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Additionally, diabetics are encouraged to maintain near normal blood glucose
25  levels to delay or prevent microvascular complications. Achievement of this goal
usually requires intensive insulin therapy. In striving to achieve this goal, physicians
have encountered a substantial increase in the frequency and severity of
hypoglycemia in their diabetic patients. Accordingly, improved pharmaceuticals and
methodologies are needed for treating diabetes that are less likely to induce
30  hypoglycemia than current insulin therapies.
As described herein, high potency glucagon agonists are provided that exhibit
enhanced biophysical stability and aqueous solubility at physiological pH in



hypogl ycem a than current insulin therapies. As

descri bed herein, high potency glucagon agoni sts are
w@e@siogi®ss t hat exhi bit enhanced bi ophysi cal stB@I/U51098/050099

and aqueous solubility at physg ol ogi cal pH

i nphar maceuti cal conpositions suitable for commrerci al

use.. Native glucagon is.neither soluble, r stabhle in

C hePhRy ettt R S b for R ahiig: NRYe AR Fishlimer
mangH@id, woLHatAsindhdhysiblo@iduGiH fahig ant @t miveSbe manufactured as a
reconstitution and i nedi ate use. ;heé}gl u]rc}ta? n anal ol S
oS 81 PERICHEH G TR EPTETHATAY TSR ARe. ph I Ees BanalDes

t hafieck NAeEetNB SHRBIH Phyi @l prdp@tidsiha WilkdentheriBefibdl use
settings where the native hornone is current]

enpinoyedit medei] exdings whers teantivehuser ﬁuraee@myealgmgd. These
W DR R DRt LR0RERBA B8 EHOSAULANS oL el ons

rea Injection to treat hypoglycem a. )
Al t érmalefed eblytions heady Fardrigasion st Bpoglyagmipe Alternatively, the

co- (]j,l(r)g. gi géo%lq ?sdca . EQo—gj}ﬁiﬂls{e%dtxagﬁﬁguﬁiﬁrto blter Befe@6LtS oOhisulin
I NS II%?O aﬁow or a nore stabl e nml ntenance Of
bl oactligivifons@oleatablesnaidtenaackdifticord glugbdedevelse defddation) other

ses of. .conmposi tions.conprising the.. [f |
1o Bsri b GBCR bR isPer M L REH his B iptifadillosea
bel asein 2kdARbeOnalcefitvediwrent of the invention
provi des gl ucagon peptides that retain glucagon
receptor activity and exhibit inproved solubility
rel gyivneaRe the native glucagon peptide (SEQ I D NG
1). Native glucagon exhjbits poor salubility..i .
aqueous 9 rRhogienhal g RYFRIPR roé{’(dei)g}i?%aigEﬁ‘B lélgslnth%lzftam
19t Brygeohf RAEREYacti Pity2 Sl SAMIEMBRMeDIRMBIIRY tdtRe @/@E native
time. I'n contrast, the gl ucagon pepti des of on? e
enbelsFazenperside (X AN L) dintias Blugreen grhipiispopr splybiiy in
5-f R0y iDbdikdh YHC QIR AR erc) td@etesBte and
o1 A BB B TR B SRR lrcd ket an
af t precipifathover §imat IIp@niast,|the giesgemprpéiflessoh ong eraboginea gbtie
peptides ret.ai f. 4 te 400 0% . 0 09 %oed GPY%r
7 O%nvé‘gh%l & clﬁlﬁlit/ ?ttlga,St }88&? a5 cﬁl)l%v‘lért %Q{%légf/é}ag%ltu |61v |t§2 c)? ?Q)o re 90% e
20f plheagactiapH Yetotentadrid\iefog kxroadpnt pH A aiere4dnivedt Heht |,
the glu on .1.d of the pre ' [ %
pot ency (rBarBrURaR T sAOS b ARS Topln BB, ARt D0
peptod e Q0% e0% Msenidtiony, 88y aatidiyt 8habtiwty 90t af the

i mproved stability and/or redyced q}e adation, . far,
exaffBaY of aaie Gt 1F EIORORB TR BRI o e
pephiestat Ak tiion 2dvdRtnsy gtaBChan JuAgEORARLE Be Wiuchpoapeptides
enbodi ment a gl ucagon ﬁ)ept i.de.is prov .(iled \M]er ein
25 of the invention may additionally exhibit improved stabilify and/or reduced
degradation, for example, retaining at least 95% of the original peptide after 24 hours
at 25°C.
In accordance with one embodiment a glucagon peptide is provided wherein
the peptide is modified by amino acid substitutions and/or additions that introduce a
30  charged amino acid into the C-terminal portion of the peptide, and in one embodiment
at a position C-terminal to position 27 of SEQ ID NO: 1. Optionally, one, two or

three charged amino acids may be introduced within the C-terminal portion, and in

one embodiment C-terminal to position 27. In accordance with one embodiment the
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glucagon peptide is covalently bound through a peptide bond to a second peptide,
wherein the second peptide comprises a sequence selected from the group consisting
of SEQ ID NO: 20, SEQ ID NO: 21 and SEQ ID NO: 22.
30 In yet further exemplary embodiments, any of the foregoing compounds can
be further modified to improve stability by modifying the amino acid at position 15 of
SEQ ID NO: 1 to reduce degradation of the peptide over time, especially in acidic or

alkaline buffers.
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Fig. 7 represents data showing a glucagon receptor mediated cAMP induction
by glucagon analogs (D28 [, E29 A, E30 V, K30K31 < and K30, V) relative to
native glucagon M.
25 Fig. 8 represents data showing a glucagon receptor mediated cAMP induction
by glucagon analogs (D28 [, E28 # and K29, A) relative to native glucagon .
Fig. 9 represents data showing a glucagon receptor mediated cAMP induction
by glucagon analogs (D28E29 +, D28E30 X, E15D28 % and E29 A) relative to
native glucagon M.
30 Fig. 10 represents data showing the change in serum glucose concentrations in
beagle dogs after intramuscular administration of glucagon and glucagon analogs.
The animals were administered a 0.005 mg/kg dose of either glucagon, a glucagon

analog comprising glucagon with the sequence of SEQ ID NO: 31 linked to the
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Pharmaceutically acceptable acid addition salts may be prepared from
25  inorganic and organic acids. Salts derived from inorganic acids include hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts
derived from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic
acid, oxalic acid, malic acid, malonic acid, succinic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
30 acid, ethanesulfonic acid, p-toluene-sulfonic acid, salicylic acid, and the like.
As used herein, the term "treating" includes prophylaxis of the specific
disorder or condition, or alleviation of the symptoms associated with a specific

disorder or condition and/or preventing or eliminating said symptoms.
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cAMP production using the assay described in Example 13.
30 The term "glucagon agonist” refers to a complex comprising a glucagon

peptide that stimulates glucagon receptor activity, as measured by cAMP production

using the assay described in Example 13.
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III. Polar, positively charged residues:
His, Arg, Lys; Ornithine (Om)
IV. Large, aliphatic, nonpolar residues:
Met, Leu, Ile, Val, Cys, Norleucine (Nle), homocysteine

30 V. Large, aromatic residues:

Phe, Tyr, Trp, acetyl phenylalanine
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mol eG4 @FalueiyHMin SRl BCiIechebl ppitdie range of 500 to
40, 000 Daltor%)cém) "poly e%h Igen}gdlqj]t ycol" .or "PEG' is used
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132P pg%ﬂsh&ﬁflég haVEh &6 d RS M dahrboRy 8hhint. Ney: @Qcicmplé: @h amino acid
exa G 5,000 refers to polyethylene gl

havéhsin contpoisiak amphide afosp IvRlRGIN teverriarzbcabote eqld is intended
?e?%ereg?on%%d B§ L€LBinb Iaﬁdts %ce Q@géﬂaﬂﬁfﬂi s@hhrd zhki%o acids.

ers to a compound has been modified from
its natiAsussd hetrsnbyhtlkenkls ﬂgorai p@leytét: Ry grevieofgngleles that binds

o s L Oy RSO Ay r v
2@ ovatosmtitigs dﬁm_mdurﬂmr t;dpplygll lamhgmhaggelmt pldtevs the two entities to be
separated from each other. Labile linkages include photocleavable groups, acid-labile
moieties, base-labile moieties and enzyme-cleavable groups.
As used herein a "dimer" is a complex comprising two subunits covalently
bound to one another via a linker. The term dimer, when used absent any qualifying
25  language, encompasses both homodimers and heterodimers. A homodimer comprises
two identical subunits, whereas a heterodimer comprises two subunits that differ,
although the two subunits are substantially similar to one another.
As used herein the term "pH stabilized glucagon peptide" refers to a glucagon
agonist analog that exhibits superior stability and solubility, relative to native
30  glucagon, in aqueous buffers in the broadest pH range used for pharmacological
purposes.

As used herein the term "charged amino acid" refers to an amino acid that

comprises a side chain that is negatively charged (i.., de-protonated) or positively



As used herein a general reference to a peptide is
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EMBODI NENTS - . L . :
25  from the group consisting of lysine, arginine, histidine, aspartic acid and glutamic
acid, or by the addition of charged amino acids to the amino or carboxy terminus of
the peptide. Surprisingly, applicants have discovered that substituting the normally
occurring amino acid at position 28 and/or 29 with charged amino acids, and/or the
addition of one to two charged amino acids at the carboxy terminus of the glucagon
30  peptide, enhances the solubility and stability of the glucagon peptides in aqueous
solutions at physiologically relevant pHs (i.e., a pH of about 6.5 to about 7.5) by at

least 5-fold and by as much as 30-fold.
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reduced recrprtation

exemplary embodiments, the glucagon peptide may comprise a total of 1, up to 2, up

30 to3,uptod,upto5,upto6,upto7,uptod, upto9,orupto 10 amino acid
modifications relative to the native glucagon sequence.

Exemplary modifications include but are not limited to:
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27, 28 or 29. For exanpl e, ingfEso D28E30 Addi ti onal
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and/ or glucagon activity. The glucagon peptide may

al t er natdopdinptiewsad et her nodi fi cati ons that do not
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SEQ ID NO: 34 with the proviso that at least one amino acids at position, 28, or 29 is

substituted with an acidic amino acid and/or an additional acidic amino acid is added
at the carboxy terminus of SEQ ID NO: 34. In one embodiment the acidic amino
acids are independently selected from the group consisting of Asp, Glu, cysteic acid
30  and homocysteic acid.
In accordance with one embodiment a glucagon agonist having improved
solubility and stability is provided wherein the agonist comprises the amino acid

sequence of SEQ ID NO: 33, wherein at least one of the amino acids at positions 27,
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term nus o e pept | n an alternative enbodi nent
t hecmmrlsveongltwtmgamnqa@tpda thdepshdBEDsqleytaddron thegroup consisting

rmdl [
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car l&@ér?‘bdlg@y rﬂpﬁhkfanﬁlfanﬁdﬁfﬁterlﬁﬂtdnd er mbme ofide (armi:amcels Wchted at
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o e S S 197, 203508, AP, | BRieds 27 o o
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34 wwth the proviso that at |eas qteﬁl ne arqéno a

pos hei Rifseniz hegiatiyoelyce e patif, aRL PR ¢ FERyRRgy BoEhey

19 PR sRE k@il @i doianativiacs fAhEpaadit Bcadh @eptile. F
adde Sat g?cﬁgﬂgar blon?(,ynter rﬁgnus ol;‘/l@}gEQ III):) I\IOE Cﬁgfé ?;p oﬁe N

embedinpis 0 acherdanst itk oahg Ry diRsIE dhe i HIRSEAMAHEFT! at
sel ?&Etﬁﬂ 2f7 loPthe %? ngtl(r:t)f/é 1§:9rﬁﬁée?1ttb ﬂﬁcﬁé oAﬁﬂeu(gléJto prevent

cysteic acid steic acid. In accordance with
oneogddnydldimadatlan off thepaptide-agoni st havi ng i nproved

sol ubi | i E#on%%%b%&%?h édé(cago acll% Iogggg\i\ﬁ?\f@i?) ists!%gvided wherein

agoni st conpri ses ence o
20O 1386amﬂme|aedn seléctddefast postenef, Z,ﬁe7 afd lriolhdﬁdlé ae, 17, 18, 19,

poszéj 22 a} ?fetﬁ gog 1ffer§romtutgsEor}eglgo%gm\énaﬁumoaacﬁo& 5%6t1b"1@o 1.

eas oneam
pr eEedetordincp osthbh@her 2hpodfentra g2 agdn dnhleg aNSEQJDIND: A is

2010, S0, 2ch0 0L L erent LLOm Y g, AR, 501 4 PIFeANLs 1.
accof dance s mmﬂﬁoﬂm chemAlbg AifR ﬂﬁragh}i’bo&gth&hg 1Rino acid
2? ogi!" SdEeCSI IIS: %%prl ! %r{ ar;mther embodiment, a glucagon analog of SEQ ID NO: 7, SEQ
ID NO: 8 or SEQ ID NO: 34 is provided wherein 1 to 2 amino acids selected from
positions 1,2, 5, 7, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21 or 24 of the analog differ
from the corresponding amino acid of SEQ ID NO: 1, and in a further embodiment
those one to two differing amino acids represent conservative amino acid substitutions
30 relative to the amino acid present in the native sequence (SEQ ID NO: 1). In one
embodiment a glucagon peptide of SEQ ID NO: 11 or SEQ ID NO: 13 is provided

wherein the glucagon peptide further comprises one, two or three amino acid

substitutions at positions selected from positions 2, 5, 7, 10, 11, 12, 13, 14, 16, 17, 18,



sequence of SEQ ID NO 33 with the proviso that when
the amno acid at position 28 is asparagine and the
W@riosos@8é d at position 29 is threoni ne, the pRQL/US®08/050099
further conprises one to two am no acids,
[ ndependent ly selected from tHeE group consisting of
or Gu, added to the carbox
Cor HoA0S of - Ohe" 81 JRaE A BT E e RS DR Fesar Dal®
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ap p%ég)%ﬂ@l)ﬁﬁﬁ‘fﬁ RioP Atuetchphe HRE LA TFPEEMEEQ IIEEN@'TI B@havmg

aci | ocated at positions at positions 2, 5, 7,
31, ari@ming gcid gther then setife atpgsitiqry2 aE(Py hzj{mg 214 aCIQl? agllmozagld
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act Flica
in max;grcdaﬁczelmu@m SEQ IErtﬁ)@d]lQJ;rﬁEQ IDINO riétOhISBQﬂHeNO 32is

1§ R eon RE il s Grnhd ot ORI AR o

oxi ffitione. dege ?ﬁﬂtdlﬂ[y pbsitidne (Ielp dndleg pd:p’nlde lnsesubstltuted with an
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f S I D NO .33 i
pr o¥thHIe AT AR s FORAP A Pg‘gsergl81'\algadlfr§dgl'P’%B?hn'methyl

posbérin@@&la]fnmglsoﬁ)tyﬂoaci’ep 11, 12, 13, 14, 16 17 18,
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C or r es polﬁ@p(pfeerézmbﬁ@mggq a(gl@ﬂag%oplg inpgovyle F(ﬁnprlsmg an analog
90 C%ééﬁ*ﬁ@ G@SE’@ hf' N@" P LS e EHD AR JFRIerd 16 WHAOPIN BN B bPBaving

IS provided wherein 1 to 3 am.no
ac i @Irsa@ép e@d ealelf th@nhlgm%netait pesition 1 apd by having appcidiq amipg acid

]s_lfloén 8 for Hfe natife antifle a&@ at positio D8 31429er ah Qﬁdi@%ﬁﬁr%c:ld

d|f romt e corresponding amno acid
1. hddledmothty earb@cryb@mlm of the ae@idg ca5&R IAAK): g lnpnegmehopment

the a01§'E9 'él% 1S §sggﬁlc§§goggl M%IC %4(% I3 oHé %b%ﬂent a flucagon

V\/ner €in am no aci rom positions '
2@, 5nalo‘g ofBEQ ID]NOJ£2 SEQ3IPD N@;, 1218EQ117) NQ:83 01§EQZID NQ: 3R 1s
or 24

ani Hr(s)v@g(il | %f:m Iﬁkfierslfr %r%%tar% r@eﬁ@oﬁ s‘.iilibgltgution at
enbpekittoant Mdére §ﬁ-tlanﬁly1; Positim lcbfftlﬁeeama]n patida @ sabstidkged with an
represent. cons ative amno.acid tl tutlons

r e| aping acid sel ?cﬁgf % Hs géwﬁowsggé ﬂ{ %HW lfiﬁlg (#g&{nnn%hlstldme

S eqHRNGE1-09EENd, BedW@hiskiline lafd Bétgo-BigiDEH. ment a gl ucagon
gﬁptlde of SEQID NO 11 or, SE pr ovi

erein Ipﬁécogciaaeea@t%or&eemho@@wp%@ W@gNggg g,lblpqggg ge%lg 08 Drises

two i Ubshdtih b HaNcpgssE amNO: 12,
L or's Saskieh e B B efbup UL BIPIANCDISSHQ INEIO

16, S4Q 1D 10 ang8EQID NG 42 e fihagimtiinsre: SHerseR NS is
the, SURss Edihdsans sBluchR@rsE8ND ¥o: $sEG ID0: 12, SEQ IDNO: 13
or SEQ ID NO: 32 further comprising one to two amino acids, added to the c-
30  terminus of SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13 or SEQ ID NO: 32,
wherein the additional amino acids are independently selected from the group
consisting of Lys, Arg, His, Asp Glu, cysteic acid or homocysteic acid. In one

embodiment the additional amino acids added to the carboxy terminus are selected



11, 12, 13, 14, 16, 17, 18, 19, 20, 27 or 29 are
conservative amno acid substitutions. In one

we@pdpsasqeent a gl ucagon agoni st is provi ded conpCT/B52998/050099
an anal og peptide of SEQ IDI*? 1 wherein the anal og
differs fromSEQ ID NO 1 by %Ving an am no acid

ot her than serine. at SItI havi
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NO 1. In onén arasisarmbedimemn sheplicaeqn DeRiidfr oqprisesithe s

aspgfdg Hﬁw 78k a giu%ééﬂh%)n?s@ hithlogl tRer8dTe IeGRQE I baRIR{entthe
gl ucagon anal og o 9, SEQID NG 12

NO. peBidoFonSEGINgD sm@en@@eiegte@frem.thfeaowgﬁtﬁlgm §E9A§| msé? 8,
di f gﬁ{)ﬁDf]\E@ r?Ot R3NEPY 1 rgﬁ(fﬁyi\@ Y arid 8% NOLt 3.0 adbther

position \Vbr'e partlcu’la position of the
anakmbodieptt ittdepeptidesuingtisingia gqguwc@ kelestedsranh e gegug consisting of

sel ﬁﬁ{qzﬂ j%(? %EQ%D%& Ul a%? gég%bll\f@ qu Irgor?é%{b%&ment the

al a net'h I'ne ‘and am no I sobutyric
aci glucdgdn aayoids esmgrisbotie Reenca ofFEQ AIg OVD: g BIE S NG 10 and SEQ

T S e R S S
an gfisRendéf Ap@hietu, bdra tdihs titdinies af thpgBicddoo peritidanth one

by havi ng an di d b
O DS A ST SR A, SRS 1 ey or s

am poNesi1 8 AddedntBetdogiatchoKy glhedgdh pepside torfries the sequence
peptide of SEQ ID NO 1. In one enbodiment the acidic

am ADSER NG l4spartic acid or glutanic acid. In one

nmbodi t
1 et carél e&@gfpan@em @Qne‘ﬁf EQgbPagddaist 8 pré¥&Rd! D
12, aé:?r . 13 S %OgSZ |ssrg\r/|ded

wher@nprisitige: morif @gglwag@me@thier S@WF‘% &Oﬁlathf‘eﬁf)uwnélémgeofby
a substi ltl%t H?J‘%EﬁtGlfPQﬁ ThOPhelrn: Y- Qs&@&is&iyﬁfﬁyy Leu- Xaa Ser-

posi tion e anal og peptide is substituted wth
an ang-Aoe-ati-insiipeeedl o har-Yrotipr-SenBi SEQTY Bp: 34).

d- hi st dNﬂeH d§esr- n-gﬁﬂgﬁ{)f’l% rl"ﬁr.' %Q%&BGPW lSe1hL§sIT LL'%%Asp Ser-

acetyl - hi'stidine an e. I'n accordance
20i t Arpneg- ama@mmnnheﬂhaé Godigd- Led MyltuoaddnRpeHQ deNO: 11) and

conpri ses .a se %‘e e%g w
consi sti ﬁ{j{z @? %E%]?%l gh ” gef'%] J %Ii%%gér%u y-Ser-
1|3 ARl ASER1-BINQp- %rVdHGIﬂTEpJLﬁhMet-Ama@thrE(ﬁEQdD NO: 13)
gl ucagon peptide is pr ded c nce
SEQ I D NOeToT *Ske) RopRe! : z‘\sps‘%%P?Yff o GER oy o
NO podydielcheld, :6XR% ht%io@x@o@ﬂgflst/ﬁ@n fovvn z&lfﬂma}nmc Iads ,and the Xaa at
added to the cterm nus of SE ([i)NO 9, SE}%}1 glocg)lgl
2SEQPPIHING 1y Bhigpr aBE@hF BIORRS, aC pn R 15 an acidic anfino acid, COOH or
CONHS,, with the proviso that an acidic acid residue is present at one of positions 28,
29 or 30. In one embodiment R is COOH, and in another embodiment R is CONHa.
The present disclosure also encompasses glucagon fusion peptides wherein a
second peptide has been fused to the c-terminus of the glucagon peptide to enhance
30 the stability and solubility of the glucagon peptide. More particularly, the fusion
glucagon peptide may comprise a glucagon agonist analog comprising a glucagon
peptide NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Xaa-Ser-
Arg-Arg-Ala-GIn-Asp-Phe-Val-Gln-Trp-Leu-Xaa-Xaa-Xaa-R (SEQ ID NO: 34),



wherein the additional am no acids are independently

sel ected fromthe group consisting of Lys, Arg, Hi s,
WaSPsBa6 cyst ei ¢ acid or honmocysteic acid. | nPENES2008/050099

enbodi nent the additional am no acids added to the
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10 m@t}@&@mkbd\i@thejmboky]teonmalambmmqncbmth@ zieca@pm@@é% In one
pepén%_tg) n‘%ﬁg 2z t esw?]ip t?cp t(%m%;lsegé IBT&@ 2 %EQ%%QI@Q&,

addgra ?Mio a]{rwgmmdés aﬁ@BE@ﬂB(NCB mmnatghea@nougpmst analog
consisting.o and G u, ded to f
1¢ hethgfrefe gﬁéﬁ“ﬁgﬁpﬁH%Ml?ﬂmBﬁ% gﬁﬁgﬁlﬁéﬁﬁQ?Re gIUQSZOg
pepﬁg@gc}wng ses bhe: sequergenNTh ) SEEQ D NO: 21 JIKRINRSE@ed
, in a further enbodi nent t %Iu agon
peploiagencsifpty o dee glrraedRfalidie dn afcorerse %HNZB ppodignt the

acCCRL; gﬁ‘g SR rhe QG pRER QA BT Haind i@ bdIGAG ARG & positson 16,
provi npri si ng a nodi fi ed gl ucagon p

sel EGRedr 24' mhpqeﬁ@h@?% ﬁhaélbﬁ§?1§(tt?chf§0r6 e rangee otf 5(90 to 40,000
1N HzDﬁ'toiaa FonFeRb&Aidediihe Fi8s 4 se%@é’n‘c%ﬁSh:rQ’ D §ex:2bys- Ty

er-

Ar Q(GRSGGAPRPS, SEAIP-NMie VERNENNIA) pr S0 TN 23 AKBNR) 1§
Eb%g to ammc]_agld %N;Pt&yglﬁﬁaggﬁ E%tlﬁe @rc}{l Klarpe}anﬁ'bond In one

Thr
Ar gen%cghrﬁérﬁﬂﬁ giucﬂg}n plapmie\psatmaoﬁthmbmmiuw Ry CPHIPIES 2

%gnleglcgéqlecé%l rog @ € $oup ﬁ,%nswthFﬁ of§ Q IESNO 10, _Sge IDX%I%)['- 1_|_1yand
20 LLgEQI\/Eﬁ) BHHAaB - [rsgeAbgdiAleat-thd gludgpn ﬂp@dé&/mru@ pi-tife glucagon
-Leu t-Asp-Thr-R (SEQ I D
posﬁ@@BﬁqueC@mE@%s&ff%%w%§g%ggé%%gﬁgq ﬁéﬁ%éﬁ%?§5]3 wherein

aci gppt chapagtEitgodanl] drize, gactatelyposi tion 28 is
Asn or an acidic _am no acid and th Xaa at %%
is Thr drapetheremypdmsns thoelicasen Bﬁ?& FALCGH OggF f}%sb"“ peptice

am Crﬂf‘slesdthe c9 b §ENED NOWLt Hurtihee cphgiirpantaiato i

acidic acid residue is present at one of po
299 oxug0s of SEGHE NoHBBAPRETAIESS SBE0R, Nail ?@%ﬁﬁm o
enbgﬂb rfBrNEOBZ (ﬁRﬁg)\IHgked to amino acid 29 of the glucagon peptide. In one
embodiment the glucagon fusion peptide comprises a sequence selected from the
group consisting of SEQ ID NO: 24, SEQ ID NO: 25 and SEQ ID NO: 26. Typically
the fusion peptides of the present invention will have a c-terminal amino acid with the
30 standard carboxylic acid group. However, analogs of those sequences wherein the C-
terminal amino acid has an amide substituted for the carboxylic acid are also

encompassed as embodiments. In accordance with one embodiment the fusion

glucagon peptide comprises a glucagon agonist analog selected from the group



The present disclosure al so enconpasses gl ucagon
fusion peptides wherein a second peptide has been
WO o®esdoss t he c-term nus of the glucagon pept i PEI/US2008/050099
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her "conprises a nlinked to an am no acid
at posidiaraf, Wisreid the n2tive aorin@arid inseistiviedinth aprayRRgIdhaving

is selected fr t he
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ucagon fusion pe

O 3, S BRRS S, TR AS5R B SRR R i

él ?angEQ {D h()flsh Inlone enbodi nent the gl ucagon

eptide portion of the ucagon. f t
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24, respectively. In another enbodi nent, the. g 'l%i%gﬁ’ ¢
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further comprises a hydrophilic moiety. In one embodiment the substitution 1s at
position 21 or 24, and in a further embodiment the hydrophilic moiety is a PEG chain.
In one embodiment the glucagon peptide of SEQ ID NO: 11 is substituted with at

30  least one cysteine residue, wherein the side chain of the cysteine residue is further
modified with a thiol reactive reagent, including for example, maleimido, vinyl
sulfone, 2-pyridylthio, haloalkyl, and haloacyl. These thiol reactive reagents may
contain carboxy, keto, hydroxyl, and ether groups as well as other hydrophilic
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paralysis of the gut for radiological uses, to reduce and maintain body weight, as
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patient using any standard route of administration, including parenterally, such as
intravenously, intraperitoneally, subcutaneously or intramuscularly, intrathecally,
transdermally, rectally, orally, nasally or by inhalation. In one embodiment the
composition is administered subcutaneously or intramuscularly. In one embodiment,
30  the composition is administered parenterally and the glucagon composition is
prepackaged in a syringe. Advantageously, the aqueous stable glucagon analogs
disclosed herein exhibit superior stability and solubility in aqueous buffers in the

broadest pH range used for pharmacological purposes, relative to native glucagon.
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and can be determined through routine experimentation.
In accordance with one embodiment a composition is provided comprising
insulin and a modified glucagon peptide selected from the group consisting of SEQ
30 ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and glucagon agonist
analogs thereof, wherein the modified glucagon 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



gl ucagon agoni st anal ogs of thereof, wherein the side

chain of an am no acid residue at position 16, 17, 2 1
wW@e008486086 sai d gl ucagon peptide is coval ently POUOS2008050099

t he pol yet hyl ene gl ycol chain, In one enbodinent, the

pegyl at ed gl ucagon agoni st cdﬁﬁrises the peptide of

SEQ I D NO, 16, wherein the i.no _acid residue at .

oSt ¢ SRR Paa PUTEE) SER OF Fi smegaPeRide

POl M&l vl EREsGhhEObs SHPIIPRO: ENBIHQENNO: I hehqegidansad

gl ucagon agoni st conprises the peptide of SE%#{D hKld )

17, fuythesrceinpriscrepolietlivisna iver! chaip erralently paef {q gramygo gd side

t he, . peRk if_ﬂs?ti(jnsl 6CoVal 84 Yin bhddeichdlrRenP ale i dylae Reight of the
glyco1. e nmet hod of treatlng hypogl ycem a in
&

ac CREG almireofthe fodified Pressempentiay erstdatsh thap AP LB qfeln one
St erg)n%bo%mearlg ! Ie%ha%%d Qgcaggﬁégﬁ@es&%ﬂriges%‘ }%Sﬂi&%@ﬁlcted from the
g s to a pat

gl u€agon agoni's nt using any standard _ |
r ougreupdonaidiignit SEQEDI W@, 1 1i and ISEE IRGN Pak3ewiessin fHeyide gfyp of an

as i ntravenously, i.ntraperd,t

PR S0 PRty X nonThg O S8 bheeo AR AROMSINY 1Blnd
r ecoahd polyettiyidnk glycolataih] Jn @r etmpodimbat the padyethylene ghigol chain
enbodi ment the ¢ osi ti { s adm pi.st ered

1§ ubkase ey y@@gﬂ5ﬁ59ﬁ&ﬁ@@tWﬁsﬁggﬂﬁﬁaone embodi nent ,

t lhe conpgsidor@Acd witlash¥ enibsdigleathpmbdifit@glatdgyn aepdideshdsclosed
gl ucagon conposition i s prepackaged .in a ringe.
AdvERTBEEOHE) § M RN BU D B g G BgEH ol drgehod hes
di sghi0s el red16di 1 BxPbRE indSdsRSFibeRtheSstaphif hilhnisaitlg an effective
sol ubility in aqueous buffers in the bro?d%fH yklrangg
us edngust oéﬁm&%@h CHIPOBUPOSRESIE BPEDTYE ORI FVE™
1%' u gl?%%gn B— Figd! §(§nﬁrsintgqe:—t§ﬁtﬁ§dl lok Z28bnr U GREE DT duthlpagrides. In

IS d" herein allow for the preparation_and storage
of gleoehydimeatibnEkeazen pertide AmBHSCPHIFSPBICH I T g ErowP
| ong R LSSERf 10 5P, SRR 8 SELAYANGI & SevaTEdol 3 ID
pegy a&e&;gluc gon peptides can be prepared that
r et BOn61 3R PaNent, Jupih Ne: 8, StﬁQaH?:NDm%%%%NO: 10, SEQ ID NO:
specj fici ty..~Howe | easi
chat b P D0 LR SEQ O PES i ibodRgh epluchitR e
2peptirttier, cosipeibesta PG dhaim, ofbait 1ASD ex )20 Maioghis cofalqniy bound

linked PEG is, gr.eater than.5 0, Dal . i

del By PSR BRGNS Roar e d e Hydaon

accpgfianaactithiron eheahipdionsifting oASEQ Ub Ao 4 peiid A& DL1LS,

SEQID NO 11 or SEOQI r 13, or | uca onj st
anaPB DN a6 PSP dec s Bt TRel BEpe qaan s
COMbicS@8r WAt QF atTRf S00RE k&L BYO@®D&Itagbycol chai ns,

wherein the total nol ecul ar meLght of the |inked PEG

2ps greatlar foarihen emberipensde GRS OSIBHSPH OJRECE };Fﬁrgnafaﬁ;épﬁralysis
IS gF@atelstihd 80t LOmPORs Pakd 9R8ifie®Hlucdg88 eptid@Bnd a second

modified glucagon peptide, wherein the first modified peptide comprises a sequence
selected from the group consisting of SEQ ID NO: 10, SEQ ID NO: 11 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 a 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 to an amino acid residue at either position 21 or 24 of the respective peptide,

and independent of one another.
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30 peptide through a peptide bond, and said second peptide comprises the sequence of
SEQ ID NO: 24 (KRNRNNIA) or SEQ ID 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 agonist
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30 embodiment the glucagon peptide segment of the fusion peptide is selected from the
group consisting of SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16 and SEQ ID
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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( KRNRNNIPAL sl lbRrdo dombd3kR hilltm@BbNGe aoiidie glucdgon
t he gl ucagon peptide, is adm nistered to individuals

to }i)qptj@@éhqﬁ)@is@herqnb skweyer IBW@VEW? %ﬁf’ﬁﬁg U§3EOR pe;?tﬁies can be
1 2noffiek thg@{‘H&‘JlL m%@;an@arﬁ'ﬁﬁlgﬁ’éjag@ﬁts %ﬁgﬁ&@éé&gre‘é\@h&ﬁ{ toGidds8 si@lled in

I nduci ng wel 'oss in an individual conprises
ad nihmig Beri emgmpln, dame et Recomprdihatvest e wodiBerbelpsagan peptides

pe ot ogléfl AY & ?fl b ?&%ﬂaﬂ%gmr@shﬁ@m% $1-Rdcndl éﬁﬁﬁ‘%&ﬂsshnkers

sel ec romthe group consisting o
NO! pazticuiQ forBhdGucagon 8E@d¢SDhN®ave4beem subEQu e WMbCy Beine, lysine
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comprises a polyethylene glycol chain covalently bound to position 21 or 24 of the
glucagon peptide.
In accordance with one embodiment a dimer is provided comprising a first
30  glucagon peptide bound to a second glucagon peptide via a linker, wherein the 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 ID NO: 9, SEQ ID NO: 10 and SEQ ID
NO: 11 and the second glucagon peptide comprises SEQ ID NO: 33. Furthermore,



position 16, 17, 2 1 or 24. Exendin-4, is a peptide

made up of 39 amino acids. It is a powerful stinulator
wWo@Ro0a/08@8ept or known as GLP-1 . This peptide heSI/Eb®08/050099
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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 is 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 ID NO:11 or SEQ ID NO: 13 or SEQ ID



500 to 40,000 Daltons. Mre particularly, in one
enbodi nent the gl ucagon peptide ofthe fusion peptide
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2z onpmibspipgl by stgndaggd organic chemistry reactions, in addition to standard peptide

chemistry reactions when applicable.

EXAMPLES
General Synthesis Protocol:
30 Glucagon analogs were synthesized using HBTU-activated “Fast Boc” single
coupling starting from 0.2mmole of Boc Thr(OBzl)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:



gl ucagon peptide bound to a second gl ucagon peptide
via a linker, wherein the first glucagon peptide
W@ pns®es a peptide selected fromthe group cPCEUSI0081¢50099
of SEQIDNG 1, SEQID NG 7, SEQID NG 8, SEQID
NO 9, SEQ ID NO 10 and SEQ¥D NO 11 and the second

gl ucagon peptide co i ses SE
Fur te€Fesdrisnizianh Ase@ﬁ@@ Eess@ﬁsBé‘ééBﬂBO@ )-desgbhd): Ser(OBzl),
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ndepe ecte rom the group conS|st|%?
SEQ>91.NDhe c:kﬂrec@mcrlu[ar N@ss angd perii WSEQon{mgd using MARDEpass
enbodl nt the dimer is formed between two pepti des
whePREFH 83% Yeptide conprising the anino acid
sequence of SEQID NO 11. In accordance with one

i cal osition i s provided
mhe G?ﬁaEﬁeﬁﬁgﬁgggqFﬁghy%gﬁ%r| s a gl ucagon agoni st
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Zénd colomviformuafitasion hsing h % iFABretautile gradient. The appropriate
fractions were combined and lyophilized to give the desired pegylated analogs.

EXAMPLE 1
Synthesis of Glucagon Cys'’(1-29) and Similar MonoCys Analogs
30 0.2mmole Boc Thr(OBzl) Pam resin (SynChem Inc) in a 60ml reaction vessel
and the following sequence was entered and run on a modified Applied Biosystems
430A Peptide Synthesizer using FastBoc HBTU-activated single couplings.
HSQGTFTSDYSKYLDSCRAQDFVQWLMNT (SEQ ID NO: 27)
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for admnistering a glucagon agonist to a patient in
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gl ucagon conposition is prepackaged within the

syringe. The conpounds of this invention may be

pr epangapiy, st andard synthetic nethods, reconbi nant
DNA t echni ques, or any ot her nethods of prepari ng
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standard re I nan hni ques, techni ques for
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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(2C1-2), Ser(Bzl), Thr(Bzl),



in the art. Conpounds of this invention that enconpass
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EXAMPLE 3
Glucagon Cys17 Mal-PEG-5K
25 15.1mg of Glucagon Cys17(1-29) and 27.3mg methoxy poly(ethyleneglycol)
maleimide avg. M.W.5000 (mPEG-Mal-5000,Nektar Therapeutics) were dissolved in
3.5ml phosphate buffered saline (PBS) and 0.5ml 0.01M ethylenediamine 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,
30 1ml/min,45C, 214nm (0.5A), A=0.1%TFA, B=0.1%TFA/90%ACN, gradient=10%B
to 80%B 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 run on a Pharmacia
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homogeneous product that was different than starting glucagon peptide. MALDI
(matrix assisted laser desorption ionization) mass spectral analysis showed a broad
mass range (typical of PEG analogs) of 8700 to 9700. This shows an addition to the
mass of the starting glucagon peptide (3470) of approximately 5,000 a.m.u.

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



3429.7. ducagon Cys , ducagon Cys24, and d ucagon

Cys were simlarly prepared. EXAMPLE 2 Synt hesis of
wabwsagose Cex and Qther C Terminal Extended AneADYS2008/050099
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suspended in ethyl ether; the solids were filtered,
washed itdys et her, and the peptide extracted into 50
m aqueous acetl c acid. An analytical HPLC was run

[O. @ﬁlcxgdii@m ‘204PEG-TK 1 nl/nin, 45C, 214nm A buffer
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0.1%TFA/50%ACN, flow = 4ml/min, and 5 min fractions were collected while
monitoring the UV at 214nm (2.0A). The fractions containing homogeneous product
25  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 is approximately 20,000 a.m.u. more than starting

Glucagon C** (3457.8).

30  EXAMPLE 7
Glucagon Cys29 Mal-PEG-5K
20.0mg of Glucagon Cys*(1-29) and 24.7 mg mPEG-Mal-5000 (Nektar

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



with the product as a C-term nal am de. Oxyntonodulin

and oxyntonodul i n-KRNR were simlarly prepared as the
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appropriately | oaded PAMresin. EXAMPLE 3 G ucagon Cys
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peptide (3429) of approximately 5,000 a. mu. EXAMPLE 4
A ucagon Cys2 1 Mal - PEG 5K 21. 6ng of d ucagon Cys2
1(1-29) and 24ng nPEG MAL- 5000 (Nektar Therapeutics)
were dissolved in 3.5m phosphate buffered saline
(PBS) and 0.5m 0.0 IMethylene diamne tetraacetic
acid (EDTA) was added. The reaction was stirred at
roomtenp. After 2hrs, another 12.7 ng of
nPEG MAL- 5000 was added. After



8hrs, the reaction m xture was | oaded onto a 2.2 x
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1%&3;%%%\ ) gr adi ent = 30%3 to 10098 over 450ni n.

The fractions corresponding to product were conbi ned,
frozen and |l yophilized to give 45.8ngy. MALDI oARSS
spectral analysis showed a typical PEG br aﬁef\?gnal
with a maxi mum at 9175.2 which is approxi mateky 5, 000
a.mu. nore than d ucagon C24 (3457.8). EXANPLE 6
d uecagon cCys24 Mal YPEG 20K 25. Ry of @Futayony—W b M N T—eoor
COys24(1-29) and 40. 7nmg nPEG Mal - 20K (Nektar °
Ther apeutd: eg)nweser.di ssol ved in 3. 5AFBBE G t h
stirRiL 2L damt amp.ando &5 mM 0. 01M EDTA was added.
After 6hrs, the ratio of starting material to product
2WASEXAMPLE 9

Glucagon Cy524(S-carboxymethyl)

18.1mg of Glucagon Cys**(1-29) was dissolved in 9.4ml 0.1M sodium

phosphate buffer (pH=9.2) and 0.6m] bromoacetic acid solution (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 25cm 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



aprox. 60:40 as determ ned by HPLC. Another 25.1ng of
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Glucagon, Cys21PEG5K 105
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20
The solubility the glucagon agonist analogs, D28, E29, E30, E15D28,

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, E29, E30, E15D28, D28E30, D28E29 analogs relative to native glucagon
25  atpH 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
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t he ow ng cal cul ation is used to establish percent
sol wbioh¢ttvty wak mahsuzsid doth gl 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 Binding = (Bound-NSB)/(Total bound-
NSB)) X 100. ICsq values were determined by using Origin software (OriginLab,
Northampton, MA).

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



X 100 = percent soluble Initial Absorbance Results are
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r epr eseniavp mﬁdlﬁﬂbiﬂ By Glicagoranalogdviaf CeTerGinisdintensim

25 _0C,_whereas th W

the solubility measured after 24 howrdIRtndgstia@C and

then 24 hopesticet 4 0C. |F GueiRRFeRepls dat a Glearrkdegtor

the maxi num sol ubility _tBg, ghiycagon nnal 0@592,&4 N

D2BE36—and—E15D28 EXANPLE 12 ago lze( 4 10

Bi n@lusgoAssay The affirity 2% § i des Yo é gl l](ﬁaﬂn

reg EE#"%V was measured ijn 2@1@@@7@&82 B3 on bi nd| n@4a33s€ﬂy 14

ut A4 sci-nt-H-ati-of proxXt-m l.y abbay te L,IIIIUI U%y

Sef Bakagn Gasl d di | uti ons of9-2ae0pept | def ia 03 !

sciptll at}on proximty as er (0505 I+.Sp- ,

pH 5 rﬁoa""g M NaCl, 0.11% ms %géf’ ne eSU“ Z‘b-bggrf‘néﬂd >

wer @xiﬁtéfﬁdﬂulnﬂKEﬁR 277+1.74 4 3.21+0.49 2
Glucagon R12 0.41+ 0.17 6 0.48 £ 0.1 5
Glucagon R12 Cex 0.35+£0.23 10 1.25+0.63 10
Glucagon R12 K20 0.84+0.40 5 0.82+0.49 5
Glucagon R12 K24 1.00£0.39 4 1.25+0.97 5
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ei ther glucagon, G.P-1I or novel glucagon anal ogs for 5
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Y,
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ar eB2RdiY i n Tabl es 2 3. Tahg 2
K30, K31 .
20 D28 0.05 0.17
E28 0.14
E29 0.05 0.04
E30 0.04
D28, E29 0.03
25 D28,E30 0.05
D28, E15 0.15

30 EXAMPLE 14
Stability Assay for glucagon Cys-maleimido PEG analogs



CAMP | nduction by 3 ucagon Anal ogs with C Term nus
Extension * - nunber of experinentsTable 3 cAWP

WO pabaosdosn by Pegyl ated G ucagon Anal ogs * - nREyES2008/050099
experinments Data for additional glucagon anal ogs is
presented in Figs. 6-9 and in>Table 4 Table 4 Cbserved
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Recept orEate g]tuca}gorré%@tlo@W%%gglgg%g’%teﬁ Oé)]??% %g%%qg?la%%%
0. 1%1&@31@ %20 cORubed lﬁf%t’zgd'@s-tiﬁ%thg- 22 4305, 0), 2 AmPhs K2,
K30 0."89 K30, K31 0.12 8)2.8 .05 0.17 E28 0,14 E29 0.05
0. OihicERBdOVE4 Pxdficdinee wprigd aPEC aEéoe-@%alfYGe%%}}“E‘géo

0. 1(?&5?&1}%' tﬁ%ig@eéré@to? IEHelﬂef)tYdeA?l%q%néegﬁathn%@%@Beciﬁc peptide of

Cys-maleim anal’'ogskEach gl ucagon anal og was

§li ssofrasedtas detawained awt thPBScahpmaminginteptayasipdatgsh glafyp & the
was. conduct ed,, Al ' i T
tho"GaBi b wbr et Fi A S Re KRt R b Fies 3
perami.at 370C and re-anal yzed by HPLC to deternine

the integrity of the peptide. The concentration of the
specific peptide of interest was determ ned and the

per gEAMAIgN®E ni ng intact was calculated relative to

oot ol ol o12 o Rel i S 45980, Qe o
15 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

15  each dose: 0 hr. (pre-dose), 5, 10, 20, 30, 45, 60, 90, 120, 240 minutes 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 ml whole blood was added to K, EDTA
tubes containing a sufficient volume of Trasylol (aprotinin) to yield at least 500
KIU/mL of whole blood. Approximately 500 uL plasma was collected after

20  centrifuging the samples in a refrigerated centrifuge at about 1,500 — 3,000 x 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
blood sample 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 refrigerated centrifuge. The

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

The animals were administered a 0.005 mg/kg dose intramuscularly of either

glucagon, a glucagon analog comprising glucagon with the sequence of SEQ ID NO:

30 31 linked to the carboxy terminus of glucagon (glucagon-CEX) or a glucagon analog
comprising an aspartic acid substitution at amino acid 28 (glucagon-Asp2 8) SEQID

NO: 11. The resulting data is presented in Fig. 10.



Changes in Serum d ucose Concentration in Beagl e Dogs

after Adm nistration of A ucagon Anal ogs Cani ne/ Beagl e
wa@lows/0edos@- 12 kg, being of 8-16 nonths of age BCMU/DO%I050099

health were used to determ ne the pharnmacokinetics and

phar macodynani cs of gl ucagon A&ttion. Every ani mal was

fasted overnight and bled at the following tine points

af t ekineach dose: 0 hr. (pre-dose), 5, 10, 20, 30, 45,

60, 90, 120, 240 mi nutes post dose. Six animls were

used for each dose group and approxi mately |-2n__of
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Vas SEQMBNG:ad ol aitzadisienidl aiby aplmciciigdbddro thesaripketerminas of
an enpty tube, letting sit at anbient tenperature for
19 5- thg PARtKie- t hen centrifuging at 1,500 - 3,000 x g for
10-15 min. in a refrigerated centrifuge. The sanpl es
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-700C, o belldwsluaasr agRiie fhe2hE WATEP difel g pan peptide
dis i 13goncentration of 0.1667
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ani mal s were adm nistered a 0.005 ny/ kg dose
Lntramusgul ar. f Ll j nGh 8@ corpakaghe
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1 | senkedtebOSEQEDANEY:H8Xxy t er mi nus of gl ucagon

(gl ucagon-CEX) or a glucagon anal og conprising an
aspartic acid substitution at am no acid 28 .

(gl ucagon- As 28 )eluSEQnIpEptSof tlaim Thberndhd glhsrgoriearids s

presented in Fjqg. s, 1 '

ConBi BTG Held Rt TEndE N eeliorth Rt 3 PERRA SR e

20f dk By NEY 113340: Bhéy @han timaisetirenal og differs from SEQ
ID NO 33 by one to three amno acid substitutions,

said am no acid substitutions |ocated at one or nore

posi tions selBetffafon@epRI tiadns whered, poSition’2 ofle pdrtide is an
12, 13, 14, 16, 17, 18, 19, 20, 2 (JI and 24 .of the aemethyl
anakio agidspleetrdirpn e B RETSR0] 'é?rﬂl?aaé%nepgéflin&e Y

Comgrirﬁ%ﬁdgrginaqgogﬁ}yggﬁch_at position 28 or 29 different
fromthat found at the corresponding position in

25
6. The glucagon peptide of claim 1 wherein the glucagon peptide

comprises an analog of SEQ ID NO: 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-histidine and homo-histidine.
30
7. The glucagon peptide of claim 1 further comprising a hydrophilic
moiety covalently bound at position 16, 17, 21 or 24 of the glucagon peptide.



SEQ ID NO 1, or an additional acidic amno acid added

to the carboxy term nus of the peptide. 2. The
w@bwsagrose pepti de of claim 1 wherein the gl ucap@mnus2008/050099

pepti de conprises the sequence of SEQ ID NO 34. 3.

The gl ucagon peptide of clainfl wherein the peptide

conprises the sequence of SEQ.ID NO .10...4.. The. o
gl ucagors- pepi heiglueeor Peptids ‘i}c\)?d’é‘r7e‘i">!?%?“ﬁ ?I%PX%%PS% motety 1s
peplgcjl};g@ﬂy%ggfyic@es an anal og of SEQ ID NO 34, wherein

amno acid at position 2 of the peptide of SEQ I D NO
34 is other than serine 5. The glucagon peptide of

cl ai m 4 gaher gh? glﬁ%l)ﬁg%dgopglaiﬁl@wlﬁé‘%&ﬁ 1@ olyStheRn@ B e chain

acid selecte om-t group consi sting of d-serine,

sl alnis meolgpuiacivaight salepted frgin thearpngeeof gt gﬁ%@ 3bgiR {00 Kqadtons.
acid. 6. The glucagon peptide of claim1 wherein the

gl ucagon peptide conprises an anal og of SEQ ID NO 34,
wher ei n 1ani n@hagliuchgat pertise of drimis whertih giepepreihylsnoglySEchain
ID NO 34 is selected from r onsi sting of

d- hﬁ‘@fian%?%fér 881§§‘rﬁfﬁg RSl %%g?(ﬁ)h@agtrggiyl _hi sti di ne,

acetyl - hi stidine and hono-histidine. 7. The gl ucagon

eptide of claim 1 further. conpri.sing,a dr aphi.l i
1(sjmi ety cddval @n@\“‘g?g‘ﬁblﬂfﬁbdea‘ff C%ggnﬁtwhgﬁel%%‘? g@;?goggiﬁ%if %521 °
of {8 rBtUCRGRAPRREIed BoB. thel frougtdusiagirof SEQUIDACO oF0, SEQ ID
claim7 wherein said hydroptgilic noi ety i 1 o] 4
pol et Ayt KBt 22 und e grrbiedi o sl ke fasgh RiRsise
8 wherein the polyethylene glycol chain has a

nmol ecul ar wei ght sel ected fromthe range of abo )
1,000 t d2abodPusifigbelupserr prrside semprisHis tgq %?8%’6?10#&9 REO:

f | M8 uheraisn L tpaloret hyl ene glycol chain has a
15r)rol zéﬁ@? \%ei got So?‘ a? | east about 20,000 Daltons. 11.

A gl ucagon peptide of claim1l wherein the glucagon

peptide furt ' fcbapnd
O bup corb! s s g paia B AALENARIGEIE PR CbARIE
SEQehRentisel@Rdfmumiie goup benststngheHSEQ B NPn8isS st NP 10, SEQ

glu n. pe t'é{g . purified glucagon peptide
con‘ﬁﬁg@r ﬁga'{%ihée Ie])qﬁe%héé of SEQID NO 7 or a glucagon
2@goni st anal og thereof. 13. The gl ucagon peptide of
claim 1214\.ImerT%Ie glugyg%n ee %dle g)F clz%glngrijursfﬁerr]%or%prising an additional
amino acid, selected from the group consisting of Asp and Glu, added to the carboxy

terminus of the glucagon peptide.

25 15.  The glucagon 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 1s
polyethylene glycol.



sequence selected fromthe group consisting of SEQ ID

NO 8, SEQID NO 10, SEQID NGO 1 1 and SEQ ID NG
w@3008/4086086The gl ucagon peptide of claim 13 furtPE&r/US2008/050099

conprising an additional am no acid, selected fromthe

group consisting of Asp and Gfi, added to the carboxy

term nus of the glucagon peptide. 15. The glu on

pepti de 13f cITh¢ gaagot pantifer! dampOivdierri &e H%‘M?tgﬁag‘?q ghyeol
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position selected omthe group consisting of 16, 17,

2 1D4dwds.24, and pharmaceutically acceptable salts of

sai d glucagon peptide. 16. The gl ucagon peptide of

cl ai m 15, wherein said hydrophilic noiety is
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16 wherein the pol yethyl ene gl I kp.has a
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of claim 16 erein the polyethyl.ene gl ycol chain S
a ol ecdPar ?@HW%B?p§¥B?8§§?mh 0 e“%b%ﬁébc %?Pgﬁgé
19. coh8is@ theRgAMPSTBEPD NO: ¢l &i SEQAD Woeb&i n t he

glucagon pepti de conprises the sequence of SEQ I D NO
101 or SEQ ID NO 38. 20. The gl ucagon peptide of claim

19 furthgr C‘TH@Flﬁl@igGﬁp@g{ﬂid@& Q418 PTupiep toteisheundxteasion
am no acid 29 o

_ ~sai.d glucagon peptide, said am.no
aci eEpSéaerng & Bwine %‘tl‘éégg?frséﬁil gthh’ég(?j]rpﬁﬁ?)‘%c %9&@?@161? Agd ggquence
SE(%e#a@teE@ornzt e dngsm% ofSED @NHOSESEQ INK0:24 . and SEQAD
puritied glucagon peptide conprising the sequence of
SEQNOE2NO: 33, with the proviso that when the am no
1§cid at position 28 is asparagi ne and the am no acid
at position 29 is threonine, the peptide further
conpri se¥. one wifiedwlugagon perdidk demprisingehresrderies 9f SEQ ID NO:
sel gcted fraom.th I o | St - : - El
rop o ity Pt SR ReSRIRLEM o Slgtdns afhBginflmi e
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22.  The glucagon peptide of claim 21 wherein the glucagon peptide
comprises a sequence selected from the group consisting of SEQ ID NO: 9, SEQ ID
NO: 12, SEQ ID NO: 13 and SEQ ID NO: 32.

25
23.  The glucagon peptide of claim 22, wherein the peptide further
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 peptide, said amino acid sequence

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



23. The gl ucagon peptide of claim22, wherein the
peptide further conprises one to two am no acids,
w0 pabspsisent | y sel ected fromthe group consi stPeyUSF008/050099
Lys, Arg, His, Asp or Qu, added to the c-term nus of
t he gl ucagon peptide. 24. The* glucagon pepti de of
claim2 1 further conprising an extension peptide
bound to amino acid 29 of said glucagon peptide, said
am no agisd Segy gﬁl&%ﬁ Sé;%‘a& sﬁclilmozn flufieer G lérﬂptﬁlrcganﬁ)ﬂy&thymge
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fongisigompeptifie. 16, 17, 2 1 and 24, and pharnaceutically
acceptabl e salts of said glucagon peptide. 26. A hono
di mer conprising two glucagon peptides bound to one
anot her 2shr ougiona dlmnﬂ(cemprlvmyvel gluegethpapfidesdiognd to one another
glu 0 es .co
1 R Rl R oL e R SRR e el
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pept i de Jyoundht Bordo 8@eEBLIghUsagereipplinke isdekcad from the

i nk wh d first
ot o i SRS
Cr@,sshlﬁéQIDNO 7, SEQID NO 8, SEQ ID NO 9, SEQ
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peptlde conprises SEQ ID NO 33, with the proviso that

yith reggrds 4 @nfhn %@fgﬁgd it YRBARA phRidk beend twhasstohde
amno acid at position 28 is asparagine and the am no

aci dueagmppfsqtlﬁﬁ o adokergwhaieia eHd Hist SlFAZOR BERSAE C@}PE}&S@%PFP“C
pep%e‘lec?e Fft‘ﬂ@ brcfi Ut éﬁl‘t?%? (A ltIPNbWP B MPNBET,EBQ ID NO: 8,
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LysSEQID N0‘|I9SSE<A§E N§»: 1Giand SE@dEdJQ d 1 tehdthe 4pdem¢ glucagon peptide

phar RGP ) e Sopi i GRAEP gk iR AR REPhL S ondBagon
2@ol yéaeine, iwhes Ihe%&mo%cpi“ﬂ pnsammlﬂ& ig adpane ginp &gl the eypino acid at

o R hLSRI00 ORI Sl L s v o v

phagame atits, Galepandaasapleabd fom altergrﬁ[p 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 pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.
30 30. A pharmaceutical composition comprising a glucagon agonist that

comprises the sequence of SEQ ID NO: 11 or SEQ ID NO: 38, or pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.



30. A pharmaceutical conposition conprising a glucagon

agoni st that conprises the sequence of SEQ ID NGO 11
wo@e003aggoBd NO 38, or pharmaceutical |y accept abtBUSHDE/050099

t hereof, and a pharnaceuti cal Iy acceptable carrier. 31.

A kit for administering a glucagon agonist to a

patient in need thereof, said kit co i sin : '
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adm ni stering an effective anmount of a pharnmaceutica
conposition of claim29. 35. A nethod of causing

t enpor ardp. paffat kis piclom Yheheram et davik comprdses a singe and a

t hod c r.i ging _adm ni.sterj .ef fective anmount of
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of reducing weight gain or inducing weight |oss, said
nmet hod conprisin i ni.steri an effective a
a conpositi oft %ﬁﬁ%f‘%?’feﬁt&‘@yﬁ?gqgcg%%“g&oa |r%'¥°rr(§18%e:di é‘lle%gls
a gt §86n, RSP icdRd Sehpedigthé stenn df BémBiseuipg ewalfdcatd agount
of SEQ ID NG , 8, wherein amng acid 29 of the glucagon
pep@?ﬂ%m?§“86ﬁﬂﬁopﬁo%mgﬁgﬁﬁhﬂg%ptide t hrough a peptide
1dond, and said second peptide conprises sequence
selected fromthe group consisting of S D NGO, 20 .
( GPSSGAPPPS) A %E@qg o Cmamgzerip%f?@mmw%f)?%ﬁ dhtestpR] tachggid
22 KRR ompRi€ing AdiRE DR 8 FrQRAVEC NGNS DfHarBakicar
i nduci ng ME|gh§  oss, said nmethod conprising
adnéampositien efcelaim 28f f ect i ve anmount of a conposition
conprising a glucagon agoni st conprising a glucagon
pepti de selected fromthe group consisting of SEQ ID
20NO. 8. 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 consisting of
SEQ ID NO: 8, wherein amino acid 29 of the glucagon peptide is bound to a second
peptide through a peptide bond, and said second peptide comprises sequence selected

25  from the group consisting of SEQ ID NO: 20 (GPSSGAPPPS), SEQ ID NO: 21
(KRNRNNIA) and SEQ ID NO: 22 (KRNR).

37. A method of reducing weight gain or inducing weight loss, said
method comprising administering an effective amount of a composition comprising a
30  glucagon agonist comprising a glucagon peptide selected from the group consisting of

SEQ ID NO: 8.



