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(57) ABSTRACT

Single chain insulin analogs are provided having high
potency and specificity for the insulin receptor. As disclosed
herein optimally sized 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 linked to the amino terminus of the Al
amino acid of the A chain via the intervening linking moiety.
In on embodiment the linking moiety comprises a polyeth-
ylene glycol of 6-16 monomer units and in an alternative
embodiment the linking moiety comprises a non-native
amino acid sequence derived form the IGF-1 C-peptide and
comprising at least 8 amino acids and no more than 12
amino acid in length. Also disclosed are prodrug and con-
jugate derivatives of the single chain insulin analogs.
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Addition of His®'’ in PEG, Des V
Phosphorylation Data
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Comparative Analysis of Insulin & IGF-1 Activity
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Degradation Of 1GF-1/Insulin Chimeras
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Insulin Degrading Enzyme Action on Ins/IGF analegs
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Comparative Insulin Tolerance Test for MIU-56 & MIU-57

MiU-56: C8-PEGylated monomer

B'(H5,Y16,L17)25a-PEG8-K-PEG4-A'(N18,21)

MIU-56 Tolerance

200 1
3]
8
g _, 150
TR
=)
8 & 100 TN
m A\§“§\8\9"m°” kg Vehicle
50 A
\____?—}__-g 240nmol/kg
0 T T ,
0 10 20 30
Time (hrs)
F1G 34E
MiU-57: BO-PEGylated monomer
BYH5,Y16,L17)25-C'-A'(N18,21)
MIU-57 Tolerance
200 7
@
724
[«
S, 150 1
o
o0
B E 100 K
) R 80nmolikg Vehicle
SOTERE B s my
' 240nmollkg
0 L] T
0 10 20 30
Time (hrs)

FIG. 34F



Patent Application Publication

Nov. 24,2016 Sheet 47 of 51

US 2016/0340400 A1

Comparative Insulin Tolerance Test for MIU-57 & MIU-58

MIU-57: BO-PEG yiated monomer
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Comparative Insulin Dose Titration MIU-59 & 60

MiU-59: B1-PEGylated insulin monomer MiUJ-60: B29-PEGylated insulin monomer
A1 & B1 carbamylated
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Comparative Insulin Dose Titration MIU 67-69
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for MIU 27 & 29c

250

§ 200 |
fsf MU 29: BY(Y16,L17,Y25)29a :
150 = AY{aF19-dLys{Ac),NLeu)
t,, ~Bhr
a
§ 100 MIU 29¢: 24hr ex vivo incubation
2
©
2 50
8 MIiU 27: BYY16,L17,Y25)29a :
« A{aF19-NH,)
¢ T T 1 1 1

o 2 4 3 8 10
Time {hrs)
—@— Vehicle
—¥—  MIU-27 {SOnmol/kg) == MIU-29¢ {S0nmol/Skg)
2= MIU-27 (270 nmolfkg) - MHU-29¢ (270 nmol/kg)

FIG. 38



US 2016/0340400 Al

SINGLE CHAIN INSULIN AGONISTS
EXHIBITING HIGH ACTIVITY AT THE
INSULIN RECEPTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 14/563,362, filed Dec. 8, 2014, which is a continu-
ation of U.S. application Ser. No. 13/701,146, now U.S. Pat.
No. 8,940,860, filed Nov. 30, 2012, which is a 371 nation-
alization of PCT/US2011/040699, filed Jun. 16, 2011, which
claims priority to U.S. Provisional Patent Application Nos.
61/355,366 and 61/433,500, filed Jun. 16, 2010 and Jan. 17,
2011. The entire disclosures of PCT/US2011/040699, U.S.
Ser. No. 61/355,366 and U.S. Ser. No. 61/433,500 are
hereby incorporated by reference in their entirety.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

[0002] Incorporated by reference in its entirety is a com-
puter-readable nucleotide/amino acid sequence listing sub-
mitted concurrently herewith and identified as follows: One
92 KB ACII (Text) file named “256366_ST25.txt” created
on Aug. 3, 2016.

BACKGROUND

[0003] 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 hundred-
fold selective affinity for the insulin receptor relative to the
related insulin-like growth factor 1 receptor, but demon-
strates little selectively for the two different insulin receptor
isoforms, named A & B.

[0004] The insulin-like growth factors 1 and 2 are single
chain liner peptide hormones that are highly homologous in
their A and B chain sequences, sharing approximately fifty
percent homology with native insulin. The IGF A and B
chains are linked by a “C-peptide”, wherein the C-peptides
of the two IGFs differ in size and amino acid sequence, the
first being twelve and the second being eight amino acids in
length. Human IGF-1 is a 70 aa basic peptide having the
protein sequence shown in SEQ ID NO: 3, and has a 43%
homology with proinsulin (Rinderknecht et al. (1978) J.
Biol. Chem. 253:2769-2776). Human IGF-2 is a 67 amino
acid basic peptide having the protein sequence shown in
SEQ ID NO: 4. The IGFs demonstrate considerably less
activity at the insulin B receptor isoform than the A-receptor
isoform.

[0005] Applicants have previously identified IGF-1 based
insulin peptides analogs, (wherein the native Gln-Phe dipep-
tide of the B-chain is replaced by Tyr-Leu) that display high
activity at the insulin receptor (see PCT/US2009/068713,
the disclosure of which is incorporated herein). Such ana-
logs (referred to herein as IGF YL analog peptides) are more
readily synthesized than insulin and enable the development
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of co-agonist analogs for insulin and IGF-1 receptors, and
selective insulin receptor specific analogs. Furthermore,
these insulin analogs can also be formulated as single chain
insulin agonists in accordance with the present disclosure.
[0006] Single chain insulin analogs comprising the insulin
A and B chains have been previously prepared (see EP
1,193,272 and US 2007/0129284). However, previously
disclosed single chain insulin analogs suffer the disadvan-
tage of either exhibiting low potency at the insulin receptor
and/or relatively high potency at the IGF-1 receptor. The
compounds of the present invention are prepared based on
the discovery that single chain high potency insulin agonists
can 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.
[0007] In addition, the preparation of single chain insulin
agonists are likely to enhance the secondary structure of
insulin and insulin analogs, yielding improvements in bio-
physical stability, therapeutic index and in vivo pharmacol-
ogy. The pharmacology of insulin is not glucose sensitive,
and as such, the administration of insulin can result in
excessive action that can lead to life-threatening hypogly-
cemia. Inconsistent pharmacology is a hallmark of insulin
therapy such that it is extremely difficult to normalize blood
glucose without occurrence of hypoglycemia. Furthermore,
native insulin is of short duration of action and requires
modification to render it suitable for use in control of basal
glucose. Single chain insulin analog peptides are 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; enhanced physical stability, by
glycosylation; and preferred tissue targeting through the use
of chemical modification with cholesterol or vitamin-like
substituents. 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 such opti-
mized insulin-agonists would be in the treatment of insulin-
dependent diabetes.

SUMMARY

[0008] As disclosed herein applicants have discovered
high potency single chain insulin analogs. More particularly,
in one embodiment a high potency single chain insulin
agonist polypeptide is provided that is highly selective for
the insulin receptor relative to the IGF-1 receptor. In accor-
dance with one embodiment the single chain insulin analog
agonist comprises a B chain and A chain of human insulin,
or analogs or derivatives 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 B
chain is a C-terminal truncated B chain having amino acids
B26-B30 removed (positions relative to the native insulin B
chain). In this embodiment the carboxy terminus of the B25
amino acid of the B chain is directly linked to a first end of
the linking moiety and the second end of the linking moiety
is directly linked to the amino terminus of the A1 amino acid
of'the A chain. In one embodiment, wherein the linear single
chain insulin analog comprises a C-terminal truncated B
chain, and the linking moiety is a peptide, the linking moiety
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is at least 8 amino acids in length but not greater than 17
amino acids in length. In embodiments where the linear
single chain insulin analog comprises a full length B chain,
and the linking moiety is a peptide, the linking moiety is at
least 8 amino acids in length but not greater than 12 amino
acids in length.
[0009] In accordance with one embodiment the linking
moiety comprises
[0010] a) a polyethylene glycol of 6-16 monomer units;
[0011] b) a non-native insulin or IGF amino acid
sequence of at least 8 amino acids and no more than 17
amino acid in length, or a peptidomimetic thereof, and
comprising the sequence X, X5, X 53X 54X 55X 56X 57X 55
(SEQ ID NO: 9); or
[0012] c¢) a combination of said polyethylene glycol and
a shortened amino acid sequence of 1 to 4 amino acids,
wherein
[0013] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0014] X, is any amino acid other than tyrosine;

[0015] X, through X, are each independently any amino
acid; and

[0016] X, and X, are independently selected from the

group consisting of arginine, ornithine and lysine. The
linking moiety may comprise non-naturally occurring amino
acids as well as a retroinverso fragment, or incorporation of
non-peptide bonds such as an azapeptide bond (CO substi-
tuted 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). When the linking moiety comprises
an amino acid sequence it is also intended that any of the
designated amino acids also encompasses derivatives of the
indicated amino acid including chemical modifications to
the amino acid, 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 reduc-
tion of the side-chains of the amino acid.

[0017] In one embodiment the a single chain insulin
analog comprises a hydrophilic moiety linked to the N-ter-
minus of the B chain or to a side chain of an amino acid of
the linking moiety. More particularly, in one embodiment
the single chain insulin agonist analog 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, wherein the linking moiety
further comprises a hydrophilic moiety linked to the side
chain of an amino acid of the linking moiety and/or to the
N-terminal alpha amine of the B chain (position B1 for
insulin based B chains and position B2 for IGF-1 based B
chains) or the side chain of an amino acid at a position
selected from the group consisting of A9, A14 and A15 of
the A chain or positions B1, B2, B10, B22, B28 or B29 of
the B chain. In one embodiment the hydrophilic moiety is
linked to the N-terminal alpha amine of the B chain (i.e.
positions B1 for insulin or position B2 for IGF insulin
agonist using the insulin-based number scheme). In one
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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. In one embodiment the linking moiety (LM)
comprises an amino acid sequence of no more than 17 amino
acids in length and comprising the sequence
X51X55X53X 54X 55X 56X 57X 55 (SEQ ID NO: 9), wherein
[0018] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0019] X, is any amino acid other than tyrosine;

[0020] X, through X, are each independently any amino
acid; and

[0021] X, and X, are independently arginine, lysine,

cysteine, homocysteine, acetyl-phenylalanine or ornithine.
In one embodiment the linking moiety (LM) comprises the
sequence X5, X5,GSSSX X5 (SEQ ID NO: 29) or
X5, X5,GSSSX . X APQT (SEQ ID NO: 46) wherein the
amino acid designated by X5, or X, 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.

[0022] In one embodiment the linking moiety comprises
an 8-17 amino acid sequence comprising the sequence
GYGSSSX,, Xsg (SEQ 1D NO: 85) or
GYGSSSX,, X APQT; (SEQ ID NO: 37), or a peptidomi-
metic thereof;

[0023] wherein

[0024] X, and X, are independently arginine, lysine or
ornithine. In one embodiment the hydrophilic moiety is
linked to the side chain of an amino acid located at position
8 of a linking moiety comprising SEQ ID NO: 37 or 85.

[0025] In one embodiment the linking moiety comprises
[0026] 1) alinear polyethylene glycol chain of 6-16 mono-
mer units,

[0027] 2) an amino acid sequence at least 8 amino acids

and no more than 12 amino acid in length and comprising
the sequence X, X5,X53X5,X55X56RR (SEQ ID NO: 10),
or

[0028] 3) a combination of said polyethylene glycol chain
and an amino acid sequence. In a further embodiment the
linking moiety is selected from the group consisting of
(Y,)-X5, AX55X5.,X55X5RR(Y,), (SEQ ID NO: 23), (Y,)
+GYGSSSX . R (SEQ ID NO: 51) and

o

[0029] wherein
[0030] Y, is selected from the group X, X,6X.4s,
X6XurXagy XagXa7XssXae (SEQ ID NO: 24) and

X 46X 47X 45X 40X 50 (SEQ ID NO: 13); and

[0031] Y, is selected from the group X,, X,;0X,,
XX X5, and X, X, X, X5 (SEQ ID NO: 15);

[0032] nisOorl1;

[0033] kisOorl1;

[0034] m is an integer ranging from 7 to 16; and

[0035] X, through X, and X, through X, are each

independently any amino acid;

[0036] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0037] X, is any amino acid other than tyrosine;
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[0038] X through X, are each independently any amino
acid; and

[0039] X, is arginine, lysine or ornithine.

[0040] In another 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, 8to 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 single chain
insulin agonist is provided wherein the last five carboxy
amino acids of the B chain are deleted, and amino acid B25
is linked to amino acid Al of the A chain via a polyethylene
glycol linking moiety (LM) of at least 6 but no more than 20
monomer units, or at least 8 but no more than 14 monomer
units, or at least 10 but no more than 14 monomer units. In
one embodiment the linking moiety is a polyethylene glycol
having a total of 12 monomers.

[0041] Inone embodiment the linking moiety of the single
chain insulin analog is a bifunctional complex of the formula
X—Y, wherein X is a non-peptide linker (e.g., polyethylene
glycol) and Y is an amino acid or a 2-4 amino acid peptide.
In one embodiment the last five amino acids of the native B
chain carboxy terminus are deleted, and the carboxy termi-
nus of amino acid B25 is linked directly to X, and Y is
directly linked to the amino terminus of an insulin A chain.
In another embodiment a single chain insulin agonist is
provided wherein the last five carboxy amino acids of the
native B chain carboxy terminus are deleted, and amino acid
B25 is linked to amino acid Al 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
FNKPT (SEQ ID NO: 76). In one embodiment the linking
moiety comprises two polyethylene chains separated by 1 or
2 amino acids. In one embodiment the 1 or 2 amino acids are
independently lysine or cysteine. In one embodiment the
linking moiety comprises a two polyethylene chains repre-
senting a total of 8-12 or 10-14 or 12 monomeric units of
ethylene glycol separated by a single amino acid. In one
embodiment the single amino acid is lysine or cysteine.
[0042] The single chain insulin agonists of the present
invention may comprise the native B and

[0043] A chain sequences or any of the known analogs or
derivatives thereof that exhibit insulin agonist activity when
linked to one another in a heteroduplex. As disclosed herein
such A chain and B chain peptides can be linked to one
another by the linking moieties described herein to form a
single chain insulin agonist. In accordance with one embodi-
ment the B chain comprises the sequence R,,-
X,sLCGX 56X 5 LVX 53X, L X, LVCGX, X,,GFX s (SEQ
ID NO: 20), and the A chain comprises the sequence
GIVX XCCX XX o CX LXK sLX 17X X1 6CX51-Ry 5
(SEQ ID NO: 22), wherein

[0044] X, is glutamic acid or aspartic acid;

[0045] X is glutamine or glutamic acid

[0046] X, is histidine or phenylalanine;

[0047] X, is serine, arginine, lysine, ornithine or alanine;
[0048] X, is isoleucine or serine;
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[0049] X, is serine or aspartic acid;

[0050] X,, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0051] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0052] X,, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0053] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0054] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0055] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0056] X, is histidine or threonine;

[0057] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0058] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0059] X, is selected from the group consisting of aspar-
tic acid and glutamic acid;

[0060] X, is selected from the group consisting of alanine
and threonine;

[0061] X, is tyrosine;

[0062] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;

[0063] X,, is selected from the group consisting of ala-
nine, ornithine, lysine and arginine;

[0064] X, is tyrosine;

[0065] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine; and

[0066] R,;is COOH or CONH,. In one embodiment X,
X,s and X, are each histidine.

[0067] In one embodiment, prodrug derivatives of single
chain insulin analogs are provided wherein the prodrug
comprises a dipeptide prodrug element (U-B) covalently
linked to an active site of the single chain insulin analog via
an amide or ester linkage (see International applications WO
2009/099763 and PCT/US2009/068713 the disclosures of
which are incorporated herein). Subsequent removal of the
dipeptide under physiological conditions and in the absence
of'enzymatic activity restores full activity to the single chain
insulin analog. In one embodiment the prodrug element
comprises a dipeptide of the structure U-B, wherein U is an
amino acid or a hydroxy acid, B is an N-alkylated amino
acid linked to said single chain insulin agonist through an
amide bond between a carboxyl moiety of B and an amine
of the single chain insulin agonist, wherein U, B, or the
amino acid of the single chain insulin agonist to which U-B
is linked is a non-coded amino acid. In one embodiment the
chemical cleavage half-life (t;,,) of U-B from the single
chain insulin agonist is at least about 1 hour to about 1 week
in PBS under physiological conditions. In one embodiment
the single chain agonist comprises a 4-amino phenylalanine
at position Al19, and dipeptide prodrug element U-B is



US 2016/0340400 Al

linked to a single chain insulin agonist through an amide
bond between a carboxyl moiety of B and the para amine of
4-amino phenylalanine.

[0068] Additional derivatives of the single chain insulin
agonists are encompassed by the present disclosure includ-
ing modifications that improve the solubility of the under-
lying single chain insulin agonist. In one embodiment the
solubility of the single chain insulin agonist peptide is
enhanced by the covalent linkage of a hydrophilic moiety to
the peptide. In one embodiment the hydrophilic moiety is
linked to either the N-terminal amino acid of the B chain or
to the side chain of an amino acid located at the terminal end
of the B chain (e.g. a lysine present at any of positions
B26-30) or to the linking moiety binding the B chain to the
A chain. In one embodiment the hydrophilic moiety is
albumin, including for example, albumins such as human
serum albumin (HSA) and recombinant human albumin
(tHA). In one embodiment the hydrophilic moiety is a
polyethylene glycol (PEG) chain, having a molecular weight
selected from the range of about 500 to about 40,000
Daltons. In one embodiment the polyethylene glycol chain
has a molecular weight selected from the range of about 500
to about 5,000 Daltons. In another embodiment the poly-
ethylene glycol chain has a molecular weight of about
10,000 to about 20,000 Daltons.

[0069] Acylation or alkylation can increase the half-life of
the single chain insulin analog peptides, and prodrug deriva-
tives thereof, in circulation. Acylation or alkylation can
advantageously delay the onset of action and/or extend the
duration of action at the insulin receptors. The insulin
analogs 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.

[0070] Also encompassed by the present disclosure are
pharmaceutical compositions comprising the single chain
insulin analog agonist, and derivatives thereof, and a phar-
maceutically acceptable carrier. In accordance with one
embodiment a pharmaceutical composition is provided com-
prising any of the single chain insulin analogs disclosed
herein, or derivative thereof, 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, 8 mg/ml, 9 mg/ml, 10 mg/ml,
11 mg/ml, 12 mg/ml, 13 mg/ml, 14 mg/ml, 15 mg/ml, 16
mg/ml, 17 mg/ml, 18 mg/ml, 19 mg/ml, 20 mg/ml, 21
mg/ml, 22 mg/ml, 23 mg/ml, 24 mg/ml, 25 mg/ml or higher.
In one embodiment the pharmaceutical compositions com-
prise aqueous solutions that are sterilized and optionally
stored within various package containers. In other embodi-
ments the pharmaceutical compositions comprise a
lyophilized powder. The pharmaceutical compositions can
be further packaged as part of a kit that includes a 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.

[0071] In accordance with one embodiment an improved
method of regulating blood glucose levels in insulin depen-
dent patients is provided. The method comprises the steps of
administering to a patient a single chain insulin agonist
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peptide, or derivative thereof, in an amount therapeutically
effective for the control of diabetes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] 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.

[0073] FIG. 2 is a graph comparing insulin receptor spe-
cific binding of synthetic human insulin relative to purified
native insulin. The synthetic insulin was produced by the
approach detailed in FIG. 1 where the A”-B” bond is the first
disulfide formed. As indicated by the data presented in the
graph, the two molecules have similar binding activities.
[0074] FIG. 3 is a graph comparing relative insulin recep-
tor binding of native insulin and the A19 insulin analog
(Insulin(p-NH,-F)'®). As indicated by the data presented in
the graph, the two molecules have similar binding activities.
[0075] FIG. 4 is a graph comparing relative insulin recep-
tor binding of native insulin and the IGF1(Y?*L5'7) analog.
As indicated by the data presented in the graph, the two
molecules have similar binding activities.

[0076] 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: 92) and insulin-like growth factors [ and
I (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).

[0077] FIG. 6 is a schematic drawing of the synthetic
scheme used to prepare the IGF1(YZ'°L?'7)(p-NH,-F)**®
prodrug derivatives. The specific derivative is p-NH2-F
where the aromatic amine is acylated with the dipeptide
Aib-Ala, which serves as a negative control since this
dipeptide does not cleave under physiological conditions.
[0078] FIG. 7 is a graph comparing relative insulin recep-
tor binding of IGF1(Y?*°L?'7)(p-NH,-F)*'® and the dipep-
tide extended form of IGF1(YZ'°LZ'7)(p-NH,-F)*!'°-Ai-
bAla. The synthesis of this prodrug is shown in FIG. 6 where
the dipeptide AibAla is bound at position A19 (i.e. IGF1
(YZ'SLB17)(AibAla). The dipeptide does not readily cleave
under physiological conditions and thus the activity is
extremely low which demonstrates the ability of acylation at
this site with dipeptide to silence bioactivity. This constitutes
one of the two central ingredients of a prodrug, low activity
in the prodrug form.

[0079] FIG. 8A-8C provides the activity of a dimer pre-
pared in accordance with the present disclosure. FIG. 8A
shows the structure of an IGF-1 single chain dimer that
comprises two single chain IGF?'%%'7 analog peptides (IGF-
1B chain[C°H>Y'°L'70*?]-A chain[O®'*'*N'®2!]; SEQ ID
NO: 93) linked together by a disulfide bond between the side
chains of the amino terminus of the B chains. The native
insulin disulfides (AS-A'!, A7-B7, A*°-B'®) are not shown
but are resident in the dimer form. The single chain form of
the disulfide dimer can be converted to a two-chain form by
selective proteolytic digestion of the two Arg-Gly bonds as
denoted by the arrows. FIG. 8B is a graph demonstrating the
relative insulin receptor binding of insulin, a single chain
IGF?*%%17 analog peptide dimer and a two chain IGF?' %57
analog peptide dimer. FIG. 8C is a graph demonstrating the
relative activity of insulin, and a two chain IGF#*%%'7 analog
peptide dimer to induce insulin receptor phosphorylation.
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[0080] FIG. 9A-9C shows the degradation of a prodrug
form of an IGF A chain peptide: (Aib-Pro on (pNH,-F)*® of
IGF1A(Ala)®”>'**%amide. The dipeptide was incubated in
PBS, pH 7.4 at 37° C. for predetermined lengths of time.
Aliquots were taken at 20 minutes (FIG. 9A), 81 minutes
(FIG. 9B) and 120 minutes (FIG. 9C) after beginning the
incubation, were quenched with 0.1% TFA and tested by
analytical HPLC. Peak a (IGF1A(Ala)®”''*°(pNH,-F)
'amide) and b (IGF1A(Ala)%7'!'°(Aib-Pro-pNH-F)
®amide) were identified with LC-MS and quantified by
integration of peak area. The data indicate the spontaneous,
non-enzymatic conversion of IGF1A(Ala)%”*"*°(Aib-Pro-
pNH-F)?amide to IGF1A(Ala)%”'"*°(pNH,-F)'amide
over time.

[0081] FIGS. 10A & 10B are graphs depicting the in vitro
activity of the prodrug Aib,dPro-IGF1YL (dipeptide linked
through the A19 4-aminoPhe). FIG. 10A is a graph com-
paring relative insulin receptor binding of native insulin
(measured at 1 hour at 4° C.) and the A19 IGF prodrug
derivative (Aib,dPro-IGF1YL) over time (0 hours, 2.5 hours
and 10.6 hours) incubated in PBS. FIG. 10B is a graph
comparing relative insulin receptor binding of native insulin
and the A19 IGF prodrug derivative (Aib,dPro-IGF1YL)
over time (0 hours, 1.5 hours and 24.8 hours) incubated in
20% plasma/PBS at 37° C. As indicated by the data pre-
sented in the graph, increased activity is recovered from the
A19 IGF prodrug derivative sample as the prodrug form is
converted to the active IGF1YL peptide.

[0082] FIGS. 11A & 11B are graphs depicting the in vitro
activity of the prodrug dK,(N-isobutylG)-IGF1YL (dipep-
tide linked through the A19 4-aminoPhe). FIG. 11A is a
graph comparing relative insulin receptor binding of native
insulin and the A19 IGF prodrug derivative (IGF1YL:
dK,(N-isobutylG) over time (0 hours, 5 hours and 52 hours)
incubated in PBS. FIG. 11B is a graph comparing relative
insulin receptor binding of native insulin and the A19 IGF
prodrug derivative (IGF1YL: dK,(N-isobutylG) over time (0
hours, 3.6 hours and 24.8 hours) incubated in 20% plasma/
PBS at 37° C. As indicated by the data presented in the
graph, increased activity is recovered from the A19 IGF
prodrug derivative sample as the prodrug form is converted
to the active IGF1YL peptide.

[0083] FIGS. 12A & 12B are graphs depicting the in vitro
activity of the prodrug dK(e-acetyl),Sar)-IGF1YL (dipeptide
linked through the A19 4-aminoPhe). FIG. 12A is a graph
comparing relative insulin receptor binding of native insulin
(measured at 1 hour at 4° C.) and the A19 IGF prodrug
derivative (IGF1YL: dK(e-acetyl),Sar) over time (0 hours,
7.2 hours and 91.6 hours) incubated in PBS. FIG. 12B is a
graph comparing relative insulin receptor binding of native
insulin and the A19 IGF prodrug derivative (IGF1YL:
dK(e-acetyl),Sar) over time (0 hours, 9 hours and 95 hours)
incubated in 20% plasma/PBS at 37° C. As indicated by the
data presented in the graph, increased activity is recovered
from the A19 IGF prodrug derivative sample as the prodrug
form is converted to the active IGF1YL peptide.

[0084] FIG. 13 is a graph comparing relative insulin
receptor binding of native insulin heteroduplex and the
IGF-1 A and B chain heteroduplex and a single chain IGF-1
analog wherein the carboxy terminus of the B chain is
directly linked to the N-terminus of the IGF-1 A chain.
[0085] FIG. 14 is a graph comparing relative insulin
receptor binding of native insulin heteroduplex, IGF-1, the
IGF-1 delta heteroduplex and a single chain IGF-1 delta
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single chain analog wherein the carboxy terminus of the B
chain is linked to the N-terminus of the IGF-1 A chain
through a peptide linker consisting of the sequence GYGSS-
SOR (SEQ ID NO: 65), wherein the IGF-1 delta analog
comprises the native IGF-1 sequence with the following
amino acid substitutions: HA8, OA9, OA14, OA15, QA17,
NA21, YBI6, LB17, OB22.

[0086] FIG. 15 is a bar graph depicting the relative in vitro
binding activity of single chain insulin analogs at the IGF-1
receptor or the A or B subtype insulin receptors wherein the
carboxy terminus of the native insulin B chain is linked to
the amino terminus of the native insulin A chain via the
IGF-1 C peptide or various derivative of the IGF-1 C
peptide. In the B°C*A° insulin analog nomenclature, the B°
and A° designations refer to the insulin sequences of the A
and B chain, while C* designates the IGF-1 C peptide. As
shown by the data a single chain insulin analog that links the
B chain to the A chain via the IGF-1 C peptide is a potent
insulin agonist. Furthermore, modifications of position 2
(e.g., substituting alanine for native tyrosine), or alterna-
tively deleting the last four amino acids of the IGF-1 C
linking peptide, generates a high potency, insulin selective
single chain insulin analog.

[0087] FIG. 16 is a bar graph depicting the relative in vitro
binding activity of single chain insulin analogs of the
formula B°C*A° at the IGF-1 receptor or the A or B subtype
insulin receptors wherein the native sequence of the linking
IGF-1 C peptide has been modified by the indicated amino
acid substitutions at position 1, 2, 3, 4 or 8. In the B°C'A°
insulin analog nomenclature, the B® and A° designations
refer to the insulin sequences of the A and B chain, while C*
designates the IGF-1 C peptide

[0088] FIG. 17 is a bar graph depicting the relative in vitro
binding activity and phosphorylation activity of single chain
B°C'A° insulin analogs at the A subtype insulin. The activity
of'the native IGF-1 C peptide (010) relative to various amino
acid substitutions or deletions was compared. In the B°C*A°
insulin analog nomenclature, the B® and A° designations
refer to the insulin sequences of the A and B chain, while C*
designates the IGF-1 C peptide

[0089] FIG. 18 is a bar graph depicting the relative in vitro
binding activity and phosphorylation activity of single chain
B°C'A° insulin analogs at the A subtype insulin wherein the
native sequence of the linking IGF-1 C peptide has been
modified by the indicated amino acid substitutions at posi-
tion 1, 2, 3, 4 or 8. This data in conjunction with the data
provided in FIG. 17 demonstrate the consistency between
the binding and phosphorylation activity of the insulin
analogs.

[0090] FIG. 19 is a schematic drawing showing the prepa-
ration of an IGF-1 YL single chain insulin analog that uses
a PEG polymer as the linking moiety.

[0091] FIGS. 20A &B are graphs depicting the relative in
vitro binding activity (FIG. 20 A) and phosphorylation
activity (FIG. 20 B) of single chain insulin analogs linked
via a 4, 8 or 16 monomeric PEG linking moiety relative to
the native insulin heteroduplex.

[0092] FIGS. 21A & B are graphs demonstrating the
phosphorylation activity of single chain insulin analogs at
the insulin and IGF-1 receptors. Single chain insulin analogs
comprise the full length native insulin B and A chains linked
together by either a 4, 8 or 16 monomeric PEG linking
moiety have relatively low insulin potency as compared to
native insulin heteroduplex (FIG. 21A), although they
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exhibit 10 to 100 fold greater activity relative to a single
chain insulin analog without a PEG or other linking moiety
(see Table 16). However, when the last 5 carboxy amino
acids of the insulin B chain (B*-°) are deleted (DesV) and
the carboxy terminus of the remaining B chain is linked to
the native insulin A chain by either an 8, 12 or 16 monomeric
PEG linking moiety, the single chain analogs exhibit at least
equivalent or higher potency relative to the native insulin
heteroduplex.

[0093] FIG. 22A-C are graphs demonstrating the near
equivalency of single chain insulin analogs at the insulin
receptor. FIG. 22A provides data comparing single chain
insulin analogs comprising either the native insulin
sequences or the IGF-1 A and IGF-1 YL B chains wherein
the last 5 carboxy amino acids of the B chain are the deleted
(DesV) and the B chain is linked to its corresponding insulin
or IGF-1 A chain by a 12 monomeric PEG linking moiety.
FIGS. 22B & C are graphs showing the results of compara-
tive insulin tolerance tests conducted on mice comparing the
ability of MIU-38 [a single chain insulin analog wherein the
B and A chains are linked via PEG: [B'(H5,H10,Y16,L17)
25(Peg12)A"(H8,N18,N21)], see FIG. 22B and MIU-35 [a
single chain insulin analog wherein the B and A chains are
linked via a peptide linker: B'(H5,H10,Y16,L.17)25-C*-A!
(H8,N18,N21), see FIG. 22C, relative to a vehicle control, to
reduce and sustain low blood glucose concentration. Two
experiments were conducted wherein MIU-38 and MIU-35
were administered at 27 and 90 nmol/kg.

[0094] FIG. 23 is a table demonstrating various histidine
substitutions to single chain insulin/IGF-1 based analogs.
The substitution of histidine at position 8 of the IGF-1 A
chain can enhance the potency of IGF based single chain
insulin analog agonists.

[0095] FIG. 24 is a comparative analysis of the single
chain peg-linked analogs activities at the insulin and IGF-1
receptors as measured by receptor signaling through phos-
phorylation.

[0096] FIG. 25 is a graph demonstrating that single chain
analogs comprising an IGF-1 A chain have enhanced resis-
tance to degradation by the specific insulin degrading
enzyme (IDE) relative to single chain analogs comprising an
insulin A chain.

[0097] FIG. 26 is a graph demonstrating the relative
activity of IGF-1, insulin and insulin/IGF chimera to induce
in vitro cellular proliferation. The results indicate that the
insulin activity associated with the IGF-1 single chain
insulin analogs does not correlate with the proliferation
activity associated with native IGF-1.

[0098] FIG. 27 is a comparative analysis of single chain
peg-linked analogs activities at the insulin and IGF-1 recep-
tors as measured by receptor signaling through phosphory-
lation. Single chain analogs using PEG chain linkers of
different lengths were analyzed to measure how different
sized PEG linking moieties impact in vitro activities at the
insulin and IGF-1 receptors. The data presented in FIG. 27
reveals that a PEG,DesV construct (wherein the 5 carboxy
terminal amino acid of the B chain have been deleted)
provides the most potent compound.

[0099] FIGS. 28A and 28B is a comparative analysis of
single chain peg/amino acid-linked analogs in vitro activities
at the insulin and IGF-1 receptors as measured by receptor
binding and receptor signaling through phosphorylation.
FIG. 28A shows the in vitro activity of a single chain analog
comprising a PEG |, chain with an inserted single amino acid
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(glycine or lysine) as the linking moiety linking a DesV B
chain to the native insulin A chain. FIG. 28B shows in vitro
activity of a single chain analog comprising a linking moiety
comprising a PEG, , chain with two lysine residues inserted
(single chain peg/(lysine),-linked analog).

[0100] FIG. 29A-E provides in vivo data of mice admin-
istered various single chain insulin analogs. FIG. 29A pro-
vides in vitro comparative analysis of single chain peg-
linked analogs activities at the insulin receptor as measured
by receptor binding and receptor signaling through phos-
phorylation; FIGS. 29B and 29C provide data on blood
glucose concentrations over 8 hours after administration of
the listed analogs. FIGS. 29D and 29E provide data on blood
glucose AUC values after administration of the listed ana-
logs at two different concentrations (27 nmol/kg and 90
nmol/kg).

[0101] FIGS. 30A-30D are graphs showing the results of
comparative insulin tolerance tests conducted on mice com-
paring the ability of human insulin to reduce and sustain low
blood glucose concentration relative to three different acy-
lated insulin analogs. The compounds were tested at two
different concentrations (27 nmol/kg and 90 nmol/kg). The
acylated insulins included MIU-41, MIU-36 and MIU-37.
MIU-41 [BY(H5,H10,Y16,1.17)25a: A (H8,rEC16-K 14,
N18,N21)], is a two chain insulin analog having a C16
acylation via a gamma glutamic acid linker attached to a
lysine residue located at position Al4. MIU-36 [B'(C16-
KO0,H5,H10,Y16,1.17)25a:A'(N18,N21)], is a two chain
insulin analog having a C16 acylation linked to the N-ter-
minus of the B chain). MIU-37 [B'(H5,H10,Y16,.17,
C16rE-K22)25a:A*(N18,N21)], is a two chain insulin ana-
log having a C16 acylation via a gamma glutamic acid linker
attached to a lysine residue located at position B22.

[0102] FIGS. 31A-31D show the results of comparative
insulin tolerance tests conducted on mice comparing the
activity of the commercially available acylated insulin ana-
log (Detemir) relative to the acylated two chain insulin
analog MIU-55. MIU-55 [B*(H5,10,Y16,1.17,C16rE-K22)
25a:A'(N18,N21)] has the C-terminal 5 amino acids of the
B chain deleted and terminates as a B chain amide. It is
acylated with a C16 fatty acid through a gamma Glu linker
at the e-amino group of Lys B22. The results indicate that
MIU-55 is about one third as potent as Detemir (see FIGS.
31A and 31B). The data also indicate that the acylated forms
of insulin are longer acting than the non-acylated forms and
that MIU-55 while less potent than Detemir, exhibits a
similar profile as Detemir. FIGS. 31C and 31D provide data
on blood glucose AUC values after administration of the
listed analogs.

[0103] FIGS. 32A-32D show the results of comparative
insulin tolerance tests conducted on mice comparing the
activity of the commercially available acylated insulin ana-
log (Detemir) relative to the acylated two chain insulin
analog MIU-49. MIU-49 [B*(C16-rE,H5,Aib9,H10,E13-
K17,Y16)25a:A'(N18,N21)] is a two chain insulin agonist
having the C-terminal 5 amino acids of the B chain deleted
and acylated with a C16 fatty acid through a gamma Glu
linker at the ci-amino group of Gly B2). The results indicate
that MIU-49 is about one third as potent as Detemir (see
FIGS. 32A and 32B. The data also indicate that the acylated
forms of insulin are longer acting than the non-acylated
forms and that MIU-49 while less potent than Detemir,
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exhibits a similar profile as Detemir. FIGS. 32C and 32D
provide data on blood glucose AUC values after adminis-
tration of the listed analogs.

[0104] FIGS. 33A-33D represents the results obtained
from a comparative insulin tolerance test for Detemir and
MIU-56 using C57/Blk mice. MIU-56 is an insulin single
chain analog B'(H5,Y16,0.17)25a-PEG8-K-PEG4-A'(N18,
21) comprising a 20 kDa PEG linked to the side chain of the
single lysine residue in the linking moiety (PEG8-K-PEG4)
that joins the A chain and the B chain. FIGS. 33A and 33B
are graphs showing the results of insulin tolerance tests
comparing the ability of the acylated insulin analog Detemir
relative to the pegylated single chain insulin analog MIU-56
to reduce and maintain low blood glucose levels. FIGS. 33C
and 33D show the blood glucose AUC,, ,,, in mice admin-
istered Detemir and MIU-56, respectively.

[0105] FIGS. 34A-34F represents the results obtained
from a comparative insulin tolerance test for MIU-56 and
MIU-57 using C57/Blk mice. MIU-57 is an insulin single
chain analog (B'(HS5,Y16,L.17)25-C*-A'(N18,21) compris-
ing a 20 kDa PEG linked to the N-terminus of the B chain.
FIGS. 34 A and 34B are graphs showing the results of insulin
tolerance tests comparing MIU-56 and MIU-57. FIGS. 34C
and 34D show the blood glucose AUC,, ,,, in mice admin-
istered MIU-56 and MIU-57, respectively. Results from
comparative insulin dose titrations of MIU-56 and MIU-57
reveal that a similar profile is obtained in mice for dosages
ranging from 20 nmol/kg through 80 nmol/kg (see FIGS.
34E and 34F). A dimer (MIU 58) was prepared comprising
two insulin single chain analogs (B'(H5,Y16,1.17)25-C*-A*
(N18,21) linked head to head via a 20 kDa PEG chain. FIGS.
34G-34] represents the results obtained from a comparative
insulin tolerance test for MIU-57 and MIU-58 using C57/
Blk mice. FIGS. 34G and 34H are graphs showing the
results of insulin tolerance tests comparing MIU-57 (mono-
mer) and MIU-58 (dimer). FIGS. 341 and 34J show the
blood glucose AUC,, ,,.. in mice administered MIU-57 and
MIU-58, respectively.

[0106] FIGS. 35A-35B provide data from a comparative
insulin dose titration of two pegylated insulin derivatives.
The insulin derivatives differ based on the placement of a 20
kDa PEG which is linked to the N-terminus (FIG. 35A) of
MIU-59, or to the side chain of amino acid B29, of an insulin
analog MIU-60, wherein the A1 and B1 amino acids have
been carbamylated (FIG. 35B).

[0107] FIGS. 36A-36D provide data from a comparative
insulin dose titration of the three single chain insulin analogs
MIU-67, MIU-68 and MIU-69, each comprising two PEG
chains of 10 kDa each relative to the single pegylated (20K
PEG) native insulin derivative (MIU-59). More particularly,
the activities of single chain insulin analogs MIU-67 (B*
(H5,Y16,1.17)25-C*(K8)-A'(N18,21)) having two PEG
chains (10K each) one linked at the N-terminus and the other
at amino acid 8 of the linking moiety (position C8), MIU-68
(B'(H5,Y16,L.17, K22)25-C*(K8)-A'(N18,21)) having two
PEG chains (10K each) one linked at the N-terminus and the
other at amino acid B22 and MIU-69 (B'(H5,Y16,L.17)25-
C!(K8)-A'(K14, N18,21)) having two PEG chains (10K
each) one linked at the N-terminus and the other at amino
acid A14 were compared. Each compound was administered
at two dosages (20 and 80 nmol/kg).

[0108] FIGS.37A & 37B Diabetic mice (db/db mice) were
administered pegylated insulin analogs to compare their
relative activity in relation to commercially available insulin
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analogs. The x-axis indicates the concentration of the admin-
istered compound (i.e., vehicle control, 30 or 90 nmol/kg or
60 nmol/kg for Humulin and 30, 90 and 240 for Levemir).
In particular, insulin analogs Levemir and Humulin were
compared to the pegylated insulin analogs MIU-59 (native
insulin analog having a single 20 kDa PEG linked to its
N-terminus) and MIU-66 (native insulin analog having a
single 20 kDa PEG linked to its N-terminus and the amino
terminus of the A and B chain carbamylated. Both MIU-59
and MIU-66 have improved activity relative to Levemir and
Humulin (see FIG. 37A at 12 hrs and 37B at 24 hours).
[0109] FIG. 38 is a graph showing the results of a com-
parative insulin tolerance test conducted in normal mice for
a prodrug two chain insulin analog acylated at the dipeptide
prodrug element (MIU-29: [B*(Y16,1.17,Y25)29a: A' (aF19-
dLys(Ac),NLeu)] relative to it parent insulin analog (MIU-
27: [BY(Y16,L17,Y25)29a:A*(aF19-)]. The prodrug deriva-
tive MIU-29 comprises a 4-amino-phenylalanine
substitution at position A19 wherein a dipeptide dLys(Ac),
NLeu has been covalently linked at the 4-amino position of
the A19 residue and the side chain of the lysine of the
dipeptide element has been acylated with a C14 fatty acid.
This dipeptide will autocleave under physiological condi-
tions with a half life of approximately 5 hours. After
incubating MIU-29 for 24 hours ex vivo, the resultant
compound (designated “MIU-29¢”) was administered to
mice and its ability to lower blood glucose was compared to
parent compound. As shown in FIG. 38 the two compounds
performed almost identically.

DETAILED DESCRIPTION

Definitions

[0110] In describing and claiming the invention, the fol-
lowing terminology will be used in accordance with the
definitions set forth below.

[0111] 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.

[0112] As used herein, the term “prodrug” is defined as
any compound that undergoes chemical modification before
exhibiting its pharmacological effects.

[0113] 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 stereo-
chemistry 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™),
wherein the designation lacking the lower case d (e.g.,
Lys™) 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 analog sequence, wherein amino acids that are
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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 nega-
tive integer value as they are further removed from the
insulin analog sequence. For example, the position of an
amino acid within a dipeptide prodrug linked to the N-ter-
minus of an insulin analog is designated aa~!'-aa“-insulin
analog, wherein aa’ represents the carboxy terminal amino
acid of the dipeptide and aa~! designates the amino terminal
amino acid of the dipeptide.

[0114] 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.

[0115] 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.

[0116] A “dipeptide” is a compound formed by linkage of
an alpha amino acid or an alpha hydroxyl acid to another
amino acid, through a peptide bond.

[0117] As used herein the term “chemical cleavage”
absent any further designation encompasses a non-enzy-
matic reaction that results in the breakage of a covalent
chemical bond.

[0118] A “Dbioactive polypeptide” refers to polypeptides
which are capable of exerting a biological effect in vitro
and/or in vivo.

[0119] 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 encom-
pass 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.

[0120] 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 acy-
lation of the peptide. In some embodiments, the acyl group
causes the peptide to have one or more of (i) a prolonged
half-life in circulation, (ii) a delayed onset of action, (iii) an
extended duration of action, (iv) an improved resistance to
proteases, such as DPP-1V, and (v) increased potency at the
IGF and/or insulin peptide receptors.

[0121] 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 inclu-
sion in the peptide or peptide synthesis followed by chemi-
cal alkylation of the peptide. Without being held to any
particular theory, it is believed that alkylation of peptides
will achieve similar, if not the same, effects as acylation of
the peptides, e.g., a prolonged half-life in circulation, a
delayed onset of action, an extended duration of action, an

Nov. 24, 2016

improved resistance to proteases, such as DPP-IV, and
increased potency at the IGF and/or insulin receptors.
[0122] As used herein, the term “pharmaceutically accept-
able carrier” includes any of the standard pharmaceutical
carriers, such as a phosphate buffered saline solution, water,
emulsions such as an oil/water or water/oil emulsion, and
various types of wetting agents. The term also encompasses
any of the agents approved by a regulatory agency of the US
Federal government or listed in the US Pharmacopeia for
use in animals, including humans.

[0123] As used herein the term “pharmaceutically accept-
able 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.

[0124] 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.

[0125] 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.

[0126] 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 biocom-
patible). Examples of hydrophilic moieties include polyeth-
ylene glycol (PEG), polylactic acid, polyglycolic acid, a
polylactic-polyglycolic acid copolymer, polyvinyl alcohol,
polyvinylpyrrolidone, polymethoxazoline, polyethyloxazo-
line, polyhydroxyethyl methacrylate, polyhydroxypropyl
methacrylamide, polymethacrylamide, polydimethylacryl-
amide, and derivatised celluloses such as hydroxymethyl-
cellulose or hydroxyethylcellulose and co-polymers thereof,
as well as natural polymers including, for example, albumin,
heparin and dextran.

[0127] As used herein, the term “treating” includes pro-
phylaxis 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.
[0128] As used herein an “effective” amount or a “thera-
peutically effective amount” of an insulin analog refers to a
nontoxic but sufficient amount of an insulin analog to
provide the desired effect. For example one desired effect
would be the prevention or treatment of hyperglycemia. The
amount that is “effective” will vary from subject to subject,
depending on the age and general condition of the indi-
vidual, mode of administration, and the like. Thus, it is not
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always possible to specify an exact “effective amount.”
However, an appropriate “effective” amount in any indi-
vidual case may be determined by one of ordinary skill in the
art using routine experimentation.

[0129] The term, “parenteral” means not through the ali-
mentary canal but by some other route such as intranasal,
inhalation, subcutaneous, intramuscular, intraspinal, or
intravenous.

[0130] Throughout the application, all references to a
particular amino acid position by letter and number (e.g.
position A5) refer to the amino acid at that position of either
the A chain (e.g. position A5) 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 elabo-
ration would mean the corresponding position B27 of the B
chain of an insulin analog in which the first amino acid of
SEQ ID NO: 2 has been deleted. Similarly, amino acids
added to the N-terminus of the native B chain are numbered
starting with B0, followed by numbers of increasing nega-
tive 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.

[0131] As used herein the term “native insulin peptide” is
intended to designate the 51 amino acid heteroduplex com-
prising the A chain of SEQ ID NO: 1 and the B chain of SEQ
ID NO: 2, as well as single-chain insulin analogs that
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 U.S. Pat. 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 A5, A8,
A9, A10, A12, Al4, A15, Al17, Al18, 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 occur-
ring 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 substi-
tuted 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).

[0132] 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.

[0133] As used herein an “IGFZ'5%'7 analog peptide” is a
generic term that comprising an A chain and B chain
heteroduplex, as well as single-chain insulin analogs thereof,
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wherein the A chain comprises the peptide sequence of SEQ
ID NO: 19 and the B chain comprises the sequence of SEQ
ID NO: 21 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.

[0134] 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: 58.

[0135] 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 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.

[0136] 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, A5,
A8, A9, A10, A12, Al4, Al5, A17, Al18, A21.

[0137] 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 modifi-
cation of the amino acid at position B16 or B25 to a 4-amino
phenylalanine or one or more amino acid insertions, dele-
tions or substitutions at positions selected from B1, B2, B3,
B4,B5, B9, B10, B13, B14, B17, B20, B21, B22, B23, B25,
B26, B27, B28, B29 and B30 or deletions of any or all of
positions B1-4 and B26-30.

[0138] 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.

[0139] 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, Al0,
Al2, Al4, A15, Al17, A18, A21.

[0140] 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: 21, including
for example the sequence of SEQ ID NO: 168, as well as
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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.
[0141] The term “identity” as used herein relates to the
similarity between two or more sequences. Identity is mea-
sured by dividing the number of identical residues by the
total number of residues and multiplying the product by 100
to achieve a percentage. Thus, two copies of exactly the
same sequence have 100% identity, whereas two sequences
that have amino acid deletions, additions, or substitutions
relative to one another have a lower degree of identity. Those
skilled in the art will recognize that several computer
programs, such as those that employ algorithms such as
BLAST (Basic Local Alignment Search Tool, Altschul et al.
(1993) J. Mol. Biol. 215:403-410) are available for deter-
mining sequence identity.
[0142] As used herein, the term “selectivity” of a molecule
for a first receptor relative to a second receptor refers to the
following ratio: EC,, of the molecule at the second receptor
divided by the EC,, of the molecule at the first receptor. For
example, a molecule that has an EC5, of 1 nM at a first
receptor and an EC,, of 100 nM at a second receptor has
100-fold selectivity for the first receptor relative to the
second receptor.
[0143] 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 found in human
proteins, as well as atypical or non-naturally occurring
amino acids. Commercial sources of atypical amino acids
include Sigma-Aldrich (Milwaukee, Wis.), ChemPep Inc.
(Miami, Fla.), and Genzyme Pharmaceuticals (Cambridge,
Mass.). Atypical amino acids may be purchased from com-
mercial suppliers, synthesized de novo, or chemically modi-
fied or derivatized from naturally occurring amino acids.
[0144] As used herein an amino acid “substitution” refers
to the replacement of one amino acid residue by a different
amino acid residue.
[0145] As used herein, the term “conservative amino acid
substitution” is defined herein as exchanges within one of
the following five groups:
[0146] 1. Small aliphatic, nonpolar or slightly polar resi-
dues:

[0147]
[0148]
amides:

[0149] Asp, Asn, Glu, Gln, cysteic acid and homocys-

teic acid;

[0150] III. Polar, positively charged residues:

[0151] His, Arg, Lys; Ornithine (Orn)
[0152] IV. Large, aliphatic, nonpolar residues:

[0153] Met, Leu, Ile, Val, Cys, Norleucine (Nle), homo-

cysteine

[0154] V. Large, aromatic residues:

[0155] Phe, Tyr, Trp, acetyl phenylalanine
[0156] As used herein the general term “polyethylene
glycol chain” or “PEG chain”, refers to mixtures of con-
densation polymers of ethylene oxide and water, in a
branched or straight chain, represented by the general for-

Ala, Ser, Thr, Pro, Gly;
II. Polar, negatively charged residues and their
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mula H(OCH,CH,), OH, wherein n is at least 2. “Polyeth-
ylene 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.

[0157] 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 com-
pound. A “pegylated polypeptide” is a polypeptide that has
a PEG chain covalently bound to the polypeptide.

[0158] 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 acy-
lation of the peptide. In some embodiments, the acyl group
causes the peptide to have one or more of (i) a prolonged
half-life in circulation, (ii) a delayed onset of action, (iii) an
extended duration of action, (iv) an improved resistance to
proteases, and (v) increased potency at the insulin receptor.
[0159] 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 inclu-
sion in the peptide or peptide synthesis followed by chemi-
cal alkylation of the peptide. Without being held to any
particular theory, it is believed that alkylation of peptides
will achieve similar, if not the same, effects as acylation of
the peptides, e.g., a prolonged half-life in circulation, a
delayed onset of action, an extended duration of action, an
improved resistance to proteases, and increased potency at
the insulin receptor.

[0160] As used herein a “linker” is a bond, molecule or
group of molecules that binds two separate entities to one
another. Linkers may provide for optimal spacing of the two
entities or may further supply a labile linkage that allows the
two entities to be separated from each other. Labile linkages
include photocleavable groups, acid-labile moieties, base-
labile moieties and enzyme-cleavable groups.

[0161] As used herein an “IGF dimer” is a complex
comprising two IGF YL analog peptides (each itself com-
prising an A chain and a B chain) covalently bound to one
another via a linker. The term IGF dimer, when used absent
any qualifying language, encompasses both IGF homodi-
mers and IGF heterodimers. An IGF homodimer comprises
two identical subunits, whereas an IGF heterodimer com-
prises two subunits that differ, although the two subunits are
substantially similar to one another.

[0162] 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 C,-Cg alkyl groups include, but are
not limited to, methyl, ethyl, n-propyl, iso-propyl, butyl,
iso-Butyl, sec-butyl, tert-butyl, pentyl, hexyl and the like.
[0163] 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
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to, 1-propenyl, 2-propenyl (—CH,—CH—CH,), 1,3-buta-
dienyl, (—CH—CHCH—CH,), 1-butenyl
(—CH—CHCH,CHs;), hexenyl, pentenyl, and the like.
[0164] 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.

[0165] 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, tetra-
hydronaphthyl, indanyl, indenyl, and the like. The size of the
aryl ring and the presence of substituents or linking groups
are indicated by designating the number of carbons present.
For example, the term “(C,-C; alkyl)(C,4-C,, aryl)” refers to
a 5 to 10 membered aryl that is attached to a parent moiety
via a one to three membered alkyl chain.

[0166] 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 term “(C,-C,, alkyl)(Cs-C, heteroaryl)” refers
to a 5 or 6 membered heteroaryl that is attached to a parent
moiety via a one to “n” membered alkyl chain.

[0167] As used herein, the term “halo” refers to one or
more members of the group consisting of fluorine, chlorine,
bromine, and iodine.

[0168] 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.

[0169] 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.
[0170] 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 environ-
ment 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.

[0171] A “peptidomimetic” refers to a chemical com-
pound 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 CH,), or
an ester bond (e.g., depsipeptides, wherein one or more of
the amide (—CONHR—) bonds are replaced by ester
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(COOR) bonds). Alternatively the peptidomimetic may be
devoid of any naturally-occurring amino acids.

[0172] As used herein the term “charged amino acid” or
“charged residue” refers to an amino acid that comprises a
side chain that is negatively charged (i.e., de-protonated) or
positively charged (i.e., protonated) in aqueous solution at
physiological pH. For example, negatively charged amino
acids include aspartic acid, glutamic acid, cysteic acid,
homocysteic acid, and homoglutamic acid, whereas posi-
tively charged amino acids include arginine, lysine and
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.

[0173] 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.

ABBREVIATIONS
[0174] Insulin analogs will be abbreviated as follows:
[0175] The insulin A and B chains will be designated by a

capital A for the A chain and a capital B for the B chain
wherein a superscript 0 (e.g., A° or B®) will designate the
base sequence is an insulin sequence (A chain: SEQ ID NO:
1, B chain SEQ ID NO: 2) and a superscript 1 (e.g., A’ or
B') will designate the base sequence is an IGF-1 sequence
(A chain: SEQ ID NO: 5, B chain SEQ ID NO: 6).
Modifications that deviate from the native insulin and IGF
sequence are indicated in parenthesis following the desig-
nation of the A or B chain (e.g., [B*(H5,H10,Y16,L17):A*
(H8,N18,N21)]) with the single letter amino acid abbrevia-
tion 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 SEQ ID NO: 17.

EMBODIMENTS

[0176] As disclosed herein applicants have discovered
high potency single chain insulin analogs. More particularly,
applicants have discovered unique linking moieties that can
be used to covalently link the B chain and A chain of human
insulin, or analogs or derivatives thereof to form a high
potency linear single chain insulin agonists. In one embodi-
ment the linking moiety covalently bonds the carboxy
terminus of the B chain to the amino terminus of the A chain.
[0177] As disclosed herein optimally sized linking moi-
eties 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
Al amino acid of the A chain via the intervening linking
moiety. In one embodiment the linking moiety comprises an
8 to 17 amino acid peptide, and more particularly, in one
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embodiment the peptide represents an analog of the IGF-1 C
peptide. In another embodiment the linking moiety com-
prises 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, 8 to 12, 10
to 14, 10 to 12 or 11 to 13 monomers.

[0178] In one embodiment a single chain insulin agonist
analog is provided that comprises the general structure
B-LM-A wherein B represents an insulin B chain, A repre-
sents 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. The insulin A and B chains can be
any known insulin sequence, including those disclosed
herein, that when linked together as a heteroduplex form a
functional insulin. Applicants have discovered a variety of
linking moieties as disclosed herein that can be used to link
the insulin A and B chain together to generate an active
single chain insulin analog. In accordance with one embodi-
ment the linking moiety further comprises a hydrophilic
moiety linked to the side chain of an amino acid of the
linking moiety and/or at a position selected from the group
consisting of A9, Al4 and AlS5 of the A chain or at the
N-terminal alpha amine (positions B1, B2) or the side chain
of an amino acid at positions B10, B22, B28 or B29 of the
B chain. In one embodiment the hydrophilic moiety is a
polyethylene chain that is linked to an amino acid of the
linking moiety and/or at the N-terminal alpha amine of the
B chain. In one embodiment the linking moiety (LM)
comprises an amino acid sequence of no more than 17 amino
acids in length and comprising the sequence
X51X55X53X 54X 55X 56X 57X 55 (SEQ ID NO: 9), wherein

[0179] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0180] X, is any amino acid other than tyrosine;

[0181] X, through X, are each independently any amino
acid; and

[0182] X,, and X, are independently arginine, lysine,

cysteine, homocysteine, acetyl-phenylalanine or ornithine.
In one embodiment the linking moiety further comprises a
hydrophilic moiety linked to the side chain of an amino acid
of' the linking moiety. In one embodiment the linking moiety
comprises the sequence X, X,GSSSX, X, (SEQ ID NO:
29) or X4 Xs5,GSSSX,Xs:APQT (SEQ ID NO: 46)
wherein X, is selected from the group consisting of glycine,
alanine, valine, leucine, isoleucine and proline, X, is ala-
nine, valine, leucine, isoleucine or proline and X, or X are
independently arginine, lysine, cysteine, homocysteine,
acetyl-phenylalanine or ornithine, wherein a hydrophilic
moiety is linked to the side chain of the amino acid at
position 7 or 8 of the linking moiety (i.e., at the X5, or X,
position). Amino acid positions of the linking moiety are
designated based on the corresponding position in the native
C chain of IGF 1 (SEQ ID NO: 17).

[0183] In accordance with one embodiment a single chain
insulin agonist polypeptide is provided comprising a B chain
and A chain of human insulin, or analogs or derivative
thereof, wherein the last five carboxy amino acids of the
native B chain are deleted (i.e., B26-B30), and amino acid
B25 is linked to amino acid Al of the A chain via an
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intervening linking moiety. In one embodiment the linking
moiety has the general structure:

Y,—Z
[0184] wherein
[0185] Y, is selected from the group consisting of a bond,

Xuer Xa6Xaz XuX a7 Xag Xg6X 47X 45X o (SEQ ID NO: 24)
and X, X4, X,5X46Xs0 (SEQ ID NO: 13) wherein each of
Xue Xu7n Xy Xuo and X, represent any amino acid or
amino acid analog or derivative thereof; and

[0186] Z represents an amino acid sequence at least 8
amino acids and no more than 16 amino acid in length and
comprising the sequence Xs; X5, X3 X, X5sXsRR (SEQ ID
NO: 10), wherein

[0187] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine; and

[0188] X, through X, are each independently any amino
acid or amino acid analog or derivative thereof. In one
embodiment X5, is any amino acid other than tyrosine. In a
further embodiment X5, is any non-aromatic amino acid,
and in one embodiment X, is alanine, valine, leucine,
isoleucine or proline. In a further embodiment X, is
selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine and
methionine; X, is any amino acid other than tyrosine; and
X3, Xs4, X55 and X, are independently selected from the
group consisting of glycine, alanine, serine, threonine and
proline. In one further embodiment, X, is selected from the
group consisting of glycine, alanine, valine, leucine, isoleu-
cine, proline, phenylalanine and methionine; X, is selected
from the group consisting of glycine, alanine, valine, leu-
cine, isoleucine, serine, threonine and proline; X, is other
than glycine; Xs,, and X, are independently selected from
the group consisting of glycine, alanine, serine, threonine
and proline and X, is serine.

[0189] In another embodiment the linking moiety com-
prises the general structure:

Y, -W

[0190] wherein

[0191] Y, is selected from the group consisting of a bond,
Xae XaoXar, XaeXarXas, and X 46X 47X 45X 49 (SEQ ID NO:
24) wherein each of X, X,,, X,5, and X, represent any
amino acid or amino acid analog or derivative thereof, with
the proviso that Y, is not YTPKT (SEQ ID NO: 16) or
FNKPT (SEQ ID NO: 76); and W represents a polyethylene
glycol of 2-16 monomer units.

[0192] In one embodiment a single chain insulin analog is
provided comprising an A chain and a C-terminally trun-
cated B chain, having amino acids B26-B30 (relative to the
native insulin sequence) removed, wherein said A chain and
B chain are human insulin sequences, or analogs or deriva-
tives thereof, further wherein the carboxy terminus of the
B25 amino acid of the B chain is directly linked to a first end
of a linking moiety and a second end of the linking moiety
is directly linked to the amino terminus of the A1 amino acid
of the A chain, further wherein, in one embodiment, the
linking moiety does not comprise the sequence YTPKT
(SEQ ID NO: 16) or FNKPT (SEQ ID NO: 76). In one
embodiment the C-terminally truncated B chain comprises
an analog of a peptide representing amino acids 5-25 of SEQ
ID NO: 2, wherein said analog differs from the correspond-
ing amino acids 5-25 of SEQ ID NO: 2 by 1, 1 to 2,3 to 4,
4 to 6 or up to 8 amino acid substitutions at amino acid
positions selected from 5, 9, 10, 13, 14,21, 22 and 25. In one
embodiment the C-terminally truncated B chain comprises
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an analog of a peptide representing amino acids 1-25 of SEQ
ID NO: 2, wherein said analog differs from the correspond-
ing amino acids 1-25 of SEQ ID NO: 2 by 1, 1 to 2,3 to 4,
410 6, 4 to 8 or up to 10 amino acid substitutions at amino
acid positions selected from 2, 3, 4, 5, 9, 10, 13, 14, 21, 22
and 25. In one embodiment the C-terminally truncated B
chain comprises a peptide having at least 70%, 75%, 80%,
90% or 95% sequence identity with the corresponding
amino acids 5-25 of SEQ ID NO: 2. In one embodiment the
A chain is an analog of SEQ ID NO: 1 wherein the analog
differs from SEQ IDNO: 1 by 1, 1 to 2,3 to 4, 4 to 8 or up
to 10 amino acid substitutions at amino acid positions
selected from 4, 5, 8, 9, 10, 12, 14, 15, 18 and 21. In one
embodiment the A chain comprises a peptide having at least
70%, 75%, 80%, 90% or 95% sequence identity with SEQ
ID NO: 1.

[0193] In one embodiment the linking moiety comprising
[0194] a) a polyethylene glycol of 6-16 monomer units;
[0195] b) a non-native amino acid sequence of at least

8 amino acids and no more than 17 amino acid in length
and comprising the sequence GYGSSSX,,R (SEQ ID
NO: 51) or Xs5,X5,X53X54X55X56X57Xs5 (SEQ ID
NO: 9), or a peptidomimetic thereof; or
[0196] c) a combination of said polyethylene glycol and
anon-native amino acid sequence of 1 to 4 amino acids;
[0197] wherein
[0198] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0199] X, is any amino acid other than tyrosine;

[0200] X, through X, are each independently any amino
acid; and

[0201] X, and X, are independently arginine, lysine or
ornithine.

[0202] In one embodiment a single chain insulin agonist

analog is provided comprising the general structure B-LM-A
wherein B represents an insulin B chain comprising the
sequence X,sLCGX,0X 50 LVX X LYIVCGDX,,GFX 5
(SEQ ID NO: 58), A represents an insulin A chain compris-
ing the sequence
GIVX XCCX XX o CX LXK sLX XX 0CX51-Ry 5
(SEQ ID NO: 22), and LM represents a peptide linking
moiety linking the carboxy terminus of the B chain to the
amino terminus of the A chain. In one embodiment the
linking moiety comprises an amino acid sequence of no
more than 17 amino acid in length and comprising the
sequence XX, X53X5,X55X56X5,Xs5 (SEQ ID NO: 9),
wherein

[0203] X, is glutamic acid or aspartic acid;

[0204] X is glutamine or glutamic acid

[0205] X, is histidine, threonine or phenylalanine;
[0206] X, is serine, arginine, lysine, ornithine or alanine;
[0207] X, is isoleucine or serine;

[0208] X, is serine or aspartic acid

[0209] X,, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0210] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0211] X, is glutamine, glutamic acid, arginine, aspartic
acid or lysine, ornithine

[0212] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0213] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

Nov. 24, 2016

[0214] X, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0215] X, is selected from the group consisting of histi-
dine and threonine;

[0216] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0217] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0218] X, is selected from the group consisting of aspar-
tic acid and glutamic acid;

[0219] X,, is selected from the group consisting of alanine
and threonine;
[0220] X,, is selected from the group consisting of ala-

nine, ornithine and arginine;

[0221] X, is selected from the group consisting of tyro-
sine, histidine, asparagine and phenylalanine;

[0222] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0223] X, is any amino acid other than tyrosine;

[0224] X, through X, are each independently any amino
acid; and

[0225] X, and X, are independently arginine, lysine,

cysteine, homocysteine, acetyl-phenylalanine or ornithine.
In one embodiment the single chain analog further com-
prises a hydrophilic moiety covalently linked to the side
chain of an amino acid of the linking moiety or at 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 A15 of the A chain or positions
B1, B2, B10, B22, B28 or B29 of the B chain. In one
embodiment the hydrophilic moiety (e.g., PEG) is linked to
the N-terminal alpha amine of the B chain. In one embodi-
ment one to five amino acids corresponding to B26-B30 are
removed from the B chain carboxy terminus and the remain-
ing carboxy terminal amino acid is linked directly to the
amino terminus of the linking moiety. In one embodiment
the B chain comprises the sequence
X,sLCGX 56X 5 LVX 53X, LYLVCGDX ,,GFX,5s (SEQ ID
NO: 58), the linking moiety comprises the sequence (Y,),-
51X 52X 53X 54X 55X 56X 57X 55(Y2), (SEQ ID NO: 9), and

the A chain comprises the sequence
GIVX,ECCX X SCDLX, X, sLEX :X;,CX,,-R;; (SEQ
1D NO: 19).

[0226] The Linking Moiety

[0227] Peptide Linkers

[0228] 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 pegy-
lated. In one further embodiment the linking moiety is a
peptide that differs from SEQ ID NO: 17 by a single lysine
substitution. In one specific embodiment the substitution is
made at position 8 of SEQ ID NO: 17. Applicants have
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
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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., 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.

[0229] 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: 36) by 1to 3
amino acid substitutions, or 1 to 2 amino acid substitutions.
In one embodiment at least one of the amino acid substitu-
tions is a lysine or cysteine substitution, and in one embodi-
ment 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: 36) 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: 36). In one embodiment the linking moiety com-
prises the sequence GAGSSSRX APQT (SEQ ID NO:
167), GYGSSSX;, X5 APQT (SEQ ID NO: 37), or an amino
acid that differs from SEQ ID NO: 167 by a single amino
acid substitution, wherein X, is arginine and X.; is argi-
nine, 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
GX;5,GSSSRX;APQT (SEQ ID NO: 38), wherein Xs, is
any non-aromatic amino acid, including for example, ala-
nine, valine, leucine, isoleucine or proline, and X, repre-
sents an amino acid that has a polyethylene chain covalently
linked to its side chain. In one embodiment X, is a pegy-
lated lysine. In one embodiment the linking moiety com-
prises the sequence GYGSSSRX,, (SEQ ID NO: 45) or
GAGSSSRX;APQT (SEQ ID NO: 167), wherein X4 rep-
resents an amino acid that has a polyethylene chain cova-
lently linked to its side chain.

[0230] 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
analogs or derivatives thereof) wherein the peptide linking
moiety comprises two or more adjacent basic amino acid
residues. In accordance with one embodiment the linking
moiety is an 8 to 17 non-native amino acid sequence
comprising the sequence X, Xs,X53X 5, X55X56X5,X55
(SEQ ID NO: 9), wherein Xy, X5, Xs3, Xs4, Xs55 and Xs¢
are independently any amino acid or amino acid analog or
derivative thereof, and X5, and X, are basic amino acids. In
accordance with one embodiment the linking moiety is an 8
to 12 non-native amino acid sequence comprising the
sequence X, AX X, X5 XX 5, X 55 (SEQ ID NO: 70) that
joins a full length B chain to a full length A chain, wherein
X515 Xs3, Xsus Xs5 and X4 are independently any amino
acid or amino acid analog or derivative thereof, and X, and
Xsg are basic amino acids. In one embodiment one of X,
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and X, represents a pegylated lysine reside. In a further
embodiment X, and X, are independently selected from
the group consisting of arginine, lysine and ornithine.
[0231] In one embodiment the linking moiety is a peptide
or peptidomimetic of 8-12, 8-10, 13-17 or 13-15 amino acids
and comprising the sequence X, Xs,Xs53X5,X55X56X5,R
(SEQ ID NO: 25), wherein X5, X5,, X535, X5, and X5 are
independently any amino acid or amino acid analog or
derivative thereof and X, is arginine, lysine or ornithine. In
one embodiment Xy, is selected from the group consisting of
glycine, alanine, valine, leucine, isoleucine, proline, phenyl-
alanine and methionine and X5, is any amino acid other than
tyrosine. In one embodiment X, is a non-aromatic amino
acid and in one specific embodiment X, is alanine or
proline. In one embodiment the linking moiety is pegylated
at the side chain of an amino acid, and in a further embodi-
ment the amino acid at position 8 of the linking moiety is
pegylated.

[0232] In another embodiment the linking moiety is a
peptide or peptidomimetic of 8-12, 8-10, 13-17 or 13-15
amino  acids and  comprising the  sequence
X51X55X5:X54X5sSRR (SEQ ID NO: 26), wherein X,
X5, Xs3, X5, and X5 are independently any amino acid or
amino acid analog or derivative thereof. In accordance with
one embodiment

[0233] Xj, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0234] X, is any amino acid other than tyrosine;

[0235] X, Xs,, X5 and X, are independently selected
from the group consisting of glycine, alanine, serine, threo-
nine and proline. In one embodiment, X5, and Xs, are
independently selected from the group consisting of glycine,
alanine, valine, leucine, isoleucine, and proline.

[0236] In one embodiment the linking moiety is a non-
native polypeptide of 8 to 17 amino acids in length and
comprising the sequence X, X5, X5, X, X5sX5RR (SEQ ID
NO: 10), wherein X, is a non-aromatic amino acid, includ-
ing for example alanine. In one embodiment the linking
moiety is 8 to 17 amino acids in length and comprises the
sequence X5, Xs,GSSSRR (SEQ ID NO: 27) wherein X, is
selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline and methionine, and X,
is a non-aromatic amino acid, including for example alanine.
In one embodiment the linking moiety is 8 to 17 amino acids
in length and comprises a sequence that differs from
X5, X5,GSSSRR (SEQ ID NO: 27) by a single amino acid
substitution wherein the amino acid substitution is an amino
acid that is pegylated at its side chain, further wherein X5,
is selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline and methionine, and X,
is a non-aromatic amino acid, including for example alanine.
[0237] Inone embodiment the linking moiety is an 8 to 17
amino acid sequence comprising the sequence
X5, AX 53X 5. X 55X 56X s, R (SEQ ID NO: 28) or a peptido-
mimetic thereof, wherein X5, X553, Xs., Xs5, Xs6, and X,
are independently any amino acid or amino acid analog or
derivative thereof. In one embodiment X, is selected from
the group consisting of glycine, alanine, valine, leucine,
isoleucine, proline, phenylalanine and methionine; and X,
X545 X55 and X are independently selected from the group
consisting of glycine, alanine, serine, threonine and proline,
and X5, is a basic amino acid, including for example,
arginine, lysine or ornithine. In one embodiment the linking
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moiety is an 8 to 17 amino acid sequence comprising the
sequence X5, X5,GSSSX X5 (SEQ ID NO: 29) or
X5:1X5,GSSSX 5, X5 APQT (SEQ ID NO: 46) wherein Xy,
is selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine and
methionine, X, is a non-aromatic amino acid and X, and
X,g are independently selected from the group consisting of
arginine, lysine and ornithine. In one embodiment the link-
ing moiety further comprises a polyethylene glycol chain
linked to the side chain of an amino acid of the linking
moiety, including for example, the amino acid at position 8
of the linking moiety. In a further embodiment the linking
moiety is an 8 to 17 amino acid sequence comprising the
sequence X, X5,GSSSRR (SEQ ID NO: 27), a peptidomi-
metic of SEQ ID NO: 27, or an amino acid sequence that
differs from SEQ ID NO: 27 by a single amino acid at one
of positions 3-8 of SEQ ID NO: 27, wherein X5, is selected
from the group consisting of glycine, alanine, valine, leu-
cine, isoleucine, proline and methionine, and X5, is any
amino acid, with the proviso that when the linking peptide
is longer than 8 amino acids X5, is other than tyrosine. In
one embodiment the linking moiety is an 8 to 17 amino acid
sequence consisting of the sequence X, X ,GSSSRR (SEQ
ID NO: 27), a peptidomimetic of SEQ ID NO: 27, or an
amino acid sequence that differs from SEQ ID NO: 27 by 1,
2, or 3 amino acid substitutions at one of positions 3-8 of
SEQ ID NO: 27, wherein Xy, is selected from the group
consisting of glycine, alanine, valine, leucine, isoleucine,
proline and methionine, and X5, is any amino acid. In one
embodiment the linking moiety is a peptide of eight amino
acids in length and comprises the sequence GYGSSSRR
(SEQ ID NO: 18), or an amino acid sequence that differs
from SEQ ID NO: 18 by a single amino acid substitution, or
a derivative thereof.

[0238] In one embodiment the linking moiety is at least 8
but no more than 17 amino acids in length and comprises the
sequence (Y),-Xs; X5, X 53X 5, X 55X 56X 57X 55(Y) (SEQ ID
NO: 9), wherein

[0239] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine and proline;
[0240] X, is alanine, valine, leucine, isoleucine or pro-
line; and

[0241] X, through X, are each independently any amino
acid; and

[0242] X, and X, are independently arginine, lysine,
cysteine, homocysteine, acetyl-phenylalanine or ornithine;

[0243] kisOor1;
[0244] Y, is selected from the group X, X,6X47s
X6XurXagy XaeXarXssXse (SEQ ID NO: 24) and

X46X47X45X49Xs0 (SEQ ID NO: 13);

[0245] Y, is selected from the group X,, X,X,,
XX, X5, and X, X, X, X, (SEQ ID NO: 15);

[0246] X, through X, and X, through X,; are each
independently any amino acid. In one embodiment the
linking peptide is pegylated. In one embodiment k is 0, and
Y, is XX, X,,X5;5 (SEQ ID NO: 15). In an alternative
embodiment kis 1 and Y, is X, X, X,,X,; (SEQ ID NO:
15). In one embodiment

[0247] X, is phenylalanine or tyrosine;
[0248] X, is asparagine or threonine;
[0249] X,. is an aspartate-lysine dipeptide, an arginine-

proline dipeptide, a lysine-proline dipeptide, or a proline-
lysine dipeptide; and
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[0250] X, is threonine. In one embodiment X, is alanine,
X, is proline, X, is glutamine and

[0251] X5 is threonine. In one embodiment k is 0, and Y,
is APQT (SEQ ID NO: 82). In one embodiment, Y, is
selected from the group consisting of F, Y, FN, YT, FD, FE,
YD, and YE. In one embodiment when the insulin B chain
is not native insulin (SEQ ID NO: 2) or native IGF-1 (SEQ
ID NO: 6),Y, is FNKPT (SEQ ID NO: 76) or FNPKT SEQ
ID NO: 81).

[0252] In one embodiment the linking moiety is a 12
amino acid sequence consisting of the sequence
X5, AGSSSRRAPQT (SEQ ID NO: 30), or an amino acid
sequence that differs from SEQ ID NO: 30 by a one to three
amino acid substitutions at positions selected from positions
3-12 of SEQ ID NO: 30, wherein X, is selected from the
group consisting of glycine, alanine, valine, leucine, isoleu-
cine, proline and methionine, or a peptidomimetic of SEQ
ID NO: 30. In one embodiment the linking moiety is a 12
amino acid sequence consisting of the sequence
X5, AGSSSRRAPQT (SEQ ID NO: 30), or an amino acid
sequence that differs from SEQ ID NO: 30 by a single lysine
or cysteine amino acid substitution at a position selected
from positions 3-10 of SEQ ID NO: 30, wherein X, is
selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline and methionine, or a
peptidomimetic of SEQ ID NO: 30. In one embodiment the
lysine or cysteine amino acid substitution is a pegylated
lysine or cysteine amino acid.

[0253] In another embodiment, the linking moiety is an 8
to 17 amino acid sequence comprising the sequence
GX,,GSSSRR (SEQ ID NO: 31), wherein X, is any amino
acid, a peptidomimetic of SEQ ID NO: 31, or an analog
thereof that differs from SEQ ID NO: 31 by a single amino
acid substitution at any of positions 1, 3, 4, 5, 6, 7 or 8 of
SEQ ID NO: 31, with the proviso that when the linking
peptide is longer than 8 amino acids 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: 32), GAGSSSRRA (SEQ ID
NO: 33), GAGSSSRRAP (SEQ ID NO: 34), GAGSSSR-
RAPQ (SEQ ID NO: 35), GAGSSSRRAPQT (SEQ ID NO:
36), PYGSSSRR (SEQ ID NO: 39), PAGSSSRR (SEQ ID
NO: 40), PAGSSSRRA (SEQ ID NO: 41), PAGSSSRRAP
(SEQ ID NO: 42), PAGSSSRRAPQ (SEQ ID NO: 43),
PAGSSSRRAPQT (SEQ ID NO: 44). 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: 32), GAGSSSRRA (SEQ
ID NO: 33), GAGSSSRRAP (SEQ ID NO: 34), GAGSSS-
RRAPQ (SEQ ID NO: 35), GAGSSSRRAPQT (SEQ ID
NO: 36), PYGSSSRR (SEQ ID NO: 39), PAGSSSRR (SEQ
ID NO: 40), PAGSSSRRA (SEQ ID NO: 41), PAGSSSR-
RAP (SEQ ID NO: 42), PAGSSSRRAPQ (SEQ ID NO: 43),
PAGSSSRRAPQT (SEQ ID NO: 44) by a single pegylated
amino acid including for example a pegylated lysine or
pegylated cysteine amino acid substitution. In one embodi-
ment the pegylated amino acid is at position 8 of the linking
moiety

[0254] Non-Peptide Linkers

[0255] In one embodiment the linking moiety is a rela-
tively 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
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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
Al of the A chain thus linking the B and A chain via the
linking moiety. In one embodiment the linking moiety is a
linear polyethylene glycol linking moiety comprising at least
10 but no more than 16 monomer units and in another
embodiment the polyethylene glycol linking moiety com-
prises 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.

[0256] In accordance with one embodiment the polyeth-
ylene glycol linking moiety comprises the structure:

hagaud

[0257] wherein m is an integer ranging from 6 to 18, 8 to
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.

[0258] 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 compris-
ing 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 link-
ing moiety comprises a 1-4 amino acid sequence and a linear
polyethylene glycol of at least 8 but less than 14 monomer
units in length covalently bound to said 1-4 amino acid
sequence, with the proviso that the amino acid sequence is
not YTPK (SEQ ID NO: 78) or FNKP (SEQ ID NO: 77). In
another embodiment a single chain insulin agonist is pro-
vided wherein the last five carboxy amino acids of the native
B chain are deleted, and amino acid B25 is linked to amino
acid Al of the A chain via a linking moiety comprising a
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 FNKPT (SEQ ID NO: 76).

[0259] In one embodiment the linking moiety comprises
the general structure: W,-Z,—Y,

[0260] wherein
[0261] W, and Y, are independently a bond, X 4, X,6X,7,
XX arXagy XusXirXaeXae (SEQ ID NO: 24) or

X46X 47X 45X 40X 50 (SEQ ID NO: 13), with the proviso that
W, is not YTPK (SEQ ID NO: 78) or FNKP (SEQ ID NO:
77) and Z, represents a polyethylene glycol of the general
structure
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[0262] wherein m is an integer ranging from 6-14, and
each of X4, X,,, X45, X4o and X5, are independently any
amino acid. In one embodiment X ,¢, X, X,5, X4o and X,
are independently any non-native amino acid relative to
positions B26-B30 of insulin or IGF-1. In one embodiment
X Xamr Xag» Xuo and X, are independently selected from
the group consisting of glycine, alanine, valine, leucine,
isoleucine, serine, threonine and proline, and in a further
embodiment X ¢, X,,, X,5, X4 and X, are independently
selected from the group consisting of glycine, alanine,
valine, leucine and isoleucine. In one embodiment, W, is a
bond and Y is X, ¢, X46X 47 0 X,46X 4, X 45 (SEQ ID NO: 24)
wherein X,,, X,, and X,; are each alanine and Z is a
polyethylene glycol of 4-14 monomer units. In one embodi-
ment, Y, is a bond and W, is X4, X, X7 or X,6X X4
(SEQ ID NO: 24) wherein X ¢, X,, and X ;5 are each alanine
and Z is a polyethylene glycol of 4-14 monomer units.
[0263] In one embodiment the linking moiety comprises
two polyethylene chains separated by 1, 2, 3 or 4 amino
acids. In this embodiment the linking moiety comprises the
general structure: W,-7Z,—Y,

[0264] wherein

[0265] W, andY, are independently a polyethylene glycol
of the general structure
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and Z, is a bond, X, 5, X,sX,7, or X,6X,,X,s, Wherein m is
an integer ranging from 3-7 and each of X4, X,,, and X4
are independently any amino acid. In one embodiment Z, is
X6 0r X 46X, and in a further embodiment X, and X, are
independently Lys or Cys. In one embodiment Z, comprises
a pegylated Lys or Cys amino acid. In one embodiment the
linking moiety comprises a two polyethylene chains repre-
senting a total of 8-12 or 10-14 or 12 monomeric units of
ethylene glycol separated by a single amino acid. In one
embodiment the single amino acid is lysine or cysteine. In
one embodiment Z, is a pegylated lysine.
[0266] In one embodiment a single chain insulin analog is
provided comprising an A chain and a C-terminally trun-
cated B chain, having amino acids B26-B30 (relative to the
native insulin sequence) removed, wherein said A chain and
B chain are human insulin sequences, or analogs or deriva-
tives thereof, further wherein the carboxy terminus of the
B25 amino acid of the B chain is directly linked to a first end
of a linking moiety and a second end of the linking moiety
is directly linked to the amino terminus of the A1 amino acid
of the A chain. In one embodiment the truncated B chain
comprises the sequence of SEQ ID NO: 21 wherein the B25
amino acid is directly linked to the N terminus of the linking
peptide. In this embodiment the linking moiety comprises
either

[0267] a) a polyethylene glycol of 6-16 monomer units;

[0268] D) a non-native amino acid sequence of at least
8 amino acids and no more than 17 amino acid in length
and comprising the sequence Y -
X5, AX 53X 5.X55X55X5,R(Y), (SEQ ID NO: 28), (Y,)
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%51 AKX 53X 5.X55X5sRR(Y ), (SEQ ID NO: 23), (Y,)
~GYGSSSX.,X.+(Y,), (SEQ ID NO: 85), (Y,)
GAGSSSX,,Xsx(Y,), (SEQ ID NO: 163), (Y,)
GYGSSSX.,R (SEQ ID NO: 51) or (Y,)-
X, X5,GSSSX X s5-(Y), (SEQ ID NO: 29); or

[0269] c¢) a combination of said polyethylene glycol and
anon-native amino acid sequence of 1 to 4 amino acids;
[0270] wherein
[0271] nisOor1;
[0272] kisOor1;
[0273] Y, is selected from the group X,q, X,46X47; and
[0274] Y, is selected from the group X.,, XX,

X,0X5,X4, and XX, X,X5 (SEQ ID NO: 15);

[0275] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0276] X, is alanine, valine, leucine, isoleucine or pro-
line;
[0277] X, and X, are independently arginine, lysine,

cysteine, homocysteine, acetyl-phenylalanine or ornithine;
and

[0278] X,, is phenylalanine or tyrosine;

[0279] X,, is asparagine, glutamic acid, aspartic acid or
threonine;

[0280] X,,-X,, are independently any amino acid, with

the proviso that when k is 0, the linking peptide does not
comprise the sequence YTPKT (SEQ ID NO: 16) or FNKPT
(SEQ ID NO: 76). In one embodiment one of X5, and Xq
is linked to a hydrophilic moiety or is acylated. In one
embodiment one of X, and X, is pegylated. In one
embodiment the linking moiety comprises the sequence
(Y )X, AX: X5, X5 X5 RR(Y ), (SEQ ID NO: 23) or
(Y )-GYGSSSX,5,R (SEQ ID NO: 51) wherein

[0281] kisOor1;
[0282] nisOor1;
[0283] X, is selected from the group consisting of gly-

cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;
[0284] X, through X, are each independently any amino
acid;
[0285] X, is lysine, ornithine or arginine;
[0286] Y, is selected from the group X, 4, X,6X4,, and
X46X47X48

[0287] wherein

[0288] X, is phenylalanine or tyrosine;

[0289] X, is asparagine, glutamic acid, aspartic acid or

threonine;
[0290] X, is aspartic acid, arginine, lysine or proline;
and

[0291] Y, is selected from the group consisting of A, AP,
APQ and APQT (SEQ ID NO: 82). In one embodiment the
A chain is an amino acid sequence derivative of a sequence
selected from the group consisting of GIVEQCCTSICSLY-
QLENYCN (SEQ ID NO: 1), GIVDECCFRSCDLRRLE-
MYCA (SEQ ID NO: 5) or GIVEECCFRSCDLALLE-
TYCA (SEQ ID NO: 7) and the B chain comprises the
sequence FVNQHLCGSHLVEALYLVCGERGFFYTPKT
(SEQ 1D NO: 2), or
GPETLCGX,ELVDX, . LYLVCGDX,,GFYFNKPT-R, ,
(SEQ ID NO: 197), wherein X,, and X,, are each alanine
and X, is arginine, or a carboxy shortened sequence thereof
having one to five amino acids corresponding to B26, B27,
B28, B29 and B30 deleted
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[0292] Insulin A and B Chains

[0293] The single chain insulin agonists of the present
invention 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
that 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 substi-
tutions, and/or one or more amino acid insertions that do not
destroy the insulin activity of the insulin analog.

[0294] One type of insulin analog, “monomeric insulin
analog,” is well known in the art. These are fast-acting
analogs of human insulin, including, for example, insulin
analogs wherein:

[0295] (a) the amino acyl 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;

[0296] (b) the amino acyl residues at any of positions B27,
B28, B29, and B30 are deleted or substituted with a non-
native 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 monomeric insulin analogs are
disclosed in Chance, et al., U.S. Pat. No. 5,514,646; Chance,
etal., 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). These disclosures are expressly incorpo-
rated herein by reference for describing monomeric insulin
analogs.

[0297] 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, Gln(A15) or GIn(B4),
or both, may be replaced by either Asp or Glu.

[0298] As disclosed herein single chain insulin agonists
are provided comprising a B chain and A chain of human
insulin, or analogs or derivative thereof, wherein the car-
boxy 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 (SEQ ID NO: 7) and
the B chain comprises the sequence FVNQHLCG-
SHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 2),
GPETLCGX,,ELVDX, LYLVCGDX,,GFYFNKPT-R, ,
(SEQ ID NO: 197), wherein X,, and X,, are each alanine
and X, is arginine, 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 A5, A8, A9, A10, Al4, A15, Al17, Al18, A2l,
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
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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.

[0299] In accordance with one embodiment the single
chain insulin analog peptides may comprise an insulin A
chain and an insulin B chain or analogs thereof, wherein the
A chain comprises an amino acid sequence that shares at
least 70% sequence identity (e.g., 70%, 75%, 80%, 85%,
90%, 95%) over the length of the native peptide, with at least
one of GIVEQCCTSICSLYQLENYCN (SEQ ID NO: 1),
GIVDECCFRSCDLRRLEMYCA (SEQ ID NO: 5) or
GIVEECCFRSCDLALLETYCA (SEQ ID NO: 7) and the B
chain comprises an amino acid sequence that shares at least
60% sequence identity (e.g., 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%) over the length of the native peptide, with
at least one of the sequence FVNQHLCGSHLVEALYL.-
VCGERGFFYTPKT (SEQ 1D NO: 2),
GPETLCGX,ELVDX, . LYLVCGDX,,GFYFNKPT-R, ,
(SEQ ID NO: 197), wherein X,, and X,, are each alanine
and X, is arginine, or a carboxy shortened sequence thereof
having one to four amino acids corresponding to B27, B28,
B29 and B30 deleted.

[0300] Additional amino acid sequences can be added to
the amino terminus of the B chain or to the carboxy terminus
of the A chain of the single chain insulin agonists of the
present invention. For example, a series of negatively
charged amino acids can be added to the amino terminus of
the B chain, including for example a peptide of 1 to 12, 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 single chain
insulin analog comprises a B chain amino terminal extension
that comprises the sequence X, X, X X3 X4 Xs5K (SEQ
ID NO: 47), wherein X, is selected from the group con-
sisting of glycine, glutamic acid and aspartic acid, and X,
Xea2s X63X6s and X5 are independently glutamic acid or
aspartic acid. In one embodiment the B chain amino terminal
extension comprises the sequence GXg X ,Xq3X64XssK
(SEQ ID NO: 48) or X4, X5:X63X64X6sRK (SEQ ID NO:
49), wherein X, X,,, X453 Xg4 and X, are independently
glutamic acid or aspartic acid. In one embodiment the B
chain comprises the sequence
GEEEEEKGPEHLCGAHLVDALYLVCGDX,,GFY (SEQ
ID NO: 50), wherein X,, is selected from the group con-
sisting of alanine lysine, ornithine and arginine. In accor-
dance with one embodiment the single chain insulin analogs
disclosed comprise a C-terminal amide or ester in place of
a C-terminal carboxylate on the A chain.

[0301] High potency single chain insulin analogs can also
be prepared based on modified IGF I and IGF 1I sequences,
as described in International application PCT/2009/068713,
the disclosure of which is expressly incorporated herein by
reference. 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. Accordingly, the single chain
insulin analogs disclosed herein may include an A chain of
IGF I (SEQ ID NO: 5) or IGF 1I (SEQ ID NO: 7) and a B
chain of IGF I (SEQ ID NO: 6) or IGF II (SEQ ID NO: 8)
or the B chain of native insulin (SEQ ID NO: 2). In addition,
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the single chain insulin analogs disclosed herein may
include a native insulin A chain, or analog thereof, and a B
chain of IGF I (SEQ ID NO: 6) or IGF II (SEQ ID NO: 8),
as well as analogs of said B chains. In one embodiment the
single chain insulin analog comprises an IGF I (SEQ ID NO:
5) A chain, or analog or derivative thereof and a B chain of
IGF I (SEQ ID NO: 6), IGF II (SEQ ID NO: 8) or native
insulin (SEQ ID NO: 2), or analogs or derivatives thereof.
[0302] Additional modifications to the single chain IGF or
insulin A and B chains include, for example, modification of
the amino acids at one or more of positions A19, B16 or B25
(relative to the native insulin A and B chains) to a 4-amino
phenylalanine or one or more amino acid substitutions at
positions selected from AS, A8, A9, A10, Al4, A15, Al17,
Al8, A21, Bl, B2, B3, B4, B3, B9, B10, B13, B14, B20,
B21, B22, B23, B26, B27, B28, B29 and B30 (relative to the
native A and B chains of insulin) or deletions of any or all
of positions B1-4 and B26-30. In one embodiment the
substitutions at positions selected from AS, A8, A9, Al0,
Al4, Al15, A17, A18, A21, B1, B2, B3, B4, BS, B9, B10,
B13, B14, B20, B21, B22, B23, B26, B27, B28, B29 and
B30 are conservative amino acid substitutions relative to the
native insulin sequence.

[0303] In accordance with one embodiment the B chain
comprises the sequence R,,-
X,sLCGX 56X 5 LVX 3 X, LYLVCGX,, X, ,GFX,5(SEQ ID
NO: 21), and the A chain comprises the sequence
GIVX XCCX XX oCX LXK s LXK 5X16CX51-Ry5
(SEQ ID NO: 22), wherein

[0304] X, is glutamic acid or aspartic acid;

[0305] X is glutamine or glutamic acid

[0306] X, is histidine, threonine or phenylalanine;
[0307] X, is serine, arginine, lysine, ornithine or alanine;
[0308] X, is isoleucine or serine;

[0309] X, is serine or aspartic acid

[0310] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0311] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0312] X,, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0313] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0314] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0315] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0316] X, is histidine or threonine;

[0317] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0318] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0319] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0320] X,,is selected from the group consisting of alanine
and threonine;
[0321] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;

[0322] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0323] X, is tyrosine or phenylalanine;
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[0324] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine; and

[0325] R,; is COOH or CONH,. In one embodiment X,
X,s and X, are each histidine. In a further embodiment the
single chain insulin analog peptide comprises an analog of
the A chain peptide sequence of SEQ ID NO: 19 and/or a B
chain peptide sequence of SEQ ID NO: 20 wherein the
analog of the A chain and B chain each comprise 1-3 further
amino acid substitutions.

[0326] In one embodiment a single chain insulin analog is
provided that comprises the structure: IB-LM-IA, wherein
1B comprises the sequence R,,-
X,sLCGX 56X 5 LVX 3 X, LYLVCGX,, X, GFX,s  (SEQ
ID NO: 21), LM is a linking moiety as disclosed herein that
covalently links IB to IA, and IA comprises the sequence
GIVX X CCX X X (CX LK X 50X 5 X 65X 00X R 5
(SEQ ID NO: 22), wherein

[0327] X, is glutamic acid or aspartic acid;

[0328] X is glutamine or glutamic acid;

[0329] X, is histidine or phenylalanine;

[0330] X, and X, are independently selected from argi-

nine, lysine, ornithine or alanine;

[0331] X, is isoleucine or serine;

[0332] X,, is serine or aspartic acid;

[0333] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0334] X, is arginine, lysine, ornithine or leucine;
[0335] X, is glutamic acid or glutamine;

[0336] X,g is methionine, asparagine or threonine;

[0337] X,, is tyrosine,
4-amino phenylalanine;
[0338] X,, is alanine, glycine or asparagine;

[0339] X, is selected from the group consisting of histi-
dine and threonine;

[0340] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0341] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0342] X, is selected from the group consisting of aspar-
tic acid and glutamic acid;

4-methoxy-phenylalanine or

[0343] X, is selected from the group consisting of alanine
and threonine;
[0344] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;

[0345] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0346] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine; and

[0347] R,; is COOH or CONH,, further wherein the
amino acid at the designation X5 is directly bound to the
linking moiety, LM (i.e., the designation IB-LM-IA as used
herein is intended to represent that the B chain carboxyl
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terminus and the amino terminus of the A chain are directly
linked to the linking moiety LM without any further inter-
vening amino acids).

[0348] In accordance with one embodiment the linking
moiety LM is selected from the group consisting of (Y,),-
X5, AX5:X5.X55X56X5,R(Y2), (SEQ ID NO: 28), (Y,);.
(Y )-GX5,GSSSX,R-(Y,), (SEQ ID NO: 90), (Y)),-
GYGSSSX,R(Y,), (SEQ ID NO: 51) and

e

[0349] wherein
[0350] Y, is selected from the group X, X, cX4-,
XaeXarXsg, XusXa7X4sX4o (SEQ ID NO: 24) and

X 46X 47X 48X 40X 50 (SEQ ID NO: 13); and
[0351] Y, is selected from the group X.,, XX,
X70X71X75 and X;0X;,X7,X 73 (SEQ ID NO: 15);

[0352] nisOorl1;

[0353] kisOorl1;

[0354] m is an integer selected from 8 to 16;

[0355] X, through X, and X, through X, are each

independently any amino acid;

[0356] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0357] X, is any amino acid other than tyrosine; and

[0358] X, Xs,, Xs55 and X, are independently selected
from the group consisting of glycine, alanine, serine, threo-
nine and proline and

[0359] X, is arginine, lysine or ornithine. In accordance
with one embodiment at least one of n or k is 1. In one
embodiment Y, is selected from the group consisting of A,
AP, APQ and APQT (SEQ ID NO: 82) and Y, is selected
from the group consisting of F, Y, FN, YT, FNK, YTP, FNKP
(SEQID NO: 77), FNPK (SEQ ID NO: 79), YTPK (SEQ ID
NO: 78), YTPKT (SEQ ID NO: 16), YTKPT (SEQ ID NO:
80), FNKPT (SEQ ID NO: 76) and FNPKT (SEQ ID NO:
81). In one embodiment the linking moiety comprises a
sequence selected from X 3 AX X, X XsXs,R(Y,),
(SEQ ID NO: 28), (Y,),-GYGSSSX;,R(Y,), (SEQ ID NO:
51) and (Y,),-GX5,GSSSX5,R(Y,), (SEQ ID NO: 90),
wherein X, is selected from the group consisting of glycine,
alanine, valine, leucine, isoleucine, proline, phenylalanine
and methionine, X, is selected from the group consisting of
glycine, alanine, valine, leucine, isoleucine, serine, threo-
nine and proline, X is other than glycine, X,,, and X, are
independently selected from the group consisting of glycine,
alanine, serine, threonine and proline, X is serine and X,
is arginine, lysine or ornithine. In one embodiment nis 1 and
k is 0, alternatively in one embodiment k is 1 and n is O and
in one embodiment both n and k are 1. In one embodiment
the linking moiety is polyethylene glycol wherein m is an
integer selected from 10 to 14.

[0360] In accordance with one embodiment an insulin
analog is provided wherein the A chain of the insulin peptide
comprises the sequence
GIVEQCCXSICSLYQLX,NX,,CX,; (SEQ ID NO: 52)
and the B chain comprising the sequence
X,sLCGX X5 LVEALYLVCGERGFF (SEQ ID NO: 53)
wherein
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[0361] X, is selected from the group consisting of threo-
nine and histidine;

[0362] X, is glutamic acid or glutamine;

[0363] X,, is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0364] X, is asparagine or glycine;

[0365] X, is selected from the group consisting of histi-
dine and threonine;

[0366] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0367] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid. In a further embodiment the B chain comprises
the sequence
X5, VNQX,sLCGX 56X LVEALYLVCGERGFFYT-Z,-B,
(SEQ ID NO: 54) wherein

[0368] X, is selected from the group consisting of phe-
nylalanine and desamino-phenylalanine;

[0369] X, is selected from the group consisting of histi-
dine and threonine;

[0370] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0371] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0372] Z, is a dipeptide selected from the group consisting
of aspartate-lysine, lysine-proline, and proline-lysine; and
[0373] B, is selected from the group consisting of threo-
nine, alanine or a threonine-arginine-arginine tripeptide.
[0374] In accordance with one embodiment a single chain
insulin analog is provided that comprises the structure:
IB-LM-IA, wherein IB comprises the sequence
X,sLCGX,6X 5 LVEALYLVCG ERGFF (SEQ ID NO: 53),
LM is a linking moiety as disclosed herein that covalently
links IB to IA, and IA comprises the sequence
GIVEQCCXSICSLYQLENX ,CX,, (SEQ ID NO: 55),
wherein the C-terminal phenylalanine residue of SEQ ID
NO: 54 is directly covalently bound to the linking moiety,
LM, in the absence of any intervening amino acids. In
accordance with one embodiment linking moiety LM is
selected from the group consisting of (YY)~
X5, AX5:X5.X55X56X5,R(Y,), (SEQ ID NO: 28), (Y,)-
GYGSSSX,R(Y,), (SEQ ID NO: 51) and

hagayd

[0375] wherein
[0376] Y, is selected from the group X, X,6X47s
XX arXagy XaeXarXasXao (SEQ ID NO: 24) and

XXX 45X 40X 5o (SEQ ID NO: 13); and

[0377] Y, is selected from the group X,, X,X,,
X;0X51X5, and X,0X,,X,,X,5 (SEQ ID NO: 15);

[0378] nisOorl;

[0379] kisOor1;

[0380] m is an integer ranging from 7 to 16;

[0381] X, through X, and X, through X, ; are each

independently any amino acid; and

[0382] X, is arginine, lysine or ornithine.

[0383] In accordance with one embodiment the single
chain insulin analog comprises a B chain having the
sequence R,,-HLCGSX,,LVEALYLVCGERGFF (SEQ 1D
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NO: 154) or R,,4-
X,sLCGX 56X 5 LVX 3 X, LYLVCGX , X,,GFX,s  (SE
ID NO: 21) and an A having the sequence
GIVEQCCXSICSLYQLENX ,CX,,-R,; (SEQ ID NO:
55) or GIVX,ECCX X,SCDLX, X, sL.X,,XsX;sCX,,-
R,; (SEQ ID NO: 19)

[0384] wherein

[0385] X, is glutamic acid or aspartic acid;

[0386] X, is histidine, threonine or phenylalanine;
[0387] X, is arginine, lysine, ornithine or alanine;
[0388] X,, is arginine, lysine, ornithine or alanine;
[0389] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0390] X, is glutamine or glutamic acid

[0391] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0392] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0393] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0394] X,, is selected from the group consisting of phe-
nylalanine and desamino-phenylalanine;

[0395] X,, is asparagine or glycine;

[0396] X, is histidine or threonine;

[0397] X, is selected from the group consisting of alanine
and glycine;

[0398] X, is selected from the group consisting of histi-

dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0399] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0400] X, is selected from the group consisting of alanine
and threonine;
[0401] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;

[0402] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0403] X, is tyrosine or phenylalanine;

[0404] R,, is selected from the group consisting of
X,,VNQ (SEQ ID NO: 84), a tripeptide valine-asparagine-
glutamine, a dipeptide asparagine-glutamine, glutamine, and
a bond;

[0405] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), PGPE (SEQ ID NO: 11), a
tripeptide glycine-proline-glutamic acid, a dipeptide pro-
line-glutamic acid, glutamine, glutamic acid and a bond; and
[0406] R, is COOH or CONH,.

[0407] In accordance with some embodiments the single
chain insulin analog comprises a B chain having the
sequence R,5-R,,-
X5sLCGX X5 LVX 3 X, LYLVCGX,,  X,,GFX s (SEQ
ID NO: 21) or R,3-R,,-HLCGSX,,LVEALYLVCGERGFF
(SEQ ID NO: 154) and an A chain having the sequence
GIVX,ECCXX,SCDLX, X, sLX, ;X X16CX,;-Ry 5
(SEQ ID NO: 19)

[0408] wherein

[0409] X, is glutamic acid or aspartic acid;

[0410] X, is histidine, threonine or phenylalanine;
[0411] X, is arginine, lysine, ornithine or alanine;

[0412] X, is arginine, lysine, ornithine or alanine;
[0413] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;
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[0414] X, is glutamine or glutamic acid;

[0415] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0416] X,, is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0417] X, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0418] X, is selected from the group consisting of phe-
nylalanine and desamino-phenylalanine;

[0419] X, is histidine or threonine;

[0420] X, is selected from the group consisting of alanine
and glycine;

[0421] X, is selected from the group consisting of histi-

dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0422] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0423] X, is selected from the group consisting of alanine
and threonine;
[0424] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;
[0425] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;
[0426] X, is tyrosine or phenylalanine;
[0427] R,, is selected from the group consisting of
X,,VNQ (SEQ ID NO: 84), a tripeptide valine-asparagine-
glutamine, a dipeptide asparagine-glutamine, glutamine, and
a bond;
[0428] R,; is an N-terminal amine or X,(Xg; Xs2) Xs3K
(SEQ ID NO: 192)
[0429] wherein
[0430] X, is selected from the group consisting of
glycine, glutamic acid and aspartic acid;
[0431] X, and X, are independently selected from the
group consisting of glutamic acid and aspartic acid;
[0432] X, is selected from the group consisting of
arginine aspartic acid and glutamic acid;
[0433] d is an integer ranging from 1-3;
[0434] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), PGPE (SEQ ID NO: 11), a
tripeptide glycine-proline-glutamic acid, a dipeptide pro-
line-glutamic acid, glutamine, glutamic acid and a bond; and
[0435] R,;is COOH or CONH,.
[0436] In accordance with some embodiments the A chain
comprises the sequence
GIVEQCCX,SICSLYQLX,,NX,,CX,; (SEQ ID NO: 52)
or GIVDECCX X SCDLX | X, LX, X, X,0CX,,-R, 5
(SEQ ID NO: 56), and the B chain comprises the sequence
X,sLCGX 56X 5 LVX 53X, LYLVCGDX,,GFX,s (SEQ ID
NO: 58) wherein
[0437] X, is histidine or phenylalanine;
[0438] X, and X, are independently selected from argi-
nine, lysine, ornithine or alanine;

[0439] X, is arginine, lysine, ornithine or leucine;
[0440] X, is glutamic acid or glutamine;
[0441] X, is methionine, asparagine or threonine;

[0442] X,, is tyrosine,
4-amino phenylalanine;

4-methoxy-phenylalanine or

[0443] X, is alanine, glycine or asparagine;
[0444] X, is asparagine or glycine;
[0445] X, is selected from the group consisting of histi-

dine and threonine;
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[0446] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0447] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0448] X, is selected from the group consisting of aspar-
tic acid and glutamic acid;

[0449] X, is selected from the group consisting of alanine
and threonine;
[0450] X,, is selected from the group consisting of ala-

nine, lysine, ornithine and arginine;

[0451] X, is tyrosine; and

[0452] R,; is COOH or CONH,. In one embodiment at
least one of n and k is 1.

[0453] In a further embodiment the A chain comprises the
sequence GIVDECCHX,SCDLX, X, L.X, X X,,CX,;-
R,;; (SEQ ID NO: 56), and the B chain comprises the
sequence X, LCGX, X, LVX, X, LYILVCGDX,,GFX,;
(SEQ ID NO: 58) wherein

[0454] X, and X, are independently selected from argi-
nine, lysine, ornithine or alanine;

[0455] X, is arginine, lysine, ornithine or leucine;
[0456] X, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0457] X, is methionine, asparagine or threonine;
[0458] X, is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0459] X, is alanine, glycine or asparagine;
[0460] X, is asparagine or glycine;
[0461] X, is selected from the group consisting of histi-

dine and threonine;

[0462] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0463] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0464] X, is selected from the group consisting of aspar-
tic acid and glutamic acid;

[0465] X, is selected from the group consisting of alanine
and threonine;
[0466] X, is selected from the group consisting of ala-

nine, lysine, ornithine and arginine;

[0467] X, is tyrosine or phenylalanine and
[0468] R,;is COOH or CONH,. In a further embodiment
the A chain comprises the sequence

GIVDECCHX,SCDLX, . X,sL.X,,MX,,CX,,-R,5 (SEQ ID
NO: 59), and the B chain comprises the sequence
X,sLCGAX,; LVDALYLVCGDX,,GFX,s (SEQ ID NO:
60) wherein

[0469] X, X,,and X, are independently ornithine, lysine
or arginine;
[0470] X, is glutamic acid or glutamine;

[0471] X,, is tyrosine,
4-amino phenylalanine;
[0472] X,, is alanine, glycine or asparagine;

[0473] X, is selected from the group consisting of histi-
dine and threonine;

[0474] X, is selected from the group consisting of histi-
dine, aspartic acid and glutamic acid;

[0475] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

4-methoxy-phenylalanine or

[0476] X, is tyrosine or phenylalanine and
[0477] R,;is COOH or CONH,. In one embodiment the B
chain is selected from the group consisting of
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HLCGAELVDALYLVCGDX,,GFY (SEQ ID NO: 61),
GPEHLCGAELVDALYLVCGDX,,GFY (SEQ ID NO:
62), GPEHLCGAELVDALYLVCGDX,,GFYFNPKT
(SEQ D NO: 63) and
GPEHLCGAELVDALYLVCGDX,,GFYFNKPT (SEQ ID
NO: 64), wherein X, is selected from the group consisting
of ornithine, lysine and arginine. In a further embodiment
the A chain comprises the sequence
GIVDECCHX,SCDLX X, LQMYCN-R,; (SEQ ID NO:
66), wherein X,, X,, and X, 5 are independently ornithine,
lysine or arginine.

[0478] In accordance with one embodiment the linking
moiety is a peptide is selected from the group consisting of
(Y 1)rXs51 AX 53X 54X 55X 56X 57R(Y ), (SEQ ID NO: 28) and
(Y )-GYGSSSX5,R (SEQ ID NO: 51), wherein

[0479] Y, is selected from the group X, X,6X47s
XX arXagy XaeXarXasXao (SEQ ID NO: 24) and
X 46X 47X 45X 40X 50 (SEQ ID NO: 13); and

[0480] Y, is selected from the group X,, X,X,,
X,6X71 X5, and X X, X, X5 (SEQ ID NO: 15), nis 0 or
1 and k is O or 1, wherein at least one of n and k is 1. In one
embodiment n is 1 and Y, is selected from the group
consisting of F, Y, FN, YT, FNK, YTP, FNPK (SEQ ID NO:
79), FNKP (SEQ ID NO: 77), YTPK (SEQ ID NO: 78),
YTPKT (SEQ ID NO: 16), YTKPT (SEQ ID NO: 80),
FNKPT (SEQ ID NO: 76) and FNPKT (SEQ ID NO: 81). In
another embodiment Y, is selected from the group consist-
ing of F, FN, FNK, FNPK (SEQ ID NO: 79), FNKPT (SEQ
ID NO: 76) and FNPKT (SEQ ID NO: 81). In one embodi-
ment Y, is selected from the group consisting of A, AP, APQ
and APQT (SEQ ID NO: 82). In a further embodiment both
n and k are 1 and Y, is selected from the group consisting
of Y, FN, YT, FNK, YTP, FNPK (SEQ ID NO: 79), FNKP
(SEQ ID NO: 77), YTPK (SEQ ID NO: 78), YTPKT (SEQ
ID NO: 16), YIKPT (SEQ ID NO: 80), FNKPT (SEQ ID
NO: 76) and FNPKT (SEQ ID NO: 81) and Y, is selected
from the group consisting of A, AP, APQ and APQT (SEQ
ID NO: 82).

[0481] In one embodiment a single chain insulin analog is
provided comprising the general formula IB-LM-IA wherein
IB is an amino acid sequence selected from the group
consisting of HLCGAELVDALYLVCGDX,,GFY (SEQ ID
NO: 61), GPEHLCGAELVDALYLVCGDX,,GFY (SEQ

1D NO: 62),
GPEHLCGAELVDALYLVCGDX,,GFYFNPKT (SEQ ID
NO: 63) and

GPEHLCGAELVDALYLVCGDX,,GFYFNKPT (SEQ ID
NO: 64), LM is a linking moiety selected from the group
consisting of GAGSSSX,,RAPQT SEQ ID NO: 66),
GYGSSSX ;R (SEQ ID NO: 51) and

e

and 1A is the amino acid sequence
GIVDECCHX,SCDLX . X,;sLQMYCN-R,4(SEQ ID NO:
66), wherein X, X,,, X5 X,, and X5, are independently
ornithine, lysine or arginine, and m is an integer selected
from the range of 10 to 12. In one further embodiment the
linking moiety is GYGSSSOR (SEQ ID NO: 65).

[0482] In accordance with one embodiment a single chain
insulin analog is provided that comprises the structure:
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IB-LM-IA, wherein IB comprises the sequence
X,sLCGX 60X, LVX 3 X, LYLVCGDX ,,GFX s (SEQ ID
NO: 58), LM is a linking moiety as disclosed herein that
covalently links IB to IA, and 1A comprises the sequence
GIVEQCCHSICSLYQLENX, ,CX,;-R;; (SEQ ID NO: 68)
or  GIVDECCXX,SCDLX, X,LX, X, X,sCX;5;-R;3
(SEQ ID NO: 69), wherein the C-terminal phenylalanine
residue of SEQ ID NO: 69 is directly covalently bound to the
linking moiety, LM, in the absence of any intervening amino
acids. In accordance with one embodiment a single chain
insulin analog is provided that comprises the sequence
X,sLCGX 60X, LVX 3 X, LYLVCGDX ,,GFX s (SEQ ID
NO: 58)-(Y )X, AX 53 X5, X5 X 56X 57X 52(Y5),, (SEQ 1D
NO: 70)-GIVDECCX X,SCDLX, X, sLX, ;X X;o,CX,;-
Ris (SEQ 1D NO: 56) or
X,sLCGX X, LVX . X, LYLVCGDX , ,GFX ,5(Y ),
(SEQ ID NO: 58)-X5, AX53X5:X 55X 56X 57X 55(Y2), (SEQ
ID NO: 70)-GIVEQCCHSICSLYQLENX, ,CX,,-R,; (SEQ
ID NO: 68), wherein X, through X, and XX, X,X 5
(SEQ ID NO: 15) are independently any amino acid, X5, and
Xsg are independently arginine, ornithine or lysine, Y, is
selected from the group X,s XueXyr XiueXa7Xas
X 46X 47X 45X40 (SEQ ID NO: 24) and XX ;X5 X0 X5,
(SEQ ID NO: 13),Y, is selected from the group X,
X;70X71: X50X5, X5, and X;0X5 X5, X5 (SEQ ID NO: 15)
wherein n and k are independently O or 1;

[0483]
[0484]

[0485]
nine;
[0486] X, is glutamine, glutamic acid, arginine, alanine,
lysine, ornithine or leucine;

[0487] X,, is glutamic acid, aspartic acid, asparagine,
lysine, ornithine or glutamine;

[0488] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0489] X,; is tyrosine, 4-methoxy phenylalanine or
4-amino-phenylalanine;

[0490]
[0491]

[0492] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0493] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0494] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0495] X, 1is selected from the group consisting of alanine
and threonine;

[0496] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine; and

[0497)]

[0498] In accordance with one embodiment a single chain
insulin analog is provided that comprises the structure:
IB-LM-IA, wherein IB comprises the sequence
X,sLCGX 56X 5 LVX 53X, LYLVCGDX ,,GFX,5s (SEQ ID
NO: 58), LM is a linking moiety selected from the group
consisting of (Y)-Xs5;, AX 55X, X55Xs6RR(Y,),, (SEQ ID
NO: 23), (Y,),-GYGSSSX,R(Y>,), (SEQ ID NO: 51) and

X is histidine, threonine or phenylalanine;
X, 1s serine, arginine, lysine, ornithine or alanine;

X, 1s tyrosine, arginine, lysine, ornithine or ala-

X,, is alanine, glycine or asparagine;

X, is histidine or threonine;

X5 is tyrosine or phenylalanine;
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[0499] wherein
[0500] Y, is selected from the group X, X,6X47s
X6XurXagy XaeXarXssXse (SEQ ID NO: 24) and

XXX 45X 40X 50 (SEQ ID NO: 13); and

[0501] Y, is selected from the group X.,, XX,
X;0X51X5, and X,0X,,X,,X,5 (SEQ ID NO: 15);

[0502] nisOor1;

[0503] kisOor1;

[0504] m is an integer ranging from 7 to 16; and

[0505] X, through X, and X, through X,; are each

independently any amino acid;

[0506] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0507] X, is any amino acid other than tyrosine;

[0508] X, through X, are each independently any amino
acid; and

[0509] X, is arginine, lysine or ornithine; and

the A chain comprises the sequence
GIVDECCHX,SCDLX X, LQMYCN-R,; (SEQ ID NO:
66), wherein X,, X,, and X, 5 are independently ornithine,
lysine or arginine and R, ; is COOH or CONH,.

[0510] In one embodiment the B chain is selected from the
group consisting of HLCGAELVDALYLVCGDOGFY
(SEQ ID NO: 71), GPEHLCGAELVDALYLVCGDOGFY
(SEQ ID NO: 72), GPEHLCGAELVDALYLVCGDOG-
FYFNPKT (SEQ ID NO: 73) and GPEHLCGAELVDA-
LYLVCGDOGFYFNKPT (SEQ ID NO: 74) and the A chain
is GIVDECCHOSCDLOOLQMX,,CN-R,; (SEQ ID NO:
75), wherein X, is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine. In one embodiment at least one of n
and k is 1.

[0511] In one embodiment a single chain insulin analog is
provided comprising the sequence
X, LCGX X5 LVX X5, LYLVCGX ,, X, GFX s X5, X5
53X 54X 55X 56X 57X 58X 70X 71 X72X730IVX X CCX X

X, oCX LLX X LEX X, ,CX5,-R, 5 (SEQ ID NO: 168);
X,sLCGX 56X 50 LVX 33X, LYLVCGX ,, X, GFX X5, X s
GSSSX;, X5 APQTGIVX X CCX XX, oCX L X X 5
LEX:X,6CX5,-R 5 (SEQ 1D NO: 169);
X,sLCGX 56X 5o LVX 33X, LYLVCGX ,, X GFX s X 46 Xy s
X4 TX5, X5 ,GSSSX . X APQTGIVX X CCX XX
CX,LX, X sLEX X,5CX,,-R;s (SEQ ID NO: 170;
X, LCGX X 5 LVX 33X, LYLVCGX ,, X, GFX s X 46 Xy
X4 TX 5, X5,GSSSX 5, X5, GIVX X CCX XX o CX L LX
X, sLEX X, o0CX5-R;; (SEQ ID  NO: 171); or
X,sLCGX 56X 5o LVX 53X, LYLVCGX , X, GFX 45
GAGSSSRX;APQTGIVX X CCX XX, oCX ,LX X 5
LEX,:X,sCX,,-R,; (SEQ ID NO: 172);

wherein

[0512] X, is glutamic acid or aspartic acid;

[0513] X is glutamic acid or glutamine

[0514] X, is threonine, histidine or phenylalanine;
[0515] X, is serine, arginine, ornithine or alanine;

[0516] X, is serine or isoleucine;

[0517] X,, is serine or aspartic acid;

[0518] X, is arginine, tyrosine, ornithine or alanine;
[0519] X, is glutamine, arginine, alanine, ornithine or
leucine;
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[0520] X, is methionine, asparagine or threonine;
[0521] X,; is tyrosine, 4-methoxy-phenylalanine or
4-amino phenylalanine;

[0522] X,, is alanine, glycine or asparagine;

[0523] X, is selected from the group consisting of histi-
dine and threonine;

[0524] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0525] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0526] X, is selected from the group consisting of aspar-
tic acid and glutamic acid;

[0527] X,,is selected from the group consisting of alanine
and threonine;
[0528] X,, is selected from the group consisting of aspar-

tic acid and glutamic acid;

[0529] X,, is selected from the group consisting of ala-
nine, ornithine and arginine;

[0530] X, is selected from the group consisting of tyro-
sine and phenylalanine;

[0531] X, is phenylalanine or tyrosine;
[0532] X, is asparagine or threonine;
[0533] X.,g is an aspartate-lysine dipeptide, an arginine-

proline dipeptide, a lysine-proline dipeptide, or a proline-
lysine dipeptide;

[0534] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0535] X, is any amino acid other than tyrosine;

[0536] X, through X, are each independently any amino
acid; and

[0537] X, and X, are independently arginine, lysine,

cysteine, homocysteine, acetyl-phenylalanine or ornithine;
[0538] X,,-X-; are independently any amino acid and R 5
is COOH or CONH,. In one embodiment the single chain
insulin further comprises a polyethylene glycol chain cova-
lently linked to the side chain of an amino acid of the linking
moiety and/or at a position selected from the group consist-
ing of the N-terminal alpha amine of the B chain, the side
chain of an amino acid at position A9, A14 and A15 of the
A chain or positions B1, B2, B10, B22, B28 or B29 of the
B chain. In one embodiment the polyethylene glycol chain
is covalently linked to the side chain of an amino acid of the
linking moiety and/or at the N-terminal alpha amine of the
B chain (e.g. at position B1 for insulin based B chain or
position B2 for IGF-1 based B chain). In one embodiment
the polyethylene glycol chain is covalently linked to the side
chain of an amino acid at position 8 of the linking moiety.
[0539] Pegylation of Single Chain Insulin Analogs
[0540] Applicants have surprisingly discovered that cova-
lently 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 single chain insulin analogs
disclosed herein are further modified to comprise a hydro-
philic moiety covalently linked to the side chain of an amino
acid at a position selected from the group consisting of A9,
Al4 and A15 of the A chain or at the N-terminal alpha amine
of the B chain (e.g. at position B1 for insulin based B chain
or position B2 for IGF-1 based B chain) or at the side chain
of'an amino acid at position B1, B2, B10, B22, B28 or B29
of the B chain or at any position of the linking moiety that
links the A chain and B chain. In exemplary embodiments,
this hydrophilic moiety is covalently linked to a Lys, Cys,
Orn, homocysteine, or acetyl-phenylalanine residue at any
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of these positions. In one embodiment the hydrophilic
moiety is covalently linked to the side chain of an amino
acid of the linking moiety.

[0541] Exemplary hydrophilic moieties include polyeth-
ylene glycol (PEG), for example, of a molecular weight of
about 1,000 Daltons to about 40,000 Daltons, or about
20,000 Daltons to about 40,000 Daltons. Additional suitable
hydrophilic moieties include, polypropylene glycol, poly-
oxyethylated polyols (e.g., POG), polyoxyethylated sorbitol,
polyoxyethylated glucose, polyoxyethylated glycerol
(POG), polyoxyalkylenes, polyethylene glycol propionalde-
hyde, copolymers of ethylene glycol/propylene glycol,
monomethoxy-polyethylene  glycol, = mono-(C1-C10)
alkoxy- or aryloxy-polyethylene glycol, carboxymethylcel-
Iulose, polyacetals, polyvinyl alcohol (PVA), polyvinyl pyr-
rolidone, 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 pyr-
rolidone)polyethylene glycol, propropylene glycol homopo-
lymers (PPG) and other polyakylene oxides, polypropylene
oxide/ethylene oxide copolymers, colonic acids or other
polysaccharide polymers, Ficoll or dextran and mixtures
thereof.

[0542] The hydrophilic moiety, e.g., polyethylene glycol
chain in accordance with some embodiments has a molecu-
lar 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 moi-
ety, 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 a single chain
insulin analog 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.

[0543] Inone embodiment dextrans are used as the hydro-
philic 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.

[0544] 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.

[0545] 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, Al4 and AlS5 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 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 moiety has a polyethylene chain cova-
lently 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
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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.

[0546] 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 single
chain insulin analog, each PEG chain has a molecular weight
of about 10,000 Daltons. In one embodiment when the PEG
chain is linked to an 8 to 12 amino acid linking moiety, the
PEG chain is linked at position C7 or C8 of the linking
moiety and in one embodiment the PEG chain is linked at
position C8 of the linking moiety. In one embodiment when
two PEG chains are linked to the single chain insulin analog,
with one PEG chain linked at position C8 and the second
PEG is linked at A9, Al4, Al15, B1, B2, B10, B22, B28 or
B29.

[0547] Hydrophilic moieties such as polyethylene glycol
can be attached to the single chain insulin analog 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 addi-
tion, 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 S-pyridyl. If attached to the peptide by reductive
alkylation, the polymer selected should have a single reac-
tive aldehyde so that the degree of polymerization is con-
trolled. 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).

[0548] In a specific aspect of the invention, an amino acid
residue on the single chain analog having a thiol is modified
with a hydrophilic moiety such as PEG. In some embodi-
ments, the thiol is modified with maleimide-activated PEG
in a Michael addition reaction to result in a PEGylated
peptide comprising the thioether linkage shown below:

Peptlde

\/\"/ O)‘cm
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[0549] In some embodiments, the thiol is modified with a
haloacetyl-activated PEG in a nucleophilic substitution reac-
tion to result in a PEGylated peptide comprising the thio-
ether linkage shown below:

Peptide

ks /W§\/\/O\$/\O aﬂ,cm.

[0550] Acylation of Single Chain Insulin Analogs

[0551] In some embodiments, the single chain insulin
analog is modified to comprise an acyl group. The acyl
group can be covalently linked directly to an amino acid of
the single chain insulin analog, or indirectly to an amino acid
of the single chain insulin analog via a spacer, wherein the
spacer is positioned between the amino acid of the single
chain insulin analog and the acyl group. The single chain
insulin analog 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
single chain insulin analog is retained upon acylation. Non-
limiting examples include acylation at positions Al4 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.

[0552] In one specific aspect of the invention, the single
chain insulin analog (or derivative or conjugate thereof) 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 single chain insulin analog. In some embodiments, the
single chain 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, a single chain
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 single chain insulin analog 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).

[0553] Inone embodiment, the single chain insulin analog
comprises an amino acid of Formula I:

I
H,N—C ——COO0H
(CHy),

NH,

wherein n=1 to 4
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[Formula I

[0554] In some exemplary embodiments, the amino acid
of Formula I, is the amino acid wherein n is 4 (Lys) or n is
3 (Om).

[0555] In another embodiment, the single chain insulin
analog comprises an amino acid of Formula II:

H
H,N—C——COOH
(CH2)n

OH

wherein n=1 to 4

[Formula II]

[0556] In some exemplary embodiments, the amino acid
of Formula II is the amino acid wherein n is 1 (Ser).
[0557] Inyet another embodiment, the single chain insulin
analog comprises a side chain thiol is an amino acid of
Formula III:

H
H,N—C——COOH
(CHy),

SH

wherein n=1 to 4

[Formula III]

[0558] In some exemplary embodiments, the amino acid
of Formula III is the amino acid wherein n is 1 (Cys).

[0559] Inyet another embodiment, the single chain insulin
analog comprises a disubstituted amino acid comprising the
same structure of Formula I, Formula II, or Formula III,
except that the hydrogen bonded to the alpha carbon of the
amino acid of Formula I, Formula II, or Formula III is
replaced with a second side chain.

[0560] In accordance with one embodiment, the acylated
single chain insulin analogs comprise a spacer between the
peptide and the acyl group. In some embodiments, the single
chain insulin analog is covalently bound to the spacer, which
is covalently bound to the acyl group. In some exemplary
embodiments, the single chain insulin analog 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
single chain insulin analog 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 compris-
ing a side chain —NH,, —OH, or —COOH (e.g., Lys, Ormn,
Ser, Asp, or Glu) is suitable.

[0561] In some embodiments, the spacer between the
single chain insulin analog 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
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a side chain amine, hydroxyl, or thiol). In some embodi-
ments, 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-dioxaoc-
tanoic acid, which is commercially available from Peptides
International, Inc. (Louisville, Ky.). In one embodiment, 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 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 hydro-
philic bifunctional spacer comprises a thiol group and a
carboxylate.

[0562] In some embodiments, the spacer between peptide
the single chain insulin analog and the acyl group is a
hydrophobic bifunctional spacer. Hydrophobic bifunctional
spacers are known in the art. See, e.g., Bioconjugate Tech-
niques, G. T. Hermanson (Academic Press, San Diego,
Calif., 1996), which is incorporated by reference in its
entirety. In certain embodiments, the hydrophobic bifunc-
tional spacer comprises two or more reactive groups, e.g., an
amine, a hydroxyl, a thiol, and a carboxyl group or any
combinations thereof. In certain embodiments, the hydro-
phobic bifunctional spacer comprises a hydroxyl group and
a carboxylate. In other embodiments, the hydrophobic
bifunctional spacer comprises an amine group and a car-
boxylate. In other embodiments, the hydrophobic bifunc-
tional spacer comprises a thiol group and a carboxylate.
Suitable hydrophobic bifunctional spacers comprising a
carboxylate and a hydroxyl group or a thiol group are known
in the art and include, for example, 8-hydroxyoctanoic acid
and 8-mercaptooctanoic acid.

[0563] 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, 5-amin-
ovaleric acid, 7-aminoheptanoic acid, and 8-aminooctanoic
acid). Alternatively, the spacer can be a dipeptide or tripep-
tide 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 single chain
insulin analog 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: f-alanine (f-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, aminopiperidin-
ecarboxylic acid, aminoserine (Ams), aminotetrahydropy-
ran-4-carboxylic acid, arginine N-methoxy-N-methyl
amide, [-aspartic acid (B-Asp), azetidine carboxylic acid,
3-(2-benzothiazolyl)alanine, o-tert-butylglycine, 2-amino-
S-ureido-n-valeric acid (citrulline, Cit), f-Cyclohexylala-
nine (Cha), acetamidomethyl-cysteine, diaminobutanoic
acid (Dab), diaminopropionic acid (Dpr), dihydroxyphenyl-
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alanine (DOPA), dimethylthiazolidine (DMTA), y-Glutamic
acid (y-Glu), homoserine (Hse), hydroxyproline (Hyp), iso-
leucine N-methoxy-N-methyl amide, methyl-isoleucine
(Melle), isonipecotic acid (Isn), methyl-leucine (MeLeu),
methyl-lysine, dimethyl-lysine, trimethyl-lysine, methano-
proline, methionine-sulfoxide (Met(O)), methionine-sulfone
(Met(02)), norleucine (Nle), methyl-norleucine (Me-Nle),
norvaline (Nva), ornithine (Orn), para-aminobenzoic acid
(PABA), penicillamine (Pen), methylphenylalanine
(MePhe), 4-Chlorophenylalanine (Phe(4-Cl)), 4-fluorophe-
nylalanine (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-methylhep-
tanoic acid (Sta), 4-amino-5-cyclohexyl-3-hydroxypen-
tanoic acid (ACHPA), 4-amino-3-hydroxy-5-phenylpen-
tanoic acid (AHPPA), 1,2,3,4,-tetrahydro-isoquinoline-3-
carboxylic acid (Tic), tetrahydropyranglycine,
thienylalanine (Thi), U-Benzyl-phosphotyrosine, O-Phos-
photyrosine, methoxytyrosine, ethoxytyrosine, O-(bis-dim-
ethylamino-phosphono)-tyrosine, tyrosine sulfate tetrabu-
tylamine, 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), tertbutylgly-
cine (Tbg), vinylglycine (Vg), 1-amino-1-cyclopropane car-
boxylic acid (Acp), 1-amino-1-cyclopentane carboxylic acid
(Acpe), alkylated 3-mercaptopropionic acid, 1-amino-1-cy-
clobutane carboxylic acid (Acb). In some embodiments the
dipeptide spacer is selected from the group consisting of:
Ala-Ala, p-Ala-f-Ala, Leu-Leu, Pro-Pro, y-aminobutyric
acid-y-aminobutyric acid, and y-Glu-y-Glu.

[0564] The peptide the single chain insulin analog can be
modified to comprise an acyl group by acylation of a long
chain alkane. In specific aspects, the long chain alkane
comprises an amine, hydroxyl, or thiol group (e.g. octa-
decylamine, tetradecanol, and hexadecanethiol) which
reacts with a carboxyl group, or activated form thereof, of
the single chain insulin analog. The carboxyl group, or
activated form thereof, of the single chain insulin analog can
be part of a side chain of an amino acid (e.g., glutamic acid,
aspartic acid) of the single chain insulin analog or can be
part of the peptide backbone.

[0565] In certain embodiments, the single chain insulin
analog is modified to comprise an acyl group by acylation of
the long chain alkane by a spacer which is attached to the
single chain insulin analog. In specific aspects, the long
chain alkane comprises an amine, hydroxyl, or thiol group
which reacts with a carboxyl group, or activated form
thereof, of the spacer. Suitable spacers comprising a car-
boxyl group, or activated form thereof, are described herein
and include, for example, bifunctional spacers, e.g., amino
acids, dipeptides, tripeptides, hydrophilic bifunctional spac-
ers and hydrophobic bifunctional spacers. As used herein,
the term “activated form of a carboxyl group” refers to a
carboxyl group with the general formula R(C—0)X,
wherein X is a leaving group and R is the single chain insulin
analog or the spacer. For example, activated forms of a
carboxyl groups may include, but are not limited to, acyl
chlorides, anhydrides, and esters. In some embodiments, the
activated carboxyl group is an ester with a N-hydroxysuc-
cinimide (NHS) leaving group.
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[0566] With regard to these aspects of the invention, in
which a long chain alkane is acylated by the peptide the
single chain insulin analog or the spacer, the long chain
alkane may be of any size and can comprise any length of
carbon chain. The long chain alkane can be linear or
branched. In certain aspects, the long chain alkane is a C, to
C,, alkane. For example, the long chain alkane can be any
of'a C, alkane, C alkane, Cg alkane, C,, alkane, C, , alkane,
C,, alkane, C, 4 alkane, C, 4 alkane, C,, alkane, C,, alkane,
C,, alkane, C,, alkane, C,¢ alkane, or a C;, alkane. In some
embodiments, the long chain alkane comprises a Cq to C,,
alkane, e.g., a C,, alkane, C,; alkane, or a C, alkane.
[0567] Insome embodiments, an amine, hydroxyl, or thiol
group of the single chain insulin analog 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); Biocon-
jugate 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).

[0568] The acyl group of the acylated peptide the single
chain insulin analog 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 C, to C;
fatty acid. For example, the acyl group can be any of a C,
fatty acid, Cy fatty acid, Cy fatty acid, C,, fatty acid, C,,
fatty acid, C,, fatty acid, C,¢ fatty acid, C,; fatty acid, C,,
fatty acid, C,, fatty acid, C,, fatty acid, C,, fatty acid, C,q
fatty acid, or a C,, fatty acid. In some embodiments, the acyl
group is a C, to C,, fatty acid, e.g., a C,, fatty acid ora C
fatty acid.

[0569] 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.

[0570] The acylated single chain insulin analog described
herein can be further modified to comprise a hydrophilic
moiety. In some specific embodiments the hydrophilic moi-
ety can comprise a polyethylene glycol (PEG) chain. The
incorporation of a hydrophilic moiety can be accomplished
through any suitable means, such as any of the methods
described herein. In some embodiments the acylated single
chain analog comprises an amino acid selected from the
group consisting of a Cys, Lys, Orn, homo-Cys, or Ac-Phe,
and the side chain of the amino acid is covalently bonded to
a hydrophilic moiety (e.g., PEG). In one embodiment, the
acyl group is attached to position Al14, A15, B1 (for insulin
based B chains), B2 (for IGF-1 based B chains), B10, B22,
B28 or B29 (according to the amino acid numbering of the
A and B chains of native insulin), optionally via a spacer
comprising Cys, Lys, Orn, homo-Cys, or Ac-Phe.

[0571] Alternatively, the acylated single chain insulin ana-
log comprises a spacer, wherein the spacer is both acylated
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and modified to comprise the hydrophilic moiety. Nonlim-
iting examples of suitable spacers include a spacer compris-
ing one or more amino acids selected from the group
consisting of Cys, Lys, Orn, homo-Cys, and Ac-Phe.

Alkylation of the Single Chain Insulin Analog

[0572] In some embodiments, the single chain insulin
analog is modified to comprise an alkyl group. The alkyl
group can be covalently linked directly to an amino acid of
the single chain insulin analog, or indirectly to an amino acid
of the single chain insulin analog via a spacer, wherein the
spacer is positioned between the amino acid of the single
chain insulin analog and the alkyl group. The alkyl group
can be attached to the single chain insulin analog via an
ether, thioether, or amino linkage. For example, the single
chain insulin analog 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 single chain insulin analog,
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 single chain insulin analog 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
single chain insulin analog. In some embodiments, the single
chain insulin analog 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 single chain insulin analog occurs through the side
chain amine, hydroxyl, or thiol of the amino acid at position
Al4, A15, B1 (for insulin based B chains), B2 (for IGF-1
based b chains), B10, B22, B28 or B29 (according to the
amino acid numbering of the A and B chain of native
insulin).

[0573] Insome embodiments, the amino acid of the single
chain insulin analog comprises an amino acid selected from
of Formula I, Formula II, and Formula III, and the alkyl
group is linked through the amino, hydroxyl or thiol group
contained in Formula I, Formula II, and Formula III, respec-
tively. In some exemplary embodiments, the amino acid of
Formula I, is the amino acid wherein n is 4 (Lys) or nis 3
(Orn). In some exemplary embodiments, the amino acid of
Formula II is the amino acid wherein n is 1 (Ser). In some
exemplary embodiments, the amino acid of Formula I1 is the
amino acid wherein n is 1 (Cys). In yet other embodiments,
the amino acid of peptide the single chain insulin analog
comprising a side chain amine, hydroxyl, or thiol is a
disubstituted amino acid comprising the same structure of
Formula I, Formula II, or Formula III, except that the
hydrogen bonded to the alpha carbon of the amino acid of
Formula I, Formula II, or Formula IIT is replaced with a
second side chain.

[0574] In some embodiments of the invention, the single
chain insulin analog comprises a spacer between the peptide
and the alkyl group. In some embodiments, the single chain
insulin analog is covalently bound to the spacer, which is
covalently bound to the alkyl group. In some exemplary
embodiments, the single chain insulin analog 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 based B chains), B10,
B22, B28 or B29 (according to the amino acid numbering of
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the A and B chains of native insulin). The amino acid of the
single chain insulin analog 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 single chain insulin analog 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 single chain insulin analog 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.

[0575] In the instance in which the alpha amine is alky-
lated, 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, Ile, 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-aminooc-
tanoic acid. Alternatively, the spacer amino acid can be an
acidic residue, e.g., Asp and Glu, provided that the alky-
lation 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.

[0576] When alkylation occurs through a hydroxyl group
of the amino acid of the spacer, the amino acid or one of the
amino acids of the spacer can be an amino acid of Formula
II. In a specific exemplary embodiment, the amino acid is
Ser.

[0577] When alkylation occurs through a thiol group of
the amino acid of the spacer, the amino acid or one of the
amino acids of the spacer can be an amino acid of Formula
III. In a specific exemplary embodiment, the amino acid is
Cys.

[0578] In some embodiments, the spacer comprises a
hydrophilic bifunctional spacer. In a specific embodiment,
the spacer comprises an amino poly(alkyloxy)carboxylate.
In this regard, the spacer can comprise, for example, NH,
(CH,CH,0),,(CH,),,COOH, wherein m is any integer from
1 to 6 and n is any integer from 2 to 12, such as, e.g.,
8-amino-3,6-dioxaoctanoic acid, which is commercially
available from Peptides International, Inc. (Louisville, Ky.).
In some embodiments, the spacer between peptide the single
chain insulin analog 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 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 car-
boxylate. In other embodiments, the hydrophilic bifunc-
tional spacer comprises a thiol group and a carboxylate.
[0579] In some embodiments, the spacer between peptide
the single chain insulin analog and the alkyl group is a
hydrophobic bifunctional spacer. In certain embodiments,
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the hydrophobic bifunctional spacer comprises two or more
reactive groups, e.g., an amine, a hydroxyl, a thiol, and a
carboxyl group or any combinations thereof. In certain
embodiments, the hydrophobic bifunctional spacer com-
prises a hydroxyl group and a carboxylate. In other embodi-
ments, the hydrophobic bifunctional spacer comprises an
amine group and a carboxylate. In other embodiments, the
hydrophobic bifunctional spacer comprises a thiol group and
a carboxylate. Suitable hydrophobic bifunctional spacers
comprising a carboxylate and a hydroxyl group or a thiol
group are known in the art and include, for example,
8-hydroxyoctanoic acid and 8-mercaptooctanoic acid.
[0580] 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 C,, to C,; alkyl group, e.g., C,, alkyl
group, C,, alkyl group, such that the total length of the
spacer and alkyl group is 14 to 28 atoms, e.g., about 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 atoms.
In some embodiments the length of the spacer and alkyl is
17 to 28 (e.g., 19 to 26, 19 to 21) atoms.

[0581] In accordance with one embodiment the bifunc-
tional spacer is a synthetic or non-naturally occurring amino
acid comprising an amino acid backbone that is 3 to 10
atoms in length (e.g., 6-amino hexanoic acid, S-aminovaleric
acid, 7-aminoheptanoic acid, and 8-aminooctanoic acid).
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 single chain insulin analog 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 nega-
tively charged amino acids. In some embodiments the dipep-
tide spacer is selected from the group consisting of: Ala-Ala,
p-Ala-f-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.

[0582] 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
single chain insulin analog can be of any size, e.g., any
length carbon chain, and can be linear or branched. In some
embodiments of the invention, the alkyl group is a C, to C;,
alkyl. For example, the alkyl group can be any of a C, alkyl,
C, alkyl, Cq alkyl, C,, alkyl, C,, alkyl, C,, alkyl, C,4 alkyl,
C,s alkyl, C,, alkyl, C,, alkyl, C,, alkyl, C,, alkyl, C,q
alkyl, or a C,, alkyl. In some embodiments, the alkyl group
is a C4 to C,, alkyl, e.g., a C,, alkyl or a C, alkyl.
[0583] 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.
[0584] In some embodiments the single chain insulin
analog is modified to comprise an alkyl group by reacting a
nucleophilic, long chain alkane with the single chain insulin
analog, wherein the single chain insulin analog comprises a
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leaving group suitable for nucleophilic substitution. In spe-
cific aspects, the nucleophilic group of the long chain alkane
comprises an amine, hydroxyl, or thiol group (e.g. octa-
decylamine, tetradecanol, and hexadecanethiol). The leaving
group of the single chain insulin analog can be part of a side
chain of an amino acid or can be part of the peptide
backbone. Suitable leaving groups include, for example,
N-hydroxysuccinimide, halogens, and sulfonate esters.
[0585] In certain embodiments, the single chain insulin
analog is modified to comprise an alkyl group by reacting
the nucleophilic, long chain alkane with a spacer, which is
attached to the single chain insulin analog, wherein the
spacer comprises the leaving group. In specific aspects, the
long chain alkane comprises an amine, hydroxyl, or thiol
group. In certain embodiments, the spacer comprising the
leaving group can be any spacer discussed herein, e.g.,
amino acids, dipeptides, tripeptides, hydrophilic bifunc-
tional spacers and hydrophobic bifunctional spacers further
comprising a suitable leaving group.

[0586] When a long chain alkane is alkylated by the single
chain insulin analog or the spacer, the long chain alkane may
be of any size and can comprise any length of carbon chain.
The long chain alkane can be linear or branched. In certain
aspects, the long chain alkane is a C, to C,, alkane. For
example, the long chain alkane can be any of a C, alkane, Cq
alkane, Cq alkane, C,, alkane, C,, alkane, C,, alkane, C,
alkane, C,; alkane, C, alkane, C,, alkane, C,, alkane, C,4
alkane, C,4 alkane, or a C,, alkane. In some embodiments
the long chain alkane comprises a Cgq to C,, alkane, e.g., a
C,, alkane, C,4 alkane, or a C,; alkane.

[0587] Also, in some embodiments alkylation can occur
between the single chain 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. The alkylated single
chain insulin analogs described herein can be further modi-
fied to comprise a hydrophilic moiety. In some specific
embodiments the hydrophilic moiety can comprise a poly-
ethylene glycol (PEG) chain. The incorporation of a hydro-
philic moiety can be accomplished through any suitable
means, such as any of the methods described herein. In some
embodiments the single chain insulin analog can comprise
an amino acid selected from Cys, Lys, Orn, homo-Cys, or
Ac-Phe, wherein the side chain of the amino acid is cova-
lently bonded to a hydrophilic moiety (e.g., PEG). In some
embodiments the alkyl group is attached to position Al4,
Al15, 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 or B chain of native insulin),
optionally via a spacer comprising Cys, Lys, Orn, homo-
Cys, or Ac-Phe, and optionally further comprising a hydro-
philic moiety linked to the side chain of another amino acid.
Alternatively, the alkylated single chain insulin analog can
comprise a spacer, wherein the spacer is both alkylated and
modified to comprise the hydrophilic moiety. Nonlimiting
examples of suitable spacers include a spacer comprising
one or more amino acids selected from the group consisting
of Cys, Lys, Orn, homo-Cys, and Ac-Phe.

[0588] Conjugates

[0589] In some embodiments, the single chain insulin
analogs described herein are glycosylated, amidated, car-
boxylated, phosphorylated, esterified, N-acylated, cyclized
via, e.g., a disulfide bridge, or converted into a salt (e.g., an
acid addition salt, a basic addition salt), and/or optionally
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dimerized, multimerized, or polymerized, or conjugated.
The present disclosure also encompasses conjugates in
which the single chain insulin analog is linked to a heter-
ologous moiety. The conjugation between the single chain
insulin analog and the heterologous moiety can be through
covalent bonding, non-covalent bonding (e.g. electrostatic
interactions, hydrogen bonds, van der Waals interactions,
salt bridges, hydrophobic interactions, and the like), or both
types of bonding. A variety of non-covalent coupling sys-
tems may be used, including biotin-avidin, ligand/receptor,
enzyme/substrate, nucleic acid/nucleic acid binding protein,
lipid/lipid binding protein, cellular adhesion molecule part-
ners; or any binding partners or fragments thereof which
have affinity for each other. In some aspects, the covalent
bonds are peptide bonds. The conjugation of the single chain
insulin analog to the heterologous moiety may be indirect or
direct conjugation, the former of which may involve a linker
or spacer. Suitable linkers and spacers are known in the art
and include, but not limited to, any of the linkers or spacers
described.

[0590] As used herein, the term “heterologous moiety” is
synonymous with the term “conjugate moiety” and refers to
any molecule (chemical or biochemical, naturally-occurring
or non-coded) which is different from the single chain
insulin analog to which it is attached. Exemplary conjugate
moieties that can be linked to the single chain insulin analog
include but are not limited to a heterologous peptide or
polypeptide (including for example, a plasma protein), a
targeting agent, an immunoglobulin or portion thereof (e.g.,
variable region, CDR, or Fc region), a diagnostic label such
as a radioisotope, fluorophore or enzymatic label, a polymer
including water soluble polymers, or other therapeutic or
diagnostic agents. In some embodiments a conjugate is
provided comprising the single chain insulin analog and a
plasma protein, wherein the plasma protein is selected from
the group consisting of albumin, transferin, fibrinogen and
globulins. In some embodiments the plasma protein moiety
of'the conjugate is albumin or transferin. In one embodiment
the heterologous moiety is albumin, including for example,
albumins such as human serum albumin (HSA) and recom-
binant human albumin (rHA). The conjugate in some
embodiments comprises the single chain insulin analog and
one or more of a polypeptide, a nucleic acid molecule, an
antibody or fragment thereof, a polymer, a the single chain
insulin analoguantum dot, a small molecule, a toxin, a
diagnostic agent, a carbohydrate, an amino acid.

[0591]

[0592] In some embodiments, the heterologous moiety
conjugated to the single chain insulin analog is a polymer. In
some embodiments, the polymer is selected from the group
consisting of: polyamides, polycarbonates, polyalkylenes
and derivatives thereof including, polyalkylene glycols,
polyalkylene oxides, polyalkylene terepthalates, polymers
of acrylic and methacrylic esters, including poly(methyl
methacrylate), poly(ethyl methacrylate), poly(butylmeth-
acrylate), poly(isobutyl methacrylate), poly(hexylmethacry-
late), poly(isodecyl methacrylate), poly(lauryl methacry-
late), poly(phenyl methacrylate), poly(methyl acrylate),
poly(isopropyl acrylate), poly(isobutyl acrylate), and poly
(octadecyl acrylate), polyvinyl polymers including polyvi-
nyl alcohols, polyvinyl ethers, polyvinyl esters, polyvinyl
halides, poly(vinyl acetate), and polyvinylpyrrolidone,
polyglycolides, polysiloxanes, polyurethanes and co-poly-
mers thereof, celluloses including alkyl cellulose, hydroxy-

Polymer Heterologous Moiety
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alkyl celluloses, cellulose ethers, cellulose esters, nitro cel-
Iuloses, methyl cellulose, ethyl cellulose, hydroxypropyl
cellulose, hydroxy-propyl methyl cellulose, hydroxybutyl
methyl cellulose, cellulose acetate, cellulose propionate,
cellulose acetate butyrate, cellulose acetate phthalate, car-
boxylethyl cellulose, cellulose triacetate, and cellulose sul-
phate sodium salt, polypropylene, polyethylenes including
poly(ethylene glycol), poly(ethylene oxide), and poly(eth-
ylene terephthalate), and polystyrene.

[0593] In some aspects, the polymer is a biodegradable
polymer, including a synthetic biodegradable polymer (e.g.,
polymers of lactic acid and glycolic acid, polyanhydrides,
poly(ortho)esters, polyurethanes, poly(butic acid), poly(val-
eric acid), and poly(lactide-cocaprolactone)), and a natural
biodegradable polymer (e.g., alginate and other polysaccha-
rides including dextran and cellulose, collagen, chemical
derivatives thereof (substitutions, additions of chemical
groups, for example, alkyl, alkylene, hydroxylations, oxi-
dations, and other modifications routinely made by those
skilled in the art), albumin and other hydrophilic proteins
(e.g., zein and other prolamines and hydrophobic proteins)),
as well as any copolymer or mixture thereof. In general,
these materials degrade either by enzymatic hydrolysis or
exposure to water in vivo, by surface or bulk erosion.
[0594] In some aspects, the polymer is a bioadhesive
polymer, such as a bioerodible hydrogel described by H. S.
Sawhney, C. P. Pathak and J. A. Hubbell in Macromolecules,
1993, 26, 581-587, the teachings of which are incorporated
herein, polyhyaluronic acids, casein, gelatin, glutin, polyan-
hydrides, polyacrylic acid, alginate, chitosan, poly(methyl
methacrylates), poly(ethyl methacrylates), poly(butylmeth-
acrylate), poly(isobutyl methacrylate), poly(hexylmethacry-
late), poly(isodecyl methacrylate), poly(lauryl methacry-
late), poly(phenyl methacrylate), poly(methyl acrylate),
poly(isopropyl acrylate), poly(isobutyl acrylate), and poly
(octadecyl acrylate).

[0595] In some embodiments, the polymer is a water-
soluble polymer or a hydrophilic polymer. Hydrophilic
polymers are further described herein under “Hydrophilic
Heterologous Moieties.” Suitable water-soluble polymers
are known in the art and include, for example, polyvinylpyr-
rolidone, hydroxypropyl cellulose (HPC; Klucel), hydroxy-
propyl methylcellulose (HPMC; Methocel), nitrocellulose,
hydroxypropyl ethylcellulose, hydroxypropyl butylcellu-
lose, hydroxypropyl pentylcellulose, methyl cellulose, eth-
ylcellulose (Ethocel), hydroxyethyl cellulose, various alkyl
celluloses and hydroxyalkyl celluloses, various cellulose
ethers, cellulose acetate, carboxymethyl cellulose, sodium
carboxymethyl cellulose, calcium carboxymethyl cellulose,
vinyl acetate/crotonic acid copolymers, poly-hydroxyalkyl
methacrylate, hydroxymethyl methacrylate, methacrylic
acid copolymers, polymethacrylic acid, polymethylmeth-
acrylate, maleic anhydride/methyl vinyl ether copolymers,
poly vinyl alcohol, sodium and calcium polyacrylic acid,
polyacrylic acid, acidic carboxy polymers, carboxypolym-
ethylene, carboxyvinyl polymers, polyoxyethylene polyoxy-
propylene copolymer, polymethylvinylether co-maleic
anhydride, carboxymethylamide, potassium methacrylate
divinylbenzene co-polymer, polyoxyethyleneglycols, poly-
ethylene glycol, and derivatives, salts, and combinations
thereof.

[0596] In one embodiment, the polymer is a polyalkylene
glycol, including, for example, polyethylene glycol (PEG).
In some embodiments, the heterologous moiety is a carbo-

Nov. 24, 2016

hydrate. In some embodiments, the carbohydrate is a mono-
saccharide (e.g., glucose, galactose, fructose), a disaccharide
(e.g., sucrose, lactose, maltose), an oligosaccharide (e.g.,
raffinose, stachyose), a polysaccharide (a starch, amylase,
amylopectin, cellulose, chitin, callose, laminarin, xylan,
mannan, fucoidan, galactomannan.

[0597] In some embodiments, the heterologous moiety is
a lipid. The lipid, in some embodiments, is a fatty acid,
eicosanoid, prostaglandin, leukotriene, thromboxane,
N-acyl ethanolamine), glycerolipid (e.g., mono-, di-, tri-
substituted glycerols), glycerophospholipid (e.g., phospha-
tidylcholine,  phosphatidylinositol, = phosphatidyletha-
nolamine,  phosphatidylserine),  sphingolipid (e.g.,
sphingosine, ceramide), sterol lipid (e.g., steroid, choles-
terol), prenol lipid, saccharolipid, or a polyketide, oil, wax,
cholesterol, sterol, fat-soluble vitamin, monoglyceride,
diglyceride, triglyceride, a phospholipid.

[0598] Fc Fusion Heterologous Moiety

[0599] As noted above, in some embodiments the single
chain insulin analog is conjugated, e.g., fused to an immu-
noglobulin or portion thereof (e.g. variable region, CDR, or
Fc region). Known types of immunoglobulins (Ig) include
1gG, IgA, IgE, IgD or IgM. The Fc region is a C-terminal
region of an Ig heavy chain, which is responsible for binding
to Fc receptors that carry out activities such as recycling
(which results in prolonged half-life), antibody dependent
cell-mediated cytotoxicity (ADCC), and complement
dependent cytotoxicity (CDC).

[0600] For example, according to some definitions the
human IgG heavy chain Fc region stretches from Cys226 to
the C-terminus of the heavy chain. The “hinge region”
generally extends from Glu216 to Pro230 of human IgG1
(hinge regions of other IgG isotypes may be aligned with the
IgG1 sequence by aligning the cysteines involved in cyste-
ine bonding). The Fc region of an IgG includes two constant
domains, CH2 and CH3. The CH2 domain of a human IgG
Fc region usually extends from amino acids 231 to amino
acid 341. The CH3 domain of a human IgG Fc region
usually extends from amino acids 342 to 447. References
made to amino acid numbering of immunoglobulins or
immunoglobulin fragments, or regions, are all based on
Kabat et al. 1991, Sequences of Proteins of Immunological
Interest, U.S. Department of Public Health, Bethesda, Md.
In a related embodiment, the Fc region may comprise one or
more native or modified constant regions from an immuno-
globulin heavy chain, other than CH1, for example, the CH2
and CH3 regions of IgG and IgA, or the CH3 and CH4
regions of IgHE.

[0601] Suitable conjugate moieties include portions of
immunoglobulin sequence that include the FcRn binding
site. FcRn, a salvage receptor, is responsible for recycling
immunoglobulins and returning them to circulation in blood.
The region of the Fc portion of IgG that binds to the FcRn
receptor has been described based on X-ray crystallography
(Burmeister et al. 1994, Nature 372:379). The major contact
area of the Fc with the FcRn is near the junction of the CH2
and CH3 domains. Fc-FcRn contacts are all within a single
Ig heavy chain. The major contact sites include amino acid
residues 248, 250-257, 272, 285, 288, 290-291, 308-311,
and 314 of the CH2 domain and amino acid residues
385-387, 428, and 433-436 of the CH3 domain.

[0602] Some conjugate moieties may or may not include
FeyR binding site(s). FcyR are responsible for ADCC and
CDC. Examples of positions within the Fc region that make
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a direct contact with FcyR are amino acids 234-239 (lower
hinge region), amino acids 265-269 (B/C loop), amino acids
297-299 (C'/E loop), and amino acids 327-332 (F/G) loop
(Sondermann et al., Nature 406: 267-273, 2000). The lower
hinge region of IgE has also been implicated in the FcRI
binding (Henry, et al., Biochemistry 36, 15568-15578,
1997). Residues involved in IgA receptor binding are
described in Lewis et al., (J Immunol. 175:6694-701, 2005).
Amino acid residues involved in IgE receptor binding are
described in Sayers et al. (J Biol Chem. 279(34):35320-5,
2004).

[0603] Amino acid modifications may be made to the Fc
region of an immunoglobulin. Such variant Fc regions
comprise at least one amino acid modification in the CH3
domain of the Fc region (residues 342-447) and/or at least
one amino acid modification in the CH2 domain of the Fc
region (residues 231-341). Mutations believed to impart an
increased affinity for FcRn include T256A, T307A, E380A,
and N434A (Shields et al. 2001, J. Biol. Chem. 276:6591).
Other mutations may reduce binding of the Fc region to
FeyRI, FeyRIIA, FeyRIIB, and/or FeyRIIIA without signifi-
cantly reducing affinity for FcRn. For example, substitution
of the Asn at position 297 of the Fc region with Ala or
another amino acid removes a highly conserved N-glycosy-
lation site and may result in reduced immunogenicity with
concomitant prolonged half-life of the Fc region, as well as
reduced binding to FcyRs (Routledge et al. 1995, Transplan-
tation 60:847; Friend et al. 1999, Transplantation 68:1632;
Shields et al. 1995, J. Biol. Chem. 276:6591). Amino acid
modifications at positions 233-236 of IgGG1 have been made
that reduce binding to FcyRs (Ward and Ghetie 1995,
Therapeutic Immunology 2:77 and Armour et al. 1999, Eur.
J. Immunol. 29:2613). Some exemplary amino acid substi-
tutions are described in U.S. Pat. Nos. 7,355,008 and 7,381,
408, each incorporated by reference herein in its entirety.
[0604] Hydrophilic Heterologous Moiety

[0605] In some embodiments, the single chain insulin
analog described herein is covalently bonded to a hydro-
philic moiety. Hydrophilic moieties can be attached to the
single chain insulin analog 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 alky-
lation or other chemoselective conjugation/ligation methods
through a reactive group on the hydrophilic 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, sulf-
hydryl, thiol, triflate, tresylate, azidirine, oxirane, 5-pyridyl,
and alpha-halogenated acyl group (e.g., alpha-iodo acetic
acid, alpha-bromoacetic acid, alpha-chloroacetic acid). If
attached to the peptide by reductive alkylation, the polymer
selected should have a single reactive aldehyde so that the
degree of polymerization is controlled. See, for example,
Kinstler et al., Adv. Drug. Delivery Rev. 54: 477-485 (2002);
Roberts et al., Adv. Drug Delivery Rev. 54: 459-476 (2002);
and Zalipsky et al., Adv. Drug Delivery Rev. 16: 157-182
(1995).

[0606] The hydrophilic moiety, e.g., polyethylene glycol
chain, in accordance with some embodiments has a molecu-
lar weight selected from the range of about 500 to about
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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, or about 1,000 to about
5,000 Daltons. In another embodiment the hydrophilic moi-
ety, e.g., polyethylene glycol chain, has a molecular weight
of about 10,000 to about 20,000 Daltons. In yet other
exemplary embodiments the hydrophilic moiety, e.g. poly-
ethylene glycol chain, has a molecular weight of about
20,000 to about 40,000 Daltons. Linear or branched hydro-
philic polymers are contemplated. Resulting preparations of
conjugates may be essentially monodisperse or polydis-
perse, and may have about 0.5, 0.7, 1, 1.2, 1.5 or 2 polymer
moieties per peptide.

[0607] Insome embodiments, the native amino acid of the
peptide is substituted with an amino acid having a side chain
suitable for crosslinking with hydrophilic moieties, to facili-
tate linkage of the hydrophilic moiety to the peptide. Exem-
plary amino acids include Cys, Lys, Orn, homo-Cys, or
acetyl phenylalanine (Ac-Phe). In other embodiments, an
amino acid modified to comprise a hydrophilic group is
added to the peptide at the N-terminus or C-terminus. In
some embodiments, the peptide of the conjugate is conju-
gated to a hydrophilic moiety, e.g. PEG, via covalent linkage
between a side chain of an amino acid of the peptide and the
hydrophilic moiety.

[0608] rPEG Heterologous Moiety

[0609] In some embodiments, the conjugate comprises a
single chain insulin analog fused to an accessory peptide
which is capable of forming an extended conformation
similar to chemical PEG (e.g., a recombinant PEG (rPEG)
molecule), such as those described in International Patent
Application Publication No. W02009/023270 and U.S. Pat-
ent Application Publication No. US2008/0286808. The
rPEG molecule is not polyethylene glycol. The rPEG mol-
ecule in some aspects is a polypeptide comprising one or
more of glycine, serine, glutamic acid, aspartic acid, alanine,
or proline. In some aspects, the rPEG is a homopolymer,
e.g., poly-glycine, poly-serine, poly-glutamic acid, poly-
aspartic acid, poly-alanine, or poly-proline. In other embodi-
ments, the rPEG comprises two types of amino acids
repeated, e.g., poly(Gly-Ser), poly(Gly-Glu), poly(Gly-Ala),
poly(Gly-Asp), poly(Gly-Pro), poly(Ser-Glu), etc. In some
aspects, the rPEG comprises three different types of amino
acids, e.g., poly(Gly-Ser-Glu). In specific aspects, the rPEG
increases the half-life of the single chain insulin analog. In
some aspects, the rPEG comprises a net positive or net
negative charge. The rPEG in some aspects lacks secondary
structure. In some embodiments, the rPEG is greater than or
equal to 10 amino acids in length and in some embodiments
is about 40 to about 50 amino acids in length. The accessory
peptide in some aspects is fused to the N- or C-terminus of
the peptide of the invention through a peptide bond or a
proteinase cleavage site. The rPEG in some aspects com-
prises an affinity tag or is linked to a PEG that is greater than
5 kDa. In some embodiments, the rPEG confers the conju-
gate of the invention with an increased hydrodynamic
radius, serum half-life, protease resistance, or solubility and
in some aspects confers the conjugate with decreased immu-
nogenicity.

[0610] The conjugate moieties can be linked to the single
chain insulin analog via direct covalent linkage by reacting
targeted amino acid residues of the peptide with an organic
derivatizing agent that is capable of reacting with selected
side chains or the N- or C-terminal residues of these targeted
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amino acids. Reactive groups on the peptide or conjugate
moiety include, e.g., an aldehyde, amino, ester, thiol, ct-ha-
loacetyl, maleimido or hydrazino group. Derivatizing agents
include, for example, maleimidobenzoyl sulfosuccinimide
ester (conjugation through cysteine residues), N-hydroxy-
succinimide (through lysine residues), glutaraldehyde, suc-
cinic anhydride or other agents known in the art. Alterna-
tively, the conjugate moieties can be linked to the peptide
indirectly through intermediate carriers, such as polysaccha-
ride or polypeptide carriers. Examples of polysaccharide
carriers include aminodextran. Examples of suitable poly-
peptide carriers include polylysine, polyglutamic acid,
polyaspartic acid, co-polymers thereof, and mixed polymers
of these amino acids and others, e.g., serines, to confer
desirable solubility properties on the resultant loaded carrier.

Multimers

[0611] The single chain insulin analog may be part of a
dimer, trimer or higher order multimer comprising at least
two, three, or more peptides bound via a linker, wherein at
least one or both peptides is a single chain insulin analog. In
one embodiment a single chain insulin analog is linked to
either the A chain or the B chain of a second insulin
polpeptide that is either a heteroduplex comprising the A and
B chain or a second single chain insulin analog. The dimer
may be a homodimer or heterodimer. In some embodiments,
the linker is selected from the group consisting of a bifunc-
tional thiol crosslinker and a bi-functional amine crosslinker.
In certain embodiments, the linker is PEG, e.g., a 5 kDa
PEG, 20 kDa PEG. In some embodiments, the linker is a
disulfide bond. For example, each monomer of the dimer
may comprise a Cys residue (e.g., a terminal or internally
positioned Cys) and the sulfur atom of each Cys residue
participates in the formation of the disulfide bond. In some
aspects of the invention, the monomers are connected via
terminal amino acids (e.g., N-terminal or C-terminal), via
internal amino acids, or via a terminal amino acid of at least
one monomer and an internal amino acid of at least one other
monomer. In specific aspects, the monomers are not con-
nected via an N-terminal amino acid. In some aspects, the
monomers of the multimer are attached together in a “tail-
to-tail” orientation in which the C-terminal amino acids of
each monomer are attached together. In one embodiment the
dimer comprises two single chain insulin analogs wherein
the two insulin analogs are linked to one another via the
amino acid side chains of an amino acid present in the
linking moiety of each single chain insulin analog. A con-
jugate moiety may be covalently linked to any of the single
chain insulin analogs described herein, including a dimer,
trimer or higher order multimer.

[0612] In accordance with one embodiment a multimer is
provided that comprises an IGF YL B chain analog disclosed
herein (including prodrug and depot derivatives thereof).
The multimer (e.g., a dimer) may be a homodimer or
heterodimer, comprising peptides selected from the group
consisting of native insulin, native IGF-1, native IGF-II, an
insulin analog peptide and IGF analog peptides. In some
embodiments, the linker is selected from the group consist-
ing of a bifunctional thiol crosslinker and a bi-functional
amine crosslinker. In certain embodiments, the linker is
PEG, e.g., a 5 kDa PEG, 20 kDa PEG. In some embodi-
ments, the linker is a disulfide bond.
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Controlled Release Formulations

[0613] Alternatively, the single chain insulin analogs
described herein can be modified into a depot form, such that
the manner in which the conjugate of the present disclosure
is released into the body to which it is administered is
controlled with respect to time and location within the body
(see, for example, U.S. Pat. No. 4,450,150). Depot forms of
the conjugates of the present disclosures can be, for
example, an implantable composition comprising the con-
jugate 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.

[0614] Alternatively, a large depot polymer can be linked
to a self cleaving dipeptide element that is covalently bound
to the single chain insulin analog as described herein. In this
embodiment, the depot polymer effectively sequesters the
single chain insulin analog at its site of administration until
it is subsequently cleaved from the single chain analog via
a non-enzymatic reaction at a predetermined rate. Depot
formulations of insulin analogs using a self cleaving dipep-
tide have been described in PCT/US2009/068713, the dis-
closure of which is incorporated herein. In one embodiment
a single chain insulin analog 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 com-
prising 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.

[0615] 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, con-
trolled release, sustained release, extended release, delayed
release, or bi-phasic release formulation. Methods of for-
mulating 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, W02004/033036; W02000/032218; 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.

Prodrug Derivatives of Single Chain Insulin Analogs

[0616] The present disclosure also encompasses prodrug
analogs of the single chain insulin analog peptides disclosed
herein. Advantageously, the prodrug formulations improve
the therapeutic index of the underlying peptide and delay
onset of action and enhance the half life of the single chain
insulin analog peptide. The disclosed prodrug chemistry can
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be chemically conjugated to active site amines to form
amides that revert to the parent amine upon diketopiperazine
formation and release of the prodrug element (see Interna-
tional patent application PCT/US2009/068713, the disclo-
sure of which is expressly incorporated herein). This novel
biologically friendly prodrug chemistry spontaneously
degrades under physiological conditions (e.g. pH of about 7,
at 37° C. in an aqueous environment) and is not reliant on
enzymatic degradation. The duration of the prodrug analog
is determined by the selection of the dipeptide prodrug
sequence, and thus allows for flexibility in prodrug formu-
lation.

[0617] In one embodiment a prodrug is provided having a
non-enzymatic activation half time (t1/2) of between 1-100
hrs under physiological conditions. Physiological conditions
as disclosed herein are intended to include a temperature of
about 35 to 40° C. and a pH of about 7.0 to about 7.4 and
more typically include a pH of 7.2 to 7.4 and a temperature
of 36 to 38° C. in an aqueous environment. In one embodi-
ment a dipeptide, capable of undergoing diketopiperazine
formation under physiological conditions, is covalently
linked through an amide or ester linkage to the single chain
insulin analog (see International applications WO 2009/
099763 and PCT/US2009/068713 the disclosures of which
are incorporated herein).

[0618] Advantageously, the rate of cleavage, and thus
activation of the prodrug, depends on the structure and
stereochemistry of the dipeptide pro-moiety and also on the
strength of the nucleophile. The prodrugs disclosed herein
will ultimately be chemically converted to structures that
can be recognized by the insulin/IGF receptor, wherein the
speed of this chemical conversion will determine the time of
onset and duration of in vivo biological action. The prodrug
chemistry disclosed in this application relies upon an intra-
molecular chemical reaction that is not dependent upon
additional chemical additives, or enzymes. The speed of
conversion is controlled by the chemical nature of the
dipeptide substituent and its cleavage under physiological
conditions. Since physiological pH and temperature are
tightly regulated within a highly defined range, the speed of
conversion from prodrug to drug will exhibit high intra and
interpatient reproducibility. In one embodiment a prodrug
derivative of the single chain analog is provided wherein the
single chain insulin analog comprises a linking moiety of
8-17 amino acids wherein one of the amino acids of the
linking moiety is pegylated. Alternatively, or in addition to
the pegylation of the amino acid of the linking moiety, one
of the two amino acids of the dipeptide prodrug element can
be pegylated. Alternatively, or in any combination with the
above mentioned pegylated sites, the single chain insulin
prodrug derivative can be pegylated at a position selected
from the group consisting of A9, A14 and A15 of the A
chain, or positions B1 (for insulin based B chains), B2 (for
IGF-1 based B chains), B10, B22, B28 or B29 of the B
chain. In one embodiment the insulin prodrug is pegylated
at the N-terminal alpha amine of the B chain (e.g. at position
B1 for insulin based B chain or position B2 for IGF-1 based
B chain).

[0619] As disclosed herein prodrugs are provided wherein
the single chain insulin analog peptides have extended half
lives of at least 1 hour, and more typically greater than 20
hours but less than 100 hours, and are converted to the active
form at physiological conditions through a non-enzymatic
reaction driven by inherent chemical instability. In one
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embodiment the a non-enzymatic activation t1/2 time of the
prodrug is between 1-100 hrs, and more typically between
12 and 72 hours, and in one embodiment the t1/2 is between
24-48 hrs as measured by incubating the prodrug in a
phosphate buffer solution (e.g., PBS) at 37° C. and pH of
7.2. In one embodiment the half life of the prodrugs is about
1, 8, 12, 20, 24, 48 or 72 hours. In one embodiment the half
life of the prodrugs is about 100 hours or greater including
halflives of up to about 168, 336, 504, 672 or 720 hours, and
are converted to the active form at physiological conditions
through a non-enzymatic reaction driven by inherent chemi-
cal instability. The half lives of the various prodrugs are
calculated by using the formula t, ,,=0.693/k, where ‘k’ is the
first order rate constant for the degradation of the prodrug.
In one embodiment, activation of the prodrug occurs after
cleavage of an amide bond linked dipeptide, and formation
of a diketopiperazine or diketomorpholine, and the active
single chain insulin analog peptide.

[0620] In another embodiment, the dipeptide prodrug ele-
ment is covalently bound to the single chain insulin analog
peptide via an amide linkage, and the dipeptide further
comprises a depot polymer linked to dipeptide. In one
embodiment two or more depot polymers are linked to a
single dipeptide element. In one embodiment the depot
polymer is linked to the side chain of one of the amino acids
comprising the dipeptide prodrug element. The depot poly-
mer is selected to be biocompatible and of sufficient size that
the single chain insulin analog, modified by covalent attach-
ment of the dipeptide, remains sequestered at an injection
site and/or incapable of interacting with its corresponding
receptor upon administration to a patient. Subsequent cleav-
age of the dipeptide releases the single chain insulin analog
to interact with its intended target. The depot bearing dipep-
tide element can be linked to the single chain insulin analog
via an amide bond through any convenient amine group of
the single chain insulin analog, including an N-terminal
amine or an amine bearing side chain of an internal natural
or synthetic amino acid of the single chain insulin analog. In
one embodiment the depot bearing dipeptide element is
linked to the amino group of a 4-amino phenylalanine
present at position A19 of the single chain analog.

[0621] 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, capro-
lactone-based polymers, poly(caprolactone), polyanhy-
drides, polyamines, polyesteramides, polyorthoesters, poly-
dioxanones, polyacetals, polyketals, polycarbonates,
polyphosphoesters, polyesters, polybutylene terephthalate,
polyorthocarbonates, polyphosphazenes, succinates, poly
(malic acid), poly(amino acids), polyvinylpyrrolidone, poly-
ethylene glycol, polyhydroxycellulose, polysaccharides,
chitin, chitosan, hyaluronic acid, and copolymers, terpoly-
mers and mixtures thereof, and biodegradable polymers and
their copolymers including caprolactone-based polymers,
polycaprolactones and copolymers which include polybuty-
lene terephthalate. In one embodiment the depot polymer is
selected from the group consisting of polyethylene glycol,
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dextran, polylactic acid, polyglycolic acid and a copolymer
of'lactic acid and glycolic acid, and in one specific embodi-
ment 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.

[0622] Specific dipeptides composed of natural or syn-
thetic amino acids have been identified that facilitate intra-
molecular decomposition under physiological conditions to
release the active single chain insulin analog. The dipeptide
can be linked (via an amide bond) to an amino group present
on the single chain insulin analog, or an amino group
introduced into the single chain insulin analog by modifi-
cation of the peptide sequence. In one embodiment the
dipeptide structure is selected to resist cleavage by pepti-
dases present in mammalian sera, including for example
dipeptidyl peptidase IV (DPP-IV). Accordingly, in one
embodiment the rate of cleavage of the dipeptide prodrug
element from the bioactive peptide is not substantially
enhanced (e.g., greater than 2x) when the reaction is con-
ducted using physiological conditions in the presence of
serum proteases relative to conducting the reaction in the
absence of the proteases. Thus the cleavage half-life of the
dipeptide prodrug element from the single chain insulin
analog (in PBS under physiological conditions) is not more
than two, three, four or five fold the cleavage half-life of the
dipeptide prodrug element from the single chain insulin
analog in a solution comprising a DPP-IV protease. In one
embodiment the solution comprising a DPP-IV protease is
serum, more particularly mammalian serum, including
human serum.

[0623] In accordance with one embodiment the dipeptide
prodrug element comprises the structure U-B, wherein U is
an amino acid or a hydroxyl acid and B is an N-alkylated
amino acid. The structure of U-B is selected, in one embodi-
ment, wherein chemical cleavage of U-B from the single
chain insulin analog is at least about 90% complete within
about 1 to about 720 hours in PBS under physiological
conditions. In one embodiment the chemical cleavage half-
life (t,5) of U-B from the single chain insulin analog peptide
is at least about 1 hour to about 1 week in PBS under
physiological conditions. In one embodiment U, B, or the
amino acid of the single chain insulin analog to which U-B
is linked is a non-coded amino acid. In some embodiments
U and/or B is an amino acid in the D stereoisomer configu-
ration. In some exemplary embodiments, U is an amino acid
in the D stereoisomer configuration and B is an amino acid
in the L stereoisomer configuration. In some exemplary
embodiments, U is an amino acid in the L stereoisomer
configuration and B is an amino acid in the D stereoisomer
configuration. In some exemplary embodiments, U is an
amino acid in the D stereoisomer configuration and B is an
amino acid in the D stereoisomer configuration. In one
embodiment B is an N-alkylated amino acid but is not
proline. In one embodiment the N-alkylated group of amino
acid B is a C,-C,; alkyl, and in one embodiment the
N-alkylated group is C, -C alkyl. In one embodiment U is an
amino acid having a disubstitution at the alpha carbon.

[0624] Inone embodiment one or more dipeptide elements
are linked to single chain insulin analog through an amide
bond formed through one or more amino groups selected
from the N-terminal amino group of the B chain, or the side
chain amino group of an amino acid present in the single
chain insulin analog. In one embodiment the single chain
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insulin analog comprises two dipeptide elements, wherein
the dipeptide elements are optionally pegylated, alkylated,
acylated or linked to a depot polymer. In accordance with
one embodiment the dipeptide extension is covalently linked
to a single chain insulin analog through the side chain amine
of a lysine residue that resides at or near the active site. In
one embodiment the dipeptide extension is attached through
a synthetic amino acid or a modified amino acid, wherein the
synthetic amino acid or modified amino acid exhibits a
functional group suitable for covalent attachment of the
dipeptide extension (e.g., the aromatic amine of an amino-
phenylalanine). In accordance with one embodiment one or
more dipeptide elements are linked to the single chain
insulin analog at an amino group selected from the N-ter-
minal amino group of the B chain, 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.

[0625] The dipeptide prodrug element is designed to spon-
taneously cleave its amide linkage to the insulin analog
under physiological conditions and in the absence of enzy-
matic activity. In one embodiment the N-terminal amino
acid of the dipeptide prodrug element comprises a C-alky-
lated amino acid (e.g. amino isobutyric acid). In one
embodiment the C-terminal amino acid of the dipeptide
prodrug element comprises an N-alkylated amino acid (e.g.,
proline or N-methyl glycine). In one embodiment the dipep-
tide comprises the sequence of an N-terminal C-alkylated
amino acid followed by an N-alkylated amino acid.

[0626] Applicants have discovered that the selective inser-
tion of a 4-amino phenylalanine amino acid moiety for the
native tyrosine at position 19 of the A chain can be accom-
modated without loss in potency of the insulin peptide (see
FIG. 3). Subsequent chemical amidation of this active site
amino group with the dipeptide prodrug element disclosed
herein dramatically lessens insulin receptor binding activity
and thus provides a suitable prodrug of insulin (see FIG.
7-12, data provided for the IGF1Y*°L!7 (p-NH,-F)*'° ana-
log which has been demonstrated to have comparable activ-
ity as insulin (p-NH,-F)*'®, see FIG. 4). Applicants have
discovered that a similar modification can be made to the
IGF?%%17 analog peptides to provide a suitable attachment
site for prodrug chemistry. Accordingly, in one embodiment
the dipeptide prodrug element is linked to the aromatic ring
of an A19 4-aminophenylalanine of an insulin (p-NH,—F)
412 or IGFZ'9%17 single chain insulin analog peptide via an
amide bond, wherein the C-terminal amino acid of the
dipeptide comprises an N-alkylated amino acid and the
N-terminal amino acid of the dipeptide is any amino acid.

[0627] The dipeptide prodrug moiety can also be attached
to additional sites of an insulin (p-NH,—F)*'? or IGF?19517
single chain insulin analog peptide to prepare insulin
(p-NH,-F)*'? or IGF?'9%!7 single chain insulin analog pro-
drug derivatives. In accordance with one embodiment an
IGF?*%%17 single chain insulin analog prodrug derivative is
provided comprising an IGF#'%%'7 B chain with a dipeptide
prodrug element linked via an amide bond to the N-terminal
amino group of the B chain, or the side chain amino group
of an aromatic amine of a 4-amino-phenylalanine residue
present at a position corresponding to A19, B16 or B25 of
native insulin or present in the linking moiety. The
IGF?*%%17 single chain insulin analog prodrug derivative
may comprise a native insulin A chain or a native IGF-1 A
chain or any analogs thereof disclosed herein. In one
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embodiment the dipeptide comprises an N-terminal C-alky-
lated amino acid followed by an N-alkylated amino acid. In
accordance with one embodiment a single chain insulin
analog prodrug derivative is provided wherein the A chain
and B chain comprising the analog comprises the sequence
of SEQ ID NO: 1 and SEQ ID NO: 2, respectively, or may
comprise an analog of SEQ ID NO: 1 and/or SEQ ID NO:
2 wherein the analogs include substitution of the amino acid
at position A19, B16 or B25 with a 4-amino phenylalanine
and/or one or more amino acid substitutions at positions
corresponding to positions A5, A8, A9, A10, Al4, A15,A17,
Al18,A19 and A21, B1, B2, B3, B4, B5, B9, B10, B13, B14,
B20, B22, B23, B26, B27, B28, B29 and B30 of native
insulin, or deletions of any or all of corresponding positions
B1-4 and B26-30, relative to native insulin. In one embodi-
ment the dipeptide is linked to an N-terminal amino group
of'the B chain of the single chain insulin analog, wherein the
C-terminal amino acid of the dipeptide comprises an N-alky-
lated amino acid and the N-terminal amino acid of the
dipeptide is any amino acid, with the proviso that when the
C-terminal amino acid of the dipeptide is proline, the
N-terminal amino acid of the dipeptide comprises a C-alky-
lated amino acid.

[0628] In one embodiment the dipeptide prodrug element
comprises the general structure of Formula X:

X
R, R Il{s O
N
Rs
o) Ry Rg
[0629] wherein
[0630] R,, R,, R, and Ry are independently selected from

the group consisting of H, C,-C,; alkyl, C,-C,4 alkenyl,
(C,-C,5 alkyD)OH, (C,-C,; alkyl)SH, (C,-C, alkyl)SCH,,
(C,-C, alky)CONH,, (C,-C, alkyl)COOH, (C,-C, alkyl)
NH,, (C,-C, alkyDNHC(NH,")NH,, (C,-C, alkyl)}(C,-C,
cycloalkyl), (C,-C, alkyl)(C,-C5 heterocyclic), (C,-C,
alkyl)(C4-C, aryDR, (C,-C,, alkyl)(C;-C, heteroaryl), and
C,-C,, alkyl(W)C,-C,, alkyl, wherein W is a heteroatom
selected from the group consisting of N, S and O, or R, and
R, together with the atoms to which they are attached form
a C;-C,, cycloalkyl or aryl; or R, and Ry together with the
atoms to which they are attached form a C;-C; cycloalkyl;
[0631] R, is selected from the group consisting of C,-C
alkyl, (C,-C,¢ alky)OH, (C,-C, 4 alkyl)NH,, (C,-C, alkyl)
SH, (C,-C, alky)(C;-Cy)cycloalkyl, (C,-C, alkyl)(C,-Cs
heterocyclic), (C,-C, alkyl)(C4-C,, aryDR,, and (C,-C,
alkyl)(C;-C, heteroaryl) or R, and R, together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring;

[0632] R, is NHR, or OH;

[0633] R,isH, C,-Cg alkyl or R; and R, together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[0634] R, is selected from the group consisting of H and
OH. In one embodiment when the prodrug element is linked
to the N-terminal amine of the single chain insulin analog
and R, and R; together with the atoms to which they are
attached form a 4, 5 or 6 member heterocyclic ring, then at
least one of R, and R, are other than H.
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[0635] In one embodiment the prodrug element of For-
mula X is provided wherein R, is selected from the group
consisting of H and C,-Cy alkyl; and

[0636] R,, R; and R, are independently selected from
the group consisting of H, C,-C; alkyl, C,-Cg alkenyl,
(C,-C, alky])OH, (C,-C, alkyl)SH, (C,-C, alky])SCHj,,
(C,-C, alkyl)CONH,, (C,-C, alky)COOH, (C,-C,
alkyl)NH,, (C,-C, alkyh)NHC(NH,*) NH,, (C,-C,
alkyl)(C;-C, cycloalkyl), (C,-C, alkyl)(C4-C, , aryDR 5,
and CH,(C5-C, heteroaryl), or R, and R, together with
the atoms to which they are attached form a C;-C,
cycloalkyl ring;

[0637] R, is selected from the group consisting of C,-Cy
alkyl, (C,-C, alkyl)OH, (C,-C, alky])SH, (C,-C, alkyl)
NH,, (C5-Cy)eycloalkyl or R, and R together with the
atoms to which they are attached form a 5 or 6 member
heterocyclic ring;

[0638] R, is NHR, or OH;

[0639] R, is H, or Rg and R, together with the atoms to
which they are attached form a 5 or 6 member hetero-
cyclic ring; and

[0640] R, is selected from the group consisting of H and
OH and Ry is H. In one embodiment R; is C,-C, alkyl
and R, is selected from the group consisting of H,
C,-Cy alkyl, CH,OH, (C,-C, alkyl)(C¢-C,, aryDR-,
and CH,(Cs-C, heteroaryl) or R, and R, together with
the atoms to which they are attached form a 5 or 6
member heterocyclic ring. In a further embodiment R,
is NHR, and Ry is H.

[0641] In accordance with one embodiment the dipeptide
element comprises a compound having the general structure
of Formula X:

R, R Il{s O
N
Rs
o) Ry Rg
[0642] wherein
[0643] R,, R,, R, and Ry are independently selected from

the group consisting of H, C,-C,, alkyl, C,-C,, alkenyl,
(C,-C,5 alky)OH, (C,-C,5 alkyl)SH, (C,-C; alkyl)SCHj;,
(C,-C, alky)CONH,, (C,-C, alky)COOH, (C,-C, alkyl)
NH,, (C,-C, alkyh)NHC(NH,")NH,, (C,-C, alkyl)}(C5-Cq
cycloalkyl), (C,-C, alkyl)(C,-C5 heterocyclic), (C,-C,
alky)(C4-C, aryDR,, (C,-C, alkyl)(C,-C, heteroaryl), and
C,-C,, alkyl(W)C,-C,, alkyl, wherein W, is a heteroatom
selected from the group consisting of N, S and O, or R, and
R, together with the atoms to which they are attached form
a C;-C, cycloalkyl; or R, and Rg together with the atoms to
which they are attached form a C;-C; cycloalkyl;

[0644] R, is selected from the group consisting of C,-C,
alkyl, (C,-C, alkyl)OH, (C,-C, 4 alky])NH,, (C,-C, alkyl)
SH, (C,-C, alky)(C;-Cy)eycloalkyl, (C,-C, alkyl)(C,-Cs
heterocyclic), (C,-C, alkyl)(C4-C,, aryDR,, and (C,-C,
alkyl)(C;-C, heteroaryl) or R, and R; together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring;

[0645] R, is NHR, or OH;

[0646] R is H, C,-Cgalkyl or R and R, together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and



US 2016/0340400 Al
36

[0647] R, is selected from the group consisting of H, OH,
C,-C,g alkyl, C,-C, 4 alkenyl, (C,-C, alkyl)CONH,, (C,-C,
alkyl)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH, and halo.
[0648] In another embodiment the dipeptide prodrug ele-
ment comprises the general structure:

R, R, Il{s O
N

Rs

0 R4 Rg

[0649] wherein

[0650] R, and Ry are independently H or C,-Cy alkyl;
[0651] R, and R, are independently selected from the
group consisting of H, C,-Cy alkyl, C,-Cg alkenyl, (C,-C,
alkyl)OH, (C,-C, alkyl)SH, (C,-C; alkyl)SCH,, (C,-C,
alkyl)CONH,, (C,-C, alkyl)COOH, (C,-C, alkyl)NH,, (C, -
C, alkyDNHC(NH,+) NH,, (C,-C, alkyl)(C5-Cq
cycloalkyl), (C,-C, alkyl)(C,-Cs5 heterocyclic), (C,-C,
alkyl)(C4-C,  ary)R,, and CH,(C;-C, heteroaryl), or R and
R, together with the atoms to which they are attached form
a C;-C,, cycloalkyl;

[0652] R; is selected from the group consisting of C,-Cq
alkyl, (C,-C, alkyl)OH, (C,-C, alkyl)NH,, (C,-C,, alkyl)SH,
(C5-Cy)eycloalkyl or R, and R, together with the atoms to
which they are attached form a 5 or 6 member heterocyclic
ring;

[0653] R, is NHR, or OH;

[0654] RisH, C,-Cq alkyl, or R, and R, together with the
atoms to which they are attached form a 5 or 6 member
heterocyclic ring; and

[0655] R, is selected from the group consisting of H, OH,
C,-C,g alkyl, C,-C, 4 alkenyl, (C,-C, alkyl)CONH,, (C,-C,
alkyl)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH and halo,
provided that when R, and R; together with the atoms to
which they are attached form a 5 or 6 member heterocyclic
ring, both R, and R, are not H. In one embodiment R, is H
or OH. In one embodiment either the first amino acid and/or
the second amino acid of the dipeptide prodrug element is an
amino acid in the D stereoisomer configuration.

[0656] In a further embodiment the prodrug element of
Formula X is provided wherein

[0657] R, is selected from the group consisting of H and
C,-Cy alkyl; and

[0658] R, and R, are independently selected from the
group consisting of H, C,-C, alkyl, C,-C, alkenyl,
(C,-C, alky)OH, (C,-C, alkyl)SH, (C,-C; alky])SCH,;,
(C,-C, alkyl)CONH,, (C,-C, alkyl)COOH, (C,-C,
alkyl)NH,, (C,-C, alky)NHC(NH,*) NH,, (C,-C,
alkyl)(C;-Cq cycloalkyl), (C,-C, alkyl)(Cy-C, o aryDR,,
and CH,(Cs-C, heteroaryl), or R, and R, together with
the atoms to which they are attached form a C;-Cg
cycloalkyl ring;

[0659] R, is selected from the group consisting of C,-Cq
alkyl, (C,-C, alky)OH, (C,-C, alky])SH, (C,-C, alkyl)
NH,, (C5-Cy)cycloalkyl or R, and R together with the
atoms to which they are attached form a 5 or 6 member
heterocyclic ring;

[0660] R, is NHR, or OH;

[0661] R is H, or Rg and R, together with the atoms to
which they are attached form a 5 or 6 member hetero-
cyclic ring;
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[0662] R, is selected from the group consisting of
hydrogen, C,-C,; alkyl, C,-C,4 alkenyl, (C,-C, alkyl)
CONH,, (C,-C, alky)COOH, (C,-C, alkyl)NH,, (C,-
C, alkyl)OH and halo, and Ry is H, provided that when
the dipeptide element is linked to an N-terminal amine
and R, and R, together with the atoms to which they are
attached form a 5 or 6 member heterocyclic ring, both
R, and R, are not H. In one embodiment either the first
amino acid and/or the second amino acid of the dipep-
tide prodrug element is an amino acid in the D stereoi-
somer configuration.

[0663] In other embodiments the dipeptide prodrug ele-
ment has the structure of Formula X, wherein

[0664] R, and R are independently H or C,-Cy alkyl;
[0665] R, and R, are independently selected from the
group consisting of H, C,-C; alkyl, C,-Cg alkenyl, (C,-C,
alkyl)OH, (C,-C, alkyl)SH, (C,-C; alkyl)SCH,, (C,-C,
alky)CONH,, (C,-C, alky)COOH, (C,-C, alkyl)NH,, (C, -
C, alkyDNHC(NH,+) NH,, (C,-C, alkyl)(C5-Cq
cycloalkyl), (C,-C, alkyl)(C,-Cs5 heterocyclic), (C,-C,
alkyl)(C4-C, o ary)R,, and CH,(C;-C, heteroaryl), or R, and
R, together with the atoms to which they are attached form
a C;-C,, cycloalkyl;

[0666] R;is C,-C,; alkyl;

[0667] R, is NHRq;

[0668] R is H or C,-C, alkyl; and

[0669] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH,
and halo.

[0670] In a further embodiment the dipeptide prodrug
element has the structure of Formula X, wherein

[0671] R, and R, are independently C,-C, 4 alkyl or (C,-
C, alkyl)(C4-C, o aryDR; or R, and R, are linked through
—(CH,),,, wherein p is 2-9;

[0672] R, is C,-C,; alkyl;

[0673] R, and R; are each hydrogen;

[0674] R is NH,; and

R, is selected from the group consisting of hydrogen, C,-C, ¢
alkyl, C,-C,4 alkenyl, (C,-C, alkyl)CONH,, (C,-C, alkyl)
COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH, and halo.
[0675] In a further embodiment the dipeptide prodrug
element has the structure of Formula X, wherein

[0676] R, and R, are independently selected from the
group consisting of hydrogen, C,-C,; alkyl, (C,-C,4 alkyl)
OH, (C,-C, alkyl)NH,, and (C,-C, alkyl)(Cs-C,, ary)R,, or
R, and R, are linked through (CH,),, wherein p is 2-9;
[0677] R, is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 heterocyclic
ring;

[0678] R, and Ry are independently selected from the
group consisting of hydrogen, C,-Cq alkyl and (C,-C, alkyl)
(C6-Cyp aryDR;

[0679] R, is NH,; and

[0680] R, is seclected from the group consisting of H,
C,-C,5 alkyl, C,-C,4 alkenyl, (C,-C, alky])CONH,, (C,-C,
alky)COOH, (C,-C, alky])NH,, (C,-C, alkyl)OH, and halo,
with the proviso that both R, and R, are not hydrogen and
provided that at least one of R, or Ry is hydrogen.

[0681] In another embodiment the dipeptide prodrug ele-
ment has the structure of Formula X, wherein
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[0682] R, and R, are independently selected from the
group consisting of hydrogen, C,-Cy alkyl and (C,-C, alkyl)
NH,, or R, and R, are linked through (CH,),,, wherein p is
2-9;

[0683] R, is C,-Cg alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocyclic
ring;

[0684] R, is selected from the group consisting of hydro-

gen and C,-C, alkyl;

[0685] Rg is hydrogen; and

[0686] R, is NH,, with the proviso that both R, and R, are
not hydrogen.

[0687] In a further embodiment the dipeptide prodrug

element has the structure of Formula X, wherein

[0688] R, and R, are independently selected from the
group consisting of hydrogen, C,-Cg alkyl and (C,-C, alkyl)
NH,;

[0689] R, is C,-C; alkyl;

[0690] R, and R; are each hydrogen; and

[0691] R, is NH,, with the proviso that both R, and R, are
not hydrogen.

[0692] In another embodiment the dipeptide prodrug ele-

ment has the structure of Formula X, wherein

[0693] R, and R, are independently selected from the
group consisting of hydrogen and C,-C, alkyl, (C,-C, alkyl)
NH,, or R, and R, are linked through (CH,),,, wherein p is
2-9;

[0694] R;is C,-Cq; alkyl;

[0695] R, is (Cy-C, alkyl)(Cy-C, aryDR;

[0696] R, is NH,;

[0697] R, is selected from the group consisting of hydro-

gen, C,-Cg alkyl and (C,-C, alkyl)OH; and

[0698] R, is hydrogen, with the proviso that both R, and
R, are not hydrogen.

[0699] In another embodiment the dipeptide prodrug ele-
ment has the structure of Formula X, wherein

[0700] R, is selected from the group consisting of hydro-
gen, C,-C, alkyl and (C,-C, alkyl)(C4-C,, aryDR;

[0701] R, is hydrogen;

[0702] R;is C,-C,; alkyl;

[0703] R, and R, are each hydrogen;

[0704] R, is NHR, or OH;

[0705] R,isH, C,-Cqalkyl, or R and R, together with the

atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[0706] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alky)NH,, (C,-C, alkyl)OH,
and halo, with the proviso that, if R, is alkyl or (C,-C,
alkyl)(C4-C,, aryDR,, then R, and Ry together with the
atoms to which they are attached form a 4-11 heterocyclic
ring.

[0707] In one embodiment a single chain insulin analog is
provided comprising an A chain and a B chain wherein the
carboxy terminus of the B chain is linked to the amino
terminus of said A chain via a linking moiety. In one
embodiment a single chain insulin analog is provided that
comprises the structure: IB-LM-IA, wherein IB comprises
the sequence R,,-
X, LCGX,6X 5 LVX 4, X, LYLVCGX ,, X,,GFX,5(SEQ ID
NO: 21), LM is a linking moiety as disclosed herein that
covalently links IB to IA, and IA comprises the sequence
GIVX XCCX XX o CX LXK X LXK X1 6CX51-Ry 5
(SEQ ID NO: 22), wherein the amino acid at the designation
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X5 1s phenylalanine or tyrosine that is directly bound to the
linking moiety, LM. In one embodiment a single chain
insulin analog is provided that comprises the structure:
IB-LM-IA, wherein IB comprises the sequence J-R,;-R,,-
X,sLCGX 56X 5 LVX 53X, LX 5, LVCGX, X,,GFX s (SEQ
ID NO: 20) or a sequence that differs from SEQ ID NO: 20
by 1 to 3 amino acid modifications selected from positions
5,6, 9,10, 16, 18, 19 and 21 of SEQ ID NO: 20, LM is a
linking moiety as disclosed herein and IA comprises the
sequence

GIVX X CCX X X (CX LK X s DX XX X R 5
(SEQ ID NO: 22) or a sequence that differs from SEQ ID
NO: 19 by 1 to 3 amino acid modifications selected from
positions 5, 8, 9, 10, 14, 15, 17, 18 and 21 of SEQ ID NO:
20, wherein

[0708] J is H or a dipeptide element comprising the
general structure of U-B, wherein U is an amino acid or a
hydroxyl acid and B is an N-alkylated amino acid linked
through an amide bond;

[0709] X, is glutamic acid or aspartic acid;

[0710] X is glutamine or glutamic acid

[0711] X is histidine, threonine or phenylalanine;
[0712] X, is serine, arginine, ornithine, lysine or alanine;
[0713] X, is isoleucine or serine;

[0714] X, is serine or aspartic acid

[0715] X, is tyrosine, arginine, ornithine, lysine or ala-
nine;

[0716] X, is glutamine, glutamic acid, arginine, alanine,

ornithine, lysine or leucine;

[0717] X, is glutamic acid or glutamine;

[0718] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0719] X, is an amino acid of the general structure:
(€]
|
HN—CH—C
CH,
X
[0720] wherein X is selected from the group consisting

of OH or NHR,,, wherein R, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[0721] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;
[0722] X, is histidine or threonine;
[0723] X, is selected from the group consisting of ala-
nine, glycine and serine;
[0724] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;
[0725] X5 is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;
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[0726] X,,is selected from the group consisting of alanine
and threonine;
[0727] X,, is an amino acid of the general structure
(€]
I
HN—TH—C
CH,
X2
[0728] wherein X, , is selected from the group consist-

ing of OH and NHR,,, wherein R,, is a dipeptide
element comprising the general structure U-B;
[0729] X, is selected from the group consisting of gluta-
mic acid, aspartic acid or asparagine;
[0730] X,, is selected from the group consisting of ala-
nine, ornithine, lysine and arginine;

[0731] X,s is an amino acid of the general structure
HN—TH—C
CH,
X3
[0732] wherein X, ; is selected from the group consist-

ing of H, OH and NHR | ,, wherein R |, is H or dipeptide

element comprising the general structure U-B;
[0733] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine;
[0734] R,; is a bond or an amino sequence comprising 1
to 6 charged amino acids; and
[0735] R,;is COOH or CONHS,. In one embodiment, only
one of J, R, R, and R,, is U-B. In one embodiment X,
is OH and X, ; is H or OH and J and/or X is U-B. In one
embodiment X, is OH and X, ; is OH, R,; isa bond, Jis H
and X is U-B. In a further embodiment X, X, and X5, are
each histidine. In another embodiment the single chain
insulin analog peptide comprises an A chain peptide
sequence of SEQ ID NO: 19 and a B chain peptide sequence
of SEQ ID NO: 20. In one embodiment R,; is a bond or
comprises an amino sequence X,(X4;X4,) XK (SEQ ID
NO: 192) wherein X, is selected from the group consisting
of glycine, glutamic acid and aspartic acid, X, and X, are
independently selected from the group consisting of gluta-
mic acid and aspartic acid, Xg; is selected from the group
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consisting of arginine aspartic acid and glutamic acid and d
is an integer ranging from 1-3.

[0736] In one embodiment a single chain insulin analog is
provided wherein IB comprises the sequence J-R,;R,,-
X,sLCGX 56X 5 LVX 53X, LX 5, LVCGX, X,,GFX s (SEQ
ID NO: 20) or J-R,;3R,,-X,5sLCGX,6X5,LVEALYLVCG
ERGFF (SEQ ID NO: 53) wherein the carboxy terminus of
the B25 amino acid of IB is directly linked to a first end of
the linking moiety (LM) and a second end of the linking
moiety is directly linked to the amino terminus of the Al
amino acid of the IA chain, further wherein, in one embodi-
ment, the linking moiety does not comprise the sequence
YTPKT (SEQ ID NO: 16) or FNKPT (SEQ ID NO: 76). In
one embodiment a single chain insulin analog is provided
wherein IB  comprises the sequence J-R,3R,,-
X, LCGX X5 LVX 43X, LX,  LVCGX, X, ,GFX,5s (SEQ
ID NO: 20), J-R,;R,,-X,5sLCGX,oX5,LVEALYLVCG
ERGFF (SEQ 1D NO: 53), R,3R,5-
X,sLCGX 56X 5 LVX 53X, LX 5, LVCGX, X,,GFX s (SEQ
ID NO: 20) or R,3R,,-X,5;LCGX,oX;5,LVEALYLVCG
ERGFF (SEQ ID NO: 53) and the linking moiety is a peptide
linker of the general structure Y -
X5 AKX, X55X56Xs57R(Y,), (SEQ ID NO: 28), (Y,),-
X, AX,. X0, X5, XseRR(Y,), (SEQ ID NO: 23), (Y,)-

GYGSSSX.Xo(Y,), (SEQ ID NO: 85), (Y,
GAGSSSX,,Xs:(Ys), (SEQ ID NO: 163), (Y
GYGSSSX;,R (SEQ ID NO: 51) or (Y)r

X5, X5,GSSSX . X o-(Y,),, (SEQ ID NO: 29) wherein Y, is
selected from the group X,¢, and X,X,,, with the proviso
that when k is 0, then, the linking peptide does not comprise
the sequence YTPKT (SEQ ID NO: 16) or FNKPT (SEQ ID
NO: 76).

[0737] In one embodiment a single chain insulin analog is
provided that comprises the structure: IB-LM-IA, wherein
1B comprises the sequence J-R,5R,5-
X,sLCGX,6X 5 LVEALYLVCG ERGFF (SEQ ID NO: 53),
LM is a linking moiety as disclosed herein and IA comprises
the sequence GIVEQCCXSICSLYQLX, ,NX, ,CX,; (SEQ
ID NO: 52) wherein

[0738] X, is selected from the group consisting of threo-
nine and histidine;

[0739] X, is glutamic acid or glutamine;
[0740] X, is an amino acid of the general structure:
HN—TH—C
CH,
X
[0741] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;

[0742] X,, is asparagine or glycine;

[0743] X, is selected from the group consisting of histi-

dine and threonine;
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[0744] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0745] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0746] R, is selected from the group consisting of FVNQ
(SEQ ID NO: 12), a tripeptide valine-asparagine-glutamine,
a dipeptide asparagine-glutamine, glutamine, glutamic acid
and an N-terminal amine; and

[0747] R,; is a bond or an amino sequence comprising 1
to 6 charged amino acids.

[0748]
sequence
X5, VNQX,sLCGX 56X LVEALYLVCGERGFFYT-Z,-B,
(SEQ ID NO: 54) wherein

[0749] X,, is selected from the group consisting of phe-
nylalanine and desamino-phenylalanine;

[0750] X, is selected from the group consisting of histi-
dine and threonine;

[0751] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0752] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0753] Z, is a dipeptide selected from the group consisting
of aspartate-lysine, lysine-proline, and proline-lysine; and

[0754] B, is selected from the group consisting of threo-
nine, alanine or a threonine-arginine-arginine tripeptide.

[0755] In accordance with one embodiment a single chain
insulin analog is provided that comprises the structure:
IB-LM-IA, wherein IB comprises the sequence
X, LCGX, X LVEALYLVCG ERGFF (SEQ ID NO: 53),
LM is a linking moiety as disclosed herein that covalently
links IB to IA, and IA comprises the sequence
GIVEQCCXSICSLYQLENX ,CX,, (SEQ ID NO: 55),
wherein the C-terminal phenylalanine residue of SEQ ID
NO: 53 is directly covalently bound to the linking moiety,
LM, in the absence of any intervening amino acids.

[0756] In one embodiment a single chain insulin analog is
provided that comprises the structure: IB-LM-IA, wherein
1B comprises the sequence J-R,5-R,5-
X,sLCGX 56X 5 LVX 53X, LYLVCGDX,,GFX,s (SEQ ID
NO: 58), LM is a linking moiety as disclosed herein and 1A
comprises the sequence
GIVX ECCX X, SCDLX X, L.X, X, X,sCX,,-R 5
(SEQ ID NO: 19) wherein

[0757] J is H or a dipeptide element comprising the
general structure of U-B, wherein U is an amino acid or a
hydroxyl acid and B is an N-alkylated amino acid linked
through an amide bond;

In a further embodiment the B chain comprises the

[0758] X, is aspartic acid or glutamic acid;
[0759] X, is histidine or phenylalanine;
[0760] X, and X, , are independently selected from argi-

nine, ornithine, lysine or alanine;

[0761] X, is arginine, lysine, ornithine or leucine;
[0762] X, is glutamic acid or glutamine;
[0763] X,g is methionine, asparagine or threonine;
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[0764] X, is an amino acid of the general structure:
(€]
HN—TH—C
CH,
X
[0765] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[0766] X, is alanine, glycine or asparagine;
[0767] R,, is selected from the group consisting of a
covalent bond, AYRPSE (SEQ ID NO: 14), a glycine-
proline-glutamic acid tripeptide, a proline-glutamic acid
dipeptide and glutamic acid;
[0768] R,; is a bond or an amino sequence comprising 1
to 6 charged amino acids;
[0769] X, is selected from the group consisting of histi-
dine and threonine;
[0770] X, is selected from the group consisting of ala-
nine, glycine and serine;
[0771] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;
[0772] X5 is selected from the group consisting of aspar-
tic acid and glutamic acid;

[0773] X,,is selected from the group consisting of alanine
and threonine;
[0774] X,, is selected from the group consisting of ala-

nine, lysine ornithine and arginine;

[0775] X,s is an amino acid of the general structure
(€]
|
HN—CH—C
CH,
X3
[0776] wherein X, ; is selected from the group consist-

ing of H, OH and NHR,,, wherein R, is a dipeptide
element comprising the general structure U-B;
[0777] and
[0778] R,;is COOH or CONH,, with the proviso that one
and only one of J, X, and X,;, comprises U-B. In one
embodiment J is H, and X, ; is OH, and X is NH-U-B.
[0779] In one embodiment U and B of the dipeptide
prodrug element U-B are selected to inhibit enzymatic
cleavage of the U-B dipeptide from an insulin peptide by
enzymes found in mammalian serum. In one embodiment U
and/or B are selected such that the cleavage half-life of U-B
from the insulin peptide, in PBS under physiological con-
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ditions, is not more than two fold the cleavage half-life of
U-B from the insulin peptide in a solution comprising a
DPP-1V protease (i.e., cleavage of U-B from the insulin
prodrug does not occur at a rate more than 2x faster in the
presence of DPP-IV protease and physiological conditions
relative to identical conditions in the absence of the
enzyme). In one embodiment U, B, or the amino acid of the
insulin peptide to which U-B is linked is a non-coded amino
acid. In one embodiment U and/or B is an amino acid in the
D stereoisomer configuration. In some exemplary embodi-
ments, U is an amino acid in the D stereoisomer configu-
ration and B is an amino acid in the L stereoisomer con-
figuration. In some exemplary embodiments, U is an amino
acid in the L stereoisomer configuration and B is an amino
acid in the D stereoisomer configuration. In some exemplary
embodiments, U is an amino acid in the D stereoisomer
configuration and B is an amino acid in the D stereoisomer
configuration. In one embodiment U-B is a dipeptide com-
prising the structure of Formula X as defined herein. In one
embodiment B is an N-alkylated amino acid but is not
proline.

[0780] In accordance with one embodiment a single chain
insulin agonist polypeptide comprising a B chain and A
chain of human insulin, or analogs or derivative thereof is
provided, 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 linking moiety comprises a
polyethylene glycol of 6-16 monomer units, an amino acid
sequence of at least 8 amino acids and no more than 12
amino acid in length (or a peptidomimetic thereof), or a
combination of said polyethylene glycol and amino acid
sequence. More particularly, in one embodiment the linking
moiety comprises an amino acid  sequence,
X51X55X5:X5.X55X56RR (SEQ ID NO: 10), wherein Xy, is
selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine and
methionine; X, is any amino acid other than tyrosine,
including for example any non-aromatic amino acid; and X,
through X, are each independently any amino acid.

[0781] In one embodiment the single chain insulin analog
comprises the structure IB-LM-IA, wherein IB comprises
the sequence

[0782] J-R,;R,,-

X,sLCGX 56X 5 LVX 53X, LX, LVCGX , X,,GFX,s  SEQ
1D NO: 20);

[0783] LM is a linking moiety is selected from the group
consisting  of (Y )X, X55X53X54X55X56X57X55(Y ),
(SEQ ID NO: 9), (Y,),-X5, AX;:X5.X55XssRR(Y>), (SEQ
ID NO: 23), (Y )-GYGSSSX5,Xs55(Y5), (SEQ ID NO: 85)
and

ot

and

[0784] 1A comprises the sequence
GIVX XCCX XX o CX LXK X sLX 17X X1 6CX51-Ry 5
(SEQ ID NO: 22) wherein

[0785] Jis H or a dipeptide comprising the general struc-
ture of U-B, wherein U is an amino acid or a hydroxyl acid
and B is an N-alkylated amino acid linked through an amide
bond;
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[0786] Y, is selected from the group X, X,6X47,
X6XurXagy XagXa7XssXae (SEQ ID NO: 24) and
X 46X 47X 45X 40X 50 (SEQ ID NO: 13); and

[0787] Y, is selected from the group X,, X,,X,,
X50X7: X5, and XX, X,X,5; (SEQ ID NO: 15) wherein
[0788] nisOorl1;

[0789] kisOor1;

[0790] m is an integer ranging from 5 to 15;

[0791] X, is glutamic acid or aspartic acid;

[0792] X is glutamine or glutamic acid

[0793] X, is histidine, threonine or phenylalanine;
[0794] X, is serine, arginine, lysine, ornithine or alanine;
[0795] X, is isoleucine or serine;

[0796] X, is serine or aspartic acid

[Q797] X4 1s tyrosine, arginine, lysine, ornithine or ala-
nine;

[0798] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;
[0799]

[0800] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

X, is glutamic acid or glutamine;

[0801] X, is an amino acid of the general structure:
(€]
|
HN—TH—C
CH,
X
[0802] wherein X is selected from the group consisting

of OH, OCH; or NHR,,, wherein R,, is H or a
dipeptide element comprising the general structure
U-B, wherein U is an amino acid or a hydroxyl acid and
B is an N-alkylated amino acid;

[0803] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0804]

[0805] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0806] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0807] X,; is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0808] X, is selected from the group consisting of alanine
and threonine;

X5 1s histidine or threonine;
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[0809] X, is an amino acid of the general structure
HN—TH—C
CH,
X2
[0810] wherein X, is selected from the group consist-

ing of OH and NHR,,, wherein R,, is a dipeptide
element comprising the general structure U-B;
[0811] X, is selected from the group consisting of gluta-
mic acid, aspartic acid or asparagine;
[0812] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0813] X, is an amino acid of the general structure
HN—TH—C
CH,
X3
[0814] wherein X, ; is selected from the group consist-

ing of H, OH and NHR | ,, wherein R |, is H or dipeptide

element comprising the general structure U-B;
[0815] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;
[0816] X, is any amino acid other than tyrosine;
[0817] X,c through X, and X, through X, ; are each
independently any amino acid or amino acid analog or
derivative thereof;
[0818] X, and X, are independently selected from the
group arginine, ornithine and lysine.
[0819] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and a bond;
[0820] R,; is a bond or an amino sequence comprising 1
to 6 charged amino acids; and
[0821] R,; is COOH or CONH,, with the proviso that U,
B, or the amino acid of the single chain insulin agonist to
which U-B is linked is a non-coded amino acid. In one
embodiment at least one of n or k is 1.
[0822] In one embodiment a single chain insulin analog is
provided comprising the structure IB-LM-IA, wherein 1B
comprises the sequence
[0823] R,.R,»-
X,sLCGX 56X 5o LVX 53X, LYLVCGX , X, GFX 45
1D NO: 21);

(SEQ
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[0824] LM is a linking moiety is selected from the group
consisting  of (Y )-X5,X55X53X54X55X56X57X55(Y ),
(SEQ ID NO: 9), (¥,),-X,AX5,X5.X5X5oRR(Y,), (SEQ
ID NO: 23), (Y ),-GYGSSSX,,X4(Y,), (SEQ ID NO: 85)
and

ot

and

[0825] 1A comprises the sequence
GIVX X CCX X X (CX LXK X sLX 5 X6 X 00X R 5
(SEQ ID NO: 22) wherein

[0826] Y, is selected from the group X, X, cX47»
X6XurXagy XagXa7XssXae (SEQ ID NO: 24) and
X 46X 47X 45X 40X 50 (SEQ ID NO: 13); and

[0827] Y, is selected from the group X,, X,;,X,,
X50X7: X5, and XX, X,X,5; (SEQ ID NO: 15) wherein
[0828] nisOor1;

[0829] kisOor1;

[0830] m is an integer ranging from 5 to 15;

[0831] X, is glutamic acid or aspartic acid;

[0832] X is glutamine or glutamic acid

[0833] X, is histidine, threonine or phenylalanine;
[0834] X, is serine, arginine, lysine, ornithine or alanine;
[0835] X,, is isoleucine or serine;

[0836] X, is serine or aspartic acid

[0837] X,, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0838] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0839] X, is glutamic acid or glutamine;

[0840] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0841] X, is an amino acid of the general structure:
HN—TH—C
CH,
X
[0842] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[0843] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;
[0844] X, is histidine or threonine;
[0845] X, is selected from the group consisting of ala-
nine, glycine and serine;
[0846] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;
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[0847] X5 is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0848] X, is selected from the group consisting of alanine
and threonine;

[0849] X, is tyrosine or phenylalanine;

[0850] X, is selected from the group consisting of gly-

cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0851] X, is any amino acid other than tyrosine;

[0852] X, through X, and X, through X5 are each
independently any amino acid or amino acid analog or
derivative thereof;

[0853] X, and X, are independently selected from the
group arginine, ornithine and lysine;

[0854] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and a bond;

[0855] R,;is a H or an amino sequence comprising 1 to 6
charged amino acids; and

[0856] R,; is COOH or CONH,. In one embodiment at
least one of n or k is 1. In one embodiment both n and k are
1. In a further embodiment Y, is selected from the group
consisting of A, AP, APQ and APQT and Y, is selected from
the group consisting of F, Y, FN, YT, FNK, YTP, FNPK
(SEQ ID NO: 79), FNKP (SEQ ID NO: 77), YTPK (SEQ ID
NO: 78), YTPKT (SEQ ID NO: 16), YTKPT (SEQ ID NO:
80), FNKPT (SEQ ID NO: 76) and FNPKT (SEQ ID NO:
81). In one embodiment R,; is a bond and R,, is selected
from the group consisting of AYRPSE (SEQ ID NO: 14),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a dipeptide proline-glutamic acid, glutamine,
glutamic acid and H.

[0857] In one embodiment R,; is H or an amino sequence
of 4 to 7 amino acids wherein the N-terminal amino acid is
selected from the group consisting of glycine, glutamic acid
and aspartic acid, the C-terminal amino acid is a lysine and
the other amino acids of the sequence are independently
selected from the group consisting of glutamic acid and
aspartic acid and R,, is selected from the group consisting
of AYRPSE (SEQ ID NO: 14), PGPE (SEQ ID NO: 11), a
tripeptide glycine-proline-glutamic acid, a dipeptide pro-
line-glutamic acid, glutamine, glutamic acid and H.

[0858] In one embodiment U-B comprises the structure of
Formula X:
X
R, R Il{s O
N
Rs
fo) Ry Rg
[0859] wherein
[0860] R,, R,, R, and R, are independently selected

from the group consisting of H, C,-C,; alkyl, C,-C,4
alkenyl, (C,-C,4 alkyD)OH, (C,-C,, alkyl)SH, (C,-C,
alky)SCH;, (C,-C, alkyDCONH,, (C,-C, alkyl)
COOH, (C,-C, alky)NH,, (C,-C, alkyDNHC(NH,")
NH,, (C,-C, alkyl)(C5-Cg cycloalkyl), (C,-C, alkyl)
(C,-Cs heterocyclic), (C,-C, alkyl)(C4-C,, aryDR-,
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(C,-C, alky])(C;-C, heteroaryl), and C,-C, , alkyl(W))
C,-C,, alkyl, wherein W is a heteroatom selected from
the group consisting of N, S and O, or

[0861] R, and R, together with the atoms to which they
are attached form a C,-C,, cycloalkyl or aryl; or

[0862] R, and R, together with the atoms to which they
are attached form a C;-C4 cycloalkyl;

[0863] R, is selected from the group consisting of
C,-C; alkyl, (C,-C,, alkyl)OH, (C,-C,, alkyl)NH,,
(C,-C,5 alkyD)SH, (C,-C, alkyl)(C;-Cy)cycloalkyl,
(Cy-C, alky)(C,-Cs heterocyclic), (C,-C, alkyl)(Cs-
C,, aryDR,, and (C,-C, alkyl)(C;5-C, heteroaryl) or R,
and R, together with the atoms to which they are
attached form a 4, 5 or 6 member heterocyclic ring;

[0864] R, is NHR, or OH;

[0865] R is H, C,-Cy alkyl or R, and R, together with
the atoms to which they are attached form a 4, 5 or 6
member heterocyclic ring; and

[0866] R, is selected from the group consisting of H,
OH, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)
CONH,, (C,-C, alky)COOH, (C,-C, alkyl)NH,, (C,-
C, alkyl)OH, and halo.

[0867] In another embodiment a single chain insulin ana-
log is provided comprising the structure IB-LM-IA, wherein
IB comprises the sequence

[0868] I-R.,-

X,sLCGX 56X 5 LVX 3 X, LYLVCGX,, X,,GFX,s  (SEQ
ID NO: 21);

[0869] LM comprises the sequence ax
GYGSSSGX,R(Y,), (SEQ ID NO: 91) or (Y

X51AX53X5.X55X56X57R(Y ), (SEQ ID NO: 28); and
[0870] 1A comprises the sequence
GIVX, XCCX XX, 0CX DX 14X 50X 17X 15X, 60X 7R 5
(SEQ ID NO: 22) wherein

[0871] Jis H or a dipeptide comprising the general struc-
ture of U-B, wherein U is an amino acid or a hydroxyl acid
and B is an N-alkylated amino acid linked through an amide
bond;

[0872] Y, is selected from the group X, X,6X.us,
X6XurXagy XagXa7XssXae (SEQ ID NO: 24) and
X 46X 47X 46X 40X 50 (SEQ ID NO: 13); and

[0873] Y, is selected from the group X.,, X,,X,,
X50X7: X5, and XX, X,X,5; (SEQ ID NO: 15) wherein
[0874] nisOor1;

[0875] kisOorl1;

[0876] X, is glutamic acid or aspartic acid;

[0877] X is glutamine or glutamic acid

[0878] X, is histidine, threonine or phenylalanine;
[0879] X, is serine, arginine, lysine, ornithine or alanine;
[0880] X, is isoleucine or serine;

[0881] X, is serine or aspartic acid

[0882] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0883] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;
[0884]

[0885] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

X, is glutamic acid or glutamine;
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[0886] X, is an amino acid of the general structure:
HN—TH—C
CH,
X
[0887] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[0888] X, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;
[0889] X, is histidine or threonine;
[0890] X, is selected from the group consisting of ala-
nine, glycine and serine;
[0891] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;
[0892] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0893] X,,is selected from the group consisting of alanine
and threonine;
[0894] X,, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;
[0895] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0896] X.,s is an amino acid of the general structure
HN—TH—C
CH,
Xi3
[0897] wherein X, ; is selected from the group consist-

ing of H, OH and NHR | ,, wherein R |, is H or dipeptide
element comprising the general structure U-B;
[0898] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;
[0899] X, is any amino acid other than tyrosine;
[0900] X, through X, and X, through X ; are each
independently any amino acid or amino acid analog or
derivative thereof; and
[0901] X, is arginine, lysine, ornithine or lysine;
[0902] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
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dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and a bond;

[0903] R,; is a bond or an amino sequence comprising 1
to 6 charged amino acids; and

[0904] R,; is COOH or CONH,. In one embodiment k is
0, in another embodiment n is 0 and in one further embodi-
ment both k and n are 0. In one embodiment the linking
moiety is GYGSSSRR (SEQ ID NO: 18) or
GX,GSSSRRAPQT (SEQ ID NO: 83), wherein X, is a
non-aromatic amino acid.

[0905] In another embodiment the single chain insulin
analogs comprise the structure IB-LM-IA, wherein IB com-
prises sequence

[0906] J-R,;-R,,-
X5sLCGX X5 LVX 3 X, LYLVCGX,,  X,,GFX s (SEQ
ID NO: 21); LM comprises the structure:
\[\/\O’lj 5
and
1A comprises the sequence

GIVX XCCX XX oCX LXK X sLX 17X 5X10CX51-Ry5
(SEQ ID NO: 22) wherein

[0907] J is H or a dipeptide element comprising the
general structure of U-B, wherein U is an amino acid or a
hydroxyl acid and B is an N-alkylated amino acid linked
through an amide bond;

[0908] m is an integer ranging from 5 to 15;

[0909] X, is glutamic acid or aspartic acid;

[0910] X is glutamine or glutamic acid

[0911] X, is histidine, threonine or phenylalanine;
[0912] X, is serine, arginine, lysine, ornithine or alanine;
[0913] X, is isoleucine or serine;

[0914] X,, is serine or aspartic acid

[0915] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0916] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0917] X, is glutamic acid or glutamine;

[0918] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0919] X, is an amino acid of the general structure:
HN—TH—C
CH,
X
[0920] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[0921] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
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glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[0922] X, is histidine or threonine;

[0923] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0924] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0925] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0926] X, is selected from the group consisting of alanine
and threonine;

[0927] X, is selected from the group consisting of gluta-
mic acid, aspartic acid or asparagine;

[0928] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0929] X, is an amino acid of the general structure
(€]
|
HN—TH—C
CH,
X3
[0930] wherein X, ; is selected from the group consist-

ing of H, OH and NHR | ,, wherein R |, is H or dipeptide
element comprising the general structure U-B;
[0931] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;
[0932] X, is any amino acid other than tyrosine;
[0933] X, through X, and X, through X, ; are each
independently any amino acid or amino acid analog or
derivative thereof;
[0934] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine;
[0935]
192)
[0936] wherein
[0937] X, is selected from the group consisting of
glycine, glutamic acid and aspartic acid;
[0938] X, and X, are independently selected from the
group consisting of glutamic acid and aspartic acid;
[0939] X,; is selected from the group consisting of
arginine aspartic acid and glutamic acid;
[0940] d is an integer ranging from 1-3; and
[0941] R,;is COOH or CONH,.
[0942] In one embodiment the single chain insulin analog
comprises the structure IB-LM-IA, wherein IB comprises
sequence
[0943] J-R,;-R,,-
X,sLCGX 56X 5 LVX 53X, LX, LVCGX , X,,GFX,s  SEQ
1D NO: 20);

R,; is a bond or X (Xs,X4,).X6:K (SEQ ID NO:
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[0944] LM comprises the sequence
X51AX 53X 54X 55X s6RR(YS,),, (SEQ ID NO: 23); and
[0945] 1A comprises the sequence
GIVX XCCX XX oCX LXK X s LXK 5X10CX51-R 15
(SEQ ID NO: 22), wherein n is 1 and at least one of X,
Xa7s Xags X490, and/or X, is an amino acid selected from the
group of formula I, II or IIl. In one embodiment Y, is
selected from the group consisting of F, Y, FN, YT, FNK,
YTP, FNPK (SEQ ID NO: 79), FNKP (SEQ ID NO: 77),
YTPK (SEQ ID NO: 78), YIPKT (SEQ ID NO: 16),
YTKPT (SEQ ID NO: 80), FNKPT (SEQ ID NO: 76) and
FNPKT (SEQ ID NO: 81). In another embodiment Y, is
selected from the group consisting of F, FN, FNK, FNPK
(SEQ ID NO: 79), FNKPT (SEQ ID NO: 76) and FNPKT
(SEQ ID NO: 81). In one embodiment Y, is selected from
the group consisting of A, AP, APQ and APQT (SEQ ID NO:
82). In a further embodiment n is 0. In one embodiment X,
X545 Xs5 and X are each independently selected from the
group consisting of glycine, alanine, serine, threonine and
proline. In one embodiment wherein IB comprises sequence
J-Rp3-Rys-

X,sLCGX 56X 5 LVX 53X, LX 5, LVCGX, X,,GFX s (SEQ
ID NO: 20), LM comprises a sequence selected from the
group consisting of FX; AX . X, XX RR (SEQ ID NO:

(Yo

94), FXg5AXs;XsXssXsRRA (SEQ ID NO: 95),
FX AX: XXX RRAP  (SEQ 1D NO: 96),
FX5,AXs3 X5 XssXsRRAPQ  (SEQ 1D NO:  97),
FNX, AX 53X 5. X 55X sRRAPQT (SEQ ID NO: 98),

FNX , AXs X XssXsRR - (SEQ 1D NO:  99),
FNX, AX XX X; RRA (SEQ ID NO: 100),
FNX;, AX X5 XssXsRRAP (SEQ 1D NO:  101),
FNX, AX X<, X X; RRAPQ (SEQ ID NO: 102),
FNX, AX 33X, X5sXsRRAPQT (SEQ ID NO: 103),
FNKX,AX;Xs.XssXsgRR (SEQ  ID  NO:  104),
FNKX,, AX5;Xs.XssXsRRA  (SEQ ID  NO:  105),
FNKX,, AX; X5, XssXs RRAP  (SEQ ID NO: 106),
FNKX, AX X, X:-Xs RRAPQ (SEQ ID NO: 107),
FNKX,, AX ;X5 XssXs RRAPQT (SEQ ID NO: 108),
FNKPX,,AX,X., XX ,RR (SEQ 1D NO: 109),
FNKPX,,AX.,X.,XssXscRRA (SEQ ID NO: 110),

FNKPX,,AX., X, XssXs RRAP (SEQ ID NO: 111),
FNKPX,, AX.,X,XssXs RRAPQ (SEQ ID NO: 112),
FNKPX,, AX, X, X5sXs RRAPQT (SEQ ID NO: 113),
FNKPTX,,AX.,X., XX ,RR (SEQ ID NO: 114),
FNKPTX;,AX, X5, XssXssRRA (SEQ ID NO: 115),
FNKPTX,,AX X, XX RRAP (SEQ ID NO: 116),
FNKPTX;, AX ., X, X5ssXs,RRAPQ (SEQ ID NO: 117),
FNKPTX;, AX X, XssXs,RRAPQT (SEQ ID NO: 118),
FX5,X5,GSSSRR (SEQ ID NO: 119), FX,,X,GSSSRRA
(SEQ ID NO: 120), FX,,X;,GSSSRRAP (SEQ ID NO:

121), FX,,X,,GSSSRRAPQ (SEQ ID NO: 122),
FNX,, X;,GSSSRRAPQT (SEQ ID NO: 123),
FNX,, X.,GSSSRR ~ (SEQ ID  NO:  124),
FNX;, X.,GSSSRRA  (SEQ ID  NO:  125),
FNX;,X;,GSSSRRAP  (SEQ ID  NO:  126),
FNX;, X.,GSSSRRAPQ  (SEQ ID NO:  127),
FNX;, X;,GSSSRRAPQT (SEQ ID NO:  128),
FNKX,,X.,GSSSRR ~ (SEQ ID NO:  129),
FNKX,,X;,GSSSRRA  (SEQ ID  NO:  130),
FNKX,,X.,GSSSRRAP (SEQ ID NO: 131),
FNKX,,X;,GSSSRRAPQ (SEQ ID NO: 132),
FNKX,,X;,GSSSRRAPQT (SEQ ID NO: 133),
FNKPX,,X,,GSSSRR ~ (SEQ ID NO:  134),
FNKPX,,X,,GSSSRRA (SEQ ID NO:  135),
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FNKPX,,X,,GSSSRRAP (SEQ ID NO: 136),
FNKPX,,X,,GSSSRRAPQ (SEQ ID NO: 137),
FNKPX,,X,,GSSSRRAPQT (SEQ ID NO: 138),

FNKPTX,,X.,GSSSRR  (SEQ 1D NO:  139),
FNKPTX,,X,GSSSRRA (SEQ ID NO:  140),
FNKPTX,,X,,GSSSRRAP (SEQ ID NO: 141),
FNKPTX,,X,,GSSSRRAPQ (SEQ ID NO: 142), and

FNKPTX, X5,GSSSRRAPQT (SEQ ID NO: 143), wherein
X5, 1s selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine and
methionine, X5, is any amino acid other than tyrosine and
X, through X, are each independently any amino acid or
amino acid analog or derivative thereof. In one embodiment
linking moiety of SEQ ID NO: 94-143 is pegylated and in
a further embodiment an arginine residue of the linking
moiety of SEQ ID NO: 94-143 is substituted with a pegy-
lated lysine. In one embodiment the pegylated lysine is
located at position 8 relative to the native IGF 1 C peptide
(SEQ ID NO: 17). In one embodiment X5, is any non-
aromatic amino acid. In one embodiment wherein IB com-
prises sequence J-R,5-R,5-
X,sLCGX 56X 5 LVX 53X, L X, LVCGX, X,,GFX s (SEQ
ID NO: 20), LM consists of the sequence GAGSSSX X,
(SEQ ID NO: 163), GAGSSSRX;APQ (SEQ ID NO: 167),
TGYGSSSRR (SEQ ID NO: 18), TGYGSSSRR (SEQ ID
NO: 144), KTGYGSSSRR (SEQ ID NO: 145), PKT-
GYGSSSRR (SEQ ID NO: 146), TPKTGYGSSSRR (SEQ
ID NO: 147), TKPTGYGSSSRR (SEQ ID NO: 148) or
SRPAGYGSSSRR (SEQ ID NO: 149), wherein X, and X
are independently selected from arginine, ornithine and
lysine.
[0946] In one embodiment the single chain insulin analog
comprises a sequence selected from the group consisting of
[0947] a) J-Rz3-Ryo-
X,sLCGX X5 LVX 3, X, LYLVCGX , X, ,GFX 5
(SEQ ID NO: 21)-X5,X5,GSSSRR (SEQ ID NO: 27)-
GIVX X 5sCCXXoX 100X 1,LX 10X, sLX, X, X o
CX,,-R;5 (SEQ ID NO: 22);
[0948] b) J-R,5-R,,-
X,sLCGX X5 LVX 3, X, LYLVCGX , X, ,GFX 5
(SEQ ID NO: 21)-X,6X 47X 45X 46X 50X 51 X5,GSSSRR

(SEQ D NO: 86)-
GIVX,XsCCX XX 10X ,LX X, sLX X, X 0
CX,,-R,5 (SEQ ID NO: 22);

[0949] ©) JR,,-R,,-

X,5sLCGX 50X 5oL VX 33X 5, LYLVCGX X ,,GFX 5
(SEQ ID NO: 21)-X,,X5,GSSSRR (SEQ ID NO: 27)-

APQT (SEQ D NO: 82)-
GIVX.XsCCXXoX,10CX 1 ,LX X, sLX X, X o
CX,,-R,5 (SEQ ID NO: 22);

[0950] d) J-R,5-R,,e

X,5sLCGX 50X 5oL VX 33X 5 LYLVCGX X ,,GFX 5
(SEQ D NO: 21)-
XX 47X 45X 40X 50X, X5,GSSSRX s, APQT (SEQ ID
NO: 87)-
GIVX.XsCCXXoX,10CX 1 ,LX X, sLX X, X 0
CX,,-R,5 (SEQ ID NO: 22);

[0951] e) J-R,5-R,,e
X,sLCGX10X 5 LVEALYLVCGERGFF (SEQ ID NO:
53)-X,X,GSSSX,, X, APQT (SEQ ID NO: 46)-

GIVEQCCXSICSLYQLENX,,CX,,-R,; (SEQ ID
NO: 55);
[0952] © J-Rz3-Ro-

X,sLCGX,0X 5 LVEALYLVCGERGFF (SEQ ID NO:

45
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53)-X5,Xs,GSSSRR (SEQ ID NO:  27)-
GIVEQCCXSICSLYQLENX,,CX,,-R,; (SEQ ID
NO: 55);

[0953] g J-R3-Rys-

X,sLCGX10X 5, LVEALYLVCGERGFF (SEQ ID NO:
53)-X 46X 47X 43X 40X 50X 5, X5, GSSSRX 5, APQT (SEQ
ID NO: 87)-GIVEQCCXSICSLYQLENX ,,CX,, R 5
(SEQ ID NO: 55);

[0954] h) JR,,-R,,e
X,sLCGX10X5,LVEALYLVCGERGFF (SEQ ID NO:
53)-X, X - X 1 X 40X 50X 5, X5,GSSSRR (SEQ ID NO:

87)-GIVEQCCXSICSLYQLENX,,CX,,-R,;  (SEQ
ID NO: 55);
[0955] i) J-Ry5-R,,e

X5sLCGX 56X 5oLV 3 X, LYLVCGX , X, ,GFX 5
(SEQ ID NO: 21)-GYGSSSRR (SEQ ID NO: 18)-
GIVX X CCX XX, oCX LLX X sLEX X 5CX,, -
R,; (SEQ ID NO: 152,
[0956] j) IRo5Rs-
X,sLCGX 56X 5 LVX 3 X, LYLVCGX,, X,,GFX,s  (SEQ
ID NO: 21)-GYGSSSRR (SEQ ID NO: 18)-
GIVEQCCXSICSLYQLENX ,CX,,-R,5 (SEQ ID NO:
55); and
[0957] wherein
[0958] J is H or a dipeptide element comprising the
general structure of U-B, wherein U is an amino acid or a
hydroxyl acid and B is an N-alkylated amino acid linked
through an amide bond;
[0959] X, is glutamic acid or aspartic acid;
[0960] X is glutamine or glutamic acid
[0961] X, is histidine, threonine or phenylalanine;
[0962] X, is serine, arginine, lysine, ornithine or alanine;
[0963] X,, is isoleucine or serine;
[0964] X, is serine or aspartic acid
[0965] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;
[0966] X, is glutamine, glutamic acid, arginine, alanine,
lysine, ornithine or leucine;
[0967] X, is glutamic acid or glutamine;
[0968] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0969] X, is an amino acid of the general structure:
HN—TH—C
CH,
X
[0970] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[0971] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;
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[0972] X, is histidine or threonine;

[0973] X, is selected from the group consisting of ala-
nine, glycine and serine;

[0974] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[0975] X5 is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[0976] X,,is selected from the group consisting of alanine
and threonine;
[0977] X,, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;
[0978] X.,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[0979] X,s is an amino acid of the general structure
O
Il
HN—TH—C
CH,
X3
0980] wherein X is selected from the group consist-
13 group

ing of H, OH and NHR , ,, wherein R , is H or dipeptide
element comprising the general structure U-B;
[0981] X, through X, are each independently any amino
acid or amino acid analog or derivative thereof;
[0982] X, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine, proline, phenylala-
nine and methionine;

[0983] X, is any amino acid other than tyrosine;
[0984] X, and X, are independently arginine or lysine;
[0985] R,, is selected from the group consisting of

AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine;

[0986] R,; is a bond or a 1 to 8 amino acid sequence
comprising charged amino acids, including for example
negatively charged amino acids; and

[0987] R,; is COOH or CONH,. In one embodiment J is
H and X, is phenylalanine or tyrosine. In a further embodi-
ment R,, is a bond or GX XX, X3 X64K (SEQ ID NO:
153), wherein X, Xg;, Xg2, Xe5 and X, are independently
glutamic acid or aspartic acid. In a further embodiment the
single chain insulin analog comprises the sequence R,;-R,-
X,sLCGX 56X 5 LVX 3 X, LYLVCGX,, X, GFX,s  (SEQ
ID NO: 21)-X;,X;,GSSSRR (SEQ ID NO: 27)-
GIVX XCCX XX o CX LXK X LXK X1 6CX51-R 15
(SEQ D NO: 22) or R,5-R,s-
X,sLCGX 56X 5o LVX 33X, LYLVCGX , X4, GFX s (SE
ID NO: 21)-GX5,GSSSRX;APQT (SEQ ID NO: 38)-
GIVX XCCX XX o CX LXK X LXK X1 0CX51-Ry5
(SEQ ID NO: 22)
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wherein

[0988] X, is glutamic acid or aspartic acid;

[0989] X is glutamine or glutamic acid

[0990] X, is histidine, threonine or phenylalanine;
[0991] X, is serine, arginine, lysine, ornithine or alanine;
[0992] X, is isoleucine or serine;

[0993] X, is serine or aspartic acid

[0994] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[0995] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[0996] X, is glutamic acid or glutamine;

[0997] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[0998] X, is an amino acid of the general structure:
HN—TH—C
CH,
X
[0999] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[1000] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;
[1001] X, is histidine or threonine;
[1002] X, is selected from the group consisting of ala-
nine, glycine and serine;
[1003] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;
[1004] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[1005] X, is selected from the group consisting of alanine
and threonine;
[1006] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;

[1007] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[1008] X, is phenylalanine or tyrosine;

[1009] Xj, is selected from the group consisting of gly-
cine, alanine, valine, leucine, isoleucine and proline;

[1010] Xj, is alanine;
[1011] X4 is arginine or lysine;
[1012] R,, is selected from the group consisting of

AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine;

[1013] R,; is a bond or a 1 to 8 amino acid sequence
comprising one or more negatively charged amino acids;
and
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[1014] R,; is COOH or CONH,. In one embodiment R,
is an N-terminal amine, a peptide comprising X (X, Xs,)
XssK (SEQ ID NO: 192), wherein d is an integer ranging
from 1-3, or a peptide selected form the group consisting of
GEK, GEEK (SEQ ID NO: 179), GEEEK (SEQ ID NO:
178), GEEEEEK (SEQ ID NO: 177), GEEEEEK (SEQ ID
NO: 176), GEEEEEEEK (SEQ ID NO: 175), GDK, GDDK
(SEQ IDNO: 190), GDDDK (SEQ ID NO: 189), GDDDDK
(SEQ ID NO: 188), GDDDDDK (SEQ ID NO: 187),
GDDDDDK (SEQ ID NO: 186), GERK (SEQ ID NO: 174),
GEERK (SEQ ID NO: 173), GEEERK (SEQ ID NO: 172),
GEEEEERK (SEQ ID NO: 171), GEEEEERK (SEQ ID
NO: 170), GEEEEEEERK (SEQ ID NO: 169), GDRK (SEQ
ID NO: 185, GDDRK (SEQ ID NO: 184), GDDDRK (SEQ
ID NO: 183), GDDDDRK (SEQ ID NO: 182),
GDDDDDRK (SEQ ID NO: 181), or GDDDDDRK (SEQ
ID NO: 180). In accordance with one embodiment the
dipeptide element U-B comprises the structure of Formula
X:

X
R, R Il{s O
N
Rs
fo) Ry Rg
[1015] wherein
[1016] (a) R,, R,, R, and Ry are independently selected

from the group consisting of H, C,-C,; alkyl, C,-C,, alk-
enyl, (C,-C,5 alky)OH, (C,-C,s alkyD)SH, (C,-C; alkyl)
SCH;, (C,-C, alkyl)CONH,, (C,-C, alky)COOH, (C,-C,
alky)NH,, (C,-C, alky)NHC(NH,")NH,, (C,-C, alkyl)
(C5-Cs cycloalkyl), (C,-C, alkyl)(C,-Cs heterocyclic), (Cg-
C, alkyl)(C4-C,, aryDR,, (C,-C, alkyl)(C,-C, heteroaryl),
and C,-C,, alkyl(W1)C,-C,, alkyl, wherein W1 is a het-
eroatom selected from the group consisting of N, S and O,
or

[1017] (i1) R, and R, together with the atoms to which
they are attached form a C3-C12 cycloalkyl or aryl; or

[1018] (iii) R, and Ry together with the atoms to which
they are attached form a C;-C, cycloalkyl;

[1019] (b) R; is selected from the group consisting of
C,-C,; alkyl, (C,-C,; alkyD)OH, (C,-C,4 alkyDNH,, (C,-
C, s alkyD)SH, (C,-C, alkyl)(C;-C¢)cycloalkyl, (C,-C, alkyl)
(C,-Cs heterocyclic), (C,-C, alkyl)(C4-C, , aryl)R -, and (C, -
C, alkyl)(C;-C, heteroaryl) or R, and R; together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring;

[1020] (c) Ry is NHR, or OH;
[1021] (d) R4is H, C,-Cq alkyl or Ry and R, together with

the atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[1022]
and OH.

(e) R, is selected from the group consisting of H
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[1023] In accordance with one embodiment the dipeptide
element U-B comprises the structure:

X
R, R, Il{s O
N
Rs
fo) Ry Rg
[1024] wherein
[1025] R,,R,, R, and R, are independently selected from

the group consisting of H, C,-C,; alkyl, C,-C,4 alkenyl,
(C,-C,4 alky)OH, (C,-C,4 alkyD)SH, (C,-C; alkyl)SCHj,,
(C,-C, alky)CONH,, (C,-C, alky)COOH, (C,-C, alkyl)
NH,, (C,-C, alkyh)NHC(NH,")NH,, (C,-C, alkyl)}(C,-C,
cycloalkyl), (C,-C, alkyl)(C,-C5 heterocyclic), (C,-C,
alky)(C4-C, aryDR,, (C,-C, alkyl)(C,-C, heteroaryl), and
C,-C,, alkyl(W)C,-C,, alkyl, wherein W, is a heteroatom
selected from the group consisting of N, S and O, or R, and
R, together with the atoms to which they are attached form
a C;-C, cycloalkyl; or R, and Rg together with the atoms to
which they are attached form a C;-C4 cycloalkyl;

[1026] R; is selected from the group consisting of C,-C,
alkyl, (C,-C, alkyl)OH, (C,-C, 4 alky])NH,, (C,-C, alkyl)
SH, (C,-C, alky)(C;-Cy)eycloalkyl, (C,-C, alkyl)(C,-Cs
heterocyclic), (C,-C, alkyl)(C4-C,, aryDR,, and (C,-C,
alkyl)(C;-C, heteroaryl) or R, and R; together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring;

[1027] R, is NHR, or OH;

[1028] Ris H, C,-Cqalkyl or R and R, together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[1029] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH,
and halo. In one specific embodiment the dipeptide element
comprises the structure of Formula X wherein

[1030] R, and R, are independently C1-C18 alkyl or
aryl;

[1031] R;is C,-C g alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 hetero-
cyclic ring;

[1032] R, and Ry are independently selected from the
group consisting of hydrogen, C,-C,, alkyl and aryl;
and

[1033] R, is an amine or a hydroxyl.

[1034] In another specific embodiment the dipeptide ele-
ment comprises the structure of Formula X wherein

[1035] R, is selected from the group consisting of
hydrogen, C,-C,, alkyl and aryl, or R, and R, are
linked through —(CH2)p-, wherein p is 2-9;

[1036] R, is C,-C g alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocy-
clic ring;

[1037] R, and Ry are independently selected from the
group consisting of hydrogen, C,-C,, alkyl and aryl;
and

[1038] R, is an amine or N-substituted amine.

[1039] In another specific embodiment the dipeptide ele-
ment comprises the structure of Formula X wherein

[1040] R, and R, are independently selected from the
group consisting of hydrogen, C,-C, alkyl and aryl;
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[1041] R,is C,-C 5 alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocy-
clic ring;

[1042] R, and R, are each hydrogen; and

[1043] R, is selected from the group consisting of
amine, N-substituted amine and hydroxyl.

[1044] In one embodiment a prodrug form of a single
chain insulin analog comprises the structure IB-LM-IA,
wherein IB comprises sequence

[1045] J-R,5-R,,-

X,sLCGX 56X 5 LVX 53X, L X, LVCGX, X,,GFX s (SEQ
ID NO: 20); LM comprises the structure:

hrgud

and

[1046] 1A comprises the sequence
GIVX XCCX XX o CX LXK X sLX 17X X1 0CX51-R 15
(SEQ ID NO: 22), wherein m is an integer ranging from 5
to 15. In a further embodiment m is an integer ranging from
7 to 13.

[1047] In one embodiment the single chain insulin analog
comprises a sequence selected from the group consisting of

[1048] a) J-Rz3-Ryo-
X, LCGX X, LVX . X, LYLVCGX, X ,,GFX 5
(SEQ 1D NO: 21)-(PEG)g_14-
GIVX X CCX X X, (CX LK X 50X X X o
CX,;-Ry5 (SEQ ID NO: 22)

[1049] b) J-R,3-Rss-
X,sLCGX, X, (LVEALYLVCGERGFF (SEQ ID NO:
53)-(PEG);_;4,-GIVEQCCXSICSLYQLENX, ,CX,, -
R,; (SEQ ID NO: 55)

[1050] c¢) J-R,3-Rss-
X,sLCGX,0X 3 (LVEALYLVCGERGFF (SEQ ID NO:
53)'(PEG)8-14'

GIVX, XCCX X0 X, 0CX LK 4 X 50X 7 X XK
CX,;-R;; (SEQ ID NO: 22); and

[1051] d) J-R,5-R,,-
X5sLCGX 56X 5o LVX 3 X, LYLVCGX , X, GFX 5
(SEQ D NO: 21)-(PEG)g_14-
GIVEQCCXSICSLYQLENX ,,CX,,-R,; (SEQ ID
NO: 55)

wherein
[1052] J is H or a dipeptide element comprising the

general structure of U-B, wherein U is an amino acid or a
hydroxyl acid and B is an N-alkylated amino acid linked
through an amide bond;

[1053] X, is glutamic acid or aspartic acid;

[1054] X is glutamine or glutamic acid

[1055] X, is histidine, threonine or phenylalanine;
[1056] X, is serine, arginine, lysine, ornithine or alanine;
[1057] X, is isoleucine or serine;

[1058] X, is serine or aspartic acid

[1059] X, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[1060] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[1061] X, is glutamic acid or glutamine;

[1062] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;
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[1063] X, is an amino acid of the general structure:
(€]
HN—TH—C
CH,
X
[1064] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure U-B, wherein
U is an amino acid or a hydroxyl acid and B is an
N-alkylated amino acid;
[1065] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;
[1066] X, is histidine or threonine;
[1067] X, is selected from the group consisting of ala-
nine, glycine and serine;
[1068] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;
[1069] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[1070] X,,is selected from the group consisting of alanine
and threonine;
[1071] X,, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;
[1072] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[1073] X,s is an amino acid of the general structure
(€]
I
HN—CH—C
CH,
X3
[1074] wherein X, ; is selected from the group consist-

ing of H, OH and NHR | ,, wherein R | , is H or dipeptide

element comprising the general structure U-B;
[1075] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and a bond;

[1076] R,; is a bond or G(X4)Xs1) K (SEQ ID NO:
191)
[1077] wherein X, X4, are independently glutamic

acid or aspartic acid; and
[1078] d and g are integers independently ranging from
1-6; and



US 2016/0340400 Al

[1079] R,; is COOH or CONH,. As used herein the
designation “(PEG),,” is intended to represent a polyethylene
glycol having the number of monomers indicated by the
subscript number, or range of numbers, provided outside the
parenthesis. In one embodiment J is H and X, is phenyl-
alanine or tyrosine. In a further embodiment R, is a bond or
GX 50X 61X 62X 63X 64K (SEQ ID NO: 193, wherein X, X1,
Xgas Xg5 and X, are independently glutamic acid or aspartic
acid.

[1080] In accordance with one embodiment a prodrug
form of a single chain insulin analog comprises the structure
IB-LM-IA, wherein IB comprises the sequence
R,,HLCGSX,,LVEALYLVCG ERGFF (SEQ ID NO: 154)
or X,,VNQX,;LCGX,X o, LVEALYLVCGERGFFYT-Z, -
B, (SEQ ID NO: 54);

LM is a linking moiety as disclosed herein and IA comprises
the sequence GIVEQCCXSICSLYQLENX,,CX,,-R,;
(SEQ 1D NO: 55) or
GIVX ECCX X SCDLX, X, sLX, ;X :X15CX,;-R 5
(SEQ ID NO: 19), wherein

[1081] X, is glutamic acid or aspartic acid;

[1082] X, is histidine, threonine or phenylalanine;
[1083] X, is arginine, lysine, ornithine or alanine;

[1084] X, is arginine, lysine, ornithine or alanine;
[1085] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;

[1086] X, is glutamic acid or glutamine;

[1087] X,s is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

1088] X, is an amino acid of the general structure
19 g
v
O
|
HN—CH—C 5
(CHz)m,
R, R Il{s O
N N
Ry H
o) Ry Rg
[1089] wherein
[1090] m, is an integer ranging from 1 to 3;
[1091] R,, R,, R, and R are independently selected

from the group consisting of H, C,-C ¢ alkyl, C,-C 4
alkenyl, (C,-C,, alkyl)OH, (C,-C,4 alkyl)SH, (C,-
C; alky)SCH;, (C,-C, alky)CONH,, (C,-C, alkyl)
COOH, (C,-C, alkyDNH,, (C,-C, alky)NHC
(NH,*")NH,, (C,-C, alkyl)(C;-C; cycloalkyl), (C,-
C, alkyl)(C,-C; heterocyclic), (C,-C, alkyl)(C4-C,
aryDR,, (C,-C, alkyl)(C;-C, heteroaryl), and C,-C, ,
alkyl(W)C,-C,, alkyl, wherein W, is a heteroatom
selected from the group consisting of N, S and O, or
R, and R, together with the atoms to which they are
attached form a C;-C,, cycloalkyl; or R, and Ry
together with the atoms to which they are attached
form a C;-Cg cycloalkyl;

[1092] R; is selected from the group consisting of
C,-C,; alkyl, (C,-C,; alkyl)OH, (C,-C, ; alky)NH,,
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(C,-C,5 alkyDSH, (C,-C, alkyl)(C;-Cg)cycloalkyl,
(Cy-C, alky])(C,-Cs heterocyclic), (C,-C, alkyl)(Cy-
C,o aryDR,, and (C,-C, alkyl)(C;-C, heteroaryl) or
R, and R; together with the atoms to which they are
attached form a 4, 5 or 6 member heterocyclic ring;

[1093] R, is NHR, or OH;

[1094] R, is H, C,-C; alkyl or Ry and R, together
with the atoms to which they are attached form a 4,
5 or 6 member heterocyclic ring; and

[1095] R, is selected from the group consisting of
hydrogen, C,-C,4 alkyl, C,-C,; alkenyl, (C,-C,
alkyl)CONH,, (C,-C, alkyl)COOH, (C,-C, alkyl)
NH,, (C,-C, alkyl)OH, and halo;

[1096] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[1097] X,, is selected from the group consisting of phe-
nylalanine and desamino-phenylalanine;

[1098] X, is asparagine or glycine;
[1099] X, is histidine or threonine;
[1100] X, is selected from the group consisting of ala-

nine, glycine and serine;

[1101] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[1102] Z, is a dipeptide selected from the group consisting
of aspartate-lysine, lysine-proline, and proline-lysine; and

[1103] B, is selected from the group consisting of threo-
nine, alanine or a threonine-arginine-arginine tripeptide.

[1104] R,, is selected from the group consisting of
X,,VNQ (SEQ ID NO: 84), a tripeptide valine-asparagine-
glutamine, a dipeptide asparagine-glutamine, glutamine, and
an N-terminal amine; and

[1105] R, is COOH or CONH,. In one embodiment m, is
1. In accordance with one embodiment the single chain
insulin analog comprises the structure IB-LM-IA, wherein
1B comprises the sequence
X5, VNQX,sLCGX 56X LVEALYLVCGERGFFYT-Z,-B,
(SEQ ID NO: 54), LM is a linking moiety as disclosed
herein and 1A comprises the sequence
GIVX,ECCX X, SCDLX X, :L.X, X, X,,CX,,-R5
(SEQ ID NO: 19).

[1106] In one embodiment the single chain insulin analog
comprises a compound of the formula: IB-LM-IA, wherein
IB represents an IGF YL B chain comprising the sequence
GPETLCGX,ELVDX,,LYLVCGDX,,GFYFNKPT-R,
(SEQ ID NO: 197), wherein X,, and X,, are each alanine
and X, is arginine, or GPETLCGAELVDALYLVCGDRG-
FYFNPKT (SEQ ID NO: 89), LM represents a linking
moiety as disclosed herein and IA represents an IGF A chain
comprising the sequence
GIVDECCHRSCDLRRLEMX,,CA-R,; (SEQ ID NO:
155) or GIVDECCHOSCDLOOLQMX,,CN-R,; (SEQ ID
NO: 75) or the native insulin  sequence
GIVEQCCTSICSLYQLENX  ,CN-R,; (SEQ ID NO: 194)
wherein
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[1107] Xj is histidine or phenylalanine;
[1108] X, is an amino acid of the general structure

(€]

I

_HN_ClH_C_
CH,
X
[1109] wherein X is selected from the group consisting

of OH or NHR, ,, wherein R, , is a dipeptide comprising
the general structure:

R, R Il{s O
N
Rs
O R R ’
[1110] R, is selected from the group consisting of H and

C,-Cy alkyl;

[1111] R, and R, are independently selected from the
group consisting of H, C;-Cy alkyl, C,-C; alkenyl,
(C,-C, alkyl)OH, (C,-C, alkyl)SH, (C,-C, alkyl)SCHj,,
(C,-C, alkyl)CONH,, (C,-C, alkyl)COOH, (C,-C,
alkyl)NH,, (C,-C, alky)NHC(NH,*) NH,, (C,-C,
alkyl)(C;5-Cgcycloalkyl), (C,-C, alkyl)(Cy-C, , aryDR 5,
and CH,(C5-C, heteroaryl), or R, and R, together with
the atoms to which they are attached form a C;-Cg
cycloalkyl;

[1112] R, is selected from the group consisting of C,-Cq
alkyl, (C,-C, alky)OH, (C,-C, alkyl)NH,, (C,-C,
alkyl)SH, and (C;-Cg)cycloalkyl or R, and R; together
with the atoms to which they are attached form a 5 or
6 member heterocyclic ring;

[1113] R, is NHR, or OH;

[1114] R,is H, or Ry and R, together with the atoms to
which they are attached form a 5 or 6 member hetero-
cyclic ring;

[1115] R, is selected from the group consisting of H and
OH; and

[1116] Ry is H; and

[1117] R,; and R,, are independently COOH or CONH,.
The present invention also encompasses any combination of
insulin analog A chain and B chain peptides, as disclosed
herein, linked together via a linking moiety as disclosed
herein as a single chain insulin analog of the formula
IB-LM-IA.

The Dipeptide Prodrug Element

[1118] The substituents of the dipeptide prodrug element,
and its site of attachment to the single chain insulin analog,
can be selected to provide the desired half life of a prodrug
analog of the single chain insulin analogs disclosed herein.
For example, when a dipeptide prodrug element comprising
the structure:
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R;

I
N

R R

fo) Ry Rg

is linked to the alpha amino group of the N-terminal amino
acid of the single chain insulin analog B chain, compounds
having a t;,, of about 1 hour in PBS under physiological
conditions are provided when

[1119] R, andR, are independently C,-C, ¢ alkyl or aryl; or
R, and R, are linked through —(CH,),—, wherein p is 2-9;

[1120] R;is C,-C,4 alkyl;

[1121] R, and R, are each hydrogen; and

[1122] Rs is an amine.

[1123] Inother embodiments, prodrugs linked at the N-ter-

minus and having a t,,, of, e.g., about 1 hour comprise a
dipeptide prodrug element with the structure:

R, R, Il{s O
N
Rs
0O R R
[1124] wherein
[1125] R, and R, are independently C,-C, ¢ alkyl or (C,-C,

alkyl)(C4-C,, aryDR,; or R, and R, are linked through
—(CH,),,, wherein p is 2-9;

[1126] R, is C,-C, alkyl;

[1127] R, and R, are each hydrogen;

[1128] R;is NH,;

[1129] R, is selected from the group consisting of hydro-

gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH,
and halo; and Ry is H.

[1130] Alternatively, in one embodiment a single chain
insulin analog prodrug derivative is provided wherein the
dipeptide prodrug is linked to the alpha amino group of the
N-terminal amino acid of the single chain insulin analog B
chain, and the prodrug has a t; , between about 6 to about 24
hours in PBS under physiological conditions. In one
embodiment a single chain insulin analog prodrug derivative
having at, , between about 6 to about 24 hours in PBS under
physiological conditions is provided wherein the prodrug
element has the structure of Formula X and

[1131] R, and R, are independently selected from the
group consisting of hydrogen, C,-C, alkyl and aryl, or R,
and R, are linked through —(CH,),—, wherein p is 2-9;
[1132] R;is C,-C,, alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 heterocyclic
nng;

[1133] R, and Ry are independently selected from the
group consisting of hydrogen, C,-Cy alkyl and aryl; and
[1134] R is an amine, with the proviso that both R and R,
are not hydrogen and provided that one of R, or Ry is
hydrogen.

[1135] In a further embodiment a single chain insulin
analog prodrug derivative is provided wherein the dipeptide
prodrug is linked to the alpha amino group of the N-terminal
amino acid of the single chain insulin analog B chain, and
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the prodrug has a t,,, between about 72 to about 168 hours
in PBS under physiological conditions. In one embodiment
a single chain insulin analog prodrug derivative having a t, ,
between about 72 to about 168 hours in PBS under physi-
ological conditions is provided wherein the prodrug element
has the structure of Formula X and

[1136] R, is selected from the group consisting of hydro-
gen, C,-Cy alkyl and aryl;

[1137] R, is H;

[1138] R;is C,-C ;4 alkyl;

[1139] R, and R; are each hydrogen; and

[1140] R is an amine or N-substituted amine or a
hydroxyl;

with the proviso that, if R, is alkyl or aryl, then R, and Rs
together with the atoms to which they are attached form a
4-11 heterocyclic ring.

[1141] In some embodiments, prodrugs having the dipep-
tide prodrug element linked to the N-terminal alpha amino
acid of the single chain insulin analog B chain peptide and
having a t, ,, e.g., between about 12 to about 72 hours, or in
some embodiments between about 12 to about 48 hours,
comprise a dipeptide prodrug element with the structure:

R, R, R3 (€]

wherein R, and R, are independently selected from the
group consisting of hydrogen, C,-C,; alkyl, (C,-C,4 alkyl)
OH, (C,-C, alky])NH,, and (C,-C, alkyl)(Cs-C,, ary)R,, or
R, and R, are linked through (CH,),, wherein p is 2-9;
[1142] R, is C,-C, alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 heterocyclic
ring;

[1143] R, and Ry are independently selected from the
group consisting of hydrogen, C,-Cg alkyl and (C,-C, alkyl)
(C6-Cyp aryDR;

[1144] Rjis NH,; and

[1145] R, is selected from the group consisting of H,
C,-C,g alkyl, C,-C, 4 alkenyl, (C,-C, alkyl)CONH,, (C,-C,
alkyl)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH, and halo;
[1146] with the proviso that both R, and R, are not
hydrogen and provided that at least one of R, or Ry is
hydrogen.

[1147] In some embodiments, prodrugs having the dipep-
tide prodrug element linked to the N-terminal amino acid of
the single chain insulin analog B chain peptide and having
at,,, e.g., between about 12 to about 72 hours, or in some
embodiments between about 12 to about 48 hours, comprise
a dipeptide prodrug element with the structure:

X
R, R Il{s O
N
Rs
o K H
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[1148] wherein R, and R, are independently selected from
the group consisting of hydrogen, C,-Cy alkyl and (C,-C,
alkyl)NH,, or R, and R, are linked through (CH,),,, wherein
p is 2-9;

[1149] R, is C,-Cq alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocyclic
ring;

[1150] R, is selected from the group consisting of hydro-
gen and C,-C, alkyl; and

[1151] Rsis NH,;

[1152] with the proviso that both R, and R, are not
hydrogen.

[1153] In other embodiments, prodrugs having the dipep-

tide prodrug element linked to the N-terminal amino acid of
the single chain insulin analog B chain peptide and having
at,,, e.g., between about 12 to about 72 hours, or in some
embodiments between about 12 to about 48 hours, comprise
a dipeptide prodrug element with the structure:

X
R R I|{3 O
N
Rs
o R H
[1154] wherein
[1155] R, and R, are independently selected from the

group consisting of hydrogen, C,-C4 alkyl and (C,-C, alkyl)
NH,;

[1156] R, is C,-C; alkyl;

[1157] R, is hydrogen; and

[1158] R;is NH,;

[1159] with the proviso that both R, and R, are not
hydrogen.

[1160] In some embodiments, prodrugs having the dipep-

tide prodrug element linked to the N-terminal amino acid of
the single chain insulin analog B chain peptide and having
at,,, e.g., between about 12 to about 72 hours, or in some
embodiments between about 12 to about 48 hours, comprise
a dipeptide prodrug element with the structure:

X
R R I|{3 O
N
Rs
o R H
[1161] wherein
[1162] R, and R, are independently selected from the

group consisting of hydrogen and C,-C; alkyl, (C,-C, alkyl)
NH,, or R, and R, are linked through (CH,),, wherein p is
2-9;

[1163] R, is C,-Cg alkyl;

[1164] R, is (Co-C, alkyl)(C4-Cy g aryDR

[1165] Rjis NH,; and

[1166] R, is selected from the group consisting of hydro-

gen, C,-C, alkyl and (C,-C, alkyl)OH;
[1167] with the proviso that both R, and R, are not
hydrogen.
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[1168] In addition a prodrug having the dipeptide prodrug
element linked to the N-terminal alpha amino acid of the
single chain insulin analog and having a t, ,, e.g., of about
72 to about 168 hours is provided wherein the dipeptide
prodrug element has the structure:

X
R, H Il{s O
N
Rs
fo) Ry Rg
[1169] wherein R, is selected from the group consisting of

hydrogen, C,-Cg alkyl and (C,-C, alkyl)(Cs-C, 4 ary)R;

[1170] R, is C,-C,4 alkyl,

[1171] R, and R, are each hydrogen;

[1172] R; is NHR, or OH;

[1173] R,is H, C,-C, alkyl, or R, and R, together with the

atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[1174] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(Cp-C, alky)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH,
and halo;

[1175] with the proviso that, if R, is alkyl or (C,-C,
alkyl)(C4-C,, aryDR,, then R, and Ry together with the
atoms to which they are attached form a 4-11 heterocyclic
ring.

[1176] In some embodiments the dipeptide prodrug ele-
ment is linked to a side chain amine of an internal amino acid
of the single chain insulin analog. In this embodiment
prodrugs having a t,,, e.g., of about 1 hour have the
structure:

R, R, Il{s O
N
RS
fo) Ry Rg
[1177] wherein

[1178] R, and R, are independently C,-C, alkyl or (C,-C,
alkyl)(C4-C,, aryDR,; or R, and R, are linked through
—(CH,),— wherein p is 2-9;

[1179] R, is C,-C, alkyl,

[1180] R, and Ry are each hydrogen;

[1181] Rjis NH,; and

[1182] R, is selected from the group consisting of hydro-

gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alky)NH,, (C,-C, alkyl)OH,
and halo.

[1183] Furthermore, prodrugs having a t, ,, e.g., between
about 6 to about 24 hours and having the dipeptide prodrug
element linked to an internal amino acid side chain are
provided wherein the prodrug comprises a dipeptide prodrug
element with the structure:

Nov. 24, 2016

R R I|{3 O
N
RS
0 R4 Rg

wherein R, and R, are independently selected from the
group consisting of hydrogen, C,-C, alkyl, and (C,-C,
alkyl)(C4-C,, aryDR,, or R, and R, are linked through
—(CH,),— wherein p is 2-9;

[1184] R, is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 heterocyclic
ring;

[1185] R, and Ry are independently hydrogen, C,-C 4
alkyl or (C,-C, alkyl)(C4-C,, aryDR;

[1186] R, is NHRg;

[1187] Ry is Hor C,-Cy alkyl, or R and R, together with
the atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[1188] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH,
and halo;

[1189] with the proviso that both R, and R, are not
hydrogen and provided that at least one of R, or Ry is
hydrogen.

[1190] In addition a prodrug having a t, ,, e.g., of about 72
to about 168 hours and having the dipeptide prodrug element
linked to a internal amino acid side chain of the single chain
insulin analog is provided wherein the dipeptide prodrug
element has the structure:

R, H Il{s O
N
RS
o) Ry Rg
[1191] wherein R, is selected from the group consisting of

hydrogen, C,-C,; alkyl and (C,-C, alkyl)(C4-C, 4 aryDR;

[1192] R, is C,-C,; alkyl;

[1193] R, and R, are each hydrogen;

[1194] R, is NHR, or OH;

[1195] R, is Hor C,-C alkyl, or R and R, together with

the atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

R, is selected from the group consisting of hydrogen, C,-C, ¢
alkyl, C,-C,4 alkenyl, (C,-C, alkyl)CONH,, (C,-C, alkyl)
COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH, and halo; with
the proviso that, if R, and R, are both independently an alkyl
or (Cy-C, alkyl)(C4-C,, aryDR., either R, or R, is linked
through (CH,),, to Rs, wherein p is 2-9.

[1196] In some embodiments the dipeptide prodrug ele-
ment is linked to a side chain amine of an internal amino acid
of'the single chain insulin analog wherein the internal amino
acid comprises the structure of Formula V
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HN—CH—C

(CHyn
/?k
[1197]

[1198] n is an integer selected from 1 to 4. In some
embodiments n is 3 or 4 and in some embodiments the
internal amino acid is lysine. In some embodiments the
dipeptide prodrug element is linked to a primary amine on
a side chain of an amino acid located at position 28, or 29
of the B-chain of the single chain insulin analog.

[1199] In embodiments where the dipeptide prodrug ele-
ment of formula X is linked to an amino substituent of an
aryl group of an aromatic amino acid, prodrug, the substitu-
ents of the prodrug element can be selected to provide the
desired time of activation. For example, the half life of a
prodrug analog of any of the single chain insulin analogs
disclosed herein comprising an amino acid of the structure
of Formula IV:

N
H

wherein

v
(€]

HN—CH—C

(CHy)m,

Ry R I|{3 0
N N
RS H

o) Ry Rg

wherein m, is an integer from 0 to 3, can be selected by
altering the substituents of R, R,, R5, R, Rs, and R,. In one
embodiment the amino acid of formula V is present at an
amino acid corresponding to position A19, B16 or B25 of
native insulin, and in one specific example the amino acid of
formula V is located at position A19 of the single chain
insulin analog, and m, is 1. In one embodiment a single
chain insulin analog prodrug derivative comprising the
structure of Formula IV and having a t1/2 of about 1 hour in
PBS under physiological conditions is provided. In one
embodiment the single chain insulin analog prodrug deriva-
tive having a t1/2 of about 1 hour in PBS under physiologi-
cal conditions comprises the structure of formula IV
wherein,

[1200] R, and R, are independently C,-C, 4 alkyl or aryl;
[1201] R, is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 heterocyclic
ring;

[1202] R, and Ry are independently selected from the
group consisting of hydrogen, C,-C, 4 alkyl and aryl; and
[1203]
m, is 1.

Rs is an amine or a hydroxyl. In one embodiment
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[1204] In one embodiment, the dipeptide prodrug element
is linked to the single chain insulin analog via an amine
present on an aryl group of an aromatic amino acid of the
single chain insulin analog, wherein the prodrug has a t,,,
e.g., of about 1 hour has a dipeptide structure of:

R;

N

Ry R

RS

0 R4 Rg

[1205] wherein R, and R, are independently C,-C, , alkyl
or (Co-C, alkyl)(C4-Cy aryDR;

[1206] R, is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-12 heterocyclic
ring;

[1207] R, and R, are independently selected from the

group consisting of hydrogen, C,-C,y alkyl and (C,-C,
alkyl)(Co-C, aryDR7;

[1208] R, is NH, or OH; and

[1209] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(Cy-C, alky)COOH, (C,-C, alkyl)NH,, (C,-C, alkyl)OH,
and halo.

[1210] In another embodiment a single chain insulin ana-
log prodrug derivative comprising the structure of Formula
IV, wherein m, is an integer from O to 3 and having a t1/2
of about 6 to about 24 hours in PBS under physiological
conditions, is provided. In one embodiment where the single
chain insulin analog prodrug having a t1/2 of about 6 to
about 24 hours in PBS under physiological conditions
comprises the structure of formula IV wherein,

[1211] R, is selected from the group consisting of hydro-
gen, C,-C, ¢ alkyl and aryl, or R, and R, are linked through
—(CH,),— wherein p is 2-9;

[1212] R;is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocyclic
ring;

[1213] R, and Ry are independently selected from the
group consisting of hydrogen, C,-C,; alkyl and aryl; and
[1214] R, is an amine or N-substituted amine. In one
embodiment m, is 1.

[1215] In one embodiment, prodrugs having the dipeptide
prodrug element linked via an aromatic amino acid and
having a t, ,, e.g., of about 6 to about 24 hours are provided
wherein the dipeptide comprises a structure of:

R, H Il{s O
N
RS
0O R R
[1216] wherein
[1217] R, is selected from the group consisting of hydro-

gen, C,-C 4 alkyl, (C,-C, 4 alkyl)OH, (C,-C, alky])NH,, and
(Co-Cy alkyl)(C-Cy ary)R;

[1218] R; is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocyclic
ring;
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[1219] R, and R; are independently selected from the
group consisting of hydrogen, C,-C,5 alkyl and (C,-C,
alkyD)(C4-C, aryDR7;

[1220] R, is NHRg;

[1221] R4isH, C,-Cq alkyl, or R, and R, together with the
atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[1222] R, is selected from the group consisting of hydro-
gen, C,-C,, alkyl, C,-C,, alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alky)NH,, (C,-C, alkyl)OH,
and halo.

[1223] In another embodiment a single chain insulin ana-
log prodrug derivative comprising the structure of Formula
IV, wherein m, is an integer from O to 3 and having a t1/2
of about 72 to about 168 hours in PBS under physiological
conditions, is provided. In one embodiment where the single
chain insulin analog prodrug derivative having a t1/2 of
about 72 to about 168 hours in PBS under physiological
conditions comprises the structure of formula IV wherein,

[1224] R, and R, are independently selected from the
group consisting of hydrogen, C,-C; alkyl and aryl;

[1225] R, is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocyclic
ring;

[1226] R, and R, are each hydrogen; and

[1227] R, is selected from the group consisting of amine,

N-substituted amine and hydroxyl. In one embodiment m, is
1.

[1228] In one embodiment, prodrugs having the dipeptide
prodrug element linked via an aromatic amino acid and
having a t,,, e.g., of about 72 to about 168 hours are
provided wherein the dipeptide comprises a structure of:

R, H Il{s O
N
RS
fo) Ry Rg
[1229] wherein R, and R, are independently selected from

the group consisting of hydrogen, C,-C; alkyl, (C,-C, alkyl)
COOH, and (C,-C, alkyl)(C4-C,, aryDR,, or R, and Ry
together with the atoms to which they are attached form a
4-11 heterocyclic ring;

[1230] R, is C,-C,; alkyl or R; and R, together with the
atoms to which they are attached form a 4-6 heterocyclic
ring;

[1231] R, is hydrogen or forms a 4-6 heterocyclic ring
with R;;

[1232] Ry is hydrogen;

[1233] R, is NHR, or OH;

[1234] R is H or C,-Cy alkyl, or R and R, together with

the atoms to which they are attached form a 4, 5 or 6 member
heterocyclic ring; and

[1235] R, is selected from the group consisting of hydro-
gen, C,-C,; alkyl, C,-C,; alkenyl, (C,-C, alkyl)CONH,,
(C,-C, alky)COOH, (C,-C, alky)NH,, (C,-C, alkyl)OH,
and halo.

[1236] In accordance with one embodiment the dipeptide
of Formula X is further modified to comprise a large
polymer that interferes with the single chain insulin analog’s
ability to interact with the insulin or IGF-1 receptor. Sub-
sequent cleavage of the dipeptide releases the single chain
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insulin analog from the dipeptide complex wherein the
released single chain insulin analog is fully active. In
accordance with one embodiment the dipeptide of Formula
X is further modified to comprises a large polymer that
interferes with the bound single chain insulin analog’s
ability to interact with the insulin or IGF-1 receptor. In
accordance with one embodiment the single chain insulin
analog comprises a dipeptide of the general structure of
Formula X:

X
R, R, Il{s O
N
RS
0 R4 Rg ’

wherein one of the amino acid side chains of the dipeptide
of Formula X is pegylated or acylated.

[1237] In one embodiment a single chain insulin analog is
provided that comprises the structure IB-LM-IA, wherein IB
comprises sequence

[1238] J-R,;-R.,-

X,sLCGX 56X 5 LVX 53X, LX 5, LVCGX, X,,GFX s (SEQ
1D NO: 20);

[1239] LM comprises a linking moiety as described
herein; and
[1240] 1A comprises the sequence

GIVX X CCX XX oCX L,LX X sLEX X 6CX5 Ry 5
(SEQ ID NO: 152), wherein

[1241] Jis H or a dipeptide element of formula X;
[1242] X, is glutamic acid or aspartic acid;

[1243] X is glutamine or glutamic acid

[1244] X, is histidine, threonine or phenylalanine;
[1245] X, is serine, arginine, lysine, ornithine or alanine;
[1246] X, is isoleucine or serine;

[1247] X, is serine or aspartic acid

[1248] X,, is tyrosine, arginine, lysine, ornithine or ala-
nine;

[1249] X, is glutamine, glutamic acid, arginine, alanine,

lysine, ornithine or leucine;
[1250] X, is methionine, asparagine, glutamine, aspartic
acid, glutamic acid or threonine;

[1251] X, is an amino acid of the general structure:
(€]
I
HN—TH—C
CH,
X
[1252] wherein X is selected from the group consisting

of OH or NHR,,, wherein R,, is H or a dipeptide
element comprising the general structure of Formula X;
[1253] X,, is selected from the group consisting of ala-
nine, glycine, serine, valine, threonine, isoleucine, leucine,
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glutamine, glutamic acid, asparagine, aspartic acid, histi-
dine, tryptophan, tyrosine, and methionine;

[1254] X, is histidine or threonine;

[1255] X, is selected from the group consisting of ala-
nine, glycine and serine;

[1256] X, is selected from the group consisting of histi-
dine, aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

[1257] X, is selected from the group consisting of aspar-
tic acid, glutamine and glutamic acid;

[1258] X, is selected from the group consisting of alanine
and threonine;
[1259] X, is selected from the group consisting of gluta-

mic acid, aspartic acid or asparagine;
[1260] X,, is selected from the group consisting of ala-
nine, lysine, ornithine and arginine;

[1261] X,s is an amino acid of the general structure
HN—TH—C
CH,
Xi3
[1262] wherein X, ; is selected from the group consist-

ing of H, OH and NHR | ,, wherein R |, is H or dipeptide

element comprising the general structure of Formula X;
[1263] R,, is selected from the group consisting of
AYRPSE (SEQ ID NO: 14), FVNQ (SEQ ID NO: 12),
PGPE (SEQ ID NO: 11), a tripeptide glycine-proline-glu-
tamic acid, a tripeptide valine-asparagine-glutamine, a
dipeptide proline-glutamic acid, a dipeptide asparagine-
glutamine, glutamine, glutamic acid and an N-terminal
amine;

[1264] R,; is a bond or G(X4)Xs1),K (SEQ ID NO:
191)
[1265] wherein X,,, X4, are independently glutamic

acid or aspartic acid; and
[1266] d and g are integers independently ranging from

1-6; and
[1267] R,;is COOH or CONH, further wherein the dipep-
tide of Formula X is acylated or pegylated. In one embodi-
ment J comprises an acylated or pegylated dipeptide of
Formula X.
[1268] The single chain insulin analogs and prodrug
derivative thereof disclosed herein can be further modified
to improve the peptide’s solubility in aqueous solutions at
physiological pH, while enhancing the effective duration of
the peptide by preventing renal clearance of the peptide.
Peptides are easily cleared because of their relatively small
molecular size when compared to plasma proteins. Increas-
ing the molecular weight of a peptide above 40 kDa exceeds
the renal threshold and significantly extends duration in the
plasma. Accordingly, in one embodiment the peptide prod-
rugs are further modified to comprise a covalently linked
hydrophilic moiety.

Nov. 24, 2016

[1269] In one embodiment the hydrophilic moiety is a
plasma protein, polyethylene glycol chain or the Fc portion
of an immunoglobin. Therefore, in one embodiment the
presently disclosed insulin analogs are further modified to
comprise one or more hydrophilic groups covalently linked
to the side chains of amino acids.

[1270] In accordance with one embodiment the insulin
prodrugs disclosed herein are further modified by linking a
hydrophilic moiety to either the N-terminal amino acid of
the B chain or to the side chain of a lysine amino acid (or
other suitable amino acid) located at the carboxy terminus of
the B chain, including for example, at position 28 of SEQ ID
NO: 89. In one embodiment a single-chain insulin prodrug
derivative is provided wherein one of the amino acids of the
linking moiety is modified by linking a hydrophilic moiety
to the side chain of the peptide linker. In one embodiment the
modified amino acid is cysteine, lysine or acetyl phenylala-
nine.

[1271] In accordance with one embodiment a prodrug
derivative of the single chain insulin analog is provided
wherein the dipeptide element of Formula X further com-
prises an polyethylene glycol, alkyl or acyl group. In one
embodiment one or more polyethylene glycol chains are
linked to the dipeptide of Formula X wherein the combined
molecular weight of the polyethylene glycol chains ranges
from about 20,000 to about 80,000 Daltons, or 40,000 to
80,000 Daltons or 40,000 to 60,000 Daltons. In one embodi-
ment at least one polyethylene glycol chain having a
molecular weight of about 40,000 Daltons is linked to the
dipeptide of Formula X. In another embodiment the dipep-
tide of Formula X is acylated with an acyl group of sufficient
size to bind serum albumin and thus inactivate the IGF?' 557
analog peptide upon administration. The acyl group can be
linear or branched, and in one embodiment is a C16 to C30
fatty acid. For example, the acyl group can be any of a C16
fatty acid, C18 fatty acid, C20 fatty acid, C22 fatty acid, C24
fatty acid, C26 fatty acid, C28 fatty acid, or a C30 fatty acid.
In some embodiments, the acyl group is a C16 to C20 fatty
acid, e.g., a C18 fatty acid or a C20 fatty acid.

[1272] In another embodiment the single chain insulin
analog peptides, and their prodrug analogs, disclosed herein
are further modified by the addition of a modified amino acid
to the carboxy or amino terminus of the A chain or the amino
terminus of the B chain of the single chain insulin analog
peptide, wherein the added amino acid is modified to com-
prise a hydrophilic moiety linked to the amino acid. In one
embodiment the amino acid added to the C-terminus is a
modified cysteine, lysine or acetyl phenylalanine. In one
embodiment the hydrophilic moiety is selected from the
group consisting of a plasma protein, polyethylene glycol
chain and an Fc portion of an immunoglobin.

[1273] In one embodiment the hydrophilic group is a
polyethylene glycol chain, and in one embodiment two or
more polyethylene glycol chains are covalently attached to
two or more amino acid side chains of the single chain
insulin analog. In accordance with one embodiment the
hydrophilic moiety is covalently attached to an amino acid
side chain of a single chain insulin analog disclosed herein
at a position corresponding to A10, B28, B29, the C-termi-
nus of the A chain or the N-terminus of the B chain
(positions relative to native insulin). For single chain insulin
analogs and their prodrug derivatives having multiple poly-
ethylene glycol chains, the polyethylene glycol chains can
be attached at the N-terminal amino acid of the B chain or
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to the side chain of a lysine amino acid located at the
carboxy terminus of the B chain, or by the addition of a
single amino acid at the C-terminus of the peptide wherein
the added amino acid has a polyethylene glycol chain linked
to its side chain. In accordance with one embodiment a
prodrug derivative is provided wherein the polyethylene
glycol chain or other hydrophilic moiety is linked to the side
chain of one of the two amino acids comprising the dipeptide
prodrug element. In one embodiment the dipeptide prodrug
element comprises a lysine (in the D or L stereoisomer
configuration) with a polyethylene glycol chain attached to
the side chain amine of the lysine.

[1274] In accordance with one embodiment, the single
chain insulin analog peptides, or prodrug derivatives thereof,
disclosed herein are further modified by amino acid substi-
tutions, wherein the substituting amino acid comprises a side
chain suitable for crosslinking with hydrophilic moieties,
including for example, polyethylene glycol. For example, in
one embodiment a native amino acid at a position corre-
sponding to A5, A8, A9, A10,A12, Al4, A15,A17,A18, BI,
B2, B3, B4, B3, B13, B14, B17, B21, B22, B26, B27, B28,
B29 and B30 of native insulin is substituted with a lysine,
cysteine or acetyl phenylalanine residue (or a lysine, cyste-
ine or acetyl phenylalanine residue is added to the C-termi-
nus) to allow for the covalent attachment of a polyethylene
glycol chain.

[1275] In one embodiment the single chain insulin analog,
or prodrug derivative thereof, has a single cysteine substi-
tution or a single cysteine residue added to the amino or
carboxy terminus of the single chain insulin analog, or an
amino acid within the linking moiety or the dipeptide
element of an insulin prodrug derivative 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 poly-
ethylene glycol units. In an alternative embodiment, the
single chain insulin analog, or prodrug derivative thereof,
has a single lysine substitution or a single lysine residue
added to the amino or carboxy terminus of the single chain
insulin analog, or an amino acid within the linking moiety or
the dipeptide element of an insulin prodrug derivative 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.

[1276] In accordance with one embodiment a pharmaceu-
tical composition is provided comprising any of the novel
single chain insulin analogs 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 analog as disclosed herein at a con-
centration of at least 0.5 mg/ml, 1 mg/ml, 2 mg/ml, 3 mg/ml,
4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10
mg/ml, 11 mg/ml, 12 mg/ml, 13 mg/ml, 14 mg/ml, 15
mg/ml, 16 mg/ml, 17 mg/ml, 18 mg/ml, 19 mg/ml, 20
mg/ml, 21 mg/ml, 22 mg/ml, 23 mg/ml, 24 mg/ml, 25 mg/ml
or higher. In one embodiment the pharmaceutical composi-
tions comprise aqueous solutions that are sterilized and
optionally stored contained within various package contain-
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ers. In other embodiments the pharmaceutical compositions
comprise a lyophilized powder. The pharmaceutical com-
positions can be further packaged as part of a kit that
includes a disposable device for administering the compo-
sition to a patient. The containers or kits may be labeled for
storage at ambient room temperature or at refrigerated
temperature.

[1277] In one embodiment, a composition is provided
comprising a mixture of a first and second single chain
insulin analog prodrug derivative, wherein the first and
second single chain insulin analog prodrug derivatives differ
from one another based on the structure of the prodrug
element. More particularly, the first single chain insulin
analog prodrug derivative may comprise a dipeptide prodrug
element that has a half life substantially different from the
dipeptide prodrug element of the second single chain insulin
analog prodrug derivative. Accordingly, selection of differ-
ent combinations of substituents on the dipeptide element
will allow for the preparation of compositions that comprise
a mixture of single chain insulin analog prodrug derivatives
that are activated in a controlled manner over a desired time
frame and at specific time intervals. For example, the
compositions can be formulated to release active single
chain insulin analog peptide at mealtimes followed by a
subsequent activation single chain insulin analog peptide
during nighttime with suitable dosages being released based
on time of activation.

[1278] In another embodiment the pharmaceutical com-
position comprises a mixture of a single chain insulin analog
prodrug derivative disclosed herein and native insulin, or a
known bioactive analog of insulin. The mixture in one
embodiment can be in the form of a heteroduplex linking a
single chain insulin analog and a native insulin, or a known
bioactive analog of insulin. The dimers may comprise a
single chain insulin analog peptide linked to another single
chain insulin analog or to a disulfide linked A chain to B
chain insulin heteroduplex. The mixtures may comprise one
or more of the single chain insulin analogs, native insulin, or
a known bioactive analog of insulin, in prodrug derivatives
thereof or depot derivative thereof or other conjugate forms,
and any combination thereof, as disclosed herein.

[1279] The disclosed single chain insulin analogs, and
their corresponding prodrug derivatives, are believed to be
suitable for any use that has previously been described for
insulin peptides. Accordingly, the single chain insulin ana-
logs, and their corresponding prodrug derivatives, described
herein can be used to treat hyperglycemia, or treat other
metabolic diseases that result from high blood glucose
levels. Accordingly, the present invention encompasses
pharmaceutical compositions comprising a single chain
insulin analog as disclosed herein, or a prodrug derivative
thereof, 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 single chain insulin analog disclosed herein is a
domesticated animal, and in another embodiment the patient
to be treated is a human.

[1280] One method of treating hyperglycemia in accor-
dance with the present disclosure comprises the steps of
administering the presently disclosed single chain insulin
analog, or depot or prodrug derivative thereof, to a patient
using any standard route of administration, including par-
enterally, such as intravenously, intraperitoneally, subcuta-
neously or intramuscularly, intrathecally, transdermally, rec-
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tally, orally, nasally or by inhalation. In one embodiment the
composition is administered subcutaneously or intramuscu-
larly. In one embodiment, the composition is administered
parenterally and the single chain insulin analog, or prodrug
derivative thereof, is prepackaged in a syringe.

[1281] The single chain insulin analog disclosed herein,
and depot or prodrug derivative thereof, may be adminis-
tered 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 tolbuta-
mide (Orinase), acetohexamide (Dymelor), tolazamide (To-
linase), 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; thiazoli-
dinediones such as rosiglitazone (Avandia), pioglitazone
(Actos), or troglitazone (Rezulin), or other PPARy inhibi-
tors; 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 sita-
gliptin; SGLT (sodium-dependent glucose transporter 1)
inhibitors; or FBPase (fructose 1,6-bisphosphatase) inhibi-
tors.

[1282] Pharmaceutical compositions comprising the
single chain insulin analogs disclosed herein, or depot or
prodrug derivatives thereof, can be formulated and admin-
istered to patients using standard pharmaceutically accept-
able carriers and routes of administration known to those
skilled in the art. Accordingly, the present disclosure also
encompasses pharmaceutical compositions comprising one
or more of the single chain insulin analogs disclosed herein
(or prodrug derivative thereof), or a pharmaceutically
acceptable salt thereof, in combination with a pharmaceu-
tically acceptable carrier. In one embodiment the pharma-
ceutical composition comprises a 1 mg/ml concentration of
the single chain insulin analog at a pH of about 4.0 to about
7.0 in a phosphate buffer system. The pharmaceutical com-
positions may comprise the single chain insulin analog as
the sole pharmaceutically active component, or the single
chain insulin analog peptide can be combined with one or
more additional active agents.

[1283] All therapeutic methods, pharmaceutical composi-
tions, kits and other similar embodiments described herein
contemplate that single chain insulin analog peptides, or
prodrug derivatives thereof, include all pharmaceutically
acceptable salts thereof.

[1284] In one embodiment the kit is provided with a
device for administering the single chain insulin analog
composition 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 pre-
packaged within the aerosol device. In another embodiment
the kit comprises a syringe and a needle, and in one
embodiment the single chain insulin analog composition is
prepackaged within the syringe.

[1285] The compounds of this invention may be prepared
by standard synthetic methods, recombinant DNA tech-
niques, or any other methods of preparing peptides and
fusion proteins. Although certain non-natural amino acids
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cannot be expressed by standard recombinant DNA tech-
niques, 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.

Example 1

Synthesis of Insulin A & B Chains

[1286] Insulin A & B chains were synthesized on 4-meth-
ylbenzhyryl 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 (TISYH,O (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 (EST or MALDI).

[1287] Insulin A chains were synthesized with a single free
cysteine at amino acid 7 and all 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 acetamidomethyl B-(SH)’
(Acm)'®. The crude peptides were purified by conventional
RP-HPLC.

[1288] The synthesized A and B chains were linked to one
another through their native disulfide bond linkage in accor-
dance with the general procedure outlined in FIG. 1. The
respective B chain was activated to the Cys’-Npys analog
through dissolution in DMF or DMSO and reacted with
2,2'-Dithiobis (5-nitropyridine) (Npys) at a 1:1 molar ratio,
at room temperature. The activation was monitored by
RP-HPLC and the product was confirmed by ESI-MS.

[1289] The first B7-A7 disulfide bond was formed by
dissolution of the respective A-(SH) (Acm)®'*° and
B-(Npys) (Acm)'® 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 concen-
tration 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 insu-
lin receptor binding.

[1290] 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 incorpo-
ration of non-coded amino acids into proteins, including for
example, the system taught in U.S. Pat. Nos. 7,045,337 and
7,083,970.
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TABLE 1

Activity of synthesized insulin relative to native insulin

Insulin Standard A7-B7 Insulin
AVER. STDEV AVER. STDEV
ICs4(nM) 0.24 0.07 0.13 0.08
% of 100 176.9
Insulin
Activity
Example 2

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

[1291] a. Synthesis

[1292] Insulin (or an insulin analog), mPEG20k-Aldy-
hyde, and NaBH,CN, 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,CO;. 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%.

[1293] b. Purification

[1294] 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.

[1295] a. Synthesis

[1296] 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 moni-
tored by HPLC. The yield of the reaction is approximately
90% after 2 hours at room temperature.

[1297] b. Purification

[1298] 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.

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

[1299] a. Synthesis

[1300] Insulin (or an insulin analogue), mPEG20k-Hy-
drazide, and NaBH,CN 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

Nov. 24, 2016

acid and 0.1 N Na,CO;. Insulin or insulin analogue con-
centration was approximately 0.5 mg/ml. at room tempera-
ture for 24 h. The reaction process was monitored by HPLC.
The conversion of the reaction was approximately 50%.
(calculated by HPLC)

[1301] b. Purification

[1302] 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 modifi-
cation through sulftolysis or trypsin degradation.

Example 3

Insulin Receptor Binding Assay

[1303] 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 NacCl, 0.1% w/v bovine serum
albumin) and mixed in 96 well plates (Corning Inc., Acton,
Mass.) with 0.05 nM (3-[125]]-iodotyrosyl) A TyrAl4 insu-
lin or (3-[1251]-iodotyrosyl) IGF-1 (Amersham Biosciences,
Piscataway, N.J.). 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, N.J.) were added.
After five minutes of shaking at 800 rpm the plate was
incubated for 12 h at room temperature and radioactivity
was measured with MicroBeta1450 liquid scintillation coun-
ter (Perkin-Elmer, Wellesley, Mass.). Non-specifically
bound (NSB) radioactivity was measured in the wells with
a four-fold concentration excess of “cold” native ligand than
the highest concentration in test samples. Total bound radio-
activity was detected in the wells with no competitor.
Percent specific binding was calculated as following: %
Specific Binding=(Bound-NSB/Total bound-NSB)x100.
IC50 values were determined by using Origin software
(OriginLab, Northampton, Mass.).

Example 4

Insulin Receptor Phosphorylation Assay

[1304] To measure receptor phosphorylation of insulin or
insulin analog, receptor transfected HEK293 cells were
plated in 96 well tissue culture plates (Costar #3596, Cam-
bridge, Mass.) 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, Utah) for 16-20
hrs at 37° C., 5% CO, and 90% humidity. Serial dilutions of
insulin or insulin analogs were prepared in DMEM supple-
mented with 0.5% bovine serum albumin (Roche Applied
Science #100350, Indianapolis, Ind.) and added to the wells
with adhered cells. After 15 min incubation at 37° C. in
humidified atmosphere with 5% CO, the cells were fixed
with 5% paraformaldehyde for 20 min at room temperature,
washed twice with phosphate buffered saline pH 7.4 and
blocked with 2% bovine serum albumin in PBS for 1 hr. The
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plate was then washed three times and filled with horserad-
ish peroxidase-conjugated antibody against phosphotyrosine
(Upstate biotechnology #16-105, Temecula, Calif.) recon-
stituted in PBS with 2% bovine serum albumin per manu-
facturer’s recommendation. After 3 hrs incubation at room
temperature the plate was washed 4 times and 0.1 ml of
TMB single solution substrate (Invitrogen, #00-2023, Car-
Ibad, Calif.) was added to each well. Color development was
stopped 5 min later by adding 0.05 ml 1 N HCI. Absorbance
at 450 nm was measured on Titertek Multiscan MCC340
(ThermoFisher, Pittsburgh, Pa.). Absorbance vs. peptide
concentration dose response curves were plotted and EC,
values were determined by using Origin software (Origin-
Lab, Northampton, Mass.).

Example 5

Determination of Rate of Model Dipeptide
Cleavage (in PBS)

[1305] A specific hexapeptide (HSRGTF-NH,; SEQ ID
NO: 156) was used as a model peptide upon which the rate
of cleavage of dipeptide N-terminal extensions could be
studied. The dipeptide-extended model peptides were pre-
pared Boc-protected sarcosine and lysine were successively
added to the model peptide-bound resin to produce peptide
A (Lys-Sar-HSRGTF-NH,; SEQ ID NO: 157). Peptide A
was cleaved by HF and purified by preparative HPLC.

Preparative Purification Using HPLC:

[1306] Purification was performed using HPLC analysis
on a silica based 1x25 cm Vydac C18 (5u particle size, 300
A° pore size) column. The instruments used were: Waters
Associates model 600 pump, Injector model 717, and UV
detector model 486. A wavelength of 230 nm was used for
all samples. Solvent A contained 10% CH;CN/0.1% TFA in
distilled water, and solvent B contained 0.1% TFA in
CH,CN. A linear gradient was employed (0 to 100% B in 2
hours). The flow rate was 10 ml/min and the fraction size
was 4 ml. From ~150 mgs of crude peptide, 30 mgs of the
pure peptide was obtained.

[1307] Peptide A was dissolved at a concentration of 1
mg/ml in PBS buffer. The solution was incubated at 37° C.
Samples were collected for analysis at 5 h, 8 h, 24 h, 31 h,
and 47 h. The dipeptide cleavage was quenched by lowering
the pH with an equal volume of 0.1% TFA. The rate of
cleavage was qualitatively monitored by LC-MS and quan-
titatively studied by HPLC. The retention time and relative
peak area for the prodrug and the parent model peptide were
quantified using Peak Simple Chromatography software.

Analysis Using Mass Spectrometry

[1308] The mass spectra were obtained using a Sciex
API-III electrospray quadrapole mass spectrometer with a
standard ESI ion source. lonization conditions that were
used are as follows: ESI in the positive-ion mode; ion spray
voltage, 3.9 kV; orifice potential, 60 V. The nebulizing and
curtain gas used was nitrogen flow rate of 0.9 L/min. Mass
spectra were recorded from 600-1800 Thompsons at 0.5 Th
per step and 2 msec dwell time. The sample (about 1
mg/mL) was dissolved in 50% aqueous acetonitrile with 1%
acetic acid and introduced by an external syringe pump at
the rate of 5 pl/min. Peptides solubilized in PBS were
desalted using a ZipTip solid phase extraction tip containing
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0.6 pL. C4 resin, according to instructions provided by the
manufacturer (Millipore Corporation, Billerica, Mass.) prior
to analysis.

Analysis Using HPL.C

[1309] The HPLC analyses were performed using a Beck-
man System Gold Chromatography system equipped with a
UV detector at 214 nm and a 150 mmx4.6 mm C8 Vydac
column. The flow rate was 1 ml/min. Solvent A contained
0.1% TFA in distilled water, and solvent B contained 0.1%
TFA in 90% CH,CN. A linear gradient was employed (0%
to 30% B in 10 minutes). The data were collected and
analyzed using Peak Simple Chromatography software.

[1310] The rate of cleavage was determined for the respec-
tive propeptides. The concentrations of the propeptides and
the model parent peptide were determined by their respec-
tive peak areas. The first order dissociation rate constants of
the prodrugs were determined by plotting the logarithm of
the concentration of the prodrug at various time intervals.
The slope of this plot provides the rate constant ‘k’. The half
lives for cleavage of the various prodrugs were calculated by
using the formula t, ,=0.693/k. The half life of the Lys-Sar
extension to this model peptide HSRGTF-NH, (SEQ ID
NO: 156) was determined to be 14.0 h.

Example 6

Rate of Dipeptide Cleavage Half Time in Plasma as
Determined with an all d-Isoform Model Peptide

[1311] An additional model hexapeptide (dHdT-
dRGATdF-NH, SEQ ID NO: 158) was used to determine the
rate of dipeptide cleavage in plasma. The d-isomer of each
amino acid was used to prevent enzymatic cleavage of the
model peptide, with the exception of the prodrug extension.
This model d-isomer hexapeptide was synthesized in an
analogous fashion to the 1-isomer. The sarcosine and lysine
were successively added to the N-terminus as reported
previously for peptide A to prepare peptide B (dLys-dSar-
dHdTdRGATdF-NH, SEQ ID NO: 159)

[1312] The rate of cleavage was determined for the respec-
tive propeptides. The concentrations of the propeptides and
the model parent peptide were determined by their respec-
tive peak areas. The first order dissociation rate constants of
the prodrugs were determined by plotting the logarithm of
the concentration of the prodrug at various time intervals.
The slope of this plot provides the rate constant ‘k’. The half
life of the Lys-Sar extension to this model peptide dHdT-
dRGATdF-NH, (SEQ ID NO: 158) was determined to be
18.6 h.

Example 7

[1313] The rate of cleavage for additional dipeptides
linked to the model hexapeptide (HSRGTF-NH,; SEQ ID
NO: 156) were determined using the procedures described in
Example 5. The results generated in these experiments are
presented in Tables 2 and 3.
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TABLE 2 TABLE 2-continued

Cleavage of the Dipeptide U-B that are linked to the side Cleavage of the Dipeptide U-B that are linked to the side

chain of an N-terminal para-amino-Phe from the Model chain of an N-terminal para-amino-Phe from the Model

Hexapeptide (HSRGTF-NH,: SEQ ID NO: 156) in PBS Hexapeptide (HSRGTF-NH,: SEQ ID NO: 156) in PBS

U—o0 O U—o O
NH NH
H—N HSRGTF—NH, H—N HSRGTF—NH,
Compounds U (amino acid) O (amino acid) tis Compounds U (amino acid) O (amino acid) tim

1 F P 58 h 13 E P 85 h

2 Hydroxyl-F P 327 h 14 Sar P ~1000 h

3 d-F P 20 h 15 Aib P 69 min
4 d-F d-p 39 h 16 Hydroxyl-Aib P 33 h

5 G P 72 h 17 cyclohexane P 6 min
6 Hydroxyl-G P 603 h 18 G G No cleavage
7 L P 62 h 19 Hydroxyl-G G No cleavage
8 tert-L P 200 h 20 S N-Methyl-Gly 43 h

9 S P 34 h 21 K N-Methyl-Gly 52 h
10 P P 97 h 22 Aib N-Methyl-Gly 7.1 min
11 K P 33 h 23 Hydroxyl-Aib N-Methyl-Gly 1.0 h
12 dK P 11 h

TABLE 3

Cleavage of the Dipeptides U-B linked to histidine (or histidine
analog) at position 1 (X) from the Model Hexapeptide (XSRGTF-NH,;
SEQ ID NO: 160) in PBS
NH,-U-B-XSRGTF-NH, (SEQ ID NO: 160)

U o} X

Comd. (amino acid) (amino acid) (amino acid) toip

1 F P H No cleavage
2 Hydroxyl-F P H No cleavage
3 G P H No cleavage
4 Hydroxyl-G P H No cleavage
5 A P H No cleavage
6 C P H No cleavage
7 S P H No cleavage
8 P P H No cleavage
9 K P H No cleavage
10 E P H No cleavage
11 Dehydro V P H No cleavage
12 P d-p H No cleavage
13 d-p P H No cleavage
14 Aib P H 32 h

15 Aib d-p H 20 h

16 Aib P d-H 16 h
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TABLE 3-continued
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Cleavage of the Dipeptides U-B linked to histidine

(or histidine

analog) at position 1 (X) from the Model Hexapeptide (XSRGTF-NH,;
SEQ ID NO: 160) in PBS
NH,-U-B-XSRGTF-NH, (SEQ ID NO: 160)
U o} X
Comd . (amino acid) (amino acid) (amino acid) t o0
17 Cyclohexyl- P H 5 h
18 Cyclopropyl- P H 10 h
19 N-Me-2Aib P H >500 h
20 a, a-diethyl-Gly P H 46 h
21 Hydroxyl-Aib P H 61
22 Aib P A 58
23 Aib P N-Methyl-His 30 h
24 Aib N-Methyl-Gly H 49 min
25 Aib N-Hexyl-Gly H 10 min
26 Aib Azetidine-2- H >500 h
carboxylic acid

27 e] N-Methyl-Gly H 104 h
28 Hydroxyl-G N-Methyl-Gly H 149 h
29 G N-Hexyl-Gly H 70 h
30 dK N-Methyl-Gly H 27 h
31 dK N-Methyl-Ala H 14 h
32 dK N-Methyl-Phe H 57 h
33 K N-Methyl-Gly H 14 h
34 F N-Methyl-Gly H 29 h
35 s N-Methyl-Gly H 17 h
36 P N-Methyl-Gly H 181 h

Example 8

Identification of an Insulin Analog with Structure
Suitable for Prodrug Construction

[1314] Position 19 of the A chain is known to be an
important site for insulin activity. Modification at this site to
allow the attachment of a prodrug element is therefore
desirable. Specific analogs of insulin at A19 have been
synthesized and characterized for their activity at the insulin
receptors. Two highly active structural analogs have been
identified at A19, wherein comparable structural changes at
a second active site aromatic residue (B24) were not suc-
cessful in identification of similarly full activity insulin
analogs.

[1315] Tables 4 and 5 illustrate the high structural conser-
vation at position A19 for full activity at the insulin receptor
(receptor binding determined using the assay described in
Example 3). Table 4 demonstrates that only two insulin

analogs with modifications at A19 have receptor binding
activities similar to native insulin. For the 4-amino insulin
analog, data from three separate experiments is provided.
The column labeled “Activity (in test)” compares the per-
cent binding of the insulin analog relative to native insulin
for two separate experiments conducted simultaneously. The
column labeled “Activity (0.60 nM)” is the relative percent
binding of the insulin analog relative to the historical
average value obtained for insulin binding using this assay.
Under either analysis, two A19 insulin analogs (4-amino
phenylalanine and 4-methoxy phenylalanine) demonstrate
receptor binding approximately equivalent to native insulin.
FIG. 3 represents a graph demonstrating the respective
specific binding of native insulin and the A19 insulin analog
to the insulin receptor. Table 5 presents data showing that the
two Al19 insulin analogs (4-amino and 4-methoxy) that
demonstrate equivalent binding activities as native insulin
also demonstrate equivalent activity at the insulin receptor
(receptor activity determined using the assay described in
Example 4).



US 2016/0340400 Al

TABLE 4

Insulin Receptor Binding Activity of A19 Insulin Analogs

Insulin Receptor

% native % native
ligand ligand

Activity Activity

Analogue ICsq STDev (in test) (0.60 nM)
4-OH (native insulin) 0.64 0.15 100.0 100.0
4-COCH,3 31.9 9.47 0.6 1.9
4-NH, 0.31 0.12 203.0 193.5
0.83 0.15 103.0 723
0.8 0.1 94.0 75.0
4-NO, 215.7 108.01 0.3 1.3
3,4,5-3F 123.29 31.10 0.5 0.5
4-OCH, 0.5 0.50 173.0 120.0
3-OCH, 4.74 1.09 28.0 12.7
5.16 3.88 18.0 11.6
4-OH, 3,5-2Br 1807.17  849.72 0.0 0.0
4-OH, 3,5-2 NO, 2346.2 338.93 0.0 0.0

TABLE 5

Insulin Receptor Phosphorylation Activity of A19 Insulin Analogs

Insulin Receptor

% native ligand

Analogue ECsq STDev Activity (in test)

4-OH (native insulin) 1.22 0.4 100.0

4-NH, 0.31 0.14 393.5

4-OCH; 0.94 0.34 129.8
Example 9

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

[1316] Applicants have discovered an IGF analog that
demonstrates similar activity at the insulin receptor as native
insulin. More particularly, the IGF analog (IGF1 (YZ'SL?'7)
comprises the native IGF A chain (SEQ ID NO: 5) and the
modified B chain (SEQ ID NO: 6), wherein the native
glutamine and phenylalanine at positions 15 and 16 of the
native IGF B-chain (SEQ ID NO: 3) have been replaced with
tyrosine and leucine residues, respectively. As shown in FIG.
4 and Table 6 below the binding activities of IGF1
(Y?'®L#'") and native insulin demonstrate that each are
highly potent agonists of the insulin receptor.

TABLE 6
Insulin Standard IGF1(YZ'e1. 217
AVER. STDEV AVER. STDEV
IC5o(nM) 1.32 0.19 0.51 0.18
% of 100 262
Insulin
Activity
Example 10
IGF Prodrug Analogs
[1317] Based on the activity of the A19 insulin analog (see

Example 5), a similar modification was made to the IGF1

62

Nov. 24, 2016

AB(YP®LP'7) analog and its ability to bind and stimulate
insulin receptor activity was investigated. FIG. 6 provides
the general synthetic scheme for preparing IGF1 A:B
(YZ'®L#'7) wherein the native tyrosine is replace with a
4-amino phenylalanine [IGF1 A:B(YZ'°L?'7)(p-NH,-F)
“%amide] as well as the preparation of its dipeptide
extended analog [IGF1 A:B(YZ'°LZ'7)*'°_AibAla amide],
wherein a dipeptide comprising Aib and Ala are linked to the
peptide through an amide linkage to the A19 4-amino
phenylalanine. As shown in FIG. 7 and Table 7, the IGF
analog, IGF1 (YZ°L%'7) A(p-NH,-F)'? specifically binds to
the insulin receptor wherein the dipeptide extended analog
of that analog fails to specifically bind the insulin receptor.
Note the dipeptide extension lacks the proper structure to
allow for spontaneous cleavage of the dipeptide (absence of
an N-alkylated amino acid at the second position of the
dipeptide) and therefore there is no restoration of insulin
receptor binding.

[1318] IGF A:B(YZ'SL®7)insulin analog peptides com-
prising a modified amino acid (such as 4-amino phenylala-
nine 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 U.S. Pat. Nos. 7,045,337 and 7,083,970.

TABLE 7
IGF1(YZ'S1517) IGF1 (Y211 517
Insulin Standard _ (p-NH,—F)*"Yamide (AibAlaY'%amide
AVER. STDEV ~ AVER. STDEV. AVER. STDEV
ICso(nM) 024 007 1.08 075 No Activity
% of 100 22
Insulin
Activity
[1319] A further prodrug analog of an IGFZ'5%'7 analog

peptide was prepared wherein the dipeptide prodrug element
(alanine-proline) was linked via an amide bond to the amino
terminus of the A chain (IGF1(Y®'°LZ%)(AlaPro)* ). As
shown in Table 8, the IGF1(YZ'°L?'%)(AlaPro)*'° has
reduced affinity for the insulin receptor. Note, based on the
data of Table 3, the dipeptide prodrug element lacks the
proper structure to allow for spontaneous cleavage of the
dipeptide prodrug element, and therefore the detected insu-
lin receptor binding is not the result of cleavage of the
prodrug element.

TABLE 8

Insulin Standard IGF1(YZ1SL.217 y(AlaProy4 10

AVER.  STDEV AVER. STDEV.
ICso(nM) 0.72 0.09 1.93 96
% of 100 37.12
Insulin
Activity

Example 11

Additional IGF Insulin Analogs

[1320] Further modifications of the IGF1 (YZ'°L%'7) pep-

tide sequence reveal additional IGF insulin analogs that vary
in their potency at the insulin and IGF-1 receptor. Binding
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data is presented in Table 9 for each of these analogs (using
the assay of Example 3), wherein the position of the modi-
fication 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

Nov. 24, 2016

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 9,
and data regarding IGF analog stimulated phosphorylation
(using the assay of Example 4) is provided in Table 10.

TABLE 9

Receptor Binding Affinity of Insulin and IGF Analogues

Insulin Receptor

IGF-1 Receptor

% native % % native
% insulin IGF-1 IGF-1
M insulin  activity (in activity
Analogue ICs¢:  STDev Date (in test) (0.6 nM) ICso:  STDev Date test)  (0.55 nm) Ratio
IGF-1 A:B 10.41 1.65 Sep. 4, 2007 5.8 5.8
IGF-1 A:B(E10Y16L17) 0.66 0.36  May 22, 2007 58.7 90.9 7.85 1.98  Jun. 4, 2007 6.8 7.0 11.9
0.51 0.18  May 29, 2007 98.8 117.6 12.19 2.17 Sep. 18, 2007 5.0 4.5
IGF-1 A:B(E10 Y16117)- 1.22 0.30  Mar. 20, 2008 36.5 50.0 17.50 2.25  Apr. 4, 2007 3.0 3.1 14.3
E31E3 2B-COOH
IGF-1 A:B(D10Y16L17) 0.26 0.02  Nov. 9, 2007 301.0 231.0 6.79 1.50  Apr. 4, 2008 7.7 8.1
DPI A-COOH
0.2 0.02  Dec. 4, 2007 380.1  300.0
0.42 0.06 Jun. 5, 2008 174.1 1441
IGF-1 A:B (E10Y16L17) DPL 0.38 0.08  Aug. 10, 2007 511 1579 22.89 5.26  Sep. 18, 2007 33 2.4 60.2
IGF-1 A:B (H5D10Y16L17) 0.16 0.07  Nov. 9, 2007 479.0 4.66 0.77 Apr. 4,2008 11.2 11.8 29.1
DPI
IGF-1 A:B (H5D10Y16L17) 0.25 0.04  Nov. 9, 2007 316.0
(8—0) DPL
IGF-1 A (H8 A9 N21): 0.05 0.01 Dec. 4, 2007 1576.7 4.03 050  Apr 4,2008 129 13.6 80.6
B(H5D10Y16L17)
DPI A-COOH
0.09 0.02  Dec. 14, 2007 1667.0
IGF-1 A (H8 A9 N21): 0.12 0.02  Dec. 14,2007 1171.4 22.83 353 Apr. 4, 2008 2.3 2.4 190.3
B(H5D10Y16L17 A22)
DPI A-COOH
IGF-1 A (H8 A9 N21): 0.36 0.10  Deec. 14, 2007  400.7
B(H5D10Y16L17A22)
(8—0) DPI A-COOH
IGF-1 A:IGF-1 B(1-8)-In 1.59 0.62  May 22, 2007 19.1 37.7 131.30 5805 Jun. 4, 2007 0.3 0.4 82.6
(9-17)-I1GF-1 B(18-30)
IGF-1 A:In (1-17)-IGF-1 2.71 1.19  May 22, 2007 14.0 21.7 62.50  30.28  Jun. 4, 2007 0.9 0.9 22.6
B (18-30)
2.67 0.67 May 18, 2007 1.3 225
2.48 1.35  May 29, 2007 20.1 24.2
IGF-1 A:In B(1-3)-IGF-1 0.31 0.19  Aug. 10, 2007 624 1935 27.54 6.57 Sep. 25, 2007 3.6 2 88.8
B(YL) (6-30)
IGF-2 native 13.33 1.85  Sep. 25, 2007 7.5 4.5
IGF-2 AB
IGF-2 AB(YL) 6.81 3.81  Oct. 10, 2007 8.4 8.8
In A:IGF-1 B(YL) 82.62 31.75 Sep. 4, 2007 0.9 0.7
107.24 6538 Sep. 4, 2007 0.7 0.6
In A-IGF-2 D:In 0.53 0.11 Sep. 4, 2007 141.0 1130 1.59 0.34  Sep. 18,2007 47.6 34.6
B-IGF-2 C
0.37 0.05  Oct. 13, 2007 179.1 1622 14.69 3.02  Sep. 25, 2007 6.8 3.7 39.7

**All C terminals are amides (DPI) unless specified otherwise
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TABLE 10

Total Phosphorylation by IGF-1 & IGF-2 Analogues

Insulin Receptor

IGF-1 Receptor

% % Selective
Analogue EC50: STDev Date Insulin  EC50: STDev Date IGF Ratio
Insulin 1.26 0.098  Dec. 14, 2007 114.88  46.66 Jan. 23, 2008 90.89
1.43 0.72 Apr. 1, 2008 86.02  29.35 May 20, 2008
1.12 0.11 Mar. 31, 2008
1.53 0.13 Apr. 11, 2008
2.70 0.71 Apr. 16, 2008
1.22 0.40 May 20, 2008
IGF-1 54.39 21.102  Dec. 14, 2007 2.3 0.87 0.16 Jan. 23, 2008 100 0.02
0.49 0.13  May 20, 2008
0.97 048  Jul. 23, 2008
IGF-1AB
IGF-1 A:B(E10Y16L17) 2.57 0.59 Mar. 31, 2008 49.2 7.42 559 Jul. 23, 2008 13
IGF-1 A:B(E10 Y16L17)-E31E32 B-COOH 7.00 2.82 Mar. 31, 2008 18.1
8.52 4.34 Apr. 16, 2008 31.7
IGF-1 AB(D10Y16L17) DPI A-COOH 0.08 0.006  Dec. 14, 2007 1575 0.78 0.17 Jan. 23,2008 111.538 9.75
4.38 2.98 Apr. 16, 2008 72
IGF-1AB (E10Y16117) DPI
IGF-1AB (H5D10Y16117) DPI 12.22 546  Jan. 23, 2008 7.1
IGF-1 AB (H5D10Y16L17) (S—0)DPIL
IGF-1 A (H8 A9 N21) B(H5D10Y16L17) 0.15 0.054  Dec. 14,2007 840 0.43 044  Jan. 23, 2008 181.395 2.81
DPI A-COOH
0.25 0.2 Apr. 16,2008 1080
IGF-1 A (H8 A9 N21) 0.35 0.064  Dec. 14,2007 360 11.26 2.55  Jan. 23, 2008 7.7 32.54
B(H5D10Y161L.17A22) DPI A-COOH
0.44 0.17 Apr. 16, 2008 614
IGF-1 A (H8 A9 N21) 0.72 0.098  Dec. 14, 2007

B(HSDI10Y16L17A22) (S=0) DPI
A-COOH

*All C-terminals are amides unless specified otherwise.

Example 12

Dipeptide Half Life on IGF1 Dipeptide Extended
(p-NH,-F)*'* Amide Analogs

[1321] The cleavage of an (pNH2-Phe) amide linked
dipeptide AibPro from various IGF-1 peptides was measured
to determine the impact of the peptide sequence or hetero-
duplex on the dipeptide cleavage. Results for the tested
peptides is shown in Table 12 and the data reveals that the
IGF1-A chain alone represents a good model for the study of
prodrug half life for IGF1 B:A (YZ'°L?'7) peptides.

TABLE 12

Parent Peptide Half Life (hr)

IGF1A(Ala)®!2°(pNH,-Phe)?!® 22
IGF1A(Acm)% ! 2O(pNH,-Phe)*1? 1.8
IGF1 B:A(S-S)4727(Acm)46-11-20.819 (N H,-Phe)4!? 1.8
IGF1 B:A(pNH,-Phe)*!? 1.6

[1322] Comparison of prodrug analogs of the IGF A-chain
relative to the disulfide bound A chain and B chain construct
(IGF1 A:B(Y?'°L?'7)) revealed the two compounds had
similar half lives for the prodrug form. The AibAla analog
does not cleave and thus is not a prodrug, but serves to show
the modification can inactivate the insulin analog IGF1
AB(YZLP7)(p-NH,-F)*®amide. ~ Accordingly, the
IGF1A chain alone was determined to be a good model for
the study of pro-drug half life on IGF1 B:A (YZ'SL517)
analog peptides. The AibAla analog does not cleave and thus
is not a prodrug, but serves to show the modification can
inactivate the insulin analog IGF1 A:B(YZ'°L?'7)(p-NH,-

F)*'°amide. For simplicity, prodrug half lives were deter-
mined using only the IGF1 A chain in the absence of the B
chain. The half lives of each propeptide was determined as
described in Example 5. The data is presented in Table 13:

TABLE 13

Dipeptide half life on IGF1 dipeptide
extended (p-NH,—F)*"®amide analogs

Dipeptide Half Life (hr)
Aib Pro 2.2
AibOH Pro 165.0
Aib dPro 1.9
AibOH Sar 23
dK(acetyl) Sar 16.3
K Sar 21.8
K(acetyl) N-methyl Ala 23.6
dK(acetyl) N-methyl Ala 353
[1323] The data shows that by altering the substituents on

the dipeptide prodrug element that the half life of prodrug
can be varied from 2 hrs to >100 hrs.

[1324] Additional prodrug analog peptides were prepared
using an IGF1-A(pNH2-F)'® base peptide and altering the
amino acid composition of the dipeptide prodrug element
linked through the 4-amino phenylalanine at position A19.
Dipeptide half lives were measured for different constructs
both in PBS and in 20% plasma/PBS (i.e. in the presence of
serum enzymes. The results are provided in Table 14. The
results indicate that three of the four peptides tested were not
impacted by serum enzymes.
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TABLE 14

Dipeptide half life on IGF1-A(pNH2—F)!®

Half Life (hr)
20%
PBS Plasma/PBS
Aib Pro 2.2 2.1
Aib dPro 2.1 2.2
AiBOH Sar 23
dK N-isobutyl Gly 4.4 4.1
dK N-hexyl Gly 10.6
dK(acetyl) Sar 17.2
K Sar 21.8 5.9
K(acetyl) N-methyl Ala 23.6
dK(acetyl)  N-methyl Ala 353
AibOH Pro 165.0
K(acetyl) Azetidine-2-carboxylic acid  Not cleavable
dK(acetyl)  Azetidine-2-carboxylic acid  Not cleavable
Example 13
Receptor Binding of IGF?'%%'7 Analog Peptides
Over Time
[1325] Prodrug formulations of IGF?'%%'7 Analog Pep-

tides were prepared and their degradation over time was
measured using the insulin receptor binding assay of
Example 3. Peptides used in the assay were prepared as
follows:

Dipeptide-IGF1A Analogs

[1326] If not specified, Boc-chemistry was applied in the
synthesis of designed peptide analogs. Selected dipeptide
H,N-AA1-AA2-COOH was added to (pNH,-Phe)'” on
IGF1A (Ala)%"''°, The IGF-1 A chain C-terminal tripep-
tide Boc(Fmoc-pNH-Phe)-Ala-Ala was synthesized on
MBHA resin. After removal of Fmoc by the treatment with
20% piperidine/DMF at room temperature for 30 minutes,
Fmoc-AA2 was coupled to the p-amino benzyl side chain at
A19 by using a threefold excess of amino acid, PyBop,
DIEA and catalytic amount of pyridine. The Boc-synthesis
of the remaining IGF-1 A chain (Ala)®"-'**° sequence was
completed using an Applied Biosystems 430A Peptide Syn-
thesizer, yielding IGF-1 A chain (Boc)°(Ala)®”'!*°(Fmoc-
AA2-pNH-Phe)'*-MBHA. After the Fmoc group was
removed from the N-terminus of AA2, Boc-AAl was then
coupled to the amine using threefold excess of amino acid,
DEPBT and DIEA. Removal of the two Boc groups remain-
ing on the A chain by TFA was followed by HF cleavage,
yielding IGF-1 A-chain (Ala)®7'!*°(H,N-AA1-AA2-pNH-
Phe)'amide. In the case of AA1 being d-lysine, acetylation
on the e-amine was performed prior to Boc removal. Dipep-
tide-IGF-1 A chain analogs were purified by semi-prepara-
tive RP-HPLC and characterized by analytical RP-HPLC
and MALDI mass spectrometry.

Dipeptide-IGF-1 (YL) Analogs

[1327] A selected dipeptide H,N-AA1-AA2-COOH was
added to (pNH,-Phe)'® on IGF-1 A chain (Acm)®'"*° as
described immediately above except PAM resin was used for
the synthesis of IGF-1 A chain to yield a C terminal acid
upon HF-cleavage. IGF-1 B chain (YZ*°L?'7)(Acm)'® was
synthesized on MBHA resin to yield a C terminal amide. The
free thiol on Cys®” was modified by Npys through reaction
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with DTNP at a 1:1 molar ratio in 100% DMSO. Purified
dipeptide-IGF-1 A chain and IGF-1 B chain (YZ'SL?'7)
analogs were assembled using the “1+2” two step chain
combination strategy illustrated in Scheme 1. Intermediate
and final purifications were performed on semi-preparative
RP-HPLC and characterized by analytical RP-HPL.C and
MALDI mass spectrometry.

[1328] The IGF?'%%'7 analog peptide prodrugs were incu-
bated in PBS, pH 7.4 at 37° C. and at predetermined time
intervals an aliquot was taken and further degradation was
quenched with 0.1% TFA and the aliquot was subjected to
analytical HPLC analysis. Peaks a and b, representing the
prodrug and active forms of the IGF?'%%'7 analog peptide
were identified with LC-MS and quantified by integration of
peak area an HPLC. FIGS. 9A-9C show the output of an
HPLC analysis of the degradation of the IGF?*%%'7 analog
peptide prodrug: IGF1A(Ala)®”'*°(Aib-Pro-pNH-F)*.
Aliquots were taken at 20 minutes (FIG. 9A), 81 minutes
(FIG. 9B) and 120 minutes (FIG. 9C) after beginning the
incubation of the prodrug in PBS. The data indicate the
spontaneous, non-enzymatic conversion of IGF1A(Ala)%”:
11,20(Aib-Pro-pNH-F)'?amide to IGF1A(Ala)®”***°(pNH,-
F)'amide over time.

[1329] The degradation of the prodrug forms of IG
analog peptides to their active form was also measured
based on the compounds ability to bind to the insulin
receptor as measured using the in vitro assay of Example 3.
FIGS. 10A & 10B are graphs depicting the in vitro activity
of the prodrug Aib,dPro-IGF1YL (dipeptide linked through
the A19 4-aminoPhe). FIG. 10A is a graph comparing
relative insulin receptor binding of native insulin (measured
at 1 hour at 4° C.) and the A19 IGF prodrug derivative
(Aib,dPro-IGF1YL) over time (0 hours, 2.5 hours and 10.6
hours) incubated in PBS. FIG. 10B is a graph comparing
relative insulin receptor binding of native insulin and the
A19 IGF prodrug derivative (Aib,dPro-IGF1YL) over time
(0 hours, 1.5 hours and 24.8 hours) incubated in 20%
plasma/PBS at 37° C. As indicated by the data presented in
the graph, increased activity is recovered form the A19 IGF
prodrug derivative sample as the prodrug form is converted
to the active IGF1YL peptide. The activity of the IGFZ9517
analog peptides was measured relative to insulin receptor
binding, and since the underlying IGF?*5%'7 analog peptides
have more activity than native insulin, activity of greater
than 100% relative to insulin is possible.

[1330] FIGS. 11A & 11B are graphs depicting the in vitro
activity of the prodrug dK,(N-isobutylG)-IGF1YL (dipep-
tide linked through the A19 4-aminoPhe). FIG. 11A is a
graph comparing relative insulin receptor binding of native
insulin (measured at 1 hour at 4° C.) and the A19 IGF
prodrug derivative (IGF1YL: dK,(N-isobutylG) over time (0
hours, 5 hours and 52 hours) incubated in PBS. FIG. 11B is
a graph comparing relative insulin receptor binding of native
insulin and the A19 IGF prodrug derivative (IGF1YL:
dK,(N-isobutylG) over time (0 hours, 3.6 hours and 24.8
hours) incubated in 20% plasma/PBS at 37° C. As indicated
by the data presented in the graph, increased activity is
recovered form the A19 IGF prodrug derivative sample as
the prodrug form is converted to the active IGF1YL peptide.
[1331] FIGS. 12A & 12B are graphs depicting the in vitro
activity of the prodrug dK(e-acetyl),Sar)-IGF1YL (dipeptide
linked through the A19 4-aminoPhe). FIG. 12A is a graph
comparing relative insulin receptor binding of native insulin
(measured at 1 hour at 4° C.) and the A19 IGF prodrug

FBI 6817
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derivative (IGF1YL: dK(e-acetyl),Sar) over time (0 hours,
7.2 hours and 91.6 hours) incubated in PBS. FIG. 12B is a
graph comparing relative insulin receptor binding of native
insulin and the A19 IGF prodrug derivative (IGF1YL:
dK(e-acetyl),Sar) over time (0 hours, 9 hours and 95 hours)
incubated in 20% plasma/PBS at 37° C. As indicated by the
data presented in the graph, increased activity is recovered
form the A19 IGF prodrug derivative sample as the prodrug
form is converted to the active IGF1YL peptide.

Example 14

Biosynthesis and Purification of Single Chain
Insulin Analogs

[1332] An insulin-IGF-I minigene comprising a native
insulin B and A chain linked via the IGF-I C chain (B°-C'-
A®) was cloned into expression vector pGAPZo. A (pur-
chased 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 recombi-
nant protein into the medium. A Kex2 cleavage site between
the minigene and the leading a-mating factor sequence was
used to cleave the leader sequence for secretion of the
minigene with native amino termini. Single-site alanine
mutations were introduced into C peptide at positions 1
(G1A), 2 (Y2A), 3 (G3A), 4 (S4A), 5 (S5A), 6 (S6A), 7
(R7A), 8 (R8A), 10 (P10A), 11 (Q11A), and 12 (T12A) of
the B°C'A° minigene.

[1333] The minigenes including B°C'A°, eleven alanine
mutants, and other select derivatives were transformed into
yeast Pichia pastoris by electroporation. Positive transfor-
mants were selected on minimal methanol plates and a
genomic preparation of each 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.

[1334] Growth media supernatants were filtered through
0.2 um Millipore filter. Acetonitrile (ACN) was added to the
supernatant to a final volume of 20%. The supernatant was
purified over a Amberlite XAD7HP resin from Sigma,
pre-equilibrated with 20% aqueous ACN. The resin was then
rinsed twice with 30 ml of 20% aqueous ACN and contami-
nants were removed with 30% aqueous ACN containing
0.1% TFA. Partially purified insulin analogs were eluted
from the column with 54% aqueous ACN containing 0.1%
TFA and lyophilizied. Lyophilized samples were re-sus-
pended in 0.025M NH;HCO; pH 8 and purified on a Luna
C18 column (10 pm 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 um particle size,
300A° pore size). The protein was eluted from the column
using a linear gradient of 18-54% aqueous ACN with 0.1%
TFA. Protein elution was monitored at an absorbance 280
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nm. MALDI-TOF MS positive fractions were analyzed via
a C8 analytical column to insure purity.

[1335] FIG. 15 illustrates the potency of the single-chain
insulin analogs. 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 signifi-
cant reduction in the IGF-1 receptor activity. See also the
data provided in Tables 15A and 15B:

TABLE 15A

Insulin Binding & Phosphorylation Analysis
(B°C'A%

Insulin Binding Insulin Phosphorylation

Peptide 1Cs4, 1M n ECs5p, 1M n
Insulin 0.54 + 0.02 4 1.67 £ 0.13 1
IGF-1 18.81 = 1.77 3 29.20 = 8.41 1
010 (B°C'A%) 2.83 = 0.52 2 1.93 = 0.43 1
Gl1A 1.21 £ 0.15 1 2.4 =024 1
Y2A 1.95 = 0.28 3 1.86 = 0.42 1
G3A 1.41 = 0.05 2 2.13 = 0.02 1
S4A 0.84 = 0.47 2 0.76 = 0.35 1
S5A 0.93 = 0.44 1 223 = 1.27 1
S6A 1.15 £ 0.24 1 233 = 1.65 2
R7A 6.04 = 0.82 1 5.21 = 4.14 1
R8A 0.63 = 0.09 1 2.03 = 0.06 2
P10A 2.86 = 0.93 1 259 1.2 1
QlIA 1.79 = 0.47 1 2.58 + 0.83 1
T12A 1.2 £ 0.18 1 2.83 = 1.31 1
TABLE 15B
IGF-1 Binding & Phosphorylation Analysis
(BC!A%

IGF-1 Binding IGF-1 Phosphorylation
Peptide 1Cs4, 1M n ECs0, 1M n
Insulin 60.63 = 4.43 1 48.66 = 1.59 1
IGF-1 0.38 = 0.07 1 0.88 = 0.41 1
010 (B°C'A%) 449 = 1.04 1 1.29 =228 1
Gl1A 4236 = 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 1530 = 3.10 1 1.64 = 1.65 1
S5A 13.06 = 3.01 1 2.63 = 1.88 1
S6A 244 = 0.79 1 1.54 = 0.62 2
R7 43.86 = 8.72 1 1.26 = 1.55 1
R8 10.85 = 1.47 1 0.50 = 0.23 2
P10A 6.42 = 0.47 1 2.79 = 1.12 1
QlIA 4.23 = 0.43 1 0.41 = 0.69 1
T12A 9.15 = 0.83 1 1.44 = 1.36 1
[1336] FIG. 16 demonstrates that 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. Finally, FIGS. 17 and 18 present
the in vitro analysis of the single-chain insulin mutants as a
ratio of binding affinity (IC50) and biochemical signaling
through tyrosine phosphorylation (EC50). The two indepen-
dent measurements demonstrate great consistency thereby
validating this in vitro approach to structure-function analy-
sis. All of the analogs maintained single unit nanomolar
activity with certain specific analogs proving to be slightly
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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 15

Synthesis and Characterization of Single Chain
Insulin Analogs Linked by Mini-Peg

[1337] A series of single chain insulin analogs were pre-
pared by solid-phase synthesis using a two-step native chain
ligation approach. The initial peptide was a linear construct
where the N-terminus started at CysB19 and continued
through to AsnA21 with a short linear polymer of ethylene
glycol serving as a connection from the C-terminus of the
last B-chain amino acid to the N-terminus of the first amino
acid of the A-chain, typically glycine. The N-terminal end of
the B-chain (which typically starts with the first N-terminal
amino acid of the final insulin analog and ends with amino
acid 18 of the B-chain, typically valine) was fragment-
coupled to the single linear peptide. Once coupled by
thiol-assisted native chain ligation, the peptide was purified
chromatographically, converted to the correct disulfide iso-
mer and purified once more by high performance chroma-
tography. All insulin analogs were analyzed for purity by
HPLC and MS analysis.

[1338] FIG. 19 provides a schematic overview of the
synthetic design with a single example of using PEGS as a
linker. The same approach was employed to synthesize
analogs of shorter and longer length as well as those of
variable length obtained by the use of more than one
mini-peg covalently linked in linear fashion as an amide.
[1339] FIGS. 20-24 provide in vitro experimental results
obtained through the study of the single chain insulin
analogs linked by a mini-peg of defined length at a specific
location. FIG. 20 illustrates that the use of the minipeg of 4,
8, or 16 ethylene glycol units yielded poor potency insulin
analogs of less than 5% activity relative to the native
hormone as measured by binding or biochemical signaling.
These results are less impressive than the potency we had
previously observed for single insulin analogs where pep-
tides varying in length of 8-12 amino acids were used to
linearly couple the C-terminus of the B-chain with the
N-terminus of the A-chain (see FIGS. 14-18).

[1340] Table 16 and FIG. 21 demonstrate a dramatic
increase in potency when the same size mini-peg linkers
were used to couple the C-terminus of a shortened B-chain
to the N-terminus of the A-chain. The des-V (missing amino
acids B26-30) insulin analog once coupled with the mini-
pegs were competitively potent with native hormone, more
than a tenfold increase relative to the full length B-chain
analogs.

TABLE 16

Phosphorylation Activity of mini-PEG linked Single Chain
Insulin Analogs at Insulin and IGF-1 receptors

Insulin IGF-1
% Insulin n % Insulin n
PEG 4 5.69 3 0.44 2
PEG 8 7.44 5 1.21 4
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TABLE 16-continued

Phosphorylation Activity of mini-PEG linked Single Chain
Insulin Analogs at Insulin and IGF-1 receptors

Insulin IGF-1

% Insulin n % Insulin n
PEG 16 5.17 3 0.16 2
No PEG DesV 0.04 1 0 1
k-PEG 4 DesV 2.37 2 0.16 2
PEG 8 DesV 91.2 5 243 5
PEG 12 DesV 179 3 4.51 3
PEG 16 DesV 83.3 3 1.39 3

[1341] FIG. 22 demonstrates the competitive performance
of two-chain heteroduplex native insulin with single chain
insulin analogs where the A and B chains were either largely
derived from insulin or IGF-1. The peptides were found to
be of comparable bioactivity. FIG. 23 is a further analysis
using a peg-12 linker in the des-V format of the B-chain with
largely IGF-1 based sequence, but including the B16,17 YL
change to enhance insulin receptor activity. The results
clearly demonstrate that very high potency insulin analogs
can be obtained through the use of histidine at position A8.
Residual IGF-1 receptor activity is slightly greater than
native insulin. FIG. 24 shows that there is a linear correlation
of insulin receptor activity to IGF-1 receptor activity which
is consistent with the type of relationship known for struc-
ture-function analysis performed with the two-chain native
insulin structure.

[1342] FIG. 25 demonstrates that the cleavage of insulin
analogs by the insulin-specific degrading enzyme (IDE) is
extremely robust and easily detected in those insulin analogs
where the A-chain is derived from the native insulin
sequence. In contrast those analogs where the A-chain is
derived from the sequence of IGF-1 appear to be extremely
resistant to proteolysis. The prospect that the increased
stability might engender increased mitogenicity was
explored and the results are reported in FIG. 26. There did
not appear to be a correlation of the higher insulin potency
analogs with increased proliferation. Furthermore, and of
specific importance to proteolytic stability the analogs that
were more resistant to IDE did not appear to be of any
greater mitogenic potential.

[1343] A comparative analysis was conducted on single
chain analogs using PEG chain linkers to measure how
different sized PEG linking moieties impact in vitro activi-
ties at the at the insulin and IGF-1 receptors as measured by
receptor signaling through phosphorylation. The data pre-
sented in FIG. 27 reveals that a PEG,,DesV construct
(wherein the 5 carboxy terminal amino acid of the B chain
have been deleted) provides the most potent compounds.

[1344] A single chain analog was constructed comprising
a PEG,, and a single amino acid (glycine or lysine) as the
linking moiety, linking a DesV B chain to the native insulin
A chain. Comparative analysis of single chain peg/amino
acid-linked analogs in vitro activities at the insulin and
IGF-1 receptors as measured by receptor binding and recep-
tor signaling through phosphorylation revealed the peg/
amino acid-linked analogs were potent insulin receptor
agonists (see FIG. 28A). Similarly the addition of two lysine
residues to the linking moiety (single chain peg/(lysine),-
linked analog) produced a potent single chain peg/amino
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acid-linked insulin receptor agonist (see FIG. 28B) as mea-
sured by receptor binding and receptor signaling through
phosphorylation.

[1345] FIG. 29A-E provides data of mice administered
various single chain insulin analogs. FIG. 29A provides in
vitro comparative analysis of single chain peg-linked ana-
logs activities at the insulin receptor as measured by receptor
binding and receptor signaling through phosphorylation.
The activity of the compounds in vivo was also tested by
administering the compounds to mice. Food was removed
four hours prior to administering peptide to normal mice and
withheld for the duration of the study. Glucose was mea-
sured just prior to administration of test compounds and at
1,2,3, 6 and 8, 12, 16, 20 and 24 hours after administration.
All insulin analogs were administered subcutaneously in a
volume of 10 ul/gm of body weight. FIGS. 29B and 29C
provide data on blood glucose concentrations over 8 hours
after administration of the listed analogs. FIGS. 29D and
29E provide data on blood glucose AUC values after admin-
istration of the listed analogs.

[1346] Analysis of blood glucose during an Insulin Tol-
erance Test (ITT) in mice revealed that a peg-12 linker in the
des-V format of the B-chain with either an insulin sequence
or a largely IGF-1 based sequence, but including the B16,17
YL produced equivalent results as human insulin. See FIG.
27. Accordingly the single chain insulins linked with a PEG
linking moiety function in vivo.

Example 16

Acylated Insulin Analogs

[1347] Comparative insulin tolerance tests were con-
ducted on mice comparing the ability of human insulin
relative to three different acylated insulin analogs to reduce
and sustain low blood glucose concentration. The com-
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insulin analogs provided a more basal and sustained lowered
glucose levels relative to native insulin, even after 8 hours
(See FIG. 30A-30D).

[1348] FIGS. 31A-31D show the results of comparative
insulin tolerance tests conducted on mice comparing the
ability of the commercially available acylated insulin analog
(Detemir) to the acylated two chain insulin agonist MIU-55.
MIU-55 [B'(H5,10,Y16,1.17,C16rE-K22)25a:A' (N18,
N21)] has the C-terminal 5 amino acids of the B chain
deleted and is acylated with a C14 fatty acid (myristoylic
acid) through a gamma Glu linker at the e-amino group of
Lys B29. The results indicate that MIU-55 is about one third
as potent as Detemir (See FIGS. 31A and 31B). The data
indicate that the acylated forms of insulin are longer acting
than the non-acylated forms and that MIU-55 while less
potent than Detemir, exhibits a similar profile as Detemir.
FIGS. 31C and 31D provide data on blood glucose AUC
values after administration of the listed analogs. A compari-
son of Detemir and MIU-49 in insulin tolerance tests
revealed similar results (see FIGS. 32A-32D. MIU-49 [B*
(C16-rEO0,H5,Aib9,H10,E13-K17,Y16)25a: AL (N18,N21)]
is a two chain insulin agonist having the C-terminal 5 amino
acids of the B chain deleted and acylated with a C16 fatty
acid at the through a gamma Glu linker at the a-amino group
of Gly B2. Again, the data shows that MIU-49 is about one
third as potent as Detemir (See FIGS. 32A and 32B that
MIU-49 while less potent than Detemir, exhibits a similar
profile as Detemir.

Example 17

Pegylated Insulin Analogs

[1349] Various pegylated insulin analogs were prepared
and tested in vitro. Table 17 shows the percent activity of
each analog relative to native insulin.

TABLE 17

Pegylated IGF-1 and Insulin Analogs

% Insulin Activity

MIU#  Name IR-B IR-A IGF-1R
MIU-35  BY(H5,H10,Y16,L17)25-C!-A! (H8,N18,N21) 174 614 3.2
MIU-56  C8-PEG20K 14.8
B!(H5,Y16,L17)25-PEG8-K-PEG4-A(N18,N21)
MIU-57  B1-PEG20K MIU-35 L1 31 1.2
MIU-58  B2-PEG20K-B2- Dimer MIU-35 58 197 2.6
MIU-59  B1-PEG20K insulin 1.7 173 0.3
MIU-60  B29-PEG20K, B1,A1-NH,CO insulin 27 24 <<03
MIU-61  B1,B29,Al-tri-PEGSK insulin <01 02 <<<03
MIU-66  B1-PEG20K, A1-NH,CO insulin 29 30 <03
MIU-67 B2, C8-PEG10K di-PEGylated MIU-35 01 02 <01
MIU-68 B2, B22-PEGI0K di-PEGylated MIU-35 01 04 <01
MIU-69 B2, A14-PEGI0K di-PEGylated MIU-35 05 10 <01
MIU-1  Insulin Standard 100 100 1.77
pounds were tested at two different concentrations (27 [1350] Comparative insulin tolerance tests were con-

nmol/kg and 90 nmol/kg). The acylated insulins included
MIU-41 (a two chain insulin analog having a C16 acylation
via a gamma glutamic acid linker attached to a lysine residue
located at position A14), MIU-36 (a two chain insulin analog
having a C16 acylation linked to the N-terminus of the B
chain) and MIU-37 (a two chain insulin analog having a C16
acylation via a gamma glutamic acid linker attached to a
lysine residue located at position B22). All three acylated

ducted on mice comparing the ability of the acylated insulin
analog Detemir relative to the pegylated single chain insulin
analog MIU-56: B'(HS5,Y16,1.17)25-PEG8-K-PEG4-A"
(N18,21). This single chain analog comprises a 20 kDa PEG
linked to the side chain of the single lysine residue in the
linking moiety (PEG8-K-PEG4) that joins the A chain and
the B chain. As shown in FIG. 33A-33D, the pegylated
analog has a sustained duration of action for 24 hours and its
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onset is gradual enough to avoid sedation of animals at the
dosage required for sustained action through 24 hours.
FIGS. 33C and 33D show the blood glucose AUC,, ,,., in
mice administered Detemir and MIU-56, respectively. Simi-
lar results were obtained for another pegylated single chain
insulin analog MIU-57 (see FIGS. 34A-34D). MIU-57 is an
insulin single chain analog (B'(H5,Y16,L17)25-C*-A'(N18,
21) comprising a 20 kDa PEG linked to the N-terminal
amine of the B chain. FIGS. 34A and 34B show the results
of'a comparative insulin dose titration of single chain insulin
analogs pegylated at the linking moiety (MIU-56) or pegy-
lated at the N-terminal amine of the B chain (MIU-57),
respectively. FIGS. 34C and 34D show the blood glucose
AUC,, ,,, in mice administered MIU-56 and MIU-57,
respectively. The data shows these analogs remain potent
and have an improved therapeutic index relative to native
insulin. Results from comparative insulin dose titrations of
MIU-56 and MIU-57 reveal that a similar profile is obtained
in mice for dosages ranging from 20 nmol/kg through 80
nmol/kg (see FIGS. 34E and 34F)

[1351] A dimer (MIU 58) was prepared comprising two
insulin single chain analogs (B'(HS,Y16,L17)25-C*-A!
(N18,21) linked head to head via a 20 kDa PEG chain. FIGS.
34G-34] represents the results obtained from a comparative
insulin tolerance test for MIU-57 and MIU-58 using C57/
Blk mice. FIGS. 34G and 34H are graphs showing the
results of insulin tolerance tests comparing MIU-57 and
MIU-58. FIGS. 341 and 34] show the blood glucose AUC,,
nrs in mice administered MIU-57 and MIU-58, respectively.
The dimer is less potent than the parent compound, but is
still active.

[1352] FIGS. 35A and 35B provide data from a compara-
tive insulin dose titration of two pegylated native insulin
heterodimers. The analogs comprise two native insulin A
and B chain sequences linked via the native disulfide link-
ages, and modified to have either a 20 kDa PEG linked at the
N-terminus of the B chain or at position B29 (with the amino
terminus of the A and B chain carbamylated). The data
shows that while these compounds differ slightly in their in
vitro activities (See Table 17), they behave similarly in vivo
in mice. Both compounds remain potent and have an
improved therapeutic index relative to non-pegylated native
insulin (slow onset, sustained activity for 24 hours and
relative flatness of the response).

[1353] Insulin analogs were also constructed having two
or more covalently linked polyethylene glycol chains and
compared to a native insulin analog having a single 20 kDa
PEG linked to its N-terminus. More particularly, the activi-
ties of a single chain insulin analog (B'(H5,Y16,1.17)25-C*
(K8)-A'(N18,21)) having two PEG chains (10K each)
linked at the N-terminal alpha amine and at amino acid 8 of
the linking moiety (position C8), a single chain insulin
analog (B(H5,Y16,.17, K22)25-C*(K8)-A'(N18,21)) hav-
ing two PEG chains (10K each) linked at the N-terminal
alpha amine and at amino acid B22, and a single chain
insulin analog (B'(H5,Y16,1.17)25-C*(K8)-A'(K14, N18,
21)) having two PEG chains (10K each) linked at the
N-terminal alpha amine and at amino acid A14 were com-
pared. FIGS. 36A-36D provide data from a comparative
insulin dose titration of the three pegylated insulin analogs
relative to the single pegylated native insulin derivative. The
activity in vitro is dramatically reduced by at least 10x.
However, while the in vivo data shows that some potency is
lost, the double pegylated insulin analogs are still effective
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(particularly for the analog pegylated at the linking moiety).
More particularly, MIU-67 at 80 nmol/kg is roughly equiva-
lent to MIU-59 administered at 40 nmol/kg in reducing
blood glucose levels at least up to 8 hours after administra-
tion. Accordingly, insulin analogs can be prepared having
two PEG chains of 10 kDa in length that will provide an
improved therapeutic index relative to non-pegylated insulin
analogs. In addition pegylation at the linking moiety of
single chain analogs appears to be a preferred site of
pegylation.

[1354] Diabetic mice (db/db mice) were administered
pegylated insulin analogs to compare their efficacy to com-
mercially available insulin analogs. In particular, insulin
analogs Levemir and Humulin were compared to the pegy-
lated insulin analogs MIU-59 (native insulin analog having
a single 20 kDa PEG linked to its N-terminus) and MIU-66
(native insulin analog having a single 20 kDa PEG linked to
its B chain N-terminus, and having the amino terminus of
the A chain carbamylated). Although the in vitro data (see
Table 17) indicated that MIU-66 was far less potent than
MIU-59, MIU-59 and MIU-66 behave similarly in vivo, and
both have improved activity relative to Levemir and Humu-
lin (see FIGS. 37A and 37B).

[1355] Insummary, pegylation of insulin analogs, whether
using an insulin based or IGF based peptide backbone, in
vivo, provides for a more extended duration of action and a
basal profile in the absence of hypoglycemia.

Example 18

Comparative Insulin Tolerance for Insulin Prodrug
Analogs

[1356] Normal mice were administered either an insulin
heterodimer analog [B'(Y16,1.17,Y25)29a: A" (aF19-NH2)],
or a prodrug derivative thereof. The prodrug derivative
[B(Y16,L17,Y25)29a:A'(aF19-dLys(Ac),NLeu)]  com-
prises a 4-amino-phenylalnine substitution at position A19
wherein a dipeptide dLys(Ac),NLeu have been covalently
linked at the 4-amino position of the A19 residue. This
dipeptide will autocleave under physiological conditions
with a half life of approximately 5 hours. After incubating
the prodrug derivative [B'(Y16,L17,Y25)29a:A'(aF19-
dLys(Ac),NLeu)] for 24 hours ex vivo, the resultant com-
pound was administered to mice and it ability to lower blood
glucose was compared to parent compound. As shown in
FIG. 38 the two compounds performed almost identically.

Example 19

Pegylated Low Potency Alanine Analogs

[1357] The duration of action of the various insulin ana-
logs disclosed herein can be increased by decreasing their
activity at the insulin receptor. Accordingly, in one embodi-
ment the insulin analogs disclosed herein can be modified to
decrease their potency at the insulin receptor, including
modification by 1 t0 8, 1t0 5,1 to 3, 1 to 2 or 1 amino acid
substitution. In one embodiment the amino acid substitution
is an alanine substitution at a position selected from the
group consisting of B5, B10, B24, Al or A8. Alanine
substitutions at one or more of these positions substantially
reduces potency, thus extending the duration of action at the
insulin receptors. In one embodiment an insulin analog as
disclosed herein is further modified by a single alanine
amino acid substitution at position BS, B24, A1 or A8. These
compounds can be further modified by pegylation as indi-
cated in Table 18 (GE;W=GEEEEEW, a peptide added to
the N-terminus of the insulin analog to increase solubility).
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TABLE 18
Name Sequence IR-B IR-A IGF-1 R
MIU-35  BY(H5,10Y16L17)25-C'-A'(H8N18,21) 174%  61.4% 3.2%
GEsW-  GEsW-BY(ASH10Y16L17)25-C*- 2.3% 8.6% 0.3%
Ala,B5 A'(HSN18N21)
Ala,B5 BY(ASH10Y16L17)25-C-A (HSN18N21) 5.7% 2.5%
AlaB24  BY(H5,10Y16L17A24)25-C!- 0.4% 0.1% 0.3%
A(HSN18,N21)
GEsW-  GEsW-B!(HS5,10Y161.17)25-C*- 0.7% 2.1% 0.5%
Ala,Al A'(ATH8N18,21)
Thr,A8 B(H5,10Y16L17)25-C!-AY(T8N18,21) 8.4%  20.4% 3.7%
PEGylated Analogs
MIU-57  BI1-PEG20K MIU-35 1.1% 4.5% 1.2%
B1-PEG20K (GEsW)-Ala,Al MIU-35 0.1% 0.3%
[1358] As shown in Table 19, single chain and two chain and B'(H5,10Y16L.17K29)29:A'(H8N18,21). For the single

insulin analogs have been prepared and tested in vitro for
activity at the insulin and IGF-1 receptors and compared to
their pegylated derivatives. Non-pegylated forms have
higher activity relative to the pegylated derivatives. Further-
more, dipegylating two chain insulin analogs using two 10
kDa PEG chains produces compounds of approximately
similar activity relative to the same analog comprising a
single 20 kDa PEG chain (see the relative activities of
B'(H5,10Y161.17K29)29:A' (H8,N18,21)  relative  to
B1,A14-10K B'(HS5,10Y16L17R29)29:A'(H8K14N18,21)

chain analog B'(H5,10Y161.17K29)29-A"(H8,N18,21) the
addition of a 20 kDa produces a compound (B'(HS,
10Y161.17K29)29-A'(H8N18,21) having almost 100 fold
activity at the insulin type-A receptor. Accordingly, by
preparing insulin analogs as two chain or single chain
analogs and by selecting the size, number and site of
attachment of a PEG chain, the in vivo potency of the insulin
analog can be modified, and presumably the in vivo duration
of action.

TABLE 19

PEGvylation of Two-chain IGF-1 Analogs

Analog Name  Sequence IR-A IR-B IGF-1R
Parent Peptide Backbones
MIU-43  DP8Mut3 BY(H5,10Y16L17R29)30-C'des9-12-A(H8,N18,21) 97.5% 16.7%  14.2%
DP8Mut3KA14 BY(HS,10Y16L17R29)30-Cldes9-12-A!(H8,K14,N18,21) 132.2% 12.6%
DP3(SC) B!(H5,10Y161.17K29)29-A'(H8,N18,21) 0.03%
DP3(TC) BY(H5,10Y16L17K29)29:A (H8,N18,21) 159.8% 33.1%
PEGylated Analogs
MIU-79  di-10K-SC B1,A14-10K B!(HS5,10Y161.17R29)30-C'des9-12-A'(H8,K14,N18,21) 1.7% 0.2%
di-10K-TC B1,A14-10K BY(HS,10Y161.17R29)29:A} (HRK14N18,21) 6.4% 2.1%
MIU-77  mono-20K-SC  B1-20K B!(H5,10Y161.17K29)29-A' (H8N18,21) 0.1%
MIU-78  mono-20K-TC  B1-20K B!(H5,10Y161.17K29)29:A!(H8N18,21) 8.2% 3.2%

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 207

<210> SEQ ID NO 1

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu

1 5 10

Glu Asn Tyr Cys Asn
20

<210> SEQ ID NO 2
<211> LENGTH: 30
<212> TYPE: PRT

15
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-continued

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr
20 25 30

<210> SEQ ID NO 3

<211> LENGTH: 70

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Gln Phe
1 5 10 15

Val Cys Gly Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr Gly Tyr Gly
20 25 30

Ser Ser Ser Arg Arg Ala Pro Gln Thr Gly Ile Val Asp Glu Cys Cys
35 40 45

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Met Tyr Cys Ala Pro Leu
50 55 60

Lys Pro Ala Lys Ser Ala
65 70

<210> SEQ ID NO 4

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp Thr
1 5 10 15

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

Ser Arg Val Ser Arg Arg Ser Arg Gly Ile Val Glu Glu Cys Cys Phe
35 40 45

Arg Ser Cys Asp Leu Ala Leu Leu Glu Thr Tyr Cys Ala Thr Pro Ala
50 55 60

Lys Ser Glu
65

<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Gly Ile Val Asp Glu Cys Cys Phe Arg Ser Cys Asp Leu Arg Arg Leu
1 5 10 15

Glu Met Tyr Cys Ala
20

<210> SEQ ID NO 6

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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72

-continued

<400>

SEQUENCE: 6

Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Gln Phe

1

5

10 15

Val Cys Gly Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr

<210>
<211>
<212>
<213>

<400>

20

SEQ ID NO 7

LENGTH: 21

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 7

25

Gly Ile Val Glu Glu Cys Cys Phe Arg Ser Cys Asp Leu Ala Leu Leu

1

5

Glu Thr Tyr Cys Ala

<210>
<211>
<212>
<213>

<400>

Ala Tyr Arg Pro

1

Leu Gln Phe Val

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

20

SEQ ID NO 8

LENGTH: 32

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 8

5

20

SEQ ID NO 9
LENGTH: 8
TYPE: PRT

10 15

Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp Thr

10 15

Cys Gly Asp Arg Gly Phe Tyr Phe Ser Arg Pro Ala

25 30

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION:
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION: (1)..(1)
OTHER INFORMATION: The
selected from glycine,
proline, phenylalanine
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (2)..(2)
OTHER INFORMATION: The
other than tyrosine
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (3)..(6)
OTHER INFORMATION: The
amino acid

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (7)..(8)
OTHER INFORMATION: The
selected from arginine,

SEQUENCE: 9

spacer sedquence

Xaa at position 1 represents an amino acid
alanine, valine, leucine, isoleucine,
and methionine

Xaa at position 2 represents any amino acid

Xaas at positions 3-6 are independently any

Xaas at positions 7 and 8 are independently
lysine or ornithine

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>

5

SEQ ID NO 10
LENGTH: 8
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:
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<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: spacer sequence

FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION: (1)..(1)

OTHER INFORMATION: The
selected from glycine,
proline, phenylalanine
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (2)..(2)
OTHER INFORMATION: The
other than tyrosine
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (3)..(6)
OTHER INFORMATION: The
amino acid

SEQUENCE: 10

Xaa at position 1 represents an amino acid
alanine, valine, leucine, isoleucine,
and methionine

Xaa at position 2 represents any amino acid

Xaas at positions 3-6 are independently any

Xaa Xaa Xaa Xaa Xaa Xaa Arg Arg

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 11
LENGTH: 4
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: spacer sequence

SEQUENCE: 11

Pro Gly Pro Glu

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12
LENGTH: 4
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: spacer sequence

SEQUENCE: 12

Phe Val Asn Gln

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 13

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: spacer sequence
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(5)

OTHER INFORMATION: The
amino acid

SEQUENCE: 13

Xaa Xaa Xaa Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 14
LENGTH: 6
TYPE: PRT

Xaas at positions 1-5 are independently any

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: spacer sequence

SEQUENCE: 14
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Ala Tyr Arg Pro Ser Glu
1 5

<210> SEQ ID NO 15

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: spacer sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(4)

<223> OTHER INFORMATION: The Xaas at positions 1-4 are independently any
amino acid

<400> SEQUENCE: 15

Xaa Xaa Xaa Xaa
1

<210> SEQ ID NO 16

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: spacer sequence

<400> SEQUENCE: 16

Tyr Thr Pro Lys Thr
1 5

<210> SEQ ID NO 17

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Gly Tyr Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 18

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Gly Tyr Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: Xaa at position 4 is aspartic acid or glutamic
acid

<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa at position 8 is histidine, threonine or
phenylalanine

<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
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<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is serine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is tyrosine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at position 15 is glutamine, glutamic
acid, arginine, ornithine, alanine, lysine or leucine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: Xaa at position 17 is glutamine or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is methionine, asparagine,
glutamine, glutamic acid, aspartic acid or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at positionl9 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine, serine,
valine, threonine, isoleucine, leucine, glutamine, glutamic acid,
asparagine, aspartic acid, histidine, tryptophan, tyrosine, or
methionine

<400> SEQUENCE: 19

Gly Ile Val Xaa Glu Cys Cys Xaa Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Xaa Xaa Xaa Cys Xaa
20

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is alanine, glycine or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,
glutamic acid, homocysteic acid or cysteic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is aspartic acid, glutamine
or glutamic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa at position 10 is alanine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)
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<223> OTHER INFORMATION: Xaa at position 12 is tyrosine or
4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: Xaa at position 12 is glutamic acid, aspartic
acid or asparagine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is alanine, ornithine,
lysine or arginine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is tyrosine, phenylalanine
or 4-amino-phenylalanine

<400> SEQUENCE: 20

Xaa Leu Cys Gly Xaa Xaa Leu Val Xaa Xaa Leu Xaa Leu Val Cys Gly
1 5 10 15

Xaa Xaa Gly Phe Xaa
20

<210> SEQ ID NO 21

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is alanine, glycine or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,
glutamic acid, homocysteic acid or cysteic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is aspartic acid, glutamine
or glutamic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa at position 10 is alanine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: Xaa at position 17 is glutamic acid, aspartic
acid or asparagine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is alanine, ornithine,
lysine or arginine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is tyrosine, histidine,
asparagine or 4-amino-phenylalanine

<400> SEQUENCE: 21

Xaa Leu Cys Gly Xaa Xaa Leu Val Xaa Xaa Leu Tyr Leu Val Cys Gly
1 5 10 15
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Xaa Xaa Gly Phe Xaa
20

<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: Xaa at position 4 is aspartic acid or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is glutamine or glutamic acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa at position 8 is histidine, threonine or
phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is serine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa at position 10 is isoleucine or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Xaa at position 12 is aspartic acid or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is tyrosine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at position 15 is glutamine, glutamic acid,
arginine, ornithine, alanine, lysine or leucine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: Xaa at position 17 is glutamine or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is methionine, asparagine,
glutamine, glutamic acid, aspartic acid or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine, serine,
valine, threonine, isoleucine, leucine, glutamine, glutamic acid,
asparagine, aspartic acid, histidine, tryptophan, tyrosine, or
methionine

<400> SEQUENCE: 22

Gly Ile Val Xaa Xaa Cys Cys Xaa Xaa Xaa Cys Xaa Leu Xaa Xaa Leu
1 5 10 15

Xaa Xaa Xaa Cys Xaa
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20

<210> SEQ ID NO 23

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: The Xaa at position 1 represents an amino acid
selected from glycine, alanine, valine, leucine, isoleucine,
proline, phenylalanine and methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (3)..(6)

<223> OTHER INFORMATION: The Xaas at positions 3-6 are independently any
amino acid

<400> SEQUENCE: 23

Xaa Ala Xaa Xaa Xaa Xaa Arg Arg
1 5

<210> SEQ ID NO 24

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(4)

<223> OTHER INFORMATION: The Xaas at positions 1-4 are independently any
amino acid

<400> SEQUENCE: 24

Xaa Xaa Xaa Xaa
1

<210> SEQ ID NO 25

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(7)

<223> OTHER INFORMATION: The Xaas at positions 1-7 are independently any
amino acid

<400> SEQUENCE: 25

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Arg
1 5

<210> SEQ ID NO 26

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(5)

<223> OTHER INFORMATION: The Xaas at positions 1-5 are independently any
amino acid

<400> SEQUENCE: 26
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Xaa Xaa Xaa Xaa Xaa Ser Arg Arg
1 5

<210> SEQ ID NO 27

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: The Xaa at positions 1 is glycine, alanine,
valine, leucine, isoleucine, proline or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at positions 2 is any non-aromatic
amino acid

<400> SEQUENCE: 27

Xaa Xaa Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 28

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is any amino acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (3)..(7)

<223> OTHER INFORMATION: Xaas at positions 3-7 are independently any
amino acid

<400> SEQUENCE: 28

Xaa Ala Xaa Xaa Xaa Xaa Xaa Arg
1 5

<210> SEQ ID NO 29

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at positionl is glycine, alanine, valine,
leucine, isoleucine, proline, phenylalanine and methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: Xaa at position 2 is any non-aromatic amino
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaas at positions 7 and 8 are independently
arginine, lysine or ornithine

<400> SEQUENCE: 29

Xaa Xaa Gly Ser Ser Ser Xaa Xaa
1 5
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<210> SEQ ID NO 30

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at positionl is glycine, alanine, valine,
leucine, isoleucine, proline, phenylalanine and methionine

<400> SEQUENCE: 30

Xaa Ala Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 31

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at position 2 is any amino acid

<400> SEQUENCE: 31

Gly Xaa Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 32

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 32

Gly Ala Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 33

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 33

Gly Ala Gly Ser Ser Ser Arg Arg Ala
1 5

<210> SEQ ID NO 34

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 34

Gly Ala Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10
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<210> SEQ ID NO 35

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 35

Gly Ala Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10

<210> SEQ ID NO 36

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 36

Gly Ala Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: The Xaas at positions 7 and 8 are independently
arginine, lysine or ornithine

<400> SEQUENCE: 37

Gly Tyr Gly Ser Ser Ser Xaa Xaa Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaas at position 2 is alanine, valine,
leucine, isoleucine or proline

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: The Xaas at position 8 is arginine, lysine or
ornithine

<400> SEQUENCE: 38

Gly Xaa Gly Ser Ser Ser Arg Xaa Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 39

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 39

Pro Tyr Gly Ser Ser Ser Arg Arg
1 5
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<210> SEQ ID NO 40

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 40

Pro Ala Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 41

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 41

Pro Ala Gly Ser Ser Ser Arg Arg Ala
1 5

<210> SEQ ID NO 42

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 42

Pro Ala Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 43

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 43

Pro Ala Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10

<210> SEQ ID NO 44

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 44

Pro Ala Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 45

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: The Xaa at position 8 is arginine,
ornithine

lysine or
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<400> SEQUENCE: 45

Gly Tyr Gly Ser Ser Ser Arg Xaa
1 5

<210> SEQ ID NO 46

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at positionl is glycine, alanine, valine,
leucine, isoleucine, proline, phenylalanine and methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: Xaa at position 2 is any non-aromatic amino
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaas at positions 7 and 8 are independently
arginine, lysine or ornithine

<400> SEQUENCE: 46

Xaa Xaa Gly Ser Ser Ser Xaa Xaa Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 47

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: the Xaa at position 1 is glycine, glutamic
acid or aspartic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(6)

<223> OTHER INFORMATION: the Xaas at positions 2-6 are independently
glutamic acid or aspartic acid

<400> SEQUENCE: 47

Xaa Xaa Xaa Xaa Xaa Xaa Lys
1 5

<210> SEQ ID NO 48

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(6)

<223> OTHER INFORMATION: the Xaas at positions 2-6 are independently
glutamic acid or aspartic acid

<400> SEQUENCE: 48

Gly Xaa Xaa Xaa Xaa Xaa Lys
1 5
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 49
LENGTH: 7
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: peptide linker

FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION: (1)..(5)
OTHER INFORMATION:

the Xaas at positions 1-5 are independently

glutamic acid or aspartic acid

SEQUENCE: 49

Xaa Xaa Xaa Xaa Xaa Arg Lys

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 50
LENGTH: 31
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION:
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (28)..(28)

OTHER INFORMATION: The Xaa at position 28 is alanine,

ornithine or arginine

SEQUENCE: 50

insulin analog

lysine,

Gly Glu Glu Glu Glu Glu Lys Gly Pro Glu His Leu Cys Gly Ala His

1

Leu Val Asp Ala Leu Tyr Leu Val Cys

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

5

20

SEQ ID NO 51
LENGTH: 8
TYPE: PRT

10 15
Gly Asp Xaa Gly Phe Tyr

25 30

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: peptide linker

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (7)..(7)
OTHER INFORMATION: The
ornithine

SEQUENCE: 51

Xaa at position 7 is arginine, lysine or

Gly Tyr Gly Ser Ser Ser Xaa Arg

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

5

SEQ ID NO 52
LENGTH: 21
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Analog of the insulin A chain

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (8)..(8)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC _FEATURE
LOCATION: (17)..(17)
OTHER INFORMATION: Xaa
acid

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (19)..(19)
OTHER INFORMATION: Xaa

at position 8 is histidine or threonine

at position 17 is glutamine or glutamic

at positionl9 is tyrosine, 4-methoxy
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phenylalanine or 4-amino-phenylalanine
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: Xaa at position 21 is asparagine or glycine

<400> SEQUENCE: 52

Gly Ile Val Glu Gln Cys Cys Xaa Ser Ile Cys Ser Leu Tyr Gln Leu
1 5 10 15

Xaa Asn Xaa Cys Xaa
20

<210> SEQ ID NO 53

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is alanine, glycine or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,
glutamic acid, homocysteic acid or cysteic acid

<400> SEQUENCE: 53

Xaa Leu Cys Gly Xaa Xaa Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
1 5 10 15

Glu Arg Gly Phe Phe
20

<210> SEQ ID NO 54

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is phenylalanine and
desamino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is histidine and threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is alanine, glycine or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa at position 10 is histidine, aspartic acid,
glutamic acid, homocysteic acid or cysteic acid

<400> SEQUENCE: 54

Xaa Val Asn Gln Xaa Leu Cys Gly Xaa Xaa Leu Val Glu Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr
20 25
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Gly Ile Val Glu Gln Cys Cys Xaa

1

SEQ ID NO 55
LENGTH: 21
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Analog

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (8)..(8)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (19)..(19)
OTHER INFORMATION: Xaa
4-amino-phenylalanine
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (21)..(21)
OTHER INFORMATION: Xaa
asparagine

SEQUENCE: 55

5

Glu Asn Xaa Cys Xaa

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

20

SEQ ID NO 56
LENGTH: 21
TYPE: PRT

of the insulin A chain

at position 8 is histidine or phenylalanine
at positionl9 is tyrosine or
at position 21 is alanine, glycine or

Ser Ile Cys Ser Leu Tyr Gln Leu
10 15

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Analog of the insulin A chain

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (8)..(8)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE

at position 8 is histidine or phenylalnine

LOCATION: (9)..(9)

OTHER INFORMATION: Xaa at position 9 is arginine, lysine,
ornithine or alanine

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (14)..(14)

OTHER INFORMATION: Xaa at position 14 is arginine, lysine,
ornithine or alanine

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (15)..(15)

OTHER INFORMATION: Xaa at position 15 is arginine, lysine,
ornithine or leucine

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (17)..(17)

OTHER INFORMATION: Xaa at position 17 is glutamine or glutamic
acid

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (18)..(18)

OTHER INFORMATION: Xaa at position 18 is methionine, asparagine or
threonine

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (19)..(19)

OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (21)..(21)

OTHER INFORMATION: Xaa at position 21 is alanine, glycine or
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asparagine
<400> SEQUENCE: 56

Gly Ile Val Asp Glu Cys Cys Xaa Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Xaa Xaa Xaa Cys Xaa
20

<210> SEQ ID NO 57

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is arginine, lysine,
ornithine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is arginine, lysine,
ornithine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at position 15 is arginine, lysine,
ornithine or leucine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: Xaa at position 17 is glutamic acid, aspartic
acid, asparagine, lysine, ornithine or glutamine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: Xaa at position 18 is methionine, asparagine or
threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine or
asparagine

<400> SEQUENCE: 57

Gly Ile Val Asp Glu Cys Cys His Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Xaa Xaa Xaa Cys Xaa
20

<210> SEQ ID NO 58

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is alanine, glycine or serine
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<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,
glutamic acid,
homocysteic acid or cysteic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: Xaa at position 9 is aspartic acid or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa at position 10 is alanine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is alanine, ornithine,
lysine or arginine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is tyrosine, histidine,
asparagine or phenylalanine

<400> SEQUENCE: 58

Xaa Leu Cys Gly Xaa Xaa Leu Val Xaa Xaa Leu Tyr Leu Val Cys Gly
1 5 10 15

Asp Xaa Gly Phe Xaa
20

<210> SEQ ID NO 59

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is arginine, ornithine,
or lysine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is arginine, ornithine,
or lysine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: Xaa at position 15 is arginine, ornithine, or
lysine

<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: Xaa at position 17 is glutamine or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at positionl9 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine or
asparagine

<400> SEQUENCE: 59

Gly Ile Val Asp Glu Cys Cys His Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15
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Xaa Met Xaa Cys Xaa
20

<210> SEQ ID NO 60
<211> LENGTH: 21
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Analog of the insulin B chain
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,

or glutamic acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: Xaa at position 18 is alanine, ornithine,

lysine or arginine
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: Xaa at position 21 is tyrosine or phenylalanine
<400> SEQUENCE: 60

Xaa Leu Cys Gly Ala Xaa Leu Val Asp Ala Leu Tyr Leu Val Cys Gly

1

5 10 15

Asp Xaa Gly Phe Xaa

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

20

SEQ ID NO 61

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: analog of IGF B chain

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (18)..(18)

OTHER INFORMATION: The Xaa at position 18 is ornithine, lysine or
arginine

SEQUENCE: 61

His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu Val Cys Gly

1

5 10 15

Asp Xaa Gly Phe Tyr

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

20

SEQ ID NO 62

LENGTH: 24

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: analog of IGF B chain

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (21)..(21)

OTHER INFORMATION: The Xaa at position 21 is ornithine, lysine or
arginine

SEQUENCE: 62

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu

1

5 10 15
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Val Cys Gly Asp Xaa Gly Phe Tyr

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

20

SEQ ID NO 63

LENGTH: 29

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: analog of IGF B chain
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (21)..(21)

OTHER INFORMATION: The Xaa at position 21 is ornithine, lysine or
arginine

SEQUENCE: 63

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu

1

5 10 15

Val Cys Gly Asp Xaa Gly Phe Tyr Phe Asn Pro Lys Thr

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

20 25

SEQ ID NO 64

LENGTH: 29

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: analog of IGF B chain

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (21)..(21)

OTHER INFORMATION: The Xaa at position 21 is ornithine, lysine or
arginine

SEQUENCE: 64

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu

1

5 10 15

Val Cys Gly Asp Xaa Gly Phe Tyr Phe Asn Lys Pro Thr

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

20 25

SEQ ID NO 65

LENGTH: 8

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (7)..(7)

OTHER INFORMATION: Xaa at position 7 is ornithine

SEQUENCE: 65

Gly Tyr Gly Ser Ser Ser Xaa Arg

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>

5

SEQ ID NO 66

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Analog of the insulin A chain
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (9)..(9)

OTHER INFORMATION: Xaa at position 9 is arginine, ornithine, or
lysine

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (14)..(14)
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<223> OTHER INFORMATION: Xaa at position 14 is arginine, ornithine,
lysine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: Xaa at position 15 is arginine, ornithine,
lysine

<400> SEQUENCE: 66

Gly Ile Val Asp Glu Cys Cys His Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Gln Met Tyr Cys Asn
20

<210> SEQ ID NO 67

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)
<223> OTHER INFORMATION: Xaa at position 7 is ornithine, lysine or
arginine

<400> SEQUENCE: 67

Gly Ala Gly Ser Ser Ser Xaa Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 68

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at positionl9 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine or
asparagine

<400> SEQUENCE: 68

Gly Ile Val Glu Gln Cys Cys His Ser Ile Cys Ser Leu Tyr Gln Leu
1 5 10 15

Glu Asn Xaa Cys Xaa
20

<210> SEQ ID NO 69

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

or

or

<223> OTHER INFORMATION: Xaa at position 8 is histidine or phenylalnine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is arginine, lysine,
ornithine or alanine

<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is arginine, lysine,
ornithine or alanine

<220> FEATURE

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at position 15 is arginine, lysine,
ornithine or leucine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: Xaa at position 17 is glutamine or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is methionine, asparagine
or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine or
asparagine

<400> SEQUENCE: 69

Gly Ile Val Asp Glu Cys Cys Xaa Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Xaa Xaa Xaa Cys Xaa
20

<210> SEQ ID NO 70

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is any amino acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (3)..(6)

<223> OTHER INFORMATION: Xaas at positions 3-6 are independently any
amino acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaas at positions 7-8 are independently
arginine, lysine or ornithine

<400> SEQUENCE: 70

Xaa Ala Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> SEQ ID NO 71

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: The Xaa at position 18 is ornithine

<400> SEQUENCE: 71
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His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu Val Cys Gly
1 5 10 15

Asp Xaa Gly Phe Tyr
20

<210> SEQ ID NO 72

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: The Xaa at position 21 is ornithine

<400> SEQUENCE: 72

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Xaa Gly Phe Tyr
20

<210> SEQ ID NO 73

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: The Xaa at position 21 is ornithine

<400> SEQUENCE: 73

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Xaa Gly Phe Tyr Phe Asn Pro Lys Thr
20 25

<210> SEQ ID NO 74

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is ornithine

<400> SEQUENCE: 74

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Xaa Gly Phe Tyr Phe Asn Lys Pro Thr
20 25

<210> SEQ ID NO 75

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: The Xaa at position 9 is ornithine
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(15)
<223> OTHER INFORMATION: The Xaas at positions 14 and 15 are both
ornithine

<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: The Xaa at position 19 is tyrosine,
4-methoxy-phenylalanine or 4-amino phenylalanine

<400> SEQUENCE: 75

Gly Ile Val Asp Glu Cys Cys His Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Gln Met Xaa Cys Asn
20

<210> SEQ ID NO 76

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76

Phe Asn Lys Pro Thr
1 5

<210> SEQ ID NO 77

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 77

Phe Asn Lys Pro
1

<210> SEQ ID NO 78

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 78

Tyr Thr Pro Lys
1

<210> SEQ ID NO 79

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: insulin B chain derivative sequence

<400> SEQUENCE: 79

Phe Asn Pro Lys
1

<210> SEQ ID NO 80

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: insulin B chain derivative sequence

<400> SEQUENCE: 80
Tyr Thr Lys Pro Thr

1 5

<210> SEQ ID NO 81
<211> LENGTH: 5
<212> TYPE: PRT
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<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: insulin B chain derivative sequence

SEQUENCE: 81

Phe Asn Pro Lys Thr

1

<210>
<211>
<212>
<213>

<400>

5

SEQ ID NO 82

LENGTH: 4

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 82

Ala Pro Gln Thr

1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 83

LENGTH: 12

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (2)..(2)

OTHER INFORMATION: The Xaa at position 2 is any non-aromatic
amino acid

SEQUENCE: 83

Gly Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr

1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 84

LENGTH: 4

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (1)..(1)

OTHER INFORMATION: The Xaa at position 1 is phenylalanine or
desamino-phenylalanine

SEQUENCE: 84

Xaa Val Asn Gln

1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 85

LENGTH: 8

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (7)..(8)

OTHER INFORMATION: The Xaas at positions 7 and 8 are independently
arginine, lysine or ornithine

SEQUENCE: 85

Gly Tyr Gly Ser Ser Ser Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>

5

SEQ ID NO 86

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: linking peptide
FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(7)

<223> OTHER INFORMATION: The Xaas at positions 1-7 are independently any
amino acid

<400> SEQUENCE: 86

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 87

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(7)

<223> OTHER INFORMATION: The Xaas at positions 1-7 are independently any
amino acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: The Xaa at positions 13 is arginine, lysine or
ornithine

<400> SEQUENCE: 87

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Gly Ser Ser Ser Arg Xaa Ala Pro Gln
1 5 10 15

Thr

<210> SEQ ID NO 88

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: The Xaa at position 19 is tyrosine,
4-methoxy-phenylalanine or 4-amino phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: The Xaa at position 21 is alanine, glycine or
asparagine

<400> SEQUENCE: 88

Gly Ile Val Asp Glu Cys Cys His Arg Ser Cys Asp Leu Arg Arg Leu
1 5 10 15

Glu Met Xaa Cys Xaa
20

<210> SEQ ID NO 89

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 89

Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Arg Gly Phe Tyr Phe Asn Pro Lys Thr
20 25

<210> SEQ ID NO 90
<211> LENGTH: 8
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<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is any amino acid other
than tyrosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 90

Gly Xaa Gly Ser Ser Ser Xaa Arg
1 5

<210> SEQ ID NO 91

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)
<223> OTHER INFORMATION: The Xaa at position 7 is arginine, lysine or
ornithine

<400> SEQUENCE: 91

Gly Tyr Gly Ser Ser Ser Xaa Arg
1 5

<210> SEQ ID NO 92

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 92

Arg Arg Glu Ala Glu Asp Leu Gln Val Gly Gln Val Glu Leu Gly Gly
1 5 10 15

Gly Pro Gly Ala Gly Ser Leu Gln Pro Leu Ala Leu Glu Gly Ser Leu
20 25 30

Gln Lys Arg
35

<210> SEQ ID NO 93

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: The Xaa at position 22 is ornithine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (38)..(38)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: The Xaa at position 39 is ornithine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (43)..(43)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (44)..(45)

<223> OTHER INFORMATION: The Xaa at positions 44-45 are ornithine
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<400> SEQUENCE: 93

Cys Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Asp Xaa Gly Phe Tyr Phe Asn Pro Arg Gly Ile Val
20 25 30

Asp Glu Cys Cys Phe Xaa Ser Cys Asp Leu Xaa Xaa Leu Glu Asn Tyr
35 40 45

Cys Asn
50

<210> SEQ ID NO 94

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(7)

<223> OTHER INFORMATION: The Xaas at positions 4-7 are independently any
amino acid

<400> SEQUENCE: 94

Phe Xaa Ala Xaa Xaa Xaa Xaa Arg Arg
1 5

<210> SEQ ID NO 95

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(7)

<223> OTHER INFORMATION: The Xaas at positions 4-7 are independently any
amino acid

<400> SEQUENCE: 95

Phe Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala
1 5 10

<210> SEQ ID NO 96

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(7)

<223> OTHER INFORMATION: The Xaas at positions 4-7 are independently any
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amino acid
<400> SEQUENCE: 96

Phe Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 97

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(7)

<223> OTHER INFORMATION: The Xaas at positions 4-7 are independently any
amino acid

<400> SEQUENCE: 97

Phe Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln
1 5 10

<210> SEQ ID NO 98

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(7)

<223> OTHER INFORMATION: The Xaas at positions 4-7 are independently any
amino acid

<400> SEQUENCE: 98

Phe Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 99

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: The Xaas at positions 5-8 are independently any
amino acid

<400> SEQUENCE: 99

Phe Asn Xaa Ala Xaa Xaa Xaa Xaa Arg Arg
1 5 10
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<210> SEQ ID NO 100

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: The Xaas at positions 5-8 are independently any
amino acid

<400> SEQUENCE: 100

Phe Asn Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 101

alanine,

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: linking peptide

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (3)..(3)

OTHER INFORMATION: The Xaa at position 3 is glycine,
valine, leucine, isoleucine, proline, phenylalanine or methionine
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (5)..(8)

OTHER INFORMATION: The Xaas at positions 5-8 are independently any

amino acid

SEQUENCE: 101

Phe Asn Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 102

alanine,

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: linking peptide

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (3)..(3)

OTHER INFORMATION: The Xaa at position 3 is glycine,
valine, leucine, isoleucine, proline, phenylalanine or methionine
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (5)..(8)

OTHER INFORMATION: The Xaas at positions 5-8 are independently any

amino acid

SEQUENCE: 102

Phe Asn Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln

1

<210>
<211>
<212>
<213>
<220>
<223>

5 10

SEQ ID NO 103

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: linking peptide
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<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: The Xaas at positions 5-8 are independently any
amino acid

<400> SEQUENCE: 103

Phe Asn Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 104

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(9)

<223> OTHER INFORMATION: The Xaas at positions 6-9 are independently any
amino acid

<400> SEQUENCE: 104

Phe Asn Lys Xaa Ala Xaa Xaa Xaa Xaa Arg Arg
1 5 10

<210> SEQ ID NO 105

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(9)

<223> OTHER INFORMATION: The Xaas at positions 6-9 are independently any
amino acid

<400> SEQUENCE: 105

Phe Asn Lys Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala
1 5 10

<210> SEQ ID NO 106

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
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<222> LOCATION: (6)..(9)
<223> OTHER INFORMATION: The Xaas at positions 6-9 are independently any
amino acid

<400> SEQUENCE: 106

Phe Asn Lys Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 107

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(9)

<223> OTHER INFORMATION: The Xaas at positions 6-9 are independently any
amino acid

<400> SEQUENCE: 107

Phe Asn Lys Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln
1 5 10

<210> SEQ ID NO 108

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(9)

<223> OTHER INFORMATION: The Xaas at positions 6-9 are independently any
amino acid

<400> SEQUENCE: 108

Phe Asn Lys Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln Thr
1 5 10 15

<210> SEQ ID NO 109

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(1l0

<223> OTHER INFORMATION: The Xaas at positions 7-10 are independently
any amino acid

<400> SEQUENCE: 109

Phe Asn Lys Pro Xaa Ala Xaa Xaa Xaa Xaa Arg Arg
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<210> SEQ ID NO 110

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(1l0

<223> OTHER INFORMATION: The Xaas at positions 7-10 are independently
any amino acid

<400> SEQUENCE: 110

Phe Asn Lys Pro Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala
1 5 10

<210> SEQ ID NO 111

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(1l0

<223> OTHER INFORMATION: The Xaas at positions 7-10 are independently
any amino acid

<400> SEQUENCE: 111

Phe Asn Lys Pro Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 112

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(1l0

<223> OTHER INFORMATION: The Xaas at positions 7-10 are independently
any amino acid

<400> SEQUENCE: 112

Phe Asn Lys Pro Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln
1 5 10 15

<210> SEQ ID NO 113

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(1l0

<223> OTHER INFORMATION: The Xaas at positions 7-10 are independently
any amino acid

<400> SEQUENCE: 113

Phe Asn Lys Pro Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln Thr
1 5 10 15

<210> SEQ ID NO 114

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8).. (11

<223> OTHER INFORMATION: The Xaas at positions 8-11 are independently
any amino acid

<400> SEQUENCE: 114

Phe Asn Lys Pro Thr Xaa Ala Xaa Xaa Xaa Xaa Arg Arg
1 5 10

<210> SEQ ID NO 115

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8).. (11

<223> OTHER INFORMATION: The Xaas at positions 8-11 are independently
any amino acid

<400> SEQUENCE: 115

Phe Asn Lys Pro Thr Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala
1 5 10

<210> SEQ ID NO 116

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine



US 2016/0340400 Al Nov. 24, 2016
105

-continued

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8).. (11

<223> OTHER INFORMATION: The Xaas at positions 8-11 are independently
any amino acid

<400> SEQUENCE: 116

Phe Asn Lys Pro Thr Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro
1 5 10 15

<210> SEQ ID NO 117

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8).. (11

<223> OTHER INFORMATION: The Xaas at positions 8-11 are independently
any amino acid

<400> SEQUENCE: 117

Phe Asn Lys Pro Thr Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln
1 5 10 15

<210> SEQ ID NO 118

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8).. (11

<223> OTHER INFORMATION: The Xaas at positions 8-11 are independently
any amino acid

<400> SEQUENCE: 118

Phe Asn Lys Pro Thr Xaa Ala Xaa Xaa Xaa Xaa Arg Arg Ala Pro Gln
1 5 10 15

Thr

<210> SEQ ID NO 119

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is any amino acid other
than tyrosine
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<400> SEQUENCE: 119

Phe Xaa Xaa Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 120

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is any amino acid other
than tyrosine

<400> SEQUENCE: 120

Phe Xaa Xaa Gly Ser Ser Ser Arg Arg Ala
1 5 10

<210> SEQ ID NO 121

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is any amino acid other
than tyrosine

<400> SEQUENCE: 121

Phe Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 122

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is any amino acid other
than tyrosine

<400> SEQUENCE: 122

Phe Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10
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<210> SEQ ID NO 123
<211> LENGTH: 13
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: peptide linker
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: The Xaa at position 2 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: The Xaa at position 3 is any amino acid other

than tyrosine
<400> SEQUENCE: 123

Phe Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr

alanine,

1 5 10
<210> SEQ ID NO 124
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: peptide linker
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: The Xaa at position 3 is glycine,
valine, leucine, isoleucine, proline, phenylalanine or methionine
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: The Xaa at position 4 is any amino acid other

than tyrosine
<400> SEQUENCE: 124

Phe Asn Xaa Xaa Gly Ser Ser Ser Arg Arg

alanine,

1 5 10
<210> SEQ ID NO 125
<211> LENGTH: 11
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: peptide linker
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: The Xaa at position 3 is glycine,
valine, leucine, isoleucine, proline, phenylalanine or methionine
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: The Xaa at position 4 is any amino acid other

than tyrosine

<400> SEQUENCE: 125
Phe Asn Xaa Xaa Gly Ser Ser Ser Arg Arg Ala
1 5 10

<210>
<211>
<212>
<213>
<220>
<223>
<220>

SEQ ID NO 126

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: peptide linker
FEATURE:
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<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is any amino acid other
than tyrosine

<400> SEQUENCE: 126

Phe Asn Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 127

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is any amino acid other
than tyrosine

<400> SEQUENCE: 127

Phe Asn Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10

<210> SEQ ID NO 128

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: The Xaa at position 3 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is any amino acid other
than tyrosine

<400> SEQUENCE: 128

Phe Asn Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 129

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)
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<223> OTHER INFORMATION: The Xaa at position 5 is any amino acid other
than tyrosine

<400> SEQUENCE: 129

Phe Asn Lys Xaa Xaa Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 130

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is any amino acid other
than tyrosine

<400> SEQUENCE: 130

Phe Asn Lys Xaa Xaa Gly Ser Ser Ser Arg Arg Ala
1 5 10

<210> SEQ ID NO 131

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is any amino acid other
than tyrosine

<400> SEQUENCE: 131

Phe Asn Lys Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 132

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is any amino acid other
than tyrosine

<400> SEQUENCE: 132

Phe Asn Lys Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10
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<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 133

LENGTH: 15

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: peptide linker
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (4)..(4)

OTHER INFORMATION: The Xaa at position 4 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION: (5)..(5)

OTHER INFORMATION: The Xaa at position 5 is any amino acid other
than tyrosine

SEQUENCE: 133

Phe Asn Lys Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5 10 15

SEQ ID NO 134

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: peptide linker
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (5)..(5)

OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION: (6)..(6)

OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

SEQUENCE: 134

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 135

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: peptide linker
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (5)..(5)

OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION: (6)..(6)

OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

SEQUENCE: 135

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala

1

<210>
<211>
<212>
<213>
<220>

5 10

SEQ ID NO 136

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

Nov. 24, 2016
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<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 136

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 137

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 137

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10 15

<210> SEQ ID NO 138

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 138

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10 15

<210> SEQ ID NO 139

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 139

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 140

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 140

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala
1 5 10

<210> SEQ ID NO 141

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 141

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro
1 5 10

<210> SEQ ID NO 142

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other

than tyrosine

<400> SEQUENCE: 142
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Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln
1 5 10 15

<210> SEQ ID NO 143

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: The Xaa at position 5 is glycine, alanine,
valine, leucine, isoleucine, proline, phenylalanine or methionine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is any amino acid other
than tyrosine

<400> SEQUENCE: 143

Phe Asn Lys Pro Xaa Xaa Gly Ser Ser Ser Arg Arg Ala Pro Gln Thr
1 5 10 15

<210> SEQ ID NO 144

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 144

Thr Gly Tyr Gly Ser Ser Ser Arg Arg
1 5

<210> SEQ ID NO 145

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<400> SEQUENCE: 145

Lys Thr Gly Tyr Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 146

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<400> SEQUENCE: 146

Pro Lys Thr Gly Tyr Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 147

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<400> SEQUENCE: 147
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Thr Pro Lys Thr Gly Tyr Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 148

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<400> SEQUENCE: 148

Thr Lys Pro Thr Gly Tyr Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 149

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<400> SEQUENCE: 149

Ser Arg Pro Ala Gly Tyr Gly Ser Ser Ser Arg Arg
1 5 10

<210> SEQ ID NO 150

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine

<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is alanine, glycine or serine

<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,

glutamic acid, homocysteic acid or or cysteic acid

<400> SEQUENCE: 150

Xaa Leu Cys Gly Xaa Xaa Leu Val Glu Ala Leu Tyr Leu Val Cys Gly

1 5 10 15

Glu Arg Gly Phe Phe
20

<210> SEQ ID NO 151

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa at position 4 is aspartic acid or glutamic

acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa at position 8 is histidine, threonine or

phenylalanine
<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is serine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is tyrosine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at position 15 is glutamine, glutamic acid,
arginine, ornithine, alanine, lysine or leucine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at positionl9 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<400> SEQUENCE: 151

Gly Ile Val Xaa Glu Cys Cys Xaa Xaa Ser Cys Asp Leu Xaa Xaa Leu
1 5 10 15

Glu Asn Xaa Cys Asn
20

<210> SEQ ID NO 152

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: Xaa at position 4 is aspartic acid or glutamic
acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is glutamine or glutamic acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa at position 8 is histidine, threonine or
phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is serine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa at position 10 is isoleucine or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Xaa at position 12 is aspartic acid or serine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Xaa at position 14 is tyrosine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Xaa at position 15 is glutamine, glutamic
acid, arginine, ornithine, alanine, lysine or leucine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is methionine, asparagine,
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glutamine, glutamic acid, aspartic acid or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine, serine,
valine, threonine, isoleucine, leucine, glutamine, glutamic acid,
asparagine, aspartic acid, histidine, tryptophan, tyrosine, or
methionine

<400> SEQUENCE: 152

Gly Ile Val Xaa Xaa Cys Cys Xaa Xaa Xaa Cys Xaa Leu Xaa Xaa Leu
1 5 10 15

Glu Xaa Xaa Cys Xaa
20

<210> SEQ ID NO 153

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking pepetide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(6)

<223> OTHER INFORMATION: the Xaas at positions 2-6 are independently
glutamic acid or aspartic acid

<400> SEQUENCE: 153

Gly Xaa Xaa Xaa Xaa Xaa Lys
1 5

<210> SEQ ID NO 154

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: The Xaa at position 6 is histidine, aspartic
acid, glutamic acid, homocysteic acid or cysteic acid

<400> SEQUENCE: 154

His Leu Cys Gly Ser Xaa Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
1 5 10 15

Glu Arg Gly Phe Phe
20

<210> SEQ ID NO 155

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine or 4-amino
phenylanaline

<400> SEQUENCE: 155

Gly Ile Val Asp Glu Cys Cys His Arg Ser Cys Asp Leu Arg Arg Leu
1 5 10 15
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Glu Met Xaa Cys Ala
20

<210> SEQ ID NO 156

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide for testing cleavage of
dipeptide prodrug element

<400> SEQUENCE: 156

His Ser Arg Gly Thr Phe
1 5

<210> SEQ ID NO 157

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide for testing cleavage of
dipeptide prodrug element

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at position 2 is Sarcosine

<400> SEQUENCE: 157

Lys Xaa His Ser Thr Gly Thr Phe
1 5

<210> SEQ ID NO 158

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: glucagon analogue

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is d-histidine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at position 2 is d-threonine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa at position 3 is d-arginine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is d-threonine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position é is d-phenylalanine

<400> SEQUENCE: 158

Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> SEQ ID NO 159

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: glucagon analogue
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<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is d-lysine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at position 2 is d-sarcosine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa at position 3 is d-histidine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa at position 4 is d-threonine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa at position 5 is d-arginine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Xaa at position 7 is d-threonine
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa at position 8 is d-phenylalanine

<400> SEQUENCE: 159

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> SEQ ID NO 160

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide for testing cleavage of
dipeptide prodrug element

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: The Xaa at position 1 is histidine,
d-histidine or N-methyl-histdine

<400> SEQUENCE: 160

Xaa Ser Arg Gly Thr Phe
1 5

<210> SEQ ID NO 161

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: The Xaas at positions 1-3 are independently any
amino acid

<400> SEQUENCE: 161

Xaa Xaa Xaa Thr
1

<210> SEQ ID NO 162

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: analog of IGF B chain sequence

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: The Xaa at position 12 is aspartic acid or
glutamic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: The Xaa at position 21 is ornithine, lysine or
arginine

<400> SEQUENCE: 162

Gly Pro Glu His Leu Cys Gly Ser His Leu Val Xaa Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Xaa Gly Phe Tyr
20

<210> SEQ ID NO 163

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: The Xaas at positions 7 and 8 are independently
arginine, lysine or ornithine

<400> SEQUENCE: 163

Gly Ala Gly Ser Ser Ser Xaa Xaa
1 5

<210> SEQ ID NO 164

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa at position 8 is histidine, threonine or
phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine, serine,
valine, threonine, isoleucine, leucine, glutamine, glutamic acid,
asparagine, aspartic acid, histidine, tryptophan, tyrosine, or
methionine

<400> SEQUENCE: 164

Gly Ile Val Glu Gln Cys Cys Xaa Ser Ile Cys Ser Leu Tyr Gln Leu
1 5 10 15

Glu Asn Xaa Cys Xaa
20

<210> SEQ ID NO 165
<211> LENGTH: 23
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is histidine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa at position 6 is histidine, aspartic acid,
glutamic acid, homocysteic acid or cysteic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: Xaa at position 18 is alanine, ornithine,
lysine or arginine

<400> SEQUENCE: 165

Xaa Leu Cys Gly Ala Xaa Leu Val Asp Ala Leu Tyr Leu Val Cys Gly
1 5 10 15

Asp Xaa Gly Phe Tyr Phe Asn
20

<210> SEQ ID NO 166

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa at position 8 is histidine, threonine or
phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at position 9 is serine, arginine,
ornithine, lysine or alanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine, 4-methoxy
phenylalanine or 4-amino-phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, glycine, serine,
valine, threonine, isoleucine, leucine, glutamine, glutamic acid,
asparagine, aspartic acid, histidine, tryptophan, tyrosine, or
methionine

<400> SEQUENCE: 166

Gly Ile Val Asp Glu Cys Cys Xaa Xaa Ser Cys Asp Leu Arg Arg Leu
1 5 10 15

Glu Met Xaa Cys Xaa
20

<210> SEQ ID NO 167

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa at position 8 is ornithine, lysine or
arginine

<400> SEQUENCE: 167
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Gly Ala Gly Ser Ser Ser Arg Xaa Arg Ala Pro Gln Thr
1 5 10

<210> SEQ ID NO 168

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 168

Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr
20 25

<210> SEQ ID NO 169

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 169

Gly Glu Glu Glu Glu Glu Glu Arg Lys
1 5

<210> SEQ ID NO 170

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 170

Gly Glu Glu Glu Glu Glu Arg Lys
1 5

<210> SEQ ID NO 171

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 171

Gly Glu Glu Glu Glu Arg Lys
1 5

<210> SEQ ID NO 172

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 172

Gly Glu Glu Glu Arg Lys
1 5

<210> SEQ ID NO 173

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 173

Gly Glu Glu Arg Lys
1 5

<210> SEQ ID NO 174

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 174

Gly Glu Arg Lys
1

<210> SEQ ID NO 175

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 175

Gly Glu Glu Glu Glu Glu Glu Arg Lys
1 5

<210> SEQ ID NO 176

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 176

Gly Glu Glu Glu Glu Glu Glu Lys
1 5

<210> SEQ ID NO 177

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 177
Gly Glu Glu Glu Glu Glu Lys
1 5

<210> SEQ ID NO 178

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 178
Gly Glu Glu Glu Glu Lys

1 5

<210> SEQ ID NO 179
<211> LENGTH: 4
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 179

Gly Glu Glu Lys
1

<210> SEQ ID NO 180

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 180

Gly Asp Asp Asp Asp Asp Asp Arg Lys
1 5

<210> SEQ ID NO 181

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 181

Gly Asp Asp Asp Asp Asp Arg Lys
1 5

<210> SEQ ID NO 182

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 182

Gly Asp Asp Asp Asp Arg Lys
1 5

<210> SEQ ID NO 183

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 183

Gly Asp Asp Asp Arg Lys
1 5

<210> SEQ ID NO 184

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 184

Gly Asp Asp Arg Lys
1 5
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<210> SEQ ID NO 185

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 185

Gly Asp Arg Lys
1

<210> SEQ ID NO 186

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 186

Gly Asp Asp Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 187

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 187

Gly Asp Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 188

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 188

Gly Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 189

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 189

Gly Asp Asp Asp Lys
1 5

<210> SEQ ID NO 190

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide linker

<400> SEQUENCE: 190

Gly Asp Asp Lys
1
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<210> SEQ ID NO 191

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N-terminal extension peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(7)

<223> OTHER INFORMATION: Xaa at positions 2-7 are independently glutamic
acid or aspartic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (3)..(7)

<223> OTHER INFORMATION: any or all of amino acids at positions 3-7 are
present or absent

<400> SEQUENCE: 191

Gly Xaa Xaa Xaa Xaa Xaa Xaa Lys
1 5

<210> SEQ ID NO 192

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N-terminal extension peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is glycine, glutamic acid or
aspartic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(7)

<223> OTHER INFORMATION: Xaa at positions 2-7 are independently glutamic
acid or aspartic acid

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(7)

<223> OTHER INFORMATION: any or all of amino acids at positions 4-7 are
present or absent

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa at position 8 is arginine, glutamic acid or
aspartic acid

<400> SEQUENCE: 192

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Lys
1 5

<210> SEQ ID NO 193

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N-terminal extension peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(7)

<223> OTHER INFORMATION: Xaa at positions 2-7 are independently glutamic
acid or aspartic acid

<400> SEQUENCE: 193

Gly Xaa Xaa Xaa Xaa Xaa Xaa Lys
1 5
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<210> SEQ ID NO 194

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at position 19 is tyrosine or 4-amino
phenylanaline

<400> SEQUENCE: 194

Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
1 5 10 15

Glu Asn Xaa Cys Asn
20

<210> SEQ ID NO 195

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin A chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa at position 8 is histidine or phenylalanine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: Xaa at positionl9 is tyrosine or
4-amino-phenylalanine

<400> SEQUENCE: 195

Gly Ile Val Asp Glu Cys Cys Xaa Arg Ser Cys Asp Leu Tyr Gln Leu
1 5 10 15

Glu Asn Xaa Cys Asn
20

<210> SEQ ID NO 196

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Analog of the insulin B chain

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa at position 4 is histidine or threonine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa at position 21 is alanine, ornithine,
lysine or arginine

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (24)..(24)

<223> OTHER INFORMATION: Xaa at position 24 is tyrosine, histidine,
asparagine or phenylalanine

<400> SEQUENCE: 196

Gly Pro Glu Xaa Leu Cys Gly Ser His Leu Val Asp Ala Leu Tyr Leu
1 5 10 15

Val Cys Gly Asp Xaa Gly Phe Xaa
20
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-continued

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO
LENGTH:
TYPE: PRT
ORGANISM:
FEATURE:

FEATURE:
NAME /KEY :
LOCATION :

29

197

Artificial Sequence

OTHER INFORMATION: Analog of the insulin B chain

MISC_FEATURE
(8)..(8)

OTHER INFORMATION: Xaa at position 8 is alanine or an alpha,

alpha disubstituted amino acid

<220>
<221>
<222>
<223>

FEATURE:
NAME /KEY :
LOCATION :

MISC FEATURE
(13)..(13)

OTHER INFORMATION: Xaa at position 13 is alanine or or an alpha,

alpha disubsituted amino acid

<220>
<221>
<222>
<223>

FEATURE:
NAME /KEY :
LOCATION :

ornithine
<400> SEQUENCE:

Gly Pro Glu Thr
1

Val Cys Gly Asp
20

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Arg Val Ser
1

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Pro Leu Lys Pro
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Thr Pro Ala Lys
1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO
LENGTH:
TYPE: PRT
ORGANISM :
FEATURE:

NAME /KEY :
LOCATION :

<400> SEQUENCE:

Gly Pro Glu His

OTHER INFORMATION: Xaa at position 21 is alanine,

22

MISC_FEATURE

(21) .. (21)

lysine,
and arginine

197

Leu Cys Gly Xaa Glu Leu Val Asp Xaa Leu Tyr Leu
5 10 15

Xaa Gly Phe Tyr Phe Asn Lys Pro Thr
25

198

Homo sapiens
198

Arg Arg Ser Arg
5

199

Homo sapiens
199

Ala Lys Ser Ala
5

200

Homo sapiens
200

Ser Glu

5

201

Homo sapiens

MISC FEATURE
(18)..(18)

OTHER INFORMATION: Xaa at position 18 is a thioether linker

201

Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu

Nov. 24, 2016
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-continued

1 5

Val Xaa Arg Arg Arg Arg
20

<210> SEQ ID NO 202

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (13)..(13)
<223> OTHER INFORMATION: Xaa at

<400> SEQUENCE: 202

Cys Gly Asp Arg Gly Phe Tyr Phe
1 5

Asp Glu Cys Cys Phe Arg Ser Cys
20

Cys Asn

<210> SEQ ID NO 203

<211> LENGTH: 51

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (30)..(30)
<223> OTHER INFORMATION: Xaa at

<400> SEQUENCE: 203

Gly Pro Glu His Leu Cys Gly Ala
1 5

Val Cys Gly Asp Arg Gly Phe Tyr
20

Val Asp Glu Cys Cys Phe Arg Ser
35 40

Tyr Cys Asn
50

<210> SEQ ID NO 204

<211> LENGTH: 53

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (32)..(32)
<223> OTHER INFORMATION: Xaa at

<400> SEQUENCE: 204

Glu Glu Glu Glu Arg Lys Phe Val
1 5

Leu Val Glu Ala Leu Tyr Leu Val
20

Gly Ile Val Glu Gln Cys Cys Thr
35 40

Glu Asn Tyr Cys Asn

50

<210> SEQ ID NO 205
<211> LENGTH: 47

10 15

position 13 is PEG

Asn Lys Pro Thr Xaa Gly Ile Val
10 15

Asp Leu Arg Arg Leu Glu Asn Tyr
25 30

position 30 is PEG

Glu Leu Val Asp Ala Leu Tyr Leu
10 15

Phe Asn Lys Pro Thr Xaa Gly Ile
25 30

Cys Asp Leu Arg Arg Leu Glu Asn
45

position 32 is PEG12 linker

Asn Gln His Leu Cys Gly Ser His
10 15

Cys Gly Glu Arg Gly Phe Phe Xaa
25 30

Ser Ile Cys Ser Leu Tyr Gln Leu
45
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-continued

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: Xaa at position 26 is PEGl2 linker

<400> SEQUENCE: 205

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr

1 5 10

15

Leu Val Cys Gly Glu Arg Gly Phe Phe Xaa Gly Ile Val Glu Gln Cys

20 25 30

Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn Tyr Cys Asn

35 40 45

<210> SEQ ID NO 206

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (25)..(25)

<223> OTHER INFORMATION: Xaa at position 25 is PEGl2 linker

<400> SEQUENCE: 206

Gly Pro Glu His Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Tyr Leu

1 5 10

15

Val Cys Gly Asp Arg Gly Phe Tyr Xaa Gly Ile Val Asp Glu Cys Cys

20 25 30

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Asn Tyr Cys Asn
35 40 45

<210> SEQ ID NO 207

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (25)..(25)

<223> OTHER INFORMATION: Xaa at position 25 is PEGl2 linker

<400> SEQUENCE: 207

Gly Pro Glu His Leu Cys Gly Ala His Leu Val Asp Ala Leu Tyr Leu

1 5 10

15

Val Cys Gly Asp Arg Gly Phe Tyr Xaa Gly Ile Val Asp Glu Cys Cys

20 25 30

His Arg Ser Cys Asp Leu Arg Arg Leu Glu Asn Tyr Cys Asn
35 40 45

1. A prodrug derivative of a single chain insulin agonist
analog comprising the general structure U-Z-B-LM-A
wherein

U is an amino acid or a hydroxy acid;

Z is an N-alkylated amino acid linked to said single chain
insulin analog through an amide bond between a car-
boxyl moiety of Z and an amine of the single chain
insulin analog,

B represents an insulin B chain comprising the sequence
Ro,-
X s LCGX 56X 50 LVX 33X 3, L X, LVCGX , X, ,GFX 5
(SEQ ID NO: 20);

A represents an insulin A chain comprising the sequence
GIVX X CCX XX, (CX LK X sLX X X
CX,,-R;5 (SEQ ID NO: 22); and

LM represents a linking moiety consisting of the sequence
X5:X5,GSSSX, X5z (SEQ ID NO: 29) linking the
carboxy terminus of the B chain to the amino terminus
of the A chain;

wherein

R,; is COOH or CONH,;

R,, is selected from the group consisting of AYRPSE
(SEQ ID NO: 14), FVNQ (SEQ ID NO: 12), PGPE
(SEQ ID NO: 11), a tripeptide glycine-proline-glutamic
acid, a tripeptide valine-asparagine-glutamine, a dipep-
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tide proline-glutamic acid, a dipeptide asparagine-glu-
tamine, glutamine, glutamic acid and an N-terminal
amine

X, is glutamic acid or aspartic acid;

X5 is glutamine or glutamic acid;

X, 1s histidine, threonine or phenylalanine;

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

X0 1s isoleucine or serine;

X, 1s serine or aspartic acid;

X4 is tyrosine, arginine, lysine, ornithine or alanine;

X, is glutamine, glutamic acid, arginine, alanine, lysine,
ornithine or leucine;

X, 1s glutamine, glutamic acid, arginine, aspartic acid or
lysine, ornithine;

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

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

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

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

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

X5 1s selected from the group consisting of histidine,
aspartic acid, glutamic acid, homocysteic acid and
cysteic acid;

X5 is selected from the group consisting of aspartic acid
and glutamic acid;

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

X5 1s tyrosine;

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

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

X,s 1s selected from the group consisting of tyrosine,
histidine, asparagine and phenylalanine;

X5, is selected from the group consisting of glycine,
alanine, valine, leucine, isoleucine and proline;

X5, is any amino acid other than tyrosine;

X5, and X4 are independently selected from the group
consisting of arginine, lysine and ornithine;

wherein the chemical cleavage half-life (t, ,) of U-Z from
the single chain insulin analog is at least about 1 hour
to about 1 week in PBS under physiological conditions.

2. The prodrug of claim 1, wherein

X, is aspartic acid;

X5 is glutamic acid

X, is histidine or phenylalanine;

X, is arginine, lysine or ornithine;

X0 1s serine;

X, 1s aspartic acid

X4 and X, 5 are independently arginine, lysine or ornith-
ine;

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

X, 1s methionine; and

X, is alanine or asparagine.

3. The prodrug of claim 1, wherein the first amino acid

and/or the second amino acid of the structure U-Z is an
amino acid in the D stereoisomer configuration.
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4. The prodrug of claim 1, wherein U-Z comprises the
structure of Formula X:

X
R, R, Il{s O
N
RS
fo) Ry Rg
wherein

R;, R,, R, and Ry are independently selected from the
group consisting of H, C,-C,4 alkyl, C,-C,, alkenyl,
(C,-C,5 alkyDOH, (C,-C,5 alkyD)SH, (C,-C; alkyl)
SCH;, (C,-C, alkyl)CONH,, (C,-C,, alkyl)COOH, (C, -
C, alky)NH,, (C,-C, alky)NHC(NH,")NH,, (C,-C,
alkyl)(C;-C4 cycloalkyl), (C,-C, alkyl)(C,-Cs hetero-
cyclic), (C,-C, alkyl)(C4-C,, aryDR,, (C,-C, alkyl)
(C5-C; heteroaryl), and C,-C,, alkyl(W)C,-C,, alkyl,
wherein W, is a heteroatom selected from the group
consisting of N, S and O, or

R, and R, together with the atoms to which they are
attached form a C;-C,, cycloalkyl or aryl; or

R, and Ry together with the atoms to which they are
attached form a C;-C; cycloalkyl;

R; is selected from the group consisting of C,-C, ¢ alkyl,
(C,-C,5 alkyD)OH, (C,-C,; alky)NH,, (C,-C,4 alkyl)
SH, (Cy-C, alkyl)(C;-Cy)eycloalkyl, (C,-C, alkyl)(C,-
Cs heterocyclic), (Cy-C, alkyl)(C4-C,, aryDR,, and
(C,-C, alkyl)(C;-C, heteroaryl) or R, and R, together
with the atoms to which they are attached form a 4, 5
or 6 member heterocyclic ring;

R is NHR, or OH;

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

R, is selected from the group consisting of H, OH, C,-C,
alkyl, C,-C,; alkenyl, (C,-C, alky)CONH,, (C,-C,
alky)COOH, (C,-C, alkyl)NH,, (C,-C, alky])OH, and
halo.

5. The prodrug of claim 4 wherein

X,s 18 4-amino phenylalanine and U-Z is linked to the
single chain insulin agonist through an amide bond
between a carboxyl moiety of Z and the para amine of
4-amino phenylalanine at position A19.

6. The prodrug of claim 4 wherein U-Z is linked to the
single chain insulin agonist through an amide bond between
a carboxyl moiety of Z and the alpha amine of the N-ter-
minal amino acid of the B chain.

7. The prodrug of claim 4 wherein

R, and R, are independently C,-C,, alkyl or aryl;

R, is C,-C, 4 alkyl or R; and R, together with the atoms to
which they are attached form a 4-12 heterocyclic ring;

R, and Ry are independently selected from the group
consisting of hydrogen, C,-C,; alkyl and aryl; and

Rs is an amine or a hydroxyl.

8. The prodrug of claim 4, wherein

R, is selected from the group consisting of hydrogen,
C,-C, alkyl and aryl, or R, and R, are linked through
—(CH2)p-, wherein p is 2-9;

R, is C,-C, gz alkyl or R, and R, together with the atoms to
which they are attached form a 4-6 heterocyclic ring;
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R, and Ry are independently selected from the group
consisting of hydrogen, C,-C,; alkyl and aryl; and

Rs is an amine or N-substituted amine.

9. The prodrug of claim 4, wherein

R, is selected from the group consisting of H and C,-C,
alkyl;

R, is selected from the group consisting of H, C,-C; alkyl,
C,-Cy alkenyl, (C1-C4 alky)OH, (C,-C, alkyl)NH,,
(Cy-C, alky)(C5-Cq cycloalkyl), (Cy-C, alkyD)(Cy-C
aryDR., and CH,(C,-C, heteroaryl) or R, and R
together with the atoms to which they are attached form
a 5 member heterocyclic ring;

R; is C,-C; alkyl;

R, is selected from the group consisting of H and C,-C,
alkyl; and

Ry is H.

10. The prodrug of claim 5, wherein

R, is selected from the group consisting of hydrogen,
C,-C,, alkyl and aryl, or R, and R, are linked through
—(CH,),—; wherein p is 2-9;

R, is C,-C, 4 alkyl or R; and R, together with the atoms to
which they are attached form a pyrrolidine ring;

R, and Ry are independently selected from the group
consisting of hydrogen, C,-C, alkyl and aryl; and

Rs is an amine or N-substituted amine.

11. The prodrug of claim 6, wherein

R, comprises (C, alkyl)NH, that is acylated at the amino
group of R, with an acyl group of sufficient size to bind
serum albumin;

R, and R, are each hydrogen;

R; is CH;; and

R is NH,.

12. The prodrug of claim 1 further comprising a polyeth-
ylene glycol chain linked to an amino acid of the structure
U-Z or the linking moiety.

13. The prodrug of claim 1 wherein a depot polymer is
linked to an amino acid of the structure U-Z or the linking
moiety.

14. The prodrug of claim 1 wherein an amino acid side
chain of said prodrug is covalently attached to an acyl group
or an alkyl group via an alkyl amine, amide, ether, ester,
thioether, or thioester linkage, wherein said acyl group or
alkyl group is non-native to a naturally occurring amino
acid.

15. A single chain insulin analog comprise the general
structure U-Z-B-LM-A wherein

U is an amino acid or a hydroxy acid;

Z is an N-alkylated amino acid linked to said single chain
insulin analog through an amide bond between a car-
boxyl moiety of Z and an amine of the single chain
insulin analog,

B represents an insulin B chain comprising the sequence
X JLCGXXJLVEALX , LVCGERGFX, (SEQ ID NO:
14);

A represents an insulin A chain comprising the sequence
GIVEQCCX, SICSLYQLENX,CX; (SEQ ID NO: 3);
and

LM represents a linking moiety consisting of the sequence
GAGSSSRR (SEQ ID NO: 32) or GYGSSSRR (SEQ
ID NO: 18);

X, is selected from the group consisting of threonine,
histidine and lysine;
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X, is an amino acid of the general structure

0
HN—CH—C
(CHo)m
X

wherein m is an integer selected from the group consisting
of 0-3;

X 1is selected from the group consisting of OH, OCHj,
NH, and NHR,,, wherein R, is a dipeptide element
comprising the general structure: U-Z, wherein Z is
linked to the phenyl group via an amide bond;

X, is selected from the group consisting of asparagine,
glycine and alanine;

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

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

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

X, is an amino acid of the general structure

HN—CH—C

(CH)m,

X2

wherein m is an integer selected from 0-3 and X, is
selected from the group consisting of OH, NH,, NHR,;
and OCHj;, wherein R, is a dipeptide a element com-
prising the general structure: U-Z, wherein Z is linked
to the phenyl group via an amide bond;

Xg is an amino acid of the general structure

HN—CH—C

(CH)m,

X13
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wherein m is an integer selected from 0-3 and X,; is 17. The prodrug of claim 1 wherein said A chain com-
selected from the group consisting of H, OH, NH,, prises a sequence of GIVEQCCTSICSLYQLENYCN (SEQ
NHR,, and OCHj;, wherein R, is a dipeptide element ID NO: 1), said B chain sequence comprises a sequence of
comprising the general structure: U-Z, wherein Z is FVNQHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID

linked to the phenyl group via an amide bond; NO: 2) or FVNQHLCGSHLVEALYLVCGERGFFYTKPT
X, is selected from the group consisting of a bond, (SEQ ID NO: 9); and
X,VNQ (SEQ ID NO: 21), VNQ, NQ and Q, wherein LM represents a linking moiety consisting of the sequence
X, is selected from the group consisting of phenylala- GAGSSSRR (SEQ ID NO: 32) or GYGSSSRR (SEQ
nine and desamino-phenylalanine. 1D NO: 18).
16. The prodrug of claim 15 wherein 18. A dimer or multimer comprising the prodrug of claim
X, is tyrosine; 1.
X, is tyrosine; 19. A pharmaceutical composition comprising the prodrug

of claim 1, and a pharmaceutically acceptable carrier.

20. A method of treating diabetes, said method comprising
administering an effective amount of a pharmaceutical com-
position of claim 19.

Xg is phenylalanine; and

U-Z is linked to the single chain insulin agonist through
an amide bond between a carboxyl moiety of Z and the
alpha amine of the N-terminal amino acid of the B
chain. L



