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[DESCRIPTION]
[Invention Title]
Insulinotropic Peptide Derivative With Modified N-

Terminal Charge

[Technical Field]

The present invention relates to an insulinotropic
peptide derivative which is modified to have increased
insulinotropic activity and blood glucose level-lowering
activity, and a pharmaceutical composition containing the
same. The insulinotropic peptide derivative according to
the present invention is characterized in that the N-
terminal charge of the insulinotropic peptide is modified to

a neutral or net negative charge.

[Background Art]

Peptides can be easily denatured due to their low
stability, lose their activities via degradation by in-vivo
proteolytic enzymes, and are so small so as to be easily
removed through the kidney. Accordingly, 1in order to
maintain the blood levels and the titers of a pharmaceutical
drug containing a peptide as a pharmaceutically active
component, 1t 1is necessary to frequently administer the
peptide drug to a patient.

However, most peptide drugs are administered as
_1._



10

15

20

25

injection preparations and frequent administration is
necessary for the maintenance of the Dblood 1level of the
physiologically active peptides, thus causing a severe pain
for the patients. To solve these problems, many efforts
have been made to increase the stability of peptide drugs in
blood and to maintain the drugs in the blood at high level
for a prolonged period of time, thereby maximizing the
pharmaceutical efficacy of the drugs.

In particular, the long-acting preparations of such
peptide drugs therefore need to increase their stability
while simultaneously maintaining their titers at
sufficiently high levels without <causing any  immune
responses 1in patients. In this regard, as methods for
stabilizing the peptides, and inhibiting the degradation by
a proteolytic enzyme, attempts have been made to modify
specific amino acid sequences which are sensitive to
proteolytic enzymes.

For example, GLP-1 (7-37 or 7-36 amide), which has a
therapeutic effect of lowering the blood glucose level for
treating type 2 diabetes, has a short physiological half-
life of about 4 minutes or less, due to loss of the titers
of GLP-1 through the cleavage between the 8th amino acid
(Ala) and the 9th amino acid (Asp) by a dipeptidyl peptidase
iv (DPP 1IV). In this regard, GLP-1 derivatives, in which

Ala® is substituted with Gly, Leu, or D-Ala to increase the
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resistance to DPP IV while maintaining the physiclogical
activity, have been developed. Moreover, the N-terminal
amino acid of GLP-1, His', is critical for the GLP-1 activity,
and serves as a target for DPP IV. Accordingly, the N-
terminus is medified to an alkyl or acyl group, and His? 1is
subjected to N-methylation or alpha-methylation, to increase
its resistance to DPP IV, and to maintain its physiological
activity. Although it was confirmed that the stability was
improved due to an increase in their resistance to DPP 1V
there was also a report that the receptor affinity of the
derivatives obtained by modifying His’” was considerably
reduced and the secretory capacity of cAMP was reduced at
the same concentration (see, Gallwitz et al., Regulatory
Peptide 79: 93-102, 1999; Gallwitz et al., Regulatory
Peptide 86: 103-111, 2000).

In addition, among the insulinotropic peptides such as
GLP-1, exendin-4 is composed of a sequence of His-Gly
instead of His-Ala, which is a sequence of GLP-1 acting as a
substrate for DDP IV. Accordingly, exendin-4 has resistance
to DPP IV and higher physioclogical activity than that of
GLP-1. Thus, exendin-4 has a longer in-vivo half-life than
that of GLP-1. However, although the in-vivo half-life of
exendin-4 1is longer than that of GLP-1, commercially
available exendin-4 (exenatide) must be administered to a

patient twice a day via injection, and this is a major
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inconvenience for patients.

Under these circumstances, the present inventors have
made various efforts to increase the activities and
stability in bloocd of insulinotropic peptides and discovered
that insulinotropic peptide derivatives with a modified N-
terminal charge can exhibit superior pharmacokinetics and
higher insulinotropic activities compared to those of a
native insulinotropic peptide, thereby completing the

present invention.

[Disclosure]

[Technical Problem]

An objective of the present invention is to provide an
insulinotropic peptide derivative having increased
insulinotropic activities and hence excellent blood glucose
level-lowering activities.

Another objective of the present invention 1is to
provide a pharmaceutical composition for the treatment of
diabetes containing the above insulinotropic peptide
derivative as an active ingredient.

A further objective of the present invention is to
provide a method for treating diabetes wusing the above

insulinotropic peptide derivative.
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[Technical Solution]

In an aspect for accomplishing the above objectives,
the present invention provides an insulinotropic peptide
derivative in which the N-terminal charge of a native
insulinotropic peptide is modified.

In an embodiment, the present invention provides an
insulinotropic peptide derivative in which the N-terminal
amino group or N-terminal amino acid residue of the
insulinotropic peptide is modified to have a neutral or net
negative charge.

In another embodiment, the insulinotropic peptide
derivative according to the present invention is
characterized in that it is a chemically modified derivative
in which the alpha-amino group of the N-terminal histidine
residue of the insulinotropic peptide is removed or
substituted, or the alpha-carbon is removed, thereby having
a neutral or net negative charge.

In still another embodiment, the insulinotropic peptide
derivative according to the present invention is
characterized in that the derivative is introduced with a
chemical modification corresponding to at least one selected
from the group consisting of: removing the N-terminal amino
group of the insulinotropic peptide; substituting the N-
terminal amino group with a hydroxyl group; modifying the N-

terminal amino group with two methyl groups; substituting
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the N-terminal amino group with a carboxyl group; removing
the alpha-carbon of the N-terminal histidine residue thereby
leaving only the imidazoacetyl group; and removing the N-
terminal amino group while substituting the C-terminal
carboxyl group with propylamide.

In still another embodiment, the insulinotropic peptide
derivative according to the present invention is
characterized in that the N-terminal histidine residue of
insulinotropic peptide is substituted with a material
selected from the group consisting of desamino-histidyl,
dimethyl-histidyl, beta-hydroxy imidazopropionyl, 4-
imidazoacetyl, and beta-carboxyimidazopropionyl.

In still another embodiment, the insulinotropic peptide
derivative according to the present invention is
characterized in that the N-terminal histidine residue of
the insulinotropic peptide is substituted with desamino-
histidyl, and the C-terminal carboxyl group is substituted
with propylamide.

In still another embodiment, the insulinotropic peptide
derivative according to the present invention is
characterized in that the insulinotropic peptide has binding
activity with a GLP-receptor.

In still another embodiment, the insulinotropic peptide
derivative according to the present invention is

characterized in that the insulinotropic peptide is GLP-1
_6_
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represented by SEQ ID NO: 1, exendin-4 represented by SEQ ID
NO: 2, exendin-3 represented by SEQ ID NO: 3, oxyntcomodulin
represented by SEQ ID NO: 5, GIP represented by SEQ ID NO: 6,
or an analogue thereof.

In still another embodiment, the insulinotropic peptide
derivative according to the present invention is
characterized in that it has a higher dissociation constant
(Kd) from a GLP-1 receptor due to the modification in the N-
terminal charge than that of a native insulinotropic peptide.

In still another embodiment, the insulinotropic peptide
derivative of the present invention is characterized in that
the N-terminal histidine residue of GLP-1, exendin-4,
exendin-3, oxyntomodulin, GIP, or an analogue thereof 1is
substituted with desamino-histidyl, dimethyl-histidyl, beta-
hydroxy imidazopropionyl, 4-imidazoacetyl, or beta-
carboxyimidazopropionyl.

In still another embodiment, the insulinotropic peptide
derivative of the present invention is characterized in that
the N-terminal  histidine residue of GLP-1, exendin-4,
exendin-3, oxyntomodulin, GIP, or an analogue thereof is
substituted with desamino-histidyl, and the C-terminal
carboxyl group of GLP-~1, exendin-4, exendin-3, oxyntomodulin,
GIP, or an analogue thereof is substituted with propylamide.

In still another embodiment, the insulinotropic peptide

derivative of the present invention is characterized in that
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it is selected from the group consisting of: desamino-
histidyl-exendin-4 prepared by removing the N-terminal amino
group of exendin-4; beta-hydroxy imidazopropionyl-exendin-4
prepared by substituting the N-terminal amino group of
exendin-4 with a hydroxyl group; beta-
carboxyimidazopropionyl-exendin-4 prepared by substituting
the N-terminal amino group of exendin-4 with a carboxyl
group; dimethyl-histidyl-exendin-4 prepared by modifying the
N-terminal amino group of exendin-4 with two methyl groups;
and imidazoacetyl-exendin-4 prepared by removing the alpha-
carbon of histidine, which is the first amino acid of
exendin-4.

In still another embodiment, the insulinotropic peptide
derivative of the present invention is characterized in that
it is DA-exendin-4-propyl-amide prepared by removing the N-
terminal amino group of exendin-4 while substituting the C-
terminal carboxyl group thereof with propylamide.

In another aspect, the present invention provides a
pharmaceutical composition for the treatment of diabetes
containing as an active ingredient the insulinotropic
peptide derivative in which the N-terminal charge of the
insulinotropic peptide is modified as described above.

In still another embodiment, the present invention
provides a method for treating diabetes including

administering a therapeutically effective amount of the
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insulinotropic peptide derivative, in which the N-terminal
charge is modified as described above, to a subject in need

thereof.

[Advantageous Effects]

The insulinotropic peptide derivative with a modified
N-terminal charge in accordance with the present invention
can be rapidly dissociated from the GLP-1 receptor due to
the modification in the N-terminal charge, so as to prevent
clearance of the insulinotropic peptide and reduce
desensitization. Also, the insulinotropic peptide
derivative with a modified N-terminal charge according to
the present invention can exhibit improvements of
insulinotropic activity and in-vivo Dblood glucose level-
lowering activity due to a change in the binding activity
with the GLP-1 receptor compared to those of a native
insulinotropic peptide. Therefore, the insulinotropic
peptide derivative according to the present invention can be

very effectively used for the treatment of diabetes.

[Description of Drawings]
Figures la through 1d show coupling curves according to
concentrations of the insulinotropic peptide derivative with
a modified N-terminal charge according to the present

invention with GLP-1 receptors, wherein Figure la represents
._.9...
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native exendin-4, Figure 1b CA-exendin-4, Figure 1lc DA-
exendin-4, Figure 1d DA-exendin-4-propyl-amide, and Figure
le HY-exendin-4.

Figure 2 shows a result of measurement of
insulinotropic activity of native exendin-4 and a CA-
exendin-4 derivative with a modified N-terminal <charge
according to the present invention.

Figure 3 shows a result of measurement of blood glucose
level-lowering activity of native exendin-4 and a CA-
exendin-4 derivative with a modified N-terminal charge

according to the present invention in diabetic animal models.

[Best Mode]

The present invention provides an insulinotropic
peptide derivative having a modification on its N-terminal
charge.

The insulinotropic peptide derivative according to the
present invention is characterized by the modification of
the N-terminal charge of the insulinotropic peptide thereby
rapidly dissociating it from the receptor.

The term "insulinotropic peptide derivative" as used
herein refers to a derivative in which the N-terminal
positive charge of a native insulinotropic peptide, its
analogue or a fragment thereof is modified to a neutral or

net negative charge by a chemical, genetic, or physical
....10...
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manipulation while retaining its unique insulinotropic
function.

Specifically, the insulinotropic peptide derivative
according to the present invention 1is preferably a
derivative in which the N-terminal amino group or N-terminal
amino acid residue of the insulinotropic peptide is
chemically modified to have a neutral or net negative charge,
and more preferably, a derivative in which the positive
charge on the first amino acid residue of the N-terminal of
the insulinotropic peptide is modified to a neutral or net
negative charge.

The term "insulinotropic peptide" as used herein refers
to a peptide having an insulinotropic function  for
stimulating the synthesis and expression of insulin in a
pancreatic beta cell. Any insulinotropic peptide suitable
for the present invention may be used, without limitation,
as long as it shows physiological activity by binding with a
GLP-1 receptor. Non-limiting examples thereof include GLP-1
(7-37) of SEQ ID NO: 1, exendin-4 of SEQ ID NO: 2, exendin-3
of SEQ ID NO: 3, oxynthomodulin of SEQ ID NO: 5, a glucose-
dependent insulinotropic polypeptide of SEQ ID NO: 6, and an
analogue or fragment thereof.

The term "insulinotropic peptide analogue" as used
herein refers to a peptide in which at least one amino acid

of an amino acid sequence of a native insulinotropic peptide
._.11_
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is modified, and which has an insulinotropic function.
Preferably, the analogue of the insulinotropic peptide of
the present invention refers to a polypeptide showing at
least 80% amino acid sequence homology to that of the native
insulinotropic peptide, and it may be in a form wherein the
amino acid residues are partly chemically substituted (e.g.,
alpha-methylation, alpha-hydroxylation), removed (e.qg.,
deamination), or modified (e.g., N-methylation).

In a preferred embodiment of the invention, the
insulinotropic peptide analogue refers to showing equivalent
or higher insulinotropic activity compared to that of the
native insulinotropic peptide, but the range of the
insulinotropic peptide analogues of the present invention is
not necessarily limited to those having the insulinotropic
activity at this level.

The term "fragment of an insulinotropic peptide"
according to the present invention refers to a fragment
having at least one amino acid added or removed at the N-
terminus or the C-terminus of the native insulinotropic
peptide while retaining the insulinotropic function. The
added amino acid may be a non-naturally occurring amino acid
(e.g., D-type amino acid).

GLP-1 is a hormone secreted by the small intestine, and
usually promotes Dbiosynthesis and secretion of insulin,

inhibits glucagon secretion, and promotes glucose uptake by
_12_
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the cells. In the small intestine,

decomposed into three peptides,

GLP-2. Here, the GLP-1 refers to GLP-1

a glucagon precursor 1is

i.e., glucagon, GLP-1, and

the form without an insulinotropic

(1-37), which is in

function, and is

processed to become an active form of GLP-1 (7-37). The

GLP-1 (7-37) has an amino acid sequence represented by SEQ

ID NO: 2.

Preferably, a GLP-1 analogue may be selected from the

group consisting of Arg>*-GLP-1(7-37), Gly®-GLP-1(7-36) ~amide,

Gly®-GLP-1(7-37), Val®-GLP-1(7-36)-amide,

val®Asp??~-GLP-1(7-36)-amide,

val®-GLp-1(7-37),

val®asp??-GLP-1(7-37), Val®Glu®*-

GLP-1(7-36)-amide, Val®Glu?*-GLP-1(7-37),

36)~amide, val®Lys**-GLP-1(7-37),

ValSLys”—GLP—l(7—

ValSArg”—GLP~1(7—36)~amide,

Val®arg?-GLP-1(7-37), Val®His?*~GLP-1(7-36)-amide, Val®His®**-

GLP-1(7-37), Val®Trp'®clu®?’-GLP-1(7-37),

1(7-37), Val®Tyr'®Glu®’-GLP-1(7-37),

val®Leu'®G1lu??-GLP-1(7-37),

val®c1lu®?His®'-GLP-1(7-37),

Val®Trp'®clu??val®*11e**-GLP-1 (7-37),

val®Glu®*val®°-GLp-

val®Trp'®c1lu®?~GLP-1(7-37),

val®Tyrt®clu®’~-GLp-1(7-37),

val®G1lu??, 11*3-GLpP-1(7-37),

val®Trp'®clu®?I1le®*-GLP-

1(7-37), val®clu®?val1?°11e**-GLP-1(7-37), and

val®Trpt®Glu®?val?®~-GLP-1(7-37), but is not limited thereto.

As another type of insulinotropic peptide, exendin-4 is

a polypeptide consisting of 39 amino acids that shows 53%

amino acid sequence similarity with GLP-1 and has an amino

acid sequence represented by SEQ ID NO: 2.

13 -

Exendin-3 has an



10

15

20

25

amino acid sequence represented by SEQ ID NO: 3 and it is an
exendin-4 analogue wherein only amino acids at positions 2
and 3 differ from exendin-4. Exendin-3 1is one in which
amino acids at positions 2 and 3 of exendin-4 are
substituted with serine and aspartic acid, respectively, and
it can be represented by Ser’Asp’-exendin-4(1-39). As
another exendin-4 analogue, ZP-10, in which amino acids at
positions 38 and 39 of exendin-4 are substituted with serine
and 1lysine, respectively, 1is represented as Ser>®Lys’®-
exendin-4(1-39)-LysLysLysLysLys—amide and has an amino acid
sequence of SEQ ID NO: 4.

Oxyntomodulin refers to a peptide produced from a pre-
glucagon, which is a precursor of glucagon, and is released
from L-cells of the small intestine in proportion to the
nutrient uptake along with GLP-1. Oxyntomodulin is a
peptide hormone consisting of 37 amino acids represented by
SEQ ID NO: 5, and shows the effects of food intake
inhibition, satiety enhancement, and lypolysis of glucagon.

The glucose-dependent insulinotropic peptide (GIP) is
an incretin that regulates insulin secretion in the pancreas
in a glucose-dependent manner in response to intestinal
absorption of nutrients. The GIP consists of 42 amino acids
described in SEQ ID NO: 6 and is secreted from the cell K of
the small intestine. GIP not only stimulates insulin

secretion 1in a glucose-dependent manner but also promotes
_14..
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insulin synthesis, induces proliferation of f-cells, and
inhibits apoptosis.

The methods used for manufacturing a native
insulinotropic peptide, its analogue, or a fragment thereof
as described above may be used independently or in
combinations thereof. For example, an insulinotropic
peptide, which differs in at least one amino acid residue of
an amino acid sequence from that of the native insulin and
has deamination at the N-terminal amino acid residue, 1is
included in the present invention.

In a specific embodiment, the native insulinotropic
peptide and the modified insulinotropic peptide derivative
used in the present invention may be synthesized by a solid
phase synthesis protocol, and most native polypeptides
including the native insulinotropic peptide may also be
produced by recombinant methods.

The GLP-1, exendin-4, exendin-3, oxyntomodulin, or GIP
analogue may refer to a peptide, in which at least one amino
acid of the native GLP-1, exendin-4, or exendin-~3 1is
substituted, removed, and/or added; or at least one amino
acid residue 1is chemically modified, e.g., by alkylation,
acylation, esterification, or amidation, and has the native
insulinotropic activity.

Concerning GLP-1 and exendin-3 or exendin-4 analogues,

Interational Publication W097/046584 discloses exendin
_15_
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analogues, in which the C-terminal end of GLP-1 or exendin-4
is partially removed or substituted with a non-natural amino
acid, i.e., norleucine; and International Publication
W0389/07404 discloses exdendin agonist compounds with
substitution of amino acids of exendin including non-natural
amino acids, such as pentylglycine, homoproline, and tert-
butylglycine; and US Patent Application Publication No.
2008/0119390 discloses exendin agonist compounds in which
exdendin-4 1is configurated to have a shorter amino acid
sequence than the native type or substituted with other
amino acids, the entire contents of which are incorporated
herein by reference.

The insulinotropic peptide derivative according to the
present invention 1s characterized in that the N-terminal
amino group or N-terminal amino acid residue of the native
insulinotropic peptide, its analogue, or a fragment thereof
is modified to have a neutral or net negative charge as
described above.

Preferably, the insulinotropic peptide derivative
according to the present invention is characterized in that
the positive charge on the first amino acid residue of the
N-terminal of the insulinotropic peptide is chemically
modified to a neutral or net negative charge.

The insulinotropic peptide derivative in which the N-

terminal positive charge of the insulinotropic peptide is
_16_
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chemically modified to a neutral or net negative charge
according to the present invention is characterized in that
it has a higher dissociation constant (Kd) from the GLP-1
receptor compared to that of the native insulinotropic
peptide. The insulinotropic peptide derivative according to
the present invention is modified to have preferably a more
than two-fold, more preferably a more than three-fold and
most preferably a more than six-fold higher dissociation
constant from the GLP-1 receptor compared to that of the
native insulinotropic peptide, but is not limited thereto.
The insulinotropic peptide derivative, in which the N-
terminal positive charge of the insulinotropic peptide is
modified to a neutral or net negative charge according to
the present invention, may be produced by various methods
known in the art. This insulinotropic peptide derivative
may be modified to have a neutral or net negative charge by
the removal or substitution of alpha-amino-terminal

histidine residues, or removal of alpha-carbon.

More preferably, the insulinotropic peptide derivative
with a modified N-terminal charge according to the present
invention may include a derivative prepared by removing the
amino group of the N-terminal histidine of the
insulinotropic peptide (desamino-histidyl derivative), a

derivative prepared by substitution of the N-terminal amino

- 17 -
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group with a hydroxyl group (beta-hydroxyimidazopropionyl
derivative), a derivative prepared by modification of the N-
terminal amino group with two methyl groups (dimethyl-
histidyl derivative), a derivative prepared by substitution
of the N-terminal amino group with a carboxyl group (beta-
carboxyimidazopropionyl derivative), or a derivative
prepared by removal of the alpha-carbon of a N-terminal
histidine residue to leave only the imidazoacetyl group
(imidazoacetyl derivative). Any kind of the insulinotropic
peptide derivative with a modified N-terminal amino group
may be within the scope of the present invention as long as
its N-terminal positive charge can be modified to a neutral

or net negative charge.

The insulinotropic peptide derivative with a modified
N-terminal charge as described above may be represented by

the following structures:
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desamino-histidvi (DA) dimethyl-histidyi (DM)
insulinotropic peptide insulinotropic peptide
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Furthermore, the insulinotropic peptide derivative with
a modified N-terminal charge according to the present
invention may include a derivative in which the C-terminal
carboxyl group of the desamino-histidyl derivative with
removal of the N-terminal amino group is substituted with
propylaminde as described above.

The insulinotropic peptide derivative with a modified
N-terminal charge as described above can be represented by

the following structure:
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Still more preferably, the insulinotropic peptide
derivative according to the present invention may be a
derivative in which the N-terminal histidine residue of GPL-
1, exendin-4, exendin-3, oxyntomodulin, GIP, its analogue or
a fragment thereof 1is substituted with desamino-histidyl,
dimethyl-histidyl, beta-hydroxy imidazopropionyl, 4~
imidazoacetyl, or beta-carboxy imidazopropionyl, thereby
modifying its N-terminal charge.

In an aspect, the insulinotropic peptide derivative
with a modified N-terminal charge according to the present
invention may be represented by the following Formula 1:

R1-X-R2 <Formula 1>

wherein Rl is selected from the group consisting of
desamino-histidyl, dimethyl-histidyl, beta-hydroxy
imidazopropionyl, 4-imidazoacetyl, and beta-carboxy
imidazopropionyl;

R2 is -NH; or -OH,

X is Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-

Leu~Glu-Gly-Gln-Ala~Ala-Lys-Glu-Phe-Ile-Ala-Trp~Leu-Val-Lys-

_20_
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Gly-Arg-Gly;

Ser-Asp-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser~Lys-Gln-Met-
Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe~Ile-Glu-Trp-Leu-Lys—-Asn-Gly—
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser;

Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gln-Met-
Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe~-Ile-Glu-Trp-Leu-Lys-Asn-Gly-
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; or

Ser-Gln-Gly~Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp
~-Ser-Arg-Arg-Ala-Gln-Asp-Phe~-Val-Gln-Trp-Leu-Met-Asn-Thr-
Lys—-Arg-Asn-Arg-Asn-Asn-Ile-Ala.

In a preferred embodiment of the present invention, the
insulinotropic peptide derivative 1is a derivative with
modification of the N-terminal charge of exendin-4, and it
may be selected from the group consisting of desamino-
histidyl-exendin-4 (DA-exendin-4) prepared by removing the
N-terminal amino group of exendin-4; beta-hydroxy
imidazopropionyl-exendin-4 (HY-exendin-4) prepared by
substituting the N-terminal amino group of exendin-4 with a
hydroxyl group; beta-carboxyimidazopropionyl-exendin-4 (CX-
exendin-4) prepared by substituting the N-terminal amino
group of exendin-4 with a carboxyl group; dimethyl-histidyl-
exendin-4 (DM-exendin-4) prepared by modifying the N-
terminal amino group of exendin-4 with two methyl residues;
and imidazoacetyl-exendin-4 (CA~-exendin—4) prepared by

removing the alpha-carbon of histidine, which is the first
..21_
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amino acid of exendin-4.

Further, the insulinotropic peptide derivative of the
present invention may be one in which the N-terminal
histidine residue of GLP-1, exendin-4, exendin-3,
oxyntomodulin, GIP, its analogue, or a fragment thereof is
substituted with desamino-histidyl, and the C-terminal
carboxyl group thereof is substituted with propylamide.

In another aspect, the insulinotropic peptide
derivative with a modified N-terminal charge may include DA-
exendin-4-propyl—-amide prepared by removing the N-terminal
amino group of exendin-4 while substituting the C-terminal
carboxyl group of desamino-histidyl-exendin-4 (DA-exendin-4)
with propylamide.

The above derivatives are those in which the alpha-
amino group of the amino-terminal histidine residue 1is
removed or substituted or the alpha-carbon is removed. The
amino acid sequences are not particularly limited as long as
the physiological activities of the derivatives are
maintained.

Like the exendin-4 derivative, such substitution or
removal may be applied even to the N-terminal end of other
types of insulinotropic peptides, e.g., exendin-3, GLP-1,
oxyntomodulin, and GIP. This may be applied even to their
analogues and fragments thereof as long as their

insulinotropic activities are maintained.
...22_.
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The insulinotropic peptide derivative with a modified
N-terminal charge according to the present invention can be
rapidly dissociated from the GLP-1 receptor, thus preventing
clearance of the insulinotropic peptide and reducing
desensitization.

Also, the insulinotropic peptide derivative with a
modified N-terminal charge in accordance with the present
invention exhibits increased insulinotropic activity and in-
vivo blood glucose level-lowering activity due to a change
of the binding activity with the GLP-1 receptor as compared
to a native insulinotropic peptide.

The insulinotropic peptide derivative according to the
present invention can have increased insulinotropic activity
as compared to a native insulinotropic peptide and exhibit
excellent in-vivo glucose level-lowering activity because
the N-terminal charge of the insulinotropic peptide is
changed to a neutral or net positive charge to cause a
change in the binding activity with the GLP-1 receptor.

In an embodiment of the present invention, the
insulinotropic peptide derivative, in which the positive
charge on the N-terminal amino acid of the insulinotropic
peptide is modified to a neutral or net negative charge, has
a higher dissociation constant (Kd) from the GLP-1 receptor
than that of the native insulinotropic peptide. Accordingly,

it has been confirmed that frequent binding and dissociation
_23.._
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with the GPL-1 receptor can be repeated (see Example 1).
Moreover, it has been confirmed that the insulinotropic
peptide derivative, in which the N-terminal charge of the
insulinotropic peptide is modified, exhibited an about two-
fold increase in insulinotropic activity compared to the
native insulinotropic ©peptide, in which the N-terminal
charge of the insulinotropic peptide is not modified (see
Example 2). In addition, the insulinotropic ©peptide
derivative, in which the N-terminal charge of the
insulinotropic peptide 1is modified, exhibited a five-fold
increase in glucose level-lowering activity in diabetic
animal models (db/db  mice) compared to the native
insulinotropic peptide (see Example 3).

Accordingly, it can be seen that the insulinotropic
peptide derivative, in which the positive charge on the N-
terminal amino acid of the insulinotropic ©peptide is
modified according to the present invention, has an
increased dissociation constant from GLP-1, i.e., an
increase in dissociation from a GLP-receptor, thus showing
excellent stability in blood and insulinotropic activity.

As described above, it has been first found by the
present application that, 1f the N-terminal charge of the
insulinotropic peptide is modified to a neutral or net
negative charge, the binding activity with the GLP-receptor,

particularly the dissociation from the above receptor can be
_.24__
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increased, thus leading to increased biological activity of
the insulinotropic peptide. Accordingly, the excellent
stability in blood and insulinotropic activity of the
insulinotropic peptide derivative according to the present
invention will be useful to maximize the effect of the
treatment of type 2 diabetes.

In another embodiment, the present invention provides a
pharmaceutical composition for the treatment of diabetes
containing as an active ingredient the insulinotropic
peptide derivative, in which the N-terminal charge 1is
modified.

The description of the insulinotropic peptide
derivative with a modified N-terminal charge is as described
above.

The insulinotropic peptide derivative with a modified
N-terminal charge according to the present invention has
higher insulinotropic activity and glucose level-lowering
activity as compared to the native insulinotropic peptide,
and thus it can be used as an excellent therapeutic drug for
diabetes.

The pharmaceutical compositions for the treatment of
diabetes mellitus according to the present invention can be
administered to a subject in need thereof to effectively
treat diabetes.

Accordingly, a method for treating diabetes in a
_25_..
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subject includes administering a therapeutically effective
amount of the insulinotropic peptide derivative with
modification of the N-terminal charge as previously
described, to a subject in need thereof.

The term “treatment” as used herein refers to all of
the actions by which the symptoms of diabetes have taken a
turn for the Dbetter or Dbeen modified favorably by
administration of the insulinotropic peptide derivative with
a modified N-terminal charge or the pharmaceutical
composition containing the same.

The term “administration” as used herein refers to
introduction of a predetermined amount of the insulinotropic
peptide derivative with a modified N-terminal charge or the
pharmaceutical composition containing the same into a
subject by a certain suitable method. The drug may be
administered via any of the common routes, as long as it is
able to reach a desired tissue. For example, the modes of
administration include intraperitoneal, intravenous,
intramuscular, subcutaneous, intradermal, oral, topical,
intranasal, intrapulmonary and intrarectal administration,
but are not limited thereto. However, since peptides are
digested upon oral administration, the composition for oral
administration should be coated or formulated for protection
against degradation in the stomach. Preferably, the

composition may be administered in an injectable form. In
,26_
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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 including the
derivative of the present invention may include a
pharmaceutically acceptable carrier. For oral
administration, the pharmaceutically acceptable carrier may
include a binder, a lubricant, a disintegrant, an excipient,
a solubilizer, a dispersing agent, a stabilizer, a
suspending agent, a coloring agent, a flavoring agent, etc.
For injection preparations, the pharmaceutically acceptable
carrier may include a buffering agent, a preserving agent,
an analgesic, a solubilizer, an isotonic agent, a stabilizer
and the like. 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, sSyrups, OoOr
wafers. For injection preparations, the pharmaceutical
composition may be formulated into an ampule as a single-

dose form or a multi-dose container. The pharmaceutical
_27_
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composition may also be formulated into solutions,
suspensions, tablets, pills, capsules, and long-acting
preparations.

On the other hand, examples of the carrier, the
excipient and the diluent suitable for formulations may
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 and mineral
oils. In addition, the pharmaceutical formulations may
further include fillers, anti-coagulating agents, lubricants,
humectants, flavors, and antiseptics.

The insulinotropic peptide derivative with a modified

N~terminal charge according to the present invention and the

pharmaceutical composition containing the same is
administered in a therapeutically effective amount. 1In the
present invention, the term "therapeutically effective

amount" refers to an amount sufficient to treat the disease
at a reasonable benefit/risk ratio applicable for medical
treatment, and the level of the effective amount may be
determined depending on factors including type of patient's
disease, severity of illness, drug activity, drug

sensitivity, administration time, administration route,
_28_
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dissolution rate, length of treatment, the drug to be used
simultaneously, and elements well-known in other medical
fields. The insulinotropic peptide derivative with a
modified N-terminal charge according to the present
invention and the pharmaceutical composition containing the
same may be administered as an individual therapeutic agent
or in combination with other therapeutic agent(s), or
sequentially or simultaneously with conventional therapeutic
agent(s), or it may be subjected to single or multiple
administration. In view of all the above elements, it is
important to administer an amount that can achieve the
maximum effect with the minimum amount without adverse
effects, which can be readily determined by one skilled in

the art.

The administration frequency and dose of the
pharmaceutical composition according to the present
invention are determined by the type of diseases to be
treated, administration routes, the patient's age, gender,
weight, and disease severity as well as by the types of the
drug as an active component. Since the pharmaceutical
composition of the present invention has excellent durations
of in-vivo efficacy and titer, it can significantly reduce
the administration frequency and dose of the pharmaceutical

drugs.
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In the present invention, the "subject™ includes humans,
monkeys, COws, horses, sheep, pigs, chickens, turkeys,
quails, cats, dogs, mice, rats, and guinea pigs, but is not
limited thereto. In an embodiment, the subject refers to a
mammal, and in another embodiment, the subject refers to a

human.

[Mode for Invention]

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

invention is not intended to be limited to these Examples.

Example 1l: Comparison of the binding activity of GLP-1

receptor and the insulinotropic peptide derivative with a

modified N-terminal charge

The binding activity of the GLP-1 receptor and the
insulinotropic peptide derivative with a modified N-terminal
charge were measured using a surface plasmon resonance {SPR)
apparatus (BIACORE 3000, GE Healthcare). In this case, as
the insulinotropic peptide derivative with a modified N=-
terminal charge, CA-exendin-4, DA-exendin-4, HY-exendin-4,
and DA-exendin-4-propyl-amide were used.

CA-exendin-4 is a derivative prepared by removing the
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alpha-carbon of the N-terminal histidine residue of exendin-
4; DA-exendin-4 is a deritivate prepared by removing the N-
terminal amino group of exendin-4; HY-exendin-4 is a
derivative prepared by substituting the N-terminal amino
group of exendin-4 with a hydroxyl group; and DA-exendin-4-
propyl-amide is a derivative prepared by removing the N-
terminal amino group of exendin-4 while substituting the C-
terminal carboxyl group with propylamide. In addition, a
native exendin-4 (exenatide: Byetta) was used as a control.
Exendin-4 derivatives with a modified N-terminal charge were
synthesized by American Peptide Corporation, and the native

exendin-4 was obtained from Amylin Pharmaceuticals.

The GLP-1 receptor was expressed from CHO-DG44 cells in
hGLP-1R/GST form. The expressed hGLP-1R/GST was immobilized
to a CM5 chip by amine coupling. To the hGLP~-1R/GST~
immobilized CM5 chip, the insulinotropic peptide derivatives
with a modified N-terminal charge were diluted by
concentration and then added to determine the binding
activity with the GLP-1 receptor. The binding activity
between the insulinotropic peptide derivatives with a
modified N-terminal charge and the receptor was analyzed
according to a 1:1 Langmuir fitting model and the results

are shown in Figures la to le and Table 1 below.
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[Table 1]

Sample N-terminal Ka (1/Ms, kd (1/s, Kp (nM)
charge at pH x10°) x10%)
7.4
Native exendin-4 Positive 3.70£0.06 | 5.26£0.11 1 1.4+0.05
charge
CA-exendin-4 1.20£0.11 [ 31.5%0.56 |26.3%£2.08
DA-exendin-4 Neutral 1.13£0.08 | 36.5%1.40 |32.2+1.89
DA-exendin-4- charge 1.04+0.11 | 33.5+£1.40 |132.6+4.17
propyl-amide
HY-exendin-4 0.90£0.07 | 38.3%£1.92 42.7%£4.10

As shown in Table 1 and Figures la through le, it has
been confirmed that the N-terminal end of the native
exendin-4 has a positive charge, whereas exendin-4
derivatives, where this charge is changed to a neutral
charge, exhibited a significantly increased dissociation
constant (kd). These results show that that more frequent
coupling/dissociation can occur repeatedly between the GLP-1
receptor and the insulinotropic peptide derivative with a
modified N-terminal charge.

These pharmacokinetic changes in the GLP-1 receptor can
prevent clearance of the insulinotropic peptide derivative
by the receptor and make desensitization less 1likely to

occur. Therefore, the insulinotropic peptide derivative
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with a modified N-terminal <charge 1is advantageous for

increasing the stability in blood.

Example 2: Measurement of insulinotropic activity of

the insulinotropic peptide derivative with a modified N-

terminal charge

The insulinotropic activities of the insulinotropic
peptide derivatives with a modified N-terminal charge were
compared in RINmSF cells. RINm5F cells were thawed, and
subcultured at least once, followed by inoculation into a
96-well plate at a density of 1 x 10° cells/well with a
culture medium containing FBS (Gibco, #11082). Then, the
cells were cultured in a 5% CO; incubator at 37°c for 48
hours. For the measurement of the insulinotropic activities,
the culture medium of RINm5F cells was replaced with a fresh
medium containing 0.5% FBS, and then incubated for 1 hour.

Each of the insulinotropic peptide derivatives with a
modified N-terminal charge and a native exendin-4 (exenatide:
Byetta) was diluted with a culture medium containing 0.5%
FBS and glucose to yield concentrations from 10 nM to 0.001
nM. At this time, the culture medium not containing
exendin-4 was used as a control group. The culture medium
of RINmSF cells was removed, and the prepared samples were
added thereto, followed by culturing in a 5% COz incubator

at 37°C for 1 hour. Then, the medium was recovered from each
_33_
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well. A rat insulin ELISA kit (Mercodia) was used to
determine the insulin concentrations of the recovered medium,

and the results are shown in FIG. 2 and Table 2.

[Table 2]
Sample Ratio of maximum insulin
secretion to control group
Insulinotropic peptide 198.9%

derivatives with a

modified N-terminal charge

Native exendin-4 159.0%

As shown in Table 2 and Figure 2, it was found that the
insulinotropic peptide derivatives with a modified N-
terminal charge according to the present invention exhibited
about 1.25-fold higher insulinotropic activity than native

exendin-4 at the same concentration range.

Example 3. Comparison of in-vivo efficacy of the

insulinotropic peptide derivative with a modified N-terminal

charge

To measure in-vivo efficacy of the insulinotropic
peptide derivatives with a modified N-terminal charge, their
blood glucose lowering effect was measured in a diabetic

animal model, as compared with native exendin-4. The db/db
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mice (Jackson Lab, 10-12 week-o0ld) were made to fast for 2
hours, and then the insulinotropic peptide derivatives with
a modified N-terminal charge and exendin-4 (exenatide:
Byetta) were administered at an amount of 0.01-1000 mcg/kg
via a subcutaneous route, respectively. At this time, a
vehicle was similarly administered as a control group,
and %change of blood glucose vs. the vehicle was calculated
at each concentration. After 1 hour, blood samples were
collected from a tail blood vessel to measure blood glucose
levels using a glucometer. At each concentration, the EDso
for the blood glucose level-lowering effect vs. the vehicle

was calculated using the Prism program.

[Table 3]
Sample EDso (mcg/kqg) R?
Insulinotropic peptide 2.30 0.99

derivatives with a modified N-

terminal charge

Native exendin-4 9.92 0.98

As shown in Table 3 and Figure 3, it was found that the
insulinotropic peptide derivatives with a modified N-
terminal charge according to the present invention exhibited
an about 5-fold higher blood glucose level-lowering effect

than native exendin-4 in the diabetic animal model.
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From the above~described results, it can be seen that
the insulinotropic peptide derivative with a modified N-
terminal charge according to the present invention can be
rapidly dissociated from the GLP-1 receptor due to an
increase in the dissociation constant with the GLP-1 and
thus exhibits stability in blood, causing increased
insulinotropic activity and a blood glucose level-lowering
effect. Therefore, the insulinotropic peptide derivative
according to the present invention can be very effectively
used for the treatment of diabetes.

Based on the above description, it will be understood
by those skilled in the art that the present invention may
be implemented in a different specific form without changing
the technical spirit or essential characteristics thereof.
Therefore, it should be understood that the above embodiment
is not limitative, but illustrative in all aspects and that
all changes and modifications that are derived from the
subject matter defined in the claims or equivalents thereof
are intended to be embraced in the scope of the present

invention.

[Industrial Applicability]
The insulinotropic peptide derivative with a modified
N-terminal charge according to the present invention can be

rapidly dissociated from the GLP-1 receptor and thus it can
_36_
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prevent clearance of the insulinotropic peptide and is less
likely to cause desensitization. Also, the insulinotropic
peptide derivative with a modified N-terminal charge in
accordance with the present invention exhibits increased
insulinotropic activity and an in-vivo blood glucose level-
lowering effect due to a change of the binding activity with
the GLP-1 receptor as compared to a native insulinotropic
peptide. Therefore, the insulinotropic peptide derivative
according to the present invention can be very effectively

used for the treatment of diabetes.



10

15

20

25

[CLAIMS]

[Claim 1]

An insulinotropic peptide derivative, wherein the
insulinotropic peptide derivative is a native insulinotropic
peptide having a modification on its N-terminal charge.

[Claim 2]

The insulinotropic peptide derivative of claim 1,
wherein the positive charge on the N-terminal amino group or
N-terminal amino acid residue of the native insulinotropic
peptide, or its analogue, or a fragment therecf is
chemically modified to a neutral or net negative charge.

[Claim 3]

The insulinotropic peptide derivative of claim 2,
wherein the N-terminal residue of the native insulinotropic
peptide, or its analogue, or a fragment thereof is histine,
and the modification is removal or substitution of the
alpha-amino group of the histidine residue, or removal of
the alpha-carbon, thereby having a neutral or net negative
charge.

[Claim 4]

The insulinotropic peptide derivative of claim 3,
wherein the modification is at least one selected from the
group consisting of:

removing the N-terminal amino group of the native

insulinotropic peptide, or its analogue or a fragment
._38..
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thereof;

substituting the N-terminal amino group of the native
insulinotropic peptide, or 1its analogue or a fragment
thereof with a hydroxyl group;

modifying the N-terminal amino group of the native
insulinotropic peptide, or 1its analogue or a fragment
thereof with two methyl groups;

substituting the N-terminal amino group of the native
insulinotropic peptide, or its analogue or a fragment
thereof with a carboxyl group;

removing the alpha-carbon of the N-terminal histidine
residue of the native insulinotropic peptide, or its
analogue or a fragment thereof thereby leaving only the
imidazoacetyl group; and

removing the N-terminal amino group of the native
insulinotropic peptide, or its analogue or a fragment
thereof while substituting the C-terminal carboxyl group of
the native insulinotropic peptide, or its analogue or a
fragment thereof with propylamide.

[Claim 5]

The insulinotropic peptide derivative of claim 4,
wherein the N-terminal residue of the native insulinotropic
peptide or its analogue or a fragment thereof is substituted
with a material selected from the group consisting of

desamino-histidyl, dimethyl-histidyl, beta-hydroxy
...39_
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imidazopropionyl, 4-imidazoacetyl, and beta-
carboxyimidazopropionyl.

[Claim 6]

The insulinotropic peptide derivative of claim 4,
wherein the N-terminal residue of the native insulinotropic
peptide or its analogue or a fragment thereof is substituted
with desamino-histidyl, and the C-terminal carboxyl group of
the native insulinotropic peptide or 1its analogue or a
fragment thereof is substituted with propylamide.

[Claim 7]

The insulinotropic peptide derivative of claim 1,
wherein the insulinotropic peptide derivative has a binding
activity with a GLP-1 receptor.

[Claim 8]

The insulinotropic peptide derivative of claim 1,
wherein the native insulinotropic peptide derivative is GLP-
1 represented by SEQ ID NO: 1, exendin-4 represented by SEQ
ID NO: 2, exendin-3 represented by SEQ ID NO: 3,
oxyntomodulin represented by SEQ ID NO: 5, GIP represented
by SEQ ID NO: 6, an analogue thereof, or a fragment thereof.

[Claim 9]

The insulinotropic peptide derivative of claim 8,
wherein the native insulinotropic peptide derivative or its
analogue is a GLP-1 analogue, and is selected from the group

consisting of Arg**-GLP-1(7-37), Gly®-GLP-1(7-36)-amide,
_40_
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Gly®-GLP-1(7-37), Val®-GLP-1(7-36)-amide, Val®-GLP-1(7-37),
vVal®asp?®-GLP-1(7-36)-amide, Val®Asp??-GLP-1(7-37), Val®clu®**-
GLP-1(7-36)-amide, Val®Glu?’>-GLP-1(7-37), Val®Lys®*-GLP-1(7-
36)-amide, Val®Lys??’-GLP-1(7-37), Val®Arg?*-~GLP-1(7-36)-amide,
Val®arg?®-GLP-1(7-37), Val®His?*-GLP-1(7-36)-amide, Val®His?*-
GLP-1(7-37), Val®Trp*®Glu??-GcLP-1(7-37), Vval®Glu®*val®-GLP-

1(7-37), Val®Tyr*®Glu??-GLP-1(7-37), Val®Trp'®Glu®’-GLP-1(7-37),

val®Leu®Glu?*-GLP-1(7-37), val®Tyr'®G1lu®?~-GLP-1(7-37),
vVal®Glu?®His*’-GLP-1(7-37), val®clu??, 11*-GLP-1(7-37),
Val®Trpt®clu®?val®’11e*-GLP-1(7-37), val®Trp'®clu®?11le*-GLP-
1(7-37), val®Glu®*val®°T1e*3-GLP-1(7-37), and

val®Trpt®clu®?val®’~GLP-1 (7-37) .

[Claim 10]

The insulinotropic peptide derivative of claim 8,
wherein the native insulinotropic peptide derivative or its
analogue is a zP-10 (Ser%Lys”—exendin—4(1—39)—
LysLysLysLysLys-amnmide), which is an exendin-4 analogue
represented by SEQ ID NO: 4.

[Claim 11]

The dinsulinotropic peptide derivative of claim 1,
wherein the insulinotropic peptide derivative has a higher
dissociation constant (Kd) for the GLP-1 receptor compared
to the native insulinotropic peptide.

[Claim 12]

The insulinotropic peptide derivative of claim 5,
_41_
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wherein the insulinotropic peptide derivative is represented
by the following Formula 1:

R1-X-R2 <Formula 1>

wherein Rl is selected from the group consisting of
desamino-histidyl, dimethyl-histidyl, beta-hydroxy
imidazopropionyl, 4-imidazoacetyl, and beta~-carboxy
imidazopropionyl;

R2 is -NH; or -OH,

X is Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gln-Ala~Ala-Lys-Glu~Phe-Ile-Ala-Trp-Leu-Val-Lys-
Gly-Arg-Gly;

Ser-Asp-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys—-Gln-Met-
Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-Ile~Glu-Trp-Leu-Lys—-Asn-Gly-
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro~Pro-Ser;

Gly-Glu-Gly-Thr-Phe~-Thr-Ser-Asp-Leu-Ser-Lys-Gln-Met-
Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-Tle-Glu~-Trp-Leu-Lys-Asn-Gly-
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; or

Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr—Leu-
Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-
Lys-Arg-Asn-Arg—-Asn—-Asn-Ile-Ala.

[Claim 13]

The insulinotropic peptide derivative of «claim 6,
wherein the N-terminal histidine residue of GLP-1, exendin-4,
exendin~3, oxyntomodulin, GIP, or an analogue thereof is

substituted with desamino-histidyl, and the C-~terminal
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carboxyl group of GLP-1, exendin-4, exendin-3, oxyntomodulin,
GIP, or an analogue thereof is substituted with propylamide.

[Claim 14]

The insulinotropic peptide derivative of claim 12,
wherein the insulinotropic peptide is selected from the
group consisting of desamino-histidyl-exendin-4 prepared by
removing the N-terminal amino group of exendin-4; beta-
hydroxy imidazopropionyl-exendin-4 prepared by substituting
the N-terminal amino group of exendin-4 with a hydroxyl
group; beta-carboxyimidazopropionyl-exendin-4 prepared by
substituting the N-terminal amino group of exendin-4 with a
carboxyl group; dimethyl-histidyl-exendin-4 prepared by
modifying the N-terminal amino group of exendin-4 with two
methyl groups; and 1imidazoacetyl-exendin-4 prepared by
removing the alpha-carbon of histidine, which is the first
amino acid of exendin-4.

[Claim 15]

The insulinotropic peptide derivative of claim 13,
wherein the insulinotropic peptide derivative is DA-exendin-
4-propyl-amide prepared by removing the N-terminal amino
group of exendin-4 and substituting the C-terminal carboxyl
group with propylamide.

[Claim 16]

A pharmaceutical composition for the treatment of

diabetes comprising as an active ingredient the
_43_



insulinotropic peptide derivative as defined in any one of
claims 1 to 15.

[Claim 17]

A method for treating diabetes comprising administering
a therapeutically effective amount of the insulinotropic
peptide derivative as defined in any one of claims 1 to 15

to a subject in need thereof.



