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sequence of SEQ 1D NO: 1.
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Claims:

1. A glucagon peptide comprising the sequence of SEQ ID NO: 33 opf .
analog of SEQ 1D NQ: 33, wherein said analog differs from SEQ ID NO: 33 by one 0
three amino acid subgtitutions, said amino acid substitutions located at one # more
positions selected from positions 1, 2, 5,7, 10, 11, 12, 13, 14, 16, 17, 18/19, 20, 21
and 24 of the analog, with the proviso that said glucagon peptide corpfrises an amino
acid at position 28 or 29 different from that found at the correspophl g position in
SEQ ID NO: 1, or an additional acidic amino acid added to thg/Carboxy terminus of

the peptide.

2. The glucagen peptide of claim 1 whe
comprises the sequence of SEQ ID NQ: 34 '

Ain the glucagon peptide

3. The glucagon peptide of clye 2 1 wherein the peptide comprises the

4, The glucagon peg# fde of claim 1 wherein the glucagon peptide
comprises an analog of 'J NO: 34, wherein amino acid at position 2 of the

peptids of SEQ ID NO: 34 s other than serine

18, cagon peptide of claim 4 wherein position 2 of the peptide is an -
amino acid selegted from the group consisting of d-serine, alanine, glycine, n-methyl
serine and agfino isobutyric acid.

_ The ghicagon peptide of clarm | wherein the ghicagon pepiide
copt prises an anatog of SEQ 1D NC: 34, wherein amino acid at position 1 of the

fetide of SEQ ID NO: 34 is selected from the group consisting of d-histidine,

/ desaminchistidine, hydroxyl-histidine, acetyl-histidine and homo-histidine.

7. The glucagon peptide of claim 1 further comprising a hydrophilic
moiety covalently bound at position 16, 17, 21 or 24 of the glucagon peptide.
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8. The ghicagon peptide of claim 7 wherein said hydrophilic moiety is
polyethylene glycol.

9, The glucagon peptide of claim & wherein the polvethylene glygbl chain

5 has a molecular weight selected from the range of about 1,000 to about 5,000 Daltons.

10.  The gluicagon peptide of claim 8 wherein the poiyethne glycol chain

hag a molecular weight of af least about 20,000 Daltons.
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amine acid, selected £ om the group consisting of Asp and Gle, added to the carboxy
terminus of the g fcagon peptide.

25 15./ The gincagon peptide of claim 12 further comprising a hydrophilic

moiety g alenﬂy bound to an amino acid residue at a position selected from the
groug/consisting of 16, 17,21 and 24, and phariaceutically accepiabie salts of said

ghicagon peptide,

16.  The glucagon peptide of claim 15, wherein said hydrophilic moiety is
polyethyiene glycol.
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17" The glucagon peptide of claim 16 wherein the polyethylene glycol
chain has a molecular weight selected from the range of about 1,000 to about 5,000/

Daltons.

18.  The glucagon pepiide of claim 16 wherein the polyethyleng v
chain has a molecular weight of at least about 20,000 Daltons,

15.  The glucagon peptide of clamm 12 wherein the gl gon- pepiide

comprises the seqneﬁce of SEQ ID NO: 1] or SEQ ID NO: 38/ g

20.  The glucagon peptide of claim 19 furthep mprising an extension
peptide bound to amino acid 29 of said glucagon peptide, said amino acid sequence
selected from the group consisting of SEQ ID 0 20, SEQ ID NO: 21 and SEQ ID

NO: 22,

21, Avpurified glucagon pepi de comprising the seque:n&e of SEQ ID NO:
33, with the proviso that when the arg o acid at position 28 is asparagine and the
amino acid at position 29 is threo 7 c, the peptide further comprises one to two amino
acids, indepéndenﬂy selected i the group consisting of Lys, Arg, His, Asp or Glu,

added to the c-terminus of (e glicagon peptide.

24.  The glucagon peptide of claim 21 further comprising an exiension
peptide bound o amino acid 29 of said glucagon peptide, said amino acid sequence
selected from the group consisting of SEQ ID NOC: 20, SEQ ID NO: 21 and SEQ ID
NO: 22. |
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glycol chain covalently bound to an amino acid residue at a position selected fromy!

43~

25.  The glucagon peptide of claim 21 further comprising a polyethylene '.

group congisting of 16, 17, 21 and 24, and pharmacsutically acceptable salts ojfsaid

glucagon peptide.

26. A homeo dimer comprising two glucagon peptides boygd to one another
through a linker, wherein each of said glicagon peptides comprisg the sequence of

SEQID NO: 1L

27. ‘ The home dimer of claim 26 wherein thefinker is selected from the
group consisting of bifunctional thicl crosslinkers angd bi-functional amine. h
crosslinkers.

28.  A-dimer comprising a first gh cagon peptide bound to a second
glucagon peptide via a linker, wherein g#id first glucagon peptide comprises a peptide
selected from the group consisting o SEQ 1D NQ: 1, SEQ ID NO: 7, SEQ ID NO: &,
SEQ ID NO: 9, SEQ ID NO: 10 gd SEQ ID NO: 11 and the second glucagon peptide ‘
comprises SEQ ID NO: 33, i ' the proviso that with regards to the second glucagon
peptide, when the amino 7 ot position 28 is asparagine and the amino acid at
position 29 is threoning/ e second ghucagon peptide further comprises one to two
amine acids, indepeplently seiected from the group consisting of Lys, Arg, His, Asp
or Glu, added to ghe carboxy terminus of the second glhicagon glucagon pepiide, and

phamaceutiy acceptable salts of said glucagon polypeptides.

A pharmacentical composition comprising the glucagon agonist of

claigh 12, or pharmaceutically acceptable salt thereof, and & pharmaceutically

ofeoeptable carrier.

3G. A pharmaceutical composition comprising a glucagon agoﬁist that
comprises the sequence of SEQ ID NO: 11 or SEQ Il NO: 38, or pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.
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31, A kit for administering 2 ghicagon agonist o a patient in need thereof,

said kit comprising
a pharmaceuucal composition of claim 29; aud

a device for administering said composition {0 a patient.

32.  The kit of claim 31 wherein said device 1s an aerosol dispénsing
device, wherein the composition is prepackaged within the acrosol dgice.
33, Thekit of olaim 31 wherein said device compris ds 2 syringe and a
needle, wherein the composition is prepackaged within the #iringe.

34, A method of treating bypoglycemia ug g a pre-fdrmuiated AGUEOUS
compdsition, said method comprising the steps ofdmnistering an effective amount

of a pharmaceutical composition of claim 29. /

35. A method of causing te phorary paralysis of the intestinal tract, said
method comprising administering agybffective amount of 2 pharmaceutical |

composition of claim 29.

36, A method gffreducing weight gain or inducing weight loss, said
method cornprising adg#nistering an effective amount of 2 composition cemprising a
glucagon agonist corésing a glucagon peptide selected from the group consisting of

SEQ ID NO: &, yherein amino acid 29 of the plucagon peptide i bound to 2 second

A method of reducing weight gain or inducing weight loss, said

/# method comprising administering an effective amount of a composition comprising &

glicagon agonist comprising a glucagon peptide selected from the group consisting of

SEQ ID NO: 8,
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Claims

1. A glucagon peptide with improved solubility relative to native glucagon (SEQ ID
NO: 1), that is an analog of SEQ ID NO: | comprising (a) one, two, or three charged amino
acid(s) C-terminal to the amino acid at position 27 of the glucagon peptide, (b} a Leu or Nle at
position 27, and (c) up to 4 additional amino acid modifications relative to SEQ ID NO: I,

wherein the glucagon peptide retains improved solubility and glucagon activity.

2. The glucagon peptide of claim 1, wherein said one, two, or three charged amino

acid are negatively charged amino acids.

3. The glucagon peptide of claim 2, wherein the negatively charged amino acids are

selected from the group consisting of Glu and Asp.

4, The glucagon peptide of claim 3, wherein (i) the amino acid at position 28 1s Asp,

or (i1} the amino acid at position 29 is Glu, or both (1) and (it).

5. The glucagon peptide of claim 4, wherein the additional amino acid modifications
are: amino acid substitutions at positions 1, 2, 5, 7, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, and
24 relative to SEQ ID NO: 1.

6. A homo dimer comprising two glucagon peptides of claim 5 bound to one another
through a linker.
7. The glucagon peptide of claim 2, wherein two or more charged amino acids C-

terminal to the amino acid at position 27 are negatively charged.

8. The glucagon peptide of claim 7, comprising a. a substitution of the amino acid at
position 15 with Glu, homo-Glu, cysteic acid, homo cysteic acid; b. a hydrophilic moiety
covalently bound at position 16, 17, 20, 21, 24 or 29 of said glucagon peptide; c. a sequence
selected from the group consisting of SEQ ID NO: 20, SEQ 1D NO: 21, and SEQ ID NO: 22
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bound to the carboxy terminus of said glucagon peptide; d. an amino acid at position 2 selected
from the group consisting of d-serine, alanine, glycine, n-methyl serine and amino isobutyric
acid; or the amino acid at position 1 is selected from the group consisting of dhistidine,
desaminohistidine, hydroxyl-histidine, acetyl-histidine and homo-histidine; or e. a combination

thereof.

9. A glucagon peptide with improved solubility relative to native glucagon (SEQ ID
NO: 1) comprising the sequence of SEQ [D NO: 33 or an analog of SEQ ID NO: 33, wherein
said analog differs from SEQ ID NO: 33 by one to three amino acid substitutions, said amino
acid substitutions located at one or more positions selected from positions 1, 2, 5, 7, 10, 11, 12,
13, 14, 16, 17, 18, 19, 20, 21 and 24 of the analog, with the proviso that said glucagon peptide
comprises a charged amino acid at position 28 or 29, or an additional acidic amino acid added to

the carboxy terminus of the peptide.

10.  The glucagon peptide of claim 1 wherein the glucagon peptide comprises the
sequence of any one of SEQ 11D NOs: 7, 8,9, 11, 12, 13, 32, 33, 34, or 38.

I1. - A pharmaceutical composition comprising the glucagon peptide of claim 5, 9, or

7 or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable carrier.

12. The glucagon peptide of claim 9 further comprising a hydrophilic moiety

covalently bound at position 16, 17, 21 or 24 of the glucagon peptide.

13.  The glucagon peptide of claim 12 wherein the hydrophilic moiety is polyethylene
glycol (PEG).

14.  The glucagon peptide of claim 13 wherein the glucagon peptide further comprises
a sequence selected from the group consisting of SEQ ID NO: 20, SEQ 1D NO: 21, and SEQ ID
NO: 22 bound to the carboxy terminus of said glucagon peptide.



- 47 -

15. A solution comprising the glucagon peptide of claim 1, 5, or 9 or a
pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable carrier; said solution

at pH of about 5.5 to about 8.0.

16. A kit for administering a glucagon agonist to a patient in need thereof, said kit

comprising the solution of claim 15; and a device for administering said composition to a patient.

17.  The kit of claim 16 wherein said device: 1s an acrosol dispensing device, wherein
the composition is prepackaged within the aerosol device; or comprises a syringe and a needle,

wherein the composition is prepackaged within the syringe.



