20. In a further embodiment
the amino acid at position 28 is aspartic acid.

The solubility of the glucagon peptide of SEQ ID NO: 20 can be further
improved, for example, by introducing one, two, three or more charged amino acid(s)
to the C-terminal portion of glucagon peptide of SEQ ID NO: 20, preferably at a
position C-terminal to position 27. Such a charged amino acid can be introduced by
substituting a native amino acid with a charged amino acid, e.g. at positions 28 or 29,

or alternatively by adding a charged amino acid, e.g. after position 27, 28 or 29. In

exemplary embodiments, one, two, three or all of the charged amino acids are



10

15

20

25

30

linked to the carboxy term nus of SEQ ED NO 55. In
accordance with one enbodi nent, an additional chem cal

wore@sfidat i on of the gl ucagon peptide of SEQ BEECTMIS2008)053857

bestows increased GLP-1 receéftor potency to a point
where the relative activity at the glucagon and G.P-I
receptors is virtually equival ent Accordingly, in one

aphadiigenireed. dhgagnRlyEdubilifyees Rlsdbe @ﬂiaﬂl&ﬂﬂ)}séovlal%ntly
grow ded wherein the term nal’ ammo acid of tHh

nkisahpophipe messichugins pehsdeineighiseh{q ba ph@ﬁﬁ@ an
d ' & aroup t hat
o dey SRR RUAGE SlptifaEar PO AN, grolRa b2

a@hpwsmg/the%equhﬁcegjf SEGRINan db ogheadin ke aﬁﬁsg) exfieisvfeom SEQ
?[Iauce%on and GLP-1 receptors can be adjuste

ByddP 13 P 85ids: slcqpirgmposigers ép§1%é1 ¥Q>11 13, 14,
Y QBUEE 23N%Y 99S)(d %ﬁ@é@%@gélﬁ%@bﬁ%ooﬁg)é% £ e@(ﬂﬁ)%% 359%(@0%

or’ mbre of the adétivity of natiVe gl ucagon at
gf the agontyrod cefptcoGLRHIdit dledhitP-208éepoabout 200% or nore
of th activity qof nativ

GLP-1_at th receptor,

e acpeidgneey ?‘Ele&“bd?ﬁ%%gl“ﬁ%woé‘é@%%éF%?P joy gopgonist is
Fﬂﬁldgg(;gﬁ ridfd h¢istdueRfe: 9l ucagon at the GLP- 1 receptor
further enbodi ment gl ucagon anal ogs are provi ded

Nﬁhtfhea‘&hr-ﬁﬂrt-G@I Ubalen /TaL-PertAsedepdarl xsol adeni X4a-Xaa- Arg-

G N OB E R e e GNP v R BB T hE R neren

thlao@a alpoRis igkelsdiEUGbMRe &bup BRarkiabReXY céRIsTThAus AQH,
the peptide. Mire particularly, the side chains of the

Shrs YSeiF dcigiaogigtaischcidgand hemeayptag acid 2aap oo |6 B4

FOEL 8 O P R8cURIARHS O Sl G ARy
héidh kﬁﬂhdrﬂoamewaami, frerXdahit porglon3is @ br bgasn chegX ad @D Ppogition
interactions, such as the formation of salt bpdges,

BY 150 or Sl thiofersat Positieh A el by heinsacidig,amigo Agidgthe e Xaa
EJ}%SHBE 201 Tﬁm@%" ?1‘ an a@@@ﬁm@lo aLiaMEnd ©fs %@@Htor%&\mz, ‘Yiteh

atons. Exanpl es am no acid pai pngs that are capab
thie prow sl ththlyankp@mdpmg6 tissefioe, positise Y@ rs-Iayspon dliernaiingy when

| ud lact . Lys- I.act X
B oS S P G eiarinatis S SR postiR Ot B B Lys.
RedRGDHokiMNt Effé)glﬁcﬁ%éﬂ/@ﬂPeﬂ @tupt&tc@mgbm@tk&ﬁnﬁﬁasé #é€equence
Lys-Au (lacta nol ys- Asp (lactanm); O n-Honogl u

01 AR {O &anhng@h éheﬁ@pjn() hgdtagmsﬂm@r%'ﬂy as_p,ag}@ acid and the
L S R e T
bokstionH¥BT® g{emaflkﬁﬁdpafﬁkxne%aﬁﬂiﬁ%rﬁtl{boéﬁlaﬁl Q@[‘E) glyd@fie and the
;\rr%/nrno(gmud s(eclqtf}atl:qtceo Qfe gEQ ID){\IO 29 or SEQ ID NO: 65 is covalently linked to the
carboxy terminus of SEQ ID NO: 33.

In one embodiment a co-agonist is provided comprising the sequence of SEQ
ID NO: 33 wherein an additional acidic amino acid added to the carboxy terminus of
the peptide. In a further embodiment the carboxy terminal amino acid of the glucagon
analog has an amide in place of the carboxylic acid group of the natural amino acid.
In one embodiment the glucagon analog comprises a sequence selected from the

group consisting of SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO:
43 and SEQ 1D NO: 44.
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chains on these ammp acids nay additionally be
substituted with additional chem cal groups, so |ong

w@sgooshelothr ee- di nensi onal structure of the al ph@F/gions053857

is not disrupted. One of oreilnary skill mthe art can
envision alternative pairings or alternative anmp acid
anal ogs, including chemcally nodifieddepvatives, that

woul d ¢ 5&@;&3@ witRBid élﬁwafané{t ra%c'éé@n Spiidt MY of YLD
and desired effect For exanple

ﬁﬁhﬁﬁvspewnbgonbnyﬁmefmeﬂdgQdﬁi&@@nﬁﬁﬁﬁﬁbNDs3Ebaﬂmw§amnm
a0 e B PR PROR bt ot AV hioh | Ao 21 Fed 27 wiw

A FBvias tHdt WREPIME SmERSLRPAGDoARBY €6 RiseShdTeltRdr pBatibd NUR
that one of ordmaiy skill in the art can envision nmay

aysng, prr vlarde tauige@s formest batweentthe @rheloailcmvaphselwrxm and either
0 coual ent bonds exanpl e hr au
%Ige{ nngl | 8%8% p031t o& (58 gloﬂ 7%10f(’:rilraoccé()ern ¢S ’wdtth one eglbodlment the

iafileg aferOfAGm SE@IDWEO 8X BWDh@B ymﬂﬂo@@usrﬁem@d Ifrlaﬁi pidRions 1,
the foll owi ng pai pngs, optionally with a |acta

Br B cAeAnd i TRpTe RIBIORH BNt 17 RGO peptide apbeg of SQ IBNO: 33
Y FolHu R PRSI ) P A 2Tl PRSI A0 55 sl

osltion s at position
posnd aodd) sdl6cted fdnm@losntlans bas BIS Gn12Q;, 3@,udat7, pesiot 2 band 27,
20 with Lys at position 24; s at sition20 wth G .
SR PR Uk whey (heaminbeid s Ban E§5cEipe cigher position 20 s

ﬂ’ﬁ%{et bONNaéBm Heitige & foRAS bedrRBenifle Yhind a6dt @Bsﬁ@f?@éﬁ Afither
fn accoi dance with one enbodi ment a gl ucagon

ah?adrmgo red pt positpedOtdrgosisa2di ts gl ucagon/ GP-1

receptor co oni,st t|v mhere n the ana

oo 1l SRR tn P et e Bl b DG B st receptor
ABOHIN iCHBSIdSd EtpraingShsd e Ni2-HAY SerdRa A0 - $-PHe- AL

enbodi ment the side chains are covalently bound to one

ORIl yr-aeidlysnl Wrieuektrodhardng-Argré 1a-wea-dsad hac att<aai Tep-
?_%H'i\? (130,008, }%g%g% 1\5(9 §3§ WheR d’l Aetam, &u}onhflé ele&eao from

amrin n vai y “dependi hg “on

tﬂbegraxm‘@f atiholadddeneRan s, Gan®rh Br NI tl%lmtht peditior 1eis
| actamis formed by |inking the side chains of a
SYssterbiramithosraep ot %Iama agidp Eentisingel i @w. exiqacidrhe

|
AEAIGE Bl 174 38 (5 oReie id RS hARLABL ARG, G rom fhe
grale of Iaamn'msacufs cansh:;tfnng)f &Sed, Glu@EG1n, homoglaﬂatmxr mad el y
et ween an L acco dance with o
BB Trnte s (] KeaB SRR POl G oo 5 K aaoien 24 B Gin

BF OYi, gRdAx phe 'ﬁ)@élf‘o@% 1s9ast Lﬁr@r ah@x@ﬁiﬁmrﬂﬂg akid, heXaB & position
between the sSide chains of an anmp acid pair selected

£p @&ﬂhrh@ygrr@m pcmimugo iapig, o1l RaisEO@Hi Gobﬁbr §E@2DENQJ 26 or
§|Ergo%)6¥r@ ?9 with' the plO%lSO tl%ﬁ when pos1ta on 1()2 1S serme posmon 201s Lys,

or alternatively when position 16 is serine the position 24 is Glu and either position 20
or position 28 is Lys. In one embodiment the amino acid at position 3 is glutamic
acid. In one embodiment the acidic amino acid substituted at position 28 and/or 29 is
aspartic acid or glutamic acid. In one embodiment the glucagon peptide, including a
co-agonist peptide, comprises the sequence of SEQ ID NO: 33 further comprising an
additional acidic amino acid added to the carboxy terminus of the peptide. In a
further embodiment the carboxy terminal amino acid of the glucagon analog has an

amide in place of the carboxylic acid group of the natural amino acid.
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gl ucagon/ GLP-1 receptor co-agonist is provided wherein
t he co-agoni st conppses a gl ucagon pepti de anal og of

WEH@MOONO 20 wherein the peptide conppses anPCT/US2008/053857

i ntranol ecul ar | act am bpdge-32er mred bet ween ammo aci d
positions 12 and 16 or between amop acid positions 16
and 20. In one enbodi nent a glucagon/ GLP-1 receptor

co- agm&&rdh&e%%&%b%ams ggluk%nm@ma%p@)ﬁ eSS is
NO 20, wherein an intranol ec Tactam bpdge is

provided chmpusiena awdiedadicdgpopsiptilospdectcd faond thegzrodpeoneistng
a%n' no acid positions 16 and 20, or between ammp acid
siti ons 20 and 24 and the amino acid at position 29

NS, GHiY SeNEin-BNETERI-Phd- M r-SEqNeNTSr-9ér-ISEQ JrD NX 222Qad- Brg-
linked to the C-termnal anmo acid of SEQ ID NO. 20 In

2t e AT i a8 Ot v
3P Bt TS SOl LR A Blo b UCATRIRERE gy

Byu, icpdteio deid ) Wugnayh@amicvioid atnhrk@ﬁloeysterm a&d char g @6316(51’(71?6 is

acid(s) to the CGtermml portion of glucagon peptide
&fle@@)@@tmmlgoof Hppe é‘il%?%méim%o 6%11 Bilw ﬂ;l@ hogtog] utamic
bQd Qﬁéhédl&d}sém a %@(éﬁ*&@é&é‘r‘@oﬁﬁ@ Cﬁﬁ’bij{fsa{he aa.af position

I nt roduced Stituting a native anmp aci
¢har@edr &iu amﬁ mc iXaa aepayiten 2805 Asn, ok 28 yeR BY,00H or

b Bt et pedion S5 gn od0h] ARE ar v Cehaanfiadpavo:
0665 SEMID Nd)‘ TBe woth R profiko HHRABWEORHGRDNAB® s@fmk dsosition 20 is
arenegati vel char ge Alternatively, solubility can

bis or blécreaitya d’éf@ﬁnws@@v ap eemelrlye them@mﬂgn RAY thrGluland gither
ngsllt?t Iﬁf’(gé)ogl?lon 3? hsofl yFI‘ l enb%(ﬁrtngrﬁcﬂ 18 é(?Nﬁ t I de.

N accoraance Wi glucags aa\ 0g

bé&sitdroM idedp e i ;fa)gltﬂbh%ssam@wer@ﬁ th‘él@@dp%fl\diﬂlﬁﬁaads
wherein said analog differs fromSEQ ID NO 55 by 1 to
OnsiHDE P iis Gl dpmeglatntic acil god hemegysteic acid, the Xagis aty

udtoodi gt s olfse B s asfl st et o
dsseucmcm g iThy. InfonnatbedinehPrhe Xaks fthesiGoRs 15 aireicmxatroéach IGiu,
rdance Wi th one enb | ucagon/ G P-1

BT PB R 24 B BN e S PTTHg JBHe Asn or Asp, the

y- Thr - Phe-
o s e

Ar g- Alt haXacen Agprted é}aVadrtaXalaosil’irqns lQétlne et vod acaxam pEIISED

G AR e M

A¥Edr@ingl yasilicatO MM pateaihiCond Gk Fhodsk thO MG SR Gocatel s
Xaa at position 16 is

positions at positions 2, 5, 7, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 24, 27, 28 or 29 of
the peptide of SEQ ID NO: 11 can be substituted with an amino acid different from
that present in the native glucagon peptide, and still retain activity at the glucagon
receptor. In one embodiment the methionine residue present at position 27 of the
native peptide is changed to leucine or norleucine to prevent oxidative degradation of
the peptide. In another embodiment the amino acid at position 20 is substituted with
Lys, Arg, Orn or Citrullene and/or position 21 is substituted with Glu, homoglutamic
acid or homocysteic acid.

In one embodiment a glucagon analog of SEQ ID NO: 20 is provided wherein

1 to 6 amino acids, selected from positions 1, 2, 5,7, 10, 11, 13, 14, 17, 18, 19, 21, 27,
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selected fromthe group of am no acids consisting of
Ser, GQu, An, honoglutam c acid and honocysteic acid,

W bh@sXem1at position 20 is A n or Lys, the XaaP@&r/Uus2008/053857

position 24 is Gn or Gu, tie Xaa at position 28 is
Asn, Lys or an acidic amno acid, the Xaa at position
29 is Thr, Ay or an acidic ampo acid, and Ris COCH
o, o@@“d?—the%&lbg by %&%h@ BortdRBén e MiRO 3kikioP @Eilﬁ]j ]O: 1,
serine, position 20 is Lys, or al ternatively

podi thﬁ provise that whep He anhieo pod ptpasiior4 biisseGhe mﬁxﬂloe |~O Irﬁelpys
pos n 28 i

PR aleshiRafonaReTiop dfdyetpt Bentinn & MEwanp eehTpfigtion 20

. Sﬁg@ﬁﬂ&@@ﬂ% LSEQ 49c ¥Phnc3 vivhBloieNerh P&di ABh M0 ggn @dalog of

position 28 is aspartic acid and the am no aci

Pl 1D DR 20 is moyHed whereinalctod. amino agids yedacted e pesetans 1, 2,

h
g, A7 192 1 MOk o2 oy U, gL PR TR

aﬁtréfspSﬁxﬂﬂg ﬂmﬁlo(hﬁldSE(SEﬂID\NOZQ Off arfliedr kRbBMeRR ai g$ucagon
coval ent lé linked to the carboxy term nus of SEQ

Replog of $H 6Pé\1(érﬁ3§mwoa9@655 cﬂ%@@ Uslsﬂ‘b‘@ﬁi‘iﬂie‘iﬂhefem“o
nglgfﬁﬁéhd?@ﬁ Legre g%&‘ﬁ G5k 19EQ D NG 33 1 yher $rl9a£b or 21 of

t1on acidic a aC|d added’'to the ‘car
ttlger amaloigslifodr ftdme theeptregpendihg amirfouactdadrSEE D Nmﬂnnnd ihe

ar box rmnal amm acid of the n anal og has
S deof rep eeop tWﬂéhfg%&%ymg%@% AP h OSEERG
RAfM Rhd &IPsiNaL &G Blati VoA aRMB AidRAEn R %&laﬁ@@@ﬁ@agom
anal og conppses a sequence selected fromthe group

semshest (SHE 16f NGED). | I oNSemiodimSEER $lmragon PﬁilldeSEQEQ[iD\I@

AR R, SEAgP IR Paath e GRS RE GRS W

%&cbgorp;reguwﬁ&hewmpeis& S Qvoacﬁahl@@ aﬂmfofa@rcssufbm%&pﬁ@t

by 1 to 3 ammp aC|ds sel ected f
;ﬁ’@%tlwscﬁﬁb%tfd frpm ppsitions 2, 5, 7910,11, 13,34, 1]4 18 1b9 2@821 3Hor 2.

F’g% ’g‘xl'ﬂed?x%%odfé&ftzhé %?stﬂﬁt?é’r{ssa?ﬁ(gsr]t ng‘sﬁ’;‘frb tlﬁzldaﬁ'?q]ata‘fé 97afg, 19,

Qo, 2, baot 29mudercbokgevatise ﬁmrriaseadldtmbmamn&he amm aci d at
position 24 and either the ammo acid at position 20 or

posi t IbFFCoBlanGe HE eReEIPRAUIMFR § ehtras@nE bR lfssfPiqrice-agonist is
?Rﬁ]l&g cginfpfjﬁﬁ a VR4 SERe s By e &%ﬂq Ng?33'3 VIR, 264 5

cte positions 1,2, one
camuuﬁacmmbletthéﬁgmmgmns ;b@,plﬂl, te 2an2l, 3g, 2, ZSB@ dn® 280 33

di ff f t by 1t d
SesSElap Bty ATET Reahe iop il Fagp aoe o] SE R Vo
RO%H hdcBRfande wih o erﬁbod_(meﬁltg,vaﬂi&nt oliaw s@éuen@e? of 18Q I@SNO ?:3 is

1 and 27, with the proviso that when am no acid
ptssfudqdmhemn the vedpitselferefromeyEQ 83 NG: o“ﬁ bzfomre@l more ammo amd

substitutions selected from the group consisting of GInl7, Alal8, Glu2l, Ile23, Ala24,
Val27 and Gly29. In accordance with one embodiment a glucagon/GLP-1 receptor
co-agonist is provided comprising variants of the sequence of SEQ ID NO 33,
wherein 1 to 2 amino acids selected from positions 17-26 of the variant differ from
the corresponding amino acid of SEQ ID NO: 1. In accordance with one embodiment
a variant of the sequence of SEQ ID NO 33 is provided wherein the variant differs
from SEQ ID NO: 33 by an amino acid substitution selected from the group
consisting of GInl7, Alal8, Glu21, Ile23 and Ala24. In accordance with one

embodiment a variant of the sequence of SEQ ID NO 33 is provided wherein the
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| ysine, or a lactambridge is forned between the am no
acid at position 24 and either the am no acid at

w@omstown7 20 or position 28. In accordance w tPCEOSINEH53857

enbodi nent a relatively sel &dtive GLP-1 receptor
agoni st is provided conppsi ng the sequence
NH2- Hi s- Ser - Xaa- d y- Thr - Phe- Thr -

§§ﬁar@§lﬁfe}_§’ fromEG-HFNOY B3 'b Yy XRASRAT %E%ﬁ(%bﬁlﬁ(@)ﬂ%gig} s

he- Val - Xaa- Trp- Leu- Met - Xaa- Xaa- R
wﬁereen the shisstidael ainpesidts @t&c&dﬁmns dleegrtupctohsisgmgtdiéhla, Ser,

0 acids consistin
e o @B 08 sfiRutioS R oGt pBBeirert i eHe eotspisyee of
@WND@ i€ Qﬂﬁlldéﬁ'vﬂﬁle‘?lf thBS B arfeldiferE WS IMSIER) B N@: 33 by an
honmogl utam ¢ acid and honocysteic acid, Xaa at

posic dcghsubgtithgorsed] Asle taeposttramnh 8t eicky wmq@om argenapEsgd by

SRR NPaR lnargloes Rt e SBERR S 0riogty s i

bY@adddféamg An@ba@sd dfi t@enseaéeﬂcg of B BQAD M® B3, Whgeiaaoat
position 28 is Asn, Lys or an acidic ammo aci d, the

REENcRCi5 58 leerd fropopasisionh  7-2&pfthe vargnt defedifiomahersomgspending

I SRR SRR b AR Bro

BBSd provide®@hérsinlths yartant alffbsrfnﬁﬁ SES D MOe3 ppsortd anind Geid
is serine the 05|t|on 24 is gﬁg and either position

@bsarunﬁa%?tmoaﬂo%q @d)Als In pepogRace B APHERROREN &ro
?ﬁiog C%VGEPSI'rE fordo 'aéorgét% ?{%‘Zﬁle@%rg pridifly @PSefpRedi ment

he acidic a acl d”subst ted at position 28 and/or
2912- Hlsa%péﬁlm(iiyé"dmd’h@mgmﬂﬁmpéf ya{S|edLyS -Wyoha-Xaa-Xaa-Arg-

e AT o eb e ke Rip s BOIP N g hvhgpn

33 further conppsing an additional acidic anmop acid
added to the carboxy term nus of the peptide. In a
Mﬂtah@crsﬂmuédis ﬁ@mﬁlum8@m®&<yomeglmam¢ acigrphapageysteic acid,

4 e)t()z%l al %8599 on ? S%Ig (ﬂ% SGl‘[%hhomo qutamfcoallcuf or homoayﬁet‘elc acid, the

al DOXY roup

X6 af pRna 200§ trdrg mes, en’@oommﬂh@é gt Gbditidn 21 is Asp,
receptor co-agoni st is provided conprising a nodified

Gludegwsiuyape acid os Bpaesisieid icithndapt paptienAbisdsln gy Glu, the
%?? _aggr%}t%z{ié §AsrgL:3' %ésfn %2;?19 Egﬁn 01d X%at position 29 is Thr

Ar g& A darXie- aémmﬂaﬂersmgmacnmﬁ_du oh/ébmb’ﬁxhﬁm R (GER,.

34 wherein the Xaa at tion 15 is selected
:{’? BiTPHdaRCe I PRt mRAdHBeY @i %ﬁ@i@ﬁ TREFPLAT CRAZONIEY 1Y

et HOMEL U SR SnACipE) et B 1,
2t d® N@n$4 SHQP O0: $8rSE@ N@ A, SEQFED@N@I%&WI‘GSEQ ID NO:
49, wherein the variant differs from said sequence by an amino acid substitution at
position 20. In one embodiment the amino acid substitution is selected form the
group consisting of Lys, Arg, Orn or citrulline for position 20.

In one embodiment a glucagon agonist is provided comprising an analog
peptide of SEQ ID NO: 34 wherein the analog differs from SEQ ID NO: 34 by having
an amino acid other than serine at position 2. In one embodiment the serine residue is
substituted with aminoisobutyric acid or alanine, and in one embodiment the serine

residue is substituted with aminoisobutyric acid. Such modifications suppresses

cleavage by dipeptidyl peptidase IV while retaining the inherent potency of the parent
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acid and honocysteic acid, the Xaa at position 20 is
G n or Lys, the Xaa at position 24 is Gn or Gu and

W bh@sXem1at position 28 is Asn, Asp or Lys, R PGI/OSX0BB/053857

or CONH2, the Xaa at positi&3-29 is Thr or Ay, and R
Is COOH, CONH2, SEQ ID NO 26 or SEQID NO 29, wth
the proviso that when position 16 is serine, position

20mpSunkXS.g. AN 12805 YE !9 WERR S el ;fe,ﬂu,n@é;« df SheSkdre
the position 24 i's Gu and either position 20 or
pospeindh BSnesmbpdimennthe nelubitityoefi theataldg is snoG@sed, fortehample,

aa at, position 15 is Asp, ,the.Xaa at .position 16.i
D8 uliudRE bl et SuoBr e AT ettt
%Mion Gt RativRIREbA, gm’f&-a@g lafla BEGH HOOBGHSE L CpRRIH 27 e

aas at positions 20 and 24 are each G n the Xaa at
pospliyren@dingeniss ane twAdhreaavialt elethXelzargad apage a¢igharp9

is Thr,. ln o enbodi nent.. t he Xaas, at. posi tion

e 0By o2 TRE! SRl R B B3 kS M 000
aaald dedsubbiieeXd@ tAd nOS iakniacdBatl posifis 28 br 2% Py, art &egic

Xaa at position 29 is Thr and Ris CONH2. It has been
pagwracikkaddadio the carhpry tsasings offhe peptidsef RERIPINGI tagon
pepti de - Wi ' 1.0 . ! e
or i AT Ry T L B e g g e
applsitoarts 2antreducpatseertipdity andengdiby dipeftidyhpepaidasedV. In

e Smpodh 31 Kagbt edo TP REy . 8R3 B 5pdlyp no:
@b, SHr D &S 1@&8?@ 5! 1 &@E&%H@ a0: 18 i SHBSidbd Whedinvht h

an ammp aci d erent from at presen r.n.the nati ve
ghaleaditiarsdept ihgepareanthoteciile by rasstibstrutanmt dt ppsitora andhexhibits

PRl PR BBER: OBl RIS S4B HetwlEe T gaRu N adore
pgrtieMan@ed chOerhBotHinBR fokitiBA R of tel MBlok PeIRMEQIbstituted with an
oxi dative degradation of the peptide. In another

émbth@cﬁc'rﬁeiﬂect droamihs gaetipdoasistpsiftdr sAn@@langnes vidise angine -
. S ar . | . 5 |
Bl e s Pt Al PG SR AL o] o tbodimen

podiney3 bethe afdbgpeptide wRb&itied wiBnh atnig) Atdgddttaaltadm the
of SEQ I D NO 20 i.s provided wherein 1 to 6 ammp acjds,
geug cPRUSIE O {IFeENG BRI 18 ygine, BY-mpthy] gering and gmyinogsgbutyric
. . 9 .00 diff. f
g Kanolits cefodnbnchiRion bihe LAReARBIEPS Jud{ ffsd {RTn
pmnoi el deleatedvitoen thie lpeoumonsistaigbfattsepos glycimn, N-anatlsyl serine
sepne, position.20_is Lys, or alternatively when
ﬁb@mnsﬁo%ym%a% pikORHEGEPen g Picaegn @%ldﬁﬁamaméfee
RQREAdQT S2O) 05 NPPSH b 9PQ4B N@: 2s. I n accordance with
anot her enbodi nent a gl ucagon anal og of SEQ ED NO 20

i s prbvongeanbedinasit p glucegoninalogw! SEQID Net 83 TP Nem 11,
RER 1 RB%12'sED ID NO: 13, SEQ ID NO: 14 or SEQ ID NO: 15 is provided
wherein the analog differs from the parent molecule by a substitution at position 1 and
exhibits reduced susceptibility (i.e. resistance) to cleavage by dipeptidyl peptidase IV.
More particularly, position 1 of the analog peptide is substituted with an amino acid
selected from the group consisting of d-histidine, alpha, alpha-dimethyl imidiazole
acetic acid (DMIA), N-methy! histidine, alpha-methy! histidine, imidazole acetic acid,
desaminohistidine, hydroxyl-histidine, acetyl-histidine and homo-histidine. In
another embodiment a glucagon agonist is provided comprising an analog peptide of

SEQ ID NO: 34 wherein the analog differs from SEQ ID NO: 34 by having an amino



10

15

20

25

30

35

5, 7, 10, 11, 13, 14, 17, 18, 19, 20, 21, 27, 28 or 29
of the analog differ fromthe corresponding ammo acid

Wo@R008EQ0ED NO 1 In another enbodi ment, a gl ucBQDIS2008/053857

anal og of SEQ ID NO 8, SEQ FbBb-NO 9 or SEQ ID NO 11
I's provided wherein 1 to 2 anmp acids selected from
positions 1, 2, 5, 7, 10, 11, 13, 14, 17, 18, 19, 20

QFiddtHer qfanmﬁ%dﬁe@ %&nﬁmﬁf el ohE eRbbAehOhE 8RNI dThe analog
ammo acid , and in a further enbodi nent

tihimcigawmdt f@l t:mn}dl@ ﬂJUelpmgiuamvg 190¢. 4¢P dbroe @p meseeitarged amino

Co. rv t|ve anmp stitutio

SORBS L Ph P BB R orgH AR pheteR el Seibet Féeo
PN tdll)osniolﬂ 20nén e RRbodn@hiCagOtvReRbd chealndf tREQ
ID NO 12, SEQID NO 13, SEQ ID NO 14 or SEQ I D NG

rharged HRioY iaeids apmegaivial thersgf ubegeepepbedEeniihe atog

t hr | t

?&% S'rﬁgns%E‘ na{é@@ l%om& %g}b | ons"}‘gl tﬂ%ﬁ%}% %}r’é ﬁ&‘%
bésmdﬂ 28 3829 &% a2ldlic @dino Z&daﬂdéﬁ&o thecating y esrhiglisrog e peptlde
t he substltutlons at positions 2, 5, 7, .10, 11, 13

P4 SEQED NQ: 34 gn ong emizedlrrmzt the geigic apneyscdd sowrastic, atd e
g?poﬁgm%ldd substitutions. In accordance with one

iment a glucagon/ GLP-1 receptor co-agonist is

provi drednecaymtpdirsém ghesglvagamGLEF 1 teheptoagirntist @inBEQ £D
RN PR R ML

LRRRESE bV&I¥miRS adil6r ¥, u@@fselsﬂtéd @M&M@g}cbw&msmmg of SEQ
correspondi ng am no acid of SEQ E

2157630 d?&nSEQvIDtNOoWeaI@iﬂMMQ 28. \Ilaﬁarwnb@ﬂlmdméwherem a
sglgp eanrxll%(%rel%()f ﬁiger EE%BB I S OVI d }%gﬁﬂe ﬁgp 2§bt%e amino acid

leﬂyﬁféal&l}ﬂé,&kcﬁddtfﬁim bhkt HAAE 26 EbBELE dmfrfonmds h&\ddh ebPembodiment
consisting of Gn 17, Al al8, du2l, Ile23, Al a24,
Vgl iplitinal carbipag terminus @R QA Bas G AN dher oBprisoRAGeet thea

SLAEEAR Tk AP 31 3050k SpbBoBH N (g i
\whidri esetecledtfeon? trergioupacinsistipedfetitedicf acaliyagpagictacaimd glycine.

17-26_of the vapant differ fromthe correspondi ng ammo
acid &t arsﬁtsﬂmvme;nbadmeﬁt Heluereaniitd - hiacrpighep-agonist is

W@d%&eﬁ&é? lé rfs@seat $EQUGRAEh m?%@m@é% 'Ngs?e@Nno the

i's provi vapant differs fr
3Blebhaianf aghianzc laddswuiam mdmllysmesreiném wﬂnexferroulm ghgamic acid

t f dn I l.e23
RS% o5 A sta e ot oimb at Homi<ea 10 a7y ERtodgpent
e SRR Y @R D hmefeQcl DMk l%@tahﬁbeﬁﬁ@%glq@&@%@ﬁtﬁierhas an amide

thevapant differs from SEQ I D NO an amvo aci d
gw@tln plaes enthararpesiliciasi @wm@weammowélds UMereipatiicalgrly, in

/_o\rl% em%%n%erlltsa Scla%&tl grgd &Lﬁm ctohaego sPH %r&v‘% edI c%tmlp%%ng a modified

glucagon peptide selected from the group consisting of:
NH,-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-

Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu- Met-Xaa-Xaa-R  (SEQ ID NO: 66)

NH,-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-
Arg-Arg-Ala-Lys-Asp-Phe-Val-Gln-Trp-Leu- Met-Xaa-Xaa-R  (SEQ ID NO: 67)

NH,-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-
Arg-Arg-Ala-Lys-Asp-Phe-Val-Glu-Trp-Leu- Met-Xaa-Xaa-R  (SEQ ID NO: 68)
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Thl, Pro and Gy In accordance with one enbodi nent a
variant of the sequence of SEQ ID NO 33 is provided

wob@sairi1t he variant differs from SEQ | D NO 33P@lUs2v08/053857

amo acid substitution of Al3§-at position 18 Such
vari ations are enconpassed by SEQ I D NO 55 I n anot her
enbodi nent a gl ucagon/ GLP-1 receptoi co-agonist is

prov'm}ﬁé’@?ﬂ}ﬁ{ B, YRLPRIHL- gl& S’é%GL er L SEQpLRr-

SR S R @%No B
E

Fort parea o8 REeLAT b SR LA Ef?r-@%@b@w Sy ef-Asp-Ga-

PESVT g it SP i D& A .Tah{uela. Melepe-thio SEQ TBYROIO)

33 by lor 2 ammop acid substitutions at positions 20

and 2NH:iHis-8ecohd@hcEhilhen Tondereftpo@ymdntlya-Tyr-Leu-Asp-Glu-

girgrdagavid-GhiPALpPae-opl-0ilu-Gop-hgodet-Lys-ThrrdV i(BEQ ID NO: 17)

conprising the sequence: NH2-Hi s-Ser-d n-d y- Thr - Phe-

Thr - SEIH, ASP-SEYGInSEly- TSPIEY Thi-Sei- X8aT Ya8erAlyd-Tyr-Leu-Asp-Glu-
gﬁ/gg@uai@@s Xap-PRBeraValin Xgat i-avibeiy st ﬁ%@Eé@E O R5Q

wher ein the Xaa at position 1
gg:uurg}ncﬂifﬁate ;ﬁ' 831@81# 98 01 ?D %a{ﬁe%(a%%'} ?03 odlr%‘r‘lf’yns&ed}ﬁ/, R is

bderngi ﬁﬂ(bramhe(:graﬂ:p dxﬂfshiﬂg)ﬂﬁﬁ@@ﬂe CONi, dlutdntie aé(a,aaspﬁrtlc acid,
p05|t|on 20 is Q.n. or _citrul hne,

PRaing S B NE % o N Pead el B Zeasnic i beidee i
NARA%SYRESLACk bosiiBE 1X8R Bl RISkiLibOMs 7 %) (B Ropes,

the Xaa  at "position Asn, Lys or an acidic
hetweeraGiudat ppheon(a@ara:t Lysoas rpbsnmm 2®far SEThID NP: é’h tatyve@tn Lys at

Sg;?"%f #ii&anda(glu 2k B%SH 60%3 ﬁﬁ?@ﬁ%O e{zﬁ; Bgﬁr\}%gﬁ E? &t posmon 54

GhICRAOAPOSHET 18 f&@%@%@N@%@%ﬂk&h Ily§ aféﬁd&i’do@lq(i and Glu at
conppsi ng a vapant SEQ ID

g@ljlcgl) lonmd begyeegiE@s BY) pastion 24 angé’@ Et)pqs[gon 24 f01§§@ E} NO:
betw en 2}’?@@08;\%11 lﬁ And X G E[S)OS t1o%|(?6 ang betwegn eﬁu %t aogtlon 24

'ri-an rom Ssal

smtbﬁyg dtpbiigen 28 (RSTY IDDNOZQ7 alhdlbémeerﬁ@bmﬂ E&ﬁmn 1éghd Lys at
amo acid substitution is selected formthe grou

PO a0y hspwaep&lu ap ppsiton4aind Live pindsiion 28 AomyaQ I HiP:
15, oI SO gl ) RSB SR o r o,
thendoatidgasdartit ecid, flyane, Bi=nkho b aBgositjoniZ8vis Agn.aind the
S EEh i BEL LR, SEPRE B RRSLLL N2 LBLORE.. amin
?J{g‘é?ﬂs %cggfghmqs AGh Ghdthe BB R 2:306bN20NENLBRALT BRbther
embodiment R is selected from the group consisting of SEQ ID NO: 26, SEQ ID NO:
29 and SEQ ID NO: 65 and the amino acid at position 29 is glycine.

In a further embodiment the glucagon/GLP-1 receptor co-agonist is selected
from the group consisting of SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ
ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 and SEQ ID NO: 18,
wherein the peptide further comprises an additional carboxy terminal extension of one
amino acid or a peptide selected from the group consisting of SEQ ID NO: 26, SEQ
ID NO: 27 and SEQ ID NO: 28. In one embodiment the terminal extension comprises
the sequence of SEQ ID NO: 26, SEQ ID NO: 29 or SEQ ID NO: 65 and the

glucagon peptide comprises the sequence of SEQ ID NO: 55. In one embodiment the
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residue is substituted with am noi sobutypc acid Such
nodi fi cati ons suppresses cl eavage by di pepti dyl

w@epsilaase |V while retaining the inherent potRCDYSWNS/ 053857

t he parentconmpound (e.g. at-i%ast 75, 80, 85, 90, 95%
or nore of the potentcy of the parent conpound). In
one enbodi ment the solubility of the analog is

lgll%g@h?@ﬁP 1fre&ep§%%mkg§msm HEJsQQéJ&'qH&qc%?SEQ\@ Nbhige
ol m)recarge anmp “aci d )ptot he 'C-tei nmal portlon

ofhergan thﬂe.ngmmfagctrposmpeﬂéusagiwmm aca:l ;ﬂwsammo ac@at msmmwo
27
HEPRER uhe Qind ey BT LS SR e Rl R B R et of

S geNo: 100rBEL 18 N o ediineato teeadory @8miik bhSEQ ID NO:
conprises an acidic amp acid substituted for the

Rat i ve anno acid at position 28 or 29 or an aC|d|c

anino o

pept i dosPrBBRRR T SN ahE T TR o b peng on
aeﬁﬁhmgs)f SEQcIﬂjoNedzmelﬂeeanmnaraadﬁmymmny mp@ﬂtefdl feéh ahe of the 20
position 1 or 2 to reduce susceptibility to cl eavage

69m810ﬁé‘ﬁ’cnilfdﬁ‘ﬂldsp%r& inPRs EMPYAimenigie aBHegi dhitas fan gmide group in

e

iagdipomwal iaohech aMtbls s¢lectedomriad gguplcdrfsarisg bf gmattieapanent

nmol ecul e, b substitution. at itio and exhibits
PR S dsenty g rpod e D hespia e fupbEoe e Sgatios
itk PERphAY h cREBLY t@ﬁﬁi%al' e\,(tenM% eth@ @ier;%“ﬂeﬁﬁllnXl’ anhiflo 98 of
enbodi nent position 2 of the anal og peptide is

sheaxtansiongd opg eimbedimantyondsdi dn seldegrey drrapestehgrogp cther

onsi st.in sepne, al anine, valine, am no nbuty pc
%@n&cag1 gl %ﬂ£h+nethyl sepne and am noi sobutypc aci d.

In ong ﬁfm@ebﬂ@mm@ﬂﬁm& bRBagbnAfLI-NecRPRE 68 apR 1Mt IcB@phises the
substituted with an anmp acid sel ected fromthe group

sesnest iNgp-Bis- Sfrsfép@y Tar-Ehenehr-Sgrysprier-Sre-Figg-hyi-Leu-Asp-
j t
S 200 A B PHE RS At L MR BRSO (B o0

am N@mﬁ@) adtietkis die@Czta&Iﬂ pbdigen 30WepgsaiiParsnsins teidgIddne
epne gl ycine, N-npethyl sepne and annnlsobuty c

sabadmeﬁ g%%?els sHeed %ﬁtonﬁ REthgI2capsonsepne ad s@aﬁ%)m Ags
1 2
SABOGRRHERC o sl b st aBir PR P eRag T My
bDthiN@epiide ca8HQ fhﬂﬂ_ldklﬁlﬂpﬂﬂﬁd Sgé@da[enﬂl@lmmag aEBEG ¢HAMNOItheldde
. D NQ, 15 n
Sha? Gramep it el S et SEOALS 0215+ B tyriner

BRSbAihRA: the BEid8 X Hinpiiles ah GAMESSHI %M%S)@}pt‘ehﬁhhl' dx¥enfion ®f a
resi stance) to cl eavage by di peptidyl” peptidase |1V

m?téiepdpfttfxtfrp@rthg/gwp@gmsns@ng of &EQtIHé\I@n%ﬂ SHQEPNOI7 argl

§ﬁ63ﬂj (ol S&g f’r\{laccor TheB Wik She! e(rjnbodlment the glucagon/GLP-1 receptor

co-agonist comprises the sequence of SEQ ID NO: 30, SEQ ID NO: 31 and SEQ ID
NO: 32.

Additional site specific modifications internal to the glucagon sequence of
SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and SEQ ID NO:
64 can be made to yield a set of glucagon agonists that possess variable degrees of
GLP-1 agonism. Accordingly, peptides that possess virtually identical in vitro

potency at each receptor have been prepared and characterized. Similarly, peptides
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selected fromthe group consisting of d-histidine,
al pha, al pha-dinethyl im dazole acetic acid (DM A),

wOoRwetbml7 hi sti di ne, al pha-nethyl histidine, |PCHHEIDDE053857

acetic acid, desammohi sti dne¥9-hydroxyl - hi sti dne,
acetyl - hi stidme and hono-hi stidme In anot her
enbodi nent a gl ucagon agoni st is provided conprising

amhac&ﬂbwgseréemaé)d@ﬂﬁﬁc@%@rén NQ@actB34f Wb ey @tcdethie hatbeed
differs from SEQ DD NO 34 by havi ng an ammoaci d ot her

idratifipd and dascknzgb she naie above suhsbtus abedihaseitnetprdue at
i he anal s o

AL BALL M ke 0% AL DO B8R oy AR o e

@Wlichesn) alddGLPE €edpeirsiial mp@tdinsapplikimatlly vecrgbldcaigomyity for

preferably at a position Cternmal to position 27 In

ENCHTAGPY TS RRIONd i [AgiE on B eubstitngng themal veoglugminepst ppgidon 3

r ' i.vely ' I, -
S B R L e R e AR
apprdx sy b tanf@d séleativith éombd GUE- larpapt@ci d at position
28 or 29 qr .an acidic am aci d added to the carboxy
term %S@Fblﬁwﬁ&_&p&lP%Oefa@&?—@%t B s g Turther
epRRdiBNud 8 s@GliSlisGt PRYTRIGGEH pHS WRRP AR dihidg & HgtPbiological
glutam c acid In one enbodi nent the gl ucagon/ GLP-1
reitafytrolat votoagivs glucagap by g iatredugtiem oehyslfopBEQ Jronpet

aR ki B mRTome 2t Breh e ot b2 WReafitan LY b Pty
tafben QACRUQ.c CANEhiSb bl nQfdifRId@ LEnRe 26,drdpadid dodiPat hé

and SEQ ID NO 28. In the enbodi nent wherein a single
sAREX Berdinus obihe elcegon{(eP-d £p1ieRyist Rephsia Ug agfor&mey pish one

Sifopdiest e pAIRRNAC boub SobYRIS oK eBEIGE LLL | AR, MiGre.
padictlafnah osaembxdimbstrtig glusaganpeptadei cdmpaisesahe @quelee of SEQ
g]é]% ]ié)nsgbace of the carboxylic acid of the native

c P,

IPNGnEl ekl Ient 245582 HYMQ: il 82 Q AP aldh §EQ
i | r CONSi St : ' i
19,45 SEE D10 Sl ARt or] SRAIDING, (LA e
endaadienntinkedgd theagierh@nPf in peoeptcals acpesatgonits17,i24, 24, 29

i ded wh in t. id . . I t
L SrEmteT SRR Ao TE. e BB cRal e g0 o il ouien dhe
g@ﬂ)tgiercgﬁlipgb@s SHTFTRANOY $0SED ﬁ?‘ indtyey 1, WREIBI N1 1¥€or SEQ ID NO:

|'utam c acid residue and a |ysine residue are
4 8 jtheer et yeeth yibgnetgfhycobchair 1§ sowaléndly. bound ran aamho déidegsidue e

R R T G A LR

e fodyestt yiléhealycd] €tfaird BeoNAddiNDoand® Cintind/Bdie residue at position
in one enbodi nent_a ucagfon and GLP-|

particul arly, , I
6- Hg«efrﬁls@nqy whesrthe Peptide eompiises SKE 13) NPdi$.iS8Q ID NO: 17 or
SEQ ID NO: 18 the polyethylene glycol chain is covalently bound to an amino acid
residue at position 17 or 21.

In one embodiment the glucagon peptide comprises the sequence of SEQ ID
NO: 11, SEQ ID NO: 12 or SEQ ID NO: 13, wherein a PEG chain is covalently
linked to the side chain of an amino acids at position 17, 21, 24, or the C-terminal
amino acid of the glucagon peptide, and the carboxy terminal amino acid of the
peptide has an amide group in place of the carboxylic acid group of the native amino

acid. In one embodiment the glucagon/GLP-1 receptor co-agonist peptide comprises

a sequence selected from the group consisting of SEQ ID NO: 12, SEQ ID NO: 13,
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gl ucagon peptide selected fromthe group consisting
of : NH2-Hi s-Ser-d n-d y-Thr-Phe-

wWabhoosSer1Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- G u- PCT/US2008/053857

Ar g- Ar g- Al a- d n- Asp- Phe- Val 4@t n- Tr p- Leu- Met - Xaa- Xaa- R
(SEQ ID NO 66) NHa-Hi s-Ser-d n-d y-Thr-Phe-
Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- d u-

SEQ'IB’IQOALﬁ HASID: PRESR@ID §n-18r SEGaD-NOEL 7 Xaa IKaoR! 8
(SE ID NO 67) NH2-Hi s-Ser-d n- Gly hr - Phe-

AD AP 1y whesin Q?EG'pyqnn isegpvaleptl Shnked to the side chain of an

‘%%a’*% AP0 o8 Shpibiy ! By s b: 18380

-15e<5raA§@sﬁw 16587 oL ¥BofTYEQ mew@\slpt a'ﬁarSEQ ID NO: 15 or at
-Al a-d n- As gNPheVI-GIuTr - Leu- t-Lys-Xaa-R

petion B NG| SOFARBNE 46.SHQ 8 NS I RSERHBLNO! 15 of tre
Iﬂanﬁr‘ﬁ é)eg?cﬁz E}{gm(ig& ebﬁb%d@ﬁ{m é%%]@%gorﬁgg? 1 VEgePar co- o-asonisy

(@Me Icﬁlnplﬁles ﬂﬁ:b)set}llrdfhblt sf SeQ 10GING:d lyor BHQ BhSIO: 19, wherein a

yr Lys- Tyr-Leu- Asp-Qd. u- . .
ﬁﬁ ﬁfﬂ@l P VaénHY§§%e®ﬁéh%¢e % c?faﬁ AERP agiseat pgtioh} . Rl
B%Htpe NQerrdifd! oMo 5§ oO8E Bfdchs (gﬁépﬂ-&r Phe-
Thr - Ser - Asp- Tyr - Ser - Lys- Tyr- Leu Asp- d u-
Ar g- Ah)gacmldamqtsvlﬂtsm%hémme—na apd Fnlpedt éuthe wmvm_wlsndenionR

brooin Ve e RhinFa B o 26 BlcRRR ey beppdSl moliiea o

86186 beelof !eFd dnkifo 684i@ YEbsERIASH Si [{)d@gloﬂg 16930 1, 00NH29 or the C-
glutamc acid, aspartic acid, yci ne, SEQ I'D NO 26,

BEGE) ajoo 2917, whereisps wvm@mlzeac@mubstw@d With bp gano asid

(RNESREIREN R - BTN R e R
byesnpad, PRES | Theotutid® pépide S ddlabMduted Z\nthbaia\t\ﬁ@lmy bytarriile
position 20 and Qu at position 24 for SEQ ED NO 68,

6@%“\%1@151 @a@ya@ﬂetpfo@r)mnawraiw O§AETINg)saBino Beid; Sypihetmgormgp-
t
pOSI t ogniqﬁ@é ralkﬁ%tawﬁg Rt aﬁltmoo&?ds thﬁ%o%%bﬁ%ﬁrg%&&g jr

between Lys at position
pios bt WMC&&eﬁmheBEchEDDMOqJﬁratd@lehmbmpdpyisle atruqnoss ddsaibed
2 .ang\Glu position 16 and be u@a% posi tion
48N lif%aué{‘flyp & pRingrRcshavhie & fogggpsslinking
Rah WoeRpMliK ndfietROShéL@Rg %&e@@rﬁpl‘e}’ﬁE@tcaﬁ%'aHdiéaﬁo%Q c%%xy
betvveen Gu at position 24 and Lys at position 28 fo

@E@nEDON@Y dfghe glncagne aralibgsdlisabased Rereig. lshe hesordaged wghnone
.COH , i i
SR PPcRARY Fiib BBl b s e B B I (R ongo-

honh¥s PeptRIB Gt & P6si@dH feRcRAiffbnathe RESIptdoARsAY dfS6, 17, 21, 24, or
threonine. In one enbodinent Ri1s CONH , the ammp acid

&1 replrsingi tehn gty e jpgingsariih ap emind astd %C@détonpéls;.gtf@@n
go%sjsﬁné Hir l?/g)lﬂja,rb§/steillqre], Cg‘nl%ln§ rhomocysteine and acetyl phenylalanine,
wherein the substituting amino acid further comprises a PEG chain covalently bound
to the side chain of the amino acid. In one embodiment a glucagon peptide selected
form the group consisting of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ
ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, and SEQ ID NO: 19 s
further modified to comprise a PEG chain is covalently linked to the side chain of an
amino acid at position 17 or 21 of the glucagon peptide. In one embodiment the
pegylated glucagon/GLP-1 receptor co-agonist further comprises the sequence of

SEQ ID NO: 26, SEQ ID NO: 27 or SEQ ID NO: 29.
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enbodi nent Ris selected fromthe group consisting of
SEQ ED NO. 26, SEQ ED NO 29 and SEQ ED NO 65 and the

w@eovs/1aold at position 29 is %I ycine In a furtPer/US2008/053857

enbodi nent the gl ucagon/ GLP-"-recept or co-agonist is

selected fromthe group consisting of SEQ ID NO 11,

SEQ ED NO 12, SEQ ID NO 13, SEQID NO 14, SEQID

NO 1%y arfSHQ@r EMbdiBmedGthe Siddn pipd delcongitde SEEsdgleMN.of SEQ
eptide further co ses an additi onal

ﬁ%@hﬁ <§ 'e%%ﬁ%t fﬁ iéefﬁgtbwompﬂaﬁé a wal extensiog of SEQ ID
@N\%@tiggﬁg%%% & S‘%’fp &g %%Eﬁg%ihgg—t%%ng% él%% A of

, SEQ I D NG and
éﬂf@)ﬂ) N@nﬁS ph8EQ PN Maio, exd @mE)ina)lliy ﬁmﬂ’rﬂpcsmg)ﬂlsimg a PEG chain
f SE SEQ | D, NO S
§8val ﬁol}g% 5&%?5 aaleaneaﬂﬁcdd%aééwﬁlﬂan ééﬁ%bé‘*@f 29

515@6 @te’ﬂﬁlnaf’énmb RciAE tRITRAHITE R inSAEA L RATRNM: gﬂ-eg'ngﬁaoon

receptor co-agoni st conprises the sequence of
REpti Eoméﬁeélﬂﬂﬁ tehecrapbSEQIID NO: Poui SHQ D N@ i56, wherein a

S 5 S I B PSS g
bh e i i E 8 R dxkd
L e e B ho 58
PEQ RN ¢ FERIDNE: €9-n a singl e ammo acid i s added

to th

o o TS TRUROALbERThE e lacdl RebicnePee hOB TR of sE0
W o dSSE@iﬂﬂ NOr 36ne SEChINGDe 64, Wwhteciaamaddgothl bll&ﬁloalﬂld

R e T e
eﬁaum @Chithd ikl eSthedidk Rﬁh*ohgue%&’ AP SLig! imgﬂﬁ{her

glutam c aci'd and aspartic aci gl yci ne.
embodiimertnthe pabgnted glucheonginelog datheagompisdes afaleaginal extension

bEPRTD VRS NP 2ok &l UREC S uRd s s Grapo

8T 8d i BREY, IDENGS34N Rrhn@ﬂﬁbxd&nlﬂfd%ﬁ&t%e %ﬁ‘ca%%ﬁ BEptidie CHRprises
rather than a carboxylic acid. In another enbodi nen

theseqiicnenefcH@EIPND: rI8@ceherein G gl stcovdamshyi loked thide side
ﬁa%@ﬂ%@ A0 1l\r|1%[|al<_:|% g)?)srlf_o% ?q_c(% t¥1E g!}c%o& peptide and the peptide further
G)Iﬁpr:ﬁfega@’—t@nﬁhal e@teﬁhsﬁﬁ pf E’E@ WaNO P @orlSEQ ID NO: 29 linked to the
- Leu- Met - Asn- Thr - Xaa- CONH 2 (SEQ ED NO 19), wherein
Eriemigg a&"tm?)%féﬁi of Q3B ¥@pt9%sents any anmino acid. In

one e 0

conmon 5 1 Omal% @yéo? ctza%lx ﬁl%%ne 1r{e {Tg %Jﬂpgf at thialéx?cl‘?ag)n or it may

bebdné¢ted glutcanidanacwith omesquatiddinmera thethbodyettglignei gieeol ditagn has

I
asfr? lw%*rjaligelmc}iecular weight selected from the range of about 500 to about 10,000

Daltons. In one embodiment the polyethylene glycol chain has an average molecular
weight selected from the range of about 1,000 to about 5,000 Daltons. In an
alternative embodiment the polyethylene glycol chain has an average molecular
weight selected from the range of about 10,000 to about 20,000 Daltons. In
accordance with one embodiment the pegylated glucagon peptide comprises two or
more polyethylene chains covalently bound to the glucagon peptide wherein the total
molecular weight of the glucagon chains is about 1,000 to about 5,000 Daltons. In
one embodiment the pegylated glucagon agonist comprises a peptide consisting of

SEQ ID NO: 5 or a glucagon agonist analog of SEQ ID NO: 5, wherein a PEG chain
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w@oeomstoon7 17, 21, 24 or 30 of SEQ ID NO 19.

of this peptide can be further inproved by covalently
linking a PEG chain to the side chain of am no acid at
| PC'EUS2008/053857
further enbodi ment the peptidde conppses an additiona
carboxy term nal extension of a peptide selected from
the group consisting of SEQ ID NO 26, SEQ ID NO 27

‘?sr@)vgi’éﬁ?l}l ﬁ%ﬂé@to #8-ardifb R$E AL GE MR 20R8d @ﬂmmoneat and

t he gl ucagon/ GLP-1 receptor co-agoni st conppses the
seigrenite combBSEQmoBRcMNar waight GERE (v R cBaids iapblo@EQ00 D

w% gﬁy @%ﬁltlonal site specific nodifications

ARew PP HaoPhe gl ucagon sequence of SEQ ID NO 11,

SEQ | RsNEXcribed in2fetdill iR 1N x abnbles St ol Udadba acdhists DEDe fﬂ%sent
NO 15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO. 18,

SEENti@ INOe en@namblsﬁ(ysncaj i litg 4n¢ agrepes sohithelity ovhylieel d a
?grtn@\(_)s&; ﬁlll%g glgnce Ooag 6V1&y I?I%‘é t(P t?le {ll t1ve \é?ﬁ(?étbl &checgll; ‘??s[he

osse§§

iuchgbl dg}zﬁnﬂs@ %ﬂtHeC;@ésehtﬁn\Vdnhb@ axféQieﬁél\Eékd t@be amblerfes:ze@tm that
have been gre pared and charactepzed. Simlarly

bR desshy peentdeprrbrd fydherativg éwa%ﬁlrf)&ﬁ%@’d fb@pgh%g}y dhe
%ﬁ)%ﬁle%fglﬁéag d%RggsC&%QE e hBRYRGEN sédjt%q;e'aﬂc llgﬁ)g%ﬁggmla or to

ractweri not ed above substltut i on
serdasebloed phiuesedt vep os irtducntedporary pargllysit afiihe gaicfiod radlologlcal

g‘%g&&%ﬁté gf lggcjt I%Ydé%fgs}g?gpéres froﬁagwg)é(?({qlslg&etls 01‘I glucagon.

R ERXAIRLRDYIR d&RbOd RerSiglafblard/dtpéct@lo 8 \Re@ldiCaRRD:
receptor I'n addition by substituting the native

gtauttambnéy a/blgpb Si tq togat Bypeirglycegliatonm wdagsi tdoqd3E@ dspleNe, or
%F%%F { x on anal og that exhibits
@ggc ENF5d sel ectivity for the GLP-I
r ecepirgé fﬁbﬁgoﬁ%ﬁﬂﬂiels lof the@hvenBien Bayi6a8@RInddred alone or in
co- agon|st geptldes can be further enhanced in aqueous

§@mbmamwa Oibxhg@tloqhé@tlé &F apHODGAHY peentet Athiliabeticagents
tivit | |
BySUn e kB G BleP Bhieo P Bhb Y Ruh sURbL G HERRST

ltﬁbutlrﬁldeZG)rmmﬂ addolgdfxafnh® (Depicialy ,tol@l’anb(}’e (Toenadyi t i on
of a S|ngle nodi fi ed_am no an am no acid

FBlQTE PRI (Rigbipessy gHPﬁylﬁr(@bl?PFP‘é %Y%‘GS’ (IgtabgtpMlicronase,

SRR L 6 BLUSQUEDLEAE D, SRR o
e e, o pm,

e R BT A R
%Q)gh@%@lé @CNQ) o”ro%llggﬁnk la{é\lghn%l%r ot%glq)ﬂ’/g{g@hml@rs %&

D"NO 14,
glucsEdse @h@ora@ambnbmcmbghm@e clkggktnon, such as m1gl1tol (Glyset)

acarbose (Precose/Glucobay); exenatide (Byetta) or pramlintide; Dipeptidyl
peptidase-4 (DPP-4) inhibitors such as vildagliptin or sitagliptin; SGLT (sodium-
dependent glucose transporter 1) inhibitors; or FBPase (fructose 1,6-bisphosphatase)
inhibitors.

Anti-obesity agents known in the art or under investigation include appetite
suppressants, including phenethylamine type stimulants, phentermine (optionally with
fenfluramine or dexfenfluramine), diethylpropion (Tenuate®), phendimetrazine
(Prelu-2®, Bontril®), benzphetamine (Didrex®), sibutramine (Meridia®, Reductil®);

rimonabant (Acomplia®), other cannabinoid receptor antagonists; oxyntomodulin;
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Is covalently linked to the side chain of an amo
acids at position 16, 17, 21, 24, 29 or the C-ternmml

wapionaomel d of the gl ucagon peptide, with the PCDUSR08/053857

that when the peptide conprises SEQ I D NO 10, SEQ ED
NO 11, SEQ ED NO 12 or SEQ ID NO 13 the
polyethylene gl ycol chain is covalently bound to an
dhmenetzneihgdrogklod de (Paozapp Sinek o(tofi mage dndpheﬂtémmh)eﬁxctdme

ey LRy FENB R OAE Ok hoh B £ BeercAtd s o o e

amlnl@oracshﬂﬂaﬁ es kéhi@l adrliRg otx RNk (aldd kl%wx?-és AR @6?&“ ShGT
the peptide conprises SEQ ID NO 16,

SBH2PH NO 18 the pol yet hyl ene gl ycol cha| n |s

| i tion
Covel gt BTSSR
colmon skrhe bfﬁa@erﬁl@%&[&é@d Oifica2bRabbidGbr vkt in %nE@y{)@l%mla
or SEQ ED NO. 13, wherein a PEG chain is covalen

(Tivg femproves! siphilityiang selbiliEy @fthmgoarm@oramsd@naﬂquomd Rearin
zow £3p thgéregé)rﬁtl&p& ?ﬁhﬁf&?& mxﬂ]% sgﬁllnons ?f gtld?ﬁ%%o%fé)f bapld

ucagon t1de xy t'erm na
@ﬂmtrirrm apelphmdjt&:ahaemt afihgpdgtiee@izo Up ohdcpbsdifiefa doion
of the native amno acid. I n one

b
GBI e pehe g el TP LS B AL Wighoe tra partent

(E:’gﬁidlns t@f&nlgﬁ%i?%g%eﬁlasb%k%%%%ﬁe ?So‘é% %ffc% i&%ﬁ%&%ﬁ h 'P%gjchams

linkedspthe gMated @caﬁ&@@@st\l@bet}z&en et KPO NCbodirs, 0@HQultons.
wherei n a. PEG ch |n i s

b SRR ieapet el ettt So TSt BRRC Slfededfrom

1
g SO B N 15, or - “poct Lon T i SRAP RO

giyicagon fgonipiingpgy o SE@ID NO:68, SEQEBN@i h atdSBE 1D MOD::S

nd SEQ I.LD NO 18
%%Q%e!&?aaégp %c:)t?m éi@g%t ﬁuﬁgon%ﬁgxgwl% me Efyence ofo §E(5 E]S NO:
20, umg@mﬂﬁsmekhamaﬁ ﬁh lerﬁﬂacﬁﬁx@ﬂtiﬁé ofkaRt glﬁ@g&o gwtﬂdé €S

t he, sequence of NGO 11 or SEQ I D NO
%Vé‘}eéfg %urlﬂlif@tmli‘?ﬂ%e@cﬂ}%ﬂoé?hqlry linked to the side

chai npQf m@tﬂo@mea%ﬁ g;la(%tl oc?%?%ﬁa' Qorddrice vith ¢ et[ Prégen?inﬁ/entmn

the C-term nal ucagon pep
cwupisdathe steps Dihadmnms&nbg diermdflsbnﬂ}am@clswbj gh@hgdroagohBts to a

oviso limtatiaqns descphbed in the preceding
gaé 1en lf.S ys{aﬁgar F%gag#) Blsg@tbqﬂ g Wgrﬂgaa@tqrglly such as

t n
iﬁﬁﬂirf)dgﬂglﬁgl aﬁt;&ﬁ%gtcﬁ\%%ll}p Ql?ocﬁfang%rs? %%ﬁ%gﬂalﬁ' k?ﬁ‘t}dtlli#glll}p

taamvéera@ﬂm,, regipldy, @railyt hasalhpoi hyeinhatnibora di dné smbadistitthd ed
O RS SR R P B IRA PHL EBL e e,
the composmon is administered parenterally and the glucagon composition is
prepackaged in a syringe.

Surprisingly, applicants have discovered that pegylated glucagon peptides can
be prepared that retain the parent peptide's bioactivity and specificity. However,
increasing the length of the PEG chain, or attaching multiple PEG chains to the
peptide, such that the total molecular weight of the linked PEG is greater than 5,000
Daltons, begins to delay the time action of the modified glucagon. In accordance with
one embodiment, a glucagon peptide of SEQ ID NO: 23, SEQ ID NO: 24, and SEQ

ID NO: 25, or a glucagon agonist analog thereof, or a pegylated lactam derivative of
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exanpl e, PEG The native peptide can be substituted
wWth a naturally occurring ammo acid or a synthetic

w@ n@sAem@tUr al | y occurring) anmo aci d. Synt het i BCDUS2008/053857

nonnatural ly occurring ammo-4ci ds refer to anmp aci ds
that do not naturally occur in vivo but which
neverthel ess, can be incorporated into the peptide

‘iJc Yo ngf%%ﬂ?é%%ﬂu%aé &t %Q%tﬁé“%f deﬁlded%}f% AR eptide

aV| Pn surtable for crosslink
I@ynhpnms ioh¢ or mfegtol yeshyldnaglyedi ctgidspwhexiarnid ©fal E’Eﬁcukaawei ght

G a5t BRdiogena Gor SOADRLTE: 4 ingdeBbpdaneds sert
?ﬁbzl BB ABHL pAN AR, ALhh SHRRET St Afkifisd Qfﬁ%oh Beptides

gl ucagon/ GLP-1 receptor coagoni st peptide at
phowd 4 dedmyedenlr pcti@ged tiomof Iaengtrydxupwubmml@ts ioh glechlﬁoamyltﬂ7

Asariisng e ommRud<abt A BT R B el S

bﬁﬁhpgmtggﬁkg#ﬂ§ﬁ @ddni t hi ne, honocystei ne and acetyl
phenyl al ani ne, mhereln the substituting amo acid

furt héirlu%lgmapdp@égs hatpE@ bmqumbmﬁhﬂoaqtcpyal@wmumtq HREG
I1am ha ng a mo{lecaﬂlr Y& gecgt)fg%eager tHar} ﬂf" O(ﬁ)‘@zﬁgong%an b e%dmmlste%ed

UCAGon® pEPLS ormthe group c¢onsts

ﬁE@r}ﬁ)nCh& witB insBERtd Baff¥theladtioSEDiMuliNGhd Adlp tcﬁﬁ@nl@n stable
15, SEQ K) NO. 16, SEQ K) NG 17, SEQ ID NO 18,

@Mdstmqjem imdjahegcs. | Fheraedifieiglpsaggn P%Ptk%?rﬁ the gregent
REGshak %b&&%ﬁﬁ%&% Pwlih PA@@% an@e SofiBosktal N of an

ammo acid at position 17 cagoh
rs&mﬂtadmus]lymdnmﬁstemﬁad Beparte ioﬂlﬁlome,gylahtmahvely, the insulin and the

Iuc on/ AP-1r tor co-agonist. further conprises
I8 B?PUEEGQE € gAnisre %@f{ eéeflag?e B1FF K)
Webthea® Th Bn@é@ﬁ%eﬁ%@ﬂnﬁfﬁﬁﬁmﬁ REm! '\%héiﬁggﬁﬁ‘lnpﬁflitthggo osition

conppses the sequence of
Sampﬂsung thermqrbﬁnqﬁrglscralggn aem)dt @rermlmmlebcteérvgtmm lbhOISEQf 01

SEQ I D 0 ID NO 6

Ao THE S NG e p OB B geh pept relafs B Spdmiggrered
&R 1iRRAI BOAdPJeMddnt it Morﬁ&éf@ﬁﬁrﬁh%&e@tﬁﬁ@rﬂ@%mof the patient,
covalently l'inked to the side chain of an ammp aci ds

and pashetdeganmined thrgugtprputipexperipgntgion. he C-t er mmal

am N0 LGBl 0 BEAL G NG SR OB i Bsine

gl ucagon pep ence o

SDubfi aﬁf@nbﬂlfﬂé@ghﬁﬁgonvyh:@ﬁ& m@teﬁ&@m ﬁan gﬂoulﬁcoﬁqsl‘dta{geo‘ﬂSEQ
linked to the side ch ds at position

IO NGr2, SEQHP NQeMWé&B&P rﬁ‘eétEQdP e ﬁ%glﬁéﬁﬁpp @aonist
e RS R RS R oo ©
pblyehgene plypoliclieincongenthaunt @ seguieneedefdeSRGn at position 17,
21,24 or 21 and 24. In one embodiment the composition is an aqueous solution
comprising insulin and the glucagon analog. In embodiments where the glucagon
peptide comprises the sequence of SEQ ID NO: 24 or SEQ ID NO: 25 the PEG chain
is covalently bound at position 21 or 24 of the glucagon peptide. In one embodiment

the polyethylene glycol chain has a molecular weight of about 10,000 to about 40,000.

In accordance with one embodiment the modified glucagon peptides disclosed
herein are used to induce temporary paralysis of the intestinal tract. This method has

utility for radiological purposes and comprises the step of administering an effective
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E) NO 55, or SEQID NGO 33 or SEQID NO 34, wherein
an additional amno acid is added to the carboxy

wa eoositomes? of SEQ I D NO 33 or SEQ I D NO 34, ardI/aSiBsas3857

chain is covalently |inked t-the side chain of the
added am no acid. In a further enbodi nent, the
pegyl at ed gl ucagon anal og further conppses a Cternmal
@mn@f@mh@mnasa@m[ldﬁ@osﬁi@n comBEQ EDPADI at@glh&agloe q‘iellitmle a
é@ am no acjd of SEQ ED NO, 33 aqr

Cagp PRI S o5 B TR G4BT SesivaBces. In
GANPRB&SmEREHS SULRRE %eﬂfde%@ph@s@eq&e%ce Weh&l ﬁlorf} tREbup

chain is covalently inked to the side chain of

afpswsingof AEQUIDIYQI 1,181 BONGE: 3t BEQdDUNQAgh SERER Nk 5a$EQ D

S BRPRPR” Lot R RS B dni K et Bl R 0o
annSEQCH W@f1255@) ED NN 131980 Thev@olaygt BHEIENG): Y6 0kn one
chain %@be in the formof a straight chain or it may

sEbpdigisahige glur pgordepl dhafivebendontprisgsc RIFD oletiimped ebeuid ,000 to
| e
B DRSSP LSOO ASE A SR aTR EiM R
bhe aﬁﬁodihhxﬁtoh\esoluctagoﬁ) Ipéptﬁi&?b@ﬁhldt&lﬁitfx drh &e@b%ﬁddﬁmklﬁr@of sg,Q
ight selecte

o 190 BB R s B N e O O 5 Ge B NG i and
KRQAD ROt 5. NRtdnY %m%m%?metm@&m&%ax %&&f«&%ﬁh@ 3‘% el 8 about

chai n has an average nol ecul ar wei ght ecte

o toramoyed, 0 DPows. 10, 000 t o about 20,000 Daltons. In
accordance, Wt ne enbodi nent. t he at ed Iucagon,
pept | ot BoEh o TorcapRa by aR A b CCRArAG P sis
ePwalieediny tRetdniiRed hardhidaaraniRapd foiwherel fcbhe

total nolecular weight of the glucagon chains I s about
modd@digdcagmuneps o gbheaist mpdified pepide cempiasts psetuendreselected

S e T

aptednaly Dfike3ke6a IPBONBairbof 2bB&r B0Mo abdlES000 ®altbi$s, and the second
covalentl linked to the anmo acid resi due at position

ECRP aﬁamalfw% BSPAUCHIF SEIpCted ATPIVHEIZEQUR QOREStEngrfiSKEHID NO: 23,

t A.000
PEQIPING! 2 Eliitio) AD NS T aly RGNS o gH A orpRd
Bx 60fploebputt 40000 Rett@go Ninaie Binbbdineht the @EQ chapiif each peptide is
invgptlgn have enhanced bj ophysical stability and

SR3EBHE Peyidipien ARG @Sléémt@?fd{qswnéﬁh%ln@e?dl of the
Rikpagld yé;kaae ra%h@ﬁd F@ncfef?t B NRLthye peptide

Accordingly, the gfucagon agonists of the present

i nve n@K)mﬁOIao@hmeh navedly ocuyeng diigesityk & ofnoonedoyndlia ehet dnadi]
121266 edgxas l%gzﬁ s P&Fﬁ‘g cyca%tc,e%&geg l]:)sosrwftle%eadrnn?lgllst\é%d% ratsa gr%umans
(see Diabetes 2005;54:2390-2395). Oxyntomodulin is a 37 amino acid peptide that
contains the 29 amino acid sequence of glucagon (i.e. SEQ ID NO: 1) followed by an
8 amino acid carboxy terminal extension of SEQ ID NO: 27 (KRNRNNIA).
Accordingly, applicants believe that the bioactivity of oxyntomodulin can be retained
(i.e. appetite suppression and induced weight loss/weight maintenance), while
improving the solubility and stability of the compound and improving the
pharmacokinetics, by substituting the glucagon peptide portion of oxyntomodulin

with the modified glucagon peptides disclosed herein. In addition applicants also

believe that a truncated Oxyntomodulin molecule comprising a glucagon peptide of
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nodi fi ed gl ucagon pepti des descpbed herein can be used
to treat hypoglycem a or to increase bl ood gl ucose

wo ea08h1910tD | nduce tenporary paral ysis of the geECT/I/82008/053857

radi ol ogi cal uses, or treat-46ther netabolic diseases
that result fromlow blood I evels of glucagon. The
glucagon pepti des descpbed herein al so are expected to

BR iH@E oh thak RG WsereMhin MBI AhiRo RAEY oWlyaidnod@fin fethdvE@I1
gperglycen1a or to reduce bl ood glucose level, or to
(2

p e kifecsi vb irpe@pipsticoerpelivval mdnh@ggwméms{mam i des

%&Jgagnlnventlon may be adm nistered alone or in
CONbT 4t on with other anti-diabetic or anti-obesity

agent sqccénmﬂoiyimaé)?teé,em agenion aldd@nBorhphstddehamnbdified lﬂdz&fon
i nvestigation include insulin, sulfonylureas, suc

pentisigs ahihe resay imrsaon taidiasha campaetcl ks Gnpion of SEQ D

%\ﬁ: pi ?%M%g%? F OR I’Dclgijo %%) r glge%%n ﬁ%g&@d?@%@i X ragi)mmlsteled to

Gldyviasy to ighuee pieptielosPomgryVent weichgfuih.di aet®rdance with one
(Diam cron); neghtm des, such_ as é§9§%llnde ﬁ%randln

smbﬂ%fn@@q wla@ge@@wﬁt@al%%ﬁr@% 1R NPo 2 fHrther
w&@ﬁgﬁblﬂacmq A cE"of‘SE hbaeghsh @@Qﬁ@mwﬁt@ﬁa

ros ghtazone ( Awan I'a pl 0g tazone (Acto
N ghtliakehe afRez adidP? obthe @tucegonRRARIE, |1sﬂdnbnﬂster@1 toal pha

L N T
! t
s i, SRR RN 0 S o

e ngISE@tEﬁ XP: 52, 5K NO: 965 QUEDHDukepstHIOAD NO: 15,

SHSCE LIRS b LS B

REQWD NO: BEthl@Htto @ﬂmmbrhdng mﬁéglug@bh @6ptidac! ude
appetite suppressants i ncl udi ng phenet hyl anmre t

st i muEasRds-4.9h & ersiderade gpof 3% aminp ams:qItfl'?eﬁppwréwhsﬁ@ulator
I o

I'metrazi ne
aipedteenn)i indicb wieight ee  Adfjednta hawefdunnd ihhi) the prmimabssatience of

A A
Qﬁ@awﬁg% %my%éq%@rmu% bmidpXERP %m(aaww? gxon%;hfj In one

zonmsam ntrave proplon and nal'tr
bmp@csmenmhq: rmomeakten ammd zaldstotﬁ Exemlicdl(i.€. Orchstyadnye of SEQ ID

S G T NOTR I T X
Pe@rdsefitiilcalsefk. aWIRAUS on proteins are anticipated to have pharmacological
activity for suppressing appetite and inducing weight loss/weight maintenance. In
accordance with one embodiment a glucagon agonist analog of SEQ ID NO: 33 or
SEQ ID NO: 20, further comprising the amino acid sequence of SEQ ID NO: 26
(GPSSGAPPPS) or SEQ ID NO: 29 linked to amino acid 29 of the glucagon peptide,
is administered to individuals to induce weight loss or prevent weight gain. More
particularly, the glucagon peptide comprises a sequence selected from the group
consisting of SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 13 SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 66,
SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 55 and SEQ ID NO:
56 further comprising the amino acid sequence of SEQ ID NO: 26 (GPSSGAPPPS) or
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solution of the presently disclosed gl ucagon agoni st
for use in treating hypoglycem a The i nproved

w@r@bithioty and solubility of the agoni st conmpoBRCT/USIV88/053857

descri bed herein allow for #lie preparation of
pre-fornul at ed aqueous sol utions of glucagon for rapid
adm ni stration and treatnent of hypoglycema In one

SRR B9 Anid@HEhAR SRAMY drshd\gudBr SRk th SlSRIRAIMent
agoni st 1s provided for admnistration to a patient

sufalmprigtefed gmchgqpagbirdemalng optnpriedsrihe seguerse af SEQ ID NO: 64.
mol ecu] ar wei ght. of the PEG chains,linked,to the

pegy! %%Br‘e&na@aa8%11‘%@6%?@9%9&856%%%%@%3&% Rggi g glucagon
BhAldks @is80RdRatet P MBwo biMmeRef el B Elut fp8n %@?Aﬁe@bﬁdbe

gl'ucagon agoni st conppses a peptide selecte romthe
brimdpogedires jusing pignesrd ¢ BEeNE ang Procgihaes Mnav@m tozhose gkidied in

%%%Llj Eoggarrﬁ%,@gri%nugen ?I%g%@ﬁqge%\&%%{xg%?d %Lca%ggp!:&ides

peaydhahetsel Abifamatdaslitvial trsssliakerg btCiHgRACtAMMNISE Bi@sdliRers,
sequence of SEQ ID NO 20, wherein the side chain of
arUaHRmos dhelr@sprpRPUiges hal Ve beriaybriitpep tilieysigine, lysine

! - C . e
R AT B S e AR bs
SE@IBNYOI1 4 diieidimercanpp 8 @smbtienes be pleerodtivalgrmanbs ter i ng

he presently disclose q%uca on agonj sts to. tient

SPGBy 59 IR £he RCBGHNISEt § BOTme i Slbsagg
RRIAYepl@ W Nereid W18 gbA hEAE PBHRIomprises SEQ ID NO: 11 or
I ntraperitoneal |y, subcutaneously or intranuscularly,

FEQADHE0a20 3nd nraamiselesidra¢dugncerad SEL Iy NCoRaKGHSSGARBPS)y

S PP AR A BT PSR KNI TR RS 20

6MiAe dudBSYn, pebli€e. ARGt dneddirSer@ €HY diinSt @n@fises a homodimer of

parenteral 'y and the gl ucagon conposition is .
bebisaaageniss matpesy SERD 1 bhivSIcrgh j1e skispEprcpamide atrer
e L e
andagopeeptideci ty However, increasing the length of the

PEG chain, or attaching nultiple PEG chains to the
pept i Heaccargancerwifly onerganbogingnt Adiract it Bioviges gAPPETNg hrst

f’ %@l R Sbufld 624 Scold'AloaboR BotfR! PR finkPABASIN bR firs
ESP €E§:t|n§ agf%oﬁoo gtﬁgpnggfgged gﬁ%cagon. Pn e
glucapod pepiidedontprioesen gaph delsaiendd, fram theugragoronsieptg ofeSHD ID
g)lg% ég ) <§§_ 4, g D NO . 25, or
SSaghn Thgu Somshlt g: fharE8Po TR HER A teri Besseer
P%fti'dlé @sﬂngﬁse@fs@qm&@m 26.0[PAck SRt etWith £REHEBHRBoAMeEH Jimer
I'D NGO 20 is provided wherein the peptide conppses one
orpravdel polyistrizy feselglagenpentidabaend heeeind dirageropeptide
%laqf:nlﬂler? rwh\éerelirgshaEd first glucagon peptide comprises a sequence selected from
the group consisting of SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5, SEQ ID NO: &, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11 and the second
glucagon peptide comprise SEQ ID NO: 11, and pharmaceutically acceptable salts of
said glucagon polypeptides. In accordance with another embodiment a dimer is
provided comprising a first glucagon peptide bound to a second glucagon peptide via
a linker, wherein said first glucagon peptide is selected from the group consisting of

SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13 SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, SEQ ID NO: 17 and SEQ ID NO: 18 and the second glucagon
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of the linked PEGis greater than 5,000 Daltons, and
in one enbodi nent is greater than 10,000 Dal tons, but

wo e®s/10t0an 40, 000 Dal t ons Such nodi fi ed gl ucage@r/Us2008/053857

pepti des have a del ayed or p?%l onged tinme of activity
but without [oss of the bioactivity Accoidngly, such
conpounds can be admi nistered to extend the effect of
tieptidadinimieperelerity glascddom peroubeonGhtirgad GEQHEPNOde s, SEQ

HRRonEY e EETNER &5 nbRdel oy 1. SRR O £ I M. seo

10, 0001 Daidt Suvs 15 A0 hg, ﬁfdi%@hﬁéc%ﬁtﬁqn Bc&eﬁb}é%%é &f‘lm\@' th
/

msuhn to buffer the actions of insulin and
redioagen prlxpeabiles. Bh ooergbasioes theefinst gugagod pa[hielenssglecﬂéldélom

I t of, the present discloosure
TREbhF LRI BBl T g henl e
ddepersdehil P selectddidih AReQUS) Uon@@mxmd)f%ﬁ? a0 NS 8859@@1@0 9
sol uti ons, or al ternativel , the insulin and the

#BESEQI® JPubhglreng @mbpdl@e@hrrhe gemerdsrioningd betwgeratwo peptides
St e o SRR ISR A M

Ion comp
conpodiht inmdifedrudagompeptides d’fmﬁh Iﬁr‘e@dt Glvereean peptovided in
are adm ni.stered withm 12 hours of one another. The

asepetance with ope empedifsg a5inat o f ita dbeneaptadiaent elkitipy e
taamifi&e 2t HLSl6h %Qm{@%‘ éMeln} in ]@éfj ﬁﬁ%@l ?s%ow@ecﬂ@ﬁ%elﬂ%e

determ ning thé gl ucagon eve e patl ent
&éreohprishstaenedifietiglutagou gptidestlected &rpehe prop adisiming bil) a

ARG OB Re SRy s BT et ob ShoaBrRaa b isfadEo: 0. smQ
EBRN G d® GeREireNd: rprrzgt @glu%%o@us@&ﬂs%ég&ﬁé W51%1@g0n

NO 2, SEQ ID NO
gEUis garoa gbREQUDANAI Hig SEQHEN MOf 20 ahSE@ IR NGred Smanti #ni aino

G SRR DAL, 1 RSERSORBRES, SsPOLYEL ! B g o

Gm D HO: pOSKRINB) lidied t8 dmimdfactd 2Pofkh@ plkkc2bn pE{ikld%n énd 3) a
enbodi ment the conposition is an aqueous sol ution

gycaesnmeptids el SEL ¥ NPadbar SRAIBGNP NS le fitsther pespprising

e

TS R S R o s S

CERNIRNNIIA)) obSBQADAYOp2S(KRNR) Bnkkdas adéoakid :t&)eofghsJigla@(an
cO

d t th | yeth
B Yaseeid HOREG Ghak ORIy PorMuEIeD 160 gt
LA weizhBSCAbLERP0 \ﬁb&ﬂ 40060 ARG TR Bhe JH@O(HB feh St

gl ucagon pepti des disclosed herein are used to I n uce
temnposeargluqagenGY . scopfigankse wihereasthe petide campriseFhissquence

RN O8%he group consisting of SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13 SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 and SEQ ID
NO: 18.

In one embodiment the kit is provided with a device for administering the
glucagon composition to a patient, e.g. syringe needle, pen device, jet injector or other
needle-free injector. The kit may alternatively or in addition include one or more
containers, e.g., vials, tubes, bottles, single or multi-chambered pre-filled syrin ges,
cartridges, infusion pumps (external or implantable), jet injectors, pre-filled pen
devices and the like, optionally containing the glucagon peptide in a lyophilized form

or in an aqueous solution. Preferably, the kits will also include instructions for use.
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utility for radiol ogi cal purposes and conppses the
step of adm nistering an effectiveanount of a

w@b@seoeut i cal conposition conprising a pegylBCBUS2008/053857

gl ucagon peptide, a glucagos9pepti de conprising a
c-termnal extension or a dinmer of such peptides. In
one enbodi ment the gl ucagon peptide conprises a
%?%@%ﬁc&%'t@&ﬁ@&nﬁdd%ﬂéﬁt k}% &WH Bf Hl%rk%t' 1§£u'1 290 dg%gsir@
NO 2, SEQID NO 3, SEQID NO 4, SEQID NO 5, S
Neyicd WheeE® ﬂtho@GSlU@EtheDameCmeSE@d @rm @quE(IJl hidther
NG, 12, SE
%’@B"%B‘CRBEQW S%P%Ebalsﬁ Wga“?é negie.gihd o edi’? H{le"?ﬂbe
el EAIQAHERIMERItToH N HrepackIHARSESN el ain, of
abo%tag 800 toaﬁo OOOﬁDgI tons i s cova nétéry bound to
an anibe eanrpundsefdhis na\tenp@smy bapzpared by s@ndand gynghetic

c Pt [ om th
TR e iy BN RERRRERGAMS olsr REIPH Sl 0Tk bifiges
bt NSlon boteibbQultRdUNceddn nSERhiLEI N@inoldids BehnoER: EDréNeEd
15. I n one enbodi ment the PEG chain has a nol ecul ar

Wi sgnard recambipenigdNAttecharivgs. teshoiguesdsr theli Prepprptign are known

; r

A L i

{sj/rrtlsd:sizﬂm ty ttardhrd) brgamigcherpepy mietuarsdmaaddm«m mjstmmﬂrcf pepdde
uca e e first nodified peptide conppses

gll" E“g‘élwg‘&?éﬁpq’fc?}b%the group consisting of SEQ

I D I\IQ 23, SEQ ID NO 24 and SEQ ID NO 25, optionally

l'inked to a PEG chain of about 500 to about 5, 000

DX AMWE.ESand t he second pepti de conppses a sequence

sel ec edfr t he group consisting of SEQ ID NO 23,
SEQ | 1%"1 P%EQSOFD NO 25, covalently linked to

a PECGGaRagsh @falo@b%fe shBihe8 %4 QirgBTUAR P Bakt BRS single
In this enbodi ment the PEG chain of each peptide is

eQHPAING Startin gt e B 2mencle obBero P Bz Rasn epgian cara r@pdified Applied
%‘P%géptérﬁg 36 0 A %e%‘u&e ngﬁeg Z J éc!}e %‘@ B&&%@d%ﬂ@gﬁhve?eeob@ﬁgd

oVt dwagt thogaes (IFM&rJJ c]iNyrDSlee éhmum protaatihd groamaxhsled were
i nt estine, has been regorte to cause wei ght

é\a&ﬁTﬁﬁ)sf*é?%n} Sspéicdley qyaWM@Zék@é@@Prab&Yé@cé%s%r(OBZD
e s SH RV &séﬁaa@nce g
(armmaBE[(@Wd:@)Bxl@ 1) foll ovved by an amo aci d car boxy
ter m KRNRNNI

t .
nccor BRey PP ETBaRT BEEed w&@ g s pipeipine i
efmé@mﬁkﬁﬁmﬁféltm&me% foth#l %&dp ﬁbmehe @m@;maﬁ €Liquid

suppressi on and i nduced wei | oss/ wei ght
hedragaaninoeidy cleardgeewere performed in the presence of p-cresol and dimethyl

sulfide. The cleavage was run for 1 hour in an ice bath using an HF apparatus
(Penninsula Labs). After evaporation of the HF, the residue was suspended in diethyl
ether and the solid materials were filtered. Each peptide was extracted into 30-70ml
aqueous acetic acid and a diluted aliquot was analyzed by HPLC [Beckman System
Gold, 0.46x5¢cm Zorbax C8, 1ml/min, 45C, 214nm, A buffer =0.1%TFA,
B=0.1%TFA/90%acetonitrile, gradient of 10% to 80%B over 10min].

Purification was done on a FPLC over a 2.2 x 25 cm Kromasil C18 column
while monitoring the UV at 214nm and collecting 5 minute fractions. The

homogeneous fractions were combined and lyophilized to give a product purity of
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i mproving the solubility and stability of the conmpound
and i nprovi ng the pharnmacoki netics, by substituting

w0 b@sgbweagon peptide portion of oxyntonodul m BMET/HSI00E053857

nodi fi ed gl ucagon pepti des d0scl osed herein In

addi tion applicants al so believe that a truncated

Oxynt onodul m nol ecul e conpri sing a gl ucagon peptide
gbidpe ThovERick BldlechRY MAG dnButifr WarBabnilR14E vBREBIACDHass
of oxyntonodul mrenoved wiI'l also be effective in
spepprlewslysig appetite and i nduci ng wei ght | oss/wei ght
mai nt enance. Accordingly, the present invention also
enconpasses the nodi fied gl ucagon peptides of the

DS Etecy RMENPicRitol: Neys-Raram@oyar boxy ter ni nal

extensi on of SEQ ID NO 27 (KRNRNNI A) or SEQ ED NO 28.
Thes eTepepbuiidglusagoreysaansiogiisdissobeedtin Phosghate Qufdgred sadine

L TR B R EBE e 5 oo

asiamey BatesSERY D) MEkinddo olethSl@PE@rdigent 20 ekifity i fikled and the
nppsi ng the am no acid sequence of SEQ ID NO_ 27

co

[RANFRNUFAY 20io0BEeP 1y lemapgoTipgiegei noPragrits il ©oAger 8-
Qhﬁs,gh@&%{%.rﬁﬁﬁﬁ%,qgacidiﬁe@% lgbc‘fetd%ﬁg {)1% Ar%evﬂegéll?é anase
to 1'nduce wei ght 0SS or prevent MEId% Ban1 Mor e

paninnh dod prarilfigatidnhsingl LA GBA/apetphitrte gedivpt. | Blesaparopriate

RETD R LB Phctes FIsTGne 15 sher PO ReM 1 'and

SEQ I D NO 15, further conppsing the anmo acid
sequence of SEQ ED NO 27 (KRNRNNI A) or SEQ ED NO 28
EXARLE d armp aci d 29 of the gl ucagon pepti de.

B e Y e L N e

Thi s pephidieBbashreOBI) Pe@Redif BNTAEmIAC)SHRBORS feaction vessel
appetite and i nduce wei ght |oss. Applicants have found

anethe following spqnerice sy getated apd rm@ndmadificdidenliediBigysaams
. nu i t .

NG S S

conpr om SIHENGTET D VaKYILNISICR ADDEY QFEQMINT (SEQIENO: 35)

enbodi nent the termnal ten ammop aci ds of Exendin-4

The olloyig sidfihaiaaoigeinsE s s Ul (epidssapspSioeste

! ; . . .
APTEED. COSORRESR! RO TN | FCh 2R BeREPAPHGEY,
BN CHO atnd d yr(Brivay 8 hp hempiaed popfidyhkesacy asvidagedfvath 20%

R Gt OB e S e S hP nEm U erra et dierred to
S HE38RA0RIAREIShd ANad R aeho. SERNFRNGYI 238 0% mﬁ@%eﬁ Esgfﬁde

20, further conprising the amp aci d sequence o
wereNGdeddong with a magnetic stir bar. The vessel was attached to the HF

apparatus (Pennisula Labs), cooled in a dry ice/methanol bath, evacuated, and aprox.
10ml liquid hydrogen fluoride was condensed in. The reaction was stirred in an ice
bath for 1hr then the HF was removed in vacuo. The residue was suspended in ethyl
ether; the solids were filtered, washed with ether, and the peptide extracted into 50 ml
aqueous acetic acid. An analytical HPLC was run [0.46 x 5 cm Zorbax C8, 1 ml/min,
45C, 214nm, A buffer of 0.1%TFA, B buffer of 0.1%TFA/90%ACN, gradient=10%B
to 80%B over 10min.] with a small sample of the cleavage extract. The remaining
extract was loaded onto a 2.2 x 25cm Kromasil C18 preparative reverse phase column

and an acetonitrile gradient was run using a Pharmacia FPLC system. 5min fractions
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(GPSSGAPPPS) or SEQID NO 29 linked to ammo acid 29
of the glucagon peptide, is adm nistered to

w0 pasad@ual s to i nduce wei ght | oss or prevent R&i/gk1008/053857

gam More particularly, the"éﬂ'ucagon pepti de conpri ses
a sequence selected fromthe group consisting of SEQ
ED NGO 10, SEQ ED NO 12, SEQ ED NO 13 SEQ ED NO 14,
Sk EdlaNEd wible nSEQoER: NOUV 6t 2 18R CDANA=LT%TBEQ ED

; I D NQ . 66 EQ ED NO. 67, SEQ I D NO 68,
S9 ERTRE By Sty s R Tss AL (SR EDORes 4881 ¢ her
CONMPPSHRGak tiéhs 2R A e %Hﬁﬂ&ﬁw%ﬁ%@?@ &Qb(lfeg grogfn,

( GPSSGAPPPS) or SEQ ED 29 I'inked to ammo aci
tand lyyiphdiagdo Pepdl. twg. An HR1E anbodi afent prodhet demonstrated a

adm ni stered gl on peptide anal conpri.ses, the
oD g B R Pl S s SRRt S s of
3200 &I QST MRlicgh CYiFE B 1hdagsh @W@@g&%imuaﬂy
pepti des disclosed herein Two oi nore of the nodifi'ed
direRggRgon pepti des can be |inked together using

standard |inking agents and procedures known to those
skilled mthe art. For exanple, diners can be forned

et AR@DE2Ww nodi fi ed gl ucagon peptides through the use
of bifunctional thiol crosslnkers and bi-functiona

aniesie PloIcrgpRer e andtherdrilgmipaliiriendsd Agrigesagon

eot i . N ; :
Yol na ar ey LBl pafER SRR MIRE b IMEKRR b k) s
pésed nest(nel. rgactiSEQedsE) dN@rthefol oelinglsedueBecd\Nns éhxered el run on a
di ner can be a honodi or alternatively _can be a
SRSt PRURT B oS YIRS Ao aF oV RIHES a7 Heln Eivpeq 4B Ua
Q@m@gd@ﬂglp&u@hﬁ%ycagon fusion peptide wherein the
al u&ggon peptide portion conppses SEQ ID NO 11 or SEQ

I D QGOFEPIa Y 8K YAMMR REQBFYEHMENGEL GIF S SEAPRES KEEQ 2B NO:
LEPSSGAPPPS), SEQ ID NO 27 (KRNRNNIA) or SEQ I D NO
29’ (KRNR) |inked to ammp acid 29 of the glucagon

[IRPTolHRving §d@BRlitBrlote@ TRO BloTR Werk MiSedd | AB(THEY M G& T3,
honmodi ner of a ?Iuca on agoni st anal og of SEQ ID NQ
PETCrmbroi Mty GloHoRexpabe e, for R ). CorppbeEhigB),
ol | N | ent.l v.bound to Lid on
S R Rt e T L R

piperidinbatthetrylformanhidead rémoverthy Taedra ARetesiondheén transfedired to
ghycaqon pepti de bound to a second E ucagon pepti de
aFeaiop yresel angidisied imvacne: 10pd p-cgisabangdhy pé gionade] sulfide

SRS BT R R B R P
hppan@us (Pen@mda Lhlss) seoteddn g duciag/ortipeplttiade ecanpps end SHEQx.
gﬁzﬁg&uig gydrlo genaf%:o?{dg %v%(s: %or\{ge%shedainn.olfgee 1reaceth>?10\gellsr§iprted %1 an ice
bath for 1hr then the HF was removed in vacuo. The residue was suspended in ethyl
ether; the solids were filtered, washed with ether, and the peptide extracted into 50 ml
aqueous acetic acid. An analytical HPLC was run [0.46 x 5 cm Zorbax C8, 1 ml/min,
45C, 214nm, A buffer of 0.1%TFA, B buffer of 0.1%TFA/90%ACN, gradient=10%B
to 80%B over 10min.] on an aliquot of the cleavage extract. The extract was loaded
onto a 2.2 x 25cm Kromasil C18 preparative reverse phase column and an acetonitrile

gradient was run for elution using a Pharmacia FPLC system. 5min fractions were

collected while monitoring the UV at 214nm (2.0A). A=0.1%TFA,
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is provided conppsng a first glucagon peptide bound to
a second gl ucagon peptide via a |linker, wherein said

WO poostioiucagon pepti de conpri ses a sequence SECBUSEAS/053857

fromthe group consisting of52SEQ I D NO 2, SEQ I D NO
3, SEQIDNO 4, SEQIDNO 5 SEQED NO 8, SEQID
NO 9, SEQID NO 10, SEQID NO 11 and the second
@%qm@@%ﬁée‘é&lltgmrh(ﬁ@ntS@%}g)td\@O%‘ﬁ-ové%ml@Omm Fractions
pharmaceutically acceptable salts of said glucagon
p81oppegne Patrigned, firoagc endiynplglinid th gavedtdidmaenbodi ment  a

di i d first. gluca '
pound HEE e Ba 1 5 ERag oo Be e Fa o £ R RERYe. M1
Mh@§ SlebrrAahlydié sthvcatMCRABRNCPONhE ik t1eBlca6i]ethst 6O 16.7

%a)up consisting of SEQID NO 11, SEQ ID NO 12,
mdict 282 SEemiDalNorida. 4OXBE@np®lm@nﬂ@xyrsegoqi@nr\@N R

%16616 S Dby [ A SERARIR, 42,800 105, SEFaRd

gppﬁpn&apscbaﬁtad Pgl\/ﬁfesﬁiEQ DD NO. 11 SEQ ID NO 12, SEQ
D NO 13 SEQ ID NO 14, SEQIDNO 15, SEQIDNO 16,
SEQ ID NO 17 and SEQ ID NO 18, and pharnaceutically
acceptabl e salts of said glucagon pol ypeptides In one
enbodi nent the first glucagon peptide is selected from
EXAMPDEB consisting of SEQ ID NO 20 and the second

uca epf i i 5,1 ndependently selected fromthe
841 g%gﬁgﬁa ﬁgGo?SKSEQ IDNO 8 SEQID NG 9 and SEQ
I'D NOIS 1hg oF NGIABR 0 MRRT[ MBS tand he. 3Q’!grf§éthd»® ﬁo@ﬂ%?lemeglyeol)

bet ween tvvo peptides ‘'wherein each peptide conpri
riéeimieny adVldV s€6Q enBBG avlalSiQO NokNOThdripeuTing) wavel dfsscéwled in

S HERBELLEED e PR RS Ao

aciliEDTAN wanedRED THE FaRBliorAw K drirfe@at RBA Bnpé@furd1ghdahe
gl ucagon agoni st to a patient in need thereof is

Pragvasy @fjthw@@rhww@owtqre%bhﬁBb@@nalyms&P #6 & & cg Gerhgohs.
RERLLiA Qséedﬁgﬁlj A hé& gy OEEO.‘E%%%d)%gC‘gEéPa?dB%ﬁéO%

gl'ucagon pep hp03|n e sequence o
20809&@\14:1{10&31611]9 SEQ ID NO 10 or SEQ DD NGO 11; 2) a

uca on fusion peptide conposi a gl ucagon agoni st
gow tﬁ‘EfﬁaFtES’W\J@XW?L WaSE@@W‘?&E)Z 2202 e &rempg (e§
? aﬁﬁg/quv Qséa&ﬂhﬂnﬁ eqy %&%@mgfle %e%%qun 2R a Pharmac1a
SSGAPPPS) , SEQ DD NGO 27 (KRNRNNI'A) or SEQ DD
PBLC m‘xla)mcbmmkxegi thedJ A wavelacgthl a8l 4am dnldecoféatimg daonin fraCtlonS

t yl at ed gl d SE
REp!lydfa, a%%é%%%% A R S R
?fﬁﬁ AR SR BN ER 0REs PR Brc?eﬁcl(\fé%?’&&ﬁeﬁE@)froz&EQ@D

NO 27 (KRNRNNI A) or NO 28 (KRNR) linked to

biepbilized @ 2@ BX9 mige gl ucagon
This product was analyzed on HPLC [0.46 x 5 cm Zorbax C8, 1 ml/min, 45C,

214nm (0.5A), A=0.1%TFA, B=0.1%TFA/90%ACN, gradient=10%B to 80%B over
10min.] which showed a purity of aprox. 90%. MALDI (matrix assisted laser
desorption ionization) mass spectral analysis showed a broad mass range (typical of
PEG derivatives) of 8700 to 9500. This shows an addition to the mass of the starting

glucagon peptide (3429) of approximately 5,000 a.m.u.
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pepti de, wherein the PEG chain covalently bound to
position 17, 2 1 or 24 has a nol ecul ar wei ght of about

wGodstaoabout 40, 000 Daltons. I n one enbodi nenpCt/iig2008/053857

compose a gl ucagon/ GLP-1 co-afonst wherein the peptide
conposes a sequence selected fromthe group consisting
of SEQ DD NO 11, SEQ DD NO 12, SEQ DD NO 13 SEQ DD
BEXANPLESEQ DD NO. 15, SEQ DD NO 16, SEQ DD NO 17

nd SEQ DO,NO. 18, | n one enbodiment the kit is
%16%88%833’% MalPEGE9Kee for administering the gl ucagon

CONMposj Fﬁhgbfkﬂu@a ﬁ‘@y@“‘h’a@-agd 2948 ﬁgﬁ@-ﬁﬁt%oo@@g?mar

devi ce, | i njector “or ot nee ree rnjec
Tiherapetticapye|dissolved inRbml phiospintabdidreédsaline (PRR)eand 5 ml

r r ontainers, e.q , .Vi t ube bottl es, .
By gt%as nﬁﬂﬁ{ﬂl@f&ﬁ%{%@&%@% Gy Wéﬂaid&%i@ Rheaction was stred
G8Fdofl @EHS AftdRHSI S 1D hEXt ﬂE@LM%i—%Gq@l@ﬁltaiﬁEéeé)z&fter

jet injectors, pre-fi pen devices an

@btsi theatdction onxtaienvasgoaded ogtaac2gd ar?Spmp¥ydie 18 peeparative

| vophi hzed form oy in an. ueous .sol ution. _Prefer .
PSR E ol Pr el on et lisBRERat S 30 S ST PR ERCRFRLE at 4
aslaRindAI R oVikdtihg FRdn GAbRss NRA0. 1 8 AJ BLDAG THA 0% ACN.

I s an aerosol dispensing device, wherein the

COAHOYF208ntoi 89 % eyadR@EY wi t hi n the aerosol device
I ! . . !
noedl a7eagAR S0EBhah? fo bt o ARRES SPpBag ROl

droaposid lyophilizdpo ghveGlage dAmalydis of thé proséd bygmallkieal HPLC
i&ggounds of this invention may be grepared b
AP dai A0 49m0aR E8i EVBURatS, 2148 fbP AhA=0NRTFA,

O ARB0%OICN a0 BB BIA BN PIGRANHPERL T des

and fusion proteinhs. ough certal n non-natural anmo
hoindgereannproding thex prae dgfedenb thas tstanttieyr glucagow péptidan MADNBI

SR I sERAET o) T B el sk sBrehproed
AR RAPS ttglgca%@a%a@y) K760 W 9RP 28 PYw bR a&tgﬁ&a to the

organi ¢ chem stry reactions, in addition to standar
peags pldtbe stagimggluopgoreprptide (3t 7ahefnpapyximatalyl 2000EAMPLES
General Synthesis Protocol: d ucagon anal ogs were
synt hesi zed using HBTU activated "Fast Boc" single
eolNiPng sstarting from 0. 2mol e of Boc Thr (0Bzl ) Pam
resin on a,nodified Applied Biosystem 430 A peptide
§jvragers Cyer MaBFEG#Kno aci ds and HBTU were obt ai ned

L{ gtme %’{)? ﬁ%%él}lgilggé %ﬁgé%@,\g‘ﬁiﬁ 5m£ %QPEG%\&?—SGB@&I%MM
Therapeutics) were dissolved in 3.5ml P}éS with stirring and 0.5 ml 0.01M EDTA was
added. The reaction was stirred at room temp for 7 hrs, then another 40 mg of mPEG-
Mal-5000 was added. After approximately 15 hr, the reaction mixture was loaded
onto a 2.2 x 25 cm Vydac C18 preparative reverse phase column and an acetontrile
gradient was run using a Pharmacia FPLC. 5 min. fractions were collected while
monitoring the UV at 214nm (2.0A). A buffer = 0.1%TFA, B buffer =
0.1%TFA/50%ACN, gradient = 30%B to 100%B over 450min. The fractions
corresponding to product were combined, frozen and lyophilized to give 45.8mg.

MALDI mass spectral analysis showed a typical PEG broad signal with a maximum

at 9175.2 which is approximately 5,000 a.m.u. more than Glucagon C** (3457.8).
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Arg(Tos), Asn(Xan), Asp(CcHex), Cys(pMeBzl), H s(Bom,
Lys(2d -2), Ser(0Bzl), Thr(0Bzl), Tyr(2Br-2), and

wade@g@HO)7 The side-chain protecting group on BEEUS2008/053857

Nt erninal His was Boc. Each-bnpleted peptidyl resin
was treated with a solution of 20% pi perdi ne m

di met hyl formam de to renove the fornyl group fromthe
tE)ymeﬁzﬁ} Li qui d hydrogen fluoride cl eavages were

rfornmed 4 ence of p-cresol and di nethyl
P‘fﬁgﬁg%yﬁ'hg/l%ﬂgégagé was run for 1 hour in an ice
bat h [ AU .
cvapor ol B oF RS e PR PO ERhG A 2 e
dihetapyitics} Wete dissdlvedin 35l BB Sewtithsatrin g reorh tdnpe medi0.5 ml

R BRG0P G 0 g s D T prodic was

[agﬁﬁk%\ﬂlo Y & @i 2 ¥l HPLA 6 AR61R£2X. bﬁg oERPEGIMADOK was
214nm A buffer =0.1%FA, B=0. 1% FA/ 90%acet ont

@Idéed apddl @mtlcmfallszwsl tostBRoEher kst OFhej prédduct fatio dind oot

FPLC aqver..a 2 X 25.¢C r omasi 8
SRR S P i O oSSR M B g
Kromaslt €18 pRpireGVsrevdieplROBEEMAQAHS phififed d)rpz[lEhMoﬁiaﬁa FPLC
conbi ned_and | hi hzed to give a product pur i
SFi0g @%rma@t e EBI0 O EBIVaT 430E. Ao 50y AHAL B buffer =

SR T AR SO AL B BB ar OGRSl LR cBlIe G

gﬂmmagngnh@lsv an2ldagn VA "Shmfmceﬂmsl; aomagﬁmg mamgmbﬁepxeduct
I 5- . 1M et enedi anme

tsv'@‘efé g‘g%l?(étl?% %gzg%affdslan ((151%& o/ dRe-theiLy as/dsisimined by

EX£98S1 (1 ok &Y ~omm). eA'MﬂEDW%E@%&%E@@ahQ%Q? mov&éa%kﬂr@&& peak

is added and the reaction stirred at mtenp wh
iomi 2 HP0tor2d00ivdrichpis agprosinaigly BP0 Afnt.armére tlizmmtmmg

the reackd gn.Mmxture, is acidified and | oaded onto a
695?%?‘5?1 v@ﬁg%/)ér se phase colum for purification
using 0. 19%9FA/ acetonit ple gradient. The approppate

fractlons wer e conbi ned and | yophilized to give the
Edegyl at ed anal ogs. EXAMPLE 1 Synt hesis of

Qy and Simlar MnoCys Anal ogs
glgé‘%gﬁ?ﬁy%ogj#%bﬁékl ) Pamresm (SynChemlInc) in a
60mM redais cﬂmlu@@sﬁa byeﬁ%(d 19) and Q417 @i MPESEMLEHO0D (Naktar

entered and run plied Bi osystens 430A
PéptaperiicsyerR dissolasd igs). 51@11 E§§tvs Stiupng pgeem emprature and 0.5

100181 EPHN WAOSdded. After 4 hr, another 15.6 mg of mPEG-Mal-5000 was
added to drive the reaction to completion. After 8§ hrs, the reaction mixture was
loaded onto a 2.2 x 25 cm Vydac C18 preparative reverse phase column and an
acetonitrile gradient was run on a Pharmacia FPLC system. 5 min fractions were
collected while monitoring the UV at 214nm (2.0A). A=0.1%TFA,
B=0.1%TFA/50%ACN. Fractions 75-97 were combined frozen and lyophilized to
give 40.0 mg of product that is different than recovered starting material on HPLC
(fractions 58-63). Analysis of the product by analytical HPLC [0.46 x 5 cm Zorbax
C8, 1 ml/min, 45C, 214nm (0.5A), A=0.1%TFA, B=0.1%TFA/90%ACN,
gradient=10%B to 80%B over 10min.] showed a purity greater than 95%. MALDI

mass spectral analysis showed the presence of a PEG component with a mass range of
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HSQGTFTSDYSKYLDSCRAQDFVQALMNT (SEQ I D NO 35) The
follow ng side chain protecting groups were used:

woe@gTaw)7 Asp(CcHex), Asn( Xang Cys(pMeBzl ), PCT/US2008/053857
_Z)

d u(OcHex), His(Boc), Lys(2c Ser(Bzl), Thr(Bzl),
Trp(CHO), and Tyr(Br-2Z). The conpl eted peptidyl resm
was treated with 20% pi pepdi ne/ di net hyl formam de to
18e000ve 10,060 Tnaxifmomnat 90p5.8) whith 65, 540enmtu. areatee rhaadtating
an HF r aég éon vessel and dried in vacuo. 1.0m
PRyl 614549 0.5 M di mehyl sul fide were added al ong
vvlth a rmgnetl c stir bar. The vessel was attached to
arat us (Pennisula Labs), cooled in a dry
E? B‘:ﬁ rdlac vacuat ed, and aprox 10m 1liquid
58% y?l de “Condensed in. The reaction was
stlrred in angce bath faor |hr then the HF_was renoved

in vadQdt el @iraes s (sddpeaidddedint $OPMampmpeniumy, o
%@a&%@at‘éﬁb%a@étbﬁl l@‘%d 5‘\@%}1 n_Fa %Iﬁtlfbnecgfhfﬁronﬁmj—@ciﬁxybutync

pepti de extracte Into aqueous acetic atid
anidhyylactoad (I}GBuKin\Bﬁﬁulraaeto{lmléB Aftér Jhing ﬁmtlbmg z(TEQom

m / 45C, buf f f 0. 1% FA, uf f f
R0 Btk | ot atoae: i isadie Coae Fartn mFhe
WHEdBbAs HidB laBorér 1IREs. CIRAIVAUEH MikthACKas dilveed 8 T8N v 10%
extract was | oaded onto a 2.2 x 25cm Kronasi |

Brlegeas ageti acidand was lqﬂda@ ent@ @24 28 aoh Kromasié Cd Sppriperative

[ [un [,8, t em
F R e lhecl Dt O BP i PRATRE R o SoPME bE 43 was
Zdrﬂm PHarﬂA}cla 7, ;30) \&Hﬂd:dhlle&ﬂfg %Eﬂcﬁ&?@@ﬁtmnﬁmﬁg the UV at
0098 over 45 e fractions

t
8&1‘1@1&.(%%@ Flﬁéf ﬁ?ﬁé@lﬂ AreddiE A LBEOS%’TW 8% Srbi Feagtions 74-

37 SFEcos e NORH AT bobflisth Krsy OHB, At AR R A

pasty of [96%1 anall MAIIIEIymss spetmmadisissheded henadesfi 3540. 7 84 mass

of . 3429. d uca

OSB3 iy SH0 ATl T hig sl TS & Pl of a single

gﬁg,}glgc%&lg&e@ ucagon- Cex and Qther C Ter nmal  Ext ended
Anal ogs. 285ng (0.2nmol e) net hoxybenzhydryl amme resin

(M dwest Bi ot ech) was placed in a 60m reaction vessel

and the foll owm ng sequence was entered and r, on a

nodi fi ed Applied Bi osystens 430A pepti de §gaﬁdt:§si zer

usi ng Fast Boc HBTUacti vat ed single couplings.
HSQGTFTSDYSKYL DSRRAQDFVQAL MNTGPSSGAPPPS (SﬁD NG

H S8 QGTFTSDY SKYLDSRRAQDTF V—N W L M N T—coon
[¢]

Molecular Weight =3541.91 SEQID NO: 37

Exact Mass =3538
Molecular Formula =C155H226N4205082

EXAMPLE 9
Glucagon Cy324(S-carb0xymethyl)

18.1mg of Glucagon Cys>*(1-29) was dissolved in 9.4ml 0.1M sodium
phosphate buffer (pH=9.2) and 0.6ml bromoacetic acid solution (1.3mg/ml in
acetonitrile) was added. The reaction was stirred at room temperature and the
reaction progress was followed by analytical HPLC. After 1hr another 0.1ml
bromoacetic acid solution was added. The reaction was stirred another 60min. then
acidified with aqueous acetic acid and was loaded onto a 2.2 x 25cm Kromasil C18

preparative reverse phase column for purification. An acetonitrile gradient was run
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36) The follow ng side chain protecting groups were
used: Arg(Tos), Asp(CcHex), Asn(Xan), Cys(pMeBzl),

w@kwgetdex) , Hi s(Boc), Lys(2Cl Z), Ser(Bzl), Tee1/Bgi0ps/053857

Trp(CHO), and Tyr(Br-z). Thed&onpl eted pept i dyl resm
was treated with 20% pi pepdi ne/ di net hyl formam de to
renmove the Trp fornyl protection then transferred to
i arfhaarhacnFRIES sfddw ariehlthing ohile velldtng ﬂ,rnﬁmradtloﬁi ﬁﬁDI
and 0.5 m _di neh sul fide were added alog

|
airing ey Spaln RO AloSshsl Ak Stack e At e
@mt%ﬁnoﬁgwoawl%gﬁ% gré&%h@%éﬂo 1\;‘iirlorri liquid

hg/vhrzd gemoff produci. dAnsdchad: bﬂ’dﬂ&edred 2] pufﬂye)f 190&candavi ALEE mass
sti rrﬁd iln_ an ath f lgéﬁt he HE was renoved
PFHRLYRYPREOP %P Sab que PRY¥Clet her; the
solids were filtered, vvashed with ether, and th 0
pepti de extracted into 50 ml aqueous aceti c cfg\%n
alyti C u oL hax oo
%Q/l“ : QC%CT I_Lglir4rs1\rl;1@%A%bgf\¥ 385 y"oﬁlg/gaFﬁ P g T
0. 199 FA/ 90%ACN, gradi ent=10%8 to 80%B over | Omn.] on
arf\/l<a¢quqa¢wtelgd)f I5hestl eavage extract SEQHEN@3Br act was
| GRAEIPRTA é—%@mﬁﬁ%dﬁ%@msnl C18 preparative
reverse phase columm and an acetonitple gradi ent was
run for elution using a Pharmacia FPLC system 5nin
BxaxviPbAEI0wWer e col | ected whil e nonitopng the UV at
214nm (2. 0A) . A=0. 19%9FA, B=0. 19%FA/ 50%cetonit ple.
@wg%?ys gudmide PRS0 3@ Kodister 450mm  Fracti ons 58- 65
were conbi ned, frozen and | yophi hzed to give 198. | ny.
HPLC Ak ydicagoh Ctyhéapd bo2we MhbREG-Malpid0ot y of

Ph T Peisho A Haleibigr s NIREovoD; R B Bedeivh e

\Wiskblvédi 35 QﬁB&?ﬁat@Suﬂer&l s@melan@b. sairioda M BRIl ArH tettion
and oxyntonbdul m KRNR were simlarly prepared as thg

@as siimgdhatiroer tasapeyatie- AfPuEohss, an@thergl & ¢f Glheagon Cys was

SRR Bdoa QG0 DB Y By, s A iy s
2oadadrgntoatihaiici® PEpRRT E/i 6 elghnemt Jan wedtenitrilel gradie@t was run

M W 5000 (nPEG Mal - 5000, Nektar Therapeutics) were
an e Phrteagia FPLLC while pelissting Laibiiaqtion andmpritorngses) UYr

0155, dixa t E o
010 81 DG 00 1 008 R0 (Rl
76 weer ainohinedfinazeh lapd lyophilized to give 10.4mg. Analytical HPLC showed
a purity of 90% and MALDI mass spectral analysis shows a component in the 9500-

11,000 range which is consistent with the desired dimer.

GlucagonCys?4(1-29)
AN GlucagonCys?4(1-29)

S
3457.80
3457.80 O
3572.00
10487.60 o \ PEG34OO/N

o)

EXAMPLE 11
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progress of the reaction was nonitored by HPLC
analysis [0.46 x 5 cm Zorbax C8, Im/mm 45C, 214nm

W@ 2008A)101A=0. 190 FA, B=0. 19%FA/ 90%ACN, gr adi ent PADUER0DS053857

8098 over 10mm]. After 5 hodts, the reaction mxture
was | oaded onto 2.2 x 25 cm Kromasi| Cl18 preparastive
reverse phase columm. An acetonitple gradient was run
®ynthesihaf GAchgonARcGnwhi | e noni t opng t he UV wavel engt h
at 214nm and collecting 5 mm fractions. A=0. 1%FA,

B=0. 1%FE2s8% mmeted methsxabenghydiylapinesmsip Modweso Biptesha pras
e gt "

AW AL iR OScIE B SRR B foPghcs B eS8 B heg on

Timdsfiqal Appliet Biosys@mal4paapeptideiyhBediferding Boc DERRT-béivated

C8,.1 m/mm 45C, 214nm (0.5A), A=0.1%FA,

SISl PRIBOUACN, gradi ent =109B to 8098 over 10mm |

whi ch showed a purity of aprox. 90% MALDI (nmatrix

assisted | aser desorption ionization) mass spectral

anal y$ISQGHOUY SKFLOAR ReQBPFVQWEMN B-DIH2A(12d6 [REGm; SEQ

Sﬁ@@;@%) of 8700 to 9500. This shows an addition to
of the starting glucagon peptide (3429) of

approxi mately 5,000 a. mu. EXAMPLE 4 d ucagon Cys2 1

Mal - PEG 5K 21.6ng of G ucagon Cys2 1(1-29) and 24ny

nPEG- Whe feilpoang sidk ehain Metactipe groups ersarsed: dAegBos) edispi(@cHX),

S LR TAALE BB AP T

ThyeBi-@9.Cc Ly (T1-HASvas Gbdd' 28 Gosition DDA wék cBfistztibted from 16-
anot her 12. MPEG MAL- 5000 was added. After

7 f
B 29:24, 98 2 2 c L he RomPlRted et restmtaesindovih 0% x
RRE YRR fe i Torly SRR ) bR AV GBRRRE RV ) BB Sortl
groupian wetliak ¢heddhdeatd OFm pootectiondain bnsl2 ahd G1d26T Fdpon
B=0. 1%.FA/ 50%ACN.. Gradient= 20%to 80%B . 450m n,
FRRTTARLIEE POREIOE) e HR St A s affe e dphed with

| f, 'y gi ve
Bl R IRy A p ORI 4B, 2

dometylformanmdez dhs assiiC®as treatéd with 52016, (1 2drole) Bénzbijazole-1-
R T A T S Tt A e
dinhdtRylRiHnail®hnd dakdprosy1&h eRGRNDIERS.| TR rebNehlproceeded for
8-10 hours and the cyclization was confirmed by a negative ninhydrin reaction. The
resin was washed with dimethylformamide, followed by dichloromethane and
subsequently treated with trifluoroacetic acid for 10 minutes. The removal of the Boc
group was confirmed by a positive ninhydrin reaction. The resin was washed with
dimethylformamide and dichloromethane and dried before being transferred to a
hydrofluoric acid (HF) reaction vessel. 500 uL p-cresol was added along with a
magnetic stir bar. The vessel was attached to the HF apparatus (Peninsula Labs),
cooled in a dry ice/methanol bath, evacuated, and approximately 10 mL of liquid
hydrofluoric acid was condensed into the vessel. The reaction was stirred for 1 hour
in an ice bath and the HF was subsequently removed in vacuo. The residue was
Suspended in ethyl ether; the solids were filtered, washed with ether, and the peptide

was solubilized with 150 mL 20% acetonitrile/1% acetic acid.
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(matrix assisted | aser desorption ionization) nmass
spectral analysis showed a broad mass range (typical

w@BooREGB0anal ogs) of 8700 to 9700. This shows aPCT/US2008/053857

addition to the mass of the-8arting gl ucagon peptide
(3470) of approximately 5,000 a. mu. EXAMPLE 5

A ucagon Cys24 Mal - PEG 5K 20. 1ng d ucagon C24(1 -29)

and 3AxnSiglyaCAGINGG 2R dfNekéRde JNeHiRRRAIDES) wieEdducted
dissolved in 3.5n PBS with stirring and 0.5 m 0.01M
Epges halollgwineronditiens K Ki39mmastest L8y b0 ml/mypA20 ampA

f : t

biffep MerEA/RGR REQBELAE 1B AT, it 15 over
MAsnihaasie dhe ekivaca was dilxte® bvafold\yitawatet arll jpadydamed 4 28 X 25

r ev\giéag hase col um and an acetontrile gradi ent was

€8 ﬁS‘ Riepmaliedeyeaserbase catupp And ¢lpigd usigg an gegtenitrile

SR E 080 WAL IITRENE | QE0kiRg of 2k TEAIR AER0 B buttbr of

9. 150 YBA! 174 C09Bamslegradisimif 19-10Di9e Bfava t 20ammutes at a flow of 15.00

cqrr.es | ng,to product. were. copbi ned, frozen, an )
bR PR tiyshif e Dok e TiaS e e fienpan 95% purty
an@b NSt spRly QU ghtdn tiyRb sgkthERaRER 36N Hintaal m¥¥s P 3806 Da for
maxi mum at "9175.2 which is approximately 5,000 a. m u.

iher 2-1higptam. Lactaonropul 621 30-24) and 24-28-Xeaompirgpaged similarly.

A ucagon Cys24 Mal - PEG 20K 25. 7ng of d ucagon

Cys24(1-29) and 40. 7ng nPEG Mal - 20K ( Nekt ar

FXeyMPpEBtics) were dissolved in 3.5m PBS with

stirring at_roomtenp and 0.5 m 0.01M EDTA was added.
/Qflk“@go%g?lé‘?lhﬂhésﬁaﬁﬁ o of starting material to product

was apr - 00; ' J
of - PR3 5E(R or I5hRRf 0P e o Ehn artl) e
StO1N IHAb16@ul of 6docs soldtien ipdidatad to trat with DAINAAC! and the UV
sjgnific |y, inproved, the reaction nmxture was
B Pnd) 5 Glepmingt, ?Fﬁkpgrﬂﬁél?q re@ﬂl@w%%%%oimovés
LEYSES B FifASEngol um and purified on a Pharmacia FPLC
using a gradient of 3098 to 10098 over 450m n. A

@Q@-ﬂé@lﬂ H0LM NP0, @HAR)f Gihe s0l0tidv4BRNLFOI RGN dvemight at 4°C
AP PryeRay Ao0dbo siveB anf o Glins i o it B Fre, and the

Wi@bfﬂaﬂ@ib@@f@ﬁﬁiﬂ@@@ﬁdﬂglgﬁtﬁl wer e conbined, frozen
g

and | yophilized to give 2t Purity as determ ned
by he initial absorbance reading is compensated for the increase in volume and

the following calculation is used to establish percent solubility:
Final Absorbance
Initial Absorbance

X 100 = percent soluble

Results are shown in Table 1 wherein Glucagon-Cex represents wild type glucagon
(SEQ ID NO: 1) plus a carboxy terminal addition of SEQ ID NO: 26 and Glucagon-
Cex R' represents SEQ ID NO: 39.
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anal ytical HPLC was ~90% A MALDI nmass spectral
anal ysis showed a broad peak from 23,000 to 27, 000

wokioshoios7 appr oxi mately 20, 000 a. m u. nore thaPCT/US2008/053857

starting @ ucagon C24 (3457.-8)-. EXAMPLE 7 d ucagon
Cys29 Mal - PEG 5K 20.0nmg of d ucagon Cys29(1-29) and
24.7 ng nPEG Mal -5000 (Nektar Therapeutics) were

di ssol ved i n Jabled SoRibilivyldatStor ghicagohndlogym
tenperature and 0.5 m 0.01M EDTA was added. After 4
hr, another 15.6 ng of nPEG Ml - 5000 was added to
dialeg t he reaction to conpl eti dierceaf Seluble hrs, the
(@ueagoon nmi xture was | oaded ontl® a 2.2 x 25 cm Vydac
Cil8cagoeferaR12/e reverse phase clddurm and an
@ladagohOckl e gradi ent was run @7 a Pharnacia FPLC
DiShemModalim N fractions were cojghected while

MRidLBh MG 1TEGAY at 214nm (2. Q). A=0. 19%FA,

B ‘E%’ s Fractions 75-Q& were conbined frozen
Sﬂ? jbXﬁ’, S@h 40 give 40.0 ng,qf product that is
FFreren an recovered starti r?g material on HPLC
(fractions 58-63). Analysis of the product by

anal ytical HPLC [0.46 x 5 cm Zorbax C8, 1 m/mn, 45C,
23400 £13A) . A=0. 199FA, B=0. 19%FA/ 90%ACN,

gradi ent =1098B to 8098 over 1Om n.] showed a purity
§lecigen ReceptordindingAlsfly mass spectral anal ysis showed

"5, DOBE Efia Roafhridrae B Ridret By P e s 0
g%ﬂ{(}egitioﬂl’tﬁﬁﬁﬁg adeputil R dchrMllafi®d Frokihity( é’sﬂa%"‘te&)nomfy? Serial 3-
ny

PLE 8 d ucagon Cys 24 (2-butyrolactone) To 24.
&eld dilyiéens o4 theypeptidgs maxg)in geistilation graxinitp agBwbalferdAi0g M

i t v id £d,l . 5.5 yl_of a solution.
ARG00R 1 ST i Ba® T ablin 2R o6
9RO ulhirtddad bottdrh pRe (C¥Hiiag i Actef, MA) with 0@5aiM (RO

t enperature, another 105 ul of | actone solution was
dod) 10 elogeacndAmershey Bioggieners. wissatgway.ilg, 1-0

Ho skl sn plind GaS0UAPHILH frolfiBe RopttRlold |

ax#eBing RManrpliGagorescept@l, ald pngpeclbpolyehylensinie-tpdagslevheat

colum. An acetonitrile gradient (209 0 8098 aver
gwggjlu%é% type A scmtlrlllatmn roxijmlty assagy beads EAmersham Biosciences,

Piscataway, NJ). Upon 5 min shaking at 800 rpm on a rotary shaker, the plate was

incubated 12h at room temperature and then read on MicroBeta1450 liquid
scintillation counter (Perkin-Elmer, Wellesley, MA). Non-specifically bound (NSB)
radioactivity was measured in the wells with 4 times greater concentration of “cold”
native ligand than the highest concentration in test samples and total bound
radioactivity was detected in the wells with no competitor. Percent specific biﬁding
was calculated as following: % Specific Binding = ((Bound-NSB)/(Total bound-
NSB)) X 100. ICso values were determined by using Origin software (OriginLab,
Northampton, MA).
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run on a Pharmacia FPLC while collecting 5mn
fractions and nonitoring the UV at 214nm (2. 0A). Fl ow

waZooBmon7 A=O. 1% FA, B=0O. | %FA/ 50% ACN. Fr apCT/O8208/053857

74- 77 were conbined frozen-®hd | yophilized to give
7.5ngy. HPLC anal ysis showed a purity of 95% and MALDI
mass spect anal ysis showed a mass of 3540.7 or 84 nass
lE{AMPIIErle than starting material. This result

%gnSI st e ‘%M#% t%ddi tion of a single butyrol actone
peiapal SS‘/G C$DYSKYLDSRRAQDF M
0 Ie q‘He |a§ihfy Wgudélg(')\}l{%nalf%ggﬁémhuge AP ds r&a@@edya E-}‘eﬂy

ac cular Formula =C 15
I@N&raﬁ@bwﬁze@mms@. HEX22hepls cOtmnsfected with either glucagon or

-carb hyl) 1 .| f @ ys 24(1-29
AP FaRt T iss cene Mg G TE st & elomtspt fete serom
@epnRddy cantkitk M in mmmaﬁ\htrsg@p qumhua;Apghp@ilen?eﬁwdrwlth

in acetonitrile) wa ded. Thé reaction was stirred

&25fpBavine Eﬁp@r@t&@n&n éHY)Clth@ lroga?tlﬂ’B)rﬁnﬁrthtgtle@Q)awdsmth serial
DPLC.
SR OAEL et 3R ek e DY et QhBln BT BLaR s

£J0,lih 06 v@ngiotyeb miﬂetboatehe‘m@@md |pidtt§SCtB\]D Bids@entes,Ban Jose,
acetic acid and was | oaded onto a 2.2 x 25cm Kronasi |

€A)8 Al tharndafithesineubatipn 0Qmicsaliters| of Ayckis luminescence substrate

Bz O Pt WRESIANNLL) it SO 5 e LT NI s
fshafkeh briefly, amohbawdil0 atin irgthe derkiddish@dutpun w3 .milured on
o oUTF 0%ACN. E i -29
ﬁ{ﬂl?‘ﬁ %Pglﬂélhil A S?be‘?ﬂ“lnFei @%eal%ta' @ns ?@%@f‘é}%f%- of

Eméﬁk%t 50%@&{&5&%53 %k%amﬁmﬁ%bhgm%ﬁ%r@@E%iln%,ab,

mass spectral anal ysis confi mass of
MmhamptodeMiAr eRespltoata showHih Figs. 3-0ar@ in TablEs @ tirowglS1K Y
LDSRRAQDFV-N]] WL MN T-CH O Ml ecul ar
Wei ght =351 5.87 SEQ I D NO 38 Exact Mass =3512
Mol ecul ar Fornul a =C153H224N42060S2 EXAVPLE 10



G ucagon Cys24 mal ei m do, PEG 3. 4K-di mer 16ng G ucagon
Cys24 and 1.02ng Ml - PEG Mal - 3400,

woologfiety| enegl ycol ) - bi s-mal ei m de avg. MW BaD0$2008/053857
(Nektar Therpeutics) were di- 85ol ved in 3.5 phosphate
buffered saline and 0.5m 0.01M EDTA and the reaction

was stirred at roomtenperature. After 16hrs, another
16ng of d ucagon Cys24 was added and the stirring

conti nued. After approximately 40hrs, the reaction

m xture vvas | oaded onto a M@k i a PepRPC 16/ 10 col um

la:rF])ECa l?(ﬂ]k{dggtb% @ﬁlg?#(ﬁpér actl {gﬁfsi (2?11 ITDnI orl nq n

the W/ at 214nm (2.0A). |Flow=2m / m n, . 81 Ebn
B=0. 190 FApgQYACN. Fracti d

lons—69-—74 were col d
frozen and 1yophilized tlo_dé\eagen Resgptomna| vt | GHP-Hbegeptor

showed a purity of 90% dnd MECE: nMass $P¥ciral ECso, nM N
@}]@é%ghs shows a conmpongnt igipot-hg0§500- 1111 0003r anNg g4 10
H-eh—-Ss—conststent—w-tHthe desi+eddi T EXAMPLEE
IGLPSYnt hesi s of @ ucagor Lzaua@mzsgsng 20 2 nr4 ¢)0.01 14
thoxypenznydryram ne rjesi \Y] TECH) S
ﬁ %’gi % 60 nl reactign v sé Q nd thé foll%)\é\\?ﬁ&m 7
@@Hﬂ%ﬁﬁﬁuﬁ@iqﬁiseml eg an afahr%datibgd APPST Ed 253 +1.74 5
Ll \J\Jy\JL T A~ A4 C\lh eSHZerf uSI O\J
OERBD iV KRNR si ngl e qoupl2itigs1.74 Z 3.21:%049 2
Wﬁrﬂwv&ﬂv_lw\” N2 12=16 tpctam
%eP1 K33 The fol | owi nd si 8€1endil prot@ctl ngoé$él9 >
Tos As . Xam G u ;
%&#ﬁng%?:(:mpz %E(Rﬂ‘ "I'Qégl(:%ﬂ ?1OT p(( I’—O'63 10
Wuc(a@onk)lzmgbs(d Z) was us@c84a&‘0|90$|ti051 12 i(i82+049 5
| actanms_were constructed I T"OTIT J.O- LU :_U- 2 24 LO.
FhecagepBle&ed peptidyl rfesi A-Qs089 eat et w th ]2%5/‘“097 5
' Mo} nmet hyl f or rmm de d1or ye hou
@pghp&t ag?ﬂgmfgi&rbpnnvp the ?nsr‘m/ group éq wel 41 O%ﬁl 6
BhagamAntlien pr ot ecti on from%yﬁd)ZSand GISU 6 w@mo35 2
LUIIfi ration_of—renoval osttivefnrnhydr—tests
niopdpligg24 washed vvith dlzl'é’[ih PP ormand de, fORT &R 2
. d than al th
ol RP G20 PROCATC ool ROl e B2yt |

(1 nimbER9f empements azol e- 1-




yl -oxy-tris-pyrrolidino-phosphoni um

hexaf | uor ophosphate (PyBOP) in dinethylfornmam de and
waleiosomoopyl et hyl anmi ne (DI EA). The reacti on prBPCEHES®AS/053857

for 8-10 hours and the cycll§%mon was confirmed by a

negative ninhydrin reaction. The resin was washed wth

di net hyl f ormam de, foll owed by dichl oronet hane and

subsequently treated wth Mabledioroacetic acid for 10

m nutes. The rempval of the Bocq'group was confirnmed by

a positive riA¥ydpdpctiondy Pegylated Glucagon Apalogsasnhed

W T h di metrnytformam de gnd di chiorone g dried
bef ore being transferred to a hydrofl‘ifgﬁpg ‘S{?PB“(HF)

reaction VER&E . 500 ni [p- dBlesadonBasepaded| al oGgLPW Réceptor

a magnetic stir bar. Thq vesE@go wes at{aghpd tEdhemir

ar at us ( Peni nsula Tansy, A dry
f%gg“i'alfﬁg’i’hanol bath. evacuated @9%\00“ i%rratelvjllo't%ﬁf1

Qﬁuédgeﬁtdﬂi%d}“ﬂt' uoric gci dom&mﬂden%e@' nt astdae. 1.13

vessel he reactionwas—stirred for hou Hh—anh-tce—
o-H HA—aR—-G

lﬁlu@gamdlZﬂ[PEG—lFKwas subs equ@rﬁ7|¢y0ﬂérmve=d6i n vdduhad.+ 36

(R EPR G2 RECHOR i th_cllher O AiE04he pegti fo VAES £ 255

LBk o 36 150 T [20%agel o0y 11 [of 100 A5G 74

cal. _HPLClanalvsis_o b Cr

[SSRNIEN  C  SRN A S Y §7 4

Sihaigoh C26 PEGIN de vas |con@losteolosinder 3he fbﬁitldenehﬁ@ed

condirtitons 46— XS0 mmpXterrTa 8 — 150ty mn—226

GHpcagop GRf Bimer 104 TEA/ 10% ABNO 083 f of 3. 1 ooMNOt Apterpingd

radi ent 5-95%B over 15 es The| ext
1 9 Judty <51 6.§8% o

ited twofold with watler and [ oaded_ontola 2

Emmybseofcxppiapp at i ve reverse phase col um and

el uted using an acetonitrile gradient on a Waters HPLC
system (A buffer of 0.1% TFA/ 10% ACN, B buffer of 0.1%
TFA/ 10% CAN and a gradi ent of 0-100% B over 120

m nutes at a flow of 15.00Tgbfey n. HPLC anal ysi s of

the purified RANIPIRIRKIISY E6 Ehd sﬁmmoggan 95%

purl ty and el ect rospray ioni zation ss Sp¢ ctral

| il a Wal

amat ysis—confirnmed—a mass of —3506 Da—for—the—12-16

PactairRotérey Retativé tooNative-1a8and20- 24, and 24- 28 were

pid ed simlarly. EXAMPLE 12 Qjucag@Reeo! ubj | 1t \GLP-1Rec

ﬁé@}{ﬁcNﬁstI ution (Irrg/m or dr‘ﬂl/m)lg)fzgl ucagon (Of78

Tl O s—prepared T 004N }
a]\l& 8111 g.) A.[J v o 1 a4 i mllm anr~| fLZb:\n/O-g

1t r\n| t wit h
a'&‘?ﬁ ce (276nm) is deternined] The 413}2 of the 4.0
Ndyeu3 FH6ClE 2 sol ution is adjudted t66pH7 uking 206
E3, E16 Gluc-NH2 1.6 28.8
Orn3, E16 Gluc-NH2 0.5 0.1

GLP-1 <0.1 100
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200- 250ul 0. 1M Na2HPO4 (pH9.2). The solution is
al l owed to stand overnight at 40C then centri fuged.

wo a08l100i7 supernatant is then diluted to Im wWaTUS2008063857

HC, and the UV absorbance i83-deternined (in
duplicate). The initial absorbance reading is
conpensated for the increase in volunme and the
followi ng calculation is used to establish percent
solubility: Final Absorbanggpresl = percent sol uble
I'nitial AbsorRapap iRaaitidnShyPE $6 oh Ank

V\herel n d ucagon-Cex represents wild type gl ucagon

P@rc@@P&&c?‘Nla@vH?@H%‘ve 1GemdR12 represents SEQ I D NG

f&ol c L S0TUDIrrrty dqre 1 U[Gﬂé Lngll arrat UWTﬁécug

Lhgalal o A oo~ 16 iigsapsan z I'YI”

E.’iatcﬁ"‘mﬁﬁﬂ”hi Ocyntomadulin B2 G ucal et
45 TGNy < 21 PEGEK |105 Gllﬁ'z?éhon vs24PFGm<9-i33

EGhg-MHdcagon Recdptor Hi3fdi ng Assay The 415

f¢-NH2y of peptides to |the gl d&agon receptor wa40

nmeasured i n a conpetition binding assay utilizing
scintillation proximty assay technol ogy. Serial 3-
fold dilutions of the peptides made in scintillation

prOX|mty assay buffer Trls HC, pH 7.5, 0.15
o6 el | WP &W&F%@?Véﬁﬁiﬁﬁmw&YWﬁkﬁéfm ot on,
with 0. 08 nM(3-112511- |nrlnf\/ Qsy , T\/rlﬂ

;I ucagon (Anersha}r@ueagnmn:es Pi bcat 1\/@[;(]3 iNJ), |1-6
Ti Crograns per we Inecgb@-ma menbr ape f W&

b aoxnarad £ v S Al onalJao ha oo

prvpgar vu LALLM A2 o UV\,I \,I\ COOTITY ||u|| | uuuudul

é:twfbder and 1 ng/EQBG(quJ)l \ eStEjerenemm rEﬁSOémM)sc StDev | n

rmagglutfnin t SeLNtfrrajron proxy miy
ﬁ)egadq (Anerksham R%%(‘ pnﬁwlg 10 EH N/A

Glucagon -NH2 0.53 0.33 8 1.82 0.96
E16 Gluc-NH2 0.07 0.07 | 10 0.16 0.14 | 10
E16, G30 Gluc-NH2 0.41 0.36 5 0.24 0.10
E16, G30 Gluc-Cex 0.51 0.46 5 1.19 0.86

GLP-1 2214 N/A 1 0.03 0.02
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Pi scataway, NJ). Upon 5 min shaking at 800 rpmon a
rotary shaker, the plate was incubated 12h at room

wao eovpaomtur e and then read on M croBet al 450 | i PUI/US2008/053857

scintillation counter (Perki‘?ﬂ'EI mer, Wellesley, M.
Non-specifically bound (NSB) radioactivity was
nmeasured in the vveIIs wWth 4 tines greater
concentration of "cold" naWlabklk?7igand than the hi ghest

concent rBCEORalubs fo $AMP TRd®gioats L14 elucbgcumnalogs
radi oactivity was detected |n the wells wth no

CONpetitor. Percent SImaleImals SgFgcut afed—as
foll owi ng: % Speci f ﬁ&_ ng = ((Bound- drTof al
nnnnn 2| I\IC‘D\ AY N 100 wiorla ddt or o n l
DOUUITTU / / /N LUU. I W\J vou Lbo VALY N A2 ugu ol III LAY

=

erﬁﬁdeOrl gi n sof t waf @C@WF@ LBV Nomt raﬁﬁﬁ‘bh"\")l\/ )S.tDeV-

PEANTdeabin RpBCt | 0Nl - Assguyy CAQ’B?SV%VGS'SMBW% 0.4 | 10

woeacaorlanAal A~

bt i Lé@GjLﬁaép\F\Fli 2f ;”rhc&%r;séﬁléa e |r epor 0619 hs e

vCr\nnf oL el farncd AannAn 1 |nn| t o c AN
11T

T CoCToTOT ullu oOCT I ol oY goTro

S
RE40 & 10cBLOANAS- transf ectggly W Lhog![t et gl ucqaant qjos
é’ﬂﬁ@i%&\%n'@l"@nent hwer e s@élm ded?i vedl by cul08r ng-11

L@G@U(ggng/mm_,znwtrogen ¢33 [|sbagly |CA [suppl gi@nt eq gg

a + h Cnr1m/l-l\1f‘| on L agan I'I'\
J CATT

‘P\IILII U. Z—J /70 DUVT TTC F Ovvc 11 OCT 4 AR T]

 RI6GleqaopiriiiBat ed ith @864l @ibtidds of @9dnpr 0.28

GINDINININN

SEEbagGh R OF [10veT ebai{aoegsqnal 4os Ton g |1 aes

(=LA ] | Ly cilna oat QH " D| W oot !

a¥al L
JT U voT o1 PoT Yy Doy oriite OCOTtC

pl at es (BD Bi OSCI ences, San Jose, CA). At the end of
the incubation 100 mcroliters of LucLite |um nescence
substrate reagent (Perkin-TEhhier8 Wellesley, MA) were

added t CE€HE halveld for cAMP phduictionds EleoGRitagon Ahhlpgs
i ncubated 10 min in the dark and |ight output was

Teasur ed on CroBet a- 1450 Iiqui o sciptifration
count er ( Per ki n- H Ghicagoel | 4sl ey,| MA) | GEPFecti ve 50%
concent rati ons wejr Beesitaul atjed by] usi pée€eptgr n

CRG n s, 30 EOR PO TADRY b 1 nf ook GO Thoples | T

CAYB di@yst NRe by G ucaggpz Anglogds i th C Tey {8 huso.14 | 10

oTa Lo 2 ~AND
~ T LA J 7 uvi

d6 &lucagorbjHRegyll at ed @.1@4g6:02 al3ogs - nudf oD48 | 3
PEB AR NIRRT | 4 010 [ 001 | 3 246 | 060 3
Glucagon NH2 0.53 | 0.33 4 1.82 0.96 5
GLP-1 2214 | N/A 1 0.03 0.02 9

E16 Gluc NH, was 4-fold more potent at the glucagon receptor relative to G16-
COOH and T16 Gluc NH;,when the compounds were tested side by side.
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CAMP | nduction by E16 & ucagon Anal ogsTable 5 cAMP
I nduction by E16 & ucagon Anal ogs Table 6 EC50 val ues

wo e008a®P7 | nducti on by E16 d ucagon Anal ogs-

-PARDE®0§/053857

EC50 val ues for cAMP | nduct i®h by E16 d ucagon Anal ogs
Tabl e 8 EC50 val ues for cAMP Induction by E16 d ucagon

Anal ogs El
gl ucagon recept or

6 ue NH2 was 4-fold nore potent at the
relative to @ 6- COCH and T16 G ue
NH2, when t he conpounds wer §apr% ed si de by side. -

Tabl e 9 cANANIPdHALéth BYEH/Phl@al 6lacdebsr Agabginal 0gs

ser cent

Pot ency_ Rel at I' ve 10 Natilve Li gand
Patvent] Rotkeney Relutilyg taGNgtive 11

fabl e 10

igam@e 3 uca on Anal 0 s EXAVPLE

ptiteabi | ity Assay for gl

ucagonGRys- nmal ei

m do PHEMB-1Rec

aKog &lkaNm2dlaucagon ang

| 0g wapogly ssol ved 1 n watjers or

oK G NI TGE Al FPLC anal yST igggts conducted: 51T
RO NI TRG o e (el oa Bl 2700 ofds

A = \}‘ap-IDI("fn determn Q~'1e i-nt grify nfg't\lhn
B1G ! e concentration of the-Zpecifilc pepti dé-8of

F16 K26 GlusaSHA et er m ned 4

ind t hel3fel cent r

emai ni ng¢l.5

Glacgbn Was cal cul ated rel

ative tgn.g he ini

tial 0.8

@g&_@ﬁzs. Results for d

gl ucagon peptides are constructed generall

[cagon @ys2 I-nal

el M JoPEHK

£. -l
ForTrowr ity

y as

descri bed above in Exanpl -11: In all of the

fol |l owi ng sequences, . gp E’Z"Q’i%%‘i C-term nal am de.

HSQGT ETSDeAMInduationdy Gl P 120 Glucagon Amalges 70

HSQGT FTSDY SKYLD ERRAK DFVQW |flmag¢rsEQ | D NOLP7L)
Receptor Receptor

Peptide EC50(nM) | StD | EC50(nM) | StD

GLP-1 0.023 0.002

Gluc-NH2 0.159 0.023

E16 GLP-1 0.009 0.000

E16 Glucagon-NH2 0.072 0.007

E16 GLP(17-26)Glu(27-29)-NH2 0.076 0.004 | 0.014 0.001

E16 GLP(17-29)-NH2 0.46 0.023 | 0.010 0.000

E16 GLP(17-29)-NH2 E24, K28 0.23 0.020 | 0.007

E16 GLP(17-29)-NH2 E24, K28 Lactam 0.16 0.017 | 0.007 0.000

EXAMPLE 15

Stability Assay for glucagon Cys-maleimido PEG analogs

Each glucagon analog was dissolved in water or PBS and an initial HPL.C

analysis was conducted. After adjusting the pH (4, 5, 6, 7), the samples were

incubated over a specified time period at 37°C and re-analyzed by HPLC to

determine the integrity of the peptide. The concentration of the specific peptide of

interest was determined and the percent remaining intact was calculated relative to the

initial analysis. Results for Glucagon Cysm-maleimidoPEG5K are shown in Figs. 1

and 2.

EXAMPLE 16
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HSQGT FTSDY SKYLD ERRAK DFVQW LMNTa (| actam @ 16- 20;
SEQ I D NO 72) HSQGT FTSDY SKYLD ERRAQ DFVQW LMNTa

W@ b@stienn @ 12- 16; SEQ ID NO 73) HSQGI FTSDY SKYL/DS2008/053857

ERRAK DFVQW LMNTa (| actam @@®-16; SEQ I D NO 74)

HSQGT FTSDY SKYLD KRRAE DFVQW LMNTa (| actam @ 16- 20;

SEQ ID NO 75) HSQGT FTSDY SKYLD ERAAK DFVQW LMNTa

( SEQ IThe Relowlfg glbi&(goh pEfihlaY afetcbnEincRAAEnEfaN MY ddwdiieed above

| actam @ 16- 20; SEQ ID NO 77) HSQGT FTSDY SKYLD
PEVOMNLMTa (1 actam @ 12-16; SEQ ID NO. 78)

HSQGT FTSDY SKYLD ERAAK DFVQW LMNTa (|l actam @ 12-16;
SEQ ED NO 79) HSQGI FTSDY SKYLD KRAAE DFVQW LMNTa

[ alt vhtie @1k6viag seqBEigel,Daldicatdy CHSQGETal RHRY SKYLD
EQAAK EHAW LMNTa (SEQ I D NO 81) HSQGT FTSDY SKYLD
EQAAK EHAW LWMNTa (|l actam @ 12-16; SEQ I D NO 82) HSQGT

KoY FOMY ROVEIT . 26FQ | D
I\EIIQ 83){5'tﬁ EE%GT FTgDY SK tﬁoﬁé%% EHAW %Ja&(@s% I D NO

SQGBBES DR TSIOVL BER A KPRVQRFLIMNTASES 1D NéX ) @

FORIT PPk b by Rty O R et Aol o o

$KYLD ERRAQ DFVQW LMNTa (SEQ ID NO 87) Xl SQGT FTSDY
SKYLD ERRAK DFVQW LM\Ta (SE%D NO. 88) Xl SQGT FTSDY
H5RQAGT ERNRK SLKY/%?E_WQ DRV kM tiaalgetem GEQRHL6 $KQ ID NO:

9

HSQGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO:
74)

HSQGT FISDY SKYLD KRRAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO:
75)

HSQGT FTSDY SKYLD ERAAK DFVQW LMNTa (SEQ ID NO: 76)

HSQGT FISDY SKYLD ERAAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO:
77)

HSQGT FTSDY SKYLD ERAAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO:
78)

HSQGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO:
79)

HSQGT FTSDY SKYLD KRAAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO:
80)

HSQGT FTSDY SKYLD EQAAK EFIAW LMNTa (SEQ ID NO: 81)

HSQGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 12-16; SEQ ID NO:
82)

HSQGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 16-20; SEQ ID NO:
&3)

HSQGT FTSDY SKYLD EQAAK EFIAW LVKGa (SEQ ID NO: 84)

HSQGT FTSDY SKYLD EQAAK EFIAW LVKGa (lactam @ 12-16; SEQ ID NO:
85)



XI SQGT FTSDY SKYLD ERRAQ DFVQW LMNTa (| actam @ 12- 16;
SEQ ID NO 90) X SQGT FTSDY SKYLD ERRAK DFVQW LM\Ta
W@ b@stianon @ 12- 16; SEQ I D NO. 91) Xl SQGT FTSDY BKIYLIE2008/053857
KRRAE DFVQW LMNTa (| actam @4%-20; SEQ I D NO. 92)
XI SQGT FTSDY SKYLD ERAAK DFVQW LMNTa (SEQ I D NO. 93)
X SQGT FTSDY SKYLD ERAAK DFVQW LMNTa (| actam @ 16- 20;

QG DFRSD YRS Y KDIGA ARTISENA vBHX G £ RAAGN [ YRMOL 8BDAD NO:
lactam @12-16; SEQ ID NO 95) X SQGT FTSDY SKYLD

K DFVQWN LMNTa (lactam @ 12-16; SEQ ID NO 96)
Xl SQGT FTSDY SKYLD KRAAE DFVQW LMNTa (| actam @ 16- 20;
SEQ I D NO 97) Xl SQGT FTSDY SKYLD EQAAK EFI AW LWMNTa

KIEQGT BTRY SILIXESQUD DFVEIV LEEWI2SEQEAK CEBT)AW LMNTa

2tk BT AR Sk By 1t SEEPNGRE “L00)

X/1SQGT FESSDSKSHY! ERIEQRARVER AMNTK Getafh SEQ-LE SHQ ID103:)89)

S tep? el ey s AR G T G s0

X18QGAFIED Y SKXYLD HERAK DANQW LONTa\hethmi @ 12-06;t98€) ID NO: 91)

SR AR BT R P Qe RBTRELE Tep S pRPD

SKYQOT ERFBK SERVOQVERAAK DRVERDLMNTNQSEQ WS NG-BRQGT FTSDY

REEPITR s e ey et o

X25Q6T FSEQY ISE YD ERAXQ DHXZGLVINTAM etk Y. D2 -F&RF8AQ IDANMOIYS)

pIAT &Eﬁ@%ﬁﬁ?&“& ?5%@@%%6@%%T@0: 96)

K0SQGHRZEY SKNSDYKISKXE DHYRNAKMDAQAL tatd N 46-SEBRAQ ID N 97)

I 80q IR s ek AR LSRRG o brvow

KNBQET FraeY Sk YEDIZQASK EFHOVILIVINID (1dbthz) @ HXAQIEQ-ILSRY: 99)

SR SRR B i TR

X6SQOT F$EJOX ISEYND EQAAK EHI@MENIKESBEQSBNLGD 1BQAAK EFI AW
EUNTGT ey sk P aoARY RSy n( b ¢ 1 2 B b dsp
SKYQGT FTRAK SKREMQAM&EF(AW&\FKG@&&HQ@,IGSEQ}HQ]D\ND: 103)
wh@rein in the preceding sequences, X1 = (Des-amino)His

HX2QGT FTSDY SKYLD ERRAQ DFVQW LMNTa (SEQ ID NO: 104)

HX2QGT FTSDY SKYLD ERRAK DFVQW LMNTa (SEQ ID NO: 105)

HX2QGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 106)
HX2QGT FTSDY SKYLD ERRAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 107)
HX2QGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 108)
HX2QGT FTSDY SKYLD KRRAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 109)
HX2QGT FTSDY SKYLD ERAAK DFVQW LMNTa (SEQ ID NO: 110)

HX2QGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 111)
HX2QGT FTSDY SKYLD ERAAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 112)
HX2QGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 113)
HX2QGT FTSDY SKYLD KRAAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 114)
HX2QGT FTSDY SKYLD EQAAK EFIAW LMNTa (SEQ ID NO: 115)

HX2QGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 12-16; SEQ ID NO: 116)
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HX2QGT FTSDY SKYLD EQAAK EFI AW LVKGa (SEQ I D NO. 118)
HX2QGT FTSDY SKYLD EQAAK EFI AW LVKGa (| actam @ 12- 16;

WEREQSI@MONO: 119) HX2QGT FTSDY SKYLD EQAAK EFI ARUT/URIBA8/053857

(I actam @ 16-20; SEQ I D NO -@0) Werein in the

precedi ng sequences X2 = Am noi sobutyric acid HX2QGT
FTSDY SKYLD ERRAQ DFVQW LMNTa (SEQ ID NGO 121) HX2QGT
FRRDGTIREDY HRRAKEDARVRVEFTRWTBEMNSEQadtdn KOL6-2R SEFQHINQST 17)

R rO e ot BRAERERB O (act am

EXPRGIETSBE K YLINEQANKIFFIADAP TR Gh (Il 8KIA-18; ERRABNO: 119)

FRBPGET Rl RGP PR IR T et 5022 o

Nherdid G theDs2ddedink S&U¥n&IC WD BRAAsdDu@dy/dchdNTa ( SEQ | D
NO 127) HX2QGT FTSDY SKYLD ERAAK DFVQW LMNTa (I actam
@ 16- 20; SEQ ID NO 128) HX2QGT FTSDY SKYLD ERAAQ

2QGT
FTS SKYLD ERAAKEIDFMV?%'I mﬁﬁ@d @E%l\g%f SEQ I D

iﬁ@mﬁidifsﬁb‘(z&@ﬂmﬁm SN @V E@EQ@/I‘LCR/N%) (1 act am
bOAETSPHR NERRA F‘W}J T E@M\

EFI LIMNTa KESQI D I\I%]13 13 (i §119t|\:£TSDY SKYLD EQI\AIR 123)

ERX2 Q0T I PY éK ERR@J@E\R LYY q @CN@ @1133p; FpRRHEFO: 124)

'ﬁ?é ‘éﬁ‘%bﬁ} SEAAERRLARY 3 M PLIRMEH@ 46: 1%0513(2&9\*{)9125)
134 FTSDY SKYLD EQAAK EFI AW LVKGa I D

H@ZQF@" &K@BW@VEWT@ (Erctapy/ @ 119128aSKQ He NQni26)

8?2%1{1'21 FSRY BRODFRMK
EFI LVKG (| act am @ 1 137 erein
26 lﬁSPéf %%Q‘)@VH%@%I&&) @Hs EQEPYO: 128)

I ac
g%l_ ERRAK %ﬁ@@ |N§\I?|% alaﬁﬁz lﬁggméﬁ%gé 129)
SRPQETRARRY %ﬁ(&& QUL dastapp@ 126G $HR FNO: 130)

%6 SEg | D I\IO 141) @BR% IR;I}]_J\S*%yISKYLD E%?Rz%ﬁ%@w B

BRI TSDYa5K Vi BOAAK EEEW BNGs (S5O 1D NO: 133)
HX2QGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 12-16; SEQ ID NO: 133)

HX2QGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 16-20; SEQ ID NO: 134)
HX2QGT FTSDY SKYLD EQAAK EFIAW LVKGa (SEQ ID NO: 135)

HX2QGT FTSDY SKYLD EQAAK EFIAW LVKGa (lactam @ 12-16; SEQ ID NO: 136)
HX2QGT FTSDY SKYLD EQAAK EFIAW LVKGa (lactam @ 16-20; SEQ ID NO: 137)
Wherein in the preceding sequences X2 = (D-Ala)

HSEGT FTSDY SKYLD ERRAQ DFVQW LMNTa (SEQ ID NO: 138)

HSEGT FTSDY SKYLD ERRAK DFVQW LMNTa (SEQ ID NO: 139)

HSEGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO:
140)

HSEGT FTSDY SKYLD ERRAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO:
141)

HSEGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO:
142)

HSEGT FTSDY SKYLD KRRAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO:
143)
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142) HSEGI FTSDY SKYLD KRRAE DFVQW LMNTa (| actam @
16-20; SEQ I D NO 143) HSEGT FTSDY SKYLD ERAAK DFVQW

wWQRNFA0BEQ | D NO 144) HSEGI FTSDY SKYLD ERAAKCTDBMAY/053857

LM\Ta (| actam @ 16-20; SEQ F9-NO. 145) HSEGT FTSDY
SKYLD ERAAQ DFVQW LMNTa (|l actam @ 12-16; SEQ | D NO
146) HSEGT FTSDY SKYLD ERAAK DFVQWN LMNTa (| actam @
HSESL FEEQY| smm MAKWWFEW@KEQ@M)DFVQW

S 35 b TR, e ot el o

KfLD EQAAK EFI AW Ll\/NTa (I actam @12-16; SEQ I D NO
15 ) HSEGT FTSDY SKYLD EQAAK EHAW LMNTa (| actam @

TSE FEHQY ISK YD ERAA QHBRGYWHILEIDWT aSkaxtamn EQRAKG EEQAYYNO:
I.I Ga (SEQ ID NO 152) HSEGI FTSDY SKYLD EQAAK EFI AW
Ga (lactam @12-16; SEQ I D NO 153) HSEGT FTSDY

ﬁéﬁdﬁ“ R 1Y AMVHRAKR Iﬁﬁ‘@vﬂﬂM@ﬁaQLa%@am @R '1@ ID NO:
154) XI SEGI FTSDY SKYLD ERRAQ DFVQWN LMNTa ( SEQ

18H) Xl SEGT FTSDY SKYLD ERRAK DFVQW LI VI NTa ( SEQ I D

T G AT e N T

RRYQW LM\Ta (| act am @ 12- 16; SEQ ID NO 158) X SEGT
FTSDY SKYLD ERRAK DF (%\/Ll\/l\l'l'a actam @12-16; SEQ I D
KSEGIBBT SIXY SESA IR FERAKIBHLA WRNREL ISPOMPINRTA9) | act am

ﬁé@%ﬁﬁiﬁﬁ@@?&%@%ﬁ@@@%@é%ﬁ%ﬁ%@

DFOYQW LMNTa (| actam @ 16-20; SEQ DD NO 162)

HSEGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 16-20; SEQ ID NO:
151)

HSEGT FTSDY SKYLD EQAAK EFIAW LVKGa (SEQ ID NO: 152)

HSEGT FTSDY SKYLD EQAAK EFIAW LVKGa (lactam @ 12-16; SEQ ID NO:
153)

HSEGT FTSDY SKYLD EQAAK EFIAW LVKGa (lactam @ 16-20; SEQ ID NO:
154)

X1SEGT FTSDY SKYLD ERRAQ DFVQW LMNTa (SEQ ID NO: 155)

X1SEGT FTSDY SKYLD ERRAK DFVQW LMNTa (SEQ ID NO: 156)

XISEGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 157)
XISEGT FITSDY SKYLD ERRAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 158)
XISEGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 159)
X1SEGT FTSDY SKYLD KRRAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 160)
XISEGT FTSDY SKYLD ERAAK DFVQW LMNTa (SEQ ID NO: 161)

X1SEGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 162)
XISEGT FTSDY SKYLD ERAAQ DFVQW IL.MNTa (lactam @ 12-16; SEQ ID NO: 163)
X1SEGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 164)
X1SEGT FTSDY SKYLD KRAAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 165)
XISEGT FISDY SKYLD EQAAK EFIAW LMNTa (SEQ ID NO: 166)

XISEGT FITSDY SKYLD EQAAK EFIAW LLMNTa (lactam @ 12-16; SEQ ID NO: 167)
XISEGT FTSDY SKYLD EQAAK EFIAW LMNTa (lactam @ 16-20; SEQ ID NO: 168)
XISEGT FTSDY SKYLD EQAAK EFIAW LVKGa (SEQ ID NO: 169)
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Xl SEGT FTSDY SKYLD ERAAQ DFVQW LMNTa (|l actam @ 12- 16;
SEQ I D NO 163) Xl SEGT FTSDY SKYLD ERAAK DFVQW LMN\Ta

W@ b@stienn @ 12- 16; SEQ ID NO 164) Xl SEGT FTSDYPEKRWEID08/053857

KRAAE DFVQW LMNTa (1l actam @/%B-20; SEQ I D NO 165)

Xl SEGT FTSDY SKYLD EQAAK EFI AW LM\NTa (SEQ I D NO  166)
XI SEGT FTSDY SKYLD EQAAK EFI AW LMNTa (| actam @ 12- 16;
SEGEGDFREDY SEYLDY G EFIESDY. VBIOA (RcERAK2 EF/SHQ INY@: 170)

S LR SRR PR Vet G GRSyt 170

Séedin BOAAKrdcEdiAN\sddviktsrs K 1ae (enagiid@Hisé; SEQ | D NO.
170) Xl SEGT FTSDY SKYLD EQAAK EFI AW LVKGa (|l actam @
16-20; SEQ I D NO 171) Wherein in the preceding

L D & O b e
a

BIEATIINDS K30 FRRANGDTIAS) LARSR@ER1380: S0 D ERrAK
BRYEWT IHYRDE SKYaD BRR AR THAZHY LEENTal (R @ 1840) SHABHO: 174)

FT%D% %l‘ LD ERRAS DFVQIWV I}g;,r% M B%gl@% 6 8158}1(;11117 5)

@xXR6THFTSOEQR YDONCRR AR G)F VIR EﬁNﬁYﬁaXm?@(Ym Pﬁﬂ@lﬁ NO: 176)

it G008 SRR BRI PR 1 s PR

ERSBYTSHYDD SERANEIDEN QNN @MN’&C(SE@I@\IIﬁ-lm SEQ I D

%ﬁ?wé‘%%%&%ﬁ%%% R Gy R g N6 o

BRYEWT IFYRDE SKydd BRA L) LEEQ@ DRt @ 181F; SIEPIERNO: 180)

@B@F&&%@&WM& (EEN QRS St

NROEGE Frs DX ARG IFIRBRXEDEVIGW ENOYS (REtaAVid L1 5AY0:eSHQ BrN@i82)

FORGTERRY I e ek bY 1 Qo) orr

HRIBYT $A3D Y SERABKEGAA RWHAWGMN BE@ckin 8Q2- 16385Q HXRBLSIR4)

R PSR ey RS Tl e Moo

@x2E62FTSOEQKID.DNEDA ARSPFIAWANEK Ga QSEQt IDeN@r8eedi ng

B e A O R AN Vil B o S5 R

HX2EGT FISDY SKYLD EQAAK EFIAW LVKGa (lactam @ 16-20; SEQ ID NO: 188)

Wherein in the preceding sequences X2 = Aminoisobutyric acid

HX2EGT FTSDY SKYLD ERRAQ DFVQW LMNTa (SEQ ID NO: 189)

HX2EGT FTSDY SKYLD ERRAK DFVQW LMNTa (SEQ ID NO: 190)

HX2EGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 191)
HX2EGT FTSDY SKYLD ERRAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 192)
HX2EGT FTSDY SKYLD ERRAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 193)
HX2EGT FTSDY SKYLD KRRAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 194)
HX2EGT FTSDY SKYLD ERAAK DFVQW LMNTa (SEQ ID NO: 195)

HX2EGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 196)
HX2EGT FTSDY SKYLD ERAAQ DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 197)
HX2EGT FTSDY SKYLD ERAAK DFVQW LMNTa (lactam @ 12-16; SEQ ID NO: 198)
HX2EGT FTSDY SKYLD KRAAE DFVQW LMNTa (lactam @ 16-20; SEQ ID NO: 199)
HX2EGT FTSDY SKYLD EQAAK EFIAW LMNTa (SEQ ID NO: 200)
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HX2EGT FTSDY SKYLD ERRAK DFVQW LMNTa (SEQ DD NO 190)
HX2EGT FTSDY SKYLD ERRAK DFVQW LMNTa (| actam @ 16- 20;

WEREQSMIONO: 191) HX2EGT FTSDY_ SKYLD ERRAQ DFV(RUT/NBEDAS/053857

(lactam @ 12-16; SEQ | D NO -182) HX2EGT FTSDY SKYLD
ERRAK DFVQW LWNTa (lactam @ 12-16; SEQ DD NO 193)
HX2EGT FTSDY SKYLD KRRAE DFVQW LMNTa (| actam @ 16- 20;
SEQEGD H%DYMLMQEGK EFISBYLIEKYh DadERAGK] 2DF6YSHQ YINTa 201)

speEcr iy SOPIn SRR AR RN s Y5 Ry Mg oo
MQTWWEQWW@WK%(SE@QMN@ 1972 .
D P S R AR i R G R RO BT 200
HXRECARTEDYESKANLD BEAAREROW I1eRGa Wm@ Eg%ﬁg&Em@geszoS)
%“ EF*“?&?&%& S%‘i“gg‘feg%%p @%‘(11 " SEQ ID NO 201)
HX2EGT FTSDY SKYLD EQAAK EFlI AW LMNTa (| actam @ 16- 20;
FERS RN S5 HRRa R R M BEERANG 284 AW | Vi
HsaGTHTS@Y1K YIOD EEEQKIIEF\P@WZQH)Ta SE@T INIST 20y SKYLD
TR0l sy SRk RNARS, Loinfainsiord T SER MirRs208)
EEO0Y FSKMIERBA@QQE@NV@*WIMN%E%&P% Q- 16’,8;@)3 mHs £09)
Eﬁﬁé&% T A RR B R RN TR Rt Qo6 SR B 240)
GAGESDYIIILIF RRRX ESHKLB VERRAR 2 DEMGH W LODT, SEQ IBt@I1 1)

SM%%%%%E%@W%@%M ) hsqor

HEQDY PSISMI&WERE)EK@NV@fWMTaE(%@m@&-Q@ ISEI@) 1993)

W e T SN T ST Y
@S0GTITSDSEK YD NRA ARV Wﬁféﬁbgaﬁ@lﬂlﬁm NO: 215)
VNI AN
H@QG:T]E&?SDHML]FEQ@)&KSE@YCBN KMT(BE%CD‘;\I\((& M (1 actam
R R e R e
BSQGTWISPYTSK YILIREQAMK@HEC* W MISEQIdcRmNG® 16 2083EQ ID NO: 219)
HSQGT FTSDY SKYLD EQAAK EFIC*W LVKGa (SEQ ID NO: 220)

HSQGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 12-16; SEQ ID NO: 221)
HSQGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 16-20; SEQ ID NO: 222)

X1SQGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (SEQ ID NO: 223)

X1SQGT FTSDY SKYLD ERRAK DFVC*W LMNTa (SEQ ID NO: 224)

X1SQGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 225)
X1SQGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 226)
X1SQGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 227)
X1SQGT FTSDY SKYLD KRRAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 228)
X1SQGT FTSDY SKYLD ERAAK DFVC*W LMNTa (SEQ ID NO: 229)

X1SQGT FTSDY SKYLD ERAAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 230)
X1SQGT FTSDY SKYLD ERAAQ DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 231)
X1SQGT FTSDY SKYLD ERAAK DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 232)
X1SQGT FTSDY SKYLD KRAAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 233)
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HSQGT FTSDY SKYLD EQAAK EFI C*W LMNTa (| actam @ 16- 20;
SEQ I D NO 219) HSQGI FTSDY SKYLD EQAAK EFI C*W LVKGa

W@ 3BQ10DINCG 220) HSQGT FTSDY_ SKYLD EQAAK EFI CPaV/LVA@&053857

(lactam @12-16: SEQ | D NO -?21) HSQGT FTSDY SKYLD
EQAAK EFI C*W LVKGa (| actam @ 16-20; SEQ ID NO 222)
XI SQGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (SEQ I D NO. 223)
X 1SQGT HFSBIPSKSKY) EQ ERRAKIORWCMN TANEQ IDSED284) NO.  224)

LT AT R O G %
HIQQCAMRIEDYSKN D BEAAKEHNCHW 2 2EY TaXlabakn 1@ FE-SOSERKIYLIND: 236)

R G B R R PN RAR @ 16, 20

SEQRGD FISD Y SKLIXEQQER HFISEW LK GaldlaEfA A 1 DIY/SEQY IDNNT:2238)

T G AT ST S S oy

FRAAEN DRS8N 8e dukeAcds &0 “AQ-akino BEE) ah® wiekeiR$hé )C* is a
ég QGT FTSDY SKYLD ERAAK DFVC*W LMN\Ta (| actam 12- 16;
& 9B Neattachey top B@mmhsmlywmawgebﬁh@@% wATa

A0 A L) P 00 S IR B

E0ANK OFF hiGictiéd tTol (dtadersng] @ol Bf dliut SEKD|aDeree waiRh).
XI'SQGT FTSDY SKYLD EQAAK EFTC*W LM\Ta (| actam @ 16- 20;
SEQ I D NO 236) X SQGT FTSDY SKYLD EQAAK EFI C*W LVKGa

HEQAPFINGD Y25 ¥ LIS KRG QISR WHUR T84 i N2 L VKGa
| actam @ 12-16; SEQ | DO 238) X' S TSDY 'SKYLD

'EFIFSPWFLK/K@ ERRAKIM R 1W- IZMNEEQEQ ID NO: 2239)

%@ am r§o) Hgggﬁ\%geﬁrfel fn t Eﬂﬁ\@f@( lg@ql/%‘,w;(‘?PQam & 242
ﬁ?@@@ﬂ“@ﬂ“ Sby SKYWEBRAQ DRV OV LMNTa (}actaxlal@ GI-MISEQF[D)NO: 243)
LO0ETS73p8 SR CERRER IO T T T £ .50 e 0:040
HXCQ THTSRY KN L KRR pEIDRIHT EHE T (ycioh @16 26O BNNGDAS)

e R gD RS DR PR R W Lo

HIZQGITHTNDY SKNID ERASKDIVISHY LB DlaERRAK | GFSEQYDNMT247)
R DR EREA e o TN gt ¢ B sEhho: 240
HX2QGT FFSBDSKIN MNTWNEetarh @ £2-561SEDIDR-NGG: 249)
ARSOLP FYSbyAMY1.D KRAAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 250)
HX2QGT FISDY SKYLD EQAAK EFIC*W LMNTa (SEQ ID NO: 251)

HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNTa (lactam @ 12-16; SEQ ID NO: 252)
HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNTa (lactam @ 16-20; SEQ ID NO: 253)
HX2QGT FTSDY SKYLD EQAAK EFIC*W LVKGa (SEQ ID NO: 254)

HX2QGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 12-16; SEQ ID NO: 255)
HX2QGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 16-20; SEQ ID NO: 256)

Wherein in the preceding sequences X2 = Aminoisobutyric acid; and wherein the C*
is a Cys, or a Cys attached to a hydrophilic polymer, or alternatively the C* is a Cys
attached to a polyethylene glycol of about 20 kD average weight, or alternatively the
C* is a Cys attached to a polyethylene glycol of about 40 kD average weight.

HX2QGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (SEQ ID NO: 257)
HX2QGT FISDY SKYLD ERRAK DFVC*W LMNTa (SEQ ID NO: 258)
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HX2QGT FTSDY SKYLD KRRAE DFVC*W LMWNTa (| actam @ 16- 20;
SEQ I D NO 245) HX2QGT FTSDY SKYLD ERAAK DFVC*W LMNTa

W@ 3BQVDING 246) HX2QGT FTSDY SKYLD ERAAK DFVETAUS2DETe53857

(lactam @ 16- 20; SEQ | D NO -2%7) HX2QGT FTSDY SKYLD
ERAAQ DFVC*W LM\Ta (| actam @ 12-16; SEQ I D NO 248)
HX2QGT FTSDY SKYLD ERAAK DFVC*W LMNTa (| actam @ 12- 16;
SEQQGD FESD Y220y LIHERRGK AW BXMIIR (KEAAER DFUCSRQLUINRG: 259)

Iy R L
D AP Sl Ry U A A g oo

HBEQGIIFINDY o¥)D HR2QGIDIVESHV LERWIaSEQNANCEES ] W LVKGa

AT o8 ST PR £ P AR 2

WS QETIFTISD Yt YT ERAAIQIF SE N ENDR: (W2tam @ 12-16; SEQ ID NO: 265)

M@ﬁ?ﬁ%%ﬂ@%gﬂﬁm#ﬁ Iiigfhxgrgl (E@tar%* @ '15 18 SED 196: 266)

HXCOGTHTISDY SKYIHR2 KRAAESDEY CW% Luﬂ\{’la((hetdmt® 1@20 SEQ ID NO: 267)

%?gt ér Rativel @Y%ﬁgwsﬁgek&sl“%f LSROIbAY 2 24§ ght. or

PIX2QEMHIISEYeSKY e BQAGK BHOHW LAMIN KR lataer @de-1eSEhiD NO: 269)

SR e aR ey Boa g RV i &b Srigio <ol

PEXZNCGT-FINRYXETY IHT BEQXASKEHIO* WRNRGAOSEQTANMWATE (| act am

BB 0 et PR SR i

HESQGTIKSDY HRARAKEQRYE BHICKIN LV KGattcam @1620:197Q BBEYOI I73)

e} AT RSN, R BRI B2

OlyY&xtadhédMTahy(despRili b dWahner? 6331terRe2iQETY tiel P aSyd 4BV a
DFVC*W LMNTa (|l actam @ 16-20; SEQ I D NO 264) HX2QGT

paigestylerey gipceirk ALY USROS/ ERAST vels f,qraﬁﬁn@ltmln%le %*E@alctys

Sresed e il @%& 5] R ORI SR ane™ "

DFVC*W LMNTa (|l actam @ 16-20; SEQ I D NO 267) HXZQGT
BREGT R SEULAR R AQ WERI LVINCE 4R QiPB01E Se0 I D
NOEGABRYSDY SKYLD ERRAK DFVC*W LMNTa (SEQ ID NO: 275)

HSEGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO:
276)

HSEGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO:
277)

HSEGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO:
278)

HSEGT FTSDY SKYLD KRRAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO:
279)

HSEGT FTSDY SKYLD ERAAK DFVC*W LMNTa (SEQ ID NO: 280)

HSEGT FTSDY SKYLD ERAAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 281)

HSEGT FISDY SKYLD ERAAQ DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 282)
HSEGT FTSDY SKYLD ERAAK DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 283)
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HX2QGT FTSDY SKYLD EQAAK EFI C-W LMWNTa (| actam @ 16- 20;
SEQ I D NO 270) HX2QGT FTSDY SKYLD EQAAK EFI C-W LVKGa

W@ 3BQUDING 271) HX2QGT FTSDY SKYLD EQAAK EFI B IANUSMBEA53857

(lactam @ 12-16; SEQ I D NO -P72) HX2QGT FTSDY SKYLD
EQAAK EFI C-W LVKGa (l actam @16-20; SEQ ID NGO 273)
Wherein in the precedi ng sequences X2 = (D-Ala); and
\MSBGI ATSDIYESKY LD KRAABSEVOIW AMVYE: (Athacd €6l20;SEQ ID NO: 284)

S Er Bci E NE e, £o°

HSBGITT SPYI SN 1.D BQAAIK! EFTIQawi DAMENYa @d&&n@ 1281 6SEQYBD NO: 286)

3{?@%5%%3 S RS BaR el i % vk P25

FSEQTIHPSNY SKVI4) EQRERTEHE SR VRO OEaRBAIO: RBYC W LMNTa

S B ) R BT

ERRAD HISUE SR IVNEQA (lKerrIanw @V al@ictaDER 16 B0NBQ BYND: 290)
HSEGT FTSDY SKYLD ERRAK DFVC*W LMNTa (| actam @ 12- 16;
SEQ I D NO 278) HSEGT FTSDY SKYLD KRRAE DFVC*W LMNTa

GhiseERmr® ¥ &9 D KEA O BPRNOwW2AMNT NEDY1$KYLD
ERAAK DFVC*W LMNTa (S g"é(ﬁ%*‘@fl 280) EGI FTSDY SKYLD

ERARKT BEYRY WK i@(S%E@ Y@ WD 281)

bﬁEﬁT ﬁﬁw SR PRIt QEVICY R ﬂM[NW'E@cte(ﬂl acicin. @éi’b ih@ 293)
282) HSEGT FTSDY SKYLD ERAAK DFVC*W

(Xu %W@I@K D I5AQ @%*%W%ﬁm@swésm@ NO: 294)

KRSAEGT PTYSY \WkivYINTIER I A R SIF+ @ 1hang @ 1ao‘§£aQ@ B i‘dOsEé%ﬂNo 295)
HSEGT FTSDY SKYLD EQAAK EFI C*W LMNTa

AABEFT ETSPY W@@@@Wﬂwym @%ﬁa%ﬂ @Q@DM}, 296)

SESEGPANSD Y 3R DHIEAK DESI¥wIKMiND, Kb! 497V LMNTa
I act am %6 20; SEQ | FTSDY SKYLD

WRIARGER A/ @W@*M@gsylam@rmes@mgkmm

E@éﬁ&r ETS 6% WhivYIGeR A A @ B+ @ NG (1a &&E@@i D ME?@]SNO 299)
HSEGT FTSDY SKYLD EQAAK EFI C*W LVK

(lactam
SESECDIRPYY SEHLDERGF DEYESY BN (egigmn@ t?ﬁfcg%@m%m
(SBRGT @r&& SR¥1)D KRAAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 301)

XISEGT FTSDY SKYLD EQAAK EFIC*W LMNTa (SEQ ID NO: 302)

X1SEGT FTSDY SKYLD EQAAK EFIC*W LMNTa (lactam @ 12-16; SEQ ID NO: 303)
X1SEGT FTSDY SKYLD EQAAK EFIC*W LMNTa (lactam @ 16-20; SEQ ID NO: 304)
XI1SEGT FTSDY SKYLD EQAAK EFIC*W LVKGa (SEQ ID NO: 305)

X1SEGT FISDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 12-16; SEQ ID NO: 306)
XISEGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 16-20; SEQ ID NO: 307)
Wherein in the preceding sequences X1 = (Des-amino)His; and wherein the C* is a
Cys, or a Cys attached to a hydrophilic polymer, or alternatively the C* is a Cys
attached to a polyethylene glycol of about 20 kD average weight, or alternatively the

C*is a Cys attached to a polyethylene glycol of about 40 kD average weight.

HX2EGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (SEQ ID NO: 308)
HX2EGT FTSDY SKYLD ERRAK DFVC*W LMNTa (SEQ ID NO: 309)
HX2EGT FISDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 310)
HX2EGT FTSDY SKYLD ERRAQ DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 311)
HX2EGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 312)
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Xl SEGT FTSDY SKYLD ERRAK DFVC*W LMNTa (SEQ I D NO 292)
Xl SEGT FTSDY SKYLD ERRAK DFVC*W LMNTa (| actam @ 16- 20;

WEREQsMIMONO: 293) Xl SEGT FTSDY SKYLD ERRAQ DFVCPQW/LSA0$053857

(lactam @ 12-16; SEQ I D NO -P94) Xl SEGT FTSDY SKYLD
ERRAK DFVC*W LMNTa (|l actam @ 12-16; SEQ I D NO 295)
X SEGT FTSDY SKYLD KRRAE DFVC*W LMNTa (| actam @16 20;
HRQEGP FISD Y2601 DK RR6E D%%@Wﬁk@éh"@ ERMG FRICSHO YNGR 313)
ID NO 297) Xl SEGT FTSDY SKYL ERAAK DFVC*W LMNTa
gﬂ"&gﬁirﬁT YD BHAKDHRG * Vo bMN TR ((SEEP NPsPH SKyYLD
PTYEY WA BR A A & BB0+@ LG (1a§§9@| B ﬁdQSEé%B)No 315)
XI SEGT FTSDY SKYLD ERAAK DFVC*W LM\Ta (| actam
SEEESCH FUSP Y0 LDERAP DFVESY BMNTR (rpap @ BiElfeS le*ﬁé 316)
txeetePT@ Yo1AG:D B kK IDEVR+W N T 2E  T5RY s §g\ﬂafﬁlo 317)
K _EFI C*W LMNTa 3ID NO  302) Xl SEGT FTS
E%QQQTEESEYW{WERW Bt b NTg Ua@EQ@ t5-}OSEQJB)NO: 318)
iflbéE@T FTEEP SIS -Ey EQRArERT EMNENRES 1O hNeg bagn @ 16- 20;
D NO 304) X SEGT FTSDY SKYLD EQAAK EFI Ct*W LVKGa
THTRBY RQAAKERGSHEMIKN (hctemy@ {25 SEQAD NRGL0)
(LﬂXQEE@ fgg;i@é}'\%valLagﬁ)Ga%QAéﬁta%PﬁW i@/ﬁiTa%la&Eﬁ @ :f% %Néﬁ%ﬁﬂqﬁb 321)
EeT FTPR Yt Lt BRe KA1k Mﬂf@@ésﬁ@ﬂDNO 322)
HRQEG@WQDX@I@YLWE@AM@F@C"WEWCQ(Ia&ﬁm@ DY 36; SHQ 1@ N $323)
attached to a hydrophilic

Po){/ or alternativel
- HReEET RISDY SKpd-DERASKSAI¢ OV & Wﬁ@?‘ﬁ?l%ﬁ@zﬁlsﬁ%@%@ 324)

Wm 20ink Qr&‘é&hégﬁlu@ﬁ‘deg K, = Rhnﬁélﬁcﬁﬁlﬂﬁ‘fc' a4 ¥nd Qﬁegn thé C*

a Cys attached to a pol yethylene glycol of about
ey er 9€yg) httached@EGY dFOpBil HiYhe, BRNAMaDFICI (ETVNTaaCys

et 5 e vlpind Bath pablo BRI BB AR eI A

EREA DLV 0 LM (1 Ber a6 15, 16, SEG TONGE 31T)

HX2EGI FTSDY SKYLD ERRAK DFVC*W LMNTa (| actam @ 12- 16;

PR R e DY Sy D lo DS VeI e (P JSBY sv b

HRABRKT BFYEY \WKYNAPTERR S QHVIO*NO-MBT4 JSHQ@HESD: F2p5DY SKYLD

R YR TR AR il (aetiodl RS Bg: 327)

HECEGD HISP YK LD-BRIEEY DFVEDW SUNIBD(xRAAR DFMCSEQ IINVNT 328)
HxIEERFrDYIKME D BEAK BPAVC*WEMNTa (lactam @ 12-16; SEQ ID NO: 329)

HX2EGT FTSDY SKYLD KRRAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 330)
HX2EGT FTSDY SKYLD ERAAK DFVC*W LMNTa (SEQ ID NO: 331)

HX2EGT FTSDY SKYLD ERAAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 332)
HX2EGT FTSDY SKYLD ERAAQ DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 333)
HX2EGT FTSDY SKYLD ERAAK DFVC*W LMNTa (lactam @ 12-16; SEQ ID NO: 334)
HX2EGT FTSDY SKYLD KRAAE DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 335)
HX2EGT FTSDY SKYLD EQAAK EFIC*W LMNTa (SEQ ID NO: 336)

HX2EGT FISDY SKYLD EQAAK EFIC*W LMNTa (Jactam @ 12-16; SEQ ID NO: 337)
HX2EGT FTSDY SKYLD EQAAK EFIC*W LMNTa (lactam @ 16-20; SEQ ID NO: 338)
HX2EGT FTSDY SKYLD EQAAK EFIC*W LVKGa (SEQ ID NO: 339)

HX2EGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 12-16; SEQ ID NO: 340)
HX2EGT FTSDY SKYLD EQAAK EFIC*W LVKGa (lactam @ 16-20; SEQ ID NO: 341)
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HX2EGT FTSDY SKYLD KRAAE DFVC*W LMWNTa (| actam @ 16- 20;
SEQ I D NO 318) HX2EGT FTSDY SKYLD EQAAK EFI C-W LMNTa

W@ 38Q10D1INC.  319) HX2EGT FTSDY SKYLD EQAAK EFI E*TAUS2DEe53857

(lactam @ 12-16; SEQ I D NO -B20) HX2EGT FTSDY SKYLD
EQAAK EFI C*W LMNTa (| actam @ 16-20; SEQ I D NO 321)
HX2EGT FTSDY SKYLD EQAAK EFI C*W LVKGa (SEQ I D NO 322)
RKZIESPR ifﬁé@)‘ec@lﬁ}{gb%zew XL @WikVEG@whbRA REC@d £ or a
SEQ I D NO 323 2EGT FTSDY SKYLD EQAAK EFI C-W LVK

(ya ettaphe o1 sh o phdipel pmpioor deghatinabyrthe §*iina Chivattached to a

BB BERTIES] AT PEGI g  c

laxathed b 4 pely@rbyeieslycdllof absl@ B0 RD Metage WRghE” is a Cys
attached to a pol yet hyl ene gl ycol of about 20 kD
average weight, or alternatively the C- is a Cys

e Ry PO B X IR ROl SRk W L

HSRGTI HISNE SKYEY CEHRAKEDHVISBY.MKNA (SEQRRAO: BFYC* W LMNTa

R RS e o

HSQAD RSO SKYINNTAQALRKRHANG (RGa SEQIBNOB4R0,  328)

D SE Bk Prap LN R REEID Y Linra
KISQEARTEDY SKI0:D GHRAADDHNQYE BN TAXSEGTD NOSBY) SKYLD
T ﬁYﬁ%&Wé*§§E@%§%§§%@E§ééﬁ AffSDY SIVLD

ERAAK DFVC*W LMNTa (| actam 332)
P BSQCT FESBYBKSOR G CARAKBFERYCMKGAVSER IDINGE 34 @ 12- 16;

PR aYS O R T R G SREN armdaniito
KiRiaphi DEpalyinet, (divaherhhthetd yathe @16 a 235 afthkeRed d\pblyl\%ﬁﬁgré%%lycol
O 2 S Bye e D SBOAR G RIS { LA RIS 102 16,
?&%ﬂh@eh%lﬁ@l@f_a%ﬁ%&%ﬁ e AP EQAAK EFI C*W LMNTa

| act am 6-20; SEQ I'D NGO "338)~ HX2EGT FTSDY SKYLD

EQAAK EFI C-W LVKGa (SEQ I D NO 339) HX2EGT FTSDY SKYLD

EREr T B e RREIRAR S B M 8D 0 16 20,

B H¥SD YK IWH €FRAAKI DFVQW I MNTASEQIDNI BENces X2 =

HXQQ _ .
%I?Ezéckzﬁé%rsﬁ ?){ds a yd?ggﬁ%‘g%g%yl W@Fﬁ%@ gIF@T}%fI vely

HX2QGT HTSDY SEMLIACtQARKERIAWAVKGa (SEQ ID NO: 353)

Wherein X2 = Aminoisobutyric acid; and wherein the C* is a Cys, or a Cys attached

to a hydrophilic polymer, or alternatively the C* is a Cys attached to a polyethylene
glycol of about 20 kD average weight, or alternatively the C* is a Cys attached to a

polyethylene glycol of about 40 kD average weight.

HX2QGT FTSDY SKYLD C*RRAK DFVQW LMNTa (SEQ ID NO: 354)
HX2QGT FTSDY SKYLD C*RAAK DFVQW LMNTa (SEQ ID NO: 355)
HX2QGT FISDY SKYLD C*QAAK EFIAW LMNTa (SEQ ID NO: 356)
HX2QGT FTSDY SKYLD C*QAAK EFIAW LVKGa (SEQ ID NO: 357)
Wherein X2 = (D-Ala); and wherein the C* is a Cys, or a Cys attached to a

hydrophilic polymer, or alternatively the C* is a Cys attached to a polyethylene glycol
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pol yet hyl ene gl ycol of about 20 kD average wei ght, or
alternatively the C- is a Cys attached to a

wpoiogaotoyt ene gl ycol of about 40 kD average weP@iUS2008/053857

HSQGT FTSDY SKYLD C*RRAK DFVQW LMNTa (SEQ | D NO 342)
HSQGT FTSDY SKYLD C*RAAK DFVQW LMNTa (SEQ I D NO 343)
HSQGT FTSDY SKYLD C*QAAK EFI AWLMNTa (SEQ E) NO 344)

bE&Xelit B0 @%v&&%é@e@ﬁ%ﬁhﬁt&ﬂt NKER i{ PER hekchEd to3S)
XI SQGT FTSDY SKYLD C* RRAK DFVQW LMNTa (SEQ I D NO 346)

Rplswlemwwlgﬁvhwte@mma (SEQ I D NO 347)
X SQGT FTSDY SKYLD C*QAAK EFI AW LMNTa (SEQ | D NO 348)
X SQGT FTSDY SKYLD C*QAAK EFI AW LVKGa (SEQ | D NO 349)
VISEGEIRTSHlY SKYIDeS*RRA K DFMQIY LEMINTabIE0 8 NO Bs8)C* is a

Par iy Sy BRI S M

PISEGEHETEDABX gy CodA AK BFROWILNNTKOEQPN@S6oei ght, or

BoRSEyPYRR gy Eth ok BB B A BEATENE 2B g

BOXSEEE FESIDDSKSKWLEO REARRAKY QFVKMNIMSED IP8KQ) 362) NO 350)

DISED B EESH A IO B BANINNEND S | b o

xsammsmr SRYSD\C*SA IOEEYAGARKINGRI (8¢ [IYKGa 3¢5EQ | D NO

ARl PRy Syt G ALY L B SR Db e Sn 11 o
}mieyetm X1 -0(Datdngno)alid; ied whefee b6 G*Ss a C@ysorat(t}a(hh@dleﬂ@o a

(?ol yet hyl ene gl ycol ~of about 20 kD average wei 1%1
Bydrgphili¢ ﬁaltym?moy altgrgatively the §* @3 Cyp @%ﬁ@btq apalyethylene glycol

i o

HX2QGT FTSDY SKYLD C*QAAK EFI AW LMNTa (SEQ I D NO 356)
HX2QGT FTSDY SKYLD C*QAAK EFI AW LVKGa (SEQ I'D NO 357)

WXQEGT ms(ﬁﬁmﬁbmtmm Lﬁmat(i:m 5] Nos 366 Cys, or

ttached t h I
Bt S 0% o N DEa LEnRG e I 5o s6n
PXbEET WBEYQSI@M@*@AAK BeAwWI AR @reNBIR:WBs) Nt , or

alternativel % attached to a
BEGT Ry PER Skl eTom R SR LAk SO 0P A 3 gnt
Wherein X2 = (D-Ala) ; and wherein the C* is a Cys, or a Cys attached to a

hydrophilic polymer, or alternatively the C* is a Cys attached to a polyethylene glycol
of about 20 kD average weight, or alternatively the C* is a Cys attached to a
polyethylene glycol of about 40 kD average weight.

HX2EGT FTSDY SKYLD C*RRAK DFVQW LMNTa (SEQ ID NO: 370)

HX2EGT FTSDY SKYLD C*RAAK DFVQW LMNTa (SEQ ID NO: 371)

HX2EGT FTSDY SKYLD C*QAAK EFIAW LMNTa (SEQ ID NO: 372)

HX2EGT FTSDY SKYLD C*QAAK EFIAW LVKGa (SEQ ID NO: 373)

Wherein X2 = (D-Ala) ; and wherein the C* is a Cys, or a Cys attached to a
hydrophilic polymer, or alternatively the C* is a Cys attached to a polyethylene glycol
of about 20 kD average weight, or alternatively the C* is a Cys attached to a
polyethylene glycol of about 40 kD average weight.
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HSEGT FTSDY SKYLD C*RRAK DFVQW LMNTa (SEQ I D NO 358)
HSEGT FTSDY SKYLD C*RAAK DFVQW LMNTa (SEQ I D NO 359)

WOSBETOWMTSDY SKYLD C*QAAK EFI AW LMNTa ( SEQ | D NI/USHI0§/053857

HSEGT FTSDY SKYLD C* QAAK EFFARALVKGa (SEQ I D NO 361)

Xl SEGT FTSDY SKYLD C*RRAK DFVQW LMNTa (SEQ I D NO 362)
Xl SEGT FTSDY SKYLD C* RAAK DFVQN LM\NTa (SEQ I D NO 363)
KSQEGTFTSPSDK Y ERREOPFAQ WRIMVEMYER IOSS37D NO. 364)

ﬁ?ﬁﬁﬁﬁ?ﬁﬁi&%&?'@ﬁ%ﬁﬁ% F0 S o0
stszsmsmcs{syn@ ab Eﬁpékhgldgmggw Llslkylgffgdgtﬁléﬂd@ mqumz D NO: 376)
DSy R BB RAG R M e hrup a4 S iR MO
us et h Pgrimmgl;?%(lf about 4%%%&23‘3? gg 18 SEQIDNO 578)
PR T h Yk Bt KRR R w\»@w (SR Ngg@)%
E@h@m NO 7
%E ﬁﬁyED C"%K EFI AV\LI\/NTa (é\sﬁg@f;% NO 368§)
WS 53{ Y]D)ERA)A W@EWMQW@;@QQ 2IF6)8Dg ’?@53@9;;)
%é.gmts cstawK a hy]?jro hlllcm(macal O AN 0382
SO SN BrB ARG ] citie 131G SEQ D No: 383
PSQEEtHTSDANSK " WQ'{UKRAAM. Dmm%m?f@cﬁwg@agaom@m NOO384)
BshEASDY gy Bofag Bt mg e kLGB hei gt

HEQEEFTSDIBK Y EQAGKRRAKWORMON: M‘tsﬁlfﬁl @ BEQ; FEQONG3 380)

(S

G GO AR i 8 b
HX2EGT FTSDY SKYLD C*QAAK EHAW LVKGa (SEQ I D NO 373)

' = ; [N is . a Cys, or
1808 BBt a 0 RS LR b8 S8
A1 5@GT EFTSMEISKYLIDEEEE AK DFVQRY SV Taa SH@ UD NO): 389)

aver r

Bk bRtk R SRR LB Dt § 9820 om0
HOS@ET FYSPHSKYLICERR AQ DHVQW Lﬂﬂ)m\fgléa/\t/m&ar@lgms, SEQ ID NO: 391)
e B SR R b . SER R %
RTSQGT FTSDY SKYLD KRRAE DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 393)
X1SQGT FTSDY SKYLD ERAAK DFVQW LMDTa (SEQ ID NO: 394)
X1SQGT FTSDY SKYLD ERAAK DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 395)
X1SQGT FTSDY SKYLD ERAAQ DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 396)
X1SQGT FTSDY SKYLD ERAAK DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 397)
X1SQGT FTSDY SKYLD KRAAE DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 398)
X1SQGT FTSDY SKYLD EQAAK EFIAW LMDTa (SEQ ID NO: 399)
X1SQGT FTSDY SKYLD EQAAK EFIAW LMDTa (lactam @ 12-16; SEQ ID NO: 400)
X1SQGT FTSDY SKYLD EQAAK EFIAW LMDTa (lactam @ 16-20; SEQ ID NO: 401)

Wherein in the preceding sequences X1 = (Des-amino)His

HX2QGT FTSDY SKYLD ERRAQ DFVQW LMDTa (SEQ ID NO: 402)
HX2QGT FTSDY SKYLD ERRAK DFVQW LLMDTa (SEQ ID NO: 403)
HX2QGT FTSDY SKYLD ERRAK DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 404)
HX2QGT FTSDY SKYLD ERRAQ DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 405)
HX2QGT FTSDY SKYLD ERRAK DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 406)
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HSQGT FTSDY SKYLD ERRAK DFVQW LMDTa (| actam @ 16- 20;
SEQ I D NO 376) HSQGI FTSDY SKYLD ERRAQ DFVQW LMDTa

W@ b@stienn @ 12- 16; SEQ ID NO 377) HSQGT FTSDY BKIYLE2008/053857

ERRAK DFVQW LMDTa (l actam @1%-16; SEQ ID NO 378)
HSQGT FTSDY SKYLD KRRAE DFVQW LMDTa (| actam @ 16- 20;
SEQ ID NGO 379) HSQGI FTSDY SKYLD ERAAK DFVQW LMDTa

HBEQJTFINDY 3180]?.D KHRRAE IRV leﬁ)‘talaﬁaﬁﬂg ﬂquztvsﬂ}%lgﬁgm; 407)
R ERE i rm ERra b st (R N 50,
HEQGGTHISDY SKYLIDERRAKDIDHYRWNIVDT @actdnet @mo@BHE 113 80: 409)

%@%@%ﬁ@@@@WMbP E@%\é%ﬁo 410)

EQAAGTERSAA $ATa ERABR BB OW 1L.MBT) (14400 1IBTISPYE@KYND: 411)

E&%ﬁéﬁ SN SR BTN B s e gre @%néao 1)
T e RS AL A
FEBAITNGY SR80 KRR AOEY (65 e S ONDIor 414
([D@QGEWI@)’MSSQQLD SEQAKFNAOW BRD)ra Xadidol FIRYEGHINDG: 415)

ERRAQ DFVOQW LMDTa (|l actam @ 12-16; SEQ I D NO 391)

N egregtt RS HVCCSRPE FPERRIR “BRVOW VBN TICAEm @ 12- 16;
SEQ ID NO 392) X SQGT FTSDY SKYLD KRRAE DFVQW LMDTa
(lactam @16-20; SEQ ID NO_ 393) XI SQGT FTSDY SKYLD
ERRAGTORADN $K0HA ERRAEQ IPIFY Q& LN3OH) (SERIDBIO:FTSDY SKYLD

B KA S SR P e 1. 16

$EQQGT ISP Y39YLIXERRGK PG IBKYTDERAAR 10/20WQ NIDFR: 418)

KRR, ThB PERAC R pc g 21 35 Ho- 419

XX8QST FHREDYSISKYD BRRAKAK WV AMD RO T tarSED2116; $EQ 113N O) 420)

£ TR MV ANIR 25120 R 6

H2QEM TEPIGSKROLD SROAKIDINQ WAMPTAEEIDNG:#22he

EOEE RISl pr AR SRR,
SRPOG THFSAR SEVINERNVB QDY R UMD RIGHlactrgs® 12-16; SEQ ID NO: 424)
HX2QGT FTSDY SKYLD ERAAK DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 425)
HX2QGT FTSDY SKYLD KRAAE DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 426)
HX2QGT FTSDY SKYLD EQAAK EFIAW LMDTa (SEQ ID NO: 427)

HX2QGT FTSDY SKYLD EQAAK EFIAW LMDTa (lactam @ 12-16; SEQ ID NO: 428)
HX2QGT FTSDY SKYLD EQAAK EFIAW LMDTa (lactam @ 16-20; SEQ ID NO: 429)
Wherein in the preceding sequences X2 = (D-Ala)

HSEGT FTSDY SKYLD ERRAQ DFVQW LMDTa (SEQ ID NO: 430)

HSEGT FISDY SKYLD ERRAK DFVQW LMDTa (SEQ ID NO: 431)

HSEGT FTSDY SKYLD ERRAK DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 432)
HSEGT FTSDY SKYLD ERRAQ DFVQW LMDTa (lactam @ 12;16; SEQ ID NO: 433)
HSEGT FTSDY SKYLD ERRAK DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 434)
HSEGT FTSDY SKYLD KRRAE DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 435)
HSEGT FTSDY SKYLD ERAAK DFVQW LMDTa (SEQ ID NO: 436)

HSEGT FTSDY SKYLD ERAAK DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 437)
HSEGT FTSDY SKYLD ERAAQ DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 438)
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HX2QGT FTSDY SKYLD ERRAK DFVQW LMDTa (| actam @ 16- 20;
SEQ I D NO 404) HX2QGT FTSDY SKYLD ERRAQ DFVQW LMDTa

W@ b@stienn @ 12- 16; SEQ I D NO 405) HX2QGT FTSDYPEKWEID08/053857

ERRAK DFVQW LMDTa (|l actam @82-16; SEQ I D NO
406) HX2QGT FTSDY SKYLD KRRAE DFVQW LMDTa (| actam @
16-20; SEQ I D NO 407) HX2QGT FTSDY SKYLD ERAAK DFVQW

ENEGE HrSBQ IKYIINER AQR)DFXAREM I a3 a e 11 21 ERANKIDINYA4H)

BB AL R RB R U M mie SIS 400

#1657 X QEBRYTIQ SKKIHPTARAMDDIRWBY D 244 ) act am @

?3%5%»2w?ﬁﬁ%awﬁ%@@%é%ﬁﬁrﬁw

BS¥GD FEQANS K DAY ANR TRFIA BHQID D2 (Kotantt®@3)6-20XBKGSID
SKYLD EQAAK EFI AW LMDTa (| actam @ 12- 16; SEQ I D NO

414) HX2QGT FTSDY SKYLD EQAAK EFI AW LMDTa (|l actam @
16-20; SEQ ID NO 415) V\herel nin the precedi ng
Am_noij sobut ic acid FTSDY SKYLD

ST BT P PR PRk Ve S 485Dy SKYLD
ERSAKT BEMOI\SKVDDEREEQD NQMMIZXSE@(E% HEPDY SKYLD

RIS 1R kBT AN el i Aot 10 Mgy 440

SECEGDFND Y 4K9) DHEREXE) DFVORYL MY Qa1 Doy QRQLIVNTR 447)

e DR e ot Deflos kbl lhaiols bR ea oo s

KXSIEET FESIPDS K SKIBLER IERADKY ORVMDITY R @arh BE(3-2 D SEQUD AL 149)

SRTrREY 153 Db DEY SR MR S BB Lvora

Kl SEGRET® Y RKYE.D F3EQ K DFNQW Eﬁﬂjraklxa%“@ LS YESKISIND: 451)

%%%k%%k%@@% P, A SER y 452

SESEGDFND Y 4RE)DHRAXH DFVERY LS ia [0 frlaheK1 EH; ARQUIVDIG 453)

R L AT sTED B DeNW Il esett o by EGubic 50

EQPiT EFSBV\SKVDDEQA K BEM WL MO POSESEQNAI 46K  429)

FS B R EERORABTN T et Qe Taau miibrse
RTSEOT BROHDDSERRAOE QAR AT M T Rclald &I@5-26;FBQ ID NO: 457)

Wherein in the preceding sequences X1 = (Des-amino)His

HX2EGT FTSDY SKYLD ERRAQ DFVQW LMDTa (SEQ ID NO: 458)

HX2EGT FTSDY SKYLD ERRAK DFVQW LMDTa (SEQ ID NO: 459)

HX2EGT FTSDY SKYLD ERRAK DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 460)
HX2EGT FTSDY SKYLD ERRAQ DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 461)
HX2EGT FTSDY SKYLD ERRAK DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 462)
HX2EGT FTSDY SKYLD KRRAE DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 463)
HX2EGT FTSDY SKYLD ERAAK DFVQW LMDTa (SEQ ID NO: 464)

HX2EGT FTSDY SKYLD ERAAK DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 465)
HX2EGT FTSDY SKYLD ERAAQ DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 466)
HX2EGT FTSDY SKYLD ERAAK DFVQW LMDTa (lactam @ 12-16; SEQ ID NO: 467)
HX2EGT FTSDY SKYLD KRAAE DFVQW LMDTa (lactam @ 16-20; SEQ ID NO: 468)
HX2EGT FTSDY SKYLD EQAAK EFIAW LMDTa (SEQ ID NO: 469)

HX2EGT FTSDY SKYLD EQAAK EFIAW LMDTa (lactam @ 12-16; SEQ ID NO: 470)
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HSEGT FTSDY SKYLD ERRAK DFVQW LMDTa (| actam @ 16- 20;
SEQ I D NO 432) HSEGI FTSDY SKYLD ERRAQ DFVQW LMDTa

W@ b@stienn @ 12- 16; SEQ I D NO 433) HSEGI FTSDY BKIYLE2008/053857

ERRAK DFVQW LMDTa (| actam @34R-16; SEQ I D NO 434)
HSEGT FTSDY SKYLD KRRAE DFVQW LMDTa (| actam @ 16- 20;
SEQ I D NO 435) HSEGI FTSDY SKYLD ERAAK DFVQW LMDTa
(Imﬂ“m SK3E)D E@E@T{ HRSBYLNKYh Dadeii\aKI L0y SHQ YINTa 471)

%&t %R}‘P_ Cﬁ%‘f‘g %4 E?%% %@u%@so EGT. FTS Y SKYLD

438) HSEGT FTSDY SKYLD ERAAK DFVQW LI\/DTa (I act am @
12-16; SEQ I D NO 439) HSEGI FTSDY SKYLD KRAAE DFVQW
LMDTa (| actam @ 16-20; SEQ I D NO 440) HSEGT FTSDY

HRAEBTERER BV BRAD BNV I TS0 NG oy

2 FEGHIESD YRSESDYD E(R’AEEEWKLEH]YEMSEW&JQ 4agt am @

iy U B SR T B SR BN

EM2EGT(FIE0Y IK YWD ERRAD DHVSBGLMU’HIMCS&\@ D2 ERNQ IDRVQVYTS)

SOEBTERRS R Pt il F5Rh e 25 g Yo 470

M)EGXIFESEGY SKISDYKBRXE D HFYRRM K MIFRA QAL ta D8 d 6-QD s8HQID D: 477)

I e P s R SR

BXPEDTHERARK SBENIQVERNBKDH\SPY) LMD NQlachb0P 18128£8ED EXSOY479)

A SIS AR R4 S 0

22EGT FIERYI SKYUD ERAAK DINSPGLMITEQcGHYR D2 HRASEQ IDFVQWS])

OB B RS Bl o8 BB o 0

4BAFEGXIFFEBY KNI DYEQKXKIEREQWAKM B A E&EQ_IMITG 483EQ ED NO

P0he 25 o030 s o e L (e P SO BN 00

EYREGTHTSDYHNK Y@L BEQAAK EFEQVHIMNG: (14:fas) @/¥6e202 BRQ D NCh 485)
ecedi.ng se nces X | =< {Des-gm no)H s HX2EGT FTSDY

Rt ﬁh%ﬁ Sy ?_‘195‘1‘%?3()%{%&?1{5‘6}%?0 458) HX2EGT FTSDY

SKYLD ERRAK DFVQW LMDTa (SEQ I D NO 459) HX2EGT FTSDY

SKYLD ERRAK DFVQW LMDTa (|l actam @ 16-20; SEQ | D NO
Z@g}‘ollowmg glucagon peptides with a GLP-1/glucagon act1v1ty ratio of about 5 or

more are also constructed generally as described above in Examples 1-11. Generally,
in these peptides, AIB at position 2 provides DPP IV resistance but also significantly

reduces glucagon activity.

HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNTa (SEQ ID NO: 486)

HX2QGT FTSDY SKYLD EQAAK EFIAW LMNC*a (SEQ ID NO: 487)

HX2QGT FTSDY SKYLD EQAAK EFIAW LMNGG PSSGA PPPSC*a (SEQ ID NO: 488)
HX2QGT FTSDY SKYLD EQAAK EFIAW LMNGG PSSGA PPPSC*a (lactam @ 16-20;
SEQ ID NO: 489)

HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNGG PSSGA PPPSa (SEQ ID NO: 490)
HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNGG PSSGA PPPSa (lactam @ 16-20;
SEQ ID NO: 491)

Wherein in the preceding sequences X2=AIB, and wherein the C* is a Cys, or a Cys

attached to a hydrophilic polymer, or alternatively the C* is a Cys attached to a
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HX2EGT FTSDY SKYLD ERRAQ DFVQW LMDTa (| actam @ 12-16;
SEQ I D NO 461) HX2EGT FTSDY SKYLD ERRAK DFVQW LMDTa

W@ b@stienn @ 12- 16; SEQ ED NO 462) HX2EGT FTSDYPEKRWEID08/053857

KRRAE DFVQW LMDTa (| actam @-8B- 20; SEQ ED NO 463)
HX2EGT FTSDY SKYLD ERAAK DFVQW LMDTa (SEQ ED NGO 464)
HX2EGT FTSDY SKYLD ERAAK DFVQW LMDTa (| actam @ 16- 20;

SOEINR 455 J5Ch 0 LB MO

Rraghd bryonlyethpiene glyeeltodabat #9-kDaveSEQWERINO,  467)

HX2EGT FTSDY SKYLD KRAAE DFVQW LMDTa (| actam @ 16- 20;
SEQ I D NO. 468) HX2EGT FTSDY SKYLD EQAAK EFI AW LMDTa
(BREQATFINDY $69).D HRABRIDFVSHY [ SKNTAISEQABINGERDDAW LNMDTa

alOr | 1, Y  _KYLD
RS S Bty BV R b * SR PYRee T 7 1)
WIRQETHFTID Y SIEY D ERANKDF$QWUIEMINES PSBGA PPPSC*a (SEQ ID NO:
j\noi sobutyric acid HX2EGT FTSDY SKYLD ERRAQ DFVQW
LMDTa (SEQ ID NO 472) HX2EGT FTSDY SKYLD ERRAK DFVQW

FVORE T ISEQY SKKID ERANK mmmsmpss&mmemﬁcagl\é@mzo;
SR 2R rvion LADra ( ractam @ 12161 SEG 1 b NO
HEQADBECN SRELY EBKAKDERRAK UDHVG;G\PSS@I@PP&&(SE@['I; &0: 496)
s s Fh A B Ry S Qe o o
SKEUD NERASK) DFVQW LMDTa (SEQ | D NO. 478) HX2EGT EI'(I')SDY
S o Ay T T P

HX2068T HERY $XKW ERBAK PRATTILNEVSRY SEYYDINERSAK DFVQW

?@@ﬁ&%ﬁfﬁ%@%ﬁ%ﬁﬁé@%ﬁ%%@] (gg@ NO: 500)

482 GTEPEEY $RELY ERRXKIDIN@WH NERGERSEGR PRPSSBQlak mND1 6-20;

%%a) }TQ%E ) FTSDY SKYLD EQAAK EFI AW LMDTa (| actam @
- Pg; I D NO 484) HX2EGT FTSDY SKYLD EQAAK EFI AW

ENM2DS TFTSDNaSK YD BRRAK [IREVWDLNIG@ BSJGAREPS2i (REQ 0D NQe 502)
e A Sy H R B S T
SEQdPMNQ: 583)or nore are al so constructed generally as

i bed above in Examphkgs 1-11. neral | y..in.these
gL e A ek S B A TPt & iy e
ltgdchad S0 BydopHiIl €81y, or alternatively the C* is a Cys attached to a
polyethylene glycol of about 20 kD average weight, or alternatively the C* is a Cys

attached to a polyethylene glycol of about 40 kD average weight.

The following glucagon peptides which are GLP-1/glucagon co-agonists are also
constructed generally as described above in Examples 1-11. Formation of a lactam
bridge between amino acids 16 and 20 restores the reduction in glucagon activity

caused by the substitution at position 2.

HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNTa (lactam @ 16-20; SEQ ID NO: 504)
Wherein in the preceding sequence X2=AIB, and wherein the C* is a Cys, or a Cys
attached to a hydrophilic polymer, or alternatively the C* is a Cys attached to a
polyethylene glycol of about 20 kD average weight, or alternatively the C* is a Cys
attached to a polyethylene glycol of about 40 kD average weight.
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reduces gl ucagon activity. HX2QGT FTSDY SKYLD EQAAK
EFTC-W LMNTa (SEQ I D NO 486) HX2QGT FTSDY SKYLD EQAAK

WEEI08MII0WMNC* a (SEQ I D NO 487) HX2QGT FTSDY SKMUDUSAHS3857

EFI AW LMNGG PSSGA PPPSCra (SE® ED NO 488) HX2QGT

FTSDY SKYLD EQAAK EFI AW LMNGG PSSGA PPPSC*a (| actam @

16-20; SEQ ID NO 489) HX2QGT FTSDY SKYLD EQAAK EFI C*W

LMNGG PSSGA PPPSa (SEQ I D NO 490) HX2QGT FTSDY SKYLD

RgéAK EFI C*W LMNGG PSSGA PPPSa n&l actam @ 16-20; SEQ I D
&SQ"lf)T SWe‘iI%YId) EﬁAﬁﬂfeElﬁ%WéM o Gastpre® deLOXGEQIBNO: 505)

DY SI0ELISEQAR W LANCR, c%an?@tl%g@)egE(ﬁfD&?: 506)
rrer

r h|||c alternative t he
g Sby §$} QEQAWI%EEA& WMYGCHSSEPORRP S dptam @ 16-20;
BAG0! or alternatively the C- is a Cys
gtégachedvg?gga pol yet hyl ene gl ycol of about 40 kD
éﬂéﬂéﬁ@ & TRENYgHE Y LINKRRYSK DEFERY LSKNGE PESBARPPSVEHIAS @ 46-20;
E NGy 492) HX2QGT FTSDY SKYLD ERAAK DFVQW LMNC*a
I D NO 4931)‘§’EI—|X2QGT FTSDY SKYLD ERAAK DFVQW LIMNGG
§Q@T§§ISQ@*S¥Y ERABKNIYICAY IMNWMEE BSTCAPEBYa Gikwin D@ 16-20;
LMNGG PSSGA PPPSCra (| actam @6-20; SEQ ED
2QGT FTSDY SKYLD ERAAK DFVC*W LMNGG PSSCGA
rXFlﬁerT( DY| s_m@ ERBAK INOSSTLMNGDYlagiy 1@ ¢RI ARQIPHO:\AL0)
% FTSDY SKYLD(&E{%RAK D%\%}‘LN%QJP% WQ%AS%g ID415(§ >11)
PROQGT WQEﬁ@@Q@E&W@W@M&WQM@@Q@ SQ IM@@)SIZ)

(ST N A RS M M SRR B L e

NppPEd»* a (| act am @L6-20; SEQ DD NO. 501) HX2QGT

%‘3’3‘ 1o e PG RVs erRRE PRR B b e

(abe:tmteard),@hﬁ W renSHQ T'Os M@ ys5Q3) Cys attached to a hydrophilic polymer,
or alternatively the C* is a Cys attached to a polyethylene glycol of about 20 kD
average weight, or alternatively the C* is a Cys attached to a polyethylene glycol of
about 40 kD average weight.

HSQGT FISDY SKYLD EQAAK EFIC*W LMNTa (optionally with lactam @ 16-20; SEQ
ID NO: 514)

Wherein the C* is a Cys, or a Cys attached to a hydrophilic polymer, or alternatively
the C* is a Cys attached to a polyethylene glycol of about 20 kD average weight, or
alternatively the C* is a Cys attached to a polyethylene glycol of about 40 kD average
weight.

HX2QGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 517)
HX2QGT FTSDY SKYLD ERRAK DFVC*W LMNTa (lactam @ 16-20; SEQ ID NO: 528)
HX2QGT FTSDY SKYLD ERRAK EFIC*W LMNGG PSSGA PPPSC*a (SEQ ID NO: 531)
HX2QGT FTSDY SKYLD EQAAK EFIAW LMNGG PSSGA PPPSC*C*a (SEQ ID NO:
532)

HX2QGT FTSDY SKYLD EQAAK EFIC*W LMNGG PSSGA PPPSa (SEQ ID NO: 533)
Wherein in the preceding sequence X2=AIB, and wherein the C* is a Cys, or a Cys

attached to a hydrophilic polymer, or alternatively the C* is a Cys attached to a
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Wherein in the precedi ng sequences X2=ADB, and wherein
the C- is a Cys, or a Cys attached to a hydrophilic

w@eiogtrerl7 or alternatively the C- is a Cys attBChEs2008053857

a pol yethyl ene glycol of aboet4- 20 kD average wei ght,
or alternatively the C- is a Cys attached to a
pol yet hyl ene gl ycol of about 40 kD average wei ght. The

frolycaMiche 8lcHEFIBOuDALD SRS & tha&@@ﬁﬁnwg kic@aan Cys
co-agoni st's are also constructed generally as

diétsched beal palyethplengglgselmblabent #0 kD avemgasucight of a
| act am bri dge between am no acids 16 and 20 restores
the reduction in glucagon activity caused by the

ﬂﬂ@:ﬁi FISDYSK D PQAAKI ERICAY INKZQESES TSNO: SKLD EQAAK

SRl R B RERL R B G lihe o) (e o

I)QSQGQHSDQSK&LQEQ@AK@FDW IIMN@*a$B0 ep NQJ: i5goypol yrer ,

gt FP e IR g B el oo o,

A1 HEESDYSKY LDERREK DRy CAWOMNTa(IEQIRSND: 639) a

pol yet hyl ene gl ycol of about 40 kD average

wei ght . XI SQGT FTSDY SKYLD EQAAK EFI C*W LM\Ta (|l actam @
Meheroin iste prevediog sepBnces XSEBMEY SihhaSKphDAEQANK iEkdiwle

SR b AR BRI s 88X Wi Beraifoghls popymer
SEQtdrhatNel gtﬁ@@)" i Bt h&EDS 236 y&h ydt YEMJuMEID
PSSGA PPPSCra (| actam @ 16-20; SEQ 508) Xl SQGT

PYSEEe WRghDoEdientizey the/Ct m&ﬁv%@d&dﬁpramlxeﬂy&mmb@ﬂ of
Ja%qo @EQ&% %i 509) X| SQGT FTSDY SKYLD ERRAK DFVCrW
acta

&0 SEQID NO 510) HX2QGT FTSDY
FISUAT FIRRASKDEVCSREAQYNFY QW ANVINTIGRES GAPPPS (SEQID BONS21)

by st Rt PRy Bl s

HNGT ASBEAKRPESIRKAQ OFYQWALMKEEESSEGARPPSA (SEQ 16 NR): 523)

s PSR TR S B R P RaCAT P GRERD: oo

HIQGTFISD YSKEED SRRAQD(EVQV&LI\/B)G(HISSGAPBPWSEQ[IDNO 525)

gﬁm 3{%‘? e gryco bﬁ@‘%ﬁ@%ﬁ%@%‘%@%ﬁﬁﬁa

GTAEQT BRIt $SMIEGOAAKEFIAYW BVKg6a (RRQEIEHEd: 120) a
pol yet hyl ene gl ycol of

X1X2QGT FTSDY SKYLD ERX5AK DFVX3W LMNX4 (SEQ ID NO: 61)
wherein

X1=His, D-histidine, desaminohistidine, hydroxyl-histidine, acetyl-histidine, homo-
histidine or alpha, alpha-dimethyl imidiazole acetic acid (DMIA) N-methyl histidine,
alpha-methyl histidine, or imidazole acetic acid,

X2=Ser, D-serine, Ala, Val, glycine, N-methyl serine or aminoisobutyric acid (AIB),
N-methyl alanine and D-alanine.

X3=Ala, Gln or Cys-PEG

XA4=Thr-CONH2 or Cys-PEG or GGPSSGAPPPS (SEQ ID NO: 515) or
GGPSSGAPPPSC-PEG (SEQ ID NO: 516)

Provided that when X3 is Cys-PEG, X4 is not Cys-PEG or GGPSSGAPPPSC-PEG
(SEQ ID NO: 516), and when X2=Ser, X1 is not His.
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about 40 kD average wei ght. HSQGI FTSDY SKYLD EQAAK
EFI C-W LMNTa (optionally with |actam @ 16-20; SEQ ID

woedosB04) Wherein the C is a Cys, or a Cys apCHUK®AS/053857

to a hydrophilic polyner, or8%nlternatively the C is a
Cys attached to a pol yethyl ene glycol of about 20 kD
average weight, or alternatively the C- is a Cys
afs=aghedAio a pol yet hyl ene glycol of about 40 kD
average weli ght. HX2QGT FTSDY SKYLD ERRAK DFVC*W LMNTa
(lactam @ 16-20; SEQ ID NO 517) HX2QGT FTSDY SKYLD

ABaRO TR ST PP LI RAR AR P RS
whefid D NO. 531 ) HX2QGT FTSDY SKYLD EQAAK EFI AW LIMNGG

RSSGA PPPSC*C*a (SEQ | D, NO 532) HX2QGI FTSDY SKYLD
BRRYS, BEP‘@,"‘W?_’MWP@‘S@QIWbg‘im(‘féétlft%rwetﬂs‘gﬁ“dme’ homo-

[ . o — ~ . - -
PhgugHSr Lk AR Eed SRR R SR R e
plphy-methyl distidine comiatidazeleyacetiveacidd is a Cys attached to

ol.yet hyl ene, gl ycol . of out, 20 kD aver.age ,wei ght,. or
e Yy Y SstyPine N g S0 Sobim i hcia (Xs),
Boéaly IMb&RE afd BN, about 40 kD average wei ght.
HSQGT * FTSDYSKYLD EQAAK EFI C*W LMNTa (SEQ I D NO 518)

Xi3sat% GITSDYSKPEGS EQAAK EFI CtW LMNTa (SEQ ID NO 519)

FSercP R ARSI Bk, sko

GOHSGAPEPSCPEQ@ES TBINOSKM)D ERRAK DFVC*W LMNTa ( SEQ
I D NO 530) Wherein in the precedi ng sequences Xl =DM A
Peides el vea 68 iSRRG e Aot e BeG oF GGRSISGAPRRSE PEG

' J ' ss attached to a
%%ﬁ?:@6&aﬁ§%ﬁg@n or g‘lgts(el?%%&\?gl y the C is a Cys
aSeathedAtgo a pol yet hyl ene gl ycol of about 20 kD

average weight, or alternatively the C* is a Cys
attached to a pol yet hyl ene gl ycol of about 40 kD

aver agey\WetfHrece g@%@&%@%ﬁk%é@%@o%mmaﬁms, eg., 1,
LMNTGPSSGAPPPSa (SEQ I'D NO 521) HSQGI FTSDYSKYLD

SRRAQI RGN L MNGSHBEGARSIRBar¢YSEGVItD 1hNdudis g Pt e (aEited to
SO - bR i b8 URGH T Eihance poréncy *AnY of e preceding
sequences can also be produced without the modifications that confer DPP IV
resistance, i.e. in which the native His is at position 1 and the native Ser is at position
2. In addition, any of the preceding compounds may optionally be linked to a
conjugate, such as a heterologous polypeptide, an immunoglobulin or a portion
thereof (e.g. Fc region), a targeting agent, a diagnostic label, or a diagnostic or

therapeutic agent.
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HSQGT FTSDYSKYLD SRRAQ DFVQW LVKGGPSSGAPPPSa ( SEQ | D
NO 524) HSQGT FTSDYSKYLD SRRAQ DFVQW LMDGGPSSGAPPPSa

W@ 3EQ10MINC  525) HSQGT FTSDYSKYLD ERRAK DFVQV¥CT/US2008/053857

LMDGGPSSGAPPPSa (SEQ | D NO -&26) HAEGT FTSDV SSYLE
GQAAK EFI AWLVKGG(SEQ | D NO 527) X1X2QGT FTSDY SKYLD
ERX5AK DFVX3W LMNX4 (SEQ ID NO 61) wherein Xl =H's,
P giine, desam nohi stidi ne, hydroxyl - hi stidi ne,
acetyl - hi stidine, honohistidine or alpha, '

al pha Tt hedlowing glheation peptédes enadiféedeicampmng thy ciermindly |

Lsti.din I ~nethyl -histidine, . or.imgdazole aceti
2RO e B el B GRSy sRpinfuf R Ealbetie
Seid Ehseiictedgdnetaly As tysctibedsiode (FEBmplds el byd asthywaifoe
and D-al anine. X3=Ala, G n or Cys- PEC—? X4=Thr - CONH2 or
@@vlp@@tI@rG@;igg@bpp@qrgmtqrgum thsgn yittsy assay described in
%&?%PPSC— PEG (SEQ I D NO 516) Provided that when

[ $-PEG, X4 is not Cys-PEG or GGPSSGAPPPSC- PEG
( SEQ Mabki@1 répk€entsainlactdvizn oXartms glushgdnsanalwigs at the glucagon
Hi s. X5=Al a or XAIX2QGT FTSDY SKYLD EQ X5AK EH. X3W
@&ﬁ&ﬁ’( Q@@*H@SQ@G g3if st %Pﬁgkgm%@p a@'ﬁﬁggwr’aﬁw&g the c-
SR BRBASS S S350 I X 26y hmitoSkidiuBSititions at positions 16, 20, 28
acetyl - hi stidi ne, honohistidine or alpha,
ahe R cafi impabiythe amrlofsazoviey aidlet GEPdciecept®M A) , N- net hyl
hi sti di ne, al pha-nmethyl histidine, or imdazole acetic
acid X2=Ser, D-serine, Ala, Val, glycine, N nethyl
serine or am noi sobutyri cggid1qA B), N-nethyl al ani ne
and D-al anine. X3=Ala, Gn or &/s- PEG X4=Thr - CONH2 or
Cys- PEG or GGPSSGAPPPS ( SH@agdd (MO 515) or
GGPSSGAPPPSC- PEG ( SESrucmreMctivity RéfptioRshipyi ded t hat when
X3 is Cys-PEG X4 is not Cys-
(SEQ I D NO ._516),
X5=Al 5*98?%"‘}1@6 tide

Potency (%) Potency (%)
-MNT? (SEQID NO: 1) 0.086 100
-MNTG* PSSGAPPPS 0.14 61 1.19 2

(SEQ ID NO: 521)

-MNGG* PSSGAPPPS 0.28 30 0.31 8
(SEQ ID NO: 522)

-MKGG* PSSGAPPPS 0.61 14 0.80 3
(SEQ ID NO: 523)

-VKGG* PSSGAPPPS 1.16 7 0.21 12
(SEQ ID NO: 524)

-MDGG* PSSGAPPPS 0.12 72 0.13 19
(SEQ ID NO: 525)

EYK®-MDGG* PSSGAPPPS 0.22 39 0.020 125
(SEQ ID NO: 526)

GLP-1-VKGG™ 0.025 100
(SEQ ID NO: 527)




Any of the precedi ng sequences can include additional
nodi fications, e.g., 1, 2, 3, 4 or 5 nodifications

w0 bas/1alo1not destroy activity, including but nBCT/US2008/053857
limted to WO or R20 substi-8lti ons that can be used
to enhance potency. Any of the precedi ng sequences can
al so be produced wi thout the nodifications that confer
PREANMPLESSI stance, i.e. in which the native His is at
position 1 and the native Ser is at position 2. In
addi t ileble 13 nrg@rgﬁentShe vigroedagedioggmolataddandsiopaglucagon peptides

tiona i nked .to cgnj ugat e ch as _a

AB RS te by Ehnr ARkt by o BCl ettt

portion thereof (e.g. Fc region), a targeting agent, a

di agnostic | abel, or a diagnostic or therapeutic
5  agent TaEXaNRL EOMPARIS@N OF IAGONLYTG ANDUERGEANISEP ] aié w/o PEG
modified to conprise the c-termnal extension of SEQ
1D NO_26 |inked to the cal feoRgencsRelatiyeso Nptiveh e
gl ucagon pE€ONTROWEre construdiRd gener@ltMR as
descri bed &heagen i n Exanples 1-190 and as&®yed for
activity afl¥he G P-1 and gl uchfbn [rece¥Pors usling the
in vitro assay described in Exanple 14 Table 11
represents the activity of variolRreBIWeBEhn dnal Baseat WPEC

the gl ucagon and GLP-| recept(rWSPthq‘féRélaE“&t%ro%’gofeﬁ‘é}tRelatWeto

for gl ucagon analogs conprising t heNatiVer ni nal Native
A i on of SEOQ LD NO 7R’ ; dOEPER t I+ | $R opnlg GLP-IR
Cl’gIPer‘L\AEZvrqywés NQ\48®8 and—-2 Clégé i 'rna'6p6f he n%@-l O,gs 82.5
Cli‘mqrz DNO48T) ot o 2P T aR46y ] Cay 943

C
it (82, GHOIDAT of Dot L TR dacilh dox
ST U ]%BurGéy c3: |¥?|4(% exl—(?geqdalp\l\gjr;shl p Guc agoﬁ Ee i d&° Ed50 688
dr A |||Vy I"Ut | L% ‘79 FU ||by ]
B 180 TS0 hoctamabs 6

)
CH)me%é*Al!Bz 61y29 $@Cﬁ24é&‘e‘(8EQJD|M S21) 72 5 VNG 7RSSTEARPRTS 95.4
490) 28 30 0.31 8 (SEQ ID NO 522)

-

Chimera AIB2, Gly29,30 Cys24 Cex Lactam (SEQ ID 25.2 381.5 14 96.4
NO: 491)

E16, K20AIB2, A18 Cys24 (SEQ ID NO: 492) -- -~ 1.1 73.5
E16, K20AIB2, A18 Gly29,30 Cys24 Cex (SEQ ID -- -- 0.1 88.5
NO: 496)

CO-AGONISTS GR GLP-1R GR GLP-1R
Chimera DMIA1, Cys24 Lactam (SEQ ID NO: 505) 160.7 82.5 19.1 12.5
Chimera AIB2, Cys24 Lactam (SEQ ID NO: 504) 114.2 230.4 9.2 38.0

Chimera DMIAL1, Cys29 Lactam (SEQ ID NO: 506) -~ -- - --
Chimera DMIALI, Gly29,30 Cys40 Cex Lactam (SEQ -- -- - -
ID NO: 507)
El6, K20 DMIAL1, Gly29,30 Cys40 Cex -- - - --
Lactam (SEQ ID NO: 508)
Chimera DMIAL1, Gly29,30 Cys24 Cex Lactam (SEQ -- - -~ -

ID NO: 509)

E16, K20 DMIAL, Cys24 Lactam (SEQ ID NO: 510) -- -- 64.1 9.3
E16, K20 AIB2, Cys24 Lactam (SEQ ID NO: 517) 108.3 96.9 15.8 31.0
Chimera Cys24 (SEQ ID NO: 518) -- -- 19.8 29.3
E16, K20 DMIAL1, Gly29,30 Cys24 Cex 116.0 78.3 12.6 11.3
Lactam (SEQ ID NO: 513)

Chimera DMIA, Cys29 (SEQ ID NO: 520) -- - 53 27.3

Chimera DMIAL, Cys24 (SEQ ID NO: 519) 28.9 64.5 6.9 19.3
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- MKGG30 PSSGAPPPS 0.61 14 0.80 3 (SEQ ID NO 523)
- VKGE30 PSSGAPPPS 1.16 7 0.21 12 (SEQ I D NO 524)

WO MOSGBB01PSSGAPPPS 0.12 72 0.13 19 (SEQ | D NO P&RB}2008/053857

El 6K20- MDGGE30 PSSGAPPPS 0. 22889 0.020 125 (SEQ I D NO
526) GLP-1-VKGG 30 0.025 100 (SEQ ID NO 527) EXAMPLE
18 Table 12 represents in vitro data accunul ated for
valdigsts gl ucagon peptides conparing their relative
activities at the glucagon and GLP-1 receptors. Table
12: COVPARI SON OF AGONI STS AND CO- AGONI STS w/ and w o

the sduuende s EEbE B beBudc AR RERH SRy FRTRSE D
NO: B%r anagileg bf SBQ)ADN@Y 339 whereliDdaidariaddglis abl /naturally

occurring peptide and said anal og differs fromSEQID
Resursng paptifle papd spidyanakes ditfer vl SEQAER NGh3S by b(te3 aaipo acid

i di : - : , g1l 4 :
PG, L3 dafoodionyl. B aeh g, ML B A 60324
Re1§, ded 2% wherdis s@d glueagin pPidedxhibin anlehst\208%y ofahe activity of
nativ P- 1 ;Lﬂréhe GLP-1 receptor. 2. The gl ucagon
patbys @eP-drat thedilh-1 7645819 n sai d gl ucagon pepti de
conprises SEQ ID No: 55. 3. The gl ucagon pepti de of
claim1 wherein said glucagon peptide conprises SEQ
| DNO 256. Zhe Zheagginpepiadsrofpégimi ldehar€insnaig ghfcagbmpensidg ,

2 or.3 (& sal d gl ucagon peptide further conprises
gorﬁ‘%ﬁelsg@‘i@g&igd fromthe group consisting of SEQ ID
NO 26, SEQID NO 29 and SEQ ID NO 65 linked to the

carboxy term nus of said %I ucagon peptide. 5. The
gl ucadon p&pe Elyeagon pepiideratzlapmn Iawhgreinspiq sdudagoypeptidgon

leghﬁggsﬁg@iﬁfﬁb:ggnpri ses SEQID NO 26 linked to the
car e

oxy m nus of said gl ucagon

4. The glucagon peptide of any of claims 1, 2 or 3 wherein said glucagon
peptide further comprises a peptide selected from the group consisting of SEQ ID
NO: 26, SEQ ID NO: 29 and SEQ ID NO: 65 linked to the carboxy terminus of said
glucagon peptide.

5. The glucagon peptide of claim 2 or 3 wherein said glucagon peptide
further comprises SEQ ID NO: 26 linked to the carboxy terminus of said glucagon
peptide.

6. The glucagon peptide of any of claims 1, 2 or 3 which comprises a
lactam bridge between two amino acids selected from the group consisting of amino
acids at positions 16 and 20, amino acids at positions 12 and 16, amino acids at

positions 20 and 24, and amino acids at positions 24 and 28.

7. The glucagon peptide of claim 6 wherein the lactam bridge is between

amino acids at positions 16 and 20.
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peptide. 6. The gl ucagon peptide of any of clainms 1, 2
or 3 which conprises a |actam bridge between two am no

wa@eidaowet ected fromthe group consisting of aP@TUS2008/053857

acids at positions 16 and 20689-ami no acids at positions
12 and 16, amno acids at positions 20 and 24, and
amno acids at positions 24 and 28. 7. The gl ucagon
pepti gde of Tekaluehgonheptiad of didigh 1 dhéRM drd G@gbﬁ eptide
bet ween anino acids at positions 16 and 2 R
OIS H2E? Nee3df claim 1 wherein said gl ucagon
peptide conprises SEQ ID No: 33. 9. The gl ucagon
peptide of claim 1l wherein wherein the am no acid at
posi ti9%on 2&he glubagon papridoss diyis Bwletehewdrtin theadiniglo atid at
position 29 is Gy _or Thr. 10. The gl ucagon pepti de of
cﬂoailﬂsl 28 {fvashegn %Lﬂs Yidthagamogsist at desiiomd? isaly osfh

anal ogof SEQ I D No: 55 that differs from SEQ I D NO 55
by 1 to 2 amno acids. 11. The glucagon pepti de of

cl ai ml0. whaheighicsgintpegtidecalgpdainpephedm sanhgindages pép‘llde

3379 s 0 anrioeef Sk 1 30 $h Bagiieronm pELIIS0s P 2 it

Ja;lmmgcrl@_n sai d gl ucagon peptide conprises the
sequence of SEQ ID NO 53. 13. The gl ucagon pepti de of
cIa|m12 V\herelnthe amno acid at position 3 is

gl ut ani 4.. The c e of |m1V\,hre|n

fhe 2 ho" bf ol EophepGRER SRRLE yhfersef! QigRadn Hepiofi.c
?ﬂm AnRE#AbLE GESE) IBN0:56 thdtdiffs fromSEO D NOXH50yt Samino

east 10% of the activity of native glucagon at the

@F agon receptor and at |east 50% of the activity of
native G.P-1 at the G.P-1 receptor. 16. The gl ucagon
pepti de of any of clains 1-13 that exhibits at | east

40% ofi2t he Exetglwagiyn péptidaof vaing i Loageh Qid glbeagoh pegaien
receptor and at ast 40% of the activity of native
@@Pﬁseétthetq?éu@?(’?s?@é@ @r3%7. The gl ucagon pepti de

of any of clainms 1-13 that exhi bits at | east 60% of

the activity of native glucagon at the gl ucagon

receptldr aitle gluchgeagiepbdofafiaimhi’ wherein the amino acid at position 3

is glutamine.

14.  The glucagon peptide of claim 1 wherein the amino acid at position 3

is glutamic acid.

15. The glucagon peptide of any of claims 1-13 that exhibits at least 10%
of the activity of native glucagon at the glucagon receptor and at least 50% of the

activity of native GLP-1 at the GLP-1 receptor.

16.  The glucagon peptide of any of claims 1-13 that exhibits at least 40%
of the activity of native glucagon at the glucagon receptor and at least 40% of the

activity of native GLP-1 at the GLP-1 receptor.
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activity of native GLP-1 at the GP-1 receptor. 18.
The gl ucagon peptide of any of clains 1-12 and 14 that

we@zishotos7 0. 1- 10% of the activity of native gPCI/HSIING/ 053857

at the glucagon receptor and%t |east 20% of the
activity of native GLP-1 at the GP-1 receptor. 19.
The gl ucagon peptide of any of clains 1-12 and 14 that

exhi bitys 1THOYuehgdniRpadd dfvknk Yof Bfairial-i1 Y €had bXGBISOA 1kt 60%
the glucagon receptor and at |east 20% of the activity

of theaetiviy efiratiye ghucagoa agthp-glucagensiseentor and at ipaet 60% of the
%Lﬂ‘\ﬁ g%’{;tﬁel Q{mé‘ Ire%le}g}f)ﬁs 1-19 wherein the

amn aC| I on utam c acid, the am no
acid at position 20 is lysine, and the Cterm naI
carboxgllc acid group i.s replaced with an

o Ui 1 < ThE ERicSiancRptish BfAm GE ClgibldA ath o4 Bt xts 0.1-
%%dof%e RIsA i bPHat?xg é%ﬂ:?g&f‘% tfﬁgglgé‘%?ﬂtreq‘éﬁt%gﬁﬁ@& 188t 269 of the

| 'ucagon” pept erel
yaah\ye,ftdfyxlaeweGgP{,/lmlthec@th resepoaval ently linked to the
side chain of an amno acid at position 17, 2 1 or 24
or at the C-terminal amno acid. 22. The gl ucagon

pept ' ‘i? of THE BluBheh ﬁéﬁﬁ&@éﬁn&f&?c@%éﬂpmﬁh&i1@¥ha98§i1151ts01n10%
or 29 conpri ses an aci dic am no acid

gf theagbvitypefprative glotagenyt tie alucagensretepte, an@ at E@st 22)% ofcthe

22. Wher.e t 0 05|t|on lor 2is
ﬁfzn%lvvl\g Oééla{]] e@ﬁﬁ bafttrt]h r@gtgeracegﬂceptl bility to cl eavage
by di peptidyl peptidase I'V. 24. The glucagon peptide

of claim1l wherein the peptide conprises the sequence
of X1%0-QGT Ther guwagorpepsigerotznk o amg)lq\ggld at

LNk
. : . F
T B e ”%@ﬁhé
¥etmirsal Dﬂ‘bo@lﬁ -aPHd@rovp @ﬁﬁ&ﬁéme mpdond]l@frwﬁﬁza laStam
erine, ot histidine, 25  The glucagon peptide

Brides ‘%ﬁtW?@M he liaaniq asig of Bowja Kpayd tb%lysmﬁé Uty
peptide of claim25 wherein X4 is GGPSSGAPPPS. 27. The
gl ucagon peptide of claim24 wherein X4 is

GGPSSGAPPPHPEIGeage . pefitide ¢f] claamddnwipeih iagelyethytmy ghfcol chain
cl ai

oL e B bl ot SRS 35700 LY e or e
g-daamanmeshiide of claim1l wher e| n the peptide

conprises the
22.  The glucagon peptide of claim 20 wherein the amino acid at position

28 or 29 comprises an acidic amino acid.

23. The glucagon peptide of any of claims 1, 5, 8, 20, 21, or 22 wherein
the amino acid at position 1 or 2 is modified to exhibit reduced susceptibility to

cleavage by dipeptidyl peptidase IV.

24.  The glucagon peptide of claim 1 wherein the peptide comprises the
sequence of X;XoQGT FTSDY SKYLD ERXsAK DFVX3W LMNX, (SEQ ID NO:
61) or X;X,QGT FTSDY SKYLD EQ XsAK EFI X3W LMNX, (SEQ ID NO: 62),
with the proviso that when X3 is Cys-PEG, X4 is not Cys-PEG or GGPSSGAPPPSC-

PEG, and when X is serine, X; is not histidine.
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sequence of
NH2- Hi s- Ser-d n-d y- Thr - Phe- Thr - Ser - Asp- Tyr - Ser - Lys- Ty

WO 200800 W$P- G u- PCT/US2008/053857

Ar g- Ar g- Al a- d n- Asp- Phe- Val -#3-n- Tr p- Leu- Xaa- Asn- Thr - CO
OH (SEQ ID NO 9) wherein Xaa is selected fromthe
group consisting of Met, Leu and Nle. 30. The gl ucagon
peptide of claim 1l wherein the peptide conprises a
sequence sel ected fromthe ?pou consi sting of SEQ E)
NO. 465. SE®he plugezongeptidead g @m‘% whereingids %ms—ﬁ@.G. 43

and SEQ I D NO 44. 31. The glucagon peptide of claim1l
wherein the peptide conprises the sequence sel ected
from obe gmheglucagmi RptidgofadlaibEyd Wherblar X 1i? GGHSQGAPHIG.
13, SEQID NO 14 and SEQ ID NO 15. 32. The gl ucagon
peptide of claim23 wherein am no acid at position 2
is sehecte - § S DG - '

ol ani e DAY B R AERCIAAGRL, i R SsiArpPsC:
®BE¢et hyl al ani ne, and am no isobutyric acid. 33. The

gl ucagon peptide of claim 23 wherein am no acid at
position 1 is selected fromthe group consisting of

d- hi shidi n ' i &4 O ihsdhi e, -
acet yItZB his ? |hgl gﬁ%%ﬁgbgﬁéﬁg |5} E’g cmlél-ggrrg%( %4)7/ whﬁqsf?#%k?r? gr,npnses
allphem etge/between dninn ecids ali maitiohe 1@emt 2& aci d, and

al pha, al pha-di methyl i m diazole acetic acid

(DM A). 34. The glucagon peptide of any of clains 1-23
furthep, comps gﬁlbii@n?ebﬁﬂg SIMil CwhBeRttie ﬁ%ﬁ@k @Binbiises the
bound at position 17, 21 or 24 or at the Cterm nal
é@ﬂq‘?ﬁc%\@iNQ)HDHISr$F§'Cglpt@lﬁ@ﬁ-%‘éﬁW@@?AEB:TWﬁéPQ}'%EmbW-ASP-

. | a 2 ) : L . :
KB AEN AL AN S LR oy o
NfO:¢l) aihteln dha B stlevded fdinntht REoupl doadgaTz qraviét] Ueu dndrNlser

conpri ses a sequence selected fromthe group
consisting of SEQID NO 26, SEQID NGO 27, SEQ ID NO

28 an @g SEQTthfIN%%oﬁgxegﬁge of BMEmI! Hﬁi&gﬁﬁr{h@ ﬁ%{u’dg %oﬁl{)ﬁsees a

cl ai m 36 wher ucagon peptide co I ses
seqpenceceeleofed Sfe@n the gip @Bsiviirey &fi SEQ He NeDid0pSEQIID NO: 41,

3621 8% 38 SR B R s SeRD MR 7' 201 & sequence of
SEQID NGO 29 is covalently linked to the carboxy

termnus of SEQ ID NO 33. 38. The glucagon peptide of
cl ai m387 wihbe glupagoneepliags ofddnimolnphérsioghe peptide qompiises die

‘?eEq(aehc% s'él%ctegz%fom the group consisting of SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14 and SEQ ID NO: 15.

32.  The glucagon peptide of claim 23 wherein amino acid at position 2 is
selected from the group consisting of d-serine, alanine, D-alanine, valine, glycine, N-

methyl serine, N-methyl alanine, and amino isobutyric acid.

33.  The glucagon peptide of claim 23 wherein amino acid at position 1 is
selected from the group consisting of d-histidine, desaminohistidine, hydroxyl-
histidine, acetyl-histidine homo-histidine, N-methyl histidine, alpha-methyl histidine,

imidazole acetic acid, and alpha, alpha-dimethyl imidiazole acetic acid (DMIA).
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39. The gl ucagon peptide of claim1l wherein the
gl ucagon peptide conprises SEQ ID NGO 20 wherein the

w@pdosno®mel d at position 20 is sel ected from t hBCUS20p8/053857

consi sting of arginine, orni-?hine and citrulline. 40.
The gl ucagon peptide of claim1l wherein the peptide
conpri ses a sequence selected fromthe group

consi Stj ng Taé gﬁ%dn e Oany DEQalhs NO3 fdrdher comprising a
NH2- Hi s- Ser - Thr - Phe-

i droghidic qu;etyypy@gﬁlyﬂ:&pgnq-?trpqgg@n Adp2 i@ 24 or at the C-terminal

-Val -d n-Tr p- Leu- Met - Xaa- Xaa- R
%M%dﬁg% g@{a %ﬁ i §- Ser-d n- A y- Thr - Phe-
Thr Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- d u-
Al a- Lys- Asp- Phe- VaI-GIn Leu- Met - Xaa- Xaa- R
( SEQ p% NOThgg ucag@queppge alpy 4t Wj?%;emﬁaldmgrophlhc moiety is a
[veP&l g’ygh SEr-Lys- Tyr - Leu- Asp- Ser -
E? eA?enéég’c Lys aAsp Phe- Val - G u- Tr p- Leu- Met - Xaa- Xaa- R
(SEQID NO 68) NH2- Hi s- Ser - @ n- Gly Thr-Phe-

Thr r-As Ser s-T Leu- As

oo A A Shesthicagy nehds Al el 47 5 Viteighe dlycason peptide
(qu-IﬁQr H«S}n es @%&qd&h@e Al tedatorPt g%ﬁ/p c-UﬂEmengeof SEQ ID NO: 26,
Thr - Ser - Ser-Lys-Tyr-Leu
,&F@IRQTOAQ %ww&mmﬁﬂeu Met - Asn- Thr - R
(SEQ ID NO 16), NH2-Hi s-Ser-d n-d y-Thr-Phe-
Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- G u-
Ar g- ABg- Al Thé&ghie Gdevitl cl4anBoWherti@ the dBéagbl pepiitie- R
(SEQ.I D NO 17 wfﬁl—ﬂe H s- Ser - Glenr €] e%ra-g g?ﬁ
TARPREES il;gs%que SEPERQYR-NO; 33_yberpglﬁh@@mo acid at position 28 is

Caii i o SR EE (bR it lielfe o
BES) I NO: 28 isdovhleat phpltadde thescasigpatagims of SEQSIDANO: 83.
acid; the Xaa at position 29 of the peptide is
threonine or glycine; and Ris SEQID NGO 26, SEQID
NG 2 COPHL: '
ol i mg§10 e fuc@'ﬁ%ptn‘fe &fc}ﬁﬁ%?gka éigl‘i’luﬁb gﬁé g(ggl%ﬁsgs the
ofqueher ofi SHY) W &IioR. t he peptide conprises the sequence
of SEQID NO 10. 43. The glucagon peptide of claim40
wherei n the peptide conprises the sequence of SEQ ID
NO 139, 44Thd BRicSBoAGREGMR: &Qﬂﬁlindlewﬁéreﬂtﬁé ?l\lé‘aglan\bﬁﬁci&l n

e

the peptide further conprises a polyeth ne gl ycol
epmprises SEQ EhNOy 20 olparin the aminnicid atamsmlon @Qufdwéecmd from the

group consisting of arginine, ornithine and citrulline.

40.  The glucagon peptide of claim 1 wherein the peptide comprises a
sequence selected from the group consisting of SEQ ID NO: 10, SEQ ID NO: 11,

NH;-His-Ser-GIn-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-
Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu- Met-Xaa-Xaa-R  (SEQ ID NO: 66),

NH;-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-
Arg-Arg-Ala-Lys-Asp-Phe-Val-Gln-Trp-Leu- Met-Xaa-Xaa-R  (SEQ ID NO: 67),

NH,-His-Ser-GIn-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-
Arg-Arg-Ala-Lys-Asp-Phe-Val-Glu-Trp-Leu- Met-Xaa-Xaa-R  (SEQ ID NO: 68),

NH,-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-
Arg-Arg-Ala-Gln-Asp-Phe-Val-Glu-Trp-Leu- Met-Lys-Thr-R  (SEQ ID NO: 69),
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position 16, 17, 2 1 or 24 or at the Cterm nal am no
acid, and pharmaceutically acceptable salts of said

w@bkwsagon’ pepti de, with the proviso that when PEEUS2008/053857

peptide conprises SEQ | D NO-93t0, SEQ ED NO 11, SEQ ID
NO 12 or SEQ ID NO 13 the polyethylene glycol chain
is covalently bound to an ami no acid residue at
position 17, 2 1 or 24, when the peptide conprises SEQ

ED NONHLAHR!SeRER-GR -Hk-PAS thhSeRalsy atyhskenes- g ¥Lal-Asp-Glu-

i Yol /528 VN SBHW AN b 9 cAIMNVRITARL. TRE R .
i A U el ST G IR sl )

I D . the polye n lycal ain i s coval ent |
O R L N i e
FWREHA TR PRt ShprPdes- MeblybIRER ¢ Q:37). an
NO 17 or. SEQ I D NO 18 the pol yethyl ene glycol chain
s oISy SBarkly-15r-Bhe - it ASpTyF Ser-bie T Leu-Asp-Glu-
pogiArgavla-LysdyspPhedGal-Gind rpilesaMenrLpephi-Be(SHHQ B A0Gn 18y
wherei n the pol yethyl ene glycol chain has a nol ecul ar
wed §BQ IpaVecs®d from the range of about 1,000 to about
5,000 Daltons. 46. The gl ucagon peptide of claim44
wherein the polyethyl ene glycol chain has a nol ecul ar.
wei ghhereinihe dtaa abp@opns] of despeptide ispsparagine aggshartic acid;

£i : ot h : h
Conpr oSl b8 WARE Gtk REnRERICCR dlydiley Rl
car box®/istSEQID NO: @b, $IH@ IPND1 20 COGIH dr @ONT,. onal am no

acid conprising an am de group in place of the
term nal carboxylic acid group of the native am no

aci d. 48. Tn@gﬁhmg,iegn&%tcha% 4 with&h R # @A}, her

conpri sing an~exten n peptide bound to amno acid 29
of said glucagon peptide, said am no acid sequence

SEQ | I, THEbRERoREep g R0 Shsein i Rpp L guperies the
BapehdOfSEEIHIND: 48, wherein the amino acid at position

28 is aspartic acid, the amno acid at position 29 is
gl ycine and the am no acid sequence of SEQ ID NGO 29

= SO T AT A e e A St
sefiofiRas SBQ MHN: 91 Ser - G n- d y- Thr - Phe-
Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Xaa-

44.  The glucagon peptide of claim 41 wherein the peptide further
comprises a polyethylene glycol chain covalently bound to an amino acid residue at
position 16, 17, 21 or 24 or at the C-terminal amino acid, and pharmaceutically
acceptable salts of said glucagon peptide, with the proviso that when the peptide
comprises SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 or SEQ ID NO: 13 the
polyethylene glycol chain is covalently bound to an amino acid residue at position 17,
21 or 24, when the peptide comprises SEQ ID NO: 14 or SEQ ID NO: 15 the
polyethylene glycol chain is covalently bound to an amino acid residue at position 16,
17 or 21, when the peptide comprises SEQ ID NO: 55, the polyethylene glycol chain
is covalently bound to an amino acid position at position 21 or 24 and when the
peptide comprises SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 the
polyethylene glycoi g‘,hz}in is covalently bound to an amino acid residue at position 17

or21.
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Xaa- Ar g- Al a- @ n- Asp- Phe-Val - @ n- Tr p- Leu- Xaa- Asn-Thr-R
(SEQ ID NO 2); NH2-Hi s-Ser-d n-dy-Thr-Phe-

wWakosser1Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Xaa- PCT/US2008/053857

Ar g- Ar g- Al a- d n- Xaa- Phe- Val -@&n- Tr p- Leu- Xaa- Asn-Thr-R
(SEQID NGO 3); N'-Hi s-Ser-d n-Gy-Thr-Phe-

Thr - Ser - Asp- Tyr - Ser - Lys- Tyr - Leu- Asp- Xaa-

Arg- Arg- Al a- d n- Asp- Phe- Val - Xaa-T f -Leu- Xaa- Asn-Thr-R
(SEQ ID NO 4); and glucagon agoni st anal ogs of SEQ ID
NO 245 SEQThDgI\@g(ﬁ?l rEpUddSEQldim Whetﬁlnmn@pcﬂymhﬂemesglycol

t he s e chai n of 0
S e SOl ufet vai seecssgn B Fanse ofbpwal odtite Aot 1000
PPHIlRs.aci d of said gl ucagon pepti de further conprises

a hydrophilic noiety covalently bound to the am no
acid residue, and pharnaceutically acceptable salts of

sai d ucagen peptide. .. The ucago epti of
oo k0. - ARG eERbn g dtas A A VAR RS Yip Y elyeol
@Rkifthys & Sofecniat weighy bfe ko Uy 000 Daligish. 52. The

gl ucagon peptide of claimb5 1 wherein the pepti de

conprises a sequence selected fromthe group

C Ons' t7I ng Tﬁ%_ﬁﬁg%oln?) gpcrl]e %fgc’rlﬁl%gg \%#Derel ‘the ngeé)gﬁ%g Er%gf n D

tcbmppgﬂs)&etahghhem agliikcarid adiet o hﬁ&aﬁboﬁjbte@muiuabf welpgbﬁde said
s[ggl ected fromthe range of about 1,000 to about 000
fifigpal amine 2 @Y@WW%@ gioye ipplagy of the @@nmab%bwhc

tag@gQ&[Py&ttﬁyﬁaqpvgagﬁly&&lld chain has a nol ecul ar wei ght
of I"'east about 20, 000 Dal tons. 55. A hono di ner

corrprl sing two gI ucagon peptides of claim 37 bound to

th th h h t |
compodft i o BHEHHLEi BN Y Ui A G GrPES T SR s
beptiie HOOA FRAEHD h&ia2oYf 358 %chﬁéﬂnepe%ﬁhé sﬁﬁ%ﬁﬁﬂf am@ﬂs‘illu@nce

pharmaceutical ly acceptabl € carrier.

selpated Somrthagronp gonséstigs of SEQIDSNOL 26, §E|§HD Nﬁl 27 |amrl1 §EQ ID
rgof, said kit conprising a pharmaceuti cal

conposi ti on of claimb56; and a device for

adm ni stering said conposition to a patient. 58. A

met hod of treating hypoglycem a using a pre-fornul ated
aqueott®  The glucagon peptide of claim 48 wherein the amino acid at position

28 is aspartic acid, the amino acid at position 29 is glycine and the amino acid
sequence of SEQ ID NO: 29 is covalently linked to amino acid 29 of said glucagon
peptide.

50. A glucagon peptide comprising the sequence of
NH,-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Xaa-
Xaa-Arg-Ala-GlIn-Asp-Phe-Val-Gln-Trp-Leu- Xaa-Asn-Thr-R (SEQ ID NO: 2);
NH»-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Xaa-
Arg-Arg-Ala-GIn-Xaa-Phe-Val-Gln-Trp-Leu- Xaa-Asn-Thr-R (SEQ ID NO: 3);
NH,-His-Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Xaa-
Arg-Arg-Ala-Gln-Asp-Phe-Val-Xaa-Trp-Leu-Xaa-Asn-Thr-R (SEQ ID NO: 4); and
glucagon agonist analogs of SEQ ID NO: 2, SEQ ID NO: 3 and SEQ ID NO. 4,

wherein R is COOH or CONH,, and the side chain of an amino acid residue at
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conposition, said nethod conprising the steps of
adm ni stering an effective anount of a pharnaceuti cal

w@ooopoesiotT on of claim56.59. A nmethod of treatP@IUS2008/053857

di abetes, said nethod conpri-85-ng adm ni stering an
effective anount of a pharmaceutical conposition of
claim56. 60. A nethod of causing tenporary paralysis
gf)sifi&?l? €30Ik t?% eCkrmd A Fhifl5hhads Qé?ﬁrgfuk%oﬁg)e%)ﬁde urther
dm nistering an erfective anpunt of a pharmaceutl ca
composss tai hydrophilicinadiety 56 valéitly bouné tdihd amifina adliesidge, and

i ght gain or inducing weight |oss, said nethod
EBertieetialtirenale sy Sk Biceedt persinount of a
conposition conprising a glucagon agoni st conprising a
gl ucagon peptide selected fromthe group consisting of
SEQ | BINO The glusEQnipeptide of tlaimSOQwheyeiidR isICONSE@nd Brid

Bl R AR L 555 P 10

wherein amno acid 29 of the glucagon peptide is bound
to a second peptide through a peptide bond, and said
seconé2pepihelslueegopicpide edprardevhesein thereptidoearaprises a

P BB T B PR g 0P8
SEQH®INOE 28.educi ng wei ght gai n or induci ng wei ght

| oss, said nethod conprising adm nistering an
effective anount of a conposition conprising a

gl ucaggn p@ﬁ%gﬁg?%% gggt?&éﬁf%@aim%- wﬁéaﬁg???et R tBflerde! A

61 wherein t n agoni st furt ri'se

pdiy badwineleeulgt weight sekeaiod flomu thet romgetdi @bgit udidjan about 5,000
eptide at position 17, 2 1 or 24 and said

@8&9’& hyl ene chain has a nol ecul ar wei ght sel ected
fromthe range of about 5,000 to about 40,000 Daltons,
with the proviso that when the peptide conprises SEQ

| D NOS4.10, TeEgurazon@eptide of Sidyn| 33 wWerein theqpol Grigyl¢rm glyvol
13. | yethyl e. | chaip d lently bound
5 RELY B Bk SRR R SRS o

24, when the peptide conprises SEQ ED NO 14 or SEQ ID

NO 15 the pol yet hyl ene glycol chain is coval en_tI%/
bound3¥0 aft oM msE pemprasingine glucages pentigas afclaipy3ppound to

é%??/%ltﬁlggg}pﬁgﬁ& e conprises SEQ ID NO 55, the

ene” gl ycol chain is covalently bound to an
amno acid position at position 2 1 or 24, and when

the peptide conprises SEQ D .NO 16, SEQID NO 17 or
SEQ | ggNO gﬂfg“ e%‘%a}/%‘?lﬂgﬁi'sg%?é‘ CQFWE‘&’I“??‘P%@?HC%QH at_‘%OfflSt of
g@ﬁ%??@éﬁlﬂ%ﬁﬁéﬁ@caﬁ@ aBEL B\t Adrébf! SRS AptarRbceRfSdl on

acceptable carrier.

57.  Akit for administering a glucagon agonist to a patient in need thereof,
said kit comprising
a pharmaceutical composition of claim 56; and

a device for administering said composition to a patient.

58. A method of treating hypoglycemia using a pre-formulated aqueous
composition, said method comprising the steps of administering an effective amount

of a pharmaceutical composition of claim 56.
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64. The nethod of claim58 wherein the gl ucagon
agoni st further conprise a polyethylene glycol chain

whowsdotoo? t he gl ucagon peptide at position 16, PAlPSR0L053857

or 24 and said pol yet hyl ene-2kai n has a nol ecul ar

wei ght selected fromthe range of about 5,000 to about
40,000 Daltons, with the proviso that when the peptide
conprises SEQ 1D NGO 10, SEQID NO 11, SEQID NGO 12

or SEg ID NO 13 the polyethylene glycol chainis
coval eht | y Agpethed plotreating fiahetes shid mebodiemmprisingosininisgring

e A e N R

coval ently bound to an am no acid residue at position
16, 17 or 21, and when the peptide conprises SEQ ED
NO. 1@0 SEQ mpeshegpf cppsigg tegg@rg@p&@_lysg_sg)ftﬂpfemtestma tract, said
) O e I LA COH R § pRGAC R
gbmpagidon @fedimd®. conpri si ng a sequence sel ected from
and of the sequences designated by SEQ ED NO 70

t hrough SEQ ED NO 514.

61. A method of reducing weight gain or inducing weight loss, said
method comprising administering an effective amount of a composition comprising a
glucagon agonist comprising a glucagon peptide selected from the group consisting of
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18 and SEQ ID NO:
55, wherein amino acid 29 of the glucagon peptide is bound to a second peptide
through a peptide bond, and said second peptide comprises sequence selected from
the group consisting of SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID
NO: 29 and SEQ ID NO: 65.

62. A method of reducing weight gain or inducing weight loss, said
method comprising administering an effective amount of a composition comprising a

glucagon peptide of claim 36.

63.  The method of claim 61 wherein the glucagon agonist further comprise
a polyethylene glycol chain bound to the glucagon peptide at position 17, 21 or 24 and
said polyethylene chain has a molecular weight selected from the range of about 5,000
to about 40,000 Daltons, with the proviso that when the peptide comprises SEQ ID
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 or SEQ ID NO: 13 the polyethylene glycol
chain is covalently bound to an amino acid residue at position 16, 17, 21 or 24, when
the peptide comprises SEQ ID NO: 14 or SEQ ID NO: 15 the polyethylene glycol
chain is covalently bound to an amino acid residue at position 16, 17 or 21, when the
peptide comprises SEQ ID NO: 55, the polyethylene glycol chain is covalently bound

to an amino acid position at position 21 or 24, and when the peptide comprises SEQ
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ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 the polyethylene glycol chain is

covalently bound to an amino acid residue at position 17 or 21.

64.  The method of claim 58 wherein the glucagon agonist further comprise
a polyethylene glycol chain bound to the glucagon peptide at position 16, 17, 21 or 24
and said polyethylene chain has a molecular weight selected from the range of about
5,000 to about 40,000 Daltons, with the proviso that when the peptide comprises SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 or SEQ ID NO: 13 the polyethylene
glycol chain is covalently bound to an amino acid residue at position 17, 21 or 24,
when the peptide comprises SEQ ID NO: 14 or SEQ ID NO: 15 the polyethylene
glycol chain is covalently bound to an amino acid residue at position 16, 17 or 21, and
when the peptide comprises SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 18 the
polyethylene glycol chain is covalently bound to an amino acid residue at position 17

or2l.

65. A glucagon peptide comprising a sequence selected from and of the

sequences designated by SEQ ID NO: 70 through SEQ ID NO: 514.



