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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 pdsition 1;

b. an DPP-IV protective amino acid at position 2, optionally, AIB;

c. an acylated amino acid or alkylated amino agfd at any of positions
9,10, 12, 16, 20, or 37-43, optionally whefein the acyl or alkyl

group is linked to the amino acid via a gpacer;

d. an alpha helix stabilizing amino agid at one or more of positions
16-21, optionally, position 16, sherein the analog does not

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

e. up to ten additional amjfio acid modifications relative to SEQ ID
NO: 1,

wherein, when the glucagon aplog lacks a hydrophilic moiety, the glucagon
analog exhibits a GIP percentage potency #f 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 glucagof analog of claim 1, wherein:

(A)

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

e analog comprises an alpha helix stabilizing amino acid at

gative charged amino acid or an alpha, alpha disubstituted amino acid,
optionally, wherein the negative charged amino acid is Glu, optionally,
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;

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

1; or
(D)  or a combination thereof.

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

a. an amino acid comprising an imidazole side chain at position 1;
b. an DPP-1V protective amino acig'at position 2, optionally, AIB;
c. an acylated amino acid or ajkylated 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 gmino 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 forthe human GLP-1 receptor versus the GIP receptor.
4. he glucagon analog of claim 3, wherein

(A)  the a,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 Rl and R2

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

By  the o,0-disubstituted at position 20 is AIB;
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(C)  the amino acid at position 16 is an alpha helix stabilizing amin

acid other than AIB;

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

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

(Fy  acombination thereof.

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

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

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

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

acid;

(I)  the aming/Acid at position 2 is an o,o-disubstituted amino acid

comprising R}/and R2, each of which is bonded to the alpha carbon,

atfached form a ring;
(E)  the amino acid at position 2 is AIB;

(Fy  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; (ii) the extension comprises an amino acid sequence
which forms a Trp cage structure or the extension comprises at least one

charged amino acid; (iii) the extension comprises an amino acid sequence
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which forms a Trp cage structure and the extension comprises the ami

acid sequence of GPSSGAPPPS (SEQ ID NO: 5), or a conservative)

substituted sequence thereof (iv) the extension comprises at leas
charged amino acid and comprises an amino acid sequence of}
wherein X1 is a charged amino acid and X2 is a small aliplatic amino

acid; optionally, wherein X1 is a positive charged aming/acid (e.g., Arg);

optionally, wherein the extension comprises Arg-Gl
(G)  the acylated amino acid or alkylated amjro acid is at position 14;

(H)  the acyl group or alkyl group is atta¢hed to an amino acid
comprising a structure of Formula I (opfionally, Lys), Formula II
(optionally, Cys), or Formula IIT (optfonally, Ser), wherein each of

Formulae 1, 1T, and 111, is:

NH,
whereinn=1 to 4

[Formula IJ;

H
H,N~——C ~——COOH

(CHy)y

OH
whereinn=1t 4

[Formula II]; and
H

HyN = C == COOH
(CHz)n

SH

whereinn =1 to 4




[Formula III1.

or a combination thereof;

D the amino acid of the acyl group or alkyl group is attachéd to

amino-Phe or Tyr;

h the acyl group or alkyl group is linked to an amido 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 amino acid residues;

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

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

(N)  the acylated amino a€id or alkylated amino acid is attached to a

C12 to C18 fatty acyl grgup, optionally, a C14 or C16 fatty acyl group;

(O)  the glucagoyanalog comprises at least one charged amino acid C-
terminal to the aghino acid at position 27; optionally, wherein the charged
amino acid is/At position 28, optionally, wherein the charged amino acid is
a negativeCharged amino acid (e.g., Asp); optionally, wherein the charged
amino aCid is a positive charged amino acid (e.g., an amino acid of

rola I

H
HyN==C ——COOH

(CHy)p,

NH-
whereinn=1to 4
[Formula Ij;

the glucagon analog comprises a Lys at position 28;
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(Q)  the glucagon analog comprises an amino acid modification at

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

(R)  the glucagon analog comprises Leu, Nle, Val, or Lys at fosition
27,

(S) the glucagon analog comprseis Gly or Thr at pogition 29;
(Ty  the glucagon analog comprises comprising 6ne or more of:
i a DPP-IV protective amino acid at position 1;
il. an acidic amino acid, optighally, Glu, at position 3;
1it. an lle at position 7;
iv. an Ile or Arg at pbsition 12;
V. an acidic anyino acid, optionally, Glu, at position 15;
vi. an alipjfatic amino acid, optionally, Ala at position 18;
vii. cidic amino acid, optionally, Glu, at position 21;

an Asn, Ala, or AIB at position 24;

an aliphatic amino acid, optionally, Ala, or Leu, or Nle, at

posttion 27;

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

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

xil.  amidation at the C-terminus;

L
any of SEQ ID NOs: 184-199; (B) any of SEQ ID NOs: 28, 29, 31, 37-41,

the glucagon analog comprises the amino acid sequence of: (A)
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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 ID NOs: 28, 37, 89, 95, 130, 171,
180; or

(V)  or acombination thereof.

6. The glucagon analog of any one of the preceding claimy, except for claim
5(A), wherein (i) the amino acid comprising a non-native acyl or alkyl grodp is located at
position 10 or (ii) the glucagon analog comprises an extension of 1 to 2} amino acids C-terminal
to the amino acid at position 29 and an acylated amino acid or alkylgfed amino acid at any of

positions 37-43, optionally 40.

7. A peptide comprising the sequence of,
(a)  SEQID NO: 184,

HX,X3GTFTSDX 1SKYLDX ;R X154 X 00X/ FVQWLX 27 X5 X20GPSSGX45PPPS
(SEQ ID XO: 184)

wheren:

X6 is any amdno acid, optionally, any amino acid other than Gly, Pro, and Ser;

AIB/or Gln;
2118 an acidic amino acid, optionally, Asp or Glu;

Xa7 18 Leu, Ala, Nle, or Met;

Xag 1s Ala or an acidic amino acid (optionally, Asp or Glu);
Xa91s Ala or Gly;

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

wherein, when X is Tyr, the peptide comprises at position 40 an amino acid coyalently
attached to a C12 to C18 acyl or alkyl group, and, wherein, optionally, the peptide cofaprises 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 gcid modifications relative to
SEQ ID NO: 184, wherein the peptide exhibits agonist activity af’each of the human GIP

receptor, the human GLP-1 receptor and the human glucagon feceptor.
g. The peptide of claim 7, wherein:

(A)  Xyois Tyr, the peptide€omprises at position 40 an amino acid

covalently attached to a C)2 to C18 'acyi or alkyl group, and the peptide

optionally comprises GJ¢ at position 41
or
Xyo1s an aminé acid covalently attached to a C12-C18 acyl or alkyl group

B) Ao 1s Gln, optionally, wherein the amino acid at position 16 is a
negati¥e charged amino acid, optionally, wherein the amino acid at

pogition 16 is Glu; optionally, wherein X,g is Ala
or
X20 is AIB; optionally, wherein X is any amino acid other than AIB

(C) (i) Xy is an acidic amino acid, optionally Asp or Glu, and X35 is a
basic amino acid, optionally Arg or Lys, (i) only one of X7, Xug and Xoe

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

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

(A) SEQIDNO: 185,

HX2QGTFTSDX 0SKYLDX sRX 154 X20X2 FVQWLX57X
(SEQ ID NO: 185)

4 X29GPSSGAPPPS

wherein:
Xz 18 AlB;
Xjg is Tyr or an amino acid covalently pftached to a C12 to C18 acyl or alkyl
group;
X6 18 Glu, an alpha, alpha disubstituted amino acid, Lys or
Xigis Arg or Ala;
Xy 18 AIB or Gln;
X 18 Asp or Glu;
Xy71s Leu, Nle, or
Xag is Ala, Asp or
Xog 1s Gly of THr;
and
wherein, when 3¢ is Tyr, the peptide comprises at position 40 an amino acid covalently
attached to a C12 to £18 acyl or alkyl group, and, wherein, optionally, the peptide comprises Gly

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

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

up to 3 amino acid modifications are conservative substitutions
or
(C) SEQIDNO: 186,

HX,X3GTRTSDX 16SKYLDX 1 6R X 5A Xa0X1 FVQWLX 07,
(SEQ ID NO: 186)

wherein:
Xy 15 AIB;
X3 is Gln or Gln analog;
Xiois Tyr or an amino acid covalently attacifed to a C10 to C26 acyl or alkyl
group;
X4 is any amino acid, optionally, any gmino acid other than Gly, Pro, and Ser;
Xgis Arg or Ala;
Xao is a negative charged aming/acid or a charge-neutral amino acid, optionally,
AIB or Gln;
Xy 18 X33 is an acidic amjiho acid, optionally, Asp or Gly;
Xa7 18 Leu, Ala, Nle, of Met;
Xag 1s Ala or an acidic amino acid (optionally, Asp or Glu);
Xa9 18 Ala, Gly of Thr; and

wherein the peptidg’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

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

to 3 dmino acid modifications are conservative substitutions;

or
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()  SEQIDNO: 187:

HX,QGTFTSDXpSKYLDX;6RX15AX 00X FVQWLX 57X 05X 06
(SEQ ID NO: 187)

wherein:

X, 1s AIB;

Xio is Tyr or an amino acid covalently attached to a C10 to £26 acyl or alkyl
group;

X1s1s Glu, alpha, alpha-disubstituted amino acid, or

Xigis Arg or Ala;

X0 is a negative charged amino acid or a char
AIB or Gln;

Ka1is Asp or Glu;

Xa71s Len, Ala; Nle, or Met;

Xag 18 Ala, Asp or Glu;

Xogis Gly or Thr; and

-neufral amino acid, optionally,

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

alkyl group, optionally, at position10, gdd the C-terminal amino acid of the peptide is amidated;

(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)  SEQID NO: 189, or a sequence of SEQ ID NO: 189 with yp to 3
amino acid modifications relative to SEQ ID NO: 189, wherein/the peptide
exhibits agonist activity at each of the human GIP receptor gAd the human

GLP-1 receptor
or

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

GLP-1 receptor
or

I SEQ ID NO: 191, or g sequence of SEQ ID NO: 191 with up to 3
amino acid modifications felative to SEQ ID 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 buman GIP receptor and the human
LP-1 receptor, and optionally, wherein the peptide exhibits agonist

activity at the human glucagon receptor
or

(L)  SEQID NO: 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 glucagon receptor
or

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

the human glucagon receptor
or

(N)  SEQID NO: 195, or a sequente of SEQ ID NO: 195 with up o 3

amino acid modifications relative o SEQ ID NO: 195, wherein the peptide
exhibits agonist activity at eaclyof the human GIP receptor and the human
GLP-1 receptor, optionally, wherein the peptide exhibits agonist activity at

the human glucagon receptor.

10.  The peptide of €laim 9, part (C) or part (D), comprising SEQ ID NO: 186
or SEQ ID NO: 186 with up to 3 a#hino acid modifications, relative to SEQ ID NO: 186;

wherein:

(A)/ Xaois AIB; optionally, wherein X9 is Thr and the peptide does not
mprise GPSSGAPPPS (SEQ ID NO: 5); wherein X is an amino acid
other than AIB;

or

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

charged amino acid (e.g., Glu); optionally wherein X,z is Ala;
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(B)  Xyis AIB, X3 is Gln, Xy is an amino acid covalently attached 6 a
C10 to C26 acyl or alkyl group, X is Arg or Ala, Xy is AIB or GlA, X,
is Asp or Glu, Xy9 1s Gly, and the C-terminal amino acid is amiddted,
wherein Gly at position 29 is fused to GPSSGAPPPS followed by Lys or
Lys-Gly, wherein the Lys is covalently attached to a C10-¢Z26 acyl group;

or
{C)  or a combination thereof.

11.  The peptide of claim 9 part (C) or part (D), orflaim 10, excluding wherein
(a) X015 AIB, (b) Xy is Thr, and (c) the peptide does not comprides SEQ ID NO: 5, wherein the
peptide comprises an extension of 1 to 21 amino acids C-termjfial 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: 54, or a conservatively substituted
sequence thereof, or GPSSGAPPPS (SEQ ID NO: 5)Aollowed by Lys or Lys-Gly, wherein the
Lysis oova}evntly attached to an C10 to C26 acyl gfoup or (ii) the extension comprises the
sequence X1-X2, wherein X1 is a charged amiplo 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, The peptide of any one of claims 8 to 11 wherein:

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

alkyl 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 C12 to

C18 acyl or alkyl group;

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

spacer comprises one or two acidic amino acid residues;
(D)  acombination thereof.

A peptide comprising the sequence of SEQ 1D NO: 28,
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i4. A peptide comprising the sequence of SEQ ID NO: 37, SEQ ID NO: 1
or SEQ ID NO: 180.

15. A peptide comprising the sequence of SEQ ID NO: 89,

16.  An analog of glucagon (SEQ ID NO: 1) having GIP agonigf activity,

comprising:
{(a) an amino acid comprising an imidazole sid¢/ chain at position 1,

) at position 16, an amino acid of Formyla I'V:

H
HoN——C ——CZOH

(c) an a,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 anaj0g 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 1 is His or a His derj#ative;

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

(C)  the o,o-disubstituted amino acid corhiprises R1 and R2, each of
which is bonded to the alpha carbon, wiferein each of R1 and R2 is
independently selected from the groyp consisting of C1-C4 alkyl,
optionally substituted with a hydydxyl, amide, thiol, halo, or R and R2
together with the alpha carbon/fo which they are attached form a ring;

optionally, wherein the o,a,disubstituted amino acid is AIB;

(D) the glucagon apalog comprises one or more of:

a P-IV protective amino acid at position 2; optionally
AlB or, :

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

C. an amino acid orther than Arg at position 17, optionally
Gin;

d. a small aliphatic amino acid at position 18, optionally Ala;
e. 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, opifonally Ala;
L an amino acid other than Thr at position 29/optionally Gly;
i an extension of 1 to 21 amino acids Coferminal 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;

{E)  or acombination thereof.

18.  An analog comprising a parent sgquence with a total of up to 3 amino acid
modifications relative to the parent sequence, wherejd 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, 53, and 74, or any of 3EQ ID NOs: 50, 51, 54, 56, 58-60, 62-66, 68-70,
72,73,75, 81, 82, 88,92, 114-119, 125, 124, and 133, wherein the amino acid modifications are

selected from the group consisting of:

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

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

Ile;

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

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;




213

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

position 29; and

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

19. The glucagon analog or peptide of any one of/he preceding claims,

wherein:

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

human GLP-1 receptor versus the @IP receptor;

(B)  the EC50 of the glucagbn analog at the GIP receptor is within
about 50-fold from its EC30 at the GLP-1 receptor;

(Cy  the EC30 of the glucagon analog at the GIP receptor is within
about 40-fold from/its EC50 at the GLP-1 receptor;

(D)  the ECA0 of the glucagon analog at the GIP receptor is within
about 30-fofd from its EC50 at the GLP-1 receptor;

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

(F)  the EC50 of the glucagon analog at the GIP receptor is within
about 10-fold from its EC50 at the GLP-1 receptor;

(G)  the EC50 of the glucagon analog at the GIP receptor is within
about 5-fold from its ECS0 at the GLP-1 receptor;

(H)  the glucagon analog exhibits a GIP percentage potency of at least
1%;
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0 the GIP percentage exhibits a GIP percentage potency of at leagl
10%;

Q) the GIP percentage exhibits a GIP percentage potency of at least
20%;

(K)  the GIP percentage exhibits a GIP percentage pdtency of at least
50%;

(L)  the GIP percentage exhibits a GIP percgfitage potency of at least
100%;

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

least 1%;

(N)  the glucagon analog exldbits a GLP-1 percentage potency of at
least 10%

(O)  the glucagon ar
least 50%

og exhibits a GLP-1 percentage potency of at

P the glucAgon analog exhibits a GLP-1 percentage potency of at
least 100%

Q

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

P-1 percentage potency;

the glucagon percentage potency is at least 1%;
(S)  the glucagon percentage potency is at least 10%;
(T)  the glucagon percentage potency is at least 50%;
(U) | the glucagon percentage potency is at least 100%;

(V)  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 o
peptides of any one of the preceding claims, or a conjugate comprising the glucagon ghalog 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 glucaggh analog or peptide of
any one of claims 1 to 19, a dimer or multimer or conjugate of claim 2/ or a combination

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

22, Use of a pharmaceutical composition of ¢laim 21 in the manufacture of a

medicament for reducing weight gain or inducing weight log€ or for treating obesity.

23.  Use of a pharmaceutical composijtion of claim 21 in the manufacture of a

medicament for treating diabetes wherein the medicagfment is effective to lower blood glucose

levels.
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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, position 16, wherein the analog does not

comprise an alpha helix stabilizing amino acid at position 20;

e. an Arg at position 17 and a small aliphatic amino acid at position
18; and

f. 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,

optionally, wherein the analog comprises SEQ ID NO: 184,

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 a,o-disubstituted amino acid comprises R1 and R2, each of

which is bonded to the alpha carbon, wherein each 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 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

(B)  the analog is not modified at position 20 compared to SEQ ID NO:

1; or
(C)  acombination thereof.
The glucagon analog of claim 1 or 2, 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 a,a-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;
(E)  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; (ii) the extension comprises an amino acid sequence
which forms a Trp cage structure or the extension comprises at least one

charged amino acid; (iii) 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 NO: 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; optionally,
Arg; optionally, wherein the extension comprises Arg-Gly; (v) or a

combination of (i) and (ii) or (iii) or (iv);
(G)  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 I (optionally, Lys), Formula II
(optionally, Cys), or Formula III (optionally, Ser), wherein each of

Formulae I, 11, and I11, is:

H
H,N——C——COOH

(CHZ)n

NH,
whereinn=1to 4

[Formula I];
H
H,;N——C——COOH
(CH2)n

OH
whereinn= 110 4

[Formula II]; and
H
H,;N——C——COOH
(C Hz)n

SH
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whereinn=1to 4
[Formula III].

or a combination thereof;

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

amino-Phe or Tyr;

Q) the acyl group or alkyl group is linked to an amino 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 amino 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)  the acylated amino acid or alkylated amino acid is attached to a

C12 to C18 fatty acyl group, optionally, a C14 or C16 fatty acyl group;

(O)  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, optionally, Asp; optionally, wherein the
charged amino acid is a positive charged amino acid,optionally, an amino

acid of Formula I:

H
H,N——C——COOH

(CH2)n

NH,
whereinn=1to 4

[Formula I];
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(P)  the glucagon analog comprises a Lys at position 28;

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

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

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

27;
(S)  the glucagon analog comprseis Gly or Thr at position 29;

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

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

ii. an acidic amino acid, optionally, Glu, at position 3;
itl. an lle at position 7;

iv. an lle or Arg at position 12;

v. an acidic amino acid, optionally, Glu, at position 15;
vi. an aliphatic amino acid, optionally, Ala at position 18;

vii. an acidic amino acid, optionally, Glu, at position 21;
viii.  an Asn, Ala, or AIB at position 24;

ix. 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;
Xi. an aliphatic amino acid, optionally, Ala, at position 29;

Xii. amidation at the C-terminus;
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(U)  the glucagon analog comprises the amino acid sequence of: (A)
any of SEQ ID NOs: 184-199; (B) any of SEQ ID 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 ID NOs: 28, 37, 89, 95, 130, 171, and
180; or

(V)  acombination thereof.

4. A peptide comprising the sequence of

(a)  SEQID NO: 184,

HX,X3GTFTSDX 1SKYLDX R X15AX20X01 FVQWLX27X05X0sGPSSGX3sPPPS
(SEQ ID NO: 184)

wherein:
X, is AIB;
X3 is Gln or Gln analog;
Xjo is Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyl
group;
X6 1s any amino acid, optionally, any amino acid other than Gly, Pro, and Ser;
Xig 1s Arg or Ala;
Xy 1s negative charged amino acid or a charge-neutral amino acid, optionally,
AIB or Gln;
Xy is an acidic amino acid, optionally, Asp or Glu;
X718 Leu, Ala, Nle, or Met;
Xog 1s Ala or an acidic amino acid (optionally, Asp or Glu);
Xa9 is Ala or Gly;

X35 1s Ala or a basic amino acid (optionally, Arg or Lys);

wherein, when Xjg is an acidic amino acid, X35 is a basic amino acid;
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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 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,
wherein, optionally:

(A)  Xjois 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
Xio1s 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 X;g is Ala
or
Xao is AIB; optionally, wherein X is any amino acid other than AIB

(C) (1) Xps is an acidic amino acid, optionally Asp or Glu, and X35 is a
basic amino acid, optionally Arg or Lys, (ii) only one of X7, Xpg and X9

is an Ala, (iii) the peptide comprise an amidated Gly at the C-terminus

(D)  the up to 3 amino acid modifications are conservative

substitutions; or
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(E)  acombination thereof.
5. A peptide comprising the sequence of

(A)  SEQID NO: 185,

HX,QGTFTSDX 0SKYLDX 6RX;5A X20X21 FVQWL X7 X25X20GPSSGAPPPS
(SEQ ID NO: 185)

wherein:
X, is AIB;
Xjo is Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyl
group;
X6 1s Glu, an alpha, alpha disubstituted amino acid, Lys or
Xig1s Arg or Ala;
Xy is AIB or Gln;
X321 1s Asp or Glu;
X357 is Leu, Nle, or Met;
Xog is Ala, Asp or Glu;
Xa9 18 Gly of Thr;
and
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)  SEQID 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
receptor, the human GLP-1 receptor and the human glucagon receptor, optionally, wherein the

up to 3 amino acid modifications are conservative substitutions



204

or
(C)  SEQID NO: 186,

HX,X;GTFTSDX 0SKYLDX R X5A X20X21 FVQWL X7 X25Xs0
(SEQ ID NO: 186)

wherein:

X, is AIB;

X3 is Gln or Gln analog;

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

X161s any amino acid optionally, any amino acid other than Gly, Pro, and Ser;

Xig is Arg or Ala;

X0 18 a negative charged amino acid or a charge-neutral amino acid, optionally,
AIB or Gln;

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

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

X»s is Ala or an acidic amino acid (optionally, Asp or Glu);

Xp9 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 ID NO: 186, 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

(E) SEQIDNO: 187:
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HX,QGTFTSDX 0SKYLDX;6RX 5AX 20X FVQWLX27X25X20
(SEQ ID NO: 187)

wherein:

Xy is AlIB;

X0 is Tyr or an amino acid covalently attached to a C10 to C26 acyl or alkyl
group;

Xi61s Glu, alpha, alpha-disubstituted amino acid, or Lys,

Xig 1s Arg or Ala;

X0 1s a negative charged amino acid or a charge-neutral amino acid, optionally,
AIB or Gln;

Xp1 18 Asp or Glu;

Xy7 1s Leu, Ala, Nle, or Met;

Xyg 1s Ala, Asp or Glu;

Xa9 18 Gly or Thr; and

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

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

(F SEQ ID NO: 187 with up to 3 amino acid modifications relative to
SEQ ID NO: 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) SEQ ID 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

or
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(H)  SEQ ID NO: 189, or a sequence of SEQ ID NO: 189 with up 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 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 ID NO: 190, wherein the peptide
exhibits agonist activity at each of the human GIP receptor and the human

GLP-1 receptor
or

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

GLP-1 receptor
or

(K)  SEQ ID 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 NO: 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
GLP-1 receptor, optionally, wherein the peptide exhibits agonist activity at

the human glucagon receptor
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or

(M)  SEQ ID NO: 194, or a sequence of SEQ ID NO: 194 with up 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
GLP-1 receptor, optionally, wherein the peptide exhibits agonist activity at

the human glucagon receptor.

The peptide of claim 5, part (C) or part (D), comprising SEQ ID NO: 186

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

wherein:

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

or

X0 15 Gln; optionally, wherein the amino acid at position 16 is a negative

charged amino acid (optionally, Glu); optionally wherein Xg is Ala;

(B)  X;is AIB, X3 is Gln, X i1s an amino acid covalently attached to a
C10 to C26 acyl or alkyl group, X5 is Arg or Ala, Xz is AIB or Gln, X3
is Asp or Glu, 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 covalently attached to a C10-C26 acyl group;

or
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(C)  or acombination thereof,

The peptide of claim 5 part (C) or part (D), or claim 6, excluding wherein

(a) Xp0 is AIB, (b) X3¢ is Thr, and (c) the peptide does not comprises SEQ ID 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 NO: 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 (optionally, Arg), optionally wherein the

extension comprises or consists of Arg-Gly.

8.

10.

The peptide of any one of claims 3 to 7 wherein:

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

alkyl 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 C12 to

C18 acyl or alkyl group;

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

spacer comprises one or two acidic amino acid residues; or
(D)  acombination thereof.
A peptide comprising the sequence of SEQ ID NO: 28, 89,37, 171 or 180.

An analog comprising a parent sequence with a total of 0, 1, 2, or 3 amino

acid modifications relative to the parent sequence, wherein the parent sequence is any of SEQ ID
NOs: 27, 28, 33, 35-39, 41, 78-80, 83, 84, 87, 89, 90, 94, 95, 97, 98, 100, 102-106, 108, 122-124,
127,128, 130, 131or any of SEQ ID NOs: 88, wherein the amino acid modifications are selected

from the group consisting of:
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DPP-IV 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 other 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;

an amino acid other than Asn at position 28, optionally Ala;

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

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

position 29; and

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

wherein the peptide exhibits agonist activity 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)

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-fold from its EC50 at the GLP-1 receptor;
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the EC50 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 EC50 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;

¥

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

about 10-fold from its EC50 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;

(H)  the glucagon analog exhibits a GIP percentage potency of at least
1%;

D the GIP percentage exhibits a GIP percentage potency of at least
10%;

Q) the GIP percentage exhibits a GIP percentage potency of at least
20%;

(XK)  the GIP percentage exhibits a GIP percentage potency of at least
50%,;

(L)  the GIP percentage exhibits a GIP percentage potency of at least
100%;

(M) 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%
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(O)  the glucagon analog exhibits a GLP-1 percentage potency of at
least 50%

®) 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)  the glucagon percentage potency is at least 1%;
(S) the glucagon percentage potency is at least 10%;
(T)  the glucagon percentage potency is at least 50%;
(U)  the glucagon percentage potency is at least 100%;

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

the glucagon percentage potency; or
(W)  acombination thereof.

12. A dimer or multimer comprising two or more glucagon analogs or
peptides of any one of the preceding claims, or a conjugate comprising the glucagon 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.

13. A pharmaceutical composition comprising a glucagon analog or peptide of
any one of claims 1 to 11, a dimer or multimer or conjugate of claim 12, or a combination

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

14.  Use of a pharmaceutical composition of claim 13 in the manufacture of a
medicament for reducing weight gain or inducing weight loss in a subject in need thereof,
wherein the use comprises that the medicament is to be administered to a patient in need thereof
in an amount effective to reduce weight gain or induce weight loss, optionally, wherein the

amount effective to treat obesity in the subject in need thereof.
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15. Use of a pharmaceutical composition of claim 13 in the manufacture of a
medicament for use in treating diabetes, wherein the use comprises that the medicament is to be

administered to a patient in need thereof in an amount effective to lower blood glucose levels.



