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risk. As aresult, hypoglycemia remains a key medical risk with huge burden on patients and

causes significant morbidity and mortality.

BRIEF SUMMARY

The present disclosure provides compounds comprising to two insulin molecules
covalently linked to form an insulin molecule dimer that may activate the insulin receptor with
regular insulin-like potency but with reduced maximum activity. These compounds are insulin
receptor partial agonists (IPRAs): they behave like other insulin analogs to lower glucose
effectively but with lower risk of hypoglycemia.

Provided are insulin receptor partial agonist covalent insulin dimers formulated as
novel and transformative basal insulins (once daily administration) that manifest an improved
therapeutic index (TI) over current standard of care (SOC) basal insulins. In one embodiment,
the IPRAs of the present disclosure may lower glucose effectively with reduced risk of
hypoglycemia in diabetic minipig and has the property of a once daily (QD) basal insulin. The
improved TT may empower practitioners to more aggressively dose IRPAs of the present
disclosure to achieve target goals for control of fasting glucose. Tight control of fasting glucose
and HbAIc by an IRPA may allow it to serve as 1) a stand-alone long-acting insulin with an
enhanced efficacy and safety profile in T2DM and 2) an improved foundational basal insulin in
TIDM (and some T2DDM) for use with additional prandial rapid-acting insulin analogs (RAA)
doses. Thus, the present invention provides the following embodiments.

The present disclosure provides an insulin receptor partial agonist or insulin dimer
comprising a first insulin or insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers

are covalently linked together through a linking moiety joining the side chain of an amino acid at

or near the carbexy terminus of the two respective B-chain polypeptides; and wherein at least

‘one amino terminus of the A-chain polypeptides and the B-chain polypeptides is covalently

linked to a substituent, with the proviso that the linking moiety does not include a disulfide bond.
In one aspect, there is provided an insulin receptor partial agonist comprising: a first insulin or

insulin analog heterodimer and a second insulin or insulin analog heterodimer,

-



each heterodimer including an A-chain polypeptide and a B-chain polypeptide, wherein the A-
chain polypeptide and the B-chain polypeptide are linked together through interchain disulfide
bonds; wherein the first and second insulin or insulin analog heterodimers are covalently linked
together through a linking moiety joining the side chain of an amino acid at or near the carboxy
terminus of the two respective B-chain polypeptides; and wherein the amino terminus of at least
one of the A-chain polypeptides and the B-chain polypeptides is covalently linked to a
substituent, with the proviso that the linking moiety does not include a disulfide bond. In
particular embodiments, at least the amino terminus of the A-chain polypeptide and the B-chain

polypeptide of the first insulin or insulin analog are covalently linked to a substituent.



10

15

20

25

30

In particular embodiments of the insulin receptor partial agonist or insulin dimer,
the amino terminus of each A-chain polypeptide and each B-chain polypeptide is covalently
linked to a substituent. In particular embodiments, the amino terminus of the A-chain
polypeptide and the B-chain polypeptide of the first insulin or insulin analog and the amino
terminus of the A-chain polypeptide and B-chain polypeptide of the second insulin or insulin
analog are each covalently linked to a substituent. 1n embodiments in which the amino termini
of the first and second insulin or insulin analogs are covalently linked to a substituent, the
substituent on the amino termini of the A-chain and B-chain polypeptides.of the first insulin or
insulin analog may be the same as the substituent on the amino termini of the A-chain and B-
chain polypeptides of the second insulin or insulin analog. In embodiments in which the amino
termini of the first and second insulin or insulin analogs are covalently linked to a substituent,
the substituent on the amino termini of the A-chain and B-chain polypeptides of the first insulin
or insulin analog may be different from the substituent on the amino termini of the A-chain and
B-chain polypeptides of the second insulin or insulin analog.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
the first and second insulin or insulin analog heterodimers are the same or wherein the first and
second insulin or insulin analog heterodimers are different.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the linking moiety covalently links the first insulin or insulin analog heterodimer and the
second insulin or insulin analog heterodimer via the epsilon amino group of a lysine residue at or
near the carboxy terminus of their respective B-chain polypeptides.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the substituent has a general formula RC(O)-, where R can be R’CH2, R’NH, R’0, and
R’ can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular
embodiments RC(Q)- may be acetyl, phenylacetyl , carbamoyl, N-alky! carbamoyl, or
alkoxycarbonyl. In particular embodiments, the substituent is selected from the group consisting
of acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine,
aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, N-dimethyl, and alkoxycarbonyl.

In particular embodiments of the insulin receptor partial agonist or insulin dimer,
each A-chain polypeptide independently comprises the amino acid sequence

GX2X3EQCCXGSICSLYQLX17NX19CX23 (SEQ ID NO:3) and each B-chain polypeptide
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X5LCGX09X30LVEALYLVCGERGFX27YTX31X37 (SEQ ID NO:4) or

X29VNQX25X926CGX29X3gLVEALYLVCGERGEX27YTX31X32X33X34X35 (SEQ ID
NO:5) wherein X is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or
histidine; X7 is glutamic acid or glutamine; X g is tyrosine, 4-methoxy-phenylalanine, alanine,
or 4-amino phenylalanine; Xo3 is asparagine or glycine; Xo7 is or phenylalanine and desamino-
phenylalanine; X754 is histidine or threonine; X26 is leucine or glycine; X»7 is phenylalanine or
aspartic acid; X29 is alanine, glycine, or serine; X3 is histidine, aspartic acid, glutamic acid,
homocysteic acid, or cysteic acid; X3 is aspartic acid, proline, or lysine; X37 is lysine or
proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X34 is arginine or-
absent; with the proviso at least one of X31 or X379 is lysine.

In particular embodiments of the insulin receptor partial agonist or insulin dimer,
the first and second insulins or insulin analogs are independently native human insulin, insulin
lispro, insulin aspart, desB30 insulin, or insulin glargine.

[n particular embodiments of the insulin receptor partial agonists or insulin
dimers, the linking moiety may be an optionally substituted group selected from the group
consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking
moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted
C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and
independently replaced by ~O-, -S-, -N(R)-, -C(0)-, C(0)0-, OC(O)-, -N(R)C(0)-, -C(O)N(R)-,
-S(0)-, -8(0)-, -N(R)SO7-, SOsN(R)-, a heterocyclic group, an aryl group, or a heteroaryl
group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an
acyl moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic
moiety.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the linking moiety is an acyl moiety, -C{O)RC(Q)-, where R is alkyl chain, poly(ethylene
glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-

containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain.
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In a further embodiment, the linking moiety is an alkyldioyl, -C(O)}(CH2), C(O)-,

wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a succinyl (C4) moiety, an
adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (C10) moiety, a dodecanedioy!
(C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl (C16) moiety.

The present disclosure further provides an insulin receptor partial agonist or
insulin dimer comprising the formula

D1-L-D2

wherein D1 and D2 are each independently an insulin or insulin analog
polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain
polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; L is a

linking moiety wherein one end of the linker moiety is attached to an amino acid residue at or
near the carboxyl group of D1 and the other end of the linker moiety is attached to an amino acid

residue at or near the carboxyl end of D2 with the proviso that L does not include a disulfide
linkage; and wherein the first and second insulin or insulin analog polypeptides include a
substituent attached to the amino terminus of the A-chain polypeptide and the B-chain
pelypeptide.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
D! and D2 are the same or wherein D! and D2 are different.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
the linking moiety covalently links D! and D2 via the epsilon amino group of a lysine residue at

or near the carboxy terminus of D1 and D2.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the substituent has a general formula RC(O)-, where R can be R'"CH2, R’'NH, R’O, and
R’ can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular
embodiments RC(O)- may be acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, or
alkoxycarbonyl. In particular embodiments, the substituent is selected from the group consisting
of acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine,
aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, N-dimethyl, and alkoxycarbonyl.

In particular embodiments of the insulin receptor partial agonist or insulin dimer,

each A-chain polypeptide independently comprises the amino acid sequence

-5-
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GXX3EQCCXgSICSLYQLX17NX19CX23 (SEQ ID NO:3) and each B-chain polypeptide
independently comprises the amino acid sequence
X25LCGX29X30L VEALYLVCGERGFX27YTX31X37 (SEQ ID NO:4) or
X9 VNQX05Xp6CGX29X30L VEALYLVCGERGFX97YTX31X32X33X34X35 (SEQ ID
NO:5) wherein X is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or
histidine; X7 is glutamic acid or glutamine; X9 is tyrosine, 4-methoxy-phenylalanine; alanine,
or 4-amino phenylalanine; X3 is asparagine or glycine; X77 is or phenylalanine and desamino-
phenylalanine; X95 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or
aspartic acid; Xog is alanine, glycine, or serine; X3¢ is histidine, aspartic acid, glutamic acid,
homocysteic acid, or cysteic acid; X31 is aspartic acid, proline, or lysine; X37 is lysine or
proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or
absent; with the proviso at least one of X317 or X372 is lysine.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,

wherein D! and D2 are independently native human insulin, insulin lispro, insulin aspart, desB30
insulin, or insulin glargine.

In particular embodiments of the insulin receptor partial agonists or insulin
dimers, the linking moiety may be an optionally substituted group selected from the group
consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking
moiety may be a bivalent, straight or branched, saturated or unsaturated; optionally substituted
C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and
independently replaced by -O-, -8-, -N(R)-, -C(0)-, C(OD)0O-, OC(O)-, -N(R)C(0O)-, -C(O)N(R)-,
-5(0)-, -5(0)2-, -N(R)SO9-, SO2N(R)-, a heterocyclic group, an aryl group, or a heteroaryl
group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an
acyl moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic
moiety.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the linking moiety is an acyl moiety, -C(O)RC(Q)-, where R is alkyl chain, poly(ethylene
glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-

containing moiety, a substituted acyl chain, or a polyethylene glyco! (PEG) chain. .
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In a further embodiment of the insulin receptor partial agonist or insulin dimer,

‘the linking moiety is an alkyldioyl, -C(O)CHy),C(O)-, wherein n = 0-45, including but not

limited to an oxalyl (C2) moiety, a succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol
(C8) moiety, a decanedioyl (C10) moiety, a dodecanedioyl (C12) moiety, a tetradecanedioyl
(C14) moiety, or a hexadecanedioyl (C16) moiety.

Further provided are compositions comprising any one of the aforementioned
insulin receptor partial agonists-or insulin dimer and a pharmaceutically acceptable carrier.

The present disclosure further provides an insulin receptor partial agonist or
insulin dimer comprising a first insulin or insulin analog heterodimer and a second insulin ot
insulin analog heterodimer each heterodimer including an A-chain polypeptide and a B-chain
polypeptide, wherein the A-chain polypeptide and the B-chain polypeptide are linked together
through interchain disulfide bonds; wherein the first and second insulin or insulin analog
heterodimers are covalently linked together through a linking moiety joining the side chain of an
amino acid at or near the carboxy terminus of the two respective B-chain polypeptides; and
optionally wherein the amino terminus of at least one of the A-chain polypeptides and the B-

chain polypeptides of the first insulin polypeptide or second insulin polypeptide is covalently

linked to a substituent, with the proviso that (1) the linking moiety does not include a disulfide

bond and (2) when the insulin or insulin analog is not a human insulin or insulin analog and the
amino terminus of the A-chain polypeptide and the B-chain polypeptide do not include a
substituent then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a
dodecanedioyl (C12) moiety.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
the first and second insulin or insulin analog heterodimers are the same or wherein the first and
second insulin or insulin analog heterodimers are different.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
the linking moiety covalently links the first insulin or insulin analog heterodimer and the second
insulin or insulin analog heterodimer via the epsilon amino group of a lysine residue at or near
the carboxy terminus of their respective B-chain polypeptides.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the substituent has a general formula RC(O)-, where R can be R’CH2, R’'NH, RO, and
R’ can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular

embodiments RC(O)-
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may be acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, or alkoxycarbonyl. In particular
embodiments, the substituent is selected from the group consisting of acetyl, phenylacetyl ,
carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine, aminoethylglucose (AEG),
AEG-C6, PEGI, PEG2, N-dimethyl, and alkoxycarbonyl.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
the first and second insulins or insulin analogs are independently native human insulin, insulin
lispro, insulin aspart, desB30 insulin, or insulin glargine.

In particular embodiments of the insulin receptor partial agonist or insulin dimer,
each A-chain polypeptide independently comprises the amino acid sequence

GX9X3EQCCXGSICSLYQLX17NX19CXp3 (SEQ ID NO:3) and each B-chain polypeptide

independently comprises the amino acid sequence

X75LCGX29X30LVEALYLVCGERGEFX27YTX31X32 (SEQ ID NO:4) or

X2 VNQX25X96CGX29X30LVEALYLVCGERGFEX7YTX31X32X33X34X35 (SEQID
NO:5) wherein X is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or
histidine; X7 is glutamic acid or glutamine; Xg is tyrosine, 4-methoxy-phenylalanine, alanine,
or 4-amino phenylalanine; X913 is asparagine or glycine; X»7 is or phenylalanine and desamino-
phenylalanine; X5 is histidine or threonine; X26 is leucine or glycine; X7 is phenylalanine or
aspartic acid; Xog is alanine, glycine, or serine; X3 is histidine, aspartic acid, glutamic acid,
homocysteic acid, or cysteic acid; X31 is aspartic acid, proline, or lysine; X37 is lysine or
proline; X373 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or
absent; with the proviso at least one of X3 or X327 is lysine.

In particular embodiments of the insulin receptor partial agonists or insulin
dimers, the linking moiety may be an optionally substituted group selected from the group
consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking
moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted
C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and
independently replaced by -O-, -S-, -N(R)-, -C(0)-, C(0)O-, OC(0)-, -N(R)C(O)-, -C(O)N(R)-,
-S(0)-, -5(0)2-, -N(R)SO5-, SO9N(R)-, a heterocyclic group, an aryl group, or a heteroaryl
group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an

acyl
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moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic
moiety.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the linking moiety is an acyl moiety, -C(O)RC(0O)-, where R is alkyl chain, poly(ethylene
glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-
containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain.

It a further embodiment of the insulin receptor partial agonist or insulin dimer,
the linking moiety is a C2-C20 acyl moiety:

In particular embodiments, the linking moiety is an alkyldioyl, -
C(O)}CHp)nC(0O)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a
succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioy! (C10)
moiety, a dodecanedioyl (C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl
(C16) moiety.

Further provided are compositions comprising any-one of the aforementioned
insulin receptor partial agonists or insulin dimers and a pharmaceutically acceptable carrier.

The present embodiment further provides an insulin receptor partial agonist or

insulin dimer comprising the formula
Dl.L-p2

wherein D1 and D2 are each independently an insulin or insulin analog
polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain
polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; L is a
linking moiety wherein one end of the linker moiety is attached to an amino acid residue at or
near the carboxyl group of D1 and the other end of the linker moiety is attached to an amino acid
residue at or near the carboxyl end of D2 with the proviso that L does not include a disulfide
linkage; and optionally, wherein at least one of D! or D2 includes a substituent attached to the
amino terminus of the A-chain polypeptide or the B-chain polypeptide of D! or D2; with the
proviso that (1) the linking moiety does not include a disulfide bond and (2) when the amino
terminus of the A-chain polypeptide and the B-chain polypeptide do not include a substituent

then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a dodecanedioyl
(C12) moiety.

9.
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In a further embodiment of the insulin receptor partial agonist or insulin dimer,

D! and D2 are the same or wherein D! and D2 are different.

1n a further embodiment of the insulin receptor partial agonist or insulin dimer,
the linking moiety covalently links D1 and D2 via the epsilon amino group of a lysine residue at

or near the carboxy terminus of D1 and D2,

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the substituent has a general formula RC(O)-, where R can be R’CH2, R’NH, R’0, and
R’ can be H, linear alkyl chain, amino acid, peptide, PEG, saccharides, which in particular
embodiments RC(O)- may be acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, or

alkoxycarbonyl. In patticular embodiments, the substituent is selected from the group consisting

of acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine,

aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, N-dimethyl, and alkoxycarbony!.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
DI and D2 are independently native human insulin, insulin lispro, insulin aspart, desB30 insulin,
or insulin glargine.

In particular embodiments of the insulin receptor partial agonist-or insulin dimer,
each A-chain polypeptide independently comprises the amino acid sequence
GX2X3EQCCXGSICSLYQLX | 7NX19CX23 (SEQ ID NO:3) and each B-chain polypeptide
independently comprises the amino acid sequence
X75LCGX09X30LVEALYLVCGERGFX27YTX 31 X132 (SEQ ID NO:4) or
X929 VNQX25X26CGX09X30LVEALYLVCGERGFX7YTX31X32X33X34X35 (SEQ ID
NO:5) wherein X is isoleucine or threonine; X1 is valine, glycine, or leucine; Xg is threonine or
histidine; X7 is glutamic acid or glutamine; X9 is tyrosine, 4-methoxy-phenylalanine, alanine,
or 4-amino phenylalanine; X573 is asparagine or glycine; X2 is or phenylalanine and desamino-
phenylalanine; X1 5 is histidine or threonine; X26 is leucine or glycine; X77 is phenylalanine or
aspartic acid; X9 is-alanine, glycine, or serine; X3¢ is histidine, aspartic acid, glutamic acid,
homocysteic acid, or cysteic acid; X371 is aspartic acid, proline, or lysine; X37 is lysine or
proline; X33 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or

absent; with the proviso at least one of X31 or X319 is lysine.

-10-
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In particular embodiments of the insulin receptor partial agonists or insulin
dimers, the linking moiety may be an optionally substituted group selected from the group
consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking
moiety may be a bivalent, straight or branched, saturated or unsaturated, optionally substituted
C1-C20 hydrocarbon chain wherein one or more methylene units are optionally and
independently replaced by -O-, -S-,-N(R)}-, -C(0)-, C(0)O-, OC(O)-, -N(R)C(O)-, -C{(O)N(R)-,
-8(0)-, -S(0)7-, -N(R)SO7-, SO7N(R)-, a heterocyclic group, an aryl group, or a heteroaryl
group, wherein each occurrence of R is independently hydrogen, a suitable protecting group, an
acyl moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic
moiety.

In a further still embodiment of the insulin receptor partial agonist or insulin
dimer, the linking moiety is an acyl moiety, -C{(O)RC(O)-, where R is alkyl chain, poly(ethylene
glycol) (PEG) chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-
containing moiety, a substituted acyl chain, or a polyethylene glycol (PEG) chain.

In a further embodiment of the insulin receptor partial agonist or insulin dimer,
the linking moiety is a C2-C20 acyl moiety.

In particular embodiments, the linking moiety is an alkyldioyl, -
C(O)(CH2)C(O)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a
succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (C10)
moiety, a dodecanedioyl (C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl
(C16) moiety.

The present disclosure further provides an insulin analog dimer comprising:

a first insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers
are covalently linked together through a linking moiety joining the side chain of an amino acid at
ot near the carboxy terminus of the two respective B-chain polypeptides; wherein the insulin

analog is selected from insulin lispro, insulin aspart, and insulin glargine; and optionally wherein

the amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of

the first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent,

with the proviso that the linking moiety does not include a disulfide bond.

-11-
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In a further embodiment of the insulin receptor partial agonist, the first and
second insulin or insulin analog heterodimers are the same or wherein the first and second
insulin or insulin analog heterodimers are different.

In a further embodiment of the insulin receptor partial agonist, the linking moiety
covalently links the first insulin or insulin analog heterodimer and the second insulin or insulin
analog heterodimer via the epsilon amino group of a lysine residue at or near the carboxy
terminus of their respective B-chain polypeptides.

In a further still embodiment of the insulin receptor partial agonist, the substituent
has a general formula RC(O)-, where R can be R’CH2, R’NH, R’0, and R’ can be H, linear alkyi
chain, amino acid, peptide, PEG, saccharides, which in particular embodiments RC(O)- may be
acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, or alkoxycarbonyl. In particular
embodiments, the substituent is selected from the group consisting of acetyl, phenylacetyl ,
carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine, aminoethyiglucose (AEG),
AEG-C6, PEG1, PEG2, N-dimethyl, and alkoxycarbonyl.

In a further embodiment of the insulin receptor partial agonist, at least one of the
first and second insulin or insulin analog is further conjugated to polyethylene glycol, a sugar
moiety, or a heterocycle.

In particular embodiments of the insulin receptor partial agonists, the linking
moiety may be an optionally substituted group selected from the group consisting of acyl,
aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking moiety may be a
bivalent, straight or branched, saturated or unsaturated, optionally substituted C1-C20
hydrocarbon chain wherein one or more methylene units are optienally and independently
replaced by -O-, -S-, -N(R)-, -C(0)-, C(0)O-, OC(0)-, -N(R)C(O)-, -C(O)N(R)-, -S(O)-, -
S(0)2-, -N(R)SO9-, SOpN(R)-, a heterocyclic group, an aryl group, or a heteroaryl group,
wherein each occurrence of R is independently hydrogen, a suitable protecting group, an acyl
moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic
moiety.

In a further still embodiment of the insulin receptor partial agonist, the linking
moiety is an acyl moiety, -C(O)RC(0)-, where R is alkyl chain, poly(ethylene glycol) (PEG)
chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-containing moiety, a

substituted acyl chain, or a polyethylene glycol (PEG) chain.

-12-



i0

15

20

25

30

In a further embodiment of the insulin receptor partial agonist, the linking moiety
is a C2-C20 acyl moiety.

In particular embodiments , the linking moiety is an-alkyldioyl, -
C(O)(CH2),C(0)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a
suceinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (C10)
moiety, a dodecanedioyl (C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl
(C16) moiety.

The present disclosure further provides an insulin analog dimer comprising the

formula
Dl.L-D2

wherein D! and D2 are each independently an insulin or insulin analog

polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds; L is a

linking moiety wherein one end of the linker moiety is attached to an amino-acid residue at or
near the carboxyl group of D and the other end of the linker moiety is attached to an amino acid

residue at or near the carboxyl end of D2 with the proviso that L does not include a disulfide

linkage; wherein the insulin analog is selected from insulin lispro, insulin aspart, and insulin
glargine; and optionally, wherein at least one of D1 or D2 includes a substituent attached to the
amino terminus of the A-chain polypeptide or the B-chain polypeptide of D! or D2;with the
proviso that the linking moiety does not include a disulfide bond.

In a further embodiment of the insulin receptor partial agonist, D! and D2 are the

same or wherein D! and D2 are different.

In a further embodiment of the insulin receptor partial agonist, the linking moiety
covalently links D! and D2 via the epsilon amino group of a lysine residue at or near the carboxy
terminus of D! and D2.

In a further still embodiment of the insulin receptor partial agonist, the substituent
has a general formula RC(O)-, where R can be R’CH2, R’NH, R’0, and R’ can be H, linear alkyl
chain, amino acid, peptide, PEG, saccharides, which in particular embodiments RC(O)- may be

acetyl, phenylacetyl , carbamoyl, N-alkyl
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carbamoyl, or alkoxycarbonyl. In particular embodiments, the substituent is selected from the
group consisting of acetyl, phenylacetyl , carbamoyl, N-alky! carbamoyl, isobutyl, methoxy
acetyl, glycine, aminoethylglucose (AEG), AEG-C6, PEG1, PEG2, N-dimethyl, and
alkoxycarbonyl,

In particular embodiments of the insulin receptor partial agonists, the linking
moiety may be an optionally substituted group selected from the group consisting of acyl,
aliphatic, heteroaliphatic, aryl, heteroaryl, and heterocyclic. The linking moiety may be a
bivalent, straight or branched, saturated or unsaturated, optionally substituted C1-C20
hydrocarbon chain wherein one or more methylene units are optionally and independently
replaced by -O-, -S-, -N(R)-, -C(0)-, C(0)O-, OC(O)-, -N(R)C(O)-, -C(O)N(R)-, -S(O})-, -
S(O)2-, -N(R)SO3-, SO9N(R)-, a heterocyclic group, an aryl group, or a heteroaryl group,
wherein each occurrence of R is independently hydrogen, a suitable protecting group, an acyl
moiety, arylalkyl moiety, aliphatic moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic
moiety.

In a further still embodiment of the insulin receptor partial agonist, the linking
moiety is an acyl moiety, -C(O)RC(0O)-, where R is alkyl chain, poly(ethylene glycol) (PEG)
chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-containing moiety, a
substituted acyl chain, or a polyethylene glycol (PEG) chain.

In a further embodiment of the insulin receptor partial agonist, the linking moiety
is a C2-C20 acyl moiety.

In particular embodiments, the linking moiety is an alkyldioyl, -
C(O)}CH2)nC(O)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a
succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyel (C8) moiety, a decanedioyl (C10)
moiety, a dodecanedioyl (C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl
(C16) moiety.

In another aspect, there is provided an insulin receptor partial agonist comprising
the formula

D'-L-D?

wherein D' and D? are each independently an insulin or insulin analog
polypeptide,

wherein each insulin polypeptide is a heterodimer comprising an A-chain

polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds;
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L is a linking moiety wherein one end of the linker moiety is attached to an amino
acid residue at or near the carboxyl group of D' and the other end of the linker moiety is attached
to an amino acid residue at or near the carboxyl end of D* with the proviso that L does not
include a disulfide linkage; and

wherein the first and second insulin or insulin analog polypeptides include a
substituent attached to the amino terminus of the A-chain polypeptide and the B-chain
polypeptide;.
or

an insulin receptor partial agonist comprising:

a first insulin or insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds;

wherein the first and second insulin or insulin analog heterodimers are covalently
linked together through a linking moiety joining the side chain of an amino acid at or near the
carboxy terminus of the two respective B-chain polypeptides; and

optionally wherein the amino terminus of at least one of the A-chain polypeptides
and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is
covalently linked to a substituent,

with the proviso that (1) the linking moiety does not include a disulfide bond and
(2) when the amino terminus of the A-chain polypeptide and the B-chain pelypeptide do not
include a substituent then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8)
moiety, or a dodecanedioyl (C12) moiety; or

an insulin receptor partial agonist comprising the formula

D'-L-D’

wherein D' and D? are each independently an insulin or insulin analog
polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain
polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds;

L is a linking moiety wherein one end of the linker moiety is attached to an amino

acid residue at or near the carboxy! group of D' and the other end of the linker moiety is attached
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to an amino acid residue at or near the carboxyl end of D* with the proviso that L does not
include a disulfide linkage; and

optionally, wherein at least one of D! or D? includes a substituent attached to the
amino terminus of the A-chain polypeptide or the B-chain polypeptide of D' or D?;

with the proviso that (1) the linking moiety does not include a disulfide bond and
(2) when the insulin or insulin analog is not a human insulin or insulin analog and the amino
terminus of the A-chain polypeptide and the B-chain polypeptide do not include a substituent
then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a dodecanedioyl
(C12) moiety; or

an insulin analog dimer comprising:

a first insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds;

wherein the first and second insulin or insulin analog heterodimers are covalently
linked together through a linking moiety joining the side chain of an amino acid at or near the
carboxy terminus of the two respective B-chain polypeptides;

wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30
insulin, and insulin glargine; and

optionally wherein the amino terminus of at least one of the A-chain polypeptides
and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is
covalently linked to a substituent,

with the proviso that the linking moiety does not include a disulfide bond; or

an insulin analog dimer comprising the formula

D'-L-D?

wherein D! and D? are each independently an insulin or insulin analog
polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain
polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds;

L is a linking moiety wherein one end of the linker moiety is attached to an amino

acid residue at or near the carboxyl group of D' and the other end of the linker moiety is attached
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to an amino acid residue residue at or near the carboxyl end of D” with the proviso that L does
not include a disulfide linkage;

wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30
insulin, and insulin glargine; and

optionally, wherein at least one of D' or D* includes a substituent attached to the
amino terminus of the A-chain polypeptide or the B-chain polypeptide of D' or D?;

with the proviso that the linking moiety does not include a disulfide bond.

The present disclosure provides an insulin receptor partial agonist, comprising

a first insulin or insulin analog heterodimer and a second insulin or insulin analog

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,

‘wherein the A-chain polypeptide and the B-chain polypeptide are linked together through

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers
are covalently linked together through a linking moiety joining the side chain of an amino acid at
or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the
amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the
first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and

wherein the insulin receptor partial agonist has a maximal response towards the human insulin
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receptor (IR) that is about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% of
the maximal response of native human insulin towards the IR as determined by a functional
phosphorylation assay; or

a first insulin or insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers
are covalently linked together through a linking moiety joining the side chain of an amino acid at
or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the
amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the
first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and
wherein the insulin receptor partial agonist has a maximal response towards the human insulin
receptor {(IR) that is between 20% and 70%, 40% and 70%, 50% and 70%, 40% and 60%, or
20% and 40% of the maximal response of native human insulin towards the IR as determined by
a functional phosphorylation assay; or

a first insulin or insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers
are covalently linked together through a linking moiety joining the side chain of an amino acid at
or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the
amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the
first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and
wherein the insulin receptor partial agonist has a maximal response towards the human insulin
receptor (IR) that is at least 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% of
the maximal response of native human insulin towards the IR as determined by a functional
phosphorylation assay; or

a first insulin or insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers
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are covalently linked together through a linking moiety joining the side chain of an amino acid at
or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the
amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the
first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and
wherein the insulin receptor partial agonist has a maximal response towards the human insulin
receptor (IR) that is less than 70% of the maximal response of native human insulin towards the
IR as determined by a functional phosphorylation assay; or

a first insulin or insulin analog heterodimer and a second insulin or insulin analog

heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,

wherein the A-chain polypeptide and the B-chain polypeptide are linked together through

interchain disulfide bonds; wherein the first and second insulin or insulin analog heterodimers
are-covalently linked together through a linking moiety joining the side chain of an amino acid at
or near the carboxy terminus of the two respective B-chain polypeptides; optionally wherein the
amino terminus of at least one of the A-chain polypeptides and the B-chain polypeptides of the
first insulin polypeptide or second insulin polypeptide is covalently linked to a substituent; and
wherein the insulin receptor partial agonist has a maximal response towards the human insulin
receptor (IR) that is about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, or 70% of
the maximal response of native human insulin towards the IR as determined by a functional
phosphorylation assay.

In the above embodiments, the functional phosphorylation assay may be an
Insulin Receptor (IR) AKT-Phosphorylation assay.

In a further embodiment of the insulin receptor partial agonist, the linking moiety
does not include a disulfide bond and when the amino terminus of the A-chain polypeptide and
the B-chain polypeptide do not include a substituent the linking moiety is not an oxalyl (C2)
moicty, a suberyol {C8) moiety, or a dodecanedioyl (C12) moiety.

In a further embodiment of the insulin receptor partial agonist, the first and

second insulin or insulin analog heterodimers are the same or wherein the first and second

insulin or insulin analog heterodimers are different.

In a further embodiment of the insulin receptor partial agonist, wherein the linking

‘moiety covalently links the first.insulin or insulin analog heterodimer and the second insulin or
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insulin analog heterodimer via the epsilon amino group of a lysine residue at or near the carboxy
terminus of their respective B-chain polypeptides.

In a further still embodiment of the insulin receptor partial agonist, the substituent
has a general formula RC(O)-, where R can be R’CH2, R’NH, R’Q, and R’ can be H, linear alkyl
chain, amino acid, peptide, PEG, saccharides, which in particular embodiments RC(O)- may be
acetyl, phenylacetyl , carbamoyl, N-alkyl carbamoyl, or alkoxycarbonyl. In particular
embodiments, the substituent is selected from the group consisting of acetyl, phenylacetyl ,
carbamoyl, N-alkyl carbamoyl, isobutyl, methoxy acetyl, glycine, aminoethylglucose (AEG),
AEG-C6, PEG1, PEG2, N-dimethyl, and alkoxycarbonyl.

In a further embodiment of the insulin receptor partial agonist, the first and
second insulins or insulin analogs are independently native human insulin, insulin lispro, insulin
aspart, desB30 insulin, or insulin glargine.

In particular embodiments of the insulin receptor partial agonist, each A-chain
polypeptide independently comprises the amino acid sequence
GX5X3EQCCXRSICSLYQLX17NX19CX23 (SEQ ID NO:3) and each B-chain polypeptide
independently comprises the amino acid sequence

X25LCGX09X30LVEALYLVCGERGFX27YTX31X32 (SEQ ID NO:4) or
X22VNQX25X26CGX29X30LVEALYLVCGERGEX27YTX31X32X33X34X35 (SEQ ID
NO:5) wherein X is isoleucine or threonine; X3 is valine, glycine, or leucine; Xg is threonine or
histidine; X7 is glutamic acid or glutamine; X9 is tyrosine, 4-methoxy-phenylalanine, alanine,
or 4-amino phenylalanine; X3 is asparagine or glycine; X7 is or phenylalanine and desamino-
phenylalanine; X754 is histidine or threonine; X26 is leucine or glycine; X27 is phenylalanine or
aspartic acid; X9g is alanine, glycine, or serine; X3¢ is histidine, aspartic acid, glutamic acid,
homocysteic acid, or cysteic acid; X3 is aspartic acid, proline, or lysine; X32 is lysine or
proline; X133 is threonine, alanine, or absent; X34 is arginine or absent; and X35 is arginine or
absent; with the proviso at least one of X3 or X3 is lysine.

In particular embodiments of the insulin receptor partial agonists, the linking moiety may
be an optionally substituted group selected from the group consisting of acyl, aliphatic, heteroaliphatic,
aryl, heteroaryl, and heterocyclic. The linking moiety may be a bivalent, straight or branched, saturated

or unsaturated, optionaily substituted C1-20 hydrocarbon chain wherein
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one or more methylene units are optionally and independently replaced by -O-, -S-, -N(R)-, -
C(0)-, C(0)0-, OC(0})-, N(R)C(O)-, -C(OIN(R)-, -S(0)-, -S(O)2-, -N(R)SO9-, SOHN(R}-, a
heterocyclic group, an aryl group, or a heteroaryl group, wherein each occurrence of R is
independently hydrogen, a suitable protecting group, an acyl moiety, arylalkyl moiety, aliphatic
moiety, aryl moiety, heteroaryl moiety, or heteroaliphatic moiety.

In a further still embodiment of the insulin receptor partial agonist, the linking
moiety.is an acyl moiety, -C(O)RC(O)-, where R is alky! chain, poly(ethylene glycol) (PEG)
chain, amide-containing chain, triazole(s)-containing chain, cyclooctyne-containing moiety, a
substituted acyl chain, or a polyethylene glycol (PEG) chain.

In a further embodiment of the insulin receptor partial agonist, the linking moiety
is a C2-C20 acyl moiety.

In particular embodiments., the linking moiety is an alkyldioyl, -

C(O)(CH»)n C(O)-, wherein n = 0-45, including but not limited to an oxalyl (C2) moiety, a

succinyl (C4) moiety, an adipoyl (C6) moiety, a suberyol (C8) moiety, a decanedioyl (C10)
moiety, a dodecanedioyl {C12) moiety, a tetradecanedioyl (C14) moiety, or a hexadecanedioyl
(C16) moiety.

The present disclosure further provides-an insulin dimer comprising a.first B29 or B28
Lys of a first insulin heterodimer molecule having a first A-chain polypeptide and first B-chain
polypeptide and a second B29 or B28 Lys of a second insulin heterodimer having a second A-chain
polypeptide and second B-chain polypeptide conjugated together by a bifunctional linker selected from
the group consisting Linker 1, Linker 2, Linker 3, Linker 10, Linker 11, Liner 12, Linker 13, Linker
14, Linker 15, Linker 16, Linker 17, Linker 18, Linker 19, Linker 20, Linker 21, Linker 22, Linker
23, Linker 24, Linker 25, Linker 26, Linker 27, Linker 28, Linker 29, Linker 30, Linker 31, Linker
32, Linker 33, Linker 34, Linker 35, Linker 36, Linker 37, Linker 38, Linker 39, Linker 40, Linker
41, Linker 42, Linker 43, Linker 44, Linker 45, Linker 46, Linker 47, Linker 48, Linker 49, and
Linker 50 with the proviso that when the bifunctional linker is Linker 10, Linker 11, Linker 12, Linker
13, or Linker 14, at least one of the first or second A-chain or B-chain polypeptides is conjugated at its
N-terminal amino acid to a substituent or at least the A-terminal amino acids of the first insulin
heterodimer molecule are conjugated to a substituent or the N-terminal amino acids of both the first

insulin heterodimer and second insulin heterodimer are conjugated to a substituent.
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In particular embodiments, the substituent comprises an N-hydroxysuccinimide

ester linked to a group having the general formula RC(O)-, where R can be R’CH»y, R'NH, R’O,
and R’ can be H, linear alkyl chain, amino acid, peptide, polyethylene glycol (PEG), saccharides.

In particular embodiments, the substituent is a carbamoyl group, acetyl group, glycine, methyl
group, methoxy group, dimethyl group, isobutyl group, PEG1 group, AEG group, AEG-C6 alkyl
group, or PEG2 group. '

The present disclosure further provides an insulin dimer comprising a first B29 or
B28 Lys of a first insulin heterodimer molecule having a first A-chain polypeptide and first B-
chain polypeptide is conjugated to a first linker selected from the group consisting of Linker 5
and Linker 7 and a second B29 or B28 Lys of a second insulin heterodimer having a second A-

chain polypeptide and second B-chain polypeptide conjugated to a second linker selected from

the group consisting of Linker 4, Linker 6, Linker 8, and Linker 9 conjugated together via the

first linker and the second linker.
In a further embodiment, the present invention provides an insulin analog dimer,

comprising a first B29 or B28 Lys of a first insulin heterodimer molecule having a first A-chain

‘polypeptide and first B-chain polypeptide conjugated to a first linker selected from the group

consisting of Linker 5 and Linker 7 and a second B29 or B28 Lys of a second insulin
heterodimer having a second A-chain polypeptide and second B-chain polypeptide conjugated to
a second linker selected from the group consisting of Linker 5 and Linker 7, wherein the first

and second linkers are conjugated together via a bridging linker having a structure

R

wherein R is a covalent bond, a carbon atom, a phenyl, a heteroatom, or an optionally substituted
group selected from the group consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and
heterocyclic. In particular embodiments R is a C2, C3, C4, C6, C7, C8, C9 or C10 acyl group or
a PEG2, PEG3, PEG4, PEGS, PEG6, PEG7, PEG8, PEGY,PEG10, PEGL1, PEG12, PEG13, or
PEG25.

In particular embodiments, the substituent comprises an N-hydroxysuccinimide

ester linked to a group having the general forrmula RC(O)-, where R can be R’CH», R'NH, R’O,

and R’ can be H, linear alkyl chain, amino acid, peptide, polyethylene glycol (PEG), saccharides.

In particular embodiments, the substituent is a carbamoyl group, acetyl group, glycine, methy!
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group, methoxy group, dimethyl group, isobutyl group, PEG1 group, AEG group, AEG-C6 alkyl
group, or PEG2 group.

In a further rembodiment, the present invention provides an insulin analog dimer,
comprising a first B29 or B28 Lys of a first insulin heterodimer molecule having a first A-chain
pelypeptide and first B-chain polypeptide conjugated to a first linker selected from the group
consisting of Linker 4, Linker 6, Linker 8, and Linker 9 and a second B29 or B28 Lys of a
second insulin heterodimer having a second A-chain polypeptide and second B-chain
polypeptide conjugated to a second linker selected from the group consisting of Linker 4,

Linker 6, Linker 8, and Linker 9, wherein the first and second linkers are conjugated together

'via a bridging linker having a structure

N;——R——N;
wherein R is a covalent bond, a carbon atom, a phenyl, a heteroatom, or an optionally substituted
group selected from the group consisting of acyl, aliphatic, heteroaliphatic, aryl, heteroaryl, and
heterocyclic. In particular embodiments R is a C2, C3, C4, C6, C7, C8, C9 or C10 acyl group or
a PEG2, PEG3, PEG4, PEGS5, PEG6, PEG7, PEGS, PEGY,PEG10, PEG11, PEG12, PEG13, or
PEG 25.

In particular embodiments, the substituent comprises an N-hydroxysuccinimide
ester linked to a group having the general formula RC(O)-, where R can be R’CHp, R'NH, R’0,
and R’ can be H, linear alkyl chain, amino acid, peptide, polyethylene glycol (PEG), saccharides.
In particular embodiments, the substituent is a carbamoyl group, acetyl group, glycine, methyl
group, methoxy group, dimethyl group, isobutyl group, PEG1 group, AEG group, AEG-C6 alkyl
group, or PEG2 group.
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Dimer 19;
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Dimer 25;
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Dimer 37;

,E\/\T /\ L. Q. E. Y N
G/\ o ¥ Y L/ N/\C/ OH

Ne Q. LG UHO V. AL X LG g R P Ya o Pr  OH
FY Qb Cog Vg A s g B R P e g

c——cC
I UEC/ N T /N L. Q. E. LY.
WV g ¢ s s Y N o on
N .a. L.l G, ALY A /G R Fup P L OH

P ~ /H\ - ~ -
FPONTHO T8 LT CET L C" T E” G
Dimer 38;

G/\ r \/\/T\ /\/L\Y/ \L/E\ /\

Q COH

No Q. L _Ge _H. M
FPONTTHT CT ST LT E

C—
I /E /\ T /\ \ ~ E\
&V e Nso” Ny BN on
Qe Lo LB HL AL Y /G RGP Yo P

AN AL G LR PP T
e TET 6T FT T KT

FFOONTTHTCT TS C E
Dimer 39;
/ < A
RN C\ s\/\ L.y-Q. E NN
/ L °N
F/V\ /Q \C/ \ I-/V\ A\L/Y\L/V\C/G\ErR\G/F\F/Y\T’P\K/T
/ \C _C. O;\/\/\N’N\\
\ / ~ - ~ E- /Y N —
,v\ g e v\ Al Yo N LG, _R._Fo_N_.P. T
F C A T CTTET G FT T K

8]

-20n-



Dimer 40;
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/\ ey 0
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0
e
/‘- \/\r\ Y ~ \
v C A NG R P Y
Dimer 61;
/\ L
HZNT /V\/ C /\ L r N/Y N
o)
Ji§
H2N /V\ / \C/ /V\ \L/Y\L/‘V\CJG E R G F‘\ /Y\
/\ C\ J\W
\n,\,v\ C. N /\ Ay Q. N
0
i
/V\ s/ \ Y. Vs, J. T '\,\/
C Vg A S NG R P p AN P T
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Dimer 62;

C\
HZN\[r Mg ,Q C N /\ ey L,E\N,Y/ N
o}
Ji§
HoN PN Crg i A g A AN ARG R P S P K T
o
/ N _C, o
T = Co PN /\ ey N,Y N
o)
o)
/V\ \ / ~ - N - ~
)k C A Mg L/Y\L/V“c CopReg-Fap g P
CH;
Dimer 63;
/ < C..
_Hsz/ g NN /\ Ay L’E‘N’Y/ N
o)
X,
/V\ f \ / ~ -~ Y V\ - SN PR
H,N C A A A AN NG R R Y PK
AT / . 0 °
\n’ NP C N B Y/ N
o)
0
JL SYANPLC NPT BN NSV NP NP YA AN NS S N
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Dimer 64;

Y\G/'\V/

\r\F/V\N,Q\HzL\l/G\S,H\L/V\E—A L/Y\L/V\C,G Re F\ /Y\ Dy /T

C—....
E./ \ T /\ Q. E, N,
a ¢’ o+ Yo ’\c ‘OH

N, N / \ T / \ /L\Y/Q\L/E\N/\ /N

Y\GVQ ¢’ OH

Ea z / -~ /G\ IH\ V\ rA Y ~ R Y - \ T
Y\F e Cs e A S NG R Pop Y Doy

Dimer 65;

S C
HNL B Mg / S\l/\ Ley-Qu,. N

™

C.
0O
hi§
/\ \/ ~ -~ T V\/s F\/Y\. \./
H,N v C Hop Mg A Y B R s

/\ .S /\ Ly ,Y’C‘N A\N\f

Co
ZNTG‘I/V‘ = / B
o)

O
2NJL QL

/V\ \L/Y\L/V\ /Gs ’tR\ /F\ /Y\ ’P\K/T

C cCE G FT

o CHs
HsC
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Dimer 66;
—C

\
H‘*C‘G\I,v\ p /¢ ’5\1/ \S,L\Y,Q

HyC” EQ/
C V\r\/'
Ha ,NQHL

C\
~ X7 N
~ /G\ rH\ V\ fA\ Y V\ /G-. /R\ /F Y rP\ /T
CT8T LT ET T T G ET G CFT T K

*L/E‘N

OF
HSC J\/\
. 0] SO~
H3C\ / \ /\ /C\ @] 8]
Ve - C. s L E..Y/ N
H3C @ L’ N
HaC. V. V. Yo N LG _Ro P N P T °
3 ’F/ \ \C/ L/ \ L/ \L/ \Cz sE/ \G, \F/ \T, \K/ /—/
H3C )_/—O
o)
Dimer 67;
/ N, P
Aop-Q [*N -8~ /\ Aoy QB YN
, \ / Y Gm fR\ ,F:\ /Y fP\. /T
Qb Av S A c E "G F7CTT K
0 : SN
VAN, Iy YO
G M@ C._.S. /\ Alay-Qu, N NYN
/ HN
/V\ - ~ I -~ / V\- -~ Y V\ /G\ ;R\ )F\ Y JP\ /T
F Q C o Aog-A LT e TET G FT T K

9]
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Dimer 68;

YG\I/V\ S /\ L ,Y CN

N Qo LG Ho Mo AL Yo N LG _Re__F N P .T
)LFVNQH CT s LT ET LT Y CGE G‘F’TPK

OJ\/\ A~
/\C S/\,L\, \,YC\N © ?

\H/G\I/V\E)Q
o]
0
.\I\I\ZG\ /H\ ‘ «A\ Y V A e A N 4
)LF/V N Doyt Cog i A A S AN LB e R P Y p P T /_/

O)_/— C

Dimer 69,

.
/\ S/\L E,Y/‘N

O/Y < /V\ QG N
o\)k N Qe C/,

eSS B R P S P T

/ \ /\ _C, OA\/\O/\/O\/\O
NP C. BN Ay QB YN
’Y / QB
o\)L M Qe LB HO AL Y LB R P P T C)/_/
o}_/_
Dimer 70;

c—¢
I /E\ / \ T / \ L\ lQ\ E\ Y /N\
v d ¢ s &Y 1Y N7 ¢’ oH

F/V\N,Q\H)L\C/G\ ,H\L/V\E,A\L/Y\L/V\ ,G\ ,R\ ,F\ /Y\ JP\ /T\

S c BTG CFTT Pl(\ OH
S0
I E /C\ /C\ L E N
TN T ~ ,- ~ Y N
gV d ¢ s s Y Y N7 ¢ oH 0
’V\ ,Q. /L\ /G\ /H\ V ¢A- Y M o «R'\ fF Y ,P\ /T\
EN e e e e e N NG e e T e N e Tk o
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Dimer 71;

/\

I ,E\/\T /\ L. Q. E,
Y, ¢ Ns-1” 8T Y N Y OH

F’V\N’Q‘ »L\C/G\S,H\L/V\E,A\L/Y\L/V\C,'G\ »R\ /F\. /Y\ ,P\ /T\

H E"°G" F7 °T” K™ OH
..‘\\\o
. E /C\ /\ L. Q. E_ Y O
s T N, N ~ "
G/ \V \Q C/ e v L/ N/ \C/ OH 0\\‘.

/V\ fQ~ /L\ IG\. /H\ V .rA\ Y . - ;Rs /F Y\ 4P\\’ /T\
VSN G M S A S VS B R P - P Ty
Dimer 72;

c—
/N _C.
H2NTG‘|-’V‘E’ *N 7755 / \ ALay-Qup. N
0
X
/\/sd‘\/\’H‘h V\,A\ S N e PN \;\/.
H,N FSN e Crg P g A S NGB R P p Y g Py T
C C
/N C
H,N cs./ \_L.a._E. YT N
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Dimer 73;

/ \ C\
HZN\n, NS BN /\ Ay Qe N
o)
0
HZN/U\F’V‘ QL f B A A N LG R P Yo Py T
DJ\/\/\/ :
_C.
\n,\/v\,cz C S/\L \N/Y N
o)
et
/V\ ; ’ -~ ,‘G\ ,H\ -~ - -~ RS e P ) W ~ I -
p g Crg g A N NGB R P Y
Dimer 74;
/ SN C.
NPT C._.S. /\ Ly EN,Y/ N
/V\ \//\ V\ ~ P L RN BN PNV e
F ¢V g A S N B R P p AN g Py T
C\ '8)
G\,V\,Q C\ 175~ /\L v-Q,. N
: Ny,
Nl

F/V\N/Q\H/L\G/G\S/H\L/ \Ea A-L_/Y\L/V\C/G\E,R\GIF\F/Y\T.-P\K/T
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Dimer 75;

C
Gy Mg ,Q/\ N /\ Loy AQs . AY

/V\ /L\C/G H\ /V\ A\L/Y\L/V\C,G\E,R\G,F\F/Y\T,PsK/T

/ \C _c. OJ\/\O/\/O\L
/ ,Lsy,Q\L,E,N,Y N
rV\ ,Q LG

F \C I_/V\ \L/Y\L/V\C,G\E,R\G/F\F/Y\T¢P\K/T

OJ\/\O/\/O\/\O

/V\
(@]

Dimer 76;

N” ~¢” OH

0 c—C
i /E\ /\ T / \ L\ / E\ Y N
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~ IH‘- JA\ Y s le /F Y\ /P\ /T\
HZNTF N e Crg N A S NGB R P p K\_OH
=0

0 C——C
/ / \ T / \ L\ / E\ Y N
/U\G/ v -0 8 TN e oH o

fV\N/Q IL\

/G\ zH\ V IA\ Y Ny ~ IR\ fF' Y »P T\.
hobe Crg i Vg A T NG G~ “F7 T K7 OH

C E

e
O
Dimer 77;

0 c——¢
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N

-— O
)]\ / \V/ \: / \Y/ A sIN /

i
/V\ G R - F\ /Y\ - P\ /T\
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Dimer78;

c—————¢
/N
’S\|/ \S,L NeR

C
G‘E/V\E’Q /\T
LLG

F/V\N/Q-hH \C \S/H\L/V\E—A\L/Y\L/V\C/G\E-—R\G/F\F/Y\T; P\K/T

e . / . Jv\ IN
G A / \ \/\ L.y N C‘N 0 o ™>N

] .E I \

C,

PN /Y N
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c S E
HO

Dimer 79;

C
G M ,/\ .S /\ Lo, Q . ,Y/-‘N

c
/V\ / /f

F \C L/V\ A L/Y\L/V\C,G\E’R\G”F\F/Y\T’P\K/T

/ ‘o s/ & J‘\/\
~ ay-Qu B YT N 0 o™

C
I’V‘ YN ‘

NL

\

Ny Q Bug ' N P T N

\ V\ \ Y V /G\ ’Rs /F\
F C H - L ECTTET G FT T K

Dimer 80;

! . /E\ /\ T /\ L\ /Q\ E\ Y. /N
WV @ ¢’ s” Yy 17 N7 ¢’ OH

No Qo LG JHO MO AL LY. (G._.R__F _Y_.P. T,
F NQH cC”T8T I E L/\L/*CGE G" F7 T KT COH
o=/
' NH
,/\T /\L\, E. YN C
G/\ \ Ve L/ N/ \C/ OH 0_\:_

No Qo LG LHO M. AL Yo N LG .R__F _Yu_.PO LT,
FN e s e e S S G e e T e N T on
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Dimer 81,

/\

C\
WA S NS /\ Ly QB YN
/ L N
F t \C/ /V\ A\L/Y\L/V\C,G\E,R\G/F\F/Y\T,P\KfT
/ C— . OJ\/\O
G Mgl C /\ ey X7 N /\N
N N
- \ \ r A\ - ~ - N ~lI TN
FY c™ R T e e A A
0
Dimer 82;
)OL Il _E /C\ /C\ L. ,Q_ E N
s T ~ ~ ~ Y +
HN v a ¢ s s Y 1 N7 ¢ OH
v o L.

. Q. Go _H. M__A_ X G.__R._Fu_Y_.D. T,
HoN™ “F7 SN“HT G SHL/\E LN R PN S P Ty

0 c———¢C
= /\T \ L. Q. E_ YN,
HzN%G/ Vo s’ 5y B e Mon
- , FRRNPRL - SN I P \ PY PN Y ~ AT AN ’-F Y. ,D\ ~
N)L N @b Cog s AN g A S S B R P p A D Ty
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Dimer 83;

/ N C,
SNPAI- NS /\ A.,Q. E 7N
/ Q. By
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I
c
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Dimer 84;
/\ ey
C.
\'/\ Loy Qo B X7 N

\I/V\ AQ /
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OJ\/\O/\/O\/\O/\/O\/\O/\

O/\VO\/\ 0/\/0
O~ o

O/\/O\)

K)O\/\_O

G\ Mg~ /\C\ S\|/ \ Lo, C O/\/O\)

k/o\/\o
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O)_\/O\/\O/\/OJ
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Dimer 85;

0 c—¢
l /E\ / \ T / \ L\ /Q\ E\ Y /N\
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Dimer 86;

/ e ./ A
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O/\/O\/
K/O\/\O
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A G R e S P TR K/\O}
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O)_\/O\/\O/\/O

\ I/V\ /C
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Dimer 87;
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Dimer 88;
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Dimer 89;

/ SN C,
HZN\[r G Mepd Gase /\ ey N,Y’ N
O /
0 _
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/ SN
o v Soa/ \a e, o
’ /
o]
HZN)J\ \C/ L/ \ /Y\ /V\ F\ /Y\ pP\ /
Dimer 90,

1,,\/\,Q/\ s/\L,Q \/YC\N

[

F/V\ \C \ 1 A L/Y\L/V\C G E G F\ /Y\
/ N,

N Ca_.5. / \ Ley 7 @(
/V\ \C// L/V\ L/Y\ L/V\ /F\ /Y\ aP\ ‘e
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Dimer 91;

\ C\
H2N N ,Q/ C\ .S /\ Q. N
i /
HZN /V\ /Q \.C/ \ L/V\ L/Y\L/V\CzG\EzR\G/F\F/Y\T;P\K/T
\T
c H,N
7N / \ PN 2
c
HENTG\lfv\E,Q ‘T’S‘~| S,L\Y,Q,L,E\N,Y N
0
1
H2N F/V\NzQ.H’L\C/G\ - \L/V\ A L/Y\L/V\CfG E G F\ /Y\ \ /T _O
Dimer 93; or
/ \ _C
NP /C\ .S /\ LayQ . 7N
/V\ \C/ F_/ \ \L/Y\L/V\C/G\E,R\G;F\F/Y\TrP\K/T
fo
H,N
/ \ / \ N 2
Ci_.8 L X/ N
g% / T Vg
e N L.!.G N .G._.R___F P
v C Ho Mg A YIS NG R P p M P AT =0
Dimer _94

wherein the disulfide linkages between the Cys6 and Cysl1 residues of the A-
chain polypeptide and the disulfide linkages between the Cys7 and Cys20 of the A-chain to the
Cys7 and Cys19 of the B-chain polypeptide, respectively, are represented by the solid line
therebetween; wherein the linking moieties are covalently linked to the epsilon amino acid of the
shown lysine residue, wherein the A-chain polypeptide for Dimers 1-40, 42-52, 54-86, and 88-
94 has the amino acid sequence shown in SEQ ID NO:1; the A-chain polypeptide for Dimer 56
has the amino acid sequence shown for SEQ ID NO:11; the B-chain polypeptide for Dimers 1-
17,21-27, 36, 37, 39-40, and 42-52, 54-82, 84-86, and 88-94 has the amino acid sequence shown
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in SEQ ID NO:2; the B-chain polypeptide for Dimers 18 and 32-35 has the amino acid
sequence shown in SEQ 1D NO:6; the B-chain polypeptide for Dimers 19 and 83 has the amino
acid sequence shown in SEQ ID NO:9; the B-chain polypeptide for Dimers 20, 28-31, and 38
has the amino acid sequence shown in SEQ 1D NO:10; and the A-chain polypeptide and B-chain
polypeptide for Dimers 53 and 87 are SEQ ID NO:7 and SEQ 1D NO:8, respectively.

In another aspect, there is provided an insulin dimer comprising:

afirst B29 or B28 Lys of a first insulin heterodimer molecule having a first A-
chain polypeptide and first B-chain polypeptide and a second B29 or B28 Lys of a second insulin
heterodimer having a second A-chain polypeptide and second B-chain polypeptide conjugated
together by a bifunctional linker selected from the group consisting Linker 1, Linker 2, Linker
3, Linker 10, Linker 11, Liner 12, Linker 13, Linker 14, Linker 15, Linker 16, Linker 17,
Linker 18, Linker 19, Linker 20, Linker 21, Linker 22, Linker 23, Linker 24, Linker 25,
Linker 26, Linker 27, Linker 28, Linker 29, Linker 30, Linker 31, Linker 32, Linker 33,
Linker 34, Linker 35, Linker 36, Linker 37, Linker 38, Linker 39, Linker 40, Linker 41,
Linker 42, Linker 43, Linker 44, Linker 45, Linker 46, Linker 47, Linker 48, Linker 49,
and Linker 50 with the proviso that when the bifunctional linker is Linker 10, Linker 11,
Linker 12, Linker 13, or Linker 14, at least one of the first or second A-chain or B-chain
polypeptides is conjugated at its N-terminal amino acid to a substituent or at least the A-terminal
amino acids of the first insulin heterodimer molecule are conjugated to a substituent or the N-
terminal amino acids of both the first insulin heterodimer and second insulin heterodimer are
conjugated to a substituent; or

an insulin receptor partial agonist comprising:

a first insulin or insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds;

wherein the first and second insulin or insulin analog heterodimers are covalently
linked together through a linking moiety joining the side chain of an amino acid at or near the

carboxy terminus of the two respective B-chain polypeptides; and
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optionally wherein the amino ferminus of at least one of the A-chain polypeptides
and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is
covalently linked to a substituent,

with the proviso that (1) the linking moiety does not include a disulfide bond and
(2) when the amino terminus of the A-chain polypeptide and the B-chain polypeptide do not
include a substituent then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8)
moiety, or a dodecanedioyl (C12) moiety; or

an insulin receptor partial agonist comprising the fofmula

D'-L-D?

wherein D! and D? are each independently an insulin.or insulin analog
polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain
polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds;

L is a linking moiety wherein one end of the linker moiety is attached to an amino
acid residue at or near the carboxyl group of D' and the other end of the linker moiety is attached
to an amino acid residue at or near the carboxyl end of D? with the proviso that L does not
include a disulfide linkage; and

optionally, wherein at least one of D' or D” includes a substituent attached to the
amino terminus of the A-chain polypeptide or the B-chain polypeptide of D' or D

with the proviso that (1) the linking moiety does not include a disulfide bond and
(2) when the insulin or insulin analog is not a human insulin or insulin analog and the amino
terminus of the A-chain polypeptide and the B-chain polypeptide do not include a substituent
then the linking moiety is not an oxalyl (C2) moiety, a suberyol (C8) moiety, or a dodecanedioy!l
(C12) moiety; or

an insulin analog dimer comprising:

a first insulin analog heterodimer and a second insulin or insulin analog
heterodimer each heterodimer including an A-chain polypeptide and a B-chain polypeptide,
wherein the A-chain polypeptide and the B-chain polypeptide are linked together through
interchain disulfide bonds;

wherein the first and second insulin or insulin analog heterodimers are covalently
linked together through a linking moiety joining the side chain of an amino acid at or near the

carboxy terminus of the two respective B-chain polypeptides;
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wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30
insulin, and insulin glargine; and
optionally wherein the amino terminus of at least one of the A-chain polypeptides

and the B-chain polypeptides of the first insulin polypeptide or second insulin polypeptide is

covalently linked to a substituent,

with the proviso that the linking moiety does not include a disulfide bond; or

an insulin analog dimer comprising the formula
D'-L-D?

wherein D' and D? are each independently an insulin or insulin analog
polypeptide, wherein each insulin polypeptide is a heterodimer comprising an A-chain
polypeptide and a B-chain polypeptide linked together through interchain disulfide bonds;

L is a linking moiety wherein one end of the linker moiety is attached to an amino
acid residue at or near the carboxyl group of D! and the other end of the linker moiety is attached
to an amino acid residue residue at or near the carboxyl end of D* with the proviso that L does
not inctude a disulfide linkage;

wherein the insulin analog is selected from insulin lispro, insulin aspart, desB30
insulin, and insulin glargine; and

optionally, wherein at least one of D' or D? includes a substituent attached to the
amino terminus of the A-chain polypeptide or the B-chain polypeptide of D' or D%

with the proviso that the linking moiety does not include a disulfide bond.

In another aspect, there is provided compositions comprising any one of the
insulin receptor partial agonists disclosed herein and a pharmaceutically acceptable salt.

In another aspect, there is provided a composition comprising one or more
compounds as disclosed herein or the insulin dimer as disclosed herein and a pharmaceutically
acceptable carrier.

The present disclosure provides a method for treating diabetes comprising
administering to an individual with diabetes a therapeutically effective amount of a composition
comprising any one of the aforementioned.insulin receptor partial agonists. In particular

embodiments the diabetes is Type 1 diabetes, Type 2 diabetes, or gestational diabetes.
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[n another aspect, there is provided a composition as disclosed herein for use in
the treatment of diabetes.

The present disclosure provides for the use of a composition for the treatment of
diabetes comprising any one of the aforementioned insulin receptor partial agonists. In

particular embodiments the diabetes is Type 1 diabetes, Type 2 diabetes, or gestational diabetes.
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The present disclosure provides for the use of any one of the insulin receptor
partial agonists disclosed herein for the manufacture of a medicament for the treatment of
diabetes. In another aspect, there is provided use of a composition as disclosed herein for the
manufacture of a medicament for the treatment of diabetes. In particular embodiments the

diabetes is Type 1 diabetes, Type 2 diabetes, or gestational diabetes.

Definitions
Insulin - as used herein, the term means the active principle of the pancreas that
affects the metabolism of carbohydrates in the animal body and which is of value in the

treatment of diabetes mellitus. The term includes synthetic and biotechnologically derived

products that are the same as, or similar to, naturally occurring insulins in structure, use, and

intended effect and are of value in the treatment of diabetes mellitus. The term is a generic term
that designates the 51 amino acid heterodimer comprising the A-chain peptide having the amino
acid sequence shown in SEQ ID NO: 1 and the B-chain peptide having the amino acid sequence
shown in SEQ ID NO: 2, wherein the cysteine residues a positions 6 and 11 of the A chain are
linked in a disulfide bond, the cysteine residues at position 7 of the A chain and position 7 of the
B chain are linked in a disulfide bond, and the cysteine residues at position 20 of the A chain and
19 of the B chain are linked in a disulfide bond.

Insulin analog or analogue - the term as used herein includes any heterodimer

analogue or single-chain analogue that comprises one or more modification(s) of the native A-

chain peptide and/or B-chain peptide. Modifications include but are not limited to substituting
an amino acid for the native amino acid at a position selected from Ad, A5, A8, A9, A10, Al2,
Al3, Al4, AlS, Al6, A17, A18, Al19, A2l, Bl, B2, B3, B4, BS, B9, B10, B13, Bi4, Bi5, Bl6,
B17, B18, B20, B21, B22, B23, B26, B27, B28, B29, and B30; deleting any or all of positions B1-4
and B26-30; or conjugating directly or by a polymeric or non-polymeric linker one or more acyl,
polyethylglycine (PEG), or saccharide moiety (moieties); or any combination thereof. As
exemplified by the N-linked glycosylated insulin analogues disclosed herein, the term further
includes any insulin heterodimer and single-chain analogue that has been modified to have at least
one N-linked glycosylation site and in particular, embodiments in which the N-linked glycosylation
site is linked to or occupied by an N-glycan. Examples of insulin analogues include but are not
limited to the heterodimer and single-chain analogues disclosed in published international application

W020100080606, WO2009/099763, and WO2010080609, the
21-



