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INSULIN-INCRETIN CONJUGATES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 61/783,491, filed Mar. 14, 2013, the
contents of which are incorporated by reference in their
entirety into the present application.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

[0002] Incorporated by reference in its entirety is a com-
puter-readable sequence listing submitted concurrently here-
with and identified as follows: one 983 KB ASCII (text) file
named “27137_PCT_SL.txt”, created on Mar. 5, 2014.

BACKGROUND

[0003] Insulinis a proven therapy for the treatment of juve-
nile-onset diabetes and later stage adult-onset diabetes. The
peptide is biosynthesized as a larger linear precursor of low
potency (approximately 2% to 9% of native insulin), named
proinsulin. Proinsulin is proteolytically converted to insulin
by the selective removal of a 35-residue connecting peptide
(C peptide). The resultant heteroduplex formed by disulfide
links between the insulin “A chain” (SEQ ID NO: 1) and “B
chain” (SEQ IDNO: 2) chain, representing a total of 51 amino
acids, has high potency for the insulin receptor (nM range).
Native insulin has approximately one hundredfold selective
affinity for the insulin receptor relative to the related insulin-
like growth factor 1 receptor, but demonstrates little selec-
tively for the two different insulin receptor isoforms, named A
& B.

[0004] The insulin-like growth factors 1 and 2 are single
chain liner peptide hormones that are highly homologous in
their A and B chain sequences, sharing approximately fifty
percent homology with native insulin. The IGF A and B
chains are linked by a “C-peptide”, wherein the C-peptides of
the two IGFs differ in size and amino acid sequence, the first
being twelve and the second being eight amino acids in
length. Human IGF-1 is a 70 aa basic peptide having the
protein sequence shown in SEQ ID NO: 3, and has a 43%
homology with proinsulin (Rinderknecht et al. (1978) J. Biol.
Chem. 253:2769-2776). Human IGF-2 is a 67 amino acid
basic peptide having the protein sequence shown in SEQ ID
NO: 4. The IGFs demonstrate considerably less activity at the
insulin B receptor isoform than the A-receptor isoform.
[0005] Applicants have previously identified IGF-1 based
insulin peptides analogs, (wherein the native Gln-Phe dipep-
tide of the B-chain is replaced by Tyr-Leu) that display high
activity at the insulin receptor (see PCT/US2009/068713, the
disclosure of which is incorporated herein). Such analogs
(referred to herein as IGF YL analog peptides) are more
readily synthesized than insulin and enable the development
of co-agonist analogs for insulin and IGF-1 receptors, and
selective insulin receptor specific analogs. Furthermore,
these insulin analogs can also be formulated as single chain
insulin agonists in accordance with the present disclosure.
[0006] Single chain insulin analogs comprising the insulin
A and B chains have been previously prepared (see EP 1,193,
272 and US 2007/0129284). However, single chain high
potency insulin agonists can also be prepared by insertion of
the IGF-1 C-peptide, or analogs thereof, as a connecting
peptide linking the insulin B and A peptides. The selective
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mutation of individual amino acids in the C-peptide sequence
yields peptides that are highly selective for insulin relative to
IGF-1 receptor.

[0007] Incretins are a group of gastrointestinal hormones
that that are involved in a wide variety of physiological func-
tions, including glucose homeostasis, insulin secretion, gas-
tric emptying, and intestinal growth, as well as the regulation
of'food intake. Pre-proglucagonis a 158 amino acid precursor
polypeptide that is processed in different tissues to form a
number of different peptides. Incretins include a number of
proglucagon-derived peptides, including glucagon (SEQ ID
NO: 701), glucagon-like peptide-1 (GLP-1; amino acids 7-36
are provided as SEQ ID NO: 703 and amino acids 7-35 as
SEQ ID NO: 704), glucagon-like peptide-2 (GLP-2; SEQ ID
NO: 708) and oxyntomodulin (OXM; SEQ ID NO: 706).
[0008] Glucagon is a 29-amino acid peptide that corre-
sponds 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-progluca-
gon. GLP-1(7-36) amide (SEQ ID NO: 703; the C terminus is
an arginine amide) or GLP-1(7-37) acid (SEQ ID NO: 704; C
terminus is a glycine) are biologically potent forms of GLP-1,
that demonstrate essentially equivalent activity at the GLP-1
receptor.

[0009] Glucagonisa life-saving medicine thatis usedinthe
acute treatment of severe hypoglycemia. Oxyntomodulin has
been reported to have pharmacological ability to suppress
appetite and lower body weight. Clinical studies with GLP-1
receptor agonists or stabilized GL.P-1 analogs have proven
this family of peptides to be an effective treatment for Type 11
diabetes.

[0010] In addition, gastric inhibitory polypeptide (GIP) is
also known as a glucose-dependent insulinotropic peptide,
and is a member of the secretin family of hormones. GIP is
derived from a 153-amino acid proprotein encoded by the
GIP gene and circulates as a biologically active 42-amino
acid peptide (SEQ ID NO: 707). The GIP gene is expressed in
the small intestine as well as the salivary glands and is a weak
inhibitor of gastric acid secretion. In addition to its inhibitory
effects in the stomach, in the presence of glucose, GIP
enhances insulin release by pancreatic beta islet cells when
administered in physiological doses. GIP is believed to func-
tion as an enteric factor that stimulates the release of pancre-
atic insulin and that may play a physiological role in main-
taining glucose homeostasis.

[0011] As disclosed herein conjugates are formed between
an insulin peptide and an incretin, including for example a
glucagon related peptide, wherein the conjugate has agonist
activity at both the insulin receptor and the corresponding
incretin receptor. More particularly, the conjugation of a glu-
cagonrelated peptide (e.g., GIP, GLP-1 or glucagon) is antici-
pated to produce a beneficial modification of the insulin pep-
tide activity. For example, linking a peptide having agonist
activity at the glucagon receptor to an insulin peptide is antici-
pated to enhance targeting of the conjugate to the liver since
the glucagon receptor is predominately located in the liver.
Targeting of the conjugate to the liver is desirable since the
liver is primarily involved in glucose production not utiliza-
tion. Thus targeting the liver may be a safer approach to
shutting oft glucose production than occurs when insulin
contact other tissues such as muscle or fat, where in addition
to turning off glucose production it also stimulates glucose
use leading to a higher risk of hypoglycemia. Also, there are
glucagon receptors present on the alpha cells of the pancreas.
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Delivering the complex to the alpha cells may suppress addi-
tional glucagon production or make the alpha cell more sen-
sitive to hypoglycemia. Applicants also anticipate that the
presence of glucagon in the glucagon-insulin conjugates may
serve as a buffer on the activity of the coupled insulin to
provide a more baseline activity and thus avoid spikes in
blood glucose levels.

[0012] Similarly, it is anticipated that conjugates of insulin
peptides with other glucagon related peptides including the
incretins GLP-1 and GIP and other related peptides having
activity at the GLP-1 and/or GIP receptors will produce con-
jugates having beneficial properties. For example, GLP-insu-
lin conjugate may be targeted to the hypothalamus, to
decrease appetite as well as reduce blood glucose. Alterna-
tively or additionally, the GLP-insulin conjugate may be tar-
geted to the beta cells to drive anabolic response (increase
islet beta cells production of insulin).

[0013] The glucagon related peptide-insulin peptide conju-
gates are also suitable for further structural enhancements
that are envisioned to yield improved therapeutic index,
through the use of prodrug chemistry; extended duration of
action, by linkage of plasma proteins such as albumin, or
other modifications, including pegylation and acylation; and
enhanced physical stability, by glycosylation. The prepara-
tion of single chain insulin analogs using a C-peptide linker
also provides a novel structural location for where many of
these chemical modifications can be successfully deployed.
The primary use of the insulin conjugates would be in the
treatment of insulin-dependent diabetes.

SUMMARY

[0014] An insulin agonist/incretin conjugate is provided
wherein the conjugate has agonist activity at both the insulin
receptor and the corresponding incretin receptor. The insulin
peptide component of the conjugate can be native insulin or
any known insulin analog that has activity at the insulin
receptor including for example any insulin peptide disclosed
in published international applications W096/34882, WO
2010/080607, WO 2010/080609, WO 2011/159882,
WO/2011/159895 and U.S. Pat. No. 6,630,348, the disclo-
sures of which are incorporated herein by reference. The
incretin component of the conjugate can be any glucagon
related peptide as disclosed herein including for example
native glucagon, GLP-1, GIP or any known incretin or glu-
cagon related peptide that has activity at one or more incretin
receptors. Glucagon related peptides suitable for use in accor-
dance with this disclosure include, for example, any glucagon
related peptide disclosed in published international applica-
tions WO 2009/155258, WO 2009/058734, WO 2011/
094337, WO 2009/148089, WO 2011/163473 and WO 2010/
071807, the disclosures of which are expressly incorporated
herein in their entirety.

[0015] In accordance with one embodiment the carboxy
terminus of a glucagon related peptide is linked to the N-ter-
minus of an insulin peptide either directly via a peptide bond
(forming a fusion peptide), or indirectly through a spacer. In
accordance with one embodiment conjugates formed by the
fusions of glucagon or GLP-1 with insulin are provided that
demonstrate high potency, balanced activity at the respective
receptors of the conjugate, and glucose lowering capability
when injected in normal mice. In one embodiment the C-ter-
minal region of the glucagon related peptides is covalently
linked to the insulin peptide through a position independently
selected from the side chain of an amino acid at a position
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selected from the group consisting of A9, A14 and A15 of the
A chain, positions B1, B2, B10, B22, B28 or B29 of the B
chain, the N-terminal alpha amine of the B chain, the carboxy
terminus of the A or B chain and at the side chain of an amino
acid at any position of a linking moiety that links the A chain
and B chain of a single chain insulin analog.

[0016] As used herein reference to the C-terminal region of
the glucagon related peptide is intended to encompass the
native C-terminus of a glucagon peptide or any amino acid
added to the native C-terminus of a glucagon analog or to the
C-terminal amino acid of a glucagon analog that has been
shortened by the deletion amino acids at the C-terminus,
respectively, relative to the native glucagon sequence. For
example the C-terminus of the native glucagon related pep-
tide can be extended by 1 to 3 amino acids which are then
linked to the insulin peptide either through the side chain ofan
amino acid of the C-terminal region or through the C-terminal
carboxy group. In one embodiment the carboxy terminal
region of the glucagon related peptide is covalently linked to
the amino terminal region of the B chain of the insulin pep-
tide. In one embodiment the insulin peptide is a single chain
insulin analog. In one embodiment the insulin peptide is a
single chain insulin analog wherein the carboxy terminal
region of the glucagon related peptide is covalently linked to
the amino terminus of the B chain of the insulin peptide.

[0017] In one embodiment the insulin peptide of the con-
jugateis atwo chain insulin analog comprising an A chain and
B chain linked to one another via intermolecular disulfide
bonds. In a further embodiment the conjugate comprises a
two chain insulin analog wherein a first and second glucagon
related peptide are covalently linked to the insulin peptide at
a position selected from the group consisting of the amino
terminus of the B chain, the carboxy terminal region of the A
chain, and the carboxy terminal region of the B chain. In one
embodiment the first and second glucagon related peptides
have different affinities/selectivity for the glucagon, GLP-1
and GIP receptors.

[0018] In one embodiment the glucagon related peptide is
selected from the group consisting of native glucagon, native
GLP-1 and native GIP. In one embodiment the glucagon
related peptide is a native glucagon or a glucagon analog
having activity at one or more incretin receptors selected from
the glucagon receptor, the GLP-1 receptor or the GIP recep-
tor. In one embodiment the glucagon related peptide compo-
nent of the conjugate comprises

[0019] (i) the amino acid sequence:

[0020] X1-X2-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-
Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-
GIn-Trp-Leu-Met-Z (SEQ ID NO: 839) with 1 to 3
amino acid modifications thereto, wherein

[0021] X1 and/or X2 is a non-native (relative to SEQ ID
NO: 701) amino acid that reduces susceptibility of the
glucagon related peptide to cleavage by dipeptidyl pep-
tidase IV (DPP-1V),

[0022] Z is selected from the group consisting of
—COOH, -Asn-COOH, Asn-Thr-COOH, and
Y—COOH, whereinY is 1 to 2 amino acids, and further
wherein

[0023] (1) alactam bridge connects the side chains of an
amino acid at position i and an amino acid at position
i+4, wherein iis 12, 16, 20 or 24 or
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[0024] (2) one, two, three, or all of the amino acids at
positions 16, 20, 21, and 24 of the glucagon related
peptide is substituted with an a,o-disubstituted amino
acid;

[0025] and said glucagon related peptide has glucagon ago-
nist activity;

[0026] (ii) the amino acid sequence of SEQ ID NO: 701
modified to comprise at least one amino acid modification
selected from the group consisting of:

[0027] substitution of Asn at position 28 with a charged
amino acid;

[0028] 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;

[0029] substitution at position 28 with Asn, Asp, or Glu;
[0030] substitution at position 28 with Asp;
[0031] substitution at position 28 with Glu;
[0032] substitution of Thr at position 29 with a charged

amino acid;

[0033] 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;

[0034] substitution at position 29 with Asp, Glu, or Lys;

[0035] substitution at position 29 with Glu;

[0036] insertion of 1-3 charged amino acids after posi-
tion 29;

[0037] insertion after position 29 of Glu or Lys;

[0038] insertion after position 29 of Gly-Lys or Lys-Lys;

or a combination thereof;,
[0039] and at least one amino acid modification selected
from Group A or Group B, or a combination thereof;
[0040] wherein Group A is an amino acid modification
selected from the group consisting of substitution of Asp at
position 15 with Glu, and substitution of Ser at position 16
with Thr or AIB; and
[0041] wherein Group B is an amino acid modification
selected from the group consisting of:
[0042] substitution of His at position 1 with a non-native
amino acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-1V),
[0043] substitution of Ser at position 2 with a non-native
amino acid that reduces susceptibility of the glucagon
related peptide to cleavage by dipeptidyl peptidase IV

(DPP-1V),
[0044] substitution of Tyr at position 10 with Phe or Val;
[0045] substitution of Lys at position 12 with Arg;
[0046] substitution of Gln at position 20 with Ala or AIB;
[0047] substitution of Asp at position 21 with Glu;
[0048] substitution of Gln at position 24 with Ala or AIB;
[0049] substitution of Met at position 27 with Leu or Nle;
[0050] deletion of amino acids at positions 27-29;
[0051] deletion of amino acids at positions 28-29;
[0052] deletion of the amino acid at positions 29;
[0053] or a combination thereof;
[0054] and wherein said glucagon related peptide has

glucagon agonist activity;
[0055] (iii) a glucagon related peptide of SEQ ID NO:
701, modified to comprise
[0056] (a) an amino acid modification at position 1
that confers GIP agonist activity,
[0057] (b) (1) alactam bridge between the side chains
of amino acids at positions 1 and i+4 or between the
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side chains of amino acids at positions j and j+3,
whereiniis 12, 13, 16, 17, 20 or 24, and wherein j is
17, or
[0058] (2) one, two, three, or all of the amino acids
at positions 16, 20, 21, and 24 of the analog is
substituted with an a,a-disubstituted amino acid,
[0059] (c) amino acid modifications at one, two or all
of positions 27, 28 and 29, and
[0060] (d) 1-6 further amino acid modifications,
[0061] wherein the EC50 of the analog for GIP receptor
activation is about 10 nM or less;
[0062] (iv) the sequence of X, X, X ,GTFTSDX, -
SX 1, YLX 5X, XX sAX 0 X0 FX53 X0, WL X7 X 00X oo
(SEQ ID NO: 72) wherein
[0063] X, is selected from the group consisting of His,
D-His, (Des-amino)His, hydroxyl-His, acetyl-His, homo-His
or alpha, alpha-dimethyl imidiazole acetic acid (DMIA),
N-methyl His, alpha-methyl His, and imidazole acetic acid;
[0064] X, is selected from the group consisting of Ser,
D-Ser, Ala, D-Ala, Val, Gly, N-methyl Ser, aminoisobutyric
acid (Aib) and N-methyl Ala;
[0065] X, is selected from the group consisting of Gln, Glu,
Orn and Nle;
[0066] X, is selected from the group consisting of Tyr, Val
and Trp;
[0067] X, isselected fromthe group consisting of Ser, Lys,
Citrulline, Orn and Arg;
[0068] X, is selected from the group consisting of Asp,
Glu, cysteic acid, homoglutamic acid and homocysteic acid;
[0069] X, ,isselected from the group consisting of Ser, Gly,
Glu, Gln, homoglutamic acid and homocysteic acid;
[0070] X, is selected from the group consisting of Arg,
Gln, Lys, Cys, Orn, homocysteine and acetyl phenylalanine;
[0071] X, is selected from the group consisting of Arg,
Ala, Lys, Cys, Orn, homocysteine and acetyl phenylalanine;
[0072] X, is selected from the group consisting of Gln,
Lys, Arg, Orn and Citrulline;
[0073] X,, is selected from the group consisting of Gln,
Glu, Asp, Lys, Cys, Orn, homocysteine and acetyl phenyala-
nine;

[0074] X, is selected from the group consisting of Val and
Ile;
[0075] X, is selected from the group consisting of Ala,

Gln, Glu, Lys, Cys, Orn, homocysteine and acetyl phenyala-
nine;

[0076] X, is selected from the group consisting of Met,
Val, Leu and Nle;

[0077] X, is selected from the group consisting of Asn,
Arg, Citrulline, Orn, Lys and Asp; and

[0078] X, is selected from the group consisting of Thr,
Gly, Lys, Cys, Orn, homocysteine and acetyl phenyalanine; or
an analog of SEQ ID NO: 72, wherein said analog differs
from SEQ ID NO: 72 by 1 to 3 amino acid modifications,
selected from positions 1, 2,3,5,7,10, 11, 13, 14,17, 18,19,
21, 24,27, 28, and 29, wherein said glucagon related peptide
exhibits at least 20% of the activity of native GLP-1 at the
GLP-1 receptor;

[0079] (v) an amino acid that differs from SEQ ID NO: 701
by no more than ten amino acid modifications, comprising
one or more amino acid substitutions with AIB at positions
16, 20, 21, and/or 24, and an amino acid modification at
position 1 and/or 2 that provides reduced susceptibility to
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cleavage by dipeptidyl peptidase IV, wherein said glucagon
related peptide exhibits at least 20% of the activity of native
GLP-1 at the GLP-1 receptor.

[0080] In one embodiment the insulin peptide of the con-
jugate comprises an A chain and a B chain wherein said A
chain comprises a sequence
GIVX X CCX XX oCX LLX L X sLX - X sYCX 5, -Ry 5
(SEQ ID NO: 19), and said B chain comprises a sequence
R,55-X s LCGX X 5 LV X, LYLVCGX,, X ,,GFX 5
(SEQ ID NO: 20), wherein

[0081] X, is glutamic acid or aspartic acid;

[0082] X, is glutamine or glutamic acid

[0083] X, is histidine, threonine or phenylalanine;

[0084] X, is serine, arginine, lysine, ornithine or alanine;
[0085] X, is isoleucine or serine;

[0086] X, is serine or aspartic acid,

[0087] X,, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0088] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0089] X,, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0090] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0091] X, is selected from the group consisting of alanine,
glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histidine,
tryptophan, tyrosine, and methionine;

[0092] X, is histidine or threonine;

[0093] X, is selected from the group consisting of alanine,
glycine and serine;

[0094] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0095] X, is selected from the group consisting of aspartic
acid and glutamic acid;

[0096] X, is selected from the group consisting of alanine
and threonine;
[0097] X,, is selected from the group consisting of

glutamic acid, aspartic acid or asparagine;

[0098] X,, is selected from the group consisting of alanine,
ornithine, lysine and arginine;

[0099] X, is tyrosine or phenylalanine;

[0100] R,, is selected from the group consisting of
AYRPSE (SEQID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQIDNO: 11), atripeptide glycine-proline-glutamic acid,
atripeptide valine-asparagine-glutamine, a dipeptide proline-
glutamic acid, a dipeptide asparagine-glutamine, glutamine,
glutamic acid and an N-terminal amine; and

[0101] R,; is COOH or CONH,. In one embodiment the
conjugate comprises a sequence selected from the group con-
sisting of SEQ ID NO: 132, SEQ ID NO: 135, SEQ ID NO:
139 and SEQ ID NO: 140 or an analog thereof that differs
from SEQID NO: 132, SEQIDNO: 135, SEQID NO: 139 or
SEQID NO: 140 by 1, 2, 3, 4 or 5 amino acid modifications.
In one embodiment the conjugate comprises a sequence that
differs from SEQID NO: 132, SEQ IDNO: 135, SEQID NO:
139 or SEQ ID NO: 140 by 1, 2 or 3 amino acid substitutions.
[0102] In one embodiment the glucagon related peptide-
insulin conjugate comprises a hydrophilic moiety linked to
the N-terminal alpha amine of the B chain or to the side chain
of an amino acid at a position selected from the group con-
sisting of A9, A14 and A15 of the A chain or positions B1, B2,
B10, B22, B28 or B29 of the B chain or to a side chain of an
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amino acid of the linking moiety in a single chain insulin
analog. Alternatively, or in addition, a hydrophilic moiety can
be linked to the glucagon related peptide at any of amino acid
positions 19, 20, 23, 24, 27,32, 43 or the C-terminal region.

[0103] Inoneembodiment the hydrophilic moiety is a poly-
ethylene chain and in a further embodiment the polyethylene
chain is covalently bound to the side chain of an amino acid of
the linking moiety of the insulin peptide component, when the
insulin peptide is a single chain insulin analog. In one
embodiment the insulin peptide is a single chain insulin
wherein linking moiety joining the B and A chains comprises
an amino acid sequence of no more than 17 amino acids in
length and comprising the sequence GYGSSSX,. X, (SEQ
ID NO: 21), GAGSSSRR (SEQ ID NO: 22) or
GYGSSSX,, X, APQT; (SEQ ID NO: 69) wherein X5, and
X,g are independently arginine, lysine or ornithine and the
amino acid designated by X5, or X5 optionally further com-
prises a hydrophilic moiety linked to the side chain of the
amino acid at that position. In one embodiment the hydro-
philic moiety is a polyethylene glycol chain.

[0104] Acylation or alkylation can increase the half-life of
the glucagon related peptide-insulin conjugate peptides in
circulation. Acylation or alkylation can advantageously delay
the onset of action and/or extend the duration of action at the
insulin receptors. The glucagon related peptide-insulin con-
jugate peptides may be acylated or alkylated at the same
amino acid position where a hydrophilic moiety is linked
(including, for example at position 8 of the linking moiety), or
at a different amino acid position.

[0105] Also encompassed by the present disclosure are
pharmaceutical compositions comprising the glucagon
related peptide-insulin conjugates and a pharmaceutically
acceptable carrier. In accordance with one embodiment a
pharmaceutical composition is provided comprising any of
the glucagon related peptide-insulin conjugates disclosed
herein preferably at a purity level of at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98% or 99%, and a pharmaceu-
tically acceptable diluent, carrier or excipient. Such compo-
sitions may contain a single chain insulin agonist peptide as
disclosed herein at a concentration of at least 0.5 mg/ml, 1
mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7
mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, 11 mg/ml, 12 mg/ml, 13
mg/ml, 14 mg/ml, 15 mg/ml, 16 mg/ml, 17 mg/ml, 18 mg/ml,
19 mg/ml, 20 mg/ml, 21 mg/ml, 22 mg/ml, 23 mg/ml, 24
mg/ml, 25 mg/ml or higher. In one embodiment the pharma-
ceutical compositions comprise aqueous solutions that are
sterilized and optionally stored within various package con-
tainers. In other embodiments the pharmaceutical composi-
tions comprise a lyophilized powder. The pharmaceutical
compositions can be further packaged as part of a kit that
includes a disposable device for administering the composi-
tion to a patient. The containers or kits may be labeled for
storage at ambient room temperature or at refrigerated tem-
perature.

[0106] In accordance with one embodiment an improved
method of regulating blood glucose levels in insulin depen-
dent patients is provided. The method comprises the steps of
administering to a patient a single chain insulin agonist pep-
tide, or derivative thereof, in an amount therapeutically effec-
tive for the control of diabetes.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0107] FIG. 1. is a schematic overview of the two step
synthetic strategy for preparing human insulin. Details of the
procedure are provided in Example 1.

[0108] FIG.2isagraph comparing insulin receptor specific
binding of synthetic human insulin relative to purified native
insulin. The synthetic insulin was produced by the approach
detailed in FIG. 1 where the A”-B” bond is the first disulfide
formed. As indicated by the data presented in the graph, the
two molecules have similar binding activities.

[0109] FIG.3 is a graph comparing relative insulin receptor
binding of native insulin and the A19 insulin analog (Insulin
(p-NH,—F)'?). As indicated by the data presented in the
graph, the two molecules have similar binding activities.
[0110] FIG.4 is a graph comparing relative insulin receptor
binding of native insulin and the IGF1(Y?*L?'7) analog. As
indicated by the data presented in the graph, the two mol-
ecules have similar binding activities.

[0111] FIG. 5 is an alignment of the human proinsulin (A
chain, SEQID NO: 1; B chain, SEQ IDNO: 2 and the C chain,
SEQ ID NO: 141) and insulin-like growth factors I and 11
(IGF I; SEQ ID NO: 3 and IGF 1I; SEQ ID NO: 4) amino acid
sequences. The alignment demonstrates that these three pep-
tides share a high level of sequence identity (* indicates a
space with no corresponding amino acid and a dash (-) indi-
cates the identical amino acid as present in insulin).

[0112] FIG. 6 presents the sequence of a set of GLP1 and
glucagon fusion peptides formed with a single chain insulin
analog. More particularly, the sequences are presented show-
ing a GLP-1-insulin conjugate (GLP1-DP8; SEQ ID NO:
132) and a glucagon-insulin conjugate (Glu-DP8; SEQ ID
NO: 135). Further modifications of these two sequences are
provided, wherein 1) the tyrosine at position A19 is substi-
tuted with alanine to effectively eliminate insulin activity:
GLP-Insulin A-chain Alal9 (GLP1-DP8A19; SEQ ID NO:
133) and glucagon-Insulin A-chain Alal9 (Glu-DP8A19;
SEQ ID NO: 136)); 2) the phenylalanine at position 22 is
substituted with alanine to effectively eliminate GL.P-1 activ-
ity: GLP1 Ala22 (SEQ ID NO: 134)); 3) the glutamine at
position 3 with glutamic acid to eliminate glucagon activity
(Glucagon E3; SEQ ID NO: 137); and 4) substitution of the
serine at position 16 with glutamic acid to add GLP-1 and
glucagon activity (Glucagon E16 (SEQ ID NO: 138)).
[0113] FIG. 7 presents the ECs,, values of chromatographi-
cally isolated pool fractions of the synthesized GLP1-DP8
conjugate at the insulin and GLP1 receptors relative to native
insulin, IGF-1 and native glucagon. The structure of the
GLP1-DP8 conjugate is shown in FIG. 6. Pool 1 demonstrates
almost identical activity as native insulin at the insulin recep-
tor. All three pools demonstrated high activity at the GLP1
receptor. Accordingly, the conjugate of pool 1 demonstrates
potency as high as native insulin and native GLP1 at their two
respective receptors.

[0114] FIG. 8 presents the ECs,, values of chromatographi-
cally isolated pool fractions of the synthesized Glu-DP8 con-
jugate at the insulin, glucagon and GLP1 receptors relative to
native insulin, IGF-1 and native glucagon. The structure of
the Glu-DP8 conjugate is shown in FIG. 6. Pool 1 demon-
strates similar activity as native insulin at the insulin receptor,
with the presence of the glucagon sequence moderating the
activity of the conjugate at the insulin receptor. Pools 1 and 3
demonstrated high activity at the glucagon receptor. All three
pools demonstrate poor activity at the GLP-1 receptor.
Accordingly, the conjugate of pool 1 demonstrates high
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potency at the insulin and glucagon, but retaining selectivity
with regard to the GLP1 receptor.

[0115] FIGS. 9A-9C demonstrate the in vivo effect of
native insulin and the Glu-DP8 and GL.P1-DP8 conjugates on
blood glucose levels. Mice were subcutaneously injected
with either native insulin (FIG. 9A) attwo doses (12 nmol/kg
or 60 nmol/kg), or one of the conjugates, GLP1-DP8 (FIG.
9B) or Glu-DP8 (FIG. 9C) administered at three different
concentrations (12 nmol/kg, 60 nmol/kg and 300 nmol/kg).
The conjugates demonstrated a less steep drop in blood glu-
cose and a longer half life than native insulin (greater duration
of'action). In addition GLP1-DP8 (FIG. 9B) is more active in
glucose lowering than Glu-DP8 (FIG. 9C), this is believed to
result from glucagon buffering against insulin activity.
[0116] FIG. 10 provides the in vitro activity of GLP1-DP8
and GLP1-DP8A19 (GLP1-DP8 wherein position 19 of the
insulin A chain has been modified to alanine) at the insulin
receptor. Substitution of alanine at the A19 position effec-
tively eliminates insulin’s activity at the insulin receptor.
EC,, values indicate that both insulin and GLP1-DP§ are
potent insulin receptor agonists, whereas GLP-1 and GLP1-
DP8A19 have poor activity at the insulin receptor.

[0117] FIG. 11 presents the in vitro insulin receptor activity
(EC4, values) of Glu-DP8 and Glu-DP8A19, a glucagon-
insulin conjugate modified to eliminate glucagon activity
(GluE3-DP8; wherein position 3 of the glucagon peptide has
been modified to glutamic acid), and a modification that
maintains activity at the glucagon receptor (GluE16-DPS;
wherein position 16 has been modified to glutamic acid). The
glutamic acid substitution at position 3 glucagon is known to
effectively eliminate glucagon activity. Substitution of ala-
nine at the A19 position of insulin is known to effectively
eliminate insulin activity at the insulin receptor. EC;, values
indicate that both insulin and Glu-DP8 are potent insulin
receptor agonists, whereas glucagon and Glu-DP8A19 have
poor activity at the insulin receptor. GluE3-DP8 and GluE16-
DPS8 also showed high potency at the insulin receptor.
[0118] FIG. 12 presents the in vitro glucagon receptor
activity (ECs, values) of Glu-DP8, GluE3-DP8 and GluE16-
DP8, Glu-DP8A19, and GLP-1-DP8. The glutamic acid sub-
stitution at position 3 of glucagon is known to effectively
eliminate glucagon activity, and substitution of alanine at the
A19 position of insulin is known to effectively eliminate
insulin activity at the insulin receptor. The glutamic acid
substitution at position 16 of glucagon produces a co-agonist
of glucagon and GLP-1. The EC,,, values indicate that gluca-
gon, Glu-DP8 and GluE16-DP8 are potent glucagon receptor
agonists, whereas GLP-1 and GLP1-DP8, and GluE3-DP8
have poor activity at the glucagon receptor. Accordingly, the
conjugates exhibit the expected activities.

[0119] FIG. 13 presents the in vitro GLP-1 receptor activity
(ECs, values) of GLP-1, GLP-1-DP8, GLP-1A22-DPS,
GLP-1-DP8A19, Glu-DP8, and GluE16-DP8. GLP-1A22-
DPS8 represents a conjugate of insulin and GLP-1 wherein
position 22 has been substituted with alanine, a modification
known to effectively eliminate GLP-1 activity. EC,, values
indicate that GLP-1, GLP1-DP8 and GLP1-DP8A19 are
potent GLP-1 receptor agonists, whereas GLP-1A22-DPS,
Glu-DP8, and GluE16-DP8 have poor activity at the GLP-1
receptor. Accordingly, the conjugates exhibit the expected
activities.

[0120] FIG. 14A-14B present the in vivo effect of the listed
conjugates on blood glucose levels in C57BL/6 mice admin-
istered DP8 (FIG. 14A) or GLP1-DP8A19 (FIG. 14B) rela-
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tive to native insulin. DP8 or GLP1-DP8A19 was adminis-
tered at two concentrations (60 nmoles/kg or 300 nmoles/kg).
DP8 successfully lowered blood glucose whereas GLP1-
DP8A19 failed to significantly lower blood glucose levels.
[0121] FIG.15A-15C present the in vivo effect of the listed
conjugates on blood glucose levels in C57BL/6 mice admin-
istered Glu-DP8A19 (FIG. 15A) or GLP1A22-DP8 (FIG.
15B) or GIuE3/DP8 (FIG. 15C), relative to native insulin. The
Glu-DP8A19 conjugate lacks insulin activity, yet still induces
blood glucose lowering in vivo resulting from glucagon
stimulated insulin secretion. GLP1A22-DP8 has reduced glu-
cagon activity as a result of the substitution at position 22,
however the insulin component of the conjugate provides
blood glucose reducing activity such that the conjugate has
approximately one fifth the activity of insulin. GluE3/DP8
has reduced glucagon activity due to the substitution at posi-
tion E3, however the conjugate has glucose lowering activity
that is slightly blunted relative to native insulin.

DETAILED DESCRIPTION

Definitions

[0122] Indescribing and claiming the invention, the follow-
ing terminology will be used in accordance with the defini-
tions set forth below.

[0123] 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.

[0124] As used herein the term “amino acid” encompasses
any molecule containing both amino and carboxyl functional
groups, wherein the amino and carboxylate groups are
attached to the same carbon (the alpha carbon). The alpha
carbon optionally may have one or two further organic sub-
stituents. For the purposes of the present disclosure designa-
tion of an amino acid without specifying its stereochemistry
is intended to encompass either the L or D form of the amino
acid, or a racemic mixture. However, in the instance where an
amino acid is designated by its three letter code and includes
a superscript number, the D form of the amino acid is speci-
fied by inclusion of a lower case d before the three letter code
and superscript number (e.g., dLys™'), wherein the designa-
tion lacking the lower case d (e.g., Lys™) is intended to
specify the native L form of the amino acid. In this nomen-
clature, the inclusion of the superscript number designates the
position of the amino acid in the insulin analog sequence,
wherein amino acids that are located within the insulin analog
sequence are designated by positive superscript numbers
numbered consecutively from the N-terminus. Additional
amino acids linked to the insulin analog peptide either at the
N-terminus or through a side chain are numbered starting
with 0 and increasing in negative integer value as they are
further removed from the insulin analog sequence.

[0125] As used herein the term “hydroxyl acid” refers to
amino acids that have been modified to replace the alpha
carbon amino group with a hydroxyl group.

[0126] As used herein the term “non-coded amino acid”
encompasses any amino acid that is not an L-isomer of any of
the following 20 amino acids: Ala, Cys, Asp, Glu, Phe, Gly,
His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp,
Tyr.
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[0127] A “bioactive polypeptide” refers to polypeptides
which are capable of exerting a biological effect in vitro
and/or in vivo.

[0128] 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 sequence des-
ignating the standard amino acids is intended to encompass
standard amino acids at the N- and C-terminus as well as a
corresponding hydroxyl acid at the N-terminus and/or a cor-
responding C-terminal amino acid modified to comprise an
amide group in place of the terminal carboxylic acid.

[0129] Asusedherein an “acylated” amino acid is an amino
acid comprising an acyl group which is non-native to a natu-
rally-occurring amino acid, regardless by the means by which
it is produced. Exemplary methods of producing acylated
amino acids and acylated peptides are known in the art and
include acylating an amino acid before inclusion in the pep-
tide or peptide synthesis followed by chemical acylation of
the peptide. In some embodiments, the acyl group causes the
peptide to have one or more of (i) a prolonged half-life in
circulation, (ii) a delayed onset of action, (iii) an extended
duration of action, (iv) an improved resistance to proteases,
such as DPP-1V, and (v) increased potency at the IGF and/or
insulin peptide receptors.

[0130] As used herein, an “alkylated” amino acid is an
amino acid comprising an alkyl group which is non-native to
a naturally-occurring amino acid, regardless of the means by
which it is produced. Exemplary methods of producing alky-
lated amino acids and alkylated peptides are known in the art
and including alkylating an amino acid before inclusion in the
peptide or peptide synthesis followed by chemical alkylation
of the peptide. Without being held to any particular theory, it
is believed that alkylation of peptides will achieve similar, if
not the same, effects as acylation of the peptides, e.g., a
prolonged half-life in circulation, a delayed onset of action,
an extended duration of action, an improved resistance to
proteases, such as DPP-1V, and increased potency at the IGF
and/or insulin receptors.

[0131] As used herein, the term “pharmaceutically accept-
able 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.

[0132] As used herein the term “pharmaceutically accept-
able salt” refers to salts of compounds that retain the biologi-
cal activity of the parent compound, and which are not bio-
logically 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.

[0133] 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 mag-
nesium salts. Salts derived from organic bases include, but are
not limited to, salts of primary, secondary and tertiary amines.
[0134] Pharmaceutically acceptable acid addition salts
may be prepared from inorganic 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
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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.

[0135] As used herein, the term ‘“hydrophilic moiety”
refers to any compound that is readily water-soluble or
readily absorbs water, and which are tolerated in vivo by
mammalian species without toxic effects (i.e. are biocompat-
ible). Examples of hydrophilic moieties include polyethylene
glycol (PEG), polylactic acid, polyglycolic acid, a polylactic-
polyglycolic acid copolymer, polyvinyl alcohol, polyvi-
nylpyrrolidone, polymethoxazoline, polyethyloxazoline,
polyhydroxyethyl methacrylate, polyhydroxypropyl meth-
acrylamide, polymethacrylamide, polydimethylacrylamide,
and derivatised celluloses such as hydroxymethylcellulose or
hydroxyethylcellulose and co-polymers thereof, as well as
natural polymers including, for example, albumin, heparin
and dextran.

[0136] Asusedherein, the term “treating” includes prophy-
laxis 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 glu-
cose levels depending on a given situation.

[0137] As used herein an “effective” amount or a “thera-
peutically effective amount” of an insulin analog refers to a
nontoxic but sufficient amount of an insulin analog 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 experimenta-
tion.

[0138] The term, “parenteral” means not through the ali-
mentary canal but by some other route such as intranasal,
inhalation, subcutaneous, intramuscular, intraspinal, or intra-
venous.

[0139] Throughout the application, all references to a par-
ticular amino acid position by letter and number (e.g. position
AS) refer to the amino acid at that position of either the A
chain (e.g. position AS) or the B chain (e.g. position BS) in the
respective native human insulin A chain (SEQ IDNO: 1)orB
chain (SEQ ID NO: 2), or the corresponding amino acid
position in any analogs thereof. For example, a reference
herein to “position B28” absent any further elaboration would
mean the corresponding position B27 of the B chain of an
insulin analog in which the first amino acid of SEQ ID NO: 2
has been deleted. Similarly, amino acids added to the N-ter-
minus of the native B chain are numbered starting with B0,
followed by numbers of increasing negative value (e.g., B-1,
B-2 . ..) as amino acids are added to the N-terminus. Alter-
natively, any reference to an amino acid position in the linking
moiety of a single chain analog, is made in reference to the
native C chain of IGF 1 (SEQ ID NO: 17). For example,
position 9 of the native C chain (or the “position C9”’) has an
alanine residue.

[0140] As used herein the term “native insulin peptide” is
intended to designate the 51 amino acid heteroduplex com-
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prising the A chain of SEQ ID NO: 1 and the B chain of SEQ
ID NO: 2, as well as single-chain insulin analogs that com-
prise SEQ ID NOS: 1 and 2. The term “insulin peptide” as
used herein, absent further descriptive language is intended to
encompass the 51 amino acid heteroduplex comprising the A
chain of SEQ ID NO: 1 and the B chain of SEQ ID NO: 2, as
well as single-chain insulin analogs thereof (including for
example those disclosed in published international applica-
tion W096/34882 and U.S. Pat. No. 6,630,348, the disclo-
sures of which are incorporated herein by reference), includ-
ing heteroduplexes and single-chain analogs that comprise
modified analogs of the native A chain and/or B chain and
derivatives thereof. Such modified analogs include modifica-
tion of the amino acid at position A19, B16 or B25 to a
4-amino phenylalanine or one or more amino acid substitu-
tions at positions selected from AS, A8, A9, A10, A12, Al4,
Al15,A17,A18,A21,B1,B2,B3,B4,B5,B9,B10,B13,B14,
B17, B20, B21, B22, B23, B26, B27, B28, B29 and B30 or
deletions of any or all of positions B1-4 and B26-30. Insulin
peptides as defined herein can also be analogs derived from a
naturally occurring insulin by insertion or substitution of a
non-peptide moiety, e.g. a retroinverso fragment, or incorpo-
ration of non-peptide bonds such as an azapeptide bond (CO
substituted by NH) or pseudo-peptide bond (e.g. NH substi-
tuted with CH,) or an ester bond (e.g., a depsipeptide,
wherein one or more of the amide (—CONHR—) bonds are
replaced by ester (COOR) bonds).

[0141] An “A19 insulin analog” is an insulin peptide that
has a substitution of 4-amino phenylalanine or 4-methoxy
phenylalanine for the native tyrosine residue at position 19 of
the A chain of native insulin.

[0142] As used herein an “IGFZ'%'3!7 analog peptide” is a
generic term that comprising an A chain and B chain hetero-
duplex, as well as single-chain insulin analogs thereof,
wherein the A chain comprises the peptide sequence of SEQ
ID NO: 19 and the B chain comprises the sequence of SEQ ID
NO: 20 as well as analogs of those sequences wherein the
analog of the A chain and/or B chain comprise 1-3 further
amino acid substitutions, with the proviso that the B chain
does not comprise the sequence of SEQ ID NO: 2 and com-
prises a tyrosine at position B16 and a leucine at position B17.
[0143] An“IGFYL analog”is a peptide comprising an IGF
A chain of SEQ ID NO: 19 and an IGF B chain of SEQ ID NO:
36.

[0144] As used herein, the term “single-chain insulin ana-
log” encompasses a group of structurally-related proteins
wherein insulin or IGF A and B chains, or analogs or deriva-
tives thereof, are covalently linked to one another to form a
linear polypeptide chain. As disclosed herein the single-chain
insulin analog comprises the covalent linkage of the carboxy
terminus of the B chain to the amino terminus of the A chain
via a linking moiety.

[0145] As used herein the term “insulin A chain”, absent
further descriptive language is intended to encompass the 21
amino acid sequence of SEQ ID NO: 1 as well as functional
analogs and derivatives thereof, including the A chain of A19
insulin analogs and other analogs known to those skilled in
the art, including modification of the sequence of SEQ ID
NO: 1 by one or more amino acid insertions, deletions or
substitutions at positions selected from A4, AS, A8, A9, A10,
Al2,Al14,A15,A17,Al18, A21.

[0146] As used herein the term “insulin B chain”, absent
further descriptive language is intended to encompass the 30
amino acid sequence of SEQ ID NO: 2, as well as modified
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functional analogs of the native B chain, including modifica-
tion of the amino acid at position B16 or B25 to a 4-amino
phenylalanine or one or more amino acid insertions, deletions
or substitutions at positions selected from B1, B2, B3, B4, B5,
B9, B10, B13, B14, B17, B20, B21, B22, B23, B25, B26,
B27,B28, B29 and B30 or deletions of any or all of positions
B1-4 and B26-30.

[0147] The term “identity” as used herein relates to the
similarity between two or more sequences. Identity is mea-
sured by dividing the number of identical residues by the total
number of residues and multiplying the product by 100 to
achieve a percentage. Thus, two copies of exactly the same
sequence have 100% identity, whereas two sequences that
have amino acid deletions, additions, or substitutions relative
to one another have a lower degree of identity. Those skilled
in the art will recognize that several computer programs, such
as those that employ algorithms such as BLAST (Basic Local
Alignment Search Tool, Altschul et al. (1993) J. Mol. Biol.
215:403-410) are available for determining sequence iden-
tity.

[0148] The term “glucagon related peptide” refers to those
peptides which have biological activity (as agonists or
antagonists) at any one or more of the glucagon, GLP-1,
GLP-2, and GIP receptors and comprise an amino acid
sequence that shares at least 40% sequence identity (e.g.,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%) with at least one of native glucagon, native oxynto-
modulin, native exendin-4, native GLP-1, native GLP-2, or
native GIP. Unless otherwise stated, any reference to an
amino acid position in a glucagon related peptide (e.g. for
linkage of a prodrug moiety, a conjugate moiety, a hydro-
philic polymer, acylation or alkylation) refers to the position
relative to the native glucagon amino acid sequence (SEQ ID
NO: 701).

[0149] As used herein reference to the C-terminal region of
a glucagon related peptide is intended to encompass the
native C-terminus of a glucagon peptide or any amino acid of
a C-terminal extension of a glucagon analog that has been
extended by the addition of one or more amino acids at the
C-terminus, or the terminal amino acid of a glucagon analog
that has been shortened by the deletion of one or more amino
acids, respectively, relative to the native glucagon sequence.
An insulin peptide conjugated at the C-terminal region of a
glucagon related peptide is intended to include linkage to the
side chain of an amino acid of the C-terminal region or link-
age through the C-terminal carboxylic acid moiety.

[0150] Theterm “GLP-1 agonist” refers to acompound that
stimulates GLP-1 receptor activity, as measured by cAMP
production using a validated in vitro model assay, such as that
described in Example 13 of published International Applica-
tion No. WO 2007/056362, published on May 18, 2007, the
disclosure of which is hereby expressly incorporated by ref-
erence into the present application.

[0151] As used herein the term “native glucagon™ refers to
a peptide consisting of the sequence of SEQ ID NO: 701, the
term “native GIP” refers to a peptide consisting of the
sequence of SEQ ID NO: 707, and the term “native GLP-1is
ageneric term that designates GLP-1(7-36) amide (consisting
of the sequence of SEQ ID NO: 703), GLP-1(7-37) acid
(consisting of the sequence of SEQ ID NO: 704) or a mixture
of'those two compounds. As used herein, a general reference
to “glucagon” or “GIP” or “GLP-1” in the absence of any
further designation is intended to mean native glucagon or
native GIP or native GLP-1, respectively.
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[0152] As used herein the term “glucagon peptide” is a
generic term that designates the natural glucagon peptide of
SEQ ID NO: 701 as well as modified derivatives having one
or more amino acid modifications relative to the native glu-
cagon sequence, optionally including but not limited to sub-
stitutions at amino acid positions 1, 2, 5, 7, 8, 10, 12, 13, 14,
16, 17, 18, 24, 28 and 29. Generally, all references to a
particular amino acid position by number (e.g. position 28)
refer to the amino acid at that position in native glucagon
(SEQ ID NO: 701) or the corresponding amino acid position
in any analogs thereof. For example, a reference to “position
28” would mean the corresponding position 27 for a glucagon
analog in which the first amino acid of SEQ ID NO: 701 has
been deleted. Similarly, a reference to “position 28” would
mean the corresponding position 29 for a glucagon analog in
which one amino acid has been added before the N-terminus
of SEQ ID NO: 701.

[0153] As used herein the term “GLP-1 peptide” is a
generic term that designates native GLP-1 as well as modified
derivatives having one or more amino acid modifications
relative to the native GLP-1 sequence.

[0154] As used herein the term “derivative” is intended to
encompass chemical modification to a compound (e.g., an
amino acid), including chemical modification in vitro, e.g. by
introducing a group in a side chain in one or more positions of
a polypeptide, e.g. a nitro group in a tyrosine residue, or
iodine in a tyrosine residue, or by conversion of a free car-
boxylic group to an ester group or to an amide group, or by
converting an amino group to an amide by acylation, or by
acylating a hydroxy group rendering an ester, or by alkylation
of'a primary amine rendering a secondary amine or linkage of
a hydrophilic moiety to an amino acid side chain. Other
derivatives are obtained by oxidation or reduction of the side-
chains of the amino acid residues in the polypeptide.

[0155] As used herein the term IGF A chain, absent further
descriptive language is intended to encompass the 21 amino
acid sequence of native IGF 1 or IGF 2 (SEQ ID NOs: 5 and
7 respectively), as well as functional analogs thereof known
to those skilled in the art, including modification of the
sequence of SEQ ID NO: 5 and 7 by one or more amino acid
substitutions at positions selected from A5, A8, A9, A10,A12,
Al4,A15,A17,A18,A21.

[0156] As used herein the term “IGF YL B chain”, absent
further descriptive language is intended to encompass an
amino acid sequence comprising SEQ ID NO: 20, as well as
analogs ofthe IGFYL B chain and derivatives thereof, includ-
ing modification of the amino acid at position B16 or B25 to
a 4-amino phenylalanine or one or more amino acid substi-
tutions at positions selected from B1, B2, B3, B4, B5, B9,
B10, B13, B14, B17, B20, B21, B22, B23, B26, B27, B28,
B29 and B30 or deletions of any or all of positions B1-4 and
B26-30.

[0157] As used herein, the term “selectivity” of a molecule
for a first receptor relative to a second receptor refers to the
following ratio: ECs, of the molecule at the second receptor
divided by the EC,, of the molecule at the first receptor. For
example, a molecule that has an EC5, of 1 nM at a first
receptor and an EC,, of 100 nM at a second receptor has
100-fold selectivity for the first receptor relative to the second
receptor.

[0158] As used herein an amino acid “modification” refers
to a substitution of an amino acid, or the derivation of an
amino acid by the addition and/or removal of chemical groups
to/from the amino acid, and includes substitution with any of
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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, Wis.), ChemPep Inc. (Miami, Fla.), and
Genzyme Pharmaceuticals (Cambridge, Mass.). Atypical
amino acids may be purchased from commercial suppliers,
synthesized de novo, or chemically modified or derivatized
from naturally occurring amino acids.

[0159] As used herein an amino acid “substitution” refers
to the replacement of one amino acid residue by a different
amino acid residue.

[0160] As used herein, the term “conservative amino acid
substitution” is defined herein as exchanges within one of the
following five groups:

[0161] 1. Small aliphatic, nonpolar or slightly polar resi-
dues:

[0162] Ala, Ser, Thr, Pro, Gly;
[0163] II. Polar, negatively charged residues and their
amides:

[0164] Asp, Asn, Glu, Gln, cysteic acid and homocysteic

acid;

[0165] III. Polar, positively charged residues:

[0166] His, Arg, Lys; Ornithine (Orn)
[0167] 1V. Large, aliphatic, nonpolar residues:

[0168] Met, Leu, Ile, Val, Cys, Norleucine (Nle),

homocysteine

[0169] V. Large, aromatic residues:
[0170] Phe, Tyr, Trp, acetyl phenylalanine
[0171] As used herein the general term “polyethylene gly-

col 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 2. “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 polyethyl-
ene glycol chain having a total molecular weight average of
about 5,000 Daltons.

[0172] 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 polypeptide” is a polypeptide that has a PEG
chain covalently bound to the polypeptide.

[0173] 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 from each other. Labile linkages
include photocleavable groups, acid-labile moieties, base-
labile moieties and enzyme-cleavable groups.

[0174] 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 het-
erodimer comprises two subunits that differ, although the two
subunits are substantially similar to one another.

[0175] The term “C,-C,, alkyl” wherein n can be from 1
through 6, as used herein, represents a branched or linear
alkyl group having from one to the specified number of car-
bon atoms. Typical C,-C 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.
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[0176] The terms “C,-C,, alkenyl” wherein n can be from 2
through 6, as used herein, represents an olefinically unsatur-
ated 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-butadi-
enyl, (—CH—CHCH—CH,), 1-butenyl
(—CH—CHCH,CH,;), hexenyl, pentenyl, and the like.
[0177] 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.

[0178] As used herein the term “aryl” refers to a mono- or
bicyclic carbocyclic ring system having one or two aromatic
rings including, but not limited to, phenyl, naphthyl, tetrahy-
dronaphthyl, indanyl, indenyl, and the like. The size of the
aryl ring and the presence of substituents or linking groups are
indicated by designating the number of carbons present. For
example, the term “(C, -C, alkyl)(C,-C, 4 aryl)”’ referstoa S to
10 membered aryl that is attached to a parent moiety viaa one
to three membered alkyl chain.

[0179] The term “heteroaryl” as used herein refers to a
mono- or bi-cyclic ring system containing one or two aro-
matic rings and containing at least one nitrogen, oxygen, or
sulfur atom in an aromatic ring. The size of the heteroaryl ring
and the presence of substituents or linking groups are indi-
cated by designating the number of carbons present. For
example, the term “(C,-C,, alkyl)(Cs-Csheteroaryl)” refers to
a 5 or 6 membered heteroaryl that is attached to a parent
moiety via a one to “n” membered alkyl chain.

[0180] As usedherein, the term “halo” refers to one or more
members of the group consisting of fluorine, chlorine, bro-
mine, and iodine.

[0181] As used herein the term “patient” without further
designation is intended to encompass any warm blooded ver-
tebrate domesticated animal (including for example, but not
limited to livestock, horses, cats, dogs and other pets) and
humans.

[0182] The term “isolated” as used herein means having
been removed from its natural environment. In some embodi-
ments, the analog is made through recombinant methods and
the analog is isolated from the host cell.

[0183] The term “purified,” as used herein relates to the
isolation of a molecule or compound in a form that is sub-
stantially free of contaminants normally associated with the
molecule or compound in a native or natural environment and
means having been increased in purity as a result of being
separated from other components of the original composi-
tion. The term “purified polypeptide” is used herein to
describe a polypeptide which has been separated from other
compounds including, but not limited to nucleic acid mol-
ecules, lipids and carbohydrates.

[0184] A “peptidomimetic” refers to a chemical compound
having a structure that is different from the general structure
of an existing peptide, but that functions in a manner similar
to the existing peptide, e.g., by mimicking the biological
activity of that peptide. Peptidomimetics typically comprise
naturally-occurring amino acids and/or unnatural amino
acids, but can also comprise modifications to the peptide
backbone. For example a peptidomimetic may include a
sequence of naturally-occurring amino acids with the inser-
tion or substitution of a non-peptide moiety, e.g. a retroin-
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verso fragment, or incorporation of non-peptide bonds such
as an azapeptide bond (CO substituted by NH) or pseudo-
peptide bond (e.g. NH substituted with CH2), or an ester bond
(e.g., depsipeptides, wherein one or more of the amide
(—CONHR—) bonds are replaced by ester (COOR) bonds).
Alternatively the peptidomimetic may be devoid of any natu-
rally-occurring amino acids.

[0185] As used herein the term “charged amino acid” or
“charged residue” 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 posi-
tively charged amino acids include arginine, lysine and his-
tidine. Charged amino acids include the charged amino acids
among the 20 amino acids commonly found in human pro-
teins, as well as atypical or non-naturally occurring amino
acids.

[0186] As used herein the term “acidic amino acid” refers
to an amino acid that comprises a second acidic moiety (other
than the alpha carboxylic acid of the amino acid), including
for example, a side chain carboxylic acid or sulfonic acid
group.

[0187] As used herein the term “patient” without further
designation is intended to encompass any warm blooded ver-
tebrate domesticated animal (including for example, but not
limited to livestock, horses, cats, dogs and other pets), mam-
mals, and humans.

Abbreviations
[0188] Insulin analogs will be abbreviated as follows:
[0189] The insulin A and B chains will be designated by a

capital A for the A chain and a capital B for the B chain
wherein a superscript 0 (e.g., A° or B®) will designate the base
sequence is an insulin sequence (A chain: SEQ ID NO: 1, B
chain SEQ ID NO: 2) and a superscript 1 (e.g., A' or B!) will
designate the base sequence is an IGF-1 sequence (A chain:
SEQ ID NO: 5, B chain SEQ ID NO: 6). Modifications that
deviate from the native insulin and IGF sequence are indi-
cated in parenthesis following the designation of the A or B
chain (e.g., [B'(HS5,H10,Y16,L.17): A'(H8,N18,N21)]) with
the single letter amino acid abbreviation indicating the sub-
stitution and the number indicating the position of the substi-
tution in the respective A or B chain, using native insulin
numbering. A colon between the A and B chain indicates a
two chain insulin whereas a dash will indicate a covalent bond
and thus a single chain analog. In single chain analogs a
linking moiety will be included between the A and B chains
and the designation C" refers to the native IGF 1 C peptide,
SEQ ID NO: 17. The designation “position C8” in reference
to the linking moiety designates an amino acid located at the
position corresponding to the eighth amino acid of SEQ ID
NO: 17.

EMBODIMENTS

[0190] Disclosed herein are conjugates of an insulin pep-
tide and a glucagon related peptide. In one embodiment the
conjugate comprises a covalent linkage of the insulin peptide
and the glucagon related peptide either directly or through a
linker. In one embodiment the glucagon related peptide is
covalently linked to the amino or carboxy terminus of the
insulin A chain or B chain. In another embodiment the C-ter-

Jan. 28, 2016

minal region of one or two glucagon related peptides are
covalently linked to the insulin peptide through a position
independently selected from the side chain of an amino acid
at a position selected from the group consisting of A9, A14
and A15 of the A chain, positions B1, B2, B10, B22, B28 or
B29 of the B chain, at the N-terminal alpha amine of the A or
B chain, the carboxy terminus of the B chain or at the side
chain of an amino acid at any position of a linking moiety that
links the A chain and B chain in a single chain insulin analog,
including for example at position C8. In another embodiment
the N-terminus or C-terminus of an insulin peptide is
covalently linked to the side chain of an amino acid of the
glucagon related peptide at a position selected from 10, 20,
24, 28 and 29.

[0191] Inanother embodiment one or two glucagon related
peptides are covalently linked to the insulin peptide through a
position independently selected from the N-terminal alpha
amine of the B chain, the carboxy terminus of the B chain or
atany position of the linking moiety that links the A chain and
B chain of a single chain insulin analog, including for
example at position C8. In one embodiment the carboxy
terminal region of the glucagon related peptide is covalently
linked to the N-terminal alpha amine of the B chain of a single
chain insulin peptide analog. In one embodiment the carboxy
terminus of the glucagon related peptide is covalently linked
to the N-terminal alpha amine of the B chain of a two chain or
single chain insulin peptide analog.

[0192] Inaccordance with one embodiment the insulin pep-
tide is a two chain insulin, wherein the A chain and B chain are
linked to one another via interchain disulfide bonds. In one
embodiment the conjugate comprises a two chain insulin
peptide wherein the carboxy terminal region of the glucagon
related peptide is covalently linked to the amino terminus of
the A chain of the insulin peptide. In one embodiment the
conjugate comprises a two chain insulin peptide wherein the
carboxy terminus of the A chain or the B chain of the insulin
peptide is covalently linked to the amino terminus of the
glucagon related peptide. In one embodiment the conjugate
comprises a two chain insulin peptide wherein the carboxy
terminus of the glucagon related peptide is covalently linked
to the amino terminus of the B chain of the insulin peptide. In
one embodiment the conjugate comprises a two chain insulin
peptide wherein the carboxy terminus of the B chain of the
insulin peptide is covalently linked to the amino terminus of
the glucagon related peptide.

[0193] In another embodiment the conjugate comprises a
two chain insulin analog and a first and second glucagon
related peptide wherein each glucagon related peptide is inde-
pendently covalently linked to the insulin peptide at a position
selected from the group consisting of the amino terminus of
the B chain, the carboxy terminus of the A chain, and the
carboxy terminus of the B chain. In one embodiment the
conjugate comprises a two chain insulin peptide wherein the
carboxy terminal region of a first glucagon related peptide is
covalently linked to the amino terminus of the B chain of the
insulin peptide and the carboxy terminus of the B chain of the
insulin peptide is covalently linked to the amino terminus of
a second glucagon related peptide. In one embodiment the
first and second glucagon related peptides are different and
have activity at two different receptors selected from the
group consisting of the glucagon, GLP-1 and GIP receptors.
In one embodiment the first glucagon related peptide has
activity at the glucagon receptor and the second glucagon
related peptide has activity at the GLP-1 receptor. In one
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embodiment the first and/or second glucagon related peptide
is a coagonist having activity at two receptors selected from
the group consisting of the glucagon, GLP-1 and GIP recep-
tors.

[0194] In one embodiment the conjugate represents a
fusion protein wherein the carboxy terminal region of the
glucagon related peptide is linked to the amino terminus of
the insulin peptide B chain either directly or through a peptide
linker. In one embodiment the conjugate comprises a single
chain insulin analog wherein the carboxy terminal region of
the glucagon related peptide is covalently linked to the amino
terminus of the single chain insulin analog. In one embodi-
ment the conjugate comprises a single chain insulin analog
wherein the carboxy terminus of the single chain insulin
peptide is covalently linked to the amino terminus of the
glucagon related peptide.

[0195] In some or any embodiments, the insulin peptide of
the presently disclosed conjugate is native insulin, compris-
ing the A chain of SEQ ID NO: 1 and the B chain of SEQ ID
NO: 2, or an analog of native insulin, including for example a
single-chain insulin analog comprising SEQ ID NOS: 1 and
2. In one embodiment the insulin peptide is an IGFZ'¢5'7
analog peptide. In accordance with the present disclosure
analogs of insulin encompass polypeptides comprising an A
chain and a B chain wherein the insulin analogs differ from
native insulin by one or more amino acid substitutions at
positions selected from AS, A8, A9, A10, A12, Al14, AlS,
Al17,A18,A21,B1,B2,B3,B4,B5,B9,B10,B13,B14,B17,
B20, B21, B22, B23, B26, B27, B28, B29 and B30 or dele-
tions of any or all of positions B1-4 and B26-30.

[0196] In one embodiment the glucagon related peptide
component of the conjugate is a peptide selected from the
group consisting of native glucagon (SEQ ID NO: 701),
native GLP-1 (SEQ ID NO: 703) and native GIP (SEQ ID
NO: 707). In one embodiment the glucagon related peptide is
a glucagon peptide or GLP-1 peptide. In some embodiments,
the glucagon related peptide of the conjugate of the present
disclosures is an analog of native human glucagon (SEQ ID
NO: 701) comprising an amino acid sequence based on the
amino acid sequence of SEQ ID NO: 701 but differing from
SEQ ID NO: 701 inasmuch as the amino acid sequence of the
glucagon analog comprises one or more (e.g., 1, 2, 3,4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, and in some instances, 16 or
more (e.g., 17,18, 19,20, 21,22, 23, 24, 25, etc.), specified or
optional amino acid modifications. In some or any embodi-
ments, the peptide of the present disclosures comprises a total
of l,upto2,upto3,upto4,uptoS,upto 6, upto7,upto8,
up to 9, orup to 10 additional amino acid modifications (e.g.,
in addition to the specified amino acid modifications), relative
to the native human glucagon sequence (SEQ ID NO: 701).
For example, in one embodiment an analog of glucagon (SEQ
ID NO: 701) comprises (a) an amino acid comprising an
imidazole side chain at position 1, (b) an DPP-IV protective
amino acid at position 2, (c¢) an acylated amino acid or alky-
lated amino acid at any of positions 9, 10, 12, 16, 20, or 37-43,
(d) an alpha helix stabilizing amino acid at one or more of
positions 16, 17, 18, 19, 20, and 21, and (e) up to ten addi-
tional amino acid modifications relative to SEQ ID NO: 701.
In one embodiment the present disclosure provides an analog
of glucagon comprising (a)-(d) with up to 10 additional
amino acid modifications in addition to the amino acid modi-
fications specified in (a)-(d). In some or any embodiments, the
modifications are any of those described herein, e.g., acyla-
tion, alkylation, pegylation, truncation at C-terminus, substi-
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tution of the amino acid at one or more of positions 1,2, 3,7,
10, 12, 15,16, 17, 18, 19, 20, 21, 23, 24, 27, 28, and 29.

Insulin Peptides

[0197] The insulin peptide component of the conjugates of
the present disclosure may comprise the native B and A chain
sequences of human insulin (SEQ ID NOs: 1 and 2, respec-
tively) or any of the known analogs or derivatives thereof that
exhibit insulin agonist activity when linked to one another in
a heteroduplex. Such analogs include, for example, proteins
having an A-chain and a B-chain that differ from the A-chain
and B-chain of human insulin by having one or more amino
acid deletions, one or more amino acid substitutions, and/or
one or more amino acid insertions that do not destroy the
insulin activity of the insulin analog.

[0198] In one embodiment the insulin peptide is an insulin
analog wherein:
[0199] (a) the amino acid residue at position B28 is substi-

tuted with Asp, Lys, Leu, Val, or Ala, and the amino acyl
residue at position B29 is Lys or Pro;

[0200] (b) the amino acid residues at any of positions B27,
B28, B29, and B30 are deleted or substituted with a nonnative
amino acid. In one embodiment an insulin analog is provided
comprising an Asp substituted at position B28 or a Lys sub-
stituted at position 28 and a proline substituted at position
B29. Additional insulin analogs are disclosed in Chance, et
al., U.S. Pat. No. 5,514,646; Chance, et al., U.S. patent appli-
cation Ser. No. 08/255,297; Brems, et al., Protein Engineer-
ing, 5:527-533 (1992); Brange, et al., EPO Publication No.
214,826 (published Mar. 18, 1987); and Brange, et al., Cur-
rent Opinion in Structural Biology, 1:934-940 (1991). The
disclosures of which are expressly incorporated herein by
reference.

[0201] Insulin analogs may also have replacements of the
amidated amino acids with acidic forms. For example, Asn
may be replaced with Asp or Glu. Likewise, Gln may be
replaced with Asp or Glu. In particular, Asn(A18), Asn(A21),
or Asp(B3), or any combination of those residues, may be
replaced by Asp or Glu. Also, GIn(A15) or GIn(B4), or both,
may be replaced by either Asp or Glu.

[0202] Asdisclosed herein single chain insulin agonists are
provided comprising a B chain and an A chain of human
insulin, or analogs or derivative thereof, wherein the carboxy
terminus of the B chain is linked to the amino terminus of the
A chain via a linking moiety. In one embodiment the A chain
is an amino acid sequence selected from the group consisting
of GIVEQCCTSICSLYQLENYCN (SEQ ID NO: 1), GIV-
DECCFRSCDLRRLEMYCA (SEQ ID NO: 5) or GIVEEC-
CFRSCDLALLETYCA (SEQ ID NO: 7) and the B chain
comprises the sequence FVNQHLCG-
SHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2),
GPETLCGAELVDALYLVCGDRGFYFNKPT (SEQ ID
NO: 6) or AYRPSETLCGGELVDTLYLVCGDRGFYF-
SRPA (SEQ ID NO: 8), or a carboxy shortened sequence
thereof having one to five amino acids corresponding to B26,
B27, B28, B29 and B30 deleted, and analogs of those
sequences wherein each sequence is modified to comprise
one to five amino acid substitutions at positions correspond-
ing to native insulin positions (see peptide alignment shown
in FIG. 5) selected from A5, A8, A9, A10, Al4, Al15, A17,
Al18,A21,B1,B2,B3,B4,B5,B9,B10,B13, B14, B20,B22,
B23, B26, B27, B28, B29 and B30. In one embodiment the
amino acid substitutions are conservative amino acid substi-
tutions. Suitable amino acid substitutions at these positions
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that do not adversely impact insulin’s desired activities are
known to those skilled in the art, as demonstrated, for
example, in Mayer, et al., Insulin Structure and Function,
Biopolymers. 2007; 88(5):687-713, the disclosure of which is
incorporated herein by reference.

[0203] Additional amino acid sequences can be added to
the amino terminus of the B chain or to the carboxy terminus
of the A chain of the single chain insulin agonists of the
present invention. For example, a series of negatively charged
amino acids can be added to the amino terminus of the B
chain, including for example a peptide of 1 to 12, 1t0 10, 1 to
8 or 1 to 6 amino acids in length and comprising one or more
negatively charged amino acids including for example
glutamic acid and aspartic acid. In one embodiment the B
chain amino terminal extension comprises 1 to 6 charged
amino acids. In one embodiment the B chain amino terminal
extension comprises the sequence GXg;Xg,Xg3XeuXssK
(SEQIDNO: 26) 0or X, X5, X 53X 64X ssRK (SEQ ID NO: 27),
wherein Xg,, Xg,, Xg3 Xga and Xgs are independently
glutamic acid or aspartic acid. In one embodiment the B chain
comprises the sequence
GEEEEEKGPEHLCGAHLVDALYLVCGDX,,GFY (SEQ
IDNO: 28), wherein X ,, is selected from the group consisting
of alanine lysine, ornithine and arginine. In accordance with
one embodiment the glucagon related peptide-insulin conju-
gates disclosed herein comprise a C-terminal amide or ester in
place of a C-terminal carboxylate on the A chain.

[0204] High potency glucagon related peptide-insulin con-
jugates can also be prepared based on using a modified IGF I
and IGF 1II sequence described in published International
application no. WO 2010/080607, the disclosure of which is
expressly incorporated herein by reference, as the insulin
peptide component. More particularly, analogs of IGF I and
IGF 11 that comprise a substitution of a tyrosine leucine dipep-
tide for the native IGF amino acids at positions corresponding
to B16 and B17 of native insulin have a tenfold increase in
potency at the insulin receptor.

[0205] Inaccordance with one embodiment the insulin pep-
tide for use in the present disclosure comprises a B chain
sequence of R,,-
X,sLCGX 56X 5 LV X, LYLVCGX,, X, ,GFX,5 (SEQID
NO: 20) and an A chain sequence of
GIVX XCCX XX o CX LXK sLX 17X X1 6CX51-Ry 5
(SEQ ID NO: 29) wherein

[0206] X, is glutamic acid or aspartic acid;

[0207] X is glutamine or glutamic acid

[0208] X, is histidine, threonine or phenylalanine;

[0209] X, is serine, arginine, lysine, ornithine or alanine;
[0210] X, is isoleucine or serine;

[0211] X, is serine or aspartic acid

[0212] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0213] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0214] X, is glutamine, glutamic acid, arginine, aspartic
acid or lysine, ornithine

[0215] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0216] X, is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0217] X,, is selected from the group consisting of alanine,
glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histidine,
tryptophan, tyrosine, and methionine;
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[0218] X, is histidine or threonine;

[0219] X, is selected from the group consisting of alanine,
glycine and serine;

[0220] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0221] X, is selected from the group consisting of aspartic
acid, glutamine and glutamic acid;

[0222] X,, is selected from the group consisting of alanine
and threonine;
[0223] X,, is selected from the group consisting of

glutamic acid, aspartic acid or asparagine;
[0224] X, is selected from the group consisting of alanine,
lysine, ornithine and arginine;

[0225] X, is tyrosine, histidine, asparagine or phenylala-
nine;
[0226] R,, is selected from the group consisting of

AYRPSE (SEQID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQID NO: 11), a tripeptide glycine-proline-glutamic acid,
atripeptide valine-asparagine-glutamine, a dipeptide proline-
glutamic acid, a dipeptide asparagine-glutamine, glutamine,
glutamic acid and a bond; and R, ; is COOH or CONH,. In
one embodiment the A chain and the B chain are linked to one
another by interchain disulfide bonds, including those that
form between the A and B chains of native insulin. In an
alternative embodiment the A and B chains are linked
together as a linear single chain-insulin peptide.

[0227] In one embodiment the conjugates comprise an
insulin peptide wherein the A chain comprises a sequence of
GIVEQCCX, SICSLYQLENX,CX, (SEQ ID NO: 30) and
said B chain sequence comprises a sequence of
X,LCGX X JLVEALYLVCGERGFF (SEQ ID NO: 31),
wherein

[0228] X, isselected from the group consisting of threonine
and histidine;
[0229] X, is tyrosine, 4-methoxy-phenylalanine or

4-amino phenylalanine;
[0230] X, is selected from the group consisting of aspar-
agine and glycine;

[0231] X, is selected from the group consisting of histidine
and threonine;
[0232] X is selected from the group consisting of alanine,

glycine and serine;

[0233] X isselected from the group consisting ofhistidine,
aspartic acid, glutamic acid, homocysteic acid and cysteic
acid.

[0234] Inaccordance with one embodiment an insulin ana-
log is provided wherein the A chain of the insulin peptide
comprises the sequence
GIVEQCCX X ICSLYQLENYCX,,-R, 5 (SEQ ID NO: 73)
or GIVEQCCXSICSLYQLX, ,NX ,,CX,, (SEQIDNO: 32)
and the B chain comprising the sequence R,,-
X,sLCGX 56X 5oLV 3 X LYLVCGX 4, X, GFX (s YT-Z, -
B, (SEQ ID NO: 142), wherein

[0235] X, isselected from the group consisting of threonine
and histidine;

[0236] X, is valine or tyrosine;

[0237] X, is glutamine or glutamic acid;

[0238] X,; is tyrosine, 4-methoxy phenylalanine or

4-amino-phenylalanine;

[0239] X,, is asparagine or glycine;
[0240] X, is histidine or threonine;
[0241] X, is selected from the group consisting of alanine,

glycine and serine;
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[0242] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0243] X, is selected from the group consisting of aspartic
acid and glutamic acid;

[0244] X, is selected from the group consisting of alanine
and threonine;
[0245] X,, is selected from the group consisting of

glutamic acid, aspartic acid or asparagine;

[0246] X,, is selected from the group consisting of alanine,
ornithine, lysine and arginine;

[0247] X, is tyrosine or phenylalanine;

[0248] R,, is selected from the group consisting of FVNQ
(SEQIDNO: 12), atripeptide valine-asparagine-glutamine, a
dipeptide asparagine-glutamine, glutamine and an N-termi-
nal amine

[0249] Z, is a dipeptide selected from the group consisting
of aspartate-lysine, lysine-proline, and proline-lysine; and
[0250] B, is selected from the group consisting of threo-
nine, alanine or a threonine-arginine-arginine tripeptide.
[0251] Inaccordance with one embodiment an insulin ana-
log is provided wherein the A chain of the insulin peptide
comprises the sequence
GIVEQCCX,SICSLYQLX,,NX,,CX,, (SEQ ID NO: 32)
and the B chain comprising the sequence

[0252] X,sLCGX,oX;,LVEALYLVCGERGFF (SEQ ID
NO: 33) wherein

[0253] X, isselected from the group consisting of threonine
and histidine;
[0254] X, is glutamic acid or glutamine;

[0255] X,, is tyrosine,
4-amino phenylalanine;
[0256] X, is asparagine or glycine;

[0257] X, is selected from the group consisting of histi-
dine and threonine;

[0258] X, is selected from the group consisting of alanine,
glycine and serine;

[0259] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid. In a further embodiment the B chain comprises the
sequence

X,,VNQX,LCGX,o X, LVEALYLVCGERGFFYT-Z,-B,
(SEQ ID NO: 34)

wherein

[0260] X, is selected from the group consisting of pheny-
lalanine and desamino-phenylalanine;

[0261] X, is selected from the group consisting of histi-
dine and threonine;

[0262] X, is selected from the group consisting of alanine,
glycine and serine;

[0263] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0264] Z, is a dipeptide selected from the group consisting
of aspartate-lysine, lysine-proline, and proline-lysine; and
[0265] B, is selected from the group consisting of threo-
nine, alanine or a threonine-arginine-arginine tripeptide.
[0266] In accordance with some embodiments the A chain
comprises the sequence
GIVEQCCXSICSLYQLX, NX , ,CX,; (SEQIDNO: 32) or
GIVDECCXX,SCDLX | X, sL.X, X, 5 X,6CX5;-R,5 (SEQ
ID NO: 35), and the B chain comprises the sequence
X,sLCGX 56X 5LV X 5, LYLVCGDX ,,GFX,s (SEQ ID
NO: 36)

4-methoxy-phenylalanine or
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wherein
[0267] X, is histidine or phenylalanine;
[0268] X, and X,, are independently selected from argin-

ine, lysine, ornithine or alanine;

[0269] X, is arginine, lysine, ornithine or leucine;
[0270] X, is glutamic acid or glutamine;
[0271] X, is methionine, asparagine or threonine;

[0272] X,, is tyrosine,
4-amino phenylalanine;

4-methoxy-phenylalanine or

[0273] X,, is alanine, glycine or asparagine;
[0274] X,; is asparagine or glycine;
[0275] X, is selected from the group consisting of histi-

dine and threonine;

[0276] X, is selected from the group consisting of alanine,
glycine and serine;

[0277] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0278] X, is selected from the group consisting of aspartic
acid and glutamic acid;

[0279] X,,is selected from the group consisting of alanine
and threonine;
[0280] X,, is selected from the group consisting of alanine,

lysine, ornithine and arginine;

[0281] X,; is tyrosine; and
[0282] R,;is COOH or CONH,.
[0283] In a further embodiment the A chain comprises the

sequence GIVDECCX X,SCDLX X, LX X ¢ X,,CX,,-
R,;; (SEQ ID NO: 35), and the B chain comprises the
sequence X,sLCGX,oX;,LVX,, X, , LYLVCGDX,,GFX 5
(SEQID NO: 36)

wherein
[0284] X, is histidine;
[0285] X, and X,, are independently selected from argin-

ine, lysine, ornithine or alanine;

[0286] X, is arginine, lysine, ornithine or leucine;

[0287] X,, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0288] X, is methionine, asparagine or threonine;

[0289] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0290] X,, is alanine, glycine or asparagine;
[0291] X,; is asparagine or glycine;
[0292] X, is selected from the group consisting of histi-

dine and threonine;

[0293] X, is selected from the group consisting of alanine,
glycine and serine;

[0294] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0295] X, is selected from the group consisting of aspartic
acid and glutamic acid;

[0296] X,,is selected from the group consisting of alanine
and threonine;
[0297] X,,is selected from the group consisting of alanine,

lysine, ornithine and arginine;

[0298] X, is tyrosine or phenylalanine and
[0299] R,;is COOH or CONH,. In a further embodiment
the A chain comprises the sequence

GIVDECCHX,SCDLX, . X,sL.X,,MX,,CX,,-R,5 (SEQ ID
NO: 37), and the B chain comprises the sequence
X,sLCGAX;,LVDALYLVCGDX,,GFX,s (SEQ ID NO:
38)



US 2016/0024169 Al

wherein

[0300] X, X,,and X, are independently ornithine, lysine
or arginine;

[0301] X, is glutamic acid or glutamine;

[0302] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0303] X,, is alanine, glycine or asparagine;

[0304] X, is selected from the group consisting of histi-
dine and threonine;

[0305] X, is selected from the group consisting of histi-
dine, aspartic acid and glutamic acid;

[0306] X,, is selected from the group consisting of alanine,
lysine, ornithine and arginine;

[0307] X, is tyrosine or phenylalanine and
[0308] R,;is COOH or CONH,. In one embodiment the B
chain is selected from the group consisting of

HLCGAELVDALYLVCGDX,,GFY (SEQ ID NO: 39),
GPEHLCGAELVDALYLVCGDX,,GFY (SEQ ID NO: 40),
GPEHLCGAELVDALYLVCGDX,,GFYFNPKT (SEQ ID
NO: 41) and
GPEHLCGAELVDALYLVCGDX,,GFYFNKPT (SEQ ID
NO: 42), wherein X, is selected from the group consisting of
ornithine, lysine and arginine. In a further embodiment the A
chain comprises the sequence
GIVDECCHX,SCDLX X, LQMYCN-R,; (SEQ ID NO:
43), wherein X,, X,, and X, 5 are independently ornithine,
lysine or arginine.

[0309] In another embodiment the A chain comprises the
sequence GIVDECCX,RSCDLYQLENX,,CN-R,; (SEQ
ID NO: 44) and the B chain comprises the sequence R,,-
X,sLCGSHLVDALYLVCGDX,,GFX s (SEQ ID NO: 45)
[0310] wherein

[0311] X, is threonine, histidine or phenylalanine;

[0312] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0313] X, is histidine or threonine;

[0314] X,, is alanine, ornithine or arginine;

[0315] X, is tyrosine histidine, asparagine or phenylala-
nine;

[0316] R,, is selected from the group consisting of

AYRPSE (SEQID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQIDNO: 11), atripeptide glycine-proline-glutamic acid,
atripeptide valine-asparagine-glutamine, a dipeptide proline-
glutamic acid, a dipeptide asparagine-glutamine, glutamine,
glutamic acid and a bond; and R ; is COOH or CONH,,. and
[0317] R,,is COOH or CONH,.

[0318] In another embodiment the A chain comprises the
sequence GIVEQCCHSICSLYQLENX, ,CX,,-R 5 (SEQID
NO: 46) or GIVDECCHRSCDLRRLEMX, ,CX,,-R,; (SEQ
ID NO: 47); and the B chain comprises the sequence FVN-
QHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID NO:
2), or GPETLCGAELVDALYLVCGDRGFYFNPKT (SEQ
1D NO: 48)

wherein

[0319] X,; is tyrosine, 4-methoxy phenylalanine or
4-amino-phenylalanine;

[0320] X,, is alanine, glycine or asparagine
[0321] X,,and X, are each alanine; and
[0322] X,, is arginine.

Single Chain Insulin Peptide Agonists

[0323] As disclosed herein linking moieties can be used to
link human insulin A and B chains, or analogs or derivatives
thereof, wherein the carboxy terminus of the B25 amino acid
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of the B chain is directly linked to a first end of a linking
moiety, wherein the second end of the linking moiety is
directly linked to the amino terminus of the A1 amino acid of
the A chain via the intervening linking moiety.

[0324] Inaccordance with one embodiment the insulin pep-
tide is a single chain insulin agonist that comprises the general
structure B-LLM-A wherein B represents an insulin B chain, A
represents an insulin A chain, and LM represents a linking
moiety linking the carboxy terminus of the B chain to the
amino terminus of the A chain. Suitable linking moieties for
joining the B chain to the A chain are disclosed herein under
the header Linking Moieties for Single Chain-Insulin Ana-
logs and the respective subheaders “Peptide linkers” and
“Non-Peptide Linkers”. In one embodiment the linking moi-
ety comprises a linking peptide, and more particularly, in one
embodiment the peptide represents an analog of the IGF-1 C
peptide. Additional exemplary peptide linkers include but are
not limited to the sequence X, X;,GSSSX, X, (SEQ ID
NO: 49) or X5, X5,GSSSX, X APQT (SEQ ID NO: 50)
wherein X, is selected from the group consisting of glycine,
alanine, valine, leucine, isoleucine and proline, X, is alanine,
valine, leucine, isoleucine or proline and X, or X, are inde-
pendently arginine, lysine, cysteine, homocysteine, acetyl-
phenylalanine or ornithine, optionally with a hydrophilic
moiety linked to the side chain of the amino acid at position 7
or 8 of the linking moiety (i.e., at the X, or X, position).
Amino acid positions of the linking moiety are designated
based on the corresponding position in the native C chain of
IGF 1 (SEQ ID NO: 17). In another embodiment the peptide
linking moiety comprises a 29 contiguous amino acid
sequence having greater than 70%, 80%, 90% sequence iden-
tity to SSSSX,,APPPSLPSPSRLPGPSDTPILPQX, (SEQ
ID NO: 68), wherein X, and X, are independently selected
from arginine and lysine. In one embodiment the linking
moiety is a non-peptide linker comprising a relatively short
bifunctional non-peptide polymer linker that approximates
the length of an 8-16 amino acid sequence. In one embodi-
ment the non-peptide linker has the structure:

et

wherein m is an integer ranging from 10 to 14 and the linking
moiety is linked directly to the B25 amino acid of the B chain.
In accordance with one embodiment the non-peptide linking
moiety is a polyethylene glycol linker of approximately 4 to
20,810 18,81016,8t014,81t012,10t014,10to 120r11to
13 monomers.

[0325] In one embodiment a glucagon related peptide-in-
sulin conjugate is provided that comprises an insulin peptide
having the structure: IB-LM-IA, wherein IB comprises the
sequence R,,-
X5sLCGX X, LVX 3 X LYLVCGX,, X, GFX 5 (SEQ ID
NO: 20), LM is a linking moiety as disclosed herein that
covalently links IB to 1A, and IA comprises the sequence
GIVX XCCX XX oCX LXK X s LXK 5X10CX51-Ry5
(SEQ ID NO: 29),

wherein

[0326] X, is glutamic acid or aspartic acid;

[0327] X, is glutamine or glutamic acid;

[0328] X, is histidine or phenylalanine;

[0329] X, and X,, are independently selected from argin-

ine, lysine, ornithine or alanine;
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[0330] X, is isoleucine or serine;

[0331] X, is serine or aspartic acid;

[0332] X,, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0333] X, is arginine, lysine, ornithine or leucine;

[0334] X, is glutamic acid or glutamine;

[0335] X, is methionine, asparagine or threonine;

[0336] X, is tyrosine,
4-amino phenylalanine;
[0337] X,, is alanine, glycine or asparagine;

[0338] X, is selected from the group consisting of histi-
dine and threonine;

[0339] X, is selected from the group consisting of alanine,
glycine and serine;

[0340] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0341] X, is selected from the group consisting of aspartic
acid and glutamic acid;

4-methoxy-phenylalanine or

[0342] X,,is selected from the group consisting of alanine
and threonine;
[0343] X,, is selected from the group consisting of

glutamic acid, aspartic acid or asparagine;

[0344] X, is selected from the group consisting of alanine,
lysine, ornithine and arginine;

[0345] R,, is selected from the group consisting of
AYRPSE (SEQID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQIDNO: 11), atripeptide glycine-proline-glutamic acid,
atripeptide valine-asparagine-glutamine, a dipeptide proline-
glutamic acid, a dipeptide asparagine-glutamine, glutamine,
glutamic acid and an N-terminal amine; and

[0346] R,;is COOH or CONH,, further wherein the amino
acid at the designation X5 is directly bound to the linking
moiety, LM (i.e., the designation IB-LM-IA as used herein is
intended to represent that the B chain carboxyl terminus and
the amino terminus of the A chain are directly linked to the
linking moiety LM without any further intervening amino
acids).

[0347] In one embodiment the linking moiety (LM) com-
prises an amino acid sequence of no more than 17 amino acids
in length. In one embodiment the linking moiety comprises
the sequence X, X5,GSSSX,Xss (SEQ ID NO: 49) or
X5:1X5,GSSSX 5, X5 APQT (SEQ ID NO: 50) wherein X is
selected from the group consisting of glycine, alanine, valine,
leucine, isoleucine and proline, X, is alanine, valine, leucine,
isoleucine or proline and X, or X, are independently argi-
nine, lysine, cysteine, homocysteine, acetyl-phenylalanine or
ornithine, optionally with a hydrophilic moiety linked to the
side chain of the amino acid at position 7 or 8 of the linking
moiety (i.e., atthe X5, or X position). Amino acid positions
of'the linking moiety are designated based on the correspond-
ing position in the native C chain of IGF 1 (SEQ ID NO: 17).
[0348] In another embodiment the linking moiety com-
prises a 29 contiguous amino acid sequence, directly linked to
the carboxy terminal amino acid of the B chain, wherein said
29 contiguous amino acid sequence has greater than 70%,
80%, 90% sequence identity to
SSSSX,,APPPSLPSPSRLPGPSDTPILPQX,, (SEQ 1D
NO: 68), wherein X, and X5, are independently selected
from arginine and lysine. In one embodiment the linking
peptide comprises a total of 29 to 158 or 29 to 58 amino acids
and comprises the sequence of SEQ ID NO: 68. In another
embodiment the linking moiety comprises a 29 contiguous
amino acid sequence, directly linked to the carboxy terminal
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amino acid of the B chain, wherein said 29 contiguous amino
acid sequence has greater than 90% sequence identity to
SSSSX,APPPSLPSPSRLPGPSDTPILPQX;, (SEQ 1D
NO: 68), wherein X, and X5, are independently selected
from arginine and lysine. In one embodiment the linking
moiety comprises the sequence SSSSRAPPPSLPSPSR-
LPGPSDTPILPQK (SEQ ID NO: 51) or SSSSKAP-
PPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52) option-
ally with one or two amino acid substitutions.

[0349] In accordance with one embodiment a single chain
insulin agonist polypeptide is provided comprising a B chain
and A chain of human insulin, or analogs or derivative
thereof, wherein the last five carboxy amino acids of the
native B chain are deleted (i.e., B26-B30), and amino acid
B25 is linked to amino acid Al of the A chain via an inter-
vening linking moiety. In one embodiment the linking moiety
comprises the structure:

Nt

wherein m is an integer ranging from 10 to 14 and the linking
moiety is linked directly to the B25 amino acid of the B chain.
[0350] In one embodiment a glucagon related peptide-in-
sulin conjugate is provided comprising an insulin peptide
having the general formula IB-LM-IA wherein IB comprises
the sequence
GPEHLCGAX , LVDALYLVCGDX,,GFYFNX X,
(SEQ ID NO: 40); LM comprises the sequence SSSSRAP-
PPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51),
SSSSKAPPPSLPSPSRLPGPSDTPILPQR (SEQ ID NO:
52), GYGSSSRR (SEQ ID NO: 18) or GAGSSSRR (SEQ ID
NO: 22); and

1A comprises the sequence
GIVDECCXX,SCDLX | X, sL.X, X, :X,5CX5,-R 5 (SEQ
ID NO: 35) wherein

[0351] X, is histidine or phenylalanine;

[0352] X, is arginine, ornithine or alanine;

[0353] X,,and X, are both arginine;

[0354] X, is glutamic acid;

[0355] X,, is tyrosine, 4-methoxy-phenylalanine or

4-amino phenylalanine;

[0356] X, is alanine or asparagine;
[0357] X, is histidine or threonine;
[0358] X, is selected from the group consisting of histi-

dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0359] X,, is selected from the group consisting of alanine,
ornithine and arginine;

[0360] R,;is COOH.

Linking Moieties for Single Chain Insulin Analogs

[0361] Peptide Linkers

[0362] In accordance with one embodiment the linking
moiety is a peptide or peptidomimetic of 6-18, 8-18, 8-17,
8-12, 8-10, 13-17 or 13-15 amino acids (or amino acid ana-
logs or derivatives thereof). In one embodiment the linking
moiety is a peptide or peptidomimetic of 6-18, 8-18, 8-17,
8-12, 8-10, 13-17 or 13-15 amino acids wherein the peptide
linking moiety comprises two or more adjacent basic amino
acid residues. In accordance with one embodiment the linking
moiety is an 8 to 17 non-native amino acid sequence com-
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prising the sequence Xs; X5, X 53X 54X 55X56X57Xs5 (SEQ ID
NO: 9), wherein X5, X5,, Xs3, Xs4, X55 and X5, are inde-
pendently any amino acid or amino acid analog or derivative
thereof, and X, and X, are basic amino acids. In one
embodiment the linking moiety is a non-native polypeptide of
8 to 17 amino acids in length and comprising the sequence
X5:X 55X 53X 54X 55X 56RR (SEQ ID NO: 10), wherein X, is a
non-aromatic amino acid, including for example alanine. In
one embodiment the linking moiety is 8 to 17 amino acids in
length and comprises the sequence X5, X5,GSSSRR (SEQ ID
NO: 53) wherein X, is selected from the group consisting of
glycine, alanine, valine, leucine, isoleucine, proline and
methionine, and X, is a non-aromatic amino acid, including
for example alanine. In one embodiment the linking moiety is
8 to 17 amino acids in length and comprises a sequence that
differs from X, X,,GSSSRR (SEQ ID NO: 53) by a single
amino acid substitution wherein the amino acid substitutionis
an amino acid that is pegylated at its side chain, further
wherein X, is selected from the group consisting of glycine,
alanine, valine, leucine, isoleucine, proline and methionine,
and X, is a non-aromatic amino acid, including for example
alanine.

[0363] In accordance with one embodiment the linking
moiety is a derivative of the IGF 1 C chain sequence
(GYGSSSRRAPQT; SEQ ID NO: 17). In one embodiment
the derivative is a peptide that difters from SEQ ID NO: 17 by
a single amino acid substitution of a lysine, cysteine orni-
thine, homocysteine, or acetyl-phenylalanine residue, and in
a further embodiment the lysine, cysteine ornithine,
homocysteine, or acetyl-phenylalanine amino acid is pegy-
lated. In one further embodiment the linking moiety is a
peptide that differs from SEQ ID NO: 17 by a single lysine
substitution. In one specific embodiment the substitution is
made at position 8 of SEQ ID NO: 17. Applicants have dis-
covered that use of the IGF 1 C chain sequence and analogs
thereof as a linking moiety will generate a single chain insulin
polypeptide that has near wild type insulin activity. Further-
more, use of a IGF 1 C chain sequence analog as the linking
moiety, wherein position 2 of the IGF 1 C chain sequence is
modified, or the carboxy terminal four amino acids are
deleted from the IGF 1 C chain sequence, produces a single
chain insulin polypeptide that is selective for insulin (i.e., has
a higher binding and/or activity at the insulin receptor com-
pared to the IGF-1 receptor). In one embodiment the single
chain insulin polypeptide has 5x, 10x, 20x, 30x, 40x, or 50x
higher affinity or activity at the insulin receptor relative to the
IGF-1 receptor.

[0364] In accordance with one embodiment the linking
moiety is a derivative of the IGF 1 C chain sequence
(GYGSSSRRAPQT; SEQ ID NO: 17) and comprises a non-
native sequence that differs from GYGSSSRR (SEQ ID NO:
18) or GAGSSSRRAPQT (SEQ ID NO: 23) by 1 to 3 amino
acid substitutions, or 1 to 2 amino acid substitutions. In one
embodiment at least one of the amino acid substitutions is a
lysine or cysteine substitution, and in one embodiment the
amino acid substitutions are conservative amino acid substi-
tutions. In one embodiment the linking moiety is a peptide (or
peptidomimetic) of 8 to 17 amino acids comprising a non-
native amino acid sequence that differs from GYGSSSRR
(SEQIDNO: 18) or GAGSSSRRAPQT (SEQIDNO: 23) by
1 amino acid substitution, including for example substitution
with a lysine or cysteine. In one embodiment the linking
moiety comprises the sequence GYGSSSRR (SEQ ID NO:
18) or GAGSSSRRAPQT (SEQ ID NO: 23). In one embodi-
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ment the linking moiety comprises the sequence
GAGSSSRX ., APQT (SEQ 1D NO: 54),
GYGSSSX,, X, APQT (SEQ ID NO: 69), or an amino acid
that differs from SEQ ID NO: 54 by a single amino acid
substitution, wherein X, is arginine and X, is arginine,
ornithine or lysine, and in a further embodiment a polyethyl-
ene glycol chain is linked to the side chain of the amino acid
at position 8 of said linking moiety. In another embodiment
the linking moiety comprises the  sequence
GX,,GSSSRX APQT (SEQID NO: 55), wherein X, is any
non-aromatic amino acid, including for example, alanine,
valine, leucine, isoleucine or proline, and X, represents an
amino acid that has a polyethylene chain covalently linked to
its side chain. In one embodiment X is a pegylated lysine.

[0365] Inanother embodiment, the linking moiety is an 8 to
17 amino acid sequence comprising the sequence
GX,,GSSSRR (SEQ ID NO: 56), wherein X, is any amino
acid, a peptidomimetic of SEQ ID NO: 31, or an analog
thereof that differs from SEQ ID NO: 31 by a single amino
acid substitution at any of positions 1,3,4,5, 6,7 or 8 of SEQ
ID NO: 31, with the proviso that when the linking peptide is
longer than 8 amino acids X, is other than tyrosine. In accor-
dance with one embodiment the linking moiety comprises an
8-17 amino acid sequence selected from the group consisting
of GYGSSSRR (SEQ ID NO: 18), GAGSSSRR (SEQ ID
NO: 22), GAGSSSRRA (SEQ ID NO: 57), GAGSSSRRAP
(SEQ ID NO: 58), GAGSSSRRAPQ (SEQ ID NO: 59),
GAGSSSRRAPQT (SEQ ID NO: 23), PYGSSSRR (SEQ ID
NO: 61), PAGSSSRR (SEQ ID NO: 62), PAGSSSRRA (SEQ
ID NO: 63), PAGSSSRRAP (SEQ ID NO: 64), PAGSSSR-
RAPQ (SEQ ID NO: 65), PAGSSSRRAPQT (SEQ ID NO:
66). In accordance with one embodiment the linking moiety
comprises an amino acid sequence that differs from
GYGSSSRR (SEQ ID NO: 18), GAGSSSRR (SEQ ID NO:
22), GAGSSSRRA (SEQID NO: 57), GAGSSSRRAP (SEQ
ID NO: 58), GAGSSSRRAPQ (SEQ ID NO: 59), GAGSSS-
RRAPQT (SEQ ID NO: 23), PYGSSSRR (SEQ ID NO: 61),
PAGSSSRR (SEQ ID NO: 62), PAGSSSRRA (SEQ ID NO:
63), PAGSSSRRAP (SEQ ID NO: 64), PAGSSSRRAPQ
(SEQID NO: 65), PAGSSSRRAPQT (SEQ ID NO: 66) by a
single pegylated amino acid including for example a pegy-
lated lysine or pegylated cysteine amino acid substitution. In
one embodiment the pegylated amino acid is at position 8 of
the linking moiety.

[0366] In one embodiment a peptide sequence named
C-terminal peptide (CTP: SSSSKAPPPSLPSPSRLPGPS-
DTPILPQR; SEQ ID NO: 52), which is prone to O-linked
hyperglycosylation when the protein is expressed in a eukary-
otic cellular expression system, can be used as a linker pep-
tide. Surprisingly, applicants have discovered that the CTP
peptide can be used to connect the B and A chains of insulin
to form a single chain insulin analog while still maintaining
high in vitro potency in a manner that the native proinsulin
C-peptide can not. In one embodiment a glucagon related
peptide-insulin conjugate is prepared comprising an insulin
peptide having the carboxy terminus of the B chain linked to
the amino terminus of the A chain via a CTP peptide. In
another embodiment an insulin analog is provided as a two-
chain construct with the CTP covalently linked to the C-ter-
minus of the B-chain and/or the amino terminus of the B
chain. In vitro and in vivo characterization reveals the CTP
modified insulin analogs to have high potency in the absence
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of glycosylation, thus providing a mechanism to extend insu-
lin action that is based on glycosylation, a natural approach to
longer duration proteins.

[0367] Applicants have discovered that the primary
sequence of the CTP peptide does not appear to be critical.
Accordingly, in one embodiment the linking moiety com-
prises a peptide having a length of at least 18 amino acids that
shares a similar amino acid content. In one embodiment the
linking moiety comprises an analog of (SEQ ID NO: 68),
wherein said analog differs from (SEQ ID NO: 68) by 1, 2, 3,
4, 5 or 6 amino acid substitutions. In one embodiment the
linking peptide comprises a CTP peptide wherein amino acid
substitutions are made at one or more positions selected from
positions 1, 2,3, 4,10, 13, 15, and 21 of (SEQ ID NO: 68). In
one embodiment the linking moiety comprises a 29 contigu-
ous amino acid sequence, directly linked to the carboxy ter-
minal amino acid of the B chain, wherein said 29 contiguous
amino acid sequence has greater than 60, 80 or 90% sequence
identity to SSSSX,,APPPSLPSPSRLPGPSDTPILPQX,
(SEQ ID NO: 68), with the proviso that the sequence does not
comprise a 15 amino acid sequence identical to a 15 amino
acid sequence contained within SEQ ID NO 53. In another
embodiment the linking moiety comprises a 29 contiguous
amino acid sequence, directly linked to the carboxy terminal
amino acid of the B chain, wherein at least 58% of the amino
acids comprising the 29 contiguous amino acid sequence are
selected from the group consisting of serine and proline.

[0368] In another embodiment the linking moiety com-
prises a 29 contiguous amino acid sequence, directly linked to
the carboxy terminal amino acid of the B chain, wherein said
29 contiguous amino acid sequence has greater than 70%,
80%, 90% sequence identity to
SSSSX,APPPSLPSPSRLPGPSDTPILPQX;, (SEQ 1D
NO: 68), wherein X, and X5, are independently selected
from arginine and lysine, with the proviso that the sequence
does not comprise a 15 amino acid sequence identical to a 15
amino acid sequence contained within SEQ ID NO 53. In
another embodiment the linking moiety comprises a 29 con-
tiguous amino acid sequence, directly linked to the carboxy
terminal amino acid of the B chain, wherein said 29 contigu-
ous amino acid sequence is an analog of (SEQ ID NO: 52),
wherein said analog differs from (SEQ ID NO: 52) only by 1,
2, 3,4, 5 or 6 amino acid modification, and in a further
embodiment the amino acid modifications are conservative
amino acid substitutions. In another embodiment the linking
moiety comprises a 29 contiguous amino acid sequence,
directly linked to the carboxy terminal amino acid of the B
chain, wherein said 29 contiguous amino acid sequence is an
analog of (SEQ ID NO: 52), wherein said analog differs from
(SEQ ID NO: 52) only by 1, 2 or 3 amino acid substitutions.

[0369] Applicants have also found that multiple copies of
the CTP peptide can be used as the linking peptide in single
chain analogs and/or linked to the amino terminus of the B
chain in single chain or two chain insulin analogs. The mul-
tiple copies of the CTP peptide can be identical or can differ
in sequence and can be arranged in a head to tail or head to
head orientation. In accordance with one embodiment an
insulin analog is provided comprising a CTP peptide having
the sequence
(SSSSX,,APPPSLPSPSRLPGPSDTPILPQX,), (SEQ ID
NO: 68), wherein n is an integer selected from the group
consisting of 1, 2, 3 and 4 and X, and X, are independently
selected from arginine and lysine.
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[0370] In one embodiment the CTP peptide comprises the
sequence  SSSSX,,APPPSLPSPSRLPGPSDTPILPQX,
(SEQ ID NO: 68), wherein X, and X, are independently
selected from arginine and lysine. In another embodiment the
CTP peptide comprises a sequence selected from the group
consisting of SSSSRAPPPSLPSPSRLPGPSDTPILPQK
(SEQ ID NO: 51), SSSSKAPPPSLPSPSRLPGPSDT-
PILPQR (SEQ ID NO: 52) or SSSSRAPPPSLPSPSR-
LPGPSDTPILPQ (SEQID NO: 67), and in a further embodi-
ment the CTP peptide comprises the sequence
SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO:
53).

Glycosylation

[0371] During nascent in vivo protein production insulin
analogs comprising glycosylation sites may undergo further
processing, known as post-translational modification,
wherein sugar (glycosyl) residues may be added enzymati-
cally in a process known as glycosylation. The resulting pro-
teins bearing covalently linked oligosaccharide side chains
are known as glycosylated proteins or glycoproteins. Accord-
ingly, a protein that bears a glycosylation site is not necessar-
ily glycosylated. In accordance with one embodiment insulin
agonists analogs are provided that have been modified to
comprise a peptide sequence that is prone to hyperglycosyla-
tion when expressed in a eukaryotic expression system.
[0372] Non-native and native glycosylation sequences are
known to those skilled in the art and include N-linked glyco-
sylation sites, and O-linked glycosylation sites. N-linked gly-
cosylation sites are peptide sequences that serve as recogni-
tion sites for enzymatic attachment of a carbohydrate moiety
to the side chain of an asparagine residue. The tripeptide
O-linked glycosylation sequences include asparagine-X-
serine and asparagine-X-threonine, where X is any amino
acid except proline. Thus, the presence of either of these
tripeptide sequences in a polypeptide creates a potential gly-
cosylation site. O-linked glycosylation are peptide sequences
that serve as recognition sites for enzymatic attachment of a
carbohydrate moiety to the side chain of a hydroxyamino
acid, most commonly serine or threonine, although 5-hydrox-
yproline or 5-hydroxylysine may also be used. In one
embodiment the O-linked glycosylation sugar is N-aceylga-
lactosamine, galactose, or xylose. A number of O-linked gly-
cosylation sites are known in the art and have been reported in
the literature. See, e.g., Ten Hagen et al. (11029) J. Biol.
Chem. 274(39):27867-74; Hanisch et al. (2001) Glycobiol-
ogy 11:731-740; and Ten Hagen et al. (2003) Glycobiology
13:1R-16R.

[0373] In accordance with one embodiment a method of
producing a hyperglycosylated insulin analog is provided.
The method comprises providing a eukaryotic host cell that
comprises a gene encoding an insulin analog that has been
modified to include a non-native glycosylation site (e.g., a
CTP peptide sequence) and culturing the cell under condi-
tions that allow expression of the insulin analog gene. In one
embodiment the host cell expresses human glycosylation
enzymes such that glycosylated proteins (glycoproteins) pro-
duced in the host cell exhibit protein glycosylation identical
to that of human cells (see US Patent Application Publication
Nos. 2004/0018590 and 2002/0137134, the disclosures of
which are incorporated herein by reference). In accordance
with one embodiment the eukaryotic host cell is selected from
yeast (e.g., Pichia pastoris) or mammalian (CHO or
HEK293) cells.
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[0374] Inaccordance with one embodiment an insulin ana-
log is provided wherein a glycosylation site has been intro-
duced into the insulin peptide. In one embodiment an insulin
analog, either a two chain or single chain analog, is provided
wherein a peptide comprising a glycosylation site has been
linked to the carboxy terminus of the insulin B chain. In one
embodiment a single chain insulin analog is provided com-
prising a linking moiety that covalently joins the carboxy
terminus of an insulin B chain to the amino terminus of an
insulin A chain, wherein the linking moiety comprises an
amino acid sequence of greater than 18 residues and com-
prises one or more glycosylation sites. In a further embodi-
ment an insulin analog is provided comprising two peptide
sequences that each contain at least one glycosylation site
(either the same or different). In one embodiment, a first
peptide sequence containing a glycosylation site is linked to
the N terminus of the B chain and the second peptide
sequence containing a glycosylation site is linked to the C-ter-
minus of the A or B chain. In one embodiment the insulin
analog is a single chain analog wherein the linking moiety
joining the B and A chains comprises the second peptide
sequence.

[0375] In one embodiment a glycosylation site is intro-
duced by the addition of amino acid sequences to the base
insulin analog. More particularly, applicants have discovered
that peptide sequence named C-terminal peptide (CTP:
SSSSKAPPPSLPSPSRLPGPSDTPILPQR; SEQ ID NO:
52), which is prone to O-linked hyperglycosylation when the
protein is expressed in a eukaryotic cellular expression sys-
tem can be covalently linked to an insulin analog without
undermining the inherent in vitro activity of the insulin ana-
log.

[0376] Inaccordance with one embodiment an insulin ana-
log is provided comprising A chain and a B chain and a CTP
peptide, wherein the CTP peptide is a peptide having at least
60, 70, 80, 85, 90, or 95% sequence identity with (SEQ ID
NO: 52). In one embodiment the CTP peptide is a peptide
comprising a 18 to 29 amino acid sequence that shares at least
80, 82, 84, 86, 88, 90, 92, 94, 96 or 98% sequence identity
with a 18 to 29 amino acid region of (SEQ ID NO: 52). In one
embodiment the CTP peptide comprises an analog of (SEQ
1D NO: 52), wherein said analog differs from (SEQ ID NO:
52)by 1, 1t0 2,3 to 4, 4 to 6 or up to 8 amino acid substitu-
tions. In one embodiment the amino acid substitution are at
one or more positions selected from 1-4, 7-15, 18, 20, 21, 24
and 27 of (SEQ ID NO: 52). In one embodiment the amino
acid substitution are at one or more positions selected from 1,
2, 3, 4, 10, 13, 15, and 21 of (SEQ ID NO: 52). In one
embodiment the amino acid substitution are at one or more
positions selected from 7, 8, 9, 12, 14, 18, 20, 24 and 27 of
(SEQ ID NO: 52). In one embodiment the CTP peptide com-
prises a 29 amino acids sequence that differs from SEQ ID
NO: 68 by 1 to 2 amino acid substitutions. In a further
embodiment the CTP peptide comprises a fragment of SEQ
ID NO: 52 wherein the fragment represents a 18 to 28 con-
tiguous amino acid sequence identical to an amino acid
sequence contained within SEQ ID NO: 52. In one embodi-
ment the CTP peptide consists of SEQ ID NO: 68, SEQ ID
NO: 52 or SEQ ID NO: 51.

[0377] In accordance with one embodiment the CTP pep-
tide comprises a peptide of the sequence
SSSSX,APPPSLPSPSRLPGPSDTPILPQX;, (SEQ 1D

NO: 68), wherein X5, and X, are independently arginine or
lysine, or a peptide that differs from
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SSSSX,APPPSLPSPSRLPGPSDTPILPQX, (SEQ ID
NO: 68) by one or two amino acid modifications. In one
embodiment the CTP peptide is a 29 amino acid sequence
comprising a sequence selected from the group consisting of
SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO:
51), SSSSKAPPPSLPSPSRLPGPSDTPILPQR (SEQ ID
NO: 52) and SSSSRAPPPSLPSPSRLPGPSDTPILPQ (SEQ
ID NO: 67). In one embodiment the CTP peptide comprises
the sequence (SSSSX,,APPPSLPSPSRLP-
GPSDTPILPQXS)),, (SEQ ID NO: 68), wherein n is an inte-
ger selected from the group consisting of 1, 2, 3 and 4, and in
a further embodiment n is 1 or 2. In a further embodiment a
first CTP peptide is linked to the N-terminus of the B chain
and a second CTP peptide is linked to the carboxy terminus of
the B chain, wherein the first and second CTP peptides com-
prise sequences independently selected from the group con-
sisting of SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 68
and SEQ ID NO: 67.

[0378] Non-Peptide Linkers

[0379] Inoneembodiment the linking moiety is a relatively
short bifunctional non-peptide polymer linker that approxi-
mates the length of an 8-16 amino acid sequence. In accor-
dance with one embodiment the non-peptide linking moiety
is a polyethylene glycol linker of approximately 4 to 20, 8 to
18,810 16,810 14, 10to 14, 10 to 12 or 11 to 13 monomers.
In one embodiment a single chain insulin agonist is provided
wherein the last five carboxy amino acids of the native B
chain are deleted, and amino acid B25 is directly linked to the
linking moiety by a covalent bond. The second end of the
linking moiety is covalently bound to amino acid Al of the A
chain thus linking the B and A chain via the linking moiety. In
one embodiment the linking moiety is a linear polyethylene
glycol linking moiety comprising at least 10 but no more than
16 monomer units and in another embodiment the polyethyl-
ene glycol linking moiety comprises at least 12 but no more
than 16 monomer units, and in a further embodiment the
polyethylene glycol linking moiety comprises at least 10 but
no more than 14 monomer units.

[0380] Inaccordance with one embodiment the polyethyl-
ene glycol linking moiety comprises the structure:

Nl

[0381] wherein m is an integer ranging from 6 to 18, 8t0 16,
10 to 14 or 11 to 13. In one embodiment m is an integer
selected from 10, 11,12, 13 or 14. In one embodiment m is 12.
[0382] Inone embodiment a single chain insulin agonist is
provided wherein the last five carboxy amino acids of the
native B chain are deleted, and amino acid B25 is linked to
amino acid Al of the A chain via a linking moiety comprising
polyethylene glycol of at least 8 but no more than 16 mono-
mer units and an amino acid sequence of one to four amino
acids. In accordance with one embodiment the linking moiety
comprises a 1-4 amino acid sequence and a linear polyethyl-
ene glycol of at least 8 but less than 14 monomer units in
length covalently bound to said 1-4 amino acid sequence,
with the proviso that the amino acid sequence is not YTPK
(SEQ ID NO: 70) or FNKP (SEQ ID NO: 71). In another
embodiment a single chain insulin agonist is provided
wherein the last five carboxy amino acids of the native B
chain are deleted, and amino acid B25 is linked to amino acid
Al of the A chain via a linking moiety comprising a polyeth-
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ylene glycol of at least 8 but less than 14 monomer units in
length and a 2-5 amino acid sequence. The 2-5 amino acid
sequence can be located between the B chain and the poly-
ethylene glycol chain or between the A chain and the poly-
ethylene glycol chain. However, when the 2-5 amino acid
sequence is located between the B chain and the polyethylene
glycol chain, the amino acid sequence is not YTPKT (SEQ ID
NO: 16) or FNKPT (SEQ ID NO: 76).

[0383] In one embodiment the linking moiety comprises
the general structure: W,-7,-Y,

[0384] wherein
[0385] W, andY, are independently a bond, X 4, X,6X,7,
XX arXagy XusXirXaeXae (SEQ ID NO: 24) or

X46X 47X 45X 40X 50 (SEQ ID NO: 13), with the proviso that
W, isnotYTPK (SEQID NO: 70) or FNKP (SEQID NO: 71)
and Z, represents a polyethylene glycol of the general struc-
ture

Nl

[0386] whereinm is an integer ranging from 6-14, and each
of X6, Xu7, Xy4s, X4 and X, are independently any amino
acid. In one embodiment X, X,,, X,5, X, and X5, are
independently any non-native amino acid relative to positions
B26-B30 of insulin or IGF-1. In one embodiment X, X,,
X, X4o and X, are independently selected from the group
consisting of glycine, alanine, valine, leucine, isoleucine,
serine, threonine and proline, and in a further embodiment
Xaes Xa7s Xugs Xao and X, are independently selected from
the group consisting of glycine, alanine, valine, leucine and
isoleucine. In one embodiment, W, is a bond and Y, is X,
X 46X 4708 X 46X 47X 45 (SEQIDNO: 15) wherein X 44, X4, and
X,g are each alanine and Z is a polyethylene glycol of 4-14
monomer units. In one embodiment, Y, is a bond and W, is
X XusXar of X 16X 47X 4 (SEQ ID NO: 15) wherein X,
X,;and X, are each alanine and Z is a polyethylene glycol of
4-14 monomer units.
[0387] In one embodiment a single chain insulin analog is
provided comprising an A chain and a C-terminally truncated
B chain, having amino acids B26-B30 (relative to the native
insulin sequence) removed, wherein said A chain and B chain
are human insulin sequences, or analogs or derivatives
thereof, further wherein the carboxy terminus of the B25
amino acid of the B chain is directly linked to a first end of a
linking moiety and a second end of the linking moiety is
directly linked to the amino terminus of the A1 amino acid of
the A chain. In one embodiment the truncated B chain com-
prises the sequence of SEQ ID NO: 20 wherein the B25 amino
acid is directly linked to the N terminus of the linking peptide.
In this embodiment the
linking moiety comprises either

[0388] a) a polyethylene glycol of 6-16 monomer units;

[0389] b) a non-native amino acid sequence of at least 8

amino acids and no more than 17 amino acid in length; or
[0390] c¢) a combination of said polyethylene glycol and
anon-native amino acid sequence of 1 to 4 amino acids;

[0391] Pegylation of Insulin Peptides
[0392] Applicants have discovered that covalent linkage of
a hydrophilic moiety to the insulin single chain analogs dis-
closed herein provide analogs having slower onset, extended
duration and exhibit a basal profile of activity. In one embodi-
ment, the insulin peptides disclosed herein are further modi-
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fied to comprise a hydrophilic moiety covalently linked to the
side chain of an amino acid at a position selected from the
group consisting of A9, A14 and A15 of the A chain or at the
N-terminal alpha amine of the B chain (e.g. at position B1 for
insulin based B chain or position B2 for IGF-1 based B chain)
or at the side chain of an amino acid at position B1, B2, B10,
B22, B28 or B29 of the B chain or at any position of the
linking moiety that links the A chain and B chain. In exem-
plary embodiments, this hydrophilic moiety is covalently
linked to a Lys, Cys, Orn, homocysteine, or acetyl-phenyla-
lanine residue at any of these positions. In one embodiment
the hydrophilic moiety is covalently linked to the side chain of
an amino acid of the linking moiety.

[0393] Exemplary hydrophilic moieties include polyethyl-
ene glycol (PEG), for example, of a molecular weight of
about 1,000 Daltons to about 40,000 Daltons, or about 20,000
Daltons to about 40,000 Daltons. Additional suitable hydro-
philic moieties include, polypropylene glycol, polyoxyethy-
lated polyols (e.g., POG), polyoxyethylated sorbitol, poly-
oxyethylated glucose, polyoxyethylated glycerol (POG),
polyoxyalkylenes, polyethylene glycol propionaldehyde,
copolymers of ethylene glycol/propylene  glycol,
monomethoxy-polyethylene glycol, mono-(C1-C10) alkoxy-
or aryloxy-polyethylene glycol, carboxymethylcellulose,
polyacetals, polyvinyl alcohol (PVA), polyvinyl pyrrolidone,
poly-1,3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic
anhydride copolymer, poly (beta-amino acids) (either
homopolymers or random copolymers), poly(n-vinyl pyrroli-
done)polyethylene glycol, propropylene glycol homopoly-
mers (PPG) and other polyakylene oxides, polypropylene
oxide/ethylene oxide copolymers, colonic acids or other
polysaccharide polymers, Ficoll or dextran and mixtures
thereof.

[0394] The hydrophilic moiety, e.g., polyethylene glycol
chain in accordance with some embodiments has a molecular
weight selected from the range of about 500 to about 40,000
Daltons. In one embodiment the hydrophilic moiety, e.g.
PEG, has a molecular weight selected from the range of about
500 to about 5,000 Daltons, or about 1,000 to about 5,000
Daltons. In another embodiment the hydrophilic moiety, e.g.,
PEG, has a molecular weight of about 10,000 to about 20,000
Daltons. In yet other exemplary embodiment the hydrophilic
moiety, e.g., PEG, has a molecular weight of about 20,000 to
about 40,000 Daltons. In one embodiment the hydrophilic
moiety, e.g. PEG, has a molecular weight of about 20,000
Daltons. In one embodiment an insulin peptide is provided
wherein one or more amino acids of the analog are pegylated,
and the combined molecular weight of the covalently linked
PEG chains is about 20,000 Daltons.

[0395] Inone embodiment dextrans are used as the hydro-
philic moiety. Dextrans are polysaccharide polymers of glu-
cose subunits, predominantly linked by c¢d-6 linkages. Dext-
ran is available in many molecular weight ranges, e.g., about
1 kD to about 100 kD, or from about 5, 10, 15 or 20 kD to
about 20, 30, 40, 50, 60, 70, 80 or 90 kD.

[0396] Linear or branched polymers are contemplated.
Resulting preparations of conjugates may be essentially
monodisperse or polydisperse, and may have about 0.5, 0.7,
1, 1.2, 1.5 or 2 polymer moieties per peptide.

[0397] Inoneembodiment the hydrophilic moiety is a poly-
ethylene glycol (PEG) chain, optionally linked to the side
chain of an amino acid at a position selected from the group
consisting of A9, A14 and A15 of the A chain, positions B1,
B2, B10, B22, B28 or B29 of the B chain, at the N-terminal
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alpha amine of the B chain, or at any position of the linking
moiety of a single chain insulin analog that links the A chain
and B chain, including for example at position C8. In one
embodiment the single chain insulin analog comprises a pep-
tide linking moiety of 8 to 12 amino acids, wherein one of the
amino acids of the linking moiety has a polyethylene chain
covalently bound to its side chain. In one embodiment the
single chain insulin analog comprises a peptide linking moi-
ety of 8 to 12 amino acids, wherein an amino acid of the
linking moiety is pegylated and one or more amino acid at a
position selected from the group consisting of A9, A14 and
A15 of'the A chain, positions B1, B2, B10, B22, B28 or B29
of'the B chain is also pegylated. In one embodiment the total
molecular weight of the covalently linked PEG chain(s) is
about 20,000 Daltons.

[0398] In one embodiment a single chain insulin analog
comprises a linking moiety of 8 to 12 amino acids, wherein
one of the amino acids of the linking moiety has a 20,000
Dalton polyethylene chain covalently bound to its side chain.
In another embodiment a insulin analog comprises a peptide
linking moiety of 8 to 12 amino acids, wherein one of the
amino acids of the linking moiety has a polyethylene chain
covalently bound to its side chain and a second PEG chain is
linked to the N-terminal alpha amine of the B chain (e.g. at
position B1 for insulin based B chain or position B2 for IGF-1
based B chain) or at the side chain of an amino acid at position
B1, B2 and B29 ofthe B chain. In one embodiment when two
PEG chains are linked to the insulin peptide, each PEG chain
has a molecular weight of about 10,000 Daltons. In one
embodiment when the PEG chain is linked to an 8 to 12 amino
acid linking moiety, the PEG chain is linked at position C7 or
C8 of the linking moiety and in one embodiment the PEG
chain is linked at position C8 of the linking moiety. In one
embodiment when two PEG chains are linked to the single
chain insulin analog, with one PEG chain linked at position
C8 and the second PEG is linked at A9, Al4, A15, B1, B2,
B10, B22, B28 or B29.

[0399] Hydrophilic moieties such as polyethylene glycol
can be attached to the glucagon related peptide-insulin con-
jugate under any suitable conditions used to react a protein
with an activated polymer molecule. Any means known in the
art can be used, including via acylation, reductive alkylation,
Michael addition, thiol alkylation or other chemoselective
conjugation/ligation methods through a reactive group on the
PEG moiety (e.g., an aldehyde, amino, ester, thiol, a-halo-
acetyl, maleimido or hydrazino group) to a reactive group on
the target compound (e.g., an aldehyde, amino, ester, thiol,
a-haloacetyl, maleimido or hydrazino group). Activating
groups which can be used to link the water soluble polymer to
one or more proteins include without limitation sulfone,
maleimide, sulthydryl, thiol, triflate, tresylate, azidirine,
oxirane and 5-pyridyl. If attached to the peptide by reductive
alkylation, the polymer selected should have a single reactive
aldehyde so that the degree of polymerization is controlled.
See, for example, Kinstler et al., Adv. Drug. Delivery Rev. 54:
477-485 (2002); Roberts et al., Adv. Drug Delivery Rev. 54:
459-476 (2002); and Zalipsky et al., Adv. Drug Delivery Rev.
16: 157-182 (1995).

Acylation

[0400] In some embodiments, the insulin analog is modi-
fied to comprise an acyl group. The acyl group can be
covalently linked directly to an amino acid of the glucagon
related peptide-insulin conjugate, or indirectly to an amino
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acid of the glucagon related peptide-insulin conjugate via a
spacer, wherein the spacer is positioned between the amino
acid of the glucagon related peptide-insulin conjugate and the
acyl group. The glucagon related peptide-insulin conjugate
may be acylated at the same amino acid position where a
hydrophilic moiety is linked, or at a different amino acid
position. For example, acylation may occur at any position
including any of amino acid of the A or B chains as well as a
position within the linking moiety, provided that the activity
exhibited by the non-acylated glucagon related peptide-insu-
lin conjugate is retained upon acylation. Nonlimiting
examples include acylation at positions A14 and A15 of the A
chain, positions position B1 for insulin based B chain or
position B2 for IGF-1 based B chain or positions B10, B22,
B28 or B29 of the B chain or at any position of the linking
moiety.

[0401] In one specific aspect of the invention, the insulin
analog is modified to comprise an acyl group by direct acy-
lation of an amine, hydroxyl, or thiol of a side chain of an
amino acid of the glucagon related peptide-insulin conjugate.
In some embodiments, the insulin analog is directly acylated
through the side chain amine, hydroxyl, or thiol of an amino
acid. In some embodiments, acylation is at position B28 or
B29 (according to the amino acid numbering of the native
insulin A and B chain sequences). In this regard, an insulin
analog can be provided that has been modified by one or more
amino acid substitutions in the A or B chain sequence, includ-
ing for example at positions A14,A15,B1,B2,B10,B22, B28
or B29 (according to the amino acid numbering of the native
insulin A and B chain sequences) or at any position of the
linking moiety with an amino acid comprising a side chain
amine, hydroxyl, or thiol. In some specific embodiments of
the invention, the direct acylation of the insulin peptide
occurs through the side chain amine, hydroxyl, or thiol of the
amino acid at position B28 or B29 (according to the amino
acid numbering of the native insulin A and B chain
sequences).

[0402] In accordance with one embodiment, the acylated
insulin analogs comprise a spacer between the peptide and the
acyl group. In some embodiments, the glucagon related pep-
tide-insulin conjugate is covalently bound to the spacer,
which is covalently bound to the acyl group. In some exem-
plary embodiments, the insulin peptide is modified to com-
prise an acyl group by acylation of an amine, hydroxyl, or
thiol of a spacer, which spacer is attached to a side chain of an
amino acid at position B28 or B29 (according to the amino
acid numbering of the A or B chain of native insulin), or at any
position of the spacer moiety. The amino acid of the glucagon
related peptide-insulin conjugate to which the spacer is
attached can be any amino acid comprising a moiety which
permits linkage to the spacer. For example, an amino acid
comprising a side chain —NH,, —OH, or —COOH (e.g.,
Lys, Orn, Ser, Asp, or Glu) is suitable.

[0403] In some embodiments, the spacer between the glu-
cagon related peptide-insulin conjugate and the acyl group is
an amino acid comprising a side chain amine, hydroxyl, or
thiol (or a dipeptide or tripeptide comprising an amino acid
comprising a side chain amine, hydroxyl, or thiol). In some
embodiments, the spacer comprises a hydrophilic bifunc-
tional spacer. In a specific embodiment, the spacer comprises
an amino poly(alkyloxy)carboxylate. In this regard, the
spacer can comprise, for example, NH,(CH,CH,0),(CH,)
,COOH, wherein m is any integer from 1 to 6 and n is any
integer from 2 to 12, such as, e.g., 8-amino-3,6-dioxaoctanoic
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acid, which is commercially available from Peptides Interna-
tional, Inc. (Louisville, Ky.). In one embodiment, the hydro-
philic bifunctional spacer comprises two or more reactive
groups, e.g., an amine, a hydroxyl, a thiol, and a carboxyl
group or any combinations thereof. In certain embodiments,
the hydrophilic bifunctional spacer comprises a hydroxyl
group and a carboxylate. In other embodiments, the hydro-
philic bifunctional spacer comprises an amine group and a
carboxylate. In other embodiments, the hydrophilic bifunc-
tional spacer comprises a thiol group and a carboxylate.

[0404] In some embodiments, the spacer between peptide
the glucagon related peptide-insulin conjugate and the acyl
group is a hydrophobic bifunctional spacer. Hydrophobic
bifunctional spacers are known in the art. See, e.g., Biocon-
jugate Techniques, G. T. Hermanson (Academic Press, San
Diego, Calif., 1996), which is incorporated by reference in its
entirety. In accordance with certain embodiments the bifunc-
tional spacer can be a synthetic or naturally occurring amino
acid comprising an amino acid backbone that is 3 to 10 atoms
in length (e.g., 6-amino hexanoic acid, S-aminovaleric acid,
7-aminoheptanoic acid, and 8-aminooctanoic acid). Alterna-
tively, the spacer can be a dipeptide or tripeptide spacer hav-
ing a peptide backbone that is 3 to 10 atoms (e.g., 6 to 10
atoms) in length. Each amino acid of the dipeptide or tripep-
tide spacer attached to the glucagon related peptide-insulin
conjugate can be independently selected from the group con-
sisting of: naturally-occurring and/or non-naturally occurring
amino acids, including, for example, any of the D or L iso-
mers of the naturally-occurring amino acids (Ala, Cys, Asp,
Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, Tyr), or any D or L isomers of the non-naturally
occurring amino acids selected from the group consisting of:
[-alanine (B-Ala), N-ci-methyl-alanine (Me-Ala), aminobu-
tyric acid (Abu), a-aminobutyric acid (y-Abu), aminohex-
anoic acid (c-Ahx), aminoisobutyric acid (Aib), aminometh-
ylpyrrole carboxylic acid, aminopiperidinecarboxylic acid,
aminoserine (Ams), aminotetrahydropyran-4-carboxylic
acid, arginine N-methoxy-N-methyl amide, [-aspartic acid
(p-Asp), azetidine carboxylic acid, 3-(2-benzothiazolyl)ala-
nine, o-tert-butylglycine, 2-amino-5-ureido-n-valeric acid
(citrulline, Cit), p-Cyclohexylalanine (Cha), acetamidom-
ethyl-cysteine, diaminobutanoic acid (Dab), diaminopropi-
onic acid (Dpr), dihydroxyphenylalanine (DOPA), dimeth-
ylthiazolidine (DMTA), y-Glutamic acid (y-Glu), homoserine
(Hse), hydroxyproline (Hyp), isoleucine N-methoxy-N-me-
thyl amide, methyl-isoleucine (Melle), isonipecotic acid
(Isn), methyl-leucine (MeLeu), methyl-lysine, dimethyl-
lysine, trimethyl-lysine, methanoproline, methionine-sulfox-
ide (Met(O)), methionine-sulfone (Met(O2)), norleucine
(Nle), methyl-norleucine (Me-Nle), norvaline (Nva), orni-
thine (Orn), para-aminobenzoic acid (PABA), penicillamine
(Pen), methylphenylalanine (MePhe), 4-Chlorophenylala-
nine (Phe(4-Cl)), 4-fluorophenylalanine (Phe(4-F)), 4-nitro-
phenylalanine (Phe(4-NO2)), 4-cyanophenylalanine ((Phe
(4-CN)),  phenylglycine  (Phg), piperidinylalanine,
piperidinylglycine, 3,4-dehydroproline, pyrrolidinylalanine,
sarcosine (Sar), selenocysteine (Sec), U-Benzyl-phospho-
serine, 4-amino-3-hydroxy-6-methylheptanoic acid (Sta),
4-amino-5-cyclohexyl-3-hydroxypentanoic acid (ACHPA),
4-amino-3-hydroxy-5-phenylpentanoic acid (AHPPA), 1,2,
3,4,-tetrahydro-isoquinoline-3-carboxylic acid (Tic), tet-
rahydropyranglycine, thienylalanine (Thi), U-Benzyl-phos-
photyrosine, O-Phosphotyrosine, methoxytyrosine,
ethoxytyrosine, O-(bis-dimethylamino-phosphono)-ty-
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rosine, tyrosine sulfate tetrabutylamine, methyl-valine (Me-
Val), 1-amino-1-cyclohexane carboxylic acid (Acx), ami-
novaleric acid, beta-cyclopropyl-alanine (Cpa),
propargylglycine (Prg), allylglycine (Alg), 2-amino-2-cyclo-
hexyl-propanoic acid (2-Cha), tertbutylglycine (Tbg),
vinylglycine (Vg), 1-amino-1-cyclopropane carboxylic acid
(Acp), 1l-amino-1l-cyclopentane carboxylic acid (Acpe),
alkylated 3-mercaptopropionic acid, 1-amino-1-cyclobutane
carboxylic acid (Acb). In some embodiments the dipeptide
spacer is selected from the group consisting of: Ala-Ala,
[p-Ala-f-Ala, Leu-Leu, Pro-Pro, y-aminobutyric acid-y-ami-
nobutyric acid, and y-Glu-y-Glu.

[0405] The peptide the glucagon related peptide-insulin
conjugate can be modified to comprise an acyl group by
acylation of a long chain alkane of any size and can comprise
any length of carbon chain. The long chain alkane can be
linear or branched. In certain aspects, the long chain alkane is
a C,to C;, alkane. For example, the long chain alkane can be
any of a C, alkane, C, alkane, Cq alkane, C,, alkane, C,,
alkane, C,, alkane, C, 4 alkane, C,; alkane, C,, alkane, C,,
alkane, C,, alkane, C,; alkane, C,g alkane, or a C,, alkane. In
some embodiments, the long chain alkane comprises a Cq to
C,, alkane, e.g., a C, , alkane, C, ; alkane, or a C 4 alkane.
[0406] Insome embodiments, an amine, hydroxyl, or thiol
group of the glucagon related peptide-insulin conjugate is
acylated with a cholesterol acid. In a specific embodiment, the
peptide is linked to the cholesterol acid through an alkylated
des-amino Cys spacer, i.e., an alkylated 3-mercaptopropionic
acid spacer. Suitable methods of peptide acylation via
amines, hydroxyls, and thiols are known in the art. See, for
example, Miller, Biochem Biophys Res Commun 218: 377-
382 (1996); Shimohigashi and Stammer, Int J Pept Protein
Res 19: 54-62 (1982); and Previero et al., Biochim Biophys
Acta 263: 7-13 (1972) (for methods of acylating through a
hydroxyl); and San and Silvius, J Pept Res 66: 169-180
(2005) (for methods of acylating through a thiol); Bioconju-
gate Chem. “Chemical Modifications of Proteins: History
and Applications” pages 1, 2-12 (1990); Hashimoto et al.,
Pharmaceutical Res. “Synthesis of Palmitoyl Derivatives of
Insulin and their Biological Activity” Vol. 6, No: 2 pp. 171-
176 (1989).

[0407] The acyl group of the acylated peptide the glucagon
related peptide-insulin conjugate can be of any size, e.g., any
length carbon chain, and can be linear or branched. In some
specific embodiments of the invention, the acyl groupisa C,
to C,,, fatty acid. For example, the acyl group can be any of a
C, fatty acid, Cg fatty acid, Cy fatty acid, C, , fatty acid, C,,
fatty acid, C,, fatty acid, C ¢ fatty acid, C,; fatty acid, C,,
fatty acid, C,, fatty acid, C,, fatty acid, C, fatty acid, C,,
fatty acid, or a C,, fatty acid. In some embodiments, the acyl
group is a Cq to C,,, fatty acid, e.g., a C,, fatty acidora C
fatty acid.

[0408] In an alternative embodiment, the acyl group is a
bile acid. The bile acid can be any suitable bile acid, includ-
ing, but not limited to, cholic acid, chenodeoxycholic acid,
deoxycholic acid, lithocholic acid, taurocholic acid, glyco-
cholic acid, and cholesterol acid.

Alkylation

[0409] In some embodiments, the glucagon related pep-
tide-insulin conjugate is modified to comprise an alkyl group.
The alkyl group can be covalently linked directly to an amino
acid of the insulin analog, or indirectly to an amino acid of the
glucagon related peptide-insulin conjugate via a spacer,
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wherein the spacer is positioned between the amino acid of
the glucagon related peptide-insulin conjugate and the alkyl
group. The alkyl group can be attached to the glucagon related
peptide-insulin conjugate via an ether, thioether, or amino
linkage. For example, the glucagon related peptide-insulin
conjugate may be alkylated at the same amino acid position
where a hydrophilic moiety is linked, or at a different amino
acid position. Alkylation can be carried out at any position
within the glucagon related peptide-insulin conjugate,
including for example in the C-terminal region ofthe B chain
or at a position in the linking moiety, provided that insulin
activity is retained. In a specific aspect of the invention, the
glucagon related peptide-insulin conjugate is modified to
comprise an alkyl group by direct alkylation of an amine,
hydroxyl, or thiol of a side chain of an amino acid of the
glucagon related peptide-insulin conjugate. In some embodi-
ments, the glucagon related peptide-insulin conjugate is
directly alkylated through the side chain amine, hydroxyl, or
thiol of an amino acid. In some specific embodiments of the
invention, the direct alkylation of the glucagon related pep-
tide-insulin conjugate occurs through the side chain amine,
hydroxyl, or thiol of the amino acid at position A14, A15, B1
(for insulin based B chains), B2 (for IGF-1 based B chains),
B10, B22, B28 or B29 (according to the amino acid number-
ing of the A and B chain of native insulin).

[0410] Insomeembodiments of the invention, the glucagon
related peptide-insulin conjugate comprises a spacer between
the peptide and the alkyl group. In some embodiments, the
glucagon related peptide-insulin conjugate is covalently
bound to the spacer, which is covalently bound to the alkyl
group. In some exemplary embodiments, the glucagon
related peptide-insulin conjugate is modified to comprise an
alkyl group by alkylation of an amine, hydroxyl, or thiol of a
spacer, wherein the spacer is attached to a side chain of an
amino acid at position Al4, A15, B1 (for insulin based B
chains), B2 (for IGF-1 based B chains), B10, B22, B28 or B29
(according to the amino acid numbering of the A and B chains
of native insulin). The amino acid of the glucagon related
peptide-insulin conjugate to which the spacer is attached can
be any amino acid (e.g., a singly a-substituted amino acid or
an a,a-disubstituted amino acid) comprising a moiety which
permits linkage to the spacer. An amino acid of the glucagon
related peptide-insulin conjugate comprising a side chain
—NH,, —OH, or —COOH (e.g., Lys, Orn, Ser, Asp, or Glu)
is suitable. In some embodiments, the spacer between the
peptide the glucagon related peptide-insulin conjugate and
the alkyl group is an amino acid comprising a side chain
amine, hydroxyl, or thiol or a dipeptide or tripeptide compris-
ing an amino acid comprising a side chain amine, hydroxyl, or
thiol.

[0411] Intheinstancein which the alpha amine is alkylated,
the spacer amino acid can be any amino acid. For example, the
spacer amino acid can be a hydrophobic amino acid, e.g., Gly,
Ala, Val, Leu, lle, Trp, Met, Phe, Tyr. Alternatively, the spacer
amino acid can be an acidic residue, e.g., Asp and Glu. In
exemplary embodiments, the spacer amino acid can be a
hydrophobic amino acid, e.g., Gly, Ala, Val, Leu, lle, Trp,
Met, Phe, Tyr, 6-amino hexanoic acid, S-aminovaleric acid,
7-aminoheptanoic acid, 8-aminooctanoic acid. Alternatively,
the spacer amino acid can be an acidic residue, e.g., Asp and
Glu, provided that the alkylation occurs on the alpha amine of
the acidic residue. In the instance in which the side chain
amine of the spacer amino acid is alkylated, the spacer amino
acid is an amino acid comprising a side chain amine, e.g., an
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amino acid of Formula I (e.g., Lys or Orn). In this instance, it
is possible for both the alpha amine and the side chain amine
of'the spacer amino acid to be alkylated, such that the peptide
is dialkylated. Embodiments of the invention include such
dialkylated molecules.

[0412] In some embodiments, the spacer comprises a
hydrophilic bifunctional spacer. In a specific embodiment,
the spacer comprises an amino poly(alkyloxy)carboxylate. In
this regard, the spacer can comprise, for example, NH,
(CH,CH,0),,(CH,),,COOH, wherein m is any integer from 1
to 6 and n is any integer from 2 to 12, such as, e.g., 8-amino-
3,6-dioxaoctanoic acid, which is commercially available
from Peptides International, Inc. (Louisville, Ky.). In some
embodiments, the spacer between peptide the glucagon
related peptide-insulin conjugate and the alkyl group is a
hydrophilic bifunctional spacer. In certain embodiments, the
hydrophilic bifunctional spacer comprises two or more reac-
tive groups, e.g., an amine, a hydroxyl, a thiol, and a carboxyl
group or any combinations thereof. In certain embodiments,
the hydrophilic bifunctional spacer comprises a hydroxyl
group and a carboxylate. In other embodiments, the hydro-
philic bifunctional spacer comprises an amine group and a
carboxylate. In other embodiments, the hydrophilic bifunc-
tional spacer comprises a thiol group and a carboxylate.
[0413] The spacer (e.g., amino acid, dipeptide, tripeptide,
hydrophilic bifunctional spacer, or hydrophobic bifunctional
spacer)is 3 to 10 atoms (e.g., 6 to 10 atoms, (e.g., 6,7, 8,9, or
10 atoms)) in length. In more specific embodiments, the
spaceris about3to 10 atoms (e.g., 6to 10 atoms) in length and
the alkylisaC,, to C, ¢ alkyl group, e.g., C, , alkyl group, C, ¢
alkyl group, such that the total length of the spacer and alkyl
group is 14 to 28 atoms, e.g., about 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24,25, 26,27, or 28 atoms. In some embodiments
the length of'the spacer and alkyl is 17 to 28 (e.g., 19 t0 26, 19
to 21) atoms.

[0414] In accordance with one embodiment the bifunc-
tional spacer is a synthetic or non-naturally occurring amino
acid comprising an amino acid backbone that is 3 to 10 atoms
in length (e.g., 6-amino hexanoic acid, S-aminovaleric acid,
7-aminoheptanoic acid, and 8-aminooctanoic acid). Alterna-
tively, the spacer can be a dipeptide or tripeptide spacer hav-
ing a peptide backbone that is 3 to 10 atoms (e.g., 6 to 10
atoms) in length. The dipeptide or tripeptide spacer attached
to the glucagon related peptide-insulin conjugate can be com-
posed of naturally-occurring and/or non-naturally occurring
amino acids, including, for example, any of the amino acids
taught herein. In some embodiments the spacer comprises an
overall negative charge, e.g., comprises one or two negatively
charged amino acids. In some embodiments the dipeptide
spacer is selected from the group consisting of: Ala-Ala,
[p-Ala-f-Ala, Leu-Leu, Pro-Pro, y-aminobutyric acid-y-ami-
nobutyric acid, and y-Glu-y-Glu. In one embodiment the
dipeptide spacer is y-Glu-y-Glu.

[0415] Suitable methods of peptide alkylation via amines,
hydroxyls, and thiols are known in the art. For example, a
Williamson ether synthesis can be used to form an ether
linkage between the insulin peptide and the alkyl group. Also,
a nucleophilic substitution reaction of the peptide with an
alkyl halide can result in any of an ether, thioether, or amino
linkage. The alkyl group of the alkylated peptide the glucagon
related peptide-insulin conjugate can be of any size, e.g., any
length carbon chain, and can be linear or branched. In some
embodiments of the invention, the alkyl group is a C, to C;
alkyl. For example, the alkyl group can be any of'a C, alkyl,
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Cs alkyl, Cq alkyl, C,, alkyl, C,, alkyl, C,, alkyl, C, ¢ alkyl,
C,galkyl, C,qalkyl, C,, alkyl, C,, alkyl, C,¢ alkyl, C,4 alkyl,
or a C;, alkyl. In some embodiments, the alkyl group is a Cg
to C,, alkyl, e.g., a C,, alkyl or a C, alkyl.

[0416] Insome specificembodiments, the alkyl group com-
prises a steroid moiety of a bile acid, e.g., cholic acid, cheno-
deoxycholic acid, deoxycholic acid, lithocholic acid, tauro-
cholic acid, glycocholic acid, and cholesterol acid.

[0417] When along chain alkane is alkylated by the gluca-
gon related peptide-insulin conjugate or the spacer, the long
chain alkane may be of any size and can comprise any length
of carbon chain. The long chain alkane can be linear or
branched. In certain aspects, the long chain alkane is a C, to
C,, alkane. For example, the long chain alkane can be any of
aC, alkane, C4 alkane, Cg alkane, C, , alkane, C, , alkane, C ,
alkane, C, ; alkane, C,, alkane, C,, alkane, C,, alkane, C,,
alkane, C,, alkane, C,4 alkane, or a C;, alkane. In some
embodiments the long chain alkane comprises a Cq4 to C,,
alkane, e.g., a C,, alkane, C,; alkane, or a C, 5 alkane.
[0418] Also, in some embodiments alkylation can occur
between the insulin analog and a cholesterol moiety. For
example, the hydroxyl group of cholesterol can displace a
leaving group on the long chain alkane to form a cholesterol-
insulin peptide product.

Controlled Release Formulations

[0419] Alternatively, the insulin/incretin conjugates
described herein can be modified into a depot form, such that
the manner in which the conjugate of the present disclosure is
released into the body to which it is administered is controlled
with respect to time and location within the body (see, for
example, U.S. Pat. No. 4,450,150). Depot forms of the con-
jugates of the present disclosures can be, for example, an
implantable composition comprising the conjugate of the
present disclosure and a porous or non-porous material, such
as a polymer, wherein the conjugate of the present disclosures
is encapsulated by or diffused throughout the material and/or
degradation of the non-porous material. The depot is then
implanted into the desired location within the body and the
conjugate of the present disclosures are released from the
implant at a predetermined rate.

[0420] Alternatively, a large depot polymer can be linked to
a self cleaving dipeptide element that is covalently bound to
the conjugate as described herein. In this embodiment, the
depot polymer effectively sequesters the glucagon related
peptide-insulin conjugate at its site of administration until it is
subsequently cleaved from the single chain analog via a non-
enzymatic reaction at a predetermined rate. Depot formula-
tions of insulin analogs using a self cleaving dipeptide have
been described in published international application no. WO
2010/080607, the disclosure of which is incorporated herein.
In one embodiment a glucagon related peptide-insulin con-
jugate is provided comprising a dipeptide prodrug element
wherein the dipeptide prodrug element is linked to a large
polymer such as PEG or dextran. In one embodiment a self
cleaving dipeptide element comprising a large depot polymer
(including for example, PEG) is linked to the side chain of an
amino acid of the linking moiety, including for example, the
amino acid at position C8 of the linking moiety.

[0421] Pharmaceutical compositions can be prepared that
comprise the single chain analogs and are formulated to have
a desired in vivo release profile. In some aspects, the phar-
maceutical composition is an immediate release, controlled
release, sustained release, extended release, delayed release,
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or bi-phasic release formulation. Methods of formulating
peptides or conjugates for controlled release are known in the
art. See, for example, J Pharm 374: 46-52 (2009) and Inter-
national Patent Application Publication Nos. WO 2008/
130158, W02004/033036; W0O2000/032218; and WO 1999/
040942. The instant compositions may further comprise, for
example, micelles or liposomes, or some other encapsulated
form, or may be administered in an extended release form to
provide a prolonged storage and/or delivery effect. The dis-
closed pharmaceutical formulations may be administered
according to any regime including, for example, daily (1 time
per day, 2 times per day, 3 times per day, 4 times per day, 5
times per day, 6 times per day), every two days, every three
days, every four days, every five days, every six days, weekly,
bi-weekly, every three weeks, monthly, or bi-monthly.

[0422] Inaccordance with one embodiment the depot poly-
mer is selected from biocompatible polymers known to those
skilled in the art. The depot polymers typically have a size
selected from a range of about 20,000 to 120,000 Daltons. In
one embodiment the depot polymer has a size selected from a
range of about 40,000 to 100,000 or about 40,000 to 80,000
Daltons. In one embodiment the depot polymer has a size of
about 40,000, 50,000, 60,000, 70,000 or 80,000 Daltons.
Suitable depot polymers include but are not limited to dex-
trans, polylactides, polyglycolides, caprolactone-based poly-
mers, poly(caprolactone), polyanhydrides, polyamines, poly-
esteramides, polyorthoesters, polydioxanones, polyacetals,
polyketals, polycarbonates, polyphosphoesters, polyesters,
polybutylene terephthalate, polyorthocarbonates, polyphos-
phazenes, succinates, poly(malic acid), poly(amino acids),
polyvinylpyrrolidone, polyethylene glycol, polyhydroxycel-
Iulose, polysaccharides, chitin, chitosan, hyaluronic acid, and
copolymers, terpolymers and mixtures thereof, and biode-
gradable polymers and their copolymers including caprolac-
tone-based polymers, polycaprolactones and copolymers
which include polybutylene terephthalate. In one embodi-
ment the depot polymer is selected from the group consisting
of'polyethylene glycol, dextran, polylactic acid, polyglycolic
acid and a copolymer of lactic acid and glycolic acid, and in
one specific embodiment the depot polymer is polyethylene
glycol. In one embodiment the depot polymer is polyethylene
glycol and the combined molecular weight of depot polymer
(s) linked to the dipeptide element is about 40,000 to 80,000
Daltons.

[0423] Inaccordance with one embodiment a self cleaving
dipeptide element is provided, comprising the structure U-J,
wherein U is an amino acid or a hydroxyl acid and J is an
N-alkylated amino acid. In one embodiment one or more
dipeptide elements are linked to the glucagon related peptide-
insulin conjugate through an amide bond formed through one
or more amino groups selected from the N-terminal amino
group of the B chain of the insulin component, the N-terminus
of the glucagon related peptide component, or the side chain
amino group of an amino acid present in the conjugate. In
accordance with one embodiment one or more dipeptide ele-
ments are linked to the glucagon related peptide-insulin con-
jugate at an amino group selected from the N-terminal amino
group of the conjugate, or the side chain amino group of an
aromatic amine of a 4-amino-phenylalanine residue present
at a position corresponding to position A19, B16 or B25 of
native insulin, or a side chain of an amino acid of the linking
moiety of a single chain insulin analog, or the N-terminus of
the glucagon related peptide or insulin peptide components of
the conjugate.
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[0424] In one embodiment the dipeptide prodrug element
comprises the general structure of Formula X:

X
R; R, Il{s O
N
RS
o) Ry Rg
[0425] wherein
[0426] R,,R,, R, and R, are independently selected from

the group consisting of H, C,-C, 5 alkyl, C,-C, ¢ alkenyl, (C, -
C,,alkyl)OH, (C,-C, ¢ alkyD)SH, (C,-C; alkyl)SCHj, (C,-C,
alky)CONH,, (C,-C, alkyl)COOH, (C,-C, alky)NH,, (C,-
C, alky)NHC(NH, *)NH,, (C,-C, alkyl)(C;-C, cycloalkyl),
(Cy-C, alkyl)(C,-Cs heterocyclic), (Cy-C, alkyl)(Cy-Ci o
aryDR,, (C,-C, alkyl)(C;-C, heteroaryl), and C,-C,, alkyl
(W)C,-C,, alkyl, wherein W is a heteroatom selected from
the group consisting of N, S and O, or R, and R, together with
the atoms to which they are attached form a C;-C |, cycloalkyl
oraryl; or R, and R together with the atoms to which they are
attached form a C;-C, cycloalkyl;

[0427] R, is selected from the group consisting of C,-C
alkyl, (C,-C, alkyl)OH, (C,-C, 4 alky])NH,, (C,-C, alkyl)
SH, (Cy-C, alky)(C;-Cg)cycloalkyl, (C,-C, alkyl)(C,-Cs
heterocyclic), (C,-C, alkyl)(C4-C,, aryDR,, and (C,-C,
alky1)(C;-C, heteroaryl) or R, and R ; together with the atoms
to which they are attached form a 4, 5 or 6 member hetero-
cyclic ring;

[0428] R, is NHR,or OH;

[0429] Ris H, C,-Cq alkyl or Ry and R, together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[0430] R, is selected from the group consisting of H and
OH. In one embodiment when the prodrug element is linked
to the N-terminal amine of the glucagon related peptide-
insulin conjugate and R, and R; together with the atoms to
which they are attached form a 4, 5 or 6 member heterocyclic
ring, then at least one of R, and R, are other than H.

Glucagon Related Peptides

[0431] Applicants have discovered analogs of glucagon
that have altered activities at the glucagon, GLP1 and GIP
receptors. Any of these analogs can be used as the glucagon
related peptide in the conjugates described herein. More par-
ticularly the glucagon related peptide can be any of the class
1, class 2 or class 3 glucagon peptides described herein.

[0432] Class 1 Glucagon Related Peptides

[0433] In certain embodiments, the glucagon related pep-
tide is a Class 1 glucagon related peptide, which is described
herein and in International Patent Application No. PCT
US2009/47437 (filed on Jun. 16, 2009) and International
Patent Application Publication No. WO 2008/086086, pub-
lished on Jul. 17, 2008, the contents of which are incorporated
by reference in their entirety.

[0434] The biological sequences referenced in the follow-
ing section (SEQ ID NOs: 801-915) relating to Class 1 glu-
cagon related peptides correspond to SEQ ID NOs: 1-115 in
International Patent Application No. PCT US2009/47437.
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Activity

[0435] Class 1 glucagon related peptides retain glucagon
receptor activity relative to the native glucagon peptide (SEQ
ID NO: 801). For example, the glucagon related peptide can
retain at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%
activity, 80% activity, 85% activity, or 90% of the activity of
native glucagon (calculated as the inverse ratio of EC50s for
the glucagon related peptide vs. glucagon, e.g., as measured
by cAMP production using the assay generally described in
Example 7). In some embodiments, the Class 1 glucagon
related peptides have the same or greater activity (used syn-
onymously with the term “potency” herein) than glucagon. In
some embodiments, the glucagon related peptides described
herein exhibit no more than about 100%, 1000%, 10,000%,
100,000%, or 1,000,000% of the activity of native glucagon
peptide.

Improved Solubility

[0436] Native glucagon exhibits poor solubility in aqueous
solution, particularly at physiological pH, with a tendency to
aggregate and precipitate over time. In contrast, the Class 1
glucagon related peptides in some embodiments exhibit at
least 2-fold, 5-fold, or even higher solubility compared to
native glucagon at a pH between 6 and 8, or between 6 and 9,
for example, at pH 7 after 24 hours at 25° C.

[0437] Accordingly, in some embodiments, a Class 1 glu-
cagon related peptide has been modified relative to the wild
type peptide of His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Ser-Arg- Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Met-Asn-Thr (SEQ ID NO: 801) to improve the
peptide’s solubility in aqueous solutions, particularly at a pH
ranging from about 5.5 to about 8.0, while retaining the native
peptide’s biological activity.

[0438] For example, the solubility of any of the Class 1
glucagon related peptides described herein can be further
improved by attaching a hydrophilic moiety to the peptide.
Introduction of such groups also increases duration of action,
e.g. as measured by a prolonged half-life in circulation.
Hydrophilic moieties are further described herein.
Modification with Charged Residues

[0439] In some embodiments, solubility is improved by
adding charge to the Class 1 glucagon related peptide by the
substitution of native non-charged amino acids with charged
amino acids selected from the group consisting of lysine,
arginine, histidine, aspartic acid and glutamic acid, or by the
addition of charged amino acids to the amino or carboxy
terminus of the peptide.

[0440] In accordance with some embodiments, the Class 1
glucagon related peptide has improved solubility due to the
fact that the peptide is modified by amino acid substitutions
and/or additions that introduce a charged amino acid into the
C-terminal portion of the peptide, and in some embodiments
at a position C-terminal to position 27 of SEQ ID NO: 801.
Optionally, one, two or three charged amino acids may be
introduced within the C-terminal portion, and in some
embodiments C-terminal to position 27. In accordance with
some embodiments, the native amino acid(s) at positions 28
and/or 29 are substituted with a charged amino acid, and/or
one to three charged amino acids are added to the C-terminus
of the peptide, e.g. after position 27, 28 or 29. In exemplary
embodiments, one, two, three or all of the charged amino
acids are negatively charged. In other embodiments, one, two,
three or all of the charged amino acids are positively charged.
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[0441] Inspecific exemplary embodiments, the Class 1 glu-
cagon related peptide may comprise any one or two of the
following modifications: substitution of N28 with E; substi-
tution of N28 with D; substitution of T29 with D; substitution
of T29 with E; insertion of E after position 27, 28 or 29;
insertion of D after position 27, 28 or 29. For example,
D28E29, E28E29, E29E30, E28E30, D28E30.

[0442] Inaccordance with one exemplary embodiment, the
Class 1 glucagon related peptide comprises an amino acid
sequence of SEQ ID NO: 811, or an analog thereof that
contains 1 to 3 further amino acid modifications (described
herein in reference to glucagon agonists) relative to native
glucagon, or a glucagon agonist analog thereof. SEQ ID NO:
811 represents a modified Class 1 glucagon related peptide,
wherein the asparagine residue at position 28 of the native
protein has been substituted with an aspartic acid. In another
exemplary embodiment the Class 1 glucagon related peptide
comprises an amino acid sequence of SEQ ID NO: 838,
wherein the asparagine residue at position 28 of the native
protein has been substituted with glutamic acid. Other exem-
plary embodiments include Class 1 glucagon related peptides
of SEQ ID NOS: 824, 825, 826, 833, 835, 836 and 837.

Improved Stability

[0443] Any of the Class 1 glucagon related peptides may
additionally exhibit improved stability and/or reduced degra-
dation, for example, retaining at least 95% of the original
peptide after 24 hours at 25° C. The Class 1 glucagon related
peptides may include additional modifications that alter its
pharmaceutical properties, e.g. increased potency, prolonged
half-life in circulation, increased shelf-life, reduced precipi-
tation or aggregation, and/or reduced degradation, e.g.,
reduced occurrence of cleavage or chemical modification
after storage.

[0444] In yet further exemplary embodiments, any of the
foregoing Class 1 glucagon related peptides can be further
modified to improve stability by modifying the amino acid at
position 15 of SEQ ID NO: 801 to reduce degradation of the
peptide over time, especially in acidic or alkaline buffers. In
exemplary embodiments, Asp at position 15 is substituted
with a Glu, homo-Glu, cysteic acid, or homo-cysteic acid.

[0445] Alternatively, any of the Class 1 glucagon related
peptides described herein can be further modified to improve
stability by modifying the amino acid at position 16 of SEQ
ID NO: 801. In exemplary embodiments, Ser at position 16 is
substituted with Thr or AIB, or any of the amino acids sub-
stitutions described herein with regard to Class 1 glucagon
related peptides which enhance potency at the glucagon
receptor. Such modifications reduce cleavage of the peptide
bond between Asp15-Serl6.

[0446] Insome embodiments, any of the Class 1 glucagon
related peptides described herein can be further modified to
reduce degradation at various amino acid positions by modi-
fying any one, two, three, or all four of positions 20, 21, 24, or
27. Exemplary embodiments include substitution of Gln at
position 20 with Ser, Thr, Ala or AIB, substitution of Asp at
position 21 with Glu, substitution of Gln at position 24 with
AlaorAlB, substitution of Met at position 27 with Leu or Nle.
Removal or substitution of methionine reduces degradation
due to oxidation of the methionine. Removal or substitution
of Gln or Asn reduces degradation due to deamidation of Gln
or Asn. Removal or substitution of Asp reduces degradation
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that occurs through dehydration of Asp to form a cyclic suc-
cinimide intermediate followed by isomerization to iso-as-
partate.

Enhanced Potency

[0447] In accordance with another embodiment, Class 1
glucagon related peptides are provided that have enhanced
potency at the glucagon receptor, wherein the peptides com-
prise an amino acid modification at position 16 of native
glucagon (SEQ ID NO: 801). By way of nonlimiting
example, such enhanced potency can be provided by substi-
tuting the naturally occurring serine at position 16 with
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 homocys-
teic acid, or a charged amino acid having a side chain con-
taining at least one heteroatom, (e.g. N, O, S, P) and with a
side chain length of about 4 (or 3-5) atoms. Substitution of
serine at position 16 with glutamic acid enhances glucagon
activity at least 2-fold, 4-fold, 5-fold and up to 10-fold greater
at the glucagon receptor. In some embodiments, the Class 1
glucagon related peptide retains selectivity for the glucagon
receptor relative to the GLP-1 receptors, e.g., at least 5-fold,
10-fold, or 15-fold selectivity.

DPP-1V Resistance

[0448] Insome embodiments, the Class 1 glucagon related
peptides disclosed herein are further modified at position 1 or
2 to reduce susceptibility to cleavage by dipeptidyl peptidase
IV. More particularly, in some embodiments, position 1 and/
or position 2 of the Class 1 glucagon related peptide is sub-
stituted with the DPP-IV resistant amino acid(s) described
herein. In some embodiments, position 2 of the analog pep-
tide is substituted with an amino isobutyric acid. In some
embodiments, position 2 of the analog peptide is substituted
with an amino acid selected from the group consisting of
D-serine, D-alanine, glycine, N-methyl serine, and e-amino
butyric acid. In another embodiment, position 2 of the Class
1 glucagon related peptide is substituted with an amino acid
selected from the group consisting of D-serine, glycine, and
aminoisobutyric acid. In some embodiments, the amino acid
at position 2 is not D-serine.

Reduction in glucagon activity upon modification of the
amino acids at position 1 and/or position 2 of the glucagon
related peptide can be restored by stabilization of the alpha-
helix structure in the C-terminal portion of the glucagon
related peptide (around amino acids 12-29). The alpha helix
structure can be stabilized by, e.g., formation of a covalent or
non-covalent intramolecular bridge (e.g., a lactam bridge
between side chains of amino acids at positions “i”” and “i+4”,
wherein i is an integer from 12 to 25), substitution and/or
insertion of amino acids around positions 12-29 with an alpha
helix-stabilizing amino acid (e.g., an a,c-disubstituted amino
acid), as further described herein.

Modifications at Position 3

[0449] Glucagon receptor activity can be reduced by an
amino acid modification at position 3 (according to the amino
acid numbering of wild type glucagon), e.g. substitution of
the naturally occurring glutamine at position 3, with an
acidic, basic, or a hydrophobic amino acid. For example
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substitution at position 3 with glutamic acid, ornithine, or
norleucine substantially reduces or destroys glucagon recep-
tor activity.

[0450] Maintained or enhanced activity at the glucagon
receptor may be achieved by modifying the Gln at position 3
with a glutamine analog as described herein. For example,
glucagon agonists can comprise the amino acid sequence of
SEQ ID NO: 863, SEQ ID NO: 869, SEQ ID NO: 870, SEQ
IDNO: 871, SEQ ID NO: 872, SEQ ID NO: 873 and SEQ ID
NO: 874.

Enhancing GLP-1 Activity with C-Terminal Amides and
Esters

[0451] Enhanced activity at the GLP-1 receptor is provided
by replacing the carboxylic acid of the C-terminal amino acid
with a charge-neutral group, such as an amide or ester. Con-
versely, retaining the native carboxylic acid at the C-terminus
of the peptide maintains the relatively greater selectivity of
the Class 1 glucagon related peptide for the glucagon receptor
vs. the GLP-1 receptor (e.g., greater than about 5, 6, 7, 8, 9,
10,11,12,13, 14, 15, 16, 17, 18, 19, or 20-fold).

Further Modifications and Combinations

[0452] Additional modifications may be made to the Class
1 glucagon related peptide which may further increase solu-
bility and/or stability and/or glucagon activity. The Class 1
glucagon related peptide may alternatively comprise other
modifications that do not substantially affect solubility or
stability, and that do not substantially decrease glucagon
activity. In exemplary embodiments, the Class 1 glucagon
related peptide may comprise a total of up to 11, or up to 12,
orupto 13, orupto 14 amino acid modifications relative to the
native glucagon sequence. For example, conservative or non-
conservative substitutions, additions or deletions may be car-
ried out at any of positions 2, 5, 7, 10, 11, 12, 13, 14, 17, 18,
19, 20, 21, 24, 27, 28 or 29.

Exemplary modifications of the Class 1 glucagon related
peptide include but are not limited to:

[0453] (a) non-conservative substitutions, conservative
substitutions, additions or deletions while retaining at least
partial glucagon agonist 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;

[0454] (b)deletion of amino acids at positions 29 and/or 28,
and optionally position 27, while retaining at least partial
glucagon agonist activity;

[0455] (c) modification of the aspartic acid at position 15,
for example, by substitution with glutamic acid, homo-
glutamic 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
Aspl5-Serl6 bond;

[0456] (d) addition of a hydrophilic moiety such as the
water soluble polymer polyethylene glycol, as described
herein, e.g. at position 16, 17, 20, 21, 24, 29, 40 or at the
C-terminal amino acid, which may increase solubility and/or
half-life;
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[0457] (e) modification of the methionine at position 27, for
example, by substitution with leucine or norleucine, to reduce
oxidative degradation;

[0458] (f) modification of the Gln at position 20 or 24, e.g.
by substitution with Ser, Thr, Ala or AIB, to reduce degrada-
tion that occurs through deamidation of Gln

[0459] (g) modification of Asp at position 21, e.g. by sub-
stitution with Glu, to reduce degradation that occurs through
dehydration of Asp to form a cyclic succinimide intermediate
followed by isomerization to iso-aspartate;

[0460] (h) modifications at position 1 or 2 as described
herein that improve resistance to DPP-IV cleavage, option-
ally in combination with an intramolecular bridge such as a
lactam bridge between positions “i” and “i+4”, wherein i is an
integer from 12 to 25, e.g., 12, 16, 20, 24;

[0461] (i) acylating or alkylating the glucagon related pep-
tide as described herein, which may increase the activity at the
glucagon receptor and/or the GLP-1 receptor, increase half-
life in circulation and/or extending the duration of action
and/or delaying the onset of action, optionally combined with
addition of a hydrophilic moiety, additionally or alternatively,
optionally combined with a modification which selectively
reduces activity at the GLP-1 peptide, e.g., a modification of
the Thr at position 7, such as a substitution of the Thr at
position 7 with an amino acid lacking a hydroxyl group, e.g.,
Abu or Ile; deleting amino acids C-terminal to the amino acid
at position 27 (e.g., deleting one or both of the amino acids at
positions 28 and 29, yielding a peptide 27 or 28 amino acids
in length);

[0462] (j) C-terminal extensions as described herein;
[0463] (k) homodimerization or heterodimerization as
described herein; and combinations of the (a) through (k).
[0464] In some embodiments, exemplary modifications of
the Class 1 glucagon related peptide include at least one
amino acid modification selected from Group A and one or
more amino acid modifications selected from Group B and/or
Group C, wherein Group A is:

[0465] substitution of Asn at position 28 with a charged
amino acid;
[0466] 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;

[0467] substitution at position 28 with Asn, Asp, or Glu;
[0468] substitution at position 28 with Asp;

[0469] substitution at position 28 with Glu;

[0470] substitution of Thr at position 29 with a charged
amino acid;

[0471] 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;

[0472] substitution at position 29 with Asp, Glu, or Lys;
[0473] substitution at position 29 with Glu;

[0474] insertion of 1-3 charged amino acids after position
29;

[0475] insertion after position 29 of Glu or Lys;

[0476] insertion after position 29 of Gly-Lys or Lys-Lys;
[0477] or combinations thereof;

wherein Group B is:

[0478] substitution of Asp at position 15 with Glu;

[0479] substitution of Ser at position 16 with Thr or AIB;
and wherein Group C is:

[0480] substitution of His at position 1 with a non-native
amino acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-1V),
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[0481] substitution of Ser at position 2 with a non-native
amino acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-1V),

[0482] substitution of Lys at position 12 with Arg;

[0483] substitution of Gln at position 20 with Ser, Thr, Ala
or AIB;

[0484] substitution of Asp at position 21 with Glu;

[0485] substitution of Gln at position 24 with Ser, Thr, Ala
or AIB;

[0486] substitution of Met at position 27 with Leu or Nle;
[0487] deletion of amino acids at positions 27-29;

[0488] deletion of amino acids at positions 28-29;

[0489] deletion of the amino acid at positions 29;

[0490] or combinations thereof.

[0491] In exemplary embodiments, Lys at position 12 is

substituted with Arg. In other exemplary embodiments amino
acids at positions 29 and/or 28, and optionally at position 27,
are deleted.

[0492] Insome specific embodiments, the glucagon related
peptide comprises (a) an amino acid modification at position
1 and/or 2 that confers DPP-IV resistance, e.g., substitution
with DMIA at position 1, or AIB at position 2, (b) an intramo-
lecular bridge within positions 12-29, e.g. at positions 16 and
20, or one or more substitutions of the amino acids at posi-
tions 16, 20, 21, and 24 with an a.,c. disubstituted amino acid,
optionally (c) linked to a hydrophilic moiety such as PEG,
e.g., through Cys at position 24, 29 or at the C-terminal amino
acid, optionally (d) an amino acid modification at position 27
that substitutes Met with, e.g., Nle, optionally (e) amino acid
modifications at positions 20, 21 and 24 that reduce degrada-
tion, and optionally (f) linked to SEQ ID NO: 820. When the
glucagon related peptide is linked to SEQ ID NO: 820, the
amino acid at position 29 in certain embodiments is Thr or
Gly. In other specific embodiments, the glucagon related
peptide comprises (a) Asp28Glu29, or Glu28Glu29, or
Glu29Glu30, or Glu28Glu30 or Asp28Glu30, and optionally
(b) an amino acid modification at position 16 that substitutes
Ser with, e.g. Thr or AIB, and optionally (¢) an amino acid
modification at position 27 that substitutes Met with, e.g.,
Nle, and optionally (d) amino acid modifications at positions
20, 21 and 24 that reduce degradation. In a specific embodi-
ment, the glucagon related peptide is T16, A20, E21, A24,
Nle27, D28, E29.

[0493] Insome embodiments, the Class 1 glucagon related
peptide comprises the amino acid sequence:
X1-X2-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-
Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-
Met-Z (SEQ ID NO: 839) with 1 to 3 amino acid modifica-
tions thereto,

wherein X1 and/or X2 is a non-native amino acid that reduces
susceptibility of (or increases resistance of) the glucagon
related peptide to cleavage by dipeptidyl peptidase IV (DPP-
1V), wherein Z is selected from the group consisting of
—COOH (the naturally occurring C-terminal carboxylate),
-Asn-COOH, Asn-Thr-COOH, and Y—COOH, whereinY is
1 to 2 amino acids, and wherein an intramolecular bridge,
preferably a covalent bond, connects the side chains of an
amino acid at position i and an amino acid at position i+4,
wherein iis 12, 16, 20 or 24.

[0494] In some embodiments, the intramolecular bridge is
a lactam bridge. In some embodiments, the amino acids at
positions i and i+4 of SEQ ID NO: 839 are Lys and Glu, e.g.,
Glul6 and Lys20. In some embodiments, X1 is selected from
the group consisting of: D-His, N-methyl-His, alpha-methyl-
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His, imidazole acetic acid, des-amino-His, hydroxyl-His,
acetyl-His, homo-His, and alpha, alpha-dimethyl imidiazole
acetic acid (DMIA). In other embodiments, X2 is selected
from the group consisting of: D-Ser, D-Ala, Gly, N-methyl-
Ser, Val, and alpha, amino isobutyric acid (AIB). In some
embodiments, the glucagon related peptide is covalently
linked to a hydrophilic moiety at any of amino acid positions
16,17, 20, 21, 24, 29, 40, within a C-terminal extension, or at
the C-terminal amino acid. In exemplary embodiments, this
hydrophilic moiety is covalently linked to a Lys, Cys, Orn,
homocysteine, or acetyl-phenylalanine residue at any of these
positions. Exemplary hydrophilic moieties include polyeth-
ylene glycol (PEG), for example, of a molecular weight of
about 1,000 Daltons to about 40,000 Daltons, or about 20,000
Daltons to about 40,000 Daltons.

[0495] In other embodiments, the Class I glucagon related
peptide comprises the amino acid sequence: X1-X2-Gln-Gly-
Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-
Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Z  (SEQ 1D
NO: 839), wherein X1 and/or X2 is a non-native amino acid
that reduces susceptibility of (or increases resistance of) the
glucagon related peptide to cleavage by dipeptidyl peptidase
IV (DPP-1V), wherein one, two, three, four or more of posi-
tions 16, 20, 21, and 24 of the glucagon related peptide is
substituted with an o,a-disubstituted amino acid, and
wherein Z is selected from the group consisting of —COOH
(the naturally occurring C-terminal carboxylate), -Asn-
COOH, Asn-Thr-COOH, andY—COOH, whereinY is 1 to 2
amino acids.

[0496] Exemplary further amino acid modifications to the
foregoing Class 1 glucagon related peptides or analogs
include substitution of Thr at position 7 with an amino acid
lacking a hydroxyl group, e.g., aminobutyric acid (Abu), Ile,
optionally, in combination with substitution or addition of an
amino acid comprising a side chain covalently attached (op-
tionally, through a spacer) to an acyl or alkyl group, which
acyl or alkyl group is non-native to a naturally-occurring
amino acid, substitution of Lys at position 12 with Arg; sub-
stitution of Asp at position 15 with Glu; substitution of Ser at
position 16 with Thr or AIB; substitution of Gln at position 20
with Ser, Thr, Ala or AIB; substitution of Asp at position 21
with Glu; substitution of Gln at position 24 with Ser, Thr, Ala
or AIB; substitution of Met at position 27 with Leu or Nle;
substitution of Asn at position 28 with a charged amino acid;
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; substitution at position 28
with Asn, Asp, or Glu; substitution at position 28 with Asp;
substitution at position 28 with Glu; substitution of Thr at
position 29 with a charged amino acid; 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; substitution at position 29 with Asp, Glu,
or Lys; substitution at position 29 with Glu; insertion of 1-3
charged amino acids after position 29; insertion at position 30
(i.e., after position 29) of Glu or Lys; optionally with insertion
at position 31 of Lys; addition of SEQ ID NO: 820 to the
C-terminus, optionally, wherein the amino acid at position 29
is Thr or Gly; substitution or addition of an amino acid
covalently attached to a hydrophilic moiety; or a combination
thereof.

[0497] Any of the modifications described above in refer-
ence to Class 1 glucagon agonists which increase glucagon
receptor activity, retain partial glucagon receptor activity,
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improve solubility, increase stability, or reduce degradation
can be applied to Class 1 glucagon related peptides individu-
ally or in combination.

Examples of Embodiments of Class 1 Glucagon Related
Peptides

[0498] In accordance with some embodiments the native
glucagon peptide of SEQ ID NO: 801 is modified by the
substitution of the native amino acid at position 28 and/or 29
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 embodi-
ment the native glucagon peptide of SEQ ID NO: 801 is
modified by the substitution of the native amino acid at posi-
tion 29 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 histi-
dine) on the carboxy terminus of the peptide. In accordance
with some embodiments a glucagon analog having improved
solubility and stability is provided wherein the analog com-
prises the amino acid sequence of SEQ ID NO: 834 with the
proviso that at least one amino acids at position, 28, or 29 is
substituted with an acidic amino acid and/or an additional
acidic amino acid is added at the carboxy terminus of SEQ ID
NO: 834. In some embodiments the acidic amino acids are
independently selected from the group consisting of Asp,
Glu, cysteic acid and homocysteic acid.

[0499] In accordance with some embodiments a glucagon
agonist having improved solubility and stability is provided
wherein the agonist comprises the amino acid sequence of
SEQ ID NO: 833, wherein at least one of the amino acids at
positions 27, 28 or 29 is substituted with a non-native amino
acidresidue (i.e. at least one amino acid present at position 27,
28 or 29 of the analog is an acid amino acid different from the
amino acid present at the corresponding position in SEQ ID
NO: 801). Inaccordance with some embodiments a glucagon
agonist is provided comprising the sequence of SEQ ID NO:
833 with the proviso that when the amino acid at position 28
is asparagine and the amino acid at position 29 is threonine,
the peptide further comprises one to two amino acids, inde-
pendently selected from the group consisting of Lys, Arg, His,
Asp or Glu, added to the carboxy terminus of the glucagon
related peptide. In accordance with some embodiments the
methionine residue present at position 27 of the native peptide
is changed to leucine or norleucine to prevent oxidative deg-
radation of the peptide.

[0500] Insomeembodiments a glucagon analog of SEQ ID
NO: 833 is provided wherein 1 to 6 amino acids, selected
from positions 1, 2,5,7,10,11, 12,13, 14,16, 17, 18, 19, 20,
21 or 24 of the analog differ from the corresponding amino
acid of SEQID NO: 801. In accordance with another embodi-
ment a glucagon analog of SEQ ID NO: 833 is provided
wherein 1 to 3 amino acids selected from positions 1, 2, 5, 7,
10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21 or 24 of the analog
differ from the corresponding amino acid of SEQ ID NO: 801.
In another embodiment, a glucagon analog of SEQ ID NO:
807, SEQ ID NO: 808 or SEQ ID NO: 834 is provided
wherein 1 to 2 amino acids selected from positions 1, 2, 5,7,
10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21 or 24 of the analog
differ from the corresponding amino acid of SEQ ID NO: 801,
and in a further embodiment those one to two differing amino
acids represent conservative amino acid substitutions relative
to the amino acid present in the native sequence (SEQ ID NO:
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801). In some embodiments a glucagon related peptide of
SEQID NO: 811 or SEQID NO: 813 is provided wherein the
glucagon related peptide further comprises one, two or three
amino acid substitutions at positions selected from positions
2,5,7,10,11,12, 13,14, 16,17, 18, 19, 20, 21, 24, 27 or 29.
In some embodiments the substitutions at positions 2, 5,7, 10,
11, 12, 13, 14, 16, 17, 18, 19, 20, 27 or 29 are conservative
amino acid substitutions.

[0501] In some embodiments a glucagon agonist is pro-
vided comprising an analog peptide of SEQ ID NO: 801
wherein the analog differs from SEQ ID NO: 801 by having
an amino acid other than serine at position 2 and by having an
acidic amino acid substituted for the native amino acid at
position 28 or 29 or an acidic amino acid added to the carboxy
terminus of the peptide of SEQ ID NO: 801. In some embodi-
ments the acidic amino acid is aspartic acid or glutamic acid.
In some embodiments a glucagon analog of SEQ ID NO: 809,
SEQ ID NO: 812, SEQ ID NO: 813 or SEQ ID NO: 832 is
provided wherein the analog differs from the parent molecule
by a substitution at position 2. More particularly, position 2 of
the analog peptide is substituted with an amino acid selected
from the group consisting of D-serine, alanine, D-alanine,
glycine, n-methyl serine and amino isobutyric acid.

[0502] In another embodiment a glucagon agonist is pro-
vided comprising an analog peptide of SEQ ID NO: 801
wherein the analog differs from SEQ ID NO: 801 by having
an amino acid other than histidine at position 1 and by having
an acidic amino acid substituted for the native amino acid at
position 28 or 29 or an acidic amino acid added to the carboxy
terminus of the peptide of SEQ ID NO: 801. In some embodi-
ments the acidic amino acid is aspartic acid or glutamic acid.
In some embodiments a glucagon analog of SEQ ID NO: 809,
SEQ ID NO: 812, SEQ ID NO: 813 or SEQ ID NO: 832 is
provided wherein the analog differs from the parent molecule
by a substitution at position 1. More particularly, position 1 of
the analog peptide is substituted with an amino acid selected
from the group consisting of DMIA, D-histidine, desamino-
histidine, hydroxyl-histidine, acetyl-histidine and homo-his-
tidine.

[0503] Inaccordance with some embodiments the modified
glucagon related peptide comprises a sequence selected from
the group consisting of SEQ ID NO: 809, SEQ ID NO: 812,
SEQ ID NO: 813 and SEQ ID NO: 832. In a further embodi-
ment a glucagon related peptide is provided comprising a
sequence of SEQ ID NO: 809, SEQID NO: 812, SEQ ID NO:
813 or SEQ ID NO: 832 further comprising one to two amino
acids, added to the C-terminus of SEQ ID NO: 809, SEQ ID
NO: 812, SEQ ID NO: 813 or SEQ ID NO: 832, wherein the
additional amino acids are independently selected from the
group consisting of Lys, Arg, His, Asp Glu, cysteic acid or
homocysteic acid. In some embodiments the additional
amino acids added to the carboxy terminus are selected from
the group consisting of Lys, Arg, His, Asp or Glu or in a
further embodiment the additional amino acids are Asp or
Glu.

[0504] Inanotherembodimentthe glucagonrelated peptide
comprises the sequence of SEQ ID NO: 7 or a glucagon
agonist analog thereof. In some embodiments the peptide
comprising a sequence selected from the group consisting of
SEQ ID NO: 808, SEQ ID NO: 810, SEQ ID NO: 811, SEQ
ID NO: 812 and SEQ ID NO: 813. In another embodiment the
peptide comprising a sequence selected from the group con-
sisting of SEQ ID NO: 808, SEQ ID NO: 810 and SEQ ID
NO: 811. In some embodiments the glucagon related peptide
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comprises the sequence of SEQ ID NO: 808, SEQ ID NO:
810 and SEQ ID NO: 811 further comprising an additional
amino acid, selected from the group consisting of Asp and
Glu, added to the C-terminus of the glucagon related peptide.
In some embodiments the glucagon related peptide comprises
the sequence of SEQ ID NO: 811 or SEQ ID NO: 813, and in
a further embodiment the glucagon related peptide comprises
the sequence of SEQ ID NO: 811.

[0505] In accordance with some embodiments a glucagon
agonist is provided comprising a modified glucagon related
peptide selected from the group consisting of:

[0506] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Xaa-Ser-Arg- Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Xaa-Xaa-Xaa-R (SEQ ID NO: 834),

[0507] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Ser-Arg- Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Met-Asp-Thr-R (SEQ ID NO: 811) and
[0508] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Xaa-Tyr-Leu-Glu-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Met-Asp-Thr-R (SEQ ID NO: 813)

[0509] wherein Xaa at position 15 is Asp, Glu, cysteic acid,
homoglutamic acid or homocysteic acid, the Xaa at position
28 is Asn or an acidic amino acid and the Xaa at position 29
is Thr or an acidic amino acid and R is an acidic amino acid,
COOH or CONH,, with the proviso that an acidic acid resi-
due is present at one of positions 28, 29 or 30. In some
embodiments R is COOH, and in another embodiment R is
CONH,.

[0510] The present disclosure also encompasses glucagon
fusion peptides wherein a second peptide has been fused to
the C-terminus of the glucagon related peptide to enhance the
stability and solubility of the glucagon related peptide. More
particularly, the fusion glucagon related peptide may com-
prise a glucagon agonist analog comprising a glucagon
related peptide NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-
Asp-Tyr-Ser-Lys-Tyr-Leu-Xaa-Ser-Arg-Arg-Ala-Gln-Asp-
Phe-Val-Gln-Trp-Leu-Xaa-Xaa-Xaa-R (SEQ ID NO: 834),
wherein R is an acidic amino acid or a bond and an amino acid
sequence of SEQ ID NO: 820 (GPSSGAPPPS), SEQ ID NO:
821 (KRNRNNIA) or SEQ ID NO: 822 (KRNR) linked to the
carboxy terminal amino acid of the glucagon related peptide.
In some embodiments the glucagon related peptide is selected
from the group consisting of SEQ ID NO: 833, SEQ ID NO:
807 or SEQ ID NO: 808 further comprising an amino acid
sequence of SEQ ID NO: 820 (GPSSGAPPPS), SEQ ID NO:
821 (KRNRNNIA) or SEQ ID NO: 822 (KRNR) linked to the
carboxy terminal amino acid of the glucagon related peptide.
In some embodiments the glucagon fusion peptide comprises
SEQ ID NO: 802, SEQ ID NO: 803, SEQ ID NO: 804, SEQ
ID NO: 805 and SEQ ID NO: 806 or a glucagon agonist
analog thereof, further comprising an amino acid sequence of
SEQ ID NO: 820 (GPSSGAPPPS), SEQ ID NO: 821 (KRN-
RNNIA) or SEQ ID NO: 822 (KRNR) linked to amino acid
29 of the glucagon related peptide. In accordance with some
embodiments the fusion peptide further comprises a PEG
chain linked to an amino acid at position 16, 17, 21, 24, 29,
within a C-terminal extension, or at the C-terminal amino
acid, wherein the PEG chain is selected from the range of 500
to 40,000 Daltons. In some embodiments the amino acid
sequence of SEQ ID NO: 820 (GPSSGAPPPS), SEQ ID NO:
821 (KRNRNNIA) or SEQ ID NO: 822 (KRNR) is bound to
amino acid 29 of the glucagon related peptide through a
peptide bond. In some embodiments the glucagon related
peptide portion of the glucagon fusion peptide comprises a
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sequence selected from the group consisting of SEQ ID NO:
810, SEQIDNO: 811 and SEQ ID NO: 813. In some embodi-
ments the glucagon related peptide portion of the glucagon
fusion peptide comprises the sequence of SEQ ID NO: 811 or
SEQ ID NO: 813, wherein a PEG chain is linked at position
21, 24, 29, within a C-terminal extension or at the C-terminal
amino acid, respectively.

[0511] Inanotherembodimentthe glucagonrelated peptide
sequence of the fusion peptide comprises the sequence of
SEQID NO: 811, further comprising an amino acid sequence
of SEQ ID NO: 820 (GPSSGAPPPS), SEQ ID NO: 821
(KRNRNNTA) or SEQ ID NO: 822 (KRNR) linked to amino
acid 29 ofthe glucagon related peptide. In some embodiments
the glucagon fusion peptide comprises a sequence selected
from the group consisting of SEQ 1D NO: 824, SEQ ID NO:
825 and SEQ ID NO: 826. Typically the fusion peptides of the
present invention will have a C-terminal amino acid with the
standard carboxylic acid group. However, analogs of those
sequences wherein the C-terminal amino acid has an amide
substituted for the carboxylic acid are also encompassed as
embodiments. In accordance with some embodiments the
fusion glucagon related peptide comprises a glucagon agonist
analog selected from the group consisting of SEQ ID NO:
810, SEQ ID NO: 811 and SEQ ID NO: 813, further com-
prising an amino acid sequence of SEQ ID NO: 823 (GPSS-
GAPPPS-CONH,) linked to amino acid 29 of the glucagon
related peptide.

[0512] The glucagon agonists of the present invention can
be further modified to improve the peptide’s solubility and
stability in aqueous solutions while retaining the biological
activity of the glucagon related peptide. In accordance with
some embodiments, introduction of hydrophilic groups at
one or more positions selected from positions 16, 17, 20, 21,
24 and 29 of the peptide of SEQ ID NO: 811, or a glucagon
agonist analog thereof, are anticipated to improve the solu-
bility and stability of the pH stabilize glucagon analog. More
particularly, in some embodiments the glucagon related pep-
tide of SEQ IDNO: 810, SEQIDNO: 811, SEQ IDNO: 813,
or SEQ ID NO: 832 is modified to comprise one or more
hydrophilic groups covalently linked to the side chains of
amino acids present at positions 21 and 24 of the glucagon
related peptide.

[0513] In accordance with some embodiments, the gluca-
gon related peptide of SEQ ID NO: 811 is modified to contain
one or more amino acid substitution at positions 16, 17, 20,
21, 24 and/or 29, wherein the native amino acid is substituted
with an amino acid having a side chain suitable for crosslink-
ing with hydrophilic moieties, including for example, PEG.
The native peptide can be substituted with a naturally occur-
ring 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.

[0514] In some embodiments, a glucagon agonist of SEQ
IDNO: 810, SEQIDNO: 811 or SEQ ID NO: 813 is provided
wherein the native glucagon peptide sequence has been modi-
fied to contain a naturally occurring or synthetic amino acid in
atleast one of positions 16, 17, 21, 24, 29, within a C-terminal
extension or at the C-terminal amino acid of the native
sequence, wherein the amino acid substitute further com-
prises a hydrophilic moiety. In some embodiments the sub-
stitution is at position 21 or 24, and in a further embodiment
the hydrophilic moiety is a PEG chain. In some embodiments
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the glucagon related peptide of SEQ ID NO: 811 is substi-
tuted 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 polyeth-
ylene glycol units. In an alternative embodiment, the native
glucagon peptide 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 hydro-
philic moieties such as polyethylene glycol. In some embodi-
ments the glucagon related peptide is selected from the group
consisting of SEQ ID NO: 814, SEQ ID NO: 815, SEQ ID
NO: 816, SEQ ID NO: 817, SEQ ID NO: 818 and SEQ ID
NO: 819.

[0515] In accordance with some embodiments the pegy-
lated glucagon related peptide comprises two or more poly-
ethylene glycol chains covalently bound to the glucagon
related peptide wherein the total molecular weight of the
glucagon chains is about 1,000 to about 5,000 Daltons. In
some embodiments the pegylated glucagon agonist com-
prises a peptide of SEQ ID NO: 806, wherein a PEG chain is
covalently linked to the amino acid residue at position 21 and
at position 24, and wherein the combined molecular weight of
the two PEG chains is about 1,000 to about 5,000 Daltons. In
another embodiment the pegylated glucagon agonist com-
prises a peptide of SEQ ID NO: 806, wherein a PEG chain is
covalently linked to the amino acid residue at position 21 and
at position 24, and wherein the combined molecular weight of
the two PEG chains is about 5,000 to about 20,000 Daltons.

[0516] The polyethylene glycol chain may be in the form of
a straight chain or it may be branched. In accordance with
some embodiments the polyethylene glycol chain has an
average molecular weight selected from the range of about
500 to about 40,000 Daltons. In some embodiments the poly-
ethylene glycol chain has a molecular weight selected from
the range of about 500 to about 5,000 Daltons. In another
embodiment the polyethylene glycol chain has a molecular
weight of about 20,000 to about 40,000 Daltons.

[0517] Any of the glucagon related peptides described
above may be further modified to include a covalent or non-
covalent intramolecular bridge or an alpha helix-stabilizing
amino acid within the C-terminal portion of the glucagon
related peptide (amino acid positions 12-29). In accordance
with some embodiments, the glucagon related peptide com-
prises any one or more of the modifications discussed above
in addition to an amino acid substitution at positions 16, 20,
21, or 24 (or acombination thereof) with an a,ct-disubstituted
amino acid, e.g., AIB. In accordance with another embodi-
ment, the glucagon related peptide comprises any one or more
modifications discussed above in addition to an intramolecu-
lar bridge, e.g., a lactam, between the side chains of the amino
acids at positions 16 and 20 of the glucagon related peptide.

[0518] In accordance with some embodiments, the gluca-
gon related peptide comprises the amino acid sequence of
SEQ ID NO: 877, wherein the Xaa at position 3 is an amino
acid comprising a side chain of Structure 1, II, or II1:
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o Structure I
%RI—CHZ—XJJ—RZ
o Structure II
%RI_CHZJLY
Structure I1I

0
Il
R!—CH,—S—CH,—R*

[0519] wherein R! is C,_; alkyl or C,_; heteroalkyl; R? is
NHR* or C,_; alkyl; R*is C, ; alkyl; R*is Hor C,_; alkyl; X
is NH, O, or S; and Y is NHR®, SR> or OR’. In some
embodiments, X is NH orY is NHR*. In some embodiments,
R'is C,_, alkyl or C, heteroalkyl. In some embodiments, R>
is NHR* or C, alkyl. In some embodiments, R* is H or C*
alkyl. In exemplary embodiments an amino acid comprising
a side chain of Structure I is provided wherein, R' is CH—S,
X is NH, and R? is CH; (acetamidomethyl-cysteine,
C(Acm)); R' is CH,, X is NH, and R? is CH, (acetyldiami-
nobutanoic acid, Dab(Ac)); R' is C, alkyl, X is NH, R? is
NHR?, and R* is H (carbamoyldiaminopropanoic acid, Dap
(urea)); or R is CH,—CH,, X is NH, and R? is CH, (acety-
lornithine, Orn(Ac)). In exemplary embodiments an amino
acid comprising a side chain of Structure II is provided,
wherein R! is CH,, Y is NHR* and R* is CH, (methyl-
glutamine, Q(Me)); In exemplary embodiments an amino
acid comprising a side chain of Structure III is provided
wherein, R' is CH, and R* is H (methionine-sulfoxide,
M(0O)); In specific embodiments, the amino acid at position 3
is substituted with Dab(Ac). For example, glucagon agonists
can comprise the amino acid sequence of SEQ ID NO: 863,
SEQ ID NO: 869, SEQ ID NO: 871, SEQ ID NO: 872, SEQ
ID NO: 873 and SEQ ID NO: 874.

[0520] In certain embodiments, the glucagon related pep-
tide is an analog of the glucagon related peptide of SEQ ID
NO: 877. In specific aspects, the analog comprises any of the
amino acid modifications described herein, including, but not
limited to: a substitution of Asn at position 28 with a charged
amino acid; a 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; a substi-
tution at position 28 with Asn, Asp, or Glu; a substitution at
position 28 with Asp; a substitution at position 28 with Glu; a
substitution of Thr at position 29 with a charged amino acid;
a 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; a substitution at position
29 with Asp, Glu, or Lys; a substitution at position 29 with
Glu; a insertion of 1-3 charged amino acids after position 29;
an insertion after position 29 of Glu or Lys; an insertion after
position 29 of Gly-Lys or Lys-Lys; and a combination thereof.
[0521] In certain embodiments, the analog of the glucagon
related peptide of SEQ ID NO: 877 comprises an o, a-disub-
stituted amino acid, such as AIB, at one, two, three, or all of
positions 16, 20, 21, and 24. In certain embodiments, the
analog of the glucagon related peptide of SEQ ID NO: 877
comprises one or more of the following: substitution of His at
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position 1 with a non-native amino acid that reduces suscep-
tibility of the glucagon related peptide to cleavage by dipep-
tidyl peptidase IV (DPP-1V), substitution of Ser at position 2
with a non-native amino acid that reduces susceptibility of the
glucagon related peptide to cleavage by dipeptidyl peptidase
IV (DPP-1V), substitution of Thr at position 7 with an amino
acid lacking a hydroxyl group, e.g., Abu or Ile; substitution of
Tyr at position 10 with Phe or Val; substitution of Lys at
position 12 with Arg; substitution of Asp at position 15 with
Glu, substitution of Ser at position 16 with Thr or AIB;
substitution of Gln at position 20 with Ala or AIB; substitu-
tion of Asp at position 21 with Glu; substitution of Gln at
position 24 with Ala or AIB; substitution of Met at position 27
with Leu or Nle; deletion of amino acids at positions 27-29;
deletion of amino acids at positions 28-29; deletion of the
amino acid at positions 29; addition of the amino acid
sequence of SEQ ID NO: 820 to the C-terminus, wherein the
amino acid at position 29 is Thr or Gly, or a combination
thereof.

[0522] In accordance with specific embodiments, the glu-
cagon related peptide comprises the amino acid sequence of
any of SEQ ID NOs: 862-867 and 869-874. In certain
embodiments, the analog of the glucagon related peptide
comprising SEQ ID NO: 877 comprises a hydrophilic moiety,
e.g., PEG, covalently linked to the amino acid at any of
positions 16, 17, 20, 21, 24, and 29 or at the C-terminal amino
acid.

[0523] In certain embodiments, the analog of the glucagon
related peptide comprising SEQ ID NO: 877 comprises an
amino acid comprising a side chain covalently attached,
optionally, through a spacer, to an acyl group or an alkyl
group, which acyl group or alkyl group is non-native to a
naturally-occurring amino acid. The acyl group in some
embodiments is a C4 to C30 fatty acyl group. In other
embodiments, the alkyl group is a C4 to C30 alkyl. In specific
aspects, the acyl group or alkyl group is covalently attached to
the side chain of the amino acid at position 10. In some
embodiments, the amino acid at position 7 is Ile or Abu.
[0524] The glucagon agonist may be a peptide comprising
the amino acid sequence of any of the SEQ ID NOs: 801-919,
optionally withup to 1, 2, 3, 4, or 5 further modifications that
retain glucagon agonist activity. In certain embodiments, the
glucagon agonist comprises the amino acids of any of SEQ ID
NOs: 859-919.

Class 2 Glucagon Related Peptides

[0525] In certain embodiments, the glucagon related pep-
tide is a Class 2 glucagon related peptide, which is described
herein and in International Patent Application No. PCT
US2009/47447 (filed on Jun. 16, 2009),U.S. Provisional
Application No. 61/090,448, and U.S. Application No.
61/151,349, the contents of which are incorporated by refer-
ence in their entirety. The biological sequences referenced in
the following section (SEQ ID NOs: 1001-1262) relating to
Class 2 glucagon related peptides correspond to SEQ ID
NOs: 1-262 in International Patent Application No. PCT
US2009/47447.

Activity

[0526] Native glucagon does not activate the GIP receptor,
and normally has about 1% of the activity of native-GLP-1 at
the GLP-1 receptor. Modifications to the native glucagon
sequence described herein produce Class 2 glucagon related
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peptides that can exhibit potent glucagon activity equivalent
to or better than the activity of native glucagon (SEQ ID NO:
1001), potent GIP activity equivalent to or better than the
activity of native GIP (SEQ ID NO: 1004), and/or potent
GLP-1 activity equivalent to or better than the activity of
native GLP-1. In this regard, the Class 2 glucagon related
peptide may be one of a glucagon/GIP co-agonist, glucagon/
GIP/GLP-1 tri-agonist, GIP/GLP-1 co-agonist, or a GIP ago-
nist glucagon related peptide, as further described herein.

[0527] Insome embodiments, the Class 2 glucagon related
peptides described herein exhibit an EC50 for GIP receptor
activation activity of about 100 nM or less, or about 75, 50, 25,
10,8, 6, 5,4,3,2or 1 nM or less. In some embodiments, the
Class 2 glucagon related peptides exhibit an EC50 for gluca-
gon receptor activation of about 100 nM or less, or about 75,
50, 25,10, 8, 6, 5,4,3,2 or 1 nM or less. In some embodi-
ments, the Class 2 glucagon related peptides exhibit an EC50
for GLP-1 receptor activation of about 100 nM or less, or
about 75, 50, 25, 10, 8, 6, 5, 4,3, 2 or 1 nM or less. Receptor
activation can be measured by in vitro assays measuring
cAMP induction in HEK293 cells over-expressing the recep-
tor, e.g. assaying HEK293 cells co-transfected with DNA
encoding the receptor and a luciferase gene linked to cAMP
responsive element as described in Example 7.

[0528] In some embodiments, Class 2 glucagon related
peptides exhibit activity at both the glucagon receptor and the
GIP receptor (“glucagon/GIP co-agonists™). These Class 2
glucagon related peptides have lost native glucagon’s selec-
tivity for glucagon receptor compared to GIP receptor. In
some embodiments, the EC50 of the Class 2 glucagon related
peptide at the GIP receptor is less than about 50-fold, 40-fold,
30-fold or 20-fold different (higher or lower) from its EC50 at
the glucagon receptor. In some embodiments, the GIP
potency of the Class 2 glucagon related peptide is less than
about 500-, 450-, 400-, 350-, 300-, 250-, 200-, 150-, 100-,
75-, 50-, 25-, 20-, 15-, 10-, or 5-fold different (higher or
lower) from its glucagon potency. In some embodiments, the
ratio ofthe EC50 of the Class 2 glucagon related peptide at the
GIP receptor divided by the EC50 of the Class 2 glucagon
related peptide at the glucagon receptor is less than about 100,
75, 60, 50, 40, 30, 20, 15, 10, or 5. In some embodiments,
GLP-1 activity have been significantly reduced or destroyed,
e.g., by an amino acid modification at position 7, a deletion of
the amino acid(s)C-terminal to the amino acid at position 27
or 28, yielding a 27- or 28-amino acid peptide, or a combi-
nation thereof.

[0529] In another aspect, Class 2 glucagon related peptides
exhibit activity at the glucagon, GIP and GLP-1 receptors
(“glucagon/GIP/GLP-1 tri-agonists”). These Class 2 gluca-
gon related peptides have lost native glucagon’s selectivity
for the glucagon receptor compared to both the GLP-1 and
GIP receptors. In some embodiments, the EC50 of the Class
2 glucagon related peptide at the GIP receptor is less than
about 50-fold, 40-fold, 30-fold or 20-fold different (higher or
lower) from its respective EC50s at the glucagon and GLP-1
receptors. In some embodiments, the GIP potency of the
Class 2 glucagon related peptide is less than about 500-, 450-,
400-, 350-, 300-, 250-, 200-, 150-, 100-, 75-, 50-, 25-, 20-,
15-, 10-, or 5-fold different (higher or lower) from its gluca-
gon and GLP-1 potencies. In some embodiments, the ratio of
the EC50 of the tri-agonist at the GIP receptor divided by the
ECS50 of the tri-agonist at the GLP-1 receptor is less than
about 100, 75, 60, 50, 40, 30, 20, 15, 10, or 5.
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[0530] Inyetanother aspect, Class 2 glucagon related pep-
tides exhibit activity at the GLP-1 and GIP receptors, but in
which the glucagon activity has been significantly reduced or
destroyed (“GIP/GLP-1 co-agonists™), e.g., by an amino acid
modification at position 3. For example, substitution at this
position with an acidic, basic, or a hydrophobic amino acid
(glutamic acid, ornithine, norleucine) reduces glucagon
activity. In some embodiments, the EC50 of the glucagon
related peptide at the GIP receptor is less than about 50-fold,
40-fold, 30-fold or 20-fold different (higher or lower) from its
EC50 at the GLP-1 receptor. In some embodiments, the GIP
potency of the Class 2 glucagon related peptide is less than
about 25-, 20-, 15-, 10-, or 5-fold different (higher or lower)
from its GLP-1 potency. In some embodiments these Class 2
glucagon related peptides have about 10% or less of the
activity of native glucagon at the glucagon receptor, e.g. about
1-10%, or about 0.1-10%, or greater than about 0.1% but less
than about 10%. In some embodiments, the ratio of the EC50
of the Class 2 glucagon related peptide at the GIP receptor
divided by the EC50 of the Class 2 glucagon related peptide
atthe GLP-1 receptoris less than about 100, 75, 60, 50, 40, 30,
20, 15, 10, or 5, and no less than 1. In some embodiments, the
ratio of the GIP potency of the Class 2 glucagon related
peptide compared to the GLP-1 potency of the Class 2 glu-
cagon related peptide is less than about 100, 75, 60, 50, 40, 30,
20, 15,10, or 5, and no less than 1.

[0531] Inafurtheraspect, Class 2 glucagonrelated peptides
exhibit activity at the GIP receptor, in which the glucagon and
GLP-1 activity have been significantly reduced or destroyed
(“GIP agonist glucagon peptides™), e.g., by amino acid modi-
fications at positions 3 with Glu and 7 with Ile. In some
embodiments, these Class 2 glucagon related peptides have
about 10% or less of the activity of native glucagon at the
glucagon receptor, e.g. about 1-10%, or about 0.1-10%, or
greater than about 0.1%, 0.5%, or 1% but less than about 1%,
5%, or 10%. In some embodiments these Class 2 glucagon
related peptides also have about 10% or less of the activity of
native GLP-1 at the GLP-1 receptor, e.g. about 1-10%, or
about 0.1-10%, or greater than about 0.1%, 0.5%, or 1% but
less than about 1%, 5%, or 10%.

Modifications

[0532] The modifications disclosed herein in reference to a
Class 2 glucagon related peptide permit the manipulation of
glucagon (SEQ ID NO: 1001) to create glucagon related
peptides that exhibit increased GIP activity, glucagon activ-
ity, and/or GLP-1 activity. Modifications that affect GIP
activity

[0533] Enhanced activity at the GIP receptor is provided by
an amino acid modification at position 1. For example, His at
position 1 is substituted with a large, aromatic amino acid,
optionally Tyr, Phe, Trp, amino-Phe, nitro-Phe, chloro-Phe,
sulfo-Phe, 4-pyridyl-Ala, methyl-Tyr, or 3-amino Tyr. The
combination of Tyr at position 1 with stabilization of the
alpha helix within the region corresponding to amino acids
12-29 provided a Class 2 glucagon related peptide that acti-
vates the GIP receptor as well as the GLP-1 receptor and the
glucagon receptor. The alpha helix structure can be stabilized
by, e.g., formation of a covalent or non-covalent intramolecu-
lar bridge, or substitution and/or insertion of amino acids
around positions 12-29 with an alpha helix-stabilizing amino
acid (e.g., an o, a-disubstituted amino acid).

Enhanced activity at the GIP receptor is also provided by
amino acid modifications at positions 27 and/or 28, and

Jan. 28, 2016

optionally at position 29. For example, the Met at position 27
is substituted with a large aliphatic amino acid, optionally
Leu, the Asn at position 28 is substituted with a small ali-
phatic amino acid, optionally Ala, and the Thr at position 29
is substituted with a small aliphatic amino acid, optionally
Gly. Substitution with LAG at positions 27-29 provides
increased GIP activity relative to the native MNT sequence at
those positions.

[0534] Enhanced activity at the GIP receptor is also pro-
vided by an amino acid modification at position 12. For
example, position 12 is substituted with a large, aliphatic,
nonpolar amino acid, optionally Ile. Enhanced activity at the
GIP receptor is also provided by an amino acid modification
at positions 17 and/or 18. For example, position 17 is substi-
tuted with a polar residue, optionally Gln, and position 18 is
substituted with a small aliphatic amino acid, optionally Ala.
A substitution with QA at positions 17 and 18 provides
increased GIP activity relative to the native RR sequence at
those positions.

[0535] Increased activity at the GIP receptor is provided by
modifications that permit formation of an intramolecular
bridge between amino acid side chains at positions from 12 to
29. For example, an intramolecular bridge can be formed by
a covalent bond between the side chains of two amino acids at
positions 1 and i+4 or between positions j and j+3, or between
positions k and k+7. In exemplary embodiments, the bridge is
between positions 12 and 16, 16 and 20, 20 and 24, 24 and 28,
or 17 and 20. In other embodiments, non-covalent interac-
tions such as salt bridges can be formed between positively
and negatively charged amino acids at these positions.
[0536] Any of the modifications described above which
increase GIP receptor activity can be applied individually or
in combination. Combinations of the meodifications that
increase GIP receptor activity generally provide higher GIP
activity than any of such modifications taken alone.
Modifications that Affect Glucagon Activity

[0537] Insome embodiments, enhanced glucagon potency
is provided by an amino acid modification at position 16 of
native glucagon (SEQ ID NO: 1001). By way of nonlimiting
example, such enhanced potency can be provided by substi-
tuting the naturally occurring serine at position 16 with
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 homocys-
teic acid, or a charged amino acid having a side chain con-
taining at least one heteroatom, (e.g. N, O, S, P) and with a
side chain length of about 4 (or 3-5) atoms. In some embodi-
ments the glucagon related peptide retains its original selec-
tivity for the glucagon receptor relative to the GLP-1 recep-
tors.

[0538] Glucagon receptor activity can be reduced by an
amino acid modification at position 3, e.g. substitution of the
naturally occurring glutamine at position 3, with an acidic,
basic, or a hydrophobic amino acid. For example substitution
at position 3 with glutamic acid, ornithine, or norleucine
substantially reduces or destroys glucagon receptor activity.
[0539] Maintained or enhanced activity at the glucagon
receptor may be achieved by modifying the Gln at position 3
with a glutamine analog, as described herein. For example,
glucagon agonists can comprise the amino acid sequence of
any of SEQ ID NOs: 1243-1248, 1250, 1251, and 1253-1256.
[0540] Restoration of glucagon activity which has been
reduced by amino acid modifications at positions 1 and 2 is
provided by modifications that that stabilize the alpha helix
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structure of the C-terminal portion (amino acids 12-29) of the
glucagon related peptide or analog thereof. For example, an
intramolecular bridge can be formed by a covalent bond
between the side chains of two amino acids at positions i and
i+4 or between positions j and j+3, or between positions k and
k+7. In other embodiments, non-covalent interactions such as
salt bridges can be formed between positively and negatively
charged amino acids at these positions. In yet other embodi-
ments, one or more o,a-disubstituted amino acids are
inserted or substituted into this C-terminal portion (amino
acids 12-29) at positions that retain the desired activity. For
example, one, two, three or all of positions 16, 20,21 or 24 are
substituted with an a,a-disubstituted amino acid, e.g., AIB.

Modifications that Affect GLP-1 Activity

[0541] Enhanced activity at the GLP-1 receptor is provided
by replacing the carboxylic acid of the C-terminal amino acid
with a charge-neutral group, such as an amide or ester.
Enhanced activity at the GLP-1 receptor is also provided by
stabilizing the alpha-helix structure in the C-terminal portion
of'glucagon (around amino acids 12-29), e.g., through forma-
tion of an intramolecular bridge between the side chains of
two amino acids, 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), as further
described herein. In exemplary embodiments, the side chains
of'the amino acid pairs 12 and 16, 13and 17, 16 and 20, 17 and
21, 20 and 24 or 24 and 28 (amino acid pairs in which i=12,
16, 20, or 24) are linked to one another and thus stabilize the
glucagon alpha helix. In some embodiments, the bridge or
linker is about 8 (or about 7-9) atoms in length, particularly
when the bridge is between positions i and i+4. In some
embodiments, the bridge or linker is about 6 (or about 5-7)
atoms in length, particularly when the bridge is between
positions j and j+3.

[0542] In some embodiments, intramolecular bridges are
formed by (a) substituting the naturally occurring serine at
position 16 with 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, homo-
glutamic acid, or homocysteic acid, or a charged amino acid
having a side chain containing at least one heteroatom, (e.g.
N, O, S, P) and with a side chain length of about 4 (or 3-5)
atoms, and (b) substituting the naturally occurring glutamine
at position 20 with another hydrophilic amino acid having a
side chain that is either charged or has an ability to hydrogen-
bond, and is at least about 5 (or about 4-6) atoms in length, for
example, lysine, citrulline, arginine, or ornithine. The side
chains of such amino acids at positions 16 and 20 can form a
salt bridge or can be covalently linked. In some embodiments
the two amino acids are bound to one another to form a lactam
ring.

[0543] In some embodiments, stabilization of the alpha
helix structure in the C-terminal portion of the glucagon
related peptide is achieved through the formation of an
intramolecular bridge other than a lactam bridge. For
example, suitable covalent bonding methods include any one
or more of olefin metathesis, lanthionine-based cyclization,
disulfide bridge or modified sulfur-containing bridge forma-
tion, the use of a, w-diaminoalkane tethers, the formation of
metal-atom bridges, and other means of peptide cyclization
are used to stabilize the alpha helix.

In yet other embodiments, one or more a,c-disubstituted
amino acids are inserted or substituted into this C-terminal
portion (amino acids 12-29) at positions that retain the
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desired activity. For example, one, two, three or all of posi-
tions 16, 20, 21 or 24 are substituted with an a,a-disubsti-
tuted amino acid, e.g., AIB. Increased activity at the GLP-1
receptor is provided by an amino acid modification at position
20 as described herein. Increased activity at the GLP-1 recep-
tor is also provided by adding GPSSGAPPPS (SEQ ID NO:
1095) or XGPSSGAPPPS (SEQ ID NO: 1096) to the C-ter-
minus. GLP-1 activity in such analogs can be further
increased by modifying the amino acid at position 18, 28 or
29, or at position 18 and 29, as described herein. A further
modest increase in GLP-1 potency is provided by modifying
the amino acid at position 10 to be a large, aromatic amino
acid residue, optionally Trp. Potency at the GLP-1 receptor
can be further enhanced by an alanine substitution for the
native arginine at position 18.

[0544] Reduced activity at the GLP-1 receptor is provided,
e.g., by an amino acid modification at position 7 as described
herein.

[0545] Any of the modifications described above in refer-
ence to a Class 2 glucagon related peptide which increase
GLP-1 receptor activity can be applied individually or in
combination. Combinations of the modifications that
increase GLP-1 receptor activity generally provide higher
GLP-1 activity than any of such modifications taken alone.
For example, the invention provides glucagon related pep-
tides that comprise modifications at position 16, at position
20, and at the C-terminal carboxylic acid group, optionally
with a covalent bond between the amino acids at positions 16
and 20; glucagon related peptides that comprise modifica-
tions at position 16 and at the C-terminal carboxylic acid
group; glucagon related peptides that comprise modifications
at positions 16 and 20, optionally with a covalent bond
between the amino acids at positions 16 and 20; and glucagon
related peptides that comprise modifications at position 20
and at the C-terminal carboxylic acid group.

Modifications that Improve DPP-IV Resistance

[0546] Modifications at position 1 and/or 2 can increase the
peptide’s resistance to dipeptidyl peptidase IV (DPP 1V)
cleavage. For example, position 1 and/or position 2 may be
substituted with a DPP-IV resistant amino acid as described
herein. In some embodiments, the amino acid at position 2 is
substituted with N-methy] alanine.

[0547] Itwas observed that modifications at position 2 (e.g.
AIB at position 2) and in some cases modifications at position
1 (e.g., DMIA at position 1) may reduce glucagon activity,
sometimes significantly; surprisingly, this reduction in glu-
cagon activity can be restored by stabilizing the alpha-helix
structure in the C-terminal portion of glucagon (around
amino acids 12-29), e.g., through formation of a covalent
bond between the side chains of two amino acids, as
described herein. In some embodiments, the covalent bond is
between amino acids at positions “1” and “i+4”, or positions
“” and “j+3”, e.g., between positions 12 and 16, 16 and 20, 20
and 24, 24 and 28, or 17 and 20. In exemplary embodiments,
this covalent bond is a lactam bridge between a glutamic acid
at position 16 and a lysine at position 20. In some embodi-
ments, this covalent bond is an intramolecular bridge other
than a lactam bridge, as described herein.

Modifications that Reduce Degradation

[0548] In yet further exemplary embodiments, any of the
Class 2 glucagon related peptides can be further modified to
improve stability by modifying the amino acid at position 15
and/or 16 of SEQ ID NO: 1001 to reduce degradation of the
peptide over time, especially in acidic or alkaline buffers.
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Such modifications reduce cleavage of the Aspl5-Serl6 pep-
tide bond. In exemplary embodiments, the amino acid modi-
fication at position 15 is a deletion or substitution of Asp with
glutamic acid, homoglutamic acid, cysteic acid or homocys-
teic acid. In other exemplary embodiments, the amino acid
modification at position 16 is a deletion or substitution of Ser
with Thr or AIB. In other exemplary embodiments, Ser at
position 16 is substituted with 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.

[0549] In some embodiments, the methionine residue
present at position 27 of the native peptide is modified, e.g. by
deletion or substitution. Such modifications may prevent oxi-
dative degradation of the peptide. In some embodiments, the
Met at position 27 is substituted with leucine, isoleucine or
norleucine. In some specific embodiments, Met at position 27
is substituted with leucine or norleucine.

[0550] Insome embodiments, the Gln at position 20 and/or
24 is modified, e.g. by deletion or substitution. Such modifi-
cations can reduce degradation that occurs through deamida-
tion of Gln. In some embodiments, the Gln at position 20
and/or 24 is substituted with Ser, Thr, Ala or AIB. In some
embodiments the Gln at position 20 and/or 24 is substituted
with Lys, Arg, Orn, or Citrulline.

[0551] In some embodiments, the Asp at position 21 is
modified, e.g. by deletion or substitution. Such modifications
can reduce degradation that occurs through dehydration of
Asp to form a cyclic succinimide intermediate followed by
isomerization to iso-aspartate. In some embodiments, posi-
tion 21 is substituted with Glu, homoglutamic acid or
homocysteic acid. In some specific embodiments, position 21
is substituted with Glu.

Stabilization of the Alpha Helix Structure

[0552] Stabilization of the alpha-helix structure in the
C-terminal portion of the Class 2 glucagon related peptide
(around amino acids 12-29) provides enhanced GL.P-1 and/or
GIP activity and restores glucagon activity which has been
reduced by amino acid modifications at positions 1 and/or 2.
The alpha helix structure can be stabilized by, e.g., formation
of'a covalent or non-covalent intramolecular bridge, or sub-
stitution and/or insertion of amino acids around positions
12-29 with an alpha helix-stabilizing amino acid (e.g., an
a,o-disubstituted amino acid). Stabilization of the alpha-
helix structure of a GIP agonist may be accomplished as
described herein.

Exemplary Embodiments

[0553] Inaccordance with some embodiments of the inven-
tion, the analog of glucagon (SEQ ID NO: 1001) having GIP
agonist activity comprises SEQ ID NO: 1001 with (a) an
amino acid modification at position 1 that confers GIP agonist
activity, (b) a modification which stabilizes the alpha helix
structure of the C-terminal portion (amino acids 12-29) of the
analog, and (c) optionally, 1 to 10 (e.g., 1,2,3,4,5,6,7,8, 9,
10) further amino acid modifications. In some embodiments,
the analog exhibits at least about 1% activity of native GIP at
the GIP receptor or any other activity level at the GIP receptor
described herein.

[0554] Incertainembodiments, the modification which sta-
bilizes the alpha helix structure is one which provides or
introduces an intramolecular bridge, including, for example,
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a covalent intramolecular bridge, such as any of those
described herein. The covalent intramolecular bridge in some
embodiments is a lactam bridge. The lactam bridge of the
analog of these embodiments can be a lactam bridge as
described herein. See, e.g., the teachings of lactam bridges
under the section “Stabilization of the Alpha Helix Structure.”
For example, the lactam bridge may be one which is between
the side chains of amino acids at positions i and i+4 or
between the side chains of amino acids at positions j and j+3,
wherein iis 12, 13, 16, 17, 20 or 24, and wherein j is 17. In
certain embodiments, the lactam bridge can be between the
amino acids at positions 16 and 20, wherein one of the amino
acids at positions 16 and 20 is substituted with Glu and the
other of the amino acids at positions 16 and 20 is substituted
with Lys.

[0555] In alternative embodiments, the modification which
stabilizes the alpha helix structure is the introduction of one,
two, three, or four a,a-disubstituted amino acids at position
(s) 16,20,21, and 24 of the analog. In some embodiments, the
a,o-disubstituted amino acid is AIB. In certain aspects, the
a,o-disubstituted amino acid (e.g., AIB) is at position 20 and
the amino acid at position 16 is substituted with a positive-
charged amino acid, such as, for example, an amino acid of
Formula IV, which is described herein. The amino acid of
Formula IV may be homoLys, Lys, Orn, or 2,4-diaminobu-
tyric acid (Dab).

[0556] In specific aspects of the invention, the amino acid
modification at position 1 is a substitution of His with an
amino acid lacking an imidazole side chain, e.g. a large,
aromatic amino acid (e.g., Tyr).

[0557] Incertain aspects, the analog of glucagon comprises
amino acid modifications at one, two or all of positions 27, 28
and 29. For example, the Met at position 27 can be substituted
with a large aliphatic amino acid, optionally Leu, the Asn at
position 28 can be substituted with a small aliphatic amino
acid, optionally Ala, the Thr at position 29 can be substituted
with a small aliphatic amino acid, optionally Gly, or a com-
bination of two or three of the foregoing. In specific embodi-
ments, the analog of glucagon comprises Leu at position 27,
Ala at position 28, and Gly or Thr at position 29.

[0558] In certain embodiments of the invention, the analog
of glucagon comprises an extension of 1 to 21 amino acids
C-terminal to the amino acid at position 29. The extension can
comprise the amino acid sequence of SEQ ID NO: 1095 or
1096, for instance. Additionally or alternatively, the analog of
glucagon can comprise an extension of which 1-6 amino acids
of the extension are positive-charged amino acids. The posi-
tive-charged amino acids may be amino acids of Formula IV,
including, but not limited to Lys, homoLys, Orn, and Dab.

[0559] The analog of glucagon in some embodiments is
acylated or alkylated as described herein. For instance, the
acyl or alkyl group may be attached to the analog of glucagon,
with or without a spacer, at position 10 or 40 of the analog, as
further described herein. The analog may additionally or
alternatively be modified to comprise a hydrophilic moiety as
further described herein. Furthermore, in some embodiments,
the analog comprises any one or a combination of the follow-
ing modifications:

[0560] (a) Ser at position 2 substituted with D-Ser, Ala,
D-Ala, Gly, N-methyl-Ser, AIB, Val, or a-amino-N-bu-
tyric acid;

[0561] (b) Tyr at position 10 substituted with Trp, Lys,
Orn, Glu, Phe, or Val:
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[0562
10;
[0563] (d) Lys at position 12 substituted with Arg or Ile;
[0564] (e) Ser at position 16 substituted with Glu, Gln,
homoglutamic acid, homocysteic acid, Thr, Gly, or AIB;

[0565] (f) Arg at position 17 substituted with Gln;

[0566] (g) Arg at position 18 substituted with Ala, Ser,
Thr, or Gly;

[0567] (h) Gln at position 20 substituted with Ser, Thr,
Ala, Lys, Citrulline, Arg, Orn, or AIB;

[0568] (i) Asp at position 21 substituted with Glu, homo-
glutamic acid, homocysteic acid;

[0569] (j) Val at position 23 substituted with Ile;

[0570] (k) Gln at position 24 substituted with Asn, Ser,
Thr, Ala, or AIB;

[0571] (1) and a conservative substitution at any of posi-
tions 2 5,9,10,11,12.13,14,15,16,81920,21.24,27,
28, and 29.

[0572] Inexemplary embodiments, the analog of glucagon
(SEQ ID NO: 1001) having GIP agonist activity comprises
the following modifications:

[0573] (a) an amino acid modification at position 1 that
confers GIP agonist activity,

[0574] (b) a lactam bridge between the side chains of
amino acids at positions i and i+4 or between the side
chains of amino acids at positions j and j+3, wherein i is
12,13, 16, 17, 20 or 24, and wherein j is 17,

[0575] (c) amino acid modifications at one, two or all of
positions 27, 28 and 29, e.g., amino acid modifications at
position 27 and/or 28, and

[0576] (d) 1-9 or 1-6 further amino acid modifications,
eg. 1,2,3,4,5, 6,7, 8 or 9 further amino acid modifi-
cations,

and the EC50 of the analog for GIP receptor activation is
about 10 nM or less.

[0577] The lactam bridge of the analog of these embodi-
ments can be a lactam bridge as described herein. For
example, the lactam bridge can be between the amino acids at
positions 16 and 20, wherein one of the amino acids at posi-
tions 16 and 20 is substituted with Glu and the other of the
amino acids at positions 16 and 20 is substituted with Lys. In
accordance with these embodiments, the analog can com-
prise, for example, the amino acid sequence of any of SEQ ID
NOs: 1005-1094.

[0578] Inother exemplary embodiments, the analog of glu-
cagon (SEQ ID NO: 1001) having GIP agonist activity com-
prises the following modifications:

[0579] (a) an amino acid modification at position 1 that
confers GIP agonist activity,

[0580] (b) one, two, three, or all of the amino acids at
positions 16, 20, 21, and 24 of the analog is substituted
with an a,a-disubstituted amino acid,

[0581] (c) amino acid modifications at one, two or all of
positions 27, 28 and 29, e.g., amino acid modifications at
position 27 and/or 28, and

[0582] (d) 1-9 or 1-6 further amino acid modifications,
eg. 1,2,3,4,5, 6,7, 8 or 9 further amino acid modifi-
cations,

and the EC50 of the analog for GIP receptor activation is
about 10 nM or less.

[0583] The a,a-disubstituted amino acid of the analog of
these embodiments can be any a,a-disubstituted amino acid,
including, but not limited to, amino iso-butyric acid (AIB), an
amino acid disubstituted with the same or a different group

(c) Linkage of an acyl group to a Lys at position
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selected from methyl, ethyl, propyl, and n-butyl, or with a
cyclooctane or cycloheptane (e.g., 1-aminocyclooctane-1-
carboxylic acid). In certain embodiments, the a,o-disubsti-
tuted amino acid is AIB. In certain embodiments, the amino
acid at position 20 is substituted with an a,c-disubstituted
amino acid, e.g., AIB. In accordance with these embodi-
ments, the analog can comprise, for example, the amino acid
sequence of any of SEQ ID NOs: 1099-1141, 1144-1164,
1166-1169, and 1173-1178.

[0584] In yet other exemplary embodiments, the analog of
glucagon (SEQ ID NO: 1001) having GIP agonist activity
comprises the following modifications:

[0585] (a) an amino acid modification at position 1 that
confers GIP agonist activity,

[0586] (b) an amino acid substitution of Ser at position
16 with an amino acid of Formula IV:

[Formula IV]
H
H,N—C—COOH,

(|CHz)n

N
R r

[0587] whereinnis1to16,0r1to10,0or1to7,0rlto6,
or 2 to 6, each of R, and R, is independently selected
from the group consisting of H, C,-C,; alkyl, (C,-C,4
alky)OH, (C,-C,; alkyl)NH,, (C,-C,; alky)SH, (C,-
C, alkyl)(C;-Cg)cycloalkyl, (C,-C, alkyl)(C,-Cs het-
erocyclic), (Cy-C, alkyl)(C4-C,, aryDR,, and (C,-C,
alkyl)(C;-C, heteroaryl), wherein R, is H or OH, and the
side chain of the amino acid of Formula IV comprises a
free amino group,

[0588] (c) an amino acid substitution of the Gln at posi-
tion 20 with an alpha, alpha-disubstituted amino acid,

[0589] (d) amino acid modifications at one, two or all of
positions 27, 28 and 29, e.g., amino acid modifications at
position 27 and/or 28, and

[0590] (e) 1-9 or 1-6 further amino acid modifications,
eg. 1,2,3,4,5,6,7,8 or 9 further amino acid modifi-
cations,

and the EC50 of the analog for GIP receptor activation is
about 10 nM or less.

[0591] The amino acid of Formula IV ofthe analog of these
embodiments may be any amino acid, such as, for example,
the amino acid of Formula IV, whereinnis 1, 2,3,4,5,6,7,
8,9,10, 11, 12, 13, 14, 15, or 16. In certain embodiments, n
is 2,3, 4, or 5, in which case, the amino acid is Dab, Orn, Lys,
or homoLys respectively.

[0592] The alpha, alpha-disubstituted amino acid of the
analog of these embodiments may be any alpha, alpha-disub-
stituted amino acid, including, but not limited to, amino iso-
butyric acid (AIB), an amino acid disubstituted with the same
or a different group selected from methyl, ethyl, propyl, and
n-butyl, or with a cyclooctane or cycloheptane (e.g., 1-ami-
nocyclooctane-1-carboxylic acid). In certain embodiments,
the alpha, alpha-disubstituted amino acid is AIB. In accor-
dance with these embodiments, the analog can comprise, for
example, the amino acid sequence of any of SEQ ID NOs:
1099-1165.
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[0593] Inyet other exemplary embodiments, the analog of
glucagon (SEQ ID NO: 1001) having GIP agonist activity
comprises:
[0594] (a) an amino acid modification at position 1 that
confers GIP agonist activity, and
[0595] (b) an extension of about 1 to about 21 amino

acids C-terminal to the amino acid at position 29,

wherein at least one of the amino acids of the extension

is acylated or alkylated,
wherein the EC50 of the analog for GIP receptor activation is
about 10 nM or less.
[0596] In some embodiments, the acylated or alkylated
amino acid is an amino acid of Formula I, 11, or III. In more
specific embodiments, the amino acid of Formula I is Dab,
Orn, Lys, orhomoLys. Also, in some embodiments, the exten-
sion of about 1 to about 21 amino acids comprises the amino
acid sequence of GPSSGAPPPS (SEQ ID NO: 1095) or
XGPSSGAPPPS (SEQ ID NO: 1096), wherein X is any
amino acid, or GPSSGAPPPK (SEQ ID NO: 1170) or
XGPSSGAPPPK (SEQID NO: 1171) or XGPSSGAPPPSK
(SEQ ID NO: 1172), wherein X is Gly or a small, aliphatic or
non-polar or slightly polar amino acid.
[0597] In some embodiments, the about 1 to about 21
amino acids may comprise sequences containing one or more
conservative substitutions relative to SEQ ID NO: 1095,
1096, 1170, 1171 or 1172. In some embodiments, the acy-
lated or alkylated amino acid is located at position 37, 38, 39,
40, 41, 42, or 43 of the C-terminally-extended analog. In
certain embodiments, the acylated or alkylated amino acid is
located at position 40 of the C-terminally extended analog.
[0598] In some embodiments, the analog having GIP ago-
nist activity further comprises amino acid modifications at
one, two or all of positions 27, 28 and 29, e.g., amino acid
modifications at position 27 and/or 28.
[0599] In any of the above exemplary embodiments, the
amino acid modification at position 1 that confers GIP agonist
activity can be a substitution of His with an amino acid
lacking an imidazole side chain. The amino acid modification
at position 1 can, for example, be a substitution of His with a
large, aromatic amino acid. In some embodiments, the large,
aromatic amino acid is any of those described herein, includ-
ing, for example, Tyr.
[0600] Also, with regard to the above exemplary embodi-
ments, amino acid modifications at one, two, or all of posi-
tions 27, 28, and 29 can be any of the modifications at these
positions described herein. For example, the Met at position
27 can be substituted with a large aliphatic amino acid,
optionally Leu, the Asn at position 28 can be substituted with
a small aliphatic amino acid, optionally Ala, and/or the Thr at
position 29 can be substituted with a small aliphatic amino
acid, optionally Gly. Alternatively, the analog can comprise
such amino acid modifications at position 27 and/or 28.
[0601] The analog of the above exemplary embodiments
can further comprise 1-9 or 1-6 further, additional amino acid
modifications, e.g. 1,2,3,4,5, 6,7, 8 or 9 further amino acid
modifications, such as, for example, any of the modifications
described herein which increase or decrease the activity at
any of the GIP, GLP-1, and glucagon receptors, improve
solubility, improve duration of action or half-life in circula-
tion, delay the onset of action, or increase stability. The ana-
log can further comprise, for example, an amino acid modi-
fication at position 12, optionally, a substitution with Ile,
and/or amino acid modifications at positions 17 and 18,
optionally substitution with Q at position 17 and A at position
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18, and/or an addition of GPSSGAPPPS (SEQ ID NO: 1095)
or XGPSSGAPPPS (SEQ ID NO: 1096), or sequences con-
taining one or more conservative substitutions relative to SEQ
ID NO: 1095 or 1096, to the C-terminus. The analog can
comprise one or more of the following modifications:

[0602] (i) Ser at position 2 substituted with D-Ser, Ala,
D-Ala, Gly, N-methyl-Ser, AIB, Val, or a-amino-N-bu-
tyric acid;

[0603] (ii) Tyr at position 10 substituted with Trp, Lys,
Or, Glu, Phe, or Val;

[0604] (iii) Linkage of an acyl group to a Lys at position
10;

[0605] (iv) Lys at position 12 substituted with Arg;

[0606] (v) Ser at position 16 substituted with Glu, Gln,
homoglutamic acid, homocysteic acid, Thr, Gly, or AIB;

[0607] (vi) Arg at position 17 substituted with Gln;

[0608] (vii) Arg at position 18 substituted with Ala, Ser,
Thr, or Gly;

[0609] (viii) Gln at position 20 substituted with Ala, Ser,
Thr, Lys, Citrulline, Arg, Orn, or AIB;

[0610] (ix) Asp at position 21 substituted with Glu,
homoglutamic acid, homocysteic acid;

[0611] (x) Val at position 23 substituted with Ile;

[0612] (xi) Gln at position 24 substituted with Asn, Ala,
Ser, Thr, or AIB; and

[0613] (xii) a conservative substitution at any of posi-
tions 2,5,9,10,11,12,13,14,15,16,17, 18, 19,20, 21,
24,27, 28, and 29.

The analog in some embodiments comprise a combination of
the modifications (i) through (xii). Alternatively or addition-
ally, the analog can comprise an amino acid modification at
position 3 (e.g., an amino acid substitution of Gln with Glu),
wherein the analog has less than 1% of the activity of gluca-
gon at the glucagon receptor. Alternatively or additionally, the
analog can comprise an amino acid modification at position 7
(e.g., an amino acid substitution of Thr with an amino acid
lacking a hydroxyl group, e.g., Abu or Ile), wherein the analog
has less than about 10% of the activity of GLP-1 at the GLP-1
receptor.

[0614] Withregard to the exemplary embodiments, the ana-
log can be covalently linked to a hydrophilic moiety. In some
embodiments, the analog is covalently linked to the hydro-
philic moiety at any of amino acid positions 16, 17, 20, 21, 24,
29, 40, or the C-terminus. In certain embodiments, the analog
comprises a C-terminal extension (e.g., an amino acid
sequence of SEQ ID NO: 1095) and an addition of an amino
acid comprising the hydrophilic moiety, such that the hydro-
philic moiety is covalently linked to the analog at position 40.
[0615] In still further exemplary embodiments, the analog
of glucagon having GIP agonist activity comprises the amino
acid sequence according to any one of SEQ ID NOs: 1227,
1228, 1229 or 1230 that further comprises the following
modifications:

[0616] (a)optionally, an amino acid modification at posi-
tion 1 that confers GIP agonist activity,

[0617] (b) an extension of about 1 to about 21 amino
acids C-terminal to the amino acid at position 29,
wherein at least one of the amino acids of the extension
is acylated or alkylated, and

[0618] (d) up to 6 further amino acid modifications,

wherein the EC50 of the analog for GIP receptor activation is
about 10nM or less. In some aspects, the acylated or alkylated
amino acid is an amino acid of Formula I, II, or II1. In more
specific embodiments, the amino acid of Formula I is Dab,
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Orn, Lys, or homoLys. Also, in some embodiments, the about
1 to about 21 amino acids comprises the amino acid sequence
of GPSSGAPPPS (SEQ ID NO: 1095) or XGPSSGAPPPS
(SEQ ID NO: 1096), wherein X is any amino acid, or GPSS-
GAPPPK (SEQ ID NO: 1170) or XGPSSGAPPPK (SEQ ID
NO: 1171) or XGPSSGAPPPSK (SEQ ID NO: 1172),
wherein Xis Gly or a small, aliphatic or non-polar or slightly
polar amino acid. In some embodiments, the about 1 to about
21 amino acids may comprise sequences containing one or
more conservative substitutions relative to SEQ ID NO: 1095,
1096, 1170, 1171 or 1172. In some embodiments, the acy-
lated or alkylated amino acid is located at position 37, 38, 39,
40, 41, 42, or 43 of the C-terminally-extended analog. In
certain embodiments, the acylated or alkylated amino acid is
located at position 40 of the C-terminally extended analog. In
any of the above exemplary embodiments, the amino acid at
position 1 that confers GIP agonist activity can be an amino
acid lacking an imidazole side chain.

[0619] The analog of the above exemplary embodiments
can further comprise 1-6 further amino acid modifications,
such as, for example, any of the modifications described
herein which increase or decrease the activity at any of the
GIP, GLP-1, and glucagon receptors, improve solubility,
improve duration of action or half-life in circulation, delay
the onset of action, or increase stability.

[0620] Incertainaspects, glucagonanalogs described in the
above exemplary embodiment, comprise further amino acid
modifications at one, two or all of positions 27, 28 and 29.
Modifications at these positions can be any of the modifica-
tions described herein relative to these positions. For
example, relative to SEQ ID NO: 1227, 1228, 1229 or 1230,
position 27 can be substituted with a large aliphatic amino
acid (e.g., Leu, Ile or norleucine) or Met, position 28 can be
substituted with another small aliphatic amino acid (e.g., Gly
or Ala) or Asn, and/or position 29 can be substituted with
another small aliphatic amino acid (e.g., Ala or Gly) or Thr.
Alternatively, the analog can comprise such amino acid modi-
fications at position 27 and/or 28.

[0621] The analog can further comprise one or more of the
following additional modifications:

[0622] (i) the amino acid at position 2 is any one of
D-Ser, Ala, D-Ala, Gly, N-methyl-Ser, AIB, Val, or
a-amino-N-butyric acid;

[0623] (ii) the amino acid at position 10 is Tyr, Trp, Lys,
Or, Glu, Phe, or Val;

[0624] (iii) linkage of an acyl group to a Lys at position
10;

[0625] (iv) the amino acid at position 12 is Ile, Lys or
Arg;

[0626] (v)the amino acid at position 16 is any one of Ser,

Glu, Gln, homoglutamic acid, homocysteic acid, Thr,
Gly, or AIB;

[0627] (vi) the amino acid at position 17 is Gln or Arg;

[0628] (vii) the amino acid at position 18 is any one of
Ala, Arg, Ser, Thr, or Gly;

[0629] (viii) the amino acid at position 20 is any one of
Ala, Ser, Thr, Lys, Citrulline, Arg, Orn, or AIB or
another alpha, alpha-disubstituted amino acid;

[0630] (ix) the amino acid at position 21 is any one of
Glu, Asp, homoglutamic acid, homocysteic acid;

[0631] (x) the amino acid at position 23 is Val or Ile;

[0632] (xi) the amino acid at position 24 is any one of
Gln, Asn, Ala, Ser, Thr, or AIB; and
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[0633] (xii)one or more conservative substitutions at any
of positions 2, 5, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 24, 27, 28, and 29.

[0634] The analog in some embodiments comprise a com-
bination of the modifications (i) through (xii). Alternatively
or additionally, the analog can comprise an amino acid modi-
fication at position 3 (e.g., an amino acid substitution of Gln
with Glu), wherein the analog has less than 1% of the activity
of glucagon at the glucagon receptor. Alternatively or addi-
tionally, the analog can comprise an amino acid modification
at position 7 (e.g., an amino acid substitution of Thr with an
amino acid lacking a hydroxyl group, e.g., Abu or Ile),
wherein the analog has less than about 10% of the activity of
GLP-1 at the GLP-1 receptor.

[0635] In the above exemplary embodiments, wherein the
analog comprises an acyl or alkyl group, the analog may be
attached to the acyl or alkyl group via a spacer, as described
herein. The spacer, for example, may be 3 to 10 atoms in
length and may be, for instance, an amino acid (e.g., 6-amino
hexanoic acid, any amino acid described herein), a dipeptide
(e.g., Ala-Ala, pAla-pAla, Leu-Leu, Pro-Pro, yGlu-yGlu), a
tripeptide, or a hydrophilic or hydrophobic bifunctional
spacer. In certain aspects, the total length of the spacer and the
acyl or alkyl group is about 14 to about 28 atoms. In some
embodiments, the amino acid spacer is not y-Glu. In some
embodiments, the dipeptide spacer is not y-Glu-y-Glu.

[0636] Insome very specific embodiments, an analog ofthe
invention comprises an amino acid sequence selected from
the group consisting of SEQ ID NOs: 1099-1141, 1144-1164,
1166, 1192-1207, 1209-1221 and 1223 or selected from the
group consisting of SEQ ID NOs: 1167-1169, 1173-1178 and
1225.

[0637] In still further exemplary embodiments, the analog
of glucagon having GIP agonist activity comprises an acyl or
alkyl group (e.g., an acyl or alkyl group which is non-native to
a naturally occurring amino acid), wherein the acyl or alkyl
group is attached to a spacer, wherein (i) the spacer is attached
to the side chain ofthe amino acid at position 10 of the analog;
or (ii) the analog comprises an extension of 1 to 21 amino
acids C-terminal to the amino acid at position 29 and the
spacer is attached to the side chain of an amino acid corre-
sponding to one of positions 37-43 relative to SEQ ID NO:
1001, wherein the EC50 of the analog for GIP receptor acti-
vation is about 10 nM or less.

[0638] In such embodiments, the analog may comprise an
amino acid sequence of SEQ ID NO: 1001 with (i) an amino
acid modification at position 1 that confers GIP agonist activ-
ity, (i1) amino acid modifications at one, two, or all of posi-
tions 27, 28, and 29, (iii) at least one of:

[0639] (A) the analog comprises a lactam bridge
between the side chains of amino acids at positions i and
i+4 or between the side chains of amino acids at posi-
tions j and j+3, whereiniis 12, 13, 16, 17, 20 or 24, and
wherein j is 17;

[0640] (B) one, two, three, or all of the amino acids at
positions 16, 20, 21, and 24 of the analog is substituted
with an a,a-disubstituted amino acid; or

[0641] (C) the analog comprises (i) an amino acid sub-
stitution of Ser at position 16 with an amino acid of
Formula IV:



US 2016/0024169 Al

[Formula IV]
H
H,N—C—COOH,

(|CHz)n

N
R O,

wherein n is 1 to 7, wherein each of R1 and R2 is indepen-
dently selected from the group consisting of H, C,-C,; alkyl,
(C,-C,5 alkyDOH, (C,-C,; alkyl)NH,, (C,-C,; alkyl)SH,
(Cy-C, alkyl)(C5-Cy)cycloalkyl, (C,-C, alkyl)(C,-Cs hetero-
cyclic), (C,-C, alky])(C4-C, o aryDR, and (C,-C, alky)(C5-
C, heteroaryl), wherein R, is H or OH, and the side chain of
the amino acid of Formula IV comprises a free amino group;
and (ii) an amino acid substitution of the Gln at position 20
with an alpha, alpha-disubstituted amino acid, and (iv) up to
6 further amino acid modifications.

[0642] The alpha, alpha-disubstituted amino acid of the
analog of these embodiments may be any alpha, alpha-disub-
stituted amino acid, including, but not limited to, amino iso-
butyric acid (AIB), an amino acid disubstituted with the same
or a different group selected from methyl, ethyl, propyl, and
n-butyl, or with a cyclooctane or cycloheptane (e.g., 1-ami-
nocyclooctane-1-carboxylic acid). In certain embodiments,
the alpha, alpha-disubstituted amino acid is AIB.

[0643] The amino acid of Formula IV ofthe analog of these
embodiments may be any amino acid, such as, for example,
the amino acid of Formula IV, whereinnis 1, 2,3,4,5,6,7,
8,9,10, 11, 12, 13, 14, 15, or 16. In certain embodiments, n
is 2,3, 4, or 5, in which case, the amino acid is Dab, Orn, Lys,
or homolLys respectively. In any of the above exemplary
embodiments, the amino acid modification at position 1 that
confers GIP agonist activity can be a substitution of His with
an amino acid lacking an imidazole side chain.

[0644] Also, with regard to the above exemplary embodi-
ments, amino acid modifications at one, two, or all of posi-
tions 27, 28, and 29 can be any of the modifications at these
positions described herein. For example, the Met at position
27 can be substituted with a large aliphatic amino acid,
optionally Leu, the Asn at position 28 can be substituted with
a small aliphatic amino acid, optionally Ala, and/or the Thr at
position 29 can be substituted with a small aliphatic amino
acid, optionally Gly. Alternatively, the analog can comprise
such amino acid modifications at position 27 and/or 28.
[0645] The analog can further comprise, for example, an
amino acid modification at position 12, optionally, a substi-
tution with Ile, and/or amino acid modifications at positions
17 and 18, optionally substitution with Q at position 17 and A
at position 18, and/or an addition of GPSSGAPPPS (SEQ ID
NO: 1095) or XGPSSGAPPPS (SEQ ID NO: 1096), or
sequences containing one or more conservative substitutions
relative to SEQ ID NO: 1095 or 1096, to the C-terminus. The
analog can comprise one or more of the following modifica-
tions:

[0646] (i) Ser at position 2 substituted with D-Ser, Ala,
D-Ala, Gly, N-methyl-Ser, AIB, Val, or a-amino-N-bu-
tyric acid;

[0647] (ii) Tyr at position 10 substituted with Trp, Lys,
Or, Glu, Phe, or Val;

[0648] (iii) Linkage of'an acyl group to a Lys at position
10;
[0649] (iv) Lys at position 12 substituted with Arg;
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[0650] (v) Ser at position 16 substituted with Glu, Gln,
homoglutamic acid, homocysteic acid, Thr, Gly, Lys, or
AIB;

[0651] (vi) Arg at position 17 substituted with Gln;

[0652] (vii) Arg at position 18 substituted with Ala, Ser,
Thr, or Gly;

[0653] (viii) Gln at position 20 substituted with Ala, Ser,
Thr, Lys, Citrulline, Arg, Orn, or AIB;

[0654] (ix) Asp at position 21 substituted with Glu,
homoglutamic acid, homocysteic acid;

[0655] (x) Val at position 23 substituted with Ile;

[0656] (xi) Gln at position 24 substituted with Asn, Ala,
Ser, Thr, or AIB; and

[0657] (xii) a conservative substitution at any of posi-
tions 2, 5,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21,
24,27, 28, and 29.

The analog in some embodiments comprise a combination of
the modifications (i) through (xii). Alternatively or addition-
ally, the analog can comprise an amino acid modification at
position 3 (e.g., an amino acid substitution of Gln with Glu),
wherein the analog has less than 1% of the activity of gluca-
gon at the glucagon receptor. Alternatively or additionally, the
analog can comprise an amino acid modification at position 7
(e.g., an amino acid substitution of Thr with an amino acid
lacking a hydroxyl group, e.g., Abu or Ile), a deletion of the
amino acid(s)C-terminal to the amino acid at position 27 or
28, yielding a 27- or 28-amino acid peptide, or a combination
thereof, wherein the analog has less than about 10% of the
activity of GLP-1 at the GLP-1 receptor.

[0658] Withregard to the exemplary embodiments, the ana-
log can be covalently linked to a hydrophilic moiety. In some
embodiments, the analog is covalently linked to the hydro-
philic moiety at any of amino acid positions 16, 17, 20, 21, 24,
29, 40, or the C-terminus. In certain embodiments, the analog
comprises a C-terminal extension (e.g., an amino acid
sequence of SEQ ID NO: 1095) and an addition of an amino
acid comprising the hydrophilic moiety, such that the hydro-
philic moiety is covalently linked to the analog at position 40.
[0659] In some embodiments, the hydrophilic moiety is
covalently linked to a Lys, Cys, Orn, homocysteine, or acetyl-
phenylalanine of the analog. The Lys, Cys, Orn, homocys-
teine, or acetyl-phenylalanine may be an amino acid that is
native to the glucagon sequence (SEQ ID NO: 1001) or it may
be an amino acid which is replacing a native amino acid of
SEQIDNO: 1001. In some embodiments, wherein the hydro-
philic moiety is attached to a Cys, the linkage to the hydro-
philic moiety can comprise the structure

Peptide
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[0660] With regard to the analogs comprising a hydrophilic
moiety, the hydrophilic moiety may be any of those described
herein. See, e.g., the teachings under the section “Linkage of
hydrophilic moieties.” In some embodiments, the hydrophilic
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moiety is a polyethylene glycol (PEG). The PEG in certain
embodiments has a molecular weight of about 1,000 Daltons
to about 40,000 Daltons, e.g., about 20,000 Daltons to about
40,000 Daltons.

[0661] In the exemplary embodiments, wherein the analog
comprises an acyl or alkyl group, which is attached to the
analog via a spacer, the spacer can be any spacer as described
herein. The spacer, for example, may be 3 to 10 atoms in
length and may be, for instance, an amino acid (e.g., 6-amino
hexanoic acid, any amino acid described herein), a dipeptide
(e.g., Ala-Ala, pAla-pAla, Leu-Leu, Pro-Pro, yGlu-yGlu), a
tripeptide, or a hydrophilic or hydrophobic bifunctional
spacer. In certain aspects, the total length ofthe spacer and the
acyl or alkyl group is about 14 to about 28 atoms. In some
embodiments, the amino acid spacer is not y-Glu. In some
embodiments, the dipeptide spacer is not y-Glu-y-Glu.
[0662] The acyl or alkyl group is any acyl or alkyl group as
described herein, such as an acyl or alkyl group which is
non-native to a naturally occurring amino acid. The acyl or
alkyl group in some embodiments is a C4 to C30 fatty acyl
group, such as, for example, a C10 fatty acyl or alkyl group,
a C12 fatty acyl or alkyl group, a C14 fatty acyl or alkyl group,
a C16 fatty acyl or alkyl group, a C18 fatty acyl or alkyl group,
aC20 acyl oralkyl group, ora C22 acyl or alkyl group, ora C4
to C30alkyl group. In specific embodiments, the acyl group is
a C12 to C18 fatty acyl group (e.g., a C14 or C16 fatty acyl
group).

[0663] In some embodiments, the extension of about 1 to
about 21 amino acids C-terminal to the amino acid at position
29 of the analog comprises the amino acid sequence of GPSS-
GAPPPS (SEQ ID NO: 1095) or XGPSSGAPPPS (SEQ ID
NO: 1096), wherein X is any amino acid, or GPSSGAPPPK
(SEQIDNO: 1170) or XGPSSGAPPPK (SEQIDNO: 1171)
or XGPSSGAPPPSK (SEQ ID NO: 1172), wherein Xis Gly
or a small, aliphatic or non-polar or slightly polar amino acid.
In some embodiments, the about 1 to about 21 amino acids
may comprise sequences containing one or more conserva-
tive substitutions relative to SEQ ID NO: 1095, 1096, 1170,
1171 or 1172. In some embodiments, the acylated or alky-
lated amino acid is located at position 37, 38, 39, 40, 41, 42,
or 43 of the C-terminally-extended analog. In certain embodi-
ments, the acylated or alkylated amino acid is located at
position 40 of the C-terminally extended analog. In certain
embodiments, the acyl or alkyl group is covalently linked to
an amino acid which is native to SEQ ID NO: 1001, 1227,
1228, 1229 or 1230 or it may be linked to a substituted amino
acid. In certain embodiments, the acyl or alkyl group is
covalently linked to an amino acid which is native to SEQ ID
NO: 1095, 1096, 1171 or 1172

[0664] The GIP agonist may be a peptide comprising the
amino acid sequence of any of the amino acid sequences, e.g.,
SEQ ID NOs: 1005-1094, optionally withup to 1, 2, 3, 4, or
5 further modifications that retain GIP agonist activity. In
certain embodiments, the GIP agonist comprises the amino
acids of any of SEQ ID NOs: 1099-1262.

Class 3 Glucagon Related Peptides

[0665] In certain embodiments, the glucagon related pep-
tide is a Class 3 glucagon related peptide, which is described
herein and in International Patent Application No. PCT/
US2009/47438 (filed on Jun. 16, 2009), International Patent
Application Publication No. WO 2008/101017, published on
Aug. 21,2008, and U.S. Provisional Application No. 61/090,
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412 and U.S. Application No. 61/177,476, the contents of
which are incorporated by reference in their entirety.

[0666] Some of the biological sequences referenced in the
following section (SEQ ID NOs: 89-108, 114-128 and 146-
656) relating to Class 3 glucagon related peptides correspond
to SEQ ID NOs: 89-108, 114-128 and 146-656 in Interna-
tional Patent Application No. PCT/US2009/47438.

Activity

[0667] The Class 3 glucagon related peptide can be a pep-
tide that exhibits increased activity at the glucagon receptor,
and in further embodiments exhibits enhanced biophysical
stability and/or aqueous solubility. In addition, in some
embodiments, the Class 3 glucagon related peptide has lost
native glucagon’s selectivity for the glucagon receptor verses
the GLP-1 receptor, and thus represents co-agonists of those
two receptors. Selected amino acid modifications within the
Class 3 glucagon related peptide can control the relative activ-
ity of the peptide at the GLP-1 receptor verses the glucagon
receptor. Thus, the Class 3 glucagon related peptide can be a
glucagon/GLP-1 co-agonist that has higher activity at the
glucagon receptor versus the GLP-1 receptor, a glucagon/
GLP-1 co-agonist that has approximately equivalent activity
at both receptors, or a glucagon/GLP-1 co-agonist that has
higher activity at the GLP-1 receptor versus the glucagon
receptor. The latter category of co-agonist can be engineered
to exhibit little or no activity at the glucagon receptor, and yet
retain ability to activate the GLP-1 receptor with the same or
better potency than native GLP-1. Any of these co-agonists
may also include modifications that confer enhanced bio-
physical stability and/or aqueous solubility.

Modifications of the Class 3 glucagon related peptide can be
made to produce a glucagon related peptide having anywhere
from at least about 1% (including at least about 1.5%, 2%,
5%, 7%, 10%, 20%, 30%, 40%, 50%, 60%, 75%, 100%,
125%, 150%, 175%) to about 200% or higher activity at the
GLP-1 receptor relative to native GLP-1 and anywhere from
at least about 1% (including about 1.5%, 2%, 5%, 7%, 10%,
20%, 30%, 40%, 50%, 60%, 75%, 100%, 125%, 150%,
175%, 200%, 250%, 300%, 350%, 400%, 450%) to about
500% or higher activity at the glucagon receptor relative to
native glucagon. The amino acid sequence of native glucagon
is SEQ ID NO: 701, the amino acid sequence of GLP-1(7-
36)amide is SEQ ID NO: 703, and the amino acid sequence of
GLP-1(7-37)acid is SEQ ID NO: 704.

[0668] The Class 3 glucagon related peptide can be a glu-
cagon related peptide with increased or decreased activity at
the glucagon receptor, or GLP-1 receptor, or both. The Class
3 glucagon related peptide can be a glucagon related peptide
with altered selectivity for the glucagon receptor versus the
GLP-1 receptor. As disclosed herein high potency Class 3
glucagon related peptides are provided that also exhibit
improved solubility and/or stability.

Modifications Affecting Glucagon Activity

[0669] Increased activity at the glucagon receptor is pro-
vided by an amino acid modification at position 16 of native
glucagon (SEQ ID NO: 701). In some embodiments, the
Class 3 glucagon related peptide is a glucagon agonist that has
been modified relative to the wild type peptide of His-Ser-
GIn-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-

Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-
Thr (SEQ ID NO: 701) to enhance the peptide’s potency at the
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glucagon receptor. The normally occurring serine at position
16 of native glucagon (SEQ ID NO: 701) can be substituted
with select acidic amino acids to enhance the potency of
glucagon, in terms of its ability to stimulate cAMP synthesis
in a validated in vitro model assay (see Example 7). More
particularly, this substitution enhances the potency of the
analog at least 2-fold, 4-fold, 5-fold, and up to 10-fold greater
at the glucagon receptor. This substitution also enhances the
analog’s activity at the GLP-1 receptor at least 5-fold,
10-fold, or 15-fold relative to native glucagon, but selectivity
is maintained for the glucagon receptor over the GLP-1 recep-
tor.

[0670] By way of nonlimiting example, such enhanced
potency can be provided by substituting the naturally occur-
ring serine at position 16 with 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, or a charged amino
acid having a side chain containing at least one heteroatom,
(e.g. N, O, S, P) and with a side chain length of about 4 (or 3-5)
atoms. In accordance with some embodiments, the serine
residue at position 16 of native glucagon is substituted with an
amino acid selected from the group consisting of glutamic
acid, glutamine, homoglutamic acid, homocysteic acid,
threonine, or glycine. In accordance with some embodiments,
the serine residue at position 16 of native glucagon is substi-
tuted with an amino acid selected from the group consisting of
glutamic acid, glutamine, homoglutamic acid and homocys-
teic acid, and in some embodiments the serine residue is
substituted with glutamic acid.

[0671] Insome embodiments, the enhanced potency Class
3 glucagon related peptide comprises a peptide of SEQ ID
NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93,
SEQIDNO: 94, SEQ ID NO: 95 or a glucagon agonist analog
of SEQ ID NO: 93. In accordance with some embodiments, a
Class 3 glucagon related peptide having enhanced potency at
the glucagon receptor relative to wild type glucagon is pro-
vided wherein the peptide comprises the sequence of SEQ ID
NO: 95, SEQ ID NO: 96, SEQ ID NO: 97 or SEQ ID NO: 98,
wherein the glucagon related peptide retains its selectivity for
the glucagon receptor relative to the GLP-1 receptors. In
some embodiments, the Class 3 glucagon related peptide
having enhanced specificity for the glucagon receptor com-
prises the peptide of SEQ ID NO: 96, SEQ ID NO: 97, SEQ
ID NO: 98 or a glucagon agonist analog thereof, wherein the
carboxy terminal amino acid retains its native carboxylic acid
group. In accordance with some embodiments, a Class 3
glucagon related peptide comprises the sequence of NH2-
His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-
Leu-Asp-Glu-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-
Met-Asn-Thr-COOH (SEQ ID NO: 98), wherein the peptide
exhibits approximately fivefold enhanced potency at the glu-
cagon receptor, relative to native glucagon as measured by the
in vitro cAMP assay of Example 7.

[0672] Glucagon receptor activity can be reduced, main-
tained, or enhanced by an amino acid modification at position
3, e.g. substitution of the naturally occurring glutamine at
position 3. In some embodiments, substitution of the amino
acid at position 3 with an acidic, basic, or hydrophobic amino
acid (glutamic acid, ornithine, norleucine) has been shown to
substantially reduce or destroy glucagon receptor activity.
The analogs that are substituted with, for example, glutamic
acid, ornithine, or norleucine have about 10% or less of the
activity of native glucagon at the glucagon receptor, e.g. about
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1-10%, or about 0.1-10%, or greater than about 0.1% but less
than about 10%, while exhibiting at least 20% of the activity
of GLP-1 at the GLP-1 receptor. For example, exemplary
analogs described herein have about 0.5%, about 1% or about
7% of'the activity of native glucagon, while exhibiting at least
20% of the activity of GLP-1 at the GLP-1 receptor. In par-
ticular, any of the Class 3 glucagon related peptides, includ-
ing glucagon analogs, glucagon agonist analogs, glucagon
co-agonists, and glucagon/GLP-1 co-agonist molecules,
described herein may be modified to contain a modification at
position 3, e.g., Gln substituted with Glu, to produce a peptide
with high selectivity, e.g., tenfold selectivity, for the GLP-1
receptor as compared to the selectivity for the glucagon
receptor.

[0673] In another embodiment, the naturally occurring
glutamine at position 3 of any of the Class 3 glucagon related
peptides can be substituted with a glutamine analog without a
substantial loss of activity at the glucagon receptor, and in
some cases, with an enhancement of glucagon receptor activ-
ity, as described herein. In specific embodiments, the amino
acid at position 3 is substituted with Dab(Ac). For example,
glucagon agonists can comprise the amino acid sequence of
SEQIDNO: 595, SEQID NO: 601 SEQ ID NO: 603, SEQID
NO: 604, SEQ ID NO: 605, and SEQ ID NO: 606.

[0674] Itwas observed that modifications at position 2 (e.g.
AIB at position 2) and in some cases modifications at position
1 may reduce glucagon activity. This reduction in glucagon
activity can be restored by stabilizing the alpha-helix in the
C-terminal portion of glucagon, e.g. through means described
herein, for example, through a covalent bond between the side
chains of the amino acids at positions “i” and “i+4”, e.g., 12
and 16, 16 and 20, or 20 and 24. In some embodiments, this
covalent bond is a lactam bridge between a glutamic acid at
position 16 and a lysine at position 20. In some embodiments,
this covalent bond is an intramolecular bridge other than a
lactam bridge. For example, suitable covalent bonding meth-
ods include any one or more of olefin metathesis, lanthionine-
based cyclization, disulfide bridge or modified sulfur-con-
taining bridge formation, the use of a, w-diaminoalkane
tethers, the formation of metal-atom bridges, and other means
of peptide cyclization.

Modifications Affecting GLP-1 Activity

[0675] Enhanced activity at the GLP-1 receptor is provided
by replacing the carboxylic acid of the C-terminal amino acid
with a charge-neutral group, such as an amide or ester. In
some embodiments, these Class 3 glucagon related peptides
comprise a sequence of SEQ ID NO: 108, wherein the car-
boxy terminal amino acid has an amide group in place of the
carboxylic acid group found on the native amino acid. These
Class 3 glucagon related peptides have strong activity at both
the glucagon and GLP-1 receptors and thus act as co-agonists
at both receptors. In accordance with some embodiments, the
Class 3 glucagon related peptide is a glucagon and GLP-1
receptor co-agonist, wherein the peptide comprises the
sequence of SEQ ID NO: 108, wherein the amino acid at
position 28 is Asn or Lys and the amino acid at position 29 is
Thr-amide.

[0676] Increased activity at the GLP-1 receptor is provided
by modifications that stabilize the alpha helix in the C-termi-
nal portion of glucagon (e.g. around residues 12-29). In some
embodiments, such modifications permit formation of an
intramolecular bridge between the side chains of two amino
acids that are separated by three intervening amino acids (i.e.,
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an amino acid at position “i” and an amino acid at position
“i+4”, wherein 1 is any integer between 12 and 25), by two
intervening amino acids, i.e., an amino acid at position “j” and
an amino acid at position “j+3,” wherein j is any integer
between 12 and 27, or by six intervening amino acids, i.e., an
amino acid at position “k” and an amino acid at position
“k+7,” wherein k is any integer between 12 and 22. In exem-
plary embodiments, the bridge or linker is about 8 (or about
7-9) atoms in length and forms between side chains of amino
acids at positions 12 and 16, or at positions 16 and 20, or at
positions 20 and 24, or at positions 24 and 28. The two amino
acid side chains can be linked to one another through non-
covalent bonds, e.g., hydrogen-bonding, ionic interactions,
such as the formation of salt bridges, or by covalent bonds.
[0677] Inaccordance with some embodiments, the Class 3
glucagon related peptide exhibits glucagon/GLP-1 receptor
co-agonist activity and comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 99, 101,
102 and 103. In some embodiments, the side chains are
covalently bound to one another, and in some embodiments
the two amino acids are bound to one another to form a lactam
ring.

In some embodiments, the Class 3 glucagon related peptide
comprises a glucagon related peptide analog of SEQ ID NO:
108, wherein the peptide comprises an intramolecular lactam
bridge formed between amino acid positions 12 and 16 or
between amino acid positions 16 and 20. In some embodi-
ments, the Class 3 glucagon related peptide comprises the
sequence of SEQ ID NO: 108, wherein an intramolecular
lactam bridge is formed between amino acid positions 12 and
16, between amino acid positions 16 and 20, or between
amino acid positions 20 and 24 and the amino acid at position
29 is glycine, wherein the sequence of SEQ ID NO: 29 is
linked to the C-terminal amino acid of SEQ IDNO: 108.In a
further embodiment, the amino acid at position 28 is aspartic
acid.

[0678] In some specific embodiments, stabilization of the
alpha helix structure in the C-terminal portion of the Class 3
glucagon related peptide is achieved through the formation of
an intramolecular bridge other than a lactam bridge. For
example, suitable covalent bonding methods include any one
or more of olefin metathesis, lanthionine-based cyclization,
disulfide bridge or modified sulfur-containing bridge forma-
tion, the use of a, w-diaminoalkane tethers, the formation of
metal-atom bridges, and other means of peptide cyclization
are used to stabilize the alpha helix.

[0679] Furthermore, enhanced activity at the GLP-1 recep-
tor may be achieved by stabilizing the alpha-helix structure in
the C-terminal portion of the glucagon related peptide
(around amino acids 12-29) through purposeful introduction
of'one or more a,ct-disubstituted amino acids at positions that
retain the desired activity. Such peptides may be considered
herein as a peptide lacking an intramolecular bridge. In some
aspects, stabilization of the alpha-helix is accomplished in
this manner without introduction of an intramolecular bridge
such as a salt bridge or covalent bond. In some embodiments,
one, two, three, four or more of positions 16, 17, 18, 19, 20,
21, 24 or 29 of a glucagon related peptide is substituted with
an a,o-disubstituted amino acid. For example, substitution of
position 16 of the Class 3 glucagon related peptide with
amino iso-butyric acid (AIB) enhances GLP-1 activity, in the
absence of a salt bridge or lactam. In some embodiments, one,
two, three or more of positions 16, 20, 21 or 24 are substituted
with AIB.
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[0680] Enhanced activity at the GLP-1 receptor may be
achieved by an amino acid modification at position 20. In
some embodiments, the glutamine at position 20 is replaced
with another hydrophilic amino acid having a side chain that
is either charged or has an ability to hydrogen-bond, and is at
least about 5 (or about 4-6) atoms in length, for example,
lysine, citrulline, arginine, or ornithine.

[0681] Increased activity at the GLP-1 receptor is demon-
strated in Class 3 glucagon related peptides comprising the
C-terminal extension of SEQ ID NO: 78. GLP-1 activity in
such Class 3 glucagon related peptides comprising SEQ 1D
NO: 78 can be further increased by modifying the amino acid
at position 18, 28 or 29, or at position 18 and 29, as described
herein. A further modest increase in GLP-1 potency may be
achieved by modifying the amino acid at position 10 to be
Trp.

[0682] Combinations of the modifications that increase
GLP-1 receptor activity may provide higher GLP-1 activity
than any of such modifications taken alone. For example, the
Class 3 glucagon related peptides can comprise modifications
atposition 16, at position 20, and at the C-terminal carboxylic
acid group, optionally with a covalent bond between the
amino acids at positions 16 and 20; can comprise modifica-
tions at position 16 and at the C-terminal carboxylic acid
group; can comprise modifications at positions 16 and 20,
optionally with a covalent bond between the amino acids at
positions 16 and 20; or can comprise modifications at position
20 and at the C-terminal carboxylic acid group; optionally
with the proviso that the amino acid at position 12 is not Arg;
or optionally with the proviso that the amino acid at position
9 is not Glu.

Modifications Affecting Solubility

Addition of Hydrophilic Moieties

[0683] The Class 3 glucagon related peptides can be further
modified to improve the peptide’s solubility and stability in
aqueous solutions at physiological pH, while retaining the
high biological activity relative to native glucagon. Hydro-
philic moieties as discussed herein can be attached to the
Class 3 glucagon related peptide as further discussed herein.
In accordance with some embodiments, introduction of
hydrophilic groups at positions 17, 21, and 24 of the Class 3
glucagon related peptide comprising SEQ ID NO: 97 or SEQ
ID NO: 98 are anticipated to improve the solubility and sta-
bility of the high potency glucagon analog in solutions having
a physiological pH. Introduction of such groups also
increases duration of action, e.g. as measured by a prolonged
half-life in circulation.

[0684] Insomeembodiments, the Class 3 glucagon related
peptide comprises a sequence selected from the group con-
sisting of SEQ ID NO: 99, SEQ ID NO: 100, SEQ ID NO:
101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104,
SEQ ID NO: 105, SEQ ID NO: 106 and SEQ ID NO: 107,
wherein the side chain of an amino acid residue at one of
position 16, 17, 21 or 24 of said Class 3 glucagon related
peptide further comprises a polyethylene glycol chain, having
a molecular weight selected from the range of about 500 to
about 40,000 Daltons. In some embodiments, the polyethyl-
ene glycol chain has a molecular weight selected from the
range of about 500 to about 5,000 Daltons. In another
embodiment. the polyethylene glycol chain has a molecular
weight of about 10,000 to about 20,000 Daltons. In yet other
exemplary embodiments the polyethylene glycol chain has a
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molecular weight of about 20,000 to about 40,000 Daltons. In
accordance with some embodiments the hydrophilic group
comprises a polyethylene (PEG) chain. More particularly, in
some embodiments, the Class 3 glucagon related peptide
comprises the sequence of SEQ ID NO: 94 or SEQ ID NO: 95
wherein a PEG chain is covalently linked to the side chains of
amino acids present at positions 21 and 24 of the Class 3
glucagon related peptide and the carboxy terminal amino acid
of'the Class 3 glucagon related peptide has the carboxylic acid
group. In accordance with some embodiments, the polyeth-
ylene glycol chain has an average molecular weight selected
from the range of about 500 to about 10,000 Daltons.

[0685] In accordance with some embodiments, the pegy-
lated Class 3 glucagon related peptide comprises two or more
polyethylene glycol chains covalently bound to the Class 3
glucagon related peptide wherein the total molecular weight
of'the glucagon chains is about 1,000 to about 5,000 Daltons.
In some embodiments the pegylated glucagon agonist com-
prises a peptide consisting of SEQ ID NO: 93 or a glucagon
agonist analog of SEQ ID NO: 93, wherein a PEG chain is
covalently linked to the amino acid residue at position 21 and
at position 24, and wherein the combined molecular weight of
the two PEG chains is about 1,000 to about 5,000 Daltons.

Charged C-Terminus

[0686] The solubility of the Class 3 glucagon related pep-
tide comprising SEQ ID NO: 20 can be further improved, for
example, by introducing one, two, three or more charged
amino acid(s) to the C-terminal portion of glucagon related
peptide of SEQ ID NO: 108, preferably at a position C-ter-
minal to position 27. Such a charged amino acid can be
introduced by substituting a native amino acid with a charged
amino acid, e.g. at positions 28 or 29, or alternatively by
adding a charged amino acid, e.g. after position 27, 28 or 29.
In exemplary embodiments, one, two, three or all of the
charged amino acids are negatively charged. Additional
modifications, e.g. conservative substitutions, may be made
to the Class 3 glucagon related peptide that still allow it to
retain glucagon activity. In some embodiments, an analog of
the Class 3 glucagon related peptide of SEQ ID NO: 108 is
provided wherein the analog differs from SEQ ID NO: 108 by
1 to 2 amino acid substitutions at positions 17-26, and, in
some embodiments, the analog differs from the peptide of
SEQ ID NO: 108 by an amino acid substitution at position 20.

Acylation/Alkylation

[0687] In accordance with some embodiments, the gluca-
gon related peptide is modified to comprise an acyl or alkyl
group, e.g., a C4 to C30 acyl or alkyl group. In some embodi-
ments, the invention provides a Class 3 glucagon related
peptide modified to comprise an acyl group or alkyl group
covalently linked to the amino acid at position 10 of the
glucagon related peptide. The glucagon related peptide may
further comprise a spacer between the amino acid at position
10 of'the Class 3 glucagon related peptide and the acyl group
or alkyl group. Any of the foregoing Class 3 glucagon related
peptides may comprise two acyl groups or two alkyl groups,
or a combination thereof. In a specific aspect of the invention,
the acylated Class 3 glucagon related peptide comprises the
amino acid sequence of any of SEQ ID NOs: 534-544 and
546-549.

C-Terminal Truncation

[0688] Insomeembodiments, the Class 3 glucagon related
peptides described herein are further modified by truncation
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or deletion of one or two amino acids of the C-terminus of the
glucagon peptide (i.e., position 29 and/or 28) without affect-
ing activity and/or potency at the glucagon and GLP-1 recep-
tors. In this regard, the Class 3 glucagon related peptide can
comprise amino acids 1-27 or 1-28 of the native glucagon
peptide (SEQ ID NO: 1), optionally with one or more modi-
fications described herein. In some embodiments, the trun-
cated Class 3 glucagon related peptide comprises SEQ ID
NO: 550 or SEQ ID NO: 551. In another embodiment, the
truncated glucagon agonist peptide comprises SEQ 1D NO:
552 or SEQ ID NO: 553.

C-Terminal Extension

[0689] In accordance with some embodiments, the Class 3
glucagon related peptides disclosed herein are modified by
the addition of a second peptide to the carboxy terminus of the
glucagon related peptide, for example, SEQ ID NO: 78, SEQ
ID NO: 117 or SEQ ID NO: 118. In some embodiments, a
Class 3 glucagon related peptide having a sequence selected
from the group consisting of SEQ ID NO: 99, SEQ ID NO:
100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103,
SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, SEQ
IDNO: 107,SEQIDNO: 109, SEQIDNO: 110, SEQID NO:
111, and SEQ ID NO: 69 is covalently bound through a
peptide bond to a second peptide, wherein the second peptide
comprises a sequence selected from the group consisting of
SEQ ID NO: 78, SEQ ID NO: 117 and SEQ ID NO: 118. In
a further embodiment, in Class 3 glucagon related peptides
which comprise the C-terminal extension, the threonine at
position 29 of the native glucagon related peptide is replaced
with a glycine. A Class 3 glucagon related peptide having a
glycine substitution for threonine at position 29 and compris-
ing the carboxy terminal extension of SEQ ID NO: 78 is four
times as potent at the GLP-1 receptor as native glucagon
modified to comprise the carboxy terminal extension of SEQ
ID NO: 78. Potency at the GLP-1 receptor can be further
enhanced by an alanine substitution for the native arginine at
position 18.

[0690] Accordingly, the Class 3 glucagon related peptide
can have a carboxy terminal extension of SEQ ID NO: 117
(KRNRNNIA) or SEQ ID NO: 118. In accordance with some
embodiments, Class 3 glucagon related peptide comprising
SEQ ID NO: 81 or SEQ ID NO: 108, further comprises the
amino acid sequence of SEQ ID NO: 117 (KRNRNNIA) or
SEQ ID NO: 118 linked to amino acid 29 of the glucagon
related peptide. More particularly, the Class 3 glucagon
related peptide comprises a sequence selected from the group
consisting of SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID NO:
101, SEQ ID NO: 102 and SEQ ID NO: 103, further com-
prising the amino acid sequence of SEQ ID NO: 117 (KRN-
RNNIA) or SEQ ID NO: 118 linked to amino acid 29 of the
glucagon related peptide. More particularly, the glucagon
related peptide comprises a sequence selected from the group
consisting of SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID NO:
101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104,
SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 109, SEQ
IDNO: 110,SEQIDNO: 111,SEQIDNO: 112, SEQID NO:
72 and SEQ ID NO: 120 further comprising the amino acid
sequence of SEQ ID NO: 78 (GPSSGAPPPS) or SEQ ID NO:
79 linked to amino acid 29 of the Class 3 glucagon related
peptide. In some embodiments, the Class 3 glucagon related
peptide comprises the sequence of SEQ ID NO: 121.

[0691] Any of the modifications described above with
regard to Class 3 glucagon related peptides which increase or
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decrease glucagon receptor activity and which increase
GLP-1 receptor activity can be applied individually or in
combination. Exemplary modifications include but are not
limited to:

[0692] (A) Improving solubility, for example, by introduc-
ing one, two, three or more charged amino acid(s) to the
C-terminal portion of native glucagon, preferably at a posi-
tion C-terminal to position 27. Such a charged amino acid can
be introduced by substituting a native amino acid with a
charged amino acid, e.g. at positions 28 or 29, or alternatively
by adding a charged amino acid, e.g. after position 27, 28 or
29. In exemplary embodiments, one, two, three or all of the
charged amino acids are negatively charged. In other embodi-
ments, one, two, three or all of the charged amino acids are
positively charged. Such modifications increase solubility,
e.g. provide at least 2-fold, 5-fold, 10-fold, 15-fold, 25-fold,
30-fold or greater solubility relative to native glucagon at a
given pH between about 5.5 and 8, e.g., pH 7, when measured
after 24 hours at 25° C.

[0693] (B) Increasing solubility and duration of action or
half-life in circulation by addition of a hydrophilic moiety
such as a polyethylene glycol chain, as described herein, e.g.
atposition 16, 17,20, 21, 24 or 29, or at the C-terminal amino
acid of the peptide.

[0694] (C)Increasing stability by modification of the aspar-
tic acid at position 15, for example, by deletion or substitution
with glutamic acid, homoglutamic acid, cysteic acid or
homocysteic acid. Such modifications can reduce degrada-
tion or cleavage at a pH within the range of 5.5 to 8, especially
in acidic or alkaline buffers, for example, retaining at least
75%, 80%, 90%, 95%, 96%, 97%, 98% or 99% of the original
peptide after 24 hours at 25° C.

[0695] (D) Increasing stability by modification of the
methionine at position 27, for example, by substitution with
leucine or norleucine. Such modifications can reduce oxida-
tive degradation. Stability can also be increased by modifica-
tion of the Gln at position 20 or 24, e.g. by substitution with
Ser, Thr, Ala or AIB. Such modifications can reduce degra-
dation that occurs through deamidation of Gln. Stability can
be increased by modification of Asp at position 21, e.g. by
substitution with Glu. Such modifications can reduce degra-
dation that occurs through dehydration of Asp to form a cyclic
succinimide intermediate followed by isomerization to iso-
aspartate.

[0696] (E) Increasing resistance to dipeptidyl peptidase IV
(DPP 1V) cleavage by modification of the amino acid at
position 1 or 2 with the DPP-IV resistant amino acids
described herein and including modification of the amino
acid at position 2 with N-methyl-alanine.

[0697] (F) Conservative or non-conservative substitutions,
additions or deletions that do not affect 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;
deletions at one or more of positions 27, 28 or 29; or a deletion
of amino acid 29 optionally combined with a C-terminal
amide or ester in place of the C-terminal carboxylic acid
group;

[0698] (G) Adding C-terminal extensions as described
herein;
[0699] (H) Increasing half-life in circulation and/or extend-

ing the duration of action and/or delaying the onset of action,
for example, through acylation or alkylation of the glucagon
related peptide, as described herein;
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[0700] (I) Homodimerization or heterodimerization as
described herein.

[0701] Other modifications include substitution of His at
position 1 with a large, aromatic amino acid (e.g., Tyr, Phe,
Trp or amino-Phe); Ser at position 2 with Ala; substitution of
Tyr at position 10 with Val or Phe; substitution of Lys at
position 12 with Arg; substitution of Asp at position 15 with
Glu; substitution of Ser at position 16 with Thr or AIB.
[0702] Class 3 glucagon related peptides with GLP-1 activ-
ity that contain a non-conservative substitution of His at posi-
tion 1 with a large, aromatic amino acid (e.g., Tyr) can retain
GLP-1 activity provided that the alpha-helix is stabilized via
an intramolecular bridge, e.g., such as any of those described
herein.

Conjugates and Fusions

[0703] The Class 3 glucagon related peptide can be linked,
optionally via covalent bonding and optionally via a linker, to
a conjugate moiety. The Class 3 glucagon related peptide also
can be part of a fusion peptide or protein wherein a second
peptide or polypeptide has been fused to a terminus, e.g., the
carboxy terminus of the Class 3 glucagon related peptide.
More particularly, the fusion Class 3 glucagon related peptide
may comprise a glucagon agonist of SEQ IDNO: 72, SEQ ID
NO: 97 or SEQ ID NO: 98 further comprising an amino acid
sequence of SEQ ID NO: 78 (GPSSGAPPPS), SEQ ID NO:
117 (KRNRNNTIA) or SEQ ID NO: 118 (KRNR) linked to
amino acid 29 of the glucagon related peptide. In some
embodiments, the amino acid sequence of SEQ ID NO: 78
(GPSSGAPPPS), SEQ ID NO: 117 (KRNRNNIA) or SEQ
ID NO: 118 (KRNR) is bound to amino acid 29 of the Class
3 glucagon related peptide through a peptide bond. Appli-
cants have discovered that in Class 3 glucagon related peptide
fusion peptides comprising the C-terminal extension peptide
of Exendin-4 (e.g., SEQ ID NO: 78 or SEQ ID NO: 79),
substitution of the native threonine residue at position 29 with
glycine dramatically increases GLP-1 receptor activity. This
amino acid substitution can be used in conjunction with other
modifications disclosed herein with regard to Class 3 gluca-
gon related peptides to enhance the affinity of the glucagon
analogs for the GLP-1 receptor. For example, the T29G sub-
stitution can be combined with the S16E and N20K amino
acid substitutions, optionally with a lactam bridge between
amino acids 16 and 20, and optionally with addition of a PEG
chain as described herein.

[0704] In some embodiments, a Class 3 glucagon related
peptide comprises the sequence of SEQ ID NO: 121. In some
embodiments, the Class 3 glucagon related peptide portion of
the glucagon fusion peptide is selected from the group con-
sisting of SEQ ID NO: 72, SEQ ID NO: 90, SEQ ID NO: 91,
SEQ ID NO: 92, and SEQ ID NO: 93 wherein a PEG chain,
when present at positions 17, 21, 24, or the C-terminal amino
acid, or at both 21 and 24, is selected from the range of 500 to
40,000 Daltons. More particularly, in some embodiments, the
Class 3 glucagon related peptide segment is selected from the
group consisting of SEQ ID NO: 95, SEQ ID NO: 96, and
SEQ ID NO: 122, wherein the PEG chain is selected from the
range of 500 to 5,000. In some embodiments, the Class 3
glucagon related peptide is a fusion peptide comprising the
sequence of SEQ ID NO: 72 and SEQ ID NO: 80 wherein the
peptide of SEQ ID NO: 80 is linked to the carboxy terminus
of SEQ ID NO: 72.

[0705] In accordance with some embodiments, an addi-
tional chemical modification of the Class 3 glucagon related
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peptide of SEQ ID NO: 98 bestows increased GLP-1 receptor
potency to a point where the relative activity at the glucagon
and GLP-1 receptors is virtually equivalent. Accordingly, in
some embodiments, a Class 3 glucagon related peptide com-
prises a terminal amino acid comprising an amide group in
place of the carboxylic acid group that is present on the native
amino acid. The relative activity of the Class 3 glucagon
related peptide at the respective glucagon and GLP-1 recep-
tors can be adjusted by further modifications to the Class 3
glucagon related peptide to produce analogs demonstrating
about 40% to about 500% or more of the activity of native
glucagon at the glucagon receptor and about 20% to about
200% or more of the activity of native GLP-1 at the GLP-1
receptor, e.g. 50-fold, 100-fold or more increase relative to
the normal activity of glucagon at the GLP-1 receptor.

Exemplary Embodiments

[0706] Inaccordance with some embodiments, a glucagon
analog is provided comprising the sequence of SEQ ID NO:
72, wherein said analog differs from SEQ ID NO: 72 by 1 to
3 amino acids, selected from positions 1,2,3,5,7,10, 11, 13,
14,17, 18,19, 21, 24, 27, 28, and 29, wherein said glucagon
related peptide exhibits at least 20% of the activity of native
GLP-1 at the GLP-1 receptor.

[0707] Inaccordance with some embodiments a glucagon/
GLP-1 receptor co-agonist is provided comprising the
sequence:
NH2-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-
Tyr-Leu-Xaa-Xaa-Arg- Arg-Ala-Xaa-Asp-Phe-Val-Xaa-
Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 81) wherein the Xaa
at position 15 is selected from the group of amino acids
consisting of Asp, Glu, cysteic acid, homoglutamic acid and
homocysteic acid, Xaa at position 16 is selected from the
group of amino acids consisting of Ser, Glu, Gln, homo-
glutamic acid and homocysteic acid, the Xaa at position 20 is
Gln or Lys, the Xaa at position 24 is Gln or Glu, the Xaa at
position 28 is Asn, Lys or an acidic amino acid, the Xaa at
position 29 is Thr, Gly or an acidic amino acid, and R is
COOH or CONH?2, with the proviso that when position 16 is
serine, position 20 is Lys, or alternatively when position 16 is
serine the position 24 is Glu and either position 20 or position
28 is Lys. In some embodiments the glucagon/GLP-1 recep-
tor co-agonist comprises the sequence of SEQ ID NO: 81
wherein the amino acid at position 28 is aspartic acid and the
amino acid at position 29 is glutamic acid. In another embodi-
ment the amino acid at position 28 is the native asparagine,
the amino acid at position 29 is glycine and the amino acid
sequence of SEQ ID NO: 79 or SEQ ID NO: 80 is covalently
linked to the carboxy terminus of SEQ ID NO: 81.

[0708] Insomeembodimentsa co-agonist is provided com-
prising the sequence of SEQ ID NO: 81 wherein an additional
acidic amino acid added to the carboxy terminus of the pep-
tide. In a further embodiment the carboxy terminal amino
acid of the glucagon analog has an amide in place of the
carboxylic acid group of the natural amino acid. In some
embodiments the glucagon analog comprises a sequence
selected from the group consisting of SEQ ID NO: 85, SEQ
ID NO: 86, SEQ ID NO: 87, and SEQ ID NO: 88.

[0709] In accordance with some embodiments a glucagon
related peptide analog of SEQ ID NO: 81 is provided,
wherein said analog differs from SEQ ID NO: 81 by 1 to 3
amino acids, selected from positions 1, 2, 3, 5, 7, 10, 11, 13,
14, 17, 18, 19, 21 and 27, with the proviso that when the
amino acid at position 16 is serine, either position 20 is lysine,
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or a lactam bridge is formed between the amino acid at posi-
tion 24 and either the amino acid at position 20 or position 28.
In accordance with some embodiments the analog differs
from SEQ ID NO: 81 by 1 to 3 amino acids selected from
positions 1, 2, 3, 21 and 27. In some embodiments the gluca-
gon peptide analog of SEQ ID NO: 81 differs from that
sequence by 1 to 2 amino acids, or in some embodiments by
a single amino acid, selected form positions 1, 2, 3, 5, 7, 10,
11, 13, 14, 17, 18, 19, 21 and 27, with the proviso that when
the amino acid at position 16 is serine, either position 20 is
lysine, or a lactam bridge is formed between the amino acid at
position 24 and either the amino acid at position 20 or position
28.

[0710] Inaccordance with another embodiment a relatively
selective GLP-1 receptor agonist is provided comprising the
sequence NH2-His-Ser-Xaa-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Xaa-Xaa-Arg-Arg-Ala-Xaa-Asp-Phe-Val-
Xaa-Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 83) wherein the
Xaa at position 3 is selected from the group of amino acids
consisting of Glu, Orn or Nle, the Xaa at position 15 is
selected from the group of amino acids consisting of Asp,
Glu, cysteic acid, homoglutamic acid and homocysteic acid,
Xaa at position 16 is selected from the group of amino acids
consisting of Ser, Glu, Gln, homoglutamic acid and homocys-
teic acid, the Xaa at position 20 is Gln or Lys, the Xaa at
position 24 is Gln or Glu, the Xaa at position 28 is Asn, Lys or
an acidic amino acid, the Xaa at position 29 is Thr, Gly or an
acidic amino acid, and R is COOH, CONH2, SEQ ID NO: 78
or SEQ ID NO: 79, with the proviso that when position 16 is
serine, position 20 is Lys, or alternatively when position 16 is
serine the position 24 is Glu and either position 20 or position
28 is Lys. In some embodiments the amino acid at position 3
is glutamic acid. In some embodiments the acidic amino acid
substituted at position 28 and/or 29 is aspartic acid or
glutamic acid.

[0711] Insome embodiments the glucagon related peptide,
including a co-agonist peptide, comprises the sequence of
SEQ ID NO: 81 further comprising an additional acidic
amino acid added to the carboxy terminus of the peptide. In a
further embodiment the carboxy terminal amino acid of the
glucagon analog has an amide in place of the carboxylic acid
group of the natural amino acid.

[0712] Inaccordance with some embodiments a glucagon/
GLP-1 receptor co-agonist is provided comprising a modified
glucagon related peptide selected from the group consisting
of:
NH2-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-
Tyr-Leu-Xaa-Xaa- Arg- Arg-Ala-Xaa-Asp-Phe-Val-Xaa-
Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 82), wherein the Xaa
at position 15 is selected from the group of amino acids
consisting of Asp, Glu, cysteic acid, homoglutamic acid and
homocysteic acid, Xaa at position 16 is selected from the
group of amino acids consisting of Ser, Glu, Gln, homo-
glutamic acid and homocysteic acid, the Xaa at position 20 is
Gln or Lys, the Xaa at position 24 is Gln or Glu and the Xaa
at position 28 is Asn, Asp or Lys, R is COOH or CONH2, the
Xaa at position 29 is Thr or Gly, and R is COOH, CONH2,
SEQ ID NO: 78 or SEQ ID NO: 79, with the proviso that
when position 16 is serine, position 20 is Lys, or alternatively
when position 16 is serine the position 24 is Glu and either
position 20 or position 28 is Lys. In some embodiments R is
CONH2, the Xaa at position 15 is Asp, the Xaa at position 16
is selected from the group of amino acids consisting of Glu,
Gln, homoglutamic acid and homocysteic acid, the Xaas at
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positions 20 and 24 are each Gln the Xaa at position 28 is Asn
or Asp and the Xaa at position 29 is Thr. In some embodi-
ments the Xaas at positions 15 and 16 are each Glu, the Xaas
at positions 20 and 24 are each Gln, the Xaa at position 28 is
Asn or Asp, the Xaa at position 29 is Thr and R is CONH2.

[0713] It has been reported that certain positions of the
native glucagon peptide can be modified while retaining at
least some of the activity of the parent peptide. Accordingly,
applicants anticipate that one or more of the amino acids
located at positions at positions 2, 5,7, 10, 11,12, 13, 14,17,
18, 19,20, 21, 24, 27, 28 or 29 of the peptide of SEQ ID NO:
99 can be substituted with an amino acid different from that
present in the native glucagon peptide, and still retain activity
at the glucagon receptor. In some embodiments the methion-
ine residue present at position 27 of the native peptide is
changed to leucine or norleucine to prevent oxidative degra-
dation of the peptide. In another embodiment the amino acid
at position 20 is substituted with Lys, Arg, Om or Citrulline
and/or position 21 is substituted with Glu, homoglutamic acid
or homocysteic acid.

[0714] Insomeembodiments a glucagon analog of SEQ ID
NO: 108 is provided wherein 1 to 6 amino acids, selected
from positions 1, 2, 5,7, 10, 11, 13, 14, 17, 18, 19, 21, 27, 28
or 29 of the analog differ from the corresponding amino acid
of SEQ ID NO: 701, with the proviso that when the amino
acid atposition 16 is serine, position 20 is Lys, or alternatively
when position 16 is serine the position 24 is Glu and either
position 20 or position 28 is Lys. In accordance with another
embodiment a glucagon analog of SEQ ID NO: 108 is pro-
vided wherein 1 to 3 amino acids selected from positions 1, 2,
5,7,10, 11, 13, 14, 17, 18, 19, 20, 21, 27, 28 or 29 of the
analog differ from the corresponding amino acid of SEQ ID
NO: 701. In another embodiment, a glucagon analog of SEQ
1D NO: 96, SEQ ID NO: 97 or SEQ ID NO: 99 is provided
wherein 1 to 2 amino acids selected from positions 1, 2, 5,7,
10,11,13,14,17,18,19,200r 21 of the analog differ from the
corresponding amino acid of SEQ ID NO: 701, and in a
further embodiment the one to two differing amino acids
represent conservative amino acid substitutions relative to the
amino acid present in the native glucagon sequence (SEQ ID
NO: 701). In some embodiments a glucagon peptide of SEQ
ID NO: 100, SEQ ID NO: 101, SEQ ID NO: 102 or SEQ ID
NO: 103 is provided wherein the glucagon peptide further
comprises one, two or three amino acid substitutions at posi-
tions selected from positions 2, 5,7,10, 11, 13,14, 17, 18,19,
20, 21, 27 or 29. In some embodiments the substitutions at
positions 2, 5,7,10,11, 13, 14,16,17,18,19,20,21,27 or 29
are conservative amino acid substitutions.

[0715] Inaccordance with some embodiments a glucagon/
GLP-1 receptor co-agonist is provided comprising a variant
of the sequence of SEQ ID NO 81, wherein 1 to 10 amino
acids selected from positions 16, 17, 18, 20, 21, 23, 24,27, 28
and 29, respectively, of the variant differ from the correspond-
ing amino acid of SEQ ID NO: 701. In accordance with some
embodiments a variant of the sequence of SEQ ID NO 81 is
provided wherein the variant differs from SEQ ID NO: 81 by
one or more amino acid substitutions selected from the group
consisting of Gln17, Alal8, Glu2l, Ile23, Ala24, Val27 and
Gly29. In accordance with some embodiments a glucagon/
GLP-1 receptor co-agonist is provided comprising variants of
the sequence of SEQ ID NO 81, wherein 1 to 2 amino acids
selected from positions 17-26 of the variant differ from the
corresponding amino acid of SEQ ID NO: 701. In accordance
with some embodiments a variant of the sequence of SEQ ID
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NO 81 is provided wherein the variant differs from SEQ ID
NO: 81 by an amino acid substitution selected from the group
consisting of Gln17, Alal18, Glu21, Ile23 and Ala24. In accor-
dance with some embodiments a variant of the sequence of
SEQ ID NO 81 is provided wherein the variant differs from
SEQ ID NO: 81 by an amino acid substitution at position 18
wherein the substituted amino acid is selected from the group
consisting of Ala, Ser, Thr, and Gly. In accordance with some
embodiments a variant of the sequence of SEQ ID NO 81 is
provided wherein the variant difters from SEQ ID NO: 81 by
an amino acid substitution of Ala at position 18. Such varia-
tions are encompassed by SEQ ID NO: 72. In another
embodiment a glucagon/GLP-1 receptor co-agonist is pro-
vided comprising variants of the sequence of SEQ ID NO 81,
wherein 1 to 2 amino acids selected from positions 17-22 of
the variant differ from the corresponding amino acid of SEQ
ID NO: 701, and in a further embodiment a variant of SEQ ID
NO 81 is provided wherein the variant differs from SEQ ID
NO: 81 by for 2 amino acid substitutions at positions 20 and
21.

[0716] Inaccordance with some embodiments a glucagon/
GLP-1 receptor co-agonist is provided comprising the
sequence:

NH2-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-
Tyr-Leu-Xaa-Xaa- Arg- Arg-Ala-Xaa-Xaa-Phe-Val-Xaa-
Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 123), wherein the
Xaa at position 15 is Asp, Glu, cysteic acid, homoglutamic
acid or homocysteic acid, the Xaa at position 16 is Ser, Glu,
Gln, homoglutamic acid or homocysteic acid, the Xaa at
position 20 is Gln, Lys, Arg, Orn or citrulline, the Xaa at
position 21 is Asp, Glu, homoglutamic acid or homocysteic
acid, the Xaa at position 24 is Gln or Glu, the Xaa at position
28 is Asn, Lys or an acidic amino acid, the Xaa at position 29
is Thr or an acid amino acid and R is COOH or CONH,. In
some embodiments R is CONH,. In accordance with some
embodiments a glucagon/GLP-1 receptor co-agonist is pro-
vided comprising a variant of SEQ ID NO: 99, SEQ ID NO:
100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103,
SEQ ID NO: 114, SEQ ID NO: 115 or SEQ ID NO: 116,
wherein the variant differs from said sequence by an amino
acid substitution at position 20. In some embodiments the
amino acid substitution is selected form the group consisting
of Lys, Arg, Orn or citrulline for position 20.

[0717] In some embodiments a glucagon agonist is pro-
vided comprising an analog peptide of SEQ ID NO: 82
wherein the analog differs from SEQ ID NO: 82 by having an
amino acid other than serine at position 2. In some embodi-
ments the serine residue is substituted with aminoisobutyric
acid, D-alanine, and in some embodiments the serine residue
is substituted with aminoisobutyric acid. Such modifications
suppresses cleavage by dipeptidyl peptidase IV while retain-
ing the inherent potency of the parent compound (e.g. at least
75, 80, 85, 90, 95% or more of the potency of the parent
compound). In some embodiments the solubility of the ana-
log is increased, for example, by introducing one, two, three
or more charged amino acid(s) to the C-terminal portion of
native glucagon, preferably at a position C-terminal to posi-
tion 27. In exemplary embodiments, one, two, three or all of
the charged amino acids are negatively charged. In another
embodiment the analog further comprises an acidic amino
acid substituted for the native amino acid at position 28 or 29
or an acidic amino acid added to the carboxy terminus of the
peptide of SEQ ID NO: 82.
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[0718] In some embodiments the glucagon analogs dis-
closed herein are further modified at position 1 or 2 to reduce
susceptibility to cleavage by dipeptidyl peptidase IV. In some
embodiments a glucagon analog of SEQ ID NO: 97, SEQ ID
NO: 99,SEQIDNO: 100, SEQIDNO: 101, SEQIDNO: 102
or SEQ ID NO: 103 is provided wherein the analog differs
from the parent molecule by a substitution at position 2 and
exhibits reduced susceptibility (i.e., resistance) to cleavage
by dipeptidyl peptidase IV. More particularly, in some
embodiments position 2 of the analog peptide is substituted
with an amino acid selected from the group consisting of
D-serine, D-alanine, valine, amino n-butyric acid, glycine,
N-methyl serine and aminoisobutyric acid. In some embodi-
ments position 2 of the analog peptide is substituted with an
amino acid selected from the group consisting of D-serine,
D-alanine, glycine, N-methyl serine and aminoisobutyric
acid. In another embodiment position 2 of the analog peptide
is substituted with an amino acid selected from the group
consisting of D-serine, glycine, N-methyl serine and ami-
noisobutyric acid. In some embodiments the amino acid at
position 2 is not D-serine. In some embodiments the glucagon
related peptide comprises the sequence of SEQ ID NO: 127 or
SEQ ID NO: 128.

[0719] Insomeembodiments a glucagon analog of SEQ ID
NO: 97,SEQIDNO: 99, SEQID NO: 100, SEQID NO: 101,
SEQ ID NO: 102 or SEQ ID NO: 103 is provided wherein the
analog differs from the parent molecule by a substitution at
position 1 and exhibits reduced susceptibility (i.e., resistance)
to cleavage by dipeptidyl peptidase IV. More particularly,
position 1 of the analog peptide is substituted with an amino
acid selected from the group consisting of D-histidine, alpha,
alpha-dimethyl imidiazole acetic acid (DMIA), N-methyl
histidine, alpha-methyl histidine, imidazole acetic acid, desa-
minohistidine, hydroxyl-histidine, acetyl-histidine and
homo-histidine. In another embodiment a glucagon agonist is
provided comprising an analog peptide of SEQ ID NO: 82
wherein the analog differs from SEQ ID NO: 82 by having an
amino acid other than histidine at position 1. In some embodi-
ments the solubility of the analog is increased, for example,
by introducing one, two, three or more charged amino acid(s)
to the C-terminal portion of native glucagon, preferably at a
position C-terminal to position 27. In exemplary embodi-
ments, one, two, three or all of the charged amino acids are
negatively charged. In another embodiment the analog further
comprises an acidic amino acid substituted for the native
amino acid at position 28 or 29 or an acidic amino acid added
to the carboxy terminus of the peptide of SEQ ID NO: 82. In
some embodiments the acidic amino acid is aspartic acid or
glutamic acid.

[0720] Insomeembodiments the glucagon/GLP-1 receptor
co-agonist comprises a sequence of SEQ ID NO: 108 further
comprising an additional carboxy terminal extension of one
amino acid or a peptide selected from the group consisting of
SEQ ID NO: 78, SEQ ID NO: 117 and SEQ ID NO: 118. In
the embodiment wherein a single amino acid is added to the
carboxy terminus of SEQ ID NO: 108, the amino acid is
typically selected from one of the 20 common amino acids,
and in some embodiments the additional carboxy terminus
amino acid has an amide group in place of the carboxylic acid
of'the native amino acid. In some embodiments the additional
amino acid is selected from the group consisting of glutamic
acid, aspartic acid and glycine.

[0721] In an alternative embodiment a glucagon/GLP-1
receptor co-agonist is provided wherein the peptide com-
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prises at least one lactam ring formed between the side chain
of a glutamic acid residue and a lysine residue, wherein the
glutamic acid residue and a lysine residue are separated by
three amino acids. In some embodiments the carboxy termi-
nal amino acid of the lactam bearing glucagon peptide has an
amide group in place of the carboxylic acid of the native
amino acid. More particularly, in some embodiments a glu-
cagon and GLP-1 co-agonist is provided comprising a modi-
fied glucagon peptide selected from the group consisting of:
[0722] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Glu-Arg- Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 66)

[0723] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Glu-Arg-Arg-Ala-Lys-Asp-Phe-Val-
Gln-Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 109)

[0724] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Lys-Asp-Phe-Val-
Glu-Trp-Leu-Met-Xaa-Xaa-R (SEQ ID NO: 111)

[0725] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Ser-Arg- Arg-Ala-Gln-Asp-Phe-Val-
Glu-Trp-Leu-Met-Lys-Xaa-R (SEQ ID NO: 112)

[0726] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Glu-Arg-Arg-Ala-Lys-Asp-Phe-Val-
Glu-Trp-Leu-Met-Asn-Thr-R (SEQ ID NO: 104)

[0727] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Glu-Arg- Arg-Ala-Gln-Asp-Phe-Val-
Glu-Trp-Leu-Met-Lys-Thr-R (SEQ ID NO: 105)

[0728] NH,-His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Glu-Arg-Arg-Ala-Lys-Asp-Phe-Val-
Glu-Trp-Leu-Met-Lys-Thr-R (SEQ ID NO: 106)

wherein Xaa at position 28=Asp, or Asn, the Xaa at position
29 is Thr or Gly, R is selected from the group consisting of
COOH, CONH,, glutamic acid, aspartic acid, glycine, SEQ
ID NO: 78, SEQ ID NO: 117 and SEQ ID NO: 118, and a
lactam bridge is formed between Lys at position 12 and Glu at
position 16 for SEQ ID NO: 109, between Glu at position 16
and Lys at position 20 for SEQ ID NO: 110, between Lys at
position 20 and Glu at position 24 for SEQ ID NO: 111,
between Glu at position 24 and Lys at position 28 for SEQ ID
NO: 112, between Lys at position 12 and Glu at position 16
and between Lys at position 20 and Glu at position 24 for SEQ
ID NO: 104, between Lys at position 12 and Glu at position 16
and between Glu at position 24 and Lys at position 28 for SEQ
ID NO: 105 and between Glu at position 16 and Lys at
position 20 and between Glu at position 24 and Lys at position
28 for SEQ ID NO: 106. In some embodiments R is selected
from the group consisting of COOH, CONH,, glutamic acid,
aspartic acid, glycine, the amino acid at position 28 is Asn,
and the amino acid at position 29 is threonine. In some
embodiments R is CONH,, the amino acid at position 28 is
Asn and the amino acid at position 29 is threonine. In another
embodiment R is selected from the group consisting of SEQ
ID NO: 78, SEQ ID NO: 79 and SEQ ID NO: 80 and the
amino acid at position 29 is glycine.

[0729] Inafurther embodiment the glucagon/GLP-1 recep-
tor co-agonist is selected from the group consisting of SEQ ID
NO: 99, SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID NO:
102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105
and SEQ ID NO: 106, wherein the peptide further comprises
anadditional carboxy terminal extension of one amino acid or
a peptide selected from the group consisting of SEQ ID NO:
78, SEQ ID NO: 117 and SEQ ID NO: 118. In some embodi-
ments the terminal extension comprises the sequence of SEQ
ID NO: 78, SEQ ID NO: 79 or SEQ ID NO: 80 and the
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glucagon related peptide comprises the sequence of SEQ ID
NO: 72. In some embodiments the glucagon/GLP-1 receptor
co-agonist comprises the sequence of SEQ ID NO: 81
wherein the amino acid at position 16 is glutamic acid, the
amino acid at position 20 is lysine, the amino acid at position
28 is asparagine and the amino acid sequence of SEQ ID No:
78 or SEQ ID NO: 79 is linked to the carboxy terminus of
SEQ ID NO: 81.

[0730] In the embodiment wherein a single amino acid is
added to the carboxy terminus of SEQ ID NO: 108, the amino
acid is typically selected from one of the 20 common amino
acids, and in some embodiments the amino acid has an amide
group in place of the carboxylic acid of the native amino acid.
In some embodiments the additional amino acid is selected
from the group consisting of glutamic acid and aspartic acid
and glycine. In the embodiments wherein the glucagon ago-
nist analog further comprises a carboxy terminal extension,
the carboxy terminal amino acid of the extension, in some
embodiments, ends in an amide group or an ester group rather
than a carboxylic acid.

[0731] Inanother embodiment the glucagon/GLP-1 recep-
tor co-agonist comprises the sequence: NH,-His-Ser-Gln-
Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Glu-
Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-
Xaa-CONH, (SEQ ID NO: 107), wherein the Xaa at position
30 represents any amino acid. In some embodiments Xaa is
selected from one of the 20 common amino acids, and in some
embodiments the amino acid is glutamic acid, aspartic acid or
glycine. The solubility of this peptide can be further improved
by covalently linking a PEG chain to the side chain of amino
acid at position 17, 21, 24 or 30 of SEQ ID NO: 107. In a
further embodiment the peptide comprises an additional car-
boxy terminal extension of a peptide selected from the group
consisting of SEQ ID NO: 78, SEQ ID NO: 117 and SEQ ID
NO: 118. In accordance with some embodiments the gluca-
gon/GLP-1 receptor co-agonist comprises the sequence of
SEQ ID NO: 129, SEQ ID NO: 130 and SEQ ID NO: 131.
[0732] Additional site specific modifications internal to the
glucagon sequence of SEQ ID NO: 99, SEQ ID NO: 100,
SEQ ID NO: 101, SEQID NO: 102, SEQ ID NO: 103, SEQ
IDNO: 104, SEQIDNO: 105, SEQIDNO: 106, SEQ ID NO:
107 and SEQ ID NO: 121 can be made to yield a set of
glucagon agonists that possess variable degrees of GLP-1
agonism. Accordingly, peptides that possess virtually identi-
cal in vitro potency at each receptor have been prepared and
characterized. Similarly, peptides with tenfold selectively
enhanced potency at each of the two receptors have been
identified and characterized. As noted above substitution of
the serine residue at position 16 with glutamic acid enhances
the potency of native glucagon at both the Glucagon and
GLP-1 receptors, but maintains approximately a tenfold
selectivity for the glucagon receptor. In addition by substitut-
ing the native glutamine at position 3 with glutamic acid
(SEQ ID NO: 128) generates a glucagon analog that exhibits
approximately a tenfold selectivity for the GLP-1 receptor.
[0733] The solubility of the glucagon/GLP-1 co-agonist
peptides can be further enhanced in aqueous solutions at
physiological pH, while retaining the high biological activity
relative to native glucagon by the introduction of hydrophilic
groups at positions 16, 17, 21, and 24 of the peptide, or by the
addition of a single modified amino acid (i.e., an amino acid
modified to comprise a hydrophilic group) at the carboxy
terminus of the glucagon/GLP-1 co-agonist peptide. In accor-
dance with some embodiments the hydrophilic group com-
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prises a polyethylene (PEG) chain. More particularly, in some
embodiments the glucagon peptide comprises the sequence
of SEQ ID NO: 98, SEQ ID NO: 99, SEQ ID NO: 100, SEQ
IDNO: 101, SEQIDNO: 102, SEQIDNO: 103, SEQID NO:
104, SEQ ID NO: 105 or SEQ ID NO: 106 wherein a PEG
chain is covalently linked to the side chain of an amino acids
at position 16, 17,21, 24, 29 or the C-terminal amino acid of
the glucagon peptide, with the proviso that when the peptide
comprises SEQ ID NO: 98, SEQIDNO: 99, SEQ ID NO: 100
or SEQ ID NO: 101 the polyethylene glycol chain is
covalently bound to an amino acid residue at position 17, 21
or 24, when the peptide comprises SEQ ID NO: 102 or SEQ
1D NO: 103 the polyethylene glycol chain is covalently bound
to an amino acid residue at position 16,17 or 21, and when the
peptide comprises SEQ ID NO: 104, SEQ IDNO: 105 or SEQ
1D NO: 106 the polyethylene glycol chain is covalently bound
to an amino acid residue at position 17 or 21.

[0734] In some embodiments the glucagon peptide com-
prises the sequence of SEQ ID NO: 99, SEQ ID NO: 100 or
SEQIDNO: 101, wherein a PEG chain is covalently linked to
the side chain of an amino acids at position 17, 21, 24, or the
C-terminal amino acid of the glucagon peptide, and the car-
boxy terminal amino acid of the peptide has an amide group
in place of the carboxylic acid group of the native amino acid.
In some embodiments the glucagon/GLP-1 receptor co-ago-
nist peptide comprises a sequence selected from the group
consisting of SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID
NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO:
105, SEQ ID NO: 106 and SEQ ID NO: 107, wherein a PEG
chain is covalently linked to the side chain of an amino acid at
position 17, 21 or 24 of SEQ ID NO: 100, SEQ ID NO: 101
and SEQ ID NO: 107, or at position 16, 17 or 21 of SEQ ID
NO: 102 and SEQ ID NO: 103 or at position 17 or 21 of SEQ
ID NO: 104, SEQ ID NO: 105 and SEQ ID NO: 106 of the
glucagon peptide. In another embodiment the glucagon/
GLP-1 receptor co-agonist peptide comprises the sequence of
SEQ ID NO: 99 or SEQ ID NO: 107, wherein a PEG chain is
covalently linked to the side chain of an amino acids at posi-
tion 17, 21 or 24 or the C-terminal amino acid of the glucagon
peptide.

[0735] In some embodiments a glucagon peptide selected
from the group consisting of SEQ 1D NO: 100, SEQ ID NO:
101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104,
SEQ ID NO: 105, SEQ ID NO: 106, and SEQ ID NO: 107 is
further modified to comprise a PEG chain covalently linked to
the side chain of an amino acid at position 17 or 21 of the
glucagon peptide. In some embodiments the pegylated glu-
cagon/GLP-1 receptor co-agonist further comprises the
sequence of SEQ ID NO: 78, SEQ ID NO: 117 or SEQ ID
NO: 79.

[0736] Inanotherembodimentthe glucagonrelated peptide
comprises the sequence of SEQ ID NO: 72 or SEQ 1D NO:
120, further comprising a C-terminal extension of SEQ ID
NO: 78, SEQ ID NO: 79 or SEQ ID NO: 80 linked to the
C-terminal amino acid of SEQ ID NO: 72 or SEQ ID NO:
120, and optionally further comprising a PEG chain
covalently linked to the side chain of an amino acids at posi-
tion 17, 18, 21, 24 or 29 or the C-terminal amino acid of the
peptide. In another embodiment the glucagon related peptide
comprises the sequence of SEQ ID NO: 72 or SEQ 1D NO:
120, wherein a PEG chain is covalently linked to the side
chain of an amino acids at position 21 or 24 of the glucagon
related peptide and the peptide further comprises a C-termi-
nal extension of SEQ ID NO: 78, or SEQ ID NO: 79.
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[0737] Inanother embodiment the glucagonrelated peptide
comprises the sequence of SEQ IDNO: 72, or SEQ ID NO: 81
or SEQ ID NO: 82, wherein an additional amino acid is added
to the carboxy terminus of SEQ ID NO: 81 or SEQ ID NO: 82,
and a PEG chain is covalently linked to the side chain of the
added amino acid. In a further embodiment, the pegylated
glucagon analog further comprises a C-terminal extension of
SEQ ID NO: 78 or SEQ ID NO: 79 linked to the C-terminal
amino acid of SEQ ID NO: 81 or SEQ ID NO: 82. In another
embodiment the glucagon related peptide comprises the
sequence of SEQ ID NO: 107, wherein a PEG chain is
covalently linked to the side chain of the amino acid at posi-
tion 30 of the glucagon related peptide and the peptide further
comprises a C-terminal extension of SEQ ID NO: 78 or SEQ
ID NO: 79 linked to the C-terminal amino acid of SEQ ID
NO: 107.

[0738] The polyethylene glycol chain may be in the form of
a straight chain or it may be branched. In accordance with
some embodiments the polyethylene glycol chain has an
average molecular weight selected from the range of about
500 to about 10,000 Daltons. In some embodiments the poly-
ethylene glycol chain has an average molecular weight
selected from the range of about 1,000 to about 5,000 Dal-
tons. In an alternative embodiment the polyethylene glycol
chain has an average molecular weight selected from the
range of about 10,000 to about 20,000 Daltons. In accordance
with some embodiments the pegylated glucagon related pep-
tide comprises two or more polyethylene glycol chains
covalently bound to the glucagon related peptide wherein the
total molecular weight of the glucagon chains is about 1,000
to about 5,000 Daltons. In some embodiments the pegylated
glucagon agonist comprises a peptide consisting of SEQ ID
NO: 93 or a glucagon agonist analog of SEQ ID NO: 93,
wherein a PEG chain is covalently linked to the amino acid
residue at position 21 and at position 24, and wherein the
combined molecular weight of the two PEG chains is about
1,000 to about 5,000 Daltons.

[0739] In certain exemplary embodiments, the glucagon
peptide comprises the amino acid sequence of SEQ ID NO:
701 with up to ten amino acid modifications and comprises an
amino acid at position 10 which is acylated or alkylated. In
some embodiments, the amino acid at position 10 is acylated
or alkylated with a C4 to C30 fatty acid. In certain aspects, the
amino acid at position 10 comprises an acyl group or an alkyl
group which is non-native to a naturally-occurring amino
acid.

[0740] In certain embodiments, the glucagon peptide com-
prising an amino acid at position 10 which is acylated or
alkylated comprises a stabilized alpha helix. Accordingly, in
certain aspects, the glucagon peptide comprises an acyl or
alkyl group as described herein and an intramolecular bridge,
e.g., a covalent intramolecular bridge (e.g., a lactam bridge)
between the side chains of an amino acid at position i and an
amino acid at position i+4, wherein i is 12, 16, 20, or 24.
Alternatively or additionally, the glucagon peptide comprises
an acyl or alkyl group as described herein and one, two, three
or more of positions 16, 20, 21 and/or 24 of the glucagon
peptide are substituted with an o, a-disubstituted amino acid,
e.g., AIB. In some instances, the non-native glucagon peptide
comprises Glu at position 16 and Lys at position 20, wherein
optionally a lactam bridge links the Glu and the Lys, and,
optionally, the glucagon peptide further comprises one or
more modifications selected from the group consisting of:
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Gln at position 17, Ala at position 18, Glu at position 21, Ile
at position 23, and Ala at position 24.

[0741] Also, in any of the embodiments, wherein the glu-
cagon related peptide comprises an amino acid at position 10
which is acylated or alkylated, the glucagon related peptide
can further comprise a C-terminal amide in lieu of the C-ter-
minal alpha carboxylate.

[0742] Insome embodiments, the glucagon related peptide
comprising an acyl or alkyl group as described herein further
comprises an amino acid substitution at position 1, at position
2, or at positions 1 and 2, wherein the amino acid substitution
(s) achieve DPP-IV protease resistance. In certain specific
embodiments, the glucagon related peptide is one which com-
prises SEQ ID NOs: 72 with an amino acid at position 10
acylated or alkylated as described herein. The acyl or alkyl
group of these embodiments may be any acyl or alkyl group
described herein. For example, the acyl group may be a C4 to
C30(e.g., C8to C24) fatty acyl group and the alkyl group may
be a C4 to C30 (e.g., C8 to C24) alkyl group.

[0743] The amino acid to which the acyl or alkyl group is
attached may be any of the amino acids described herein, e.g.,
an amino acid of any of Formula I (e.g., Lys), Formula II, and
Formula III.

[0744] Insomeembodiments, the acyl group or alkyl group
is directly attached to the amino acid at position 10. In some
embodiments, the acyl or alkyl group is attached to the amino
acid at position 10 via a spacer, such as, for example, a spacer
which is 3 to 10 atoms in length, e.g., an amino acid or
dipeptide. Suitable spacers for purposes of attaching an acyl
or alkyl group are described herein.

[0745] Incertain aspects, the glucagon analogs comprise at
least one amino acid modification and up to 15 amino acid
modifications (e.g., 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14,
15 amino acid modifications), or up to 10 amino acid modi-
fications. In certain embodiments, the analogs comprising at
least one amino acid modification and up to 10 amino acid
modifications represent conservative amino acid modifica-
tions. Conservative amino acid modifications are described
herein.

[0746] Accordingly, in some aspects, the glucagon analog
comprises the amino acid sequence of SEQ ID NO: 701 with
one or more of: Gln at position 17, Ala at position 18, Glu at
position 21, Ile at position 23, and Ala or Cys at position 24,
or conservative amino acid substitutions thereof. In some
aspects, the analog comprises a C-terminal amide in place of
the C-terminal alpha carboxylate. In certain embodiments,
the analog comprises an amino acid substitution at position 1,
position 2, or positions 1 and 2, which substitution(s) achieve
DPP-1V protease resistance. Suitable amino acid substitu-
tions are described herein. For example, DMIA at position 1
and/or d-Ser or AIB at position 2. In some embodiments, the
amino acid at position 2 is not D-serine.

[0747] Additionally or alternatively, the analog may com-
prise one or a combination of: (a) Ser at position 2 substituted
with Ala; (b) Gln at position 3 substituted with Glu or a
glutamine analog; (c¢) Thr at position 7 substituted with a Ile;
(d) Tyr at position 10 substituted with Trp or an amino acid
comprising an acyl or alkyl group which is non-native to a
naturally-occurring amino acid; (e) Lys at position 12 substi-
tuted with Ile; () Asp at position 15 substituted with Glu; (g)
Ser at position 16 substituted with Glu; (h) Gln at position 20
substituted with Ser, Thr, Ala, AIB; (i) Gln at position 24
substituted with Ser, Thr, Ala, AIB; (j) Met at position 27
substituted with Leu or Nle; (k) Asn at position 29 substituted
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with a charged amino acid, optionally, Asp or Glu; and (1) Thr
at position 29 substituted with Gly or a charged amino acid,
optionally, Asp or Glu. In certain aspects, the analog com-
prises the amino acid sequence of any of SEQ ID NOs:
657-669.

[0748] With regard to the analogs which exhibit agonist
activity at the GIP receptor, the analog comprises an exten-
sion of 1-21 amino acids (e.g., 5-19, 7-15, 9-12 amino acids).
The extension of the analog may comprise any amino acid
sequence, provided that the extension is 1 to 21 amino acids.
In some aspects, the extension is 7 to 15 amino acids and in
other aspects, the extension is 9 to 12 amino acids. In some
embodiments, the extension comprises (i) the amino acid
sequence of SEQ ID NO: 78 or 674, (ii) an amino acid
sequence which has high sequence identity (e.g., at least 80%,
85%, 90%, 95%, 98%, 99%) with the amino acid sequence of
SEQ ID NO: 78 or 674, or (iii) the amino acid sequence of (i)
or (i1) with one or more conservative amino acid modifica-
tions.

[0749] In some embodiments, at least one of the amino
acids of the extension is acylated or alkylated. The amino acid
comprising the acyl or alkyl group may be located at any
position of extension of the analog. In certain embodiments,
the acylated or alkylated amino acid of the extension is
located at one of positions 37, 38, 39, 40, 41, or 42 (according
to the numbering of SEQ ID NO: 701) of the analog. In certain
embodiments, the acylated or alkylated amino acid is located
at position 40 of the analog.

[0750] Inexemplary embodiments, the acyl or alkyl group
is an acyl or alkyl group which is non-native to a naturally-
occurring amino acid. For example, the acyl or alkyl group
may be a C4 to C30 (e.g., C12 to C18) fatty acyl group or C4
to C30 (e.g., C12 to C18) alkyl. The acyl or alkyl group may
be any of those discussed herein.

[0751] In some embodiments, the acyl or alkyl group is
attached directly to the amino acid, e.g., via the side chain of
the amino acid. In other embodiments, the acyl or alkyl group
is attached to the amino acid via a spacer (e.g., an amino acid,
a dipeptide, a tripeptide, a hydrophilic bifunctional spacer, a
hydrophobic bifunctional spacer). In certain aspects, the
spacer is 3 to 10 atoms in length. In some embodiments, the
amino acid spacer is not y-Glu. In some embodiments, the
dipeptide spacer is not y-Glu-y-Glu.

[0752] Also, in exemplary embodiments, the amino acid to
which the acyl or alkyl group is attached may be any of those
described herein, including, for example, an amino acid of
Formula 1, II, or III. The amino acid which is acylated or
alkylated may be a Lys, for example. Suitable amino acids
comprising an acyl or alkyl group, as well as suitable acyl
groups and alkyl groups, are described herein. See, for
example, the teachings under the sections entitled Acylation
and Alkylation.

[0753] In other embodiments, 1-6 amino acids (e.g., 1-2,
1-3, 1-4, 1-5 amino acids) of the extension are positive-
charged amino acids, e.g., amino acids of Formula IV, such as,
for example, Lys. As used herein, the term “positive-charged
amino acid” refers to any amino acid, naturally-occurring or
non-naturally occurring, comprising a positive charge on an
atom of'its side chain at a physiological pH. In certain aspects,
the positive-charged amino acids are located at any of posi-
tions 37, 38, 39, 40, 41, 42, and 43. In specific embodiments,
a positive-charged amino acid is located at position 40. In
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other instances, the extension is acylated or alkylated as
described herein and comprises 1-6 positive charged amino
acids as described herein.

[0754] Inyetother embodiments, the analogs which exhibit
agonist activity at the GIP receptor comprises (1) SEQ ID NO:
701 with at least one amino acid modification, (ii) an exten-
sionof 1 to 21 amino acids (e.g., 5to 18, 7to 15, 9 to 12 amino
acids)C-terminal to the amino acid at position 29 of the ana-
log, and (iii) an amino acid comprising an acyl or alkyl group
which is non-native to a naturally-occurring amino acid
which is located outside of the C-terminal extension (e.g., at
any of positions 1-29). In some embodiments, the analog
comprises an acylated or alkylated amino acid at position 10.
In particular aspects, the acyl or alkyl group is a C4 to C30
fatty acyl or C4 to C30alkyl group. In some embodiments, the
acyl or alkyl group is attached via a spacer, e.g., an amino
acid, dipeptide, tripeptide, hydrophilic bifunctional spacer,
hydrophobic bifunctional spacer). In certain aspects, the ana-
log comprises an amino acid modification which stabilizes
the alpha helix, such as a salt bridge between a Glu at position
16 and a Lys at position 20, or an alpha, alpha-disubstituted
amino acid at any one, two, three, or more of positions 16, 20,
21, and 24. In specific aspects, the analog additionally com-
prises amino acid modifications which confer DPP-IV pro-
tease resistance, e.g., DMIA at position 1, AIB at position 2.
Analogs comprising further amino acid modifications are
contemplated herein. In one embodiment the Class 3 gluca-
gon related peptide comprises the structures of any of SEQ ID
NOs: 657-669.

[0755] In accordance with some embodiments, the Class 3
glucagon related peptide comprises the amino acid sequence
of'native glucagon (SEQ ID NO: 701) comprising the follow-
ing modifications: AIB at position 2, Glu at position 3, Lys at
position 10, Glu at position 16, Gln at position 17, Ala at
position 18, Lys at position 20, Glu at position 21, Ile at
position 23, Ala at position 24; wherein Lys at position 10 is
acylated with a C14 or C16 fatty acid, and wherein the C-ter-
minal carboxylate is replaced with an amide. In a specific
embodiment, this Class 3 glucagon related peptide is attached
via its N-terminal amino acid to the dipeptide D-Lys-Sar-
cosine.

[0756] In accordance with some embodiments, the Class 3
glucagon related peptide comprises, consists essentially of, or
consists of an amino acid sequence of any of SEQ ID NOs:
514, 517-534, or 554, optionally withup to 1,2, 3,4, 0r 5
further modifications that retain GLP-1 agonist and/or gluca-
gon agonist activity. In certain embodiments, the Class 3
glucagon related peptide comprises the amino acids of any of
SEQ ID NOs: 562-684, and 1701-1776. In some embodi-
ments, the Class 3 glucagon related peptide comprises the
amino acid sequences of any of SEQ ID NOs: 1801-1908.

[0757] The disclosed glucagon related peptide-insulin pep-
tide conjugates are believed to be suitable for any use that has
previously been described for insulin peptides. Accordingly,
the glucagon related peptide-insulin conjugates described
herein can be used to treat hyperglycemia, or treat other
metabolic diseases that result from high blood glucose levels.
Accordingly, the present invention encompasses pharmaceu-
tical compositions comprising a glucagon related peptide-
insulin conjugate as disclosed herein and a pharmaceutically
acceptable carrier for use in treating a patient suffering from
high blood glucose levels. In accordance with one embodi-
ment the patient to be treated using a glucagon related pep-
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tide-insulin conjugate disclosed herein is a domesticated ani-
mal, and in another embodiment the patient to be treated is a
human.

[0758] One method of treating hyperglycemia in accor-
dance with the present disclosure comprises the steps of
administering the presently disclosed glucagon related pep-
tide-insulin conjugate to a patient using any standard route of
administration, including parenterally, such as intravenously,
intraperitoneally, subcutaneously or intramuscularly, intrath-
ecally, transdermally, rectally, orally, nasally or by inhalation.
In one embodiment the composition is administered subcu-
taneously or intramuscularly. In one embodiment, the com-
position is administered parenterally and the glucagon related
peptide-insulin conjugate is prepackaged in a syringe.
[0759] The glucagon related peptide-insulin conjugate dis-
closed herein may be administered alone or in combination
with other anti-diabetic agents. Anti-diabetic agents known in
the art or under investigation include native insulin, native
glucagon and functional analogs thereof, sulfonylureas, such
as tolbutamide (Orinase), acetohexamide (Dymelor), tolaza-
mide (Tolinase), chlorpropamide (Diabinese), glipizide (Glu-
cotrol), glyburide (Diabeta, Micronase, Glynase), glime-
piride (Amaryl), or gliclazide (Diamicron); meglitinides,
such as repaglinide (Prandin) or nateglinide (Starlix); bigu-
anides such as metformin (Glucophage) or phenformin; thia-
zolidinediones such as rosiglitazone (Avandia), pioglitazone
(Actos), or troglitazone (Rezulin), or other PPARYy inhibitors;
alpha glucosidase inhibitors that inhibit carbohydrate diges-
tion, such as miglitol (Glyset), acarbose (Precose/Glucobay);
exenatide (Byetta) or pramlintide; Dipeptidyl peptidase-4
(DPP-4) inhibitors such as vildagliptin or sitagliptin; SGLT
(sodium-dependent glucose transporter 1) inhibitors; or
FBPase (fructose 1,6-bisphosphatase) inhibitors.

[0760] Pharmaceutical compositions comprising the gluca-
gon related peptide-insulin conjugates disclosed herein can
be formulated and administered to patients using standard
pharmaceutically acceptable carriers and routes of adminis-
tration known to those skilled in the art. Accordingly, the
present disclosure also encompasses pharmaceutical compo-
sitions comprising one or more of the glucagon related pep-
tide-insulin conjugates disclosed herein or a pharmaceuti-
cally acceptable salt thereof, in combination with a
pharmaceutically acceptable carrier. In one embodiment the
pharmaceutical composition comprises a 1 mg/ml concentra-
tion of the glucagon related peptide-insulin conjugate at a pH
of about 4.0 to about 7.0 in a phosphate buffer system. The
pharmaceutical compositions may comprise the glucagon
related peptide-insulin conjugate as the sole pharmaceuti-
cally active component, or the glucagon related peptide-in-
sulin conjugate peptide can be combined with one or more
additional active agents.

[0761] All therapeutic methods, pharmaceutical composi-
tions, kits and other similar embodiments described herein
contemplate that glucagon related peptide-insulin conjugate
peptides include all pharmaceutically acceptable salts
thereof.

[0762] Inoneembodiment the kit is provided with a device
for administering the glucagon related peptide-insulin conju-
gate to a patient. The kit may further include a variety of
containers, e.g., vials, tubes, bottles, and the like. Preferably,
the kits will also include instructions for use. In accordance
with one embodiment the device of the kit is an aerosol
dispensing device, wherein the composition is prepackaged
within the aerosol device. In another embodiment the kit
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comprises a syringe and a needle, and in one embodiment the
glucagon related peptide-insulin conjugate composition is
prepackaged within the syringe.

[0763] The compounds of this invention may be prepared
by standard synthetic methods, recombinant DNA tech-
niques, or any other methods of preparing peptides and fusion
proteins. Although certain non-natural amino acids cannot be
expressed by standard recombinant DNA techniques, tech-
niques for their preparation are known in the art. Compounds
of'this invention that encompass non-peptide portions may be
synthesized by standard organic chemistry reactions, in addi-
tion to standard peptide chemistry reactions when applicable.

[0764] In accordance with embodiment 1, an insulin ago-
nist/incretin conjugate comprising a glucagon related peptide
and an insulin peptide is provided, wherein the glucagon
related peptide is linked either directly or through a linker to
the insulin peptide. In embodiment 2, the conjugate of
embodiment 1 has the C-terminal region of the glucagon
related peptides covalently linked to the insulin peptide
through a position independently selected from the side chain
of an amino acid at a position selected from the group con-
sisting of A9, A14 and A15 of the A chain, positions B1, B2,
B10, B22, B28 or B29 of the B chain, the N-terminal alpha
amine of the B chain, the carboxy terminus of the B chain and
at the side chain of an amino acid at any position of a linking
moiety that links the A chain and B chain of a single chain
insulin analog. In embodiment 3, embodiment 1 or 2 has the
carboxy terminus of the glucagon related peptide covalently
linked to the amino terminus of the B chain of the insulin
peptide. In embodiment 4, the conjugate of any one of
embodiments 1-3 comprises the insulin peptide as a single
chain insulin analog. In embodiment 5 the conjugate of any of
embodiments 1-4 comprises a single chain insulin analog
wherein a glucagon related peptide is linked to the amino acid
side chain of an amino acid of the linking moiety that links the
A chain and B chain of the single chain insulin analog. In
embodiment 6 the conjugate of any of embodiments 1-4
comprises a two chain insulin analog and said conjugate
comprises a first and second glucagon related peptide
wherein each glucagon related peptide is independently
covalently linked to the insulin peptide at a position selected
from the group consisting of the amino terminus of the B
chain, the carboxy terminus of the A chain, and the carboxy
terminus of the B chain.

[0765] In embodiment 7 the conjugate of any one of
embodiment 1-6 is provided wherein the glucagon related
peptide comprises

[0766] (i) the amino acid sequence:

[0767] X1-X2-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-
Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-
GIn-Trp-Leu-Met-Z (SEQ ID NO: 839) with 1 to 3
amino acid modifications thereto, wherein

[0768] X1 and/or X2 is a non-native (relative to SEQ ID
NO: 701) amino acid that reduces susceptibility of the
glucagon related peptide to cleavage by dipeptidyl pep-
tidase IV (DPP-1V),

[0769] Z is selected from the group consisting of Asn-
Thr-COOH, and Y—COOH, whereinY is 1 to 2 amino
acids, and further wherein

[0770] (1) alactam bridge connects the side chains of an
amino acid at position i and an amino acid at position
i+4, wherein iis 12, 16, 20 or 24 or
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[0771] (2) one, two, three, or all of the amino acids at
positions 16, 20, 21, and 24 of the glucagon related
peptide is substituted with an a,o-disubstituted amino
acid;

[0772] and said glucagon related peptide has glucagon ago-
nist activity;

[0773] (ii) the amino acid sequence of SEQ ID NO: 701
modified to comprise at least one amino acid modification
selected from the group consisting of:

[0774] substitution of Asn at position 28 with a charged
amino acid;

[0775] substitution of Asn at position 28 with a charged
amino acid selected from the group consisting of Asp,
Glu, cysteic acid, and homocysteic acid;

[0776] substitution at position 28 with Asn, Asp, or Glu;
[0777] substitution at position 28 with Glu;
[0778] substitution of Thr at position 29 with a charged

amino acid;

[0779] 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;

[0780] substitution at position 29 with Asp, Glu, or Lys;

[0781] substitution at position 29 with Glu;

[0782] insertion of 1-3 charged amino acids after posi-
tion 29;

[0783] insertion after position 29 of Glu or Lys;

[0784] insertion after position 29 of Gly-Lys or Lys-Lys;

or a combination thereof;,
[0785] and at least one amino acid modification selected

from Group A or Group B, or a combination thereof;
[0786] wherein Group A is an amino acid modification
selected from the group consisting of substitution of Ser at
position 16 with Thr or AIB; and
[0787] wherein Group B is an amino acid modification
selected from the group consisting of:
[0788] substitution of His at position 1 with a non-native
amino acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-1V),
[0789] substitution of Ser at position 2 with a non-native
amino acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-1V),

[0790] substitution of Tyr at position 10 with Phe or Val;
[0791] substitution of Lys at position 12 with Arg;

[0792] substitution of Gln at position 20 with Ala or AIB;
[0793] substitution of Asp at position 21 with Glu;

[0794] substitution of Gln at position 24 with Ala or AIB;
[0795] substitution of Met at position 27 with Leu or Nle;
[0796] or a combination thereof;

[0797] and wherein said glucagon related peptide has glu-

cagon agonist activity;
[0798] (iii) a glucagon related peptide of SEQ ID NO: 701,
modified to comprise

[0799] (a) an amino acid modification at position 1 that
confers GIP agonist activity,

[0800] (b) (1) alactam bridge between the side chains of
amino acids at positions i and i+4 or between the side
chains of amino acids at positions j and j+3, wherein i is
12, 13, 16, 17, 20 or 24, and wherein j is 17, or
[0801] (2) one, two, three, or all of the amino acids at

positions 16, 20, 21, and 24 of the analog is substi-
tuted with an a,a.-disubstituted amino acid,

[0802] (c) amino acid modifications at one, two or all of
positions 27, 28 and 29, and

[0803] (d) 1-6 further amino acid modifications,
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[0804] wherein the EC50 of the analog for GIP receptor
activation is about 10 nM or less;

[0805] (iv) the sequence of SEQ ID NO: 72 or an analog of
SEQ ID NO: 72, wherein said analog differs from SEQ ID
NO: 72 by 1 to 3 amino acid modifications, selected from
positions 1,2,3,5,7,10, 11,13, 14,17, 18,19, 21, 24, 27, 28,
and 29, wherein said glucagon related peptide exhibits at least
20% of the activity of native GLP-1 at the GLP-1 receptor;
[0806] (v)an amino acid that differs from SEQ ID NO: 701
by no more than ten amino acid modifications, comprising
one or more amino acid substitutions with AIB at positions
16, 20, 21, and/or 24, and an amino acid modification at
position 1 and/or 2 that provides reduced susceptibility to
cleavage by dipeptidyl peptidase IV, wherein said glucagon
related peptide exhibits at least 20% of the activity of native
GLP-1 at the GLP-1 receptor;

[0807] In embodiment 8 the conjugate of any one of
embodiment 1-7 is provided wherein said insulin peptide
comprises an A chain and a B chain wherein said A chain
comprises a sequence
GIVX X CCX XX oCX LLX L X DX, X s YCX 5 -Ry 5
(SEQ ID NO: 19), and said B chain comprises a sequence
R55-X,sLCGX X5 LV, X, LYLVCGX,, X, ,GFX 5
(SEQ ID NO: 20), wherein

[0808] X, is glutamic acid or aspartic acid;

[0809] X, is glutamine or glutamic acid

[0810] X, is histidine, threonine or phenylalanine;

[0811] X, is serine, arginine, lysine, ornithine or alanine;
[0812] X, is isoleucine or serine;

[0813] X, is serine or aspartic acid;

[0814] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0815] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0816] X,, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0817] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0818] X, is selected from the group consisting of alanine,
glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histidine,
tryptophan, tyrosine, and methionine;

[0819] X, is histidine or threonine;

[0820] X, is selected from the group consisting of alanine,
glycine and serine;

[0821] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0822] X, is selected from the group consisting of aspartic
acid and glutamic acid;

[0823] X,,is selected from the group consisting of alanine
and threonine;
[0824] X,, is selected from the group consisting of

glutamic acid, aspartic acid or asparagine;

[0825] X,, is selected from the group consisting of alanine,
ornithine, lysine and arginine;

[0826] X, is tyrosine or phenylalanine;

[0827] R,, is selected from the group consisting of
AYRPSE (SEQID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQID NO: 11), a tripeptide glycine-proline-glutamic acid,
atripeptide valine-asparagine-glutamine, a dipeptide proline-
glutamic acid, a dipeptide asparagine-glutamine, glutamine,
glutamic acid and an N-terminal amine; and

[0828] R,;is COOH or CONH,.
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[0829] In embodiment 9 the conjugate of any one of
embodiments 1-7 is provided wherein said A chain comprises
the sequence GIVEQCCX X,ICSLYQLENYCX,,-R,;
(SEQ ID NO: 73) said B chain comprises the sequence R, ,-
X,sLCGX,6X 5 LVX X, LYLVCGX,, X,,GFX 5 (SEQ ID

NO: 20)

[0830] X, is histidine or threonine;

[0831] X, is serine, lysine, or alanine;

[0832] X,, is alanine, glycine or asparagine;

[0833] X, is histidine or threonine;

[0834] X, is selected from the group consisting of alanine,

glycine and serine;

[0835] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0836] X, is selected from the group consisting of aspartic
acid and glutamic acid;

[0837] X, is selected from the group consisting of alanine
and threonine;
[0838] X,, is selected from the group consisting of

glutamic acid, aspartic acid or asparagine;

[0839] X,, is selected from the group consisting of alanine,
ornithine, lysine and arginine;

[0840] X, is tyrosine or phenylalanine;

[0841] R,, is selected from the group consisting of FVNQ
(SEQIDNO: 12), atripeptide valine-asparagine-glutamine, a
dipeptide asparagine-glutamine, glutamine and an N-termi-
nal amine; and

[0842] R,;is COOH or CONH,.

[0843] In embodiment 10 the conjugate of any one of
embodiments 1-7 is provided wherein said A chain comprises
a sequence GIVDECCX X/ ,SCDLRRLEMX ,CX, -R,;
(SEQ ID NO: 74) and said B chain comprises a sequence
R,,-X,5sLCGAX, ,LVDALYLVCGDX,,GFY (SEQ ID NO:
75), wherein

[0844] X, is phenylalanine or histidine;

[0845] X, is arginine, ornithine or alanine;

[0846] X, is tyrosine, 4-methoxy-phenylalanine or
4-amino-phenylalanine;

[0847] X,, is alanine or asparagine;
[0848] X, is histidine or threonine;
[0849] X, is selected from the group consisting of histi-

dine, aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

[0850] X,, is selected from the group consisting of alanine
ornithine and arginine; and R, 5 is COOH or CONH,;

[0851] R,, is selected from the group consisting of
AYRPSE (SEQID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQIDNO: 11), atripeptide glycine-proline-glutamic acid,
atripeptide valine-asparagine-glutamine, a dipeptide proline-
glutamic acid, a dipeptide asparagine-glutamine, glutamine,
glutamic acid and an N-terminal amine; and

[0852] R,;is COOH or CONH,.

[0853] In embodiment 11 the conjugate of any one of
embodiments 1-7 is provided wherein said B chain comprises
a sequence R,,-
X, LCGX, X, LVX . X, LYLVCGX,, X, ,GFX s YT-Z, -
B, (SEQ ID NO: 142), wherein

[0854] Z, is a dipeptide selected from the group consisting
of aspartate-lysine, lysine-proline, and proline-lysine; and
[0855] B, is selected from the group consisting of threo-
nine, alanine or a threonine-arginine-arginine tripeptide.
[0856] In embodiment 12 the conjugate of any one of
embodiments 1-7 is provided wherein said A chain comprises
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a sequence GIVEQCCTSICSLYQLENYCN-R,; (SEQ ID
NO: 1) and said B chain comprises a sequence FVNQHLCG-
SHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2).

[0857] In embodiment 13 the conjugate of any one of
embodiments 1-12 is provided wherein the insulin peptide is
a single chain insulin and the peptide linker joining the B and
A chains is selected from the group consisting of SSSSKAP-
PPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52), SSSS-
RAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51),
GAGSSSX,,Xs5 (SEQ ID NO: 76), GYGSSSX X5 (SEQ
ID NO: 21) and GYGSSSX,, X, APQT; (SEQ ID NO: 77),
wherein

[0858] X, and X, are independently arginine, lysine or
ornithine.
[0859] In embodiment 14 the conjugate of any one of

embodiments 1-13 is provided wherein the peptide linker is
selected from the group consisting of GYGSSSRR (SEQ ID
NO: 18) and GAGSSSRR (SEQ ID NO: 22).

[0860] In embodiment 15 the conjugate of any one of
embodiments 1-14 is provided wherein the glucagon related
peptide comprises the sequence of SEQ ID NO: 72 or an
analog of SEQ ID NO: 72, wherein said analog differs from
SEQ ID NO: 72 by 1 to 3 amino acid modifications, selected
from positions 1, 2, 3, 5,7, 10, 11, 13, 14, 17, 18, 19, 21, 24,
27, 28, and 29, wherein the glucagon related peptide com-
prises an intramolecular bridge between the side chains of the
amino acids at positions 12 and 16, 16 and 20, 20 and 24, or
24 and 28 or a pharmaceutically acceptable salt thereof.
[0861] In embodiment 16 the conjugate of any one of
embodiments 1-15 is provided wherein the glucagon related
peptide comprises a salt bridge or a lactam bridge between
amino acids at positions 16 and 20.

[0862] In embodiment 17 the conjugate of any one of
embodiments 1-16 is provided further comprising a peptide
selected from the group consisting of SEQ ID NOs: 78, 79,
and 80 linked to the carboxy terminus of said glucagon related
peptide. In embodiment 18 the conjugate of any one of
embodiments 1-17 is provided wherein the amino acid at
position 3 of the glucagon related peptide is glutamic acid. In
embodiment 19 the conjugate of any one of embodiments
1-18 is provided wherein the amino acid at position 28 of the
glucagon related peptide is Asp, Asn, or Lys, and the amino
acid at position 29 of the glucagon related peptide is Gly or
Thr. In embodiment 20 the conjugate of any one of embodi-
ments 1-19 is provided wherein the amino acid at position 16
of the glucagon related peptide is glutamic acid, the amino
acid at position 20 of the glucagon related peptide is lysine,
and the C-terminal carboxylic acid group of the glucagon
related peptide is replaced with an amide, optionally with a
lactam bridge between the glutamic acid at position 16 and
the lysine at position 20 of the glucagon related peptide. In
embodiment 21 the conjugate of any one of embodiments
1-20 is provided wherein the amino acid at position 1 or 2 of
the glucagon related peptide is modified to exhibit reduced
susceptibility to cleavage by dipeptidyl peptidase IV (DPP-
1V). In embodiment 22 the conjugate of any one of embodi-
ments 1-21 is provided wherein the glucagon related peptide
comprises an amino acid sequence selected from the group
consisting of:

[0863] a. SEQID NO: 81;

[0864] b. SEQ ID NO: 83;

[0865] c.SEQ ID NO: 89;

[0866] d. any one of SEQ ID NOs: 84-88;
[0867] e. any one of SEQ ID Nos: 100-103;
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[0868] f. SEQ ID NO: 108, wherein the amino acid at
position 20 is selected from the group consisting of
arginine, ornithine, and citrulline;

[0869] g. any one of SEQ ID Nos: 98, 99, 109-112,
104-106, and SEQ ID NO: 72, wherein the Xaa at posi-
tion 28 of the peptide is asparagine or aspartic acid; the
Xaa at position 29 of the peptide is threonine or glycine;
and C-terminus of the peptide further comprises SEQ ID
NO: 78, SEQ ID NO: 79, COOH or CONH,,; and

[0870] h. any one of SEQ ID Nos: 251, 319 and 510.

[0871] In embodiment 23 the conjugate of any one of
embodiments 1-14 is provided wherein the glucagon related
peptide comprises an analog of glucagon (SEQ ID NO: 701)
having GIP agonist activity, said analog comprising one or
more of the following modifications:

[0872] (a) an amino acid modification at position 1 that
confers GIP agonist activity, optionally, wherein the
amino acid at position 1 is an amino acid lacking an
imidazole side chain;

[0873] (b) an amino acid substitution of Ser at position
16 with an amino acid of Formula IV:

[Formula IV]
H
H,N—C—COOH,

(|CHz)n

N
R r,

[0874] whereinnis 1 to 7, wherein each of R1 and R2 is
independently selected from the group consisting of H,
C,-C; alkyl, (C,-C,; alkyl)OH, (C,-C,, alkyl)NH,,
(C,-C, g alkyDSH, (C,-C, alkyl)(C5-Cg)cycloalkyl, (Cy-
C, alkyl)(C,-Cs heterocyclic), (C,-C, alkyl)(Cy-C, o
aryDR-, and (C,-C, alkyl)(C,-C, heteroaryl), wherein
R, is H or OH, and the side chain of the amino acid of
Formula IV comprises a free amino group, the amino
acid of Formula IV optionally being homoLys, Lys, Orn,
or 2,4-diaminobutyric acid (Dab),

[0875] (c) one, two, three, or all of the amino acids at
positions 16, 20, 21, and 24 of the analog is substituted
with an a,a-disubstituted amino acid,

[0876] (d) amino acid modifications at one, two or all of
positions 27, 28 and 29, and

[0877] (e) 1-9 further amino acid modifications relative
to the glucagon sequence (SEQ ID NO: 701),

wherein the EC50 of the analog for GIP receptor activation is
about 10 nM or less.

[0878] In embodiment 24 the conjugate of any one of
embodiments 1-14 is provided wherein the glucagon related
peptide comprises the following modifications: (a) the amino
acid at position 1 is a large, aromatic amino acid, optionally,
Tyr, and (b) wherein (i) the Met at position 27 is substituted
with a large, aliphatic amino acid, optionally Leu, (ii) the Asn
at position 28 is substituted with a small aliphatic amino acid,
optionally Ala, or (iii) the Thr at position 29 is substituted
with a small aliphatic amino acid, optionally Gly, or wherein
the analog comprises a combination of (i), (ii), and (iii).
[0879] In embodiment 25 the conjugate of any one of
embodiments 23 or 24 is provided wherein the glucagon
related peptide further comprises the amino acid sequence of
GPSSGAPPPS (SEQ ID NO: 95) or XGPSSGAPPPS (SEQ
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ID NO: 96) linked to said peptide at a position located C-ter-
minal to the amino acid at position 29. In embodiment 26 the
conjugate of any one of embodiments 1-14 and 23-25 is
provided, wherein the glucagon related peptide further com-
prises one or more of the following modifications:

[0880] (a) Ser at position 2 substituted with D-Ser, Ala,
D-Ala, Gly, N-methyl-Ser, AIB, Val, or a-amino-N-bu-
tyric acid;

[0881] (b) Gln at position 3 substituted with Glu;

[0882] (c) substitution of the amino acid Tyr at position
10 with an amino acid, optionally an amino acid of
Formula I:

H
HN—C—COOH
(|CHz)n
NH,
[0883] wherein n=1 to 4,

[0884] comprising a side chain covalently linked to an
acyl group or alkyl group;

[0885] (d)addition ofan amino acid, optionally an amino
acid of Formula I, comprising a side chain covalently
linked to an acyl group or alkyl group as the C-terminal
amino acid of the analog;

[0886] (e) Lys at position 12 substituted with Ile;
[0887] (f) Arg at position 17 substituted with Gln;
[0888] (g) Arg at position 18 substituted with Ala;
[0889] (h) Asp at position 21 substituted with Glu;
[0890] (i) Gln at position 24 substituted with Asn; and
[0891] (j) replacement of the carboxylic acid of the

C-terminal amino acid with a charge-neutral group,

optionally, an amide.
[0892] In embodiment 27 the conjugate of any one of
embodiments 1-14 and 23-25 is provided wherein the gluca-
gon related peptide comprises an amino acid sequence
according to any one of SEQ ID NOS: 227, 228, 229 or 230
further comprising a terminal extension of an amino acid
sequence of GPSSGAPPPS (SEQ ID NO: 820) or XGPSS-
GAPPPS (SEQ ID NO: 1096), wherein X is any amino acid,
C-terminal to the amino acid at position 29. In embodiment
28 the conjugate of any one of embodiments 1-14 or 23 is
provided wherein the glucagon related peptide comprises an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 920-964, 146-164, 166, 192-207, 209-221 and
223. In embodiment 29 the conjugate of any one of embodi-
ments 1-14 is provided wherein the glucagon related peptide
comprises the sequence of SEQ ID NO: 701 or the a modified
SEQ ID NO: 701 comprising one, two, three or more charged
amino acid(s) at a position C-terminal to the amino acid at
position 27 of the glucagon related peptide and up to 7 addi-
tional amino acid modifications of relative to SEQ ID NO:
701. In embodiment 30 the conjugate of any one of embodi-
ments 1-14 or 29 is provided wherein one, two, three or more
charged amino acid(s) at a position C-terminal to the amino
acid at position 27 are provided wherein the charged amino
acids are Glu or Asp. In embodiment 31 the conjugate of any
one of embodiments 1-30 is provided wherein the glucagon
related peptide comprises the sequence of HAEGTFTSDVS-
SYLEEQAAREFIAWLVRGRG (SEQ ID NO: 700), HAE-
GTFTSDVSSYLEGQAAKEFIAWLVKGRG (SEQ ID NO:
703), HAEGTFTSDVSSYLEGQAAKEFICWLVKGR
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(SEQ ID NO: 717) HSQGTFTSDYSKYLDSRRAQD-
FVQWLMNT (SEQID NO: 701) or HSQGTFTSDYSKY-
LDERRAQDFVQWLMNT (SEQ ID NO: 699). In embodi-
ment 29 the conjugate of any one of embodiments 1-31 is
provided wherein the insulin peptide is a single chain insulin
analog comprising the sequence
GPEX,sLCGAX;,LVDALYLVCGDX,,GFYFNX ;s X -
GAGSSSRRGIVDECCX,RSCDLR RLENYCN-R,; (SEQ
ID NO: 144), FVNQHLCGSHLVEALYLVCGERGFFYTP-
KTGAGSSSRRGIVEQCCTSICSLYQLENY CN-R 5 (SEQ
ID NO: 143) or GGEHLCGAHLVDALYLVCGDRGFYFN-
DRGAGSSSRRGIVDECCHRSCDLRRLENYC N (SEQ
ID NO: 145) wherein

[0893] X, is phenylalanine or histidine;
[0894] X, is histidine or threonine;
[0895] X,, is histidine, aspartic acid, glutamic acid,

homocysteic acid or cysteic acid;

[0896] X,, is alanine ornithine or arginine;

[0897] X, is lysine or aspartic acid;

[0898] X, is proline, ornithine or arginine; and

[0899] R,;is COOH or CONH,.

[0900] In embodiment 33 the conjugate of any one of

embodiments 1-32 is provided, wherein the conjugate is fur-
ther modified to comprise the structure U-J, wherein

[0901] U is an amino acid or a hydroxy acid;

[0902] Jis an N-alkylated amino acid linked to said conju-
gate through an amide bond between a carboxyl moiety of J
and an amine ofthe conjugate, wherein U, J, or the amino acid
of'the conjugate to which U-J is linked is a non-coded amino
acid, further wherein the chemical cleavage half-life (t, ,) of
U-Jfrom the conjugate is at least about 1 hour to about 1 week
in PBS under physiological conditions.

[0903] In embodiment 34 the conjugate of any one of
embodiments 33 is provided wherein the conjugate further
comprises a hydrophilic moiety covalently linked to structure
U-J or alternatively a hydrophilic moiety is covalently linked
to the side chain of an amino acid of said conjugate, including
a hydrophilic moiety covalently linked at one or more posi-
tions corresponding to Al4, A15, BO, B1, B10, B22, B2S,
B29 or positions 16, 17, 20, 21, 24, or 29 of native glucagon
(SEQ ID NO: 701), or at the C-terminal region of the gluca-
gon related peptide. Optionally in any of these embodiments,
the hydrophilic moiety is a polyethylene glycol.

[0904] In embodiment 35 the conjugate of any one of
embodiments 1-32 is provided, wherein the conjugate is fur-
ther modified to comprise an acyl group or alkyl group
covalently linked to an amino acid side chain. In a further
embodiment, said acyl group or alkyl group is covalently
linked to a position of the glucagon related peptide that cor-
responds to position 10 of native glucagon (SEQ ID NO:
701), or at one or more positions selected from A14, A15, BO,
B1, B10, B22, B28, B29 of the insulin peptide, or at the side
chain of an amino acid of the structure U-J. A pharmaceutical
composition comprising a conjugate of any one of the pre-
ceding embodiments, or pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier is also
provided in accordance with the present disclosure.

Example 1

Synthesis of Insulin a & B Chains

[0905] Insulin A & B chains were synthesized on 4-meth-
ylbenzhydryl amine (MBHA) resin or 4-Hydroxymethyl-
phenylacetamidomethyl (PAM) resin using Boc chemistry.
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The peptides were cleaved from the resin using HF/p-cresol
95:5 for 1 hour at 0° C. Following HF removal and ether
precipitation, peptides were dissolved into 50% aqueous ace-
tic acid and lyophilized. Alternatively, peptides were synthe-
sized using Fmoc chemistry. The peptides were cleaved from
the resin using Trifluoroacetic acid (TFA)/Triisopropylsilane
(TIS)/H,0 (95:2.5:2.5), for 2 hour at room temperature. The
peptide was precipitated through the addition of an excessive
amount of diethyl ether and the pellet solubilized in aqueous
acidic buffer. The quality of peptides were monitored by
RP-HPLC and confirmed by Mass Spectrometry (ESI or
MALDI).

[0906] Insulin A chains were synthesized with a single free
cysteine at amino acid 7 and all other cysteines protected as
acetamidomethyl A-(SH)’(Acm)®'2°. Insulin B chains
were synthesized with a single free cysteine at position 7 and
the other cysteine protected as acetamidomethyl B-(SH)”
(Acm)'®. The crude peptides were purified by conventional
RP-HPLC.

[0907] The synthesized A and B chains were linked to one
another through their native disulfide bond linkage in accor-
dance with the general procedure outlined in FIG. 1. The
respective B chain was activated to the Cys’-Npys analog
through dissolution in DMF or DMSO and reacted with 2,2'-
Dithiobis(5-nitropyridine) (Npys) at a 1:1 molar ratio, at
room temperature. The activation was monitored by
RP-HPLC and the product was confirmed by ESI-MS.

[0908] The first B7-A7 disulfide bond was formed by dis-
solution of the respective A-(SH)”(Acm)®***° and B-(Npys)
7(Acm)*® at 1:1 molar ratio to a total peptide concentration of
10 mg/ml. When the chain combination reaction was com-
plete the mixture was diluted to a concentration of 50% aque-
ous acetic acid. The last two disulfide bonds were formed
simultaneously through the addition of iodine. A 40 fold
molar excess of iodine was added to the solution and the
mixture was stirred at room temperature for an additional
hour. The reaction was terminated by the addition of an aque-
ous ascorbic acid solution. The mixture was purified by RP-
HPLC and the final compound was confirmed by MALDI-
MS. As shown in FIG. 2 and the data in Table 1, the synthetic
insulin prepared in accordance with this procedure compares
well with purified insulin for insulin receptor binding.

[0909] Insulin peptides comprising a modified amino acid
(such as 4-amino phenylalanine at position A19) can also be
synthesized in vivo using a system that allows for incorpora-
tion of non-coded amino acids into proteins, including for
example, the system taught in U.S. Pat. Nos. 7,045,337 and
7,083,970.

TABLE 1

Activity of synthesized insulin relative to native insulin

Insulin Standard A7-B7 Insulin
AVER. STDEV AVER. STDEV
1C5o (nM) 0.24 0.07 0.13 0.08
% of Insulin Activity 100 176.9
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Example 2

Pegylation of Amine Groups (N-Terminus and
Lysine) by Reductive Alkylation

[0910] a. Synthesis

[0911] Insulin(or aninsulin analog), mPEG20k-Aldyhyde,
and NaBH;CN, in a molar ratio of 1:2:30, were dissolved in
acetic acid buffer at apH of4.1-4.4. The reaction solution was
composed of0.1 NNaCl, 0.2 N aceticacidand 0.1 N Na,CO;.
The insulin peptide concentration was approximately 0.5
mg/ml. The reaction occurs over six hours at room tempera-
ture. The degree of reaction was monitored by RP-HPLC and
the yield of the reaction was approximately 50%.

[0912] b. Purification

[0913] The reaction mixture was diluted 2-5 fold with 0.1%
TFA and applied to a preparative RP-HPLC column. HPL.C
condition: C4 column; flow rate 10 ml/min; A buffer 10%
ACN and 0.1% TFA in water; B buffer 0.1% TFA in ACN; A
linear gradient B % from 0-40% (0-80 min); PEG-insulin or
analogues was eluted at approximately 35% buffer B. The
desired compounds were verified by MALDI-TOF, following
chemical modification through sulftolysis or trypsin degra-
dation.

Pegylation of Amine Groups (N-Terminus and Lysine) by
N-Hydroxysuccinimide Acylation.

[0914] a. Synthesis

[0915] Insulin (or aninsulin analog) along with mPEG20k-
NHS were dissolvedin 0.1 N Bicine buffer (pH 8.0) ata molar
ratio of 1:1. The insulin peptide concentration was approxi-
mately 0.5 mg/ml. Reaction progress was monitored by
HPLC. The yield of the reaction is approximately 90% after 2
hours at room temperature.

[0916] b. Purification

[0917] The reaction mixture was diluted 2-5 fold and
loaded to RP-HPLC.

HPLC condition: C4 column; flow rate 10 ml/min; A buffer
10% ACN and 0.1% TFA in water; B buffer 0.1% TFA in
ACN; A linear gradient B % from 0-40% (0-80 min); PEG-
insulin or analogues was collected at approximately 35% B.
The desired compounds were verified by MALDI-TOF, fol-
lowing chemical modification through sulftolysis or trypsin
degradation.

Reductive Aminated Pegylation of Acetyl Group on the
Aromatic Ring of the Phenylalanine

[0918] a. Synthesis

[0919] Insulin (or an insulin analogue), mPEG20k-Hy-
drazide, and NaBH,CN in a molar ratio of 1:2:20 were dis-
solved in acetic acid buffer (pH of 4.1 to 4.4). The reaction
solution was composed of 0.1 N NaCl, 0.2 N acetic acid and
0.1 N Na,CO,. Insulin or insulin analogue concentration was
approximately 0.5 mg/ml. at room temperature for 24 h. The
reaction process was monitored by HPLC. The conversion of
the reaction was approximately 50%. (calculated by HPLC)
[0920] b. Purification

[0921] The reaction mixture was diluted 2-5 fold and
loaded to RP-HPLC.

HPLC condition: C4 column; flow rate 10 ml/min; A buffer
10% ACN and 0.1% TFA in water; B buffer 0.1% TFA in
ACN; A linear gradient B % from 0-40% (0-80 min); PEG-
insulin, or the PEG-insulin analogue was collected at
approximately 35% B. The desired compounds were verified
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by MALDI-TOF, following chemical modification through
sulftolysis or trypsin degradation.

Example 3

Insulin Receptor Binding Assay

[0922] The affinity of each peptide for the insulin or IGF-1
receptor was measured in a competition binding assay utiliz-
ing scintillation proximity technology. Serial 3-fold dilutions
of'the peptides were made in Tris-Cl buffer (0.05 M Tris-HCl,
pH 7.5, 0.15 M NaCl, 0.1% w/v bovine serum albumin) and
mixed in 96 well plates (Corning Inc., Acton, Mass.) with
0.05 nM (3-[125]]-iodotyrosyl) A TyrAl4 insulin or (3-
[125]1]-iodotyrosyl) IGF-1 (Amersham Biosciences, Piscat-
away, N.J.). An aliquot of 1-6 micrograms of plasma mem-
brane fragments prepared from cells over-expressing the
human insulin or IGF-1 receptors were present in each well
and 0.25 mg/well polyethylene imine-treated wheat germ
agglutinin type A scintillation proximity assay beads (Amer-
sham Biosciences, Piscataway, N.J.) were added. After five
minutes of shaking at 800 rpm the plate was incubated for 12
h at room temperature and radioactivity was measured with
MicroBetal450 liquid scintillation counter (Perkin-Elmer,
Wellesley, Mass.). Non-specifically bound (NSB) radioactiv-
ity was measured in the wells with a four-fold concentration
excess of “cold” native ligand than the highest concentration
in test samples. Total bound radioactivity was detected in the
wells with no competitor. Percent specific binding was cal-
culated as following: % Specific Binding=(Bound-NSB/To-
tal bound-NSB)x100. IC50 values were determined by using
Origin software (OriginLab, Northampton, Mass.).

Example 4

Insulin Receptor Phosphorylation Assay

[0923] To measure receptor phosphorylation of insulin or
incretin-insulin conjugate, receptor transfected HEK293
cells were plated in 96 well tissue culture plates (Costar
#3596, Cambridge, Mass.) and cultured in Dulbecco’s modi-
fied Eagle medium (DMEM) supplemented with 100 IU/ml
penicillin, 100 pg/ml streptomycin, 10 mM HEPES and
0.25% bovine growth serum (HyClone SH30541, Logan,
Utah) for 16-20 hrs at 37° C., 5% CO, and 90% humidity.
Serial dilutions of insulin or insulin analogs were prepared in
DMEM supplemented with 0.5% bovine serum albumin
(Roche Applied Science #100350, Indianapolis, Ind.) and
added to the wells with adhered cells. After 15 min incubation
at 37° C. in humidified atmosphere with 5% CO, the cells
were fixed with 5% paraformaldehyde for 20 min at room
temperature, washed twice with phosphate buffered saline pH
7.4 and blocked with 2% bovine serum albumin in PBS for 1
hr. The plate was then washed three times and filled with
horseradish peroxidase-conjugated antibody against phos-
photyrosine (Upstate biotechnology #16-105, Temecula,
Calif.) reconstituted in PBS with 2% bovine serum albumin
per manufacturer’s recommendation. After 3 hrs incubation
at room temperature the plate was washed 4 times and 0.1 ml
of TMB single solution substrate (Invitrogen, #00-2023, Car-
Ibad, Calif.) was added to each well. Color development was
stopped 5 min later by adding 0.05 ml 1 N HCI. Absorbance
at 450 nm was measured on Titertek Multiscan MCC340
(ThermoFisher, Pittsburgh, Pa.). Absorbance vs. peptide con-
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centration dose response curves were plotted and EC, values
were determined by using Origin software (Originlab,
Northampton, Mass.).

Glucagon and GLP-1 Functional Assay-cAMP Synthesis

[0924] The ability of individual incretin or incretin-insulin
analogs to induce cAMP was measured in a firefly luciferase-
based reporter assay. HEK293 cells co-transfected with a
receptor (glucagon receptor, GLP-1 receptor or GIP receptor)
and luciferase gene linked to cAMP responsive element were
serum deprived by culturing 16 h in DMEM (Invitrogen,
Carlsbad, Calif.) supplemented with 0.25% Bovine Growth
Serum (HyClone, Logan, Utah) and then incubated with
serial dilutions of either glucagon, GLP-1, GIP or novel glu-
cagon analogs for 5h at 37° C., 5% CO, in 96 well poly-D-
Lysine-coated “Biocoat” plates (BD Biosciences, San Jose,
Calif.). At the end of the incubation 100 microliters of
LucLite luminescence substrate reagent (Perkin-Elmer,
Wellesley, Mass.) were added to each well. The plate was
shaken briefly, incubated 10 min in the dark and light output
was measured on MicroBeta-1450 liquid scintillation counter
(Perkin-Elmer, Wellesley, Mass.). Effective 50% concentra-
tions were calculated by using Origin software (OriginLab,
Northampton, Mass.

Example 5

Insulin Like Growth Factor (IGF) Analog IGF1
(YBI 6LBI7)

[0925] Applicants have discovered an IGF analog that dem-
onstrates similar activity at the insulin receptor as native
insulin. More particularly, the IGF analog (IGF1 (YZ'°L%'7)
comprises the native IGF A chain (SEQ ID NO: 5) and the
modified B chain (SEQ ID NO: 6), wherein the native
glutamine and phenylalanine at positions 15 and 16 of the

native IGF B-chain (SEQ ID NO: 3) have been replaced with
tyrosine and leucine residues, respectively. As shown in FIG.
4 and Table 2 below the binding activities of IGF1 (YZ'°L%'7)
and native insulin demonstrate that each are highly potent
agonists of the insulin receptor.

TABLE 2

Insulin Standard IGF1 (YB161817y

AVER.  STDEV ~ AVER.  STDEV
ICs, (M) 1.32 0.19 0.51 0.18
% of Insulin Activity 100 262
Example 6
Additional IGF Insulin Analogs
[0926] Further modifications of the IGF1 (YZ'°L%'7) pep-

tide sequence reveal additional IGF insulin analogs that vary
in their potency at the insulin and IGF-1 receptor. Binding
data is presented in Table 3 for each of these analogs (using
the assay of Example 3), wherein the position of the modifi-
cation is designated based on the corresponding position in
the native insulin peptide (DPI=des B26-30). For example, a
reference herein to “position B28” absent any further elabo-
ration would mean the corresponding position B27 of the B
chain of an insulin analog in which the first amino acid of
SEQ ID NO: 2 has been deleted. Thus a generic reference to
“B(Y16)” refers to a substitution of a tyrosine residue at
position 15 of the B chain of the native IGF-1 sequence (SEQ
ID NO: 3). Data regarding the relative receptor binding of
insulin and IGF analogs is provided in Table 3, and data
regarding IGF analog stimulated phosphorylation (using the
assay of Example 4) is provided in Table 4.

TABLE 3

Receptor Binding Affinity of Insulin and IGF Analogues

Insulin Receptor

IGF-1 Receptor

% native % native
% insulin % IGF-1

M insulin  activity IGF-1 activity
Analogue ICso:  STDev Date (intest) (0.6nM) ICss:  STDev Date (in test) (0.55nM) Ratio
IGF-1A:B 10.41 1.65 Sep. 4, 2007 5.8 5.8
IGF-1 A:B (E10Y16L17) 0.66 0.36  May 22, 2007 58.7 90.9 7.85 1.98  Jun. 4, 2007 6.8 7.0 11.9

0.51 0.18 May 29, 2007 98.8 117.6 12.19 2.17  Sep. 18,2007 5.0 4.5
IGF-1 A:B (E10Y16L17)- 1.22 0.30  Mar. 20, 2008 36.5 50.0 17.50 2.25 Apr. 4,2007 3.0 3.1 14.3
E31E3 2B-COOH
IGF-1 A:B (D10Y16L17) 0.26 0.02  Nov. 9, 2007 301.0 231.0 6.79 1.50  Apr. 4, 2008 7.7 8.1
DPIA-COOH

0.2 0.02  Dec. 4,2007 380.1 300.0

0.42 0.06 Jun. 5, 2008 174.1 144.1
IGF-1 A:B (E10Y16L17) 0.38 0.08  Aug. 10, 2007 51.1 157.9 22.89 5.26  Sep. 18,2007 33 2.4 60.2
DPI
IGF-1A:B 0.16 0.07 Nov. 9, 2007 479.0 4.66 0.77  Apr. 4,2008 11.2 11.8 29.1
(H5D10Y161.17) DPL
IGF-1A:B 0.25 0.04 Nov. 9, 2007 316.0
(H5D10Y16L17)
(8—0) DPI
IGF-1 A (H8 A9 N21): 0.05 0.01  Dec. 4,2007 1576.7 4.03 0.50  Apr. 4,2008 129 13.6 80.6
B (H5D10Y16L17)
DPIA-COOH

0.09 0.02  Dec. 14, 2007 1667.0
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TABLE 3-continued

Receptor Binding Affinity of Insulin and IGF Analogues

Insulin Receptor IGF-1 Receptor
% native % native
% insulin % IGF-1
nM insulin  activity IGF-1 activity
Analogue IC5o:  STDev Date (intest) (0.6nM) ICsy:  STDev Date (intest) (0.55nM) Ratio
IGF-1 A (H8 A9 N21): 0.12 0.02 Dec. 14,2007 1171.4 22.83 3.53 Apr. 4, 2008 2.3 24 190.3
B (H5D10Y16L17 A22)
DPI A-COOH
IGF-1 A (H8 A9 N21): 0.36 0.10 Dec. 14,2007 400.7
B (H5D10Y16L17A22)
(S—0) DPI
A-COOH
IGF-1 A:IGF-1 B (1-8)- 1.59 0.62 May 22,2007 19.1 37.7 131.30  58.05 Jun. 4, 2007 0.3 0.4 82.6
In (9-17)-IGF-1 B (18-30)
IGF-1 A:In (1-17)-IGF-1 2.77 1.19 May 22,2007 14.0 21.7 62.50  30.28 Jum. 4, 2007 0.9 0.9 22.6
B (18-30) 2.67 0.67 May 18,2007 11.3 225
248 1.35 May 29, 2007 20.1 24.2
IGF-1 A:In B (1-5)-IGF-1 0.31 0.19  Aug. 10,2007 62.4 193.5 27.54 6.57 Sep. 25,2007 3.6 2 88.8
B (YL) (6-30)
IGF-2 native 13.33 1.85 Sep. 25,2007 7.5 4.5
IGF-2 AB
IGF-2 AB (YL) 6.81 3.81 Oct. 10, 2007 8.4 8.8
In A:IGF-1 B (YL) 82.62  31.75 Sep.4,2007 0.9 0.7
107.24  65.38 Sep. 4, 2007 0.7 0.6
In A-IGF-2 D:ln B-IGF-2 C 0.53 0.11 Sep. 4, 2007 141.0 113.0 1.59 0.34 Sep. 18,2007 47.6 34.6
0.37 0.05 Oct. 13,2007 179.1 162.2 14.69 3.02 Sep. 25,2007 6.8 3.7 39.7

*#*All C terminals are amides (DPI) unless specified otherwise

TABLE 4

Total Phosphorylation by IGF-1 & IGF-2 Analogues

Insulin Receptor IGF-1 Receptor Selective
Analogue EC50: STDev Date % Insulin  EC50: STDev Date % IGF Ratio
Insulin 1.26 0.098 Dec. 14, 2007 114.88  46.66 Jan. 23, 2008 90.89
1.43 0.72  Apr. 1,2008 86.02  29.35 May 20, 2008

1.12 0.11  Mar. 31, 2008
1.53 0.13  Apr. 11, 2008
2.70 0.71  Apr. 16, 2008
1.22 0.40 May. 20, 2008
IGF-1 5439  21.102 Dec. 14, 2007 2.3 0.87 0.16 Jan. 23, 2008 100 0.02
0.49 0.13  May 20, 2008
0.97 0.48 Jul. 23,2008

IGF-1 AB
IGF-1 A:B (E10Y16L17) 257 059 Mar 31,2008 49.2 742 559 Mar 23,2008 13
IGF-1 A:B (E10 Y16L17)-E31E32 700 282 Mar 31,2008 18.1
B-COOH
852 434 Apr 16,2008 317
IGF-1 AB (D10Y16L17) DPI 008  0.006 Dec. 14,2007 1575 078 0.7 Tan. 23,2008 111.538 9.75
A-COOH 438 298 Apr. 16,2008 2
IGF-1 AB (E10Y16L17) DPI
IGF-1 AB (H5D10Y16L17) DPI 1222 546 Tan. 23,2008 7.1
IGF-1 AB (H5D10Y16L17) (S=0) DPI
IGF-1 A (H8 A9 N21) 015  0.054 Dec. 14, 2007 840 043 044 Tan. 23,2008 181.395 2.81
B (H5D10Y16L17) DPI A-COOH
025 02  Apr 16,2008 1080
IGF-1 A (H8 A9 N21) 035  0.064 Dec. 14, 2007 360 1126 2.55 Tan. 23,2008 77 32.54
B (H5D10Y16L17A22) DPI A-COOH
044 017 Apr 16,2008 614
IGF-1 A (H8 A9 N21) 072 0.098 Dec. 14, 2007
B (H5D10Y16L17A22) (S=0) DPI A-
COOH

*All C-terminals are amides unless specified otherwise.
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Example 7

Biosynthesis and Purification of Single Chain Insulin
Analogs

[0927] An insulin-IGF-I minigene comprising a native
insulin B and A chain linked via the IGF-I C chain)(B°-C'-
A®)was cloned into expression vector pPGAPZa A (purchased
from Invitrogen) under GAP promoter (promoter of the glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH)) for con-
stitutive expression and purification of recombinant protein in
yeast Pichia pastoris. The minigene was fused to an N-ter-
minal peptide encoding Saccharomyces cerevisiae a-mating
factor leader signal for secretion of the recombinant protein
into the medium. A Kex2 cleavage site between the minigene
and the leading a-mating factor sequence was used to cleave
the leader sequence for secretion of the minigene with native
amino termini. Single-site alanine mutations were introduced
into C peptide at positions 1 (G1A), 2 (Y2A), 3 (G3A), 4
(S4A), 5 (S5A), 6 (S86A), 7 (R7A), 8 (R8A), 10 (P10A), 11
(Q11A), and 12 (T12A) of the B°C*A° minigene.

[0928] The minigenes including B°C'A°, eleven alanine
mutants, and other select derivatives were transformed into
yeast Pichia pastoris by electroporation. Positive transfor-
mants were selected on minimal methanol plates and a
genomic preparation of each Pichkia isolate was performed
and integration of the constructs into the yeast genome was
confirmed by PCR. An 833 base pair PCR product was visu-
alized on an agarose DNA gel. The insulin analogs were
produced by fermentation of a corresponding yeast line. The
yeast cells were pelleted by centrifugation at 5 K for 20
minutes in 500 ml Beckman centrifuge tubes and the media
was kept for subsequent protein purification.

[0929] Growth media supernatants were filtered through
0.2 um Millipore filter. Acetonitrile (ACN) was added to the
supernatant to a final volume of 20%. The supernatant was
purified over a Amberlite XAD7HP resin from Sigma, pre-
equilibrated with 20% aqueous ACN. The resin was then
rinsed twice with 30 ml of 20% aqueous ACN and contami-
nants were removed with 30% aqueous ACN containing 0.1%
TFA. Partially purified insulin analogs were eluted from the
column with 54% aqueous ACN containing 0.1% TFA and
lyophilizied. Lyophilized samples were re-suspended in
0.025M NH,HCO, pH 8 and purified on a Luna C18 column
(10 um particle size, 300A° pore size). Protein was eluted
from the column using a linear gradient of 20-60% aqueous
ACN. MALDI-MS positive fractions were pooled and trans-
ferred to a disposable scintillation vial for subsequent lyo-
philization. Lyophilized samples were then resuspended in
20% aqueous ACN containing 0.1% TFA, and purified on a
Luna C18 column (10 um particle size, 300A° pore size). The
protein was eluted from the column using a linear gradient of
18-54% aqueous ACN with 0.1% TFA. Protein elution was
monitored at an absorbance 280 nm. MALDI-TOF MS posi-
tive fractions were analyzed via a C8 analytical column to
insure purity.

[0930] The B°-C'-A° analog demonstrated potency that
was equally effective at both insulin receptor isoforms and the
IGF-1 receptor. Mutation of the tyrosine at position 2 to
alanine or the shortening of the C-peptide to eight amino acids
through deletion of C9-12 provided a selective enhancement
in the specificity of insulin action by significant reduction in
the IGF-1 receptor activity. See also the data provided in
Tables 5A and 5B:
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TABLE 5SA

Insulin Binding & Phosphorylation Analysis
(BC!'A%

Insulin Binding, Insulin Phosphorylation

Peptide 1Cs54, 1M n ECsq, 1M n
Insulin 0.54 £0.02 4 1.67 £0.13 1
IGF-1 18.81 = 1.77 3 29.20 £ 8.41 1
010 2.83 £0.52 2 1.93 £0.43 1
(B°C'AY
GlA 1.21 £0.15 1 24+0.24 1
Y2A 1.95+£0.28 3 1.86 £0.42 1
G3A 1.41 £0.05 2 213 £0.02 1
S4A 0.84 = 0.47 2 0.76 £ 0.35 1
S5A 0.93 £0.44 1 223 +1.27 1
S6A 1.15 +£0.24 1 233 +1.65 2
R7A 6.04 +0.82 1 521 +4.14 1
R8A 0.63 =0.09 1 2.03 £0.06 2
P10A 2.86 £0.93 1 25912 1
Ql1A 1.79 £ 0.47 1 2.58 +0.83 1
T12A 1.2 £0.18 1 2.83+1.31 1
TABLE 5B
IGF-1 Binding & Phosphorylation Analysis
(BC'A%

IGF-1 Binding IGF-1 Phosphorylation
Peptide 1Cs54, 1M n ECsq, 1M n
Insulin 60.63 £4.43 1 48.66 = 1.59 1
IGF-1 0.38 £0.07 1 0.88 +0.41 1
010 4.49 +1.04 1 1.29 £2.28 1
(B°CA%)
GlA 42.36 +16.24 1 1.4 £0.62 1
Y2A 257.9 £29.59 1 35.6 £ 14.55 1
G3A 34.02 £ 16.09 1 7.85+0.78 1
S4A 15.30 £3.10 1 1.64 £1.65 1
S5A 13.06 £3.01 1 2.63 +1.88 1
S6A 244 £0.79 1 1.54 £0.62 2
R7 43.86 = 8.72 1 1.26 £1.55 1
R8 10.85 = 1.47 1 0.50 £0.23 2
P10A 6.42 +0.47 1 279 +1.12 1
Ql1A 4.23 +0.43 1 0.41 £0.69 1
T12A 9.15 £0.83 1 1.44 £1.36 1

[0931] Position 2 and 3 in the C-peptide are most sensitive

to modification at the IGF-1 receptor with the insulin receptor
proving to be relatively immune to modification. All of the
analogs maintained single unit nanomolar activity with cer-
tain specific analogs proving to be slightly enhanced in
potency (low single unit nanomolar). The most insulin selec-
tive analogs were those that we missing the last four residues
of the C-peptide, had an alanine mutation at position two of
the C-peptide, or a combination of the two changes.

Example 8

Construction of Expression Vectors for
Incretin-Insulin Hybrids

[0932] The genes of each of the incretin-insulin hybrids
were synthesize by PCR, and then ligated into the expression
vector modified from pET30a which includes a Small Ubig-
uitin-like modifier (SUMO) as a fusion leader sequence.
There is a Tobacco Etch Virus (TEV) protease cleavage site
positioned between SUMO and incretin-insulin hybrid. An
In-Fusion HD Cloning System (Clontech) was used for liga-
tion.
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[0933] The expression and purification of incretin-insulin
hybrids was conducted as follows. The expression vectors
were transformed into Origami B (DE3) (Novagen) compe-
tent cells. The cells were cultured in Luria Broth (LB) with 50
ug/ml Ampicillin, 25 ug/ml kanamycin and 5 ug/ml tetracy-
cline at 37° C. until DO600 nm reached 0.8-1.0. At that point
the temperature was changed to 18° C. and IPTG was added
(0.2 mM) to the culture to induce gene expression. The induc-
tion was continued overnight, and then cells were harvested
by centrifugation at 5,000 rpm for 15 minutes.

[0934] The fermentation cell pellet were suspended in 25
mM Tris, pHS8.0, that included 300 mM NaCl, 10 mM Imi-
dazole, 6M Guanidine Hydrochloride and the cells were lysed
by sonication. The lysate was centrifuged at 15,000 rpm for
30 minutes and the supernatant was loaded to a Ni-NTA
affinity column. The column was washed with 25 mM Tris,
pHB8.0, that included 300 mM NaCl, 20 mM Imidazole. The
protein was eluted with the same buffer of 25 mM Tris, pHS8.0,
with 300 mM NaCl that also included 500 mM imidazole.
The purified protein was digested with TEV protease over-
night at 4° C. and diluted fourfold v/v with MiliQ water. This
protein solution was applied to a Q-Sepharose column pre
equilibrated with 20 mM Tris, pH8.0 with 10% glycerol. The
Q-Sepharose column was eluted with a gradient of 100-600
mM NaCl, over fifteen column volumes. The purity of the
chromatographically purified proteins was confirmed by ana-
Iytical HPLC and MALDI-TOF mass spectrum.

Example 9

In Vitro Activity of Incretin-Insulin Fusions

[0935] A series of incretin-insulin fusion polypeptides
were constructed to measure the activity of the compounds at
the insulin and respective incretin receptors using the in vitro
assays disclosed in Example 4. FIG. 6 presents the sequence
of'asetof GLP1 and GIP fusion peptides formed with a single
chain insulin analog. Additional incretin-insulin derivatives
were formed wherein the sequence of the insulin component
or the incretin component of the conjugate is modified to
eliminate the activity of one of the two components of the
conjugate.

[0936] More particularly, the GLP-1 Parent Peptide
(GLP1-DP8; SEQ ID NO: 132) was formed between a GL.P-1
peptide that has agonist activity at the GLP-1 receptor and an
insulin peptide (DP8) that has agonist activity at the insulin
receptor. Derivatives of GLP1-DP8 were prepared wherein
the insulin sequence is modified by substituting the tyrosine
at position A19 with alanine to effectively eliminate insulin
activity (GLP1-DP8A19; SEQ ID NO: 133), or the GLP
sequence was modified by substituting the phenylalanine at
position 22 with alanine to effectively eliminate GLP-1 activ-
ity (GLP1-A22; SEQ ID NO: 134). Similarly, a glucagon
Parent Peptide (Glu-DP8; SEQ ID NO: 135) was formed
between a glucagon peptide that has agonist activity at the
glucagon receptor and an insulin peptide that has agonist
activity at the insulin receptor. Derivatives of Glu-DP8 were
prepared wherein the insulin sequence is modified by substi-
tuting the tyrosine at position A19 with alanine to effectively
eliminate insulin activity (Glu-DP8A19; SEQ ID NO: 136),
or the glucagon sequence was modified by substituting the
glutamine at position 3 with glutamic acid to eliminate glu-
cagon activity. Additional, a further derivative of Glu-DP8
was designed to have activity at the insulin, glucagon and
GLP-1 receptors wherein the Glu-DP8 sequences was modi-
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fied by the substitution of the serine at position 16 with
glutamic acid (Glucagon E16 (SEQ ID NO: 138).

[0937] Each ofthe conjugates was synthesized as disclosed
in Example 8 and chromatographically purified. FIGS. 7 and
8 presents the EC,, values of chromatographically isolated
pool fractions of the synthesized GLP1-DP8 and Glu-DP8
conjugates, respectively, at the insulin, GLP1 and glucagon
receptors, relative to native insulin, IGF-1 and native gluca-
gon. For the isolated GLP1-DP8 conjugate fractions, pool 1
demonstrates almost identical activity as native insulin at the
insulin receptor (see FIG. 7). All three pools demonstrated
high activity at the GLP1 receptor. Accordingly, the conjugate
of' pool 1 demonstrates potency as high as native insulin and
native GLP1 attheir two respective receptors. For the isolated
Glu-DP8 conjugate fractions, pool 1 demonstrates similar
activity as native insulin at the insulin receptor, with the
presence of the glucagon sequence moderating the activity of
the conjugate at the insulin receptor. Pools 1 and 3 demon-
strated high activity at the glucagon receptor. All three pool
demonstrate poor activity at the GLP-1 receptor. Accord-
ingly, the conjugate of pool 1 demonstrates high potency at
the insulin and glucagon, but retaining selectivity with regard
to the GLP1 receptor. Accordingly, the purified conjugates
demonstrate the expected activities at their respective recep-
tors indicating that the conjugates retain the activity of both of
the two original active peptides that were joined.

[0938] The ability of the Glu-DP8 and GLP1-DPS8 conju-
gates to lower blood glucose levels was investigated by
administering the compounds to C57BL/6 Mice and measur-
ing blood glucose. Mice were subcutaneously injected with
either native insulin (FIG. 9A) at two doses (12 nmol/kg or 60
nmol/kg), or one of the conjugates, GLP1-DP8 (FIG. 9B) or
Glu-DP8 (FIG. 9C) administered at three different concen-
trations (12 nmol/kg, 60 nmol/’kg and 300 nmol/kg). The
conjugates demonstrated a less steep drop in blood glucose
and a longer half life than native insulin (greater duration of
action). In addition GLP1-DP8 (FIG. 9B) is more active in
glucose lowering than Glu-DP8 (FIG. 9C). This is believed to
result from glucagon buffering against insulin activity.
Accordingly, the conjugates show the ability to lower blood
glucose in vivo and have a profile different from that of native
insulin.

[0939] The activity of the Glu-DP8 and GL.P1-DP8 conju-
gates can be modified using known mutation to knock out one
of the two (incretin or insulin) activities of the conjugates.
Each of the modified Glu-DP8 and GLP1-DP8 conjugates
(GLP1-DP8A19, GLP1-A22, Glu-DP8A19, Glucagon E3
and Glucagon E16) was tested at the insulin, glucagon and
GLP-1 receptors and the activities of the conjugates matched
the expected activities for each compound. FIG. 10 provides
the in vitro activity of GLP1-DP8 and GL.P1-DP8A19. Sub-
stitution of alanine at the A19 position effectively eliminates
insulin’s activity at the insulin receptor. EC;,, values indicate
that both insulin and GLP1-DP8 are potent insulin receptor
agonists, whereas GLP-1 and GLP1-DP8A19 have poor
activity at the insulin receptor.

[0940] FIG. 11 presents the in vitro insulin receptor activity
(EC4, values) of Glu-DP8 and derivative conjugates. In sum-
mary, each of the compounds demonstrates activity at the
glucagon and insulin receptors and that activity can be dis-
rupted by moditying the insulin or glucagon sequence. Each
of the conjugates shows activity consistent with its peptide
sequence and the conjugates do not cross react. Specifically,
EC,, values indicate that both insulin and Glu-DP8 are potent
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insulin receptor agonists, whereas glucagon and Glu-
DP8A19 have poor activity at the insulin receptor. GluE3-
DP8 and GluE16-DPS8 also showed high potency at the insu-
lin receptor due to the presence of the DP8 insulin sequence.

[0941] FIG. 12 presents the in vitro glucagon receptor
activity (ECy, values) of Glu-DP8, GluE3-DP8 and GluE16-
DP8, Glu-DP8A19, and GLP-1-DP8. The glutamic acid sub-
stitution at position 3 of glucagon is known to effectively
eliminate glucagon activity, and substitution of alanine at the
A19 position of insulin is known to effectively eliminate
insulin activity at the insulin receptor. The glutamic acid
substitution at position 16 of glucagon produces a co-agonist
of glucagon and GLP-1. The EC,,, values indicate that gluca-
gon, Glu-DP8 and GluE16-DP8 are potent glucagon receptor
agonists, whereas GLP-1 and GLP1-DP8, and GluE3-DP8
have poor activity at the glucagon receptor. Accordingly, the
conjugates exhibit the expected activities.

[0942] FIG. 13 presents the in vitro GLP-1 receptor activity
(ECs, values) of GLP-1, GLP-1-DP8, GLP-1A22-DPS,
GLP-1-DP8A19, Glu-DP8, and GluE16-DP8. GLP-1A22-
DPS8 represents a conjugate of insulin and GLP-1 wherein
position 22 has been substituted with alanine, a modification
known to effectively eliminate GLP-1 activity. EC,, values
indicate that GLP-1, GLP1-DP8 and GLP1-DP8A19 are
potent GLP-1 receptor agonists, whereas GLP-1A22-DPS,
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Glu-DP8, and GluE16-DP8 have less activity at the GLP-1
receptor. Accordingly, the conjugates exhibit the expected
activities.

[0943] The GLP1-DP8 and Glu-DP8 conjugates and their
derivatives were tested in vivo for their ability to lower blood
glucose levels. The in vivo results were consistent with the in
vitro receptor data. FIGS. 14A-14B present the in vivo effect
of the listed conjugates on blood glucose levels in C57BL/6
mice administered DP8 (FIG. 14A) or GLP1-DP8A19 (FIG.
14B) relative to native insulin. DP8 successfully lowered
blood glucose whereas GLP1-DP8A19 failed to significantly
lower blood glucose levels. FIG. 15A-15C present the in vivo
effect of the listed conjugates on blood glucose levels in
C57BL/6 mice administered Glu-DP8A19 (FIG. 15A) or
GLP1A22-DP8 (FIG. 15B) or GluE3/DPS8 (FIG. 15C), rela-
tive to native insulin. The Glu-DP8A 19 conjugate lacks insu-
lin activity, yet still induces blood glucose lowering in vivo
resulting from glucagon stimulated insulin secretion.
GLP1A22-DP8 has reduced glucagon activity as a result of
the substitution at position 22, however the insulin compo-
nent of the conjugate provides blood glucose reducing activ-
ity such that the conjugate has approximately one fifth the
activity of insulin. GluE3/DP8 has reduced glucagon activity
due to the substitution at position E3, however the conjugate
has glucose lowering activity that is slightly blunted relative
to native insulin.

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20160024169A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

1. An insulin agonist/incretin conjugate comprising
a glucagon related peptide; and

an insulin peptide, wherein the C-terminal region of the
glucagon related peptide is linked either directly or
through a linker to the insulin peptide at a position inde-
pendently selected from

1) the side chain of an amino acid at a position selected from
A9,Al14 or A15 ofthe A chain, or positions B1, B2, B10,
B22, B28 or B29 of the B chain; or

i1) the N-terminal alpha amine of the B chain; or
iii) the carboxy terminus of the B chain; or

iv) at the side chain of an amino acid at any position of a
linking moiety that links the A chain and B chain of a
single chain insulin analog.

2.-6. (canceled)

7. The conjugate of claim 1 wherein the glucagon related

peptide comprises

(1) the amino acid sequence:
X1-X2-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-

Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Met-Z (SEQ ID NO: 839) with 1 to 3
amino acid modifications thereto, wherein

X1 and/or X2 is a non-native (relative to SEQ ID NO:
701) amino acid that reduces susceptibility of the
glucagon related peptide to cleavage by dipeptidyl
peptidase IV (DPP-1V),

Z is selected from the group consisting of Asn-Thr-
COOH, and Y—COOH, whereinY is 1 to 2 amino
acids, and further wherein

(1) alactam bridge connects the side chains of an amino
acid at position i and an amino acid at position i+4,
whereiniis 12, 16, 20 or 24 or

(2) one, two, three, or all of the amino acids at positions
16, 20, 21, and 24 of the glucagon related peptide is
substituted with an a,a-disubstituted amino acid;

and said glucagon related peptide has glucagon agonist
activity;

(ii) the amino acid sequence of SEQ ID NO: 701 modified
to comprise at least one amino acid modification
selected from the group consisting of:
substitution of Asn at position 28 with a charged amino

acid;

substitution of Asn at position 28 with a charged amino
acid selected from the group consisting of Asp, Glu,
cysteic acid, and homocysteic acid;

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

substitution at position 28 with Glu;
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substitution of Thr at position 29 with a charged amino
acid;

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;

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

substitution at position 29 with Glu;

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

insertion after position 29 of Glu or Lys;

insertion after position 29 of Gly-Lys or Lys-Lys; or a
combination thereof;,

and at least one amino acid modification selected from
Group A or Group B, or a combination thereof;

wherein Group A is an amino acid modification selected
from the group consisting of substitution of Ser at posi-
tion 16 with Thr or AIB; and

wherein Group B is an amino acid modification selected
from the group consisting of:

substitution of His at position 1 with a non-native amino
acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-
Iv),

substitution of Ser at position 2 with a non-native amino
acid that reduces susceptibility of the glucagon related
peptide to cleavage by dipeptidyl peptidase IV (DPP-
Iv),

substitution of Tyr at position 10 with Phe or Val;

substitution of Lys at position 12 with Arg;

substitution of Gln at position 20 with Ala or AIB;

substitution of Asp at position 21 with Glu;

substitution of Gln at position 24 with Ala or AIB;

substitution of Met at position 27 with Leu or Nle;

or a combination thereof;

and wherein said glucagon related peptide has glucagon
agonist activity;

(iii) a glucagon related peptide of SEQ ID NO: 701, modi-
fied to comprise
(a) an amino acid modification at position 1 that confers

GIP agonist activity,

(b) (1) a lactam bridge between the side chains of amino
acids at positions 1 and i+4 or between the side chains
of'amino acids at positions j and j+3, wherein i is 12,
13, 16, 17, 20 or 24, and wherein j is 17, or
(2) one, two, three, or all of the amino acids at posi-

tions 16, 20, 21, and 24 of the analog is substituted
with an a,a-disubstituted amino acid,

(c) amino acid modifications at one, two or all of posi-
tions 27, 28 and 29, and

(d) 1-6 further amino acid modifications,

wherein the EC50 of the analog for GIP receptor activation
is about 10 nM or less;

(iv) the sequence of SEQ ID NO: 72 or ananalog of SEQ ID
NO: 72, wherein said analog differs from SEQ ID NO:
72 by 1 to 3 amino acid modifications, selected from
positions 1, 2,3, 5,7, 10, 11,13, 14, 17, 18, 19, 21, 24,
27, 28, and 29, wherein said glucagon related peptide
exhibits at least 20% of the activity of native GLP-1 at
the GLP-1 receptor; optionally, wherein the glucagon
related peptide comprises an intramolecular bridge
between the side chains of the amino acids at positions
12 and 16, 16 and 20, 20 and 24, or 24 and 28 or a
pharmaceutically acceptable salt thereof, optionally a
salt bridge or a lactam bridge between amino acids at
positions 16 and 20;
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(v) an amino acid that differs from SEQ ID NO: 701 by no
more than ten amino acid modifications, comprising one
or more amino acid substitutions with AIB at positions
16, 20, 21, and/or 24, and an amino acid modification at
position 1 and/or 2 that provides reduced susceptibility
to cleavage by dipeptidyl peptidase IV, wherein said
glucagon related peptide exhibits at least 20% of the
activity of native GLP-1 at the GLP-1 receptor.

8.-9. (canceled)

10. The conjugate of claim 7 wherein said insulin peptide

comprises an A chain and a B chain wherein

I) sald A chain comprises a  sequence
GIVX X CCX XX, oCX L LX X s LX - X YCX, -
R,; (SEQ ID NO: 19), and said B chain comprises a
sequence R,5-
X, LCGX X, LVX X, LYLVCGX,, X ,,GFX 5
(SEQ ID NO: 20), wherein

X, is glutamic acid or aspartic acid;

X5 is glutamine or glutamic acid

X 1s histidine, threonine or phenylalanine;

X, is serine, arginine, lysine, ornithine or alanine;

X, 1s isoleucine or serine;

X, , 1s serine or aspartic acid;

X, 4 1s tyrosine, arginine, lysine, ornithine or alanine;

X, 5 1s glutamine, glutamic acid, arginine, alanine, lysine,
ornithine or leucine;

X, - 1s glutamic acid, aspartic acid, asparagine, lysine, orni-
thine or glutamine;

X, 1s methionine, asparagine, glutamine, aspartic acid,
glutamic acid or threonine;

X,, is selected from the group consisting of alanine, gly-
cine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, his-
tidine, tryptophan, tyrosine, and methionine;

X, 1s histidine or threonine;

X, 1s selected from the group consisting of alanine, gly-
cine and serine;

X5o 1s selected from the group consisting of histidine,
aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

X5 is selected from the group consisting of aspartic acid
and glutamic acid;

X5, is selected from the group consisting of alanine and
threonine;

X, 1s selected from the group consisting of glutamic acid,
aspartic acid or asparagine;

X, 1s selected from the group consisting of alanine, orni-
thine, lysine and arginine;

X5 1s tyrosine or phenylalanine;

R,, is selected from the group consisting of AYRPSE (SEQ
ID NO: 14), FVNQ (SEQ ID NO: 12), PGPE (SEQ ID
NO: 11), a tripeptide glycine-proline-glutamic acid, a
tripeptide valine-asparagine-glutamine, a dipeptide pro-
line-glutamic acid, a dipeptide asparagine-glutamine,
glutamine, glutamic acid and an N-terminal amine; and

R,; is COOH or CONH,;
II) said A chain comprises the sequence
GIVEQCCX X, ICSLYQLENYCX,,-R,; (SEQ ID

NO: 73) said B chain comprises the sequence R,,-
X,5sLCGX X5, LVX X, LYLVCGX , X, GFX 5
(SEQ ID NO: 20)

X, is histidine or threonine;

X, is serine, lysine, or alanine;

X,, 1s alanine, glycine or asparagine;
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X5 1s histidine or threonine;

X, 1s selected from the group consisting of alanine, gly-
cine and serine;

X5, 1s selected from the group consisting of histidine,
aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

X5 1s selected from the group consisting of aspartic acid
and glutamic acid;

X,, 1s selected from the group consisting of alanine and
threonine;

X, 1s selected from the group consisting of glutamic acid,
aspartic acid or asparagine;

X, 1s selected from the group consisting of alanine, orni-
thine, lysine and arginine;

X5 18 tyrosine or phenylalanine;

R,, is selected from the group consisting of FVNQ (SEQ
ID NO: 12), a tripeptide valine-asparagine-glutamine, a
dipeptide asparagine-glutamine, glutamine and an
N-terminal amine; and

R,; is COOH or CONH,;

II) said A chain comprises a  sequence
GIVDECCX X ,SCDLRRLEMX, ,CX,;-R,; (SEQ ID
NO: 74) and said B chain comprises a sequence R,,-
X,sLCGAX,,LVDALYLVCGDX,,GFY (SEQ ID NO:
75), wherein

X4 is phenylalanine or histidine;

X, is arginine, ornithine or alanine;

X, 1s tyrosine, 4-methoxy-phenylalanine or 4-amino-phe-
nylalanine;

X, is alanine or asparagine;

X5 1s histidine or threonine;

X5 1s selected from the group consisting of histidine,
aspartic acid, glutamic acid, homocysteic acid and cys-
teic acid;

X, 1s selected from the group consisting of alanine orni-
thine and arginine; and R, ; is COOH or CONH,;

R,, is selected from the group consisting of AYRPSE (SEQ
ID NO: 14), FVNQ (SEQ ID NO: 12), PGPE (SEQ ID
NO: 11), a tripeptide glycine-proline-glutamic acid, a
tripeptide valine-asparagine-glutamine, a dipeptide pro-
line-glutamic acid, a dipeptide asparagine-glutamine,
glutamine, glutamic acid and an N-terminal amine; and

R,;is COOH or CONH,;

1V) said A chain comprises a sequence GIVEQCCTSICS-
LYQLENYCN-R,; (SEQ ID NO: 1) and said B chain
comprises a sequence FVNQHLCG-
SHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2).

11. The conjugate of claim 7 wherein said B chain com-

prises a sequence R,
X, LCGX, X, LVX . X, LYLVCGX,, X, ,GFX s YT-Z, -
B, (SEQ ID NO: 142), wherein

Z, is a dipeptide selected from the group consisting of
aspartate-lysine, lysine-proline, and proline-lysine; and

B, is selected from the group consisting of threonine, ala-
nine or a threonine-arginine-arginine tripeptide.

12. (canceled)

13. The conjugate of claim 8 wherein the insulin peptide is

a single chain insulin and the peptide linker joining the B and
A chains is selected from the group consisting of SSSSKAP-
PPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52), SSSS-
RAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51),
GAGSSSX,Xs5 (SEQ ID NO: 76), GYGSSSX 5, X545 (SEQ
ID NO: 21) and GYGSSSX,X 53 APQT; (SEQ ID NO: 77),
wherein
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X5, and X4 are independently arginine, lysine or orni-
thine.

14. The conjugate of claim 13 wherein the peptide linker is
selected from the group consisting of GYGSSSRR (SEQ ID
NO: 18) and GAGSSSRR (SEQ ID NO: 22).

15.-21. (canceled)

22. The conjugate of claim 1 wherein the glucagon related
peptide comprises an amino acid sequence selected from the
group consisting of:

i. SEQ ID NO: 81,

j- SEQ ID NO: 83;

k. SEQ ID NO: 89;

1. any one of SEQ ID NOs: 84-88;

m. any one of SEQ ID Nos: 100-103;

n. SEQ ID NO: 108, wherein the amino acid at position 20
is selected from the group consisting of arginine, orni-
thine, and citrulline;

0. any one of SEQ ID Nos: 98, 99, 109-112, 104-106, and
SEQ ID NO: 72, wherein the Xaa at position 28 of the
peptide is asparagine or aspartic acid; the Xaa at position
29 of the peptide is threonine or glycine; and C-terminus
of the peptide further comprises SEQ ID NO: 78, SEQ
ID NO: 79, COOH or CONH,,; and

p. any one of SEQ ID Nos: 251,319 and 510.

23. The conjugate of claim 1 wherein the glucagon related
peptide comprises an analog of glucagon (SEQ ID NO: 701)
having GIP agonist activity, said analog comprising one or
more of the following modifications:

(a) an amino acid modification at position 1 that confers
GIP agonist activity, optionally, wherein the amino acid
at position 1 is an amino acid lacking an imidazole side
chain;

(b) an amino acid substitution of Ser at position 16 with an
amino acid of Formula I'V:

[Formula IV]
H
HoN—C—COOH,

(|CHz)n

N
R r,

wherein nis 1 to 7, wherein each of R1 and R2 is indepen-
dently selected from the group consisting of H, C,-C,,
alkyl, (C,-C,; alkyl)OH, (C,-C,; alkyDNH,, (C,-C 4
alkyD)SH, (C,-C, alkyl)(C,-Cq)eycloalkyl, (Cy-C,
alky1)(C,-C; heterocyclic), (C,-C, alkyl)(C4-C, aryl)
R, and (C,-C, alkyl)(C;-C, heteroaryl), wherein R, is
H or OH, and the side chain of the amino acid of Formula
IV comprises a free amino group, the amino acid of
Formula IV optionally being homolLys, Lys, Orn, or
2,4-diaminobutyric acid (Dab),

(c) one, two, three, or all of the amino acids at positions 16,
20, 21, and 24 of the analog is substituted with an a,ct-
disubstituted amino acid,

(d) amino acid modifications at one, two or all of positions
27, 28 and 29, and

(e) 1-9 further amino acid modifications relative to the
glucagon sequence (SEQ ID NO: 701),

wherein the EC50 of the analog for GIP receptor activation is
about 10 nM or less.
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24. The conjugate of claim 23, wherein the glucagon
related peptide comprises the following modifications: (a) the
amino acid at position 1 is a large, aromatic amino acid,
optionally, Tyr, and (b) wherein (i) the Met at position 27 is
substituted with a large, aliphatic amino acid, optionally Leu,
(i1) the Asn at position 28 is substituted with a small aliphatic
amino acid, optionally Ala, or (iii) the Thr at position 29 is
substituted with a small aliphatic amino acid, optionally Gly,
or wherein the analog comprises a combination of (i), (i), and
(iii); and (c) the glucagon related peptide further comprises
the amino acid sequence of GPSSGAPPPS (SEQ ID NO: 95)
or XGPSSGAPPPS (SEQ ID NO: 96) linked to said peptide
at a position located C-terminal to the amino acid at position
29.

25. (canceled)

26. The conjugate of claim 24, wherein the glucagon
related peptide further comprises one or more of the follow-
ing modifications:

(a) Ser at position 2 substituted with D-Ser, Ala, D-Ala,
Gly, N-methyl-Ser, AIB, Val, or a-amino-N-butyric
acid;

(b) Gln at position 3 substituted with Glu;

(c) substitution of the amino acid Tyr at position 10 with an
amino acid, optionally an amino acid of Formula I:

I
H,N—C—COOH
(CHy)y

NH,

wherein n=1 to 4,

comprising a side chain covalently linked to an acyl group
or alkyl group;

(d) addition of an amino acid, optionally an amino acid of
Formula I, comprising a side chain covalently linked to
an acyl group or alkyl group as the C-terminal amino
acid of the analog;

(e) Lys at position 12 substituted with Ile;

(f) Arg at position 17 substituted with Gln;

(g) Arg at position 18 substituted with Ala;

(h) Asp at position 21 substituted with Glu;

(1) Gln at position 24 substituted with Asn; and

(j) replacement of the carboxylic acid of the C-terminal
amino acid with a charge-neutral group, optionally, an
amide.

27.-30. (canceled)

31. The conjugate of claim 1 wherein the glucagon related
peptide comprises the sequence of HAEGTFTSDVSSYLE-
EQAAREFIAWLVRGRG (SEQ ID NO: 700), HAEGTFTS-
DVSSYLEGQAAKEFIAWLVKGRG (SEQ ID NO: 703),
HAEGTFTSDVSSYLEGQAAKEFICWLVKGR (SEQ ID
NO: 717) HSQGTFTSDYSKYLDSRRAQDFVQWLMNT
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(SEQID NO: 701) or HSQGTFTSDYSKYLDERRAQD-
FVQWLMNT (SEQ ID NO: 699).

32. The conjugate of claim 31 wherein the insulin peptide
is a single chain insulin analog comprising the sequence
GPEX,sLCGAX;,LVDALYLVCGDX,,GFYFNX ;X -
GAGSSSRRGIVDECCX,RSCDLRRLENYCN-R,, (SEQ
ID NO: 144), FVNQHLCGSHLVEALYLVCGERGFFYTP-
KTGAGSSSRRGIVEQCCTSICSLYQLENYCN-R, ; (SEQ
ID NO: 143) or GPEHLCGAHLVDALYLVCGDRGFYFN-
DRGAGSSSRRGIVDECCHRSCDLRRLENYCN (SEQ ID
NO: 145) wherein

X 1s phenylalanine or histidine;

X5 1s histidine or threonine;

X5, 1s histidine, aspartic acid, glutamic acid, homocysteic
acid or cysteic acid;

X, 1s alanine ornithine or arginine;

X, 18 lysine or aspartic acid;

X, 1s proline, ornithine or arginine; and

R, is COOH or CONH,.

33. A derivative of the conjugate of claim 1 further com-
prising the structure U-J, wherein

U is an amino acid or a hydroxy acid;

J is an N-alkylated amino acid linked to said conjugate
through an amide bond between a carboxyl moiety of J
and an amine of the conjugate, further wherein the
chemical cleavage half-life (t, ,) of U-J from the conju-
gate is at least about 1 hour to about 1 week in PBS under
physiological conditions.

34.-35. (canceled)

36. The conjugate of claim 1 wherein a hydrophilic moiety
is covalently linked to the side chain of an amino acid of said
conjugate at one or more positions corresponding to Al4,
Al15,B0,B1, B10, B22, B28, B29 or positions 16, 17, 20, 21,
24, or 29 of native glucagon (SEQ ID NO: 701), or at the
C-terminal region of the glucagon related peptide.

37.-38. (canceled)

39. The conjugate of claim 1, further comprising an acyl
group or alkyl group covalently linked to an amino acid side
chain.

40. The conjugate of claim 39 wherein said acyl group or
alkyl group is covalently linked to a position of the glucagon
related peptide that corresponds to position 10 of native glu-
cagon (SEQ IDNO: 701), or at one or more positions selected
from Al14, A15, BO, B1, B10, B22, B28, B29 of the insulin
peptide.

41. A pharmaceutical composition comprising a conjugate
of'claim 1, or pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

42. (canceled)

43. A method for treating diabetes, said method comprising
the step of administering the composition of claim 41, or
pharmaceutically acceptable salt thereof, to a patient in need
thereof.



