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to five N-terminal amino acids of native glucagon is deleted and in which the alpha helix is stabilized.



10

15

20

25

WO 2009/058734 PCT/US2008/081333

29920-207222

-1-

COMPOUNDS EXHIBITING GLUCAGON ANTAGONIST AND GLP-1
AGONIST ACTIVITY

BACKGROUND

Pre-proglucagon is a 158 amino acid precursor polypeptide that is processed in
different tissues to form a number of different proglucagon-derived peptides, including
glucagon, glucagon-like peptide-1 (GLP-1), glucagon-like peptide-2 (GLP-2) and
oxyntomodulin (OXM), that are involved in a wide variety of physiological functions,
including glucose homeostasis, insulin secretion, gastric emptying, and intestinal growth,
as well as the regulation of food intake. Glucagon is a 29-amino acid peptide that
corresponds to amino acids 33 through 61 of pre-proglucagon, while GLP-1 is produced
as a 37-amino acid peptide that corresponds to amino acids 72 through 108 of pre-
proglucagon. GLP-1(7-36) amide or GLP-1(7-37)acid are biologically potent forms of
GLP-1, that demonstrate essentially equivalent activity at the GLP-1 receptor.

Glucagon generally functions as a counter-regulatory hormone, opposing the
actions of insulin, to maintain the level of blood glucose, particularly in instances of
hypoglycemia. Thus, glucagon’s general role in glucose regulation is to counteract the
action of insulin and maintain blood glucose levels through enhanced synthesis and
mobilization of glucose in the liver. However, in some patients with Type 1 or Type 2
diabetes, absolute or relative elevated glucagon levels have been shown to contribute to
the hyperglycemic state. Both in healthy control animals as well as in animal models of
Type 1 and Type 2 diabetes, removal of circulating glucagon with selective and specific
antibodies has resulted in reduction of the glycemic level (Brand et al., Diabetologia 37,
985 (1994); Diabetes 43, [suppl 1], 172A (1994); Am. J. Physiol. 269, E469-E477
(1995); Diabetes 44 [suppl 1], 134A (1995); Diabetes 45, 1076 (1996)). These studies
suggest that glucagon antagonism could be useful in glycemic control of diabetes.

Glucagon exerts its action by binding to and activating its receptor, which is part
of the glucagon-secretin branch of the 7-transmembrane G-protein coupled receptor
family. The receptor functions by an activation of the adenylyl cyclase resulting in

increased cAMP levels. Previous reports have identified peptide-based, (see Unson, C.
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G. et al. (1989) J. Biol. Chem. 264, 789-94, Ahn, J. et al. (2001) J. Peptide Research 58,
151-8 and Ahn J. et al. (2001) J. Med. Chem. 44, 1372-9) as well as nucleotide-based
glucagon antagonists (Sloop K. et al. (2004) J. Clinical Invest. 113, 1571-81). Peptide-
based inhibition acts at the level of receptor binding while the latter functions by
suppressing intracellular mRNA specific to the glucagon receptor.

Inhibitors of the glucagon receptor have been described, and are generally based
on the amino acid sequence of glucagon. Several analogues in which one or more amino
acids were either deleted or substituted to produce potent antagonists of glucagon
receptor have been described, for example, [des Hisl] [Glug]-g]ucagon amide (Unson et
al., (1989) Peptides 10, 1171; Post et al., (1993) Proc. Natl. Acad. Sci. USA 90, 1662),
des His', Phe® [G1u9]-glucagon amide (Azizh et al., (1995) Bioorg. & Med. Chem. Lett.
16, 1849) and Nle’, Ala'"'-glucagon amide (Unson et al. (1994) J. Biol. Chem. 269(17),
12548). Other analogues include substitutions at positions 4 (Ahn J M et al. (2001) J.
Pept. Res. 58(2):151-8), 1 (Dharanipragada, R. et al. (1993) Int. J. Pept. Res. 42(1): 68-
77) and 4, 5, 12, 17 and 18 in the glucagon sequence (Gysin B et al. 1986. Biochemistry.
25(25):8278-84).

GLP-1 has different biological activities compared to glucagon. Its actions
include stimulation of insulin synthesis and secretion, inhibition of glucagon secretion,
and inhibition of food intake. GLP-1 has been shown to reduce hyperglycemia (elevated
glucose levels) in diabetics. Exendin-4, a peptide from lizard venom that shares about
50% amino acid identity with GLP-1, activates the GLP-1 receptor and likewise has been
shown to reduce hyperglycemia in diabetics.

There is also evidence that GLP-1 and exendin-4 may reduce food intake and
promote weight loss, an effect that would be beneficial not only for diabetics but also for
patients suffering from obesity. Patients with obesity have a higher risk of diabetes,
hypertension, hyperlipidemia, cardiovascular disease, and musculoskeletal diseases.

As described herein, glucagon analogs are provided that exhibit high potency
activity, both as glucagon antagonists and as GLP-1 agonists. More particularly, the
novel glucagon antagonist/GLP-1 agonists represent novel chemical modifications of the

N-terminus of the native glucagon sequence, and substitutions of the native glucagon
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sequence that allow for stabilization of the alpha-helix structure in the C-terminal portion
of the compound. The novel glucagon antagonist/GLP-1 agonist compounds can be used in
any setting where glucagon antagonism concurrent with GLP-1 agonism is desired. In
accordance with one embodiment the compounds can be used in the treatment of diabetes

or obesity.

SUMMARY

In accordance with one embodiment, a glucagon antagonist/GLP-1 agonist
comprising the sequence of SEQ ID NO: 51, wherein the amino acids at positions 4 and 7,
positions 7 and 11, positions 11 and 15, positions 15 and 19, or positions 19 and 23 of SEQ
ID NO: 51 are linked via a lactam bridge, or an oxy derivative of the glucagon
antagonist/GLP-1 agonist.

In accordance with one embodiment, a peptide comprising (1) an intramolecular
bridge, or an alpha, alpha-di-substituted amino acid, or an acidic amino acid at position 16
(according to the numbering of SEQ ID NO: 1), or a combination thereof, (2) a C-terminal
amide or ester in place of a C-terminal carboxylate, and (3) a general structure of A-B-C,
wherein A is selected from the group consisting of (i) PLA; (ii) an oxy derivative of PLA;
and (iii) a peptide of 2 to 6 amino acids in which two consecutive amino acids of the
peptide are linked via an ester or ether bond; wherein B represents amino acids p to 26 of
SEQ ID NO: 1, wherein p is 3, 4, 5, 6, or 7, optionally comprising one or more amino acid
modifications selected from the group consisting of (iv) Asp at position 9 (according to the
amino acid numbering of SEQ ID NO: 1) is substituted with a Glu, a sulfonic acid
derivative of Cys, homoglutamic acid, f-homoglutamic acid, or an alkylcarboxylate

derivative of cysteine having the structure of:
HoN COOH
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wherein X5 is C;-Cy alkyl, C,-C4 alkenyl, or C,-C;4 alkynyl; (v) substitution of one or two
amino acids at positions 10, 20, and 24, (according to the amino acid numbering of SEQ
ID NO: 1) with an amino acid covalently attached to an acyl or alkyl group via an ester,
ether, thioether, amide, or alkyl amine linkage; (vi) substitution of one or two amino acids
at positions 16, 17, 20, 21, and 24 (according to the amino acid numbering of SEQ ID NO:
1) with an amino acid selected from the group consisting of: Cys, Lys, ornithine,
homocysteine, and acetyl-phenylalanine (Ac-Phe), wherein the amino acid of the group is
covalently attached to a hydrophilic moiety; (vii) Asp at position 15 (according to the
numbering of SEQ ID NO: 1) is substituted with cysteic acid, glutamic acid, homoglutamic
acid, and homocysteic acid; (viii) Ser at position 16 (according to the numbering of SEQ
ID NO: 1) is substituted with cysteic acid, glutamic acid, homoglutamic acid, and
homocysteic acid; (ix) Arg at position 17 is replaced with Gln, Arg at position 18 is
replaced with Ala, Asp at position 21 is replaced with Glu, Val at position 23 is replaced
with Ile, and Gln at position 24 is replaced with Ala (according to amino acid numbering
of SEQ ID NO: 1 ); (x) Ser at position 16 is replaced with Glu, Gln at position 20 is
replaced with Glu, or Gln at position 24 is replaced with Glu(according to the amino acid
numbering of SEQ ID NO: 1); wherein C is selected from the group consisting of (vii) X;
(viii) X-Y; (ix) X-Y-Z; (x) X-Y-Z-R10; wherein X is Met, Leu, or Nle; Y is Asnor a
charged amino acid; Z is Thr, Gly, Cys, Lys, omithine (Orn), homocysteine, acetyl
phenylalanine (Ac-Phe), or a charged amino acid; wherein R10 is selected from a group
consisting of SEQ ID NOs: 21, 26, 27, and 50.

In accordance with one embodiment, analogs of glucagon are provided that
demonstrate potent, selective glucagon antagonism and selective glucagon-like peptide
(GLP-I) agonism (glucagon antagonist/GLP-1 agonists). These two activities have
separately been shown to be highly desirable properties for the treatment of the metabolic
syndrome, specifically diabetes and obesity. The glucagon antagonist activity is useful in
any setting where the suppression of glucagon agonism is desired. The presence of GLP-1
agonism further suppresses the endogenous secretion of glucagon from the pancreas while
stimulating insulin synthesis and secretion. The two pharmacological actions serve in a
synergistic fashion to normalize metabolic abnormalities. These glucagon antagonist/GLP-
1 agonists can be further modified to improve the solubility and stability of the compounds

while maintaining the glucagon antagonist/GLP-1 agonist activity of the parent compound.
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In accordance with one embodiment a glucagon antagonist/GLP-1 agonist is
provided comprising a glucagon peptide that has been modified by the deletion of the first
1 to 5 amino acids residues (e.g., first amino acid, first two amino acids, first three amino
acids, first four amino acids, first five amino acids) from the N-terminus, and stabilization
of the alpha-helix structure in the C-terminal portion of the compound (around amino acid
positions 12-29 according to the amino acid numbering of wild type glucagon, SEQ ID
NO: 1), e.g., by the linkage of the side chains of amino acid pairs, selected from positions
12 and 16, 16 and 20, 20 and 24, and 24 and 28 (relative to the native glucagon peptide
sequence), to one another through hydrogen-bonding or ionic interactions, such as the
formation of salt bridges, or by covalent bonds. Alternatively, stabilization of the alpha-

helix around residues 12-29 is achieved through introduction of
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one or more @, a-disubstituted amino acids at positions that retain the desired activity. In
some embodiments, one, two, three, four or more of positions 16, 17, 18, 19, 20, 21, 24
or 29 (according to the amino acid numbering of wild type glucagon) of the glucagon
peptide or analog thereof is substituted with an o, a-disubstituted amino acid. For
example, substitution of position 16 (according to the amino acid numbering of wild type
glucagon) of a glucagon peptide or analog thereof with amino iso-butyric acid (AIB)
provides a stabilized alpha helix in the absence of a salt bridge or lactam. In some
embodiments, one, two, three or more of positions 16, 20, 21 or 24 (according to the
amino acid numbering of wild type glucagon) are substituted with AIB

In accordance with one embodiment the glucagon antagonist/GLP-1 agonist
represents a further modification of the glucagon peptide wherein in addition to the N-
terminal deletion, the phenylalanine at position 6 of the native glucagon peptide is
modified, e.g., to comprise a hydroxyl group in place of the N-terminus amino group. In
a further embodiment the natural carboxylic acid of the C-terminal amino acid is replaced
with a charge-neutral group, such as an amide or ester. In another embodiment the
aspartic acid residue at position four (position 9 of native glucagon peptide) is substituted
with an amino acid selected from the group consisting of glutamic acid, homoglutamic
acid, B-homoglutamic acid, a sulfonic acid derivative of cysteine, or an alkylcarboxylate

derivative of cysteine having the structure of:

HZNY

HoC
\S

Xs

COOH

cooH,

wherein Xs is C;-Cy alkyl, C,-C;4 alkenyl, or C,-C4 alkynyl.
In one embodiment, the sulfonic acid derivative of cysteine is cysteic acid or

homocysteic acid.
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In one embodiment the glucagon antagonist/GLP-1 agonist comprises the
sequence of SEQ ID NO: 15 or SEQ ID NO: 51, and more particularly, a sequence
selected from the group consisting of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ
ID NO: 19, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24 and SEQ ID NO: 25.

Also provided herein is a peptide or conjugate thereof comprising (1) an
intramolecular bridge, or an alpha, alpha-di-substituted amino acid, or an acidic amino
acid at position 16 (according to the numbering of SEQ ID NO :1), or a combination
thereof, (2) a C-terminal amide or ester in place of a C-terminal carboxylate, and (3) a
general structure of A-B-C,

wherein A is selected from the group consisting of:

(1) phenyl lactic acid (PLA);

(i1) an oxy derivative of PLA;

(iii))  a peptide of 2 to 6 amino acids in which two consecutive
amino acids of the peptide are linked via an ester or ether
bond;

B represents amino acids i to 26 of SEQ ID NO: 1, whereiniis 3,4, 5, 6, or 7,
optionally comprising one or more amino acid modifications, as further described herein,
including, for example, any of the modifications described for glucagon peptides or
glucagon analogs or glucagon antagonist/GLP-1 agonists;

and C is selected from the group consisting of:

x) X

(xi) X-Y;

(xii) X-Y-Z; and

(xiii) X-Y-Z-R10,

wherein X is Met, Leu, or Nle; Y is Asn or a charged amino acid; Z is Thr, Gly, Cys, Lys,
ornithine (Om), homocysteine, acetyl phenylalanine (Ac-Phe), or a charged amino acid,;
wherein R10 is selected from a group consisting of SEQ ID NOs: 21, 26, 27, and 50.

In one embodiment, the carboxy terminal amino acid of the glucagon

antagonist/GLP-1 agonist described herein is covalently bound to a second peptide
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comprising a sequence selected from the group consisting of SEQ ID NOs: 21, 26, 27,
and 50. For example, in one embodiment, the glucagon antagonist/GLP-1 agonist of
SEQ ID NO: 15, SEQ ID NO: 51, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID
NO: 24 and SEQ ID NO: 25 is covalently bound to a second peptide comprising a
sequence selected from the group consisting of SEQ ID NO: 21 (GPSSGAPPPS), SEQ
ID NO: 26 (KRNRNNIA), SEQ ID NO: 27 (KRNR) and SEQ ID NO: 50 '
(GPSSGAPPPSX).

In yet further exemplary embodiments, any of the foregoing compounds can be
further modified to improve stability by modifying the amino acid corresponding to
position 15 or 16 of native glucagon, to reduce degradation of the peptide over time,
especially in acidic or alkaline buffers.

Conjugates of glucagon antagonist/GLP-1 agonists are also provided, in which the
glucagon peptide is linked, optionally via covalent bonding and optionally via a linker, to
a conjugate moiety.

In another embodiment, the solubility of the glucagon antagonist/GLP-1 agonist is
enhanced by the covalent linkage of a hydrophilic moiety to the peptide. In one
embodiment the hydrophilic moiety is a polyethylene glycol (PEG) chain. In accordance
with one embodiment a glucagon antagonist/GLP-1 agonist is provided, wherein the
hydrophilic moiety is covalently bound to an amino acid residue corresponding to
position 16, 21 or 240f native glucagon. In one embodiment the glucagon
antagonist/GLP-1 agonist comprises the sequence of SEQ ID NO: 12, SEQ ID NO: 13 or
SEQ ID NO: 14 wherein a polyethylene glycol chain is covalently linked to the amino
acid at position 16 of SEQ ID NO: 13, at postion 190f SEQ ID NO: 14 or at positions 16
and 19 of SEQ ID NO: 12. In one embodiment the polyethylene glycol chain has a
molecular weight selected from the range of about 1,000 to about 5,000 Daltons. In
another embodiment the polyethylene glycol chain has a molecular weight of at least
about 20,000 Daltons. Alternatively the glucagon antagonist/GLP-1 agonist comprises
the sequence of SEQ ID NO: 12 and has a polyethylene glycol chain covalently bound to



10

15

20

25

30

WO 2009/058734 PCT/US2008/081333

29920-207222

-

both amino acid positions 16 and 19 of SEQ ID NO: 12, wherein the combined molecular
weight of the two polyethylene chains is either about 1,000 to about 5,000 Daltons or is
greater than about 20,000 Daltons.

In another embodiment, the solubility of any of the preceding glucagon
antagonist/GLP-1 agonist can be improved by modifying the peptide by substitutions
and/or additions that introduce a charged amino acid into the C-terminal portion of the
peptide, preferably at a position C-terminal to the amino acid corresponding to position
27 of native glucagon (i.e., C-terminal to position 22 of the glucagon antagonist/GLP-1
agonist). Optionally, one, two or three charged amino acids may be introduced within the
C-terminal portion, preferably C-terminal to position 22 of the glucagon antagonist/GLP-
1 agonist. In accordance with one embodiment the native amino acid(s) at positions 23
and/or 24 of the glucagon antagonist/GLP-1 agonist are substituted with a charged amino
acid, and/or in a further embodiment one to three charged amino acids are also added to
the C-terminus of the peptide. In exemplary embodiments, one, two or all of the charged
amino acids are negatively charged.

In yet another embodiment, the glucagon antagonist/GLP-1 agonist has been
modified by truncation or deletion of one or two amino acids of the C-terminus of the
glucagon peptide (i.e., position 29 and/or positions 28 and 29 of the native glucagon
peptide).

In one embodiment, the glucagon antagonist/GLP-1 agonist is modified to
comprise one or more amino acids of native GLP-1 by substitution of the native glucagon
residue(s) at corresponding amino acid positions. For example, the glucagon antagonist
may comprise one or more amino acid substitutions at any of positions 2, 3, 17, 18, 21,
23, and 24 (according to the amino acid numbering of native glucagon). In a specific
embodiment, the glucagon antagonist/GLP-1 peptide is modified by one or more of the
following amino acid substitutions: Ser2 is replaced with Ala, GIn3 is replaced with Glu,
Argl7 is replaced with Gln, Arg at position 18 is replaced with Ala, Asp at position 21 is
replaced with Glu, Val at position 23 is replaced with Ile, and Gln at position 24 is
replaced with Ala (amino acid positions are in accordance with the native glucagon

sequence).
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Additional modifications, e.g. conservative substitutions, may be made to the
glucagon antagonist/GLP-1 agonists that still allow it to retain its activity at the glucagon
and GLP-1 receptors. Thus, the invention contemplates that any of the glucagon analogs
disclosed herein can be further modified to comprise up to 2, 3,4, 5, 6, 7, 8 or 9 further
amino acid modifications, and still retain the desired level of activity of a glucagon
antagonist and GLP-1 agonist at the glucagon and GLP-1 receptors.

Any of the modifications described above can be applied individually or in
combination. '

Pharmaceutically acceptable salts of the glucagon antagonist/GLP-1 agonist are
also encompassed by the present disclosure.

Dimers of the glucagon antagonist/GLP-1 agonists disclosed herein are also
encompassed by the present disclosure. In one embodiment a glucagon antagonist/GLP-1
agonist dimer is provided comprising two sequences independently selected form the
group consisting of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ
ID NO: 9, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24 and SEQ ID NO: 25,
wherein the two glucagon antagonist/GLP-1 agonists are bound to one another through a
linker independently bound to position 16, 19, 24 and 35 (when the extension peptide of
SEQ ID NO: 50 is added to the carboxy terminus of the glucagon analog) of the
respective peptide chains.

In accordance with one embodiment a pharmaceutical composition is provided
comprising the novel glucagon antagonist/GLP-1 agonists disclosed herein. In one
embodiment the pharmaceutical compositions comprise solutions that are sterilized and
contained within various packages. The pharmaceutical compositions can be further
packaged as part of a kit that includes a disposable device for administering the
composition to a patient.

In accordance with one embodiment a method of rapidly treating hyperglycemia
using a pre-formulated aqueous composition is provided. The method comprises the step
of administering an effective amount of an aqueous solution comprising a novel modified
glucagon antagonist/GLP-1 agonist of the present disclosure. In one embodiment the

glucagon antagonist/GLP-1 agonist is pegylated and the PEG chain has a molecular
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weight of about 500 to about 5,000 Daltons. In one embodiment the modified glucagon
solution is prepackaged in a device that is used to administer the composition to the
patient suffering from hyperglycemia.

In accordance with one embodiment an improved method of regulating blood
glucose levels in insulin dependent patients is provided. The method comprises the steps
of administering insulin in an amount therapeutically effective for the control of diabetes
and administering a novel modified glucagon antagonist/GLP-1 agonist of the present
disclosure, wherein said administering steps are conducted within twelve hours of each
other. In one embodiment the glucagon antagonist/GLP-1 agonist and the insulin are co-
administered as a single composition, wherein the glucagon analog is pegylated with a
PEG chain having a molecular weight selected from the range of about 5,000 to about
40,000 Daltons. Such methods for treating hyperglycemia are expected to be useful for a
variety of types of hyperglycemia, including diabetes, diabetes mellitus type I, diabetes
mellitus type II, or gestational diabetes, either insulin-dependent or non-insulin-
dependent, and reducing complications of diabetes including nephropathy, retinopathy
and vascular disease.

In addition it has been reported that stimulation of GLP-1 will induce weight loss
or prevent weight gain. Accordingly, it is believed that the glucagon antagonist/GLP-1
agonists disclosed herein will be effective in inducing weight loss or preventing weight
gain. Furthermore, another compound that induces weight loss is oxyntomodulin, a
naturally occurring digestive hormone found in the small intestine (see Diabetes 2005;
54:2390-2395). Oxyntomodulin is a 37 amino acid peptide that contains the 29 amino
acid sequence of glucagon (i.e. SEQ ID NO: 1) followed by an 8 amino acid carboxy
terminal extension of SEQ ID NO: 26 (KRNRNNIA). While it is contemplated that the
peptides or glucagon antagonist/GLP-1 agonists described herein may optionally be
joined to this 8 amino acid carboxy terminal extension (SEQ ID NO: 26), the invention
specifically contemplates analogs lacking the 8 contiguous amino acids of SEQ ID NO:
26. Such methods for reducing appetite or promoting loss of body weight are expected to
be useful in reducing body weight, preventing weight gain, or treating obesity of various

causes, including drug-induced obesity, and reducing complications associated with
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obesity including vascular disease (coronary artery disease, stroke, peripheral vascular
disease, ischemia reperfusion, etc.), hypertension, onset of diabetes type II,

hyperlipidemia and musculoskeletal diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a bar graph representing the stability of Glucagon Cys2 B
maleimidoPEGsk at 37°C incubated for 24, 48, 72, 96, 144 and 166 hours, respectively.

Fig. 2 represents data generated from HPLC analysis of Glucagon Cys®'-
maleimidoPEGsy at pH 5 incubated at 37°C for 24, 72 or 144 hours, respectively.

Fig. 3A & 3B represents data generated measuring glucagon receptor antagonism
of the listed glucagon analogs, as measure by cAMP production. The tested analogs have
one, three, four or five amino acids removed from the amino terminus of the glucagon
peptide and a glutamic acid substitution at position 4. More particularly, Fig. 3A
compares induction of the glucagon receptor by glucagon analogs [E9]G(2-29) @,
(E91G(4-29) A, [E9]G(5-29) ¥, [E9]G(6-29) d relative to native glucagon M. Fig. 3B
provides data regarding the inhibitory effect of the same analogs on the induction of the
glucagon receptor by 0.2 nM of glucagon. Abbreviations: E9 = a substitution of
glutamic acid for the amino acid corresponding to position 9 of native glucagon; G(X-29)
= native glucagon N-terminally truncated by X - 1 amino acids.

Fig. 4 represents data comparing the binding affinity and glucagon receptor
activity of glucagon analogs that are modified relative to native glucagon by the deletion
of the first 5 native amino acids, and that differ from one another based on modifications
to the N-terminal amino acid ("residue 6" of native glucagon).

Fig. 5 represents data generated measuring GLP-1 receptor agonism of the listed
glucagon analogs, as measure by cAMP production. More particularly, Fig. 5 compares
induction of the GLP-1 receptor by glucagon analogs [E9]G(6-29) @, [PLA6, E9]G(6-
29) A, [E9]G(6-CEX) V¥, [E9, E16)]G(6-CEX) 4, [PLAG6, E9, E16]G(6-CEX)) I
relative to native GLP-1 l. Abbreviations: PLA6 = phenyl-lactic acid; G(6-29) = native
glucagon N-terminally truncated by S amino acids; E9 = a substitution of glutamic acid

for the amino acid corresponding to position 9 of native glucagon; G(6-CEX) = native
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glucagon N-terminally truncated by 5 amino acids with the additional amino acids of
SEQ ID NO: 21 added to the carboxy terminus.

Fig. 6A and 6B represents data generated measuring activity at the glucagon and
GLP-1 receptors. Fig. 6A represents data generated measuring glucagon receptor
antagonism of the listed glucagon analogs in the presence of 0.8nM of native glucagon,
as measure by cAMP production. More particularly, Fig. 6A compares the inhibition of
0.8nM glucagon-induced cAMP release by glucagon analogs [PLA6, E9]G(6-29) @,
[PLA6, D9, K12E16(L),D28]G(6-29) A, [PLA6, D9, E16K20(L),D28]G(6-29) ¥
relative to native glucagon M. Fig. 6B represents data generated measuring GLP-1-
induced cAMP release by glucagon analogs [PLA6, D9, D28]G(6-29) @, [PLA6, D9,
KI12E16(L),D28]G(6-29) A, [PLA6, D9, E16K20(L),D28]G(6-29) V¥ relative to native
glucagon M. This data demonstrates that the introduction of a backbone lactam into an
otherwise glucagon antagonist maintains potent antagonism without residual agonism.
Abbreviations: PLA6 = phenyl-lactic acid; G(6-29) = native glucagon N-terminally
truncated by 5 amino acids; D9 = the native Asp corresponding to position 9 of native
glucagon; E9 = a substitution of glutamic acid for the amino acid corresponding to
position 9 of native glucagon ; D28 = a substitution of aspartic acid for the amino acid
corresponding to position 28 of native glucagon; G(6-CEX) = native glucagon N-
terminally truncated by 5 amino acids with the additional amino acids of SEQ ID NO: 21
added to the carboxy terminus; K12E16(L) = a lactam bridge formed between the side
chains of amino acids corresponding to the lysine at position 12 and the glutamic acid at
position 16 of the native glucagon peptide. E16K20(L) = a lactam bridge formed
between the side chains of amino acids corresponding to the glutamic acid at position 16
and the lysine at position 20 of the native glucagon peptide.

Figs. 7A and 7B represents data generated measuring activity of glucagon lactam
derivatives at the glucagon and GLP-1 receptors. Fig. 7A represents data generated
measuring glucagon receptor antagonism of the listed glucagon analogs in the presence of
0.2nM of native glucagon, as measure by cAMP production. More particularly, Fig. 7A
compares the inhibition of 0.2nM glucagon-induced cAMP release by glucagon analogs

[PLAG, E9]1G(6-29) @, [E9, E16]G(6-CEX) A, [E9, K12E16(L)]G(6-CEX) ¥, [PLAG,
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E9, K12E16(L)]G(6-CEX) 4, [E9, E16, K20]G(6-CEX) P, [E9, E16K20(L)IG(6-CEX)
@, [PLA6, E9, E16K20(L)]G(6-29) ® relative to native glucagon M. Fig. 7B represents
data generated measuring GLP-1-induced cAMP release by glucagon analogs [E9]G(6-
CEX) @, [E9, E16]G(6-CEX) A, [D9, K12E16(L)]G(6-CEX) ¥ [E9, K12E16(L)]G(6-
CEX) 4, [PLA6, E9, K12E16(L)IG(6-CEX)) P, [E9, E16, K20]G(6-CEX) #, [E9,
E16K20(L)]G(6-CEX) ®, [PLA6, E9, E16K20(L)]G(6-CEX) ® relative to native
glucagon M. Abbreviations are consistent with those used in Figs 6A &6B.

Figs. 8A & 8B represents data generated measuring activity of pegylated
glucagon lactam derivatives at the glucagon and GLP-1 receptors. Fig. 8A represents
data generated measuring glucagon receptor antagonism of the listed glucagon analogs in
the presence of 0.8nM of native glucagon, as measure by cAMP production. More
particularly, Fig. 8 A compares the inhibition of 0.8nM glucagon-induced cAMP release
by glucagon analogs [PLA6, D9, E16K20(L), D28]G(6-29) A, [PLA6, D9, E16K20(L),
C24(20K PEG), D28]G(6-29) ¥, [PLA6, D9, K12E16(L), C24(20K PEG), D28]G(6-29)
<4, [PLA6, D9, E16K20(L), D28, C35(20K PEG)]G(6-CEX) P>, relative to native
glucagon M. Fig. 7B represents data generated measuring GLP-1-induced cAMP
release by glucagon analogs [PLA6, D9, E16K20(L), D28]G(6-29) A, [PLA6, D9,
E16K20(L), C24(20K PEG), D28]G(6-29) ¥, [PLAG6, D9, K12E16(L), C24(20K PEG),
D28]G(6-29) 4, [PLA6, D9, E16K20(L), D28, C35(20K PEG)]G(6-CEX) P>, relative to
native GLP-1 B. Abbreviations are consistent with those used in Figs 6A &6B.

Figs. 9A- 9C represent data generated measuring activity of glucagon lactam
derivatives at the glucagon and GLP-1 receptors. Fig. 9A represents data generated
measuring glucagon receptor antagonism of the listed glucagon analogs in the presence of
0.8nM of native glucagon, as measure by cAMP production. More particularly, Fig. 9A
compares the inhibition of 0.8nM glucagon-induced cAMP release by glucagon analogs
[PLAG6, E16K20(L), D28]G(6-29) ®, [E9, E16K20(L), D28]G(4-29) A, [E16K20(L),
D28]G(2-29) ¥, [A2, E3, E16K20(L), D28]G(2-29) 4, [A2, E3, E16K20(L), D28]G(1-
29) B>, ANK2 (SEQ ID NO: 37) # relative to native glucagon l. Fig. 9B represents
data generated measuring glucagon-induced cAMP release by glucagon analogs

[E16K20(L), D28]1G(4-29) A, [E16K20(L), D28]G(2-29) V¥, [A2, E3, E16K20(L),
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D28]G(2-29) 4, [A2, E3, E16K20(L), D28]G(1-29) P>, ANK2
(HSQGTFTSDYARYLDARRAREFIKWLVRGRG; SEQ ID NO: 37, a prior art
compound) 4 relative to native GLP-1 l. Fig. 9C represents data generated measuring
GLP-1-induced cAMP release by glucagon analogs [E9, E16K20(L), D28]G(4-29) @,
[E16K20(L), D28]G(2-29) A, [A2,E3, E16K20(L), D28]G(2-29) V¥, [A2, E3,
E16K20(L), D281G(1-29) 4, ANK2 (SEQ ID NO: 37) >, [PLA6, E16K20(L), D28]G(6-
29) @ relative to native GLP-1 ll. Abbreviations are consistent with those used in Figs

3, 6A & 6B.

DETAILED DESCRIPTION

DEFINITIONS

In describing and claiming the invention, the following terminology will be used
in accordance with the definitions set forth below.

As used herein, the term “pharmaceutically acceptable carrier” includes any of the
standard pharmaceutical carriers, such as a phosphate buffered saline solution, water,
emulsions such as an oil/water or water/oil emulsion, and various types of wetting agents.
The term also encompasses any of the agents approved by a regulatory agency of the US
Federal government or listed in the US Pharmacopeia for use in animals, including
humans.

As used herein the term "pharmaceutically acceptable salt” refers to salts of
compounds that retain the biological activity of the parent compound, and which are not
biologically or otherwise undesirable. Many of the compounds disclosed herein are
capable of forming acid and/or base salts by virtue of the presence of amino and/or
carboxyl groups or groups similar thereto.

Pharmaceutically acceptable base addition salts can be prepared from inorganic
and organic bases. Salts derived from inorganic bases, include by way of example only,
sodium, potassium, lithium, ammonium, calcium and magnesium salts. Salts derived
from organic bases include, but are not limited to, salts of primary, secondary and tertiary
amines.

Pharmaceutically acceptable acid addition salts may be prepared from inorganic
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and organic acids. Salts derived from inorganic acids include hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts derived
from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic
acid, malic acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluene-sulfonic acid, salicylic acid, and the like.

As used herein, the term "treating" includes prophylaxis of the specific disorder or
condition, or alleviation of the symptoms associated with a specific disorder or condition
and/or preventing or eliminating said symptoms. For example, as used herein the term
"treating diabetes" will refer in general to maintaining glucose blood levels near normal
levels and may include increasing or decreasing blood glucose levels depending on a
given situation.

As used herein an "effective" amount or a "therapeutically effective amount" of a
glucagon antagonist refers to a nontoxic but sufficient amount of the peptide to provide
the desired effect. For example one desired effect would be the prevention or treatment
of hyperglycemia. The amount that is "effective” will vary from subject to subject,
depending on the age and general condition of the individual, mode of administration,
and the like. Thus, it is not always possible to specify an exact "effective amount."
However, an appropriate "effective” amount in any individual case may be determined by
one of ordinary skill in the art using routine experimentation.

The term, "parenteral" means not through the alimentary canal but by some other
route such as subcutaneous, intramuscular, intraspinal, or intravenous.

As used herein the term "native glucagon" refers to a peptide consisting of the
sequence of SEQ ID NO: 1, and the term "native GLP-1" is a generic term that designates
GLP-1(7-36)amide (consisting of the sequence of SEQ ID NO: 4), GLP-1(7-37)acid
(consisting of the sequence of SEQ ID NO: 3) or a mixture of those two compounds. As
used herein, a general reference to “glucagon” or “GLP-1" in the absence of any further
designation is intended to mean native glucagon or native GLP-1, respectively.

A "glucagon analog" as used herein includes any peptide comprising, either the

amino acid sequence of SEQ ID NO: 1, or any derivative of the amino acid sequence of
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SEQ ID NO: 1, including amino acid substitutions, or post translational modifications
(e.g. methylation, acylation, ubiquitination and the like) of the peptide, that stimulates
glucagon or GLP receptor activity, as measured by cAMP production using the assay
described in Example 13.

The term "glucagon antagonist" refers to a compound that counteracts glucagon
activity or prevents glucagon function as measured by cAMP production using a
validated in virro model assay, such as that described in Example 13. For example, a
glucagon antagonist exhibits at least 50% inhibition (e.g., at least 60%, at least 70%
inhibition) and preferably, at least 80% inhibition, of the maximum response achieved by
glucagon at the glucagon receptor. In one embodiment, the glucagon antagonist exhibits
at least 90% inhibition of the maximum response achieved by glucagon at the glucagon
receptor. In a specific embodiment, the glucagon antagonist exhibits 100% inhibition of
the maximum response achieved by glucagon at the glucagon receptor.

The term "GLP-1 agonist" refers to a compound that stimulates GLP receptor
activity, as measured by cAMP production using a validated in vitro model assay, such as
that described in Example 13. A GLP-1 agonist accordingly exhibits GLP-1 agonist
activity. The term “GLP-1 agonist activity” refers to maximal activity at the GLP-1
receptor of at least about 10% to about 200% or higher (including at least about 20%,
30%, 40%, 50%, 60%, 75%, 100%, 125%, 150%, or 175%) relative to native GLP-1.

As used herein a "glucagon antagonist/GLP-1 agonist" is a peptide that shares
greater than about 65% amino acid sequence identity with the amino acid sequence of
native glucagon (SEQ ID NO: 1), but has been modified to exhibit both glucagon
antagonist activity as well as GLP-1 agonist activity.

In some embodiments, the peptides described herein exhibit[[s]] an IC50 at the
glucagon receptor that is within a range that is about 100-fold higher or about 100-fold
lower than the EC50 at the GLP-1 receptor. For example, a peptide of SEQ ID NO: 1 can
be modified such that the peptide exhibits at least about 50% (e.g., at least about 60%, at
least about 70%, at least about 80%, at least about 90%, about 100%) of the maximum
agonism achieved by native GLP-1 at the GLP-1 receptor and at least about 50% (e.g., at
least about 60%, at least about 70%, at least about 80%, at least about 90%, about 100%)
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inhibition of the maximum response achieved by native glucagon at the glucagon
receptor.

In one example, a glucagon antagonist/GLP-1 agonist comprises the glucagon
analog of SEQ ID NO: 2 that has been modified to have a glutamic acid substitution at
position 11 of SEQ ID NO: 2 or an intramolecular bridge, e.g. a lactam bridge, formed
between amino acid residues pairs selected from the group consisting of 7 and 11, 11 and
15, 15 and 19, and 19 and 23 of SEQ ID NO: 2.

Throughout the application, all references to a particular amino acid position by
number, absent any further designation or reference to a specific SEQ ID NO:, refer to
the amino acid position of native glucagon (SEQ ID NO: 1); numbered consecutively
starting with the first amino acid of SEQ ID NO: 1 being position number 1, or the
corresponding amino acid position in any analogs thereof. However, when a particular
amino acid position is designated by number while referring to a specific SEQ ID NO:,
the designated amino acid position is based on consecutive numbering, starting with the
first amino acid, of the referenced SEQ ID NO:. For example, the amino acid at position
4 of SEQ ID NO: 2 is aspartic acid.

As used herein an amino acid “modification” refers to a substitution, addition or
deletion of an amino acid, and includes substitution with or addition of any of the 20
amino acids commonly found in human proteins, as well as atypical or non-naturally
occurring amino acids. Commercial sources of atypical amino acids include Sigma-
Aldrich (Milwaukee, WI), ChemPep Inc. (Miami, FL), and Genzyme Pharmaceuticals
(Cambridge, MA). Atypical amino acids may be purchased from commercial suppliers,
synthesized de novo, or chemically modified or derivatized from naturally occurring
amino acids.

As used herein an amino acid "substitution” refers to the replacement of one
amino acid residue by a different amino acid residue.

As used herein, the term "conservative amino acid substitution" is defined herein

as exchanges within one of the following five groups:

I. Small aliphatic, nonpolar or slightly polar residues:
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Ala, Ser, Thr, Pro, Gly;
IL. Polar, negatively charged residues and their amides:
Asp, Asn, Glu, Gln;
III. Polar, positively charged residues:
His, Arg, Lys; Omithine (Orn)
IV. Large, aliphatic, nonpolar residues:
Met, Leu, Ile, Val, Cys, Norleucine (Nle), homocysteine
V. Large, aromatic residues: '

Phe, Tyr, Trp, acetyl phenylalanine

As used herein the general term "polyethylene glycol chain" or "PEG chain",
refers to mixtures of condensation polymers of ethylene oxide and water, in a branched or
straight chain, represented by the general formula H{OCH,CH,),OH, wherein n is at least
9. Absent any further characterization, the term is intended to include polymers of
ethylene glycol with an average total molecular weight selected from the range of 500 to
40,000 Daltons. "polyethylene glycol chain" or "PEG chain" is used in combination with
a numeric suffix to indicate the approximate average molecular weight thereof. For
example, PEG-5,000 refers to polyethylene glycol chain having a total molecular weight
average of about 5,000.

As used herein the term "pegylated” and like terms refers to a compound that has
been modified from its native state by linking a polyethylene glycol chain to the
compound. A "pegylated glucagon analog" is a glucagon analog that has a PEG chain
covalently bound to the glucagon analog.

As used herein a general reference to a peptide is intended to encompass peptides
that have modified amino and carboxy termini. For example, an amino acid chain
comprising an amide group in place of the terminal carboxylic acid is intended to be
encompassed by an amino acid sequence designating the standard amino acids.

As used herein a "linker" is a bond, molecule or group of molecules that binds
two separate entities to one another. Linkers may provide for optimal spacing of the two

entities or may further supply a labile linkage that allows the two entities to be separated
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from each other. Labile linkages include photocleavable groups, acid-labile moieties,
base-labile moieties and enzyme-cleavable groups.

As used herein a "dimer” is a complex comprising two subunits covalently bound
to one another via a linker. The term dimer, when used absent any qualifying language,
encompasses both homodimers and heterodimers. A homodimer comprises two identical
subunits, whereas a heterodimer comprises two subunits that differ, although the two
subunits are substantially similar to one another.

As used herein a "sulfonic acid derivative of cysteine" refers to compounds of the

H2NY

wherein X is C;-Cy alkyl, C-Cy4 alkene or C,-C4 alkynyl.

The term "C;-C, alkyl" wherein n can be from 1 through 6, as used herein,

general structure:
COOH

represents a branched or linear alkyl group having from one to the specified number of
carbon atoms. Typical C;-Cg alkyl groups include, but are not limited to, methyl, ethyl,
n-propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, hexyl and the like.

The terms "C,-C, alkenyl" wherein n can be from 2 through 6, as used herein,
represents an olefinically unsaturated branched or linear group having from 2 to the
specified number of carbon atoms and at least one double bond. Examples of such
groups include, but are not limited to, 1-propenyl, 2-propenyl (-CH,-CH=CH,), 1,3-
butadienyl, (-CH=CHCH=CH,), 1-butenyl (-CH=CHCH,CH3), hexenyl, pentenyl, and
the like.

The term "C,-C;, alkynyl" wherein n can be from 2 to 6, refers to an unsaturated
branched or linear group having from 2 to n carbon atoms and at least one triple bond.
Examples of such groups include, but are not limited to, 1-propynyl, 2-propynyl, 1-
butynyl, 2-butynyl, 1-pentynyl, and the like.
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As used herein the term "charged amino acid" refers to an amino acid that
comprises a side chain that is negatively charged (i.e., de-protonated) or positively
charged (i.e., protonated) in aqueous solution at physiological pH. For example
negatively charged amino acids include aspartic acid, glutamic acid, cysteic acid,
homocysteic acid, and homoglutamic acid, whereas positively charged amino acids
include arginine, lysine and histidine. Charged amino acids include the charged amino
acids among the 20 amino acids commonly found in human proteins, as well as atypical
or non-naturally occurring amino acids. ’

As used herein the term "acidic amino acid" refers to an amino acid that
comprises a second acidic moiety, including for example, a carboxylic acid or sulfonic
acid group.

As used herein the term "patient” without further designation is intended to
encompass any warm blooded vertebrate domesticated animal (including for example,
but not limited to livestock, horses, cats, dogs and other pets) and humans.

As used herein, the term "about" as used herein means greater or lesser than the
value or range of values stated by 10 percent, but is not intended to designate any value
or range of values to only this broader definition. Each value or range of values preceded
by the term "about" is also intended to encompass the embodiment of the stated absolute

value or range of values.

EMBODIMENTS

Disclosed herein are glucagon analogs that function as glucagon antagonists and
GLP-1 agonists. Such glucagon antagonists/GLP-1 agonists are utilized in any setting
where the suppression of glucagon agonism is desired while simultaneous stimulation of
GLP-1 activity is also desired. For example, glucagon antagonist activity in conjunction
with GLP-1 stimulation can be used in the treatment of diabetes where glucagon
antagonism has been demonstrated in pre-clinical models of hyperglycemia to yield a
lowering of blood glucose and GLP-1 activity is associated with insulin production.
Compounds demonstrating GLP-1 activity have also been known to be useful for treating

obesity and preventing weight gain.
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Applicants have discovered that glucagon analogs that have been modified by the
removal of the first 1 to 5 amino acids (e.g., first one amino acid, first two amino acids,
first three amino acids, first four amino acids, first five amino acids) of the N-terminus
and by stabilization of the alpha helix-structure in the C-terminal portion of the peptide,
including for example, by formation of an intra-peptide linkage of the side chains of two
amino acids to one another, wherein the amino acid pairs are selected from positions 12
and 16, 16 and 20, 20 and 24, and 24 and 28, exhibit activity both as a glucagon
antagonist and as a GLP-1 agonist.

In accordance with one embodiment, a glucagon antagonist/GLP-1 agonist
peptide is provided wherein the peptide exhibits at least 80% of the maximum agonism
achieved by native GLP-1 at the GLP-1 receptor, and exhibits glucagon antagonist
activity that reduces the maximum glucagon-induced cAMP production at the glucagon
receptor by at least about 50%, as measured by cAMP production in an in vitro assay. In
one embodiment, the glucagon antagonist/GLP-1 agonist peptide exhibits at least 90% of
the activity of native GLP-1 at the GLP-1 receptor, and exhibits glucagon antagonist
activity, that reduces the maximum glucagon-induced cAMP production at the glucagon
receptor by at least about 80%.

In accordance with one embodiment the glucagon antagonist/GLP-1 agonist
comprises a derivative peptide of SEQ ID NO: 2 wherein the glucagon peptide comprises
further amino acid substitutions relative to SEQ ID NO: 2 at one to three amino acid
positions selected from positions 1,2, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 19, 22
and 24, and exhibits at least 90% of the activity of native GLP-1 at the GLP-1 receptor,
and exhibits glucagon antagonist activity, that reduces the maximum glucagon-induced
cAMP production at the glucagon receptor by at least about 80%.

In some embodiments, the alpha-helix structure in the C-terminal portion of the
glucagon peptide (around amino acids 12-29 according to the amino acid numbering of
wild type glucagon) is stabilized by, e.g., formation of a covalent or non-covalent
intramolecular bridge, or substitution and/or insertion of amino acids around positions
12-29 with an alpha helix-stabilizing amino acid (e.g., an a,a-disubstituted amino acid).

In one embodiment a lactam ring is formed between the side chains of amino acids 7 and
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11 or between amino acids 11 and 15 of SEQ ID NO: 2. In other embodiments, one,
two, three or all of positions 16, 20, 21 or 24 (according to the amino acid numbering of
wild type glucagon) are substituted with an @, a-disubstituted amino acid, e.g., amino
isobutyric acid (AIB). In one embodiment the glucagon antagonist/GLP-1 agonist
comprises a derivative peptide of SEQ ID NO: 15 or SEQ ID NO: 51 wherein the
glucagon peptide comprises a further amino acid substitution relative to SEQ ID NO: 15
or SEQ ID NO: 51 at one to three amino acid positions selected from positions 1, 2, 5, 6,
8,9, 12, 13 and 14. In one embodiment the substitutions at positions 1,2, 5, 6, 8,9, 12,
13 and 14 are conservative amino acid substitutions. In one embodiment the threonine at
position 24 of SEQ ID NO: 5 or SEQ ID NO: 6 is substituted with glycine.

In accordance with one embodiment, specific glucagon analogs have been
prepared wherein the first three to five amino acids of native glucagon have been deleted,
the amino acid at position 9, relative to the native glucagon peptide, has been substituted
with an amino acid selected from the group consisting of glutamic acid, homoglutamic
acid, B-homoglutamic acid, a sulfonic acid derivative of cysteine, or an alkylcarboxylate

derivative of cysteine having the structure of:
H,N COOH

HoC
\S

X5
“ScooH,

wherein X;s is C1-Cy alkyl, C,-Cy4 alkenyl, or C»-Cy alkynyl, and the alpha-helix
structure in the C-terminal portion of glucagon (around amino acids 12-29 according to
the amino acid numbering of wild type glucagon) is stabilized, e.g., via a lactam bridge is
formed between the side chains of amino acids 12 and 16 or between amino acids 16 and
20, relative to the native glucagon peptide.

In one embodiment the glucagon peptide comprises a peptide of SEQ ID NO: 47
or SEQ ID NO: 48, and in a further embodiment the glucagon peptide comprises a
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peptide of SEQ ID NO: 47 or SEQ ID NO: 48 wherein the amino acid at position 4 of
those sequences is glutamic acid and an amide group is substituted for the C-terminal
carboxylic acid group present on the native amino acid. In a further embodiment the
peptide of SEQ ID NO: 47 or SEQ ID NO: 48 is further modified by the addition of the
sequence of SEQ ID NO: 21 to the carboxy terminus of the peptide.

In a further embodiment analogs of glucagon have been developed wherein the
first five amino acids of native glucagon have been deleted, the amino group of the N-
terminal amino acid (phenylalanine) has been replaced with a hydroxyl group (i.e., the
first amino acid is phenyl-lactic acid) and the side chains of one or more amino acid pairs
selected from positions 12 and 16, 16 and 20, 20 and 24, and 24 and 28 are linked to one
another, thus stabilizing the glucagon analog alpha helix.

In accordance with one embodiment a glucagon antagonist/GLP-1 agonist is
provided comprising the sequence of SEQ ID NO: 2 that is modified by a substitution of
the serine residue at position 11 of SEQ ID NO: 2 (position 16 according to the amino
acid numbering of native glucagon) with an amino acid selected from the group
consisting of glutamic acid, glutamine, homoglutamic acid, homocysteic acid, threonine
or glycine. In accordance with one embodiment the serine residue at position 11 of SEQ
ID NO: 2 is substituted with an amino acid selected from the group consisting of
glutamic acid, glutamine, homoglutamic acid and homocysteic acid, and in one
embodiment the serine residue is substituted with glutamic acid. In accordance with one
embodiment the glucagon antagonist/GLP-1 agonist comprises the sequence of SEQ ID
NO: 38.

In one embodiment a glucagon antagonist/GLP-1 agonist is provided wherein an
intramolecular bridge is formed between two amino acid side chains to stabilize the three
dimensional structure of the carboxy terminus of the peptide of SEQ ID NO: 2. More
particularly, the side chains of one or more amino acids selected from amino acid pairs 7
and 11, 11 and 15, 15 and 19 or 19 and 23 of SEQ ID NO: 2 are linked to one another,
thus stabilizing the glucagon analog alpha helix. The two side chains can be linked to
one another through hydrogen-bonding, ionic interactions (such as the formation of salt

bridges), or by covalent bonds. In accordance with one embodiment the size of the linker
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is 7-9 atoms, and in one embodiment the size of the linker is 8 atoms. In one
embodiment the glucagon antagonist/GLP-1 agonist is selected from the group consisting
of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 8. In one
embodiment the C-terminal amino acid of the antagonist/GLP-1 agonists have an amide
group substituting for the carboxylic acid group that is present on the native amino acid.

Examples of amino acid pairings that are capable of covalently bonding to form a
seven-atom linking bridge include Orn-Glu (lactam); Lys-Asp (lactam); or Homoser-
Homoglu (lactone). Examples of amino acid pairings that may form an eight-atom linker
include Lys-Glu (lactam); Homolys-Asp (lactam); Orn-Homoglu (Jactam); 4-aminoPhe-
Asp (lactam); or Tyr-Asp (lactone). Examples of amino acid pairings that may form a
nine-atom linker include Homolys-Glu (lactam); Lys-Homoglu (lactam); 4-aminoPhe-
Glu (lactam); or Tyr-Glu (lactone). Any of the side chains on these amino acids may be
substituted with additional chemical groups, so long as the three-dimensional structure of
the alpha-helix is not disrupted. One of ordinary skill in the art can envision alternative
pairings or alternative amino acid analogs or derivatives that would create a stabilizing
structure of similar size and desired effect. For example, a homocysteine-homocysteine
disulfide bridge is 6 atoms in length and may be further modified to provide the desired
effect. Even without covalent linkage, the amino acid pairings described above or similar
pairings that one of ordinary skill in the art can envision may also provide added stability
to the alpha-helix through non-covalent bonds, for example, through formation of salt
bridges or hydrogen-bonding interactions.

In accordance with one embodiment a glucagon antagonist/GLP-1 agonist is
provided wherein the analog comprises an amino acid sequence of SEQ ID NO: 9. In
one embodiment the the three dimensional structure of the carboxy terminus of the
peptide of SEQ ID NO: 9 is stabilized by the formation of covalent bonds between the
side chains of the peptide. In one embodiment two amino acid side chains are bound to
one another to form a lactam ring. The size of the lactam ring can vary depending on the
length of the amino acid side chains, and in one embodiment the lactam is formed by

linking the side chains of a lysine amino acid to a glutamic acid side chain. In one
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embodiment the C-terminal amino acid of the antagonist/GLP-1 agonists have an amide
group substituting for the carboxylic acid group that is present on the native amino acid.
The order of the amide bond in the lactam ring can be reversed (e.g., a lactam ring
can be formed between the side chains of a Lys12 and a Glul6 or alternatively between a
5 Glu 12 and a Lys16). In accordance with one embodiment a glucagon analog of SEQ ID
NO: 9 is provided wherein at least one lactam ring is formed between the side chains of
an amino acid pair selected from the group consisting of amino acid pairs 7 and 11, 11
and 15, 15 and 19 or 19 and 23 of SEQ ID NO: 9. In one embodiment a glucagon
antagonist/GLP-1 agonist is provided wherein the peptide comprises the sequence of
10  SEQ ID NO: 10, said sequence further comprising an intramolecular lactam bridge
formed between amino acid positions 7 and 11, or between amino acid positions 11 and
15, or between amino acid positions 15 and 19 of SEQ ID NO: 10. In one embodiment a
glucagon antagonist/GLP-1 agonist is provided wherein the peptide comprises the
sequence of SEQ ID NO: 11, said sequence further comprising an intramolecular lactam
15  bridge formed between amino acid positions 7 and 11, or between amino acid positions
11 and 15 of SEQ ID NO: 11. In one embodiment the glucagon antagonist/GLP-1
agonist comprises the sequence of SEQ ID NO: 17.
Additional glucagon antagonist/GLP-1 agonists are provided comprising
derivatives of SEQ ID NO: 5, wherein the aspartic acid at position 10 of SEQ ID NO: 5

20  (position 15 of native glucagon) has been substituted with glutamic acid, an amino acid

HZN\(

wherein Xg is C;-C5 alkyl, C,-C3 alkene or C,-Cj alkynyl, and in one embodiment

of the general structure:
COOH

25  Xgis C;-C; alkyl, and in another embodiment X is C; alkyl. In one embodiment a
glucagon antagonist/GLP-1 agonist derivative of SEQ ID NO: 9 is provided wherein
position 10 of SEQ ID NO: 9 (position 15 of native glucagon) is substituted with an
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amino acid selected from the group consisting of glutamic acid, cysteic acid, homocysteic
acid and homoglutamic acid. In a further embodiment position 10 of SEQ ID NO: 9 is
substituted with an amino acid selected from the group consisting of cysteic acid or
homocysteic acid. In one embodiment a glucagon antagonist/GLP-1 agonist derivative of
SEQ ID NO: 6, SEQ ID NO: 7 or SEQ ID NO: 8 is provided wherein position 10 of SEQ
ID NO: 6, SEQ ID NO: 7 or SEQ ID NO: 8 is substituted with an amino acid selected
from the group consisting of glutamic acid, cysteic acid, homocysteic acid and
homoglutamic acid. In one embodiment the C-terminal amino acid of the
antagonist/GLP-1 agonists have an amide group substituting for the carboxylic acid
group that is present on the native amino acid.

The glucagon antagonist/GLP-1 agonist can be further modified to improve the
peptide's solubility in aqueous solutions at physiological pH, while retaining the glucagon
antagonist and GLP-1 agonist activity. Introduction of hydrophilic groups at positions
corresponding to positions 12, 15, 16, 19 and 24 of the peptide of SEQ ID NO: 5, or at
positions 12, 16, 19 or 24 of the peptide of SEQ ID NO: 6 can improve the solubility of
the resulting peptides in solutions having a physiological pH, while retaining the parent
compounds glucagon antagonist and GLP agonist activity. Therefore, in one
embodiment the presently disclosed glucagon antagonist/GLP-1 agonists are further
modified to comprise one or more hydrophilic groups covalently linked to the side chains
of amino acids corresponding to amino acid positions 12, 15, 16, 19 and 24 of the peptide
of SEQ ID NO: 5 or SEQ ID NO: 6. In a further embodiment the side chains of amino
acids corresponding to amino acid positions 16 and 19 of SEQ ID NO: 5 or SEQ ID NO:
6 are covalently bound to hydrophilic groups, and in one embodiment the hydrophilic
group is polyethylene glycol (PEG).

In one embodiment a glucagon antagonist/GLP-1 agonist is provided
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 5,
SEQ ID NO: SEQ ID NO: 6, SEQ ID NO: 7, or SEQ ID NO: 8, wherein said peptide
comprises a lactam ring formed between the side chains of amino acids 7 and 11 for
SEQ ID NO: 5, between 11 and 15 for SEQ ID NO: 6, between positions 15 and 19 for
SEQ ID NO: 7 and between positions 19 and 24 for SEQ ID NO: 8, each of said
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sequences being further modified to comprise a hydrophilic moiety covalently bound to
the peptide. More particularly, in one embodiment each of the lactam bearing glucagon
antagonist/GLP-1 agonists are modified by covalent attachment of a polyethylene glycol
chain. For example, for the glucagon antagonist/GLP-1 agonist comprising SEQ ID NO:
5, the peptide is pegylated at a position selected from the group consisting of 12, 15, 16,
19 and 24; for the glucagon antagonist/GLP-1 agonist comprising SEQ ID NO: 6, the
peptide is pegylated at a position selected from the group consisting of 12, 16, 19 and 24;
for glucagon antagonist/GLP-1 agonist of SEQ ID NO: 7, the peptide is pegylated at a
position selected from the group consisting of 11, 12, 16 and 24; for the glucagon
antagonist/GLP-1 agonist comprising SEQ ID NO: 8, the peptide is pegylated at a
position selected from the group consisting of 11, 12, 15 and 16. In accordance with one
embodiment glucagon antagonist/GLP-1 agonist comprising SEQ ID NO: 47 or SEQ ID
NO: 48 is provided wherein the petide is pegylated at a position selected from the group
consisting of 12, 16, 19 and 24, relative to the SEQ ID NO: 47 or SEQ ID NO: 48
sequence.

In one embodiment an amino acid of the glucagon antagonist/GLP-1 agonist is
substituted with at least one cysteine residue, wherein the side chain of the cysteine
residue is further modified with a thiol reactive reagent, including for example,
maleimido, vinyl sulfone, 2-pyridylthio, haloalkyl, and haloacyl. These thiol reactive
reagents may contain carboxy, keto, hydroxyl, and ether groups as well as other
hydrophilic moieties such as polyethylene glycol units. In an alternative embodiment, an
amino acid of the glucagon antagonist/GLP-1 agonist is substituted with lysine, and the
side chain of the substituting lysine residue is further modified using amine reactive
reagents such as active esters (succinimido, anhydride, etc) of carboxylic acids or
aldehydes of hydrophilic moieties such as polyethylene glycol. In accordance with one
embodiment the lysine residue corresponding to position 7 of the peptide of SEQ ID NO:
5 is substituted with arginine and a single lysine substitution is inserted for one of the

amino acids corresponding to position 12, 15, 16, 19 and 24 of SEQ ID NO: 5.
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In another embodiment the methionine residue corresponding to position 22 of the
glucagon antagonist/GLP-1 agonist peptides disclosed herein is changed to leucine or
norleucine to prevent oxidative degradation of the peptide.

The presently disclosed glucagon antagonist/GLP-1 agonists also encompass
amino acid substitutions at positions that are known not to be critical to the function of
the glucagon analog. In one embodiment the substitutions are conservative amino acid
substitutions at one, two or three positions selected from the group consisting of 2, 5, 6,
7,8,9, 12, 13, 14, 15, 16, 19, 22, 23 or 24. In one embodiment the amino acids
corresponding to positions 16, 17, 20, 21, 24 or 29 of the native glucagon peptide, and
more particularly at position 21 and/or 24 relative to native glucagon are substituted with
cysteine or lysine, wherein a PEG chain is covalently attached to the substituted cysteine
or lysine residue.

In accordance with one embodiment, a glucagon antagonist/GLP-1 agonist is
provided comprising a sequence consisting of SEQ ID NO: 9, further modified by one or
more additional amino acid substitutions at positions corresponding to positions 11, 12,
15, 16, 19 and/or 24 of the peptide (including for example substitution with cysteine),
wherein the amino acid substitution comprises an amino acid having a side chain suitable
for crosslinking with hydrophilic moieties, including for example, PEG. Native glucagon
can be substituted with a naturally occurring amino acid or a synthetic (non-naturally
occurring) amino acid. Synthetic or non-naturally occurring amino acids refer to amino
acids that do not naturally occur in vivo but which, nevertheless, can be incorporated into
the peptide structures described herein. In one embodiment a glucagon antagonist/GLP-1
agonist is provided wherein the peptide comprises the sequence of SEQ ID NO: 9 and
further comprises a polyethylene chain bound to position 16 or 19 of the peptide. In a
further embodiment the C-terminus of the glucagon analog is modified to replace the
carboxylic acid group with an amide group.

In those embodiments wherein the glucagon antagonist/GLP-1 agonist comprises
a polyethylene glycol chain, the polyethylene chain may be in the form of a straight chain
or it may be branched. In accordance with one embodiment the polyethylene glycol

chain has an average molecular weight selected from the range of about 500 to about



10

15

20

25

WO 2009/058734 PCT/US2008/081333

29920-207222

28-

10,000 Daltons. In one embodiment the polyethylene glycol chain has an average
molecular weight selected from the range of about 1,000 to about 5,000 Daltons. In one
embodiment the polyethylene glycol chain has an average molecular weight selected
from the range of about 1,000 to about 5,000 Daltons. In one embodiment the
polyethylene glycol chain has an average molecular weight selected of about 1,000 to
about 2,000 Daltons. In one embodiment the polyethylene glycol chain has an average
molecular weight of about 1,000 Daltons.

In one embodiment the pegylated glucagon antagonist/GLP-1 agonist comprises a
peptide consisting of the sequence of SEQ ID NO: 15 or SEQ ID NO: 51 wherein the
polyethylene glycol chain is linked to an amino acid selected from positions 11, 12, 15,
16, 19 and 24 of SEQ ID NO: 15 or SEQ ID NO: 51, and the molecular weight of the
PEG chain is about 1,000 to about 5,000 Daltons. In one embodiment the pegylated
glucagon antagonist/GLP-1 agonist comprises a peptide consisting of the sequence of
SEQ ID NO: 15 or SEQ ID NO: 51 wherein the polyethylene glycol chain is linked to the
amino acid at position 16 or 19 of SEQ ID NO: 15 or SEQ ID NO: 51, and the molecular
weight of the PEG chain is about 1,000 to about 5,000 Daltons. In a further embodiment
the modified glucagon antagonist/GLP-1 agonist comprises two or more polyethylene
chains covalently bound to the peptide wherein the total molecular weight of the
glucagon chains is about 1,000 to about 5,000 Daltons. In one embodiment the pegylated
glucagon antagonist/GLP-1 agonist comprises the sequence of SEQ ID NO: 15 or SEQ
ID NO: 51 wherein a polyethylene glycol chain is linked to the amino acid at positions 16
and 19 of SEQ ID NO: 15 or SEQ ID NO: 51 and the combined molecular weight of the
two PEG chains is about 1,000 to about 5,000 Daltons.

In accordance with one embodiment a glucagon antagonist/GLP-1 agonist is
provided comprising a glucagon analog selected from the group consisting of:

Rj-Phe- Thr-Ser-Xaa-Tyr-Ser-Lys-Tyr-Leu-Xaa-Glu-Arg-Arg-Ala-Gln-Asp-Phe-
Val-Gln-Trp-Leu-Xaa-Asn- Thr-R; (SEQ ID NO: 39)

R;-Phe-Thr-Ser-Xaa-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-Arg-Arg-Ala-GIn-Xaa-Phe-
Val-Gln-Trp-Leu- Xaa-Asn-Thr-R, (SEQ ID NO: 13),



10

15

20

25

WO 2009/058734 PCT/US2008/081333

29920-207222

29-

R;-Phe-Thr-Ser-Xaa-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-Arg-Arg-Ala-Gln-Asp-Phe-
Val-Xaa-Trp-Leu-Xaa-Asn- Thr -R, (SEQ ID NO: 14) and

Ri-Phe- Thr-Ser-Xaa-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-Arg-Arg-Ala-Gin-Xaa-Phe-
Val-Xaa-Trp-Leu- Xaa-Asn- Thr -R; (SEQ ID NO: 12),
wherein Xaa at position 4 = aspartic acid, glutamic acid, cysteic acid or homocysteic
acid, Xaa at position 10 = Asp, Glu, cysteic acid, homoglutamic acid and homocysteic
acid, Xaa at position 16 is Asp, Cys, Orn, homocysteine or acetyl phenylalanine and the
Xaa at position 19 is Gln, Cys, Orn, homocysteine and acetyl phenylalanine, Xaa at
position 22 = Met, Leu or Nle, R, is OH or NH,, and R; is Gly Pro Ser Ser Gly Ala Pro
Pro Pro Ser (SEQ ID NO: 21), Gly Pro Ser Ser Gly Ala Pro Pro Pro Ser Xaa (SEQ ID
NO: 50; wherein Xaa is Cys, Orn, homocystein or acetyl phenyalanine), COOH or
CONH),, wherein the peptide is optionally pegylated at position 16 of SEQ ID NO: 13,
position 19 of SEQ ID NO: 14 and at positions 16 and 19 of SEQ ID NO: 12. In one
embodiment the Thr at position 24 of SEq ID NOs: 12-14 and 39 is substituted with Gly.
In accordance with one embodiment the peptide comprises the sequence of SEQ ID NO:
13 or SEQ ID NO: 14, wherein R; is OH. In accordance with one embodiment the
peptide comprises the sequence of SEQ ID NO: 13 or SEQ ID NO: 14, wherein R; is OH
and R, is CONHj;. In accordance with one embodiment the peptide comprises the
sequence of SEQ ID NO: 13 or SEQ ID NO: 14, wherein R, is OH, R, is CONH} and the
threonine at position 24 is substituted with glycine.

In accordance with one embodiment, a glucagon antagonist/GLP-1 agonist is
provided wherein a plasma protein has been covalently linked to an amino acid side chain
of the peptide to improve the solubility, stability and/or pharmacokinetics of the glucagon
analog. For example, serum albumin can be covalently bound to the glucagon
antagonist/GLP-1 agonists presented herein. In one embodiment the plasmid protein is
covalently bound to an amino acid corresponding to position 12, 15, 16, 19 or 24 of the
peptide of SEQ ID NO: 15, SEQ ID NO: 51 or SEQ ID NO: 5. More particularly, in one
embodiment the plasmid protein is bound to an amino acid corresponding to position 16

or 19 of the glucagon analog, wherein the derivative comprises the sequence of SEQ ID
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NO: 5 and SEQ ID NO: 6, or the plasma protein is bound at position 16 of SEQ ID NO:
13, position 19 of SEQ ID NO: 14 and at positions 16 and 19 of SEQ ID NO: 12.

In accordance with one embodiment, a glucagon antagonist is provided wherein a
linear amino acid sequence representing the Fc portion of an immunoglobin molecule has
been covalently linked to an amino acid side chain of a glucagon antagonist/GLP-1
agonist disclosed herein to improve the solubility, stability and/or pharmacokinetics of
the glucagon analog. For example, the amino acid sequence representing the Fc portion
of an immunoglobin molecule can be covalently bound to position 12, 15, 16, 19, 21 or
24 of the peptide of SEQ ID NO: 15, SEQ ID NO: 51 or SEQ ID NO: 5. More
particularly, in one embodiment the plasmid protein is bound to an amino acid
corresponding to position 16 or 19 of the glucagon analog, wherein the analog comprises
the sequence of SEQ ID NO: 5 and SEQ ID NO: 6, or the Fc portion is bound at position
16 for the derivative comprising SEQ ID NO: 13, position 19 for the derivative
comprising SEQ ID NO: 14 and at positions 16 and 19 for the derivative comprising SEQ
ID NO: 12. The Fc portion is typically one isolated from IgG, but the Fc peptide
fragment from any immunoglobin should function equivalently.

The present disclosure also encompasses other conjugates in which glucagon
peptides of the invention are linked, optionally via covalent bonding and optionally via a
linker, to a conjugate. Linkage can be accomplished by covalent chemical bonds,
physical forces such electrostatic, hydrogen, ionic, van der Waals, or hydrophobic or
hydrophilic interactions. A variety of non-covalent coupling systems may be used,
including biotin-avidin, ligand/receptor, enzyme/substrate, nucleic acid/nucleic acid
binding protein, lipid/lipid binding protein, cellular adhesion molecule partners; or any
binding partners or fragments thereof which have affinity for each other.

Exemplary conjugates include but are not limited to a heterologous peptide or
polypeptide (including for example, a plasma protein), a targeting agent, an
immunoglobulin or portion thereof (e.g. variable region, CDR, or Fc region), a diagnostic
label such as a radioisotope, fluorophore or enzymatic label, a polymer including water
soluble polymers, or other therapeutic or diagnostic agents. In one embodiment a

conjugate is provided comprising a glucagon peptide disclosed herein and a plasma
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protein, wherein the plasma protein is selected form the group consisting of albumin,
transferin, fibrinogen and glubulins. In one embodiment the plasma protein moiety of the
conjugate is albumin or transferin. In some embodiments, the linker comprises a chain of
atoms from 1 to about 60, or 1 to 30 atoms or longer, 2 to 5 atoms, 2 to 10 atoms, 5 to 10
atoms, or 10 to 20 atoms long. In some embodiments, the chain atoms are all carbon
atoms. In some embodiments, the chain atoms in the backbone of the linker are selected
from the group consisting of C, O, N, and S. Chain atoms and linkers may be selected
according to their expected solubility (hydrophilicity) so as to provide a more soluble
conjugate. In some embodiments, the linker provides a functional group that is subject to
cleavage by an enzyme or other catalyst or hydrolytic conditions found in the target tissue
or organ or cell. In some embodiments, the length of the linker is long enough to reduce
the potential for steric hindrance. If the linker is a covalent bond or a peptidyl bond and
the conjugate is a polypeptide, the entire conjugate can be a fusion protein. Such peptidyl
linkers may be any length. Exemplary linkers are from about 1 to 50 amino acids in
length, 5to0 50,3 t0 5, S to 10, 5 to 15, or 10 to 30 amino acids in length. Such fusion
proteins may alternatively be produced by recombinant genetic engineering methods
known to one of ordinary skill in the art.

The Asp-Ser sequence at position 15-16 of native glucagon has been identified as
a uniquely unstable dipeptide that leads to premature chemical cleavage of the native
hormone in aqueous buffers. For example, when maintained at 0.01N HCI at 37 °C for 2
weeks, more than 50% of the native glucagon may be cleaved into fragments. The two
liberated cleavage peptides 1-15 and 16-29 are devoid of glucagon-like biological activity
and thus represent a limitation on the aqueous pre-formulation of glucagon and its related
analogs. The selective chemical substitution of the Asp at position 15 of native glucagon
with Glu has been observed to virtually eliminate chemical cleavage of the 15-16 peptide
bond.

Accordingly, it is expected that the glucagon antagonists/GLP-1 agonists
disclosed herein can be similarly modified to decrease their susceptibility to premature
chemical cleavage in aqueous buffers. In accordance with one embodiment the glucagon

antagonists/GLP-1 agonists described herein can be further modified to enhance their
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stability in aqueous solutions by replacing the native aspartic amino acid, located at
corresponding position 15 of native glucagon, with an amino acid selected from the group
consisting of cysteic acid, glutamic acid, homoglutamic acid and homocysteic acid. In
accordance with one embodiment the aspartic acid residue at position 10 of the glucagon
antagonists/GLP-1 agonist of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 or SEQ ID
NO: 8 can be substituted with an amino acid selected from the group consisting of cysteic
acid, glutamic acid, homoglutamic acid and homocysteic acid, and in one embodiment
the native aspartic acid at position 10 of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7
or SEQ ID NO: 8 is replaced with glutamic acid. In accordance with one embodiment a
glucagon antagonist/GLP-1 agonist having improved stability in aqueous solutions is
provided wherein the antagonist comprises a modified sequence of SEQ ID NO: 9,
wherein the modification comprises substitution of the Asp at position 10 of SEQ ID NO:
9 with Glu. In one embodiment a glucagon antagonist/GLP-1 agonist is provided
comprising a sequence selected form the group consisting of SEQ ID NO: 22, SEQ ID
NO: 23, SEQ ID NO: 24 and SEQ ID NO: 25. In one embodiment the glucagon
antagonist/GLP-1 agonist is amidated.

In accordance with one embodiment, increased stability by way of reduced
degradation of the glucagon antagonist/GLP-1 agonist described herein may also be
achieved by substitution of the serine at position 16 (according to the numbering of native
glucagon) with glutamic acid, cysteic acid, homo-glutamic acid,or homo-cysteic acid. In
a specific embodiment, the serine at position 16 (according to the native glucagon
sequence numbering) is replaced with glutamic acid.

Applicants have also discovered that native glucagon can be modified by
introducing charge at its carboxy terminus to enhance the solubility of the peptide while
retaining the agonist properties of the peptide. The enhanced solubility allows for the
preparation and storage of glucagon solutions at near neutral pH. Formulating glucagon
solutions at relatively neutral pHs (e.g. pH of about 6.0 to about 8.0) improves the long
term stability of the glucagon analogs.

Applicants anticipate that the glucagon antagonists/GLP-1 agonists disclosed

herein can be similarly modified to enhance their solubility in aqueous solutions at
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relatively neutral pH (e.g. pH of about 6.0 to about 8.0) while retaining the glucagon
antagonist and GLP-1 activities of the parent protein. Accordingly, one embodiment is
directed to a glucagon antagonist/GLP-1 of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO:
7 or SEQ ID NO: 8 that has been further modified relative to the native amino acids
present at positions 6-29 of the wild type glucagon (SEQ ID NO: 1) to add charge to the
peptide by the substitution of native non-charged amino acids with charged amino acids,
or the addition of charged amino acids to the carboxy terminus. In accordance with one
embodiment, one to three of the non-charged native amino acids of the glucagon
antagonist/GLP-1 agonists disclosed herein are replaced with a charged amino acid. In
one embodiment the charged amino acid is selected from the group consisting of lysine,
arginine, histidine, aspartic acid and glutamic acid. More particularly, applicants have
discovered that substituting the normally occurring amino acid corresponding to position
28 and/or 29 (relative to native glucagon) with charged amino acids, and/or the addition
of one to two charged amino acids at the carboxy terminus of the peptide, enhances the
solubility and stability of the glucagon analog in aqueous solutions at physiologically
relevant pHs (i.e., a pH of about 6.5 to about 7.5). Accordingly such modifications of the
glucagon antagonist/GLP-1 agonists disclosed herein are anticipated to have a similar
effect on the solubility in aqueous solutions, particularly at a pH ranging from about 5.5
to about 8.0, while retaining the parent peptide's biological activity

In accordance with one embodiment the glucagon antagonist/GLP-1 agonist of
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 or SEQ ID NO: 8 is modified by the
substitution of the native amino acid at position 23 and/or 24 of those sequences with a
negatively charged amino acid (e.g., aspartic acid or glutamic acid) and optionally the
addition of a negatively charged amino acid (e.g., aspartic acid or glutamic acid) to the
carboxy terminus of the peptide. In an alternative embodiment the glucagon
antagonis/GLP-1 agonist of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 or SEQ ID
NO: 8 is modified by the substitution of the native amino acid at position 24 of SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 or SEQ ID NO: 8 with a positively charged amino
acid (e.g., lysine, arginine or histidine) and optionally the addition of one or two

positively charged amino acid (e.g., lysine, arginine or histidine) on the carboxy terminus
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of the peptide. In accordance with one embodiment a glucagon analog having improved
solubility and stability is provided wherein the analog comprises the amino acid sequence
of SEQ ID NO: 15 or SEQ ID NO: 51 with the proviso that at least one amino acids at
position, 23, or 24 of SEQ ID NO: 15 or SEQ ID NO: 51 is substituted with an acidic
amino acid and/or an additional acidic amino acid added at the carboxy terminus of SEQ
ID NO: 15 or SEQ ID NO: 51. In one embodiment the acidic amino acids are
independently selected from the group consisting of Asp, Glu, cysteic acid and
homocysteic acid. '

In accordance with one embodiment a glucagon antagonist/GLP-1 agonist having
improved solubility and stability is provided wherein the antagonist comprises the amino
acid sequence of SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18 or SEQ ID NO: 19.
In accordance with one embodiment a glucagon agonist is provided comprising the
sequence of SEQ ID NO: 16 or SEQ ID NO: 17. In one embodiment the glucagon
antagonist/GLP-1 agonist comprises the sequence of SEQ ID NO: 20, with the proviso
that when the amino acid at position 23 of SEQ ID NO: 20 is asparagine and the amino
acid at position 24 of SEQ ID NO: 20 is threonine, the peptide further comprises one to
two amino acids, independently selected from the group consisting of Asp and Glu,
added to the carboxy terminus of the glucagon antagonist/GLP-1 agonist.

In accordance with one embodiment a glucagon antagonist/GLP-1 agonist is
provided comprising the sequence of SEQ ID NO: 15 or SEQ ID NO: 51. In one
embodiment, position 4 of SEQ ID NO: 15 or SEQ ID NO: 51 is aspartic acid, glutamic
acid, homoglutamic acid, cysteic acid or homocysteic acid, and in one embodiment
position 4 is aspartic acid, glutamic acid, cysteic acid or homocysteic acid, and in a
further embodiment position 4 of SEQ ID NO: 15 or SEQ ID NO: 51 is aspartic acid or
glutamic acid, and in one embodiment position 4 of SEQ ID NO: 15 or SEQ ID NO: 51 is
aspartic acid. In one embodiment a glucagon antagonist/GLP-1 agonist is provided
comprising the sequence of SEQ ID NO: 15 or SEQ ID NO: 51 wherein position 4 of
SEQ ID NO: 15 is aspartic acid and position 10 of SEQ ID NO: 15 is glutamic acid. Ina
further embodiment the C-terminal amino acid of SEQ ID NO: 15 or SEQ ID NO: 51 is
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modified to replace the native carboxylic acid group with a charge-neutral group, such as
an amide or ester.

The present disclosure also encompasses glucagon antagonist/GLP-1 agonist
fusion peptides wherein a second peptide has been fused to the c-terminus of the
glucagon antagonist/GLP-1 agonist. More particularly, the fusion peptide may comprise
a glucagon antagonist/GLP-1 agonist peptide of SEQ ID NO: 15 or SEQ ID NO: 51 that
further comprises an amino acid sequence selected from the group consisting of SEQ ID
NO: 21 (GPSSGAPPPS), SEQ ID NO: 50 (GPSSGAPPPSX), SEQ ID NO: 26
(KRNRNNIA) and SEQ ID NO: 27 (KRNR) linked to amino acid 24 of the glucagon
antagonist/GLP-1 agonist. In one embodiment the amino acid sequence of SEQ ID NO:
21 (GPSSGAPPPS) is bound to amino acid 24 of the glucagon antagonist/GLP-1 agonist
of SEQ ID NO: 15 or SEQ ID NO: 51 through a peptide bond. In another embodiment
the fusion peptide comprises a glucagon antagonist/GLP-1 agonist peptide of SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24 and SEQ ID NO: 25 that further comprises an amino
acid sequence of SEQ ID NO: 21 (GPSSGAPPPS) linked to the carboxy terminal amino
acid of the glucagon antagonist/GLP-1 agonist. In a further embodiment the C-terminus
is modified to replace the carboxylic acid group with an amide group. In one
embodiment a glucagon antagonist/GLP-1 agonist dimer is provided comprising two
sequences independently selected from the group consisting of SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24 and SEQ ID NO: 25 that further comprises an amino acid sequence of
SEQ ID NO: 21 (GPSSGAPPPS) linked to the carboxy terminal amino acid of the
glucagon antagonist/GLP-1 agonist.

In a further embodiment a glucagon antagonist/GLP-1 agonist fusion peptide is
optionally pegylated. In one embodiment a glucagon antagonist/GLP-1 agonist fusion
peptide is provided wherein the glucagon antagonist/GLP-1 agonist portion of the fusion
peptide is selected from the group consisting of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24
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and SEQ ID NO: 25, wherein the sequence of SEQ ID NO: 21 is fused to the carboxy
terminus of the glucagon antagonist/GLP-1 agonist portion, and wherein the PEG chain,
when present, is selected from the range of 500 to 40,000 Daltons. More particularly, in
one embodiment the glucagon antagonist/GLP-1 agonist segment of said fusion peptide is
selected from the group consisting of SEQ ID NO: 12, SEQ ID NO: 13 and SEQ ID NO:
14 wherein the PEG chain is selected from the range of about 500 to about 5,000 Daltons,
and more particularly, in one embodiment the PEG chain is about 1,000 Daltons. In
another embodiment the glucagon antagonist/GLP-1 agonist fusion peptide comprises the
sequence of SEQ ID NO: 45 or SEQ ID NO: 46, wherein the PEG chain is selected from
the range of about 500 to about 5,000 Daltons, and more particularly, in one embodiment
the PEG chain is about 1,000 Daltons. In a further embodiment the C-terminus is
modified to replace the carboxylic acid group with an amide group.

In some embodiments, the glucagon antagonists/GLP-1 agonist is further
modified by truncation or deletion of one or two amino acids of the C-terminus of the
glucagon peptide (i.e., truncation of the amino acid at position 29 or at positions 28 and
29 of native glucagon) without affecting activity and/or potency at the glucagon and
GLP-1 receptors. In this regard, the glucagon antagonist described herein can consist
essentially of or consist of amino acids 1-27, 1-28, 2-27, 2-28, 3-27, 3-28, 4-27, 4-28, 5-
27, 5-28, 6-27, or 6-28 of the native glucagon peptide (SEQ ID NO: 1) with one or more
modifications resulting in glucagon antagonistic activity as described herein.

In one embodiment, the glucagon antagonist/GLP-1 agonist is further modified to
comprise one or more amino acids of native GLP-1 by substitution of the native glucagon
residue(s) at corresponding amino acid positions. For example, the glucagon
antagonist/GLP-1 agonist may comprise one or more amino acid substitutions at any of
positions 2, 3, 17, 18, 21, 23, and 24 (according to the amino acid numbering of native
glucagon). In a specific embodiment, the glucagon antagonist/GLP-1 agonist is modified
by one or more of the following amino acid substitutions: Ser?2 is replaced with Ala,
GIn3 is replaced with Glu, Argl7 is replaced with Gln, Arg at position 18 is replaced
with Ala, Asp at position 21 is replaced with Glu, Val at position 23 is replaced with Ile,

and Gln at position 24 is replaced with Ala (amino acid positions are in accordance with
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the native glucagon sequence). In a specific embodiment, the glucagon antagonist/GLP-1
agonist is modified by replacing Ser2 with Ala and GIn3 with Glu (according to the
amino acid numbering of native glucagon). In another specific embodiment, the
glucagon antagonist/GLP-1 agonist is modified with all of the following amino acid
substitutions: Argl7 is replaced with Gln, Arg at position 18 is replaced with Ala, Asp at
position 21 is replaced with Glu, Val at position 23 is replaced with Ile, and Gln at
position 24 is replaced with Ala (amino acid numbering according to native glucagon).
In yet another specific embodiment, the glucagon antagonist/GLP-1 agonist is modified
to comprise just Glu at position 21 (according to the numbering of SEQ ID NO: 1).
Accordingly, the glucagon antagonist/GLP-1 agonist can comprise the amino acid
sequence of any of SEQ ID NOs: 60-70, 73-78, 80-88, 90-96, 103, 104, 106, and 114-
118, or comprising the amino acid sequence of any of Peptides 2-6 of Table 13, Peptides
1-8 of Table 14, and Peptides 2-6, 8, and 9 of Table 15.

In a specific embodiment, the above-described glucagon antagonist/GLP-1
agonist comprising PLA is modified to comprise an oxy derivative of PLA, such as, for
instance, an ester of PLA or an ether of PLA. For example, the glucagon
antagonist/GLP-1 agonist can comprise the amino acid sequence of any of SEQ ID NOs:
2, 5-20, 22-25, 32-36, 38, 39, 45, 46, and 51, wherein the PLA is linked via an ester or
ether bond to an amino acid, peptide, polymer, acyl group, or alkyl group. The amino
acid, peptide, polymer, acyl group, or alkyl group may be any of those described herein.
In the case that the PLA is linked via an ester bond to an amino acid or peptide, the
glucagon antagonist/GLP-1 agonist may be considered as a depsipeptide.

Also, in another specific embodiment, the above-described glucagon
antagonist/GLP-1 agonist which lacks PLA is modified to comprise at least one ester
bond or ether bond between two consecutive amino acids which are N-terminal to the
amino acid at position 7 (according to the numbering of native glucagon). In a specific
embodiment, the glucagon antagonist/GLP-1 agonist comprises at least one ester or ether
bond between the two consecutive amino acids. In a more specific embodiment, the

glucagon antagonist/GLP-1 agonist comprises the N-terminal 6 amino acids of SEQ ID
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NO: 1 and two consecutive amino acids of the N-terminal 6 amino acids are linked via an
ester or ether bond.

Also provided herein is a peptide or conjugate thereof comprising (1) a stabilized
alpha helix through means described herein (e.g., through an intramolecular bridge, or
incorporation of one or more alpha, alpha-di-substituted amino acids, or an acidic amino
acid at position 16 (according to the numbering of SEQ ID NO :1), or a combination
thereof; (2) a C-terminal amide or ester in place of a C-terminal carboxylate, and (3) a
general structure of A-B-C, ' ’

wherein A is selected from the group consisting of

(1) PLA,

(ii) an oxy derivative of PLA; and

(iii)  apeptide of 2 to 6 amino acids in which two consecutive

amino acids of the peptide are linked via an ester or ether bond;

wherein B represents amino acids p to 26 of SEQ ID NO: 1, wherein pis 3, 4, 5,
6, or 7, optionally comprising one or more amino acid modifications selected from the
group consisting of:

(iv)  Asp at position 9 (according to the amino acid numbering
of SEQ ID NO: 1) is substituted with a Glu, a sulfonic acid
derivative of Cys, homoglutamic acid, B-homoglutamic
acid, or an alkylcarboxylate derivative of cysteine having

the structure of:
H,N COOH

-

H,C
\S

Xs
cooH,

wherein X is C;-C4 alkyl, C,-C4 alkenyl, or C,-C4 alkynyl;
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(viii)

(ix)

(x)
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-39.

substitution of one or two amino acids at positions 10, 20, and 24,
(according to the amino acid numbering of SEQ ID NO: 1) with an
amino acid covalently attached to an acyl or alkyl group via an
ester, ether, thioether, amide, or alkyl amine linkage;

substitution of one or two amino acids at positions 16, 17, 20, 21,
and 24 (according to the amino acid numbering of SEQ ID NO: 1)
with an amino acid selected from the group consisting of: Cys,
Lys, ornithine, homocysteine, and acetyl-phenylalanine (Ac-Phe),
wherein the amino acid of the group is covalently attached to a
hydrophilic moiety;

Asp at position 15 (according to the numbering of SEQ ID NO: 1)
is substituted with cysteic acid, glutamic acid, homoglutamic acid,
and homocysteic acid;

Ser at position 16 (according to the numbering of SEQ ID NO: 1)
is substituted with cysteic acid, glutamic acid, homoglutamic acid,
and homocysteic acid;

Arg at position 17 is replaced with Gln, Arg at position 18 is
replaced with Ala, Asp at position 21 is replaced with Glu, Val at
position 23 is replaced with Ile, and Gln at position 24 is replaced
with Ala (according to amino acid numbering of SEQ ID NO: 1 );
Ser at position 16 is replaced with Glu, Gln at position 20 is
replaced with Glu, or Gln at position 24 is replaced with

Glu(according to the amino acid numbering of SEQ ID NO: 1);

wherein C is selected from the group consisting of:

(vii)
(viii)
(ix)
(x)

X;

X-Y;
X-Y-Z;
X-Y-Z-R10;
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wherein X is Met, Leu, or Nle; Y is Asn or a charged amino acid; Z is Thr, Gly, Cys, Lys,
ornithine (Omn), homocysteine, acetyl phenylalanine (Ac-Phe), or a charged amino acid;
wherein R10 is selected from a group consisting of SEQ ID NOs: 21, 26, 27, and 50.

In a specific aspect, the peptide comprises an oxy derivative of PLA. As used
herein “oxy derivative of PLA” refers to a compound comprising a modified structure of
PLA in which the hydroxyl group has been replaced with O-R,;, wherein Ry is a
chemical moiety. In this regard, the oxy derivative of PLA can be, for example, an ester
of PLA or an ether of PLA. '

Methods of making oxy derivatives of PLA are known in the art. For example,
when the oxy derivative is an ester of PLA, the ester may be formed by upon reaction of
the hydroxyl of PLA with a carbonyl bearing a nucleophile. The nucleophile can be any
suitable nucleophile, including, but not limited to an amine or hydroxyl. Accordingly,

the ester of PLA can comprise the structure of Formula IV:
0

R7 ;IA’J
N

Formula IV

wherein R7 is an ester formed upon reaction of the hydroxyl of PLA with a
carbonyl bearing a nucleophile.

The carbonyl bearing a nucleophile (which reacts with the hydroxyl of PLA to
form an ester) can be, for example, a carboxylic acid, a carboxylic acid derivative, or an
activated ester of a carboxylic acid. The carboxylic acid derivative can be, but is not
limited to, an acyl chloride, an acid anhydride, an amide, an ester, or a nitrile. The
activated ester of a carboxylic acid can be, for example, N-hydroxysuccinimide (NHS),

tosylate (Tos), a carbodiimide, or a hexafluorophosphate. In some embodiments, the
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carbodiimide is 1,3-dicyclohexylcarbodiimide (DCC), 1,1'-carbonyldiimidazole (CDI), I-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC), or 1,3-
diisopropylcarbodiimide (DICD). In some embodiments, the hexafluorophosphate is
selected from a group consisting of hexafluorophosphate benzotriazol-1-yl-oxy-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP), benzotriazol-1-yl-
oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP), 2-(1H-7-azabenzotriazol-
1-yD)-1,1,3,3-tetramethyl uronium hexafluorophosphate (HATU), and o-benzotriazole-
N,N,N’,N’-tetramethyl-uronium-hexafluoro-phosphate (HBTU). '

Methods of making ethers from reaction with a hydroxyl group (e.g., the hydroxyl
of PLA) also are known in the art. For example, the hydroxyl group of PLA may be
reacted with a halogenated alkyl or tosylated alkyl alcohol to form an ether bond.

Generally, the chemical moiety of R); is one which does not decrease the activity
of the peptide. In some embodiments, the chemical moiety enhances the activity,
stability, and/or solubility of the peptide.

In a specific embodiment, the chemical moiety bound to PLA via an oxygen-
containing bond (e.g., via an ester or ether bond) is a polymer (e.g., a polyalkylene
glycol), a carbohydrate, an amino acid, a peptide, or a lipid, e.g., a fatty acid or a steroid.

In a specific embodiment, the chemical moiety is an amino acid, which,
optionally, is a part of a peptide, such that Formula IV is a depsipeptide. In this regard,
PLA may be at a position other than the N-terminal amino acid residue of the peptide,
such that the peptide comprises one or more (e.g., 1, 2, 3, 4, 5, 6, or more) amino acids N-
terminal to the PLA residue. For example, the peptide can comprise PLA at position n,
wherein n is 2, 3, 4, 5, or 6 of the peptide.

The amino acids N-terminal to the PLA residue may be synthetic or naturally-
occurring. In a specific embodiment, the amino acids which are N-terminal PLA are
naturally-occurring amino acids. In one embodiment, the amino acids which are N-
terminal to PLA are the N-terminal amino acids of native glucagon. For example, the
peptide can comprise at the N-terminus the amino acid sequence of any of SEQ ID NOs:
52-56, wherein PLA is linked to threonine via an ester bond:

SEQ ID NO: 52 His-Ser-GIn-Gly-Thr-PLA
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SEQ ID NO: 53 Ser-Gln-Gly-Thr-PLA

SEQ ID NO: 54 Gln-Gly-Thr-PLA

SEQ ID NO: 55 Gly-Thr-PLA

SEQ ID NO: 56 Thr-PLA

In an alternative embodiment, one or more of the N-terminal amino acids may be
substituted with an amino acid other than the amino acid of native glucagon. For
example, when the peptide comprises PLA as the amino acid at position 5 or 6, the amino
acid at position | and/or position 2 may be an amino acid which reduces susceptibility to
cleavage by dipeptidyl peptidase IV. More particularly, in some embodiments, position 1
of the peptide is an amino acid selected from the group consisting of D-histidine, alpha,
alpha-dimethyl imidiazole acetic acid (DMIA), N-methyl histidine, alpha-methy]
histidine, imidazole acetic acid, desaminohistidine, hydroxyl-histidine, acetyl-histidine
and homo-histidine. More particularly, in some embodiments, position 2 of the
antagonist/agonist peptide is an amino acid selected from the group consisting of D-
serine, D-alanine, valine, glycine, N-methyl serine, N-methyl alanine, and
aminoisobutyric acid (AIB). Also, for example, when the peptide comprises PLA as the
amino acid at position 4, 5, or 6, the amino acid at position 3 of the peptide may be
glutamic acid, as opposed to the native glutamine residue of native glucagon. In an
exemplary embodiment of the invention, the peptide comprises at the N-terminus the
amino acid sequence of any of SEQ ID NOs: 57-59.

With respect to the peptides comprising a compound of Formula IV, the polymer
may be any polymer, provided that it can react with the hydroxyl group of PLA. The
polymer may be one that naturally or normally comprises a carbonyl bearing a
nucleophile. Alternatively, the polymer may be one which was derivatized to comprise
the carbonyl bearing the carbonyl. The polymer may be a derivatized polymer of any of:
polyamides, polycarbonates, polyalkylenes and derivatives thereof including,
polyalkylene glycols, polyalkylene oxides, polyalkylene terepthalates, polymers of
acrylic and methacrylic esters, including poly(methyl methacrylate), poly(ethyl
methacrylate), poly(butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl methacrylate),
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poly(phenyl methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl
acrylate), and poly(octadecyl acrylate), polyvinyl polymers including polyvinyl alcohols,
polyvinyl ethers, polyvinyl esters, polyvinyl halides, poly(vinyl acetate), and
polyvinylpyrrolidone, polyglycolides, polysiloxanes, polyurethanes and co-polymers
thereof, celluloses including alkyl cellulose, hydroxyalkyl celluloses, cellulose ethers,
cellulose esters, nitro celluloses, methyl cellulose, ethyl cellulose, hydroxypropyl
cellulose, hydroxy-propyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose
acetate, cellulose propionate, cellulose acetate butyrate, cellulose acetate phthalate,
carboxylethyl cellulose, cellulose triacetate, and cellulose sulphate sodium salt,
polypropylene, polyethylenes including poly(ethylene glycol), poly(ethylene oxide), and
poly(ethylene terephthalate), and polystyrene.

The polymer can be a biodegradable polymer, including a synthetic biodegradable
polymer (e.g., polymers of lactic acid and glycolic acid, polyanhydrides,
poly(ortho)esters, polyurethanes, poly(butic acid), poly(valeric acid), and poly(lactide-
cocaprolactone)), and a natural biodegradable polymer (e.g., alginate and other
polysaccharides including dextran and cellulose, collagen, chemical derivatives thereof
(substitutions, additions of chemical groups, for example, alkyl, alkylene, hydroxylations,
oxidations, and other modifications routinely made by those skilled in the art), albumin
and other hydrophilic proteins (e.g., zein and other prolamines and hydrophobic
proteins)), as well as any copolymer or mixture thereof. In general, these materials
degrade either by enzymatic hydrolysis or exposure to water in vivo, by surface or bulk
erosion.

The polymer can be a bioadhesive polymer, such as a bioerodible hydrogel
described by H. S. Sawhney, C. P. Pathak and J. A. Hubbell in Macromolecules, 1993,
26, 581-587, the teachings of which are incorporated herein, polyhyaluronic acids, casein,
gelatin, glutin, polyanhydrides, polyacrylic acid, alginate, chitosan, poly(methyl
methacrylates), poly(ethyl methacrylates), poly(butylmethacrylate), poly(isobutyl
methacrylate), poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl
methacrylate), poly(phenyl methacrylate), poly(methyl acrylate), poly(isopropyl
acrylate), poly(isobutyl acrylate), and poly(octadecyl acrylate).
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In one embodiment, the polymer is a water-soluble polymer. Suitable water-
soluble polymers are known in the art and include, for example, polyvinylpyrrolidone,
hydroxypropyl cellulose (HPC; Klucel), hydroxypropyl methylcellulose (HPMC;
Methocel), nitrocellulose, hydroxypropyl ethylcellulose, hydroxypropyl butylcellulose,
hydroxypropyl pentylcellulose, methyl cellulose, ethylcellulose (Ethocel), hydroxyethyl
cellulose, various alkyl celluloses and hydroxyalkyl celluloses, various cellulose ethers,
cellulose acetate, carboxymethyl cellulose, sodium carboxymethyl cellulose, calcium
carboxymethy] cellulose, vinyl acetate/crotonic acid copolymers, poly-hydroxyalkyl
methacrylate, hydroxymethyl methacrylate, methacrylic acid copolymers,
polymethacrylic acid, polymethylmethacrylate, maleic anhydride/methyl vinyl ether
copolymers, poly vinyl alcohol, sodium and calcium polyacrylic acid, polyacrylic acid,
acidic carboxy polymers, carboxypolymethylene, carboxyvinyl polymers,
polyoxyethylene polyoxypropylene copolymer, polymethylvinylether co-maleic
anhydride, carboxymethylamide, potassium methacrylate divinylbenzene co-polymer,
polyoxyethyleneglycols, polyethylene oxide, and derivatives, salts, and combinations
thereof.

In a specific embodiment, the polymer is a polyalkylene glycol, including, for
example, polyethylene glycol (PEG).

The carbohydrate may be any carbohydrate provided that it comprises or is made
to comprise a carbonyl with an alpha leaving group. The carbohydrate, for example, may
be one which has been derivatized to comprise a carbonyl with an alpha leaving group.
In this regard, the carbohydrate may be a derivatized form of a monosaccharide (e.g.,
glucose, galactose, fructose), a disaccharide (e.g., sucrose, lactose, maltose), an
oligosaccharide (e.g., raffinose, stachyose), a polysaccharide (a starch, amylase,
amylopectin, cellulose, chitin, callose, laminarin, xylan, mannan, fucoidan,
galactomannan.

The lipid may be any lipid comprising a carbonyl with an alpha leaving group.
The lipid, for example, may be one which is derivatized to comprise the carbonyl. In this
regard, the lipid, may be a derivative of a fatty acid (e.g., a C4-C30 fatty acid, eicosanoid,

prostaglandin, leukotriene, thromboxane, N-acyl ethanolamine), glycerolipid (e.g., mono-



10

15

20

25

30

WO 2009/058734 PCT/US2008/081333

29920-207222

45-

, di-, tri-substituted glycerols), glycerophospholipid (e.g., phosphatidylcholine,
phosphatidylinositol, phosphatidylethanolamine, phosphatidylserine), sphingolipid (e.g.,
sphingosine, ceramide), sterol lipid (e.g., steroid, cholesterol), prenol lipid, saccharolipid,
or a polyketide.

oil, wax, cholesterol, sterol, fat-soluble vitamin, monoglyceride, diglyceride, triglyceride,
a phospholipid.

In one embodiment, R7 has a molecular weight of about 100 kDa or less, e.g.,
about 90 kDa or less, about 80 kDa or less, about 70 kDa or less, about 60 kDa or less,
about 50 kDa or less, about 40 kDa or less. Accordingly, R7 can have a molecular
weight of about 35 kDa or less, about 30 kDa or less, about 25 kDa or less, about 20 kDa
or less, about 15 kDa or less, about 10 kDa or less, about 5 kDa or less, or about 1 kDa.

In an alternative embodiment, the peptide comprising the general structure of A-
B-C comprises, as A, a peptide of 2 to 6 amino acids in which two consecutive amino
acids of the peptide of A are linked via an ester or ether bond. The ester or ether bond
may be, e.g., between amino acids 2 and 3, 3 and 4, 4 and 5, or 5 and 6. Optionally the
peptide of A may be further modified by covalent linkage to another chemical moiety
including linkage to a polymer (e.g. a hydrophilic polymer), alkylation, or acylation.

The peptide of A may comprise any amino acids, synthetic or naturally occurring,
provided that at least two consecutive amino acids are linked via an ester or ether bond.
In a specific embodiment, the peptide of A comprises amino acids of native glucagon.
For example, the peptide of A can comprise j to 6 of native glucagon (SEQ ID NO: 1),
wherein j is 1, 2, 3, 4, or 5. Alternatively, the peptide of A can comprise an amino acid
sequence based on the N-terminus of SEQ ID NO: 1 with one or more amino acid
modifications. The amino acid at position 1 and/or position 2 may be an amino acid
which reduces susceptibility to cleavage by dipeptidyl peptidase IV. For instance, the
peptide of A can comprise at position 1 an amino acid selected from the group consisting
of D-histidine, alpha, alpha-dimethyl imidiazole acetic acid (DMIA), N-methy] histidine,
alpha-methyl histidine, imidazole acetic acid, desaminohistidine, hydroxyl-histidine,
acetyl-histidine and homo-histidine. More particularly, in some embodiments, position 2

of the peptide of A is an amino acid selected from the group consisting of D-serine, D-



10

15

20

25

30

WO 2009/058734 PCT/US2008/081333

29920-207222

_46-

alanine, valine, glycine, N-methyl serine, N-methyl alanine, and aminoisobutyric acid
(AIB). Also, for example, the amino acid at position 3 of the peptide of A may be
glutamic acid, as opposed to the native glutamine residue of native glucagon.
Accordingly, the peptide of general structure of A-B-C can comprise an amino acid
sequence of:

Xaa,-Xaa,-Xaaz-Thr-Gly-Phe (SEQ ID NO: 107);

Xaa,-Xaas-Thr-Gly-Phe (SEQ ID NO: 108); or

Xaas-Thr-Gly-Phe (SEQ ID NO: 109);

wherein Xaa, is selected from a group consisting of: His, D-histidine, alpha,
alpha-dimethyl imidiazole acetic acid (DMIA), N-methyl histidine, alpha-methyl
histidine, imidazole acetic acid, desaminohistidine, hydroxyl-histidine, acetyl-histidine
and homo-histidine; Xaa is selected from a group consisting of: Ser, D-serine, D-alanine,
valine, glycine, N-methyl serine, N-methyl alanine, and aminoisobutyric acid (AIB); and
Xaaj is Gln or Glu.

With regard to the peptide comprising the general structure A-B-C, B represents
amino acids of native glucagon, e.g., i to 26 of SEQ ID NO: 1, whereiniis 3,4, 5, 6, or 7,
optionally comprising one or more amino acid modifications. In a specific embodiment,
B represents amino acids 7 to 26 of SEQ ID NO: 1, optionally further modified.

In one embodiment, B is modified by up to three amino acid modifications. For
example, B, which represents native amino acid sequence of SEQ ID NO: 1 is modified
by one or more conservative amino acid modifications.

In another embodiment, B comprises one or more amino acid modifications
selected from the group consisting of (iv) to (x), as described herein. In a specific
embodiment, B comprises one or both of the amino acid modifications (v) and (vi). In a
further specific embodiment, B comprises one or a combination of amino acid
modifications selected from the group consisting of (iv), (vii), (viii), (ix), and (x), in
addition to (v) and (vi).

As described herein, the peptide comprising the general structure A-B-C may
comprise one or more charged amino acids at the C-terminus, e.g., as Y and/or Z, as

described herein. Alternatively or additionally, the peptide comprising the general
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structure A-B-C may further comprise one to two charged amino acids C-terminal to Z,
when C comprises X-~Y-Z. The charged amino acids can be, for example, one of Lys,
Arg, His, Asp, and Glu. In a specific embodiment, Y is Asp.

In one embodiment, the peptide comprising the general structure A-B-C
comprises a hydrophilic moiety covalently bound to an amino acid residue at position 1,
16, 20, 21, or 24 (according to the amino acid numbering of SEQ ID NO: 1), or at the N-
or C-terminal residue of the peptide comprising the general structure A-B-C. Ina
specific embodiment, the hydrophilic moiety is attached to a Cys residue of the peptide
comprising the general structure A-B-C. In this regard, the amino acid at position 16, 21,
24, or 29 of native glucagon (SEQ ID NO: 1) may be substituted with a Cys residue.
Alternatively, a Cys residue comprising a hydrophilic moiety may be added to the C-
terminus of the peptide comprising the general structure A-B-C as position 30 or as
position 40, e.g., when the peptide comprising the general structure A-B-C comprises a
C-terminal extension (positions according to the amino acid numbering of SEQ ID NO:
1). Alternatively, the hydrophilic moiety may be attached to the PLA of the peptide
comprising the general structure A-B-C via the hydroxyl moiety of PLA. The
hydrophilic moiety can be any of those described herein, including, for example,
polyethylene glycol.

In a specific aspect, the peptide comprising the general structure A-B-C comprises
a stabilized alpha helix by virtue of incorporation of an intramolecular bridge. In one
embodiment, the intramolecular bridge is a lactam bridge. The lactam bridge may be
between the amino acids at positions 9 and 12, the amino acids at positions 12 and 16, the
amino acids at positions 16 and 20, the amino acids at positions 20 and 24, or the amino
acids at positions 24 and 28 (according to the amino acid numbering of SEQ ID NO: 1).
In a specific embodiment, the amino acids at positions 12 and 16 or at positions 16 and
20 (according to the amino acid numbering of SEQ ID NO: 1) are linked via a lactam
bridge. Other positions of the lactam bridge are contemplated.

Additionally or alternatively, the peptide comprising the general structure A-B-C
can comprise an alpha, alpha di-substituted amino acid at, for example, any of positions

16, 20, 21, or 24 (according to the amino acid numbering of SEQ ID NO: 1). In one
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embodiment, the alpha, alpha di-substituted amino acid is AIB. In a specific aspect, the
AIB is located at position 16 (according to the numbering of SEQ ID NO: 1).
Alternatively or additionally, the peptide comprising the general structure A-B-C may be
modified to comprise an acidic amino acid at position 16 (according to the numbering of
SEQ ID NO: 1), which modification enhances the stability of the alpha helix. The acidic
amino acid, in one embodiment, is an amino acid comprising a side chain sulfonic acid or
a side chain carboxylic acid. In a more specific embodiment, the acidic amino acid is
selected from the group consisting of Glu, Asp, homoglutamic acid, a sulfonic acid

derivative of Cys, cysteic acid, homocysteic acid, Asp, and an alkylated derivative of Cys

HZNY

HoC
\S

Xs

having the structure of
COOH

\\COOH,

wherein X is C-C;4 alkyl, C;-Cy alkenyl, or C,-C4 alkynyl.

In a specific embodiment, the glucagon antagonist/GLP-1 agonist may comprise
the amino acid sequence of any of SEQ ID NOs: 60-70, 73-78, 80-88, 90-96, 103, 104,
106, and 114-118, or comprising the amino acid sequence of any of Peptides 2-6 of Table
13, Peptides 1-8 of Table 14, and Peptides 2-6, 8, and 9 of Table 15.

In one embodiment, the peptide comprising the general structure A-B-Cis a
glucagon antagonist/GLP-1 agonist. In a specific embodiment, the peptide exhibits
exhibits at least about 50% of the maximum agonism achieved by native GLP-1 at the
GLP-1 receptor and at least about 50% inhibition of the maximum response achieved by
native glucagon at the glucagon receptor. In another specific embodiment, the peptide
exhibits at least about 55%, at least about 60%, at least about 70%, at least about 80%, at
least about 90%, at least about 95%, or about 100% of the maximum agonism achieved

by native GLP-1 at the GLP-1 receptor. Alternatively or additionally, the peptide may
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exhibit at least about 55%, at least about 60%, at least about 70%, at least about 80%, at
least about 90%, at least about 95%, or about 100% inhibition of the maximum response
achieved by native glucagon at the glucagon receptor.

In some embodiments, a peptide with glucagon antagonist and GLP-1 agonist
activity (e.g., a glucagon antagonist, GLP-1 agonist) or conjugate thereof, is provided
comprising:

(1)  modifications that confer glucagon antagonist activity, including
but not limited to: '

(a) substitution of the Phe at position 6 with PLA (according to
amino acid numbering of wild type glucagon), optionally
with deletion of 1 to 5 amino acids from the N-terminus of
wild type glucagon; or

(b) deletion of 2 to 5 amino acids from the N-terminus of wild
type glucagon; optionally with substitution of Asp at
position 9 of wild type glucagon with glutamic acid,
homoglutamic acid or a sulfonic acid derivative of cysteine
(according to amino acid numbering of wild type
glucagon);

and
(2) modifications that confer GLP-1 agonist activity, including but not
limited to:

(a) insertion or substitution of a, a-disubstituted amino acid within
amino acids 12-29 of wild type glucagon, e.g. at one, two,
three, four or more of positions 16, 17, 18, 19, 20, 21, 24 or
29 (according to the amino acid numbering of wild type
glucagon); or

(b) introduction of an intramolecular bridge within amino acids 12-
29 of wild type glucagon, e.g. a salt bridge or a lactam

bridge or another type of covalent bond; or
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(c) substitution of the amino acid at one or more of positions 2, 3,
17, 18, 21, 23, or 24 (according to the amino acid
numbering of native glucagon) with the corresponding
amino acid of GLP-1, e.g. Ser2 is replaced with Ala, GIn3
is replaced with Glu, Argl7 is replaced with Gln, Arg at
position 18 is replaced with Ala, Asp at position 21 is
replaced with Glu, Val at position 23 is replaced with Ile,
and/or Gln at position 24 is replaced with Ala; or '

(d) other modifications that stabilize the alpha-helix structure
around amino acid positions 12-29 according to the amino
acid numbering of wild type glucagon;

and
(3) other modifications that enhance GLP-1 agonist activity, e.8.

(a) a C-terminal amide or ester in place of a C-terminal

carboxylate;
and optionally
(4) one or more of the following modifications:

(a) covalent attachment to a hydrophilic moiety, such as
polyethylene glycol, e.g. at the N-terminus, or at position 6,
16, 17, 20, 21, 24, 29, 40 or at the C-terminal amino acid;
and/or

(b) acylation or alkylation; and optionally

(5) one or more of the following additional modifications:

(a) covalent linkage of amino acids, to the N-terminus, e.g. 1-5
amino acids to the N-terminus, optionally via an ester bond
to PLA at position 6 (according to the numbering of wild
type glucagon), optionally together with modifications at
position 1 or 2, e.g. as described herein, that improve

resistance to DPP-IV cleavage;
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deletion of amino acids at positions 29 and/or 28, and
optionally position 27 (according to the numbering of wild
type glucagon);

covalent linkage of amino acids to the C-terminus;
non-conservative substitutions, conservative substitutions,
additions or deletions while retaining desired activity, for
example, conservative substitutions at one or more of
positions 2, 5, 7, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21,
24, 27, 28 or 29, substitution of Tyr at position 10 with Val
or Phe, substitution of Lys at position 12 with Arg,
substitution of one or more of these positions with Ala;
modification of the aspartic acid at position 15, for
example, by substitution with glutamic acid, homoglutamic
acid, cysteic acid or homocysteic acid, which may reduce
degradation; or modification of the serine at position 16, for
example, by substitution of threonine, AIB, glutamic acid
or with another negatively charged amino acid having a
side chain with a length of 4 atoms, or alternatively with
any one of glutamine, homoglutamic acid, or homocysteic
acid, which likewise may reduce degradation due to
cleavage of the Asp15-Ser16 bond;

modification of the methionine at position 27, for example,
by substitution with leucine or norleucine, to reduce
oxidative degradation;

modification of the Gln at position 20 or 24, e.g. by
substitution with Ala or AIB, to reduce degradation that
occurs through deamidation of GIn

modification of Asp at position 21, e.g. by substitution with

Glu, to reduce degradation that occurs through dehydration
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of Asp to form a cyclic succinimide intermediate followed
by isomerization to iso-aspartate;
) homodimerization or heterodimerization as described
herein; and
k) combinations of the above.
It is understood that any of the modifications within the same class may be

combined together and/or modifications of different classes are combined. For example,

"the modifications of (1)(a) may be combined with (2)(a) and (3); (1)(a) may be combined

with (2)(b), e.g. lactam bridge or salt bridge, and (3); (1)(a) may be combined with (2)(c)
and (3); (1)(b) may be combined with (2)(a) and (3); (1)(b) may be combined with (2)(b),
e.g. lactam bridge or salt bridge, and (3); (1)(b) may be combined with (2)(c) and (3); any
of the foregoing may be combined with (4)(a) and/or (4)(b); and any of the foregoing
may be combined with any of (5)(a) through (5)(k).

In exemplary embodiments, the a, a-disubstituted amino acid AIB is substituted
at one, two, three or all of positions 16, 20, 21, or 24 (according to the amino acid
numbering of wild type glucagon).

In exemplary embodiments, the intramolecular bridge is a salt bridge.

In other exemplary embodiments, the intramolecular bridge is a covalent bond,
e.g. a lactam bridge. In some embodiments, the lactam bridge is between the amino acids
at positions 9 and 12, the amino acids at positions 12 and 16, the amino acids at positions
16 and 20, the amino acids at positions 20 and 24, or the amino acids at positions 24 and
28 (according to the amino acid numbering of SEQ ID NO: 1).

In exemplary embodiments, acylation or alkylation is at position 6, 10, 20 or 24 or the N-
terminus or C-terminus (according to the amino acid numbering of wild type glucagon)
SEQ ID NO: 1).

In exemplary embodiments, modifications include:

@) substitution of Asp at position 15 (according to the numbering of
SEQ ID NO: 1) with cysteic acid, glutamic acid, homoglutamic

acid, and homocysteic acid;
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(i)  substitution of Ser at position 16 (according to the numbering of
SEQ ID NO: 1) with cysteic acid, glutamic acid, homoglutamic
acid, and homocysteic acid;

(iii)  substitution of Asn at position 28 with a charged amino acid;

(iv)  substitution of Asn at position 28 with a charged amino acid
selected from the group consisting of Lys, Arg, His, Asp, Glu,
cysteic acid, and homocysteic acid;

v) substitution at position 28 with Asn, Asp, or Glu;

(vi)  substitution at position 28 with Asp;

(vii)  substitution at position 28 with Glu;

(viii) substitution of Thr at position 29 with a charged amino acid;

(ix)  substitution of Thr at position 29 with a charged amino acid
selected from the group consisting of Lys, Arg, His, Asp, Glu,
cysteic acid, and homocysteic acid;

x) substitution at position 29 with Asp, Glu, or Lys;

(xi)  substitution at position 29 with Glu;

(xii) insertion of 1-3 charged amino acids after position 29;

(xiil) insertion after position 29 of Glu or Lys;

(xiv) insertion after position 29 of Gly-Lys or Lys-Lys;

or combinations thereof.

Any of the modifications described above which increase GLP-1 receptor agonist
activity, glucagon receptor antagonist activity, peptide solubility, and/or peptide stability
can be applied individually or in combination.

The disclosed peptides and glucagon antagonist/GLP-1 agonists are believed to be
suitable for any use that has previously been described for other glucagon
antagonist/GLP-1 agonists. Accordingly, the glucagon analogs described herein can be
used to treat hyperglycemia, or treat other metabolic diseases that result from high blood
levels of glucagon or high blood glucose levels. In accordance with one embodiment the
patient to be treated using the glucagon antagonist/GLP-1 agonists disclosed herein is a

domesticated animal, and in another embodiment the patient to be treated is a human.
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Studies suggest that lack of glucagon suppression in diabetic patients contributes to
postprandial hyperglycemia in part via accelerated glycogenolysis. Analysis of blood
glucose during an Oral Glucose Tolerance Test (OGTT), and in the presence or absence
of somatostatin-induced glucagon suppression has shown a significant increase in glucose
in subjects with higher glucagon levels. Accordingly, the peptides and glucagon
antagonist/GLP-1 agonists described herein can be used to treating hyperglycemia, and
are expected to be useful for treating a variety of types of diabetes including diabetes
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