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FIG. 6 GLP1-DP8 mut7 Analogs

1. GLP-1 Parent Peptide Designed Activity

HAEGTFTSDVSSYLEEQAAREFIAWLVRGRG

GPEHLCGAHLVDALYLVCGDRGFYFNDRGAGSSSRRGIVDECCHRSCDLRRLENYCN IR* GLP1R*
2. GLP-Insulin A-chain Ala'®

HAEGTFTSDVSSYLEEQAAREFIAWLVRGRG
GPEHLCGAHLVDALYLVCGDRGFYFNDRGAGSSSRRGIVDECCHRSCDLRRLENACN IR GLP1R*
3. GLP1 Alo??

HAEGTFTSDVSSYLEEQAAREAIAWLVRGRG . )
GPEHLCGAHLVDALYLVCGDRGFYFNDRGAGSSSRRGIVDECCHRSCDLRRLENYCN IR* GLP1R

Glucagon-DP8 mut7 Analogs

Designed Activity
4. Glucagon Parent Peptide

HSQGTFTSDYSKYLDSRRAGDFVQWLMNT IR* GluR*
GPEHLCGAHLVDALYLVCGDRGFYFNDRGAGSSSRRGIVDECCHRSCDLRRLENYCN

5. Glucagon-insulin A-chain Alo™®

HSQGTFTSDYSKYLDSRRAQDFVQWLMNT IR- GIuR*
GPEHLCGAHLVDALYLVCGDRGFYFNDRGAGSSSRRGIVDECCHRSCDLRRLENACN

6. Glucagon E? IR* GIuR
HSEGTFTSDYSKYLDSRRAQDFVQWLMNT

GPEHLCGAHLVDALYLVCGDRGFYF DECCHRSCDLRRLENYCN

7. Glucagon E* IR* GIuR* GLP1-R*

HSQGTFTSDYSKYLDERRAQDFVQWLMNT
GPEHLCGAHLVDALYLVCGDRGFYFNDRGAGSSSRRGIVDECCHRSCDLRRLENYCN

(57) Abstract: Disclosed herein are insulin agonist peptides conjugated to incretins wherein the insulin/incretin conjugate has agon-
ist activity at both the insulin receptor and the corresponding incretin receptor. Insulin is a proven therapy for the treatment of juven-
ile-onset diabetes and later-stage adult-onset diabetes. The peptide is biosynthesized as a larger linear precursor of low potency (ap -
proximately 2% to 9% of native insulin), named proinsulin. Proinsulin is proteolytically converted to insulin by the selective remov-
al of a 35-residue connecting peptide (C peptide).
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INSULIN-INCRETIN CONJUGATES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application No.
61/783,491, filed March 14, 2013, the contents of which are incorporated by reference in

their entirety into the present application.

INCORPORATION BY REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY

Incorporated by reference in its entirety is a computer-readable sequence listing
submitted concurrently herewith and identified as follows: one 983KB ASCII (text) file
named “27137_PCT_SL.txt”, created on March 5, 2014.

BACKGROUND

Insulin is a proven therapy for the treatment of juvenile-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 ID NO: 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 selectively for the two
different insulin receptor isoforms, named A & B.

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
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demonstrate considerably less activity at the insulin B receptor isoform than the A-receptor
isoform.

Applicants have previously identified IGF-1 based insulin peptides analogs, (wherein
the native Gln-Phe dipeptide 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.

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 mutation
of individual amino acids in the C-peptide sequence yields peptides that are highly selective
for insulin relative to IGF- 1 receptor.

Incretins are a group of gastrointestinal hormones that that are involved in a wide
variety of physiological functions, including glucose homeostasis, insulin secretion, gastric
emptying, and intestinal growth, as well as the regulation of food intake. Pre-proglucagon is
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).

Glucagon is a 29-amino acid peptide that corresponds to amino acids 33 through 61
of pre-proglucagon, while GLP-1 is produced as a 37-amino acid peptide that corresponds to
amino acids 72 through 108 of pre-proglucagon. GLP-1(7-36) amide (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.

Glucagon is a life-saving medicine that is used in the acute treatment of severe

hypoglycemia. Oxyntomodulin has been reported to have pharmacological ability to
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suppress appetite and lower body weight. Clinical studies with GLP-1 receptor agonists or
stabilized GLP-1 analogs have proven this family of peptides to be an effective treatment for
Type 1I diabetes.

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 function as an enteric factor that stimulates the release of
pancreatic insulin and that may play a physiological role in maintaining glucose
homeostasis.

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 glucagon related peptide (e.g., GIP, GLP-1 or glucagon) is
anticipated to produce a beneficial modification of the insulin peptide activity. For example,
linking a peptide having agonist activity at the glucagon receptor to an insulin peptide is
anticipated 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 utilization. Thus targeting the liver
may be a safer approach to shutting off 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. Delivering the complex to the alpha
cells may suppress additional glucagon production or make the alpha cell more sensitive 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.

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
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activity at the GLP-1 and/or GIP receptors will produce conjugates having beneficial
properties. For example, GLP-insulin conjugate may be targeted to the hypothalamus, to
decrease appetite as well as reduce blood glucose. Alternatively or additionally, the GLP-
insulin conjugate may be targeted to the beta cells to drive anabolic response (increase islet
beta cells production of insulin).

The glucagon related peptide-insulin peptide conjugates 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 preparation 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

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 US Patent No. 6,630,348, the disclosures 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 glucagon related peptide that has activity at one or more
incretin receptors. Glucagon related peptides suitable for use in accordance with this
disclosure include, for example, any glucagon related peptide disclosed in published
international applications 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.

In accordance with one embodiment the carboxy terminus of a glucagon related
peptide is linked to the N-terminus of an insulin peptide either directly via a peptide bond

(forming a fusion peptide), or indirectly through a spacer. In accordance with one
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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-terminal 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 selected from the group consisting of A9, A14 and A1S5 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.

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 peptide can be extended by 1 to 3 amino acids which are then linked to the insulin
peptide either through the side chain of an 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 peptide. 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.

In one embodiment the insulin peptide of the conjugate is a two 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.
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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 receptor. In
one embodiment the glucagon related peptide component of the conjugate comprises

(1) the amino acid sequence:

X1-X2-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-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 -COOH, -Asn-COOH, Asn-Thr-
COOH, and Y-COOH, wherein Y is 1 to 2 amino acids, and further wherein

(1) a lactam bridge connects 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 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 o, a-disubstituted amino acid;

and said glucagon related peptide has glucagon agonist activity;

(i1) 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 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;



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

-7 -

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 Asp at position 15 with Glu, and substitution of Ser at position 16 with Thr or
AlIB; 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-
V),
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-
V),
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;
deletion of amino acids at positions 27-29;
deletion of amino acids at positions 28-29;
deletion of the amino acid at positions 29;
or a combination thereof;

and wherein said glucagon related peptide has glucagon agonist activity;

(ii1) a glucagon related peptide of SEQ ID NO: 701, modified to comprise
(a) an amino acid modification at position 1 that confers GIP agonist

activity,
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(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 positions 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 positions 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 X1 X>X3GTFTSDX oS X 12 YLX 15X 16X17X18AX20X21 FX23X04WL
X37X53X59 (SEQ ID NO: 72) wherein

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;

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;

X3 1s selected from the group consisting of Gln, Glu, Orn and Nle;

Xijo 1s selected from the group consisting of Tyr, Val and Trp;

X5 1s selected from the group consisting of Ser, Lys, Citrulline, Orn and Arg;

X5 1s selected from the group consisting of Asp, Glu, cysteic acid, homoglutamic
acid and homocysteic acid;

X6 18 selected from the group consisting of Ser, Gly, Glu, Gln, homoglutamic acid
and homocysteic acid;

X7 1s selected from the group consisting of Arg, Gln, Lys, Cys, Orn, homocysteine
and acetyl phenylalanine;

Xis 1s selected from the group consisting of Arg, Ala, Lys, Cys, Orn, homocysteine
and acetyl phenylalanine;

Xy 1s selected from the group consisting of Gln, Lys, Arg, Orn and Citrulline;

X1 1s selected from the group consisting of Gln, Glu, Asp, Lys, Cys, O,

homocysteine and acetyl phenyalanine;
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X313 1s selected from the group consisting of Val and Ile;

X,4 1s selected from the group consisting of Ala, Gln, Glu, Lys, Cys, O,
homocysteine and acetyl phenyalanine;

X7 1s selected from the group consisting of Met, Val, Leu and Nle;

Xyg 1s selected from the group consisting of Asn, Arg, Citrulline, Orn, Lys and Asp;
and

X9 18 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;

(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.

In one embodiment the insulin peptide of the conjugate comprises an A chain and a B
chain wherein said A chain comprises a sequence
GIVX4X5CCX X0 X 10CX 12LX 14X 15LX17X 15 YCX>1-R13 (SEQ ID NO: 19), and said B chain
comprises a sequence Ryy-X;5LCGX 59X 30V X 53X 34LYLVCGX 4 XoGFX 45 (SEQ ID NO:
20), wherein

X4 1s glutamic acid or aspartic acid;

Xs is glutamine or glutamic acid

Xs is histidine, threonine or phenylalanine;

Xy is serine, arginine, lysine, ornithine or alanine;

Xjo is isoleucine or serine;

X2 1s serine or aspartic acid;

X4 1s tyrosine, arginine, lysine, ornithine or alanine;

X5 1s glutamine, glutamic acid, arginine, alanine, lysine, ornithine or leucine;

X7 1s glutamic acid, aspartic acid, asparagine, lysine, ornithine or glutamine;

X1s 1s methionine, asparagine, glutamine, aspartic acid, glutamic acid or threonine;
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X, 1s selected from the group consisting of alanine, glycine, serine, valine,
threonine, isoleucine, leucine, glutamine, glutamic acid, asparagine, aspartic acid, histidine,
tryptophan, tyrosine, and methionine;

X5 is histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X43 1s selected from the group consisting of alanine, ornithine, lysine and arginine;

X4s 1s tyrosine or phenylalanine;

Ra; 1s 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 proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and an N-terminal amine; and

R131s COOH or CONH,;. In one embodiment the conjugate comprises a sequence
selected from the group consisting 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 SEQ ID NO: 132, SEQ ID NO:
135, SEQ ID NO: 139 or SEQ ID NO: 140 by 1, 2, 3, 4 or 5 amino acid modifications. In
one embodiment the conjugate comprises a sequence that differs from SEQ ID NO: 132,
SEQ ID NO: 135, SEQ ID NO: 139 or SEQ ID NO: 140 by 1, 2 or 3 amino acid
substitutions.

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 consisting of A9, A14 and A1S of the
A chain or positions B1, B2, B10, B22, B28 or B29 of the B chain or to a side chain of an
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.
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In one embodiment the hydrophilic moiety is a polyethylene 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 GYGSSSX57Xss (SEQ ID
NO: 21), GAGSSSRR (SEQ ID NO: 22) or GYGSSSX57XssAPQT; (SEQ ID NO: 69)
wherein Xs7 and Xsg are independently arginine, lysine or ornithine and the amino acid
designated by Xs; or Xsg optionally further comprises a hydrophilic moiety linked to the side
chain of the amino acid at that position. In one embodiment the hydrophilic moiety is a
polyethylene glycol chain.

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 conjugate 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.

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 pharmaceutically acceptable diluent, carrier or excipient. Such compositions
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, §
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 pharmaceutical compositions comprise aqueous
solutions that are sterilized and optionally stored within various package containers. In other
embodiments the pharmaceutical compositions comprise a lyophilized powder. The

pharmaceutical compositions can be further packaged as part of a kit that includes a
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disposable device for administering the composition to a patient. The containers or kits may
be labeled for storage at ambient room temperature or at refrigerated temperature.

In accordance with one embodiment an improved method of regulating blood glucose
levels in insulin dependent patients is provided. The method comprises the steps of
administering to a patient a single chain insulin agonist peptide, or derivative thereof, in an

amount therapeutically effective for the control of diabetes.

BRIEF DESCRIPTION OF THE DRAWINGS

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.

Fig. 2 is a graph comparing insulin receptor specific binding of synthetic human
insulin relative to purified native insulin. The synthetic insulin was produced by the
approach detailed in Figure 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.

Fig. 3 is a graph comparing relative insulin receptor binding of native insulin and the
A19 insulin analog (Insulin(p—NHz—F)lg). As indicated by the data presented in the graph,
the two molecules have similar binding activities.

Fig. 4 is a graph comparing relative insulin receptor binding of native insulin and the
IGF1(Y®'°L") analo g. Asindicated by the data presented in the graph, the two molecules
have similar binding activities.

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

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 showing a
GLP-1-insulin conjugate (GLP1-DPS§; SEQ ID NO: 132) and a glucagon-insulin conjugate
(Glu-DPS; SEQ ID NO: 135). Further modifications of these two sequences are provided,

wherein 1) the tyrosine at position A19 is substituted with alanine to effectively eliminate



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

- 13-

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 GLP-1 activity: 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)).

Fig. 7 presents the ECsg values of chromatographically 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-DPS§ conjugate is shown in
Fig. 6. Pool 1 demonstrates almost identical activity as native insulin at the insulin receptor.
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.

Fig. 8 presents the ECsy values of chromatographically isolated pool fractions of the
synthesized Glu-DP§ conjugate at the insulin, glucagon and GLP1 receptors relative to
native insulin, IGF-1 and native glucagon. The structure of the Glu-DPS8 conjugate is shown
in Fig. 6. 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 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 potency at the insulin and glucagon, but retaining selectivity with regard
to the GLP1 receptor.

Figs. 9A-9C demonstrate the in vivo effect of native insulin and the Glu-DP§ and
GLPI1-DP8 conjugates on blood glucose levels. 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-DP§ (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 glucose and a longer half life than native insulin (greater duration of
action). In addition GLP1-DP§ (Fig. 9B) is more active in glucose lowering than Glu-DP§
(Fig. 9C), this is believed to result from glucagon buffering against insulin activity.

Fig. 10 provides the in vitro activity of GLP1-DP8 and GLP1-DP8A19 (GLP1-DP§

wherein position 19 of the insulin A chain has been modified to alanine) at the insulin
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receptor. Substitution of alanine at the A19 position effectively eliminates insulin’s activity
at the insulin receptor. ECs, values indicate that both insulin and GLP1-DPS§ are potent
insulin receptor agonists, whereas GLP-1 and GLP1-DP8A19 have poor activity at the
insulin receptor.

Fig. 11 presents the in vitro insulin receptor activity (ECso values) of Glu-DP8 and
Glu-DP8A19, a glucagon-insulin conjugate modified to eliminate glucagon activity (GluE3-
DPS; 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 alanine at the
A19 position of insulin is known to effectively eliminate insulin activity at the insulin
receptor. ECsq values indicate that both insulin and Glu-DP§ are potent insulin receptor
agonists, whereas glucagon and Glu-DP8A19 have poor activity at the insulin receptor.
GIuE3-DP8 and GluE16-DP8§ also showed high potency at the insulin receptor.

Fig. 12 presents the in vitro glucagon receptor activity (ECsg values) of Glu-DPS,
GIuE3-DP8 and GluE16-DPS, Glu-DP8A19, and GLP-1-DP8. The glutamic acid
substitution 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 ECsq values indicate that
glucagon, Glu-DP8 and GIuE16-DPS are potent glucagon receptor agonists, whereas GLP-1
and GLP1-DPS, and GluE3-DP§ have poor activity at the glucagon receptor. Accordingly,
the conjugates exhibit the expected activities.

Fig. 13 presents the in vitro GLP-1 receptor activity (ECsg values) of GLP-1, GLP-1-
DPS8, GLP-1A22-DP§, GLP-1-DP8A19, Glu-DPS§, and GluE16-DPS. GLP-1A22-DPS§
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. ECso values indicate
that GLP-1, GLP1-DP§ 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.

Fig. 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
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to native insulin. DP8 or GLP1-DP8A 19 was administered at two concentrations (60
nmoles/kg or 300 nmoles/kg). DP8 successfully lowered blood glucose whereas GLP1-
DPSA19 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-DPS (Fig. 15B)
or GIuE3/DPS (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 glucagon 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 position E3,
however the conjugate has glucose lowering activity that is slightly blunted relative to native

insulin.

DETAILED DESCRIPTION

DEFINITIONS

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

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.

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 substituents. For the purposes of the present disclosure designation 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 specified by inclusion of a lower case d before the three letter code
and superscript number (e.g., dLys"l), wherein the designation lacking the lower case d (e.g.,
Lys"l) is intended to specify the native L form of the amino acid. In this nomenclature, the

inclusion of the superscript number designates the position of the amino acid in the insulin
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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.

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.

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.

A “bioactive polypeptide” refers to polypeptides which are capable of exerting a
biological effect in vitro and/or in vivo.

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
designating 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
corresponding C-terminal amino acid modified to comprise an amide group in place of the
terminal carboxylic acid.

As used herein an “acylated” amino acid is an amino acid comprising an acyl group
which is non-native to a naturally-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 peptide 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,
(i1) 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.

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 alkylated 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
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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.

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

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

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

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

As used herein, the term "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 biocompatible). Examples of hydrophilic moieties
include polyethylene glycol (PEG), polylactic acid, polyglycolic acid, a polylactic-
polyglycolic acid copolymer, polyvinyl alcohol, polyvinylpyrrolidone, polymethoxazoline,
polyethyloxazoline, polyhydroxyethyl methacrylate, polyhydroxypropyl methacrylamide,

polymethacrylamide, polydimethylacrylamide, and derivatised celluloses such as
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hydroxymethylcellulose or hydroxyethylcellulose and co-polymers thereof, as well as
natural polymers including, for example, albumin, heparin and dextran.

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

As used herein an "effective” amount or a "therapeutically effective amount” of 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 experimentation.

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

Throughout the application, all references to a particular amino acid position by letter
and number (e.g. position AS5) refer to the amino acid at that position of either the A chain
(e.g. position AS) or the B chain (e.g. position B5) in the respective native human insulin A
chain (SEQ ID NO: 1) or B 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-terminus 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. Alternatively, 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.

As used herein the term "native insulin peptide" is intended to designate the 51 amino

acid heteroduplex comprising the A chain of SEQ ID NO: 1 and the B chain of SEQ ID NO:
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2, as well as single-chain insulin analogs that comprise 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 application W096/34882 and US Patent
No. 6,630,348, the disclosures of which are incorporated herein by reference), including
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 modification of
the amino acid at position A19, B16 or B25 to a 4-amino phenylalanine or one or more
amino acid substitutions at positions selected from AS, A8, A9, A10, A12, Al4, AlS5, Al7,
Al8, A21, B1, B2, B3, B4, BS, 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 incorporation of non-
peptide bonds such as an azapeptide bond (CO substituted by NH) or pseudo-peptide bond
(e.g. NH substituted 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).

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.

As used herein an "IGE?'*B analog peptide" is a generic term that comprising an A
chain and B chain heteroduplex, 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 comprises a tyrosine at
position B16 and a leucine at position B17.

An "IGF YL analog" is a peptide comprising an IGF A chain of SEQ ID NO: 19 and
an IGF B chain of SEQ ID NO: 36.

As used herein, the term "single-chain insulin analog" encompasses a group of
structurally-related proteins wherein insulin or IGF A and B chains, or analogs or derivatives

thereof, are covalently linked to one another to form a linear polypeptide chain. As



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

220 -

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.

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, Al12, Al4, AlS, Al7, Al18, A21.

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
functional analogs of the native B chain, including modification 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, BS, 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.

The term "identity" as used herein relates to the similarity between two or more
sequences. Identity is measured 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
etal. (1993) J. Mol. Biol. 215:403-410) are available for determining sequence identity.

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%, 15%, 80%, 85%, 90%, 95%) with at least
one of native glucagon, native oxyntomodulin, 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
hydrophilic polymer, acylation or alkylation) refers to the position relative to the native

glucagon amino acid sequence (SEQ ID NO: 701).
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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 linkage through the C-terminal carboxylic acid moiety.

The term "GLP-1 agonist" refers to a compound 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 Application No. WO 2007/056362,
published on May, 18, 2007, the disclosure of which is hereby expressly incorporated by
reference into the present application.

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-1" is a generic 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.

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 glucagon sequence, optionally
including but not limited to substitutions 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.
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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.

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
carboxylic 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.

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 AS, A8, A9, A10, A12, Al4, A15, A17, A18, A21.

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 of the IGF YL B chain and derivatives thereof, including modification of the amino
acid at position B16 or B25 to a 4-amino phenylalanine or one or more amino acid
substitutions at positions selected from B1, B2, B3, B4, BS, 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.

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 ECs of the molecule at the first receptor. For example, a molecule that has
an ECsp of 1 nM at a first receptor and an ECsp of 100 nM at a second receptor has 100-fold
selectivity for the first receptor relative to the second receptor.

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 the 20 amino acids commonly
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found in human proteins, as well as atypical or non-naturally occurring amino acids.
Commercial sources of atypical amino acids include Sigma-Aldrich (Milwaukee, WI),
ChemPep Inc. (Miami, FL), and Genzyme Pharmaceuticals (Cambridge, MA). Atypical
amino acids may be purchased from commercial suppliers, synthesized de novo, or
chemically modified or derivatized from naturally occurring amino acids.

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

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

exchanges within one of the following five groups:

I.  Small aliphatic, nonpolar or slightly polar residues:

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

Asp, Asn, Glu, Gln, cysteic acid and homocysteic acid;
III. Polar, positively charged residues:

His, Arg, Lys; Ornithine (Orn)
IV. Large, aliphatic, nonpolar residues:

Met, Leu, lle, Val, Cys, Norleucine (Nle), homocysteine
V. Large, aromatic residues:

Phe, Tyr, Trp, acetyl phenylalanine

As used herein the general term "polyethylene glycol chain” or "PEG chain", refers
to mixtures of condensation polymers of ethylene oxide and water, in a branched or straight
chain, represented by the general formula H(OCH»CH,),OH, wherein n is at least 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 polyethylene glycol chain having a total molecular weight average of about 5,000 Daltons.

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.

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
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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.

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

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 carbon atoms.
Typical Ci-Cg alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, iso-
propyl, butyl, iso-Butyl, sec-butyl, tert-butyl, pentyl, hexyl and the like.

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

The term "C,-C, alkynyl" wherein n can be from 2 to 6, refers to an unsaturated
branched or linear group having from 2 to n carbon atoms and at least one triple bond.
Examples of such groups include, but are not limited to, 1-propynyl, 2-propynyl, 1-butynyl,
2-butynyl, 1-pentynyl, and the like.

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,
tetrahydronaphthyl, 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)(Cs-Cp aryl)” refers to a 5 to 10 membered aryl that is
attached to a parent moiety via a one to three membered alkyl chain.

The term "heteroaryl" as used herein refers to a mono- or bi- cyclic ring system
containing one or two aromatic 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 indicated by designating the number of carbons present. For example, the
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term "(C;-C, alkyl)(Cs-Cg heteroaryl)" refers to a 5 or 6 membered heteroaryl that is attached
to a parent moiety via a one to "n" membered alkyl chain.

As used herein, the term “halo” refers to one or more members of the group
consisting of fluorine, chlorine, bromine, and iodine.

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

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

The term “purified,” as used herein relates to the isolation of a molecule or
compound in a form that is substantially 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 composition.
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 molecules, lipids
and carbohydrates.

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
insertion or substitution of a non-peptide moiety, e.g. a retroinverso 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 naturally-occurring amino acids.

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,
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homocysteic acid, and homoglutamic acid, whereas positively charged amino acids include

arginine, lysine and histidine. Charged amino acids include the charged amino acids among
the 20 amino acids commonly found in human proteins, as well as atypical or non-naturally
occurring amino acids.

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

As used herein the term "patient” without further designation is intended to
encompass any warm blooded vertebrate domesticated animal (including for example, but

not limited to livestock, horses, cats, dogs and other pets), mammals, and humans.

ABBREVIATIONS:
Insulin analogs will be abbreviated as follows:

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., Al or BY) 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 indicated in parenthesis following the designation of the A or
B chain (e.g., [BI(HS,HIO,Y16,L17) : AI(HS,NIS,N21)]) with the single letter amino acid
abbreviation indicating the substitution and the number indicating the position of the
substitution 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

SEQID NO: 17.
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EMBODIMENTS

Disclosed herein are conjugates of an insulin peptide 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-terminal 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, Al4 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.

In another 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 at any 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.

In accordance with one embodiment the insulin peptide 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
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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.

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
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. 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 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 receptors.

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 embodiment 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.

In some or any embodiments, the insulin peptide of the presently disclosed conjugate
is native insulin, comprising 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 IGFPIoB

analog peptide. In accordance with the present disclosure analogs of insulin encompass
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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, AS,
A9, A10, Al12, Al4, A15, Al7, Al18, A21, B1, B2, B3, B4, BS5, 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.

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
embodiments, the peptide of the present disclosures comprises a total of 1, up to 2, up to 3,
upto4,uptoS,upto6,upto7,upto8§, upto9,orupto 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 alkylated 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 additional 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 modifications
specified in (a)-(d). In some or any embodiments, the modifications are any of those
described herein, e.g., acylation, alkylation, pegylation, truncation at C-terminus,
substitution 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.
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Insulin Peptides

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,
respectively) 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.

In one embodiment the insulin peptide is an insulin analog wherein:

(a) the amino acid residue at position B28 is substituted with Asp, Lys, Leu, Val, or
Ala, and the amino acyl residue at position B29 is Lys or Pro;

(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 substituted 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 application Ser. No. 08/255,297;
Brems, et al., Protein Engineering, 5:527-533 (1992); Brange, et al., EPO Publication No.
214,826 (published Mar. 18, 1987); and Brange, et al., Current Opinion in Structural
Biology, 1:934-940 (1991). The disclosures of which are expressly incorporated herein by
reference.

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.

As disclosed 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),
GIVDECCFRSCDLRRLEMYCA (SEQ ID NO: 5) or GIVEECCFRSCDLALLETYCA
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(SEQ ID NO: 7) and the B chain comprises the sequence
FVNQHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2),
GPETLCGAELVDALYLVCGDRGFYFNKPT (SEQ ID NO: 6) or
AYRPSETLCGGELVDTLYLVCGDRGFYFSRPA (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 corresponding to native insulin
positions (see peptide alignment shown in Fig. 5) selected from AS, A8, A9, A10, Al4,
AlS5, Al7, 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 substitutions. Suitable amino acid substitutions at these positions 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.

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 1to 12, 1 to 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 GXg1 X6 X63X64X65sK (SEQ ID NO:
26) or X1 X6:X63X6aXesRK (SEQ ID NO: 27), wherein X¢;, Xe, X63 Xes and Xes are
independently glutamic acid or aspartic acid. In one embodiment the B chain comprises the
sequence GEEEEEKGPEHLCGAHLVDALYLVCGDX4,GFY (SEQ ID NO: 28), wherein
X4z 18 selected from the group consisting of alanine lysine, ornithine and arginine. In
accordance with one embodiment the glucagon related peptide-insulin conjugates disclosed
herein comprise a C-terminal amide or ester in place of a C-terminal carboxylate on the A
chain.

High potency glucagon related peptide-insulin conjugates can also be prepared based
on using a modified IGF I and IGF II sequence described in published International
application no. WO 2010/080607, the disclosure of which is expressly incorporated herein
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by reference, as the insulin peptide component. More particularly, analogs of IGF I and IGF
II that comprise a substitution of a tyrosine leucine dipeptide 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.

In accordance with one embodiment the insulin peptide for use in the present
disclosure comprises a B chain sequence of Ry,-
XasLCGX20X30LV X33 X LYLVCGX 41 X42GFXys (SEQ ID NO: 20) and an A chain sequence
of GIVX,4X5CCXsXoX10CX12LX 14X 151X 17X 18X19CX21-R13 (SEQ ID NO: 29) wherein

X4 1s glutamic acid or aspartic acid;

Xs is glutamine or glutamic acid

Xs is histidine, threonine or phenylalanine;

Xy is serine, arginine, lysine, ornithine or alanine;

X is isoleucine or serine;

X3 1s serine or aspartic acid

X4 1s tyrosine, arginine, lysine, ornithine or alanine;

Xis 1s glutamine, glutamic acid, arginine, alanine, lysine, ornithine or leucine;

X7 1s glutamine, glutamic acid, arginine, aspartic acid or lysine, ornithine

X1g 1s methionine, asparagine, glutamine, aspartic acid, glutamic acid or threonine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

X1 1s selected from the group consisting of alanine, glycine, serine, valine,
threonine, isoleucine, leucine, glutamine, glutamic acid, asparagine, aspartic acid, histidine,
tryptophan, tyrosine, and methionine;

X5 is histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid, glutamine and glutamic

acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X43 1s selected from the group consisting of alanine, lysine, ornithine and arginine;
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X4s 1s tyrosine, histidine, asparagine or phenylalanine;

Ra; 1s 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 proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and a bond; and R;3 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.

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 X4LCGXsXc«LVEALYLVCGERGFF (SEQ ID NO:
31), wherein

X is selected from the group consisting of threonine and histidine;

X, is tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

X3 is selected from the group consisting of asparagine and glycine;

X4 1s selected from the group consisting of histidine and threonine;

Xs is selected from the group consisting of alanine, glycine and serine;

Xs 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid.

In accordance with one embodiment an insulin analog is provided wherein the A
chain of the insulin peptide comprises the sequence GIVEQCCXXoICSLYQLENYCX ;-
Ri3 (SEQ ID NO: 73) or GIVEQCCXSICSLYQLX 17N X19CX>1 (SEQ ID NO: 32) and the B
chain comprising the sequence R2-X2sLCGX29X30LVX 33X LYLVCGX 41 X 4o GFXysYT-Z;-
B; (SEQ ID NO: 142), wherein

Xs is selected from the group consisting of threonine and histidine;

Xy is valine or tyrosine;

X7 1s glutamine or glutamic acid;

X9 1s tyrosine, 4-methoxy phenylalanine or 4-amino-phenylalanine;

X5 1s asparagine or glycine;

X5 is histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;
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X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X43 1s selected from the group consisting of alanine, ornithine, lysine and arginine;

Xys 1s tyrosine or phenylalanine;

Ry, 1s 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

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, alanine or a threonine-arginine-
arginine tripeptide.

In accordance with one embodiment an insulin analog is provided wherein the A
chain of the insulin peptide comprises the sequence GIVEQCCXgSICSLY QLX7NX/oCX5;
(SEQ ID NO: 32) and the B chain comprising the sequence
X25sLCGX20X30LVEALYLVCGERGFF (SEQ ID NO: 33) wherein

Xs is selected from the group consisting of threonine and histidine;

X7 1s glutamic acid or glutamine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

Xs; 1s asparagine or glycine;

Xss 1s selected from the group consisting of histidine and threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid. In a further embodiment the B chain comprises the
sequence X2 VNQX,sLCGX20X30)LVEALYLVCGERGFFYT-Z;-B1 (SEQ ID NO: 34)
wherein

Xy, 1s selected from the group consisting of phenylalanine and desamino-
phenylalanine;

Xss 1s selected from the group consisting of histidine and threonine;
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Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

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, alanine or a threonine-arginine-
arginine tripeptide.

In accordance with some embodiments the A chain comprises the sequence
GIVEQCCXSICSLYQLX 17N X 19CX>53 (SEQ ID NO: 32) or
GIVDECCXsXoSCDLX 14X 5L.X 17X 18 X19CX31-Ri3 (SEQ ID NO: 35), and the B chain
comprises the sequence X,sLCGX20X30LVX33X34LYLVCGDX 4,GFXys (SEQ ID NO: 36)
wherein

Xs is histidine or phenylalanine;

Xy and X4 are independently selected from arginine, lysine, ornithine or alanine;

Xis 1s arginine, lysine, ornithine or leucine;

X7 1s glutamic acid or glutamine;

X1 1s methionine, asparagine or threonine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

Xs1 1s alanine, glycine or asparagine;

Xs3 1s asparagine or glycine;

X5 1s selected from the group consisting of histidine and threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X3p 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X43 1s selected from the group consisting of alanine, lysine, ornithine and arginine;

Xys 1s tyrosine; and

R131s COOH or CONH,.

In a further embodiment the A chain comprises the sequence

GIVDECCXngSCDLX14X15LX17X13 X19CX21—R13 (SEQ ID NO: 35), and the B chain
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comprises the sequence X,sLCGX9X30LVX33X354LYLVCGDX 4, GFXys (SEQ ID NO: 36)
wherein

Xg is histidine;

Xy and X4 are independently selected from arginine, lysine, ornithine or alanine;

X5 1s arginine, lysine, ornithine or leucine;

X7 1s glutamic acid, aspartic acid, asparagine, lysine, ornithine or glutamine;

X1s 1s methionine, asparagine or threonine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

X5 1s alanine, glycine or asparagine;

Xy 1s asparagine or glycine;

Xss 1s selected from the group consisting of histidine and threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of alanine, lysine, ornithine and arginine;

X4s 1s tyrosine or phenylalanine and

Ri3 i1s COOH or CONH,;. In a further embodiment the A chain comprises the
sequence GIVDECCHX,SCDLX 14X 15sLX17MX9CX31-R13 (SEQ ID NO: 37), and the B
chain comprises the sequence X,sLCGAX3LVDALYLVCGDX4,GFXys (SEQ ID NO: 38)
wherein

Xy, X14 and X5 are independently ornithine, lysine or arginine;

X7 1s glutamic acid or glutamine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

X5 1s alanine, glycine or asparagine;

Xss 1s selected from the group consisting of histidine and threonine;

X3p 1s selected from the group consisting of histidine, aspartic acid and glutamic acid;

X4 1s selected from the group consisting of alanine, lysine, ornithine and arginine;

X4s 1s tyrosine or phenylalanine and

R;3 is COOH or CONH;. In one embodiment the B chain is selected from the group
consisting of HLCGAELVDALYLVCGDX4,GFY (SEQ ID NO: 39),
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GPEHLCGAELVDALYLVCGDX4,GFY (SEQ ID NO: 40),
GPEHLCGAELVDALYLVCGDX4,GFYFNPKT (SEQ ID NO: 41) and
GPEHLCGAELVDALYLVCGDX,,GFYENKPT (SEQ ID NO: 42), wherein X4, is selected
from the group consisting of ornithine, lysine and arginine. In a further embodiment the A
chain comprises the sequence GIVDECCHXSCDLX 14X sLOMYCN-R 53 (SEQ ID NO: 43),
wherein Xy, X4 and X;s are independently ornithine, lysine or arginine.

In another embodiment the A chain comprises the sequence
GIVDECCXsRSCDLYQLENX9CN-R;3 (SEQ ID NO: 44) and the B chain comprises the
sequence Ry-X,sLCGSHLVDALYLVCGDX4,GFXys (SEQ ID NO: 45)

wherein

Xs is threonine, histidine or phenylalanine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

X5 1s histidine or threonine;

X4 1s alanine, ornithine or arginine;

Xys 1s tyrosine histidine, asparagine or phenylalanine;

R2; 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 proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and a bond; and R;3 is COOH or CONH,.
and

R131s COOH or CONH,.

In another embodiment the A chain comprises the sequence
GIVEQCCHSICSLYQLENX;¢CX5i-R13 (SEQ ID NO: 46) or
GIVDECCHRSCDLRRLEMXoCX31-R13 (SEQ ID NO: 47); and the B chain comprises the
sequence FVNQHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2), or
GPETLCGAELVDALYLVCGDRGFYFNPKT (SEQ ID NO: 48)
wherein

X9 1s tyrosine, 4-methoxy phenylalanine or 4-amino-phenylalanine;

X5 1s alanine, glycine or asparagine

X and X,7 are each alanine; and

X4z 18 arginine.
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Single Chain Insulin Peptide Agonists

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 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.

In accordance with one embodiment the insulin peptide is a single chain insulin
agonist that comprises the general structure B-LM-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 Analogs and the respective subheaders “Peptide linkers”
and “Non-Peptide Linkers”. In one embodiment the linking moiety 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 Xs; X5:GSSSX57Xss (SEQ ID NO: 49) or X5 X5:GSSSX57Xs5sAPQT (SEQ ID NO:
50) wherein Xs; is selected from the group consisting of glycine, alanine, valine, leucine,
isoleucine and proline, Xs, is alanine, valine, leucine, isoleucine or proline and Xs; or Xsg are
independently 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 Xs; or Xsg 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 identity to
SSSSXs50APPPSLPSPSRLPGPSDTPILPQXs; (SEQ ID NO: 68), wherein Xso and Xs; 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 embodiment the non-
peptide linker has the structure: \[\/\Oﬁ; 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
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linker of approximately 4 to 20, 8§ to 18, 8 to 16, 8 to 14, 8 to 12, 10 to 14, 10 to 12 or 11 to
13 monomers.

In one embodiment a glucagon related peptide-insulin conjugate is provided that
comprises an insulin peptide having the structure: IB-LM-IA, wherein IB comprises the
sequence Ryy-X5LCGX 59X 30l VX33X34LYLVCGX 4 X, GFXys (SEQ ID NO: 20), LM is a
linking moiety as disclosed herein that covalently links IB to IA, and IA comprises the
sequence GIVXXsCCXsXoX10CX 121X 14X 151X 17X 18X 16CX21-R13 (SEQ ID NO: 29),
wherein

X4 1s glutamic acid or aspartic acid;

Xs is glutamine or glutamic acid;

Xs is histidine or phenylalanine;

Xy and X4 are independently selected from arginine, lysine, ornithine or alanine;

X is isoleucine or serine;

X5 1s serine or aspartic acid;

X4 1s tyrosine, arginine, lysine, ornithine or alanine;

Xis 1s arginine, lysine, ornithine or leucine;

X7 1s glutamic acid or glutamine;

X1 1s methionine, asparagine or threonine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

Xs1 1s alanine, glycine or asparagine;

X5 1s selected from the group consisting of histidine and threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X3p 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X41 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X4 1s selected from the group consisting of alanine, lysine, ornithine and arginine;

Ra; 1s 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
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tripeptide valine-asparagine-glutamine, a dipeptide proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and an N-terminal amine; and

Ri3 is COOH or CONHa, further wherein the amino acid at the designation Xys 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).

In one embodiment the linking moiety (LM) comprises an amino acid sequence of no
more than 17 amino acids in length. In one embodiment the linking moiety comprises the
sequence Xs; X5:GSSSX57Xss (SEQ ID NO: 49) or X5 X5:GSSSX57Xs5sAPQT (SEQ ID NO:
50) wherein Xs; is selected from the group consisting of glycine, alanine, valine, leucine,
isoleucine and proline, Xs; is alanine, valine, leucine, isoleucine or proline and Xs7 or Xsg are
independently 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 Xs; or Xsg 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 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 has greater than 70%, 80%, 90% sequence identity to
SSSSXs50APPPSLPSPSRLPGPSDTPILPQXs; (SEQ ID NO: 68), wherein Xso and Xs; 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 amino acid of the B chain, wherein
said 29 contiguous amino acid sequence has greater than 90% sequence identity to
SSSSXsoAPPPSLPSPSRLPGPSDTPILPQXs; (SEQ ID NO: 68), wherein Xso and Xs; are
independently selected from arginine and lysine. In one embodiment the linking moiety
comprises the sequence SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51) or
SSSSKAPPPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52) optionally with one or two

amino acid substitutions.
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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 A1 of the A chain via an intervening
linking moiety. In one embodiment the linking moiety comprises the structure:
\[\/\0/]?1; 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 one embodiment a glucagon related peptide-insulin conjugate is provided
comprising an insulin peptide having the general formula IB-LM-IA wherein IB comprises
the sequence GPEHLCGAX;0LVDALYLVCGDX4,,GFYFNX4sX49 (SEQ ID NO: 40);

LM comprises the sequence SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51),
SSSSKAPPPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52), GYGSSSRR (SEQ ID NO:
18) or GAGSSSRR (SEQ ID NO: 22); and

IA comprises the sequence GIVDECCXgXoSCDLX 14X 5LX17X15X19CX51-R13 (SEQ ID NO:
35) wherein

Xs is histidine or phenylalanine;

Xy is arginine, ornithine or alanine;

X4 and X5 are both arginine;

X7 1s glutamic acid;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino phenylalanine;

X>; 1s alanine or asparagine;

X5 1s histidine or threonine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X43 1s selected from the group consisting of alanine, ornithine and arginine;

Ri31s COOH.

Linking Moieties for Single Chain Insulin Analogs
Peptide linkers
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
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analogs 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 § to 17 non-native amino acid
sequence comprising the sequence Xs;Xs5;Xs53Xs54X55X56X57Xs58 (SEQ ID NO: 9), wherein
Xs1, Xs2, Xs3, Xs54, Xs55 and Xse are independently any amino acid or amino acid analog or
derivative thereof, and Xs; and Xsg 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 Xs; Xs5:Xs53Xs54Xs5Xs56RR (SEQ ID NO: 10), wherein Xs; is a non-aromatic amino
acid, including for example alanine. In one embodiment the linking moiety is § to 17 amino
acids in length and comprises the sequence X5;Xs5:GSSSRR (SEQ ID NO: 53) wherein Xs;
is selected from the group consisting of glycine, alanine, valine, leucine, isoleucine, proline
and methionine, and X5, 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 Xs; X5 GSSSRR (SEQ ID NO: 53) by a single amino acid
substitution wherein the amino acid substitution is an amino acid that is pegylated at its side
chain, further wherein Xs; is selected from the group consisting of glycine, alanine, valine,
leucine, isoleucine, proline and methionine, and Xs, is a non-aromatic amino acid, including
for example alanine.

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 differs from SEQ ID NO: 17 by a single amino acid substitution of a lysine,
cysteine ornithine, homocysteine, or acetyl-phenylalanine residue, and in a further
embodiment the lysine, cysteine ornithine, homocysteine, or acetyl-phenylalanine amino
acid is pegylated. 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 discovered 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. Furthermore, 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.,
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has a higher binding and/or activity at the insulin receptor compared 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.

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 substitutions. 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 (SEQ ID NO:
18) or GAGSSSRRAPQT (SEQ ID NO: 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 embodiment the linking moiety comprises the sequence GAGSSSRX53sAPQT
(SEQ ID NO: 54), GYGSSSX57XssAPQT (SEQ ID NO: 69), or an amino acid that differs
from SEQ ID NO: 54 by a single amino acid substitution, wherein Xs7 is arginine and Xsg is
arginine, ornithine or lysine, and in a further embodiment a polyethylene 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 GXs2GSSSRXssAPQT (SEQ ID
NO: 55), wherein Xs; is any non-aromatic amino acid, including for example, alanine,
valine, leucine, isoleucine or proline, and Xsg represents an amino acid that has a
polyethylene chain covalently linked to its side chain. In one embodiment Xsg is a pegylated
lysine.

In another embodiment, the linking moiety is an 8 to 17 amino acid sequence
comprising the sequence GXs,GSSSRR (SEQ ID NO: 56), wherein Xs, 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 Xs; is other than
tyrosine. In accordance 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
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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), PAGSSSRRAPQ (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 (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), PAGSSSRRAPQ (SEQ ID NO: 65),
PAGSSSRRAPQT (SEQ ID NO: 66) by a single pegylated amino acid including for
example a pegylated lysine or pegylated cysteine amino acid substitution. In one
embodiment the pegylated amino acid is at position 8§ of the linking moiety.

In one embodiment a 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 system,
can be used as a linker peptide. 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-terminus of the
B-chain and/or the amino terminus of the B chain. In vifro and in vivo characterization
reveals the CTP modified insulin analogs to have high potency in the absence of
glycosylation, thus providing a mechanism to extend insulin action that is based on
glycosylation, a natural approach to longer duration proteins.

Applicants have discovered that the primary sequence of the CTP peptide does not
appear to be critical. Accordingly, in one embodiment the linking moiety comprises 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
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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
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 60, 80 or 90%
sequence identity to SSSSXs50APPPSLPSPSRLPGPSDTPILPQXSs; (SEQ ID NO: 68), with
the proviso that the sequence does not comprise a 15 amino acid sequence identical toa 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.

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 has greater than 70%, 80%, 90% sequence identity to
SSSSXsoAPPPSLPSPSRLPGPSDTPILPQXs; (SEQ ID NO: 68), wherein Xso and Xs; 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 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, 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.

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 multiple 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
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(SSSSX50APPPSLPSPSRLPGPSDTPILPQXS5;), (SEQ ID NO: 68), wherein n is an integer
selected from the group consisting of 1, 2, 3 and 4 and X5, and Xs; are independently
selected from arginine and lysine.

In one embodiment the CTP peptide comprises the sequence
SSSSXs50APPPSLPSPSRLPGPSDTPILPQXs; (SEQ ID NO: 68), wherein Xso and Xs; 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),
SSSSKAPPPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52) or
SSSSRAPPPSLPSPSRLPGPSDTPILPQ (SEQ ID NO: 67), and in a further embodiment the
CTP peptide comprises the sequence SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID
NO: 53).

Glycosylation

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 enzymatically in a process known as glycosylation.
The resulting proteins bearing covalently linked oligosaccharide side chains are known as
glycosylated proteins or glycoproteins. Accordingly, a protein that bears a glycosylation site
is not necessarily glycosylated. In accordance with one embodiment insulin agonists analogs
are provided that have been modified to comprise a peptide sequence that is prone to
hyperglycosylation when expressed in a eukaryotic expression system.

Non-native and native glycosylation sequences are known to those skilled in the art
and include N-linked glycosylation sites, and O-linked glycosylation sites. N-linked
glycosylation sites are peptide sequences that serve as recognition 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 glycosylation 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-hydroxyproline or 5-hydroxylysine may also be used. In one
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embodiment the O-linked glycosylation sugar is N-aceylgalactosamine, galactose, or xylose.
A number of O-linked glycosylation 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) Glycobiology 11:731-740; and Ten Hagen et al. (2003) Glycobiology 13:1R-16R.

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 conditions that
allow expression of the insulin analog gene. In one embodiment the host cell expresses
human glycosylation enzymes such that glycosylated proteins (glycoproteins) produced 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.

In accordance with one embodiment an insulin analog is provided wherein a
glycosylation site has been introduced 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 comprising 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 comprises one or more glycosylation sites. In a
further embodiment 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-terminus 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.

In one embodiment a glycosylation site is introduced 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:
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SSSSKAPPPSLPSPSRLPGPSDTPILPQR; SEQ ID NO: 52), which is prone to O-linked
hyperglycosylation when the protein is expressed in a eukaryotic cellular expression system
can be covalently linked to an insulin analog without undermining the inherent in vitro
activity of the insulin analog.

In accordance with one embodiment an insulin analog 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 ID
NO: 52), wherein said analog differs from (SEQ ID NO: 52) by 1, 1 to 2,3 to 4, 4 to 6 or up
to 8 amino acid substitutions. 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 comprises 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
contiguous amino acid sequence identical to an amino acid sequence contained within SEQ
ID NO: 52. In one embodiment the CTP peptide consists of SEQ ID NO: 68, SEQ ID NO:
52 or SEQ ID NO: 51.

In accordance with one embodiment the CTP peptide comprises a peptide of the
sequence SSSSXsoAPPPSLPSPSRLPGPSDTPILPQXS5; (SEQ ID NO: 68), wherein Xso and
X5 are independently arginine or lysine, or a peptide that differs from
SSSSXs0APPPSLPSPSRLPGPSDTPILPQXS5; (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 (SSSSXsoAPPPSLPSPSRLPGPSDTPILPQXS5:), (SEQ ID

NO: 68), wherein n is an integer selected from the group consisting of 1, 2, 3 and 4, and in a
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further embodiment nis 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 comprise sequences independently
selected from the group consisting of SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 68 and
SEQ ID NO: 67.

Non-peptide linkers

In one embodiment the linking moiety is a relatively short bifunctional non-peptide
polymer linker that approximates the length of an 8-16 amino acid sequence. In accordance
with one embodiment the non-peptide linking moiety is a polyethylene glycol linker of
approximately 4 to 20, 8§ to 18, 8 to 16, 8 to 14, 10 to 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 A1 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
polyethylene 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.

In accordance with one embodiment the polyethylene glycol linking moiety
comprises the structure:

\[\/\0/];

wherein m is an integer ranging from 6 to 18, 8to 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.

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 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 monomer 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 polyethylene glycol of at least 8 but less than 14 monomer units in
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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 A1l of the
A chain via a linking moiety comprising a polyethylene 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 polyethylene glycol chain or between the A chain
and the polyethylene 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 ENKPT (SEQ ID NO: 76).

In one embodiment the linking moiety comprises the general structure: Wi- Z;-Y

wherein

W and Y, are independently a bond, X6, X46X47, Xa6X47X4ss, XasXa7Xa8X49 (SEQ ID
NO: 24) or X46X47X48X49Xs50 (SEQ ID NO: 13), with the proviso that W is not YTPK (SEQ
ID NO: 70) or ENKP (SEQ ID NO: 71) and Z; represents a polyethylene glycol of the
general structure

\[\/\O%j1

wherein m is an integer ranging from 6-14, and each of Xy¢, X47, Xus, X49 and Xsp are
independently any amino acid. In one embodiment Xu6, X47, Xug, X49 and Xso are
independently any non-native amino acid relative to positions B26-B30 of insulin or IGF-1.
In one embodiment X6, X47, Xus, X49 and Xsp are independently selected from the group
consisting of glycine, alanine, valine, leucine, isoleucine, serine, threonine and proline, and
in a further embodiment Xu6, X47, Xus, X49 and Xso are independently selected from the group
consisting of glycine, alanine, valine, leucine and isoleucine. In one embodiment, W, is a
bond and Y is X6, X46X47 or X46X47X4g (SEQ ID NO: 15) wherein X6, X47 and Xyg are
each alanine and Z is a polyethylene glycol of 4-14 monomer units. In one embodiment, Y
is a bond and W is Xy, X46X47 or X46X47X4s (SEQ ID NO: 15) wherein X46, X47 and Xyg are
each alanine and Z is a polyethylene glycol of 4-14 monomer units.

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,
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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 Al amino acid of the A
chain. In one embodiment the truncated B chain comprises 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

a) a polyethylene glycol of 6-16 monomer units;

b) a non-native amino acid sequence of at least 8 amino acids and no more
than 17 amino acid in length; or

c) a combination of said polyethylene glycol and a non-native amino acid

sequence of 1 to 4 amino acids;

Pegylation of insulin peptides

Applicants have discovered that covalent linkage of a hydrophilic moiety to the
insulin single chain analogs disclosed herein provide analogs having slower onset, extended
duration and exhibit a basal profile of activity. In one embodiment, the insulin peptides
disclosed herein are further modified 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 A1S of the A chain or at the N-terminal alpha amine of the B chain (e.g. at position Bl
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 exemplary embodiments, this
hydrophilic moiety is covalently linked to a Lys, Cys, Orn, homocysteine, or acetyl-
phenylalanine 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.

Exemplary hydrophilic moieties include polyethylene 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 hydrophilic moieties include, polypropylene
glycol, polyoxyethylated polyols (e.g., POG), polyoxyethylated sorbitol, polyoxyethylated
glucose, polyoxyethylated glycerol (POG), polyoxyalkylenes, polyethylene glycol
propionaldehyde, copolymers of ethylene glycol/propylene glycol, monomethoxy-
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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 pyrrolidone)polyethylene
glycol, propropylene glycol homopolymers (PPG) and other polyakylene oxides,
polypropylene oxide/ethylene oxide copolymers, colonic acids or other polysaccharide
polymers, Ficoll or dextran and mixtures thereof.

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.

In one embodiment dextrans are used as the hydrophilic moiety. Dextrans are
polysaccharide polymers of glucose subunits, predominantly linked by a1-6 linkages.
Dextran 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.

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.

In one embodiment the hydrophilic moiety is a polyethylene 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 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

peptide linking moiety of 8 to 12 amino acids, wherein one of the amino acids of the linking
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moiety has a polyethylene chain covalently bound to its side chain. In one embodiment the
single chain insulin analog comprises a peptide linking moiety 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.

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 of the 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, A14, A15, B1, B2,
B10, B22, B28 or B29.

Hydrophilic moieties such as polyethylene glycol can be attached to the glucagon
related peptide-insulin conjugate 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-haloacetyl, 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
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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

In some embodiments, the insulin analog is modified 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 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-insulin 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.

In one specific aspect of the invention, the insulin analog is modified to comprise an
acyl group by direct acylation 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, including for example at positions Al4, 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).
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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
peptide-insulin conjugate is covalently bound to the spacer, which is covalently bound to the
acyl group. In some exemplary embodiments, the insulin peptide is modified to comprise 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.

In some embodiments, the spacer between the glucagon 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 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 one embodiment, the hydrophilic bifunctional spacer comprises
two or more reactive groups, €.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 hydrophilic
bifunctional spacer comprises an amine group and a carboxylate. In other embodiments, the
hydrophilic bifunctional spacer comprises a thiol group and a carboxylate.

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., Bioconjugate Techniques, G. T.
Hermanson (Academic Press, San Diego, CA, 1996), which is incorporated by reference in
its entirety. In accordance with certain embodiments the bifunctional 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
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acid, and 8-aminooctanoic acid). Alternatively, the spacer can be a dipeptide or tripeptide
spacer having a peptide backbone that is 3 to 10 atoms (e.g., 6 to 10 atoms) in length. Each
amino acid of the dipeptide or tripeptide spacer attached to the glucagon related peptide-
insulin conjugate can be independently selected from the group consisting of: naturally-
occurring and/or non-naturally occurring amino acids, including, for example, any of the D
or L isomers 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: B-alanine (3 -Ala), N-
a-methyl-alanine (Me-Ala), aminobutyric acid (Abu), a-aminobutyric acid (y-Abu),
aminohexanoic acid (e-Ahx), aminoisobutyric acid (Aib), aminomethylpyrrole carboxylic
acid, aminopiperidinecarboxylic acid, aminoserine (Ams), aminotetrahydropyran-4-
carboxylic acid, arginine N-methoxy-N-methyl amide, B-aspartic acid (B-Asp), azetidine
carboxylic acid, 3-(2-benzothiazolyl)alanine, a-tert-butylglycine, 2-amino-5-ureido-n-valeric
acid (citrulline, Cit), B-Cyclohexylalanine (Cha), acetamidomethyl-cysteine,
diaminobutanoic acid (Dab), diaminopropionic acid (Dpr), dihydroxyphenylalanine
(DOPA), dimethylthiazolidine (DMTA), y-Glutamic acid (y-Glu), homoserine (Hse),
hydroxyproline (Hyp), isoleucine N-methoxy-N-methyl amide, methyl-isoleucine (Melle),
isonipecotic acid (Isn), methyl-leucine (MeLeu), methyl-lysine, dimethyl-lysine, trimethyl-
lysine, methanoproline, methionine-sulfoxide (Met(O)), methionine-sulfone (Met(O2)),
norleucine (Nle), methyl-norleucine (Me-Nle), norvaline (Nva), ornithine (Orn), para-
aminobenzoic acid (PABA), penicillamine (Pen), methylphenylalanine (MePhe), 4-
Chlorophenylalanine (Phe(4-Cl)), 4-fluorophenylalanine (Phe(4-F)), 4-nitrophenylalanine
(Phe(4-NO2)), 4-cyanophenylalanine ((Phe(4-CN)), phenylglycine (Phg), piperidinylalanine,
piperidinylglycine, 3,4-dehydroproline, pyrrolidinylalanine, sarcosine (Sar), selenocysteine
(Sec), U-Benzyl-phosphoserine, 4-amino-3-hydroxy-6-methylheptanoic acid (Sta), 4-amino-
S-cyclohexyl-3-hydroxypentanoic acid (ACHPA), 4-amino-3-hydroxy-5-phenylpentanoic
acid (AHPPA), 1,2,3.4,-tetrahydro-isoquinoline-3-carboxylic acid (Tic),
tetrahydropyranglycine, thienylalanine (Thi) , U-Benzyl-phosphotyrosine, O-
Phosphotyrosine, methoxytyrosine, ethoxytyrosine, O-(bis-dimethylamino-phosphono)-
tyrosine, tyrosine sulfate tetrabutylamine, methyl-valine (MeVal), 1-amino-1-cyclohexane
carboxylic acid (Acx), aminovaleric acid, beta-cyclopropyl-alanine (Cpa), propargylglycine

(Prg), allylglycine (Alg), 2-amino-2-cyclohexyl-propanoic acid (2-Cha), tertbutylglycine
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(Tbg), vinylglycine (Vg), 1-amino-1-cyclopropane carboxylic acid (Acp), 1-amino-1-
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, -Ala- B-Ala, Leu-Leu, Pro-Pro, y-aminobutyric
acid- y-aminobutyric acid, and y-Glu- y-Glu.

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 C4 to Cso alkane. For example, the long chain alkane can be any of
a C, alkane, Cg¢ alkane, Cg alkane, Cyg alkane, C;, alkane, C;4 alkane, C;¢ alkane, C;5 alkane,
Cy alkane, C,; alkane, Cy4 alkane, Cyg alkane, Cyg alkane, or a Csg alkane. In some
embodiments, the long chain alkane comprises a Cs to Cyp alkane, e.g., a Cy4 alkane, Ci¢
alkane, or a C;z alkane.

In some 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); Bioconjugate Chem. "Chemical
Modifications of Proteins: History and Applications" pages 1, 2-12 (1990); Hashimoto et al.,
Pharmacuetical Res. "Synthesis of Palmitoyl Derivatives of Insulin and their Biological
Activity" Vol. 6, No: 2 pp.171-176 (1989).

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 group is a C4 to Csq fatty acid. For example,
the acyl group can be any of a C, fatty acid, Cg fatty acid, Cg fatty acid, Cy fatty acid, Cy»
fatty acid, Cy4 fatty acid, Cy; fatty acid, Cg fatty acid, Cy fatty acid, C,, fatty acid, Cy4 fatty
acid, Cy fatty acid, Cyg fatty acid, or a Csp fatty acid. In some embodiments, the acyl group

is a Cg to Cyp fatty acid, e.g., a C4 fatty acid or a Cjs fatty acid.
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In an alternative embodiment, the acyl group is a bile acid. The bile acid can be any
suitable bile acid, including, but not limited to, cholic acid, chenodeoxycholic acid,

deoxycholic acid, lithocholic acid, taurocholic acid, glycocholic acid, and cholesterol acid.

Alkylation

In some embodiments, the glucagon related peptide-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, 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 of the 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 embodiments,
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 peptide-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 numbering of the A and B chain of native insulin).

In some embodiments 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 A14, A15, B1 (for insulin based B chains), B2 (for IGF-1
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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,o-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 comprising an amino acid comprising a side chain amine, hydroxyl,
or thiol.

In the instance in 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, Ile, 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 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.

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., §-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 reactive groups,

e.g., an amine, a hydroxyl, a thiol, and a carboxyl group or any combinations thereof. In
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certain embodiments, the hydrophilic bifunctional spacer comprises a hydroxyl group and a
carboxylate. In other embodiments, the hydrophilic bifunctional spacer comprises an amine
group and a carboxylate. In other embodiments, the hydrophilic bifunctional spacer
comprises a thiol group and a carboxylate.

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 spacer is about 3 to 10 atoms (e.g., 6
to 10 atoms) in length and the alkyl is a Cy to Cjs alkyl group, e.g., Ci4 alkyl group, Cis
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 to 26, 19 to 21) atoms.

In accordance with one embodiment the bifunctional 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, 5-aminovaleric acid, 7-aminoheptanoic acid, and 8-
aminooctanoic acid). Alternatively, the spacer can be a dipeptide or tripeptide spacer having
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 composed
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, B-Ala-
B-Ala, Leu-Leu, Pro-Pro, y-aminobutyric acid- y-aminobutyric acid, and y-Glu- y-Glu. In
one embodiment the dipeptide spacer is y-Glu- y-Glu.

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 C4 to Cs alkyl. For example, the alkyl
group can be any of a C, alkyl, Cs alkyl, Cg alkyl, Cy alkyl, Cy» alkyl, Cy4 alkyl, Cj¢ alkyl,
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Cis alkyl, Cyp alkyl, Cy, alkyl, Cyy alkyl, Cyg alkyl, Cyg alkyl, or a Csg alkyl. In some
embodiments, the alkyl group is a Cg to Cy alkyl, e.g., a Cy4 alkyl or a Cy¢ alkyl.

In some specific embodiments, the alkyl group comprises a steroid moiety of a bile
acid, e.g., cholic acid, chenodeoxycholic acid, deoxycholic acid, lithocholic acid, taurocholic
acid, glycocholic acid, and cholesterol acid.

When a long chain alkane is alkylated by the glucagon 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 C4 to Cso alkane. For example, the long chain alkane can be any of
a C, alkane, Cg¢ alkane, Cg alkane, Cyg alkane, C;, alkane, C;4 alkane, C;¢ alkane, C;5 alkane,
Cy alkane, C,; alkane, Cy4 alkane, Cyg alkane, Cyg alkane, or a Csg alkane. In some
embodiments the long chain alkane comprises a Cs to Cyg alkane, e.g., a C4 alkane, Ci6
alkane, or a C;z alkane.

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

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. Patent No. 4,450,150). Depot forms of the
conjugates 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.

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-
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enzymatic reaction at a predetermined rate. Depot formulations 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 conjugate 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.

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
pharmaceutical composition is an immediate release, controlled release, sustained release,
extended release, delayed release, 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 International Patent Application Publication Nos. WO 2008/130158,
WQ02004/033036; 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 disclosed 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.

In accordance with one embodiment the depot polymer 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 dextrans, polylactides, polyglycolides, caprolactone-based polymers,
poly(caprolactone), polyanhydrides, polyamines, polyesteramides, polyorthoesters,
polydioxanones, polyacetals, polyketals, polycarbonates, polyphosphoesters, polyesters,
polybutylene terephthalate, polyorthocarbonates, polyphosphazenes, succinates, poly(malic
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acid), poly(amino acids), polyvinylpyrrolidone, polyethylene glycol, polyhydroxycellulose,
polysaccharides, chitin, chitosan, hyaluronic acid, and copolymers, terpolymers and mixtures
thereof, and biodegradable polymers and their copolymers including caprolactone-based
polymers, polycaprolactones and copolymers which include polybutylene terephthalate. In
one embodiment 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.

In accordance 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 elements are linked to the glucagon related peptide-insulin conjugate
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.

In one embodiment the dipeptide prodrug element comprises the general structure of
Formula X:

R; R, 1|i3 0
N g\ X
Rs
0 Ry Rs
wherein
Ri Rs Ry and Rg are independently selected from the group consisting of H, C;-Cjs
alkyl, C,-C;s alkenyl, (C;-Cig alkyl)OH, (C;-C;s alkyl)SH, (C,-C;5 alkyl)SCHj3, (C;-Cy

alky)CONH,, (C;-C4 alkyl)COOH, (C;-C, alkyl)NHa, (C;-C4 alky)NHC(NH,")NH,, (Co-C4
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alkyl)(Cs-Cq cycloalkyl), (Co-Cy4 alkyl)(C,-Cs heterocyclic), (Co-Cy alkyl)(Cs-Cip aryl)Ry,
(C1-C4 alky)(C;-Cy heteroaryl), and C1-Cy, alkyl(W)C;-Cy, 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 Cs-C;, cycloalkyl or aryl; or R4 and Rg together
with the atoms to which they are attached form a C;s-C¢ cycloalkyl;

Rj is selected from the group consisting of C;-C;g alkyl, (C;-C;g alkyl)OH, (C;-C;s
alkyl)NH,, (C1-Cig alkyl)SH, (Co-C4 alkyl)(Cs-Cs)cycloalkyl, (Co-Cy alkyl)(C-Cs
heterocyclic), (Co-Cy4 alkyl)(Ce-Co aryl)R7, and (C1-Cy4 alkyl)(C3-Co heteroaryl) or R4 and R3
together with the atoms to which they are attached form a 4, 5 or 6 member heterocyclic
ring;

Rsis NHR¢ or OH;

R¢ is H, C;-Cs alkyl or Re and R, together with the atoms to which they are attached
form a 4, 5 or 6 member heterocyclic ring; and

Ry 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 R4 and R3 together with the atoms to which they are attached forma 4, 5 or 6

member heterocyclic ring, then at least one of R; and R, are other than H.

Glucagon Related Peptides

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 particularly the glucagon related
peptide can be any of the class 1, class 2 or class 3 glucagon peptides described herein.

Class 1 Glucagon Related Peptides

In certain embodiments, the glucagon related peptide is a Class 1 glucagon related
peptide, which is described herein and in International Patent Application No. PCT
US2009/47437 (filed on June 16, 2009) and International Patent Application Publication No.
WO 2008/086086, published on July 17, 2008, the contents of which are incorporated by
reference in their entirety.

The biological sequences referenced in the following section (SEQ ID NOs: 801-
915) relating to Class 1 glucagon related peptides correspond to SEQ ID NOs: 1-115 in
International Patent Application No. PCT US2009/47437.



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

-65 -

Activity

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 synonymously 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

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.

Accordingly, in some embodiments, a Class 1 glucagon 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 ata pH
ranging from about 5.5 to about 8.0, while retaining the native peptide's biological activity.

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
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
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and glutamic acid, or by the addition of charged amino acids to the amino or carboxy
terminus of the peptide.

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.

In specific exemplary embodiments, the Class 1 glucagon related peptide may
comprise any one or two of the following modifications: substitution of N28 with E;
substitution 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.

In accordance 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 exemplary embodiments include

Class 1 glucagon related peptides of SEQ ID NOS: 824, 825, 826, 833, 835, 836 and 837.

Improved stability
Any of the Class 1 glucagon related peptides may additionally exhibit improved

stability and/or reduced degradation, for example, retaining at least 95% of the original
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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 precipitation or aggregation,
and/or reduced degradation, e.g., reduced occurrence of cleavage or chemical modification
after storage.

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.

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 substitutions 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.

In some embodiments, any of the Class 1 glucagon related peptides described herein
can be further modified to reduce degradation at various amino acid positions by modifying
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 Ala or AIB, 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 that occurs through dehydration of Asp to form a cyclic succinimide

intermediate followed by isomerization to iso-aspartate.

Enhanced potency

In accordance with another embodiment, Class 1 glucagon related peptides are
provided that have enhanced potency at the glucagon receptor, wherein the peptides
comprise 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 substituting the
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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 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. 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

In some 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 substituted with the DPP-IV resistant amino acid(s)
described herein. In some embodiments, position 2 of the analog peptide 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 €-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 “1” 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

o,0a-disubstituted amino acid), as further described herein.
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Modifications at position 3

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 substitution at position 3 with glutamic acid, ornithine, or norleucine
substantially reduces or destroys glucagon receptor activity.

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 ID NO: 871, SEQ ID NO: 8§72, SEQ ID NO: 873 and SEQ ID
NO: 874.

Enhancing GLP-1 activity with C-terminal amides and esters

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.
Conversely, 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

Additional modifications may be made to the Class 1 glucagon related peptide which
may further increase solubility 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, or up to 13, or up to 14 amino acid modifications relative to the
native glucagon sequence. For example, conservative or non-conservative substitutions,
additions or deletions may be carried 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:
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(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;

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

(c) modification of the aspartic acid at position 15, for example, by substitution with
glutamic acid, homoglutamic acid, cysteic acid or homocysteic acid, which may reduce
degradation; or modification of the serine at position 16, for example, by substitution of
threonine, AIB, glutamic acid or with another negatively charged amino acid having a side
chain with a length of 4 atoms, or alternatively with any one of glutamine, homoglutamic
acid, or homocysteic acid, which likewise may reduce degradation due to cleavage of the
Asp15-Serl6 bond;

(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;

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

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

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

(h) modifications at position 1 or 2 as described herein that improve resistance to
DPP-1V cleavage, optionally in combination with an intramolecular bridge such as a lactam
bridge between positions “i”

20, 24;

and “i+4”, wherein i is an integer from 12 to 25, e.g., 12, 16,

(1) acylating or alkylating the glucagon related peptide 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,
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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);

(j) C-terminal extensions as described herein;

(k) homodimerization or heterodimerization as described herein; and
combinations of the (a) through (k).

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:

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 after position 29 of Glu or Lys;

insertion after position 29 of Gly-Lys or Lys-Lys;

or combinations thereof’
wherein Group B is:

substitution of Asp at position 15 with Glu;

substitution of Ser at position 16 with Thr or AIB;

and wherein Group C is:
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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-
V),

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-
V),

substitution of Lys at position 12 with Arg;

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;

deletion of amino acids at positions 27-29;

deletion of amino acids at positions 28-29;

deletion of the amino acid at positions 29;

or combinations thereof.

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.

In some specific embodiments, the glucagon related peptide comprises (a) an amino
acid modification at position 1 and/or 2 that confers DPP-IV resistance, €.g., substitution
with DMIA at position 1, or AIB at position 2, (b) an intramolecular bridge within positions
12-29, e.g. at positions 16 and 20, or one or more substitutions of the amino acids at
positions 16, 20, 21, and 24 with an a,0 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
degradation, 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 (c) an amino acid modification at position 27 that substitutes Met with,
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e.g., Nle, and optionally (d) amino acid modifications at positions 20, 21 and 24 that reduce
degradation. In a specific embodiment, the glucagon related peptide is T16, A20, E21, A24,
Nle27, D28, E29.

In some embodiments, the Class 1 glucagon related peptide comprises the amino acid
sequence:

X1-X2-GlIn-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 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, wherein Y 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 i is 12,
16, 20 or 24.

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-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 polyethylene 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.

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 ID NO: 839), wherein X1 and/or X2 is a



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

-74 -

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 positions 16, 20, 21, and 24 of the glucagon related peptide is substituted
with an a, 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,
and Y-COOH, wherein Y is 1 to 2 amino acids.

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
(optionally, 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;
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 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.

Any of the modifications described above in reference to Class 1 glucagon agonists
which increase glucagon receptor activity, retain partial glucagon receptor activity, improve
solubility, increase stability, or reduce degradation can be applied to Class 1 glucagon

related peptides individually or in combination.
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Examples of embodiments of Class 1 glucagon related peptides

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 embodiment the native glucagon peptide
of SEQ ID NO: 801 is modified by the substitution of the native amino acid at position 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 histidine) 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 comprises the
amino acid sequence of SEQ ID NO: 8§34 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.

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 acid residue (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). In accordance 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, independently
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 degradation of the peptide.

In some embodiments 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
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or 24 of the analog differ from the corresponding amino acid of SEQ ID NO: 801. In
accordance with another embodiment 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: §01.
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: 801). In some embodiments a glucagon related peptide of
SEQ ID NO: 811 or SEQ ID 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.

In some embodiments a glucagon agonist is provided 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 embodiments 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.

In another embodiment a glucagon agonist is provided 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 embodiments 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
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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, desaminohistidine, hydroxyl-histidine, acetyl-histidine and homo-
histidine.

In accordance 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 embodiment a glucagon related
peptide is provided comprising a sequence of SEQ ID NO: 809, SEQ ID 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: 8§09, SEQ ID NO: 8§12, SEQ ID NO: 813 or SEQ ID NO: 8§32,
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.

In another embodiment the glucagon related 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 consisting of SEQ ID NO: 808, SEQ
ID NO: 810 and SEQ ID NO: 811. In some embodiments the glucagon related peptide
comprises the sequence of SEQ ID NO: 808, SEQ ID NO: 8§10 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.

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

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: §34),
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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

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)

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 residue is present at one of positions 28, 29 or 30. In
some embodiments R is COOH, and in another embodiment R is CONHo,.

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 comprise 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: §20
(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
(KRNRNNIA) 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: 8§20
(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
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embodiments the glucagon related peptide portion of the glucagon fusion peptide comprises
a sequence selected from the group consisting of SEQ ID NO: 810, SEQ ID NO: 811 and
SEQ ID NO: 813. In some embodiments 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.

In another embodiment the glucagon related peptide sequence of the fusion peptide
comprises the sequence of SEQ ID NO: 811, 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 amino acid 29 of the glucagon related peptide. In some embodiments the
glucagon fusion peptide comprises a sequence selected from the group consisting of SEQ ID
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 comprising an amino acid sequence of SEQ ID NO: §23
(GPSSGAPPPS-CONH,) linked to amino acid 29 of the glucagon related peptide.

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 solubility and stability of the pH stabilize glucagon analog.
More particularly, in some embodiments the glucagon related peptide of SEQ ID NO: 810,
SEQ ID NO: 811, SEQ ID NO: 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.

In accordance with some embodiments, the glucagon 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
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chain suitable for crosslinking with hydrophilic moieties, including for example, PEG. The
native peptide can be substituted with a naturally occurring amino acid or a synthetic (non-
naturally occurring) amino acid. Synthetic or non-naturally occurring amino acids refer to
amino acids that do not naturally occur in vivo but which, nevertheless, can be incorporated
into the peptide structures described herein.

In some embodiments, a glucagon agonist of SEQ ID NO: 810, SEQ ID NO: 811 or
SEQ ID NO: 813 is provided wherein the native glucagon peptide sequence has been
modified to contain a naturally occurring or synthetic amino acid in at least 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 comprises a hydrophilic moiety.
In some embodiments the substitution is at position 21 or 24, and in a further embodiment
the hydrophilic moiety is a PEG chain. In some embodiments the glucagon related peptide
of SEQ ID NO: 811 is substituted with at least one cysteine residue, wherein the side chain
of the cysteine residue is further modified with a thiol reactive reagent, including for
example, maleimido, vinyl sulfone, 2-pyridylthio, haloalkyl, and haloacyl. These thiol
reactive reagents may contain carboxy, keto, hydroxyl, and ether groups as well as other
hydrophilic moieties such as polyethylene glycol units. In an alternative embodiment, 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 hydrophilic moieties such
as polyethylene glycol. In some embodiments 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: §19.

In accordance with some embodiments the pegylated glucagon related peptide
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 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 comprises a peptide of SEQ ID NO: 806, wherein a PEG chain is
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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.

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 polyethylene 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.

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 comprises any one
or more of the modifications discussed above in addition to an amino acid substitution at
positions 16, 20, 21, or 24 (or a combination thereof) with an a,a-disubstituted amino acid,
e.g., AIB. In accordance with another embodiment, the glucagon related peptide comprises
any one or more modifications discussed above in addition to an intramolecular bridge, e.g.,
a lactam, between the side chains of the amino acids at positions 16 and 20 of the glucagon
related peptide.

In accordance with some embodiments, the glucagon related peptide comprises the
amino acid sequence of SEQ ID NO: 8§77, wherein the Xaa at position 3 is an amino acid

comprising a side chain of Structure I, II, or III:
O
$-R'—CH,~x—Rr?

Structure 1

O
$-R1—CH,-y
Structure 11

9
$-R'—CHy—S—CH,—R*

Structure 111
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wherein R! is Co-3 alkyl or Cy_3 heteroalkyl; R? is NHR" or C, 3 alkyl; R? is Cy 3 alkyl;
R*isHor Cizalkyl; X is NH, O, or S; and Y is NHR4, SR3, or OR?. In some embodiments,
X is NH or Y is NHR". In some embodiments, R!is Co alkyl or C; heteroalkyl. In some
embodiments, R* is NHR" or C; alkyl. In some embodiments, R*is H or ! 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; (acetyldiaminobutanoic acid, Dab(Ac)); R!is Co 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 CHj; (acetylornithine, 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;3 (methylglutamine, 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(O)); 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: §74.

In certain embodiments, the glucagon related peptide 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 substitution 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.

In certain embodiments, the analog of the glucagon related peptide of SEQ ID NO:
877 comprises an a,0-disubstituted 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
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peptide of SEQ ID NO: 877 comprises one or more of the following: 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), 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; 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; 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: 8§20 to the
C-terminus, wherein the amino acid at position 29 is Thr or Gly, or a combination thereof.

In accordance with specific embodiments, the glucagon 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.

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.

The glucagon agonist may be a peptide comprising the amino acid sequence of any
of the SEQ ID NOs: 801-919, optionally with up 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: §59-919.
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Class 2 Glucagon Related Peptides

In certain embodiments, the glucagon related peptide is a Class 2 glucagon related
peptide, which is described herein and in International Patent Application No. PCT
US2009/47447 (filed on June 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 reference 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

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 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 agonist
glucagon related peptide, as further described herein.

In some embodiments, the Class 2 glucagon related peptides described herein exhibit
an ECS50 for GIP receptor activation activity of about 100 nM or less, or about 75, 50, 25, 10,
8,6,5,4,3,20r 1 nM or less. In some embodiments, the Class 2 glucagon related peptides
exhibit an EC50 for glucagon receptor activation of about 100 nM or less, or about 75, 50,
25,10,8,6,5,4,3,20r 1 nM or less. In some embodiments, 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 receptor, e.g.
assaying HEK?293 cells co-transfected with DNA encoding the receptor and a luciferase gene
linked to cAMP responsive element as described in Example 7.

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 selectivity for glucagon receptor
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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 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 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
combination thereof.

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 glucagon
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 glucagon 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.

In yet another aspect, Class 2 glucagon related peptides 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-,
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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 at the GLP-1 receptor is 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 glucagon
related peptide is less than about 100, 75, 60, 50, 40, 30, 20, 15, 10, or 5, and no less than 1.
In a further aspect, Class 2 glucagon related 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 modifications 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, €.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

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 activity, and/or GLP-1 activity.
Modifications that affect GIP activity

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 activates 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
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covalent or non-covalent intramolecular bridge, or substitution and/or insertion of amino
acids around positions 12-29 with an alpha helix-stabilizing amino acid (e.g., an a,0-
disubstituted amino acid).

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

Enhanced activity at the GIP receptor is also provided 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 substituted
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.

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 i 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
interactions such as salt bridges can be formed between positively and negatively charged
amino acids at these positions.

Any of the modifications described above which increase GIP receptor activity can
be applied individually or in combination. Combinations of the modifications that increase
GIP receptor activity generally provide higher GIP activity than any of such modifications

taken alone.
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Modifications that affect glucagon activity

In some 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 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,
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 some embodiments the glucagon related peptide retains its original
selectivity for the glucagon receptor relative to the GLP-1 receptors.

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.

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.

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 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 embodiments, one or more «, 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.
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Modifications that affect GLP-1 activity

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
formation 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,0-disubstituted amino acid), as further described herein. In
exemplary embodiments, the side chains of the amino acid pairs 12 and 16, 13 and 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 § (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.

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, 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, 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.

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 formation, the use of a, ®-
diaminoalkane tethers, the formation of metal-atom bridges, and other means of peptide

cyclization are used to stabilize the alpha helix.



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

-90 -

In yet other embodiments, 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. 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 receptor is also provided by adding GPSSGAPPPS (SEQ ID
NO: 1095) or XGPSSGAPPPS (SEQ ID NO: 1096) to the C-terminus. 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.

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

Any of the modifications described above in reference 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 peptides 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 modifications 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-1V resistance

Modifications at position 1 and/or 2 can increase the peptide’s resistance to
dipeptidyl peptidase IV (DPP IV) 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-methyl alanine.
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It was 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 glucagon 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

(13444

and “i+4”, or positions “j” and “j+3”, e.g., between positions 12

(13444
1

amino acids at positions
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 embodiments, this covalent bond is an intramolecular bridge other than

a lactam bridge, as described herein.

Modifications that reduce degradation

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. Such modifications reduce cleavage of the Asp15-Serl6 peptide
bond. In exemplary embodiments, the amino acid modification at position 15 is a deletion or
substitution of Asp with glutamic acid, homoglutamic acid, cysteic acid or homocysteic 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.

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
oxidative 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.

In some embodiments, the Gln at position 20 and/or 24 is modified, e.g. by deletion
or substitution. Such modifications can reduce degradation that occurs through deamidation

of Gln. In some embodiments, the Gln at position 20 and/or 24 is substituted with Ser, Thr,
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Ala or AIB. In some embodiments the Gln at position 20 and/or 24 is substituted with Lys,
Arg, Orn, or Citrulline.

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, position 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

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 GLP-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 substitution and/or insertion of amino
acids around positions 12-29 with an alpha helix-stabilizing amino acid (e.g., an a,0-
disubstituted amino acid). Stabilization of the alpha-helix structure of a GIP agonist may be

accomplished as described herein.

Exemplary embodiments

In accordance with some embodiments of the invention, 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.

In certain embodiments, the modification which stabilizes the alpha helix structure is
one which provides or introduces an intramolecular bridge, including, for example, 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
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at positions i and 1+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. 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.

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,a-disubstituted
amino acid is AIB. In certain aspects, the a,a-disubstituted amino acid (e.g., AIB) is at
position 20 and the amino acid atposition 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, O, or 2,4-diaminobutyric acid (Dab).

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).

In certain 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 combination of two or three of the
foregoing. In specific embodiments, the analog of glucagon comprises Leu at position 27,
Ala at position 28, and Gly or Thr at position 29.

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 positive-charged amino
acids may be amino acids of Formula IV, including, but not limited to Lys, homoLys, Orn,
and Dab.

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
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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 following 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) Tyr at position 10 substituted with Trp, Lys, Orn, Glu,
Phe, or Val:
(c) Linkage of an acyl group to a Lys at position 10;
(d) Lys at position 12 substituted with Arg or Ile;
(e) Ser at position 16 substituted with Glu, Gln,
homoglutamic acid, homocysteic acid, Thr, Gly, or AIB;
(H) Arg at position 17 substituted with Gln;
(2) Arg at position 18 substituted with Ala, Ser, Thr, or Gly;
(h) Gln at position 20 substituted with Ser, Thr, Ala, Lys,
Citrulline, Arg, Orn, or AIB;
(1) Asp at position 21 substituted with Glu, homoglutamic
acid, homocysteic acid;
g Val at position 23 substituted with Ile;
k) Gln at position 24 substituted with Asn, Ser, Thr, Ala, or
AlB;
)] and a conservative substitution at any of positions 2 5, 9,
10, 11, 12. 13, 14, 15, 16, 8 19 20, 21. 24, 27, 28, and
29.
In exemplary embodiments, the analog of glucagon (SEQ ID NO: 1001) having GIP
agonist activity comprises the following modifications:
(a) an amino acid modification at position 1 that confers GIP agonist
activity,
(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,
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(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
(d) 1-9 or 1-6 further amino acid modifications, e.g. 1, 2, 3,4,5, 6,7, 8
or 9 further amino acid modifications,
and the EC50 of the analog for GIP receptor activation is about 10 nM or less.

The lactam bridge of the analog of these embodiments 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 positions 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 comprise, for example, the amino acid
sequence of any of SEQ ID NOs: 1005-1094.

In other exemplary embodiments, the analog of glucagon (SEQ ID NO: 1001) having

GIP agonist activity comprises the following modifications:

(a) an amino acid modification at position 1 that confers GIP agonist
activity,
(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,
(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
(d) 1-9 or 1-6 further amino acid modifications, e.g. 1, 2, 3,4,5, 6,7, 8
or 9 further amino acid modifications,
and the EC50 of the analog for GIP receptor activation is about 10 nM or less.

The o,a-disubstituted amino acid of the analog of these embodiments can be any a,0-
disubstituted 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-aminocyclooctane-1-
carboxylic acid). In certain embodiments, the a,a-disubstituted amino acid is AIB. In
certain embodiments, the amino acid at position 20 is substituted with an o,0-disubstituted
amino acid, e.g., AIB. In accordance with these embodiments, 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.
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In yet other exemplary embodiments, the analog of glucagon (SEQ ID NO: 1001)

having GIP agonist activity comprises the following modifications:

(a)

(b)

an amino acid modification at position 1 that confers GIP agonist
activity,
an amino acid substitution of Ser at position 16 with an amino acid of

Formula IV:
H
HyN——C——COOH
(CHy),

N
S
1

[Formula IV],

whereinnis 1 to 16,or 1 to 10, or 1 to 7, or 1 to 6, or 2 to 6, each of R; and

(c)

(d)

(e)

R, is independently selected from the group consisting of H, C;-Cys
alkyl, (C;-Cs alkyl)OH, (C;-C;g alkyl)NH,_ (C;-C;s alkyl)SH, (Co-C4
alkyl)(C5-Cg)cycloalkyl, (Co-Cy4 alkyl)(C,-Cs heterocyclic), (Co-Cy
alkyl)(Ce-Co aryl)R7, and (C;-Cy alkyl)(Cs-Cy heteroaryl), wherein Ry
is H or OH, and the side chain of the amino acid of Formula IV
comprises a free amino group,

an amino acid substitution of the Gln at position 20 with an alpha,
alpha-disubstituted amino acid,

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

1-9 or 1-6 further amino acid modifications, e.g. 1, 2, 3,4, 5,6, 7, 8 or

9 further amino acid modifications,

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

The amino acid of Formula IV of the 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, O, Lys, or homoLys respectively.

The alpha, alpha-disubstituted amino acid of the analog of these embodiments may

be any alpha, alpha-disubstituted amino acid, including, but not limited to, amino iso-butyric
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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-
aminocyclooctane-1-carboxylic acid). In certain embodiments, the alpha, alpha-
disubstituted amino acid is AIB. In accordance with these embodiments, the analog can
comprise, for example, the amino acid sequence of any of SEQ ID NOs: 1099-1165.

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

(a) an amino acid modification at position 1 that confers GIP agonist
activity, and
(b)  anextension 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.

In some embodiments, the acylated or alkylated amino acid is an amino acid of
Formula I, II, or III. In more specific embodiments, the amino acid of Formula I is Dab,
Orn, Lys, or homoLys. Also, in some embodiments, the extension 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 (SEQ ID NO: 1171) or XGPSSGAPPPSK (SEQ ID
NO: 1172), wherein X is 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 acylated 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 some embodiments, the analog having GIP agonist 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.

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
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substitution of His with a large, aromatic amino acid. In some embodiments, the large,
aromatic amino acid is any of those described herein, including, for example, Tyr.

Also, with regard to the above exemplary embodiments, amino acid modifications at
one, two, or all of positions 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.

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 circulation, delay the onset of action, or
increase stability. The analog can further comprise, for example, an amino acid modification
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 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 modifications:

1) Ser at position 2 substituted with D-Ser, Ala, D-Ala, Gly, N-methyl-
Ser, AIB, Val, or a-amino-N-butyric acid;

(ii) Tyr at position 10 substituted with Trp, Lys, Orn, Glu, Phe, or Val;

(i)  Linkage of an acyl group to a Lys at position 10;

(iv)  Lys at position 12 substituted with Arg;

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

(vi)  Arg at position 17 substituted with Gln;

(vil)  Arg at position 18 substituted with Ala, Ser, Thr, or Gly;

(viii) Gln at position 20 substituted with Ala, Ser, Thr, Lys, Citrulline, Arg,
Orn, or AlIB;



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

-99 .

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

(x) Val at position 23 substituted with Ile;

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

(xil) aconservative substitution at any of positions 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
(xil). Alternatively or additionally, 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 glucagon 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.

With regard to the exemplary embodiments, the analog can be covalently linked to a
hydrophilic moiety. In some embodiments, the analog is covalently linked to the hydrophilic
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 hydrophilic moiety is covalently linked to the analog at position 40.

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:

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

(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

(d) up to 6 further amino acid modifications,

wherein the EC50 of the analog for GIP receptor activation is about 10 nM or less. In some
aspects, the acylated or alkylated amino acid is an amino acid of Formula [, I, or III. In
more specific embodiments, the amino acid of Formula I is Dab, Orn, Lys, or homoLys.

Also, in some embodiments, the about 1 to about 21 amino acids comprises the amino acid
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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
(SEQ ID NO: 1171) or XGPSSGAPPPSK (SEQ ID NO: 1172), wherein X is 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 acylated 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.

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.

In certain aspects, glucagon analogs 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 modifications 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 modifications at
position 27 and/or 28.

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

(1) 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;

(ii) the amino acid at position 10 is Tyr, Trp, Lys, Orn, Glu, Phe, or Val;

(i)  linkage of an acyl group to a Lys at position 10;

(iv)  the amino acid at position 12 is Ile, Lys or Arg;
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the amino acid at position 16 is any one of Ser, Glu, Gln,
homoglutamic acid, homocysteic acid, Thr, Gly, or AIB;

the amino acid at position 17 is Gln or Arg;

the amino acid at position 18 is any one of Ala, Arg, Ser, Thr, or Gly;
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;

the amino acid at position 21 is any one of Glu, Asp, homoglutamic
acid, homocysteic acid;

the amino acid at position 23 is Val or lle;

the amino acid at position 24 is any one of Gln, Asn, Ala, Ser, Thr, or
AIB; and

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.

The analog in some embodiments comprise a combination of the modifications (i)

through (xii). Alternatively or additionally, 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 glucagon 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.

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, BAla-BAla, 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.

In some very specific embodiments, an analog of the invention comprises an amino

acid sequence selected from the group consisting of SEQ ID NOs: 1099-1141, 1144-1164,
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1166, 1192-1207, 1209-1221 and 1223 or selected from the group consisting of SEQ ID
NOs: 1167-1169, 1173-1178 and 1225.

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 (1) the spacer is attached to the side chain of the amino acid at position 10 of the
analog; or (i1) 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
corresponding to one of positions 37-43 relative to SEQ ID NO: 1001, wherein the EC50 of
the analog for GIP receptor activation is about 10 nM or less.

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 activity,
(ii) amino acid modifications at one, two, or all of positions 27, 28, and 29, (iii) at least one

of:

(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 positions j and j+3,

wherein iis 12, 13, 16, 17, 20 or 24, and wherein j is 17;

(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,0-disubstituted amino acid; or

(C) the analog comprises (i) an amino acid substitution of Ser at position 16

with an amino acid of Formula IV:

H
H,N——C——COOCH
(CHz)n

T
R
[Formula IV],
wherein n is 1 to 7, wherein each of R1 and R2 is independently selected from the group
consisting of H, C;-C;s alkyl, (C;-C;s alkyl)OH, (C;-C;s alkyl)NH;, (C;-Cig alkyl)SH, (Co-C4
alkyl)(Cs-Ce)cycloalkyl, (Co-Cy4 alkyl)(C2-Cs heterocyclic), (Co-Cy alkyl)(Ce-Cip aryl)R7, and
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(C1-C4 alkyl)(C;-Cy 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.

The alpha, alpha-disubstituted amino acid of the analog of these embodiments may
be any alpha, alpha-disubstituted 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-
aminocyclooctane-1-carboxylic acid). In certain embodiments, the alpha, alpha-
disubstituted amino acid is AIB.

The amino acid of Formula IV of the 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. 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.

Also, with regard to the above exemplary embodiments, amino acid modifications at
one, two, or all of positions 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.

The analog can further comprise, for example, an amino acid modification 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 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 modifications:

1) Ser at position 2 substituted with D-Ser, Ala, D-Ala, Gly, N-methyl-
Ser, AIB, Val, or a-amino-N-butyric acid;
(ii) Tyr at position 10 substituted with Trp, Lys, Orn, Glu, Phe, or Val;
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(i)  Linkage of an acyl group to a Lys at position 10;
(iv)  Lys at position 12 substituted with Arg;
(v) Ser at position 16 substituted with Glu, Gln, homoglutamic acid,
homocysteic acid, Thr, Gly, Lys, or AIB;
(vi)  Arg at position 17 substituted with Gln;
(vil)  Arg at position 18 substituted with Ala, Ser, Thr, or Gly;
(viii) Gln at position 20 substituted with Ala, Ser, Thr, Lys, Citrulline, Arg,
Orn, or AlIB;
(ix)  Asp at position 21 substituted with Glu, homoglutamic acid,
homocysteic acid;
(x) Val at position 23 substituted with Ile;
(xi)  Gln at position 24 substituted with Asn, Ala, Ser, Thr, or AIB; and
(xil) aconservative substitution at any of positions 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
(xil). Alternatively or additionally, 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 glucagon 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.

With regard to the exemplary embodiments, the analog can be covalently linked to a
hydrophilic moiety. In some embodiments, the analog is covalently linked to the hydrophilic
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 hydrophilic moiety is covalently linked to the analog at position 40.

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,

homocysteine, or acetyl-phenylalanine may be an amino acid that is native to the glucagon
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sequence (SEQ ID NO: 1001) or it may be an amino acid which is replacing a native amino
acid of SEQ ID NO: 1001. In some embodiments, wherein the hydrophilic moiety is

attached to a Cys, the linkage to the hydrophilic moiety can comprise the structure

Pejt\ide o)
H

S

/§E\/\ﬂ/ N \/\o,é\/O)r?CH3

O O or
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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 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.

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, BAla-BAla, 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.

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, a C20 acyl or alkyl group, or a
C22 acyl or alkyl group, or a C4 to C30 alkyl group. In specific embodiments, the acyl
group is a C12 to C18 fatty acyl group (e.g., a C14 or C16 fatty acyl group).

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

GPSSGAPPPS (SEQ ID NO: 1095) or XGPSSGAPPPS (SEQ ID NO: 1096), wherein X is
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any amino acid, or GPSSGAPPPK (SEQ ID NO: 1170) or XGPSSGAPPPK (SEQ ID NO:
1171) or XGPSSGAPPPSK (SEQ ID NO: 1172), wherein X is 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 acylated 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 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

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

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

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 International Patent Application No.
PCT/US2009/47438.

Activity
The Class 3 glucagon related peptide can be a peptide 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
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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 activity 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 biophysical 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.

The Class 3 glucagon related peptide can be a glucagon 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
Increased activity at the glucagon receptor is provided by an amino acid modification

at position 16 of native glucagon (SEQ ID NO: 701). In some embodiments, the Class 3
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glucagon related peptide is a glucagon agonist that 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: 701) to enhance the
peptide's potency at the 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 receptor.

By way of nonlimiting example, such enhanced potency can be provided by
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, 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 substituted with an amino acid selected from the group consisting of
glutamic acid, glutamine, homoglutamic acid and homocysteic acid, and in some
embodiments the serine residue is substituted with glutamic acid.

In some 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,
SEQ ID NO: 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 provided 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 comprises the peptide of SEQ
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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 glucagon receptor, relative to native
glucagon as measured by the in vitro cAMP assay of Example 7.

Glucagon receptor activity can be reduced, maintained, 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 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 particular, any of the Class 3
glucagon related peptides, including 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.

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 activity, 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 SEQ ID NO: 595, SEQ ID NO: 601 SEQ ID NO: 603, SEQ ID NO:
604, SEQ ID NO: 605, and SEQ ID NO: 606.

It was 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
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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
methods include any one or more of olefin metathesis, lanthionine-based cyclization,
disulfide bridge or modified sulfur-containing bridge formation, the use of a, ®-
diaminoalkane tethers, the formation of metal-atom bridges, and other means of peptide

cyclization.

Modifications affecting GLP-1 activity

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 carboxy 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.

Increased activity at the GLP-1 receptor is provided by modifications that stabilize
the alpha helix in the C-terminal 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., an

(13444
1

amino acid at position “i” and an amino acid at position “i+4”, wherein i 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, 1.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 exemplary embodiments, the bridge

or linker is about 8 (or about 7-9) atoms in length and forms between side chains of amino
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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.

In accordance 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 embodiments, 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 ID NO: 108. In a further
embodiment, the amino acid at position 28 is aspartic acid.

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 formation, the use of a, ®-
diaminoalkane tethers, the formation of metal-atom bridges, and other means of peptide
cyclization are used to stabilize the alpha helix.

Furthermore, enhanced activity at the GLP-1 receptor 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-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
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positions 16, 17, 18, 19, 20, 21, 24 or 29 of a glucagon related peptide is substituted with an
o, 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.

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.

Increased activity at the GLP-1 receptor is demonstrated 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 ID 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.

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 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; can comprise modifications 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

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. Hydrophilic moieties as discussed herein
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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 stability 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.

In some embodiments, the Class 3 glucagon related peptide comprises 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
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 polyethylene 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 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 polyethylene glycol chain has an average
molecular weight selected from the range of about 500 to about 10,000 Daltons.

In accordance with some embodiments, the pegylated 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
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.
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Charged C-terminus

The solubility of the Class 3 glucagon related peptide 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-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.
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

In accordance with some embodiments, the glucagon related peptide is modified to
comprise an acyl or alkyl group, e.g., a C4 to C30 acyl or alkyl group. In some
embodiments, 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
In some embodiments, the Class 3 glucagon related peptides described herein are
further modified by truncation or deletion of one or two amino acids of the C-terminus of the

glucagon peptide (i.e., position 29 and/or 28) without affecting activity and/or potency at the
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glucagon and GLP-1 receptors. 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 modifications described herein. In some embodiments, the
truncated 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 ID NO: 552
or SEQ ID NO: 553.

C-terminal extension

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 ID NO: 107, SEQ ID NO: 109, SEQ ID NO: 110, SEQ ID 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 comprising 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.

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:
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103, further comprising 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
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 ID NO: 110, SEQ ID
NO: 111, SEQ ID NO: 112, SEQ ID 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.

Any of the modifications described above with regard to Class 3 glucagon related
peptides which increase or 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:

(A) Improving solubility, 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. 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
embodiments, 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.

(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. at
position 16, 17, 20, 21, 24 or 29, or at the C-terminal amino acid of the peptide.

(C) Increasing stability by modification of the aspartic acid at position 15, for
example, by deletion or substitution with glutamic acid, homoglutamic acid, cysteic acid or
homocysteic acid. Such modifications can reduce degradation or cleavage at a pH within the
range of 5.5 to §, 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.
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(D) Increasing stability by modification of the methionine at position 27, for
example, by substitution with leucine or norleucine. Such modifications can reduce
oxidative degradation. Stability can also be increased by modification of the Gln at position
20 or 24, e.g. by substitution with Ser, Thr, Ala or AIB. Such modifications can reduce
degradation that occurs through deamidation of GlIn. Stability can be increased by
modification of Asp at position 21, e.g. by substitution with Glu. Such modifications can
reduce degradation that occurs through dehydration of Asp to form a cyclic succinimide
intermediate followed by isomerization to iso-aspartate.

(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.

(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;

(G) Adding C-terminal extensions as described herein;

(H) Increasing half-life in circulation and/or extending 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;

(I) Homodimerization or heterodimerization as described herein.

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.

Class 3 glucagon related peptides with GLP-1 activity that contain a non-
conservative substitution of His at position 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.
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Conjugates and fusions

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 ID NO: 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 (KRNRNNIA) 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. Applicants 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 glucagon related peptides to enhance the affinity of the glucagon
analogs for the GLP-1 receptor. For example, the T29G substitution 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.

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 consisting 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.
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In accordance with some embodiments, an additional chemical modification of the
Class 3 glucagon related 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
comprises 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 receptors 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
In accordance 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.

In accordance 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, homoglutamic 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 receptor co-agonist

comprises the sequence of SEQ ID NO: 81 wherein the amino acid at position 28 is aspartic
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acid and the amino acid at position 29 is glutamic acid. In another embodiment 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.

In some embodiments a co-agonist is provided comprising the sequence of SEQ ID
NO: 81 wherein 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. 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.

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, or a lactam
bridge is formed between the amino acid at position 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 glucagon 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.

In accordance 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 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, CONH2, SEQ ID NO: 78
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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.

In some 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.

In accordance 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, homoglutamic 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 CONH?2, 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 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 embodiments 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.

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,
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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
methionine residue present at position 27 of the native peptide is changed to leucine or
norleucine to prevent oxidative degradation of the peptide. In another embodiment the
amino acid at position 20 is substituted with Lys, Arg, Orn or Citrullene and/or position 21 is
substituted with Glu, homoglutamic acid or homocysteic acid.

In some embodiments 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 at 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 accordance with another embodiment a glucagon analog of SEQ ID NO: 108 is provided
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 ID 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, 20 or 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
positions 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.

In accordance 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 corresponding 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
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the group consisting of Gln17, Alal8, Glu2l, le23, 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 NO 81 is
provided wherein the variant differs from SEQ ID NO: 81 by an amino acid substitution
selected from the group consisting of GIn17, Alal8§, Glu21, Ile23 and Ala24. 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 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 differs from SEQ ID NO: 81 by an amino acid substitution of Ala at
position 18. Such variations are encompassed by SEQ ID NO: 72. In another embodiment 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 17-22 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
lor 2 amino acid substitutions at positions 20 and 21.

In accordance with some embodiments a glucagon/GLP-1 receptor co-agonist is
provided comprising the sequence:
NH2-His-Ser-GIn-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 provided 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
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embodiments the amino acid substitution is selected form the group consisting of Lys, Arg,
Orn or citrulline for position 20.

In some embodiments 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 serine at position 2. In some embodiments 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 retaining 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 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 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.

In some embodiments the glucagon analogs disclosed 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, SEQ ID NO: 100,
SEQ ID 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 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 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 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 aminoisobutyric 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.

In some embodiments a glucagon analog of SEQ ID NO: 97, SEQ ID NO: 99, SEQ
ID NO: 100, SEQ ID NO: 101, SEQ ID NO: 102 or SEQ ID NO: 103 is provided wherein
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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, desaminohistidine, 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
embodiments 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 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. In
some embodiments the acidic amino acid is aspartic acid or glutamic acid.

In some embodiments 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.

In an alternative embodiment a glucagon/GLP-1 receptor co-agonist is provided
wherein the peptide comprises 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 terminal
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
glucagon and GLP-1 co-agonist is provided comprising a modified glucagon peptide

selected from the group consisting of:
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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)

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)

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)

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)

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)

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)

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.

In a further embodiment the glucagon/GLP-1 receptor 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,
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SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105 and SEQ ID NO: 106, wherein the
peptide further comprises 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 some embodiments the terminal extension comprises the sequence of SEQ ID
NO: 78, SEQ ID NO: 79 or SEQ ID NO: 80 and the 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.

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 agonist 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.

In another embodiment the glucagon/GLP-1 receptor 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 carboxy 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 glucagon/GLP-1 receptor co-agonist comprises the sequence of SEQ ID
NO: 129, SEQ ID NO: 130 and SEQ ID NO: 131.

Additional site specific modifications internal to the glucagon sequence of SEQ ID

NO: 99, SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID
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NO: 104, SEQ ID NO: 105, SEQ ID NO: 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 identical 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 substituting 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.

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 accordance with some embodiments the hydrophilic group comprises 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 ID NO:
101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID 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, SEQ ID NO: 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 ID
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 ID NO: 105 or
SEQ ID NO: 106 the polyethylene glycol chain is covalently bound to an amino acid residue
at position 17 or 21.

In some embodiments the glucagon peptide comprises the sequence of SEQ ID NO:
99, SEQ ID NO: 100 or SEQ ID NO: 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 carboxy terminal amino acid of the peptide has an amide group in
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place of the carboxylic acid group of the native amino acid. In some embodiments the
glucagon/GLP-1 receptor co-agonist 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 position 17,
21 or 24 or the C-terminal amino acid of the glucagon peptide.

In some embodiments a glucagon peptide 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 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 glucagon/GLP-1 receptor co-agonist
further comprises the sequence of SEQ ID NO: 78, SEQ ID NO: 117 or SEQ ID NO: 79.

In another embodiment the glucagon related peptide comprises the sequence of SEQ
ID NO: 72 or SEQ ID 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 position 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 ID 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-terminal extension of SEQ ID NO: 78, or SEQ ID NO: 79.

In another embodiment the glucagon related peptide comprises the sequence of SEQ
ID NO: 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: 8§2.
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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 position
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.

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 polyethylene glycol chain has an average molecular weight selected
from the range of about 1,000 to about 5,000 Daltons. 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 peptide 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.

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.

In certain embodiments, the glucagon peptide comprising 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
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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: Gln at position 17, Ala at position 18, Glu at position 21, Ile at position 23,
and Ala at position 24.

Also, in any of the embodiments, wherein the glucagon 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-terminal alpha carboxylate.

In some 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 comprises 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., C8 to C24)
fatty acyl group and the alkyl group may be a C4 to C30 (e.g., C8 to C24) alkyl group.

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.

In some embodiments, 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.

In certain 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 modifications. In certain
embodiments, the analogs comprising at least one amino acid modification and up to 10
amino acid modifications represent conservative amino acid modifications. Conservative

amino acid modifications are described herein.
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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-1IV protease resistance. Suitable amino acid substitutions 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.

Additionally or alternatively, the analog may comprise 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 substituted with Ile; (f) 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 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 comprises the amino acid sequence of any of SEQ ID NOs: 657-669.

With regard to the analogs which exhibit agonist activity at the GIP receptor, the
analog comprises an extension 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
(1) or (ii) with one or more conservative amino acid modifications.

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
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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.

In exemplary 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.

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.

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 I, 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.

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 positions 37, 38, 39, 40, 41, 42, and 43. In specific embodiments,
a positive-charged amino acid is located at position 40. In other instances, the extension is
acylated or alkylated as described herein and comprises 1-6 positive charged amino acids as
described herein.

In yet other embodiments, the analogs which exhibit agonist activity at the GIP
receptor comprises (i) SEQ ID NO: 701 with at least one amino acid modification, (ii) an
extension of 1 to 21 amino acids (e.g., 5 to 18, 7 to 15, 9 to 12 amino acids) C-terminal to

the amino acid at position 29 of the analog, and (iii) an amino acid comprising an acyl or
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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 C30 alkyl group. In some
embodiments, the acyl or alkyl group is attached via a spacer, €.g., an amino acid, dipeptide,
tripeptide, hydrophilic bifunctional spacer, hydrophobic bifunctional spacer). In certain
aspects, the analog 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 comprises amino acid modifications which
confer DPP-1V protease 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 glucagon related peptide comprises the structures of any of SEQ ID NOs: 657-
669.

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
following 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-terminal 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-Sarcosine.

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 with up to 1, 2, 3, 4, or 5 further modifications that
retain GLP-1 agonist and/or glucagon 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 embodiments, the Class 3 glucagon related peptide comprises the
amino acid sequences of any of SEQ ID NOs: 1801-1908.

The disclosed glucagon related peptide-insulin peptide 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
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hyperglycemia, or treat other metabolic diseases that result from high blood glucose levels.
Accordingly, the present invention encompasses pharmaceutical 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 embodiment the patient to be treated using a glucagon related peptide-
insulin conjugate disclosed herein is a domesticated animal, and in another embodiment the
patient to be treated is a human.

One method of treating hyperglycemia in accordance with the present disclosure
comprises the steps of administering the presently disclosed glucagon related peptide-insulin
conjugate to a patient using any standard route of administration, including parenterally,
such as intravenously, intraperitoneally, subcutaneously or intramuscularly, intrathecally,
transdermally, rectally, orally, nasally or by inhalation. In one embodiment the composition
is administered subcutaneously or intramuscularly. In one embodiment, the composition is
administered parenterally and the glucagon related peptide-insulin conjugate is prepackaged
in a syringe.

The glucagon related peptide-insulin conjugate disclosed 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), tolazamide
(Tolinase), chlorpropamide (Diabinese), glipizide (Glucotrol), glyburide (Diabeta,
Micronase, Glynase), glimepiride (Amaryl), or gliclazide (Diamicron); meglitinides, such as
repaglinide (Prandin) or nateglinide (Starlix); biguanides such as metformin (Glucophage) or
phenformin; thiazolidinediones such as rosiglitazone (Avandia), pioglitazone (Actos), or
troglitazone (Rezulin), or other PPARY inhibitors; alpha glucosidase inhibitors that inhibit
carbohydrate digestion, 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.

Pharmaceutical compositions comprising the glucagon related peptide-insulin
conjugates disclosed herein can be formulated and administered to patients using standard
pharmaceutically acceptable carriers and routes of administration known to those skilled in

the art. Accordingly, the present disclosure also encompasses pharmaceutical compositions
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comprising one or more of the glucagon related peptide-insulin conjugates disclosed herein
or a pharmaceutically acceptable salt thereof, in combination with a pharmaceutically
acceptable carrier. In one embodiment the pharmaceutical composition comprises a Img/ml
concentration 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 pharmaceutically active component, or
the glucagon related peptide-insulin conjugate peptide can be combined with one or more
additional active agents.

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

In one embodiment the kit is provided with a device for administering the glucagon
related peptide-insulin conjugate 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 comprises a syringe and a needle, and in one embodiment the
glucagon related peptide-insulin conjugate composition is prepackaged within the syringe.

The compounds of this invention may be prepared by standard synthetic methods,
recombinant DNA techniques, or any other methods of preparing peptides and fusion
proteins. Although certain non-natural amino acids cannot be expressed by standard
recombinant DNA techniques, techniques 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 addition to standard peptide chemistry reactions

when applicable.

In accordance with embodiment 1, an insulin agonist/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 consisting of A9, A14 and
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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.

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

(1) the amino acid sequence:

X1-X2-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-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 1s selected from the group consisting of Asn-Thr-COOH, and Y-COOH,
wherein Y is 1 to 2 amino acids, and further wherein

(1) a lactam bridge connects 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 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 o, a-disubstituted amino acid;

and said glucagon related peptide has glucagon agonist activity;
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(i1) 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;
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 position 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-
V),
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-
V),
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;
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substitution of Met at position 27 with Leu or Nle;

or a combination thereof;

and wherein said glucagon related peptide has glucagon agonist activity;

(ii1) a glucagon related peptide of SEQ ID NO: 701, modified to comprise

(a)

(b)

(c)

(d)

an amino acid modification at position 1 that confers GIP agonist
activity,

(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 positions 16,
20, 21, and 24 of the analog is substituted with an a,a-disubstituted
amino acid,
amino acid modifications at one, two or all of positions 27, 28 and 29,
and

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 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;

(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;



10

15

20

25

30

WO 2014/158900 PCT/US2014/020801

- 140 -

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
GIVX4X5CCX X0 X 10CX 12LX 14X 15LX17X 15 YCX>1-R13 (SEQ ID NO: 19), and said B chain
comprises a sequence Ryy-X;5LCGX 59X 30V X 53X 34LYLVCGX 4 XoGFX 45 (SEQ ID NO:
20), wherein

X4 1s glutamic acid or aspartic acid;

Xs is glutamine or glutamic acid

Xs is histidine, threonine or phenylalanine;

Xy is serine, arginine, lysine, ornithine or alanine;

Xjo is isoleucine or serine;

X2 1s serine or aspartic acid;

X4 1s tyrosine, arginine, lysine, ornithine or alanine;

X5 1s glutamine, glutamic acid, arginine, alanine, lysine, ornithine or leucine;

X7 1s glutamic acid, aspartic acid, asparagine, lysine, ornithine or glutamine;

X1s 1s methionine, asparagine, glutamine, aspartic acid, glutamic acid or threonine;

X, 1s selected from the group consisting of alanine, glycine, serine, valine,
threonine, isoleucine, leucine, glutamine, glutamic acid, asparagine, aspartic acid, histidine,
tryptophan, tyrosine, and methionine;

X5 is histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X43 1s selected from the group consisting of alanine, ornithine, lysine and arginine;

X4s 1s tyrosine or phenylalanine;

Ra; 1s 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
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tripeptide valine-asparagine-glutamine, a dipeptide proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and an N-terminal amine; and

R131s COOH or CONH,.

In embodiment 9 the conjugate of any one of embodiments 1-7 is provided wherein
said A chain comprises the sequence GIVEQCCXsXoICSLYQLENYCX;;-R 5 (SEQ ID NO:
73) said B chain comprises the sequence Ra;-
X25sLCGX20X30L VX33 X33 LYLVCGX 41 X42GFX 45 (SEQ ID NO: 20)

Xs is histidine or threonine;

Xy is serine, lysine, or alanine;

X5 1s alanine, glycine or asparagine;

X5 is histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X43 1s selected from the group consisting of alanine, ornithine, lysine and arginine;

Xys 1s tyrosine or phenylalanine;

Ry, 1s 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

R131s COOH or CONH,.

In embodiment 10 the conjugate of any one of embodiments 1-7 is provided wherein
said A chain comprises a sequence GIVDECCXgX,SCDLRRLEMX4CX5;-R3 (SEQ ID
NO: 74) and said B chain comprises a sequence R-
X2sLCGAX30LVDALYLVCGDX4,GFY (SEQ ID NO: 75), wherein

Xs is phenylalanine or histidine;

Xy is arginine, ornithine or alanine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino-phenylalanine;

X>; 1s alanine or asparagine;
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X5 1s histidine or threonine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X4z 1s selected from the group consisting of alanine ornithine and arginine; and Ry3 is
COOH or CONH>;

Ra; 1s 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 proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and an N-terminal amine; and

R131s COOH or CONH,.

In embodiment 11 the conjugate of any one of embodiments 1-7 is provided wherein
said B chain comprises a sequence R22-XosLCGX20X30LV X33 X34 LYLVCGX 41 X42GFXys Y T-
Z1-B1 (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, alanine or a threonine-arginine-
arginine tripeptide.

In embodiment 12 the conjugate of any one of embodiments 1-7 is provided wherein
said A chain comprises a sequence GIVEQCCTSICSLYQLENYCN-R ;53 (SEQ ID NO: 1)
and said B chain comprises a sequence FVNQHLCGSHLVEALYLVCGERGFFYTPKT
(SEQ ID NO: 2).

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 SSSSKAPPPSLPSPSRLPGPSDTPILPQR
(SEQ ID NO: 52), SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51),
GAGSSSX57Xss (SEQ ID NO: 76), GYGSSSX57Xss (SEQ ID NO: 21) and
GYGSSSX57XssAPQT; (SEQ ID NO: 77), wherein

Xs7and Xsg are independently arginine, lysine or ornithine.

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).

In embodiment 15 the conjugate of any one of embodiments 1-14 is provided
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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 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.

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.

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 embodiments 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 embodiments 1-21 is
provided wherein the glucagon related peptide comprises an amino acid sequence selected

from the group consisting of:

SEQ ID NO: 81;

SEQ ID NO: 83;

SEQ ID NO: 89;

any one of SEQ ID NOs: 84-88;
any one of SEQ ID Nos: 100-103;

o a0 o P
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f. SEQ ID NO: 108, wherein the amino acid at position 20 is

selected from the group consisting of arginine, ornithine, and

citrulline;
g. any one of SEQ ID Nos: 98, 99, 109-112, 104-106, and SEQ
5 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

10 h. any one of SEQ ID Nos: 251, 319 and 510.

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

15 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

20 Formula IV:
H
H,N——C——COOH

(CHZ)n

"
Ri
[Formula IV],
wherein n is 1 to 7, wherein each of R1 and R2 is independently selected
from the group consisting of H, C;-C;g alkyl, (C;-C;3 alkyl)OH, (C;-
25 Cis alkyl)NH;, (C1-Cig alky)SH, (Co-C4 alkyl)(Cs-Ce)cycloalkyl, (Co-
C,4 alkyl)(C»-Cs heterocyclic), (Co-Cy alkyl)(Ce-Cio aryD)R7, and (C;-
C, alkyl)(C5-Cy heteroaryl), wherein Ry is H or OH, and the side chain

of the amino acid of Formula IV comprises a free amino group, the
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amino acid of Formula IV optionally being homoLys, 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,a-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.

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).

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 ID NO: 96) linked to said
peptide at a position located C-terminal 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 comprises one or more of the following 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:
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H
H,N——C——COOH

(CH2)n

NH,
whereinn =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;

(2) Arg at position 18 substituted with Ala;

(h) Asp at position 21 substituted with Glu;

(1) Gln at position 24 substituted with Asn; and

() replacement of the carboxylic acid of the C-terminal amino acid with

a charge-neutral group, optionally, an amide.

In embodiment 27 the conjugate of any one of embodiments 1-14 and 23-25 is
provided wherein the glucagon 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 XGPSSGAPPPS (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 embodiments 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
additional amino acid modifications of relative to SEQ ID NO: 701. In embodiment 30 the
conjugate of any one of embodiments 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
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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 HAEGTFTSDVSSYLEEQAAREFIAWLVRGRG (SEQ ID NO: 700),
HAEGTFTSDVSSYLEGQAAKEFIAWLVKGRG (SEQ ID NO: 703),
HAEGTFTSDVSSYLEGQAAKEFICWLVKGR (SEQ ID NO: 717)
HSQGTFTSDYSKYLDSRRAQDFVQWLMNT (SEQID NO: 701) or
HSQGTFTSDYSKYLDERRAQDFVQWLMNT (SEQ ID NO: 699). In embodiment 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»sLCGAX3LVDALYLVCGDX4,GFYFNX45X49GAGSSSRRGIVDECCXRSCDLR
RLENYCN-Ry3 (SEQ ID NO: 144),
FVNQHLCGSHLVEALYLVCGERGFFYTPKTGAGSSSRRGIVEQCCTSICSLYQLENY
CN-R 3 (SEQ ID NO: 143) or
GPEHLCGAHLVDALYLVCGDRGFYFENDRGAGSSSRRGIVDECCHRSCDLRRLENYC
N (SEQ ID NO: 145) wherein

Xs is phenylalanine or histidine;

X5 1s histidine or threonine;

X30 1s histidine, aspartic acid, glutamic acid, homocysteic acid or cysteic acid;

X4 1s alanine ornithine or arginine;

X4s 1s lysine or aspartic acid;

X49 18 proline, ornithine or arginine; and

R131s COOH or CONH,.

In embodiment 33 the conjugate of any one of embodiments 1-32 is provided,
wherein the conjugate is further modified to comprise 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, 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-J from the conjugate is at least about 1 hour to about 1
week in PBS under physiological conditions.

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
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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 positions
corresponding to A14, A15, BO, 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. Optionally in any of these embodiments, the hydrophilic moiety is a polyethylene
glycol.

In embodiment 35 the conjugate of any one of embodiments 1-32 is provided,
wherein the conjugate is further 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
corresponds 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 preceding 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

Insulin A & B chains were synthesized on 4-methylbenzhyryl amine (MBHA) resin
or 4-Hydroxymethyl-phenylacetamidomethyl (PAM) resin using Boc chemistry. 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 acetic acid
and lyophilized. Alternatively, peptides were synthesized 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).

Insulin A chains were synthesized with a single free cysteine at amino acid 7 and all

6,11,20

other cysteines protected as acetamidomethyl A-(SH)'(Acm) . Insulin B chains were

synthesized with a single free cysteine at position 7 and the other cysteine protected as
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acetamidomethyl B-(SH)’(Acm)". The crude peptides were purified by conventional RP-
HPLC.

The synthesized A and B chains were linked to one another through their native
disulfide bond linkage in accordance 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.

The first B7-A7 disulfide bond was formed by dissolution of the respective A-

(SH)’ (Acm)®"*° and B—(prs)7(Acm)19 at 1:1 molar ratio to a total peptide concentration of
10 mg/ml. When the chain combination reaction was complete the mixture was diluted to a
concentration of 50% aqueous 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 aqueous 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.

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 incorporation of
non-coded amino acids into proteins, including for example, the system taught in US Patent

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
ICs0(nM) 0.24 0.07 0.13 0.08
% of Insulin Activity 100 176.9

EXAMPLE 2
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Pegylation of Amine Groups (N-Terminus and Lysine) by Reductive Alkylation
a. Synthesis
Insulin (or an insulin analog), mPEG20k-Aldyhyde, and NaBH3CN, in a molar ratio
of 1:2:30, were dissolved in acetic acid buffer at a pH of 4.1-4.4. The reaction solution was
composed of 0.1 N NaCl, 0.2 N acetic acid and 0.1 N Na,COs. The insulin peptide
concentration was approximately 0.5 mg/ml. The reaction occurs over six hours at room
temperature. The degree of reaction was monitored by RP-HPLC and the yield of the
reaction was approximately 50%.
b. Purification
The reaction mixture was diluted 2-5 fold with 0.1% TFA and applied to a
preparative RP-HPLC column. 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 eluted at approximately 35% buffer B.
The desired compounds were verified by MALDI-TOF, following chemical modification

through sulftolysis or trypsin degradation.

Pegylation of Amine Groups (N-Terminus and Lysine) by N-Hydroxysuccinimide Acylation.
a. Synthesis
Insulin (or an insulin analog) along with mPEG20k-NHS were dissolved in 0.1 N
Bicine buffer (pH 8.0) at a molar ratio of 1:1. The insulin peptide concentration was
approximately 0.5 mg/ml. Reaction progress was monitored by HPLC. The yield of the
reaction is approximately 90% after 2 hours at room temperature.
b. Purification
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, following chemical modification through sulftolysis or trypsin

degradation.
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Reductive Aminated Pegylation of Acetyl Group on the Aromatic Ring Of The
Phenylalanine
a. Synthesis
Insulin (or an insulin analogue), mPEG20k-Hydrazide, and NaBH3CN in a molar
ratio of 1:2:20 were dissolved 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,COs. Insulin or insulin
analogue concentration was approximately 0.5 mg/ml. at room temperature for 24h. The
reaction process was monitored by HPLC. The conversion of the reaction was
approximately 50%. (calculated by HPLC)
b. Purification
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 by MALDI-TOF, following chemical modification through

sulftolysis or trypsin degradation.

EXAMPLE 3
Insulin Receptor Binding Assay:

The affinity of each peptide for the insulin or IGF-1 receptor was measured in a
competition binding assay utilizing scintillation proximity technology. Serial 3-fold
dilutions of the peptides were made in Tris-Cl buffer (0.05 M Tris-HCI, pH 7.5, 0.15 M
NaCl, 0.1% w/v bovine serum albumin) and mixed in 96 well plates (Corning Inc., Acton,
MA) with 0.05 nM (3-[125]]-iodotyrosyl) A TyrA14 insulin or (3-[1251I]-iodotyrosyl) IGF-1
(Amersham Biosciences, Piscataway, NJ). An aliquot of 1-6 micrograms of plasma
membrane 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 (Amersham Biosciences, Piscataway,
NJ) were added. After five minutes of shaking at 800 rpm the plate was incubated for 12h at
room temperature and radioactivity was measured with MicroBetal450 liquid scintillation
counter (Perkin-Elmer, Wellesley, MA). Non-specifically bound (NSB) radioactivity was

measured in the wells with a four-fold concentration excess of “cold” native ligand than the
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highest concentration in test samples. Total bound radioactivity was detected in the wells
with no competitor. Percent specific binding was calculated as following: % Specific
Binding = (Bound-NSB / Total bound-NSB) x 100. IC50 values were determined by using
Origin software (OriginLab, Northampton, MA).

EXAMPLE 4
Insulin Receptor Phosphorylation Assay:

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, MA) and cultured in Dulbecco’s modified 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, UT) 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, IN) 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 phosphotyrosine
(Upstate biotechnology #16-105, Temecula, CA) 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, Carlbad, CA) was added to each well. Color development was
stopped 5 min later by adding 0.05 ml 1 N HCl. Absorbance at 450 nm was measured on
Titertek Multiscan MCC340 (ThermoFisher, Pittsburgh, PA). Absorbance vs. peptide
concentration dose response curves were plotted and ECsy values were determined by using

Origin software (OriginLab, Northampton, MA).

Glucagon and GLP-1 Functional Assay- cAMP Synthesis

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
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cAMP responsive element were serum deprived by culturing 16h in DMEM (Invitrogen,
Carlsbad, CA) supplemented with 0.25% Bovine Growth Serum (HyClone, Logan, UT) and
then incubated with serial dilutions of either glucagon, GLP-1, GIP or novel glucagon
analogs for 5 h at 37°C, 5% CO, in 96 well poly-D-Lysine-coated “Biocoat” plates (BD
Biosciences, San Jose, CA). At the end of the incubation 100 microliters of LucLite
luminescence substrate reagent (Perkin-Elmer, Wellesley, MA) 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, MA). Effective 50%

concentrations were calculated by using Origin software (OriginLab, Northampton, MA.

EXAMPLE 5
Insulin like Growth Factor (IGF) Analog IGF1 (Y®'°LB")

Applicants have discovered an IGF analog that demonstrates similar activity at the
insulin receptor as native insulin. More particularly, the IGF analog (IGF1 (YBILBYy
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
(YP'LB') and native insulin demonstrate that each are highly potent agonists of the insulin

receptor.
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Table 2
Insulin Standard IGF1(Y""°L"")
AVER. STDEV AVER. STDEV
ICso(nM) 1.32 0.19 0.51 0.18
% of Insulin Activity | 100 262
EXAMPLE 6

Additional IGF Insulin Analogs.

Further modifications of the IGF1 (YB'°LP!) peptide 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 modification 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 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. 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.
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EXAMPLE 7
Biosynthesis and Purification of Single Chain Insulin Analogs

An insulin-IGF-I minigene comprising a native insulin B and A chain linked via the
IGF-1 C chain (B®-C'-A°) was cloned into expression vector pPGAPZa. A (purchased from
Invitrogen) under GAP promoter (promoter of the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)) for constitutive expression and purification of recombinant
protein in yeast Pichia pastoris. The minigene was fused to an N-terminal 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 o-
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 (S6A), 7 (R7A), 8 (R8A), 10
(P10A), 11 (Q11A), and 12 (T12A) of the B°C'A° minigene.

The minigenes including B°C'A°, eleven alanine mutants, and other select
derivatives were transformed into yeast Pichia pastoris by electroporation. Positive
transformants were selected on minimal methanol plates and a genomic preparation of each
Pichia isolate was performed and integration of the constructs into the yeast genome was
confirmed by PCR. An 833 base pair PCR product was visualized 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.

Growth media supernatants were filtered through 0.2 pum 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 contaminants 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 NH3;HCOs 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 transferred to a disposable scintillation vial for subsequent
lyophilization. Lyophilized samples were then resuspended in 20% aqueous ACN containing

0.1% TFA, and purified on a Luna C18 column (10 pum particle size, 300A° pore size). The
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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
positive fractions were analyzed via a C8 analytical column to insure purity.

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-

I receptor activity. See also the data provided in Tables SA and 5B:

Table 5A
Insulin Binding & Phosphorylation Analysis
(B°C1A9)
Peptide Insulin Binding Insulin Phosphorylation
ICs0, NM n ECs0, NM 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 (B°C'A?) 2.83+0.52 2 1.93+0.43 1
G1A 1.2120.15 1 2.4+0.24 1
Y2A 1.95+0.28 3 1.86+0.42 1
G3A 1.4120.05 2 2.13+0.02 1
S4A 0.84+0.47 2 0.7620.35 1
S5A 0.93+0.44 1 2.23+1.27 1
S6A 1.15+0.24 1 2.331.65 2
R7A 6.04+0.82 1 5.21+4.14 1
R8A 0.63+0.09 1 2.03+0.06 2
P10A 2.86+0.93 1 2.59+1.2 1
Q11A 1.79+0.47 1 2.58+0.83 1
T12A 1.2+0.18 1 2.83+1.31 1
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Table 5B
IGF-1 Binding & Phosphorylation Analysis
(BC C1AC)
Peptide IGF-1 Binding IGF-1 Phosphorylation
|C50, nM n EC50, nM 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 (B°C'AY) 4.49+1.04 1 1.29+2.28 1
G1A 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 2.44+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 2.79+1.12 1
Q11A 4.23+0.43 1 0.41+0.69 1
T12A 9.15+0.83 1 1.44+1.36 1

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 certain specific analogs proving
to be slightly enhanced in potency (low single unit nanomolar). The most insulin selective
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 §
Construction of Expression Vectors for Incretin-Insulin Hybrids.

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 Ubiquitin-
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 ligation.

The expression and purification of incretin-insulin hybrids was conducted as follows.

The expression vectors were transformed into Origami B (DE3) (Novagen) competent cells.
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The cells were cultured in Luria Broth (LB) with 50ug/ml Ampicillin, 25ug/ml kanamycin
and Sug/ml tetracycline at 37°C until DO600nm reached 0.8-1.0. At that point the
temperature was changed to 18°C and IPTG was added (0.2mM) to the culture to induce
gene expression. The induction was continued overnight, and then cells were harvested by
centrifugation at 5,000rpm for 15 minutes.

The fermentation cell pellet were suspended in 25mM Tris, pHS8.0, that included
300mM NaCl, 10mM Imidazole, 6M Guanidine Hydrochloride and the cells were lysed by
sonication. The lysate was centrifuged at 15,000rpm for 30 minutes and the supernatant was
loaded to a Ni-NTA affinity column. The column was washed with 25mM Tris, pH8.0, that
included 300mM NaCl, 20mM Imidazole. The protein was eluted with the same buffer of
25mM Tris, pH8.0, with 300mM NaCl that also included S00mM imidazole. The purified
protein was digested with TEV protease overnight at 4°C and diluted fourfold v/v with
MiliQ water. This protein solution was applied to a Q-Sepharose column pre equilibrated
with 20mM Tris, pHS8.0 with 10% glycerol. The Q-Sepharose column was eluted with a
gradient of 100-600mM NaCl, over fifteen column volumes. The purity of the
chromatographically purified proteins was confirmed by analytical HPLC and MALDI-TOF

mass spectrum.

EXAMPLE 9
In vitro activity of incretin-insulin fusions

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 a set of 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.

More particularly, the GLP-1 Parent Peptide (GLP1-DP8; SEQ ID NO: 132) was
formed between a GLP-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-
DPS8 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
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22 with alanine to effectively eliminate GLP-1 activity (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 substituting 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 glucagon 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 modified by the substitution of the serine at position 16 with glutamic acid (Glucagon
E16 (SEQ ID NO: 138).

Each of the conjugates was synthesized as disclosed in Example 8 and
chromatographically purified. Figs. 7 and 8 presents the ECsy values of chromatographically
isolated pool fractions of the synthesized GLP1-DP8 and Glu-DP§ conjugates, respectively,
at the insulin, GLP1 and glucagon receptors, relative to native insulin, IGF-1 and native
glucagon. For the isolated GLP1-DPS§ 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 at their two respective
receptors. For the isolated Glu-DP§ 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 demonstrated
high activity at the glucagon receptor. All three pool demonstrate poor activity at the GLP-1
receptor. Accordingly, 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 receptors
indicating that the conjugates retain the activity of both of the two original active peptides
that were joined.

The ability of the Glu-DP8 and GLP1-DP§ conjugates to lower blood glucose levels
was investigated by administering the compounds to C57BL/6 Mice and measuring 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-DP§ (Fig. 9B) or Glu-DPS (Fig.
9C) administered at three different concentrations (12 nmol/kg, 60 nmol/kg and 300
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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.

The activity of the Glu-DP§ and GLP1-DP8 conjugates 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-DP§ and GLP1-DPS§ 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-DP§ and GLP1-DP§A19.
Substitution of alanine at the A19 position effectively eliminates insulin’s activity at the
insulin receptor. ECs values indicate that both insulin and GLP1-DPS are potent insulin
receptor agonists, whereas GLP-1 and GLP1-DP8A19 have poor activity at the insulin
receptor.

Fig. 11 presents the in vitro insulin receptor activity (ECso values) of Glu-DP8 and
derivative conjugates. In summary, each of the compounds demonstrates activity at the
glucagon and insulin receptors and that activity can be disrupted by modifying the insulin or
glucagon sequence. Each of the conjugates shows activity consistent with its peptide
sequence and the conjugates do not cross react. Specifically, ECs 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. GIuE3-DP§ and GluE16-DP8 also
showed high potency at the insulin receptor due to the presence of the DP§ insulin sequence.

Fig. 12 presents the in vitro glucagon receptor activity (ECso values) of Glu-DPS,
GIuE3-DP8 and GluE16-DPS, Glu-DP8A19, and GLP-1-DP8. The glutamic acid
substitution 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 ECs, values indicate that
glucagon, Glu-DP8 and GIuE16-DPS are potent glucagon receptor agonists, whereas GLP-1
and GLP1-DPS, and GluE3-DP§ have poor activity at the glucagon receptor. Accordingly,

the conjugates exhibit the expected activities.
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Fig. 13 presents the in vitro GLP-1 receptor activity (ECso values) of GLP-1, GLP-1-
DPS8, GLP-1A22-DP§, GLP-1-DP8A19, Glu-DPS§, and GluE16-DPS. GLP-1A22-DPS§
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. ECso values indicate
that GLP-1, GLP1-DP§ and GLP1-DP8A19 are potent GLP-1 receptor agonists, whereas
GLP-1A22-DPS, Glu-DPS, and GluE16-DP8 have less activity at the GLP-1 receptor.
Accordingly, the conjugates exhibit the expected activities.

The GLP1-DP8 and Glu-DPS§ 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-
DPS8A19 (Fig. 15A) or GLP1A22-DPS (Fig. 15B) or GIuE3/DPS§ (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-
DPS8 has reduced glucagon 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/DP§ 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.



WO 2014/158900 PCT/US2014/020801

- 166 -

Claims:

1. An insulin agonist/incretin conjugate comprising
a glucagon related peptide; and
an insulin peptide, wherein the glucagon related peptide is linked either

directly or through a linker to the insulin peptide.

2. The conjugate of claim 1 wherein the C-terminal 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 selected from the group consisting
of A9, Al4 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.

3. The conjugate of claim 1 wherein the carboxy terminus of the glucagon
related peptide is covalently linked to the amino terminus of the B chain of the insulin

peptide.

4. The conjugate of any one of claims 1-3 wherein the insulin peptide is a single

chain insulin analog.

5. The conjugate of claim 4 wherein the 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.

6. The conjugate of claim 1 wherein the insulin peptide is 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.
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7. The conjugate of any one of claims 1-6 wherein the glucagon related peptide
comprises
(1) the amino acid sequence:

X1-X2-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-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 1s selected from the group consisting of Asn-Thr-COOH, and Y-COOH,
wherein Y is 1 to 2 amino acids, and further wherein

(1) a lactam bridge connects 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 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 o, a-disubstituted amino acid;

and said glucagon related peptide has glucagon agonist activity;

(i1) 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;

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;
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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 position 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-
V),

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-
V),

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;

(ii1) a glucagon related peptide of SEQ ID NO: 701, modified 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 positions 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 positions 27, 28 and 29,

and
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(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 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;

(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. The conjugate of claim 7 wherein said insulin peptide comprises an A chain
and a B chain wherein said A chain comprises a sequence
GIVX,4XsCCX XX 10CX pLX 14X 151X 17X 18 YCX51-R 13 (SEQ ID NO: 19), and said B chain
comprises a sequence Ryy-X;5LCGX 59X 30V X 53X 34LYLVCGX 4 XoGFX 45 (SEQ ID NO:
20), wherein

X4 1s glutamic acid or aspartic acid;

Xs is glutamine or glutamic acid

Xs is histidine, threonine or phenylalanine;

Xy is serine, arginine, lysine, ornithine or alanine;

Xjo is isoleucine or serine;

X5 1s serine or aspartic acid;

X4 1s tyrosine, arginine, lysine, ornithine or alanine;

Xis 1s glutamine, glutamic acid, arginine, alanine, lysine, ornithine or leucine;

X7 1s glutamic acid, aspartic acid, asparagine, lysine, ornithine or glutamine;

X1g 1s methionine, asparagine, glutamine, aspartic acid, glutamic acid or threonine;

X, 1s 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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X5 1s histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X3p 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X41 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X4 1s selected from the group consisting of alanine, ornithine, lysine and arginine;

X4s 1s tyrosine or phenylalanine;

R2; 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 proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and an N-terminal amine; and

R131s COOH or CONH,.

0. The conjugate of claim 8 wherein said A chain comprises the sequence
GIVEQCCXsXoICSLYQLENYCX;;-R 3 (SEQ ID NO: 73) said B chain comprises the
sequence Ray-Xo5LCGX 20X 30 VX33 X34LYLVCGX 41 XpGFXys (SEQ ID NO: 20)

Xs is histidine or threonine;

Xy is serine, lysine, or alanine;

X5 1s alanine, glycine or asparagine;

X5 is histidine or threonine;

Xy 1s selected from the group consisting of alanine, glycine and serine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X33 1s selected from the group consisting of aspartic acid and glutamic acid;

X34 1s selected from the group consisting of alanine and threonine;

X4 1s selected from the group consisting of glutamic acid, aspartic acid or
asparagine;

X43 1s selected from the group consisting of alanine, ornithine, lysine and arginine;

Xys 1s tyrosine or phenylalanine;
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Ry, 1s 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
R131s COOH or CONH,.
10. The conjugate of claim 8 wherein said A chain comprises a sequence

GIVDECCX3XsSCDLRRLEMX 19CX>1-Ry3 (SEQ ID NO: 74) and said B chain comprises a
sequence Ray-XosLCGAX3LVDALYLVCGDX,GFY (SEQ ID NO: 75), wherein

Xs is phenylalanine or histidine;

Xy is arginine, ornithine or alanine;

X9 1s tyrosine, 4-methoxy-phenylalanine or 4-amino-phenylalanine;

X>; 1s alanine or asparagine;

X5 1s histidine or threonine;

X30 1s selected from the group consisting of histidine, aspartic acid, glutamic acid,
homocysteic acid and cysteic acid;

X4z 1s selected from the group consisting of alanine ornithine and arginine; and Ry3 is
COOH or CONH>;

Ra; 1s 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 proline-glutamic acid, a dipeptide
asparagine-glutamine, glutamine, glutamic acid and an N-terminal amine; and

R131s COOH or CONH,.

11. The conjugate of claim 8 wherein said B chain comprises a sequence Ra-
X2sLICGX 20X 350LVX 33X LYLVCGX 41 X4oGFXys YT-Z1-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, alanine or a threonine-arginine-

arginine tripeptide.

12. The conjugate of claim 8 wherein said A chain comprises a sequence
GIVEQCCTSICSLYQLENYCN-R 3 (SEQ ID NO: 1) and said B chain comprises a
sequence FVNQHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2).
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13. The conjugate of any one of claims 8-12 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 SSSSKAPPPSLPSPSRLPGPSDTPILPQR (SEQ ID NO: 52),
SSSSRAPPPSLPSPSRLPGPSDTPILPQK (SEQ ID NO: 51), GAGSSSX57Xss (SEQ ID
NO: 76), GYGSSSX57Xs3 (SEQ ID NO: 21) and GYGSSSX5;XssAPQT; (SEQ ID NO: 77),
wherein

Xs7and Xsg are independently arginine, lysine or ornithine.

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. The conjugate of any one of claims 8-14 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 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.

16. The conjugate of claim 15 wherein the glucagon related peptide comprises a

salt bridge or a lactam bridge between amino acids at positions 16 and 20.

17. The conjugate of claim 15 or 16 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.

18. The conjugate of any one of claims 15-17, wherein the amino acid at position

3 of the glucagon related peptide is glutamic acid.

19. The conjugate of claim 18, 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.

20. The conjugate of any one of claims 15-19 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
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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.

21. The conjugate of claim 20, 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).

22. The conjugate of any one of claims 9-12 wherein the glucagon related peptide

comprises an amino acid sequence selected from the group consisting of:

L. 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, ornithine, 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 any one of claims 8-14 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)

(b)

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;

an amino acid substitution of Ser at position 16 with an amino acid of

Formula IV:
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H
H,N——C——COOH

(CHo)n

/S
R{
[Formula IV],
wherein n is 1 to 7, wherein each of R1 and R2 is independently selected
from the group consisting of H, C;-Ci3 alkyl, (C;-C;s alkyl)OH, (C;-
Cis alkyl)NH;, (C1-C;5 alkyD)SH, (Co-Cy4 alkyl)(Cs-Co)cycloalkyl, (Co-
C, alkyl)(C,-Cs heterocyclic), (Cy-C alkyl)(Ce-Cy aryDR7, and (C;-
C,4 alkyl)(Cs-Cy heteroaryl), wherein Ry 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),
(©) 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,

(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.

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, (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).

25. The conjugate of claim 23 or 24, wherein the glucagon related peptide further
comprises the amino acid sequence of GPSSGAPPPS (SEQ ID NO: 95) or XGPSSGAPPPS
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(SEQ ID NO: 96) linked to said peptide at a position located C-terminal to the amino acid at

position 29.

26. The conjugate of any one of claims 23-25, wherein the glucagon related

peptide further comprises one or more of the following modifications:

(a)

(b)
(c)

Ser at position 2 substituted with D-Ser, Ala, D-Ala, Gly, N-methyl-
Ser, AIB, Val, or a-amino-N-butyric acid;

Gln at position 3 substituted with Glu;

substitution of the amino acid Tyr at position 10 with an amino acid,

optionally an amino acid of Formula I:
H
H,N——C——COOH

(CH2)n

NH,

whereinn =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;

(2) Arg at position 18 substituted with Ala;

(h) Asp at position 21 substituted with Glu;

(1) Gln at position 24 substituted with Asn; and

() replacement of the carboxylic acid of the C-terminal amino acid with
a charge-neutral group, optionally, an amide.

27. The conjugate of any one of claims 23-25 wherein the glucagon 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 XGPSSGAPPPS (SEQ ID NO: 1096), wherein X is

any amino acid, C-terminal to the amino acid at position 29.
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28. The conjugate of claim 23, 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.

29. The conjugate of any one of claims 8-14 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 additional amino acid modifications
of relative to SEQ ID NO: 701.

30. The conjugate of claim 29 wherein the charged amino acids are Glu or Asp.

31. The conjugate of any one of claims 8-14 wherein the glucagon related peptide
comprises the sequence of HAEGTFTSDVSSYLEEQAAREFIAWLVRGRG (SEQ ID NO:
700), HAEGTFTSDVSSYLEGQAAKEFIAWLVKGRG (SEQ ID NO: 703),
HAEGTFTSDVSSYLEGQAAKEFICWLVKGR (SEQ ID NO: 717)
HSQGTFTSDYSKYLDSRRAQDFVQWLMNT (SEQID NO: 701) or
HSQGTFTSDYSKYLDERRAQDFVQWLMNT (SEQ ID NO: 699).

32. The conjugate of any one of claims 15, 22, 23, 29 and 31 wherein the insulin
peptide is a single chain insulin analog comprising the sequence
GPEX»sLCGAX3LVDALYLVCGDX4,GFYFNX45X49GAGSSSRRGIVDECCXRSCDLR
RLENYCN-R;3 (SEQ ID NO: 144),
FVNQHLCGSHLVEALYLVCGERGFFYTPKTGAGSSSRRGIVEQCCTSICSLYQLENY
CN-R 3 (SEQ ID NO: 143) or
GPEHLCGAHLVDALYLVCGDRGFYFENDRGAGSSSRRGIVDECCHRSCDLRRLENYC
N (SEQ ID NO: 145) wherein

Xs is phenylalanine or histidine;

X5 1s histidine or threonine;

X30 1s histidine, aspartic acid, glutamic acid, homocysteic acid or cysteic acid;

X4 1s alanine ornithine or arginine;

X4s 1s lysine or aspartic acid;

X49 18 proline, ornithine or arginine; and

R131s COOH or CONH,.
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33. A derivative of the conjugate of any one of the preceding claims further
comprising 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, 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;2) of U-J from the conjugate is at least about 1 hour to about 1

week in PBS under physiological conditions.

34. The conjugate of claim 10 wherein
X19 1s 4-amino phenylalanine; and the conjugate further comprises a
dipeptide comprising the structure U-J, wherein U is an amino acid or a hydroxy acid, and J
is an N-alkylated amino acid linked to said insulin peptide through an amide bond between a

carboxyl moiety of J and the para amine of 4-amino phenylalanine at position A19.

35. The conjugate of claim 33 or 34 further comprising a hydrophilic moiety

covalently linked to structure U-J.

36. The conjugate of any one of the proceeding claims wherein a hydrophilic

moiety is covalently linked to the side chain of an amino acid of said conjugate.

37. The conjugate of claim 36 wherein a hydrophilic moiety is covalently linked
at one or more positions corresponding to Al4, A15, 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.

38. The conjugate of claims 35, 36 or 37, wherein the hydrophilic moiety is a
polyethylene glycol.

39. The conjugate of any one of the preceding claims, further comprising an acyl

group or alkyl group covalently linked to an amino acid side chain.
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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 glucagon (SEQ ID NO: 701), or at one or more positions selected from Al14,
A15, B0, B1, B10, B22, B28, B29 of the insulin peptide, or at the side chain of an amino

acid of the structure U-J.

41. A pharmaceutical composition comprising a conjugate of any one of the
preceding claims, or pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

42. A kit for administering an insulin agonist/incretin conjugate to a patient in
need thereof, said kit comprising the pharmaceutical composition of claim 41; and a device

for administering said composition to a patient.

43. Use of the conjugate of the composition of claim 41, or pharmaceutically

acceptable salt thereof, for the treatment of diabetes.
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