[DESCRIPTION]

[Invention Title]
LONG-ACTING INSULIN AND USE THEREOF

[Technical Field]
The present invention relates to an insulin analog that has reduced insulin receptor
binding affinity for the purpose of increasing the blood half-life of insulin, and long-acting

insulin using the same.

[Background Art]

Generally, insulin is a hormone secreted by the pancreas of the human body, which
regulates blood glucose levels, and plays a role in maintaining normal blood glucose levels
while carrying surplus glucose in the blood to cells to provide energy for cells. In diabetic
patients, however, insulin does not function properly due to lack of insulin, resistance to
insulin, and loss of beta-cell function, and thus glucose in the blood cannot be utilized as an
energy source and the blood glucose level is elevated, leading to hyperglycemia. Eventually,
urinary excretion occurs, contributing to development of various complications. Therefore,
insulin therapy is essential for patients with abnormal insulin secretion (Type I) or insulin
resistance (Type II), and blood glucose levels can be normally regulated by insulin
administration. However, like other protein and peptide hormones, insulin has a very short
in-vivo half-life, and thus has a disadvantage of repeated administration. Such frequent
administration causes severe pain and discomfort for the patients. For this reason, in order
to improve quality of life by increasing an in-vivo half-life of the protein and reducing the
administration frequency, many studies on protein formulation and chemical conjugation
(fatty acid conjugate, polyethylene polymer conjugate) have been conducted. Commercially
available long-acting insulin includes insulin glargine manufactured by Sanofi Aventis (lantus,
lasting for about 20 hours to 22 hours), and insulin detemir (levemir, lasting for about 18
hours to 22 hours) and tresiba (degludec, lasting for about 40 hours) manufactured by Novo
Nordisk. These long-acting insulin formulations produce no peak in the blood insulin
concentration, and thus they are suitable as basal insulin. However, because these
formulations do not have a sufficiently long half-life, the disadvantage of one or two
injections per day still remains. Accordingly, there is a limitation in achieving the intended
goal that administration frequency is remarkably reduced to improve convenience of diabetic

patients in need of long-term administration.

Authier F et al. (Biochem J. 1998 Jun 1; 332 (Pt 2): 421-30), Duckworth WC et al.
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(Endocr Rev. 1998 Oct; 19(5): 608-24) and Valera Mora ME et al. (J Am Coll Nutr. 2003
Dec; 22(6): 487-93), etc., have reported in-vivo insulin clearance processes. According to
the reports, 50% or more of insulin is removed in the kidney and the rest is removed via a

receptor mediated clearance (RMC) process in target sites such as muscle, fat, liver, etc.

In this regard, Lin S ef al. (J Pharmacol Exp Ther, 1998, 286(2): 959-66.), Brange J
et al. (Diabetes Care. 1990 Sep; 13(9): 923-54), and Ribel U et al. (Diabetes, 1990, 39: 1033-
9), etc., have reported that in-vitro activity is reduced to avoid RMC of insulin, thereby

increasing the insulin level in the blood.

Under these circumstances, the present inventors have made many efforts to increase
the blood half-life of insulin. As a result, they have discovered an insulin analog that has
reduced insulin receptor binding affinity, and also confirmed that a formulation containing the
same, which is capable of increasing the half-life, bioavailability, and maintaining sustained
activity of insulin, can also increase the blood half-life of insulin, thereby completing the

present invention.

[Disclosure]
[Technical Problem]

An object of the present invention is to provide a novel insulin analog that has
reduced insulin receptor binding affinity for the purpose of prolonging an in-vivo half-life of
insulin, and a long-acting formulation thereof.

Specifically, an object of the present invention is to provide an insulin analog having
reduced insulin receptor binding affinity, compared to native insulin.

Another object of the present invention is to provide a polynucleotide encoding the
insulin analog, an expression vector including the polynucleotide, and a transformant
including the expression vector.

Still another object of the present invention is to provide long-acting insulin, in
which a biocompatible material capable of prolonging a half-life is linked to an insulin analog.

Still another object of the present invention is to provide a method for long-acting
insulin including (a) preparing (i) an insulin analog, and (i1) a biocompatible material selected
from the group consisting of polyethylene glycol, fatty acid, cholesterol, albumin and a
fragment thereof, an albumin-binding material, a polymer of repeating units of a particular
amino acid sequence, an antibody, an antibody fragment, an FcRn-binding material, in-vivo
connective tissue or a derivative thereof, a nucleotide, fibronectin, transferrin, saccharide, and
a polymer, respectively; and (b) linking the insulin analog to a biocompatible material.

Still another object of the present invention is to provide a conjugate of Chemical
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Formula 1 below.

[Chemical Formula 1]
X-La-F;
wherein X 1s an insulin analog having reduced insulin receptor binding affinity
compared to the native insulin,
L is a linker,
a is 0 or a natural number, with the proviso that each L is independent from each
other when a is 2 or higher, and

F is a material capable of increasing the in-vivo half-life of an insulin analog.

Still another object of the present invention is to provide a long-acting insulin
formulation including the conjugate, with improved in-vivo duration and stability.

Still another object of the present invention is to provide a long-acting formulation
including the conjugate, for the treatment of diabetes.

Still another object of the present invention is to provide a method for treating
insulin-related diseases, including administering the insulin analog or the insulin analog

conjugate to a subject in need thereof.

[Technical Solution]
In order to accomplish the above objects, in an aspect, the present invention provides
an insulin analog having reduced insulin receptor binding affinity compared to the native

insulin.

In an exemplary embodiment of the present invention, the insulin analog has an

increased half-life of 10% or higher, compared to the native insulin.

In another exemplary embodiment of the present invention, the insulin analog has a
mutation or deletion in at least one amino acid of the native insulin.

In still another exemplary embodiment of the present invention, the insulin analog is
characterized in that one or more amino acids at positions 1to 3, 5, 8, 10, 12, 16, and 23 to 30
of the B chain of insulin, and at positions 1, 2, 5, 8, 10, 12, 14, 16 to 19, and 21 of the A chain
of insulin are substituted with other amino acid(s), or deleted.

In still another exemplary embodiment of the present invention, the insulin analog is
characterized in that one or more amino acids at positions 8 and 23 to 25 of the B chain of
insulin, and at positions 1, 2, 14, and 19 of the A chain of insulin are substituted with other

amino acid(s).

In still another exemplary embodiment of the present invention, the substituting
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amino acid is selected from the group consisting of alanine, glutamic acid, asparagine,
isoleucine, valine, glutamine, glycine, lysine, histidine, cysteine, phenylalanine, tryptophan,

proline, serine, threonine, and aspartic acid.

In still another exemplary embodiment of the present invention, the insulin analog
has reduced insulin receptor binding affinity due to the deletion in at least one amino acid of
the A chain or the B chain of the native insulin.

In still another exemplary embodiment of the present invention, the insulin analog
includes the A chain of SEQ ID NO: 37 represented by Formula 1 below and the B chain of
SEQ ID NO: 38 represented by Formula 2 below:

[Formula 1]

Xaal-Xaa2-Val-Glu-GIn-Cys-Cys-Thr-Ser-Ile-Cys-Ser-Leu-Xaa3-Gln-Leu-Glu-
Asn-Xaa4-Cys-Asn (SEQ ID NO: 37)

In Formula 1 above,

Xaal is glycine or alanine,

Xaa?2 is isoleucine or alanine,

Xaa3 is tyrosine, glutamic acid, or asparagine, and

Xaa4 is tyrosine or alanine.

[Formula 2]

Phe-Val-Asn-GlIn-His-Leu-Cys-Xaa5-Ser-His-Leu- Val-Glu-Ala-Leu-Tyr-Leu-Val-
Cys-Gly-Glu-Arg-Xaa6-Xaa7-Xaa8-Tyr-Thr-Pro-Lys-Thr (SEQ ID NO: 38)

In Formula 2 above,

Xaa$ is glycine or alanine,

Xaab is glycine or alanine,

Xaa7 is phenylalanine or alanine, and

Xaag8 is phenylalanine or alanine.

In still another exemplary embodiment of the present invention, the the insulin
analog includes:

(1) the A chain, wherein, in Formula 1, Xaal is alanine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is
glycine, Xaab is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

(i1) the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is alanine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa$ is

glycine, Xaab6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;
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(ii1)  the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
glutamic acid or asparagine, and Xaa4 is tyrosine; and the B chain, wherein, in
Formula 2, Xaa$ is glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is
phenylalanine;

(iv)  the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is alanine; and the B chain, wherein, in Formula 2, Xaa$ is
glycine, Xaab is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

V) the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is
alanine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

(vi)  the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa$ is
glycine, Xaab6 is alanine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

(vi)  the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa$ is
glycine, Xaa6 is glycine, Xaa7 is alanine, and Xaa8 is phenylalanine; or

(viii) the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is

glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is alanine.

In another aspect, the present invention provides a polynucleotide encoding the
insulin analog, an expression vector including the polynucleotide, and a transformant
including the expression vector.

In still another aspect, the present invention provides long-acting insulin, in which a
biocompatible material capable of prolonging a half-life is linked to the insulin analog.

In an exemplary embodiment of the present invention, the biocompatible material is
selected from the group consisting of polyethylene glycol, fatty acid, cholesterol, albumin
and a fragment thereof, an albumin-binding material, a polymer of repeating units of a
particular amino acid sequence, an antibody, an antibody fragment, an FcRn-binding material,
in-vivo connective tissue or a derivative thereof, a nucleotide, fibronectin, transferrin,
saccharide, and a polymer.

In another exemplary embodiment of the present invention, the insulin analog and
the biocompatible material are linked to each other by a peptide bond.

In still another exemplary embodiment of the present invention, the insulin analog
and the biocompatible material are linked by a linker selected from the group consisting of
polyethylene glycol, fatty acid, saccharide, a polymer, a low molecular weight compound, a

nucleotide, and a combination thereof.



In still another exemplary embodiment of the present invention, the insulin analog
and the biocompatible material are linked by a linker interposed therebetween, and the
biocompatible material is an FcRn-binding material, wherein the linker is a peptide linker, or
a non-peptide linker selected from the group consisting of polyethylene glycol, polypropylene
glycol, copolymers of ethylene glycol-propylene glycol, polyoxytheylated polyols, polyvinyl
alcohols, polysaccharides, dextran, polyvinyl ether, biodegradable polymers, lipid polymers,
chitins, hyaluronic acid, and a combination thereof.

In still another exemplary embodiment of the present invention, the FcRn-binding
material is a polypeptide including an immunoglobulin Fc¢ region.

In still another exemplary embodiment of the present invention, each end of the non-
peptide linker is respectively linked to an amine group or thiol group of the biocompatible

material and the insulin analog.

In still another aspect, the present invention provides a method for preparing long-
acting insulin, including:

(a) preparing (i) an insulin analog; and (ii) a biocompatible material selected from the
group consisting of polyethylene glycol, fatty acid, cholesterol, albumin and a fragment
thereof, an albumin-binding material, a polymer of repeating units of a particular amino acid
sequence, an antibody, an antibody fragment, an FcRn-binding material, in-vivo connective
tissue or a derivative thereof, a nucleotide, fibronectin, transferrin, saccharide, and a polymer,
respectively; and

(b) linking the insulin analog to the biocompatible material.

In still another aspect, the present invention provides a conjugate of Chemical
Formula 1 below:

[Chemical Formula 1]

X-La-F;

wherein X is an insulin analog having reduced insulin receptor binding affinity
compared to the native insulin,

L is a linker,

a is 0 or a natural number, with the proviso that each L is independent from each
other when a is 2 or higher, and

F is a material capable of increasing the in-vivo half-life of an insulin analog.

In an exemplary embodiment of the present invention, X is an insulin analog having
reduced insulin receptor binding affinity compared to the native insulin, wherein the insulin

analog has a mutation or deletion in at least one amino acid of the A chain or the B chain of
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the msulin.

In another exemplary embodiment of the present invention, the insulin analog is
characterized in that one or more amino acids at positions 1to 3, 5, 8, 10, 12, 16, and 23 to 30
of the B chain of insulin, and at positions 1, 2, 5, 8, 10, 12, 14, 16 to 19, and 21 of the A chain
of insulin are substituted with other amino acid(s), or deleted.

In still another exemplary embodiment of the present invention, the insulin analog is
characterized in that one or more amino acids at positions 8 and 23 to 25 of the B chain of
insulin, and at positions 1, 2, 14, and 19 of the A chain of insulin are substituted with other
amino acid(s).

In still another exemplary embodiment of the present invention, the substituting
amino acid is selected from the group consisting of alanine, glutamic acid, asparagine,
isoleucine, valine, glutamine, glycine, lysine, histidine, cysteine, phenylalanine, tryptophan,
proline, serine, threonine, and aspartic acid.

In still another exemplary embodiment of the present invention, the material capable
of increasing the in-vivo half-life of the insulin analog is elected from the group consisting of
polyethylene glycol, fatty acid, cholesterol, albumin and a fragment thereof, an albumin-
binding material, a polymer of repeating units of a particular amino acid sequence, an
antibody, an antibody fragment, an FcRn-binding material, in-vivo connective tissue, a
nucleotide, fibronectin, transferrin, saccharide, and a polymer.

In still another exemplary embodiment of the present invention, L is selected from
the group consisting of a peptide, polyethylene glycol, fatty acid, saccharide, a polymer, a
low molecular weight compound, a nucleotide, and a combination thereof.

In still another exemplary embodiment of the present invention, X and F are linked
by L through a covalent chemical bond, a non-covalent chemical bond, or a combination
thereof.

In still another exemplary embodiment of the present invention, the polymer is a non-
peptide linker selected from the group consisting of polypropylene glycol, copolymers of
ethylene  glycol-propylene glycol, polyoxytheylated polyol, polyvinyl alcohols,
polysaccharides, dextran, polyvinyl ether, biodegradable polymers, lipid polymers, chitins,
hyaluronic acid, oligonucleotides, and a combination thereof.

In still another exemplary embodiment of the present invention, F is an IgG Fc

region.

In still another aspect, the present invention provides a long-acting insulin
formulation, including the conjugate for the treatment of diabetes, with improved in-vivo

duration and stability.



In still another aspect, the present invention provides a method for the treatment of
insulin-related diseases including administering the insulin analog or the insulin analog

conjugate to a subject in need thereof,

[Advantageous Effects]
The long-acting insulin of the present invention has a markedly increased half-life in
the blood compared to the native insulin, and thus, the long-acting insulin of the present

invention can improve convenience for patients in need of insulin administration.

[Description of Drawings|

FIG. 1 shows the result of purity analysis of an insulin analog by protein
electrophoresis, which is the result of the representative insulin analog, Analog No. 7 (Lane 1:
size marker, Lane 2: native insulin, and Lane 3: insulin analog (No. 7)).

FIG. 2 shows the result of purity analysis of an insulin analog by high pressure
chromatography, which is the result of the representative insulin analog, Analog No. 7 ((A)
RP-HPLC, (B) SE-HPLC).

FIG. 3 shows the result of peptide mapping of an insulin analog, which is the result of
the representative insulin analog, Analog No. 7 ((A) native insulin, (B) insulin analog (No.
7).

FIG. 4 shows the result of purity analysis of an insulin analog-immunoglobulin Fc
conjugate by protein electrophoresis, which is the result of the representative insulin analog,
Analog No. 7 (Lane 1: size marker, Lane 2: insulin analog (No. 7)-immunoglobulin Fc
conjugate).

FIG. 5 shows the result of purity analysis of an insulin analog-immunoglobulin Fc
conjugate by high pressure chromatography, which is the result of the representative insulin
analog, Analog No. 7 ((A) RP-HPLC, (B) SE-HPLC, and (C) IE-HPLC).

FIG. 6 shows the result of pharmacokinetics analysis of native insulin-
immunoglobulin Fc conjugate and insulin analog-immunoglobulin Fc conjugate in normal
rats.  ((A) native insulin-immunoglobulin Fc¢ conjugate and insulin analog (No. 7)-
immunoglobulin Fe conjugate, (B) native insulin-immunoglobulin Fc conjugate and insulin

analog (No. 8)-immunoglobulin Fc¢ conjugate, and (C) native insulin-immunoglobulin Fc

conjugate and insulin analog (No. 9)-immunoglobulin Fc conjugate). ((O: native insulin-
immunoglobulin Fc conjugate (21.7 nmolkg), @: native insulin-immunoglobulin Fc
conjugate (65.1 nmol/kg), [ ]: insulin analog-immunoglobulin Fc conjugate (21.7 nmol/kg),

B : insulin analog-immunoglobulin Fc conjugate (65.1 nmol/kg)).



[Best Mode]

In order to achieve the present invention, in an aspect, there is provided an insulin
analog having reduced insulin receptor binding affinity, compared to the native insulin.

As used herein, the term “insulin analog™ refers to a material, which possesses the
function of controlling an /n-vivo blood glucose level identical to that of native insulin. For
the purpose of the present invention, the insulin analog is preferably a material having
reduced insulin receptor binding affinity, compared to the native insulin. Additionally, the
insulin analog may be one, which has an increased half-life of 10% or higher than the native
insulin due to the reduced insulin receptor binding affinity, but is not limited thereto.

Specifically, the insulin analog may be an insulin analog having having reduced
insulin receptor binding affinity, compared to the native insulin, in which an amino acid of
the B chain or the A chain of the insulin is mutated or deleted. For example, the insulin
analog may be one having reduced insulin receptor binding affinity compared to the native
insulin, via modification of part of the amino acid(s) of the native insulin in the form of
addition, deletion, or substitution.

Meanwhile, native insulin is a hormone secreted by the pancreas, which generally
serves to promote intracellular absorption of glucose and inhibit lipolysis, thereby controlling
the in-vivo blood glucose level. Insulin in the form of proinsulin, which is a precursor
without the capability of controlling blood glucose level, is convered via a process to insulin,
which has the capability of controlling blood glucose level. Insulin has two polypeptide
chains, i.e., the A chain having 21 amino acid residues and the B chain having 30 amino acid
residues, and they are linked together by two disulfide bonds. Each of the A chain and the B
chain of native insulin may include the amino acid sequence represented by SEQ ID NOS: 39

and 40, respectively.

A chain:

Gly-Ile-Val-Glu-GIn-Cys-Cys-Thr-Ser-Ile-Cys-Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-
Cys-Asn (SEQ ID NO: 39)

B chain:

Phe-Val-Asn-GlIn-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-
Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Thr (SEQ ID NO: 40)

The insulin analogs used in Examples of the present invention are those prepared by
genetic recombination technique. However, the insulin analogs of the present invention are
not limited thereto, but may include all insulins having reduced insulin receptor binding

affinity.



Specifically, the insulin analogs may include inverted insulins, insulin variants,
insulin fragments, insulin agonists, insulin derivatives, etc., and the preparation method may
include a solid phase method as well as genetic recombination technique, but is not limited
thereto.

The insulin agonist refers to a substance which is bound to the in-vivo receptor of
insulin to exhibit the biological activities of insulin, regardless of the structure of the insulin.

The insulin derivative includes a peptide form, which has a homology to the amino
acid sequences of the A chain and the B chain of native insulin, respectively, and has some
groups of amino acid residues altered in the form of chemical substitution (e.g., alpha-
methylation, alpha-hydroxylation), removal (e.g., deamination), or modification (e.g., N-
methylation), while having a function of controlling blood glucose in the body.

Additionally, the insulin derivative may also include a peptide mimic, and a low
molecular weight compound or a polymer, which can control the in-vivo blood glucose level
by being conjugated to an insulin receptor, even in the absence of a homology to the amino
acid sequence of native insulin.

The insulin fragment refers to a form of insulin in which one or more amino acids are
added to or deleted from insulin, and the added amino acid(s) may be those not present in
nature (e.g., D-type amino acid), and this type of insulin fragment possesses the function of
controlling the in-vivo blood glucose level.

The insulin variant refers to a peptide in which one or more amino acid sequences
differ from those of insulin, and possesses the function of controlling the in-vivo blood
glucose level.

The respective method for preparation of insulin agonists, derivatives, fragments, and
variants of the present invention may be used independently or in combination. For
example, peptides in which one or more amino acid sequences differ from those of insulin,
and which have deamination at the N-terminal amino acid residue and also have the function
of controlling the in-vivo blood glucose level are included in the scope of the present
invention.

Specifically, the insulin analogs may be those in which one or more amino acids at
positions 1to 3, 5, 8, 10, 12, 16, and 23 to 30 of the B chain of insulin, and at positions 1, 2, 5,
8, 10, 12, 14, 16 to 19, and 21 of the A chain of insulin are substituted with other amino
acid(s); or more specifically, may be an insulin analog, in which one or more amino acids at
positions 8 and 23 to 25 of the B chain of insulin, and at positions 1, 2, 14, and 19 of the A
chain of insulin are substituted with other amino acid(s). Specifically, the insulin analog
may be an insulin analog, in which one or more amino acids, 2 or more amino acids, 3 or
more amino acids, 4 or more amino acids, 5 or more amino acids, 6 or more amino acids, 7 or

more amino acids, 8 or more amino acids, 9 or more amino acids, 10 or more amino acids, 11
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or more amino acids, 12 or more amino acids, 13 or more amino acids, 14 or more amino
acids, 15 or more amino acids, 16 or more amino acids, 17 or more amino acids, 18 or more
amino acids, 19 or more amino acids, 20 or more amino acids, 21 or more amino acids, 22 or
more amino acids, 23 or more amino acids, 24 or more amino acids, 25 or more amino acids,
26 or more amino acids, or 27 or more amino acids described above are substituted with other
amino acids, but is not limited thereto.

The amino acid residues at positions described above may be substituted with alanine,
glutamic acid, asparagine, isoleucine, valine, glutamine, glycine, lysine, histidine, cysteine,
phenylalanine, tryptophan, proline, serine, threonine, and/or aspartic acid. Additionally,
insulin analogs having reduced insulin receptor binding affinity due to the deletion in one or
more amino acids in the A chain or the B chain of insulin also belong to the scope of the
present invention, but any insulin analog having reduced insulin receptor binding affinity
may be included without limitation.

The insulin analogs according to the present invention include any peptide having
reduced insulin receptor binding affinity compared to the native insulin due to the
introduction of a substitution, an addition, or a modification after translation (e.g.,
methylation, acylation, ubiquitination, and intramolecular covalent bond) of an amino acid(s)
in the amino acid sequences of the A chain and the B chain of native insulin. For
substitution or addition of the amino acid(s), atypical or non-naturally occurring amino acids
may be used, in addition to the 20 conventionally observed amino acids. The commercial
origin of the atypical amino acids may include Sigma-Aldrich, ChemPep, and
Genzymepharmaceuticals. The sequences of the peptides containing these amino acids and
the typical peptides may be synthesized by or purchased from commercial peptide
synthesizing companies, e.g., American peptide company, Bachem (USA) and Anygen
(Korea).

More specifically, the insulin analogs may include the A chain of SEQ ID NO: 37
represented by Formula 1 below and the B chain of SEQ ID NO: 38 represented by Formula
2 below. Additionally, the insulin analogs may be in a form where the sequences of the A
chain and the B chain are linked together by a disulfide bond, but are not limited thereto.

[Formula 1]

Xaal-Xaa2-Val-Glu-GIn-Cys-Cys-Thr-Ser-1le-Cys-Ser-Leu-Xaa3-Gln-Leu-Glu-
Asn-Xaa4-Cys-Asn (SEQ ID NO: 37)

In Formula 1 above,

Xaal is glycine or alanine,

Xaa?2 is isoleucine or alanine,

Xaa3 is tyrosine, glutamic acid, or asparagine, and
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Xaa4 is tyrosine or alanine.

[Formula 2]
Phe-Val- Asn-Gln-His-Leu-Cys-XaaS-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-

Cys-Gly-Glu-Arg-Xaa6-Xaa7-Xaa8- Tyr-Thr-Pro-Lys-Thr (SEQ ID NO: 38)

)

(ii)

(iii)

(iv)

™)

(vi)

(vi1)

(viii

In Formula 2 above,

XaaS$ is glycine or alanine,

Xaab is glycine or alanine,

Xaa7 is phenylalanine or alanine, and

Xaa8 1s phenylalanine or alanine.

More specifically, the insulin analog may include:
the A chain, wherein, in Formula 1, Xaal is alanine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is
glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;
the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is alanine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa$5 is
glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;
the A chain, wherein, in Formula I, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
glutamic acid or asparagine, and Xaa4 is tyrosine; and the B chain, wherein, in
Formula 2, Xaa3$ is glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is
phenylalanine;
the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is alanine; and the B chain, wherein, in Formula 2, Xaa5 is
glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;
the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is
alanine, Xaab6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;
the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is
glycine, Xaa6 is alanine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;
the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is
glycine, Xaab6 is glycine, Xaa7 is alanine, and Xaa8 is phenylalanine; or

) the A chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is

tyrosine, and Xaa4 is tyrosine; and the B chain, wherein, in Formula 2, Xaa5 is

glycine, Xaab is glycine, Xaa7 is phenylalanine, and Xaa8 is alanine,
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but is not limited thereto.

For example, those peptides which have a homology of 70% or higher, specifically 80%
or higher, more specifically 90% or higher, and even more specifically 95% or higher to the
sequence of the corresponding insulin analog, while including the characteristic amino acid
residues described above, and have reduced insulin receptor binding affinity compared to the
native insulin are included in the scope of the present invention.

As used herein, the term “homology” refers to a level of similarity with regard to the
amino acid sequence of a wild type protein or a polynucleotide sequence encoding the same,
and includes the sequences having a sequence with the above percentage or higher of the
same sequence with the amino acid sequence or polynucleotide sequence of the present
invention. This homology may be determined via comparison by the naked eye, or may be
determined via a bioinformatic algorithm, which analyzes the degree of homology by
arranging the two sequences. The homology between the two amino acid sequences may be
indicated in percentage. Useful automated algorithms can be used at both GAP, BESTFIT,
and FASTA of Wisconsin Genetics Software Package (Genetics Computer Group, Madison,
WI, USA) and TFASTA computer software module. The automated array algorithms
include the sequence array algorithms of Needleman & Wunsch, Pearson & Lipman, and
Smith & Waterman. The determination on algorithm and homology is automated in
softwares including FASTP, BLAST, BLAST2, PSIBLAST, and CLUSTAL W.

In still another aspect of the present invention, there is provided a polynucleotide
encoding the insulin analog, an expression vector including the polynucleotide, and a
transformant including the expression vector.

The insulin analogs are the same as described above.

The polynucleotide is deoxyribonucleotide (DNA) or ribonucleotide (RNA) present
in a single-stranded or double-stranded state, and means to include genomic DNA, cDNA,
and RNA to be transcribed therefrom. The nucleotide, as a basic constitutional unit, not
only includes natural nucleotides but also analogs in which a sugar or base region is modified
(Scheit, Nucleotide Analogs, John Wiley, New York, 1980; Uhlman and Peyman, Chemical
Reviews, 90: 543-584, 1990). The polynucleotide of the present invention may be separated
or prepared by a standard molecular biology technique. For example, the polynucleotide
may be amplified from a gene sequence of native insulin (NM 000207.2, NCBI) via
polymerase chain reaction (PCR), and prepared by a standard synthesis technology using an
automated DNA synthesizer. In the present invention, the term polynucleotide may be used
interchangeably with nucleic acid.

The polynucleotide encoding the insulin analog may include the polynucleotide
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encoding the amino acid sequences of the A chain and the B chain described above, and the
examples may include polynucleotides of SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23,
SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, and
SEQ ID NO: 35, but are not limited thereto. For example, those polynucleotides which have
a homology of 70% or higher with the above sequences, specifically 80% or higher, more
specifically 90% or higher, and even more specifically 95% or higher, in addition to the
polynucleotides described above, while having reduced insulin receptor binding affinity
compared to the native insulin, are also included in the scope of the present invention.

The recombinant vector according to the present invention may be constructed as a
vector for typical cloning or for expression, and may be constructed as a vector for using a
eukaryotic cell or prokaryotic cell as a host cell.

As used herein, the term “vector” refers to a nucleic acid construct, which, being a
recombinant vector capable of expressing a target protein in a host cell, includes essential
regulation factors that are operably linked so that a nucleic acid insert can be expressed.
The present invention can prepare a recombinant vector including the nucleic acid encoding
the regulation factors, and the insulin analogs of the present invention may be obtained via
transformation or transfection of the recombinant vector into the host cell.

In the present invention, the nucleic acid encoding the insulin analogs is operably
linked to the promoter. As used herein, the term “operatively linked” refers to a functional
linkage between an expression-regulating sequence of nucleic acid (e.g., a promoter, a signal
sequence, a ribosome-binding domain, a transcription termination sequence, etc.) and a
sequence of a different nucleic acid, and the regulation sequence can control the transcription
and/or translation of the sequence of the different nucleic acid by the linkage.

As used herein, the term “promoter” refers to a sequence of a non-translated nucleic
acid upstream of a coding region, which includes a polymerase-binding domain and has a
transcription initiation activity for a gene downstream of the promoter into mRNA, that is, a
DNA domain to which a polymerase binds to initiate the transcription of a gene, and is
located on the 5’-region of the initiation area of mRNA transcription.

For example, when the vector of the present invention is a recombinant vector and
employs a procaryotic cell as a host cell, the vector generally includes a strong promoter (e.g.,
tac promoter, lac promoter, lacUV5 promoter, Ipp promoter, pL.A promoter, pRA promoter,
rac5 promoter, amp promoter, recA promoter, SP6 promoter, trp promoter, T7 promoter, etc.)
capable of executing the transcription, a ribosome-binding domain, and a sequence for
transcription/translation termination sequence.

Additionally, the vector to be used in the present invention may be constructed by
manipulating plasmids commonly used in the art (e.g., pSC101, pGV'1106, pACYC177, ColFE1,
pKT1230, pME290, pBR322, pUC8/9, pUC6, pBD9, pHCT79, plJ6l, pLAFR]1, pHV14, pGEX
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series, pET series, pPICZa series, pUC19, etc.), phage (e.g., Agt4-AB, A-Charon, AAz1, M13,
etc.), or viruses (e.g., SV40, etc.).

Additionally, the vector of the present invention is a recombinant vector and employs
a eukaryotic cell as a host cell, the vector generally includes a promoter derived from a
genome of a mammalian cell (e.g., metallothionein promoter) or a promoter derived from a
mammalian virus (e.g., adenovirus late promoter, cowpox virus 7.5K promoter, SV40
promoter, cytomegalovirus promoter, and tk promoter of HSV) may be used, and has a
polyadenylation sequence (e.g., bovine growth hormone terminator and SV40-dreived poly
adenylation sequence) as a transcription termination sequence.

Additionally, the recombinant vector of the present invention is a selection marker
and includes an antibiotic-resistant gene commonly used in the art, and for example, genes
having resistance to ampicillin, gentamycin, carbenicillin, chloramphenicol, streptomycin,
kanamycin, geneticin, neomycin, and tetracycline may be used.

The recombinant vector of the present invention may additionally include other
sequences as necessary, in order to facilitate an easy purification of the target protein
collected from the recombinant vector, i.e., the insulin analog,

The sequence to be additionally included in the vector may be a tag sequence for
protein purificataion, e.g., glutathione S-transferase (Pharmacia, USA), a maltose-binding
protein (NEB, USA), FLAG (IBI, USA), 6-histidine (hexahistidine), etc., but the kinds of the
sequences necessary for target protein purification are not limited thereto.

The fusion protein expressed by the recombinant vector including the tag sequence as
described above may be purified via affinity chromatography. For example, when
glutathione-S-transferase is fused, glutathione as a substrate for the enzyme may be used,
whereas when 6-histidine tag is used a desired target protein may be easily collected via Ni-
NTA column.

A transformant in which the vector is transformed may be constructed using the

recombinant vector including a polynucleotide encoding the insulin analog.

As used herein, the term “transformation”, in which DNA is introduced into a host
cell to thereby enable replication by DNA as a factor of chromosome or completion of
choromosome integration, refers to a phenomenon of artificially causing a genetic change by
introducing foreign DNA into a cell.

The method of transformation to be used in the present invention may be any method
for transformation, and transformation may be easily performed according to a conventional
method in the art.  Generally, the transformation method may include a CaCl, precipitation
method; a Hanahan method which increases efficiency using dimethyl sulfoxide (DMSO),

which is a reducing material, in the CaCl, precipitation method; electroporation; a calcium
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phosphate precipitation method; plasmogamy; a stirring method using silicon carbide fiber;
agrobacteria-mediated transformation; transformation using PEG; a dextran sulfate method;
lipofectamine and drying/inhibition-mediated transformation, etc.

The method for transformation of the recombinant vector including the nucleic acid
encoding the insulin analog according to the present invention is not limited thereto, and any
method for transformation or transfection conventionally used in the art may be used without
limitation.

The transformant of the present invention may be obtained by introducing the
recombinant vector including the nucleic acid encoding the insulin analog into a host cell.

The host suitable for the present invention may not be specifically limited insofar as
the host cell enables the expression of the nucleic acid of the present invention. Examples
of the host may include Escherichia sp. such as E. coli; Bacillus sp. such as Bacillus subtilis,
Pseudomonas sp. such as Pseudomonas putida, yeasts such as Pichia pastoris,
Saccharomyces cerevisiae, and Schizosaccharomyces pombe; insec cells such as Spodoptera
frugiperda (SF9); and animal cells such as CHO, COS, BSC, etc. Preferably, E. coli is used

as a host cell.

In still another aspect of the present invention, there is provided a formulation
capable of increasing the half-life of the insulin analog, increasing the bioavailability, or
maintaining sustained activities.

Additionally, the present invention provides long-acting insulin, which is
characterized in that a biocompatible material capable of prolonging a half-life is linked to
the insulin analog.

Additionally, the present invention provides a conjugate having the Chemical
Formula 1 below.

[Chemical Formula 1]
X-La-F;

wherein X 1s an insulin analog having reduced insulin receptor binding affinity
compared to the native insulin,

L is a linker,

a is 0 or a natural number, with the proviso that each L is independent from each
other when a is 2 or higher, and

F is a material capable of increasing the in-vivo half-life of an insulin analog.

The insulin analog is the same as described above.

According to an exemplary embodiment of the present invention, when the insulin
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analog is used to increase the half-life and bioavailability of insulin, or applied to a
formulation capable of maintaining sustained activities of insulin, the insulin analog can
exhibit excellent improvement in half-life and in-vivo activities of insulin, compared to the
native insulin.

In particular, in an exemplary embodiment of the present invention, when the
material capable of prolonging an in-vivo half-life and the insulin analog are linked together,
the resulting insulin analog showed a markedly increased in-vivo half-life.

The formulation capable of increasing the half-life, bioavailability, and maintaining
sustained activities of insulin refers to a formulation including a carrier which is directly
covalently-bonded to the insulin analog, or a formulation which includes a component
capable of increasing the in-vivo activities of the insulin analog.

As used herein, the term “long-acting insulin” refers to a material in which a
biocompatible material capable of prolonging a half-life is linked to an insulin analog. The
long-acting insulin has the effect of an increased half-life, compared to the native insulin.

As used herein, the term “a biocompatible material or a material capable of
increasing a half-life” refers to a material which can be linked to an insulin analog to thereby
prolong the half-life of the insulin. As used herein, the term, a biocompatible material
capable of prolonging a half-life, can be interchangeably used with the term “carrier”.

The biocompatible material or carrier may include any material as long as they can
be linked to the insulin analog and prolong the half-life of the insulin, for example, those
selected from the group consisting of polyethylene glycol, fatty acid, cholesterol, albumin
and a fragment thereof, an albumin-binding material, a polymer of repeating units of a
particular amino acid sequence, an antibody, an antibody fragment, an FcRn-binding material,
in-vivo connective tissue or a derivative thereof, a nucleotide, fibronectin, transferrin,
saccharide, and a polymer, but are not limited thereto. The biocompatible material or carrier
may be linked to the insulin analog via a covalent or non-covalent bond.

Additionally, the method of linking the insulin analog, which has reduced insulin
receptor binding affinity, to the biocompatible material or carrier, which can prolonging the
in-vivo half-life, may include a genetic recombination technique, an in-vitro linking, etc., but
is not limited to any specific linking method. The FcRn-binding material may be an
immunoglobulin Fc region, for example, IgG Fc.

When polyethylene glycol is used as a carrier, the Recode technology by Ambrx, Inc.,
which enables a position-specific attachment of polyethylene glycol, may be included, and
the glycopegylation technology by Neose Technologies, Inc., which enables a specific
attachment in the area of glycan, may also be included. Additionally, the method may
include a releasable PEG technique, which enables a slow release of polyethylene glycol in

the body, but the method is not limited thereto, and methods capable of increasing
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bioavalability using PEG may also be used. Additionally, a polymer such as polyethylene
glycol, polypropylene glycol, copolymers of ethylene glycol-propylene glycol,
polyoxytheylated polyol, polyvinyl alcohols, polysaccharides, dextran, polyvinyl ether,
biodegradable polymers, lipid polymers, chitins, and hyaluronic acid, may also be linked to
the insulin analog, by the above methods.

When albumin is used as a carrier, a technology capable of increasing in-vivo
stability by a direct covalent bonding between albumin or an albumin fragment and the
insulin analog may be used. Additionally, instead of directly linking albumin to the insulin
analog, a technology, which indirectly allows albumin to be linked to the insulin analog by
linking a material capable of binding to albumin, e.g., an albumin-specific antibody or
antibody fragment thereof, to the insulin analog; and a technology of linking a particular
peptide/protein having a binding affinity to albumin (e.g., an albumin-binding peptide
produced via Albumod technology by Affibody AB) to the insulin analog, a technology of
linking fatty acid or the like having a binding affinity to albumin, etc., may be used, but the
method is not limited thereto, and any technology or linking method that can improve in-vivo
stability using albumin may be used, without limitation.

In order to increase the in-vivo half-life, a technology using an antibody or antibody
fragment thereof as a carrier may be included in the scope of the present invention. It may
be an antibody or antibody fragment thereof including an FcRn-bindnig region, or any
antibody fragment which does not include the FcRn-binding region such as Fab, etc. The
CovX-body technology by CovX Research LLC using a catalytic antibody may be included,
and a technology increasing an in-vivo half-life using the immunoglobulin Fc region may also
be included in the scope of the present invention.

When the immunoglobulin Fc region is used, the method of linking the Fc region to
the insulin analog and a linker thereof may be a peptide bond and polyethylene glycol and the
like, but is not limited thereto, and any chemical linking method may be used.  Additionally,
the linking ratio between the Fc region and the insulin analog may be 1:1 or 1:2, but is not
limited thereto.

The immunoglobulin Fc¢ region is safe for use as a drug carrier because it is a
biodegradable polypeptide metabolized in-vivo. Also, the immunoglobulin Fc region has a
relatively low molecular weight, as compared to the whole immunoglobulin molecules, and
thus, it is advantageous in terms of preparation, purification, and yield of the conjugate. The
immunoglobulin Fc¢ region does not contain a Fab fragment, which is highly non-
homogenous due to different amino acid sequences according to the antibody subclasses, and
thus it can be expected that the immunoglobulin Fc¢ region may markedly increase the
homogeneity of substances and be less antigenic in blood.

As used herein, the term “immunoglobulin Fc region™ refers to a protein that contains
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the heavy-chain constant region 2 (CH2) and the heavy-chain constant region 3 (CH3) of an
immunoglobulin, excluding the variable regions of the heavy and light chains, the heavy-
chain constant region 1 (CH1) and the light-chain constant region 1 (CL1) of the
immunoglobulin. It may further include a hinge region at the heavy-chain constant region.
Also, the immunoglobulin Fc¢ region of the present invention may contain a part or all of the
Fe region including the heavy-chain constant region 1 (CH1) and/or the light-chain constant
region 1 (CL1), except for the variable regions of the heavy and light chains of the
immunoglobulin, as long as it has an effect substantially similar to or better than that of the
native form.  Also, it may be a fragment having a deletion in a relatively long portion of the
amino acid sequence of CH2 and/or CH3.

That is, the immunoglobulin Fc region of the present invention may include 1) a CH1
domain, a CH2 domain, a CH3 domain, and a CH4 domain, 2) a CH1 domain and a CH2
domain, 3) a CH1 domain and a CH3 domain, 4) a CH2 domain and a CH3 domain, 5) a
combination of one or more domains and an immunoglobulin hinge region (or a portion of
the hinge region), and 6) a dimer of each domain of the heavy-chain constant regions and the
light-chain constant region.

Further, the immunoglobulin Fc region of the present invention includes a sequence
variant (mutant) thereof as well as a native amino acid sequence. An amino acid sequence
derivative has a sequence that is different from the native amino acid sequence due to a
deletion, an insertion, a non-conservative or conservative substitution or combinations thereof
of one or more amino acid residues. For example, in an IgG Fc, amino acid residues known
to be important in binding, at positions 214 to 238, 297 to 299, 318 to 322, or 327 to 331,
may be used as a suitable target for modification.

Additionally, other various kinds of variants are possible, including variants having a
deletion of a region capable of forming a disulfide bond, a deletion of several amino acid
residues at the N-terminus of a native Fc¢ form, or an addition of methionine residue to the N-
terminus of a native Fc form. Furthermore, in order to remove effector functions, a deletion
may occur in a complement-binding site, such as a Clg-binding site and an antibody
dependent cell mediated cytotoxicity (ADCC) site. Techniques of preparing such sequence
derivatives of the immunoglobulin Fc¢ region are disclosed in WO 97/34631 and WO
96/32478.

Amino acid exchanges in proteins and peptides, which do not generally alter the
activity of molecules, are known in the art (H. Neurath, R. L. Hill, The Proteins, Academic
Press, New York, 1979). The most commonly occurring exchanges are Ala/Ser, Val/lle,
Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Thy/Phe, Ala/Pro, Lys/Arg,
Asp/Asn, Lew/TIle, Leu/Val, Ala/Glu, Asp/Gly, in both directions.

The Fc region, if desired, may be modified by phosphorylation, sulfation, acrylation,
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glycosylation, methylation, farnesylation, acetylation, amidation, or the like.

The aforementioned Fc derivatives are derivatives that have a biological activity
identical to that of the Fc region of the present invention or improved structural stability
against heat, pH, or the like.

In addition, these Fc regions may be obtained from native forms isolated from humans
and other animals including cows, goats, swine, mice, rabbits, hamsters, rats, and guinea pigs,
or may be recombinants or derivatives thereof, obtained from transformed animal cells or
microorganisms. Here, they may be obtained from a native immunoglobulin by isolating
whole immunoglobulins from human or animal organisms and treating them with a
proteolytic enzyme. Papain digests the native immunoglobulin into Fab and Fc regions, and
pepsin treatment results in the production of pF’c and F(ab),. These fragments may be
subjected to size-exclusion chromatography to isolate Fc or pF’c.

Preferably, a human-derived Fc region is a recombinant immunoglobulin Fc region
that is obtained from a microorganism.

In addition, the immunoglobulin Fc region may be in the form of having native sugar
chains, increased sugar chains compared to a native form or decreased sugar chains compared
to the native form, or may be in a deglycosylated form. The increase, decrease, or removal
of the immunoglobulin Fc sugar chains may be achieved by methods common in the art, such
as a chemical method, an enzymatic method and a genetic engineering method using a
microorganism. Here, the removal of sugar chains from an Fc region results in a sharp
decrease in binding affinity to the complement (clq) and a decrease or loss in antibody-
dependent cell-mediated cytotoxicity or complement-dependent cytotoxicity, thereby not
inducing unnecessary immune responses in-vivo. In this regard, an immunoglobulin Fc
region in a deglycosylated or aglycosylated form may be more suitable to the object of the
present invention as a drug carrier.

The term “deglycosylation”, as used herein, means to enzymatically remove sugar
moieties from an Fc region, and the term “aglycosylation” means that an Fc region is
produced in an unglycosylated form by a procaryote, preferably, E. coli.

On the other hand, the immunoglobulin Fc region may be derived from humans or
other animals including cows, goats, swine, mice, rabbits, hamsters, rats, and guinea pigs, and
preferably humans. In addition, the immunoglobulin F¢ region may be an Fc region that is
derived from IgG, IgA, IgD, IgE, and IgM, or that is made by combinations thereof or
hybrids thereof. Preferably, it is derived from IgG or IgM, which is among the most
abundant proteins in human blood, and most preferably, from IgG which is known to enhance
the half-lives of ligand-binding proteins.

On the other hand, the term “combination”, as used herein, means that polypeptides

encoding single-chain immunoglobulin Fc regions of the same origin are linked to a single-
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chain polypeptide of a different origin to form a dimer or multimer. That is, a dimer or
multimer may be formed from two or more fragments selected from the group consisting of
IgG Fe, IgA Fe, IgM Fc, IgD Fe, and IgE Fc fragments.

The term “hybrid”, as used herein, means that sequences encoding two or more
immunoglobulin Fc regions of different origin are present in a single-chain immunoglobulin
Fec region. In the present invention, various types of hybrids are possible. That is, domain
hybrids may be composed of one to four domains selected from the group consisting of CHI1,
CH2, CH3, and CH4 of IgG Fc, IgM Fc, IgA Fc, IgE Fe, and IgD Fc, and may include the
hinge region.

On the other hand, IgG is divided into 1gG1, 1gG2, IgG3, and IgG4 subclasses, and
the present invention includes combinations and hybrids thereof. Preferred are 1gG2 and
Ig(G4 subclasses, and most preferred is the Fc region of IgG4 rarely having effector functions
such as complement dependent cytotoxicity (CDC). That is, as the drug carrier of the
present invention, the most preferable immunoglobulin Fc region is a human IgG4-derived
non-glycosylated Fc region. The human-derived Fc region is more preferable than a non-
human derived Fc¢ region which may act as an antigen in the human body and cause
undesirable immune responses such as the production of a new antibody against the antigen.

In order to increase the in-vivo half-life, a technology of linking a peptide or a protein
fragment to the insulin analog may also be included in the scope of the present invention.
The peptide or protein fragment to be used may be an elastin-like polypeptide (ELP) of
repeating units of a particular amino acid sequence, and the Xten technology using an
artificial polypeptide by Versartis, Inc. is also included in the scope of the present invention.
Additionally, the structure inducing probe (SIP) technology of increasing the in-vivo half-life
using the multi-lysine by Zealandd, CTP fusion technology by Prolor Biotech Inc. are also
included, and transferrin, which is known to have high in-vivo stability, or fibronectin, which
is a constituting component of connective tissues, and derivatives thereof, etc., may also be
included. The peptides or proteins to be linked to the insulin analog are not limited to the
above, but any peptide or protein that can increase the in-vivo half-life of the insulin analog
may be included in the scope of the present invention.

Additionally, the carrier to be used for increasing the in-vivo half-life may be a non-
peptide material such as a polysaccharide or a fatty acid, etc.

The insulin analog, which has reduced insulin receptor binding affinity compared to
the native insulin, and the carrier, which can increase the in-vivo half-life of the insulin
analog, may be linked via a linker.

The linker may be a peptide linker or a non-peptide linker, and for example, may be
one selected from the group consisting of polyethylene glycol, fatty acid, saccharide, a

polymer, a low molecular weight compound, a nucleotide, and a combination thereof.
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The polymer may be a non-peptide linker selected from the group consisting of
polypropylene glycol, copolymers of ethylene glycol-propylene glycol, polyoxytheylated
polyol, polyvinyl alcohols, polysaccharides, dextran, polyvinyl ether, biodegradable polymers,
lipid polymers, chitins, hyaluronic acid, oligonucleotides, and a combination thereof, but is
not limited thereto. The biodegradable polymer may include biodegradable polymers such
as polylactic acid (PLA) and polylactic-glycolic acid (PLGA).

The non-peptide linker of the present invention may include not only those described
above but also the derivatives thereof well known in the art and those which can be easily
prepared within the skill of the art are also included in the scope of the present invention.

The linking by the linker may be any chemical bond such as a covalent chemical
bond or a non-covalent chemical bond, without limitation.

More specifically, in the present invention, the non-peptide polymer means a
biocompatible polymer including two or more repeating units linked to each other, in which
the repeating units are linked by any covalent bond excluding the peptide bond.  Such non-
peptide polymer may have two ends or three ends.

The peptide linker which is used in the fusion protein obtained by a conventional
inframe fusion method has drawbacks in that it is easily cleaved in the body by a proteolytic
enzyme, and thus a sufficient effect of increasing the blood half-life of the active drug by a
carrier may not be obtained as expected. In the present invention, however, the conjugate
may be prepared using the non-peptide linker as well as the peptide linker. In the non-
peptide linker, the polymer having resistance to the proteolytic enzyme may be used to
maintain the blood half-life of the peptide being similar to that of the carrier. Therefore, any
non-peptide polymer can be used without limitation, as long as it is a polymer having the
aforementioned function, that is, a polymer having resistance to the in-vivo proteolytic
enzyme. The non-peptide polymer has a molecular weight ranging from 1 kDa to 100 kDa,
and preferably, from 1 kDa to 20 kDa.

Additionally, the non-peptide polymer of the present invention, linked to the
immunoglobulin F¢ region, may be one kind of polymer or a combination of different kinds
of polymers.

The non-peptide polymer used in the present invention has a reactive group capable of
binding to the immunoglobulin Fc region and the protein drug.

The non-peptide polymer has a reactive group at both ends, which is preferably
selected from the group consisting of a reactive aldehyde group, a propionaldehyde group, a
butyraldehyde group, a maleimide group and a succinimide derivative. The succinimide
derivative may be succinimidyl propionate, hydroxy succinimidyl, succinimidyl
carboxymethyl, or succinimidyl carbonate. In particular, when the non-peptide polymer has

a reactive aldehyde group at both ends thereof, it is effective in linking at both ends with a
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physiologically active polypeptide and an immunoglobulin with minimal non-specific
reactions. A final product generated by reductive alkylation by an aldehyde bond is much
more stable than that linked by an amide bond. The aldehyde reactive group selectively
binds to a N-terminus at a low pH, and binds to a lysine residue to form a covalent bond at a
high pH, such as pH 9.0.

The reactive groups at both ends of the non-peptide polymer may be the same as or
different from each other. For example, the non-peptide polymer may possess a maleimide
group at one end, and an aldehyde group, a propionaldehyde group, or a butyraldehyde group
at the other end. When a polyethylene glycol having a reactive hydroxy group at both ends
thereof is used as the non-peptide polymer, the hydroxy group may be activated to various
reactive groups by known chemical reactions, or a polyethylene glycol having a
commercially available modified reactive group may be used so as to prepare the single chain
insulin analog conjugate of the present invention.

Additionally, when the insulin analog and the biocompatible material are linked to
each other by a linker, each end of the non-peptide linker may be linked to an amine group or
thiol group of the biocompatible material and the insulin analog, respectively.

In a more exemplary embodiment, the insulin analog and the biocompatible material
may be linked by a linker interposed therebetween, and the biocompatible material may be an
FcRn-binding material, wherein the linker is a peptide linker or a non-peptide linker selected
from the group consisting of polyethylene glycol, polypropylene glycol, copolymers of
ethylene  glycol-propylene glycol, polyoxytheylated polyol, polyvinyl alcohols,
polysaccharides, dextran, polyvinyl ether, biodegradable polymers, lipid polymers, chitins,

hyaluronic acid, and a combination thereof.

Meanwhile, the formulations that can increase bioavailability or maintain sustained
activities may include sustained release formulations by microparticles and nanoparticles
using PLGA, hyaluronic acid, chitosan, etc.

Additionally, examples of other forms of formulations that can increase
bioavailability or maintain sustained activities may include implants, inhalations, and nasal
formulations, and patches.

The insulin analog conjugate of the present invention can maintain in-vivo activities
of the conventional insulin such as energy metabolism and sugar metabolism, and also
increase the blood half-life of the insulin analog and markedly increase duration of in-vivo

efficacy of the peptide, and therefore, the conjugate is useful in the treatment of diabetes.

In another exemplary embodiment of the present invention, there is provided a

method for preparing long-acting insulin, including (a) preparing (i) an insulin analog; and (i1)
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a biocompatible material selected from the group consisting of polyethylene glycol, fatty acid,
cholesterol, albumin and a fragment thereof, an albumin-binding material, a polymer of
repeating units of a particular amino acid sequence, an antibody, an antibody fragment, an
FcRn-binding material, in-vivo connective tissue or a derivative thereof, a nucleotide,
fibronectin, transferrin, saccharide, and a polymer, respectively; and
(b) linking the insulin analog to the biocompatible material.
The insulin analog, the biocompatible material, and the long-acting insulin are the

same as described above.

In another aspect, the present invention provides a long-acting insulin formulation
including the insulin analog conjugate. The long-acting insulin formulation may be a long-
acting insulin formulation having increased in-vivo duration and stability. The long-acting
formulation may be a pharmaceutical composition for the treatment of diabetes, but is not

limited thereto.

The pharmaceutical composition including the conjugate of the present invention
may include pharmaceutically acceptable carriers. For oral administration, the
pharmaceutically acceptable carrier may include a binder, a lubricant, a disintegrator, an
excipient, a solubilizer, a dispersing agent, a stabilizer, a suspending agent, a coloring agent, a
perfume, or the like. For injectable preparations, the pharmaceutically acceptable carrier
may include a buffering agent, a preserving agent, an analgesic, a solubilizer, an isotonic
agent, and a stabilizer. For preparations for topical administration, the pharmaceutically
acceptable carrier may include a base, an excipient, a lubricant, a preserving agent, etc. The
pharmaceutical composition of the present invention may be formulated into a variety of
dosage forms in combination with the aforementioned pharmaceutically acceptable carriers.
For example, for oral administration, the pharmaceutical composition may be formulated into
tablets, troches, capsules, elixirs, suspensions, syrups, or wafers. For injectable preparations,
the pharmaceutical composition may be formulated into a single-dose ampule or a multidose
container. The pharmaceutical composition may also be formulated into solutions,
suspensions, tablets, pills, capsules, and sustained-release preparations.

On the other hand, examples of carriers, excipients, and diluents suitable for
formulation include lactose, dextrose, sucrose, sorbitol, mannitol, xylitol, erythritol, maltitol,
starch, acacia, alginate, gelatin, calcium phosphate, calcium silicate, cellulose,
methylcellulose, microcrystalline cellulose, polyvinylpyrrolidone, water,
methylhydroxybenzoate, propylhydroxybenzoate, talc, magnesium stearate, mineral oils, etc.

In addition, the pharmaceutical formulations may further include fillers, anti-

coagulating agents, lubricants, humectants, perfumes, antiseptics, etc.
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In still another aspect, the present invention provides a method for treating insulin-
related diseases, including administering the insulin analog or the insulin analog conjugate to
a subject in need thereof.

The conjugate according to the present invention is useful in the treatment of diabetes,
and therefore, the disease can be treated by administering the pharmaceutical composition
including the same.

The term “administration”, as used herein, refers to introduction of a predetermined
substance into a patient by a certain suitable method. The conjugate of the present invention
may be administered via any of the common routes, as long as it is able to reach a desired
tissue. Intraperitoneal, intravenous, intramuscular, subcutaneous, intradermal, oral, topical,
intranasal, intrapulmonary, and intrarectal administration may be performed, but the present
invention is not limited thereto. However, since peptides are digested upon oral
administration, active ingredients of a composition for oral administration should be coated
or formulated for protection against degradation in the stomach. Preferably, the present
composition may be administered in an injectable form. In addition, the pharmaceutical
composition may be administered using a certain apparatus capable of transporting the active

ingredients into a target cell.

Further, the pharmaceutical composition of the present invention may be determined
by several related factors including the types of diseases to be treated, administration routes,
the patient’s age, gender, and weight, and severity of the illness, as well as by the types of the
drug as an active component. Since the pharmaceutical composition of the present
invention has excellent in-vivo duration and titer, it has an advantage of greatly reducing

administration frequency of the pharmaceutical formulation of the present invention.

[Best Mode]

Hereinafter, the present invention will be described in more detail with reference to
Examples. However, these Examples are for illustrative purposes only, and the invention is

not intended to be limited by these Examples.

Example 1: Preparation of single chain insulin analog-expressing vector

In order to prepare insulin analogs, each of them having a modified amino acid in the
A chain or the B chain, using the native insulin-expressing vector as a template, forward and
reverse oligonucleotides were synthesized (Table 2), and then PCR was carried out to amplify
each analog gene.

In the following Table 1, amino acid sequences modified in the A chain or the B chain

25



and analog names are given. That is, Analog 1 represents that the 1% glycine of the A chain
is substituted with alanine, and Analog 4 represents that the gh glycine of the B chain is

substituted with alanine.
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[Table 1]

Analogs Modified sequence
Analog 1 A'G->A
Analog 2 A'T->A
Analog 3 AVY->A
Analog 4 B'G->A
Analog 5 B”G->A
Analog 6 B*F->A
Analog 7 BZF->A
Analog 8 AYY->E
Analog 9 AMY->N

Primers for insulin analog amplification are given in the following Table 2.
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[Table 2]

Analogs Sequence SEQ ID NO.
analog | B GGGTCCCTGCAGAAGCGTGCGATTGTGGAACAATGCTGT 3 {SEQ ID NO.1
! B ACAGCATTGTTCCACAATCGCACGCTTCTGCAGGGACCC 3° |SEQID NO.2
fnalog 5 TCCCTGCAGAAGCGTGGCGCGGTGGAACABTGCTGTACC 3° {SEQ ID NO.3
o 5 GGTACAGCATTGTTCCACCGCGCCACGCTTCTGCAGGGA 3° {SEQ ID NO.4
fnalog 3 B CTCTACCAGCTGGAALACGCGTGTAACTGAGGATCC 3 SEQ ID NO.5
l
I 5 GGATCCTCAGTTACACGCGTTTTCCAGCTGGTAGAG & SEQ ID NO.6
tralog 4 B GTTAACCAACACTTGTGTGCGTCACACCTGGTGGEAGLT 3 |SEQ ID NO.7
: B AGCTTCCACCAGGTGTGACGCACACAAGTGTTGGTTAAC 37 |SEQID NO.8
Snalog & B CTAGTGTGCGGGGAACGAGCGTTCTTCTACACACCCAAG 3° |SEQID NO.9
' N 5 CTTGGGTGTGTAGRAGAACGCTCGTTCCCCGLCACACTAG & |SEQ ID NO.10
aralog 6 B GTGTGCGGGGAACGAGGCGLGTTCTACACACCCAAGACC 3 |SEQ ID NO.11
. B GGQTCTTGGGTGTGTAGAACGCGCCTCGTTCCCCGCACAC 3 {SEQID NO.12
Arglog 7 B TGCGGGGAACGAGGCTTCGCGTACACACCCAAGACCCGC 3 {SEQ ID NO.13
n
s10d B GCGGGTCTTIGGGTGTGTACGCGAAGCCTCGTTCCCCGLA 37 ISEQ ID NO.14
taloq 8 B’ -CCAGCATCTGCTCCCTCGAACAGCTGGAGAACTACTG-3 SEQ ID NO.15
Analo
J b’~Cagtagttctccagetaticgagggageagatgetgg -3 SEQ ID NO.16
Analon 9 5 -CAGCATCTGCTCCCTCAACCAGCTGGAGAACTAC-S’ SEQ ID NO.17
nalo
3 K'~-Gtagttctccagetgottgagggageanatactg-3° SEQ ID NO.18

A PCR reaction [or insulin analog amplification was carried out under conditions ol
95°C for 30 seconds, 55°C for 30 seconds, and 68°C for 6 minutes, for 18 cveles. The
insulin analog fragments obtained under the conditions were inserted into pE722b vector to
be expressed as intracellular inclusion bodies. and the resulting expression vectors were
designated as pET22b-insulin analogs 1 to 9. The expression vectors contained nucleic
acids encoding amino acid sequences of insulin analogs 1 to 9 under the control of T7

promoter, and insulin analog proteins were expressed as inclusion bodies in host cells.

DNA sequences and protein sequences of insulin analogs 1 to 9 are given in the
following Table 3.
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[Table 3]

Analog

Sequence

SEQ
ID
NO:

Analog 1

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GCG
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AACTAC TGC AAC

19

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIn Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu GIln Pro
Leu Ala Leu Glu Gly Ser Leu GIn Lys Arg Ala
le Val Glu GIn Cys Cys Thr Ser Ile Cys Ser
Leu Tyr Gln Leu Glu Asn Tyr Cys Asn

20

Analog 2

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
GCG GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AACTAC TGC AAC

21

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIln Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala TLeu Glu Gly Ser Leu Gln Lys Arg Gly
Ala Val Glu Gln Cys Cys Thr Ser Ile Cys Ser
Leu Tyr Gln Leu Glu Asn Tyr Cys Asn

22

Analog 3

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG

23
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GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AAC GCG TGC AAC

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIn Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala Leu Glu Gly Ser Leu GIn Lys Arg Gly
Ille Val Glu Gln Cys Cys Thr Ser Ile Cys Ser
Leu Tyr Gln Leu Glu Asn Ala Cys Asn

24

Analog 4

DNA

TTC GTT AAC CAA CAC TTG TGT GCG TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AACTAC TGC AAC

25

Protein

Phe Val Asn GIn His Leu Cys Ala Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIn Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala Leu Glu Gly Ser Leu GIn Lys Arg Gly
le Val Glu GIn Cys Cys Thr Ser Ile Cys Ser
Leu Tyr GIln Leu Glu Asn Tyr Cys Asn

26

Analog 5

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GCG TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC

27
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ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AACTAC TGC AAC

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Ala Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIln Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala TLeu Glu Gly Ser Leu Gln Lys Arg Gly
le Val Glu GIn Cys Cys Thr Ser Ile Cys Ser
Leu Tyr GIln Leu Glu Asn Tyr Cys Asn

28

Analog 6

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC GCG TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AAC TAC TGC AAC

29

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Ala Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIln Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala Leu Glu Gly Ser Leu GIn Lys Arg Gly
Ille Val Glu Gln Cys Cys Thr Ser Ile Cys Ser
Leu Tyr Gln Leu Glu Asn Tyr Cys Asn

30

Analog 7

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC GCG TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC TAC CAG CTG GAG AACTAC TGC AAC

31

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Ala Tyr Thr Pro Lys Thr Arg Arg Glu

32
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Ala Glu Asp Leu GIn Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala Leu Glu Gly Ser Leu GIn Lys Arg Gly
Ille Val Glu Gln Cys Cys Thr Ser Ile Cys Ser
Leu Tyr GIln Leu Glu Asn Tyr Cys Asn

Analog 8

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC GAA CAG CTG GAG AAC TAC TGC AAC TGA

33

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIn Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala TLeu Glu Gly Ser Leu Gln Lys Arg Gly
le Val Glu GIn Cys Cys Thr Ser Ile Cys Ser
Leu Glu Gln Leu Glu Asn Tyr Cys Asn

34

Analog 9

DNA

TTC GTT AAC CAA CAC TTG TGT GGC TCA CAC CTG
GTG GAA GCT CTC TAC CTA GTG TGC GGG GAA CGA
GGC TTC TTC TAC ACA CCC AAG ACC CGC CGG GAG
GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG
GGC GGG GGC CCT GGT GCA GGC AGC CTG CAG CCC
TTG GCC CTG GAG GGG TCC CTG CAG AAG CGT GGC
ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC
CTC AAC CAG CTG GAG AAC TAC TGC AAC TGA

35

Protein

Phe Val Asn GIn His Leu Cys Gly Ser HisLeu
Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu
Ala Glu Asp Leu GIln Val Gly GIn Val Glu Leu
Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln Pro
Leu Ala TLeu Glu Gly Ser Leu Gln Lys Arg Gly
Ille Val Glu Gln Cys Cys Thr Ser Ile Cys Ser
Leu Asn Gln Leu Glu Asn Tyr Cys Asn

36
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Example 2: Expression of recombinant insulin analog fusion peptide

Expressions of recombinant insulin analogs were carried out under the control of T7
promoter. E. coli BL21-DE3 (E. coli B F-dem ompT hsdS(rB-mB-) gal ADE3; Novagen)
was transformed with each of the recombinant insulin analog-expressing vectors.
Transformation was performed in accordance with the recommended protocol (Novagen).
Single colonies transformed with each recombinant expression vector were collected and
inoculated in 2X Luria Broth (LB) containing ampicillin (50 pg/mL) and cultured at 37°C for
15 hours. The recombinant strain culture broth and 2X LB medium containing 30%
glycerol were mixed at a ratio of 1:1 (v/v). Each 1 mlL was dispensed to a cryotube and
stored at -140°C, which was used as a cell stock for production of the recombinant fusion

protein.

To express the recombinant insulin analogs, 1 vial of each cell stock was thawed and
inoculated in 500 mL of 2X Luria broth, and cultured with shaking at 37°C for 14 hours to 16
hours. The cultivation was terminated, when OD600 reached 5.0 or higher. The culture
broth was used as a seed culture broth. This seed culture broth was inoculated to a 50 L
fermentor (MSJ-U2, B.E.MARUBISHI, Japan) containing 17 L of fermentation medium, and
initial bath fermentation was started. The culture conditions were maintained at a
temperature of 37°C, an air flow rate of 20 L/min (1 vvm), an agitation speed of 500 rpm, and
at pH 6.70 using a 30% ammonia solution. Fermentation was carried out in fed-batch mode
by adding a feeding solution, when nutrients were depleted in the culture broth.  Growth of
the strain was monitored by OD value. IPTG was introduced in a final concentration of 500
uM, when OD value was above 100.  After introduction, the cultivation was further carried
out for about 23 hours to 25 hours. Upon termination of the cultivation, the recombinant

strains were harvested by centrifugation and stored at -80°C until use.

Example 3: Recovery and Refolding of recombinant insulin analogs

In order to change the recombinant insulin analogs expressed in Example 2 into
soluble forms, cells were disrupted, followed by refolding. 100 g (wet weight) of the cell
pellet was resuspended in 1 L lysis buffer (50 mM Tris-HCI (pH 9.0), 1 mM EDTA (pH 8.0),
0.2 M NaCl and 0.5% Triton X-100). The cells were disrupted using a microfluidizer
processor M-110EH (AC Technology Corp. Model M1475C) at an operating pressure of
15,000 psi. The thus-disrupted cell lysate was centrifuged at 7,000 rpm and 4°C for 20
minutes. The supernatant was discarded and the pellet was resuspended in 3 L washing
buffer (0.5% Triton X-100 and 50 mM Tris-HCI (pH 8.0), 0.2 M NaCl, 1l mM EDTA). After

centrifugation at 7,000 rpm and 4°C for 20 minutes, the cell pellet was resuspended in
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distilled water, followed by centrifugation in the same manner. The thus-obtained pellet was
resuspended in 400 mL of buffer (1 M Glycine, 3.78 g Cysteine-HCI, pH 10.6) and stirred at
room temperature for 1 hour. To recover the recombinant insulin analog thus re-suspended,
400 mL of 8 M urea was added and stirred at 40°C for 1 hour. For refolding of the
solubilized recombinant insulin analogs, centrifugation was carried out at 7,000 rpm and 4°C
for 30 minutes, and the supernatant was collected. 7.2 L of distilled water was added thereto

using a peristaltic pump at a flow rate of 1000 mL/hr while stirring at 4°C for 16 hours.

Example 4: Cation binding chromatography purification

The refolded sample was loaded onto a Source S (GE healthcare) column
equilibrated with 20 mM sodium citrate (pH 2.0) buffer containing 45% ethanol, and then the
insulin analog proteins were eluted in 10 column volumes with a linear gradient from 0% to
100% 20 mM sodium citrate (pH 2.0) buffer containing 0.5 M potassium chloride and 45%

ethanol.

Example S: Trypsin and Carboxypeptidase B treatment

Salts were removed from the eluted samples using a desalting column, and the buffer
was exchanged with a buffer (10 mM Tris-HCI, pH 8.0). With respect to the obtained
sample protein, trypsin corresponding to 1000 molar ratio and carboxypeptidase B
corresponding to 2000 molar ratio were added, and then stirred at 16°C for 16 hours. To

terminate the reaction, 1 M sodium citrate (pH 2.0) was used to reduce pH to 3.5.

Example 6: Cation binding chromatography purification

The thus-reacted sample was loaded onto a Source S (GE healthcare) column
equilibrated with 20 mM sodium citrate (pH 2.0) buffer containing 45% ethanol, and then the
insulin analog proteins were eluted in 10 column volumes with a linear gradient from 0% to
100% 20 mM sodium citrate (pH 2.0) buffer containing 0.5 M potassium chloride and 45%

ethanol.

Example 7: Anion binding chromatography purification

Salts were removed from the eluted sample using a desalting column, and the buffer
was exchanged with a buffer (10 mM Tris-HCI, pH 7.5). In order to isolate a pure insulin
analog from the sample obtained in Example 6, the sample was loaded onto an anion
exchange column (Source Q: GE healthcare) equilibrated with 10 mM Tris (pH 7.5) buffer,
and the insulin analog protein was eluted in 10 column volumes with a linear gradient from 0%
to 100% 10 mM Tris (pH 7.5) buffer containing 0.5 M sodium chloride.

The purity of the thus-purified insulin analog was analyzed by protein electrophoresis
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(SDS-PAGE, FIG. 1) and high pressure chromatography (HPLC) (FIG. 2), and modifications
of amino acids were identified by peptide mapping (FIG. 3) and molecular weight analysis of

each peak.

As a result, each insulin analog was found to have the desired modification in its

amino acid sequence.

Example 8: Preparation of insulin analog (No. 7)-immunoglobulin Fc conjugate

To pegylate the N-terminus of the beta chain of the insulin analog using 3.4K ALD2
PEG (NOF, Japan), the insulin analog and PEG were reacted at a molar ratio of 1:4 with an
insulin analog concentration of 5 mg/mL at 4°C for about 2 hours. At this time, the reaction
was performed in 50 mM sodium citrate at pH 6.0 and 45% isopropanol. 3.0 mM sodium
cyanoborohydride was added as a reducing agent and was allowed to react. The reaction
solution was purified with SP-HP (GE Healthcare, USA) column using a buffer containing
sodium citrate (pH 3.0) and 45% ethanol, and KCI concentration gradient.

To prepare an insulin analog-immunoglobulin Fc¢ fragment conjugate, the purified
mono-PEGylated insulin analog and the immunoglobulin Fc fragment were reacted at a molar
ratio of 1:1 to 1:2 and at 25°C for 13 hours, with a total protein concentration of about 20
mg/mL. At this time, the reaction buffer conditions were 100 mM HEPES at pH 8.2, and 20
mM sodium cyanoborohydride as a reducing agent was added thereto. Therefore, PEG was
bound to the N-terminus of the Fc fragment.

After the reaction was terminated, the reaction solution was loaded onto the Q HP
(GE Healthcare, USA) column with Tris-HCI (pH 7.5) buffer and NaCl concentration
gradient to separate and purify unreacted immunoglobulin Fc fragment and mono-PEGylated
insulin analog.

Thereafter, Source 15ISO (GE Healthcare, USA) was used as a secondary column to
remove the remaining immunoglobulin Fc fragment and the conjugate, in which two or more
insulin analogs were linked to the immunoglobulin Fe fragment, thereby obtaining the insulin
analog-immunoglobulin Fc fragment conjugate. At this time, elution was carried out using
a concentration gradient of ammonium sulfate containing Tris-HCI (pH 7.5), and the insulin
analog-immunoglobulin Fc¢ conjugate thus eluted was analyzed by protein electrophoresis
(SDS-PAGE, FIG. 4) and high pressure chromatography (HPLC) (FIG. 5).

As a result, the conjugate was found to have almost 99% purity.

Example 9: Comparison of insulin receptor binding affinity between native insulin,

insulin analog, native insulin-immunoglobulin Fc¢ conjugate, and insulin analog-
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immunoglobulin Fc conjugate

In order to measure the insulin receptor binding affinity of the insulin analog-
immunoglobulin Fc¢ conjugate, Surface plasmon resonance (SPR, BIACORE 3000, GE
healthcare) was used for analysis. Insulin receptors were immobilized on a CM35 chip by
amine coupling, and 5 dilutions or more of native insulin, insulin analog, native insulin-
immunoglobulin Fc¢ conjugate, and insulin analog-immunoglobulin Fc conjugate were
applied thereto, independently. Then, the insulin receptor binding affinity of each substance
was examined. The binding affinity of each substance was calculated using BIAevaluation
software. At this time, the model used was 1:1 Langmuir binding with baseline drift.

As a result, compared to human insulin, insulin analog (No. 6) showed receptor
binding affinity of 14.8%, insulin analog (No. 7) showed receptor binding affinity of 9.9%,
insulin analog (No. 8) showed receptor binding affinity of 57.1%, insulin analog (No. 9)
showed receptor binding affinity of 78.8%, native insulin-immunoglobulin Fc conjugate
showed receptor binding affinity of 3.7% to 5.9% depending on experimental runs, insulin
analog (No. 6)-immunoglobulin Fc conjugate showed receptor binding affinity of 0.9% or
less, insulin analog (No. 7)-immunoglobulin Fc conjugate showed receptor binding affinity of
1.9%, insulin analog (No. 8)-immunoglobulin Fc conjugate showed receptor binding affinity
of 1.8%, and insulin analog (No. 9)-immunoglobulin Fc¢ conjugate showed receptor binding
affinity of 3.3% (Table 4). As such, it was observed that the insulin analogs of the present
invention had reduced insulin receptor binding affinity, compared to the native insulin, and
the insulin analog-immunoglobulin Fc¢ conjugates also had remarkably reduced insulin

receptor binding affinity.
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[Table 4]
Comparison of insulin receptor binding affinity

Test No.| Substance name ke (1/Ms, X10%) |ke (175, X10-2) |Kc (nM)
Test 1 Native human insulin 2.21 7.47 35,05
(100%) {100%) {100%)
Insulin analog (Nc. 6) 0.28 6.60 237.0
{12.56%) {85, 4%) {(18.8%)
Test 2 Native human insulin 2.29 10,1 46,1
(100%) {100%) {(100%)
Native insulin-immunoglobulin 0.09 7.8 781.3
Fc conjugate (3.9%) (77.2%) (5.3%)
Insulin analog (No. 6)-immunoglobulin Ji.02 101 5260.0
Fc conjugate (0.9%) {100%) (0.9%)
Test 3 Native human insulin 1,38 10,73 £2.47
(100%) (1006%) (100%)
Insulin analog (No. 7) 0.14 2.24 542.0
(7.8%) {77.7%) (9.3%)
Native insulin-immunoglobulin 0.5 5.85 1236.87
Fc conjugate (2.7%: (54.5%) (5. 1%
Insulin analog (No. 7)-immunoglobulin {0.42 .20 3270.0
Fc conjugate (1.3%) (67, 1%) (1.3%)
Test 4 Native human insulin 24 12,4 42.0
{(100%) {100%) {100%)
[nsulin analog (Ne. 8) 1.73 12.9 72.4
(60, 0%} {109, 6%) (52.1%)
Native insulin-immunoglobulin .06 6.9 1140.0
Fc conjugate (2.1%) (56, 1% (3.7%)
Insulin analog (No. 8)-immunoglobulin {0.03 6.4 2320.0
Fc conjugate (6.9%) (51,8%) (1.8%)
Test 5 Native human insulin 2.0 a7 50.4
(100%) (100%) (100%)
Insulin analog (No. 9) 1.85 1.9 £4.0
(92.5%) (122.5%) (78.8%)
Native insulin-immunoglobulin 0.09 7.4 862.0
Fc conjugate (4.3%) (76.5%) (5.9%)
Insulin analog (No. 9)-immunoglobulin  |3.95 7.2 1536, 7
Fc conjugate (2,9%) (75, (%) (3.3%

Example 10: Comparison of in-vifro efficacy between native insulin-immunoglobulin Fc
conjugate and insulin analog-immunoglobulin Fc conjugate
In order to evaluate in-vitro efficacy of the insulin analog-immunoglobulin Fe
conjugate, mouse-derived dillerentiated 373-/.1 adipocyies were used to test glucose uplake
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or lipid synthesis. 373-L1 cells were subcultured in 10% NBCS (newborn calf serum)-
containing DMEM (Dulbeco’s Modified Eagle’s Medium, Gibco, Cat.No, 12430) twice or
three times a week, and maintained. 373-L7 cells were suspended in a differentiation
medium (10% FBS-containing DMEM), and then inoculated at a density of 5 x 10* per well
in a 48-well dish, and cultured for 48 hours. For adipocyte differentiation, 1 pug/mL human
insulin (Sigma, Cat. No. 19278), 0.5 mM IBMX (3-isobutyl-1-methylxanthine, Sigma, Cat.
No.I5879), and 1 puM Dexamethasone (Sigma, Cat. No. D4902) were mixed with the
differentiation medium, and 250 pL of the mixture was added to each well, after removing the
previous medium. After 48 hours, the medium was replaced with the differentiation
medium supplemented with only 1 pug/ml of human insulin. Thereafter, while the medium
was exchanged with the differentiation medium supplemented with 1 pg/mL of human insulin
every 48 hours, induction of adipocyte differentiation was examined for 7 days to 9 days.
To test glucose uptake, the differentiated cells were washed with serum-free DMEM medium
once, and then 250 pl. was added to induce serum depletion for 4 hours. Serum-free
DMEM medium was used to carry out 10-fold serial dilutions for Human insulin from 10 uM
to 0.01 uM, and for native insulin-immunoglobulin Fc conjugate and insulin analog-
immunoglobulin Fc¢ conjugates from 20 uM to 0.02 uM. Each 250 uL of the thus-prepared
samples was added to cells, and cultured in a 5% CO; incubator at 37°C for 24 hours. In
order to measure the residual amount of glucose in the medium after incubation, 200 ul, of
the medium was taken and diluted 5-fold with D-PBS, followed by GOPOD assay (GOPOD
Assay Kit, Megazyme, Cat. No. K-GLUC). Based on the absorbance of glucose standard
solution, the concentration of glucose remaining in the medium was converted, and EC50
values for glucose uptake of native insulin-immunoglobulin Fc conjugate and insulin analog-

immunoglobulin Fc conjugates were calculated, respectively.

As a result, compared to human insulin, native insulin-immunoglobulin Fc conjugate
showed glucose uptake of 11.6%, insulin analog (No. 6)-immunoglobulin Fc¢ conjugate
showed glucose uptake of 0.43%, insulin analog (No. 7)-immunoglobulin Fc conjugate
showed glucose uptake of 1.84%, insulin analog (No. 8)-immunoglobulin Fc conjugate
showed glucose uptake of 16.0%, insulin analog (No. 9)-immunoglobulin Fc conjugate
showed glucose uptake of 15.1% (Table 5).

As such, it was observed that the insulin analog (No. 6)-immunoglobulin Fc conjugate
and insulin analog (No. 7)-immunoglobulin Fc conjugate of the present invention had
remarkably reduced in-vitro titer, compared to native insulin-immunoglobulin Fc conjugate,
and insulin analog (No. 8)-immunoglobulin Fc conjugate and insulin analog (No. 9)-
immunoglobulin Fc conjugate had in-vitro titer similar to that of the native insulin-

immunoglobulin Fc conjugate.
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[Table 5]

Glucose uptake
(relative to

native insulin)

Test No. | Substance name

Test 1 Native human insulin 100%
Native insulin—immunoglobulin 11 6%
Fc conjugate e
Insulin Analog No.6—immunoglobulin 0 43¢
Fc conjugate e
Insulin Analog No.7-immunoglobulin 1 84
Fc conjugate e
Test 2 Native human insulin 100%
Native insulin—immunoglobulin 15 99
Fc conjugate e
Insulin Analog No.8-immunoglobulin 160
Fc conjugate e
Test 3 Native human insulin 100%
Native insulin—immunoglobulin 1179
Fc conjugate e
Insulin Analog No.9—-immunoglobulin 15 19

Fc conjugate

Example 11: Pharmacokinetics of insulin analog-immunoglobulin Fc conjugate

In order to examine pharmacokinetics of the insulin analog-immunoglobulin I'c
conjugates, their blood concentration over time was compared in normal rats (6-weck old,
male SD rat) adapted for 5 days to the laboratory. 21.7 nmol/kg of native insulin-
immunoglobulin Fe conjugate and 65.1 nmol/kg of insulin analog-immunoglobulin Fc¢
conjugate were subcutancously injected, respectively. The blood was collected at 0, 1, 4, 8,
24, 48,72, 96, 120, 144, 168, 192, and 216 hours. At each time point, blood concentrations
of native insulin-immunoglobulin Fc conjugate and insulin analog-immunoglobulin Fe
conjugate were measured by enzyme linked immunosorbent assay (LLISA). and Insulin
ELISA (ALPCO, USA) was uscd as a kit. However, as a detection antibody. mousc anti-
human IgG4 HRP conjugate (Alpha Diagnostic Intl. Inc, USA) was used.

The results of examining pharmacokinetics of the native insulin-immunoglobulin Fe

conjugate and the insulin analog-immunoglobulin F¢ conjugate showed that their blood
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concentrations increased in proportion to their administration concentrations, and the insulin
analog-immunoglobulin Fc conjugates having low insulin receptor binding affinity showed a

highly increased half-life, compared to the native insulin-Fc conjugate (FIG. 6).

These results suggest that when the insulin analogs of the present invention modified
to have reduced insulin receptor binding affinity are linked to immunoglobulin Fe region to
prepare conjugates, the conjugates can be provided as stable insulin formulations due to a
remarkably increased in-vivo blood half-life, and thus effectively used as therapeutic agents

for diabetes.

From the foregoing, a skilled person in the art to which the present invention pertains
will be able to understand that the present invention may be embodied in other specific forms
without modifying the technical concepts or essential characteristics of the present invention.
In this regard, the exemplary embodiments disclosed herein are only for illustrative purposes
and should not be construed as limiting the scope of the present invention. On the contrary,
the present invention is intended to cover not only the exemplary embodiments but also
various alternatives, modifications, equivalents and other embodiments that may be included

within the spirit and scope of the present invention as defined by the appended claims.
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[CLAIMS]
[Claim 1]
An insulin analog having reduced insulin receptor binding affinity compared to

native insulin.

[Claim 2]
The insulin analog of claim 1, wherein the insulin analog has an increased half-life of

10% or higher compared to the native insulin.

[Claim 3]
The insulin analog of claim 1, wherein the insulin analog has a mutation or deletion

in at least one amino acid of the native insulin.

[Claim 4]
The insulin analog of claim 3, wherein one or more amino acids at positions 1 to 3, 5,
8, 10, 12, 16, and 23 to 30 of the B chain of insulin, and at positions 1, 2, 5, 8, 10, 12, 14, 16

to 19, and 21 of the A chain of insulin are substituted with other amino acid(s), or deleted.

[Claim 5]
The insulin analog of claim 4, wherein one or more amino acids at positions 8 and 23
to 25 of the B chain of insulin, and at positions 1, 2, 14, and 19 of the A chain of insulin are

substituted with other amino acid(s).

[Claim 6]

The insulin analog of claim 4, wherein the substituting amino acid is selected from
the group consisting of alanine, glutamic acid, asparagine, isoleucine, valine, glutamine,
glycine, lysine, histidine, cysteine, phenylalanine, tryptophan, proline, serine, threonine, and

aspartic acid.

[Claim 7]
The insulin analog of claim 4, wherein the insulin analog has reduced insulin
receptor binding affinity due to the deletion in at least one amino acid of the A chain or the B

chain of the native insulin.

[Claim 8]
The insulin analog of claim 1, wherein the insulin analog includes the A chain of
SEQ ID NO: 37 represented by Formula 1 below and the B chain of SEQ ID NO: 38
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represented by Formula 2 below:

[Formula 1]
Xaal-Xaa2-Val-Glu-GIn-Cys-Cys-Thr-Ser-Ile-Cys-Ser-Leu-Xaa3-Gln-Leu-Glu-

Asn-Xaa4-Cys-Asn (SEQ ID NO: 37)

wherein:

Xaal is glycine or alanine,

Xaa2 is isoleucine or alanine,

Xaa3 is tyrosine, glutamic acid, or asparagine, and

Xaa4 is tyrosine or alanine; and

[Formula 2]
Phe-Val-Asn-GlIn-His-Leu-Cys-Xaa5-Ser-His-Leu- Val-Glu-Ala-Leu-Tyr-Leu-Val-

Cys-Gly-Glu-Arg-Xaa6-Xaa7-Xaa8-Tyr-Thr-Pro-Lys-Thr (SEQ ID NO: 38)

wherein:

Xaa$ is glycine or alanine,

Xaab is glycine or alanine,

Xaa7 is phenylalanine or alanine, and

Xaag8 is phenylalanine or alanine.

[Claim 9]

@)

(ii)

(ii1)

(iv)

™)

The insulin analog of claim 8, wherein the insulin analog comprises:

the A-chain, wherein, inFormula 1, Xaal is alanine, Xaa2 is isoleucine, Xaa3 is

tyrosine, and Xaa4 is tyrosine; and the B-chain, wherein, in Formula 2, Xaa$ is

glycine, Xaab6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is alanine, Xaa3 is

tyrosine, and Xaa4 is tyrosine; and the B-chain, wherein, in Formula 2, Xaa$ is

glycine, Xaab is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
glutamic acid or asparagine, and Xaa4 is tyrosine; and the B-chain, wherein, in

Formula 2, Xaa$5 is glycine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is

phenylalanine;

the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is

tyrosine, and Xaa4 is alanine; and the B-chain, wherein, in Formula 2, Xaa$5 is

glycine, Xaab6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is

tyrosine, and Xaa4 is tyrosine; and the B-chain, wherein, in Formula 2, Xaa$ is
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alanine, Xaa6 is glycine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

(vi)  the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B-chain, wherein, in Formula 2, Xaa$ is
glycine, Xaa6 is alanine, Xaa7 is phenylalanine, and Xaa8 is phenylalanine;

(vii)  the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B-chain, wherein, in Formula 2, Xaa$ is
glycine, Xaa6 is glycine, Xaa7 is alanine, and Xaa8 is phenylalanine; or

(viii) the A-chain, wherein, in Formula 1, Xaal is glycine, Xaa2 is isoleucine, Xaa3 is
tyrosine, and Xaa4 is tyrosine; and the B-chain, wherein, in Formula 2, Xaa$ is

glycine, Xaab is glycine, Xaa7 is phenylalanine, and Xaa8 is alanine.

[Claim 10]

A polynucleotide encoding the insulin analog according to any of claims 1 to 9.

[Claim 11]
An expression vector comprising the polynucleotide of claim 10.

[Claim 12]

A transformant comprising the expression vector of claim 10, excluding humans.

[Claim 13]
Long-acting insulin, wherein a biocompatible material capable of prolonging a half-

life 1s linked to the insulin analog according to any of claims 1 to 9.

[Claim 14]

The long-acting insulin of claim 13, wherein the biocompatible material is selected
from the group consisting of polyethylene glycol, fatty acid, cholesterol, albumin and a
fragment thereof, an albumin-binding material, a polymer of repeating units of a particular
amino acid sequence, an antibody, an antibody fragment, an FcRn-binding material, in-vivo
connective tissue or a derivative thereof, a nucleotide, fibronectin, transferrin, saccharide, and

a polymer.

[Claim 15]
The long-acting insulin of claim 13, wherein the insulin analog and the

biocompatible material are linked to each other by a peptide bond.

[Claim 16]
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The long-acting insulin of claim 13, wherein the insulin analog and the
biocompatible material are linked by a linker selected from the group consisting of
polyethylene glycol, fatty acid, saccharide, a polymer, a low molecular weight compound, a

nucleotide, and a combination thereof.

[Claim 17]

The long-acting insulin of claim 13, wherein the insulin analog and the
biocompatible material are linked by a linker interposed therebetween, and the biocompatible
material is an FcRn-binding material, wherein the linker is a peptide linker, or a non-peptide
linker selected from the group consisting of polyethylene glycol, polypropylene glycol, an
ethylene glycol-propylene glycol copolymer, polyoxytheylated polyol, polyvinyl alcohol,
polysaccharide, dextran, polyvinyl ether, a biodegradable polymer, a lipid-polymer, chitins,

hyaluronic acid, and a combination thereof.

[Claim 18]
The long-acting insulin of claim 17, wherein the FcRn-binding material is a

polypeptide comprising an immunoglobulin Fc region.

[Claim 19]
The long-acting insulin of claim 17, wherein each end of the non-peptide linker is
respectively linked to an amine group or thiol group of the biocompatible material and the

insulin analog.

[Claim 20]

A method for preparing long-acting insulin, comprising:

(a) preparing (i) an insulin analog; and (i1) a biocompatible material selected from the
group consisting of polyethylene glycol, fatty acid, cholesterol, albumin and a fragment
thereof, an albumin-binding material, a polymer of repeating units of a particular amino acid
sequence, an antibody, an antibody fragment, an FcRn-binding material, in-vivo connective
tissue or a derivative thereof, a nucleotide, fibronectin, transferrin, saccharide, and a polymer,
respectively; and

(b) linking the insulin analog to the biocompatible material.

[Claim 21]
A conjugate of Chemical Formula 1 below:
[Chemical Formula 1]
X-La-F;
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wherein X is an insulin analog having reduced insulin receptor binding affinity
compared to the native insulin,

L is a linker,

a is 0 or a natural number, with the proviso that each L is independent from each
other when a is 2 or higher, and

F is a material capable of increasing the in-vivo half-life of an insulin analog.

[Claim 22]
The conjugate of claim 21, wherein X is an insulin analog having reduced insulin
receptor binding affinity compared to the native insulin, wherein the insulin analog has a

mutation or deletion in at least one amino acid of the A chain or the B chain of the insulin.

[Claim 23]

The conjugate of claim 21, wherein, in the insulin analog, one or more amino acids at
positions 1to 3, 5, 8, 10, 12, 16, and 23 to 30 of the B chain of insulin, and at positions 1, 2, 5,
8, 10, 12, 14, 16 to 19, and 21 of the A chain of insulin are substituted with other amino
acid(s), or deleted.

[Claim 24]
The conjugate of claim 23, wherein, in the insulin analog, one or more amino acids at
positions 8 and 23 to 25 of the B chain of insulin, and at positions 1, 2, 14, and 19 of the A

chain of insulin are substituted with other amino acid(s).

[Claim 25]

The conjugate of claim 23, wherein the substituting amino acid is selected from the
group consisting of alanine, glutamic acid, asparagine, isoleucine, valine, glutamine, glycine,
lysine, histidine, cysteine, phenylalanine, tryptophan, proline, serine, threonine, and aspartic

acid.

[Claim 26]

The conjugate of claim 21, wherein the material capable of increasing the in-vivo
half-life of the insulin analog is elected from the group consisting of polyethylene glycol,
fatty acid, cholesterol, albumin and a fragment thereof, an albumin-binding material, a
polymer of repeating units of a particular amino acid sequence, an antibody, an antibody
fragment, an FcRn-binding material, in-vivo connective tissue, a nucleotide, fibronectin,

transferrin, saccharide, and a polymer.
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[Claim 27]
The conjugate of claim 21, wherein L is selected from the group consisting of a
peptide, polyethylene glycol, fatty acid, saccharide, a polymer, a low molecular weight

compound, a nucleotide, and a combination thereof.

[Claim 28]
The conjugate of claim 21, wherein X and F are linked by L through a covalent

chemical bond, a non-covalent chemical bond, or a combination thereof.

[Claim 29]

The conjugate of claim 27, wherein the polymer is a non-peptide linker selected from
the group consisting of polypropylene glycol, ethylene glycol-propylene glycol copolymer,
polyoxytheylated polyols, polyvinyl alcohols, polysaccharides, dextran, polyvinyl ether,
biodegradable polymers, lipid-polymers, chitins, hyaluronic acid, oligonucleotides, and a

combination thereof.

[Claim 30]

The conjugate of claim 21, wherein F is an IgG Fc region.

[Claim 31]
A long-acting insulin formulation with improved in-vivo duration and stability

comprising the conjugate according to any of claims 21 to 30.

[Claim 32]
A long-acting insulin formulation for the treatment of diabetes comprising the

conjugate according to any of claims 21 to 30.
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