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TABLE 8 

Glu 
(0.025) 

GLP 
(0.025) 

GIP 
(0.01) 

SEQ ID 
NO: 28 

GIP/GLP-I/glucagon triagonist peptide: 

0.002 0.002 0.003 
HaibQGTETSDK(yE- 
CI 6)S KYLDERAAQDEVQWELDGGPSSGAPPPS- 
NH2 

SEQ ID 
NO: 39 

GIP/GLP-1 co-agonist peptide: 
HaibEGTFTSDK(7E- 
C16)SKYLDERAAQDFVQWLLDGGPSSGAPPPS- 
NH2 

1.276 0.008 0.026 

SEQ ID 
NO: 37 

GIP/GLP-1/glucagon triagonist peptide: 
HaibQGTETSDK(yE- 
C16)SKYLDERRAaibEEVQWLLDGGPSSGAPPPS- 
NH2 

0.004 0.006 0.003 

SEQ ID 
NO: 263 

GIP/GLP-1 co-agonist peptide: 

0.127 0.008 0.012 
HalbEGTFTSDK(yE- 
C16)SKYLDERRAaibEFVQWLLDCGPSSGAPPPS- 
NHz 

[00591] 	To test in vivo activities of these peptides, the peptides of Table 8 (excluding 

native peptides) were subcutaneously injected into DIO mice (C57B66 mice) at either 5 or 10 

nmoUkg every Monday, Wednesday, and Friday, for 4 weeks. The mice were fed a high fat, 

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

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

EXAMPLE 15 

[00592] 	Acylated peptides comprising the amino acid sequence of SEQ ID NO: 1 (native 

glucagon) with a Tyr at position 1, AIB at position 2, Glu at position 3, He at position 12, Lys 

at position 16, Gln at position 17, Ala at position 18, AIB at position 20, Glu at position 21, 

Asn at position 24, Leu at position 27, Ala at position 28, Gly at position 29, followed by the 

amino acid sequence GPSSGSPPPS (SEQ ID NO: 5), and a C-terminal amidation were made 

as essentially described in Example 1. The peptides differed by the type of acylation, type of 

acylation spacer, and/or position of acylated amino acid. The different acylated residues are 

depicted in Figure 3. The peptides were then tested for in vitro activity at each of the 

glucagon receptor, GLP-1 receptor, and the GIP receptor as essentially described in Example 
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What is claimed: 

1. 	A peptide comprising the sequence of 

(a) 	SEQ ID NO: 184, 

HX2X3GTFTSDXI0SKYLDX15RX18AX20X21FVQWLX27X25X25GPSSGX35PPPS 

(SEQ ID NO: 184) 

wherein: 

X2 is AIB; 

X3 is Gln or Gln analog; 

X10  is Tyr or an amino acid covalently attached to a C12 to C18 acyl or alkyl group; 

X15 is any amino acid; 

X18 is Arg or Ala; 

X20 is negative charged amino acid or a charge-neutral amino acid; 

X21 is an acidic amino acid; 

X27 is Leu, Ala, Nle, or Met; 

X28 is Ala or an acidic amino acid; 

X29 is Ala or Gly; 

X35 is Ala or a basic amino acid; 

wherein, when X28 is an acidic amino acid, X35 is a basic amino acid; 

wherein, when X10  is Tyr, the peptide comprises at position 40 an amino acid covalently 

attached to a C12 to C18 acyl or alkyl group, and 

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, which peptide (i) retains His at position 1, (ii) retains an amino acid covalently 

attached to a C12 to C18 acyl or alkyl group at position 10 or position 40 and (iii) comprises AIB or d-

yer at position 2; 

wherein the peptide exhibits agonist activity at each of the human GIP 

receptor, and the human GLP-1 receptor and, optionally, the human glucagon receptor, wherein the 

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

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

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

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

a C12-C18 acyl or alkyl group. 

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

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

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

7. The peptide of claim 5, wherein the a,a-disubstituted amino acid comprises 

Ri 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 Ri and R2 together with the alpha carbon to which they are attached form a ring. 

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

AIR. 

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

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

charged amino acid and X20 is Gln. 

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

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

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

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

and X35 is a basic amino acid. 

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

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

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

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

18. The peptide of claim 17, wherein the charged amino acid is Asp. 

19. The peptide of claim 17, wherein the charged amino acid is an amino acid of 

Formula I: 

H 
H2 N 	C COOH 

(CH2)n  

NH2  

wherein n = 1 to 4. 

20. The peptide of claim 18, wherein the amino acid of Formula I is Lys. 

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

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

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

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

structure of Formula I, Formula II, or Formula Ill, attached to a C12 to C18 acyl or alkyl group, 

wherein each of Formulae Ito Ill is: 

H 
H2N C—COOH 

I 
(CH2)n  

I 
NH2  

wherein n = 1 to 4 

[Formula I]; 
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H 
H2 N C 	COOH 

(CH2)n  

OH 

wherein n = 1 to 4 

[Formula II]; and 

H 
H2 N C 	COOH 

(CH2)n  

SH 

wherein n = 1 to 4 

[Formula III]. 

23. The peptide of claim 22, wherein the amino acid of Formula I is Lys, the 

amino acid of Formula II is Cys, or the amino acid of Formula III is Ser. 

24. The peptide of any one of claims 1 to 22, wherein the C12 to C18 acyl or 

alkyl group is covalently liked to the amino acid via a spacer 3 to 10 atoms in length. 

25. The peptide of claim 24, wherein the spacer is an amino acid or dipeptide. 

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

residues. 

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

to 3 amino acid modifications relative to SEQ ID NO: 184, wherein X3 of the peptide is an acidic, 

basic, or hydrophobic amino acid. 

28. The peptide of claim 27, wherein X3 is Glu, Orn, or Nle. 

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

to 3 amino acid modifications relative to SEQ ID NO: 184, wherein X2 of the peptide is Val or Lys. 
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30. 	The peptide of claim 1, comprising the sequence of SEQ ID NO: 184 with up 

to 	3 	amino 	acid 	modifications 	relative 	to 	SEQ 	ID 	NO: 	184, 	wherein 	the 	modifications are 

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

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

and/or Asn at position 24. 

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

to 3 amino acid modifications relative to SEQ ID NO: 184, wherein the amino acid modifications are 

conservative substitutions. 

33. The peptide of claim 1, comprising an amino acid sequence selected from 

the group consisting of: SEQ ID NOs: 27, 28, 33, 35, 36, 37, 38, 39, 41, 79, 80, 89, 90, 146, 148, 153, 

155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 171, 176, 177, 203, 204, 205, 207, 212, 262, 

263 and 264. 

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

preceding claims. 

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

conjugate moiety. 

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

fused to a heterologous peptide. 

37. A pharmaceutical composition comprising a peptide of any one of claims 1 

to 33, a dimer or multimer of claim 34, a conjugate of claim 35, a fusion peptide of claim 36, or a 

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

38. A peptide of any one of claims 1 to 33, a dimer or multimer of claim 34, a 

conjugate of claim 35, a fusion peptide of claim 36, or a combination thereof, for use in reducing 

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

39. A peptide of any one of claims 1 to 33, a dimer or multimer of claim 36, a 

conjugate of claim 37, a fusion peptide of claim 38, or a combination thereof, for use in treating 

diabetes in a subject in need thereof. 
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40. Use of a peptide of any one of claims 	o 33, a dimer or multimer of claim 

34, a conjugate of claim 35, a fusion peptide of claim 36, or a combination thereof, in the 

manufacture of a medicament for reducing weight gain or inducing weight loss in a subject in need 

thereof. 

41. Use of a peptide of any one of claims 1 to 33, a dimer or multimer of claim 

34, a conjugate of claim 35, a fusion peptide of claim 36, or a combination thereof, in the 

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

<110> 	DiMarchi, 	et al. 

<120> 	GLUCAGON ANALOGS EXHIBITING GIP RECEPTOR ACTIVITY 

<130> 	31135/45700A 

<160> 	269. 

<170> 	Patentin version 3.5 

<210> 	1 
<211> 	29 
<212> 	PRT 
<213> 	Homo sapiens 

<220> 
<221> 	MISC_FEATURE 
<223> 	wild type glucagon 

<400> 	1 

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

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

<210> 	2 
<211> 	42 
<212> 	PRT 
<213> 	Homo sapiens 

<220> 
<221> 	CHAIN 
<222> 	(1)..(42) 
<223> 	Gastric Inhibitory Polypeptide 

<400> 	2 

Tyr Ala Glu Gly Thr Phe Ile ser Asp Tyr ser Ile Ala Met Asp Lys 
1 	 S 	 10 15 

Ile His Gln Gln Asp Phe val Asn Trp Leu Leu Ala Gln Lys Gly Lys 
20 	 25 30 

Lys Asn Asp Trp Lys His Asn Ile Thr Gln 
35 	 40 

<210> 	3 
<211> 	30 
<212> 	PRT 
<213> 	Artificial sequence 

<220> 
<223> 	synthetic polypeptide 

<220> 
<221> 	MISC_FEATURE 

Page 1 



<210> 263 
<211> 39 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Synthetic peptide 

<220> 
<221> MISC_FEATURE 
<222> (2)..(2) 
<223> Xaa is AIB 

<220> 
<221> MISC_FEATURE 
<222> (10)..(10) 
<223> Acylated with a C16 fatty acyl group via gamma-Glu spacer 

<220> 
<221> MISC_FEATURE 
<222> (20)..(20) 
<223> Xaa is AIB 

<220> 
<221> MISC_FEATURE 
<222> (39)..(39) 
<223> C-terminal amidation 

<400> 263 

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

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

Ser Gly Ala Pro Pro Pro Ser 
35 

<210> 264 
<211> 41 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> Synthetic peptide 

Page 155 



<220> 
<221> MISC_FEATURE 
<222> 	(2)..(2) 
<223> Xaa is AIB 

<220> 
<221> MISC_FEATURE 
<222> (40)..(40) 
<223> Sulfur of Cys is S-alkylated with -C(COO)H(CH2)13CH3 

<220> 
<221> MISC_FEATURE 
<222> (41)..(41) 
<223> C-terminal amidation 

<400> 264 

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

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

Ser Gly Ala Pro Pro Pro Ser Cys Gly 
35 	 40 

Page 156 
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TABI  F  8 

Gin 
(0.025) 

GIT 
(0.025 

GIP 
(0.01) 

SEQ ID 
NO: 28 

GIP/GLP-1/glucagon triagonist peptide: 
HaibQUITTSDK(yE-
C16)SKYLDERAAQDFVQWLLDGGPSSGAPPPS- 
NI 12 

0.002 .002 0.003 

SEQ ID 
NO: 39 

GIP/GLP-1 co-agouist peptide: 

. 	76 0.008 0.026 
HaibEGTFTSDK(7E- 
C16)S KYLDERAAQDFVQWLLDG G PSSGAPPPS- 
NI-I2 

SEQ ID 
NO: 37 

GIP/GLP-I /glucagon triagonist peptide: 
ItaibQGTETSDK(7E- 
C16)SKYLDERRAaibEEVQWLLDGGPSSG 	PPS- 
NH 

2 

0.004 0.006 0.003 

SEQ ID 
NO: 262 

GIP/GLP-1 co-agonise peptide: 

0.127 0.008 0.012 
HaibEGTETSDK(IfE- 
C I 6)S KYLDERRAaibEFVQWLLD GPSSGAPPPS- 
NH2 

[00591.] 	To test in vivo activities 	these peptides, the peptides of Table 8 (excluding 

native peptides) were subcutaneo, sly injected into DIO mice (C57B66 mice) at either 5 or 10 

nmoUlcg every Monday, We. •esday, and Friday, for 4 weeks. The mice were fed a high fat, 

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

injections of one of the,-  peptides was lowered, as compared, to vehicle control. 

EXAMPLE 15 

[00592] 	Ac 	ated peptides comprising the amino acid sequence of SEQ ID NO: 1 (native 

glucagon) 	a Tyr at position 1, AIB at position 2, Glu at position 3, Ile at position 12, Lys 

at position 16, Gin at position 17, Ala at position 18, AIB at position 20, Glu at position 21, 

Asn, 	position 24, Leu at position 27, Ala at position 28, Gly at position 29, followed by the 

a 	in° acid sequence GPSSGSPPPS (SEQ ID NO: 5), and a C-terminal amidation were made 

as essentially described in Example 1. The peptides differed by the type of acylation, type of 

acylation spacer, and/or position of acylated amino acid. The different acylated residues are 

depicted in Figure 3. The peptides were then tested for in vitro activity at each of the 

—gilic-agen-reeepterTGL-W-1-reee-ptorrand-the-GIP-receptor-as-essentiaity-d 	I-11 	ill 	Exdinpl. 	 
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What is claimed: 

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

a. an amino acid comprising an imidazole side chain at p 	lion 1; 

b. an DPP-IV protective amino acid at position 2, op '.Wally, AIB; 

c. an acylated amino acid or alkylated amino ac 	at any of positions 

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

group is linked to the amino acid via a s 	cer; 

d. an alpha helix stabilizing amino aci 	at one or more of positions 

16-21, optionally, position 16, w erein the analog does not 

comprise an alpha helix stabil' .ing amino acid at position 20; 

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

18; and 

f. up to ten additiona amino acid modifications relative to SEQ ID 

NO: 1; 

wherein, when the gluca , 11 analog lacks a hydrophilic moiety, the glucagon 

analog exhibits a GIP percentage pot -.cy of at least 0.1%, wherein the glucagon analog has less 

than 100-fold selectivity for the h 	an GLP-1 receptor versus the GIP receptor, 

optionally, whe ein the analog comprises SEQ ID NO: 184. 

2. 	Th glucagon analog of claim I, 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 ct.a-disubstituted amino acid comprises RI and R2, each of 

which is bonded to the alpha carbon, wherein each of RI and R2 is 
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independently selected from the group consisting of Cl -C4 alkyl, / 

optionally substituted with a hydroxyl, amide, thiol, halo, or RI . il R2 

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

optionally, wherein the alpha, alpha disubstituted amino ad,  is AIB 

(B) the analog is not modified at position 20 comp,  ,-. to SEQ ID NO: 

1; or 

(C) a combination thereof. 

3. The glucagon analog of claim 1 or 2, wh 

(A) the glucagon analog comprises 	an extension of 1 to 21 amino 

acids C-terminal to the amino acid a 	sition 29 or (ii) the acylated amino 

acid or alkylated amino acid is I. 	ted at position 10, 12, or 16; 

(B) the amino acid at posi on 1 is His or a His derivative; 

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

acid; 

(D) the amino cid at position 2 is an a,a-disuhstituted amino acid 

comprising RI 	nd R2, each of which is bonded to the alpha carbon, 

wherein eac of RI and R2 is independently selected from the group 

consistin 	of CI-C4 alkyl, optionally substituted with a hydroxyl, amide, 

thiol, 	lo, or RI and R2 together with the alpha carbon to which they are 

atta 	ed form a ring; /hi  

) 	the amino acid at position 2 is A1B; 

(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 	€ amino 

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

substituted sequence thereof (iv) the extension comprises a 	east one 

charged amino acid and comprises an amino acid sequ 	e of: XI-X2, 

wherein XI is a charged amino acid and X2 is a smal 	liphatic amino 

acid; optionally, wherein X1 is a positive charged 	*no acid: optionally, 

Arg; optionally, wherein the extension comprise Arg-Gly; (v) or a 

combination of (i) and (ii) or (iii) or (iv); 

(G) the acylated amino acid or alkylatediamino acid is at position 14; 

(H) the acyl group or alkyl group i 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 1, U. and [II, is: 	/ 
i 

H 
g 2 li N 	C—COOH 
I 

(CH2)n 

I 
14112  

wherein n = 1 to 4 

[Formula I]; 

H 
H2N—C—COOH 

I 
(CH2), 

I 
OH 

wherein n = I to 4 

[Formula II]; and 

H 
H2N—C—COOH 

I 
(CH2), 

I 
SH 
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wherein n = I to 4 

[Formula III]. 

or a combination thereof; 

(I) 	the amino acid of the acyl group or alkyl group is attach‘d to 

amino-Phe or Tyr; 

(.1) 	the acyl group or alkyl group is linked to an ami o 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 aa 	c amino acid residues; 

(M) the acylated amino acid or alkyl 	ed amino acid is linked to the 

acyl or alkyl group via a spacer whey m the total length of the spacer and 

the acyl group is about 14 to abou 	8 atoms in length; 

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

CU to CB fatty acyl gro
w
/optionally, a C14 or C16 fatty acyl group; 

(0) 	the glucagon a slog comprises at least one charged amino acid C- 

terminal to the amim 	acid at position 27; optionally, wherein the charged 

amino acid is at 	o 
i 
sition 28, optionally, wherein the charged amino acid is 

a negative ch 	ed amino acid, optionally, Asp; optionally, wherein the 

charged al, 	o acid is a positive charged amino acid,optionally, an amino 

acid of F frmula 1: 

H 
H2N—C—COOH 

I 
(CH2), 

NH2  

wherein n = 1 to 4 

[Formula 1]; 
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(P) the glucagonanalog comprises a Lys at position 28; 

(03 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 	position 

27; 

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

(1') the glucagon analog comprises comprisi.: one or more of: 

i. a DPP-IV protective amino a d at position 1; 

ii. an acidic amino acid, op ' Sly, Glu, at position 3; 

iii. an Ile at position 7; 

iv. an fle or Arg a 	sition 12; 

v. an acidic arhino acid, optionally, Glu, at position 15; 
/ 

/ 
vi. an aliphatic amino acid, optionally, Ala at position IS; 

vii. ad acidic  amino acid, optionally, Glu, at position 21; 

vn 	an Asn, Ala, or A113 at position 24; 

i 
/ix. 	an aliphatic amino acid, optionally, Ala, or Leu, or Nie, 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-tenninus; 

A 
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(U) the glucagon analog comprises the amino acid sequence of.  A) 

any of SEQ ID NOs: 184-199; (13) any of SEQ ID NOs: 28, 29, 1, 3741, 

79, 80, 89, 90, 95, 130, 145-152, 155-167, 171, 176, 177, 18 , 203-207, 

212, and 230; or (C) any of SEQ ID NOs: 28, 37, 89, 95, 	0, 171, and 

180; or 

(V) a combination thereof. 

4. 	A peptide comprising the sequence of 

(a) 	SEQ ID NO: 184, 

HX2X.,IGTFTSDX10SKYLDX16RXisAX20X2iFVQ 	27X28X29GPSSGX35PPPS 

(SEQ ID NO: 184) 

wherein: 

X2 is AIB; 

X3 is Gln or Gln analog; 

X10  is Tyr or an amino acid cov lently attached to a C12 to C18 acyl or alkyl 

group; 

X,6 is any amino acid, optionally, any amino acid other than Gly, Pro, and Ser; 

Xis is Arg or Ma;  

X20 is negative chars4.1 amino acid or a chargc-ncutral amino acid, optionally, 

ALB or Gln; 	/ 

X21 is an acidiciamino acid, optionally, Asp or 01U; 

X27 is Lou, Ala, Nle, or Met; 

X29 is Ala'or an acidic amino acid (optionally, Asp or GM); 

X29 is Ala or Gly; 

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

wherein when X28 is an acidic amino acid, X35 is a basic amino acid; 
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wherein, when X10 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 113 

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 m 	mations relative to 

SEQ ID NO: 184, wherein the peptide exhibits agonist activity at each of to human GIP 

receptor, the human GLP-I receptor and the human glucagon receptor 

wherein, optionally: 

(A) Xio is Tyr, the peptide compris 	at position 40 an amino acid 

covalently attached to a C12 to CI 8 cyl or alkyl group, and the peptide 

optionally comprises Gly at posit 	41; 

or 

Xio is an amino acid coy ently attached to a C12-C18 acyl or alkyl group 

(B) X20 is Gln, ...onally, wherein the amino acid at position 16 is a 

negative charg-. 	no acid, optionally, wherein the amino acid at 

position 16 is fa lu; optionally, wherein X18 is Ala 

or 

X20 i MB; optionally, wherein X16 is any amino acid other than MB 

	

) 	(i) X28 is an acidic amino acid, optionally Asp or Glu, and X35 is a 

basic amino acid, optionally Arg or Lys, (ii) only one of X27, X28 and X29 

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) 	a combination thereof. 

5. 	A peptide comprising the sequence of 

(A) 	SEQ ID NO: 185, 

HX2QGTFTSDX10SKYLDX16RXI8AX20X2I FVQWLX27X2sX2s c ' SSGAPPPS 

(SEQ ID NO: 185) 

wherein: 

X2 is AIB; 

X10  is Tyr or an amino acid covalently attach 	to a Cl2 to CI8 acyl or alkyl 

group; 

X16 is Glu, an alpha, alpha disubstituted i 	i i acid, Lys or 

X15 is Arg or Ala; 

X20 is AIB or Gln; 

X21 is Asp or Glu; 

X22 is Leu, Nle, or Met; 

X28 is Ala, Asp or Glu; 

X26 is Gly of Thr, 

and 

wherein, when X10  is Tyr he peptide comprises at position 40 an amino acid covalently 

attached to a C12 to C18 acyl 	r alkyl group, and, wherein, optionally, the peptide comprises Gly 

at position 41, 

wherein the C- rminal amino acid of the peptide is arnidated; 

or 

(B) 	SEQ ID NO: 185 with up to 3 amino acid modifications relative to 

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

receptor 	e human GLP-1 receptor and the human glucagon receptor, optionally, wherein the 

up to/amino acid modifications are conservative substitutions 
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or 

(C) 	SEQ ID NO: 186, 

HX2X3GTFTSDX10SKYLDX161tXisAX20X21FVQWLX27X28X20 

(SEQ ID NO: 186) 

wherein: 

X2 is AIR; 

X3  is Gln or Gln analog; 

X10  is Tyr or an amino acid covalently attached to a CIO ni  C26 acyl or alkyl 

group; 

X16 IS any amino acid, optionally, any amino acid o. er than Gly, Pro, and Ser; 

X18  is Arg or Ala; 

X20  is a negative charged amino acid or a chtyge-neutral amino acid, optionally, 

A113 or Gln; 	 / 

X21  is X21  is an acidic amino acid, optionally, Asp or Glu; 

X27  is Leu, Ala, NIe, or Met; 

X28  is Ala or an acidic amino acitT(optionally, Asp or Glu); 

X29 is Ala, Gly or Thr; and 

wherein the peptide comprises an/amino acid covalently attached to a Cl 0 to C26 acyl or 

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

or 	/ 

(D) 	/ EQ 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 GP-1 receptor and the human glucagon receptor; optionally wherein the up 

to 3 amino acid modifications arc conservative substitutions; 

or 

(E) 	SEQ ID NO: 187: 
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HX2QGTFTSDX10SKYLDXt6RXisAX20X2IFVQWLX2rX2sX29 

(SEQ ID NO: 187) 

wherein: 

X2 is MB; 

Xm is Tyr or an amino acid covalently attached to a CIO to C2 	yl or alkyl 

group; 

X16 is Glu, alpha, alpha-disubstitutccl amino acid, or Lys;  

Xis  is Arg or Ala; 

X20  is a negative charged amino acid or a charge-nem:al amino acid, optionally, 

AlE1 or Gln;  

if  X21 is Asp or Glu; 

X27 is Leu, Ala, Nle, or Met; 

X25 is Ala, Asp or Glu; 

X29 is Gly or Thr; and 

wherein the peptide comprises un amino acid covalenily attached to a C12 to CI8 acyl or 
/ 

alkyl group, optionally, at position l0, and the C-tenninal amino acid of the peptide is amidated; 

or 

(F) SEQ 1D NO: 187 with up to 3 amino acid modifications relative to 

SEQ ID NO: 187, wherein the peptitle 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 modificati 	are conservative substitutions 

or 

(G) SEQ ID NO: 188, or a sequence of SEQ ED 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 per ide 

exhibits agonist activity at each of the human GIP receptor and the • man 

GLP-1 receptor 

or 

(I) SEQ ID NO: 190, or a sequence of SEQ ID Nth 90 with up to 3 

amino acid modifications relative to SEQ ID NO: I' ., wherein the peptide 

exhibits agonist activity at each of the human GIP .-- -.tor and the human 

OLP- I receptor 

or 

(J) SEQ ID NO: 191, or a sequen• 	of SEQ ID NO: 191 with up to 3 

amino acid modifications relative t 	SEQ ID NO: 191, wherein the peptide 

exhibits agonist activity at each f 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 modi cations relative to SEQ ID NO: 192, wherein the peptide 

exhibits agon 	activity at each of the human GIP receptor and the human 

GLP-1 receptor, and optionally, wherein the peptide exhibits agonist 

activity,gi the human glucagon receptor 

t 
 

ID L) 	SEQ ID NO: 193, or a sequence of SEQ 	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 

f.... 
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or 

(M) SEQ ID NO: 194, or a sequence of SEQ ID NO: 194 with , p to 3 

amino acid modifications relative to SEQ ID NO: 194, wherci 	he peptide 

exhibits agonist activity at each of the human GIP receptor ; d the human 

GLP-1 receptor, optionally, wherein the peptide exhibits 	• nist activity at 

the human glucagon receptor 

or 

(N) SEQ ID NO: 195, or a sequence of S • ID NO: 195 with up to 3 

amino acid modifications relative to SEQ to NO: 195, wherein the peptide 

exhibits agonist activity at each of the h man GIP receptor and the human 

GLP-1 receptor, optionally, wherein 	le peptide exhibits agonist activity at 

the human glucagon receptor. 

6. The peptide of claim 5, part (4 or part (D), comprising SEQ ID NO: 186 

or SEQ ID NO: 

wherein: 

186 with up to 3 amino acid m.. , cations, relative to SEQ ID NO: 186; 

(A) X20 is MB; ,ptionally, wherein X29 is Tbr and the peptide does not 

comprise GPSS a 	'PPS (SEQ ID NO: 5); wherein X16 is an amino acid 

other than Al 

Or 

X20 . Gln; optionally, wherein the amino acid at position 16 is a negative 

ged amino acid (optionally, Glu); optionally wherein Xig is Ala; 

(B) X2 is MB, Xs is Gln, X10  is an amino acid covalently attached to a 

CIO to C26 acyl or alkyl group, X18 is Arg or Ala, X20 is MB or Gln, X21 

is Asp or Olu, X29 is Gly, and the C-tenninal 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 CIO-C26 acyl group; 

or 
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(C) 	or a combination thereof. 

7. 	The peptide of claim 5 pan (C) or part (D), or claim 6, exeludin 	herein 

(a) X20 is MB, (b) X29 is Thr, and (c) the peptide does not comprises SEQ ID NO: 5 	herein the 

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

29, optionally, wherein the amino acid at position 29 is Gly and/or (i) the exte,. ion comprises 

the amino acid sequence GPSSGAPPPS (SEQ ID NO: 5), or a conservativ 	substituted 

sequence thereof, or GPSSGAPPPS (SEQ ID NO: 5) followed by Lys o 	ys-Gly, wherein the 

Lys is covalently attached to an CIO to C26 acyl group or (ii) the ext 	sion comprises the 

sequence XI-X2, wherein XI is a charged amino acid and X2 is a 	all aliphatic amino acid, 

optionally, wherein XI is a positive charged amino acid (optio 	y, Arg), optionally wherein the 

extension comprises or consists of Arg-Gly. 

8. 	The peptide of any one of claims 	to 7 wherein: 

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

alkyl group, optionally a 	hed via a spacer; 

(B) the amino aci' covalently attached to a C12 to C18 acyl or alkyl 

group is a Lys or 	ino-Phe or Tyr or Cys covalently attached to a C12 to 

C18 acyl or al 	group; 

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

spacer 	mprises one or two acidic amino acid residues; or 

(D 	a combination thereof. 

9. 	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, I, 2, or 3 amino 

acid modific 	ons relative to the parent sequence, wherein the parent sequence is any of SEQ ID 

NOs: 27, 	33, 35-39, 41, 78-80, 83, 84, 87, 89, 90, 94, 95, 97, 98, 100, 102-106, 108, 122-124, 

127, 1 	, 130, 131or any of SEQ ID NOs: 88, wherein the amino acid modifications are selected 

fro ii 	e group consisting of: 
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a 	DPP-IV protective amino acid at position 2; optionally AIB or D 

Ser; 

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

Ile; 

c. an amino acid other than Arg at position 17, optio 	y Gln; 

d. a small aliphatic amino acid at position 18, o. 	onally Ala; 

e. an amino acid other than Asp at positio. 	1, optionally Glu; 

f. an amino acid other than Gln at pos 	on 24, optionally Asn 	or Ala; 

g. an amino acid other than Met a 	osition 27, optionally Leu; 

h. an amino acid other than 	n at position 28, optionally Ala; 

/ / 
i. an amino acid otin Thr at position 29, optionally Gly; 

j. an extension of 1211 amino acids C-terminal to the amino acid at 

position 29; 

k. the amino 	id sequence set forth as any of SEQ ID NOs: 48, 52, 

53, 	4; 

wherein the pepti, e exhibits agonist activity at each of the human GIP receptor, 

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

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

wherein: 

(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 GLP-1 receptor; 

/ 
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(C) 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 	ithin 

about 30-fold from its EC50 at the GLP- I receptor; 

(E) the EC50 of the glucagon analog at the GIP rece (or is within 

about 20-fold from its EC50 at the GLP-I receptor; 

(F) the EC50 of the glucagon analog at the G 	receptor is within 

about 10-fold from its EC50 at the GLP-1 	tor; 

(G) the EC50 of the glucagon analog 	the GIP receptor is within 

about 5-fold from its EC50 at the GLP- receptor; 

(H) the glucagon analog exhili 	a GIP percentage potency of at least 

1%; 

(I) the GIP percentage 	bits a OW percentage potency of at least 

10%; 

(I) 	the GIP p 	Cage exhibits a GIP percentage potency of at least 

20%; 

(K) the ci, 	percentage exhibits a GIP percentage potency of at least 

50%; 	f
,, 

/ 
(L) 7 the GIP percentage exhibits a GIP percentage potency of at least 

1 	%; 

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

least 1%; 

(N) the glucagon analog exhibits a GLP-I percentage potency of at 

least 10% 
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(0) 	the glucagon analog exhibits a GI-P-1 percentage potency of 

least 50% 

(P) the glucagon analog exhibits a GLP-1 percentage pot 	cy of at 

least 100% 

(Q) the GIP percentage potency is within 10-fold •'. ier or lower than 

the GLP-1 percentage potency, 

(R) the glucagon percentage potency is at I 	st 1%; 

(S) the glucagon percentage potency is 	least 10%; 

(T) the glucagon percentage poten 	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) a combination thereof. 

12. A dimer or muffin* comprising two or more glucagon analogs or 

peptides of any one of the preceding eFgims, 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 fa'  dimer or multimer or conjugate of claim 12, or a combination 

thereof, and a 'karma 	tically acceptable carrier, diluent, or excipient. 

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

medicament fo, 	acing weight gain or inducing weight loss in a subject in need thereof, 

wherein the se comprises that the medicament is to be administered to a patient in need thereof 

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

amounr effective to treat obesity in the subject in need thereof. 
i 



medicament for 

administered to 

/ 

I/ 

15. Use of a pharmaceutical 

use in treating diabetes, 

a patient in need thereof 

212 

composition of claim 13 in the manufacture of 

wherein the use comprises that the medicament is t be 

in an amount effective to lower blood glucose 	•els. 
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SEQUENCE LISTING 

<110> 	oimarchi, 	et al. 

<120> 	GLUCAGON ANALOGS EXHIBITING GIP RECEPTOR ACTIVITY 

<130> 	31135/45700A 

<160> 	262 

<170> 	Patentln version 3.5 

<210> 	1 
<211> 	29 
<212> 	PRT 
<213> 	Homo sapiens 

<220> 
<221> 	MISC_FEATURE 
<223> 	wild type glucagon 

<400> 	1 

His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Le Asp Ser 
1 	 5 10 15 

Arg Arg Ala Gln Asp Phe Val Gln Trp Leu Met Asn Trr  
20 25 

<210> 	2 
<211> 	42 
<212> 	PRT 
<213> 	Homo sapiens 

<220> 
<221> 	CHAIN 
<222> 	(1)..(42) 
<223> 	Gastric Inhibitory Polyp t de 

<400> 	2 

Tyr Ala Glu Gly Thr Phe ii 	Ser Asp Tyr Ser Ile Ala Met Asp Lys 
1 	 5 10 15 

Ile His Gln Gln Asp Pp -  Val Asn Trp Leu Leu Ala Gln Lys Gly Lys 
20 25 30 

Lys Asn Asp Trp . 	s His Asn Ile Thr Gln 
35 	 40 

<210> 	3 
<211> 	30 
<212> 	P 
<213> 	ificial 	sequence 

<220 
<22k> 	Synthetic polypeptide 

<220> 
<221> 	MISC_FEATURE  


