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gl ucagon peptide (SEQ ID NO 1). Native glucagon exhibits poor
solubility in aqueous solution, particularly at physiological pH,
with a tendency to aggregate and precipitate over tine. In contrast,
t he gl ucagon pepti des of one enbodi nent of the invention exhibit at
| east 2-fold, 5-fold, or even hi gher’z"sol ubility conmpared to native
20 gl ucagon at a pH between 6 and .8, : MRk e cbagHe kiteek t er 24
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27 of SEQ, DpNscit uses GRioinpasaiohscompsivag the MeUHT 25188  EChar ged ami no
acids may be intro u%g,?ed\ﬁqgeghgdme C-termnal portion, and in one
embodi ment CHEPHUWEt0 position 27. In accordance with one

enbodi nent the native am no acid(s) at positions 28 and/or 29 are
substituted whasareharged am no acid, and/or one to three charged
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aci d sequence4¥f %ﬁdol/ﬁw"%ggf’}g&%\/t\‘hgg@g?% It%hg aspar agine fgsi due at
posi tion 28 ofcitvhgomativepscmont laioTe FREIBEE e§d‘5§?|%8ﬂtl ed with glutanic
acid. O her exen‘?fgar tioglqp@g,gt@&ptg&atmmhlgﬁl@ggi. Hoeddn gb‘éﬁﬁ’t’"ﬂﬁ@%‘i&of SEQ
D Nos: 24, 289576, 33, 35 36 nﬁti?n%tovéﬁ@ﬁbiﬁ@'ﬁ%;kddﬁcyd of any of
the foregoing oémmmﬁ@sm@’éﬁd%@amﬁ?? ier -1 npr oved a taﬁ%%ﬂ&rsa
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addition of a &eembrdlinp?@b@"iteﬁématlf?H"ﬁ‘éonca'r%loxy term nus of the gl ucagon
peptide. In one enbodi nent a gl ucagon peptide is coval ently bound

t hrough a peptide bond to a second peptide, wherein the second
peptide conprises a sequence selected fromthe group consisting of
SEQ ID NO 20, SEQID NGO 21 and SEQ I D NO 22.



30In yet further exenplary enbodi nents, any of the foregoing
conpounds can be further nodified to inprove stability by nodifying
the amino acid at position 15 of SEQID NO 1 to reduce degradation
of the peptide over tine, especiallx}in acidic or alkaline buffers.

I n accordance with one enbodi nent a pharnmaceutical conposition is
provi ded conprising a of the cagamiReRt tidesd diiscl osed -
herein, pref é%“é[?)‘l“?“%ﬂ“& )%3?%‘%0?#%%+I'zg%9at Ieas{: 90.‘V%S%ﬁ% 92% 93%
94% 95% 96%id, 9 0R8ITE 1Y areiprchoids PHAAHHER BT TTAMY accept abl e
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the conposition to a patient. Al NELSer@la dddinsd fiyigdae | abel ed
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i nduci ng t he @%ﬁﬁ&?’ﬁweﬁ‘g?d% %%i"g[ﬁg?gt E% _?Jr?fﬁ?esti nal tract. The method
conpri ses 1t hezgstepy, fanddfvi ni steri ng one or nore of the gl ucagon
pepti des di scl oseg, herghd of My 8 tRAbEgI chmpomdednbhBFEs P OH W yet
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amount of an agkeauoisalyime Brrobdnp el SHehEA SYPPEERYBR Bebti de of the
invention. In further enhodiBARLS: wmibedsreofuctrmatind, idiZset es

i nvol ving co- SR Steri ng I nsul i and.. 2.9 4GASORRERE Wi oef the

i nventi on 2ar ezqyﬁ@aﬂgj@agonggﬂslf‘e%ﬁ]@%t ’@Tnﬁg‘ggon peptides are sel ected
fromthe groug. @RS SisaeieilaSEQH Bedi@ion thegmes RPN Y *°8EQ | D NO
4, SEQID NO 5, SEQ ID.NO 6, coripassSERuiBee@all8, SEQ | D
NO 9, SEQ | D*N®&P Dt ,Ds‘gﬁbpﬁeﬁn?\’ﬁ%ﬁ%%%%Egl D NO 33, wherein anino
acid 29 of thecghdicagont spdgierater 388m¥ound to a second peptide through
a peptide bond, a@rgot&@g,gmﬁ}?gadodaﬁaﬁjadﬁofmdpcgostesomm@dé@‘ag;ergcg of
SEQ ID 30 NO 20, SEQ ID NO_ 21 or..S - 2adidoR oNE0bodi ment
the gl ucagdn ﬁéfb?fi“@é‘g ‘OH&@Wé’f‘Eﬁ?eu?cﬁgé‘Jﬁghg%gﬁi ment t he met hod
conpri ses t he pshigo 0f calshty Rimsiteof hyeleragre peite %%ﬁﬁ’i“\"’&i“he?ﬁ; he
sequence of SEQ | D NOQ . 24 NGougR B peptidedingll tSEQcDpiiGrc. 26,
wherein a pol ¥ f%%pg%edeg’ﬁg%ﬁi@sﬂoggval ent | pll ' n%%g L QrofilioRgsiaei d
position 21 orwhatingrgsdcvﬁdwt?ﬂ?ongﬁeﬁ:se@ﬁgéé? %lf“f1 & Tlg—i%a DRAW NGS
5Fig. 1 is a hatp@iaph o6 eprapeNtbngdishelistabi2l i ty of G ucagon
Cys21lmal ei m doPEGT aéi g7c | n?ane%ltbgcgmganran 45 thABregolg,cofundi4eh and 166
hours, resffectivellyy* AT “Fiepresent's data generated. from HREC

anal ysi s of Gudaagemotisib maler spddPEaBIEE ‘f—f“%“?aﬁlcﬁfapats eﬁﬁ_ at 37C
for 24, 72 of JGADRRU RrredhO R5BEEk o e Yepiidel oger iBiereeppridydmresicit a
showi ng the sofubrlity of glucagon anal ogs (D28, E29, E30) relative
to native gl ucdgesbefeer 60 hours at 25 C at pH of 2, 4, 5.5, 7 and
8, respectively. Fig. 4 represents data showing the solubility of

gl ucagon anal ogs (E 15D28,



15 D28E29 and D28E30) relative to native glucagon after 24 hours at
25 C and then 24 hours a 4 Cat pHof 2, 4, 55 and 7, respectively.
Fig. 5 represents the maxi mrum solubility of glucagon anal ogs D28,
D28E30 and E15,D28 after 24 hours, pH 7 at 4 C Fig. 6 represents
data showi ng a gl ucagon receptor nedi ated cAMP induction 20 by

gl ucagon anal ogs (1§2 | it 396 Voo s K2946a0cconsisaen iverotidgednat i ve
gl ucagon Fig. 7 felrEEdsts data show n .3 gk e ORtetaRl eftyesty medi at ed
CAMP i nduct i esinphiyingpny oElromevel AT RIERS lsif‘% El‘:“%g 4, Eogo V, K30K31 0
and K30, V) relabi Ve bi, Bokiove, Dhusages.26%i99% B4eresthts data
showi ng a gl ucagon recepto : @dinta('g : SR MR, isadhiusipeitodsynagl ucagon
anal ogs ( D28piErmacemighlly peosfiff e ROG™ A) rel ati ve to rlla{rimvgIl glgagon .
Fig. O represgpbsa dithgnpipowiangeoncegiiientiorier'dodpt By Y I'at ed CAVP

| nduction by gjgﬁ,g{agm\?%mﬁﬁﬂ pfﬁl,%rﬁi%%ﬁﬁz&e&mbodmaﬁwwa@&tsﬂzs * and E29
A) relative £ ti g ,ugagon '3Ot'ﬁit91'e A5 LERE ERBissistat a showi ng
t he change imom;@siﬂwwfﬁl@@ﬁsaé“ee'&fﬁ&lé?ﬂ“? ations iIn beagl| e dong0 after

i ntranmuscul ar,, 80w Hesdoh@ihiroMn aher ghbrdagon tha ARITHT HEH, ?f’ﬁlpg&aflogs. The
animal s were adnini stered a Kgliehd sanpoditiond by fufieucagon, a
gl ucagon analcﬁ‘apf&?’i’)ﬁlﬂ?ﬁ‘%&]iz%dj °"g’%62§‘§8% t éheep%§ eRGEnPhe SEQ 1 D NO
31 |inkedid o phdreped emmbobaykittest infiyisss GPOYPHEEAGon %? ucagon-ﬂ% or a
gl ucagon anal og ocgfgrqpt[,iagma&. R BRRRK dr Bitsacy o Blerksd f41 1PREGh ™ HY "ani no
acid 28 (gl ucdgdn- Asp28) SEgﬁl Q({\ggﬁ ohise. DETAI LED DESCRI PTI ON

SDEFI NI TI ONS tham eReFFHP 3G REd 14" m ng the j nvent | on, %hp:gsef ol | owi ng
termnol ogy will hecdseds i aecordmee Heho e AT I’_]tlﬁ ons set
forth below As used h ' 1 et rdornaheant ngers tampadiloy Saccept abl e -
carrier” incllﬁ‘ﬁ“é%”rﬁ%f}g%%%lﬁgm}stangélgr d - PharIRG LU dicdbe SREdtoess, such
as-a phosphateosistf Breewthehsormesss 8 (1Pi°0h, 10 wat er , enul sj ons such as
an oi |/ wat er gr. wWel.efibQohp @ik sivenyodifivd Svarraersidt FPBEET" wet ti ng
agents. The term al so enconpasse 4Qf prdited Rgantcee dpproved by a
regul atory ag@ﬁé‘?“r‘bflnf“?‘?@eﬁg}%&%ﬁ%?%?agoovepr nent or - ld.sk@gng shet he US
Phar macopei a_ faafysissems nesnilrat sTrerEPLETRE hlnans. As used herein
the term "phar maceut i callo, Receniiabke hoah @ mefearznedesi’t s of 15
conpounds that ‘fetain the biol ogi cal, A6kkaihywaint taheor panbmt

conpound, 28nd whi &hyehiathEGH B ogical |y or otherw se Wndesirable.
Many of the cqopuRss pdiisa] esedrhbrelmIEPEecaABIE “of F orning acid.
and/ or base salts b t.\(/)]!,lgc;tm#]ﬁshpgfagiulagg{,]pﬁ@&&mcmeﬁfrenam frofudigdl/ or car boxyl
groups or gro#PS*SFMYar thereto. Pharmaceut] calliv.-acsemhafile base
addi ti on sal t smoslindoie, npthegreaf B G B 93" 1°noF gani ¢ and or gani ¢ bases.
Salts derived {uga%mgept%gﬁmﬁvebtacﬁe&,prdvtded-ude by way of exanple only,
sodi um pot aS§I um_11thi um antgpqiggsq;gselg@gdqﬂoﬁma@nﬂp omgsies PiF(sal t s.
Salts deri%ed fromfEFYEhPEBaLEs | ncl ude ﬁ]gts 3§ hRb: d kpbed to,
salts of primanwo: seEomaoy3,aha 1 8Pt §-8FY AR nes: Bﬂar 'rréceutiI?Pal ly
accept abl e aci&ggdgélg%:§§@m9,®QpDé@aﬂQeﬂECﬂ ﬂbﬂ@?@i%&@a I c and
organi ¢ aci ds. 1ts" derived, rog] i qggagﬁr}%]&dggwﬁdio&@&ouﬂﬁaepﬁde _

hydr ochl oric 26rd3 WhyeneBreic e I"G® "SarFuri ¢ acid, nitric acid,
Phosphori ¢ acigly, A0 gkdikendnd, ket seilSadcerd ey spEEriss BRi*BFHART ¢ aci ds

i ncl ude acetic_aci gﬁ’E %%& NI, &p8%h Ho: B, Yk beboipiedt thepjeapet ¢ aci d,
oxal i c aci & ik 2, ‘onic acid, succinjc aeid smleic acid,
fumaric acid, pepidearbgylatedi @,Oﬂ?:‘?fﬁbf’ihﬁlerﬁﬁi‘*&‘,a Benzoi ¢ aci d gignau c
acid, mandelic acid.; hBiBaResuitianhesequence of SEQ 1D NO: 24, SEQ ID NOZ5,




30aci d, ethanesulfonic acid, p-toluene-sulfonic acid, salicylic
acid, and the |ike. As used herein, the term"treating"
i ncl udes prophyl axis of the specific disorder or condition, or
all eviation of the synptons associated with a specific disorder or
condition and/ or preventing or elinfﬁating said synptons. As used
herein an "effective amunt .or "ther UL Galkil ¥nel lestdovad amount *
of a gIucagoﬁﬂéﬁﬁﬂpa@”W%F%??“?%%ﬁmﬁgﬁfggﬁc but gufficient anount of
t he peptide b&iter Dvdrdpotitie 2desi red ef fect. For exanpl e one desired
effect would be the prevention or treatnent of hypoglycem a, as
nmeasured, for exanple, by an inc in blood glucose 5 | evel. The
anount t hat BﬁﬂﬁﬁﬁﬁgﬁﬁﬂV§“O@FHFDéggﬁg?éon1subject to subject,
dependi ng on t he rageisabd sgenepaleniog tdselilgnoffluesd i ndi vi dual , nmode
of admi nistratipn, . a he L bhSy 241 4o, 2S00 ad WEYSPOSSi bl e to
speci fy an e%ﬁgﬁmkﬁ?$%5§?a%&§§§ﬂht% However . an appropri ate
"effective" anputielyi n any individual case may be determ ned by one
?f ordlnary fkilPﬁéQK$Q§B@B%3yﬁ&ﬂgfgﬂ;gun@ggwpzjGhﬁ%@atiFnb 30ghe
erm "parenter “means no rou Re rabl FEALAE Youganal but by
sonme ot her r6U€gm§ﬂﬁﬁf§9“§ﬁﬂé%Pgﬁggdg,'?ntranuscular, i ntraspinal ,
or intravenoy&pectively. As used herein, the term"purified' and Iike

terms relate to the i@%&%&h&@sh@&i@ﬂﬁmmﬂw of glocagaounpans (RS % f orm
y

that is substanti&afry free of cont nant s.-Norsad-l ¥ sassggisat ed with
the nol ecul e B3p) rivppuniéreighcagotrAe] @?0‘8?“%%?3&?%@ AVvi ronnent. 15As

used herein, ,thedg m"purified" does not require absolute purity;
rather, it is intended as a relafiue Aefitisliuidon abli6gstcersmee, puri fi ed
pol ypeptide" is u%%ér%%?%ﬁﬁa_%mﬁggcrfbe gn%olxgegﬁ%ggkﬁ@%&hmhas been
separ at ed 1§ r apaseished DEEAPaLHTS WinaEr gYFHRY. 2 "Rt M mited to nucleic
acid nDIecuIq%mﬁLhQ§Q§H@ﬁg4§§5£@Myd@aﬁﬂﬁn The term "isol at ed"
requires that the referenced nmaterial,. {@ggﬁgglfgpmmipxmmmoriginm
envi ronnent (e.g.ﬁgﬁﬁﬁﬂ?ﬁﬁﬂﬁ%ﬂmmﬁﬁﬂ%ﬁgﬁﬁgﬁt Tt Qs natural ly
occurring). FaR Eesmnsphe 24 dounab T &fl4°G- occurri ng pol ynucl eot i de
present in a livi @g Ge}gpim s daS s hngla $OLaRbBEepthithediatré c Sl Rgpduction
pol ynucl eoti de, separdated from sone | Qf .t X biSdab IO,
mat eri al s2bn mhﬁwnﬁnuﬁhﬁﬂg%%ﬁeﬁéoTs”ﬁg%ﬁngaFw%uﬁaﬁggagoﬁkpeptide"
as used herein includes any peptide conprising, either 25 the am no
aci d sequence of SEQ ID NO . 1, . O any ARakegicohedddte cannouaion d
sequence of SEQ | B# .P’:T!E\lrgldﬁtcl?lsﬁog{m géa%%noeagtiod ,@Lb@ﬁtﬂx‘éfaﬁ&@r?’
addi tions, orhdgloaih onbes G728 PoB1® 4 A &0V AT “odi T1 Cat | ons (e, g.
nmet hyl ati on, gﬁg& C&gga}ﬂﬁcnntination and the |ike) of the peptide,
that stinulates giucagon or GLP-1 recept Vi c ARS iR@BHr ed by
CAVP produsti on uSiengrearesty ‘H@%%?%%%gkﬁﬁggﬁaﬁplé 13. 30The term
"gl ucagon a909§g§mgﬁ&@k§sunsﬁhEﬁhphsMC@ohbWh@ﬁﬂy“&W§Wﬁ@§Q h peptide
that stinulates gl ucagon re : dc¥doh ¥cep@S mBRASILLABT ipiciOANMP :
producti on using fHe %gggvsdﬁg%ﬁﬁﬁ%ﬁgfﬁb ngigﬂ%ggﬁsrdieés used
herein a ' gl ucagognaiuss S8BT -G EI0S - A Y goh pepli de conpri sing
a sequence sek%ggﬁgﬁgﬁgn1the group consisting of SEQ 1D NO 7, SEQ
ID NGO 8, SEQID NO 9, SE . s chanidn kdhNEhcodeloonddhifibdDiNO. 12
and SEQ | BONO 13 Fésr mzife%‘?fﬁl%%aggﬁcl%rfé%?a gée}auence that has been
modi fied to i Bedlddessefeinormvria aEuOAFETAEIPFE R FE AT 5
substi tut i ons ,al  BOSI TN Rierdde 0065 il dibof ddyr hByzolh elEGOR17, 18,

, 28 or 29

19, 20, 21, 24, 8 o As u LBy fR.FaR0 acid
"nodi fi cat i on'snalasfenmishe ecagIdhite gl OSnggiti‘]tglg\]?n or del etion of an

am no acid, and includes substitution with or addition of any of the
20 am no acids commonly found in human proteins, as well as atypical
or non- 10 naturally occurring am no acids. Throughout the
application, all references to a particular am no acid position by
nunber (e.g. position 28) refer to the amno acid at that position
in native glucagon (SEQ ID NO 1) or the corresponding am no acid
position in any anal ogs thereof. For exanple, a reference herein to
"position 28" would nmean the corresponding position 27 for a

al ucaacdon analoa in which the first 15 amino acid of SEOID NO 1 has




herein as exchanges within one of the follow ng five groups: |.
Smal | aliphatic, nonpolar or slightly polar residues: A a, Ser, Thr,

Pro, Qy; I'l. Polar, negatively charged residues and
their am des. 25Asp, Asn, Qu, Gn, cyst eic acid and honocysteic
acid; Ill. Polar, positi veI y char ged Tesidues: His, Arg, Lys;

Ornrthrne(Orr) IV Large, aliphatic, K s
Met, Leu, IIeafbﬂaaltennwg’fglmﬁci“é%]'&a??é‘?%g Ipag:lroa ni?togi:{ﬁ%nsn A Lar ge,

aronmatic r €S lpGhe@s acidMButina Tl af ara'nq)qc;da@ﬁlgphgoraherﬂ?] QHI e Has used
herein the general term "polyethylene glycol” or "PEG', refers to

m xt ures of condensation pol yners of ethyl ene oxide and water, in a
branched or $EFAIFERDERRIITION epresented by the general fornula .
H(OCH2CI | 2) OH, wher@iigld s at | east 9. Absent any further
characterization, the t IS inte e Pl f1$e D Of

et hyl ene gl ycol vﬁlfiﬁcra’ﬁlgé{‘};ecllaammg% i“"?%g"“’ﬁefz"g&g%dtm ghotwrgel ected from
the range of u&%icmxdhﬂqeﬁﬂﬂit@dtﬁmmsSﬂfB‘@t&?"él”hyl ene glycol" or "PEG'
s used in combi nal bt M‘ﬂﬁ%ﬁée@utﬁﬂfy%dﬁptﬁbﬁ ciuriel palbds ttye?
approxi mate avera ecul ar wei g blf}%rregggﬁ‘r’ggg}gmnPEGS 000
refers to poliseetsndardhamgieyica) cAHER; h%‘a%r&? F'écu

aver age ofy ahQut RuRoR such@hs oilsedr hrerei/vil emrréwti andivaripns Gt and
like ternms refers totsamc%rrrrg e% ggsesq Of%%% @ngdvbce@afrom its

native state "BY"F MR ng ene glyco I
conpound. A "rpsiisherzedy gﬂthﬁdéi}%;ﬁf’f%é%‘te ‘g“"‘sls&d %c%éﬁlﬁmﬁ(éo %lrggje t hat

has a PEG chaj,caval eptbiyie hownd to the glucagon peptide. As used

herein a general reference to g Lpbeagededao aregnpass 15
peptides that have® eTe?él&Ft%lm ampatCé q%‘&*r’ﬁ‘”’ ter mni WE‘FB exanpl e,

an ani no aci dompdinds maomannﬂ@bm}gaﬁi aalﬂrﬁltﬂéf tberpé’iﬁﬁ PP X e
termnal car bogyargqcaﬁrrrqﬁrealge Ohaendad Ny benenepapasseishyeran ani no
aci d sequence designating the ndard am no.aci ?S%nceofammoAs used
herein a Irrﬁtferﬁpabe§ffamﬁbﬁﬁl ‘i’r &G PEE By i Sup” BF ol ecul es t hat

bi nds two sepﬁg,alt@rbemgrbupeSrg&cmpmmlaamgpﬂqer Li nkers may provide for
optimal spacing of the 20t F soPo4n bassréaen ratippl y a

| abi | e |inkage th‘{éli aﬁugcany){%%e %tgl\%vlggsgﬁﬁdtar es t W ﬂacgca%a,g&gff rom
each ot hero Liabdnis 2hd mieaigdsses. efsderé b e SOEYY Fe

acid-labile ”&lﬂﬁﬂ;}é 8:? sotaﬁﬁxepdt@ﬂlnh GthFe, aﬁmmnamdtnem&z@mg@"@aﬁﬁﬁhl e

gr oups. used herein eXjtP ing two
subunits covﬁaéh?mfd%@ﬁéga?lﬁg%ﬁémgﬁ%? htjea?e n\é/‘tllglgtgﬂol nker Bﬂi}J'sl'dr?z term

di mre; when usgehnadosentertmmpamgasal | fyi ng 25 | anguage, enconpasses both
horodi mers and he%ﬁ&rﬁ@éﬂ%@accédﬂgrﬂ?xﬁlh&ﬁﬁfonﬁ@miﬁtﬁ@ﬁpﬁmon’dem' cal
a

subunits, whereas eterodi ner conprises t hatondi ffer,
al t hough the inoveanisbliorRanys agife Selffset rlghfr?rﬁfnf’?mc ac’}éf’ llaur;ul(%egw%ne anot her .

As used herei f;d ﬁ}%ro%i%ﬁlmam]a,l-dumﬂmldl nzexcheig] lhesayoin apb i trdierEfers to a
gl ucagon agoni st a%nal og t hat lmﬁg%g%csmﬁ URSIhL ki bRkt hcﬁCM painak
solubility, r xR na‘i ucagon, .in aqu (g buzr;}']fL rsin

t he broadest gk, rs:ahga@lduséd a¢1®rnﬁ]®hlaﬁ%é‘6F‘61@ P, el pEG SR As
used herein t Qﬁarfc%&mmm@{d%ﬁizoﬁmlﬂ\ QinaGiflacidl @imBelR atid nanraramlfnmc aci d

t hat conprises a side chain that ne a skl
de- pr ot ondf edicierhpEEliPTaAsT P olFE. S‘ﬁé cg 58“\{?%"% 89%%%%%0%& ed) in

aqueous sol ution akuphy&inliegino dkeapid! 1@@@689@@%%0 Egarilel y char ged
am no aci ds i ncl de as HaOrHtC)IE%ue@lg‘é‘lOQ’OfQ\lj M%Qas@&la@d wﬁysipedﬁ aci d
honocysteic aﬁ‘f’o it utamc acid re osr tively charged
am no aci ds i fishdeder camdglomﬂlrﬁé’f PICYEE{IHEEOT %ih‘&“aﬁngsta’i (ﬂ"ﬂg Char ged ami no
acids include the charged :



5 am no acids anong the 20 am no acids commonly found in hunman
proteins, as -well as atypical or non-naturally occurring am no
acids. As used herein the term"acidic amno acid" refers to an
amno acid that conprises a second aC| dic noiety, including for
exanpl e, -a carboxylic acid or sul foni'c acid group 10 EMBODI MENTS
At s Mare LSRR et R bt HEAIAREAAR BT od. by

i ntroduci ng char g& % S R&PEOXY “term nus to enhance the sol ubility
of the pepti dea ngagcepa;ertlamﬁrsrt@am%@mablﬁﬁ}f%%eﬂ%b‘éﬁ‘?@?pw % he
peptide. The enbaneedi Qi tdr bWl B&V&Ssul:ﬁeﬂ‘eaﬁmﬁlbee ¢ gpaniabbon and

st orage of gI ucagon sol utions at nea neut H.. I
gl ucagon sol WErBAY oLpPRlratip \?%IPVS‘H@U{"?%TMP T—Bya(nm afﬁ(%dg (k)&l}fg 6.0 to

about 8.0)s i mpmaﬂoh&tﬂam@@fﬁe@wmmlﬂmm@t spbjesft quwcgﬁ@&rﬁlg’éﬁﬂ

peptides. Ac & dtla 5919 %Erapc%gd1§om9ﬂé m@ihuapino&en@ 2R SRR, ndvRMEd. ON 'S
directed to aIg on agoni st been m)dlflegorelatlveto

the wild typeThpﬁemSmdfeﬂV@VS W%meeﬁne@ﬁn@aﬁt R PABI TS Asp- 20
Tyr-Ser-Lys- é}ﬂf} ﬂﬂ%ﬂé *'e‘fﬁ&iv@%-ount in any mdmdual case may be determined by one of

Arg- Arg- Al a- 1%\ Trp-Leus et Asn- Thr (SEQ ID NGO 1)
to inprove tHETHE p“?‘illé‘e %3%151“%0“?“ R aqueous sol utj ons,

particul atdy at altphkinnaprginmplfmam raibatsh cBlpGagHEH PBLOONGN | e

retaining t hetﬂ@%hu\!&c@ﬁgﬁﬂc%e&sﬁh%xﬁ&hﬁﬁhﬁﬁﬁﬁﬂ\UrInbfaveﬂldﬂs one

enbodi nment charge Is added_ to e b S on of
native non- charge‘h‘“ﬁ?ﬁhﬁf@ma@?‘d@’m ﬁlﬁée Srﬁﬂteéotgc?()ﬁiasu&g%aﬂaect ed 25 .

fromthe groupi&eBscshpoued @b fdxmshatneﬁubamgﬂquqeof cpritagtifaglis pamallys partic
acid and gl ut asm 1Cter?m hqhe molecpMortcPI% c@gdjilnrahgﬂe &fnatﬁtlaﬁdhﬂft‘ﬂmam I’lO acids to
the anino or *€&f term nus HF pepti de. SurB{

appl i cant $5 ha‘\ﬁelsqsﬂhsrele\ﬂeerfelﬁl "prited éjﬂﬁglf’tlrfqu’ﬁ PP EHET NP erl y occurring

am no aci d ati,pesd Jsla%u'v’e?deﬁﬁdéxprrhaﬁnrv\nptrkﬁeeﬁmypgede amiseidremeitels, and/ or

the addition of one fo t S oBhnolld iSRG RO XM
termnus of tHETERAPCRBBHIV) b"&%ﬁ‘sq’é‘m Sepn}aﬁg%%ggﬂt fie 'sol ubi | |Jt9é; and
stability of shémighweagoncpeptidcefeslinids 2aba@etye=€s| ut i ons at
physiologically r s‘?e‘ﬁgni%olﬁéds rJq&me@that i rahledaéd dafidlitbe Cenfvdddrombout 7. 5)
by at |east 5-fol as nuch nv t&" glsnatur l]yoccuﬁﬁl (%lorngl Y )
gl ucagon %‘eptqﬂé’e%l%‘ﬂmﬁ’ﬁ’é ﬁb@&lf‘%'ﬂt‘s S?Im?eﬁe THiVent ron retai n gl ucagon
activity and e@g&}}pmh hatadllyloe@sing RelfroblehtidSprésglt th 2 livDe feioel is 705- f ol d,
25-fold, 30-foldar greate L Ldobied SJnRoh¥ 6: 1Qf M@obai@ing| Ucagon
at a given pl—’i%e Ween aﬁ‘oﬁ 1yr§8%0% pr,tee g., pHa7, when neasured
after 24 hourrsatealtals%@nmwyfw@?mstw\‘éﬂiﬁ?ducagon peptides 5 discl osed

herein may additi Qnﬁ&c@eﬂ%gﬂﬁﬁblag uskdRFeOMEhd&taappepideyorarisiag, pithewd t hi n

therange of 5.5t0 8, for e [etainin Z@@O%
00% 655 20604¢ TR EITH: GoR00r TPhb S gt gPﬁ{"eal‘T T ERene

hours at 25C..tThe IyNacagohdipeptingses Sﬂavutlom: Pdsid’ensa%fd‘Fl‘Eti"éﬁaall post
modi {1 cati ons, { gk Rlbficalits (AIRLFRAEH LiGakn, Ni@RRAI 6, haig)of

i ncreased potency, pro fe in circul N, liQ¢reased
shel f-1ife, ribuhreed: ot ae] eﬁélfl?aé?i“ﬁ% lééwoéécélf”ityoasmea ucf)j of reduced
degr adati on, &\mpmdhﬁﬂhlﬁﬁﬂgtﬁ&a@mﬂ@aﬂ)eimﬁxanipeaVage or chem cal
m)dlflcatlon after stor gon
peptide wfh i mri@éﬁnsgﬁﬁ% ikl rgﬁr?@% C%ﬁ&gkgﬁﬂhg %%lgéeal;%%a by

i nt r oduci ng Qj&eudetlmpmulhnefegucegonmvr@re%ﬁﬁygeﬁdnea‘#feﬁéy Heygpredue 06‘ t he
C-term nal po@&%%@a&yd@&hbe\é%maﬁgﬁﬁwn and in one enbodinent at a
position G 1 ermnal to position 27. Such a charged am no acid
can be introduced, for exanple by substituting a native am no acid
with a charged amno acid, e.g. at positions 28 or 29, or
alternatively by adding a charged am no acid, e.g. after position
27, 28 or 29. In exenplary enbodi nents, one, two, three or all of
the charged am no acids are negatively charged. In other

enbodi nents, one, two, three or all of the charged am no 20 acids
are positively charged. In specific exenplary enbodi nents, the

gl ucagon peptide may conprise any one or two of the follow ng

nodi fications: substitution of N28 with E, substitution of N28 with
D substitution of T29 wwth D substitution of T29 with E° insertion




conservative substitutions, for exanple, conservative substitutions
at one or nore of positions 2, 5, 7, 10, 11, 12, 13, 14, 16, 17, 18,
19, 20, 21, 24, 27, 28 or 29; nodification of the aspartic acid at
position 15, for exanple, by substitution with glutamc acid, :
honogl utami ¢ acid, cysteic acid or hénocysteic acid, which may
5reduce degradation; addition of a h‘%/dro hilic %ieeﬁ%c%hﬁgn t he
wat er sol ubl e polAAHEH bEETY cF I8 AR AYT 1 2L HREEF I BEd Therel n, e. g.
at position 18uenkdscicd@d fradithe Fdup@rns@Eng oWBECH MRy, SECIDSHE S SO ubi l ity
and/or half-ljite; ificati . ] i daatopesbtisen 27, for
exanpl e, by gjhb?t ?gg&ﬁ%ng%g?ﬁjﬁ%pﬁlgﬁg%?@?%%c?n% or norl eucine;
nodi f i cat i ons aslogebeich # esauencedrat ins bpgn HedlisdtyRYHAET IO C- t er mi nal

ext ensi onsy as,dgsskd Reb PRSI MuRoAPaitiaRri Z attioon, 0r 13, 14, 16, 17,

het er odi meri zati on as 4d§_ﬁ,s§ iggd herei n; and conbi nati ons of the
above. 15| n aécddrdatic®: & th” 6fie embodi ment the native gl ucagon

pepti de of SEQ | DANG hireingn mroni doiddarodifcations reduie ¢ FOHESH 26 1°F he
native anmino agid at: bosition.d&-RAndhdkiddn Wik & 1adidvagadny vithey char ged
amno acid (e.g., aspartic_ aci d,orﬁgl utam c agl d %ﬁ%”%ggl onal ly the
addition of &0°paegardidrerymelPHa P WRITHEOHE § e Mg PAspartic acid or
gl utam c aci Gty dberigpamaoxyidd Fhhighus the pplitsgop eprfedeces PR an

al ternative enmhodi nent- 20 t.he i | UG PERb idem@b 2860 | D NO
1 is modifi e&a’ﬂﬁﬂaﬁrﬁ‘@m‘%ﬁ%g Oflpﬂﬁﬁgg%&%ﬁetghﬂégﬁ%? ?)ve am no_acid at
position 29 Wi pestiopositive glatagond i B0 SH 16 SRR 2 21V si ne,

argi ni ne or hi, st G NG lnBRALQRET R @ladn}le taheferadelhdrdinon “whitiorid” or  t wo
positively charged am no acid (e.g. S| LR { stidine)
on the car bowu’%é‘?eﬁ‘itﬁﬁ‘é’"?ﬁ“ml%%goﬁ‘eug? %Tdtjg.a%m%gggré%%g’ glrffr:h%h\_%tﬁﬁ one
enbodi ments a gliseedorSETRINGY | habkagelited Similady. 8 i 1P 95 and
stability is.provi j ; 60Tk S 8Sacbii@alaginno aci d
sequence of S Rﬁobgﬁ%oxg%re%t%h&?%%&%&g Wl t. one am no

0 that 1
acids at posivhichene 2xgno agid basgeqnadded prdgr ?‘ﬁﬁ'é?ﬂln%ust%gg%hgglédlrc am no
aci d and/ or an adgidséqRain 28 ehids aidmibeoutadrefers & tedeltadorint TP car boxy
term nus of SEQ ID NO. 34. .| . enbodipent the acidic am no acids
are independé’lﬁ%o)?mgéeflg%eﬁjgad F%I?[nq?ihlg group consi sting, .o% p, Qu,
cysteic azid 30 afchshigmyimyte € capssrerivg FRingEed U™ \if ¢ Bne

enbodi ment  a gl HG AR, A kS bneldBiE RYoWiRPRe ¥@Gssol ubi | ity and
stability is provided wherein the agonist conprises the amno acid
sequence of SEQ I L33, ' : QRgs.0f the am no acids
at positions 27, P %Olauégjh%l\é\ﬂ%%%%rghhg@%t ed with a non-native

am no acid residue (i AB:Seaflsy BasiY:ione anino acid present at position
27, 28 or 29 of thepanalpgivisciaf-aedideadi hox adie di fferent fromthe
am no acid present at the cqrrespondin Ik L L3 SEQ ID NO 1).

I n accordahce with oné‘Spegﬁ‘oéd){“n@ﬁ’tcy%mb %82“3‘3"%"% goﬁihd;%’ i s provided
conpri sing the 5 Beguenpeitedy SEGA®IMNE 33 with the proviso that
when the amino acid ahispg%iﬂyg.qﬂmglgmt@n)aspar agi ne and the am no acid
at position 29 is threohine, the peptide further conprises one to
two amino acids, Phdepentais PR ECtEs from the group consisting of
Lys, Arg, His, Asp or ma, Usu, BduadCisNdrheine fibobopotyeeimt nus of t he

gl ucagon gepti de. rItE[Ahgs Opﬂgt%n teported that certain positions of the
native gl dtagon peptfde®Can 10 be nodified while retaining at |east
sone of the activity 8fe Thelrpareshrbepdptide. Accordingly, applicants
anticipate that one or nore of the am no acids |ocated at positions
at positions 2, 5, 7, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21,

24, 27 or 29 of the peptide of SEQID NO 11 can be substituted with
an amino acid different fromthat present in the native gl ucagon
peptide, and still retain the enhanced potency,




15physi ol ogi cal pH stability and biol ogical activity of the parent
gl ucagon peptide. For exanple, in accordance with one enbodi nent the
nmet hi oni ne resi due present at position 27 of the native peptide is
changed to | eucine or norleucine to prevent oxidative degradation of
the peptide. In one enbodi nent a gl ueagon analog of SEQID NO 33 is

provi ded wherein 201 to 6 am no acids, selected frompaositions |, 2,
5, 7, 10, 11, 12,AchB3cd hirin thGeuetelieml Bolyeiglenpgdycol or "BEGHFIGF ot he anal og
differ fromLG.Eolkaanand) | 90 Ak Shifn SRR iDa Michdior | n

accor dance wi't

anot her enbodi nment I f. SEQ. I D NO
33 is provi déﬁaiﬁhﬁé‘raé‘iﬁﬁprise‘ﬁ’“c’iibé!ﬂ&ﬁ?ﬁﬁ?@g?“ﬁgﬂggﬁ@?ﬁﬁhg%m§Essitt ions 1,
2, |5, 7,d_ ]3.]9, 1&%{,9. J&gsexﬁﬂaﬁy furtéey chhﬁpteg’lzitii)ﬂlﬁ& terthGs i“@g?‘ggﬁ‘ig?d@@ YHFTSt I’I\lleo
anal og differ mthe. corres 180 0ei B de et tholEfdebD NO 1.
I'n anot her” eﬁ’SS%ﬁWEﬁlP"fdgl U ﬂgtgrgggdmgglgluog" O?I%SEQC | D Ngl 7, SEQ 1D NO
8 or SEQ | D NOV 1038000 ey nebvatnipie 7o of PEG" 5 bt e BRIU8 " 45 ect ed
f r0r2n4p0f5i : Lo%m;,rilc sgfiﬁ)é _ﬁ:};ir}gd?oatefllg,apﬁ(gmmﬁ&averig% nloﬂiagﬁf ivﬁightil_ﬁeoflg’?f_ 21-9, . Zgiszl
or o e analog differ fro correspondi no am,Ro.agst d o
ID NO 1, ancFXi“ﬁ”P‘eaglf'(ﬁrP’PWer?fﬂéFﬂfg](ﬁ'tﬁ’gen?gﬁ?g}éagﬁ%ng to two differing
am no aci ds reaigsembutéodservati ve am no acid substitutions 30

relative to the ap no aGkdhLESRRkD ddife RAksves Saguepoel HEEQ | D

NG 1). In one enbodi-nent a gl ucagaon_peptide of S 11 or SEQ
IDNO 13 is W@W@@@l%ﬁ@@éiﬁﬁnﬁuﬁ%ﬁ%qﬁ&‘gﬂ%? pﬁléff’)t@fle&'%gﬁ.% t?#%)lerrtgorrpri ses
one, two or t{i Lepami.no agiddsbab feptidebing slapspasites BitdasedESct ed

from positions .2, 7, 1 11 14, 16, 17, 18, -14- 19,

20, 21, 24, 26'3?“5?0"%5“.@P%‘ngﬁjéhe%%gg??%ﬁ%&the,s_ubst'tuti ons at
positions 2, 5, 7Asus@hetia ghgeral @@FﬂnTZI?a%t}dﬂf‘?‘}te“f%‘{m TG 27 or 29
alr e consenyat i\l B ﬁ‘x@{ijiﬂ%dsaﬁﬁ}ﬁﬂah&dﬁbbﬂﬁﬁmiﬂi- For examnﬂe,emenmi nent a
gl ucagon agoni st 1s provided conprj si : - i SEQ I D
NO 1 wher ei nPheiRECRRENE] 2B PP P fra%ﬁﬂpgﬁ%qq%p%%ggyfpg&&#ﬁ,avin_ng 5 an
am no aci d ot{es entdngpasssihyiameniat aCFﬂGSCquIiCE)#PﬂE“ﬁﬁ’i*&’thH%%?H‘@O ™ aci di ¢
anino aci d substi fufed f.or, e RaltNe naBiRes @6ipdf Ablcpisthiiboxs 28 or

29 or an acidic amno acid added to the carboxy termn fet he
pepti de of SEE®epPamEentifies t9 9P GPREB T FEF TR AT QIR Rk b e g 1

aspartic agi Owebnt@ibstt ABF TriRe bugiply b Rbibriskeenbodilaves fe tep ke #J6n anal og
of SEQ 1D NO 9, 1D, NG ; RN phdiiRbab BERQupsRNRbiI82 15 10
provi ded V\hersﬁi’aﬁ“‘gﬁ'gmﬁﬁcgl%a{' _éle?ﬂte?r&sggéfgr om fhe paraent%%lml ecule by a
substi tution mtictpeist-iabite moictiané AP HERALKREYS position 2 of the
anal og peptide is,subSeclddi @shotiid SboRfloadinpaing eickuselteotadaif r om t he
group consisting of d-serine, .al anine, .gl yci ~JELbyl.86ki ne and
ani no i sobut ybied taerednotien viap Bffle e iEEHHT eﬁ’en.eglgse% lsjcaggﬁ aaigglrgli st is
provi ded eeNPEiGiBEampasabayhdhipeptidietofimgEQS bemjarer (OWRE el n t he
anal og differs from SEQ |D RV, ahaVicRersatwa Bibiars aei dktat her t han
hi stidine at B’Sécfeﬁc%lﬁu %mltash‘adu%sihgviong an g[z:si di ¢ anmi no acid

substituted fdhouzhte featsivaiterd Hbstaaly sitla 558f tP8F 28 or 29 or an

aci di c am no aci daagdegd-dond By pakAGNYd tlehginpysiddrefthe agepasrte of
SEQ ID NO 1. In one enbodinment the acidj I N9 Retdade aspartic
acid or gl ut atReEs o8 b} FhiGiSURH rosgfnﬁ@r%?d Sglug%’cagon 20 anal og of SEQ
ID NO 9, 38EQihda:dNGh adkidqus BERs[DhN@radgsSpiprnsEeyd [(PREN2c898$% provi ded
wherein the agu%c)geg differs fromthe parent nolecule by a
substitution at” position 1. Mre particul arl ositiqnik.of the
anal og peptide i sAélﬂﬁlﬁ%}ﬁqﬁt“h@%ﬁ%"‘f‘“ﬁgeﬁmeﬁ‘ﬁ“iw?]aor%ésitgansagilgg%t& %q “from t he
group consi st pdgr@f a dacthgi inatinegatodsanigridid. 9¢-prdiopricd) or positively

hydr oxyl - hi sti di ne, acetyl-histidine and hono- hi sti di ne.



251 n accordance with one enbodi nent the nodified gl ucagon peptide
conpri ses a sequence selected fromthe group consisting of SEQ ID
NO 9, SEQID NO 12, SEQID NGO 13 and SEQID NO 32. In a further
enbodi ment a gl ucagon peptide is provided conprising a sequence of
SEQID NGO 9, SEQ ID NO 12, SEQ ID-RO 13 or SEQ ID NO 32 further
conprising one to two am no acids, added to t.h m nus of
SEQ | D NO 9 cha8EXifpprncpatefpin aqupqss f"éb‘*‘&ﬁtpllyé‘““’?“’% ]T%gﬁﬁésl E32 wher ei n
the additional a@mﬁga@alaﬂ&o i@ ichdespdearit ejptaydd a8t BT ¥8m t he group
consi sting of , b 6dit6re @ Chatke@EmiBORTE Y ST €1 C
acid. In one @W%%ﬁ‘?“haéﬁtmfih Ec%lggk@aé%pno al?:l d@lcg geto t he

car boxy t er miistiige aglmnséfble@@éﬁlsﬂdl@5ch¥$6ﬁ‘?‘fl%aé‘d§ 15‘% consrsting of
Lys, My, H amﬁ%lgmgg (mll\g.mcpjo Ao Acidsibhaty fewnd ddiumemprottiheasdiat | onal
am no acids are ino acids! N @not her enbodi nent the

gl ucagon peptamléaléb‘"r?ﬂini‘t%ré%y°P‘Hlérm§%muence of SEQ ID NO 7 or a glucagon
agoni st anal og thﬁsrmfherbiﬁﬂmm@méamdmﬁ@ﬁfld"tfﬁé“ ap &RP? & onprising a
sequence selected from rortekdigpleDf caiQit RINO. 8, SEQ I D
NO 10, SEQ I‘B™RE™*ff ™" C%ng%nggd%ﬁand %%Q ID NO 13. In another
enbodi nent t helipeptii deurconpri si ng a sequence sel ected fromthe group
consisting,of SEQID NO 8, SEQID NO 10 and SEQ ID NG 11. In one
enbodi ment the gl uca tide conprises the sequence of SEQ ID NO
8, SEQ I D NO 10%}4%8%@5?‘%8|DN0 11 further conp smgan

addi ti onal ani no agilichnts bek distoesiedhay PALTHBUEFD (Y B’H‘é%l ?ng of Asp and
G u, added to th fl; -ch 5 USSR 1drliBugb tibagemhe @a@tlmydéthe paptiden e

errbodl ment t He glucagon peptide co r| t 68198H109EQ | D NO
11 or SEQ | D Wik refpinzaid et HOFF: & epn%o ﬁ%@%ﬂé&% Itgc a%on

pepti de ceap rﬂoﬁg@pr&ﬂaﬁu@aqmmxge omuc@®q1®0N@ “eiflne‘mfl&‘? nce
with one enbodi rrentohﬂ}ogscfg% gfg{}n@ggm}fst(egwpf@wdedmbmm sing a

nodi fied gl ucEy ected fromthe grpu Sisting of: ,
NH2- Hi s- Ser - Gmpm@sWT@giqﬂhé‘ﬂbr‘m‘ oferaluagesn By r‘de% ‘Qcc%dlggg‘yr - Leu- Xaa- Ser -

Ar)g Arg- Al a- Qnﬁboﬁﬁ.dgm Eféﬁea{@ém hvantidiripditoetod fa aluiaep axens RAOSERFY D NO

34 NH2- Hi s- Ser-d n- Ser-Gln-Gly-Thr-Phe- Thr-Ser-Asp-
Thr - Ser - Asp- Tyf 1@@1‘31%% ﬁ/rW ﬂﬁgﬁe?&gndegfms SggmoY

A G- A G- Al Glya-shsys Bivecyatise-Sirrargrse- R WPhﬂé’ﬁl =S 1 p No
11) and improve the pe ndessolubditymaqueous solutions,

N112-Hi s- Ser - ﬁn lh&bEQ 1?1 Nopi)eto TI’II)I’ Sersp A ou 0 ‘§B{e r%ﬁ@nértﬁé' mak@U- G u- Ser
- Arg-Arg-A w@%%ﬁbﬂpﬁémg’% freg A% P&~ @E?t

13) wher gl RdeXamlogibal paSit iome iﬁqusmA@bﬂfgf@ ?dfled t&ﬁ}’%f’eé’f‘ “d,
honogl utam ¢ aci d or horng Iy dsvtqﬁl%h aaﬁhomsaac@m 28 is
Asn or an aci m%ﬁmﬁlﬁ’i’ %aigglcgyﬁar éd%m% %ﬁ“ Ez@ 1 a%igmks Thr or
an aci di c 2ani ﬁmnaclgniumdsmﬂ&@bﬁﬁe é’@i‘“&ﬁe AP nhEPEe ma} or CONHZ,
with the pr ovg%cpogﬁ}qtﬁe a@d}g@%fdﬁ@ed&ﬁhﬁablesmduanmsorpﬁré%mﬂmm‘“ﬁne of
positions 28 . .I.n_one.enb ¢ LM gaﬁghohﬁhn not her
embodi ment R s peEpfg-purprisingly, applicauty Qaé’%%rr%tg %éélg sﬂ(?%(l)lsur e al sq e&zoﬁpasses
gl ucagon fusi a&u@lﬁ@mlﬁt@sxdmﬁlmm’?gaﬂ@@é‘bwﬁfﬂ ‘ﬁléfﬁidiaa‘é“oﬁ‘&g ﬂlgé’f fused to
the c-terninus, of t Onegltyg@hg@ D RERLaL St e cmhpreendof hestergbi | ity
and sol ubility ot e gl ucagon pep g f{}]/o01 > Rar Eﬂtﬁ&llﬂqb%us t he
fusion gl lﬁﬁag@wuéfemhﬁltﬁ@;t “@B%ﬁ?disgl}é Hogrues g goni st anal og
conprising a ghiGagephyRepiitaderelevant pHs (i.¢., apH of about6 Sto about 7.5) by at

NH2- Hi s- Ser - 3 n- GI ?)H“Eb Phe- Thr 385 - Asp- Tyr - Ser - Lys- Tyr - Leu- Xaa- Ser A
rg-Arg- Al a- G gt & T b 3'?rp Leu- Xaa- Xaa- Xaa- R (SEQ i D NO
34), -16- wherein Ris an acidic amno acid or a bond and an am no
acid sequence of SEQ ID NO 20 (GPSSGAPPPS), SEQ ID NO 21
(KRNRNNI'A) or SEQ ID NO 22 (KRNR) linked to the carboxy term nal
am no acid of the glucagon peptide. In one enbodi nent the gl ucagon,
peptide is selected fromthe group consisting of SEQ 1D 5 NO 33,
SEQIDNO 7 or SEQID NO 8 further conprising an amno acid
sequence of SEQ ID NO 20 (GPSSGAPPPS), SEQ ID NGO 21 (KRNRNNI A) or
SEQ ID NO 22 (KRNR) linked to the carboxy termnal am no acid of

t he gl ucagon peptide. In one enbodi nent the gl ucagon fusion peptide
conbrises SFOIDNO 2 SEFOIDNO 3 SFOIDNO 4 SFOID NO 5 and



10 thereof, further conprising an am no aci d sequence of SEQ I D NO
20 (GPSSGAPPPS), SEQ ID NO 21 (KRNRNNIA) or SEQ ID NO 22 (KRNR)

i nked to amino acid 29 of the glucagon peptide. In accordance wth
one enbodi nent the fusion peptide further conprises a PEG chain
linked to an amino acid at position 16, 17,21 or 24, wherein the PEG
chain is selected fromthe range of 500 to,.40 0.1 s. In one
enbodi ment the anAIALY #leBHUERLES %P“%qIWWEQ%VQZt@%E%Z«PPPS),
SEQ I D NO  2LiukAsBNictibitylad) extitbic BEGStRBoING:0I2.20-EHERNRI0I, 3>-Bskiddlo ami no
acid 29 of the gluc n i : tf 516veBOdbeut SlsRndNE
enbodi nent tr?é@gﬁf“*ﬁé"g‘g’bﬁy%%‘%ﬂ%%“%ﬁ%%ﬂ“%ﬁg f&ﬁ% | ycagon_f.usi on

pepti de conprsi seolid, shajuepeed s&y I%Oéﬁa?%S&nAt“ﬁéftger P8 8ASISt i ng of
SEQ I D NO 5 1Qysciebdiddih N aadidoramekxi26i ipfvidBradilly al:GoH withiroherawbodi ment

t he gl ucagon pepti de port.i on .af e. gl fdis] @B, pRPlkAS:

conpri ses thé’fégﬁ’d‘e’?‘i& MB?IS’%”T%EEﬁt%ﬁ%%rg’ggﬁgé?bwm?ﬁla wherein a
PEG chai n i s shinkdorinjyestide pim 29lpu it 235 ThealpasqnipgRirss may ~In
anot her - enbod] ABDSlibie: GbiGARRRHRER kSIS RGUERT RO, B iforsicdn

peptide conprises the sequence of SEQ |ID NO .11, f . rising

an am no aci (oPBYSEGRErdEdfe %E@llﬁtﬁnf(\)‘i&feafg%@ é%s@‘%éliﬂ%%{m%%%pl D NO

21 ( KRNRNN A)or %gregﬁal, kNS duR2 d{eKBRNXIR). elgi, el doorrmprie REFIATIZEO29 of the
e.

gl ucagon pept I n.one e L.pent the glucagon fusion peptide
conpri ses a sch h%%dlés)cg Oéléﬁge%gg#ag%m the group consisti n%fboef SEQ I D
NO 24, SEQ | D NOroRBmpdmeEoipeq@ertidevitmngoed sp P B¢ s on
peptides of the, bl &seiinpl byeRbireig Wl bvoltirwer aoe-chegatbnab aadino aci d
with the 30 standard carboxylic id : Hoveyehoa: ARatigos of
t hose sequend%gle%W@Plr?c"f“ﬂ‘éyfléﬂvéggﬁa ar &g%{%ﬁ% aci d has an -lagibde
substitut es fiemiklepsaipheix Phihc chasted aming ad &b boREWHTRIE ST RE °Y
enbodi ment s. |, AGEAAANG RS daNenagRedino R, < g hepditisisoBogbucagon
pepti de conprises \3& uc%gon agoni st anal o esrelsclatggg;i % 9?1 {,he group.
-17- consi st inglepisEdy pIREIE 2BEGIDRG™ 1T an é% 'D NO 13,
Eurt her conprdyshgigy ?Imggmbmoﬁcm,ﬁemezdeh@h&ag%?lﬂmﬁmmﬁ g
GPSSGAPPPS- CONH2 i nked to am Iofl. R3, 318 othdpaganmpept i de.
The gl ucagon “SHEHsF &5t q‘%%ﬂg&r E_rfqgéjglgﬂﬁlt%iom’/entti on_can bé f ur t her
modi fi ed 20 Sicidprromeitivdiechpept Twedfics bR FOUEHE O EBPF Mty i n
aﬁueous sol utrjeg[mgm}g%oln@ﬂge% in8 bingo bt’;}’t& fbﬂ@ﬁr(rigt%ﬁbatmm :-;upsititu}ioxtdyﬁ the f
gl ucagon peptide. |In accor h one.. M. subkeldoRBICt i ON O
hydr ophi | i ¢ dﬂ%u‘b‘gEa%‘lb%lﬁlé‘o‘b‘%%W\g’%’o&sl?S tlutéoﬁls selg@t &éd from positions
16, 17, 20, 2tho wa4FandtidofH atthesipepfi/der ¥ iSEyyobPRtst pesjlion g 5
gl ucagon agonjst | @Rl anticipated to inprove the
N R R

solubility an T the pH 10 stabpilize glucago al og.

Mor e partﬁ@ularIy&ﬁmwméﬁ@$§ﬁﬁﬁﬁﬁﬁﬁhﬁm?%Eﬁﬁﬁ%%385 q%%b f%gggf SEQ I D
NO 10, SEQ | RaNGrcrdds sobER B/ NGabilid andr glBEEpH B1iND: TIB2Weagompdi f i ed
to conprise one or re hydrophili r InbtahidaliK@ctt O t he
si de chai ns d$$%%?ﬁgﬁgg?@égﬁ?é%g%?ﬁ%gmgggﬁ?ggﬁg%%%%éﬁd.22¥0f t he

gl ucagon pept dotidilitylonstailito pafdlime & W whsiaREly SsFBHIEHECT 2HHE- il ucagon
pepti de of SE 9@} ; i n@%&ﬁ' Ghetnd tigl anotiRel, op torfowre  am no
aci d substitd%%g? atI§§%F%?§%§ 1 %? 28?5?? t%%é%ﬁyﬁ% 29, wherein
the nati vé®anie Aowirct P 109 GUBELP {UE B &i P A B ho acid havi ng a
side chain suht@hh@nf ORieresshitinkirgsonsdaentsy dr ophi | i ¢ ni et es,

i ncluding for exagpl e, Rl J05 Akt k% :RGRGAS Gan be substi tuted
with a naturally 6¢CUrring amno acid or a synthetic (non-naturally
occurring) amno acid. Synthetic or non- 20 naturally occurring
amno acids refer to amno acids that do not naturally occur in vivo
but which, neverthel ess, can be incorporated into the peptide
structures described herein. I n one enbodi nent, a gl ucagon
agonist of SEQID NGO 10, SEQID NO 11 or SEQID NO 13 is provided
wherein the native giucagon peptide sequence has been 25nodified to
contain a naturally occurring or synthetic amno acid in at |east
one of positions 16, 17, 21 and 24 of the native sequence, wherein
the amno acid substitute further conprises a hydrophilic noiety. In
one enbodi nent the substitution is at nosition 21 or 24 and in a



noi eties such as polyethylene glycol units. In an alternative
enbodi nent, the native glucagon peptide is substituted with |ysine,
and the side chain of the substituting |lysine residue is further
nodi fied using am ne reactive reagents such as active esters

(succi ni m do, anhydride, etc) of carBoxylic acids or al dehydes of
hydrophilic noieties 5 such as pol yethyl ene glycol. .|IN one

embodi nent t he glocagon: pbysititions, @@le%&‘{né?ﬂvag‘ﬁﬁms?thtéonbart Stip”

consi sting of %@JSQOM@J 34y, SEQ, 1 D14, 11,53, 1SBEQ 2 DANG 281829 SEQ | D
NO 17, SEQ 'D'NO 18 and. SEQ | D NO 19. Lncaccordancadnidd one
embodi ment t he pewfitatienoighaie ﬁ‘[‘}'gaetﬁf”’ilc?e conpr | Ee’s two or nore .
pol yet hyl ene wehaiasicacuabesdlyniboitedstio atits hegherEddo \PBETIHE wher ei n
10 the total nol edT(‘gugl Eur].on\_/vei ght of the glucagon chains is about 1,000
to about 5, 060 BafEone™ I n one enbodi rent the eg llﬁ‘&ugd gl ucagon
agoni st conpri sesdéitigerse hfeorkiic mpey pist ke VE ueréf) a PEG chain is
coval ently i ket idne mide addvbdiBedaeisl, d e sipduten at, 1p88i2iZdnr P21 and at
posi tion 24, "and wherein mg co%ihg[g_g nol ecul ar wei ght of the two
PEG chai ns i S"bB8EY “F85bY Po about ,800 Dal tons. |n another

enbodi nent t he 15méfgytoabesti giinpraig SrPOSBRT <o X BhREy PEBE S ' Bent i de of

SEQ I D NO, 6, Mheh6ii. FuBEG:ahRbdnd s coval ently linked to the anino
acid residue at position 21 and at, pgsi tieénl%m%ﬁ, and wherein the
combi ned nol ecul aRodHisAL A BEPRE AR CPER ChAl hs is about 5,000 to
about 20, 000 Dal t @&Sminal beensiobsyeddyyibedteregt ycol chain may be in the
formof a straight chain i 0 sbeashtamnehrekin; kit accor dance
with one enbodi n&%ﬁnofh 8“%0#%%%%%%%9&@ ycol chain has an average

mol ecul ar wei ght sebeeietPitiedbi't-he range of about 500 to about

40, 000 Dalions. | .00R.R5bediEeRbdinRet (rolayetzhydsenerileptB hai n has
a nmol ecul ar wei ght selected from r 2R si08E dh@or@bout

5, 000 Dal tons}.‘o’ﬂﬁsﬁ??bf{eﬁgw%%sr‘r%%l |tl?r&e$r¥?wt gtge@%%?%eth ene glycol chain
has a ol ecul e aeagiy Bireabeim gd(ceeePEE" KHELEYHC 609 ?%Dal tons. As
described in det il pi RakiheorEraameRshaidengb uotgonspydneides of the

present invention ‘have enhanced bi ophysi cal Lt Yerag@mafueous
sol ubi ity i relgemieeddRdarpRiSTEF by éa‘é’iap%%ﬂig%%a%ﬂ%%éur etaining or

denonst r abj NgenhaEREPb@atLd TEQ 1D Ne| i ingdifiaddy tha subiistion e Bept i de.
Accordi ngly, the glucagon I il dhEn P QSeIto atiditenkioy are 30
believed to ¥ rﬁﬁfleatfpgsraﬂ%gr%%izae&{mﬁg{ﬁhgg r evi .ugél a%gaen

descri bed f orargitiec aisiide) gidaeteas Hseptiger TR _PST é"?y%ﬁ“n modi fi ed
gl ucagon pept j des, 4ese iR druehai Bistiae) dneheursibeky tiapminpsesd the peptide.

hypogl ycem a, to 1 ncrease bl oad gl : IndueRbiignpor ary
paral ysi s of Wfecoyatce g Oﬁeﬁﬁﬁ%f%egtlatg%?%islé@ég%%’m%gnupe and eJrgipnt ain
body wei ght, & stbili9is padjdeheltcicinghe drelpagsyrriiict he PRGN FUBF Yo treat
ot her metabol [ ¢. 4|38 L L5 hi1edi RMdigicial apekitlos 2805206

gl ucagon. ég@eﬁg'?’%g@%glg Elﬁcgtﬁ_pre ent gi.sc{ o%ure}.n;) Ldkrgeied to a
pre- f or mul at eshbsigudoniis 2sesiditrw 268 AW ThrREER Y di"Seosed gl ucagon
agoni st for ugedcRbddeRhinhtthf BYPUYNGCEITinene Sniphigeitthyrgfieti8t abi l ity
and/or solubility of th ni st It eseraibegkdrece n al | ow
for the prepa?%ia‘ﬁﬁd@en%?tg%%g?t%u Oglﬁg%q%hggﬁgggoﬁti onglg of gl ucagon
for rapi d3admminshscgtitiomwidand treat ment of hypogl ycem a. Accordingly,
in one embodi nent {2, SOb\td R oGRADbA:SENE pldcagnigagoinvagdmistd of the
present invention i1s provided for admnistrati : jgent

suf fering fropaldpiseHH YR ﬁ?roi"‘ﬂf’d(r)"ﬁ}?mg T eoaﬁ?nrlfgg(thotm %gse%ggg?lgﬁcgin
conprising a pﬁg&bﬁfsmgbuomom@mies&t omgof Ht eipoRs B REYEIT; s

provi ded for administration to a patient suffering from

hypogl ycem a, wherein the total nolecular weight of the PEG chains

| inked to the pegyl ated gl ucagon agoni st is between about 500 to
about 5,000 Daltons. In one enbodi nent the pegyl ated gl ucagon

agoni st conprises a peptide selected fromthe group consisting of
SEQ ID NO. 14, SEQID 15 NO 15, SEQID NGO 16, SEQ ID NO 17, SEQ
ID NO 18 and SEQ I D NO 19, and gl ucagon agoni st anal ogs of

t hereof, wherein the side chain of an am no acid residue at position
16 17 21 or 24 of said al ucaaon nentide is covalentlv bound to t he



25conprises the steps of adm nistering the presently discl osed

gl ucagon agonists to a patient using any standard route of

adm ni stration, including parenterally, such as intravenously,

i ntraperitoneal ly, subcutaneously or intranuscularly, intrathecally,
transdermally, rectally, orally, nasgtly or by inhalation. I n one
enbodi nent the conposition is adm ni stered subgut aneousl y.

i nt r amuscul ark g 29hgsukstietcd rifoenomaptve 2300t et E1HRe ind"

adm ni st er ed ,papeRAGS Rkiidh BN & t%f@-lekiﬁa&@ﬁhﬂn@@d’@ﬁﬁﬂ did difffefest from

prepackaged in a syrin vant ageousl y., oysyst abl e
gl ucagon analﬂti’gjg”“ﬂlag‘?:? g?‘ét&t %Crogfsﬁ ﬁP(ﬁ?ﬁ? égp ??18@ fgtlabl lity and

sol ubi lity i Acaceeush dikherdgnenr gﬂLhEOquf%Eﬁ@S)EOVﬁF‘F apgEsised for

phar macol 0%' Gl et RIS ok ?J‘%Eh'ﬂ\{e%révgo mﬁtv&hvremadnuﬁ@a@ﬁmposm&(l% The use
of the stabil’f EI l'ucagon anal og |scI?h§edh pdafurlhwfor t he
prepar ati on a&vdpﬂéa@@? ?I@éhedfﬂ“ﬁlaﬂﬁﬂgﬁ?ﬁ‘fm&?o‘ﬁ P PEPPOS At

physi ol ogi Calcor@;!-rﬁsés@ﬁedowtgmme)ramadmd@fendbntmlecmﬁbm @Jamf)@ dopsieding

di scovered th p at, ed HERLER g. 5t hat
retain the pﬁ?]te’ﬁt/?‘gé%f QIQJ’I |§dg%{3|ﬂ§??§/dxg%§m§§2{:| g|10|i?\;ipﬁo\/\ever

i ncreasi ng the | éngt bﬁemfemmémﬁE@mé’rP&WP“ %frtheéf“’t"éélﬁfaﬁﬁl Bl e PEG
chains to,f h%e RE@REdAile §%&Iﬂ1gtah@e{st sbrh@of&liafaaiwt)ﬁdfme@htblﬂpem@ ght of the

i nked PEG is greater tha y; the time
action of theé<HBEHPEY @@hﬁ‘F’iﬁéfﬁﬁ ?f‘“‘ th"i‘tr‘i’neaeécr:ngl;e gtﬁ%%m\?ﬁ ac‘hsﬁlg"“keaetnbodl ment ,

a gl ucagon pepdiicdeat pbsiBRQ, 5.0, NOLL, 1 1514 SEQ, 1D IRA0. 21 34 Do ® <l ucagon
agoni st 10 anal o %{dﬁol Iﬁ%%l\{d ¥1 &BQJAuSL%QteMﬁﬁﬁJa&l&Q@d peptitdemconpri ses
y

one or nore poln ene chai ns nmol ecul ar
wei ght of t hahat presasen th@tir%g¥ﬁ?gé&?e§Pdﬁ ﬂ&ﬁtﬁ\@ﬂ%[ﬁ‘e E%‘f“%““{ °¥en%‘{hd in one
enmbodi ments i Sphﬁroﬂﬁgkﬁljﬁtsﬁﬁﬂtyﬁﬁh?ﬁ@@w%bﬁvﬁmsfthebmentlg@sasﬁmtIWB.W34®r000
Dal tons. Such no AV B inrectel tgtl me of
activity but %H® o’lfftacclc’r(‘)j%}s of Bﬁﬁg%ﬁggtﬁ?c\?%t Arcecoregl , such
conpounds camoh@n@ﬂnﬁﬂm@b@m@difép@wﬁ?ﬂ%@?%‘&Pﬂlf“;‘}‘“{‘edo%rﬁ e@ d the

effect of the,adm p fgﬁgﬁgggﬁ&!ﬂdﬁ@gon pepti de. A ucagon pepti des
t hat have been nodi

ed to be coval entl t . havi ng
a ol ecul ar wei ghtt 987 SPRHER-P gff‘f’é?f“ af@"%%égﬁa‘*f’]ﬁ%n@ l%]anvﬁgd Ghakif
admi ni st eged liths oiRg mmstselmmd\ﬂommoalmm 25 .80 BUARER. ¥HE Hetd bhs of

i nsulin and %lﬁ of ngﬁl gralfl%}@gg{@e&h&g&dg%h&ﬁi%ﬁﬂﬁmBDN@ 1.
di abetics. The nodi fi tdcagon peptjdes o 838 i

20di scl osure I@wqoré@c%‘ﬁﬂ“é‘a‘?ﬁ‘%%‘?%’ln@ﬁ o\ guF330n Feleg ‘?l}ﬁEgs a singl e
conposi tion, p%vm&i&@&%Dmlsym&dumlsa&ceﬂ&dna«mtrs&plai ate1&6l.utildns, or.
al ternati vel ¥ he7 f %(19 and td an%i?%dlffér%m@e‘d&ﬁ%ﬁhﬁg%ﬂﬁﬂﬂ%Can be
adnmi ni st er ed 4t 6’ ¥e t e Y1 R to one anot her (S
embodi nents t ke SEQHPINYI 1t ilomothorepbedinent 2 B eInjapriegp§ S @%@@8%6@ tion

conpri sing t hgy@gbxng%D%@@aQ%fbvﬂ@p&Heﬁﬁl 186 Bandfbdclis slcete@fonwi t hin 12
hours of one an

ot her. The exact [ gon
pepti de rel ativént b2ihé Wdh Hr 5t &F é(gtlJ{ g%% |25 %O 6&16 qmglh efr?llt in
part on det ergluthd @résh@dil woageoil df H@UENGTL, @ﬂdeﬂf’pﬁﬁheémb(’d@% can be
det er m ned tﬁﬁou&h r oL, f?e emnﬂq%%él %}J&é&n‘t&)ﬁservatwe aminb RiP@s@dance with
one enbodi ne a co OS] nis npr|5|%%b nﬁulln and a
modi fi ed & uaalgwntorjbﬂgﬁmm@méeﬁtfé‘tlé@e raighictIsRe M58 ¥ng of SEQ
30 1D N0 2, hQibl Nicosb 155 bBEND 0 nsEstmmssmmﬂegl ucagon

agoni st anal o s t her eof .peptide
further conpr¥ E’%‘%%ﬁﬁ?’é?eﬁ’)} eflﬁ@erﬁomgmfzsonﬁgl%norg%é\%a gtglf% bound to an
n¥

am no acid smdl&nmtmmatpaﬁuqns)gletwdﬁmmm@l 5% 19 1,223 13414

enbodi nent the conposition is an aqueous sol ution conprising -21-
insulin and the glucagon anal og. I n enbodi nents wherein the gl ucagon
peptide conprises the sequence of SEQ ID NO 11 or SEQ ID NO 13,
the peptide nmay further conprise a polyethylene glycol chain
covalently bound to an amno acid side chain at position 16, 17, 21
or 24. In one enbodi ment the nol ecul ar weight of the 5 PEG chain of
the nodified glucagon peptide is greater than 10,000 Daltons. In one
enbodi ment the pegyl ated gl ucagon peptide conprises a peptide

sel ected fromthe aroun consistinag of SEOID NO 11 and SEO | D NO



I n accordance with one enbodi nent the nodified glucagon peptides

di scl osed herein are used to induce tenporary paralysis of the
intestinal tract. This nmethod has utility for radiol ogical purposes
and conprises the step of adm nistering an effective anount of a
-pharmaceuti cal conposition conprising-a pegyl ated gl ucagon pepti de,
a 15 glucagon peptide conprising a c-tenninal extension or a diner
of such peptides, 21| 7, one 2& b oicnbaimdnhibe gbtivage o ppetpns 6 ebhpri ses a
sequence sel d.fro @il RuN@itios, SEQ I D
NO. 3 SEQ | 391\@ 13 {4 gEg]F%g%W% %%e%gﬂs%tlgaﬁSE P 58 1o
NO 8, SEQID NOIn@ne eSB! Aghcagn agCSEQ“ PeyideromPPsnESE@P NO 12 and
SEQ I D NG 1% Epdd@o%@ 18R divaRak mt heloglifeagenspept Nad b@0avingr t her

conprises a PEG chai of a ; a S
coval ent | y° bSUAY™P BC’CE‘H eéWi’WS“%étpﬁhg%gllaB&gﬂv 9‘%%5?&% %ﬁgg idor 24. In

one enbodi nentbstied i e sjerepeptil decfidondd P ved afifip ﬁ‘?“f‘?]%”dg roup

consi sting of, i@ NQsskO D SEQ. HoNEmbaliGneand SEQ | D
NO 17. In ong‘%ggog%a%@%’t% he PEelpghal n. é Aggpt of

;
about 500 t o fFsidic 2minpend PRPLHSd oHE}Hmg 2 dsr“f?\“é"remg"%me r%%t the
conposi tion usgsk ctngQ miNoe, Bwnbwa:riy &mlalmikor@ﬁQtﬂﬁélOi Hiesti nal
tract conprises ¢ RERLL aﬁmtuaoﬁecond

nodi f i edng(f u@éd’bdadelere’tm %eean %r&%? %J#ﬁg&%lqr st %e tide
conpri ses a sequr@lricéiog@la@el{l@d PRI 2toh B grEprPE ﬁ%ﬁ“ESPPF%g ot *'SEQ I D
NO 10, SEQ 1LD;NGkid Qelec@mﬁlmﬁﬁ%rb@ Nistidgdf d-egpié, eladbd, giydinenkmedbt o a PEG
chai n of about 500 tq about b 00 Daltons, and 30 the second peptide
conprises a CHVAREHIIRP TOPYREGPEG chain of about 10,000 to about

40, 000 Dal tons | 1 abdiiesengmiineit melRtagareonBECr A B BE Rt | de i s

covalent!); b %Qn}ﬁﬁﬂwrh @Jﬁeréﬁ{hgaﬁa%§ﬁﬂ&€fr@£3mlmﬂ® ipﬁr&h‘ﬁrlgon 21 or

24 of the respp%ctlve pepti de F q) ! anac]d% gr. 22-
Oxynt omodul | rfma@“ﬁé‘t‘%‘?ﬂﬁlﬂhﬁﬂ%%‘éﬂ??tP?f&“’?i 6@ ﬁ?’egho Fone. ound in the

smal | i ntestipgtinkasr theﬁawafze:pﬁnratﬂdtnomtlfme&&sre’wwemhlﬁmla@@%a%en

admi ni stered to G b e N300 9: aft e BRnA895) .
Oxynt omodul i o stoaﬁl?f? '}é‘%gi?fg}ﬁggpnﬁﬁg ?hat coni%ggst t Iile 29 am no
aci d sequenceth@‘cxdglam@ag@ﬁls gqparéic aCEE}E@lPWN@’d 13 RSP SHREG A4 5 8

ani no aci gy C%QQ%(MsEQEIﬂNOBd SEX IeRG] eNSHf IDSEQ1 & SHOID2B: FKRNRNNI A) .
Sxynt omodul | PEkke BETRpE ARt f o ppaprpSREE b Whaflonat e
wei ght | oss/ wekighi!. rmmrer;tae]nlanbfa)osmoawqfélerawgmpﬁ??g‘s hEEg B ity and
stability of &)aglggg?e%{é@ﬁorﬁﬁg Fﬂo?EonYs‘hﬁ@aﬂdh@sﬁﬂﬁh@ﬂ&s&ﬁﬁﬁsﬂtﬁﬁd cs, by

substituting 7 ucagon Eortl on_ of oxyntonodulin 10vm th

t he nodified Tgﬂﬁgﬁg@’éwuﬁe?ﬁ?tﬂdlé“@d"éﬁaé‘ PEedE & ein. In addition

appl i cant ss5 al SO bglat@Menct hat ond ehibadeattetndifyhthonmd piitide wobeseul e
conprising a gluca e of davh fondhe, term nal
four anino acid¥ey S%%%@ﬁ&m aﬁrlouin%gsﬁ!ﬁ#\fgﬁéime Is% be effective in
suppr essi ng apReEbiNG [2ad SEQdR 0N Wei @ﬁjﬂﬁ?l’é@@ﬁ’ﬁﬁﬁéﬂf@%eﬁ{%ﬁance

15Accor di ngl ¥, ERE - RIBSE W scduBMe BETEONDAICS 0, 580D A SS 68Q heomadi f i ed

gl ucagon pept| des of "'the present .invention.t I . gar boxy
terninal ext e‘ﬁ§1€‘8|I|DHP 3§ hepSOREYSI8 PR mﬁﬁl& %@E @l% NO 22. In

accordanceoWlthlﬂmmﬁlefS@medimmEQaDgﬂmb?aéﬁhI%@ﬂﬁS’tS "¢36f SEQ ID
NGO 33, further ¢ ALeeRn @ QIDNO 21
( KRNRNNI A)  or et§f§ it %ﬂ’t‘rp%ﬁmrél? dga‘gﬂ?ngﬂ%éacu d 20 ng&gf t he

gl ucagon peptqocmstmg o La%;lmgnﬁmpépé*é? Bl AT YiPesr it Y Hdlite wei ght

| 0ss or prevent, Wekaht a@i@tichs athilo 46 addedin ae catbdxh teonauserbdaicdent a

gl ucagon agoni st analog of SEQ ID NO 11 or SEQ ID NO 13, further
conprising the am no acid sequence of SEQ ID NO 21 (KRNRNNI A) or
SEQ ID NO 22 linked to amno acid 29 of the glucagon peptide, is
adm nistered to individuals to i nduce weight |oss or prevent 25

wei ght gain. In another enbodi ment a nmethod of reducing weight gain
or inducing weight loss in an individual conprises adm nistering an
ef fective anount of a conposition conprising a glucagon agoni st
conprising a glucagon peptide selected fromthe group consisting of
SFOIDNO 2 SFOIDNO 3 SFOIDNO 4 or SFOID NO 5 wherein



Exendi n-4 when added at the carboxy term nus of glucagon inproves
the solubility and stability of glucagon w thout conprom sing the

bi oacti vy of glucagon. In one 10 enbodi nent the termnal ten am no
acids of Exendin-4 (i.e. the sequence of SEQ ID NO 20 (GPSSGAPPPS))
are linked to the carboxy term nus efs-a gl ucagon peptide of the
present disclosure. These fusion proteins are anticipated to have
phar macol ogi Ga tRGkduY bdnyisthhe f lyapor Essing: G per i if”éth%{ﬁﬁb‘?dﬁ’bel‘]gg% g
wei ght | oss/ wei.ght I Nk ) one .enbodi ment the term nal am no

\é%%[nﬁ 31%%0 aé%gﬁmcsﬁ or dh'ﬂ

acid of the extensi on conpri ses an 15 ] oup in
pl ace of the carboxy lgrets grbogment SEguqy ”N@taﬁwpgsﬁa%%eg%n%;quence
is linked to ke BRIGOYa hemimnpmisodeiag Girad agonmr pepirdesf t he
present disclosure. .. In on ' GhsiBlROSE@I> NEeduci ng
wei ght gaih GFPUSRTRTERHY &1 gt ™ eS%@%ﬂ%%ndi Vi g a;cz %or;r&%rses
adm ni st er i ngEANDEE &G FEQ & HADUNEGDD NP: LoMigER LY § onprIsing a
gl ucagon agoréim%&dirgé?ﬂﬂéﬁ;e?ii&goﬁprgﬂng'@@@&ﬂceﬁ&@teﬂd@f?lﬂ‘b sSEQORBINGT 33 20
wherein amno acid 29 o the.gduggggﬂ)lggpltllg%nééngg@ﬁ@gﬁ{eo a second
pepti de t hr odgR IR Nk ptFRPBShd 8Rd< sai'd second pept i de cg%‘ﬂi se's
the sequence gfa SERplidd Ditpris20hesGFRBSGAPRASNOE. SEEE® NF' N 257 I n one
embodi nent t . n i hfioaf heeb Rk, 1012 frdvethg group
~ consi sting’ opg&?f%g%ﬁ’&%’w‘s%‘%a?%ﬁm 3, gtgg%%o N 155010 N0

5, SEQ I D NO coBsist@EOARDnfBH, FAdedderthy ¢{STREY o5 BETHNG "9, SEQ 25 ID
NO 10, SEQ | RpNherlhe i SERulpEb i onbRscathels-BEQefSHITD NF WWAEH n ani no
acid 29 of the glucagon peptide s 1 Re6IRHesIRRtJuel@e t hr ough
a peptide bon@,bﬁ%iﬁ%i ddf"(‘ipu %8%&‘%%‘“‘6‘??6 e %%I?r%e?i ses the sequence of
SEQ I D NO 20f6BRPESSAPRPS) or SEQ ID NO 23. In one enbodi nent the
gl ucagon peptide gf 1 he. glucasensagenastucigsn getiedtredidd om t he group

consisting of SEQ ID NO_. 11 and SEQO | D -orduP cARQing Or: €Mbodi ment
t he gl ucagon @@Bﬁﬁ“@é@é‘&ﬁ%‘f"a@flf’?ﬂﬁ% SFlﬁcst?No%r?mé%ﬁtri g% i smgel ected from

the group consi stNAgHEKSEQGHETHNGhe-Th-SerSERTITSeNas-THEL'SESFD NO. 16
and SEQ I D NO, 17, wher ei n,t Re; ARlesikdl. wei-ghtr GFEQENPEG. chain is
sel ected fronéﬁg#ég'@angeg%#]ﬂ%%}%% 000 Dal tgni. Mne, Raédcul arly,
in one enbodi ment NEhBisgrdagbhiEaht tHe 5fP 2% e fusi on pept i de
is selected fEQm L NG @k AHPPIEONSEEITAGucHSEQTIER KEQ VY @EQ | D
NG 17 whereinthe rr%%gf g{og%%gg%_ﬂgfsﬂm ThEG - ShatR-1bsGhaect ed

fromthe range of N n anot her _enbodi nent...

conposi tion i sreadpishiGb-esebhet\Gl-gloparLaniettisd-§ ﬁb%%ggg %L(l)pg@t ite,
prevent wei ght gain. andl o JsRedess Xpi @bfcyderssidipmbfleamdniihérst rat i on
of a pharnmaceutical conposition conprising a.fils | at-ed .t

gl ucagon pept hatwewsisi a%idé‘@(?@ﬁéfpﬂﬁwggfséﬁu (ergﬁ%cédgdoﬂ%n_%ea%? igﬁ(;deﬂ%I wher ei n
the first ,and,sgeends pep: indedianeind wsi ohR peptidesniteiiri HF a
c-termnal peptide exfensi.o o SLiNRsRER prd o2 poERESBAPPPS)
or SEQ ID NO gé%ﬂz?ﬁé&f Frp‘éi?oq}ﬁ)aggy g%cggﬁ]gf_l%o pgn ept i de. 10, conpri sing
a coval ently tﬁ@B@anE@ﬂ@ﬁdi?a%BﬂSW=F%‘ ‘B‘B‘?]‘fre ?dgbe@ gl tons and the
second pegyl at ed gl UcageR;AGRE LeEncaiRlsissingoafusomapErt Viyeiisnked PEG
chai n of about 10,000 to about, 40, 000 .Dal Efbnce

di scl osure al &6nERERYADHEREY It‘f[i?l erevs O{tﬁeer‘lﬁ “ﬁ%gg???pggﬁg ycagon

pepti des digsclesaditharebimbilish whhagtucpeon perbie. Mot PAHEHIT Y SBF %Tl?f’cagon
peptides can be 15 |ink [cddSil 436his trang amthrikibhikilngzcagent s and
procedur es kné%ag?ncf’e}ft%%%gyéo%gﬁegg in tdge art. JFor examnle, sdimers.
can be for med piétenEsriis-fw Grogiyf Retreghtichgdh %éf)rt‘lyégg fhrough the use
of bi funct i onaky kfil-GRrOsPhi-nkensTade-Bi-YaietRIGER TANPNE)
crosslinkers, particularly for the glucagon peptides that have been
substituted with cysteine, |ysine om t hi ne, honocystei ne or

acetyl phenylal anine residues (e.g. SEQID NO 4 and 20 SEQ | D NO
5). The diner can be a honodinmer or alternatively can be a

het erodi mer. I n one enbodi nent the dinmer conprises a honodi ner of a
gl ucagon fusion peptide wherein the glucagon peptide portion

conpri ses an agoni st analog of SEQ ID NO 11 and an amino acid
sequence of SEQ ID NO 20 (GPSSGAPPPS), SEQ ID NO 21 (KENR_NNI A) or
SFOID NO 22 (K RNRY |inked to am no acid 29 25 of t he al ucaaon



I n accordance with one enbodiment a dinmer is provided conprising a
first 30 glucagon peptide bound to a second gl ucagon peptide via a
l'inker, wherein the first glucagon peptide conprises a peptide

sel ected fromthe group consisting of SEQID NGO 1, SEQ ID NO 7,
SEQID NO 8, SEQID NG 9, SEQ ID M 10 and SEQIDNO 11 and the.
second gl ucagon peptide conprises SEQ ID NO 33. Furt t}géér% - 25-
with regardswﬁ@elﬂQOm@la@éagadm%@éﬁ%mE\‘i\}l‘ié‘f‘ﬂ“‘i“ﬁ*’e" no acid at

osition 28 a mmmsmq(;as*ﬁ B ®:20 (KEMR)| s
Itohr eoni ne, tﬁé beconsgﬁlPPﬁsg?ggbg? tllr?& urther tca(gnﬂroheses one to two
ani no aci ds [kndiegendbry Itﬁfim%%ﬁl@‘&? g“bd %Sﬁufaﬁonp?

oup_consj sting of
Lys, Arg, Hi &nboﬁi%ﬁnt@tfe ofGAbhn pe@ﬁtﬁe‘axj;elb@edtfh@ W%W%@ﬁﬁﬁ?@s{ of the

second 5gl ucagon @Shgphabimeatthieadcidsemerept abl e
salts of sSai % g%%ﬁ)ﬁg(gol ype t| des Ir? a g%g 9Ret her
embodi ment aoﬂ:HEGHDNCSﬂb@\?SW St %ﬁ‘@l& 6? uc gon peptide

bound to a S8f @@&RZ u‘d&@ﬁ%cﬁﬁ‘d}&tedﬁna\lla@naadlddﬂlﬂﬁ@lglucaghmeﬁidﬁ &P first

gl ucagon pepti sel ected fromthe ﬂ@liﬁtsg & 8b: SEQ | D NO
3 'SEO 1D 10 cmingnt tepzeycra s o e’ fie B NOLE B

1 8, SEQ ID
NO 9, SEQ | B N®04 SBEQ@ NO N@dsmmls@cg qrsgm%‘mla@qé%’a QO 1D NO 13
and the seco d %H%Q%E pgg%qlgmbgmdgggl@ﬂ@mmumN®eDect ed fromthe

group condi s %‘ 1 linked
phar maceut i caG}JI’SﬁGéBEP@ﬁ)tSEQII’éNQa@t@*%&@%%g r‘1%ucagon ol ype tides. In
one enbodi nent,tihe.chins stiiisagpntie ptdcehedapas wibp HPPHHT t he group

consi sting of 15 SE £1d;, ghie agonpgeeat isde | s

i ndependent | Q‘JS%P@E%;BH rcoﬁ‘ip’f'aﬁsaanpﬁr(%%%ng%%a sting qf SEQLD NO 11,
SEQ | D NO 127andr BEuekei INGEGI am}Sﬁd%?ﬁ’é TR & ﬁ’g"ﬁt VR er i s
formed bef 05"‘5%t&n%n%ﬁ@n!b@ﬁ&mwmsE@h@acmeheqﬂem%@@w i sing the
am no aci d sequence_of S lh@ %’%mﬁ#\m EOTAAO.CR (MR ipne.
enbodi nent  a EREGHHEEBMIECEP Mo i on |s row ded ‘-ﬁg wherein the
conposi ti on %@ﬁﬂa&dﬁaﬁ&ﬁdgpuﬁ@@maﬁgmﬂ@tm& PBﬁ’tlﬁefme‘ " PFesent

S Ih Z(r: lm?lz g lrJ 1(:a ic §Hb§1)41 "aCcep ?h%%"%%ﬂﬂe RRG8 Bi‘ tﬁ@élﬁa@ﬁ |f¢510ﬁ h@nmﬁmpram a

e carrier, ﬁj HRRING: Reand
phar naceut i cabqu@@nﬁ@stpﬁf%th‘éﬁﬁﬁr@%ﬁgn%’ ?%g ML cohcentratl on of the
gl ucagon O@E@mwhpgn &ﬁdmﬂ:&hxﬁa(ﬂmw Fecemininentiod rerional B elY57 . 0- 8. 5.

I n one enbodi nent t Ak < EOTPOG 1t bOSECTION: i1 5 88c@in25
1ng/ Ml concentigr ‘(')Cfnpf”f'?s efeg%g&on %%om st anal og and 20mM

Tri et hanol amanmcamﬂpislhﬂceﬁatpwn%eﬁzﬁféﬁﬂ“@l’ﬂ’cagon pepti des of the
present inventiongGan bg.RERvkEegtporrpakdanaes il usineerédbodi ment

as part of a kit. In one e 0 B L4l g a

gl ucagon agomowﬁqebth%lseﬁj%if“ieg%%%w df?hh’érrcé%lﬁnsﬁlg I QVi wherein.
the 30Ki t ,60nQKA@%f FBIYIDfO:Lh ERFPasERIEh SPe Pt Naek ( ?fvention in
aqueous sol ut] OO&DL@EE’E@% ol HGAGANR 0P drdRSIERbn peptkuBioon in such

kits include % de sel ect ed frome'gmeSel te% LGRNSI sting
of 1) a gl ucagﬁradlp@ptthecﬂbcaé@#ﬁﬁ“?néﬁeﬂﬁe tRwUEEYtrehce I'D NO 7,
SEQ 1D NO 10, SEQ | B NOsdd 1romo: SE,(BEQIDN@ zwdcsﬁQ@E@Om Tyggly NG 33;
2) a glucagon fusjion tide conp | UgAeNBgORIdSEDdRAl 0g Of
SEQ I D NO 11th6?151$E@pﬁl%Pﬁ@ePT§e“ % LG % 33, and @ﬁ%ﬁ aci d
sequence Qf SEQAAD:ANDxyIR0ci @38@\@%7“31"%5@5 Sﬁit‘ﬁenc'?gqu | A) or
SEQ ID NG 22 §m§all\la_r)1mo c%@ ta&ld@gdbﬂgutaﬁfbﬂhe?(‘grb&fyhi drteiaqlaugagon

pepti de; and % ate gI ucagon d:HNO 11 or
SEQ I D NO 13cwpmiBSEey 45@11&1@“3@ IﬂfaEﬁ"fdﬁ‘&F e “ere?ﬂ:s"’%fme%% amno acid -

sequence of SQQ;&EQ FsJé{Qde %ﬁ@ﬁﬁ@%ﬁﬁﬁ@nlst@@@%@ ronpie FRIBNRNNI A) - or
SEQ ID NO 22 (KRNR) linked to amino acid 29 of the glucagon




pepti de, wherein the PEG chain covalently bound to position 16, 17,
21 or 24 has a nol ecul ar wei ght of about 500 to about 40, 000 ‘
Dal tons. In one enbodi nent the kit is 10provided with_a device for
adm ni stering the glucagon conposition to a patient, e.g. syringe
needl e, pen device, jet injector or -vther needle-free injector. The
kit may alternatively or in addition include one or nore of a
variety of cedigingerSEQ ®.0¢0:'10, SERAP HO: tiarSEQ Buv e 1é et ngl e or
mul ti-chanbered pre-filled;svid ngesso GRKDB qGESGAPPHSUEINID) punps
(external or “T'Mp 13%?§ﬁ?§§§qu§%t Injectors, pre-filled pen devices and
the |ike, 156t oraitoyeiddheidieslrgot8 "Gl ucagon peptide. Preferably,
the kits will al 3@, jGLiAdgorisBst meptionnsetfior canseiurtienmadditance wi t-h
one embodi ment the devige of..the kit is 261,050 il repenghag
devi ce, wier &HCEHE pﬁp&ﬂ%sdsgllu{’ﬁh%ﬁnﬁ Slg‘.léﬁl ép%qg%gge& wi thin the aerosol
device. |n abtoied aemivoditmahtazohieplidet EsRFTe BEE 4° SOP°RGE" and a
needl e, and in one erbOdiREBNad: & i WeRGoNDaypBgtd ffopTPoFigons

HILLO! (8.1) X . . .
pr epackaged V\ntﬁdlgn t he syringe. 20T unds , of.cdobH Sodigavent i on
may be pr eparlédll:?;():@t%ﬁ&%?gaoqg?ﬁ?pﬁ%tc?%geﬂ?ﬁgggi r gc%a%bia%o t DNA
techni ques, Qfialdabreat, e Entaipbiabd supodve e ePdiinhigd pepiy od¥ Pand f usi on
proteins. Al thaugh certai Dz RRkMLAY, it Sedigkdhe@armot be
expr essed' by S?‘?’E%&%‘Fa&m?%glg%bq?ngﬂfﬁﬁ §E€f@ 'qugstsémgg%s for
their prepar atiténotaEe TR NG SER E0E 5 %wriasp thi's invention
that enconpasg el ReRidsite POt BaBpiityerdies @Sayiy ried 286 58y st andar d
organi c chem stry reactjons, in additjon.igi-pRdasskpheptide
chenistry re&BtHGRERHSIS ﬁlﬁgﬁ?ﬁa{c]pa@fﬂq%swEXANPLES gﬁée%gr %@?{th si's
Prot ocol : 30G ucagenodmat wijsomerkedispp Heticsaen PRYIs Y (Facti vat ed
"Fast BocY, si.ng| e- 6auRldinGnesk bl aRBo hidbduRmmmpeitofs 1B3E 20 21,

Thr (0Bz1) Pam't 84 h on a modi fied Appli.ed B 430Anpapt | de
synt hesi zer. ?Beﬁd/%'ﬁ?:Wéef%iﬂ%‘atﬁﬁﬁm@%%élwe?sgtu%gﬁ%%ggén from ﬁ/lﬂc%v\est

Bi ot ech ( Fi shes chaliMitbSiteerosticking with Srdserhilingoigice iyaug €4 were: - 27-
Arg(Tos), Asnﬁlxinawn%) @Sﬁfe %ggﬁe)ptide%ﬁegh@%@ withHd 8 Boyccuttiys ( 2C1 - Z)
Ser (0Bz1), TH; 55501V 2Br-2), and Trp(CHD) .., The, sidezghain

prot ecting grapiy agn ot drenthetic frer-RAHAY SRS RFETBSE" Bach conpl et ed
peptidyl besin, Was odkBal @nokiiirefr © ohind kah thefdo2004 P ie in 5

di met hyl formam de to renoye the .f ; c benaim ddadnréstdydpti@phan.

Li qui d hydrog"é‘i"?bf“l"ﬂ‘&frhirﬁ}ée%%e@%\%lgbeegcé%émétg%g?%o?rlrjed in the presence of
p- cresol and idieet hyl sul fide. The cl eavage was run for 1 hour in an
i ce bath using ang 11F. apnpataliscidsihnstsEy a0, SERIBMNCevapor at i on
of the HF, the residue was, suspendtﬁd L ﬂxica%{‘é/egtiﬁts el .ahdud-he solid
material s wer@FDINGIH progidehisEpt P8 e “Ext Tact ed i nto 3Q- 70ml 10
aqueous aget i Godek & Bein andirkllytoedirak PrghetipersneaTi] 19%’(&&5’{ BY HPLC

| Beckman Syt iR 48 ati e, Whbikih Mle Rmnind 564 suBdidmm A
buf fer =0. 1oa#eRHREL _11’%&,21}3%(2%%@9%%%@& b o

Yacetonitrile, gradient of 10%to 80%B
over 10nmin]. e finpates ohydyabiliopiey-of o5 EPPEIGLEE S8 X 25 cm

Kromasil 018 ;gq?i'ﬁbm ] L PRk @EhRGintehenciathil2 inbivmisrRECBEPect i ng
5 mnute fractions. The 15 honbgenegu I L@kt ned and

| yophi | i zed t®&og¢ v@o@mwaﬁﬁﬁagﬁ‘%&eﬁ“%°§§g@§%%%r%éméfo@r.e t ol ecul ar
mass and pyri teystwarcﬁte&erﬁ‘sidumhbrmihhg'del%ﬂfﬂﬁﬁ%%e‘@ﬁ’ét?’c‘erlégmgeﬁal ysi s.
General Pegyl ati. Pr o - = MRl &l e QYand @ Tyupdiedb vnyl t he

gl ucagon Cys Qﬂ%ﬁ%ﬁ"@éﬂ%goﬁg%gréeg ?h hoﬂ;gl hatgﬁ)uf{i‘%gg en%g%ak”e

(5- 10nmg/ ml)  amdfol, Diwde by haglelh ﬁﬁihﬂgacfle FacétT¢ acid I's added
(10-15% Of  t Of AlainVPHbshyBReto, EMERHSend Ahdr glodl)s amadiles pthad dyHebiiexy PEG
reagent (Nektar) is added and the reaction stirred at roomtenp
while nmonitoring reaction progress by HPLC. After 8- 24hrs, the
reaction mxture, is acidified and | oaded onto a preparative reverse
phase 25colum for purification using 0.1%FA/ acetonitrile gradient.
The appropriate



fracti ons were conbined and | yophilized to give the desired
pegyl at ed anal ogs. EXAMPLE 1 Synthesis of QG ucagon Cysl17(1-29) and
Simlar MnoCys Anal ogs 300. 2nmol e Boc Thr(0Bz1l) Pamresin (SynChem
Inc) in a 60m reaction vessel and the followi ng sequence was
entered and run on a nodified Applied- Bi osystenms 430A Peptide
Synt hesi zer using Fast Boc HBTU-activated single couplings.
HSQGTFTSDY SK o [S4RARRMALNEIE o(ySE@fs DinN@altegiyve embogimep B8 ¥3GF9 owi ng
side chain protectin a8 hais bt hASR(EIEX) |

E& ﬁh %d%?t&mé{‘@{ﬁﬁy%eﬂm

Asn( Xan i 1574 H.s(Boc er (Bz1
Thr g Bz 1; Tr @(sgmyﬁueamnmm@edzamg&ﬁ%f@ Feéﬁeétﬁg Zhasacz%yfsgr eglﬁ \)Nas

treated with %Qc(}/ﬁl@jd@%ﬁﬂy@hdﬁ%djbﬂ%b}ylli eidraniddedtsef vdrvpiis mesiesT| p

f ornmyl protect| on th ferred ta HEed aiLn Messael and
dried in Vacdg™ aip‘)&?’r‘?‘gaff 851 an %gné%%?‘ h ggﬁl% @r{i%q? \ﬁ@re added
along with afmghb@tmupccsxsmtmgbffrm ﬁpﬁ*@ vesEgl %Qs”aﬁ% o the HE

appar at us (Pef]g §E ﬁpﬁb ig m@mm as. dry | ce/ net hanol bat h,
evacuat ed, and aproéx. 10nl lig n%/oltrﬁ) e @9& ?%‘?"Mﬁ Hggnsed
in. The reaction %@"ré%“i"er?”ét?n?ﬁnbﬁﬁ‘ Ko a%yh fi i he HF was
renoved in Vagag molRlyE@gie deinsesaisuls hernd edhd e mpPLEGEEHEr ; t he

S(r)]![ |O d; OV\ﬁi’ ea];i{‘le L8 mo(liebulg/\r@%gﬁtq)fﬁ(g E]Qcag‘énflﬁeﬁns Iﬁlﬂﬁht'& be wpephisgec ext r act ed
i

An ana cal HE)’L Waalpféﬁgof[o 46 x 5
cm Zor bax CS, Damonm Torengembadiment ﬁlﬂ?@?ﬁwﬁgb Fc’lﬂé‘?(’“@f BP%5 B buffer
of 0.1%FA 9%@1\1(96a&ik@iﬁta?ié%ﬁld@cﬁﬂ%yMME to IR0 oiditidreal smal |
sanpl e of the cleavage extr 1 D9 el ARGl e Shel @ ded
onto a 2.2 x Posiiign? k?%r?ﬁ%‘isﬂm%%fndrg%%égl??d\?{e% reverse pﬁgas col um. 15
and an acetorHEGrdhahﬁlgabaldllﬁmtomm%QﬁﬁDﬁWﬁdﬂ%ﬂDﬁbﬁﬁlﬁ@(‘,‘?é LC system

omin fractong.) \fé}rdeggga%&k%m@o%@ ids @ pépaid JFSRQ MYNOE whistiat PEELANM

(2.0A) Yacet Qni tri Tion9dB to
10098 over 45?@#??1@COValenﬂyhnl‘ﬂqéOtf“‘r%Tcia(‘i §E’s‘(‘:ih(l)cnt%10Sirtlllg?glﬁdﬂ![1 Q%(l)osuro est pr oduct

(48-52) wvere Howhidiede forbimedimolanid: wojymp#iiticityelPG @algfi ig@og3:29%hy. A

HPLC anal ysi s oftz(g%;b%]joftoguct denonstrated a 20 pur| ty of >90% and
MALDI nass spg@8tF4al " analysis dermonstrat.ed éo red nass
3429.7. G uca prePamelethierarpiotshain s8y ks ip b g Sfm%ﬂ ¢agon- Cex and
Q her G Tef Mgl bxd ah9e6kaAbadi0gse enBGingnt (0 p@mmleee) glycol cham has

nmet hoxybenzhydryl am ne res N)ouV¥o6 1 g{)@p@d)ogn a 60nl
reaction vess"é‘la""éargamf"rei%’aFB’FIF éﬁ%mx\%{émbhghag%e%\%aguent ered an run on a

modi fi ed Applibags Bumysh@dmaﬂ%@olp@bﬂqndw%tﬁﬁé@laf@?““’c‘ﬂfé|"" "5 Fast Boc

HBTU- activate rim tﬁe&%’\é/g% doB8S60 to about 5,000 Daltens. In another embodiment
30 HS@ TFTSD PPP '55-,e
fol |l ow ng si die pgﬂmihﬁlerﬁrgbp@é rﬂﬂs zblpgﬁw v%%,shééfﬁg e? dio%x&‘@ b(%&){) 0

Asp(CcTl exy, AsiheXan), Cys(pMeBzl), G u(CcHex), His( Boc)
Lys(2€l-2), Ser( Big. t).le’scrigpdr ifw Ee%a]ﬂ) i the Examples, the glucagon agoni;ts of the present
invention have enhanced biophysical stability and aqueous solubiiify in solutions of
phisiological pH, while retaining or demonstrating enhanced bioactivity relative to the
native peptide. Accordingly, the glucagon agonists of the present invention are
30 believed to be suitable for any use that has previously been described for the native
glucagon peptide. Therefore, the modified glucagon peptides described herein can be
used to treat hypoglycemia, o increase blood glucose level, to induce temporary

paralysis of the gut for radiological uses, to reduce and maintain body weight, as



-29- Trp(CHO), and Tyr(Br-2Z). The conpleted peptidyl resin was
treated with 20% pi peridine/di methyl formam de to renove the Trp
formyl protection then transferred to HF reaction vessel and dried
in vacuo. 1.0m p-cresol and 0.5 m dinehyl sulfide were added al ong
with a magnetic stir bar. The vessel jgwas attached to the HE 5

appar atus (Pennisula Labs), cooled in a dry ice/nethanol bath,
evacuat ed, aa&iuﬁme@&mpwmmkmﬂur o vhy dhogerbdit dericddatmrst E¥hdensed

in. The reac \g,?:hlsofl ed inan ice bath for 1hr then the FIF was
renmoved in v %VTJ O0STRE® P fue was suspended in et ther: the
solids were filteimedypenaishresoit fiFFlosyrpis rect iy aﬂ?e“‘ﬁébf“?&"éwoél% ract ed

into 50 mi a%&%&i%ﬁﬁ@&ésb Gy AGk1ked gfh&a@ﬂaﬁoﬂsﬂf@r&he iHRLGhyisoghommif.0. 46 x 5

cm Zorbax 08, 10 4 f B buf fer
of 0. 19FFA gﬂ%ﬁﬂrﬂvﬁrsﬁbﬁhﬁfﬁfl ‘fﬂf@@)ﬁ’z‘%afg%@@ msycomqu s dgicgﬁc%ﬁ%% al i quot

of the cl eavagey xh¢ getuatiding pesidrmaietd agpeoud SelaMOfcgh’F%%fmz’faE‘ X 25cm

| Gromasi | 018 pr ebat al b keuh &Y 652 PRASE AGRLSUID, AR alloccat oni L 11 | e
gradient was ru ution using a Pharnmacia FPLC Stem 5mn
fractions \Nerselufe‘,ﬂelc‘lﬂmwéﬁa wpfieEsE e ¢ O Pﬁﬁ“&%"éﬂtﬂ?‘sﬁo@§ Am (2. 0A) .
A=0. 1% FA, 15&&9&&%&%5@%6&%@hyb@yc@fladnemﬂenﬁodﬁ@&m to 10098
over 450m n. Fractions. viayophi | i zed
to give 185, FAfen °°mpﬂs‘ﬂ%ﬁ"@ﬁ atv%]&aﬁ%gg&%ﬁqﬂmc{oﬁég%ﬁ%{l @ssrbﬁ)o y{gﬂaa purity
of greater thaminBEsn Mﬁmﬁﬁenfmafée@ns%@&mﬁlyc%éI“%TFIEﬁ?F?&?\}\B‘\QF

presence of the;degsk @E@cﬁ;ﬂﬂﬁﬁﬂ@&to('.il@|pe@ﬁ&8ngcfag«ﬂa&@tﬁuSVlSWtWﬁﬂbmt product
as a Gtermnal” am de nt oo dul qat%rgﬂg&g L DENR 20 were

n.an
sinilarly pr éB‘é‘PéEP“b%dOPPé téf"r‘ﬁ é?d‘meng%%g? aci ds st arting with
the appr oprl abﬁﬂu;eesla@a;ﬂedseemﬁmﬂlmgro@xmrgoéslf@@d‘é@ fr BRIP7
Mal - PEG- 5 d@F?%N@ W 889 Th [ySih el 1BX0: 8uhd BEQ myomst fwoxy
y (6]

pol y(et hy ene mal el m de avg B Nekt ar
Ther apeut i cs)gluﬁmo@a&ﬁmét%ﬁl%éﬂf Wﬁ?oéwg?fﬁn%\éﬁ‘geﬁﬁ% (r’paﬁm?llp eir edcsigsgdg i ne :
(PBS) and 0. 5,,@%%@%!\47@11@&@&&@1& gindape pteitle iaeodtitly bawil i HEDTA) was

added. The reacttbégeélev&awlsﬁu rdloge%ﬁﬁ%g‘mtﬁe%%&é b OIpdgglngthe pr ogress

of the reactiP8K® ore C anal ysi s 5 c¢cm Zor bax
C8, 30 I m/moupkss, thez»mdprpw@&)l\fo A%cyh%ﬁmhwmlsﬂw f@;“adf%%? SHVREN
gradi ent = ;@‘%@ﬂopth%&{ﬁe@svo%{}ale]a@m:med to po@ieﬂ@léne@lyh@urnsme ¢obedimerd.cohd on

m xture was | oaded onto 2 I dve
reverse phas@eg&tﬁ?ﬁﬁcagﬂhaga@ﬁf%’?ﬁnﬁﬁﬁ gep% %?} ﬁg??ﬁﬁ%&gﬁtﬂ

Pharmaci a - 3@rinokBl Gsividviak posinoridtodthi p@txéeh@owﬂvoelv@?déﬁ@wﬂ%ikmz 14m and .
collecting 5 m n fractions. A=0.1%FA, B=0.1%TA/ 50% acetonitrile,
gradi ent = 30/%’ o 10098 over 450 nin.. The act i fs. corres ndi ng to
the product were Ewsmsihpdef ‘reﬂ‘qﬂg)&?é’ﬁgl%fﬁ’aml‘%‘t?mraﬁ‘wf'é gl ve I%g

5Thi s proguct  ageARahdy g@fddxﬁ;ﬂxskilﬁlg@e[p&ssﬂxﬁy d«scﬁsadrgiuzazgpmm@wl m / mi n,
45C, 214nm (0.5A), . A=0. 1 BN, ot 21098 t 0
8098 over 10rﬁaﬂe“}“%f“8'ﬁta§ oW ‘56%3 mm@atné( ?,Qh{ oxr.e%%@é ﬁlMA\LDI (matri x
assisted | as enuaﬁlesalyphltr@anm@nlilyzatbw@mouﬁfa@@%%@éltl@éﬂ migPa%i s showed

a broad mass [ g%g&a@ ;@p@%agmmf B RPoAS ihMAkdnV BShe @fbo8if@ 10 9500,
Thi s shows an a tion

mass of the starting 10 n
pepti de (342990m9*?51“a¥)1§|a@9@1ﬁ%ff"é‘f“§?°“§"“?5’6%y A TS EAANVELE %ﬂbégﬁl%ggon
Cys21 Ml —36’EC§héclsm§asnﬁﬂg a@hiniSetdd paporraly 312 BE Eu@@)n camposPERRg
nPEG- MAL- 5000 r 15. The 1,58 BLUER ahdlogd. SML
phosphat e buf?‘% age glasﬁréngfpé%%ﬁ&a&%&%)m e@usq M%t gj@ene "di ani ne
tetraacetic atichhsedBETApxbisuRsdd s@bilit Ay SP%%IEY }“&ﬁ“"wﬁ Sﬁ‘f‘?‘ed at room
tenp. After 205S.qanRkReka kR plarniBoRficarRCs/hdiabOBGawagedeted. Aft er
8hrs, the reaction m xture was | oaded onto a 2.2 x 25cm Vydac C18
preparative reverse phase colum and an acetonitrile gradi ent was
run on a Pharmacia FPLC at 4 20 ml/mn while collecting 5mn
fractions. A=0. 19%FA, B. 19%FA/ 50%ACN. G adi ent= 20% to 80YB over
450m n. The fractions correepouding to the appearance of
product were conbi ned frozen and |yophilized to give 34 ng. Analysis
of the product by analytical HPLC [0.46 x 5 cm Zorbax C3, 1 m/m n,
45C, 214nm (0.5A), A=0.1%FA,




25 B=0. 19%FA/ 90%ACN, gradi ent=10%8 to 80%8 over 10m nd showed a
honogeneous product that was different than starting gl ucagon
peptide. MALDI (matrix assisted |laser desorption ionization) nmass
spectral anal ysis showed a broad nmass range (typical of PEG anal ogs)
of 8700 to 9700. This shows an addi tion to the mass of the starting
ghi cagon peptide (3470) of approxinmately 5,000 a.mu. 30 EXAMPLE 5
G ucagon Cyszf, MabeiRsbibled gl-uaa@,on analogs d2Qesaigre@alicafiohc CNsEIeD9)  and
39. 5ng nPEG: M - 5000, ( Nekt ar ' roflbsSRicaesk i n 3. 5mil
PBS with sti F?qSFPEgEPch 888 Y %Q%IHS%D{DFHXQI%%%PSM Isg'?'ﬁe reaction was
stirred at resmtenp for 7 hrs, then another 40 ng of nPEGVAI - 5000
was added. After %Wa&%ﬂaﬁ@&&bﬁém&ﬁlaﬂﬁegylattdﬁ%luba%meb@ﬂs i Jet ereredas

2

| oaded 5 onto a x 25 ¢ RyaLsanphase
col um and aﬂﬂa‘afé%lf‘é‘ﬁtp?fFI}tEBpB %%OE t RS run%g%lél%eer 1 ;§g&tél a FPLC. 5

mn. fracti omnsemer e K dheigloedrvbvizimeltirs REE ehains & Grﬂsptl‘ﬁ?/s‘éff‘ Y4rmi
(2.0A). A buff bithEEiEcTs DealdVihdn ABOMAGNPeggadi ent =
3098 to 100‘%@3%?}a1m0f§%/@g&wﬁh fracti osn%eacor < 1@%&% %@mmoduct

wer e conbi nedslaf hozerrcimgl ByBpRicERedt 3 4TV nzfé" PO VALDI mass
spectral anala)égllca?goﬁkgmdf@qm@al o ¥EG 1D NG P, sn@hlaiigowii&oﬁma maxi mum

at 9175.2 which i s approx tel M od¥RF Bork idettca gon
024 (34571%) an@%&‘ik?ﬁg%é’m&d%“éhegﬁ' s it pon

.152
G ucagon Cys 2#dl <R, vrdindig, tﬁlfﬁgw ""f‘i}‘ﬁlllt OfZ‘W “&‘ﬁzep A g[ﬁa%étrz‘apeutl cs)
vere dissolvagh foidnd il RS cMbdiibonll fislengandtt, opcdmwtsetmplessam 0. 5 m
0. 01M EDTA was added Aft er g gz 5‘9 ﬂagﬁﬁ{ §gda£{n;elopgu tew i al -
product was dBf8dalgy: Jtyh Fedifet urc?(%‘in%eg b Anot her . 1ny of
NPEG- Mal - 20K wWimsut ekl the ainabtititye Apceaﬂmgiymnc%momm%f cppeafppisgRtt her

16hrs. The, produg R SiygRiskiee aidabon peprige.oved, so the
reaction M xtplr,uorpey acmaﬁﬁ %étggq}g%?%ﬁtgﬁ 2 ed%SD g Vaﬁnt @%%4 ko OB,
preparative rever@ecaghpsrioediaime ¥ qﬁ'[f‘( G8d”on armaci a FPLC
using a or adi ot nQfne BQ;%Bculaew&@ﬁaﬁr@meﬁxarﬁS@@ﬁ IPfﬂfOlA chleRErniERed o YEA, B
"~ buffer 0. 19% PA/ 50%\ méadlngarﬁh mbrﬁfﬁmﬁst@ns wer e
col | ect ed whilf EHBHF 51 msu”fﬁb%w%tmsw ?b ftQ fractions
cont ai ni ng hmmggmmvebnmﬂ@emcs JBpegpefife O%ﬁu ¥ Poreh " and

I'yophi 11 zgd }\?ﬁs@%‘lb}‘eeca&?ecz o iHinistEled MtMn@ﬁn dataglataediiy, anal ytical HPLC

was -90% mass spectr al an ﬁg&@gm from
23,000 to 27 méta%ﬁ?swdlfl@‘“a‘ﬁ GRS 1%“““%8” ’qeh‘?t more t han

starting 4 ucagemnd @lﬂém(rﬁ)éﬁiﬁ@ 8 be wi@mm@ffcren@wa'@%‘ﬁ ¥E29

Mal - PEG 5K 20. O n%%ﬁiglgﬂ m@&%%ézﬂdn%gﬂxprﬁlﬂgma&n annm: cniREE@itvia| - 5000
( Nekt ar Theraaﬁlg |cs “Were di ssol ved |nd d tg@ ﬁjﬁ*’?#‘*“”' ng at
room t enper atagmerigngdheguogificd guragoRPeryFii Eﬁqls}irevﬁé Hdaed” °After 4 hr,

anot her 156 pumaf ng%gg-md o R QRS aame pkptide relative v therpdmipisiset | on to

conpletion. After hrs, the reac [BeiNASe1k OaRaEANt 0 a 2. 2
X 25 cm Vydacm@‘il%wﬁﬁ'béﬂﬁ’?‘ﬁjf?t\)lé’ rgeléeelfe%gmgp{%g%% ol umm and an

acetonitril e gaagiventeonnsd hrumghgentipe RHEFFHEEICR FPLC system 5 nin

fractions vere In accordance with one embodument a composition 15 provided compnsmg

insulin and a modified glucagon peptide selected from the group consisting of SEQ
30 1D NO: 2, SEQIDNO: 3, SEQID NO: 4, SEQ ID NO: 5 and glucagon agonist

analogs thereof, wherein the modified glicagon peptide further comprises a

polyethylene glycol chain covalently bound to an amino acid side chain at position 16,

17,21 or 24. In one embodiment the composition is an aqueous solution comprising



5 collected while nonitoring the UV at 214nm (2. 0A). A-0.1%F A

B=0. 1% | bA/ 50%ACN. Fractions 75-97 were conbi ned frozen and

| yophilized to give 40.0 ng of product that is different than

recovered starting material on HPLC (fractions 58-63). Analysis of

t he product by analytical HPLC [0.46&1x 5 cm Zorbax 08, 1 m hnin,

450, 214nm (0.5A), A=0.1%FA, B=0. 194FA 90%A0N, 10 gradient=10%B to

8098 over 10mHsiinlndhosveszoa aylngi Inerpdipgnis wherpa e §]§6?ogg’l\ﬂ&}f_lﬂf mass

~spectral anal%/??iﬁ es%%gggg%cgg}gggmﬁem%rg}ﬁ(zIDIRECE&OW@;JIM@W@Yvvith a mass
, ( maxi

range of 8, 0060"%0 maxi num_ at . 9025 LCh iiSno5ei248 a. m u.
ﬁD‘nt}c"yf§'—J\,\rlﬁIgg(%I\E/!PLEO g d ucagon

great er t han fistercemuiige rrebEiRyIge ErsY SHIgY _
Oys24 (2- but y.ql Reds@Be)s, 79224 27y onfenGhdirsaibnmossbyyiede)iias added
4ml 0. O5M ammpni um 5hi car.bonat %8581 B0iet fhhd ®,0800:1H0s5 Inkdne of @
sol ution of é)E‘BIdEﬁ‘PD? PF{‘%‘?%%%)?%{LC a%i o‘laré ,8SL008 dok0Qul in
900ul acet onietubdding)t theAfegdrtedFhrazonPPEEiPP G *4F T oom t enper at ur e,
anot her 105 Lé{oupgongi@g%mqaph\mimamﬂaﬂﬁe@ wherein e sEe@BPCHM mi xt ure
whi ch was stirred anaot her 15hrs. .Th ﬁ%;']@ leXd dbfenwaisoust | uted to
10mL with 10@@5’&&‘@%’6%‘1"888’[0?’30“52?“ 46(1)”.«(,515%5 %Oogbgede nto a, 2.2 X 25 cm

Alll

Kromasi | Ol 8 wphepaycayinalyt chay &t e obpadisnteln A AR B8R tri | e
gradi ent (2098 t0.809 Orion) ©oWesst 40100.0on a Phar maci a FPLC
whi l e col &%ctﬁ%nagmgﬁgﬁe?gégifia%ﬁs and ni t Qr.i 4 gpéd}{de@@isgg,sgmm ‘
(2.0A). Flow :-4rinpwvrﬁa:n°%@@%°f@/a*ﬁ9&fl‘é‘2%.%f%ﬁg‘§?£%%/ N. Fractions 74- 77
Wer e Combi Ne Gl Qe anidddoy e ftirdry gedsts of tyi iplestizal Sy, THIPIECAAY] ysi s
showed a purity aof 95% and pead, Analiysiriag shdwetea nass
of 3540.7 or ugi@%gg%“f%ﬁ%?f‘g Slgrﬁ[)%1 defggta%gsr?it art | N0 TBLELRkptiad i S
result consi stwemt ofs phivmpdyatical PR GFPETE* KRG é e%ﬁfly%cﬁ act one

noiety. F %Qm%'f{e%ﬁmoé&}émgaDtaﬁEanﬂeA@si&cEavmﬁwfwwh@@é@%& BEQ ID NO
29 20 EXAMPLE 9 u_ca%gg; 5245%86 (F%(Erﬁé?gééq%éqbéﬁ&)selected frohBheldi®ipof

G ucagon Oys 28 Jupdyne BEHYVEdTn 9. 4nt 0. 1M s di 4 hat e
buf f er (pllzgcﬂgs)sﬁﬂgtdsmmom,éﬁﬁﬁéﬁpi%S%%F%Ngb“l’ﬁlf'(?ﬁjn @1%@% in 25
acetonitril e)Neg\_/a(Ss :7T§§§2 ﬂ;ﬁa@tgi,m@l\m:SISEQrI@d\ICatIO,ISB@@NOi

t enperature and t%e feaction progres vvasem&%gnllgy@idgl gogga;ﬁygi cal
HPLC. After 1wSESHSFAZ endiiif 1B ?éi%f“?ec acld solution was pdded.
The react i,gn Wag: Shipfif-edrBnabihar d6ONG00 A8 REPHITPAFH Y aqueous
acetic acid and was | paded onto. Xin RCMpldiaamGe Hudids
preparative r@ieFeE %ﬁé?gu%%P%S%ﬁ)Q%%?r%éulri fi 3&&9 : ﬁrﬁ:}%egsoni tile
gradi ent was j;apﬁnewemddromhhﬁrm%wmﬂﬁﬁefs(%% = Qrsrr: nin) while

col l ecting 5"%;:51)112%1%9:t1%91§h55§1@ NID 0 ti0 Grieltanbédirgent e BHG @dihana( 20A) .

A=0. 199 FA, B=0. Al 50%ACN. df)r a%tlilt%%oﬁﬁtb 9 were conbined frozen
and | yophi | i zeglequlr wigheor abay 300 RY S my of product. Anal ytical HPLC
showed a pyrity ofn 0%canchodikDihe perpssidgyas (RPNSHETPRETEPEGHE r med a
mass of 3515 ffc%ﬁe i}mt]s%naqggclt go?tgri&g PEMGhodifled é\h@g&ﬂp&)ti@nE:TMKY

LDSRRACI DFV- N’ _ _ ’
modified glicagon peptide, wherein the first modified peptide comprises a sequance

selected from the group consisting of SEQ ID NO: 10, SEQ ID NO: 1} and SEQ ID

NO: 13, optionally linked to a PEG chain of about 500 to about 5,000 Daltons, and

30  the second peptide comprises 2 covalently linked PEG chain of about 10,000 to about

40.000 Daltons. In this embodiment the PEG chain of each peptide is covalently

bound io an amino acid residue at either position 21 or 24 of the respective peplide,

and independent of one another.



Mol ecul ar wei ght =3515.87SEQ I D NO 30 Ex =

Formu | a :C153H224N4205082Qo W L MN 7a8E) NasE?(AI\/I%Eézl(I\)/blGeﬁg!aagn
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solubtlit ?SQU%LS of the presegtqgv%ntion that ha eearc%r%g)}y tesn(ljlén%t%!(tgnsmn of SEQ ID
NO: 21 (KRNRNNIA) or SEQ ID NO: 22. In accordance with one embodiment a
glucagon agonist analog of SEQ 1D NO: 33, further comprising the amino acid
sequence of SEQ 1D NO: 21 (KRNRNNIA) or SEQ ID NG: 272 linked to amino acid

20 29 of the glucagon peptide, s administered to individuals to induce weight loss or
prevent weight gain. In accordance with one embodiment a glucagon agonist analog
of SEQ ID NO: 11 or SEQ ID NO: 13, further comprising the ammo acid sequence of

- SEQID NO: 21 (KRINRNNIA) or SEQ ID NQ: 22 linked to amino acid 29 of the
glucagon peptide, is administered to individuals to induce weight loss or preﬁent

25  weight gain. In another embodiment a method of reducing weight gain or inducing
weight loss in an individual comprises administering an effective amount of a
composition comprising a glucagon agonist comprising a glucagon peptide selected
from the group consisting of SEQ 1D NO: 2, SEQ ID NO: 3, SEQ ID NO: 4 or SEQ
ID NO: 5, wherein amino acid 29 of the glucagon peptide is bound to a second

30  peptide through a peptide bond, and said second peptide comprises the sequence of
SEQID NO: 24 (KRNRNNIA) or SEQ 1D NO: 25, and wherein a PEG chain of about
1,000 to 40,000 Daltons is covalently bound to an amino acid residue at position 21

and/or 24. In one embodiment the glucagon peptide segment of the glucagon agomist
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29 of the glucagon peptide is bound to 2 second peptide through a peptide bond, and
Q ID NO: 20 (GPSSGAPPPS) or

and 1
A

said second peptide comprises the sequence of SE o
SEQ ID NO: 23. In one embodiment the glucagon peptide of the glucagon agonist is
selected from the group consisting of SEQ 1D NO: 11 and SEQ IDNO: 13. Inone

30  embodiment the glucagon peptide segment of the fusion peptide is selected from the |
group consisting of SEQ 1D NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ 1D

NO: 17, wherein the molecular weight of the PEG chain is selected from the range of

500 to 40,000 Daltons. More particularly, in one embodiment the glucagon peptide of
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second pegylated glucagon peptide comprising a covalentl ain o
about 10,000 to about 40,000 Daltons.
The present disclosure also encompasses multimers of the modified glucagon

peptides disclosed herein. Two or more of the modified glucagoﬁ peptides can be

15 linked together using standard linking agénts and procedures known to those skilled m
the art. For example, dimers can be formed between two modified glucagon peptides
through the use of bifunctional thiol crosslinkers and bi-functional amine crosslinkers,
particularly for the glucagon peptides that have been substituted with cysteine, lysine
omithine, homocysteine or acetyl phenylalanine residues (e.g. SEQ 1D NO: 4 and

20 SEQID NO:5). The dimer canbea homodimer or alternatively can be a
heterodimer. In one embodiment the dimer comprises 2 homodimer of a glucagon
fusion peptide wherein the glucagon peptide portion comprises an agonist analog of
SEQ ID NO: 11 and an amino acid sequence of SEQ ID NO: 20 (GPSSGAPPPS),
SEQ ID NO: 21 (KRNRNNIA) or SEQ ID NO: 22 (KRINR) linked to amino acid 29

25  of the glucagon peptide. In another embodiment the dimer comprises a homodimer of
a glucagon agonist analog of SEQ ID NQ: 11, wherein the glucagon peptide further
comprises a polysthylene glycol chain covalently bound to position 21 or 24 of the
glucagon peptide.

In accordance with one embodiment a direr is provided comprising a farst

30  giucagon peptide bound fo a second glucagon peptide via a linker, wherein the first
glucagon peptide comprises a peptide selected from the group conaisting of SEQ ID
NO: 1, SEQ 1D NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQID NO: 10 and SEQ ID
NO- 11 and the second glucagon peptide comprises SEQ 1D'NO: 33. Furthenmore,
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25
with regards to the second glucagon peptide, when the amino acid at position 28 is
asparagine and the amino acid at position 29 is threonine, the second glucagon peptide
further comprises one to two amino acids (independently selected from the group
consisting of Lys, Arg, His, Asp ot Glu), added to the carboxry terminus of the second
5 glucagon glucagon peptide, and pharmaceutically acceptabie salts of said glucagon
polypeptides. _
In accordance with another embodiment a dimer is provided comprising a first
glucagon peptide bound to 2 second glucagon pepiide via a linker, wherein said first
glucagon peptide is selected from the group consisting of SEQ D NO: 2, SEQ ID
10 NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ D NO: 8, SEQ ID NO: 9, SEQ ID NO:
‘ 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13 and the second glucagoen
peptide is independently selected from the group consisting of SEQ ID NO: 11 and
SEQ ID NO: 13, and pharmaceutically acceptable salts of said glucagon polypeptides.
In one embodiment the first glucagon peptide is selected from the group consisting of
15 SEQID NO: 7 and the second glucagon peptide is independently selected from the
group consisting of SEQ 1D NC: 11, SEQ ID NO: 12 and SEQ ID NO: 13. Inone
embodiment the dimer is formed beiween two peptides wherein each peptide
comprising the amino acid sequence of SEQ IDNO: 1L
In accordance with one embodiment a pharmaceutical composition is provided
70  wherein the composition comprises a glucagon agonist analog of the preseﬁt'
disclosure, or pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier. In one embodiment the pharmaceutical composition comprises a
1mg/ml concentration of the glucagon agonist analog and 10-50mM Triethanolamine
at pH 7.0-8.5. In one embodiment the pharmaceutical composition COMpIISEs &
25 1mg/ml concentration of the glucagon agonist analog and 20mM Tristhanolamine at
pH 8.5. ' '
The modified glucagon peptides of the present invention can be provided in
accordance with one embodiment as part of a kit. In one embodiment a kit for
administering a glucagon agonist to a patient in need thereof i provided wherein the
30 kit comprises any of the glucagon peptides of the invention in aqueous solution.
Exemplary glucagon peptides for inclusion in such kits include a glucagon peptide
selected from the group consisting of 1) a glucagon peptide comprising the sequence

of SEQ ID NO: 7, SEQ ID NO: 10, SEQ IDNQO:11 or SEQ ID NO: 13 or SEQID
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NO: 33; 2) aglucagon fusion peptide comptising a glucagon agonisf analog of SEQ
ID NO: 11 or SEQ ID NO: 13 or SEQ ID NO: 33, and an amino acid sequence of
SEQ ID NO: 20 (GPSSGAPFPPS), SEQ ID NO: 21 (KRNRNNIA} or SEQ ID NO: 22
(KRNR) linked to amino acid 29 of the glucagon peptide; and 3} 2 pegylated glucagon
peptide of SEQ ID NG: 11 or SEQ ID NO: 13 or SEQ ID NO: 33, further comprising
an amino acid sequence of SEQ ID NO: 20 (GPSSGAPPPS), SEQ ID NO: 21
(KRINRNNIA) or SEQ ID NO: 22 (KRNR) ﬁni(ed to amnino acid 29 of the glucagon
peptide, wherein the PEG chain covalently bound to position 16, 17,21 or 24 has a
molecular weight of about 500 to about 40,000 Daitons. Inone embodiment the kit is
provided with a device for administering the glucagon composition 1o a patient, €.g.
syringe needle, pen device, jet injector or other needle-free jector. The kit may
alternatively or in addition include one OT MOTe of a variety of containers, e.g., vials,
tubes, bottles, single or multi-chambered pre-filled syringes, cartridges, infusion
pumps (external or implantable), jet injectors, pre-filled pen devices and the like,
optionally containing the glucagon peptide. Preferably, the kits will also include
instructions for use. In accordance with one embodiment the device of the kit isan
aerosol dispensing device, wherein the composition is prepackaged within the aerosol
device. In another embodiment the kit comprises 2 syringe and a needle, and in one
embodiment the glucagon composition is prepackaged within the syringe.

The compounds of this invention may be prepared by standard synthetic -
methods, recombinant DNA techniques, or amy other methods of preparing peptides
and fusion proteins. Although certain pon-natural amino acids cannot be expressed
by standard recombinant DNA techmniques, techniques for their preparation are known
in the art. Compounds of this invention that encompass non-peptide portions may be
synthesized by standard organtc chemistry reactions, in addition to standard peptide

chemistry reactions when applicable.

EXAMPLES

General Synthesis Protocol:

Glucagon analegs were synthesized using HBTU-activated “Fast Boc™” single
coupling starting from 0.2mmole of Boc Thr{QBzI)Pam resin on a modified Applied
Biosystem 430 A peptide synthesizer. Boc amino acids and HBTU were obtained
from Midwest Biotech (Fishers, IN). Side chain protecting groups used were:
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Arg(Tos), Asn(Xan), Asp(OcHex), Cys(pMeBzl), His(Bom), Lys(2CI-Z), Sex(OBzl),
Thr(QBzl), Tyr(2Br-Z), and Trp(CHO). The side-cham protecting group on the N-
terminal His was Boc.
Each completed peptidyl resin was treated with a solution of 20% piperdine in
5  dimethylformamide to remove the formy! group from the tryptophan. Liquid
hydrogen fluoride cleavages were 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 pepiide was extracted into 30-70ml
10 aqueous acetic acid and a diluted aliquot was analyzed by HPLC [Beckman System
Gold, 0.46x5cm Zorbax C8, 1ml/min, 45C, 214nm, A buffer =0.1%TFA,
B=0.1%TFA/90%acetonitrile, gradient of 10% to 80%B over 1 0min].
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 mipute fractions. The
‘15 homogeneous fracﬁons were combined and lyophilized to give a product purity of

>095%. The correct molecuiar mass and purity were ‘confirmed using MALDI-mass

spectral analysis.

General Pegylation Protocol: (Cys-maleimido)
20 Typically, the glucagon Cys analog is dissolved in phosphate buffered saline
(5-10mg/ml) and 0.01M ethylenediamine tetraacetic acid is added (10-15% of total
volume). Excess (2-fold) maleimido methoxyPEG reagent (Nektar) 18 added and the
- reaction stirred at room temp while monitoring reaction progress by HPLC. After &-
24hrs, the reaction mixture, is acidified and loaded onto a preparaiive Teverse phase
25  column for puriﬁcaﬁon using 0.1%TFA/acetonitrile gradient. The appropriate

fractions were combined and Iyophilized to give the desired pegylated analogs.

EXAMPLE 1
Synthesis of Glucagon Cys'(1-29) and Similar MonoCys Analogs
30 0.2mmole Boc Thi(OBzl) Pam resin (SynChem Inc) in a 60m] reaction vessel
and the following sequence was entered and run on a modified Applied Biosystems
4304 Peptide Synthesizer using FastBoc HBTU-activated single couplings.
HSQGTFTSDYSKYLDSCRAQDFVQWLMNT (SEQ ID NO: 27)
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Asn(Xan), Cys(pMeBzl), Glu(OcHex), His(Boc), Lys(2C1-Z), Ser(Bzl), Thr(Bzl),
Trp(CHQ), and Tyr(Br-Z). The completed peptidy! resin was treated with 20%
piperidine/dimethylformamide to remove the Trp formyl protection then transferred o
5 an HF reaction vessel and dried in vacuo. 1.0ml p-cresol and 0.5 ml dimehyl sulfide
were added along 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
10 ether; the solids were filtered, washed with ether, and the peptide extracted into 50 ml
agueous acetic acid. An analytical HPLC was Tun [0.46 x 5 ¢ém Zorbax C8, 1 ml/min,
45C, 214nm, A buffer of 0. 1%TFA, B buffer of 0.1%TFA/90%ACN, gradient=10%DB
to 80%B over 10min.] with a small sample of the cleavage extract. The remaining
extract was loaded onto a 2.2 x 25¢cm Kromasil C18 preparative reverse phase column
15  and an acetonitrile gradient was run using a Pharmacia FPLC system. 5min fractions
were collectéd while monitoring the UV at 214unm (2.0A). A=0.1%TFA,
R=0.1%TFA/50%acetonitrile. Gradient = 30%5B to 100%B over 450min.
The fractions containing the purest product (48-52) were combined frozen,
and tyophilized to give 30.1mg. An HPLC analysis of the product demonstrated a
20 purity of >90% and MALDI mass spectral analysis demonstrated the desired mass of
3429.7. Glucagon Cysm, Glucagon Cys“, and Glucagon Cys29 were similarly

prepared.

EXAMPLE 2

25  Synthesis of Glucagon-Cex and Other C-Terminal Extended Analogs.

285mg (¢.2mmole) methoxvbenzhydrylamine resin (Midwest Biotech) was

placed in 2 60mi reaction vessel and the following sequence was entered and run on a
modified Applied Biosystems 430A peptide synthesizer using FastBoc HBTU-
activated single couplings. |

30 HSQGTFTSDYSKYLDSRRAQDFVQWLMNTGPSSGAPPPS (SEQ ID NO:
28)
The following side chain protecting groups were used: Arg(Tos), Asp(OcHex),
Asn(Xan), Cys(pMeBzl), Glu(OcHex), His(Boc), Lys(2Cl-7), Sex(Bzl), Tnr{Bzl),



15K290. 35 K300. 220. 06 K29, K300.89 K30, K310.12 20D280.050. 17

E280. 14 E290. 050. 04 E300. 04 D28, E290.03 25 D28, E300.05 D28,

El SO. 15 30 EXAMPLE 14 Stability Assay for glucagon Cys-nal einiido
PEG anal ogs -39- Each gl ucagon anal og was di ssolved in water
or PBS and an initial HPLC anal ysis-was conducted. After adjusting
the pH ( 4, 5, 6, 7), the sanples were incubated over a specified
time period aky(@HS, Anty(E-AnHleyeaddpeipl Gongageee Mhd’s he
integrity of p&%@i%ﬁ%ﬁ%ﬁdﬂ%ﬁg@ £ RGNS BE o] Prhbictdap thepemifiried topept i de

of 5interest ned and the percent | ni | ct was
cal cul at ed r EFagattipe veses! aiarisdin y4°u iﬁﬁbl?'ff?f’lsa.ng %%H{Fg@} S(I)l{r?fhéélsl ucagon
Cys21- nal ei mi daRPEEBKaMahS awstid sir tai. e vdssehwrd a@acheNMALE 15 10
Changes in Serum @ ucose centrati i €vaR0es, ad dpek.

Admi ni strat i &Pges @W&ﬁ&%ﬂﬁcg egénga d@%{dﬁ%aggg&:l’e dogs . of ’5.12 kg,
bei ng of 8- 160miiqtilBydofzeralyeridervcs epaeraseh BallbHFeRRbT e &8H 8™ 58t er m ne
the phar ”HC%QFFOE LG 5cARd R hAL FRGRIY RS Chie Bfidgl wis agendidotdioh. Every
ani mal was fasted overnight and bl e%%t g?gqhef 8Fltild§ DGt 8 ol Nt s
af ter 15each ctiersibe sejdsyrere [iged gHeEY™ B 15 30736, 45, 60, 90,

120, 240 M NUL@SoResHc £ Gun afbiipica HP D@ rwdp €6 1 e 2487 Galchdse group
and appr oxi Ly, 1-2m ..of g 706, TV VK @V Eradientel@ed® ti me
poi nt . Abboumg(i(%ﬁr?f“’ Sers O%%gﬂgﬁ\hg{éﬁgdded to K2, EDTA tuhes.q

cont ai ni ng a tsWp4E oprdAmindon gabiawt oL e e P FEhrdt nin) to yield at

| east 500 KI gk 26f 290k embliand prepppraonierapieerolB00and2n a8 was

collected after 20 centrifuging t QB 8Syddh. dmiafkigewad ed
centrifuge atgm&‘ﬁ‘i')tl)‘fas&‘?}a‘ﬁﬁlm-l . %Oalﬁl&m%f or 10° 15 mn. The sanpl es
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@ ucagon and ¥Heranal’ogs were di ssol ved in .0.0114 HCL.
Conce%t r at i onwitfthe@rolge 7 a C-terminal amide, OxyntomorAulm amil' oxyntomgduﬁﬁ—Kﬂ\TR

20 were similatly prepared as the C-terminal carboxylic acids starting with the

appropriately Joaded PAM-resin.

EXAMPLE 3
Glucagon Cys'’ Mal-PEG-5K
25 15.1mg of Glucagon Cys”(l—29) and 27.3mg methoxy poly(eﬂlyleneglycol)
maleimide avg. M.W.5000 (mPEG-Mal-5000,Nektar Therapeutics) were dissolved in
3.5mli phosphate buffered saline (PBS) and 0.5mi 0.01M gthylenediamine tetraacetic
acid (EDTA) was added. The reaction was stirred at room temperature and the
progress of the reaction was monitored by HPLC analysis [0.46 x 5 cm Zorbax C8,
3¢ lml/min45C, 214nm (0.5A), A=0.1%TFA, B=0.1%TFA/90%ACN, gradient=10%B
to 80%R over 10min.].
After 5 hours, the reaction mixture was loaded onto 2.2 x 25 cm Kromasil C18

preparastive reverse phase column. An acetonitrile gradient was mun on a Pharmacia



ing/ml and the animals were dosed at 0.03 nml/kg. The animals were
admi ni stered a 0.005 ng/ kg dose intranuscul arly of either glucagon,
a glucagon anal og conprising glucagon with the sequence of SEQ ID
NO 30 31 linked to the carboxy term nus of glucagon (gl ucagon- CEX)
or a glucagon anal og conprising an aspartic acid substitution at
amno acid 28 (glucagon-Asp28) SEQ ID NO 11. The resulting data is
present ed i n FHLG.whilOmonitGing @k 206w 4viitneBEQUENCE lpIBTInNGmafgtonp Mar chi ,

Richard D Marghi, M & ctof > {gbd BANA
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29920- 201206 witekhs figgons ppyspophredp the FrofusTergmRnes: Lo5myed 1 <211> 29
<212> PRT <213anidea sapkers <400> 1 His Ser Gn Gy Thr Phe Thr Ser

Asp Tyr Ser Lys Tyr. Leu As er 15 [ ' he Val
Gn Trp Leu Met alis Pf‘?ﬁ”‘“?égﬁgﬁi%%ﬁgf%’gééég%%gﬁg e Vol al
Sequence <22@44nx@23}% ASD.UGEfoB=6 h"é_%%ACN, gradient=10%B to 80%DB 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
10 glucagon peptide (3429) of approximately 5,000 a.m.u.

EXAMPLE 4
Glucagon Cys*! Mal-PEG-5K .
21.6mg of Glucagon Cys*'(1-29) and 24mg mPEG-MAL-5000 (Nektar
15  Therapeutics) were dissolved in 3.5mi phosphate buffered saline {PBS) and 0.5ml
0.01M ethylene diamine tetraacetic acid (EDTA) was added. The reaction was stirred
at room temp. After 2hrs, another 12.7 mg of mPEG-MAL-5000 was added. After
8hrs, the reaction mixture was loaded onto a 2.2 x 25cm Vydac C18 preparative
reverse phase column and an acetonitrile gradient was mun on a Pharmacia FPLC at 4
20 ml/min while collecting 5min fractions. A=0.1%TFA, B=0.1%TFA/50%ACN.

Gradient= 20% to 80%B over 450min.

The fractions comresponding to the appearance of product were combined
frozen and Iyophilized to give 34 mg. Analysis of the product by analytical HPLC
[0.46 x 5 cm Zorbax C8, 1 mi/min, 45C, 214nm (0.5A), A=0.1%TFA,

25  B=0.1%TFA/90%ACN, gradient=10%B to 80%B over 10min.] showed a
homogeneous product that was different than starting glucagon peptide. MALDI
(matrix assisted taser desorption ionization) mass spectial analysis showed a broad
mass range (typical of PEG analogs) of 8700 to 9700. This shows an addition 1o the
mass of the starting glucagon peptide (3470) of approximately 5,000 am.u.

30
EXAMPLE 5
Glucagon Cys** Mal-PEG-5K.



<220>  <221> M SC_FEATURE <222> (16)..(16) <223> Xaa is

Ser, Cys, On,
M SC_FEATURE

10

15

20

25

30

honocyst ei ne or acetyl phenyal ani ne <220> <
<222> (27)..(27) <223> 2et>

-3}

20.1mg Glucagon C*(1-29) and 39.5mg mPEG-Mal-5000 (Nektar
Therapeutics) were dissolved in 3.5mi PRS with stirring and 0.5 ml1 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 2.2 x 25 cm Vydac C18 preparative reverse phase column and an acetonirile

gradient was Tun using a Pharmacia FPLC. 5 min. fractions were collected while

‘monitoring the UV at 214nm (2.0A). Abuffer=0.1%TFA, B buffer =

0.1%TEA/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 maximumi
at 91752 which is approximately 5,000 a.m.u. more than Glucagon C** (3457.8).

EXAMPLE 6
Glucagon Cys®* Mal-PEG-20K

25.7mg of Glucagon Cys?*(1-29) and 40.7mg mPEG-Mal- 20K (Nektar
Therapeutics) were dissotved in 3.5ml PRS with stirring at room temp. and 0.5 ml
0.01M EDTA was added. After 6hrs, the ratio of starting material to product was
aprox. 60:40 as determined by HPLC. Another 25.1mg of mPEG-Mal-20K was
added and the reaction allowed to stir another 16hrs. The product ratio had not
significantly improved, so the reaction mixture was loaded onto a 2.2 x 23 cm
Kromasil C18 preparative reverse phase column and purified on a Pharmacia FPLC
using & gradient of 30%B fo 100%B over A50min. A buffer =0.1%TFA, B buffer =
0.1%TEA/50%ACN, flow = 4ml/min, and 5 min fractions were collected while
monitoring the UV at 214nm (2.0A). The fractions containing homogeneous product
were combined, frozen and lyophilized to give 25 .7 mg. Purity as determined by
analytical HPLC was ~90%. A MALDI mass spectral analysis showed a broad peak
from 23,000 to 27,000 which s approximately 20,000 a.m.u. more than starting
Glucagon C** (3457.8).

EXAMPLE 7
Glucagon Cys®” Mal-PEG-5K
20.0mg of Glucagon Cys?(1-29) and 24.7 mg mPEG-Mal-5000 (Neklar

Therapeutics) were dissolved in 3.5 ml PBS with stirring at room temperatuie and 0.5



Xaa is Met,Leu or NNe  <400> 2 ' ' -

" : Hs Ser Gn Ay Thr Ph :

gSﬁ %/[) Egr XlglgsA‘sl'%/rTheuzégg Xzzia 151015 Arg Arg Alg Gn ASS gﬂtra \S/:Ir
Trp r <210> 3 <211> 29 <21

ért i ficial Sequence <220> <223> @& ucagon anal ogug> 52R-2rO§213>

L201206.txt <221> M SC FEATURE  <222> (17)..(17)

ml 0.01M EDTA was added. After 4 hr, another 15.6 mg of mPEG-Mal-5000 was
added 1o 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
acetomitrile gradient was Tun On a Pharmacia FPLC system. 5 min fractions were

5 collected while monitoring the UV at 214nm (2.0A). A=0.1%TFA,
B=0.1%TFA/S0%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 3 -cm Zorbax
C8, 1 ml/min, 45C, 214nm (0.5A), A=0.1%TFA, B=0.1%TFA/90%ACN,

10 gradient=10%B to 80%R over 10min.} showed a purity greater than 95%. MALDI
masg spectral analysis showed the presence of a PEG comaponent with a mass range of
8,000 to 10,000 (maximum at 9025.3) which is 5,540 a.m.u. greater than starting
material (3484.8).
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EXAMPLE 8
Glucagon Cys24 (2-butyrolactone)

To 24.7mg of Glucagon Cys”*(1-29) was added 4ml 0.05M ammonium
5 bicarbonate/50%acetonitrile and 5.5 ul of a solution of 2-bromo-4-hydroxybutyric
acid-y-lactone (100ul in 900ul acetonitrile). After 3hrs of stirnng at room
temperature, another 105 ul of lactone solution was added to the reaction mixture
which was stitred another 15hrs. The reaction mixture was difuted to 10mi with 10%
. aqueous acetic acid and was loaded onto a 2.2 x 25 cm Kromasil C18 preparative
10 reverse phase column. An acetonitrile gradient (20%B o 80%B over 450min} was
' run on 2 Pharmacia FPLC while collecting Smin fractions and monitoring the UV at
214mm (2.0A). Flow =4mi/min, A=0.1%TFA, B=0.1%TFA/50%ACN. Fractions 74-
77 were combined frozen and Iyophilized to give 7.5mg. HPLC analysis showed a
purity of 95% and MALDI mass spect analysis showed a mass of 3540.7 or 84 mass

15  units more than starting material. This result consistent with the addition of a single

butyrolactone moiety.

L

5

HSQGTFTSDYSKYLDSRRAQDFV#N/QTWLMNT"—CWH

o}

Molecutar Weight =3541.91 SEQ ID NO: 29

Exact Mass =3538
Molecuiar Formula =G 155H226N4208052

20 EXAMPLE Y

Gtucagon Cys>'(S-carboxymethyl)
18.1mg of Glucagon Cys™(1-29) was dissolved in 9.4m} 0.1M sodium

phosphate buffer (pF=9.2) and 0.6ml bromoacetic acid sohition (1.3mg/ml in

25  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 25¢m Kromasil C18
preparative reverse phase column for purification. An acetonitrile gradient was run

30 on a Pharmacia FPLC (flow = 4ml/min) while collecting Smin fractions and
monitoring the UV at 214nm (2.0A). A=0.1%TFA, B=0.1%TFA/50%ACN.

Fractions 26-29 were combined frozen and lyophilized to give



<211> Ala G n Asp Phe Val Gn Tr

1> A p Leu Xaa Asp Thr- 2025
Artificial Sequence <212> <213> <220> <22§> d ucagon4aﬁgl ERIe
<220> <221> M SC FEATURE <222> (21)..(21) <223> ?

-34-

several mg of product. Analytical HPLC showed a purity of 90% and MAILDI mass

spectral analysis confirmed a mass of 3515 for the desired product.

o]

T
- O ’
wi—H SQGTFTSDYSKYLDSRRAQDF VN W L M N Tsoon

o]

Molecular Weight =3515.87 SEQID NO: 30
Exact Mass =3512
MomcumrFonnma=0153H224N4205082

5
EXAMPLE 10
Glucagon Cy524 maleimide, PEG-3.4K-dimer
10 ~ 16mg Glucagon Cys™* and 1.02mg Mal-PEG-Mal-3400,

poly(ethyleneglycol)—bis—ma}eimidc avg. M.W. 3400, (Nektar Therpeutics) were

dissolved in 3.5 phosphate buffered saline and 0.5m1 0.01M EDTA and the reaction

was stirred at room temperature. After 16his, another 16mg of Glucagon Cys* was

added and the stirring continued. After approximately 40hrs, the teaction mixlure was
15  loaded onto a Pharmeia PepRPC 16/10 colunmm and an acetonitiile gradient was run

on a Pharmacia FPLC while collecting 2min fractions and monitoring the UV at _

214um (2.0A). Flow=2ml/min, A=0.1%TFA, B=0.1%TFA/50%ACN. Fractions 69- |

74 were combined frozen and Iyophilized to give 10.4mg. Analytical HPLC showed

a purity of 90% and MALDI mass spectral apalysis shows a component in the 9500-

20 11,000 range which is consistent with the desired dimer.

GlucagonCys24(1-29)
AN GlucagonCys4(1-29)

3457.80 S
3457 80 O O
3572.00 N
\ N
10487 .60 K PEG”



Xaa is Asp, Cys, Urn, honocysteine or [
, , , acetyl phenyl al ani ne <220>
<221> M SC FEATURE  <222> (27)..(27) <223> Xaayi s Met, Leu gr Nl e

<400> 4 Hs Ser Gn @y Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu

Asp Ser 151015 Arg Arg Ala G n
9095 <2105 <211>gg g Xaa z:§ Val dn Trp Leu Xaa Asp Thr

EXAMPLE 11
Glucagon Solubility Assays:
A solution {1mg/mi or 3mg/ml) of ghicagon (ot an analog) is prepared m
0.01N HCL 100ul of stock solution is diluted to 1m] with 0.01N HC] and the UV
5 absorbance (276nm) is determined. The pH of the remaining stock solution is
adjusted to pH7 using
200-250ul 0.1M Na,HPO4 (pH9.2). The solution is allowed to stand overnight at 4°C
then centrifuged. 100ul of supematant is then diluted to 1mt with 0.01N HCL, and the
UV absorbance is determined (in duplicate). -
10 The initial absorbance reading is compensated for the increase in volume and
the following calculation is used to establish percent solubility:
Final Absorbance
Initial Absorbance

Results are shown in Table 1 wherein Glucagon-Cex represents wild type glucagon

¥ 100 = percent soluble

(SEQ ID NO: 1) plus a carboxy termina) addition of SEQ ID NO: 20 and Glucagon-
15  Cex R represents SEQ ID NO: 1 wherein the Lys at position 12 is substituted with
Arg and 2 peptide of SEQ ID NO: 20 is added to the carboxy terminus.

Table 1 Solubility date for glucagon analogs

Analog. Percent Soluble
Glucagon 16
Glucagon-Cex, R12 - 104
Glucagon-Cex 87
Oxyntomodulin 104

Glucagon, Cys17PEGSK 94

Glucagon, Cys21PEGSK 105

Glucagon, Cys24PEGSK 133

20
The solubility the glucagon agomist analogs, D28, E29, E30, E1 5D28,

D28E30, D28E29, was investigated using the same assay used for the compounds
listed in Table 1. The data (shown in Figs. 3 & 4) demonstrates the superior solubility
of the D28, £29, E30, E15D28, D28E30, D28E29 analogs relative to native glucagon
25  at pH values of 5.5 and 7.0. The data presented in Fig. 3 represents the solubility
measured after 60 hours at 25 °C, whereas the data presented in Fig. 4 represents the

solubility measured after 24 hours at 25 °C and then 24 hours at 4 °C. Fig. 5



<212>PRT <213>Artificial Sequence <220> <223> (J uc
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36~

represents data regarding the maximum solubility of the glucagon analogs D28,

D28E30 and E1SDD28.

EXAMPLE 12
5  Glucagon Receptor Binding Assay
The affinity of peptides to the glucagon receptor was measured n a
competition binding assay utilizing scintillation proximity assay technology. Serial 3-
fold dilutions of the peptides made in scintillation proximity assay buffer (0.05 M
Tris-HC), pH 7.5, 0.15 M NaCl, 0.1% w/v bovine serum albumin) were mixed in 96
10 well white/clear bottom plate (Corning Inc., Acton, MA) with 0.05 nM (3-["*1}-
iodotyrosyl) Tyr10 glucagon (Amersham Biosciences, Piscataway, NJ), 1-6
micrograms per well, plasma membrane fragments prepared from cells over-
expressing human glucagon receptor, and 1 mg/well polyethylenermme—treated wheat
germ agglutinin type A scintillation proximity assay beads (Amersham Biosciences,
15  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 MicroBetai450 guid
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
20  radioactivity was detected in the wells with no competitor, Percent specific binding
was calculated as following: % Specific Bindjng = ((Bound-NSB)/(Total bound-
NSB)) X 100. ICsp values were determined by using Origin software (Originl.ab,

Northampton, MA).

25 EXAMPLE 13
Functional Assay- cAMP Synthesis
The ability of glucagon analogs to induce cAMP was meagsured in a firefly
luciferase-based reporter assay. HEK293 cells co-transfected with either glucagon- or
GLP-1 receptor and luciferase gene linked to cAMP respousive element were serum
30 deprived by culturing 16h in DMEM (lnvitrogen, Carlsbad, CA) supplemented with
0.25% Bovine Growth Serumn (HyClone, Logan, UT) and then incubated with serial
dilutions of eitber glucagon, GLP-1 or novel glucagon analogs for 5 hat 37°C, 5%
CO, in 96 well poly—D—Lysine»coated “Biocoat” ptates (BD) Biosciences, San Joss,



<222> (27).

5 H s Ser

.(27)
Gn dy Thr
151015 Arg Arg Ala G n Asp Phe Va
<210> 6 <211> 29 <212> PRT <213> Artificial

Phe Thr

<223> Xaa i s Met, Leu or

Ser Asp Tyr

N
Ser

e SL201206. t xt <400>
Leu Asp Ser

Xaa Trp Leu Xaa Asp Thr 2025
Sequence <220> <223>

Lys Tyr

d ucagon anal ogue <220> <221> M SC _EEATURE <222> (21)..(21) <223>

Xaa is Asp, Cys,

O n,

honocyst ei ne or acetyl

phenyal ani ne <220>

<221> M SC—F%ILB%G%@%%GG%I)MOI( @é}nicroliters of LucLite luminescence subsirate
reagent (Perkin-Elmer, Wellesley, MA) were added to each well. The plate was

106

shaken briefly, incubated 10 min in the dark and light outpﬁt was measured on

MicroBeta-1450 liquid scintillation counter (Perkin-Elmer, ‘Wellesley, MA).

Effective 50% concentrations were calculated by using Origin software (OriginLab,

Northampton, MA. Results are shown in Tables 2 and 3.

Table 2
cAMP Induction by Glucagoen Analogs with C-Terminus Extension
cAMP Induction
Peplide Glucagon Receptor GLP-1 Receptor

ECsg, NM N* ECsp, nM N
Glucagon 0.22£0.08 14 3.852164 10
GLP-1 | 2214.00 £ 182.43 2 0.04 £ 0.01 14
Glucagon Gex 0.25x0.15 6 2751203 7
Oxyntomoduiin 3.25+ 1,65 5 | 253174 5
Oxyntomodulin KRNR 2.77+1.74 4 3.21+0.48 2
Glucagon R12 041+ 017 6 0.48 +0.11 5
Glucagon R12 Cex 0.35+0.23 10 1.25+0.63 10
Glucagon R12 K20 0.84 £ 040 5 0.82 £0.49 5
Glucagon R12 K24 1.00 + 0.39 4 1.25+0.97 5
Glucagon R12 K29 0.81+0.49 5 041+ 0.24 8
Glucagon Amide 0.26 £ 0.15 3 1.90+0.35 2
Oxyntomodulin C24 2.54 £ 0.63 2 5.27 +0.26 2
Oxyntomodulin C24 PEG 20K 0.97 £ 0.04 1 1.20+0.11 1

* _ pumber of experiments



<223> Xaa is dn, Cs, On, honoc [ [
, , , ystei ne or acetyl phenyal an
;5502438312 m:ECEFEAEFREGFZZZE (27)..(27) <223> iaapis K@t Lgﬁ or
er n y Thr Phe Thr Ser Asp Tyr Ser L s T
982 Ser 151015 Arg Arg Ala G n xaa Phe Val Xaa'Tr% Leu Xag As%rThsu
5 <210> 7 <211> 29 <212> PRT <213> Artificial Sequence <220>
<223> d ucagon anal ogue <220> <221FabkSC FEATURE <222> (27)-(27)

<223> X B
(28) - ( Zg)a |<323>t Xa;eiuso{l\’l%l!ln%g\ég)ﬁgﬁl’gg%%geﬁ d}ﬂc%n fRE <222>
i clacid <220> <221> N r

Pgn?ﬁ?@t ﬁlyg Arg, IHesideAsp, G /Iu S;LEQ;UEQE;”Q% er@@méé&tp;ﬂ?’? Xaa
Page 3 cid
ECs, nM ECsg, NM N
Glucagon 0.33+0.23 18 12.71 £3.74 2
Giucagon C17 PEG 5K 0.82 £ 0.15 4 55.86 £ 1.13 2
Glucagon C21 PEG 5K 0.37 £ 0.16 6 11.52 + 3.68 2
Glucagon C24 PEG 5K 0.22+0.10 12 13.65+2.95 4
Glucagon C29 PEG 5K 0.96 £ 0.07 2 12.71 £3.74 2
Glucagon C24 PEG 20K 0.08 £ 0.05 3 | Not determined
Giucagon C24 Dimer 0.10+0.05 3 | Not determined
GLP-1 _ > 1000 0.05+0.02 4
* _ pumber of experiments
5 Data for additional glucagon analogs is presented in Figs. 6-9 and in Table 4

Table 4
10 Observed EC50s (uM) in Cells Overexpressing the Glucagon Receptor
Testl JTestl Yestd Testd
Glucagon standard 0.12 0.04 0.05 0.1
i5 K29 0.35 : .22
K30 0.22 0.06
K29, K36 0.89
K30, K31 0.12
20 D28 0.05 0.17
E28 . 0.14
E29 0.05 (.04
E30 ' 0.04
D28, E29 0.03
25 D28, E30 0.05
D28, El5 0.15

30 EXAMPLE 14
Stability Assay for glucagon Cys-maleimide PEG analogs
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determine the integrity of the peptide. The concentration of the specific peptide of
interest was determined and fhe percent remaining intact was calculated relative to the
initial analysis. Results for Glucagon Cys*!-maleimidoPEGsy are shown in Figs. 1

and 2.

EXAMPLE 15

Changes in Serum Glucose Concentration in Beagle Dogs after Administration of
Glucagon Analogs

Canine/Beagle dogs of 8-12 kg, being of 8-16 months of age and good health
were used to determine the pharmacokinetics and pharmacodynamics of glucagon
action. Every animal was fasted overnight and bled at the following time points after
cach dose: 0 hr. (pre-dose), 5, 10, 20, 30, 45, 60, 90, 120, 240 minuies post dose. Six
animals were used for each dose group and approximately 1-2ml of whole blood was
withdrawn at each time point. About 1.0 m! whole blood was added to K, EDTA
tubes containing a sufficient volume of Trasylol (aprotinin) to yield at least 500
KIU/mL of whole biood. Approximately 500 ul plasma was coliected after
centrifuging the samples in a re_frigerated centrifuge at about 1,500 —3,000x g for 10-
15 min. The samples were transferred to plastic vials and stored frozen at -70°C, or
below. The remaining 1.0 mL of whole blood was converted into serum by placing

btood sarnple. into an empty tube, letting sit at ambient temperature for 15-20 min,

then centrifuging at 1,500 -3,000 x g for 10-15 min. in a reﬁigera£ed centrifuge. The

samples were transferred to plastic vials and stored frozen at -70°C, or below.
Glucagon and the analogs were dissolved in 0.01N HCI at a concentration of 0.1667
mg/ml and the animals were dosed at 0.03 ml/kg.

The animals were administered a 0.005 mg/kg dose intramusculatly of either
glucagon, a glucagon analog comprising glucagon with the sequence of SEQ ID NO:
31 Jinked to the carboxy terminus of glucagon (glucagon-CEX) or a glucagon analog
comprising an aspartic acid substitution at amino acid 28 (glicagon-Asp28) SEQID
NO: 11. The resulting data is presented in Fig. 10.

Ser

Sequence

Lys
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His ser GIn Gly Thr Phe Thr Sser Asp Tyr Ser Lys Tyr Leu Asp ser
1 5 10 15

Arg Arg Ala Gln Asp Phe val Glin Trp Leu Met Asn Thr
20 25

<210> 2

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (16)..(16) ]
<223> Xaa is ser, Cys, orn, homocysteine or acetyl phenyalanine

<220

<221> MISC_FEATURE

<222> (27)..(27)

<223> Xaa is Met, Leu or Nle

<400> 2

His Ser Gin Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Xaa
1 5 10 15

Arg Arg Ala Gln Asp Phe val GIn Trp Leu Xaa Asp Thr
20 25

<210> 3

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue
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151015 Arg Arg Ala G n Asp Phe Val G n Trp Leu Xaa Asp Thr 2025
<210> 11 <211> 29 <212> PRT <213> Artificial Sequence <220> <223>
A3 ucagon anal ogue <400> 11 Hi's Ser G n @y Thr Phe Thr Ser Asp Tyr
Ser Lys Tyr Leu Asp Ser 151015 Arg Arg Ala G n Asp Phe Val @n Trp
Leu Met Asp Thr 2025 <210> 12 st2t129629:t<212> PRT <213> Artifici al

ﬁvee <220> <223> d ucagon anal ogue <220> <221> M SC_FEATURE

Zgzg 7y5223> Xaa is Lys, Arg or H'S <400> 12 H's Ser Gn
GI y<2'E§£ it rgSe:lys Aspn Thpn@gstdine ofyzcekbel phepaBaingd 51015
SL201206.txt Arg Arg Ala G n Asp Phe val Gn Trp Leu Met Asn Xaa
20232%1%55(:13@%,1@) 29 <212> PRT <213> Artificial Sequence <220>
<223=»2d yeagowmwrzanal ogue <400> 13 His Ser An @y Thr Phe Thr Ser Asp
Tyr<&&r Kgs 1Fyfetyegu@ruN
<400> 3

His ser GIn Gly Thr phe Thr Ser Asp Tyr ser Lys Tyr Leu Asp 5er
1 5 10 15

Xaa Arg Ala GlIn Asp Phe val Gln ;gp Leu Xaa Asp Thr
20

<210> 4

<211> 29

<212> PRT

<213> Artificial Seguence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (21)..(2L) . i
<223> Xaa is Asp, Cys, orn, homocysteine or acetyl phenylalanine

<220>

«221> MISC_FEATURE

222> (27)..Q27)

<223> Xaa is Met, Leu or Nie

<400> 4

His Ser Gin Gly Thr Phe Thr Ser Asp E%r Ser Lys Tyr Leu igp Ser
1 5

Arg Arg Ala GlIn Xaa phe val Gin ;gp ieu Xaa Asp Thr
20

<210> 5

<21i> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analegue

<220>

<221> MISC_FEATURE

<222> (24)..(24) . _
<?23> Xaa is Gln, Cys, orn, homocysteine or acetyl phenylalanine

<220>

<221> MISC_FEATURE

<222> (273..027)

<223> Xaa 1is Met, Leu or Nle
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151015 Arg Arg Ala G n Asp "he val Gn Trp Leu Met Asp Tim 2025
<210> 14 <211> 29 <212> PRT <213> Artificial Sequence <220> <223>

G ucagon anal ogue <220> <221> MOD_RES <222> (16)..(16) <223>
pegyl ati on <220> <221> M SC_FEATURE <222> (27)..(27) <223> Xaa is
Met, Leu or N e <400> 14 Hi s SeR0X306.1@&ty Thr Phe Thr Ser Asp Tyr Ser
Lys<4P0r Beu Asp Cys 151015 Arg Arg Ala G n Asp Phe Val Gn Trp Leu

Xaa,ASEr Tl 929n< 2R3 hd Ter 25>y 9ser2 12> THRTew2333eAr tifici a
Sequence <220> $223> d ucagon aHhl ogue <220> <221> MOD _RES <222>
(17)..(17) <223> pegyl ation <220> <221> M SC_FEATURE <222>
(27ﬁr~g- Ar%7li§3§6!}€ ABp phe val Xaa ;gp Leu Xaa Asp Thr

<210> &

«<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> ((21..(21) .
<223> Xaa is Asp, Cys, orn, homocysteine or acetyl phenyalanine

<220>

<221> MISC_FEATURE

<222> (24)..(24) ) )
<223> Xaa is GIn, Cys, Orn, homocysteine or acetyl phenyalanine

<220>

<221> MISC_FEATURE

«222> (27)..027)

<223> Xaa is mMet, Leu or Nle

<400> ©

His ser &In Gly Thr Phe Thr Ser asp Tyr Ser Lys Tyr Leu ASp Ser
1 5 10 15
arg Arg Ala GIn Xaa Phe val Xaa Trp Leu Xaa Asp Thr

20 25

<210> 7

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>

<Z221> MISC_FEATURE

<222> 2..0C27H

<223> Xaa is Met, Leu or Nle

<220>

<221> WMISC_FEATURE

<222> (28)..028) . ) . )
<223> Xaa is Lys, Arg, His, Asp, Glu, cysteic acid or homocysteic acid

<220
<221> MISC_FEATURE
<222> (29..029D _ . ) )
<223> Xaa is Thr, Lys, Arg, His, Asp, Glu, cysteic acid or homocysteic
acid
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SL201206. t xt <223> Xaa is Met, Leu or Nle <400> 15 Hs Ser Gn Qy
Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser 151015 Cys Arg Al a
G@n Asp Phe Val G n Trp Leu Xaa Asp Thr 2025 <210>16 <211>29
<212>PRT <213>Artificial Sequence <220> <223> d ucagon anal ogue
<220> <221> MOD RES  <222SLOWP6.%xp1) <223>

<400> 7

His ser GIn Gly Thr phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 5 10 15

Arg Arg Ala GIn Asp Phe val GIn Trp Leu Xaa Xaa Xaa
20 25

<210> B8

<211> 29

<212> PRT

<213> artificial Sequence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (27)..Q27)

<223> Xaa is Met, Leu or Nie

<220>

<221> MISC_FEATURE
<222> (28)..(28)

<223> Xaa 1s Asp or Glu

«<220>

<22]1> MISC_FEATURE

<222> (29)..029

<223> Xaa is Thr, Asp or Glu

<400> &

His ser GIn Gly Thr phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 5 10 15

arg Arg Ala Gén Asp Phe val Gln ;rp Leu Xaa Xaa Xaa
2 5

<210> 9

<21l> 29

<212> PRT

<213> Artificial Seguence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (27)..027

<223> Xaa is Met, Leu or Nle

<220>

<221> MISC_FEATURE
<222> (29..029

<223> Xaa i1s Asp or Glu

<400> 9
His ser Glin Gly Thr phe Thr Sser Asp Tyr Ser Lys Tyr Leu Asp Ser
5 10 15

i
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pegylation  <220> <221> M SC FEATURE  <222> (27)..(27) <223>
Xaa at position 27 = Met, Leu or N e <400> 16 Hs Ser dn Ay Thr
Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser 151015 Arg Arg Ala G n

Cys Phe val G n Trp Leu xaa Asp Thr 2025 <210>17 <211>29
SL201206.txt

Arg Arg Ala GIn Asp Phe val GIn Trp Leu Xaa Asn Xaa
20 25

<210 10

<21l> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (27)..027)

<223> Xaa is Met, Leu or Nie

<400> 10

His ser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp 5er
1 5 10 15
Arg Arg Ala Gin Asp Phe val Gin Trp Leu Xaa Asp Thr

20 25

<210> 11

<211> 29

<21iZ2> PRT

<213> Artificial sequence

<220>
<223> Glucagon analogue

<400> 11

His ser GlIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 3 10 15

Arg Arg Ala Gin asp phe val Glin Trp Leu Met Asp Thr
20 25

<210> 12

<211l> 29

<Z212> PRT

<213> Artificial Segquence

<220>
<223%> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (29)..(029)

<223> Xaa 15 Lys, Arg or His

<400> 12
His ser GIn Gly Thr Phe Thr Ser Asp Tyr ser Lys Tyr Leu Asp 5er
1 5 10 15
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<212>PRT <213>Artifici al

<220>

<221> nOD_RES

<221> m SC_FEATURE

Arg Arg Ala GIin Asp Phe val GlIn Trp Leu Met Asn Xaa
20 25

<210>
<211
<212>
<Z213>

<220>
<223>

<400

1

Arg arg Ala Gin Asp pPhe val Gin grp Leu Met Asp Thr
20 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

13

29

PRT

Artificial Seguence

Glucagon analogue

13

14

29

PRT

Artificial Seguence

Glucagon analogue

MOD_RES
(16)..(16)
pegylation

MISC_FEATURE

Sequence <220> <223> d ucagon anal ogue

<222> (24)..(24)

SL201206. txt

(27y..027>
Xaa i1s Met, Leu or Nle
14

<223> pegyl ation

His ser Gln Gly Thr phe Thr Ser Asp Tyr Ser Lys Tyr Leu Glu ser
5 10 15

His Ser Gin Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Cys
1 5 10 15

Arg Arg Ala GIn Asp Phe val Gin Trp Leu Xaa Asp Thr
20 25

<210>
<211>
<212>
<Z213>

<220
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

15

259

PRT

Artificial Sequence

Glucagon analogue

MOD_RES
(17)..{7)
pegyiation

MISC_FEATURE
(27)..027)

Page ©
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<222> (27)..(27) <223> Xaa at position 27 = net, Leu or N e <400>
17 Hs Ser An Ay Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp
Ser 151015 Arg Arg Ala A n Asp Phe Val Cys Trp Leu Xaa Asp Thr 2025
Page 7 5L201206.txt <210> 18 <211> 29 <212> PRT <213> Artifici al
Sequence <220> <223> d ucagon #R8l¥Fuet<220> <221> MOD_RES <222>
(2132237 272 &Eﬂﬁ’ﬁﬁ{jﬁ"aﬁ%n <220> <221> M SC FEATURE <222>

(2732004 21)

His Ser GIn Gly Thr Phe Thr Ser Asp Tgr ser Lys Tyr Leu isp ser
1 5 1 5

Cys Arg Ala GlIn Asp phe val Gin ;rp Leu Xaa Asp Thr
20 5

<210> 16

<211> 29

<212> PRT

<213> aArtificial Sequence

<220
<223> Glucagon analogue

<220>

<221> MOD_RES
<222> (21)..(21)
<223> pegylation

<220>

<221> MISC_FEATURE

<222> ((27)..(27)

<223> Xaa at position 27 = Met, Leu or Nle

<400> 16

His Ser Gln Giy Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp ser
1 5 10 15
Arg Arg Ala GIn Cys Phe val Gin Trp Leu Xaa Asp Thr

20 25

<210> 17

<211> 29

<212> PRT

«<213> aArtificial Sequence

<220>
<223> Glucagen analogue

<220>

<221> MOD_RES
<222> (24)..(024)
<223> pegylation

<220>

<221> MISC_FEATURE

<222= (27)..(27)

<223> Xaa at position 27 = Met, Leu or Nle
<400> 17

His Ser GIn Gly Thr Phe Thr Ser Asp Tyr 5Ser Lys Tyr Leu ??p Ser
1 5 10

Arg Arg Ala Gim Asp Phe val Cys Trp Leu Xaa Asp Thr
20 25
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<223> Xaa is Met, Leu or NNe <400> 18 Hs Ser Gn @y Thr Phe Thr
Ser Asp Tyr Ser Arg Tyr Leu Asp Ser 151015 Arg Arg Ala A n Lys Phe
Val @n Trp Leu Xaa Asp Thr 2025 <210> 19 <211> 29 <212> PRT <213>
Artificial Sequence <220> <223> G ucagon anal ogue <220> <221>

MOD RES <222> (24)..(24) <223=sgepfbariton <220> <221> M SC_FEATURE
<222> (27)..(27) <223> Xaa is Met, Leu or NNe <400> 19 His Ser @n

A y.ibr Phe Thr Ser Asp Tyr Ser Arg Tyr Leu Asp Ser 151015 Arg Arg
Al a<28@in A8p Phe Val Lys Trp Leu Xaa Asp Thr 2025 <210> 20 <211> 10

<21§%§f iu%1§%15&hh%%ﬁial Sequence <220> <223> peptide fragnment
représenting the car
5L262296.5xt <400> 20 Ay Pro Ser Ser Ay Ala Pro Pro Pro Ser

<223> Glucagon analogue

<220>

<221> MOD_RES
<222> (2L..C2DL
<223> pegylation

<220>

<221> MISC_FEATURE

<222> (27)..(27)

«273> Xaa 1s Met, Leu or Nle

<400> 18

His Ser Gin Glvy Thr Phe Thr Ser asp Tyr Ser Arg Ty Leu Asp ser
i 5 10 15

Arg Arg Ala GIn Lys Phe val Gin ;Ep Leu Xaa Asp Thr
20

<210> 19

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>

<221> MOD_RES
«222> (24)..(24)
<223> pegylation

<220>

<221> MISC_FEATURE

<222> (273..(027)

<223> Xaa is Met, Leu or Nie

<400> 19

His ser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Arg Tyr Leu Asp Ser
1 5 10 15

Arg Arg Ala GIn Asp Phe val Lys zgp Leu Xaa Asp Thr
20

<210> 20
<211> 10
<212> PRT
<213> Artificial Seqguence

<220> ) ] ] _
<223> peptide fragment representing the carboxy terminal 10 amino acids
of Exendin-4
Page 8
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1510 <210> 21 <211> 8 <212> PRT <213> Artificial Sequence <220>
<223> peptide fragnent representing the carboxy termnal 8 am no
aci ds of oxyntonodulin <400> 21 Lys Arg Asn Arg Asn Asn Ile Ala 15
<210> 22 <211> 4 <212> PAT <213> Artificial Sequence <220> <223>
pepti de fragment representing YR/ WS 4 anino acids of
oxysypeiodygl i n carboxy term nus of SEQ ID NO 21 <400> 22 Lys Arg Asn
Arg 1 <210> 23 <211> 10 <212> PRT <213> Artificial Sequence <220>
<228y freptedect £agritht™"? dPESenting the carboxy terninal 10 anino
acids of Exendin-4 <220> <221> ) RES <222> (10)..(10) <223>

AM DATI ON <400> 23 Gy Pro Ser Ser Ay Ala Pro Pro Pro Ser 1510
<21839242k211> 39 <212> PRT <213> Artificial Sequence <220>

<212> PRT
<213> Artificial Seguence

<220>
<223> peptide Tragment representing the carboxy terminal 8 amino acids

of oxyntomodulin
<400> 21

Lys Arg Asn Arg Asn Asn Ile Ala
1 5

<210> 22

<21l> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> peptide fragment representing the amino 4 amino acids of
oxyntomoduiin carboxy terminus of SEQ ID NO: 21

<400> 22

Lys Arg Asn Arg
i

<210> 23

<211> 10

<212> PRT

<213> Artificial Seguence

<220>
<223> peptide fragment representing the carboxy terminal 10 amino acids

of Exendin-4

<220>

<221> MOD_RES
<222> (10 ..(10)
<223> AMIDATION

<400> 23
Gly Pro Ser ser Gly Ala Pro Pro Pro Ser
H 5 10

<210> 24

<211> 39

<212> PRT

<213> Artifticial Seguence

<220>
<223> Glucagon analogue

<400> 24
Page 9



<223> d ucagon anal ogue <400> 24 SL201206.txt H's Ser Gn @y Thr
Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser 151015 Arg Arg Ala G n
Asp Phe Val Gn Trp Leu Met Asp Thr Gy Pro Ser 202530 Ser Ay Ala
Pro Pro Pro Ser 35 <210> 25 <211> 37 <212> PRT <213> Artificial
Sequence <220> <223> d ucagon pélWguext<400> 25 Hs Ser Gn Ay Thr
PheiiFhyerSein AlypTHY PhEERT 1595 ARpr TWretFTASY S8 “15{6A5°Arg Arg Ala G n
Asp1 Phe Val Gn Trp Leu Met Asp Thr Lys Arg Asn 202530 Arg Asn Asn
Ile Ala 35 <210> 26 <211> 33 <212> PRT <213>_Artificial Sequence
<22g% AR &rubeyBhe é(ﬁél%@u.%;k%‘oﬂﬂzésﬂ-ﬁ@" &¥ P& welly Thr Phe Thr
Ser Asp Tyr Ser Lys Tyr Leu p Ser 151015 Arg Arg Ala G n Asp Phe
Val Gn Trp Leu Met Asp Thr Lys Arg Asn 202530 Arg <210> 27 <211> 29
<2175 PRTYEID-PIG i€ al Sequence <220>

<210> 25

<211> 37

<212> PRT

<213> aArtificial Seqguence

<220>
<223> Glucagon analogue

<400> 25
Hiz Ser Gin Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp ser
1 5 10 15

Arg Arg Ala GIn Asp Phe val GIn Trp Leu Met Asp Thr Lys Arg Asn
20 25 30
Arg Asn Asn Ile Ala

<210> 26

<21i1> 33

<212> PRT

<213> artificial Sequence

<220>
<223> Glucagon analogue

<400> 26
His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp ser
1 5 10 15

Arg Arg Ala GIn Asp Phe val GIn ;gp Leu Met Asp Thr %gs Arg Asn
20

Arg

<210> 27

<211> 29

<212> PRT

<213> Artificial Sequence

<220
<223> Glucagen analogue

<400> 27
His ser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp 5Ser
1 5 10 15
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<223> d ucagon anal ogue <400> 27 H's Ser A n Ay Thr Phe Thr Ser Asp
Tyr Ser Lys Tyr Leu Asp Ser 151015 Page 10 5L201206.txt Cys Arg Ala
G n Asp Phe Val G n Trp Leu Met Asn Thr 2025 <210> 28 <211> 39 <212>
PRT <213> Artificial Sequence <220> <223> d ucagon Anal ogue <400> 28
Hs Ser An Ay Thr Phe Thr Ses.2ps396Tsut Ser Lys Tyr Leu Asp Ser
151015 Arg Arg Ala G n Asp Phe Val @ n Trp Leu Met Asn Thr Ay Pro
ser2025301.581 &Y rht ¥aPr@nPre Rhon&eRsBN<210> 29 <211> 29 <212>
PRT '<213> Arvoficial Sequenc® <220> <223> d ucagon anal ogue <220>
<221> MOD_RES <222> (24)..(24) <223> 2-butyrol actone bound through

t hi gliggroegp of cys <400> 29 1 Hs Ser A n Ay Thr Phe Thr Ser Asp
Tyr<Ser I’.?ngs Tyr Leu Asp Ser 151015 Arg Arg Ala G n Asp Phe Val G n

'Trpia%é? if$§{51T¥gﬁugé%%5

<220
<223> Glucagon Analogue

<400> 28

His Ser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 5 10 15

Arg Arg Ala Gin Asp Phe val Glin ;gp Leu Met Asn Thr géy Pro ser
20

ser Gly Ala Pro Pro Pro Ser
35

<210> 29

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagen analogue

<220>

<221> MOD_RES

<222> (24)..024) .

<223> 2-butyrolactone bound through thiol group of cys

<400> 29 -

His ser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp ser
1 5 10 15
arg Arg Ala GIn asp phe val Gin ;Ep Leu Met Asn Thr

20

<210> 30

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon Analogue

<220>

<Z221> MOD_RES

<222> (24)..(24) .

<223> carboxymethyl group bound through thiol group of cys

<400> 30
Page 11



<210> 30 <211> 29 <212> PRT <213> Artificial Sequence <220> <223>
A ucagon Anal ogue <220> <221> MOD RES <222> (24)..(24) <223>
car boxynet hyl group bound through thiol group of cys <400> 30
5L201206.txt His Ser Gn Ay Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu
Asp Ser 151015 Arg Al a G rPLABEOPH&tval rp Leu met Asn Thr

s 1081381 ﬁrlgh%gh‘%zsféﬁ‘sﬁ@%r%39’%ﬂ FE iA’;&Ff Sequence <220>
<2 > J ucagon anal ogue <400> 31 His Ser A n Ay Thr Phe Thr Ser Asp
Tyr Ser s Tyr Leu, As 151015 Ar Ala A n Asp Phe Val Gn
Tr p“'"Ee‘U"gl\/g %grh’*slﬂwlph?]v} EfB BrLe’Z'O%S%S er?r dy Ala Prg Pro Pro Ser
35 <210> 32 <211> 30 <212> PRT <213> Artificial Sequence <220> <223>
€] ugagon nal ogue <220> <221> M SC_FEATURE <222> (30)..(30) <223>
Xaa g , Qu, Lys, Arg or His

<212> PRT
<213> Artificial Sequence

<220>
«223> Glucagon analogue

<400> 31

His Ser Gin Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp ser
1 5 10 15

Arg Arg Ala Gln Asp Phe val Gin Trp Leu Met Asn Thr Gly Pro ser
20 25 30

ser Gly Ala Pro Pro Pro Ser
35

<210> 32

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220> -

<221> MISC_FEATURE

<222> (30)..30) )
<223> Xaa is Asp, Glu, Lys, Arg or His

<400> 32

His ser GIn Gly Thr Phe Thr Ser Asp T%r Ser Lys Tyr Leu igp ser
1 5 1

Arg Arg Ala GIn Asp Phe val Gin Trp Leu Met Asp Thr Xaa
20 25 30

<210> 33

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>
<221> MISC_FEATURE
<222> (15)..{15) . ) ) )
<223> Xaa is Asp, Glu, cysteic acid, homoglutamic acid or homocysteic
acid
Page 12



<400> 32 H's Ser Gn Ay Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp
Ser 151015 Arg Arg Ala A n Asp Phe Val @ n Trp Leu Met Asp Thr Xaa
202530 <210> 33 <211> 29 <212> PRT <213> Artificial Sequence <220>
<223> d ucagon anal ogue <220> <221> M SC_FEATURE <222> (15)..(15)
<223> Xaa is Asp, Qu, cysteicsagiads.txanogl utam c acid or

homo Xstei c acid Page 12 SL201206.txt <220> <221> M SC _FEATURE
<22$1§( 20} sc ERHLUrRKE223> Xaa is Met, Leu or N e <220> <221>

M SQ2BEATRIRE . €232> (28)..(28) <223> Xaa is Asn, Lys, Arg, His, Asp
or €28 <203 sMerI LM SANFEATURE <222> (29)..(29) <223> Xaa is Thr,
Lyse2frg, His, Asp or Gu <400> 33 H's Ser Gn Gy Thr Phe Thr Ser

Asp<7P Besc_FyaTult
p:22 ¥ ng)ﬂ%@é’) §¥r Leu Xaa Ser 151015
<223> Xaa is Asn, Lys, Arg, His, Asp or Glu

<220>

<221> MISC_FEATURE

<222> (29)..(29)

<2?3> Xaa is Thr, Lys, Arg, His, Asp or Glu

<400> 33

His Sser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Xaa ser
1 5 10 15

arg Arg Ala GIn Asp Phe val GlIn Trp Leu Xaa Xaa Xaa
20 25

<210> 34

<211> 29

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<220>

<221> MISC_FEATURE

<222> (15)..(15) ] . .

<223> Xaa is Asp, Glu, cysteic acid, homoglutamic acid or homocysteic
acid

<220>

<Z221> MISC_FEATURE

<222> 2N ..(27)

<223> Xaa is Met, Leu or Nle

<220>

«<221> MISC_FEATURE

<222> (28)..(28) .
<?23> Xaa 1is Asn or an acidic amino acid

<220>

<221> MISC_FEATURE

<222> (29)..029) )
<223> Xaa is Thr or an acidic amino acid

<400> 34
His Ser Gin Gly Thr phe Thr Ser Asp Iyr Sser Lys Tyr Leu ﬁga ser
1 5 : 0

Arg Arg Ala Gin Asp Phe val Gln ggp Leu Xaa Xaa Xaa
20

<210> 35
<Z21i> 39
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Arg Arg Ala A n Asp Phe Val Gn Trp Leu Xaa Xaa Xaa 2025 <210> 34
<211> 29 <212> PRT <213> Artificial Sequence <220> <223> d ucagon
anal ogue <220> <221> m SC_FEATURE <222> (15)..(15) <223> Xaa is Asp,
G u, cysteic acid, honogiutam c acid or honocysteic acid <220> <221>
MZSC_E?%AA%REEZ%‘ZD (27)..(27) st20886Xx4 is Met, Leu or N e <220>

< . < > (28)..(28) <223> Xaa is Asn or an acidic
ani &%cf“&“ﬁbﬁ'&ﬁ%ﬂﬁégm SC_FEATURE <222> (29)..(29) <223> Xaa is
Thr<2a0>an_aci dic am no acid <400> 34 Hs Ser Gn @y Thr Phe Thr Ser
Asp<2tyr SbIcapgsamBlPOYSy Xaa Ser 151015 Arg Arg Ala G n Asp Phe val
G nbhp beu Xaa Xaa Xaa 2025 <210> 35 <211> 39 5L201206. t xt

His ser GIn Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp 5er
1 5 10 15
Arg Arg Ala GIn Asp Phe val Gln Trp Leu Met Glu Thr Gly Pro Ser
20 25 30
ser Gly Ala Pro Pro Pro Ser
35

<210> 36

<21i> 37

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<400> 36

His ser Gln Gly Thr pPhe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 5 10 15
arg arg Ala Gin Asp Phe val GIn Trp Leu Met Glu Thr Lys Arg Asn
20 25 30
Arg Asn Asn Ile Ala
35

<210 37

<21i> 33

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon analogue

<400> 37

His Ser GIn Gly Thr Phe Thr ser Asp T%r ser Lys Tyr Leu %sp ser
1 5 1 5

Arg Arg Ala GIn Asp phe val Glin Trp Leu Met Glu Thr g%s Arg Asn
20 25

Arg

<210> 38
<21l> 29
<Z212> PRT
<213> Artificial Sequence
Page 14



<212> PRT <213> Artificial Sequence <220> <223> d ucagon anal ogue
<400> 35 His Ser An @y Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp
Ser 151015 Arg Arg Ala G n Asp Phe Val Gn Trp Leu Met Gu Thr Ay
Pro Ser 202530 Ser Gy Ala Pro Pro Pro Ser 35 <210> 36 <211> 37
<212> PRT <213> Artificial Sequ@ft®6<p20> <223> d ucagon anal ogue
<40(%> 36 Hs Ser Gn Ay Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp

<

Ser<2£%210g@cﬁ%& Ahdofled G n AS Phe Val Gn Trp Leu Met G u Thr Lys
Arg Asn 202530 Arg Asn Asn Ile Ala 35 <210> 37 <211> 33 <212> PRT

<21390Ar 88 fi ci al Sequence <220> <223> d ucagon anal ogue <400> 37 Hi s
Seryi@ &urGdn Ey Thhehd hihr Ser AspTyiybserSeys Tys Leyspbegr Asp Ser 151015
Argt Arg Ala Gn3Asp Phe Val G norp Leu Met A #’Thr Lys Arg Asn
202530 Arg
arg Arg Ala ggn Asp Phe val Glin ;Ep Leu Met Glu Thr
>

Page 15



SL201206. t xt <220> <223> d ucagon anal ogue <400> 38 His Ser G n Gy
Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser 151015 Arg Arg Al a
Gn Asp Phe val Gn Trp Leu Met A u Thr 2025 -40- C ai ns: 1
A gl ucagon peptide conprising the sequence of SEQ ID.NO 33 or an
anal og of SEQ ID NO 33, wherein saisd analog differs from SEQ I D NO
33 by one to 5three am no acid substitutions, said am no acid
substitutiong.located at one or nore positions selected from
positions 1, 5 5, 7, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21 and
24 of the analog, with the proviso that said glucagon pgptide
conprises an am no acigmangGSﬂ@@ummﬁgﬁ@ﬁmmgwﬁW¥F@g%§p‘ O t hat
found at the corre k5193 RASIchlsaRarkiBg SEQ hdh N IDINO:GB bawwe to

addi tional aél“d*¢ an no acid added. toédt he .Car OXY. .85 0bbts. of 10t he
peptide. 5 three apino TH@sUGFRIaRTOHI BBEE PFAS O ¢TI m 1 V\%er ein the

gl ucagon peptygenceRRed mRtpotiies sequanesion, BEG 1D NG 134% 2153, The

gl ucagon peptide of claim. i 1E,1RERL hSBdLCRRPsESA aminh e
sequence of & 4I°%th .agﬁ’d‘fﬁlhmm%ﬁétﬂat%@g}he@ :pgiﬁ

: gl ucagan F&g%ﬂe of claim
1 wher ei n t hecighupodtpoas petifgentdigmiief Su 2L RHSPTG 6 "SEQ | D NO. 34,
wher ei n an NQEAGH kAL, (PASLIHAR :dd0tmibhi20dpephd @doofr8FEG D NO. 34
is other than serine 5. The glucagon peptide of claim4
wher ei n psi tegRPLEe-of t he peptide is an amno acid selected fromthe
group consisting of d-serine, alanine, glycine, n-nethyl serine and
am no isobutyric Aaci dThe%ﬁlca on pepiidef clabA @ witreis g gincapeypeitde of claim 1
wherein the glucagon pepti (fe corrprig s an anal og of SEQ ID NGO 34,
wher ei n ani noomesises i seqyerr o5 TR I NGF ‘fhe peptide of SEQ ID NO 34 is
selected fromthe group consisting of d-histidine,
desam nohi sti di ne, hydroxyl - hi sti.di asatiy hir PipStd Dinprsesstind
hono- hi st idi ne. 30 &iheg)l%ag(mpe%de#lg&aliucagon Eepgti de of claim1
further conprsegicmvgoSSHMBMEHAY-1 i c noi ety coval ently bound at position
16, 17, 21 or 24 of the glucagon peptide. -41- The
gl ucagon peptide Of Chal Ml hSi& Pafit!i hnlf HRRRLLbEpRECLY 1S
poly y c%m;/rises a-n analog of SEQ ID NO: 34, whetein amino acid at position 2 of the

20 peptide of SEQIDNO: 34 is other than serine

5. The glucagon peptide of claim 4 wherein position 2 of the peptide s an -

amino acid selected from the group consisting of d-serine, alanine, glycine, n-methyl

serine and amino isobutyric acid.

i 0. The glucagon peptide of claim 1 wherein the glucagon peptide
comprises an analog of SEQ ID NC: 34, wherein amino acid at position 1 of the
peptide of SEQ ID NO: 34 is selected from the group consisting of d-histidine,
desaminohistidine, hydroxyl-histidine, acetyl-nistidine and homo-histidine.

30

7. The glucagon peptide of claim 1 further comprising & hydrophilic

moiety covalently bound at position 16, 17, 21 or 24 of the glucagon peptide.



9. The gl ucagon peptide of claim38 wherein the pol yethyl ene gl ycol
chai n 5has a nol ecul ar wei ght selected fromthe range of about 1,000
to about 5,000 Daltons. 10. The gl ucagon peptide of claim8
wherein the pol yethyl ene glycol chain has a nol ecul ar wei ght of at-
| east about 20,000 Daltons. 1011. A gjjucagon peptide of claim!]
wherein the glucagon peptide further conprises a sequence sel ected
fromthe group cansi SixeBEcdn PR bRINO wRGsin SE@yd-®LNOmoRY sland SEQ | D
NO 22 bound to the carony term nus of said glucagon peptide. :
12. A purifi 8VFHFEaYSH" pepti de conprising the sequence of SEQ ID
NGO 157 or a gl ucagon agoni st anal og thereof. 13. The
gl ucagon peptide chf Chl ik ahan JRSE 6f dirh B @hdaeiphd sleycbiampIglysdl nighira
sequence selected from fghe group consi sttj t%oo%%(gul I;)O‘I#%akg?s_ SEQ I D
NO 10, SEQ InB aNm®lecular weit sgestyd oo ngg° ag% ’ 1%4>"The gl ucagon,
peptide of claim 13 further conprising an additional am no acid,
selected fromthe gr onsl st : ahde FiptmyBedsdol it he _
car boxy term nus 8 t 3gglfaggda%%ﬁndggfe&%?ﬁg?er2515gT)ﬁeygI ucagon pepti de
of claim 12 ﬂaaﬁratrhréfrcuiemmhi@?ﬂﬁ*st&b"r\‘?&r%ﬁﬁiﬂp}l% noi ety coval ently bound
to an amno acid residue at a position selected fromthe group
consisting of 16, 17, 21 and 2: d ph I, &al Lyqaeeept abl e
salts of &id gl déagoff\g‘ﬂ%aﬁ?ﬁpa%‘%é%@“%é?’?‘ﬁ’g&ggﬂftg%%‘t‘dégﬁgﬁéﬁ? e of cl aim
15, wherein Ssamgtishydeppht dolecledfipinethysrpu cpréiswtoﬁ%%‘ﬁ)é‘f i2pSOR D - 40-
17. The gl ucaggn ' . 11310 e WhRLEEMiIbE spokyetdykeide gl ycol
chain has a qnﬁ!ézg%@tastﬁe\;\%%ﬁgh?@é@ect ed frbgjﬁnthe range of about 1,000
to about 5,000 Daltons. 518. The gl ucagon peptide of claim 16 wherein
the pol yet hyl ene gl ycabuahapicahaemidnmrocudzdre sprprghe! SR AN east
about 20, 000 |tons. 19.7Th gon peptide of claim12 wherein
the gl ucagon @gﬁglfl{&éoncaé%sF?nglgghl%{%@ sequence of SEQ ID NO 11 or SEQ
ID NO 38. 10 20. The gl ucagon peptide of claim19 further
c;)rrpri sing an gxtgnsi g&gp@%bﬁﬁt@t_idg@ﬂﬂdmumwmime epiidd c@priehs sai d
gl ucagon peptide, sai mpo acid s . ot group
consi sting ofSeRERP F*’Eﬁ“ﬁlﬁ%’?@? gr%@do?sﬁg%?ggqlgﬁ%'%g%%gil%ﬁ% d%? 15
21. A purifi et NghucagsaQpepOi e conprising the sequence of SEQ ID
NG 33, -wyth the proviso that when the amno acid at position 28 is
asparagi né" and the am no acid at_ posi.ti 9is 1. t he
peptide further cHnpr TeadicsqrpPiic an&r‘# rgluotgeég?ué@w%%g]g%ﬁgent ly
sel ect ed fr omlihecrompdconsbesidon cpagiting yiAsp Mg Climipdded mdls cPoxd u, 20
added to the c-terr’g nus of the, gl ucagon peptide.

of the plucagon e}

termmus pep
25 15.  The giucagon peptide of claim 12 further comprising a hydrophilic
moiety covalently bound to an amino acid residue at a position selected from the

group consisting of 16, 17, 21 and 24, and pharmaceutically acceptable salts of said

glucagon peptide.

30 16.  The glucagon peptide of claim 15, wherein said hydrophilic moiety is

polyethylene glycol.



22. The gl uc, agon peptide of claim21 wherein the glucagon peptide
conpri ses a sequence selected fromthe group consisting of SEQ ID
NO 9, SEQID NO 12, SEQID NGO 13 and SEQ ID NO 32. 25 23.
The gl ucagon peptide of claim22, wherein the peptide further
conprises one to two am no acids, independently selected fromthe
group consisting of Lys, Arg, H's, Asp or Qu, added to the

c-term nus of theygl um,ageagcpﬁmﬂdelacla&owlﬁhmﬂgtlmb@@é@ pepti de of
claim21 further co A ooy Adutspoam no aci d
29 of said gF¥ELGHH PE ec“ gh?ss?lg?%i%ﬁdﬁ%%égglg%%gequence sel ected from
t he group comsitst.i ng of SEQ ID NO 20, SEQ ID NO 21 and SEQ I D NG
22. -43- 25. The gl ucagon peptide of claim21 further
conprising a polyethyle Vi t i an am no
acid residue at d® pos?‘FﬁIB?f‘%%‘ég%tgfgcf 1&»9;1%11 ﬁkrﬂgﬁﬁgggﬁglystl ng of 16,
17,21 and 24,chaandspdnaedmmlntufaﬂwt@@éé(b‘ﬂoﬁﬁla@“%al ts of said |

5g| ucagon. pepti de. 26. A horno di mer conprising two gl ucagon
pepti des bound to one anot her throu Ilnke ]v(\:heor L pqeach of said
gl ucagon pepti de§9corfﬁiﬁﬁ’§@§m’cﬂ?%“d§8%ﬁfﬁﬁ B b SRFOREP . 10

27. The hono gl uRfseqabuai oSRE Ner Bi m SEQ® NPriker s sel ected from
the group consisting of bifunctional thiol crosslinkers and
bi -functi Yhal anine crosslinkers. 1528. A di ner colgrl Si ng a first

gl ucagon pepti de Wourithe elycagorsrspish 6 FB AAGBHT FERPTHSSTER" i nker

wherein said SE JiaStougt Y EARORIPBRE g leqnppdptiesaid apepriidieaselcect ed

fromthe g consi stin N, dseSEQ | D NO
8, SEQ ID NOSd?FtedﬁEQﬂ}elﬁf mﬁf?“%‘ﬁdéa 8@8“012 1and “The second

gl ucagon pepticdez.conpri ses SEQ I D NO 33, W|th the proviso that Wi th
regards tg%t he second gl ucagon 20 peptide, when the am no acid at

position i s aspangi ne and the ani_no aci. Qd-s
t hr eoni ne, the sé’dondA@‘I‘rtﬁ’f‘%ééﬁg?ﬁé)ﬁf{“idﬁ%’m?ﬂ?’%gﬁ%rse‘gence%flsggslgone to two

am no aci ds, 3 nﬁgm@rpﬁﬁﬁ& Iyt véheh deinsob a‘cﬁ@momh@l?érlscﬂalﬁraé@ﬁﬁdébtel ng of

Lys, Arg, H's, . & JCREIRPEYpHRE Fie RikSro Bifint he
second gl UcadgwoéFﬁ gos%on??) 15%9%9111& Etpgj%har maceua cab aCC&Bt abl e

salts. of sai dungd mdag@nntb@‘ﬂgvﬁé@?méﬁgoulﬁmwnw
conpositign g (I!{gﬁl{d &1 DGtihis oOhsREPApSEENi st of cI aim12, or
y

phar maceut | cal acceptabl e salt thereof, and a phar rraceuti cally
acceptabl e carrier. 3030. A pharmaceuti cal conposi tion conprising a
gl ueagon agoni st hat T&@mst%ﬂi@@é@lgﬁi&bé’hﬁ@nﬁﬁ elapeyn PP, 11 or SEQ

I D NO. 38, or pharna Y& 66 st df skhew wof 9, SepiD a
phar maceut i cal’ ?/nsesa g%%&%e gar rier %%4- 31.A kit for

adni ni st er i ngNG 1§53 &yBAPSE Ty §O2 patient in need thereof, said
kit conprising a pharmaceutical conposition of claim29; and a
device for adm nistering, Sl d,GRUReHkh Ak RinthcRBta8 fikher

comprises one to two amino acids, independently selected from the group consisting

of Lys, Arg, His, Asp or Glu, added to the c-terminus of the glucagon peptide.

30 24.  The glucagon peptide of claim 21 further comprising an extension
peptide bound to amino acid 29 of said glucagon pepiide, said amino acid sequence

selected from the group consisting of SEQ ID NO: 20, SEQ ID NO: 21 and SEQ ID
NO: 22,



5 32. The kit of claim31 wherein said device is an

di spensi ng device, wherein the conposition is prepackaged 3f{ﬁ?glthe
aerosol device. 33. The kit of claim 31 wherein said device
conprises a syringe and a 10 needl e, wherein the conposition is
prepackaged within the syringe. 344- A nethod of treating

hypogl ycem a using a pre-formul ated aqueous conposition, said method
conprising the steps of adm nistering an effective amount of a

phar maceuti cal cQupOS),L 1100 QY pefitla@biMa?P21 hher comprisita polfet
causing tenporary para%%s?% 5?&the,int st.i nal fré%tplggﬁghggghgg
conpri si ng adirbahismepyaify e wErPPe FEtHE YRS T hceuti cal
conposi ti on QfyuSdoadidth2s 16,2036 2Rl Zeti phnokeutiedy sicrrgbineiigpitsaiai n or
i nduci ng @Flght Los%ﬂcsaid met hod conprising adm ni stering an
effective amBUFETOFP Y conposi ti on conprising a gl ucagon agoni st
ggnpr|5|ng a glucagon peptide selected fromthe group consisting of
: Q ID NG 8, whegei Ny gl @ erthridfs ©6 ghbgorgiepigiagomdpepe gl s bound
o a second peptldF thro%%gagggqﬂihde bond, @Qﬂ}gghg Sesand peptide
conpri ses sedueE IS MR R PG FRE P Oup consi sting of SEQ I D
NGO 20 (GPSS@ARRBPSD; 11SEQ I D NO 21 (KRNRNNIA) and SEQ ID NO 22
(KRNR) . Sﬁ%A nmet hod of reduci ng wei ght gain or inducing weight | 0ss
said  Tethod conprising admnistering an Fffect{%gfﬁggﬂpt of a ’
conposi ti on conpﬁW5|ﬁﬂmémgﬂmﬁﬂﬁéﬁﬁBﬁGEB%ﬁ?g?‘%%ﬂ%?ﬁ%f%g.a gl ucagon
peptide sel eglgflcdnioiy bgnghaunhicionsiiskdrigd GHfuSEEDINO 8.

crosslinkers.

15 28. A dimer comprising a first glucagon peptide bound to 2 second
glucagon peptide via a linker, wherein said first glucagon peptide comprises a peptide
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ D NO: 9, SEQ ID NO: 10 and SEQ ID NO: 11 and the second glucagon peptide '
comprises SEQ YD NO: 33, with the proviso that with regards to the second glucagon

20  peptide, when the amino acid at position 28 is asparagine and the amino acid at
position 29 is threonine, the second glucagon peptide further comprises one {6 two
amino acids, independently selected from the group consisting of Lys, Arg, His, Asp
or Glu, added to the carboxy terminus of the second glucagon glucagon peptide, and

pharmaceutically acceptable salts of said glucagon polypeptides.

25
29. A pharmaceutical composition comprising the glucagon agonist of

claim 12, or phatmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

30 30. A pharmacentical composition comprising a glucagon agoﬁist that
comprises the sequence of SEQ ID NO: 11 or SEQ ID NO: 38, or pharmaceutically

acceptable salt thereof, and 2 pharmaceutically acceptable carrier.
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31, A kit for administering a ghicagon agonist to a patient in need thereof,
said kit éomprising
a pharmaceutical composition of claim 29; and

a device for administering said composition to a patient.

32, The kit of claim 31 wherein said device is an aerosol dispensing

device, wherein the composition 1s prepackaged within the asrosol device.

33.  The kit of claim 31 wherein said device comptises a syringe and a

needle, wherein the corposition is prepackaged within the syringe.

34. A method of treating hypoglycemia using a pre-fdrmulated aqueous‘
composition, said method comprising the steps of administering an effective amount

of a pharmaceutical composition of claim 29.

35. A method of causing temporary paralysis of the intestinal tract, said
method comprising administering an effoctive amount of a pharmaceutical

composition of claim 29.

36. 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 consisiing of
SEQ ID NO: 8, wherein amino acid 29 of the glucagon peptide is bound to 2 second
peptide through a peptide bond, and said second peptide comprises sequence selected
from the group consisting of SEQ ID NO: 20 (GPSSGAPPPS), SEQ ID NO: 21
(KRNRNNIA) and SEQ ID NO: 22 (KRNR).

17. A method of reducing weight gamn or inducing weight loss, said
method comprising administermg an effective amount of a composition cormprising a
glucagon agonist comprising a glucagon peptide selected from the group consisting of

SEQ ID NO: 8.



