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What is claimed:

1. An analog of glucagon (SEQ ID NO: 1), comprising:

a. an amino acid comprising an imidazole side chain at position 1;
b. an DPP-1V protective amino acid at position 2, optionally, AIB;
c. an acylated amino acid or alkylated amino acid at any of positions

9,10, 12, 16, 20, or 37-43, optionally wherein the acyl or alkyl

group is linked to the amino acid via a spacer;

d. an alpha helix stabilizing amino acid at one or more of positions
16-21, optionally, posifion 16, wherein the analog does not

comprise an alpha helix stabilizing amino acid at position 20; and

e. up to ten additional amino acid modifications relative to SEQ 1D

NO: 1,

wherein, when the glucagon analog lacks a hydrophilic moiety, the glucagon
analog exhibits a GIP percentage potency of at least 0.1%, wherein the glucagon analog has less

than 100-fold selectivity for the human GLP-1 receptor versus the GIP receptor.
2. The glucagon analog of claim 1, wherein:

(A}  the analog comprises an alpha helix stabilizing amino 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,
optionally, wherein the negative charged amino acid is Glu, optionally,
wherein the o,o-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;

optionally, wherein the alpha, alpha disubstituted amino acid is AIB
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(B)  the analog comprises at position 18 a small aliphatic amino acid,

optionally, Ala, and an Arg at position 17;

{(Cy  the analog is not modified at position 20 compared to SEQ ID NO:

i;or
{DD)  oracombination thereof.

3. An analog of glucagon (SEQ 1D NO: 1), comprising:

a. an amino acid comprising an imidazole side chain at position 1;
b. an DPP-IV protective amino acid at position 2, optionally, AIB;
c. an acylated amino acid or alkylated amino acid at any of positions

9, 10, 12, 16, 20, or 37-43, optionally wherein the acy! or alkyl

group is linked to the amino acid via a spacer;

d. an alpha, alpha disubstituted amino acid at position 20; and
e. up to ten additional amino acid modifications relative to SEQ ID
NO: 1;

wherein, when the glucagon analog lacks a hydrophilic moiety, the glucagon
analog exhibits a GIP percentage potency of at least 0.1%, wherein the glucagon analog has less

than 100-fold selectivity for the human GLP-1 receptor versus the GIP receptor.
4. The glucagon analog of claim 3, wherein

(A)  the o,0-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 R and R2

together with the alpha carbon to which they are attached form a ring;

(B) the o,o-disubstituted at position 20 is AIB;
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(C)  the amino acid at position 16 is an alpha helix stabilizing amino

acid other than AIB;

(D)  the amino acid at position 16 is a charged amino acid, optionally, a

negative charged amino acid or a positive charged amino acid
(E)  the charged amino acid is Glu or Lys; or

(F) a combination thereof.

The glucagon analog of any of claims 1 to 4, wherein:

(A)  the glucagon analog comprises (i) an extension of 1 to 21 amino
acids C-terminal to the amino acid at position 29 or (ii) the acylated amino

acid or alkylated amino acid is located at position 10, 12, or 16;
(B)  the amino acid at position 1 is His or a His derivative;

(C)  the amino acid at position 2 is an alpha, alpha disubstituted amino

acid;

(D) the amino acid at position 2 is an o.¢-disubstituted amino acid
comprising 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;
(F)  the amino acid at position 2 is AIB;

(F) the glucagon analog comprises an extension of 1 to 21 amino acids
C-terminal to the amino acid at position 29; and (i) the amino acid at
position 29 is Gly; (i) the extension comprises an amino acid sequence
which forms a Trp cage structure or the extension comprises at least one

charged amino acid; (iil) the extension comprises an amino acid sequence
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which forms a Trp cage structure and the extension comprises the amino
acid sequence of GPSSGAPPPS (SEQ ID NQ: 5), or a conservatively
substituted sequence thereof (iv) the extension comprises at least one
charged amino acid and comprises an amino acid sequence of: X1-X2,
wherein X1 is a charged amino acid and X2 is a small aliphatic amino
acid; optionally, wherein X1 is a positive charged amino acid (e.g., Arg);

optionally, wherein the extension comprises Arg-Gly;
(GY  the acylated amino acid or alkylated amino acid is at position 14;

(H)  the acyl group or alkyl group is attached to an amino acid
comprising a structure of Formula [ {optionally, Lys), Formula II
(optionally, Cys), or Formula IlI (optionally, Ser), wherein each of
Formulae L, 11, and II1, is:

H
HoN——C——CQOOH

(CHa)p

NH,
wheremn=11to4

[ Formula I];
H
HoN——C——COOH

{CHa)y

OH

whereinn=1to 4

[Formula II}; and
H
Hy;N——C——COOH

(CHZ)n

SH

whereinn~=1to 4



{Formula I11].

or a combination thereof;

() the amino acid of the acyl group or alkyl group is attached to

amino-Phe or Tyr;

" the acyl group or alkyl group is linked to an amine acid via a

spacer 3 to 10 atoms in length;
(K)  the spacer is an amino acid or dipeptide;
(L)  the spacer comprises one or two acidic amine acid residues;

(M) the acylated amino acid or alkylated amino acid is linked to the
acyl or alkyl group via a spacer wherein the total length of the spacer and

the acyl group is about 14 to about 28 atoms in length;

(N)  theacylated amino acid or alkylated amino acid is attached to a

C12 to C18 fatty acyl group, optionally, a Cl4 or C16 fatty acyl group;

{0)  the glucagon analog comprises at least one charged amino acid C-
terminal to the amino acid at position 27; optionally, wherein the charged
amino acid is at position 28, optionally, wherein the charged amino acid is
a negative charged amino acid (e.g., Asp); optionally, wherein the charged
amino acid is a positive charged amino acid (e.g., an amino acid of
Formula I:

H
HyN——~C——COCH

(CH2)n

NH-,
whereinn=11t04
[Formula I};

(P}  the glucagon analog comprises a Lys at position 28;
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the glucagon analog comprises an amino acid modification at

position 27, at position 29, or at both positions 27 and 29;

(R)
27,

(S)

(1)

U

the glucagon analog comprises Leu, Nle, Val, or Lys at position

the glucagon analog comprseis Gly or Thr at position 29;

the ghucagon analog comprises comprising one or more of:

i a DPP-IV protective amino acid at position 1;

. an acidic amino acid, optionaily, Glu, at position 3;
iii. an le at position 7;

iv. an Hle or Arg at position 12;

V. an acidic amino acid, optionally, Glu, at position 15;
V. an aliphatic amino acid, optionally, Ala at position 18§;
Vil. an acidic amino acid, optionally, Glu, at position 21;

viii.  an Asn, Ala, or AIB at position 24;

1X. an aliphatic amino acid, optionally, Ala, or Leu, or Nle, at

position 27;

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

acid, optionally, Ala, at position 28;
X1, an aliphatic amino acid, optionally, Ala, at position 29;
Xil. amidation at the C-terminus;

the glucagon analog comprises the amino acid sequence of: (A}

any of SEQ ID NOs: 184-199; (B) any of SEQ 1D NOs: 28, 29, 31, 37-41,
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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 NOs: 28, 37, 89, 95,130, 171, and
186; or

(V)  or acombination thereof,

6. The glucagon analog of any one of the preceding claims, except for claim
5{A), wherein (i) the amino acid comprising a non-native acyl or alkyl group is located at
position 10 or (i} the glucagon analog comprises an extension of 1 to 21 amino acids C-terminal
to the amino acid at position 29 and an acylated amino acid or alkylated amino acid at any of

positions 37-43, optionally 40.

7. A peptide comprising the sequence of

(a)  SEQIDNO: 184,

HX,X;GTFTSDX 0SKYLDX 6RX18A X 00X FVQWLX 27X 15 X20GPSSG X 3sPPPS
(SEQ ID NO: 184)

wherein:
X, is AIB;
X5 18 Gln or GIn analog;
X1 is Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyl
group;
X4 is any amino acid, optionally, any amino acid other than Gly, Pro, and Ser;
X518 Arg or Ala;
Xa0 15 negative charged amino acid or a charge-neutral amino acid, optionally,
AIB or Gln;
X21 15 an acidic amino acid, optionally, Asp or Glu;
Xz7 18 Leu, Ala, Nle, or Met;
Xzg 1s Ala or an acidic amino acid (optionally, Asp or Glu);
Xzo 18 Ala or Gly;

X35 18 Ala or a basic amino acid (optionally, Arg or Lys});
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wherein, when Xs¢ 1s an acidic amino acid, X35 1s a basic amino acid;

wherein, when X, is Tyr, the peptide comprises at position 40 an amino acid covalently
attached to a C12 to C18 acyl or alkyl group, and, wherein, optionally, the peptide comprises Gly

at position 41,
wherein the C-terminal amino acid of the peptide is amidated;
or

(b) SEQ ID NO: 184 with up to 3 amino acid modifications 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.
8. The peptide of claim 7, wherein:

(A}  Xygis Tyr, the peptide comprises at position 40 an amino acid
covalently attached to a C12 to C18 acyl or alkyl group, and the peptide

optionally comprises Gly at position 41;
or
Xig1s an amino acid covalently attached to a C12-C18 acyl or alkyl group

(B Xy is Gln, optionally, wherein the amino acid at position 16 is a
negative charged amino acid, optionally, wherein the amino acid at

position 16 is Glu; optionally, wherein X4 is Ala
or
Xa0 1s AIB: optionally, wherein X4 1s any amino acid other than AIB

(C) (i) Xpg is an acidic amino acid, optionally Asp or Glu, and X35 1s a
basic amino acid, optionally Arg or Lys, (i1) only one of Xu7, Xzg and X

is an Ala, (ii1) the peptide comprise an amidated Gly at the C-terminus
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(D) the up to 3 amino acid modifications are conservative

substtutions; or
(E) a combination thereof.
9. A peptide comprising the sequence of

(A) SEQIDNO: 185,

HXQGTFTSDX 10K Y LDX 1R X15A X6 Xa 1 FVQWL X7 X5 XosGPSSGAPPPS
(SEQ ID NO: 185)

wherein:
XKois AlB;
Ky is Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyl
group;
Kig 18 Glu, an alpha, alpha disubstituted amino acid, Lys or
Xig is Arg or Ala;
Xy is AIB or Gin,
Xa1 is Asp or Glu;
Xa7 18 Leu, Nle, or Met;
Xag is Ala, Asp or Glu;
Xag is Gly of Thr;
and
wherein, when Xy¢ is Tyr, the peptide comprises at position 40 an amino acid covalently
attached to a C12 to C18 acyl or alkyl group, and, wherein, optionally, the peptide comprises Gly

at position 41,
wherein the C-terminal amino acid of the peptide is amidated;
or

(By  SEQ ID NO: 185 with up to 3 amino acid modifications relative to
SEQ ID NO: 185, wherein the peptide exhibits agonist activity at each of the human GIP
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receptor, the human GLP-1 recepior and the human glucagon receptor, optionally, wherein the

up to 3 amino acid modifications are conservative substitutions
or
(C)y  SEQID NO: 186,

HX,X;GTFTSDX 16SKYLDX 6RX 1A X20X2 FVOWLX27X25Xa0
(SEQ 1D NO: 186)

wherein:

X, is AIB;

X3 18 Gln or Gln analog;

Xy 18 Tyr or an amino acid covalently attached to a C10 to C26 acyl or alkyl
group;

Xig1s any amino acid optionally, any amino acid other than Gly, Pro, and Ser;

X518 Arg or Ala;

Koo 15 a negative charged amino acid or a charge-neutral amino acid, optionally,
AlB or Gln,

Xy 18 Xy; is an acidic amino acid, optionally, Asp or Glu;

Xa718 Leu, Ala, Nle, or Met;

Xog 1s Ala or an acidic amino acid {optionally, Asp or Glu};

Xq9 18 Ala, Gly or Thr; and

wherein the peptide comprises an amino acid covalently attached to a C10 to C26 acyl or

alkyl group, optionally, at position 10, and the C-terminal amino acid of the peptide is amidated;
or

(D)  SEQ ID NO: 186 with up to 3 amino acid modifications relative to
SEQ 1D NO: 186, wherein the peptide exhibits agonist activity at each of the human GIP
receptor, the human GLP-I receptor and the human glucagon receptor; optionally wherein the up

to 3 amino acid modifications are conservative substitutions;

or
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(E)  SEQID NO: 187:

HX,QCTETSDX SKY LDX R X 154 Xa0Xa: FVOWLX 57 X8 Xoo
(SEQ ID NO: 187)

wherein:

X, 18 AIB;

Xio1s Tyr or an amino acid covalently attached to a C10 to C26 acyl or alkyl
group;

Xis1s Glu, alpha, alpha-disubstituted amino acid, or Lys.

Xigis Arg or Ala;

X 18 a negative charged amino acid or a charge-neutral amino acid, optionally,
AlB or Gln;

Xp1 18 Asp or Glu;

Xo71s Leu, Ala, Nle, or Met;

X315 Ala, Asp or Glu;

X0 18 Gly or Thr; and

wherein the peptide comprises an amino acid covalently attached to a C12 to C18 acyl or

alky! group, optionally, at position10, and the C-terminal amino acid of the peptide is amidated;
or

Y] SEQ ID NO: 187 with up to 3 amino acid modifications relative to
SEQ ID NQO: 187, wherein the peptide exhibits agonist activity at each of the human GIP
receptor, the human GLP-1 receptor and the human glucagon receptor; optionally, wherein the

up to 3 amino acid modifications are conservative substitutions

or

(G)  SEQID NO: 188, or a sequence of SEQ ID NO: 188 with up to 3
amino acid modifications relative to SEQ ID NO: 188, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human

GLP-1 receptor
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or

(H) SEQ ID NO: 189, or a sequence of SEQ ID NO: [89 with up to 3
amino acid modifications relative to SEQ 1D NO: 189, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human

GLP-1 receptor
or

(D SEQ ID NO: 190, or a sequence of SEQ ID NO: 190 with up to 3
amino acid modifications relative to SEQ 1D NO: 190, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human

GLP-1 receptor
or

4] SEQ B NO: 191, or a sequence of SEQ ID NO: 191 withup to 3
amino acid modifications relative to SEQ [D NO: 191, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human

GLP-1 receptor
or

(K  SEQID NO: 192, or a sequence of SEQ ID NO: 192 with up to 3
amino acid modifications relative to SEQ ID NO: 192, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human
GLP-1 receptor, and optionally, wherein the peptide exhibits agonist

activity at the human glucagon receptor
or

(L)  SEQ ID NQO: 193, or a sequence of SEQ ID NO: 193 with up to 3
amino acid modifications relative to SEQ ID NO: 193, wherein the peptide

exhibits agonist activity at each of the human GIP receptor and the human
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GLP-1 receptor, optionally, wherein the peptide exhibits agonist activity at

the human glicagon receptor
or

(M)  SEQ ID NO: 194, or a sequence of SEQ ID NO: 194 withup to 3
amino acid modifications relative to SEQ ID NO: 194, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human
GLP-1 receptor, optionally, wherein the peptide exhibits agonist activity at

the human glucagon receptor
or

(N)  SEQID NO: 195, or a sequence of SEQ ID NO: 195 with up to 3
amino acid modifications relative to SEQ ID NO: 195, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human
GIL.P-1 receptor, optionally, wherein the peptide exhibits agonist activity at

the human glucagon recepior.

The peptide of claim 9, part {(C) or part (D), comprising SEQ 1D NO: 186

or SEQ 1D NO: 186 with up to 3 amino acid modifications, relative to SEQ 1D NO: 186;

wherein:

{A)  Xoppis AIB; optionally, wherein X9 18 Thr and the peptide does not
comprise GPSSGAPPPS (SEQ ID NO: 5); wherein X4 is an amino acid
other than AIB;

or

Xaop is Gln; optionally, wherein the amino acid at position 16 is a negative

charged amino acid {e.g., Glu); optionally wherein Xz is Ala;
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(B} X218 AIB, X3 1s Gln, Xy is an amino acid covalently attached to a
C10to C26 acyl or alkyl group, X:g 1s Arg or Ala, Xop is AIB or Gln, Xy
is Asp or Ghu, Xy9 1s Gly, and the C-terminal amino acid is amidated,

wherein Gly at position 29 is fused to GPSSGAPPPS followed by Lys or
Lvs-Gly, wherein the Lys is covalently attached to a C10-C26 acyl group;

or
(C)  or acombination thereof.

The peptide of claim 9 part (C) or part (D), or claim 10, excluding wherein

(a) X5p 18 AIB, (b) Xy is Thr, and (¢} the peptide does not comprises SEQ 1D NO: 5, wherein the

peptide comprises an extension of 1 to 21 amino acids C-terminal to the amino acid at position

29, optionally, wherein the amino acid at position 29 is Gly and/or (i) the extension comprises
the amino acid sequence GPSSGAPPPS (SEQ ID NO: 5), or a conservatively substituted
sequence thereof, or GPSSGAPPPS (SEQ ID NQC: 5) followed by Lys or Lys-Gly, wherein the

Lys is covalently attached to an C10 to C26 acyl group or (ii) the extension comprises the

sequence X1-X2, wherein X1 is a charged amino acid and X2 is a small aliphatic amino acid,

optionally, wherein X1 is a positive charged amino acid (e.g., Arg), optionally wherein the

extension comprises or consists of Arg-Gly.

12.

13.

The peptide of any one of claims 8 to ] wherein:

(A) the C12-C18 fatty acyl or alkyl group is a C14 to C16 fatty acyl or

alleyl group, optionally attached via a spacer;

(B)  the amino acid covalently attached to a C12 to C18 acyl or alkyl
group is a Lys or amino-Phe or Tyr or Cys covalently attached to a Ci12 1o
C18 acyl or alkyl group;

(C)  the spacer is an amino acid or dipeptide, optionally, wherein the

spacer comprises one or two actdic amino acid residues;
(DY  acombination thereof.

A peptide comprising the sequence of SEQ ID NO: 28.
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i4.
or SEQ ID NO: 180.

15.

16.
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A peptide comprising the sequence of SEQ [D NO: 37, SEQ ID NO: 171,

A peptide comprising the sequence of SEQ 1D NO: 89,

An analog of glucagon (SEQ ID NO: 1) having GIP agonist activity,

(a) an amino acid comprising an imidazole side chain at position 1,

(b) at position 16, an amino acid of Formula IV:

H
HoyN——C——COOCH

(CHz)n

N
R
;

{Formula IV],

wherem n is 1 to 7, wherein each of R1 and R2 is independently selected
from the group consisting of H, C1-C18 alkyl, (C1-C18 alkyl)OH, (C1-
C18 alkyl)NH2, (C1-C18 alkyl)SH, (C0-C4 alkyl}(C3-Co)eyeloalkyl, {(CO-
C4 alkyl{C2-C5 heterocyclic), (C0-C4 alkyl)}(C6-C10 aryD)R7, and (C1-
C4 alkyl)(C3-C9 heteroaryl), wherein R7 is H or OH, wherein optionally

the side chain of the amino acid of Formula IV comprises a free amino

group,
{c) an g.o~disubstituted amino acid at position 20,

(d) up to ten additional amino acid modifications relative to SEQ ID

NO: 1,
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wherein, when the analog lacks a hydrophilic moiety, the glucagon analog

exhibits at least 0.1% activity of native GIP at the GIP receptor, wherein the glucagon analog has

less than 100-fold selectivity for the human GLP-1 receptor versus the GIP receptor.

17.

The glucagon analog of claim 16, wherein:
(A) the amino acid at position | is His or a His derivative;

(B) the amino acid of Formula IV in {b) is homoLys, Lys, Orn, or 2,4-
diaminobutyric acid {(Dab);

(C)  the o.,o-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, hale, or R1 and R2
together with the alpha carbon to which they are attached form a ring;

optionally, wherein the o.0-disubstituted amino acid is AIB;
(D) the glucagon analog comprises one or more of:

a. a DPP-IV protective amino acid at position 2; optionally

AIB or D-Ser;

b. a large, aliphatic, nonpolar amino acid at position 12,
optionally Ile;

c. an amino acid orther than Arg at position 17, optionally
Gln;

d. a small aliphatic amino acid at position 18, opticnally Ala;
€. an amino acid other than Asp at position 21, optionally
Glu;

f. an amino acid other than Gln at position 24, optionally Asn

or Ala;
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g. an amino acid other than Met at position 27, optionally
Leu;

h, an amino acid other than Asn at position 28, optionally Ala;
1. an amino acid other than Thr at position 29, optionally Gly;
i an extension of 1 to 21 amino acids C-terminal to the

amino acid at position 29; and

k. the amino acid sequence set forth as any of SEQ ID NOs:
48, 52, 53, and 74,

or a combination thereof.

18.  Ananalog comprising a parent sequence with a total of up to 3 amino acid

modifications relative to the parent sequence, wherein the parent sequence is any of SEQ ID

NOs: 27-33, 35-41, 43-46, 76-80, 83-87, 89, 90, 94-100, 102-112, 120-124, and 127-131, or any
of SEQ ID NOs: 48, 52, 33, and 74, or any of SEQ ID NQs: 50, 51, 54, 56, 58-60, 62-66, 68-70,
72, 73,75, 81, 82, 88,92, 114-119, 125, 126, and 133, wherein the amino acid modifications are

selected from the group consisting of;

DPP-1V protective amino acid at position 2; optionally AIB or D-
Ser;

a large, aliphatic, nonpolar amino acid at position 12, optionally

Ile;

an amino acid orther than Arg at position 17, optionally Gln;

a small aliphatic amino acid at position 18, optionally Ala;

an amino acid other than Asp at position 21, optionally Glu;

an amino acid other than Gln at position 24, optionally Asn or Ala;

an amino acid other than Met at position 27, optionally Leu;
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h. an amino acid other than Asn at position 28, optionally Ala;
i an amino acid other than Thr at position 29, optionally Giy;
I an extension of 1 to 21 amino acids C-terminal to the amino acid at

position 29; and

k. the amo acid sequence set forth as any of SEQ 1D NOs: 48, 52,

53, and 74.

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

(A)  the glucagon analog has less than 100-fold selectivity for the

human GLP-1 receptor versus the GIP receptor;

(B)  the EC50 of the glucagon analog at the GIP receptor is within
about 50-fold from its EC50 at the GL.P-1 receptor;

(Cy  the ECS50 of the glucagon analog at the GIP receptor is within
about 40-fold from its EC50 at the GLP-1 receptor;

(D)  the EC50 of the glucagon analog at the GIP receptor is within
about 30-fold from its EC30 at the GLP-1 receptor;

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

(F) the EC5( of the glucagon analog at the GIP receptor is within
about 10-fold from its ECS50 at the GLP-1 receptor;

{(G)  the EC50 of the glucagon analog at the GIP receptor is within
about 5-fold from its EC50 at the GLP-1 receptor;

()  the glucagon analog exhibits a GIP percentage potency of at least
1%,
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20%:

(K)
50%;

(L)
100%;

M)
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the GIP percentage exhibits a GIP percentage potency of at least

the GIP percentage exhibits a GIP percentage potency of at least

the GIP percentage exhibits a GIP percentage potency of at least

the GIP percentage exhibits a GIP percentage potency of at least

the glucagon analog exhibits a GLP-1 percentage potency of at

least 1%;

(N

the glucagon analog exhibits a GLP-1 percentage potency of at

least 10%

(Oy  the glucagon analog exhibits a GLP-1 percentage potency of at
least 30%
(F) the glucagon analog exhibits a GLP-1 percentage potency of at

least 100%

Q)

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

the GLP-1 percentage potency;

(R)

(S)

(1)

(U

(V)

the glucagon percentage potency is at least 1%;
the glucagon percentage potency is at least [0%;
the glucagon percentage potency is at [east 50%;
the glucagon percentage potency is at least 100%:;

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

the glucagon percentage potency;
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(W}  acombination thereof,

20. A dimer or multimer comprising two or more glucagon analogs or
peptides of any one of the preceding claims, or a conjugate comprising the ghicagon analog or
peptide of any one of the preceding claims and a conjugate moiety, optionally, wherein the

glucagon analog is fused to a heterologous peptide analog.

21. A pharmaceutical composition comprising a glucagon analog or peptide of
any one of claims 1 to 19, a dimer or multimer or conjugate of claim 20, or a combination

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

22, Use of a pharmaceutical composition of claim 21 in the manufacture of a

medicament for reducing weight gain or inducing weight loss or for treating obesity.

23.  Use of a pharmaceutical composition of claim 21 in the manufacture of a
medicament for treating diabetes wherein the medicament is effective to lower blood glucose

levels.
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WHAT IS CLAIMED:

1. An analog of glucagon (SEQ ID NO: 1), comprising:
a. an amino acid comprising an imidazole side chain gf position 1;

b. an DPP-1V protective amino acid at position 2/optionaily, AIB;

c. an acylated amino acid or alkylated aming acid at any of
positions 9, 10, 12, 16, 20, or 37-43, optionally wherein the

acyl or alkyl group is linked to the gmino acid via a spacer;

d. an alpha, alpha disubstituted grhiino acid at position 20; and

e. up to ten additional aming’ acid modifications relative to SEQ
1D NO: 1;

wherein, when the glucagon anafog lacks a hydrophilic moiety, the glucagon
analog exhibits a GIP percentage potency of/at least 0.1%, wherein the glucagon analog has

less than 100-fold selectivity for the humdn GLP-1 receptor versus the GIP receptor.

2. The glucagoryanalog of claim 1, wherein the o,a-disubstituted amino
acid comprises R1 and R2, each ¢f which is bonded to the alpha carbon, wherein each of R

and R2 is independently selected from the group consisting of C1-C4 alkyl, optionally

substituted with a hydrox yl, amide, thiol, halo, or R1 and R2 together with the alpha carbon
to which they are attafj},:ély form a ring.

The glucagon analog of claim 2, wherein the o,e-disubstituted at

position 20 is

4. The glucagon analog of any one of claims 1 to 3, wherein the amino
a? position 16 is an alpha helix stabilizing amino acid other than AIB.
5. The glucagon analog of claim 4, wherein the amino acid at position 16

is a charged amino acid, optionally, a negative charged amino acid or a positive charged

armino acid.
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6. The glucagon analog of claim 5, wherein the charged amino acid 1s

Glu or Lys.
7. An analog of glucagon (SEQ ID NO: 1), comprising:

a. an amino actd comprising an imidazole side chgin at position 1;

b. an DPP-1V protective amino acid at positi

2, optionally, AlIB;

c. an acylated amino acid or alkylated apdino acid at any of
positions 9, 10, 12, 16, 20, or 37-43, optionally wherein the

acyl or alkyl group is linked to the amino acid via a spacer;

d. an alpha helix stabilizing ariino acid at one or more of
positions 16-21, optionadly, position 16, wherein the analog
does not comprise aryalpha helix stabilizing amino acid at

position 20; and

e. up to ten addi

IDNO: 1

ional amino acid modifications relative to SEQ

analog exhibits a GIP percenta

wherein, when the giucagon analog lacks a hydrophilic moiety, the glucagon
?é/fo’sency of at least 0.1%, wherein the glucagon analog has

less than [00-fold selectivitor the human GLP-1 receptor versus the GIP receptor.

8. te glucagon analog of ¢laim 7, comprising an alpha helix stabilizing

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

negative charged gmino acid or an alpha, alpha disubstituted amino acid.

The glucagon analog of claim 8, wherein the negative charged amino

acid is GIf.

_ 190. The glucagon analog of claim 8, wherein the o,a-disubstituted amino
1d 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
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substituted with a hydroxyl, amide, thiol, halo, or R1 and R2 together with the alpha cagbon

to which they are attached form a ring.

I1.  The glucagon analog of claim10, wherein the a,o-disubsfftuted amino

acid is AIB.

12. The glicagon analog of any one of claims 7 to 1}, comprising at

position 18 a small aliphatic amino acid, optionally, Ala, and an Arg/at position 17.

13, The glucagon analog of any one of claimg 7 to 12, wherein the analog

is not modified at position 20 compared to SEQ ID NO: 1.

14. The glucagon analog of any of cléims 1 to 13, comprising (i) an
extension of 1 to 21 amino acids C-terminal to the aphino acid at position 29 or (ii} the

acylated amino acid or alkylated amino acid is logated at position 10, 12, or 16.

15, The glucagon analog #f any one of claims 1 to 14, wherein the amino

acid at position 1 is His or a His derivati

16. The glucagon/analog of any one of claims 1 to 15, wherein the amino

acid at position 2 is an alpha, alpla disubstituted amino acid.

17.  The glucagon analog of claim 16, wherein the o,o-disubstituted amino

acid comprises R1 and RZ, each of which is bonded to the alpha carbon, wherein each of R1
and R2 is independen v selected from the group consisting of C1-C4 alkyl, optionally

substituted with a ydroxyl, amide, thiol, halo, or R1 and R2 together with the alpha carbon

19. The glucagon analog of any of claims 1 to 18, comprising an extension

_ 6 1 to 21 amino acids C-terminal to the amino acid at position 29.
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20.  The glucagon analog of claim 19, wherein the amino acid at position
29 1s Gly.
21, The glucagon analog of claim 19 or 20, wherein the extensio

comprises an amino acid sequence which forms a Trp cage structure.

22. The glucagon analog of claim 21, wherein the extengfon comprises the
amino acid sequence of GPSSGAPPPS (SEQ ID NO: 5), or a conservatigely substituted

sequence thercof,

23.  The glucagon analog of claim 19 or 20, wherein the extension

comprises at least one charged amino acid.

24, The glucagon analog of claim 23¢'wherein the extension comprises an
amino acid sequence of: X1-X2, wherein X1 is a chafged amino acid and X2 is a small

aliphatic amino acid.

25, The glucagon analog of claim 24, wherein X1 is a positive charged
amino acid.

26.  The glucagoy/analog of claim 25, wherein X1 is Arg.

27, The glugagon analog of claim 26, wherein the extension comprises
Arg-Gly.

28. he glucagon analog of any of claims 1 to 27, except for claim 14,
wherein (1) the amifo acid comprising a non-native acyl or alkyl group is located at position
agon analog comprises an extension of 1 to 21 amino acids C-terminal to
the amino actd at position 29 and an acylated amino acid or alkylated amino acid at any of

positions,A7-43, optionally 40.

29, The glucagon analog of claim 1 to 27, wherein the acylated amino acid

alkylated amino acid is at position 14.
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30.  The glucagon analog of any of claims 1 to 29, wherein the acyl group
or alkyl group is attached to an amino acid comprising a structure of Formula I {optionally
Lys), Formula II (optionally, Cys), or Formula Il (optionally, Ser), wherein each of

Formulae I, II, and 111, is:

H
HoN——C——COO0H

(CH2)n

NH,
whereinn =1 to 4

[Formula I];

’
HoN———C——CO@H

wheréinn=1to4

ormula II]; and

H
HyN——C——COOH

(CHz)n

|

SH
whereinn=11to0 4
/ [Formula IH}.

/f“:
/
/

/ 31, The glucagon analog of claim 1 to 29, wherein the amino acid of the
acy%p or alkyl group is attached to amino-Phe or Tyr.

&
&

32.  The glucagon analog of any of claims | to 31, wherein the acyl group

or alkyl group is linked to an amino acid via a spacer 3 to 10 atoms in length.

Y
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33.  The glucagon analog of any of claims 1 to 32, wherein the spacer 1s4n

amino acid or dipeptide.

34, The glucagon analog of claim 33, wherein the spacer compyises one or

two acidic amino acid residues.

35.  The glucagon analog of any of claims 1 to 34, whe
amino acid or alkylated amino acid is linked to the acyl or alkyl group Xia a spacer wherein

the total length of the spacer and the acyl group is about 14 to abouy28 atoms in length.

36. The glucagon analog of any of claims 1 to 33, wherein the acylated

amino acid or alkylated amino acid is attached to a C12 to ¢18 fatty acyl group.

37. The glucagon analog of claim 36 wherein the acyl group is a C14 or

C16 fatty acyl group.

38.  The glucagon analog of/any of claims 1 to 37, comprising at least one

charged amino acid C-terminal to the aming acid at position 27,

39.  The giucagon 14g of claim 38, comprising a charged amino acid at

position 28.

40.  The ?cagon analog of claim 38 or 39, wherein the charged amino
acid is a negative charg? mino acid.
41. /Aﬂ he glucagon analog of claim 40, wherein the negative charged amino

acid is Asp. /f'”

/42 The glucagon analog of claim 38 or 39, wherein the charged amino

e

acidis a pt{;itive charged amino acid.
&

s
b
/ 43.  The glucagon analog of claim 42, wherein the positive charged amino
781{ is an amino acid of Formula I:

5

’j

/
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H
H,N——C——COOH

(CHa)y

NH,
whereinn = 1to 4

[Formula I}.

44.  The glucagon analog of claim 43, wherein the/ amino acid of Formula I

at position 28 is Lys.

45. The glucagon analog of any of claims/ to 44, comprising an amino

acid modification at position 27, at position 29, or at both/ositions 27 and 29.

46.  The gludagon analog of claim ? wherein the amino acid at position
27 1s Leu, Nle, Val, or Lys.

47.  The glucagon analog of claim 45 or 46, wherein the amino acid at

position 29 is Gly or Thr.

48.  The glucagon ghalog of any of claims 1 to 47, comprising one or more

of:
. DPP—I.V protective amino acid at position 1;

an acidic amino acid, optionally, Glu, at position 3;

an lle at position 7,

an Ile or Arg at position 12;

V. an acidic amino acid, optionally, Ghy, at position 15;
\%8 an atiphatic amino acid, optionally, Ala at position 8;

Vil. an acidic amino acid, opticnally, Glu, at position 21;
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viil.  an Asn, Ala, or AIB at position 24;

ix. an aliphatic amino acid, optionally, Ala, or Leu, or Nle,

position 27;

X. an acidic amino acid, optionally, Glu, or an aliplitic amino

acid, optionally, Ala, at position 28;
Xi. an aliphatic amino acid, optionally, Ala,At position 29;
Xil. amidation at the C-terminus,

49,  The glucagon analog of any one of ¢l

amino acid sequence of any of SEQ ID NOs: 184-199.

1ms 1 to 48, comprising the

50. The glucagon analog of any
SEQ ID NOs: 28, 29, 31, 37-41, 79, 80, 89, 90,
180, 203-207, 212, and 230.

e of claims 1 to 48, comprising any of

, 130, 145-152, 155-167, 171, 176,177,

51, The glucagon anglog of claim 50, comprising the amino acid sequence

of any of SEQ ID NOs: 28, 37, 89, 130, 171, and 180.

comprising the sequence of

/SEQ ID NO: 184,

52. A peptids
@ /

HX:X3GTFTSDK oSKYLDX R X 15AX20Xa1 FVQWLX7X5Xp5GPSSGX35PPPS
(SEQ ID NO: 184)

X, is AlB;

X3 1s GIn or Gln analog;

Xi0 1s Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyl
group;

X1s 15 any amino acid, optionally, any amino acid other than Gly, Pro, and Ser;

X518 Arg or Ala;
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Xop is negative charged amino acid or a charge-neutral amino acid, optionaliy
AIB or Gln; /
X1 is an acidic amino acid, optionally, Asp or Glu;

X718 Leu, Ala, Nle, or Met;

X2z 1s Ala or an acidic amino acid (optionally, Asp or Glu);
X295 Ala or Gly;

X33 18 Ala or a basic amino acid (optionally, Arg or Lys);
wherein, when Xpg is an acidic amino acid, X35 is a basic amin /é{:/id;

wherein, when Xy is Tyr, the peptide comprises at position”40 an amino acid
covalently attached to a C12 to C18 acy! or alkyl group, and, wherein, optionally, the peptide

comprises Gly at position 41,
wherein the C-terminal amino acid of the peptidg/is amidated;

or

(b) SEQ ID NO: 184 with up to 3 amine acid modifications
relative to SEQ 1D NO: 184, wherein the pe oide exhibits agonist activity at each of the

human GIP receptor, the human GLP-1 rgCeptor and the human glucagon receptor,

53.  The peptide oficlaim 52, wherein Xy is Tyr, the peptide comprises at
position 40 an amino acid covalently attached to a C12 to CI8 acyl or alkyl group, and the

peptide optionally comprises at position 41.

54.  Thepeptide of claim 52 or 53, wherein Xgis an amino acid covalently

attached to a C12-C18 aéy! or alkyl group.
The peptide of any one of claims 52 to 54, wherein Xy is Gln.

The peptide of claim 535, wherein the amino acid at position 16 is a

negative chafged amino acid, optionally, Glu.

57.  The peptide of claim 56, wherein X5 is Ala.
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58. The peptide of claim any one of claims 52 to 54, wherein Xy 1s AIB,

59.  The peptide of claim 58, wherein X4 is any amino acid other thg
AlB. o

60. ‘The peptide of any one of claims 52 to 59, wherein (i) X is an acidic
amino acid, optionally Asp or Glu, and X35 is a basic amino acid, optionally, rg or Lys, (it)
only one of X»7, Xog and Xy is an Ala, (i11) the peptide comprise an amiddted Gly at the C-

terminus.

61.  The peptide of any one of claims 52 to 60, vherein the up to 3 amino

acid modifications are conservative substitmions.
62. A peptide comprising the sequencg of

(a)  SEQIDNO: i85,

HX2QGTFTSDX 10SKYLDX 6RX 34X 00 X2 FVQWLX07 X6 X0 GPSSGAPPPS
0 1D NO: 185)

wherein:
X5 15 AIB;
Xiqis Tyr or gA

/,‘ is AIB or Gln;
/ 21 18 Asp or Glu;

Xa71s Leu, Nle, or Met;
Xag 18 Ala, Asp or Gl
Xag 18 Gly of Thr;

and
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wherein, when X,¢ is Tyr, the peptide comprises at position 40 an amino acid _
covalently attached to a C12 to C18 acyl or alkyl group, and, wherein, optionally, the pepfi

comprises Gly at position 41,
wherein the C-terminal amino acid of the peptide is amidated;
or

(by SEQ ID NO: 185 with up to 3 amino acid, hodifications
relative to SEQ ID NO: 185, wherein the peptide exhibits agonist ac'ity at each of the

human GIP receptor, the human GLP-1 receptor and the human recepior.

63.  The peptide of claim 62, wherein the 4 3 amino acid modifications

are conservative substitutions.
64. A peptide comprising
1D NO: 186:

(a)  the sequence of SEQ)

HXoXsGTFTSDX 10SKYLDX AR X 184 X20X2 FVQWL X27X28X00
(SEG ID NO: 186)

wherein:

X, is AlB;
X3 15 GIn or Ghyanalog;
X1o1s Tyr or gn amino acid covalently attached to a C10 to C26 acyl or alkyl

p 1s a negative charged amino acid or a charge-neutral amino acid,
optionally, AIB or Gln;

X1 18 X3y 18 an acidic amino acid, optionally, Asp or Glu;

X5y 1s Leu, Ala, Nle, or Met;

Xog is Ala or an acidic amino acid (optionally, Asp or Glu);

Xz 1s Ala, Gly or Thr; and
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wherein the peptide comprises an amino acid covalently attached to a C10 to C26 agyl
or alkyl group, optionally, at position 10, and the C-terminal amino acid of the peptide ig

amidated;
or

(b) SEQ 1D NG: 186 with up to 3 amino acid modi
relative to SEQ 1D NO: 186, wherein the peptide exhibits agonist activity At each of the

human GIP receptor, the human GLP-1 receptor and the human glucagdn receptor.
65. The peptide of claim 64, wherein Xy is AIB/

66.  The peptide of claim 65 wherein Xs0 18/1hr and the peptide does not

comprise GPSSGAPPPS (SEQ ID NO: 5).
/

67. The peptide of claim 65 or 66, {erein X5 15 an amino acid other than

AlB.
68.  The peptide of claim 64,/wherein Xoq is Gln.

69.

71. The peptide of any one of claims 64 to 70, excluding claim 66,

comprising an extension of/] to 21 amino acids C-terminal to the amino acid at position 29.

72. he peptide of claim 71, wherein the amino acid at position 29 is Gly.

73 The peptide of claim 71 or 72, wherein the extension comprises the
amino acid segaence GPSSGAPPPS (SEQ ID NO: 5), ora consefvatively substituted
sequence thereof, or wherein the extension comprises the sequence X1-X2, wherein X1 is a
charged gimino acid and X2 is a small aliphatic amino acid, optionally, wherein X1 is a

positiye charged amino acid.
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74. The peptide of claim 73, wherein the positive charged amino acid is
Arg.

75.  The peptide of claim 74, wherein the extension comprises or gonsists

of Arg-Gly.

76.  The peptide of claim 73, wherein the extension comprises the amino
acid sequence GPSSGAPPPS (SEQ 1D NO: 5) followed by Lys or Lys-(ily, wherein the Lys
is covalently attached to an C10 to C26 acyl group.

77.  The peptide of claim 64, comprising SEQAD NO: 186, wherein X, is
AIB, X5 is G, Xg is an amino acid covalently attached to a £10 to C26 acyl or alkyl group,
X;.g is Arg or Ala, Xup is AIB or Gln, X3 18 Asp or Glu, Xz 1s Gly, and the C-terminal amino
acid is amidated, wherein Gly at position 29 is fused tg/GPSSGAPPPS followed by Lys or
Lys-Gly, wherein the Lys 1s covalently attached to 2/C10-C26 acy! group.

78.  The peptide of any one of claims 64 to 77, wherein the up to 3 amino

acid modifications are conservative substitutions.
79. A peptide comppising
(a) the gequence of SEQ ID NO: 187:

HX2QGTFTSHX (SKYLDX 16RX 18A X6 X2 FVQWLX 27X 25 X2
(SEQ ID NO: 187)

wherein:
X»1s AlB;
10 is Tyr or an amino acid covalently attached to a C10 to C26 acyl or alkyl

group;

X618 Glu, alpha, alpha-disubstituted amino acid, or Lys,

Xz is Arg or Ala;

Xoo 1s a negative charged amino acid or a charge-neutral amino acid,
optionaltly, AIB or Gln;

Xo1 18 Asp or Glu;
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Xo7 18 Leu, Ala, Nle, or Met;

Xog 18 Ala, Asp or Glu;
Xs91s Gly or Thr; and

wherein the peptide comprises an amino acid covalently attached to a C¥2 to C18 acyl

or alkyl group, optionally, at position10, and the C-terminal amino acid of the peptide is

4 acid modifications

{b) SEQIDNO: 187 withupto3a
relative to SEQ ID NO: 187, wherein the peptide exhibits ?Ojriist activity at each of the

human GIP receptor, the human GLP-1 receptor and the Human glucagon receptor.

amidated;

or

80.  The peptide of claim 80, wherein the up to 3 amino acid modifications

are conservative substitutions. /

81. A peptide comprisin ”{he sequence of SEQ ID NO: 188, or a sequence
of SEQ ID NO: 188 with up to 3 amino /Jg modifications relative to SEQ 1D NO: 188,

wherein the peptide exhibits agonist a’étivity at each of the human GIP receptor and the

human GLP-1 receptor. S

&

82. A pepiide comprising the sequence of SEQ ID NO: 189, or a sequence
of SEQ ID NO: 189 with ¥p to 3 amino acid modifications relative to SEQ ID NO: 189,
wherein the peptide exHibits agonist activity at each of the human GIP receptor and the

human GLP-1 receplor.

A peptide comprising the sequence of SEQ ID NO: 190, or a sequence
of SEQ ID XO: 190 with up to 3 amino acid modifications relative to SEQ 1D NO: 190,
e peptide exhibits agonist activity at each of the human GIP receptor and the

humati GLP-1 receptor.

84. A peptide comprising the sequence of SEQ 1D NO: 191, or a sequence
of SEQ ID NO: 191 with up to 3 amino acid modifications relative to SEQ ID NO: 191,
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wherein the peptide exhibits agonist activity at each of the human GIP receptor and the

human GLP-1 receptor.

85, A peptide comprising the sequence of SEQ ID NO: 192, orA sequence
of SEQ ID NO: 192 with up to 3 amino acid modifications relative to SEQ 1D NO: 192,
wherein the peptide exhibits agonist activity at each of the human GIP receptor and the
human GLP-1 receptor, and optionally, wherein the peptide exhibits agopist activity at the

human glucagon receptor.

86. A peptide comprising the sequence of SEQXII} NO: 193, or a sequence
of SEQ ID NO: 193 with up to 3 amino acid modifications reldtive to SEQ ID NO: 193,
wherein the peptide exhibits agonist activity at each of the Human GIP receptor and the
human GLP-1 receptor, optionally, wherein the peptide €xhibits agonist activity at the human

glucagon receptor.

87. A peptide comprising the quence of SEQ ID NO: 194, or a sequence
of SEQ ID NO: 194 with up to 3 amino acid shodifications relative to SEQ ID NO: 194,
wherein the peptide exhibits agonist activity at each of the human GIP receptor and the
human GLP-1 receptor, optionally, whetein the peptide exhibits agonist activity at the human

glucagon receptor.

88. A pepti corﬁprising the sequence of SEQ ID NO: 195, or a sequence
of SEQ 1D NO: 195 with uprto 3 amino acid modifications relative to SEQ ID NO: 195,
wherein the peptide exhilits agonist activity at each of the human GIP receptor and the
human GLP-1 receptor, optionally, wherein the peptide exhibits agonist activity at the human

glucagon receptor.

9.  The peptide of any one of claims 52 to 88 wherein the C12-C18 fatty

acyl or alk {;roup is a C14 to 16 fatty acyl or alkyl group, optionally attached via a spacer.

90.  The peptide of claim any one claims 52 to 89, wherein the amino acid
covalently attached to a C12 to C18 acyl or alky! group is a Lys or amino-Phe or Tyr or Cys
ovalently attached to a C12 to C18 acyl or alky! group.
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91.  There peptide of any one of claims 52 to 90, wherein the spacer is a
amino acid or dipeptide, optionally, wherein the spacer comprises one or two acidic amiro

acid residues.
92. A peptide comprising the sequence of SEQ ID NO: 28.
93. A peptide comprising the sequence of SEQ ID NO: 37.

94, A peptide comprising the sequence of SEQ IDANO: 89,

y
95. A peptide comprising the sequence of SE£) 1D NO: 171,

Q 1D NO: 180

96. A peptide comprising the sequence g

97.  Ananalog of glucagon (SEQ I’ NO: 1) having GIP agonist activity,
/

comprising: /

(a) an amino acid gomprising an imidazole side chain at position 1,

at positiog¥’16, an amino acid of Formula ['V:

H
H,;N——C——COOCH

{CHa)n

N

/g,

Ry
[Formula IV],

wherein n is 1 to 7, wherein each of R1 and R2 is independently
selected from the group consisting of H, C1-C18 alkyl, (C1-C18
alkyDOH, (C1-C18 alkyDNH2, (C1-C18 alkyl)SH, (C0-C4 allkyl)}(C3-
Cé)eycloalkyl, (C0O-C4 alky)(C2-C5 heterocyelic), (C0-C4 alkyl}(C6-
C10 aryh)R7, and (C1-C4 alkyD)(C3-C9 heteroaryl), wherein R7 is H or
OH, wherein optionally the side chain of the amino acid of Formula IV

comprises a free amino group,
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(c) an a,a-~disubstituted amino acid at position 20,

(d) up to fen additional amino acid modifications relative to SEQ

IDNO: 1,

wherein, when the analog lacks a hydrophilic moeiety, the glucageh analog
exhibits at least 0.1% activity of native GIP at the GIP receptor, wherein the glucagon analog

has less than 100-fold selectivity for the human GLP-1 receptor versus the’GIP receptor.

98.  The glucagon analog of claim 97, wherein the Amino acid at position 1

is His or a His derivative.

99.  The glucagon analog of claim 97 or 9§, wherein the amino acid of

Formula IV in (b) ts homoLys, Lys, Om, or 2,4-diaminobtityric acid (Dab).

100.  The glucagon analog of any of claims 97 to 99, wherein the a,0-
disubstituted amino acid comprises R1 and R2, ?a h of which is bonded to the alpha carbon,
wherein each of R1 and R2 is independently sglected from the group consisting of C1-C4

alkyl, optionally substituted with a hydrox

, amide, thiol, hale, or R1 and R2 together with

the alpha carbon to which they are attaclied form a ring.

101,  The glucagog analog of claim 100, wherein the o,a-disubstituted at
position 20 is AIB.

102.  The glucagon analog of any of claims 97 to 101 comprising one or

more of:

a DPP-IV protective amino acid at position 2; optionally AIB
or D-Ser;

a large, aliphatic, nonpolar amino acid at position 12, optionally

e,

an amino acid orther than Arg at position 17, optionally Gln;

d. a small aliphatic amino acid at position 18, optionally Ala;
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e. an amino acid other than Asp at position 21, optionally Glu;
f. an amino acid other than Gln at position 24, optionally As
Ala;

g. an amino acid other than Met at position 27, optio

h. an amino acid other than Asn at position 28, gptionally Ala;
1. an amino acid other than Thr at position 29, optionally Gly;
3. an extension of 1 to 21 amino acids,C-terminal to the amino

acid at position 29; and

k. the amino acid sequence sct' forth as any of SEQ ID NOs: 48,
52,53, and 74.

103.  An analog comprising a pafent sequence with a total of up to 3 amino
acid modifications relative to the parent sequefice, wherein the parent sequence is any of SEQ
ID NOs: 27-33, 35-41, 43-46, 76-80, 83-87, 89, 90, 94-100, 102-112, 120-124, and 127-131,
or any of SEQ 1D NOs: 48, 52, 53, and/74, or any of SEQ ID NOs: 50, 51, 54, 56, 58-60, 62-
66, 68-70, 72, 73, 75, 81, 82, 88, 92,114-119, 125, 126, and 133, wherein the amino acid

modifications are selected from fhe group consisting of:

a " DPP-1V protective amino acid at position 2; optionally AIB or
' 1>-Ser;

a large, aliphatic, nonpolar amino acid at position 12, optionally

Ie;
an amino acid orther than Arg at position 17, optionally Gln;
a small aliphatic amino acid at position 18, optionally Ala;

an amino acid other than Asp at position 21, optionally Glu;
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f an amino acid other than Gln at position 24, optionaily Asn or
Ala;
2. an amino acid other than Met at position 27, optionallyA.cu;
h. an amino acid other than Asn at position 28, optioffally Ala;

i an amino acid other than Thr at position 29, oftionally Gly;

J- an extension of 1 to 21 amino acids C-terminal fo the amino

acid at position 29; and

k. the amino acid sequence set forthf as any of SEQ [D NOs: 48,
52, 53, and 74,

104.  The glucagon analog or peptide,0f any one of the preceding claims,

wherein the glucagon analog has less than 100-fol

versus the GIP receptor.

105.  The glucagon analog/or peptide of any one of the preceding claims,
wherein the EC50 of the glucagon analog at the GIP receptor is within about 50-fold from its
EC50 at the GLP-1 receptor.

106.  The glucggon analog or peptide of any one of the preceding claims,

wherein the EC50 of the glucdgon analog at the GIP receptor is within about 40-fold from its
EC50 at the GLP-1 receptgr.

108.  The glucagon analog or peptide of any one of the preceding claims,
Whersj,n the EC50 of the glucagon analog at the GIP receptor is within about 20-fold from its
Ey/() at the GLP-1 receptor.

/
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109.  The glucagon analog or peptide of any one of the preceding claims,
wherein the EC50 of the glucagon analog at the GIP receptor is within about 10-fold from its

EC50 at the GLP-1 receptor.

110.  The glucagon analog or peptide of any one of the preceding claims,
wherein the EC50 of the glucagon analog at the GIP receptor is within about5-fold from its

EC50 at the GLP-1 receptor.

i11.  The glucagon analog or peptide of any or:?‘ the preceding claims,

wherein the glucagon analog exhibits a GIP percentage potency @f at least 1%.

112, The glucagon analog or peptide of cldim 111, wherein the GIP

percentage potency is at least 10%.

113, The glucagon analog or peptide of claim 112, wherein the GIP

percentage potency is more than 15% or more than 20%.

114, The glucagon analog or peptide of claim 113, wherein the GIP

percentage potency is at least S0%.

/
115, The gl ucag/@’ﬁ analog or peptide of claim 114, wherein the GIP

percentage potency is more th/a,n/or about 100%.

1t6.  The'glucagon analog or peptide of any one of the preceding claims,

wherein the glucagon ahalog exhibits a GLP-1 percentage potency of at least 1%.

;1/'. The glucagon analog or peptide of claim 116, wherein the GLP-1
percentage po

ncy is at least 10%.

118, The glucagon anatog or peptide of claim 117, wherein the GLP-1
percentage potency is at least 50%,

119.  The glucagon analog or peptide of claim 118, wherein the GLP-1

£ .
percentage potency is more than or about 100%.
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120.  The glucagon analog or peptide of any one of the preceding claims,
wherein the GIP percentage potency is within 10-fold higher or lower than the GLP-1

percentage potency.

121.  The glucagon analog or peptide of any one of the precedipg claims,

wherein the glucagon percentage potency is at least 1%.

122.  The glucagon analog or peptide of claim 121, xih; ein the glucagon

percentage potency is at least 10%.

123, The glucagon analog or peptide of claim 22, wherein the glucagon

percentage potency is at least 30%.

124, The glucagon analog or peptide oflaim 123, wherein the glucagon

percentage potency is more than or about 100%.

125. The glucagon analog or peptide of any one of the preceding claims,
wherein the GIP percentage potency is within £0-fold higher or lower than the glucagon

percentage potency.

er comprising two or more glucagon analogs or

peptides of any one of the preceding’ciaims.

127. A conjugate comprising the glucagon analog or peptide of any one of

the preceding claims and a conjugate moiety.

128. /"F e conjugate of claim 127, wherein the glucagon analog is fused to a

heterologous pepti@e/ énalog.

fl’é/Q. A pharmaceutical composition comprising a glucagon analog or
peptide of a;r? one of the preceding claims, a dimer or multimer of claim 126, a conjugate of
claim 12]f or 128, or a combination thereof, and a pharmaceutically acceptable carrier,
dﬂuei}t{for excipient.

/
/
Vs
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130. A method of reducing weight gain or inducing weight loss in a sybject
in need thereof, comprising administering to a patient in need thereof a pharmaceutigal

composition of claim 129 in an amount effective to reduce weight gain or induceveight loss.

131.  The method of claim 130, wherein the amount effective to treat obesity

in a subject in need thereof.

132. A method of treating diabetes, comprising adifiinistering to a patient in
need thereof a pharmaceutical composition of claim 129 in an aigbunt effective to lower

blood glucose levels.

133. A method of inducing temporary paralysis of the intestinal tract in a
subject in need thereof, comprising administering to @patient in need thercof a
pharmaccutical composition of claim 129 in an argfount effective to induce temporary

paralysis of the intestinal tract.

134, Use of a glucagon gnalog or peptide of any one of the preceding
claims, a dimer or multimer of ciaily/ 6, a conjugate of claim 127 or 128, or a combination
thereof, in the manufacture of a medicament to treat diabetes, reduce weight gain or induce

weilght Joss, or induce temporary paralysis of the intestinal tract.

135.  Use6f a glucagon analog or peptide of any one of the preceding
claims, a dimer or multimer of claim 126, a conjugate of claim 127 or 128, or a combination
thereof, for treating diabetes or obesity, reducing weight gain or inducing weight loss, or

inducing tempora/y paralysis of the intestinal {ract.

/136.

/ A peptide, optionally a glucagon analog, as described herein.




