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TABLE 8

Glu GLp GIP
(0.025) (0.025} (6.01)

GIP/GLP-1/glucagon triagonist peptide:

SEQ ID HaibQGTFTSDK (yE-
NO: 28 C16)SKYLDERAAQDFVQWLLDGGPSSGAPPPS. | 0002 0.002 0.003
NH
2

GIP/GL.P-1 co-agonist peptide:

SEQID HaibEGTFTSDK(YE-
NO: 39 C16)SKYLDERAAQDFVQWLIDGGPSSGAPPPS- | 1276 0.008 0.026
NH
2

GIP/GLP-1/glucagon friagonist peptide:

SEQID HaibQGTFTSDK(YE-
NO: 37 C16)SKYLDERR AsibEFVQWLLDGGPSSGAPPPS. | 0-004 0.006 0.003
NH,
GIP/GLP-1 co-agonist peptide:
SEQ ID HaibEGTFTSDR (vE-
NO:263 | CI6)SKYLDERRAaibEFVQWLLDGGPSSGAPPPS- | 127 0.008 0.012
NH
pa

[00591] To test in vive activities of these peptides, the peptides of Table 8 (excluding
native peptides) were subcutaneously injected into DIO mice (C57B66 mice) at either 5 or 10
nmol/kg every Monday, Wednesday, and Friday, for 4 weeks. The mice were fed a high fat,
diabetogenic diet. As shown in Figure 1, the body weight of the mice which received

injections of one of these peptides was lowered, as compared, to vehicle control,
EXAMPLE 15

[00592] Acylated peptides comprising the amino acid sequence of SEQ ID NO: 1 (native
glucagon) with a Tyr at position 1, AIB at position 2, Glu at position 3, Ile at position 12, Lys
at position 16, Gln at position 17, Ala at position 18, AIB at position 20, Glu at position 21,
Asn at position 24, Leu at position 27, Ala at position 28, Gly at position 29, followed by the
amino acid sequence GPSSGSPPPS (SEQ ID NO: 5), and a C-terminal amidation were made
as essentially described in Example 1. The peptides differed by the type of acylation, type of
acylation spacer, and/or position of acylated amino acid. The different acylated residues are
depicted in Figure 3. The peptides were then tested for in vitro activity at each of the

glucagon receptor, GLP-1 receptor, and the GIP receptor as essentially described in Example
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What is claimed:
1. A peptide comprising the sequence of

{a) SEQ ID NO: 184,

HXoX 3G TFTSDX S KYLDX gRX 1A 0% 31 FV QW LY, X 35X 20 GPSSG X35 PPPS
(SEQ 1D NO: 184)
wherein:
X, is AlB;
X3 is GIn or GIn analog;
X1 is Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyt group;
X15 Is any amino acid;
X1z is Arg or Ala;
X35 is negative charged amino acid or a charge-neutral amino acid;
X1 is an acidic amino acid;
X5y is Leu, Ala, Nie, or Met;
%5 is Ala or an acidic amino acid,;
X536 is Ala or Gly;
Xas is Ala or a basic amino acid;
wherein, when X, is an acidic amino acid, Xss is a basic amino acid;
wherein, when Xy is Tyr, the peptide comprises at position 40 an amino acid covalently
attached to a C12 to €18 acyl or alkyl group, and
wherein the C-terminal amino acid of the peptide is amidated;
ar
(b) SEQ 1D NO: 184 with up to 3 amino acid modifications relative to
SEQ ID NO: 184, which peptide (i} retains His at position 1, (ii} retains an amino acid covalently
attached to a C12 to C18 acy!l or alkyl group at position 10 or position 40 and (iii} comprises AIB or d-
Ser at position 2;
wherein the peptide exhibits agonist activity at each of the human GIP
receptor, and the human GLP-1 receptor and, optionally, the human glucagon receptor, wherein the

EC50 of peptide at each of the human GIP receptor and human GLP-1 receptor is about 1 nM or less.

2. The peptide of claim 1, wherein X10 is Tyr and the amino acid at position 40

is an amino acid covalently attached to a C12 to C18 acyl or alkyl group.
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3. The peptide of claim 2, further comprising Gly at position 41.

4. The peptide of claim 1, wherein X10 is an amino acid covalently attached to

a C12-C18 acyl or alkyl group.

5. The peptide of any one of claims 1 to 4, wherein the amino acid at position

16 of the peptide is a negative charged amino acid or an o,a-disubstituted amino acid.

5. The peptide of claim 5, wherein the negative charged amino acid is Glu.

7. The peptide of claim 5, wherein the o,a-disubstituted amino acid comprises
R1 and R2, each of which is bonded to the alpha carbon, wherein each of R1 and R2 is independently
selected from the group consisting of C1-C4 alkyl, optionally substituted with a hydroxyl, amide,

thiol, halo, or R1 and R2 together with the alpha carbon to which they are attached form a ring.

8. The peptide of claim 7, wherein the alpha, alpha disubstituted amino acid is
AlB.

9. The peptide of any one of claims 1 to 8, wherein X20 is Gin.

10. The peptide of claim 9, wherein the amino acid at position 16 is a negative

charged amino acid and X20 is Gin.

11. The peptide of claim 10, wherein X18 is Ala.

12. The peptide of claim any one of claims 1 to 8, wherein X20 is AlB.

13. The peptide of claim 12, wherein X16 is any amino acid other than AlB.

14, The peptide of any one of claims 1 to 13, wherein X28 is an acidic amino acid

and X35 is a basic amino acid.

15. The peptide of claim 14, wherein the acidic amino acid is Asp or Glu and/or

the basic amino acid is Arg or Lys.
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The peptide of any one of claims 1 to 15, wherein at least one amino acid C-

terminal to the amino acid at position 27 is a charged amino acid.

17.

18.

18.

Formuta I:

20.

21.

The peptide of claim 16, wherein the charged amino acid is at position 28,
The peptide of claim 17, wherein the charged amino acid is Asp.
The peptide of claim 17, wherein the charged amino acid is an amino acid of

H
H,N——C——COOH

(CHz),

|

NH,

whereinn=11t04,
The peptide of claim 18, wherein the amino acid of Formula | is Lys.

The peptide of any one of claims 1 to 20, wherein the amino acid covalently

attached to a C12 to C18 acyl or atkyl group is attached to a C14 or C16 fatty acyl group.

22,

The peptide of any one of claims 1 to 21, wherein the amino acid covalently

attached to a C12 to C18 acyl or alkyl group is Tyr, amino-Phe, or an amino acid comprising a

structure of Formula |, Formula §l, or Formula 1, attached to a C12 to C18 acyl or alkyl group,

wherein each of Formulae [ to t is:

H
Hy;N——C~——COOH

(CHz)n

|

NH,
whereinn=1to4

[Formula I3;
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H
HyN——C—CQOOH

(CHz)n

OH
whereinn=1t0 4

[Formula ll}; and
H
H,N——C——COOH

(CHa)n

SH
whereinn=1to0 4

[Formula 11].

23. The peptide of claim 22, wherein the amino acid of Formuia | is Lys, the

amino acid of Formula Il is Cys, or the amino acid of Formula Il is Ser.

24. The peptide of any one of claims 1 to 22, wherein the C12 to €18 acyl or

alkyl group is covalently liked to the amino acid via a spacer 3 to 10 atoms in length.
25. The peptide of claim 24, wherein the spacer is an amino acid or dipeptide.

26. The peptide of claim 25, wherein the spacer comprises two acidic amino acid

residues.

27. The peptide of claim 1, comprising the sequence of SEQ D NO: 184 with up
to 3 amino acid modifications relative to SEQ 1D NO: 184, wherein X; of the peptide is an acidic,
basic, or hydrophebic amino acid.

28. The peptide of claim 27, wherein X; is Glu, Orn, or Nle.

29. The peptide of claim 1, comprising the sequence of SEQ ID NO: 184 with up

to 3 amino acid modifications relative to SEQ 1D NOQ: 184, wherein X,; of the peptide is Val or Lys,



200

30. The peptide of claim 1, comprising the sequence of SEQ D NO: 184 with up
to 3 amino acid modifications relative to SEQ ID NO: 184, wherein the modifications are

substitutions at position(s) 2, 3, 12, 17, 18, 24, 27, 28, and/or 29.

31. The peptide of claim 30, comprising e at position 12, Gln at position 17,

and/or Asn at position 24,

32. The peptide of claim 1, comprising the sequence of SEQ ID NO: 184 with up
to 3 amino acid modifications relative to SEQ D NO: 184, wherein the amino acid maodifications are

conservative substitutions.

33. The peptide of claim 1, comprising an amino acid sequence selected from
the group consisting of: SEQ (D NOs: 27, 28, 33, 35, 36, 37, 38, 39, 41, 79, 80, 89, 90, 146, 148, 153,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 171, 176, 177, 203, 204, 205, 207, 212, 262,
263 and 264,

34, A dimer or multimer comprising two or more peptides of any one of the

preceding claims.

35. A conjugate comprising a peptide of any one of the preceding claims and a

conjugate moiety.

36, A fusion peptide comprising a peptide of any one of the preceding claims

fused to a heterologous peptide.

37. A pharmaceutical composition comprising a peptide of any one of claims 1
to 33, a dimer or multimer of claim 34, a conjugate of claim 35, a fusion peptide of claim 36, or a

combination thereof, and a pharmaceutically acceptable carrier, diluent, or excipient.

38. A peptide of any one of claims 1 to 33, a dimer or multimer of claim 34, a
conjugate of claim 35, a fusion peptide of claim 36, or a combination thereof, for use in reducing

weight gain or inducing weight loss in a subject in need thereof.

39. A peptide of any one of claims 1 to 33, a dimer or multimer of ¢laim 36, a
conjugate of claim 37, a fusion peptide of claim 38, or a combination thereof, for use in treating

diabetes in a subject in need thereof.
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40. Use of a peptide of any one of claims 1 to 33, a dimer or multimer of claim
34, a conjugate of claim 35, a fusion peptide of claim 36, or a combination thereof, in the
manufacture of a medicament for reducing weight gain or inducing weight loss in a subject in need

thereof.

41, Use of a peptide of any one of claims 1 to 33, a dimer or multimer of claim
34, a conjugate of claim 35, a fusion peptide of claim 36, or a combination thereof, in the

manufacture of a medicament for treating diabetes in a subject in need thereof.



DOCS-_1756766-v1-45700A_SeqlListing
SEQUENCE LISTING -

<110> Dimarchi, et al.
<120> GLUCAGON ANALOGS EXHIBITING GIP RECEPTOR ACTIVITY
<130> 331135/45700A

<160> 264

<170> Patentin version 3.5
<210> 1

<?11> 29

<Z217> PRT

<213> Homo sapiens

<220>
<221> MISC“FEATURE
<223> Wild type glucagon

<400> 1

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 Gln TTp Leu Met Asn Thr

20

<210> 2

<211> 42

<212> PRY

<213> Homo sapiens

<220>

<?221> CHAIN

<222> (1)..(42)

<223> Gastric Inhibitory polypeptide

<400> 2
gyr Ala Glu Gly ghr phe tle Ser Asp {gr ser Ite Ala Met Aﬁp Lys
1

tle His GIn GIn Asp Phe val Asn Trp Leu teu Ala Gln Lys Gly tys
20 25 30
Lys Asn Asp Trp Lys His Asn Ile Thr ¢ln
35 40

<210> 3

<211> 30

<212> PRT

<213> Artificial sequence

<220>
<223> synthetic polypeptide

<220
<221 MISC_FEATURE
Page 1



<210> 263

<211> 39

<212> PRT

<213> Arificial Sequence

<220>
<223> Synthetic peptide

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaais AIB

<220>

<221> MISC_FEATURE

<222> (10)..(10)

<223> Acylated with a C16 fatty acyl group via gamma-Glu spacer

<220>

<221> MISC FEATURE
<222> (20)..(20)

<223> Xaais AIB

<220>

<221> MISC_FEATURE
<222> (39)..(39)

<223> C-terminal amidation

<400> 263

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

Arg Arg Ala Xaa Glu Phe Val Gin Trp Leu Leu Asp Gly Gly Pro Ser
20 25 30

Ser Gly Ala Pro Pro Pro Ser
35

<210> 264

<211> 41

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide

Page 155



<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaais AlB

<220>

<221> MISC_FEATURE

<222> (40)..(40)

<223> Sulfur of Cys is S-alkylated with -C(COO)H(CH2)13CH3

<220>

<221> MISC_FEATURE
<222> (41)..(41)

<223> C-terminal amidation
<400> 264

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

Arg Ala Ala GIn Asp Phe Val Gin Trp Leu Leu Asp Gly Gly Pro Ser
20 25 30

Ser Gly Ala Pro Pro Pro Ser Cys Gly
35 40

Page 156
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TABLE 8
Glu GLP GIp
{0.025) (0.025 .00
GIP/GLP-1/ghuicagon triagonist peptide:
SEQID HaibQGTFISDK(YE-
NO: 28 C16)SKYLDERAAQDFVQWLLDGGPSSGAPPPS. | 0002 002 0.003
NH, /
GIP/GLP-1 co-agonist peptide:
SEQID HaitbEGTFTSDEK(YE- _
NO: 39 C16)SKYLDERAAQDFVQWLLDGGPSSGAPPPS. | }276 0.008 0.026
NH
? /]
GIP/GLP-1/ghacagon tiagonist peptide:
SFQ 1D HaibQGTFTSDK(YE-
NO: 37 C16)SKYLDERR AaibEFVQWLLDGGPSSGABPPS- | 0004 0.006 0.003
NH
e
GIP/GLP-1 co-agonist peptide:
SEQID HaibEGTFTSDE(vE-
NO:262 | C16)SKYLDERRA2ibEFVQWLLD@GPSSGAPPPS. | 0127 0.008 0.012
NH
2

[00591] To test in vivo activities of these peptides, the peptides of Table 8 (excluding
native peptides) were subcutanegudsly injected into DIO mice (C57B66 mice) at either 5 or 10
nmol/kg every Monday, Wedy sday, and Friday, for 4 weeks. The mice were fed a high fat,

diabetogenic diet. As shown in Figure 1, the body weight of the mice which received

injections of one of theg€ peptides was lowered, as compared, to vehicle control,

EXAMPLE 15

[00592] Acylated peptides comprising the amino acid sequence of SEQ ID NO: 1 (native
glucagon) Ah a Tyr at position 1, AIB at position 2, Glu at position 3, lle at position 12, Lys
at positigh 16, Gln at position 17, Ala at position 18, AIB at position 20, Glu at position 21,

Asn af position 24, Leu at position 27, Ala at position 28, Gly at position 29, followed by the
ap no acid sequence GPSSGSPPPS (SEQ ID NO: 5), and a C-terminal amidation were made
/ as essentially described in Example 1. The peptides differed by the type of acylation, type of
acylation spacer, and/or position of acylated amino acid. The different acylated residues are

depicted in Figure 3. The peptides were then tested for in vitro activity at each of the
w--glueageﬂ—reeeptﬂfvﬁ%&%eeptﬁmﬁ&&eﬁﬁfecemmmsmﬁaﬂyﬁmmm :
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What is claimed:

1. An analog of glucagon (SEQ ID NO: Deomprising:
a. an amino acid comprising an imidazole side chain at p §ﬂion I
b. an DPP-IV protective amino acid at position 2, o;_aijg;ﬁly, AlB;
c. an acylated amino acid or alkylated amino ac?iﬁf;i' any of positions

9, 10,12, 16, 20, or 37-43, optionally whergin the acyl or alky]

group is linked to the amino acid via a sphcer;

d. an alpha helix stabilizing amino acid at one or more of positions
16-21, optionally, position 16, whierein the analog does not
comprise an alpha helix stabilifing amine acid at position 20;

#

e. an Arg at posttion 17 zmd,e‘f; small aliphatic amino acid af position
18 and f,ﬁf
s‘ﬂf
f up to ten a.dditionﬁgtframmo acid modifications relative (o SEQ ID
NO: 1;

wherein, when the giuca}_{@n analog lacks a hydrophilic moiety, the ghicagon
analog exhibits a GIP percentage potency of at least 0.1%, wherein the glucagon analog has less

than 100-fold selectiviey for the hu fan GLP-1 receptor versus the GIP receptor,

/

optionally, whjgféin the analog comprises SEQ 1D NO: 184,
v
2. The'glucagon analog of claim 1, wherein:

AA)  the analog comprises an alpha helix stabilizing amine acid at

/" position 16, optionally, wherein the alpha helix stabilizing amino acid is a

/‘ negative charged amino acid or an alpha, alpha disubstituted amino acid,
ff ‘ optionally, wherein the negative charged amino acid is Glu, optionally,
!ff{ wherein the a,o-disubstituted amino acid comprises RY and R2, each of
ff which is bonded to the alpha carbon, wherein sach of R1 and R2 is
/
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independently selected from the group consisting of C1-C4 alkyl, |
optionally substituted with a hydroxyl, amide, thiol, halo, or R1 a.n’c; R2
together with the alpha carbon to which they are atiached ‘R‘)rznfii';ring;
optionally, wherein the alpha, alpha disubstituted amino acid? is AIB

&

(B3 the analog is not modified at position 20 compa\gﬁa to SEQ D NG:

. P
i;or d

{Cy  acombination thereof,

The glucagon analog of claim 1 or 2, wher&:/iii:
s
{Ay  the glucagon analog comprises (i} an extension of 1 to 21 amino

acids C-terminal to the amino acid atposition 29 or (iz) the acylated amino

s
acid or atkylated amino acid is ].Qgsfted at position 10, 12, or 16;
£
{(B)  the amino acid at posifiﬁbn 1 1s His or a His derivative;
&

&

() the amino acid atlp%sit%{)n 2 Is an alpha, alpha disubstituted amino
/‘./
7

agid;

{0y the amino f;,md at position 2 1s an o,g-disubstituted amino acid
comprising RI fajgd R2, each of which is bonded to the alpha carbon,
whercin cac}f of R1 and R2 is independently selected from the group
censistin_gf{}f C1-C4 alkyl, optionally substituted with a hydroxvl, amide,
thiol, %;a{o, or R1 and R2 together with the alpha carbon to which they are

7 ,
attaghed form a ring;
7

g
n-"] . .
/{E) the amino acid at position 2 is AIB;

4
(F) the glucagon analeg comprises an extension of T 1o 21 amino acids

C-terminal to the amine acid at position 29; and (i} the amino acid at
position 29 is Gly; (ii) the extension comprises an amino acid sequence
which forms a Trp cage structure or the extension comprises at least one

charged amino acid; (i) the extension comprises an amino acid sequence
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which forins a Trp cage structure and the exfension comprises the amino
acid sequence of GPSSGAPPPS (S8EQ 1D NG: 5y, ora consegﬁa.tivaly
subsiituted sequence therecf (iv) the extension comprises aﬁeaxl one
charged amino acid and comprises an amdino acid seque{;ge of: X1-X2,
wherein X1 is a charged amino acid and X2 is a sz-nal}filiphatic anyine

. . - vy b < & . . .
acid; optionally, wherein X1 is a positive charged amino acid; optionally,

Arg; optionally, wherein the extension comprises’Arg-Gly; (Viora

combination of (t) and (i1) or {1ii) or (iv);

{3y the acylated amimo acid or alkkylated amino acid is at position 14;

i

(H)  the acyl group or alkyl groap i {attached to an amino acid
camprising a structure of Formula gfbptiomlly, Lys), Pormula 1T

{optionally, Cys), or Formula HI foptionally, Ser), wherein each of

Formulae 1, I, and [T, s

H
e G e GOOH

(CHz)n

NH-
whereinn= 1 {04

{Formula Tj;
H
H N Gommen COOH

(CHaln

|

OH
whereinn= 1 (o 4
[Formula H]; and
g
Ho-——C——CO0H
(CHa)y

SH
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whereinn=1t04

[Formula T11.

ra

or a combinafion thereof, Ve
(I) the amino acid of the acyl group or slkyl group is attacb’éd s}
amino-Phe or Tyr; ) f

&
£

{n the acyl group or alkyl group s linked to an 37'(0 acid via a

spacer 3 to 10 atoms in lengthy

/

g
{K)  the spacer is an amino acid or d.jpe:@tide;} /

(Ly  the spacer comprises one or two acidic amine acid residues;
: g

(M)  the acylated amino acid or alkyih;iféd amino acid is linked to the
{{
acyl ar alkyl group via a spacer whergin the total length of the spacer and

the acyl group is about 14 to abau}‘/ﬁ% atoms in length;
S

&

y

(N} the acylated amino acid or alkylated amino acid is attached to a

12 to CI8 fatty acyl grm{]ﬁ‘f cptionally, a C14 or C16 fatty acyl group;
/

{0y the ghicagon a;grﬁiag comprises at least one charged amino acid C-
terminal to the ami;}fi‘f acid at position 27; optionally, whersin the charged
aming acid is at Qé’féition 28, optionally, wherein the charged amino acid i
a negative chz}}*éed amino acid, optionally, Asp; optionally, wherein the
charged an'}_iﬁ/o acid is u positive charged amine acid,optionally, an amino
acid fofjé}xnula I

a

H
HoN——C~——COOH

(CHz)y

NH,
whereinn=1t0 4

[Formula T}
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(M the glucagon analog comprises a Lyy at position 28;

{Q)  the glucagon analog comprises an amino acid modification at

i

position 27, at position 29, or at both positions 27 and 29; ’/y

(R}  the glucagon analog comprises Len, Nie, Val, or Lys z}i*‘;posiﬁon
P

&

27;
{8y the plucagon analog comprseis Gly or Thr at pﬁ%i‘éion 29;
y

5

(T)  the glucagen analog comprises comprising one or more of:

i a DPP-1V protective amino agid at position. 1;

H. an acidic amino acid, optionatly, Glu, at position 3;
Hj i
4

Hl. an e at position 7;

v, an He or Arg atposition 12;

v, an acidic ahino acid, optionally, Ghu, at position 15;
Vi an aljphatic amino acid, optionally, Ala at position 18;
f1 acidic amino acid, optionally, Glu, at position 21;
an Asn, Ala, or AIB al position 24;

A% an aliphatic amino acid, optionally, Ala, or Leu, or Nie, at

position 27;

X an acidic aming acid, optionally, Glu, or an aliphatic amino

acid, optionally, Ala, at position 28;
X1, an aliphatic amino acid, optionally, Ala, at position 29;

Xil. aridation at the C-terminus:
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() the glucagon analog comprises the amino acid sequence ofytA)
any of SEQ [D NOs: 184-199; {13) any of SEQ 1D NOs: 28, 29, 31, 37-41,
79, 80, 89, 90, 95, 130, 145-152, 155-167, 171, 176, 177, 180/ 203-207,
212, and 230; or (C) any of SEQ 1D NGs: 28, 37, 89, 95, ifé 171, and

180; or /

(V)  acombination thereof. I
4
e‘{f
4, A peptide comprising the sequence of i
(1) SEQIDNO: 184, /

P

) |
G TRTS DX 65K Y LD 6R X16A K030 FY QWA s Ken GPSS G X5 PPPS
(SEQ 1D NO: 184) /

wherein: J/{ﬁ
X, is AIB; /
Xy is Gin or Gln analog; /jj ’
Xipis Tyr or an amino acid coyé‘éenﬂy attached to a C12 to C18 acy! or alkyl
group, £

X4 Is any amino acid, opljti’{;ﬁally, any amino acid other than Gly, Pro, and Ser;
Higis Arg or Ala; ’ ’

Xap 18 negative charg?é'd amino acid or a charge-neutral amino acid, optionally,
ABorGly

Koy is an acidig’%unim acid, optionally, Asp or Gly;

Ko7 is Leu, Aia, Nie, or Met;

Kog 18 Alg;f’ér an acidic amino acid (optionally, Asp or Glu);

Hog 18 Ald or Gly;

3(315 Ala or a basic amino acid (optionally, Arg or Lys);

wherein, when Xag is an acidic amino acid, Xss is a basic amino acid;

7
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wherein, wher X;g 18 Tyr, the peptide comprises at position 40 an amino acid covalently/

attached to a C12 1o C18 acyi or alky! group, and, wherein, optionally, the peptide compriseily

at position 41,

wherein the C-terminal amino acid of the peptide is amidated; iy

/

¢
63} SEQ ID NO: 184 with up to 3 amino acid mo ,'fgf:/aiions relative to
SEQ ID NO: 184, wherein the peptide exhibits agonist activity at each of the human GIP

=

receptor, the human GLP-1 receptor and the human glucagon receptor,/
P I 2 ! f

Vi
Ed

wherein, optionally: s

7

/
{A)  Xjpis Tyr, the peptide C-omp.:‘isgé/at position 40 an anvino acid
I
covalently attached to a C12 1o Ci SJ@;’G}/E or alkyl group, and the peptide

optionally comprises Gly at p{}sig‘ic{n 41
or

Ny is an amino acid covglently attached to a C12~C18 acyl or alkyl group

B Hag 18 Gln, optionally, wherein the amino acid al position 1618 a
9 I
negative charged Amino acid, optionally, wherein the amino acid at
j
position 16 is Gilu; optionally, wherein Xz 1s Ala
:

7
F

OF r
4

a0 ;’._"’AIB; optionally, wherein X4 18 any amino acid other than AIB
(C{} (i} X5 is an acidic amine acid, optionally Asp or Glu, and Xsis a

gf bagic amino acid, optionally Arg or Lys, {i1) only one of Xay, Xog and Xy

i . . . . .
/4 is an Ala, (iii} the peptide comprize an amidated Gly at the C-terminus

7 {3y theup to 3 amino acid modifications are conservative

/ substituiions; or
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{E} a combination thercof,
5. A peptide comprising the sequence of

(A)  SEQID NO: 185,
/

HXGQOGTFTSDX pSKYLDX s RX s AX 50X F VQWLXQ?XQ@XQQQPSSGAP PPS
Iy

(SEQ ID NOG: 185) S
wherein: 4
Xy is AIB; s
X1 is Tyr or an amino acid covalently a’{tach?elfm 2 C12 to C18 acyl or atkyl
Sroup; f

¥y is Gy, an alpha, alpha disubstituted gmino acid, Lys or
7

F

Xyg is Argor Ala; jf
Hopis AIB or Glng z’f ‘
Xy is Asp or Glu; / I
Xris Leu Nie,or Met; /7

Xag 18 Ala, Asp or Ghy; /
Mg is Gly of Thr; ﬁs-f' :
and ,
wherein, when Xy is Tyl;g’é}{: peptide comprises at position 40 an amine acid covalently
attached to a C12 to C18 acylfeiji;) alleyl group, and, wherein, optionally, the peptide comprises Gly

al position 41,

(B)  SEQ D NO: 185 with up fo 3 amino acid modifications relative o

SEQ ID NG 185, wherein the peptide exhibits agonist activity at each of the human GIP

i

receptor;"’%he hwman GLP-1 receptor and the hwman glucagon receptor, optionally, wherein the

up to 3 amine acid modifications are conservative substitutions
k4
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or

{C)  SEQID NG: 186,

HX,XaGTRTSDY pSKY LDX R X8 A XagXa1 FV QWL 76 Xog
(SEQ 1D NO: 186) /

wherein; /
Xy is AIB; /
X is Gln or Gln analog;
Xyp is Tyr or an amino acid covalently attached to a Cl O/i:b C26 acyl or alkyl
grou, , 4
Xisis any amino acid oplionally, any amino acid o/tﬁ?m' than Gly, Pro, and Ser;
Y
Xyp is Arg or Ala; :
rs
Ko 18 a negative charged amino acid or a ohg;rée-neutrai aminge acid, optionally,
AIB or Gln; )
Ky 18 Koy 15 an acidic amino acid, c}pligﬁ;ﬂiy, Asp or Glu;
o718 Lew, Ala, Nle, or Met; :
Koy is Als or an acidic apiing acigi-"’!fbptioﬂaiiy, Asp or Glu):

Xogis Ala, Glvor Thr; and

wherein the peptide comprises an&mino acid covalently attached to a C10 to C26 acyl or
o
allkyl group, optionally, at position 10,/and the C-terminal amino acid of the peptide is amidated;

;
A

J
or

(D) ‘:.FQ 1D NO: 186 with up to 3 amino acid modifications relative to
SEQ ID NO: 184, wiwrei}l"%he pepiide exhibits agonist activity at each of the human (TP
receptor, the human G‘/L"Pl receptor and the human glucagon receptor: optionally wherein the up
to 3 amine acid moﬁi’%caﬁons are conservative substitutions;

ff

7

S

7 (B}  SEQIDNO:187:




alkyl group, optionally, at positionl9, and th

wherein:
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4
HYX,QGTFTSDX 6SKYLDX 1R 3A X0 X0 FVQWLX07305X00 dﬁ f
(SEQ ID NO: 187) }ﬂf
j‘f
X, is AlB;
Kyg is Tyr or an amino acid covalently attached to a C10 to CZéfacv or alkyl
groupn, /

7
X518 Glu, alpha, alpha-disubstituted amino acid, or Lys, /

Xygis Arg or Ala; ‘

Kag is 2 negative charged amino acid or a cliargc—licgt{fﬁ aminoe acid, optionally,
AIB or Gln:

Kay iz Asp or Glug

¥o7 is Ley, Ala, Nle, or Met;

Xae 18 Ala, Asp or Glu;

Koo 18 Gly or The; and

wherein the peptide comprises an amino dud covalently attached to a C12t0 Cl8 acyl or

“terminal amino acid of the peptide is amidated;

or

{F} SEG ]D ?\JO 187 with up to 3 amino acid modifications relative to

SEQ [D NO: 187, wherein the p@pude exlubits agonist ectivity at each of the humean GIP

receptor, the laman GLP-1 rccepio; and the lmman glicagon receptor; oplionally, wherein the

up to 3 amino acid modifi 1..1{:3&19115 are conservative substitutions

&

4
or

i
7
&

i

‘j ()  SEQID NO: 188, or a sequence of SEQ ID NG, 188 with ap to 3
;f amino acid modificetions relative to SEQ ID NO: 188, wherein the peptide
7 exhibits agonist activity at each of the human GIP receptor and the human

GLP-1 receptor

or
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(Hy  SEQID NO: 189, or a sequence of SEQ IDNO: 189 withup to 3
zmino acid modifications relative to SEQ [D NO: 189, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the {man
GLP-1 receptor /

r

ar i
S

(D SEQ ID NO: 190, or a sequence of SEQ ID Ng:ef{F}U with up 10 3

amino acid modifications relative to 3EQ 1D NO: 15}(}* wherein the peptide
exhibits agonist activity at each of the human GI];»";e{:epter and the human
£

GLP-1 receptor

A
or f/
(5} SEQIDNO: 191, ora sequenp’e/ of SEQ 1D NO: 191 withup 1o 3

apuno acid modifications relative g SEQ ID NO: 191, wherein the peptide
7
exhibits agonist activity at each ¢f the buman GIP receptor and the human

GLP-1 receptor

oF

!,

(Ky SEQID ’\10192 or a sequence of SEQ IDNO: 192 withup 1o 3
amino acid moéiﬁaatiens relative to SEQ I WO 192, wherein the peptide
exhibits agﬁqj{s{.aotivity at cach of the human GIP receptor and the human
GLP-1 recgﬁ%ﬁr, and optionally, wherein the peptide exhibits agonist
aCTiV’iﬁ}’ﬂ?L’;T}IO human glucagon receptor

i
y

or &

i

f{L) SEQ D NGO 193, ora sequence of SEQ ID NO: 193 withup to 3
/ amino acid modifications relative to SEQ 1D NO: 193, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human
GLP-1 receptor, opticnally, wherein the peptide exhibits agonist activity at

the hurnan glicagon receptor
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(M) SEQ ID NO: 194, or a sequence of SEQ ID NO: 194 with ¥p to 3
amino acid modifications relative to SEQ ID NO: 194, whereindhe peptide
exhibiis agonist activity at each of the human GIP receptor add the human

GLP-1 receptor, optionally, wherein the peptide exhibits r;cl‘gfonist activity at
y

the human glicagon receptor / 4
/
or /
(N} SEQ ID NGO 195, or a sequence of SE}E} TDNO: 195 withupto 3

i
amino acid modifications refative to SEQ D NO: 195, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human
GLP-1 receptor, optionally, wherein the peptide exthibits agonist activity at
&

r,
the human glecagon receptor. 7

6. The peptide of claim 5, part 9&4 part (DY, comprising SEQ 1D NO: 186
or SEQ 1D NO: 186 with up to 3 amino acid nmd/_i.rﬁcations, relative to SEQ ID NO: 186:;

wherein: /

)y
(A)  Xagis AIB; pﬁ)t.ionally, wherein Xoq is Thr and the peptide does not
comprise GPESGAPPPS (SEQ I NO: 5); whersin X ¢ is an amino acid

other than A.I};S';

afﬂ
or #

&
4

Ko ;;_;;“Gin; optionally, wherein the amino acid at position 16 is a negative
c};éfged amine acid (optionally, Glu); optionally wherein X is Als;
A

Vs

e

‘,f’& (B} Xy is AIB, X5 18 Gln, Xy I8 an amino acid covalently attached to a
/ C10 10 C26 acyl or alkyl group, Xig is Arg or Ala, X is AIB or Gln, X,
is Asp or Gl Xy is Gly, and the C-terminal amino acid is amidated,
£ wherein Gly at position 29 is fused to GPSSGAPPPS followed by Lys or
Lys-Gly, wherein the Lys is covalenty attached to a C10-C26 acyl group;

or
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{(Cy  oracombmation thereof.

7. The peptide of claim 3 part (C} or part (D), or claim 6, exeludin rherein
{a) Xaq is AIB, (b} Koo is Thr, and (¢) the peptide does not comprises SEQ ID NO: 5 Wl'xerein the
peptide comprises an extension of 1 to 21 amino acids Ceterminal to the aming 3%&{ at position
29, optionally, wherein the amino acid at position 29 is Gly and/or (i} the ex%g‘sion COMprises
the amino acid sequence GPSSGAPPPS (SEQ IDNO: 5), ara conservatiz&l@ substituted
sequence thereof, or GPSSGAPPPS (SEQ ID NG 5) followed by Lys oplys-Gly, wherein the
Lys is covalently attached to an C10 to C26 acyl group or (i) the exte.ns'ion comprises the
sequence X1-X2, wherein X1 is a charged amino acid and X2 is af:x“ﬁmil aliphatic amino acid,
optonally, wherein X1 is a positive charged amino acid {opti??z*f’fiy, Argy, optionally wherein the

extension comprises or consists of Arg-Gly. f

8. The peptide of any one ofclaimsj?s‘ to 7 wherein:
7

&

(A)  the CI2-CI8 fatty as:ﬂ or alkyl group is a C14 to C16 fatly acyl or

alkvl group, optionally &ﬁg‘:aéghed via & spacer;
e . . J‘f‘-
(B)  the amino acid’covalently attached to 2 C12 to C18 acyl or alkyl
group is a Lys or a;%ﬁnm?he or Tyr or Cys covalently attached to 2 C12 1o
C18 acyl or alkyl group;

/
() the;épace:r is an amino acid or dipeptide, optionaily, wherein the

spacer g&i}pi’ises ong or two acidic amino acid residues; or
&

o o .

([3)/ a combination thereof,

9. {KA peptide comprising the sequence of SEQ 1D NO: 28, 89,37, 171 or 180,

Aif(ilf An analog comprising a pavent sequence with a total of 0, 1, 2, or 3 amino
acid modifi cg_fféns relative to the parent sequence, wherein the parent sequence is any of SEQ 1D
NOs: 272{ 33,35-39, 41, 78-80, 83, 84, 87, 89, 00, 94, 95, 97, 98, 100, 102-106, 108, 122124,
127, 1%8(, 130, 131or any of SEQ ID NGs: 88, wherein the amino acid modifications are selected
fr?ﬁhe group consisting of

-

4

F

“,




d.

e

k.
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DPP-IV protective amino acid at position 2; optionally AIB or Dy

Ser: {/
s

a large, aliphatic, nonnolar amino acid at position 12, optignally
fle; _
¢
an aming acid other than Arg at position 17, optiopally Gin;
/
a small aliphatic aimino acid at position 18, Op‘éionaﬂy Ala;
an annino acid other than Asp at position 21, optionally Glu;
an amine acid other than Gln at posjtion 24, optionally Asn or Alg;
i
an amino acied other than Met apf;ositmu 27, optionally Lew;
i

f{l.

an amino acid other than Asn at position 28, optionally Ala;
£
an amino acid other tl}én Thr at position 29, optionally Gly;
’/

an extension of 1 £ 21 amino acids C-terminal to the amino acid at

i £
position 2%; and

f‘!

the amino;fi{cid sequence set forth as any of SEQ 1D NCs: 48, 52,

wherein the pepti}d% exhibits agonist activily at each of the human GIP receptor,

the human GLP-1 receptor and the human glucagon receptor.

wherein:

11, The glucagon analog or peptide of any one of the preceding claims,

(A)

(B)

the glucagon analog has less than 100-fold selectivity for the

human GLP-1 receptor versus the GIP receptor;

the EC50 of the glucagon analog at the GIP receptor is within

about 50-lotd from its BCS0 at the GLP-1 receptor;
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(Cy  the BC30 of the glucagon analog at the GIP receptor is within
about 40-fold from its EC50 at the GLP-1 receptor;

',a"
(I} the BCS50 of the glucagon analog at the GIP receptor is \yi“ytililz
s
about 30-fold from its EC30 at the GLP-1 receptor; /

{E) the EC50 of the glucagon analog at the GIP recegﬁ%r is within
about 20-fold from its EC50 at the GLP-1 receptor;

&
b

&

{F}  the EC50 of the glucagon snalog at the (r}P recepior is within

about 10-fold from its EC50 at the GLP-1 rec;ﬁ%or;

(G} the ECS50 of the glucagon analog g{ffﬂm GIP receptor is within

about 3-fold fiom its EC30 at the Gu’f;,éfreceptor;

(f)  the glucagon analog cxhibri,_tfsf! a GIP percentage potency of af least

1%;
D the GIP percenta gefegr;hibi:ts a GIP percentage potency of at least
10%; "

rd

N the GIP pei‘géhtage exhibits a GIP percentage potency of at least
\“j.
20%;

&

Ky the ijl? percentage exhibits a GIF percentage potency of at least
SOOfE% : .‘/,:’v

(L) the GIP percentage exhibits a GIP percentage potency of at least
EQQ%;

S (WD) the glucagon analog exhibits a GLP-1 percentage potency of at

least 1%;

(N} the ghicagon analog exhibits a GLP-1 percentage potency of at
least 10%
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() the glucagon analog exhibits a GLP-1 percentage potency of af

least 50%
7
Vi

(P the glucagon analog exhibits a GLP-1 percentage potq;a%y of at

least 100% 7

{Q)  the GIP percentage potency is within 10-fold higher or lower than

the GLP-1 percentage potency;

{R}  the glucagon percentage potency is at ]qﬁgt 1%;
£

(8} the glucagon percentage potency mzﬁ feast 10%;
{Ty  the glucagon percentage pa‘zez;/g;ﬁ:is at feast 50%:

(L) the glucagon percentage pc:}féncy is at least 100%;

(V) the GIP percentage poténcy is within 10-fold higher or lower than

the glucagon percentage g}g.%:éncy; or
(W) acombination fhereof.

12, A dimer or multimér comprising two or more glucagon analogs or
peptides of any one of the preceding g_,E‘éiéms, or a conjugate comprising the glucagon analog or
peptide of any one of the preceding/claims and a conjugate molety, optionally, wherein the

“rologous peptide analog,

glucagon analog is fused 1o & hel

3. A ph@;‘férﬂaceuiica} composition comprising a glucagon analog or peptide of
any one of claims 1 to 11/a dimer or multimer or corjugate of claim 12, or a combination

thereof, and a pharma}:ém.ically acceptable carrier, diluent, or excipient,

4

Use of a pharmaceutical composition of claim 13 in the manufacture of a

medicament fogreducing weight gain or inducing weight loss in a subject in need thereof,
wherein the dse comprises that the medicament is fo be administered (o 2 patient in need thersof

in an amount effective to reduce weight gain or induce weight loss, optionally, wherein the

amounteffective to treat obesity in the subject in need thereof,
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15, Use of a phanmaceutical composition of claim 13 in the manufacture of ﬁaﬁ/
medicament for use in trealing dizbetes, wherein the use comprises that the medicament is }w“fige
olg.

administered to a patient in need thereof in an amount effective to lower blood glucose E}:}& 1
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1

29

PRT )
Homo sapiens

MISC_FEATURE
wild type glucagon

1

;is Ser Gln Gy ghr phe Thr Ser Asp {gr Ser Lys Tyr Lay igp ser

Arg Arg Ala Gln Asp Phe val ¢In ggp Leu Met Asn Tht
20

<210>
<211>
<Z212=
«213>

<220
<221l
<222>
<223>

<400

2

42

PRT

Homo sapiens

CHAIN
(1)..c42y
Gastric Inhibitory Polype

Tyr Ala Glu Gly Thr Phe T1¢/Ser Asp Tyr Ser Ile Ala Met Asp Lys
1 5 ; 10 15

ITe His GIn Gln Asp Phé
20

LYS ASnh Asp Trp
35 _

val Asn Trp Leu Leu Ala GIn Lys Gly Lys
25 30

5 His Asn Ile Thr Gln
40

Krtificial sequence

synthetic polypeptide

MISC_FEATURE

=



