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(57) Abrégé/Abstract:

The present invention relates to an MG53 mutant, wherein the MG53 mutant is identical to the amino acid sequence of a wild-type
MG53 except for at least one serine in the coiled-coil-SPRY region of the wild-type MG53, which is deleted and/or mutated into any
other non-serine or non-threonine amino acid(s). The present invention also relates to a pharmaceutical composition comprising
the MG53 mutant, a nucleic acid encoding the MG53 mutant, a method for preparing the MG53 mutant, use of the MG53 mutant
in the manufacture of a medicament for treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,
diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage. In particular, the
MG53 mutant of the present invention may avoid or reduce metabolic side effects, such as, insulin resistance, obesity, diabetes,
hypertension, dyslipidemia, etc., brought by the wild-type MG53, while treating heart diseases, diabetic cerebrovascular diseases,
diabetic ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular and/or
tissue damage.
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ABSTRACT

The present invention relates to an MG53 mutant, wherein the MG53 mutant is identical
to the amino acid sequence of a wild-type MG53 except for at least one serine in the
coiled-coil-SPRY region of the wild-type MG53, which is deleted and/or mutated into any other
non-serine or non-threonine amino acid(s). The present invention also relates to a
pharmaceutical composition comprising the MG53 mutant, a nucleic acid encoding the MG53
mutant, a method for preparing the MG53 mutant, use of the MG53 mutant in the
manufacture of a medicament for treating heart diseases, diabetic cerebrovascular diseases,
diabetic ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases
associated with cellular and/or tissue damage. In particular, the MG53 mutant of the present
invention may avoid or reduce metabolic side effects, such as, insulin resistance, obesity,
diabetes, hypertension, dyslipidemia, etc., brought by the wild-type MG53, while treating heart
diseases, diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,

diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage.
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MG53 Mutants, Methods of Making the Same, and Uses Thereof

TECHNICAL FIELD

[0001] The present invention relates to the biomedical field. In particular, the present
invention relates to MG53 mutants, pharmaceutical compositions comprising the MG53
mutants, nucleic acids encoding the MG53 mutants, methods for preparing the MG53 mutants,
and uses of the MG53 mutants in the manufacture of medicaments for treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy, diabetic

foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

BACKGROUND ART

[0002] Mitsugumin 53 (MG53), also known as TRIM72, is a member of the Tripartite
motif-containing proteins (TRIM) family. MG53 comprises a TRIM motif at the N-terminus and
a SPRY matif at the C-terminus. The TRIM motif consists of successively linked Ring, B-box and
coiled-coil domains (see Chuanxi Cai et al., the Journal of Biological Chemistry, Vol. 284 (5),
3314-3322 {2008)). MG53 plays a variety of roles throughout the body, but it is mainly
expressed in striated muscles, and is essential for maintaining the homeostasis of skeletal
muscle and the heart. MG53 was previously found to have cell membrane repair function and
cardioprotective function (see, c.g., Chuanxi Cai et al., Nature Cell Bioclogy, Vol. 11, 56-64 (2009};
CN101797375B). In addition, further studies have found that MGS53 also plays a protective
role in ischemic preconditioning (IPC) and ischemic postconditioning (PostC), by activation of
the reperfusion injury salvage kinase (RISK) pathway. The N-and C-termini of the MG53
molecule can bind to Caveoclin-3 and p85-PI3K kinases respectively to form a complex, which
activates the RISK pathway to elicit cardiac protection (see Chun-Mei Cao et al., Circulation 121,

2565-2574, (2010)).

[0003] Although MGS3 has cell membrane repair function and cardioprotective function,
previous studies also found that MG53 has E3 ubiquitin ligase activity, which contributes to the
development of insulin resistance and metabolic syndrome. The Ring domain of the TRIM
motif at the N-terminus of MG53 binds to insulin receptor (IR) and insulin receptor substrate-1

(IRS1) and mediates the ubiquitination and subsequent degradation of these proteins by the



proteasome, thereby blocking the insulin signaling pathway and leading to insulin resistance and
associated metabolic diseases such as obesity, diabetes, hypertension, dyslipidemia, etc. (see, for
example, R. Song et al. Nature 494, 375-379, {2013); J. S. Yi et al., Nature Communications 4, 2354
(2013)). Thus, the wild-type MG53 elicits cell membrane repair function and cardioprotective
function, but also causes deleterious side effects, such as insulin resistance and its associated

metabolic diseases.

SUMMARY OF THE INVENTION

[0004] The present invention relates to MG53 mutants, pharmaceutical compositions comprising
the MG53 mutants, nucleic acids encoding the MG53 mutants, methods for preparing the MG53
mutants, and uses of the MG53 mutants in the manufacture of medicaments for treating heart
diseases, diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,
diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage. In
particular, the MG53 mutants may avoid or reduce metabolic side effects, such as insulin resistance,
obesity, diabetes, hypertension, dyslipidemia, etc., while still retaining cell membrane repair

function and/or cardioprotective function.

[0005] In one aspect, the present invention relates to an MG53 mutant, wherein the MG53
mutant is identical to the amino acid sequence of a wild-type MG53 except for at least one serine in
the coiled-coil-SPRY region of the wild-type MG53, which is deleted or mutated into any non-serine
or non-threonine amino acid(s}. In certain embodiments, the coiled-coil-SPRY region is located at
positions 122-477 of the amino acid sequence of the wild-type MG53. In certain embodiments,
the wild-type MG53 is derived from an animal, preferably from a mammal, e.g., human, mouse, rat,
monkey, swine, dog, etc. In certain embodiments, the amino acid sequence of the wild type
MG53 is set forth in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 139, SEQ ID NO: 140, SEQ ID NO: 141, or SEQ ID NO: 142.

[0006] In certain embodiments, the MG53 mutant is identical to the amino acid sequence of a
wild-type MG53 except for at least one serine in the coiled-coil-SPRY region of the wild-type MG53,
which is mutated into a non-polar amino acid. In certain embodiments, the non-polar amino acid

is selected from the group consisting of glycine, alanine, leucine, isoleucine, valine,
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proline, phenylalanine, methionine, and tryptophan. Preferably, in certain embodiments, the
non-polar amino acid is alanine. In certain embodiments, the MG53 mutant is identical to the
amino acid sequence of a wild-type MG53 except for at least one serine in the coiled-coil-SPRY
region of the wild-type MG53, which is mutated into any non-serine or non-threonine polar
amino acid(s). In certain embodiments, the polar amino acid is selected from the group
consisting of glutamine, cysteine, asparagine, tyrosine, aspartic acid, glutamic acid, lysine,

arginine, and histidine. Preferably, in certain embodiments, the polar amino acid is cysteine.

[0007] !n certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341, 377, 405,
418, 425, or 430 of the amino acid sequence set forth in SEQ ID NO: 1 of a wild-type MG53.

[0008] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341, 377, 405,
418, 425, or 430 of the amino acid sequence set forth in SEQ ID NO: 139 of a wild-type MG53.

[0009] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341, 377, 405,
418, 425, or 430 of the amino acid sequence set forth in SEQ ID NO: 140 of a wild-type MGS3.

[0010] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341, 377, 405,
418, 425, or 430 of the amino acid sequence set forth in SEQ 1D NO: 141 of a wild-type MG53.

[0011] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, or 269 of the amino acid sequence set forth in SEQ 1D
NO: 142 of a wild-type MG53.

[0012] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 188, 189, 210, 211, 214, 246, 253, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341,
367, 377, 418, 430, or 440 of the amino acid sequence set forth in SEQ ID NO: 2 of a wild-type
MG53.

[0013] In certain embodiments, the deleted or mutated serine is located at one or more of

positions 150, 188, 189, 210, 211, 214, 246, 253, 255, 269, 296, 297, 301, 305, 307, 314, 341,
3
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367, 377, 418, 430, 440, 464, or 474 of the amino acid sequence set forth in SEQ ID NO: 3 of a
wild-type MG53.

{0014] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 341, 377, 405, 418,
425, 430, or 464 of the amino acid sequence set forth in SEQ ID NO: 4 of a wild-type MG53.

[0015] in certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 301, 305, 307, 314, 341, 377, 411, 418, 425,
430, or 474 of the amino acid sequence set forth in SEQ 1D NO: 5 of a wild-type MG53.

[0016] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 307, 314, 341, 367, 377, 418,
425, or 430 of the amino acid sequence set forth in SEQ 1D NO: 6 of a wild-type MG53.

[0017] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 150, 188-189, 210-211, 214, 246, 253-255, 269, 296-297, 301, 305-307, 314, 341, 367,
377, 405, 411, 418, 425, 430, 440, 464, or 474 of the amino acid sequence {e.g., SEQ ID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 139, SEQ ID
NO: 140, SEQID NO: 141, or SEQ 1D NO: 142) of a wild-type MG53.

[0018] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 189, 211, 214, 246, 253-255, 269, 296, 301, 305, 307, 341, 377, 418, or 430 of the
amino acid sequence (e.g., SEQ ID NQO: 1, SEQ ID NO: 2, SEQ 1D NO: 3, SEQ 1D NO: 4, 5EQ ID NO:
5, SEQ ID NO: 6, SEQ ID NO: 139, SEQ ID NO: 140, SEQ ID NO: 141, or SEQ ID NO: 142) of a
wild-type MG53.

[0019]) In certain embodiments, the deleted or mutated serine is located at one or more of
positions 211, 214, 246, 253-255, 269, 296, or 297 of the amino acid sequence {e.g., SEQ ID NO:
1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ iD NO: 139, SEQ
ID NO: 140, SEQ ID NO: 141, or SEQ {D NO: 142} of a wild-type MG53.

[0020] In certain embodiments, the deleted or mutated serine is located at one or more of

positions 211, 214, 246, 255, 269, 296, or 297 of the amino acid sequence {e.g., SEQ ID NO: 1,
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SEQ ID NO: 2, SEQID NO: 3, SEQ 1D NO: 4, SEQ 1D NO: 5, SEQ ID NO: 6, SEQ ID NO: 138, SEQ ID
NO: 140, SEQ ID NO: 141, or SEQ D NO: 142} of a wild-type MG53.

[0021] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 253-255 of the amino acid sequence (e.g., SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ. ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 139, SEQ 1D NO: 140, SEQ. ID NO: 141, or
SEQ ID NO: 142) of a wild-type MG53. In certain embodiments, the deleted or mutated serine
is located at position 253 of the amino acid sequence of a wild-type MG53. In certain
embodiments, the deleted or mutated serine is located at position 255 of the amino acid
sequence of a wild-type MG53. In certain embodiments, the deleted or mutated serine is
located at position 255 of the amino acid sequence set forth in SEQ ID NO: 1 of a wild-type
MG53. In certain embodiments, the deleted or mutated serine is located at position 255 of
the amino acid sequence set forth in SEQ ID NO: 139, SEQ ID NO: 140, SEQ 1D NO: 141 or SEQ D
NO: 142 of a wild-type MG53.

[0022] In certain embodiments, the MG53 mutant comprises two or more serine mutations.
In certain embodiments, two or more serine mutations of the MG53 mutant comprise serine
mutation at one or more of positions 253-255. In certain embodiments, two or more serine
mutations of the MG53 mutant comprise serine mutation at position 253. in certain
embodiments, two or more serine mutations of the MG53 mutant comprise serine mutation at
position 255. In certain embodiments, two or more serine mutations of the MG53 mutant

comprise serine mutations at positions 253 and 255.

[0023] A person skilled in the art will comprehend that serine residues in the wild-type MG53
proteins of different species may be located at different positions, and thus the positions of the
deleted or mutated serine may also differ. In certain embodiments, the deleted or mutated
serine is within 1 to 10 amino acids, 1 to 5 amino acids, or 1 to 3 amino acids upstream or
downstream of the corresponding serine position in the amino acid sequence of the wild-type

MGS53 set forth in SEQ ID NO: 1.

{0024] In certain embodiments, the amino acid sequence of the MG53 mutant is the amino
acid sequence set forth in SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQ ID NO: 12, SEQ ID NO: 147, SEQ ID NO: 148, SEQ ID NO: 149 or SEQ ID NO: 150.



Preferably, in certain embodiments, the amino acid sequence of the MG53 mutant is the amino acid
sequence set forth in SEQ ID NO: 7. In certain embodiments, the amino acid sequence of the MG53
mutant has at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
98%, or at least 99% amino acid sequence homology to one of the amino acid sequences set forth in
SEQ ID NO: 7, SEQ ID NO: 8§, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:11, SEQ ID NO: 12, SEQ ID NO:
147, SEQ ID NO: 148, SEQ ID NO: 149, SEQ ID NO:150, and the MG53 mutant avoids metabolic side
effects caused by wild-type MG53 while still retaining cell membrane repair function and/or

cardioprotective function.

[00243a] In one embodiment, the present invention relates to an MG53 mutant, wherein the MG53
mutant is identical to the amino acid sequence of a wild-type MG53 except for one serine in the
coiled-coil-SPRY region of the wild-type MG53, which is deleted or mutated into alanine, wherein the
deleted or mutated serine is located at the following position of the amino acid sequence of the wild-

type MG53: position 255 corresponding to SEQ ID NO: 1.

[0024b] In another embodiment, the present invention relates to an MG53 mutant, wherein the
amino acid sequence of the MG53 mutant is any one of the amino acid sequences set forth in SEQ ID

NOs: 7-12 or 147-150.

[0025] Inanother aspect, the present invention relates to a pharmaceutical composition comprising

the MG53 mutant of the invention and a pharmaceutically acceptable carrier.

[0026] In another aspect, the present invention relates to an isolated nucleic acid comprising a
nucleic acid sequence encoding the amino acid sequence of the MG53 mutant. In certain
embodiments, the present invention relates to a nucleic acid comprising any one of the nucleic acid

sequences set forth in SEQ ID NOs: 13-18 or 151-154.

[0027] Inanother aspect, the present invention relates to an expression vector comprising a nucleic
acid sequence encoding the amino acid sequence of the MG53 mutant. In certain embodiments,
the present invention relates to a nucleic acid comprising any one of the nucleic acid sequences set

forth in SEQ ID NOs: 13-18 or 151-154.

[0028] Inyet another aspect, the present invention relates to a host cell comprising the expression

vector described herein.
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[0029] In still another aspect, the present invention relates to a method for preparing the MG53
mutant, comprising performing site-directed mutagenesis at the one serine on a plasmid comprising
a nucleic acid sequence encoding the full-length amino acid sequence of a wild-type MG53,
transfecting the plasmid into a host cell following the site-directed mutagenesis, and inducing the
host cell to produce the MG53 mutant. In certain embodiments, the site-directed mutagenesis
comprises the following steps: (1) determining the corresponding nucleotide site of the amino acid
targeted for site-directed mutagenesis in the cDNA sequence; modifying the nucleotide sequence at
the mutation site according to the target amino acid; and designing primers by intercepting a
sequence of 20-40 bp in length comprising the mutation site; (2) performing PCR reaction by using
the primers of step (1) and taking a wild type MG53 plasmid as a template, performing agarose gel
electrophoresis for the PCR product, and purifying the PCR product; (3) performing enzymatic
reaction for the purified PCR product of step (2) by using restriction endonuclease, ligating the
enzyme-digested product with a suitable plasmid expression vector, transforming and cultivating the
ligation product in bacterial competent cells. In certain embodiments, the site-directed
mutagenesis further comprises the following step: (4) selecting the clones of step (3) to perform
colony PCR identification by using the primers of step (1), performing agarose gel electrophoresis for
the PCR product, and then performing DNA sequencing identification to identify positive clones with

the site-directed mutagenesis.

[0030] In another aspect, the present invention relates to use of the MG53 mutant in the
manufacture of a medicament for treating heart diseases, diabetic cerebrovascular diseases, diabetic
ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated
with cellular and/or tissue damage. In another aspect, the present invention relates to use of the
MG53 mutant for treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage. In certain embodiments, the medicament or MG53 mutant may
avoid or reduce metabolic side effects, such as insulin resistance, obesity, diabetes, hypertension,
dyslipidemia, while treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage. In certain embodiments, the heart diseases are diseases associated

with myocardial damage, including but not limited to, diabetic heart disease, myocardial ischemia,
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cardiac ischemia/reperfusion injury, myocardial infarction, heart failure, arrhythmia, heart rupture,
angina, myocarditis, coronary heart disease, and pericarditis. In certain embodiments, the diabetic
cerebrovascular diseases include, but are not limited to, cerebral arteriosclerosis, ischemic
cerebrovascular disease, cerebral hemorrhage, cerebral atrophy, and cerebral infarction. In certain
embodiments, the diabetic ocular complications include, but are not limited to, diabetic retinopathy,
diabetic cataract, diabetic associated uveitis, and blindness. In certain embodiments, the diabetic
neuropathy includes, but is not limited to, diabetic peripheral neuropathy. In certain embodiments,
the kidney diseases include, but are not limited to, acute glomerulonephritis, chronic
glomerulonephritis, nephrotic syndrome, acute kidney injury, diabetic nephropathy, etc. In certain

embodiments, the

7a
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diseases associated with cellular and/or tissue damage include, but are not limited to, diseases
associated with the cellular and/or tissue damage of kidney, brain, lung, liver, heart, spleen,
digestive tract, and skin, such as brain injury, lung injury, spleen injury, splenic rupture, gastric
ulcer, gastritis, gastric perforation, gastrointestinal mucosal injury, trauma, burns, ulcers,
mucositis, asthma, chronic obstructive pulmonary disease (COPD), stroke, skin aging, etc. In
certain embadiments, the present invention relates to use of a polypeptide set forth in SEQ ID
NO: 7 in the manufacture of a medicament for treating heart diseases, diabetic cerebrovascular
diseases, diabetic ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and
diseases associated with cellular and/or tissue damage. In certain embodiments, the present
invention relates to use of a polypeptide set forth in SEQ 1D NO: 147, SEQ ID NO: 148, SEQ ID
NO: 149 ar SEQ ID NO: 150 in the manufacture of a medicament for treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy, diabetic

foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

[0031] In yet another aspect, the present invention relates to a method of treating heart
diseases, diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,
diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage,
comprising administering to a subject in need thereof a therapeutically effective amount of the
MG53 mutant. In certain embodiments, the MG53 mutant may avoid or reduce metabolic
side effects, such as insulin resistance, obesity, diabetes, hypertension, and dyslipidemia, while
treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,
diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular
and/or tissue damage. In certain embodiments, the heart diseases are diseases associated
with myocardial damage, including but not limited to, diabetic heart disease, myocardial
ischemia, cardiac ischemia/reperfusion injury, myocardial infarction, heart failure, arrhythmia,
heart rupture, angina, myocarditis, coronary heart disease, and pericarditis. In certain
embodiments, the diabetic cerebrovascular diseases include, but are not limited to, cerebral
arteriosclerosis, ischemic cerebrovascular disease, cerebral hemorrhage, cerebral atrophy, and
cerebral infarction. In certain embodiments, the diabetic ocular complications include, but
are not limited to, diabetic retinopathy, diabetic cataract, diabetic associated uveitis, and
blindness. In certain embodiments, the diabetic neuropathy includes, but is not limited to,

diabetic peripheral neuropathy. In certain embodiments, the kidney diseases include, but are

8
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not limited to, acute glomerulonephritis, chronic glomerulonephritis, nephrotic syndrome,
acute kidney injury, diabetic nephropathy, etc. In certain embodiments, the diseases
associated with cellular and/or tissue damage include, but are not limited to, diseases
associated with the cellular and/or tissue damage of kidney, brain, lung, liver, heart, spleen,
digestive tract, and skin, such as brain injury, lung injury, spleen injury, splenic rupture, gastric
ulcer, gastritis, gastric perforation, gastrointestinal mucosal injury, trauma, burns, ulcers,
mucositis, asthma, chronic obstructive pulmonary disease (COPD), stroke, skin aging, etc. In
certain embodiments, the present invention relates to a method of treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy, diabetic
foot, kidney diseases, and diseases associated with cellular and/or tissue damage, comprising
administering to a subject in need thereof a therapeutically effective amount of the
polypeptide set forth in SEQ ID NO: 7.  In certain embodiments, the present invention relates
to a method of treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage, comprising administering to a subject in need thereof a
therapeutically effective amount of a polypeptide set forth in SEQ ID NO: 147, SEQ ID NO: 148,
SEQ 1D NO: 149, or SEQ ID NO: 150.

[0032] In yet other aspect, the present invention relates to an MG53 mutant for use in
treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,
diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular
and/or tissue damage. In certain embodiments, the MG53 mutant may avoid or reduce
metabolic side effects, such as insulin resistance, obesity, diabetes, hypertension, and
dyslipidemia, while treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage. In certain embodiments, the heart diseases are diseases
associated with myocardial damage, including but not limited to, diabetic heart disease,
myocardial ischemia, cardiac ischemia/reperfusion injury, myocardial infarction, heart failure,
arrhythmia, heart rupture, angina, myocarditis, coronary heart disease, and pericarditis. In
certain embodiments, the diabetic cerebrovascular diseases include, but are not limited to,
cerebral arteriosclerosis, ischemic cerebrovascular disease, cerebral hemorrhage, cerebral

atrophy, and cerebral infarction. In certain embodiments, the diabetic ocular complications

9
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include, but are not limited to, diabetic retinopathy, diabetic cataract, diabetic associated
uveitis, and blindness. In certain embodiments, the diabetic neuropathy includes, but is not
limited to, diabetic peripheral neuropathy. In certain embodiments, the kidney diseases
include, but are not limited to, acute glomerulonephritis, chronic glomerulonephritis, nephrotic
syndrome, acute kidney injury, diabetic nephropathy, etc. In certain embodiments, the
diseases associated with cellular and/or tissue damage include, but are not limited to, diseases
associated with the cellular and/or tissue damage of kidney, brain, lung, liver, heart, spleen,
digestive tract, and skin, such as brain injury, lung injury, spleen injury, splenic rupture, gastric
ulcer, gastritis, gastric perforation, gastrointestinal mucosal injury, trauma, burns, ulcers,
mucositis, asthma, chronic obstructive pulmonary disease {(COPD), stroke, skin aging, etc. In
certain embodiments, the present invention relates to a polypeptide set forth in SEQ ID NO: 7
for use in treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage. In certain embodiments, the present invention relates to a
polypeptide set forth in SEQ ID NO: 147, SEQ ID NO: 148, SEQ {D NO: 149, or SEQ ID NO: 150 for
use in treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,
diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular

and/or tissue damage.

BRIEF DESCRIPTION OF THE FIGURES

[0033]) Figure 1 illustrates the molecular structure of a wild-type MG53.

[0034] Figure 2 illustrates the amino acid sequence SEQ ID NO: 1 of human wild-type MG53

and its encoding nucleic acid sequence SEQ 1D NO: 19.

[0035] Figure 3 illustrates the amino acid sequence SEQ ID NO: 2 of mouse wild-type MG53

and its encoding nucleic acid sequence SEQ 1D NO: 20.

[0036] Figure 4 illustrates the amino acid sequence SEQ ID NO: 3 of rat wild-type MG53 and its

encoding nucleic acid sequence SEQ ID NO: 21.

[0037] Figure 5 illustrates the amino acid sequence SEQ ID NO: 4 of monkey wild-type MG53

and its encoding nucleic acid sequence SEQ ID NO: 22.

10
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[0038] Figure 6 illustrates the amino acid sequence SEQ ID NO: 5 of swine wild-type MGS53

and its encoding nucleic acid sequence SEQ ID NO: 23,

[0039] Figure 7 illustrates the amino acid sequence SEQ ID NO: 6 of dog wild-type MG53 and

its encoding nucleic acid sequence SEQ ID NQ: 24,

[0040] Figure 8 illustrates the amino acid sequence SEQ ID NO: 7 of human MG53 S255A

mutant and its encoding nucleic acid sequence SEQ ID NO: 13.

[0041]) Figure 9 illustrates the amino acid sequence SEQ 1D NO: 8 of mouse MG53 S255A

mutant and its encoding nucleic acid sequence SEQ. 1D NO: 14,

[0042] Figure 10 illustrates the amino acid sequence SEQ ID NO: 9 of rat MG53 S255A mutant

and its encoding nucleic acid sequence SEQ ID NO: 15.

[0043] Figure 11 illustrates the amino acid sequence SEQ ID NO: 10 of monkey MG53 S255A

mutant and its encoding nucleic acid sequence SEQ ID NO: 16.

[0044] Figure 12 illustrates the amino acid sequence SEQ ID NO: 11 of swine MG53 S255A

mutant and its encoding nucleic acid sequence SEQ 1D NO: 17.

[0045] Figure 13 illustrates the amino acid sequence SEQ ID NO: 12 of dog MG53 S255A

mutant and its encoding nucleic acid sequence SEQ ID NO: 18.

[0046] Figure 14 iltustrates the amounts of intracellular ATP and LDH release after adenovirus
is used to overexpress mouse wild-type MG53 and mouse MG53 S255A mutant in primarily
cultured cardiomyocytes of neonatal rats. The upper panel shows the detected amount of
intracellular ATP after hypoxia and reoxygenation treatment when adenovirus is used to
overexpress mouse wild-type MG53 and mouse MG53 S255A mutant in primarily cultured
cardiomyocytes of neonatal rats, wherein Adv-B-gal represents a control virus expressing
galactosidase, but not expressing mouse wild-type MG53 or mouse MG53 S5255A mutant;
Adv-MG53-myc  represents  adenovirus  expressing  mouse  wild-type = MG53;
Adv-MG53-5255A-myc represents adenavirus expressing mouse MG53 $255A mutant (n=7, *p
<0.05, **p <0.01). The lower panel shows the detected amount of LDH release after hypoxia

and reoxygenation treatment when adenovirus is used to overexpress mouse wild-type MG53
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and mouse MG53 S255A mutant in primarily cultured cardiomyocytes of neonatal rats, wherein
Adv-B-gal represents a control virus expressing galactosidase, but not expressing mouse
wild-type MG53 or mouse MG53 $255A mutant; Adv-MG53-myc represents adenavirus
expressing mouse wild-type MGS3; Adv-MG53-S255A-myc represents adenovirus expressing
mouse MG53 S255A mutant (n=7, **p<0.01, ***p<0.005).

[0047] Figure 15 illustrates that mouse MG53 S255A mutation does not affect the activation
of AKT by mouse wild-type MG53. The upper panel shows the amount of intracellular
p-AKT*” detected by Western Blot when adenovirus is used to overexpress mouse wild-type
MG53 and mouse MG53 S255A mutant in primarily cultured cardiomyocytes of neonatal rats,
wherein B-gal represents control adenovirus expressing galactosidase, but not expressing
mouse wild-type MGS3 or mouse MG53 S255A mutant; MG53 represents adenovirus
expressing mouse wild-type MGS53; S255A represents adenovirus expressing mouse MG53
S255A mutant. The lower panel is a statistic diagram of the upper panel, wherein Adv p-gal
represents control adenovirus expressing galactosidase, but not expressing mouse wild-type
MG53 or MG53 S255A mutant; Adv MG53 represents adenovirus expressing mouse wild-type
MG53; Adv MG53 S255A represents adenovirus expressing mouse MG53 S255A mutant (n =5,
* p <0.05).

[0048] Figure 16 illustrates that mouse MG53 S255A mutation inhibits MG53-mediated
substrate degradation. The upper panel of Figure 16A shows IRS1 protein content detected by
Western Blot in plasmids overexpressing IRS1, mouse wild-type MG53, mouse MG53 S255A
mutant, or mouse MG53-D-RING truncated mutant in HEK293T cell line, wherein CON
represents an empty vector plasmid control without expression of mouse wild-type MG53,
mouse MG53 5255A mutant, and mouse MG53-D-RING truncated mutant; MG53 represents a
vector plasmid expressing mouse wild-type MG53; S255A represents a vector plasmid
expressing mouse MG53 5255A mutant; D-RING represents a vector plasmid expressing mouse
MG53 truncated mutant MG53-D-RING, in which mouse RING domain is truncated. The lower
panel of Figure 16A is a statistic diagram of the upper panel {n=5, *p <0.05; **p <0.01}). The
upper panel of Figure 168 shows IR protein content detected by Western Blot in plasmids
overexpressing IR, mouse wild-type MG53, mouse MGH3 S255A mutant, or mouse

MGS53-D-RING truncated mutant in HEK293T cell line, wherein CON represents an empty vector
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plasmid control without expression of mouse wild-type MG53, mouse MG53 S255A mutant,
and mouse MG53-D-RING truncated mutant; MG53 represents a vector plasmid expressing
mouse wild-type MG53; S255A represents a vector plasmid expressing mouse MG53 $255A
mutant; D-RING represents a vector plasmid expressing mouse MG53-D-RING truncated mutant.

The lower panel of Figure 168 is a statistic diagram of the upper panel (n=5, **p <0.01).

[0049] Figure 17 illustrates that human MGS3 S255A mutant inhibits MGS3-mediated
substrate degradation. The upper panel shows IRS1 protein content detected by Western Blot
in plasmids overexpressing IRS1, human wild-type MG53, human MG53 S255A mutant, or
human MG53-D-RING truncated mutant in HEK293T cell line, wherein CON represents an
empty vector plasmid control without expression of human wild-type MG53, human MG53
S$255A mutant, and human MG53-D-RING truncated mutant; MG53 represents a vector plasmid
expressing human wild-type MG53; MG53-dR represents a vector plasmid expressing human
MG53-D-RING truncated mutant. The lower panel is a statistic diagram of the upper panel!
(n=5, **p <0.01).

[0050] Figure 18 illustrates that mouse MG53 S255A mutant inhibits the binding of MG53 to
substrate IRS1. Figure 18A shows the content of MG53-IRS1 complex detected by
immunoprecipitating IRS1 protein and performing Western Blot after co-expressing mouse
wild-type MG53 and MG53 substrate IRS1, or co-expressing mouse MG53 $255A mutant and
MG53 substrate IRS1 in HEK293T cell line. in Figure 18A, MG53 represents mouse wild-type
MGS53, MG53 S255A represents mouse MG53 S255A mutant, IRS1 represents mouse insulin
receptor substrate. Figure 18B shows the binding intensity of immobilized and purified
protein IRS1 to purified protein mouse wild-type MG53 or mouse MG53 S255A mutant in the
maobile phase during surface plasmon resonance (SPR) test, wherein MG53 represents mouse
wild-type MG53, MG53-5255A represents mouse MG53 S255A mutant, and Rat IRS1 represents

rat insulin receptor substrate.

[0051] Figure 19 illustrates the effect of mouse MG53 S255A mutant on the amount of protein
IRS1. The upper panel shows the content of protein IRS1 detected by Western Biot in
plasmig® overexpressing IRS1, Ub, MG53, or MG53 $255A mutant in HEK293T cell line, wherein
Ub represents ubigquitin, MG53 represents mouse wild-type MGS53, and MG53-S255A
represents mouse MG53 S255A mutant. The lower panel is a statistic diagram of the upper
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panel, wherein CON represents an empty vector plasmid control without expression of mouse
wild-type MG53 and mouse MG53 $255A mutant, MG53-S255A represents a vector plasmid
expressing mouse MG53 S255A mutant (n=3, *p <0.05; ***p <0.005).

[0052] Figure 20 illustrates the amino acid sequence SEQ ID NO: 139 {(which corresponds to
NCBI number BAD18630.1) of a human MG53 subtype and its encoding nucleic acid sequence
SEQ ID NO: 143.

[0053] Figure 21 illustrates the amino acid sequence SEQ ID NO: 140 {which corresponds to
NCBI Accession No. XP_016878743.1) of a human MG53 subtype and its encoding nucleic acid
sequence in SEQ ID NO: 144,

[0054] Figure 22 illustrates the amino acid sequence SEQ ID NO: 141 (which corresponds to
NCBI BAC03506.1) of a human MG53 subtype and its encoding nucleic acid sequence SEQ ID NO:
145.

[0055] Figure 23 illustrates the amino acid sequence SEQ ID NO: 142 (which corresponds to
NCBI number AAH33211.1) of a human MG53 subtype and its encoding nucleic acid sequence
SEQ ID NO: 146.

[0056] Figure 24 illustrates the amino acid sequence SEQ ID NO: 147 of a human MG53
subtype S255A mutant and its encoding nucleic acid sequence SEQ ID NO: 151.

[0057]) Figure 25 illustrates the amino acid sequence SEQ D NO: 148 of a human MGS53

subtype S255A mutant and its encoding nucleic acid sequence SEQ ID NO: 152.

[0058] Figure 26 illustrates the amino acid sequence SEQ ID NO: 149 of a human MG53
subtype S255A mutant and its encoding nucleic acid sequence SEQ ID NO: 153,

[0059] Figure 27 illustrates the amino acid sequence SEQ ID NO: 150 of a human MG53

subtype S255A mutant and its encoding nucleic acid sequence in SEQ ID NO: 154.

[0060] Figure 28 illustrates the nomenclature schematic of the amino acid positions of

full-length MGS53 proteins and fragments thereof for each species in the present invention,.

DETAILED DESCRIPTION
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[0061] Although various aspects and embodiments of the present invention will be disclosed in
the following, a person skilled in the art can make various equivalent changes and modifications
without departing from the spirit and scope of the subject matter of the application. The various
aspects and embodiments disclosed herein are given by way of illustration only, and are not
intended to limit the present invention. The actual protection scope of the present application is
defined by the claims. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by a person having ordinary skills in the art to

which this invention pertains.

[0062] In one aspect, the present invention relates to an MG53 mutant, wherein the MG53
mutant is identical to the amino acid sequence of a wild-type MG53 except for at least one serine in
the coiled-coil-SPRY region of the wild-type MG53, which is deleted and/or mutated into any other

non-serine or non-threonine amino acid(s).

[0063] As used herein, the term "wild-type MG53" or "wild-type MG53 protein” refers to the
natural sequence of a full-length MG53 protein or fragments thereof expressed in a subject.
MG53 protein is a multi-functional protein with a structure shown in Figure 1. The full-length
MG53 proteins of different species are slightly different in length, but generally have about 477
amino acids, comprising a TRIM motif at the N-terminus and a SPRY motif at the C-terminus. The
TRIM motif consists of successively linked Ring, B-box and coiled-coil domains (RBCC). MG53
protein is one of the important components for membrane repair, which plays an essential role in
the pre-conditioning and post-conditioning protection of ischemia-reperfusion injury. Meanwhile,
the high expression of MG53 protein may also cause insulin resistance and metabolic syndrome,
The structure and function of MG53, as well as its interaction with other proteins have been
reported in detail in the art (see, e.g., Chuanxi Cai et al., Journal of Biological Chemistry, 284 (5},
3314-3322, (2009); Xianhua Wang et al., Circulation Research 107, 76-83, (2010); Eun Young Park et
al., Proteins, 790-795 (2009)).

[0064] As used herein, the term "subject” includes both human and non-human animals.
Non-human animals include all vertebrates, such as mammals and non-mammals. The "subject”
may also be a domestic animal such as cow, swine, sheep, poultry and horse; or rodent such as rat,

mouse; or a primate such as ape, monkey; or domesticated animal such as dog or cat. "Subject"
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may be male or female, and may be elderly, adult, adolescent, child or infant. A human "subject”
may be Caucasian, African, Asian, Semitic, or other races, or a mixture of the racial backgrounds

above.

[0065] In certain embodiments, the wild-type MG53 is preferably derived from a mammal, e.g.,
human, ape, monkey, mouse, rat, swine, dog, etc. A person skilled in the art may, from an open
channel (e.g., National Center for Biotechnology Information (NCBI}), obtain the amino acid
sequence of wild-type MG53 of each species. In certain embodiments, the amino acid sequence
of the wild-type MG53 is set forth in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQID NO: 4, SEQ ID
NO: 5 or SEQ ID NO: 6, which corresponds to the human, mouse, rat, monkey, swine, and dog

wild-type MG53 full length protein, respectively.

(LI

[0066] As used herein, the terms "protein", "polypeptide” and "peptide" are used interchangeably
to refer to a polymer of amino acids. The proteins, polypeptides or peptides described herein may
contain natural amino acids, non-natural amino acids, or analogs or mimetics of amino acids. The
proteins, polypeptides or peptides described herein may be obtained by any known method in the
art, such as, but not limited to, by natural isolation, recombinant expression, chemical synthesis,

etc.

[0067] As used herein, the term "coiled-coil-SPRY region" is a corresponding region of the amino
acid sequence of a wild-type MG53. The coiled-coil domain, existing in most TRIM family proteins,
mediates homologous or heterologous association between TRIM family members or between
TRIM members and other proteins to form complexes such as dimers, polymers, etc., thereby
eliciting cell membrane repair (see, e.g., Ozato et al., Nature Review Immunology, 8: 849-860 (2008);
Sanchez S. et al., PNAS, 111: 2494-2499 (2014)). The SPRY domain is located at the C-terminus of
the amino acid sequence of a wild-type MG53 and is typically located at positions 288-477 of the
amino acid sequence of a wild-type MG53. In certain embodiments, the SPRY domain described
herein includes a PRY motif and a SPRY motif. The SPRY domain is evolutionarily conserved and is
expressed throughout fungi to higher animals (see, e.g., Ozato et al., Nature Review Immunology, 8:
849-860 (2008)). So far, about 60 TRIM family members are identified in different mammalian

genomes, among which 15
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members carry a similar SPRY domain after the TRIM domain (i.e., the Ring-B-box-Coiled-Coil
domain), and MG53 exhibits a conserved primary structure with these TRIM subfamily proteins
(see, e.g.,, W02009/073808). The specific amino acid positions corresponding to the
coiled-coil-SPRY region may be slightly different among different species, but a person skilled in
the art may obtain the specific amino acid positions corresponding to the coiled-coil-SPRY
region of wild-type MG53 of different species through the prior art (e.g., the information as
disclosed in NCBI) and/or routine experimental methods. In certain embodiments, the
coiled-coil-SPRY region as used herein refers to amino acid positions 122-477 of a wild-type
MGS3 or a structurally similar region. In certain embodiments, the structurally similar region
may be a region comprising 70%, 80% or 90% contiguous amino acid sequence of amino acid
positions 122-477. In certain embodiments, the N-terminal initiation site of the structurally
similar region may have about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15 or 20 amino acids longer or shorter
than the N-terminus of the amino acid positions 122-477, and/or the C-terminal termination
site of the structurally similar region may have about 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 15 or 20 amino
acids longer or shorter than the C-terminus of the amino acid positions 122-477. For example,
in certain embodiments, the coiled-coil-SPRY region as used herein refers to the
coiled-coil-SPRY region of human wild-type MG53 (i.e., SEQ ID NO: 1), which corresponds to
amino acid positions 122-477 of SEQ ID NO: 1.

[0068] As used herein, the term "MG53 mutant” or "MG53 protein mutant" refers to an
MG53 protein variant or fragment in which the natural amino acid sequence of a wild-type
MG53 protein is modified. Such modifications include, but are not limited to, deletion and/or
substitution of one or more amino acids. In certain embodiments, the MG53 mutant of the
present invention is identical to the amino acid sequence of a wild-type MG53 except for at
least one serine in the coiled-coil-SPRY region of the wild-type MG53, which is deleted and/or

mutated into any other non-serine or non-threonine amino acid(s).

[0069] As used herein, "at least one serine" refers to one or more serine, for example, 1, 2, 3,
4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35 or more serine within the coiled-coil-SPRY region of a wild-type MG53.

[0070] As used herein, "other non-serine or non-threonine amineo acids" refers to any other
natural amino acids, substituted natural amino acids, non-natural amino acids, substituted
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non-natural amino acids, or any combination thereof, that are not serine or threonine. The
names of natural amino acids are represented as standard single letter or three-letter codes in
the present application. Natural amino acids include non-polar amino acids and polar amino
acids. Unless otherwise specified, any of the amino acids described herein may be in the D- or

L-configuration.

[0071] In certain embodiments, at least one serine (Ser or S) within the coiled-coil-SPRY region
of the wild-type MG53 is deleted or mutated into a non-polar amine acid. The non-polar
amino acids include glycine {Gly or G}, alanine (Ala or A}, leucine {Leu or L), isoleucine {lle or I},
valine (Val or V), proline [Pro or P), phenylalanine (Phe or F), methionine (Met or M),
tryptophan (Trp or W}.  In certain embodiments, at least one serine within the coiled-coil-SPRY
region of the wild-type MG53 is deleted or mutated into glycine or alanine. Preferably, in
certain embodiments, at least one serine within the coiled-coil-SPRY region of the wild-type
MGS53 is deleted or mutated into alanine. More preferably, in certain embodiments, at least

one serine within the coiled-coil-SPRY region of the wild-type MG53 is mutated into alanine.

[0072] In certain embodiments, at least one serine within the coiled-coil-SPRY region of the
wild-type MGS53 is deleted or mutated into a polar amino acid. The polar amino acids include
glutamine (Gln or Q), cysteine (Cys or C), asparagine {Asn or N), tyrosine (Tyr or Y), aspartic acid
{Asp or D), glutamic acid (Glu or E), lysine {Lys or K}, arginine {Arg or R), histidine (His or H). In
certain embodiments, at least one serine within the coiled-coil-SPRY region of the wild-type
MG53 is deleted or mutated into cysteine or histidine. Preferably, in certain embodiments, at
least one serine within the coiled-coil-SPRY region of the wild-type MG53 is deleted or mutated
into cysteine. More preferably, in certain embodiments, at least one serine within the

coiled-coil-SPRY region of the wild-type MG53 is mutated into cysteine.

[0073] In certain embodiments, the serine mutations described herein include one serine is
substituted with one or more other non-serine or non-threonine amino acids, for example, one
serine may be substituted with 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 other non-serine or non-threonine
amino acids. If two or mare serine are substituted, then each serine may be independently

substituted with one or more other non-serine or non-threonine amino acids, respectively.
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[0074] The specific serine positions of the wild-type MG53 of each species may vary from
species to species; however, once the amino acid sequence of the wild-type MGS53 of a species
and the amino acid region corresponding to its coiled-coil-SPRY region is known, a person
skilled in the art can determine the specific amino acid positions to which the serine within the
coiled-coil-SPRY region corresponds. For example, a person skilled in the art knows that the
amino acid sequence of human wild-type MG53 is set forth in SEQ ID NO: 1 and its
coiled-coil-SPRY region corresponds to amino acid positions 122-477 of SEQ ID NO: 1. Under
such circumstances, a person skilled in the art can determine that the specific amino acid
positions corresponding to serine within the coiled-coil-SPRY region of human wild-type MG53
are positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341, 377, 405,
418, 425, 430 of SEQ ID NO: 1, respectively.

[0075] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of human wild-type MG53 amino acid sequence set forth in SEQ ID NO: 1:
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341, 377, 405,
418, 425, 430.

{0076} In certain embodiments, the MG53 protein as described herein includes a fuli-length
MGS53 protein, or a truncated mutant thereof (i.e., a truncated fragment of the full-length
MGS53 protein) or a mutant having mutation, addition or deletion of one or more amino acids
compared to the full-length MG53 protein or the truncated mutant thereof. In this case, in
order to unify the nomenclature of amino acid positions for the amino acid sequences of
different MG53 protein subtypes, when the amino acid position of a certain MG53 protein
subtype is mentioned in the present invention, the amino acid sequence of the MG53 protein
subtype shall be aligned with the amino acid sequence of the full-length MG53 protein (e.g.,
SEQ ID NO: 1) and if necessary, gaps shall be introduced into the relevant amino acid sequence
50 as to maximize the number of identical amino acids. The position No. of the first amino
acid in the amino acid sequence of the MG53 subtype is designated as the position No. of the
full-length MG53 protein that corresponds to said amino acid, so that when reference is made
to the amino acid positions of the wild-type MG53 of a species, both the full-length MG53
protein and the truncated mutant thereof refer to the position No. in the amino acid sequence

of the full-length MG53 protein.
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[0077] For example, as shown in Figure 28, the full-length MG53 protein of a species has n
amino acids and the corresponding amino acid positions are positions 1-n. The amino acid
sequence of MG53 subtype 1, compared to the amino acid sequence of the full-fength MG53
protein, contains a truncated mutant corresponding to the amino acids located at positions m-n
of the full-length sequence. Thus, the first amino acid position of the MG53 subtype 1 amino
acid sequence is designated as position m, and the second amino acid position of the MG53
subtype 1 amino acid sequence is designated as position m+1, analogously, the last amino acid
position of the MG53 subtype 1 amino acid sequence is designated as position n. For another
example, the amino acid sequence of MG53 subtype 2, compared to the amino acid sequence
of the full-length MG53 protein, contains a truncated mutant corresponding to the amino acids
located at positions 1-s of the full-length sequence. Thus, the first amino acid position of the
MG53 subtype 2 amino acid sequence is designated as position 1, and the second amino acid
position of the MGS53 subtype 2 amino acid sequence is designated as position 2, analogously,
the [ast amino acid position of the MGS3 subtype 2 amino acid sequence is designated as
position 5. For yet another example, the amino acid sequence of MG53 subtype 3, compared
to the amino acid sequence of the full-length MGS3 protein, contains a truncated mutant
corresponding to the amino acids located at positions p-g of the full-length sequence. Thus,
the first amino acid position of the MG53 subtype 3 aminc acid sequence is designated as
position p, and the second amino acid position of the MG53 subtype 3 amino acid sequence is
designated as position p+1, analogously, the last amino acid position of the MG 53 subtype 3

amino acid sequence is designated as position g.

[0078] For example, SEQ 1D NO: 140 is one of the human wild-type MG53 subtypes, having
333 amino acids corresponding to amino acid positions 145-477 of the human wild-type MG53
full-length sequence set forth in SEQ ID NO: 1. Under this circumstance, the first amino acid
{methionine) position of the amino acid sequence SEQ ID NO: 140 is designated as position 145
of SEQ 1D NO: 140, and the second amino acid position is designated as position 146 of SEQ ID
NO: 140, analogously, the last amino acid position of the amino acid sequence SEQ ID NO: 140
is designated as position 477 of SEQ ID NO: 140. As another example, SEQ ID NO: 141 is one
of the human wild-type MG53 subtypes, which also has 333 amino acids, and only one amino
acid differs from amino acid positions 145-477 of the human wild-type MG53 full-length
sequence set forth in SEQ 1D NO: 1, that is, position 315 of SEQ ID NO: 1 is glutamic acid, while
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the corresponding position of SEQ 1D NO: 141 is glycine. Under this circumstance, the first
amino acid position {methionine) of the amino acid sequence set forth in SEQ ID NO: 141 is
designated as position 145 of SEQ ID NO: 141, and the second amino acid position is designated
as position 146 of SEQ |ID NO: 141, analogously, the last amino acid position is designated as
position 477 of SEQ ID NO: 141. As yet another example, SEQ ID NO: 142 is one of the human
wild-type MGS53 subtypes, having 269 amino acids corresponding to amino acid positions 1-269
of the human wild-type MG53 full-length sequence set forth in SEQ ID NO: 1. Under this
circumstance, the first amino acid {methionine) position of the amino acid sequence SEQ ID NO:
142 is designated as position 1 of SEQ ID NO: 142, the second amino acid position of the amino
acid sequence SEQ 1D NO: 142 is designated as position 2 of SEQ |D NO: 142, analogously, the
last amino acid position of the amino acid sequence SEQ ID NO: 142 is designated as position

269 of SEQ ID NO: 142.

[06079] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of human wild-type MG53 subtype amino acid sequence set forth in SEQ ID
NO: 138: positions 150, 188, 211, 214, 246, 255, 2689, 296, 297, 301, 305, 306, 307, 314, 341,
377,405, 418, 425, or 430.

[0080] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of human wild-type MG53 subtype amino acid sequence set forth in SEQ ID
NO: 140: positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341,
377, 405, 418, 425, or 430.

[0081] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of human wild-type MG53 subtype amino acid sequence set forth in SEQ ID
NO: 141: positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341,
377, 405, 418, 425, or 430.

[0082] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of human wild-type MG53 subtype amino acid sequence set forth in SEQ ID
NO: 142: positions 150, 189, 211, 214, 246, 255, or 269.

[0083] In certain embodiments, the deleted or mutated serine is located at one or more of the

following positions of mouse wild-type MG53 amino acid sequence set forth in SEQ 1D NO: 2:
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positions 188, 188, 210, 211, 214, 246, 253, 255, 269, 296, 297, 301, 305, 306, 307, 314, 341,
367, 377, 418, 430, or 440.

[0084] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of rat wild-type MG53 amino acid sequence set forth in SEQ ID NO: 3:
positions 150, 188, 189, 210, 211, 214, 246, 253, 255, 269, 296, 297, 301, 305, 307, 314, 341,
367,377, 418, 430, 440, 464, or 474.

[0085] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of monkey wild-type MG53 amino acid sequence set forth in SEQ ID NO: 4:
positions 150, 189, 211, 214, 246, 255, 269, 296, 297, 301, 305, 306, 307, 341, 377, 405, 418,
425, 430, or 464.

[0086] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of swine wild-type MG53 amino acid sequence set forth in SEQ ID NO: 5:
positions 150, 189, 211, 214, 246, 255, 269, 296, 301, 305, 307, 314, 341, 377, 411, 418, 425,
430, or 474.

[0087] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of dog wild-type MG53 amino acid sequence set forth in SEQ 1D NO: 6:
positions 150, 188, 211, 214, 246, 255, 269, 296, 297, 301, 305, 307, 314, 341, 367, 377, 418,
425, or 430.

[0088] The specific positions of the deleted or mutated serine may vary from species to
species, however, the serine position of wild-type MG53 protein is highly conserved among
various species. For example, positions 189, 211, 214, 246, 255, 269, 296, 301, 305, 307, 341,
377, 418, and 430 of amino acid sequences of the human, mouse, rat, monkey, swine and dog
wild-type MG53 proteins are all serine.  In some embodiments, the deleted or mutated serine
is located at one or more of the following positions of a wild-type MG53 amino acid sequence
(e.g., SEQ ID NOs: 1-6): positions 189, 211, 214, 246, 255, 269, 296, 301, 305, 307, 341, 377, 418,

or 430.

[0089] In certain embodiments, the deleted or mutated serine is located at one or more of the

following pasitions of a wild-type MG53 amino acid sequence (e.g., SEQID NO: 1, SEQ ID NO: 2,
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SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ 1D NO: 139, SEQ ID NO: 140, SEQ
ID NO: 141, or SEQ ID NO: 142): positions 150, 188-189, 210-211, 214, 246, 253-255, 269,
296-297, 301, 305-307, 314, 341, 367, 377, 405, 411, 418, 425, 430, 440, 464, or 474.

[0090]} In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of a wild-type MG53 amino acid sequence (e.g., SEQID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 139, SEQ iD NO: 140, SEQ
ID NO: 141, or SEQ 1D NO: 142): positions 189, 211, 214, 246, 253-255, 269, 296, 301, 305, 307,
341, 377, 418, or 430.

[0091] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of a wild-type MG53 amino acid sequence (e.g., SEQID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 139, SEQ ID NO: 140, SEQ
ID NO: 141, or SEQ ID NO: 142): positions 211, 214, 246, 253-255, 269, 296, or 297.

[0092] In certain embodiments, the deleted or mutated serine is located at one or more of the
following positions of a wild-type MG53 amino acid sequence {e.g., SEQ D NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 139, SEQ ID NO: 140, SEQ
(D NO: 141, or SEQ 1D NO: 142): positions 211, 214, 246, 255, 269, 296, or 297.

[0093] In certain embodiments, the deleted or mutated serine is located at one or more of
positions 253-255 of a wild-type MG53 amino acid sequence {e.g., SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ. ID NO: 4, SEQ. ID NO: 5, SEQ ID NO: 6, SEQ {D NO: 139, SEQ ID NO: 140, SEQ
ID NO: 141, or SEQ ID NO: 142). In certain embodiments, the deleted or mutated serine is
located at position 253 of a wild-type MG53 amino acid sequence. In certain embodiments,
the deleted or mutated serine is located at position 255 of a wild-type MG53 amino acid
sequence. In certain embodiments, the deleted or mutated serine is located at position 255
of the wild-type MG53 amino acid sequence SEQ ID NO: 1. In certain embodiments, the
deleted or mutated serine is located at position 255 of the wild-type MG53 amino acid

sequence SEQ ID NO: 135, SEQ ID NO: 140, SEQ 1D NO: 141, or SEQ ID NO: 142,

[0094] In certain embodiments, the MG53 mutant has two or more serine mutations. In
certain embodiments, two or more serine mutations of the MG53 mutant include serine

mutation at one or more of positions 253-255. In certain embodiments, two or more serine
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mutations of the MG53 mutant include serine mutation at position 253. In certain
embodiments, two or more serine mutations of the MG53 mutant include serine mutation at
position 255. In certain embodiments, two or more serine mutations of the MG53 mutant

include serine mutation at positions 253 and 255.

[0095] A person skilled in the art will comprehend that serine residues among the wild-type
MGB53 proteins of different species may be located at different positions, and thus the positions
of the deleted or mutated serine may also differ. In certain embodiments, the deleted or
mutated serine is within 1 to 10 amino acids, 1 to 5 amino acids, or 1 to 3 amino acids upstream
or downstream of the corresponding serine position in the amino acid sequence of the

wild-type MG53 set forth in SEQ ID NO: 1.

(0096] In certain embodiments, the amino acid sequence of the MG53 mutant is the amino
acid sequence set forth in SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11, SEQID NO: 12, SEQ ID NG: 147, SEQ ID NO: 148, SEQ ID NQ: 149, or SEQ ID NO: 150. More
preferably, in certain embodiments, the amino acid sequence of the MG53 mutant is the amino
acid sequence set forth in SEQ ID NO: 7. In certain embodiments, the amino acid sequence of
the MG53 mutant has at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
feast 95%, at least 98%, or at least 99% amino acid sequence homology 1o one of the amino
acid sequences set forth in SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID
NO:11, SEQ ID NO: 12, SEQ D NO: 147, SEQ ID NO: 148, SEQ ID NO: 149, SEQ ID NO:150, and
the MG53 mutant avoids metabolic side effects caused by wild-type MG53 while still retaining

cell membrane repair function and/or cardioprotective function.

[0097] As used herein, the percent (%) "sequence homology to" refers to, for amino acid
sequences, the percentage of identity between two amino acid sequences after aligning the
candidate and the reference sequences, and if necessary introducing gaps, to achieve the
maximum number of identical amino acids; for nucleotide sequence, the percentage of identity
between two nucleotide sequences after aligning the candidate and the reference sequences,

and if necessary introducing gaps, to achieve the maximum number of identical nucleotides.

[0098] The percentage of homology can be determined by various well-known methods in the

art. For example, the comparison of sequences can be achieved by the following publically
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available tools: BLASTp software {available from the website of National Center for Biotechnology
Information {(NCBI}, also see, Altschul SF et al., J. Mol. Biol., 215: 403-410 (1990); Stephen F. et al,,
Nucleic Acids Res., 25: 3389-3402 (1997)), ClustalW2 (available from the website of European
Bioinformatics Institute, see Higgins DG et al., Methods in Enzymology, 266: 383-402 (1996); Larkin
MA et al., Bioinformatics (Oxford, England), 23 (21): 2947-8 (2007)}, and TCoffee (available from the
Swiss Institute of Bioinformatics website, also see Poirot O. et al., Nucleic Acids Res., 31 (13) :
3503-6 (2003); Notredame C. et al., J. Mol. Boil., 302 (1): 205-17 (2000)}). If the alignment of the
sequences is performed using software, the default parameters available in the software may be
used, or otherwise the parameters may be customized to suit the alignment purpose. All of these

are within the scope of knowledge of a person skilled in the art.

[0099] [n certain embodiments, SEQ ID NOs: 7-12, SEQ ID NOs: 147-150 and the MG53 mutants
that have amino acid sequence homology to SEQ ID NOs: 7-12 and SEQ ID NOs: 147-150 avoid
metabolic side effects caused by wild-type MG53, while still retaining cell membrane repair function

and/or cardioprotective function.

[0100] The inventors of the present invention have found that when at least one serine in the
coiled-coil-SPRY region of a wild-type MG53 is deleted or mutated into any other non-serine or
non-threonine amino acid(s), the metabolic side effects caused by the wild-type MG53 can be
avoided or reduced, without any impact on the cell membrane repair function and/or
cardioprotective function of MG53. While not wishing to be bound by any theory, the above
results may be due to the fact that the phosphorylation of serine within the coiled-coil-SPRY region
of a wild-type MG53 may significantly regulate the E3 ubiquitin ligase activity of MG53 and
modulate the regulation function of MG53 on insulin signaling system through substrates IRB and
IRS1. However, the phosphorylation of serine within this region does not regulate the cell

membrane repair function and/or cardioprotective function of MG53.

[0101] As used herein, "cell membrane repair function" refers to the ability of wild-type MG53 or
MG53 mutants to repair and restore the damaged cell membrane during cell injury, especially acute
cell injury, through activating relevant signaling pathways (e.g. the RISK pathway) to reduce cell

death, promote cell survival, and thereby restore cellular functions. In
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certain embodiments, the wild-type MG53 or MG53 mutants of the present invention can
repair viable cells, cells in vitro, or cells in vivo. The wild-type MG53 or MG53 mutants of the
present invention can also repair different types of cells, such as, but not limited to,
cardiomyocytes, striated muscle cells, skeletal muscle cells, renal proximal tubular epithelial
cells, alveolar epithelial cells, gastrointestinal epithelial cells (e.g., oral epithelial cells,
esophageal epithelial cells, gastric epithelial cells, duodenal epithelial cells, small intestinal
epithelial cells, jejunal epithelial cells, ileum epithelial cells, colonic epithelial cells), mucosal
cells {e.g., oral mucosal cells, nasal mucosal cells, gastric mucosal cells, small intestinal mucosal
cells, colonic mucosal cells, duodenal mucosal cells), skin cells {e.g., epidermal cells, epithelial
cells, dermal cells, endothelial cells), vascular cells (e.g., vascular parietal cells, vascular
endothelial cells , vascular endothelial cells, vascular smooth muscle cells), etc. In certain
embaodiments, the wild-type MG53 or MG53 mutants of the present invention can repair
cardiomyocytes, skeletal muscle cells, striated muscle cells, proximal renal tubular epithelial

cells, alveolar epithelial cells, etc.

[0102] The cell membrane repair function of the MG53 mutants as described herein can be
determined using methods well known in the art. For example, the cell membrane repair
function of the MG53 mutants of the present invention can be determined by overexpressing
wild-type MG53 and the MG53 mutants of the present invention using adenovirus in neonatal
rat ventricular myocytes {NRVMs), using hypoxia to stimulate cclls and detecting the survival of
cells {for example, by MTT method, ATP and LDH concentration measurements in medium,
TUNEL staining (for detailed steps please refer to Zhang. T et al., Nature Medicine, 175-184
(2016)), etc.), and then comparing the indicators (e.g. intracellular ATP level, LDH releasing level,
etc.) of control groups (e.g. empty vector negative control groups without the expression of
wild-type MG53 and MG53 mutants, positive control group overexpressing wild-type MG53)

and test group (i.e. the group overexpressing the MG53 mutants of the present invention).

(0103] As used herein, "cardioprotective function” refers that the wild-type MG53 or MG53
mutants can repair myocardial cell membrane damage during myocardial injury, especially
acute myocardial injury, optionally, through activating myocardial cell-related signaling
pathways (e.g., the RISK pathway) to achieve the protection of cardiomyocyte and thereby

enhance the cardiac protection. The cardioprotective function of the MG53 mutants as
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described herein can be determined using methods well known in the art.  For example, the
cardioprotective function of the MG53 mutants of the present invention can be determined by
overexpressing wild-type MG53 and the MG53 mutants of the present invention using
adenovirus in neonatal rat ventricular myocytes (NRVMs), using hypoxia to stimulate cells and
detecting the survival of cells (for example, hy MTT method, ATP and LDH concentration
measurements in medium, TUNEL staining (for detailed steps please refer to Zhang. T et al,,
Nature Medicine, 175-184 (2016)), etc.), and then comparing the indicators {e.g. intracellular
ATP level, LDH releasing level, etc.) of control groups (e.g. empty vector negative contral groups
without the expression of wild-type MG53 and MG53 mutants, positive control group
overexpressing wild-type MG53) and test group (i.e. the group overexpressing the MG53
mutants of the present invention). For another example, cardiomyocytes are incubated with
wild-type MG53 and the MG53 mutants as described herein, respectively, various stimuli (e.g.,
hypoxia, H,0;) are used to lead to cell death, and the cardioprotective function of the MG53
mutants as described herein are evaluated by comparing the survival rates in contro! groups
{e.g., negative control group that is neither incubated with wild-type MG53 nor MG53 mutants,
positive control group overexpressing wild-type MG53) and test group (i.e., the group
incubated with MG53 mutants of the present invention). The cell survival rate can be

determined by MTT cell count, LDH, ATP, or TUNEL staining measurements.

[0104] As used hercin, "metabolic side effects" refers to diseases or discomforts due to
metabolic disorders that are outside of the therapeutic purpose after administration of a
therapeutic amount of a drug, including, but not limited to, insulin resistance, obesity, diabetes,
high blood pressure, dyslipidemia, etc. Without wishing to be bound by any theory, it is
believed that the severity of metabolic side effects can be assessed by measuring E3 ubiguitin
ligase activity of MG53. In certain embodiments, when at least one serine in the
coiled-coil-SPRY region of the wild-type MG53 is deleted and/or mutated into any other
non-serine or non-threonine amino acid(s), at least 40%, at least 50%, at least 60%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or
even 100% of the E3 ubiquitin ligase activity of a wild-type MG53 would be inhibited, thereby
avoiding or reducing the metabolic side effects caused by wild-type MG53 without having any
impact on the cell membrane repair function and/or cardioprotective function of MG53.

"Avoiding or reducing the metabolic side effects caused by wild-type MG53" refers to the
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absence of metabolic side effects caused by wild-type MG53 or the reduction in severity of
metabolic side effects caused by wild-type MG53 by at least 40%, at least 50%, at least 60%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at
least 99%, or even 100% compared to the corresponding wild-type MG53. “Without having
any impact on the cell membrane repair function and/or cardioprotective function of MG53"
refers the complete retention of cell membrane repair function and/or cardioprotective
function of MG53, or the reduction of cell membrane repair function and/or cardioprotective

function of MG53 by up to 5%, up to 10%, up to 15%, up to 20%, up to 25%, up to 30%, etc.

[0105] In certain embodiments, the MG53 mutants provided herein comprises their analogs.
The MG53 mutant analog refers to a polypeptide having a functional or structural characteristic
that is substantially similar to all or part of the MG53 mutant provided herein, however, the
amino acid sequence of the MG53 mutant analog differs from the amino acid sequence of the
wild-type MG53 by at least one amino acid position. The MG53 mutant analog may be a
partial fragment, derivative or variant of the MG53 mutant, and may comprise chemical or
biological modifications. The MG53 mutant analog may have conservative substitutions,
additions, deletions, insertions, truncations, modifications {e.g., phosphorylation, glycosylation,
labeling, etc.) or any combination thereof on one or more amino acids of the MG53 mutant.
The MG53 mutant analog may include naturally-occurring variants and artificially-produced
variants of the MG53 mutant, such as artificial polypeptide sequences obtained by recombinant
methods or chemical synthesis. The MG53 mutant analogs may comprise non-naturally
occurring amino acid residues. A person skilled in the art will comprehend that the MG53
mutant analogs described herein still retain substantially similar functions as the MG53 mutants,
for example, the MG53 mutant analogs may avoid or reduce the metabolic side effects caused
by wild-type MG53, such as insulin resistance, obesity, diabetes, hypertension, dyslipidemia,

etc., while still retaining cell membrane repair function and/or cardioprotective function.

[0106]) Conservative substitutions of amino acid residues refer to substitutions between
amino acids with similar characteristics, such as substitutions between polar amino acids (e.g.
substitutions between glutamine and asparagine), substitutions between hydrophobic amino
acids (e.g. substitution among arginine, isoleucine, methionine and valine), and substitutions

between amino acids with the same charge (e.g. substitutions among arginine, lysine and
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histidine, or between glutamine and aspartate), etc. In certain embodiments, the sequence of
the MG53 mutant described herein has conservative substitution at only one or more
non-serine positions compared to the sequence set forth in SEQ ID NOs: 7-12, or SEQ ID NOs:
147-150. In certain embodiments, the sequence of the MG53 mutant described herein has
conservative substitution at 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, or 20 non-serine positions compared to

the sequence set forth in SEQ ID NOs: 7-12, or SEQ ID NOs: 147-150.

[0107] The MG53 mutants described herein may also contain non-natural amino acids, on the
premises that the activity is not affected. Non-natural amino acids include, for example,
B-fluoroalanine, 1-methylhistidine, y-methylene glutamate, a-methyl leucine, 4,5-dehydrolysine,

hydroxyproline, 3-fluorophenylalanine, 3-aminotyrosine, 4-methyltryptophan, etc.

[0108] MG53 mutants of the present invention also can be modified using methods well
known in the art. For example, but not limited to, PEGylation, glycosylation, amino-terminal

modification, fatty acylation, carboxyl-terminal modification, phosphorylation, methylation, etc.

[0109] A person skilied in the art will comprehend that the MG53 mutants of the present
invention still retain functions substantially similar to the MG53 mutants after being modified
by methods well known in the art. For example, the modified MG53 mutants may avoid or
reduce metabolic side effects caused by wild-type MGS53, such as insulin resistance, obesity,
diabetes, hypertension, dyslipidemia, etc., while still retaining cell membrane repair function

and/or cardioprotective function.

[0110] In another aspect, the present invention relates to a pharmaceutical composition

comprising the MG53 mutant described herein and a pharmaceutically acceptable carrier.

[06111] As used herein, the term "pharmaceutically acceptable carrier" refers to a
pharmaceutically acceptable solvent, suspending agent, or any other pharmacologically inert
vehicles used to deliver MG53 mutants to a subject without interfering the structure and
properties of MG53 mutants. Some of such carriers may enable MG53 mutants to be
formulated, for example, as tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions
and troches for oral administration to the subject. Some of such carriers enable MG53

mutants to be formulated as injections, infusions or topical administration.
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[0112] The pharmaceutically acceptable carriers for use in the pharmaceutical compositions of
the present invention may include, but are not limited to, for example, pharmaceutically acceptable
liquids, gels, or solid carriers, agueous vehicles (e.g., sodium chloride injection, Ringer's injection,
isotonic glucose injection, sterile water injection, or Ringer's injection of glucose and lactate),
non-aqueous vehicles (e.g., fixed oils of vegetable origin, cottonseed oil, corn oil, sesame oil, or
peanut oil), antimicrobial agents, isotonic agents (such as sodium chloride or dextrose}, buffers
(such as phosphate or citrate buffers), antioxidants (such as sodium bisulfate), anesthetics {such as
procaine hydrochloride), suspending/dispending agents (such as sodium carboxymethylcellulose,
hydroxypropyl methylcellulose, or polyvinylpyrrolidone), chelating agents (such as EDTA
(ethylenediamine tetraacetic acid) or EGTA (ethylene glycol tetraacetic acid}), emulsifying agents
(such as Polysorbate 80 (TWEEN™-80)), diluents, adjuvants, excipients, or non-toxic auxiliary
substances, other components known in the art, or various combinations thereof. Suitable
components may include, for example, fillers, binders, disintegrants, buffers, preservatives,

lubricants, flavorings, thickeners, coloring agents, or emulsifiers.

[0113] [n certain embodiments, the pharmaceutical composition is an oral formulation. The oral
formulations include, but are not limited to, capsules, cachets, pills, tablets, troches (for taste
substrates, usually sucrose and acacia or tragacanth), powders, granules, or aqueous or
non-aqueous solutions or suspensions, or water-in-oil or oil-in-water emulsions, or elixirs or syrups,
or confectionery lozenges (for inert bases, such as gelatin and glycerin, or sucrose or acacia) and /

or mouthwash and its analogs.

[0114] In certain embodiments, the oral solid formulation (e.g., capsules, tablets, pills, dragees,
powders, granules, etc.) includes the MG53 mutant and one or more pharmaceutically acceptable
carriers, such as sodium citrate or dicalcium phosphate, and/or the followings: (1) fillers or
extenders such as starch, lactose, sucrose, glucose, mannitol and/or silicic acid; (2) binders such as,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, and/or acacia; (3)
humectants such as glycerol; (4) cleaving agents such as agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodium carbonate; (5) retarder solutions such as paraffin;
(6) accelerating absorbers such as quaternary ammonium compounds; (7} lubricants such as acetyl

alcohol and glycerol monostearate; (8) absorbents
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such as kaolin and bentonite; (9) lubricants such as talc, calcium stearate, magnesium stearate,

solid polyethylene glycol, sodium sulfate, and mixtures thereof; and (10) colorants.

[0115] in certain embodiments, the oral liquid formulation includes pharmaceutically
acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs, etc. In
addition to the MG53 mutant, the liquid dosage forms may also contain conventional inert
diluents such as water or other solvents, solubilizers and emulsifiers such as ethanol,
isopropanol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzene (meth) acrylate, propylene
glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, corn, olive, castor and
sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycol and fatty acid sorbitol
esters, and mixtures thereof. Besides inert diluents, the oral compositions may also contain
adjuvants such as wetting agents, emulsifying and suspending agents, sweetening, flavoring,

coloring, flavoring and preserving agents.

[0116] In certain embodiments, the pharmaceutical composition may be an injectable
formulation, including sterile aqueous solutions or dispersions, suspensions or emulsions. In
all cases, the injectable formulation should be sterile and should be liquid to facilitate injections.
It should be stable under the conditions of manufacture and storage, and should be resistant to
the infection of microorganisms (such as bacteria and fungi). The carrier may be a solvent or
dispersion medium containing, for example, water, ethanol, polyols (e.g., glycerol, propylene
glycol, and liquid polyethylene glycols, etc.) and suitable mixtures and / or vegetable oils
thereof. The injectable formulation should maintain proper fluidity, which may be maintained
in a variety of ways, for example, using a coating such as lecithin, using a surfactant, etc.
Antimicrobial contamination can be achieved by the addition of various antibacterial and

antifungal agents (e.g., parabens, chlorobutanol, phenol, sorbic acid, thimerosal, etc.).

[0117] In certain embodiments, the pharmaceutical composition is an oral spray formulation
or nasal spray formulation. Such spray formulations include, but are not limited to, aqueous
aerosols, non-aqueous suspensions, liposomal formulations, or solid particulate formulations,
etc. Aqueous aerosols are formulated by combining an agueous solution or suspension of the
agent with a conventional pharmaceutically acceptable carrier and stabilizer. The carrier and
stabilizer may vary according to the needs of specific compounds, but generally include
nonionic surfactants (Tweens, or polyethylene glycol), oleic acid, lecithin, amino acids such as
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glycine, buffers, salts, sugar or sugar alcohol. Aerosols are usually prepared from isotonic

solutions and can be delivered by nebulizers.

[0118] In certain embodiments, the pharmaceutical compositions may be used in combination
with one or more other drugs. In certain embodiments, the composition comprises at least
one other drug. In certain embodiments, the other drugs are cardiovascular drugs, drugs for

treating kidney diseases, drugs for cell membrane repair, etc.

[0119] In certain embodiments, the pharmaceutical compositions may be delivered to the
subject by suitable routes including, but not limited to, the oral route, injection route {e.g.,
intravenous injection, intramuscular injection, subcutaneous injection, intradermal injection,
intracardiac injection, intrathecal injection, intrapleural injection, intraperitoneal injection, etc.},
mucosal route (e.g., intranasal administration, oral administration, etc.), sublingual route, rectal
route, transdermal route, intraocular route, pulmonary route. In certain embodiments, the

pharmaceutical compositions can be administered by injection route.

[0120] In another aspect, the present invention relates to an isolated nucleic acid comprising
a nucleic acid seguence encoding the amino acid sequence of the MG53 mutant described

herein.

[0121] As used herein, the term “isolated" refers to a substance (such as a polypeptide or a
nucleic acid) is separated from the environment in which it is normally present in nature or in

an environment different from the environment in which it is normally found in nature.

[0122] As used herein, the term "nucleic acid” or "polynucleotide® refers to ribonucleic acid
(RNA}, deoxyribonucleic acid (DNA}, or a mixture of ribonucleoside-deoxyribonucleic acids such
as DNA-RNA hybrids. The nucleic acids or polynucleotides can be single- or double-stranded
DNA, RNA, or DNA-RNA hybrids.  Nucleic acids or polynucleotides may be linear or cyclic.  As
used herein, the term "encoding” or "encoding for......" means capable of transcription into
mRNA and/or translation into a peptide or protein. The term "encoding sequence" or "gene"
refers to a polynucleotide sequence encoding an mRNA, peptide or protein. These two terms

can be used interchangeably in the present application.
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[0123] In certain embodiments, the isolated nucleic acid comprises any one of the nucleic acid

sequences set forth in SEQ ID NOs: 13-18.

[0124] SEQ ID NO: 13 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQID NO: 7, and its specific sequence is shown in Fig. 8.

[0125] SEQID NO: 14 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 8, and its specific sequence is shown in Fig. 9.

[0126] SEQID NO: 15 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ. ID NO: 9, and its specific sequence is shown in Fig. 10.

[0127] SEQID NO: 16 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 10, and its specific sequence is shown in Fig. 11.

[6128] SEQID NO: 17 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 11, and its specific sequence is shown in Fig. 12.

[0129] SEQID NO: 18 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 12, and its specific sequence is shown in Fig. 13.

[0130] In certain embodiments, the isolated nucleic acid comprises any one of the nucleic acid

sequences set forth in SEQ ID NOs: 151-154.

[0131] SEQ ID NO: 151 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 147, and its specific sequence is shown in Fig. 24.

[0132] SEQ ID NO: 152 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 148, and its specific sequence is shown in Fig. 25.

[0133] SEQ ID NO: 153 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ. ID NO: 1489, and its specific sequence is shown in Fig. 26.

{0134] SEQ ID NO: 154 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 150, and its specific sequence is shown in Fig. 27.
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[0135] In certain embodiments, the isolated nucleic acids provided herein comprise the
nucleic acid sequence that has at least 70% homology, e.g., at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, or at least 99% homology to any one of the nucdleic acid
sequences set forth in SEQ 1D NOs: 13-18, SEQ ID NOs: 151-154, and can still encode one of the
amino acid sequences set forth in SEQ 1D NOs: 7-12, SEQ ID NOs: 147-150.

[0136] In certain embodiments, the present invention provides nucleic acid sequences
encoding SEQ ID NOs: 7-12, SEQ ID NOs: 147-150, but they are different from any one of the
nucleic acid sequences set forth in SEQ ID NOs: 13-18, SEQ 1D NOs: 151-154 due to the

degeneracy of the genetic code.

[0137] As used herein, the term "degeneracy of the genetic code" refers to a phenomenon
that one amino acid has two or more corresponding genetic codons.  For example, proline has
4 synonymous codons CCU, CCC, CCA, and CCG. It is well-known in the art that due to the
degeneracy of genetic codes, it is possible to replace nucleic acids in certain positions in a given
nucleic acid sequence without changing the encoded amino acid sequence. It is trivial for a
person skilled in the art to conduct the replacement of degeneracy of the genetic code by, for
example, the site-directed mutagenesis of bases. Different organisms have developed
different preferences for different codons. [n order to express the polypeptide of the present
invention in a selected biological cell, the preferred codon of the biological cell can be selected
to obtain the corresponding coding sequence, and the MG53 mutant sequence (e.g., SEQ ID
NOs: 7-12, SEQ ID NOs: 147-150} of the present invention can be obtained by recombinant

expression.

[0138] In another aspect, the present invention related to an expression vector comprising

the encoding sequence of the amino acid sequence of the MG53 mutant described herein.

[0139] The expression vector in the present invention may be, for example, a DNA plasmid, a
bacterial plasmid, a virus, etc. Non-limiting examples of expression vectors are described in,
e.g. Paul et al, 2002, Nature Biotechnology, 19, 505; Miyagishi and Taira, 2002, Nature
Biotechnology, 19, 497; Lee et al., 2002, Nature Biotechnology, 19, 500; and Novina et al. 2002,
Nature Medicine, advance online publication doi: 10.1038 / nm725. The expression vector

may further contain a promoter operably linked to the encoding sequence of the amino acid
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sequence of the MG53 mutant, so that the promoter may initiate the expression of the encoding
sequence after the expression vector enters the host cell. The expression vector can be
introduced into the host cell by a suitable method such as, but not limited to, calcium phosphate
transfection, lipofection transfection, electroporation transfection, bacterial heat shock, etc. For
details, please refer to Sambrook et al. Molecular Cloning (a laboratory manual, Cold Spring Harbor,
1989). In certain embodiments, the expression vectors described herein comprise any one of the

nucleic acid sequences set forth in SEQ ID NOs: 13-18.

[0140] In another aspect, the present invention relates to a host cell comprising the expression

vector described herein.

[0141] The host cell described in the present invention can be a eukaryotic cell or a prokaryotic
cell. Suitable eukaryotic cells may include, for example, mammalian cells such as Chinese hamster

ovary cells (CHO). Suitable prokaryotic cells may include, for example, bacteria such as E. coli.

[0142] In another aspect, the present invention relates to a method for preparing the MG53
mutants, and the MG53 mutants provided herein can be prepared by techniques known in the art.

For example, they can be prepared by chemical synthesis or genetic engineering.

[0143] Chemical synthesis methods mainly include solid-phase synthesis and liquid-phase
synthesis. Solid-phase polypeptide synthesis methods include, for example, the Merrifield
solid-phase synthesis method, which is described in detail in the literature "Merrifield, J. Am. Chem.
Soc. 85:2149-2154" and "M. Bodanszky et al., Peptide Synthesis, John Wiley & Sons, Second Edition,
1976 " and "J). Meienhofer, Hormonal Proteins and Peptides, Vol. 2, p. 46, Academic Press (New
York}, 1983". The Merrifield solid-phase synthesis mainly includes the following steps: attaching
the protected C-terminal amino acid of the peptide to the resin based on the amino acid sequences
of the target protein. After attachment the resin is filtered, washed and the protecting group (e.g.
t-butyloxycarbonyl) on the alpha amino group of the C-terminal amino acid is removed. The
removal of this protecting group must take place, of course, without breaking the bond between
that amino acid and the resin. The resulting resin peptide is then coupled to the penultimate
C-terminal protected amino acid. This coupling takes place by the formation of an amide bond
between the free carboxy group of the second amino acid and the amino group of the first amino

acid attached to the resin. This sequence of events is repeated with successive amino acids until
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all amino acids of the peptide are attached to the resin, Finally, the protected peptide is cleaved
from the resin and the protecting groups removed to obtain the desired peptide. The
polypeptides disclosed herein can also be prepared by liquid-phase synthesis, for example, by the
standard solution peptide synthesis, which has been described in “E. Schroder and K. Kubke, The
Peptides, Vol. 1, Academic Press (New York), 1965” in detail. Liquid-phase synthesis mainly
includes coupling amino acids or peptide fragments step by step by chemical or enzymic methods

that form amide bonds.

[0144] The genetic engineering method is a method of expressing a nucleic acid sequence
encoding the corresponding MG53 mutant in a proper host cell to generate the corresponding
mutant. For a detailed description of this method, see Sambrook et al. Molecular Cloning (a
laboratory manual, Cold Spring Harbor, 1989). In certain embodiments, the method for preparing
the MG53 mutant provided herein comprises determining one or more serine positions for
mutation, performing site-directed mutagenesis at said position on the full-length sequence of a
plasmid comprising a nucleic acid sequence encoding the amino acid sequence of a wild-type MG53,
transfecting the plasmid with site-directed mutagenesis into a host cell, and inducing the host cell

to produce the MG53 mutant.

[0145] As used herein, the term "site-directed mutagenesis" refers to the introduction of an
interested change into a target DNA fragment, including additions, deletions, and substitutions of
bases, etc. In certain embodiments, the target DNA fragment is the encoding sequence of a
wild-type MG53, i.e. SEQ ID NOs: 19-24 and SEQ ID NOs: 143-146. The mutated position is located
at one or more serine positions in the encoding sequence of the coiled-coil-SPRY region of the

wild-type MG53.

[0146] SEQ ID NO: 19 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQID NO: 1, and its specific sequence is shown in Fig. 2.

[0147] SEQ ID NO: 20 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQID NO: 2, and its specific sequence is shown in Fig. 3.
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[0148] SEQID NO: 21 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 3, and its specific sequence is shown in Fig. 4.

[0149] SEQID NO: 22 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 4, and its specific sequence is shown in Fig. 5.

[0150] SEQID NO: 23 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ ID NO: 5, and its specific sequence is shown in Fig. 6.

[0151] SEQID NO: 24 is a nucleic acid sequence encoding the amino acid sequence set forth in

SEQ. 1D NO: 6, and its specific sequence is shown in Fig. 7.

[0152] SEQ ID NO: 143 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 139, and its specific sequence is shown in Fig. 20.

[0153] SEQ ID NO: 144 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 140, and its specific sequence is shown in Fig. 21.

[0154] SEQ ID NO: 145 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 141, and its specific sequence is shown in Fig, 22.

[0155] SEQ ID NO: 146 is a nucleic acid sequence encoding the amino acid sequence set forth

in SEQ ID NO: 142, and its specific sequence is shown in Fig. 23.
f0156] In certain embodiments, the site-directed mutagenesis comprises the following steps:

[0157] (1) determining the corresponding nucleotide site of the amino acid targeted for
site-directed mutagenesis in the cDNA sequence, modifying the nucleotide sequence at the
mutation site according to the target amino acid, and designing primers by intercepting a

sequence of 20-40 bp in length comprising the mutation site;

[0158] (2) performing PCR reaction by using the primers of step (1) and taking a wild type
MG53 plasmid as a template, performing agarose gel electrophoresis for the PCR product, and

purifying the PCR product;

[0159] (3) performing enzymatic reaction for the purified PCR product of step (2) by using

restriction endonuclease, ligating the enzyme-digested product with a suitable plasmid
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expression vector, transforming and cultivating the ligation product in bacterial competent

cells.

[0160] In certain embodiments, the site-directed mutagenesis further comprises the following

step:

[0161] (4) selecting the clones of step (3) to perform colony PCR identification by using the
primers of step (1), performing agarose gel electrophoresis for the PCR product, and then
performing DNA sequencing identification to identify positive clones with the site-directed

mutagenesis.

[0162] Site-directed mutagenesis of a wild-type MG53 can be carried out using a variety of
commaercially available site-directed mutagenesis kits, for example, with reference to the
instructions for the Easy Mutagenesis System Kit from Beijing Transgen Biotech, which details

the method and procedures for site-directed mutagenesis.

[0163] In another aspect, the present invention relates to use of the MG53 mutant in the
manufacture of a medicament for treating heart diseases, diabetic cerebrovascular diseases,
diabetic ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases
associated with cellular and/or tissue damage. In certain embodiments, the medicament may
avoid or reduce metabolic side effects, such as insulin resistance, obesity, diabetes,
hypertension, dyslipidemia, while treating heart diseases, diabetic cerebrovascular diseases,
diabetic ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases
associated with cellular and/or tissue damage. In certain embodiments, the heart diseases
are diseases associated with myocardial damage, including but not limited to, diabetic heart
disease, myocardial ischemia, cardiac ischemia/reperfusion injury, myocardial infarction, heart
failure, arrhythmia, heart rupture, angina, myocarditis, coronary heart disease, and pericarditis.
In certain embodiments, the diabetic cerebrovascular diseases include, but are not limited to,
cerebral arteriosclerosis, ischemic cerebrovascular disease, cerebral hemorrhage, cerebral
atrophy, and cerebral infarction. In certain embodiments, the diabetic ocular complications
include, but are not limited to, diabetic retinopathy, diabetic cataract, diabetic associated
uveitis, and blindness. In certain embodiments, the diabetic neuropathy includes, but is not

limited to, diabetic peripheral neuropathy. In certain embodiments, the kidney diseases
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include, but are not limited to, acute glomerulonepbhritis, chronic glomerulonephritis, nephrotic
syndrome, acute kidney injury, diabetic nephropathy, etc. In certain embodiments, the
diseases associated with cellular and/or tissue damage include, but are not limited to, diseases
associated with the cellular and/or tissue damage of kidney, brain, lung, liver, heart, spleen,
digestive tract, and skin, such as brain injury, lung injury, spleen injury, splenic rupture, gastric
ulcer, gastritis, gastric perforation, gastrointestinal mucosal injury, trauma, burns, ulcers,
mucositis, asthma, chronic obstructive pulmonary disease (COPD), stroke, skin aging, etc. In
certain embodiments, the present invention relates to use of a polypeptide set forth in SEQ ID
NO: 7 in the manufacture of a medicament for treating heart diseases, diabetic cerebrovascular
diseases, diabetic ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and
diseases associated with cellular and/or tissue damage. In certain embodiments, the present
invention relates to use of a polypeptide set forth in SEQ ID NO: 147, SEQ ID NO: 148, SEQ ID
NO: 149 or SEQ ID NO: 150 in the manufacture of a medicament for treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy, diabetic

foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

[0164] In yet another aspect, the present invention relates to a method of treating heart
diseases, diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,
diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage,
comprising administering to a subject in need thereof a therapeutically effective amount of the
MG53 mutant. In certain embodiments, the MG53 mutant may avoid or reduce metabolic
side effects, such as insulin resistance, obesity, diabetes, hypertension, and dyslipidemia, while
treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,
diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular
and/or tissue damage. In certain embodiments, the heart diseases are diseases associated
with myocardial damage, including but not limited to, diabetic heart disease, myocardial
ischemia, cardiac ischemia/reperfusion injury, myocardial infarction, heart failure, arrhythmia,
heart rupture, angina, myocarditis, coronary heart disease, and pericarditis. In certain
embodiments, the diabetic cerebrovascular diseases include, but are not limited to, cerebral
arteriosclerosis, ischemic cerebrovascular disease, cerebral hemorrhage, cerebral atrophy, and
cerebral infarction. [n certain embodiments, the diabetic ocular complications include, but

are not limited to, diabetic retinopathy, diabetic cataract, diabetic associated uveitis, and
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blindness. 1n certain embodiments, the diabetic neuropathy includes, but is not limited to,
diabetic peripheral neuropathy. In certain embodiments, the kidney diseases include, but are
not limited to, acute glomerulonephritis, chronic glomerulonephritis, nephratic syndrome,
acute kidney injury, diabetic nephropathy, etc. In certain embodiments, the diseases
associated with cellular and/or tissue damage include, but are not limited to, diseases
associated with the cellular and/or tissue damage of kidney, brain, lung, liver, heart, spleen,
digestive tract, and skin, such as brain injury, lung injury, spleen injury, splenic rupture, gastric
ulcer, gastritis, gastric perforation, gastrointestinal mucosal injury, trauma, burns, ulcers,
mucositis, asthma, chronic obstructive pulmonary disease (COPD), stroke, skin aging, etc. In
certain embodiments, the present invention relates to a method of treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy, diabetic
foot, kidney diseases, and diseases associated with cellular and/or tissue damage, comprising
administering to a subject in need thereof a therapeuticaily effective amount of the
polypeptide set forth in SEQ ID NO: 7. In certain embodiments, the present invention relates
to a method of treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage, comprising administering to a subject in need thereof a
therapeutically effective amount of a polypeptide set forth in SEQ ID NO: 147, 5£Q 1D NO: 148,
SEQ ID NO: 149, or SEQ ID NO: 150.

[0165] As used herein, the term "therapeutically effective amount” refers to the amount of a
medicament which achieves a therapeutic effect by inhibiting or alleviating a disease and
disorder of a subject, or by prophylactically inhibiting or preventing the onset of a disease or
disorder. A therapeutically effective amount may be the amount of the medicament which
relieves to some extent one or more symptoms of a disease or disorder in a subject; returns to
normal either partially or completely one or more physiological or biochemical parameters
associated with or causative of the disease or disorder; and/or reduces the likelihood of the

onset of the disease or disorder.

[0166] In yet other aspect, the present invention relates to an MG53 mutant for use in
treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,

diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular
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and/or tissue damage. In certain embodiments, the MG53 mutant may avoid or reduce
metabolic side effects, such as insulin resistance, obesity, diabetes, hypertension, and
dyslipidemia, while treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage. In certain embodiments, the heart diseases are diseases
associated with myocardial damage, including but not limited to, diabetic heart disease,
myocardial ischemia, cardiac ischemia/reperfusion injury, myocardial infarction, heart failure,
arrhythmia, heart rupture, angina, myocarditis, coronary heart disease, and pericarditis. In
certain embodiments, the diabetic cerebrovascular diseases include, but are not limited to,
cerebral arteriosclerosis, ischemic cerebrovascular disease, cerebral hemorrhage, cerebral
atrophy, and cerebral infarction. In certain embodiments, the diabetic ocular complications
include, but are not limited to, diabetic retinopathy, diabetic cataract, diabetic associated
uveitis, and blindness. In certain embodiments, the diabetic neuropathy includes, but is not
limited to, diabetic peripheral neuropathy. In certain embodiments, the kidney diseases
include, but are not limited to, acute glomerulonephritis, chronic glomerulonephritis, nephrotic
syndrome, acute kidney injury, diabetic nephropathy, etc. In certain embodiments, the
diseases associated with cellular and/or tissue damage include, but are not limited to, diseases
associated with the cellular and/or tissue damage of kidney, brain, lung, liver, heart, spleen,
digestive tract, and skin, such as brain injury, lung injury, spleen injury, splenic rupture, gastric
ulcer, gastritis, gastric perforation, gastrointestinal mucosal injury, trauma, burns, ulcers,
mucositis, asthma, chronic ebstructive pulmonary disease (COPD), stroke, skin aging, etc. In
certain embodiments, the present invention relates to a polypeptide set forth in SEQID NO: 7
for use in treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular
complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with
cellular and/or tissue damage. In certain embodiments, the present invention relates to a
polypeptide set forth in SEQ 1D NO: 147, SEQ ID NO: 148, SEQ ID NO: 149, or SEQ ID NO: 150 for
use in treating heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications,
diabetic neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular

and/or tissue damage.

EMBODIMENTS
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[0167] The biological materials used in all examples such as E. Coli strains, various clones and
expression plasmids, media, enzymes, buffer solutions, and various culturing methods, protein
extraction and purification methods, and the other molecular biological operation methods, are
all well-known to persons skilled in the art. For more details, please refer to the “Molecular
Cloning: A Laboratory Manual” edited by Sambrook, et al. (Cold Spring Harbor, 1989) and
“Short Protocols in Molecular Biclogy” (Frederick M. Ausubel, et al., translated by Yan Ziying et
al., Science Press (Beijing), 1998).

[0168] Example 1: Preparation of MG53 Mutants

[0169] 1. Preparation of human MG53 mutants

[0170] Human MG53 $255A Mutant

[0171] (1) Primer design: determining the corresponding nucleotide site of the amino acid
targeted for site-directed mutagenesis in the ¢cDNA sequence, modifying the nucleotide
seguence at the mutation site according to the mutated amino acid, and designing primers by
intercepting a sequence of 20 bp upstream and 10 bp downstream the mutation site. The

sequences of the primers are as follows:

Forward primer of human MG53 S255A: tgcagaagatcctggeagaggctceccecacceg (SEQ ID NO: 25)
Reverse primer of human MG53 S255A: tccagacgggegggtgggggagectetgecagg (SEQ ID NO: 26)
[0172} (2) Polymerase chain reaction (PCR) of plasmid full-length clone: performing PCR
reaction by using the designed primers for site-directed mutagenesis, using Tag Polymerase
High Fidelity, and taking the original gene expression plasmid as a template. The reaction
system and conditions are as follows:

template x pl 95°C  Smin

primer-F 0.5l 95°C  Smin

primer-R 0.5 ul 55°C  30sec :t» 30 cycles
2XTagMix 10 pl 72C  Ymin

ddH20 9-x 72°C  10min

total 20ud 4‘C oo
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[0173] Agarose gel electrophoresis of the PCR product: performing agarose gel

electrophoresis for the PCR product to identify its purity and quantity.

{0174]) Ethano! precipitation of the PCR product; purifying the PCR product with correct size

and a single band by the method of ethanol precipitation.

[0175] Dpn | digestion: performing enzymatic reaction for the purified PCR product by using

restriction endonuclease Dpn 1.

[0176] Transformation of enzyme-digested product: transforming the Dpn I-digested product

in bacterial competent cells, coating onto an appropriate screen plate for cultivation.

[0177] Identification of positive clones: selecting the clones with proper size to perform
colony PCR identification, performing agarose gel electrophoresis for the PCR product,
performing small-volume shaking amplification cultivation for the clone with a clear band and

correct size, and then performing sequencing identification.

[0178] The same method was used to prepare human MG53 S255G, $2551, 5255V, S255P,
S$255F, S255W, 5255Q, 5255C, S255Y, S255D, S255R, S211A, S214A, 5246A, S269A, S296A,
S297A mutants. Except for the primers, all of the other steps are the same as the steps for

preparing human MG53 S255A mutant. The primers of each mutant are as follows:

[0179] (i) the forward and reverse primers of human MGS3 $255G, which represents an MG53
mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is mutated

into glycine.
Forward primer of human MG53 $255G: tgcagaagatcctggcagagggtcececacceg (SEQ ID NO: 27)
Reverse primer of human MG53 $255G: tccagacgggegggtgagggaccctetgecagg (SEQ ID NO: 28)

[0180] (ii} the forward and reverse primers of human MG53 52551, which represents an MG53
mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is mutated

into leucine.
Forward primer of human MG53 S255L: tgcagaagatcctggcagagetteecccacceg (SEQ 1D NO: 29)

Reverse primer of human MG53 $2551: tccagacgggegggtggeggaagetctgecagg (SEQ ID NO: 30)
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[0181] (iii) the forward and reverse primers of human MG53 S$255V, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1} is

mutated into valine.
Forward primer of human MG53 S255V: tgcagaagatcctggcagaggttcccecaceeg (SEQ 1D NO: 31)
Reverse primer of human MG53 S255V: tccagacgggegggtgggegaacctetgecagg (SEQ 1D NO: 32)

[0182] (iv) the forward and reverse primers of human MG53 S255P, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1} is

mutated into proline.
Forward primer of human MG53 S255P: tgcagaagatcctggcagagectcceccaceeg (SEQ ID NO: 33)
Reverse primer of human MG53 $255P: tccagacgggegeetgggggagactetgecagg (SEQ ID NO: 34)

[0183] (v) the forward and reverse primers of human MG53 S255F, which represents an MG53
mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is mutated

into phenylalanine.
Forward primer of human MG53 S255F: tgcagaagatcctggcagagtitcccccaceeg (SEQ 1D NO: 35)
Reverse primer of human MG53 S$255F: tccagacgggeggetgggggaaactctgecagg (SEQ ID NO: 36)

[0184]) (vi) the forward and reverse primers of human MG53 5255W, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1} is

mutated into tryptophan.
Forward primer of human MG53 S255W: tgcagaagatcctggcagagtggeccccacceg (SEQ 1D NO: 37)
Reverse primer of human MG53 S255W: tccagacgggegggtgggggecactetgecagg (SEQ ID NO: 38)

[0185] (vii) the forward and reverse primers of human MG53 S255Q, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into glutamine.

Forward primer of human MG53 S255Q: tgcagaagatcctggeagagcaacceccaceeg (SEQ (D NO: 39)
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Reverse primer of human MG53 5255Q; tccagacgggegggtggggettgctetgecagg (SEQ 1D NO: 40)

[0186] (viii) the forward and reverse primers of human MG53 S255C, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into cysteine.
Forward primer of human MG53 $255C: tgcagaagatcctggeagagtgteecccaceeg (SEQ ID NO: 41)
Reverse primer of human MG53 $255C: tccagacggecggetgggggacactctgecagg (SEQ ID NO: 42)

[0187] (ix) the forward and reverse primers of human MG53 S255Y, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into tyrosine.
Forward primer of human MG53 $255Y: tgcagaagatcctggcagagtatececcacceg (SEQ 1D NO: 43)
Reverse primer of human MG53 S255Y: tccagacgggegegtgggegatactctgecagg (SEQ ID NO: 44)

[0188] (x) the forward and reverse primers of human MGS3 $255D, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into aspartic acid.
Forward primer of human MG53 S255D: tgcagaagatcctggeagaggatcccccaceeg (SEQ ID NO: 45)
Reverse primer of human MG53 5255D: tccagacgggcgggtggggectactctgecagg (SEQ ID NO: 46)

[0183] (xi) the forward and reverse primers of human MG53 S255R, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into arginine.
Forward primer of human MG53 S255R: tgcagaagatccetggeagagegteececaceeg (SEQ ID NO: 47)
Reverse primer of human MG53 S255R: tccagacgggegggtgggggacgctctgecagg (SEQ ID NO: 48)

[0190] (xii) the forward and reverse primers of human MG53 $255A, which represents an
MG53 mutant in which serine at position 255 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into alanine.
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Forward primer of human MG53 S211A: ccttgcgecgggagetgggggeectgaactctt (SEQ 1D NO: 49)
Reverse primer of human MG53 S211A: getgctccaggtaagagttcagggececcagetee (SEQ ID NO: 50)

[0191] (xiii) the forward and reverse primers of human MG53 $214A, which represents an
MGS53 mutant in which serine at position 214 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into alanine.
Forward primer of human MG53 S214A: gggagctggggagectgaacgcttacctggage (SEQ. ID NO: 51)
Reverse primer of human MG53 $214A: tgcegeagcetgetccaggtaagegttcaggete (SEQ 1D NO: 52)

{0192] (xiv) the forward and reverse primers of human MG53 S246A, which represents an
MG53 mutant in which serine at position 246 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into alanine.
Forward primer of human MG53 S246A: tgaaatactgcctggtgaccgecaggetgeaga (SEQ 1D NO: 53)
Reverse primer of human MG53 S246A: gccaggatcttctgeagectggeggteaccagg (SEQ ID NO: 54)

[0193] (xv) the forward and reverse primers of human MG53 S269A, which represents an
MG53 mutant in which serine at position 269 of human wild-type MG53 (i.e. SEQ ID NO: 1) is

mutated into alanine.
Forward primer of human MG53 S269A: aggagctgaccttigacceggectetgegeace (SEQ ID NO: 55)
Reverse primer of human MG53 S296A: accaggctcgggtgegcagaggeegggtcaaag (SEQ D NO: 56)

[0194] (xvi) the forward and reverse primers of human MG53 $297A, which represents an
MG53 mutant in which serine at position 297 of human wild-type MG53 {i.e. SEQ ID NO: 1} is

mutated into alanine.
Forward primer of human MG53 S297A: agctgacctttgacccgagegetgegeaceega (SEQ 1D NO: 57)
Reverse primer of human MG53 $297A: accaccaggctcgggtgcgeagegetegggtea (SEQ 1D NO: 58)

[0195] 2. Preparation of mouse MG53 mutants
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[0196] Mouse MG53 $2554, $255G, 52551, $255W, $255Q, $255Y, S255D, and 5255R mutants
were prepared according to the method for preparing human MG53 S255A mutant. Except
for the primers, all of the other steps are the same as the steps for preparing human MG53

S255A mutant. The primers of each mutant are as follows:

[0197] (i) the forward and reverse primers of mouse MG53 $255A, which represents an MG53
mutant in which serine at position 255 of mouse wild-type MG53 {i.e. SEQ ID NO: 2) is mutated

into alanine.

Forward primer of mouse MG53 $255A: tgcagaagatcctgtcagaggceaccaccaccgg (SEQ ID NO: 59)

Reverse primer of mouse MG53 S255A: tctagecttgeeggtggtggtgectctgacagg (SEQ ID NO: 60)

[0198] ({ii} the forward and reverse primers of mouse MG53 5255G, which represents an
MG53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2) is

mutated into glycine.

Forward primer of mouse MG53 $255G: tgcagaagatcctgtcagagggaccaccaccgg (SEQ ID NO: 61)

Reverse primer of mouse MG53 $255G: tctagectigeeggtegtggtecctetgacagg (SEQ 1D NO: 62)

[0199] (iii) the forward and reverse primers of mouse MG53 S255L, which represents an
M@G53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2) is

mutated into leucine.
Forward primer of mouse MG53 S255L: tgcagaagatcctgtcagagttaccaccaccgg (SEQ ID NO: 63)
Reverse primer of mouse MGS3 §255L1.: tctagecttgecggtggtggtaactctgacagg (SEQ ID NO: 64)

[0200] (iv) the forward and reverse primers of mouse MG53 5255W, which represents an
MG53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2} is
mutated into tryptophan.

Forward primer of mouse MG53 S255W: tgragaagatcctgtcagagtggecaccacegg (SEQ ID NO: 65)

Reverse primer of mouse MG53 S255W: tctagccttgecggtggtggecactctgacagg (SEQ ID NO: 66)
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[0201] (v) the forward and reverse primers of mouse MG53 $255Q, which represents an
MG53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2) is

mutated into glutamine.
Forward primer of mouse MG53 $255Q: tgcagaagatcctgtcagagcaaccaccaccgg (SEQ ID NO: 67)
Reverse primer of mouse MG53 S255Q; tctagecttgeeggtggtgattgetetgacagg (SEQ 1D NO: 68)

[0202] (vi) the forward and reverse primers of mouse MG53 S255Y, which represents an
MG53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2) is

mutated into tyrosine.
Forward primer of mouse MG53 5255Y: tgcagaagatcctgtcagagtatccaccacegg (SEQ ID NO: 69)
Reverse primer of mouse MG53 5255Y: tctagecttgecggtggtggatactetgacagg (SEQ ID NO: 70)

[0203] (vii) the forward and reverse primers of mouse MG53 $255D, which represents an
MG53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2} is

mutated into aspartic acid.
Forward primer of mouse MG53 $255D: tgcagaagatcctgtcagaggatccaccacegg (SEQ ID NO: 71)
Reverse primer of mouse MG53 5255D: tctagcctigecggtegtggatectetgacagg (SEQ ID NO: 72)

[0204] (viii) the forward and reverse primers of mouse MG53 S$255R, which represents an
MG53 mutant in which serine at position 255 of mouse wild-type MG53 (i.e. SEQ ID NO: 2} is

mutated into arginine.

Forward primer of mouse MG53 5255R: tgcagaagatcctgtcagagegaccaccaccgg (SEQ 1D NO: 73)
Reverse primer of mouse MG53 S255R: tctagectteceggtegtegtegetetgacagg (SEQ ID NO: 74)
[0205] 3. Preparation of rat MG53 mutants

[0206] Rat MG53 S255A, $255G, S2551, S255W, $255Q, $255Y, S255D, and S255R mutants
were prepared according to the method for preparing human MG53 S255A mutant. Except
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for the primers, all of the other steps are the same as the steps for preparing human MG53

S255A mutant. The primers of each mutant are as follows:

[0207] (i) the forward and reverse primers of rat MG53 S255A, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 {i.e. SEQ ID NO: 3) is mutated into

alanine.
Forward primer of rat MG53 S255A: tgcagaagattctgtcagaggcaccacceccag (SEQ ID NO: 75)
Reverse primer of rat MG53 5255A: tctagecttgetggggetggtgcctetgacaga (SEQ ID NO: 76)

[0208] (i) the forward and reverse primers of rat MG53 5255G, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 (i.e. SEQ ID NO: 3} is mutated into

glycine.
Forward primer of rat MG53 S255G: tgcagaagattctgtcagagggaccacceceag (SEQ 1D NO: 77)
Reverse primer of rat MG53 5255G: tctagecttgctgggeetggteectetgacaga (SEQ ID NO: 78)

[0209] (iii} the forward and reverse primers of rat MG53 S255L, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 (i.e. SEQ ID NO: 3} is mutated into

leucine.
Forward primer of rat MGS53 $255L.: tgcagaagattctgtcagagttaccacceccag (SEQ ID NO: 79)
Reverse primer of rat MG53 5255L: tctagecttgctggegatggtaactctgacaga (SEQ ID NO: 80}

{0210} (iv) the forward and reverse primers of rat MG53 $255W, which represents an MG53
mutant in which serine at position 255 of rat wild-type MGS3 (i.e. SEQ ID NO: 3) is mutated into

tryptophan.
Forward primer of rat MG53 $255W: tgcagaagattcigtcagagtggccacceecag (SEQ 1D NO: 81)

Reverse primer of rat MG53 5255W: tctagecttgetgggggtggecactctgacaga (SEQ 1D NO: 82)
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{0211) (v) the forward and reverse primers of rat MG53 $255Q, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 {i.e. SEQ 1D NO: 3) is mutated into

glutamine,

Forward primer of rat MG53 S255Q: tgcagaagatictgtcagagcaaccacceccag (SEQ [D NO: 83)

Reverse primer of rat MG53 $255Q: tctagcecttgetgggggtggtigetetgacaga (SEQ ID NO: 84)

[0212] (vi) the forward and reverse primers of rat MG53 $255Y, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 (i.e. SEQ ID NO: 3) is mutated into

tyrosine.

Forward primer of rat MG53 S255Y: tgcagaagattctgtcagagtatccacccccag (SEQ ID NO: 85)

Reverse primer of rat MG53 5255Y: tctagccttgetgggggtggatactctgacaga (SEQ ID NO: 86)

[0213] (vii} the forward and reverse primers of rat MG53 $255D, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 (i.e. SEQ 1D NO: 3) is mutated into

aspartic acid.

Forward primer of rat MG53 S255D: tgcagaagattctgtcagaggatecacceccag {SEQ ID NO: 87)

Reverse primer of rat MG53 S$255D: tctagcecttgetgggggtggatectetgacaga (SEQ ID NO: 88)

[0214] (viii) the forward and reverse primers of rat MG53 $255R, which represents an MG53
mutant in which serine at position 255 of rat wild-type MG53 (i.e. SEQ ID NO: 3) is mutated into

arginine.

Forward primer of rat MG53 S255R: tgcagaagattctgtcagagegaccacceccag (SEQ 1D NO: 89)
Reverse primer of rat MG53 S255R: tctageettgetgeggggteggtegetetgacaga (SEQ 1D NO: 90)
[0215] 4. Preparation of monkey MG53 mutants

[0216] Monkey MG53 S255A, S255G, S255L, S255W, $255Q, S255Y, S$255D, and S255R

mutants were prepared according to the method for preparing human MG53 S255A mutant.
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Except for the primers, all of the other steps are the same as the steps for preparing human

MG53 S255A mutant.  The primers of each mutant are as follows:

[0217]) (i) the forward and reverse primers of monkey MG53 S255A, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 (i.e. SEQ ID NO: 4) is

mutated into alanine.

Forward primer of monkey MG53 S$255A: aagatcctggcagaggetcccecaccegeccgtetg (SEQ ID NO:
91)

Reverse primer of monkey MG53 S255A: cagacggecggeteggegagectctgecaggatett (SEQ ID NO:
92)

[0218] (ii) the forward and reverse primers of monkey MG53 $255G, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 (i.e. SEQ ID NO: 4) is

mutated into glycine.

Forward primer of monkey MG53 $255G: aagatcctggcagagggtcccccaccegeecgtetgg (SEQ ID NO:
93)

Reverse primer of monkey MG53 S$255G: ccagacgggcgggtgegegaccctetgecaggatett (SEQ, ID NO:
94)

[0219] (iii) the forward and reverse primers of monkey MGS3 S2551, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 (i.e. SEQ ID NO: 4) is

mutated into leucine.

Forward primer of monkey MG53 S255L: agatcctggcagagttacccccacccgeeegtetgga (SEQ [D NO:
95}

Reverse primer of monkey MG53 S255L: tccagacgggcgegtgggggtaactctgecaggatet (SEQ ID NO:
96)

[0220] (iv) the forward and reverse primers of monkey MG53 $255W, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 {i.e. SEQ ID NO: 4} is

mutated into tryptophan.
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Forward primer of monkey MG53 S255W: agatcctggeagagtggeccecaccegeeegtetgga (SEQ ID NO:
97)

Reverse primer of monkey MGS3 S255W: tccagacgggegggtgggggccactetgecaggatet (SEQ 1D NO:
98)

[0221] (v} the forward and reverse primers of monkey MG53 $255Q, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 (i.e. SEQ ID NO: 4) is

mutated into glutamine.

Forward primer of monkey MGS53 5255Q; aagatcctggeagageaacceccaceegeecgtctgga (SEQ ID NO:
99)

Reverse primer of monkey MG53 S255Q: tccagacgggegggtegagettgetetgecaggatett (SEQ ID NO:
100)

[0222]) (vi) the forward and reverse primers of monkey MG53 $255Y, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 (i.e. SEQ ID NO: 4) is

mutated into tyrosine.

Forward primer of monkey MG53 $255Y: agatcctggcagagtatcccccacecgecegtetgg (SEQ ID NO:
101)

Reverse primer of monkey MG53 S255Y: ccagacgggegggtgggggatactctgecaggatet (SEQ 1D NO:
102)

[0223] (vii} the forward and reverse primers of monkey MG53 $255D, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 (i.e. SEQ ID NO: 4) is

mutated into aspartic acid.

Forward primer of monkey MGS53 $255D: aagatcctggcagaggatcecccaccegecegtetgg (SEQ 1D NO:
103)

Reverse primer of monkey MG53 5255D: ccagacgggcegggtgggggatectetgecaggatett (SEQ ID NO:
104)
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[0224]) (viii} the forward and reverse primers of monkey MG53 5255R, which represents an
MG53 mutant in which serine at position 255 of monkey wild-type MG53 {i.e. SEQ ID NO: 4} is

mutated into arginine.

Forward primer of monkey MG53 S255R: aagatcctggcagagegtcccccacccgeecgtetgg (SEQ ID NO:
105)

Reverse primer of monkey MG53 $255R: ccagacgggegggtgggegacgetetgecaggatett (SEQ 1D NO:
106)

[0225]} 5. Preparation of swine MG53 mutants

[0226] Swine MG53 S255A, S255G, S255L, S255W, $255Q, S255Y, $255D, and S255R mutants
were prepared according to the method for preparing human MG53 S255A mutant. Except
for the primers, all of the other steps are the same as the steps for preparing human MG53

S$255A mutant. The primers of each mutant are as follows:

[0227] (i) the forward and reverse primers of swine MG53 S255A, which represents an MG53
mutant in which serine at position 255 of swine wild-type MG53 {i.e. SEQ ID NO: 5} is mutated

into alanine.
Forward primer of swine MG53 $255A: aagatcctggcagaggegeccccacctgeecgecetg (SEQ ID NO: 107)
Reverse primer of swine MG53 S255A: caggegggcaggtggggecgcctetgecaggatett (SEQ ID NO: 108)

[0228] (ii) the forward and reverse primers of swine MG53 S255G, which represents an MG53
mutant in which serine at position 255 of swine wild-type MGS53 {i.e. SEQ ID NO: 5) is mutated

into glycine.

Forward primer of swine MG53 S255G: aagatcctggcagaggggeceecacctgeeegectgg (SEQ 1D NO:
109)

Reverse primer of swine MG53 $255G: ccaggcgggcaggtgggggecectetgecaggatett (SEQ ID NO:
110)
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[0229] (iii) the forward and reverse primers of swine MG53 $255L, which represents an MG53
mutant in which serine at position 255 of swine wild-type MG53 {i.e. SEQ, ID NO: 5) is mutated

into leucine.
Forward primer of swine MG53 §255L.: agatcctggeagagttgcceccacctgeeegectgg (SEQ ID NO: 111)
Reverse primer of swine MG53 S255L: ccaggegggcaggtgggggeaactetgecaggatet (SEQ 1D NO: 112)

[0230] (iv) the forward and reverse primers of swine MG53 S$255W, which represents an
MG53 mutant in which serine at position 255 of swine wild-type MG53 (i.e. SEQ 1D NO: 5) is

mutated into tryptophan.

Forward primer of swine MG53 S5255W: agatcctggcagagtgegcccccacctgeccgeetgg (SEQ ID NO:
113)

Reverse primer of swine MG53 S255W: ccaggcgggcaggiggeggcecactctgecaggatet (SEQ 1D NO:
114)

[0231] (v} the forward and reverse primers of swine MG53 $255Q, which represents an MG53
mutant in which serine at position 255 of swine wild-type MG53 (i.e. SEQ ID NO: 5) is mutated

into glutamine.

Forward primer of swine MG53 S255Q: aagatcctggcagageagceccccacctgeecgectgg (SEQ (D NO:
115)

Reverse primer of swine MG53 S255Q: ccaggcgggcaggtgggegctgctetgecaggatcett (SEQ ID NO:
116)

[0232] (vi) the forward and reverse primers of swine MG53 5255Y, which represents an MG53
mutant in which serine at position 255 of swine wild-type MG53 {i.e. SEQ. 1D NO: 5) is mutated

into tyrosine.
Forward primer of swine MG53 5255Y: agatcctggcagagtatcecccacctgeccgectgga (SEQ ID NO: 117)

Reverse primer of swine MG53 $255Y: tccaggegggcaggtgggggatactctgecaggatet (SEQ ID NO: 118)
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[0233]) (vii) the forward and reverse primers of swine MG53 $255D, which represents an
MG53 mutant in which serine at position 255 of swine wild-type MG53 (i.e. SEQ ID NO: 5) is

mutated into aspartic acid.

Forward primer of swine MGS53 5255D: aagatcctggcagaggatcecccacctgecegectgga (SEQ 1D NO:
119)

Reverse primer of swine MG53 $255D: tccaggcgggcaggtgggeeatectetgecaggatett (SEQ 1D NO:
120)

[0234]) (viii) the forward and reverse primers of swine MG53 $255R, which represents an
MGS53 mutant in which serine at position 255 of swine wild-type MG53 (i.e. SEQ ID NO: 5) is

mutated into arginine.

Forward primer of swine MG53 S255R: aagatcctggcagageggececcacctgeecgeetgg (SEQ ID NO:
121)

Reverse primer of swine MG53 S$255R: ccaggcegggcaggtgggggccgctetgecaggatett (SEQ ID NO:
122)

[0235] 6. Preparation of dog MG53 mutants

[0236] Dog MG53 S255A, $255G, S$255L, S255W, S§255Q, $255Y, S255D, and S255R mutants
were prepared according to the method for preparing human MG53 5255A mutant, Except
for the primers, all of the other steps are the same as the steps for preparing human MG53

$255A mutant. The primers of each mutant are as follows:

[0237] (i) the forward and reverse primers of dog MG53 $255A, which represents an MGS3
mutant in which serine at position 255 of dog wild-type MG53 (i.e. SEQ ID NO: 6) is mutated

into alanine.

Forward primer of dog MG53 S255A: aagatcctggcagaageaccaccgectgeeegtitg (SEQ 1D NO: 123)

Reverse primer of dog MG53 S255A: caaacgggcaggeggtggtgettetgecaggatett (SEQ ID NO: 124)
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{0238] (ii) the forward and reverse primers of dog MG53 5255G, which represents an MG53
mutant in which serine at position 255 of dog wild-type MG53 (i.e. SEQ ID NO: 6) is mutated

into glycine.
Forward primer of dog MG53 S255G: aagatcctggcagaaggaccaccgectgeeegtttgg (SEQ ID NO: 125)
Reverse primer of dog MG53 $255G: ccaaacgggcaggeggtgatcettctgecaggatett (SEQ 1D NO: 126)

[0239] (iii) the forward and reverse primers of dog MG53 52551, which represents an MG53
mutant in which serine at position 255 of dog wild-type MG53 (i.e. SEQ ID NO: 6) is mutated

into leucine.
Forward primer of dog MG53 S255L: agatcctggcagaattaccaccgectgeecgtttgg (SEQ ID NO: 127)
Reverse primer of dog MG53 5255L: ccaaacgggcaggcggtggtaatictgecaggatet (SEQID NO: 128)

[0240] (iv) the forward and reverse primers of dog MG53 $255W, which represents an MG53
mutant in which serine at position 255 of dog wild-type MG53 (i.e. SEQ ID NO: 6} is mutated

into tryptophan.
Forward primer of dog MG53 S255W: agatcctggeagaatggcecaccgectgecegtitgga (SEQ ID NO: 129)
Reverse primer of dog MG53 S255W: tccaaacgggcaggeggtggcecattctgecaggatcet (SEQ ID NO: 130)

[0241) (v} the forward and reverse primers of dog MG53 §255Q, which represents an MG53
mutant in which serine at position 255 of dog wild-type MGS3 {i.e. SEQ ID NO: 6) is mutated

into glutamine.
Forward primer of dog MGS53 S255Q: aagatcctggcagaacaaccaccgectgecegtitgg (SEQ ID NO: 131)
Reverse primer of dog MG53 S255Q:: ccaaacgggcaggeggtggtigttctgecaggatett (SEQ ID NO: 132)

[0242] (vi} the forward and reverse primers of dog MG53 $255Y, which represents an MG53
mutant in which serine at position 255 of dog wild-type MG53 (i.e. SEQ ID NO: 6) is mutated

into tyrosine.
Forward primer of dog MG5S3 S255Y: agatcctggeagaatatccacegectgeecgtttgga (SEQ ID N©O: 133)
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Reverse primer of dog MG53 S255Y: tccaaacgggeaggeggtggatattctgecaggatet (SEQ ID NO: 134)

[0243] (vii) the forward and reverse primers of dog MGS53 $255D, which represents an MG53
mutant in which serine at position 255 of dog wild-type MG53 {i.e. SEQ ID NO: 6) is mutated

into aspartic acid.
Forward primer of dog MG53 S255D: aagatcctggcagaagatccaccgectgecegtttgga (SEQ ID NO: 135)
Reverse primer of dog MG53 S255D: tccaaacgggcaggeggtggatettetgecaggatett (SEQ 1D NO: 136)

[0244]) (viii) the forward and reverse primers of dog MG53 $255R, which represents an MG53
mutant in which serine at position 255 of dog wild-type MG53 (i.e. SEQ ID NO: 6) is mutated

into arginine.
Forward primer of dog MG53 S255R: aagatcctggeagaacgaccaccgectgecegtttgg (SEQ ID NO: 137)
Reverse primer of dog MG53 S255R: ccaaacgggcaggeggtggtegtictgecaggatett (SEQ 1D NO: 138)

[0245] MG53 mutants of various species with serine deletion and/or mutation at each serine
position may be prepared according to the method for preparing human MG53 S255A mutant.
Except for the primers, all of the other steps are the same as the steps for preparing human
MG53 S255A mutant. A person skilled in the art may design the primers of each mutant by

conventional technical means in the art.

[0246] Example 2: Impact of mouse MG53 $255A mutant on the cell membrane repair

function and cardioprotective function of mouse wild-type MG53.

[0247] In order to evaluate the impact of mouse MG53 S255A mutant (its amino acid
sequence is set forth in SEQ ID NO: 8) on the cell membrane repair function and
cardioprotective function of mouse wild-type MG53, the inventors overexpressed mouse
wild-type MG53 and mouse MG53 mutant using adenovirus in neonatal rat ventricular
myocytes (NRVMs) that were primarily cultured, and detected the survival rate of cells. The
results are shown in Figure 14, which indicates that hypoxia/reoxygenation-simulating
ischemia-reperfusion injury result in the massive release of lactate dehydrogenase (LDH) and
decreased intracellular ATP in NRVMs, the over-expression of mouse wild-type MG53 and

mouse MG53 S255A mutant can similarly inhibit LDH release and ATP reduction. This suggests
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that mouse wild-type MG53 has a protective effect on ischemia-reperfusion induced apoptosis
and necrosis, while the mouse MG53 $255A mutant does not affect the cell membrane repair
function and cardioprotective function of the mouse wild-type MG53, i.e. the phosphorylation
of mouse MG53 5255 position does not regulate the cell membrane repair function and

cardioprotective function of MG53.

[0248] Mouse MGS53 S255A mutation does not affect MGS53’s activation on the RISK

signaling pathway.

[0249] The mechanism of MG53's cardioprotective function is as follows: MG53 is an essential
component in the RISK signaling pathway of cardiac protection, and mediates the interaction
between caveolin-3 and p85-PI3K proteins to activate the RISK signaling pathway, for example,
an important downstream signaling molecule AKT (see Zhang Y. et al., Cardiovascular Research
91, 108-115 (2011)). Therefore, the inventors further studied the mechanism by which the
mouse MG53 S255A mutation does not affect MG53’s cardioprotective function to identify
whether it is related to the fact that mouse MG53 5255A mutant and mouse wild-type MG53
can similarly activate the RISK signaling pathway. The experimental results are shown in
Figure 15, which indicates that the over-expression of mouse wild-type MGS3 in NRVMs
enhances the phosphorylation of serine at position 473 of AKT, which is a downstream signaling
molecule of the RISK signaling pathway, i.e. can activate AKT. The mouse MG53 $255A mutant
and mouse wild-type MG53 can similarly enhance the phosphorylation of serine at position 473
of AKT, i.e. can activate AKT. This suggests that the mouse MG53 $255A mutant does not
affect mouse wild-type MG53’s activation of the RISK signaling pathway, i.e. the regulation on
the phosphoryiation of mouse MG53 5255 does not affect the RISK signaling cardioprotective
pathway.

[0250] Example 3: Impact of human or mouse MG53 5255A mutant on E3 ubiquitin ligase
activity of wild-type MG53,

[0251] The repression of insulin signaling pathway induced by high-expression of MG53 is one
of the important mechanisms for the development of insulin resistance and metabolic
syndrome, and it is also one of the important functions of MG53. First, the inventors

constructed the expression plasmid of serine mutation of mouse wild-type MG53 -—- mouse
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MG53 $255A (its amino acid sequence is set forth in SEQ ID NO: 8). In addition, the inventors
also constructed the expression plasmids of IRS1, ubiquitin, and mouse wild-type MG53.
Second, the inventors’ previous study suggests that, MG53 is an E3 ubiquitin ligase of insulin
substrate IRS1, and mediates proteasomal pathway degradation of proteins (Song, R. et al,,
Nature 494, 375-379,(2013)). Therefore, the inventors co-transfected HEK293T cell line with
the expression plasmids of IRS1, ubiquitin, and the plasmid of mouse wild-type MG53 or mouse
MG53 $255A mutant, and evaluated the impact of mouse MG53 S255A mutation on MG53
functions through the changes in IRS1 protein contents. The experimental results are shown
in Figure 19, which suggests that mouse wild-type MG53 can significantly reduce IRS1
expression, while mouse MG53 S255A mutant can significantly inhibit MG53-mediated IRS1
protein reduction. This suggests that, in the co-expression system of HEK293T cell line, the
mouse wild-type MG53 can exert normal E3 ubiquitin ligase activity, and mediate the ubiquitin
degradation of IRS1. This also suggests that the detected mouse MG53 S255A mutant
inhibited the E3 ubiquitin ligase activity of MG53, i.e. the phosphorylation status of MG53 5255

position can regulate the E3 ubiquitin ligase activity of MG53.

[0252] Human or mouse MG53 S255A mutant inhibits MG53-mediated substrate

degradation

[0253] MG53 is an E3 ubiquitin ligase with a RING domain, which is associated with E2
ubiquitin conjugating enzyme to mediate the ubiquitination of substrate and further
proteasomal degradation. Therefore, the MG53-D-RING truncated mutant, which is without
the RING domain, loses the E3 ubiquitin ligase activity of MGS53. Further, in order to
quantitatively evaluate the impact of human MG53 S255A mutant (its amino acid sequence is
set forth in SEQ ID NO: 7) and mouse MG53 5255A mutant {its amino acid sequence is set forth
in SEQ ID NO: 8) on the E3 ubiquitin ligase activity of human or mouse wild-type MGS3, the
inventors, by taking human or mouse MG53-D-RING as a positive control, co-expressed human
or mouse wild-type MG53, MG53 S255A mutant, or MG53-D-RING truncated mutant, and the
substrate IRS1 of MG53 or insulin receptor IR in human embryonic kidney epithelial cell line
HEK293T, and detected the impact of different mutations on MG53-mediated substrate
degradation. The results are shown in Figure 16 (mouse} and Figure 17 (human), which

indicate that human or mouse wild-type MG53 can significantly mediate IRS1 degradation,
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human or mouse MG53-D-RING truncated mutant can hardly mediate IRS1 degradation, while
mouse MG53 S255A mutant can only mediate about 40% degradation of IRS1, and human
MG53 S255A mutant can only mediate about 10% degradation of IRS1. Mouse wild-type
MG53 can mediate about 50% degradation of IR, mouse MG53-D-RING truncated mutant and
mouse MG53 S255A mutant can hardly mediate IRB degradation. In addition, in HEK293T
co-expression system, mouse wild-type MG53 can mediate the degradation of precursor
protein of IRB, while mouse MG53-D-RING truncated mutant and mouse MG53 $255A mutant
almost completely inhibited MG53-mediated degradation. This study suggests that human or
mouse MG53-D-RING truncated mutant significantly inhibit the E3 ubiguitin ligase activity of
MGS53, while human or mouse MG53 S255A mutant inhibits about at least 50% E3 ubiquitin
ligase activity of MG53.

[0254] Mouse MG53 $255A mutant inhibits the binding of MG53 to the substrate IRS1

protein

[0255] In order to study whether mouse MG53 S255A mutant (its amino acid sequence is set
forth in SEQ. ID NO: 8) may affect the recognition and binding of MG53 to the substrate IRS1
protein, the inventors, in one aspect, detected the binding intensity of substrate IRS1 and
mouse wild-type MG53 or mouse MG53 S255A mutant under active status in ex vivo HEK293T
cell line through co-immunoprecipitation, in another aspect, detected the direct binding
intensity of purified protein IRS1 and mouse wild-type MG53 or mouse MG53 $255A mutant
through surface plasmon resonance {SPR) test. The experimental results are shown in Figure
18. Figure 18A shows that IRS1 can physically bind to mouse wild-type MG53, while the same
amount of IRS1 can only bind to extremely small amount of mouse MG53 $255A mutant; Figure
18B shows that mouse wild-type MG53 protein can bind to IRS1 protein very well, with a KD of
64.2 nM, while mouse MG53 S255A mutant cannot bind to IRS1 protein. In light of the above,
mouse MG53 S255A mutation inhibited the recognition and binding of MG53 to the substrate

IRS1 protein, so as to inhibit the E3 ubiquitin ligase activity of MG53.
[0256] Example 4: the in vivo activity of human MG53 S255A mutant

[0257] In order to validate whether human MG53 $255A mutant (its amino acid sequence is

set forth in SEQ ID NO: 7) in vivo may still avoid or reduce metabolic side effects caused by
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wild-type MG53, while retaining cell membrane repair function and cardioprotective function,
the inventors introduce human MG53 S255A mutant and human wild-type MG53 into the body
of rats, respectively, to further analyze the in vivo activity of human MG53 5255A mutant.
First, the inventors prepare human MG53 $255A mutant according to Example 1 of the present
application. Second, 15 male Sprague-Dawley (SD) rats (about 250g/rat, provided by Beijing
Vital River Laboratory Animal Technology Co., Ltd.) are selected and grouped into three groups,
i.e. test group, positive control group, and negative control group, 5 rats/group. The rats are
anaesthetized via 30mg/kg pentobartial sodium (intraperitoneal injection), and then
thoracotomy is performed in the left third rib to expose the heart. Then, human MG53 $255A
mutant protein (6mg/kg, iv) is intravenously injected into the hearts of rats in the test group,
human wild-type MGS53 protein (its amino acid sequence is set forth in SEQ ID NO: 1) (6mg/kg,
iv} is intravenously injected into the hearts of rats in the positive control group, and bovine
serum albumin (BSA) (6mg/kg, iv) is intravenously injected into the hearts of rats in the
negative control group. The ligation of the left anterior descending arteries of the rats in each
group are conducted at 5 minutes after the intravenous injections of the proteins above, and
lasted for 45 minutes. Before the ending of the ligation, the rats of each group are again
intravenously injected with the corresponding human MG53 S255A mutant protein, human
wild-type MG53 protein and BSA (6mg/kg, iv), respectively, and then the coronary arteries are
released. After a 24 hour reperfusion period, survival rates are compared between the test
group, positive control group, and negative control group. Insulin is used to stimulate the rats
in each group, and the rats are then sacrificed to compare the infarct size, serum LDH
concentration, and TUNEL staining of myocardial sections of the rats in the test group, positive
control group, and negative control group. Taken together, these indicators measure the level
of cardiac injury of rats in each group. If the infarct size of the rats in the test group is
significantly smaller than the infarct size of the rats in the negative control group, or the rats in
test group demonstrate significantly inhibited LDH release compared to the rats in negative
control group, or the TUNEL staining results of the myocardial sections of the rats in test group
indicates decreased cell death compared to that of the rats in negative control group, then it
suggests that human MG53 S255A mutant does not affect the cell membrane repair function
and cardioprotective function of human wild-type MG53, and can be used for treating heart
diseases, such as myocardial infarction, cardiac ischemia/reperfusion injury, etc. At last,

p-AKT/t-AKT changes in each tissue (e.g. myocardium, skeletal muscle, liver, etc.} of the rats in
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test group, positive control group and negative control group are compared to evaluate the
insulin responsiveness of each tissue of the rats in test group, positive control group and
negative control group. If the ratio of p-AKT/t-AKT in the tissues of the rats in positive control
group is decreased, then it suggests that human wild-type MG53 protein may induce the
reduction of insulin sensitivity; if the ratio of p-AKT/t-AKT in the tissues of the rats in negative
control group is normal, then it suggests that BSA has no effect on insulin sensitivity; if the ratio
of p-AKT/t-AKT in the tissues of the rats in test group is higher than positive control group, then
it suggests that human MG53 S255A mutant may eliminate or weaken the reduction of insulin

sensitivity induced by human wild-type MG53 protein.

[0258] In summary, if at least one serine (especially serine at position 255) within the MG53
coiled-coil-SPRY region is deleted or mutated into any other non-serine or non-threonine (e.g.
alanine} amino acid, the resulting MGS53 mutant may avoid or reduce metabolic side effects,
such as insulin resistance, caused by wild-type MG53, while still retaining cell repair function

and/or cardioprotective function.

[0259] Although the present invention is disclosed and described by introducing specific
embodiments, a person skilled in the art will comprehend that various formal and detailed
modifications can be made to the contents above without departing from the spirit and scope

of the subject matter of the present invention.
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Sequence Listing In Electronic Form

In accordance with section 111(1) of the Patent Rules, this description contains a sequence listing in electronic
form in ASCII text format (file: 95652-12seq2019-01-24vLtxt).

A copy of the sequence listing in electronic form is available from the Canadian Intellectual Property Office.
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WHAT IS CLAIMED IS:

1. An MG53 mutant, wherein the MG53 mutant is identical to the amino acid sequence of a
wild-type MG53 except for one serine in the coiled-coil-SPRY region of the wild-type
MG53, which is deleted or mutated into alanine, wherein the deleted or mutated serine
is located at the following position of the amino acid sequence of the wild-type MG53:

position 255 corresponding to SEQ ID NO: 1.
2. The MG53 mutant according to claim 1, wherein the amino acid sequence of the wild-
type MG53 is set forth in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID

NO: 5, SEQ.ID NO: 6, SEQ ID NO: 139, SEQ ID NO: 140, SEQ ID NO: 141, or SEQ ID NO: 142.

3. An MG53 mutant, wherein the amino acid sequence of the MG53 mutant is any one of

the amino acid sequences set forth in SEQ ID NOs: 7-12 or 147-150.

4, The MG53 mutant according to claim 3, wherein the amino acid sequence of the MG53

mutant is the amino acid sequence set forth in SEQ ID NO: 7.

5. A pharmaceutical composition comprising the MG53 mutant of any one of claims 1 to 4

and a pharmaceutically acceptable carrier.

6. An isolated nucleic acid comprising a nucleic acid sequence encoding the amino acid

sequence of the MG53 mutant of any one of claims 1 to 4.

7. A nucleic acid comprising any one of the nucleic acid sequences set forth in SEQ, ID NOs:

13-18 or 151-154.

8. An expression vector comprising the nucleic acid sequence according to claim 6.
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9, An expression vector comprising any one of the nucleic acid sequences set forth in SEQ

ID NOs: 13-18 or 151-154.

10. A host cell comprising the expression vector according to claim 8 or 9,

11. A method for preparing the MG53 mutant according to any one of claims 1 to 4,
comprising performing site-directed mutagenesis at the one serine on a plasmid
comprising a nucleic acid sequence encoding the full-length amino acid sequence of wild-
type MG53, transfecting the plasmid into a host cell following the site-directed

mutagenesis, and inducing the host cell to produce the MG53 mutant.

12. The method according to claim 11, wherein the site-directed mutagenesis comprises the
following steps:
(1) determining in a cDNA sequence, the nucleotide sequence comprising the one serine
for mutation or deletion, and designing primers for a sequence of 20-40 bp in length
comprising the mutation or deletion;
(2) performing PCR using the primers of step (1) and the wild-type MG53 plasmid as a
template, performing agarose gel electrophoresis of the PCR product, and purifying the
PCR product;
(3) performing enzymatic digestion of the purified PCR product of step (2) by using a
restriction endonuclease, ligating the enzyme-digested product with a suitable plasmid
expression vector, transforming bacterial competent cells with the ligation product and
cultivating the bacterial competent cells; and
(4) selecting clones of step (3) to perform colony PCR identification by using the primers
of step (1), performing agarose gel electrophoresis of PCR product, and then performing

DNA sequencing to identify positive clones.

13. Use of the MG53 mutant according to any one of claims 1 to 4 in the manufacture of a

medicament for treating heart diseases, diabetic cerebrovascular diseases, diabetic
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14,

15.

16.

17.

18.

19.

20.

ocular complications, diabetic neuropathy, diabetic foot, kidney diseases, and diseases

associated with cellular and/or tissue damage.

The use according to claim 13, wherein the medicament avoids or reduces metabolic
diseases that are side effects caused by wild-type MG53, while treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,

diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

The use according to claim 13 or 14, wherein the heart diseases are diseases associated

with myocardial damage.

The use according to any one of claims 13 to 15, wherein the heart diseases comprise
diabetic heart disease, myocardial ischemia, cardiac ischemia/reperfusion injury,
myocardial infarction, heart failure, arrhythmia, heart rupture, angina, myocarditis,

coronary heart disease and pericarditis.

The use according to claim 13 or 14, wherein the diabetic cerebrovascular diseases
comprise cerebral arteriosclerosis, ischemic cerebrovascular disease, cerebral

hemorrhage, cerebral atrophy and cerebral infarction.

The use according to claim 13 or 14, wherein the diabetic ocular complications comprise

diabetic retinopathy, diabetic cataract, diabetic associated uveitis and blindness.

The use according to claim 13 or 14, wherein the diabetic neuropathy comprises diabetic

peripheral neuropathy.

The use according to claim 13 or 14, wherein the kidney diseases include acute
glomerulonephritis, chronic glomerulonephritis, nephrotic syndrome, acute kidney injury

and diabetic nephropathy.
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21.

22,

23.

24,

25.

26.

27.

The use according to claim 13 or 14, wherein the diseases associated with cellular and/or
tissue damage comprise diseases associated with the damage of kidney, brain, lung, liver,

heart, spleen, digestive tract and skin.

The use according to claim 21, wherein the diseases associated with cellular and/or tissue
damage comprise trauma, burns, ulcers, mucositis, asthma, chronic obstructive

pulmonary disease, stroke and skin aging.

The use according to any one of claims 13 to 22, wherein the amino acid sequence of the

MG53 mutant is the amino acid sequence set forth in SEQID NO: 7.

Use of the MG53 mutant defined in any one of claims 1 to 4 for treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,

diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

The use according to claim 24, wherein the MG53 mutant avoids or reduces metabolic
diseases that are side effects caused by wild-type MG53, while treating heart diseases,
diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,

diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

The use according to claim 24 or 25, wherein the heart diseases are diseases associated

with myocardial damage.

The use according to any one of claims 24 to 26, wherein the heart diseases comprise
diabetic heart disease, myocardial ischemia, cardiac ischemia/reperfusion injury,
myocardial infarction, heart failure, arrhythmia, heart rupture, angina, myocarditis,

coronary heart disease and pericarditis.
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28.

29.

30.

31

32.

33.

34.

35.

The use according to claim 24 or 25, wherein the diabetic cerebrovascular diseases
comprise cerebral arteriosclerosis, ischemic cerebrovascular disease, cerebral

hemorrhage, cerebral atrophy and cerebral infarction.

The use according to claim 24 or 25, wherein the diabetic ocular complications comprise

diabetic retinopathy, diabetic cataract, diabetic associated uveitis and blindness.

The use according to claim 24 or 25, wherein the diabetic neuropathy comprises diabetic

peripheral neuropathy.

The use according to claim 24 or 25, wherein the kidney diseases include acute
glomerulonephritis, chronic glomerulonephritis, nephrotic syndrome, acute kidney injury

and diabetic nephropathy.

The use according to claim 24 or 25, wherein the diseases associated with cellular and/or
tissue damage comprise diseases associated with the damage of kidney, brain, lung, liver,

heart, spleen, digestive tract and skin.

The use according to claim 32, wherein the diseases associated with cellular and/or tissue
damage comprise trauma, burns, ulcers, mucositis, asthma, chronic obstructive

pulmonary disease, stroke and skin aging.

The use according to any one of claims 24 to 33, wherein the amino acid sequence of the

MG53 mutant is the amino acid sequence set forth in SEQ ID NO: 7.
The MG53 mutant defined in any one of claims 1 to 4 for use in treating heart diseases,

diabetic cerebrovascular diseases, diabetic ocular complications, diabetic neuropathy,

diabetic foot, kidney diseases, and diseases associated with cellular and/or tissue damage.

67

Date regue/Date received 2023-04-28



36.

37.

38.

30.

40.

41.

42.

The MG53 mutant for use according to claim 35, wherein the MG53 mutant avoids or
reduces metabolic diseases that are side effects caused by wild-type MG53, while treating
heart diseases, diabetic cerebrovascular diseases, diabetic ocular complications, diabetic
neuropathy, diabetic foot, kidney diseases, and diseases associated with cellular and/or

tissue damage.

The MG53 mutant for use according to claim 35 or 36, wherein the heart diseases are

diseases associated with myocardial damage.

The MG53 mutant for use according to any one of claims 35 to 37, wherein the heart
diseases comprise diabetic heart disease, myocardial ischemia, cardiac
ischemia/reperfusion injury, myocardial infarction, heart failure, arrhythmia, heart

rupture, angina, myocarditis, coronary heart disease and pericarditis.

The MG53 mutant for use according to claim 35 or 36, wherein the diabetic
cerebrovascular diseases comprise cerebral arteriosclerosis, ischemic cerebrovascular

disease, cerebral hemorrhage, cerebral atrophy and cerebral infarction.

The MG53 mutant for use according to claim 35 or 36, wherein the diabetic ocular
complications comprise diabetic retinopathy, diabetic cataract, diabetic associated uveitis

and blindness.

The MG53 mutant for use according to claim 35 or 36, wherein the diabetic neuropathy

comprises diabetic peripheral neuropathy.
The MG53 mutant for use according to claim 35 or 36, wherein the kidney diseases
include acute glomerulonephritis, chronic glomerulonephritis, nephrotic syndrome, acute

kidney injury and diabetic nephropathy.
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43, The MG53 mutant for use according to claim 35 or 36, wherein the diseases associated
with cellular and/or tissue damage comprise diseases associated with the damage of

kidney, brain, lung, liver, heart, spleen, digestive tract and skin.
44, The MG53 mutant for use according to claim 43, wherein the diseases associated with
cellular and/or tissue damage comprise trauma, burns, ulcers, mucositis, asthma, chronic

obstructive pulmonary disease, stroke and skin aging.

45, The MG53 mutant for use according to any one of claims 35 to 44, wherein the amino

acid sequence of the MG53 mutant is the amino acid sequence set forth in SEQ ID NO: 7.
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGE
PAADGTVLCPCCQAPTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRA
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPQOKLOLOQEACMRKEKSVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRVFLAALEGSLDREAERVRGEAGVALRRELGSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLOKILAESPPPARLDIQLPIISDDFKEQV
WRKMFRALMPALEELTFDPSSAHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAV
VAHQOLSEGEHYWEVDVGDKPRWALGVIAAEAPRRGRLHAVPSQGLWLLGLREGKILE
AHVEAKEPRALRSPERRPTRIGLYLSFGDGVLSFYDASDADALVPLFAFHERLPRPVY
PFFDVCWHDKGKNAQPLLLVGPEGAEA (SEQ ID NO: 1)

ATGTCGGCTGCGCCCGGCCTCCTGCACCAGGAGCTGTCCTGCCCGCTGTGCCTGCAGCTGTTCGACGCGE
CCGTGACAGCCGAGTGCGGCCACAGTTTCTGCCGCGCCTGCCTAGGCCGCGTGGCCGGGGAGCCGGLGGC
GGATGGCACCGTTCTCTGCCCCTGCTGCCAGGCCCCCACGCGGCCGCAGGCACTCAGCACCAACCTGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCCCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTGGACCCGCTGA
GCATCTACTGCGAGCAGGACCGCGCGCTGGTGTGCGGAGTGTGCGCCTCACTCGGCTCGCACCGCGGTCA
TCGCCTCCTGCCTGCCGCCGAGGCCCACGCACGCCTCAAGACACAGCTGCCACAGCAGAAACTGCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGAGTGTGGCTGTGCTGGAGCATCAGCTGGTGGAGGTGGAGGAGA
CAGTGCGTCAGTTCCGGGGGGCCGTGGGGGAGCAGCTGGGCAAGATGCGGGTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGCGAGGCAGAGCGTGTACGGGGTGAGGCAGGGGTCGCCTTGCGCCGGGAGCTGEEE
AGCCTGAACTCTTACCTGGAGCAGCTGCGGCAGATGGAGAAGGTCCTGGAGGAGGTGGCGGACAAGCCGC
AGACTGAGTTCCTCATGARATACTGCCTGGTGACCAGCAGGCTGCAGRAGATCCTGGCAGAGTCTCCCCC
ACCCGCCCGTCTGGACATCCAGCTGCCAATTATCTCAGATGACTTCAAATTCCAGGTGTGGAGGAAGATG
TTCCGGGCTCTGATGCCAGCGCTGGAGGAGCTGACCTTTGACCCGAGCTCTGCGCACCCGAGCCTGGTGE
TGTCTTCCTCTGGCCGCCGCGTGGAGTGCTCGGAGCAGAAGGCGCCGCCGGCCGGGGAGGACCCGCGCCA
GTTCGACAAGGCGGTGGCGGTGGTGGCGCACCAGCAGCTCTCCGAGGGCGAGCACTACTGGGAGGTGGAT
GTTGGCGACAAGCCGCGCTGGGCGCTGGGCGTGATCGCGGCCGAGGCCCCCCGCCGCGGGCGCCTGCACG
CGGTGCCCTCGCAGGGCCTGTGGCTGCTGGGGCTGCGCGAGGGCAAGATCCTGGAGGCACACGTGGAGGL
CAAGGAGCCGCGCGCTCTGCGCAGCCCCGAGAGGCGGCCCACGCGCATTGGCCTTTACCTGAGCTTCGGC
GACGGCGTCCTCTCCTTCTACGATGCCAGCGACGCCGACGCGCTCGTGCCGCTTTTTGCCTTCCACGAGE
GCCTGCCCAGGCCCGTGTACCCCTTCTTCGACGTGTGCTGGCACGACAAGGGCAAGAATGCCCAGCCGCT
GCTGCTCGTGGGTCCCGAAGGCGCCGAGGCCTGA (SEQ ID No: 19)

Fig. 2
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MSAAPGLLRQELSCPLCLQLFDAPVTAECGHSFCRACLIRVAGE
PAADGTVACPCCQAPTRPQALSTNLQLSRLVEGLAQVPQGHCEEHLDPLSIYCEQDRT
I,VCGVCASLGSHRGHRLLPAAEAQARLKTQLPQOKMOLOEACMRKEKTVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRMFLAALESSLDREAERVRGDAGVALRRELSSLNSYLEQ
LRQMEKVLEEVADKPQTEFLMKFCLVTSRLQKILSESPPPARLDIQLPVISDDFKFQV
WKKMFRALMPALEELTFDPSSAHPSLVVSSSGRRVECSDQKAPPAGEDTRQFDKAVAV
VAQQLLSQGEHYWEVEVGDKPRWALGVMAADASRRGRLHAVPSQGLWLLGLRDGKILE
AHVEAKEPRALRTPERPPARIGLYLSFADGVLAFYDASNPDVLTPIFSFHERLPGPVY
PIFDVCWHDKGKNAQPLLLVGPEQEQA (SEQ ID NO: 2)

ATGTCGGCTGCACCCGGCCTTCTGCGTCAGGAACTGTCCTGCCCACTGTGCTTGCAGCTGTTCGATGCGC
CAGTGACGGCTGAGTGTGGCCACAGTTTCTGCCGTGCCTGCCTGATCCGGGTGGCAGGGGAGCCTGCTGC
GGACGGCACAGTTGCCTGTCCCTGTTGTCAGGCACCTACACGGCCGCAGGCTCTAAGCACTAACCTCCAG
TTGTCACGCCTTGTGGAGGGTTTGGCGCAAGTGCCCCAAGGCCACTGCGAGGAACACCTGGATCCACTGA
GCATCTACTGCGAGCAGGACCGCACACTTGTGTGTGGTGTGTGTGCCTCGCTCGGTTCTCACCGTGGTCA
TCGTCTCCTGCCTGCCGCTGAAGCCCAAGCACGCCTCAAGACACAGCTTCCACAGCAGAAGATGCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGACTGTAGCGGTGCTGGAGCATCAGCTGGTGGAGGTGGAGGAGA
CAGTGCGCCAGTTCCGGGGAGCTGTCGGGGAGCAGCTGGGGAAGATGCGGATGTTCCTGGCTGCCCTAGA
AAGTTCTCTGGACCGTGAAGCAGAAAGGGTTCGGGGTGATGCTGGGGTTGCCTTGCGTCGGGAGCTGTCA
AGCCTGAACTCTTACCTAGAGCAACTGAGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCTGACAAGCCAC
AGACAGAATTCCTCATGAAATTCTGCCTGGTAACCAGCAGGCTGCAGAAGATCCTGTCAGAGTCACCACC
ACCGGCAAGGCTAGATATCCAGCTGCCTGTCATCTCAGATGACTTCARATTCCAGGTGTGGARGAAGATG
TTCCGGGECTCTGATGCCAGCGCTGGAGGAACTGACTTTTGACCCCAGCTCTGCGCACCCGAGCCTGGTGE
TGTCCTCCTCTGGTCGCCGAGTGGAGTGCTCAGACCAGAAGGCGCCGCCAGCGGGAGAAGACACGCGTCA
GTTCGACAAGGCAGTAGCGGTGGTGGCGCAGCAGCTGCTGTCACAGGGCGAGCACTATTGGGAGGTGGAG
GTGGGCGACARACCACGCTGGGCCCTCGGAGTGATGGCGGCTGACGCTTCCCGCCGTGGCCGGCTGCACG
CGCTGCCCTCACAGGGGCTCTGGCTGCTGGGTCTGCGCGATGGCARGATCCTGGAGGCGCACGTGGAGGC
CAAGGAGCCGCGGGCACTGCGCACCCCAGAGAGGCCTCCGGCGCGCATTGGCCTCTACCTAAGCTTCGCA
GATGGCGTCCTGGCTTTCTATGATGCGAGCAACCCCGACGTACTTACGCCAATCTTTTCTTTCCACGAGC
GTCTGCCCGGGCCGGTGTACCCCATCTTTGACGTGTGCTGGCACGACAAGGGCAAGAATGCCCAGCCCCT
GCTGCTTGTGGGGCCGGAGCAGGAACAGGCCTGA (SEQ ID NO: 20)

Fig. 3
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MSTAPGLLRQELSCPLCLQLFDAPVTAECGHSFCRACLIRVAGE
PADDGTVACPCCQASTRPOQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRT
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPQOKAQLOEACMRKEKSVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRMFLAALESSLDREAERVRGEAGVALRRELSSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKFCLVTSRLOKILSESPPPARLDIQLPVISDDEFKFQV
WKKMFRALMPELEELTFDPSSAHPSLVVSASGRRVECSEQKAPPAGEDTCQFDKTVAV
VAKQLLSQGEHYWEVEVGDKPRWALGVMAADASRRGRLHAVPSQGLWLLGLRDGKILE
AHVEAKEPRALRTPERPPARIGLYLSFADGVLTFYDASNTDALTPLEFSFHERLPGPVY
PMFDVCWHDKGKNSQPLLLVGPDSEQA (SEQ ID NO: 3)

ATGTCGACTGCACCAGGCCTTTTGCGCCAGGAACTGTCTTGCCCGCTGTGCTTGCAGCTGTTCGATGCAC
CAGTGACCGCTGAGTGTGGCCACAGTTTCTGCCGTGCCTGCCTGATCCGTGTGGCAGGGGAGCCTGCCGA
CGATGGCACGGTTGCCTGTCCCTGTTGTCAGGCATCTACTCGGCCACAGGCGCTAAGCACTAACCTCCAG
TTGGCACGCCTTGTGGAGGGTTTGGCACAAGTGCCCCAAGGCCACTGCGAGGAACACCTGGATCCACTGA
GCATCTACTGCGAGCAGGACCGCACACTTGTGTGTGGTGTGTGTGCCTCTCTCGGTTCACACCGTGGTCA
CCGTCTTCTGCCTGCCGCAGAAGCCCATGCACGTCTCAAGACACAGCTTCCACAACAGAAGGCCCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGAGTGTAGCAGTCCTGGAGCATCAGCTGGTGGAGGTGGAGGAGA
CCGTGCGTCAGTTCCGGGGAGCTGTTGGGGAGCAGCTGGGGAAGATGCGGATGTTCCTGGCTGCCCTAGA
AAGTTCTTTGGACCGTGAAGCAGAAAGGGTTCGAGGTGAGGCAGGGGTTGCCTTGCGGCGGGAGCTGTCA
AGCCTGAACTCTTACCTGGAGCAACTGAGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCTGACAAGCCAC
AGACAGAATTCCTCATGAAATTCTGCCTGGTGACCAGCAGGCTGCAGAAGATTCTGTCAGAGTCACCACC
CCCAGCAAGGCTAGATATCCAGCTGCCTGTCATCTCAGATGACTTCAAATTCCAGGTGTGGAAGAAGATG
TTCCGGGCTCTGATGCCAGAGTTGGAGGAACTGACTTTTGACCCCAGCTCTGCGCACCCGAGCCTGGTGG
TGTCCGCCTCTGGTCGCCGAGTGGAGTGCTCGGAGCAGAAGGCGCCGCCAGCAGGAGAAGACACGTGCCA
GTTCGACAAGACGGTAGCGGTAGTGGCGAAGCAGCTGCTGTCACAGGGGGAGCACTACTGGGAGGTGGAG
GTGGGCGACAAGCCACGCTGGGCCCTGGGTGTGATGGCGGCTGACGCTTCCCGTCGTGGCCGCCTGCALCG
CGGTGCCCTCACAGGGGCTGTGGTTGCTCGGCCTGCGCGATGGCAAGATCCTGGAGGCACACGTGGAGGC
CAAGGAGCCACGGGCACTGCGCACCCCAGAGAGGCCACCAGCGCGCATTGGCCTCTACCTAAGCTTTGCA
GATGGCGTCCTGACTTTCTATGATGCAAGCAACACCGACGCGCTTACACCGCTCTTTTCTTTTCATGAGC
GTCTGCCTGGGCCGGTGTACCCCATGTTTGACGTGTGCTGGCACGACAAGGGCAAGAATTCTCAGCCGCT
GTTGCTCGTGGGGCCAGACAGTGAGCAGGCCTGA (SEQ ID NO: 21)
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MSAAPGLLHQELSCPLCLQLEFDAPVTAECGHSFCRACLGRVAGE
PAADGTVLCPCCQAPTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRA
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPQOKLOLOEACMRKEKSVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRVFLAALEGSLDREAERVRGEAGVALRRELGSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLOQKILAESPPPARLDIQLPIISDDFKEQV
WRKMFRALMPALEELTFDPSSAHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAV
VAHQQLSEGEHYWEVEVGDKPRWALGVIAAEGPRRGRLHAVPSQGLWLLGLREGKILE
AHVEAKEPRALRSPERRPTRIGLYLSFGDGVLSFYDASDADALVPLFAFHERLPGPVY
PFFDVCWHDKGKNSQPLLLVGSEGAEA (SEQ ID NO: 4)

ATGTCGGCTGCGCCGGGCCTCCTGCACCAGGAGCTGTCCTGCCCGCTGTGCCTGCAGCTGTTCGACGCGL
CCGTGACAGCCGAGTGCGGCCACAGTTTCTGTCGCGCCTGCCTGGGCCGCGTGGCCGGGGAACCGGLGGEL
GGATGGCACCGTTCTCTGCCCCTGCTGTCAGGCCCCCACGCGGCCGCAGGCACTCAGCACCARCCTGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCCCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTGGACCCGCTGA
GCATCTACTGTGAGCAGGACCGCGCGCTGGTGTGCGGAGTGTGCGCCTCACTCGGCTCGCACCGCGGTCA
TCGCCTGCTGCCCGCCGCCGAGGCCCACGCACGCCTCAAGACGCAGCTGCCACAGCAGAAACTGCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGAGTGTAGCTGTGCTGGAGCATCAGTTGGTGGAAGTGGAGGAGA
CAGTGCGTCAGTTCCGGGGGGCCGTGGGGGAGCAGCTGGGCAAGATGCGGGTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGTGAGGCAGAGCGTGTGCGGGGTGAGGCAGGGGTCGCCTTGCGCCGGGAGCTGGEG
AGCCTGAACTCTTACCTGGAGCAGCTGCGGCAGATGGAGRAGGTGCTGGAGGAGGTGGCCGACAAGCCGC
AGACTGAGTTCCTAATGAAATACTGCCTGGTGACCAGCAGGCTGCAGAAGATCCTGGCAGAGTCTCCCCC
ACCCGCCCGTCTGGACATCCAGCTGCCAATCATCTCAGATGACTTCAAATTCCAGGTGTGGAGGAAGATG
TTCCGGGCTCTGATGCCAGCGCTGGAGGAGCTGACCTTTGACCCGAGCTCTGCGCACCCCAGCCTGGTGG
TGTCTTCCTCCGGCCGCCGCGTGGAGTGCTCGGAGCAGAAGGCGCCGCCGGCGGGGGAGGACCCGLGLCA
GTTCGACAAGGCGGTAGCGGTGGTGGCGCACCAGCAGCTCTCCGAGGGCGAACACTACTGGGAGGTGGAG
GTGGGCGACAAGCCGCGCTGGGCGCTGGGTGTGATCGCGGCCGAGGGGCCCCGTCGCGGGCGCCTGCALG
CGGTGCCCTCGCAGGGCCTGTGGCTGCTGGGGCTGCGTGAGGGCAAGATCCTGGAGGCTCACGTGGAGGL
CAAGGAGCCGCGCGCTCTGCGCAGCCCCGAGCGGCGGCCCACGCGCATCGGCCTCTACCTGAGCTTCGGE
GACGGCGTCCTCTCCTTCTACGATGCCAGCGACGCCGACGCGCTCGTGCCGCTTTTTGCCTTCCACGAGL
GCCTGCCTGGGCCCGTGTACCCCTTCTTCGACGTGTGCTGGCACGACAAGGGCAAGAACTCCCAGCCGCT
GCTGCTCGTGGGGTCCGAAGGCGCCGAAGCCTGA (SEQ ID NO: 22)
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGE
PAADGTVLCPSCQAPTRPOALSTNQQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRV
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPOOKLOLOQEACMRKEKSVGVLEQQLVE
VEETVRQFRGAVGEQLGKMRLFLAALEGSLDREAERVRGEAGVALRRELGSLKSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLOKILAESPPPARLDIQLPVISDDFKEQV
WRKMFRALMPAMQELTFDPSTAHPSLVLSASGRRVECSEQKAPPAGEDPRQFDKAVAV
VTHQLLSEGEHYWEVEVGDKPRWALGVIGAQAGRRGRLHAVPSQGLWLLGLREGKILE
AHVEAKEPRALRTPERRPSRIGIYLSFADGVLSFYDASDADALELLFAFHERLPGPVY
PFFDVCWHDKGKNAQPLLLVGPDSGGEA (SEQ ID NO: 5)

ATGTCAGCTGCGCCCGGCCTCCTGCACCAGGAGCTGTCCTGTCCGCTGTGCCTGCAGCTGTTCGATGCGC
CGGTGACGGCTGAGTGCGGCCACAGCTTCTGCCGCGCCTGCCTGGGCCGCGTGGCAGGGGAGCCAGCLGE
GGATGGCACGGTGCTCTGCCCCAGCTGCCAGGCACCCACGCGGCCGCAGGCGCTCAGCACCAACCAGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCGCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTAGACCCGCTCA
GCATCTACTGCGAGCAGGACCGCGTGCTCGTGTGCGGCGTCTGCGCCTCGCTGGGTTCGCACCGCGGCCA
CCGCCTGCTGCCCGCCGCCGARGCCCATGCGCGCCTTAAGACGCAGCTCCCGCAGCAGAAGCTGCAGCTG
CAGGAGGCGTGTATGCGGAAGGAGAAGAGCGTGGGTGTGCTGGAGCARCAACTGGTGGAAGTGGAGGAGA
CGGTGCGTCAGTTCCGGGGGGCAGTGGGGGAGCAGCTGGGCARGATGCGGTTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGAGAAGCAGAGCGTGTGCGGGGTGAGGCGGGGGTCGCCTTGCGGAGGGAGCTGGGE
AGCCTGAAGTCTTACTTGGAGCAGCTGCGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCAGACAAGCCCC
AGACCGAGTTCCTCATGAARATACTGCCTGGTGACCAGCAGGCTGCAGRAGATCCTGGCAGAGTCGCCCCC
ACCTGCCCGCCTGGACATTCAGCTGCCTGTCATCTCAGACGACTTCARATTCCAGGTGTGGAGARAGATG
TTCCGGGCCCTGATGCCAGCGATGCAGGAGCTGACCTTTGACCCCAGCACGGCCCACCCGAGCCTGGTGC
TGTCGGCCTCGGGCCGCCGCGTGGAGTGCTCGGAGCAGAAGGCGCCGCCGGCCGGAGAGGACCCGCGCCA
GTTCGACAAGGCGGTGGCGGTGGTGACGCACCAGCTGCTGTCGGAAGGCGAGCACTACTGGGAGGTGGAG
GTGGGCGACAAGCCACGCTGGGCGCTGGGCGTGATCGGGGCCCAGGCCGGTCGCCGCGGCCGGCTGCACG
CCGTGCCCTCGCAGGGCCTCTGGCTGCTCGGGCTGCGCGAGGGCAAGATCCTGGAGGCTCACGTCGAGGT
CAAGGAGCCGCGCGCCCTGCGCACCCCGGAGAGGCGGCCGTCGCGCATCGGGATCTACCTGAGCTTCGEG
GATGGCGTCCTCTCGTTCTACGACGCCAGCGACGCCGACGCGCTGGAGCTGCTCTTCGCCTTCCACGAAC
GCCTGCCGGEGCCCCGTGTACCCCTTCTTCGACGTGTGCTGGCACGACAAGGGCAAGAACGCTCAGCCELT
CCTGCTGGTGGGGCCCGACAGCGGCGGGGAGGCCTGA (SEQ ID NO: 23)

Fig. 6
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLSRVAGE
PAADGTVPCPCCQALTRPQALSTNQQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRA
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPQOKLOLOEACMRKEKSVALLEHQLME
VEEMVRQFRGAVGEQLGKMRVFLAATLEGSLDREAERVRGEAGVALRRELGSLNSYLEQ
LRQMEKVLEEVADKPQTEFLMKYCLVTSRLOKILAESPPPARLDIQLPVISDDFKFQV
WRKMFRALMPVTKELTFDPSSAHPSLVLSPSGRRVECSDQKAPPAGEDPCQFDKAVAV
VAQQOVLSDGEHYWEVQVGEKPRWALGVIAAQASRRGRLHAVPSQGLWLLGLRDGKILE
AHVEAKEPRALRTPERRPTRIGIYLSFGDGVLSFYDASDPDALELLFAFHERLPGPVY
PFFDVCWHDKGKNAQPLLLVGPDGEEA (SEQ ID NO: 6)

ATGTCGGCCGCGCCGGGCCTCCTGCACCAGGAGCTGTCCTGCCCGCTCTGCCTGCAGCTGTTTGACGCGE
CGGTGACCGCCGAGTGCGGCCACAGTTTCTGCCGCGCCTGCCTGAGCCGCGTGGCTGGGGAGCCGGCGGE
GGACGGCACCGTGCCCTGCCCGTGCTGCCAGGCACTCACGCGGCCACAGGCGCTCAGCACCARCCAGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCGCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTAGACCCGCTCA
GCATCTACTGCGAGCAGGATCGAGCGCTCGTGTGCGGCGTGTGCGCCTCGCTCGGCTCGCACCGCGGCCA
CCGCCTGCTGCCCGCCGCCGAAGCCCACGCGCGCCTCARGACACAGCTGCCACAGCAGAAACTGCAGCTG
CAGGAGGCATGTATGCGCAAGGAGAAGAGTGTGGCTCTGCTGGAGCATCAGCTCATGGAAGTGGAGGAGA
TGGTGCGTCAGTTCCGGGGGGCTGTAGGGGAGCAGCTGGGCAAGATGCGGGTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGTGAGGCAGAGCGCGTGCGGGGAGAGGCAGGGGTTGCCCTGCGGCGGGAGCTGGGEE
AGCCTGAACTCTTACCTGGAGCAGTTGCGTCAGATGGAGAAGGTGCTGGAGGAGGTGGCCGACAAGCCAL
AGACTGAGTTCCTCATGAAATACTGCCTGGTGACCAGCAGGCTACAGAAGATCCTGGCAGAATCACCALC
GCCTGCCCGTTTGGACATCCAGCTGCCTGTCATCTCAGATGACTTCARATTCCAGGTGTGGAGGAAGATG
TTCCGGGCTCTGATGCCAGTTACAAAGGAGCTGACCTTTGACCCGAGCTCTGCGCACCCGAGCCTGGTGC
TGTCTCCCTCCGGTCGCCGCGTGGAGTGCTCGGACCAGAAGGCGCCGCCGGCCGGGGAGGATCCGTGCCA
GTTCGACAAGGCCGTGGCGGTGGTGGCGCAGCAGGTGCTGTCCGACGGCGAGCACTACTGGGAGGTGCAG
GTGGGCGAGAAGCCGCGCTGGGCCCTCGGCETGATCGCGGCCCAGGCCAGCCGCCGCGGCCGGCTGCACG
CCGTCCCCTCGCAGGGCCTCTGGCTGCTCGGGCTGCGGGACGGCARGATCCTGGAGGCGCACGTCGAAGC
CAAGGAGCCGCGCGCGCTGCGCACCCCGGAGAGGCGGCCCACGCGCATCGGGATCTACCTAAGCTTCGGE
GACGGAGTCCTCTCCTTTTATGATGCCAGTGACCCCGACGCCCTCGAGCTGCTCTTTGCCTTCCACGAGC
GCCTGCCCGGGCCCGTGTACCCCTTCTTCGACGTATGCTGGCACGACAAGGGCARAAATGCTCAGCCGCT
GCTGCTGGTGGGGCCTGATGGCGAGGAGGCCTGA (SEQ ID NO: 24)

Fig. 7
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGE
PAADGTVLCPCCQAPTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRA
LVCGVCASLGSHRGHRLLPAAEAHARLKTOLPQOKLQLOQEACMRKEKSVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRVFLAALEGSLDREAERVRGEAGVALRRELGSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLOKILAEAPPPARLDIQLPTISDDFRKFQV
WRKMFRALMPALEELTFDPSSAHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAV
VAHQQLSEGEHYWEVDVGDKPRWALGVIAAEAPRRGRLHAVPSQGLWLLGLREGKILE
AHVEAKEPRALRSPERRPTRIGLYLSFGDGVLSFYDASDADALVPLFAFHERLPRPVY
PFFDVCWHDKGKNAQPLLLVGPEGAEA (SEQ ID NO: 7)

ATGTCGGCTGCGCCCGGCCTCCTGCACCAGGAGCTGTCCTGCCCGCTGTGCCTGCAGCTGTTCGACGCGL
CCGTGACAGCCGAGTGCGGCCACAGTTTCTGCCGCGCCTGCCTAGGCCGCGTGGCCGGGGAGCLCGGLGGE
GGATGGCACCGTTCTCTGCCCCTGCTGCCAGGCCCCCACGCGGCCGCAGGCACTCAGCACCAACCTGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCCCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTGGACCCGCTGA
GCATCTACTGCGAGCAGGACCGCGCGCTGGTGTGCGGAGTGTGCGCCTCACTCGGCTCGCACCGCGGTCA
TCGCCTCCTGCCTGCCGCCGAGGCCCACGCACGCCTCARGACACAGCTGCCACAGCAGAAACTGCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGAGTGTGGCTGTGCTGGAGCATCAGCTGGTGGAGGTGGAGGAGA
CAGTGCGTCAGTTCCGGGGGGCCGTGGGGGAGCAGCTGGGCAAGATGCGGGTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGCGAGGCAGAGCGTGTACGGGGTGAGGCAGGGGTCGCCTTGCGCCGGGAGLCTGGGE
AGCCTGAACTCTTACCTGGAGCAGCTGCGGCAGATGGAGAAGGTCCTGGAGGAGGTGGCGGACAAGCCGL
AGACTGAGTTCCTCATGAAATACTGCCTGGTGACCAGCAGGCTGCAGARAGATCCTGGCAGAGGCTCCCCC
ACCCGCCCGTCTGGACATCCAGCTGCCAATTATCTCAGATGACTTCARATTCCAGGTGTGGAGGAAGATG
TTCCGGGCTCTGATGCCAGCGCTGGAGGAGCTGACCTTTGACCCGAGCTCTGCGCACCCGAGCCTGGTGG
TGTCTTCCTCTGGCCGCCGCGTGGAGTGCTCGGAGCAGAAGGCGCCGCCGGCCGGGGAGGACCCGCGCCA
GTTCGACAAGGCGGTGGCGGTGGTGGCGCACCAGCAGCTCTCCGAGGGCGAGCACTACTGGGAGGTGGAT
GTTGGCGACAAGCCGCGCTGGGCGCTGGGCGTGATCGCGGCCGAGGCCCCCCGCCGCGGGCGCCTGCACG
CGGTGCCCTCGCAGGGCCTGTGGCTGCTGGGGCTGCGCGAGGGCAAGATCCTGGAGGCACACGTGGAGGC
CAAGGAGCCGCGCGCTCTGCGCAGCCCCGAGAGGCGGCCCACGCGCATTGGCCTTTACCTGAGCTTCGGL
GACGGCGTCCTCTCCTTCTACGATGCCAGCGACGCCGACGCGCTCGTGCCGCTTTTTGCCTTCCACGAGC
GCCTGCCCAGGCCCGTGTACCCCTTCTTCGACGTGTGCTGGCACGACAAGGGCAAGAATGCCCAGCCGCT
GCTGCTCGTGGGTCCCGAAGGCGCCGAGGCCTGA (SEQ ID NO: 13)

Fig. 8
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MSAAPGLLRQELSCPLCLQLFDAPVTAECGHSFCRACLIRVAGE
PAADGTVACPCCQAPTRPQALSTNLQLSRLVEGLAQVPQGHCEEHLDPLSIYCEQDRT
LVCGVCASLGSHRGHRLLPAAEAQARLKTQLPQOKMQLOEACMRKEKTVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRMFLAALESSLDREAERVRGDAGVALRRELSSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKFCLVTSRLOKILSEAPPPARLDIQLPVISDDFKFQV
WKKMFRALMPALEELTFDPSSAHPSLVVSSSGRRVECSDQKAPPAGEDTRQFDKAVAV
VAQQLLSQGEHYWEVEVGDKPRWALGVMAADASRRGRLHAVPSQGLWLLGLRDGKILE
AHVEAKEPRALRTPERPPARIGLYLSFADGVLAFYDASNPDVLTPIFSFHERLPGPVY
PIFDVCWHDKGKNAQPLLLVGPEQEQA (SEQ ID NO: 8)

ATGTCGGCTGCACCCGGCCTTCTGCGTCAGGARACTGTCCTGCCCACTGTGCTTGCAGCTGTTCGATGCGC
CAGTGACGGCTGAGTGTGGCCACAGTTTCTGCCGTGCCTGCCTGATCCGGGTGGCAGGGGAGCCTGCTGL
GGACGGCACAGTTGCCTGTCCCTGTTGTCAGGCACCTACACGGCCGCAGGCTCTAAGCACTAACCTCCAG
TTGTCACGCCTTGTGGAGGGTTTGGCGCAAGTGCCCCAAGGCCACTGCGAGGAACACCTGGATCCACTGA
GCATCTACTGCGAGCAGGACCGCACACTTGTGTGTGGTGTGTGTGCCTCGCTCGGTTCTCACCGTGGTCA
TCGTCTCCTGCCTGCCGCTGAAGCCCAAGCACGCCTCAAGACACAGCTTCCACAGCAGAAGATGCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGACTGTAGCGGTGCTGGAGCATCAGCTGGTGGAGGTGGAGGAGA
CAGTGCGCCAGTTCCGGGGAGCTGTCGGGGAGCAGCTGGGGAAGATGCGGATGTTCCTGGCTGCCCTAGA
AAGTTCTCTGGACCGTGAAGCAGAAAGGGTTCGGGGTGATGCTGGGGTTGCCTTGCGTCGGGAGCTGTCA
AGCCTGAACTCTTACCTAGAGCAACTGAGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCTGACAAGCCAC
AGACAGAATTCCTCATGAAATTCTGCCTGGTAACCAGCAGGCTGCAGAAGATCCTGTCAGAGGCACCACC
ACCGGCAAGGCTAGATATCCAGCTGCCTGTCATCTCAGATGACTTCAAATTCCAGGTGTGGAAGAAGATG
TTCCGGGCTCTGATGCCAGCGCTGGAGGAACTGACTTTTGACCCCAGCTCTGCGCACCCGAGCCTGGTGG
TGTCCTCCTCTGGTCGCCGAGTGGAGTGCTCAGACCAGAAGGCGCCGCCAGCGGGAGAAGACACGCGTCA
GTTCGACAAGGCAGTAGCGGTGGTGGCGCAGCAGCTGCTGTCACAGGGCGAGCACTATTGGGAGGTGGAG
GTGGGCGACAAACCACGCTGGGCCCTGGGAGTGATGGCGGCTGACGCTTCCCGCCGTGGCCGGCTGCACG
CGGTGCCCTCACAGGGGCTGTGGCTGCTGGGTCTGCGCGATGGCARAGATCCTGGAGGCGCACGTGGAGGC
CAAGGAGCCGCGGGCACTGCGCACCCCAGAGAGGCCTCCGGCGCGCATTGGCCTCTACCTAAGCTTCGCA
GATGGCGTCCTGGCTTTCTATGATGCGAGCAACCCCGACGTACTTACGCCAATCTTTTCTTTCCACGAGC
GTCTGCCCGGGCCGGTGTACCCCATCTTTGACGTGTGCTGGCACGACAAGGGCAAGAATGCCCAGCCCCT
GCTGCTTGTGGGGCCGGAGCAGGAACAGGCCTGA (SEQ ID NO: 14)

Fig. 9
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MSTAPGLLRQELSCPLCLQLFDAPVTAECGHSFCRACLIRVAGE
PADDGTVACPCCQASTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRT
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPQOKAQLQEACMRKEKSVAVLEHQLVE
VEETVRQFRGAVGEQLGKMRMFLAALESSLDREAERVRGEAGVALRRELSSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKFCLVTSRLOKILSEAPPPARLDIQLPVISDDEFKFQV
WKKMFRALMPELEELTFDPSSAHPSLVVSASGRRVECSEQKAPPAGEDTCQFDKTVAV
VAKQLLSQGEHYWEVEVGDKPRWALGVMAADASRRGRLHAVPSQGLWLLGLRDGKILE
AHVEAKEPRALRTPERPPARIGLYLSFADGVLTFYDASNTDALTPLFSFHERLPGPVY
PMFDVCWHDKGKNSQPLLLVGPDSEQA (SEQ ID NO: 9)

ATGTCGACTGCACCAGGCCTTTTGCGCCAGGAACTGTCTTGCCCGCTGTGCTTGCAGCTGTTCGATGCAC
CAGTGACCGCTGAGTGTGGCCACAGTTTCTGCCGTGCCTGCCTGATCCGTGTGGCAGGGGAGCCTGCCGA
CGATGGCACGGTTGCCTGTCCCTGTTGTCAGGCATCTACTCGGCCACAGGCGCTAAGCACTAACCTCCAG
TTGGCACGCCTTGTGGAGGGTTTGGCACAAGTGCCCCAAGGCCACTGCGAGGAACACCTGGATCCACTGA
GCATCTACTGCGAGCAGGACCGCACACTTGTGTGTGGTGTGTGTGCCTCTCTCGGTTCACACCGTGGTCA
CCGTCTTCTGCCTGCCGCAGAAGCCCATGCACGTCTCAAGACACAGCTTCCACAACAGAAGGCCCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGAGTGTAGCAGTCCTGGAGCATCAGCTGGTGGAGGTGGAGGAGA
CCGTGCGTCAGTTCCGGGGAGCTGTTGGGGAGCAGCTGGGGAAGATGCGGATGTTCCTGGCTGCCCTAGA
AAGTTCTTTGGACCGTGAAGCAGAAAGGGTTCGAGGTGAGGCAGGGGTTGCCTTGCGGCGGGAGCTGTCA
AGCCTGAACTCTTACCTGGAGCAACTGAGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCTGACAAGCCAL
AGACAGAATTCCTCATGAAATTCTGCCTGGTGACCAGCAGGCTGCAGAAGATTCTGTCAGAGGCACCACC
CCCAGCAAGGCTAGATATCCAGCTGCCTGTCATCTCAGATGACTTCARATTCCAGGTGTGGAAGAAGATG
TTCCGGGCTCTGATGCCAGAGTTGGAGGAACTGACTTTTGACCCCAGCTCTGCGCACCCGAGCCTGGTGE
TGTCCGCCTCTGGTCGCCGAGTGGAGTGCTCGGAGCAGAAGGCGCCGCCAGCAGGAGAAGACACGTGCCA
GTTCGACAAGACGGTAGCGGTAGTGGCGAAGCAGCTGCTGTCACAGGGGGAGCACTACTGGGAGGTGGAG
GTGGGCGACAAGCCACGCTGGGCCCTGGGTGTGATGGCGGCTGACGCTTCCCGTCGTGGCCGCCTGCACG
CGGTGCCCTCACAGGGGCTGTGGTTGCTCGGCCTGCGCGATGGCAAGATCCTGGAGGCACACGTGGAGGL
CAAGGAGCCACGGGCACTGCGCACCCCAGAGAGGCCACCAGCGCGCATTGGCCTCTACCTAAGCTTTGCA
GATGGCGTCCTGACTTTCTATGATGCAAGCAACACCGACGCGCTTACACCGCTCTTTTCTTTTCATGAGC
GTCTGCCTGGGCCGGTGTACCCCATGTTTGACGTGTGCTGGCACGACAAGGGCAAGAATTCTCAGCCGCT
GTTGCTCGTGGGGCCAGACAGTGAGCAGGCCTGA (SEQ ID NO: 15)

Fig. 10
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGE
PAADGTVLCPCCQAPTRPQALSTNLQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRA
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPOOKLOLOEACMRKEKSVAVLEHQLVE
VEETVROFRGAVGEQLGKMRVFLAALEGSLDREAERVRGEAGVALRRELGSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLQKILAEAPPPARLDIQLPIISDDFKEQV
WRKMFRALMPALEELTFDPSSAHPSLVVSSSGRRVECSEQKAPPAGEDPRQFDKAVAV
VAHQOLSEGEHYWEVEVGDKPRWALGVIAAEGPRRGRLHAVPSQGLWLLGLREGKILE
AHVEAKEPRALRSPERRPTRIGLYLSFGDGVLSFYDASDADALVPLFAFHERLPGEPVY
PFFDVCWHDKGKNSQPLLLVGSEGAEA (SEQ ID NO: 10)

ATGTCGGCTGCGCCGGGCCTCCTGCACCAGGAGCTGTCCTGCCCGCTGTGCCTGCAGCTGTTCGACGCGC
CCGTGACAGCCGAGTGCGGCCACAGTTTCTGTCGCGCCTGCCTGGGCCGCGTGGCCGGGGAACCGGLGGE
GGATGGCACCGTTCTCTGCCCCTGCTGTCAGGCCCCCACGCGGCCGCAGGCACTCAGCACCARCCTGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCCCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTGGACCCGCTGA
GCATCTACTGTGAGCAGGACCGCGCGCTGGTGTGCGGAGTGTGCGCCTCACTCGGCTCGCACCGCGGTCA
TCGCCTGCTGCCCGCCGCCGAGGCCCACGCACGCCTCAAGACGCAGCTGCCACAGCAGAAACTGCAGCTG
CAGGAGGCATGCATGCGCAAGGAGAAGAGTGTAGCTGTGCTGGAGCATCAGTTGGTGGAAGTGGAGGAGA
CAGTGCGTCAGTTCCGGGGGGCCGTGGGGGAGCAGCTGGGCAAGATGCGGGTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGTGAGGCAGAGCGTGTGCGGGGTGAGGCAGGGGTCGCCTTGCGCCGGGAGCTGEEE
AGCCTGAACTCTTACCTGGAGCAGCTGCGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCCGACAAGCCGE
AGACTGAGTTCCTAATGAAATACTGCCTGGTGACCAGCAGGCTGCAGAAGATCCTGGCAGAGGCTCCCCC
ACCCGCCCGTCTGGACATCCAGCTGCCAATCATCTCAGATGACTTCAAATTCCAGGTGTGGAGGAAGATG
TTCCGGGCTCTGATGCCAGCGCTGGAGGAGCTGACCTTTGACCCGAGCTCTGCGCACCCCAGCCTGGTGE
TGTCTTCCTCCGGCCGCCGCGTGGAGTGCTCGGAGCAGAAGGCGCCGCCGGCGGGGGAGGACCCGCGLCA
GTTCGACAAGGCGGTAGCGGTGGTGGCGCACCAGCAGCTCTCCGAGGGCGAACACTACTGGGAGGTGGAG
GTGGGCGACAAGCCGCGCTGGGCGCTGGGTGTGATCGCGGCCGAGGGGCCCCGTCGCGGGCGCCTGCACG
CGGTGCCCTCGCAGGGCCTGTGGCTGCTGGGGCTGCGTGAGGGCARGATCCTGGAGGCTCACGTGGAGGC
CAAGGAGCCGCGCGCTCTGCGCAGCCCCGAGCGGCGGCCCACGCGCATCGGCCTCTACCTGAGCTTCGGE
GACGGCGTCCTCTCCTTCTACGATGCCAGCGACGCCGACGCGCTCGTGCCGCTTTTTGCCTTCCACGAGC
GCCTGCCTGGGCCCGTGTACCCCTTCTTCGACGTGTGCTGGCACGACAAGGGCARGAACTCCCAGCCGET
GCTGCTCGTGGGGTCCGAAGGCGCCGAAGCCTGA (SEQ ID NO: 16)

Fig. 11
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLGRVAGE

PAADGTVLCPSCQAPTRPQALSTNQQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRV
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPOQKLQLOEACMRKEKSVGVLEQQLVE
VEETVRQFRGAVGEQLGKMRLFLAALEGSLDREAERVRGEAGVALRRELGSLKSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLQKILAEAPPPARLDIQLPVISDDFKFQV
WRKMFRALMPAMQELTFDPSTAHPSLVLSASGRRVECSEQKAPPAGEDPRQFDKAVAV
VTHQLLSEGEHYWEVEVGDKPRWALGVIGAQAGRRGRLHAVPSQGLWLLGLREGKILE
AHVEAKEPRALRTPERRPSRIGIYLSFADGVLSFYDASDADALELLFAFHERLPGPVY
PFFDVCWHDKGKNAQPLLLVGPDSGGEA (SEQ ID NO: 11)

ATGTCAGCTGCGCCCGGCCTCCTGCACCAGGAGCTGTCCTGTCCGCTGTGCCTGCAGCTGTTCGATGCGE
CGGTGACGGCTGAGTGCGGCCACAGCTTCTGCCGCGCCTGCCTGGGCCGCGTGGCAGGGGAGCCAGCLGC
GGATGGCACGGTGCTCTGCCCCAGCTGCCAGGCACCCACGCGGCCGCAGGCGCTCAGCACCAACCAGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCGCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTAGACCCGCTCA
GCATCTACTGCGAGCAGGACCGCGTGCTCGTGTGCGGCGTCTGCGCCTCGCTGGGTTCGCACCGCGGCCA
CCGCCTGCTGCCCGCCGCCGAAGCCCATGCGCGCCTTAAGACGCAGCTCCCGCAGCAGAAGCTGCAGCTG
CAGGAGGCGTGTATGCGGAAGGAGAAGAGCGTGGGTGTGCTGGAGCARCAACTGGTGGAAGTGGAGGAGA
CGGTGCGTCAGTTCCGGGGGGCAGTGGGGGAGCAGCTGGGCAAGATGCGGTTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGAGAAGCAGAGCGTGTGCGGGGTGAGGCGGGGGTCGCCTTGCGGAGGGAGCTGGGG
AGCCTGAAGTCTTACTTGGAGCAGCTGCGGCAGATGGAGAAGGTGCTGGAGGAGGTGGCAGACAAGCCCC
AGACCGAGTTCCTCATGAAATACTGCCTGGTGACCAGCAGGCTGCAGAAGATCCTGGCAGAGGCGCCCCC
ACCTGCCCGCCTGGACATTCAGCTGCCTGTCATCTCAGACGACTTCAAATTCCAGGTGTGGAGARAGATG
TTCCGGGCCCTGATGCCAGCGATGCAGGAGCTGACCTTTGACCCCAGCACGGCCCACCCGAGCCTGGTGE
TGTCGGCCTCGGGCCGCCGCGTGGAGTGCTCGGAGCAGAAGGCGCCGCCGGCCGGAGAGGACCCGCGCCA
GTTCGACAAGGCGGTGGCGCTGGTGACGCACCAGCTGCTGTCGGAAGGCGAGCACTACTGGGAGGTGGAG
GTGGGCGACAAGCCACGCTGGGCGCTGGGCGTGATCGGGGCCCAGGCCGGTCGCCGECGGCCGGCTGCACG
CCGTGCCCTCGCAGGGCCTCTGGCTGCTCGGGCTGCGCGAGGGCAAGATCCTGGAGGCTCACGTCGAGGL
CAAGGAGCCGCGCGCCCTGCGCACCCCGGAGAGGCGGCCGTCGCGCATCGGGATCTACCTGAGCTTCGCG
GATGGCGTCCTCTCGTTCTACGACGCCAGCGACGCCGACGCGCTGGAGCTGCTCTTCGCCTTCCACGAAC
GCCTGCCGGGCCCCGTGTACCCCTTCTTCGACGTGTGCTGGCACGACAAGGGCAAGAACGCTCAGCCGCT
CCTGCTGGTGGGGCCCGACAGCGGCGGGGAGGCCTGA (SEQ ID NO: 17)

Fig. 12
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MSAAPGLLHQELSCPLCLQLFDAPVTAECGHSFCRACLSRVAGE
PAADGTVPCPCCQALTRPQALSTNQQLARLVEGLAQVPQGHCEEHLDPLSIYCEQDRA
LVCGVCASLGSHRGHRLLPAAEAHARLKTQLPQOKLOLQEACMRKEKSVALLEHQLME
VEEMVRQFRGAVGEQLGKMRVFLAALEGSLDREAERVRGEAGVALRRELGSLNSYLEQ
LROMEKVLEEVADKPQTEFLMKYCLVTSRLOKILAEAPPPARLDIQLPVISDDFKFQV
WRKMFRALMPVTKELTFDPSSAHPSLVLSPSGRRVECSDQKAPPAGEDPCQFDKAVAV
VAQQVLSDGEEYWEVQVGEKPRWALGVIAAQASRRGRLHAVPSQGLWLLGLRDGKILE
AHVEAKEPRALRTPERRPTRIGIYLSFGDGVLSFYDASDPDALELLFAFHERLPGPVY
PFFDVCWHDKGKNAQPLLLVGPDGEEA (SEQ ID NO: 12)

ATGTCGGCCGCGCCGGGCCTCCTGCACCAGGAGCTGTCCTGCCCGCTCTGCCTGCAGCTGTTTGACGCGL
CGGTGACCGCCGAGTGCGGCCACAGTTTCTGCCGCGCCTGCCTGAGCCGCGTGGCTGGGGAGCCGGCGGEE
GGACGGCACCGTGCCCTGCCCGTGCTGCCAGGCACTCACGCGGCCACAGGCGCTCAGCACCAACCAGCAG
CTGGCGCGCCTGGTGGAGGGGCTGGCGCAGGTGCCGCAGGGCCACTGCGAGGAGCACCTAGACCCGCTCA
GCATCTACTGCGAGCAGGATCGAGCGCTCGTGTGCGGCGTGTGCGCCTCGCTCGGCTCGCACCGCGGCCA
CCGCCTGCTGCCCGCCGCCGARAGCCCACGCGCGCCTCAAGACACAGCTGCCACAGCAGAAACTGCAGLCTG
CAGGAGGCATGTATGCGCAAGGAGAAGAGTGTGGCTCTGCTGGAGCATCAGCTCATGGAAGTGGAGGAGA
TGGTGCGTCAGTTCCGGGGGGCTGTAGGGGAGCAGCTGGGCARAGATGCGGGTGTTCCTGGCTGCACTGGA
GGGCTCCTTGGACCGTGAGGCAGAGCGCGTGCGGGGAGAGGCAGGGGTTGCCCTGCGGCGGGAGCTGGGE
AGCCTGAACTCTTACCTGGAGCAGTTGCGTCAGATGGAGAAGGTGCTGGAGGAGGTGGCCGACAAGCCAC
AGACTGAGTTCCTCATGAAATACTGCCTGGTGACCAGCAGGCTACAGAAGATCCTGGCAGAAGCACCACC
GCCTGCCCGTTTGGACATCCAGCTGCCTGTCATCTCAGATGACTTCARATTCCAGGTGTGGAGGAAGATG
TTCCGGGCTCTGATGCCAGTTACAAAGGAGCTGACCTTTGACCCGAGCTCTGCGCACCCGAGCCTGGTGC
TGTCTCCCTCCGGTCGCCGCGTGGAGTGCTCGGACCAGAAGGCGCCGCCGGCCGGGGAGGATCCGTGCCA
GTTCGACRAGGCCGTGGCGGTGGTGGCGCAGCAGGTGCTGTCCGACGGCGAGCACTACTGGGAGGTGCAG
GTGGGCGAGAAGCCGCGCTGGGCCCTCGGCGTGATCGCGGCCCAGGCCAGCCGCCGCGGCCGGCTGCACG
CCGTCCCCTCGCAGGGCCTCTGGCTGCTCGGGCTGCGGGACGGCAAGATCCTGGAGGCGCACGTCGAAGC
CAAGGAGCCGCGCGCGCTGCGCACCCCGGAGAGGCGGCCCACGCGCATCGGGATCTACCTAAGCTTCGGC
GACGGAGTCCTCTCCTTTTATGATGCCAGTGACCCCGACGCCCTCGAGCTGCTCTTTGCCTTCCACGAGC
GCCTGCCCGGGCCCGTGTACCCCTTCTTCGACGTATGCTGGCACGACAAGGGCAAAAATGCTCAGCCGCT
GCTGCTGGTGGGGCCTGATGGCGAGGAGGCCTGA (SEQ ID NO: 18)

Fig. 13



cell valibity

1.5W

CA 03031856 2019-01-24

14/28

* % * %

'g T L1 * 1
= 1.04 - | p—
>
o
<
s T
5 0.54
e

0.0 T T

hypoxia reoxygenation
* %
M
10 *¥hdk *k
1r 1

® 81

S
& =
o 3 6~
O
=T

4
L w 4
aoe
-l

]

24

[ Adv-p-gal
B Adv-MG53-myc
Adv-MG53-5255A-myc

3 Adv-f -gal
Bl Adv-MG53-myc
Adv-MG53-S255A-myc

hypoxia reoxygenation

Fig. 14



CA 03031856 2019-01-24

a-pAKT?

a-tAKT

a-MG53

a-GAPDH

[ Advp ga
Bl Adv BAGS3
Adv MGS3 5250A

Pl
>
1

foud
<
i

p-AK T 3 tAKT

o
L]
1

Fig. 15



CA 03031856 2019-01-24

16/28

IRS1

o
SN

N
& o

3-myc
a-myc
3-GAPDH
1.51 -
]
5 1.04
a
54
£ 0.5
0.0
IR
a-myc
a-myc
a-GAPDH
[ R tRIY el
E 1.0 IRB +PAGS3-S255A
5 IRG +MGSI AR
o
E’os—
o0




CA 03031856 2019-01-24

17/28

a-myc IRS1
MG53
a-myc
3-GAPDH
- fom R
. RS TMGE3
P IRS1+MG53-5255A
5 8 RS1G534R
@
&
% 054
aotl—




.

.

CA 03031856 2019-01-24

~———156nM |
e 312 0M
e 625 1M
——125 M |
b 250 1M
o SO0 (1M

1000 i

IP: a-IRS1
MG53 +
MG53 S255A - - +
IRS1
IB:MGS53
1B:RS1
input| a-MG53
50 -
immobilized protein 40
Rat [RS1 (500 RU) .
7
Mobile phase 3
MG53 g *
&
Ky = 64.2 nM 10
o
2
50 4
40 -
immobilized protein
Rat IRS1 (500 RU) 2 o
&
Mobile phase § .
MG53-8255A &
10

Time {sec)

Y
[+

Fig. 18

T
0o

¥
2006
Time {sec}



CA 03031856 2019-01-24

19/28

Ub-Flag/IRS1-myc

MG53 - + —
MG53-5255A +
a-IRS1
a-myc MG53
a-GAPDH
154 ] CON
—_— MGA3
&, T B 11G53-52554
=
Q *
&5 85

Fig. 19



MSAAPGLLHQ
RPQALSTNLQ
PAAEAHARLK
VFLAALEGSL
YCLVTSRLQK
SLVVSSSGRR
VIAAEAPRRG
DGVLSFEFYDAS
ID NO:

atgtcggcectg
ttcgacgcge
gtggccgggg
cggecgeagg
gtgccgcagg
cgcgegetgg
cctgcegeceg
caggaggcat
gtggaggaga
gtgttcctgg
gcaggggtcg
cagatggaga
tactgcctgg
ctggacatcce
ttccgggcetce
agcctggtgg
gcecggggagyg
tccgagggceg
gtgatcgcgg
tggctgctgg
cgcgctcetge
gacggcgtcce
ttccacgagce
ggcaagaatg
NO: 143)

139)

ELSCPLCLQL
LARLVEGLAQ
TQLPOOKLQL
DCEAERVRGE
ILAESPPPAR
VECSEQKAPP
RLHAVPSQGL
DADALVPLFA

cgceccggect
ccgtgacagc
agcecggegge
cactcagcac
gccactgcga
tgtgcggagt
aggcccacgc
gcatgcgtaa
cagtgcgtca
ctgcactgga
ccttgcgcecg
aggtcctgga
tgaccagcag
agctgccaat
tgatgccagc
tgtcttecte
acccgecgcca
agcactactg
ccgaggcccc
ggctgcgcega
gcagccccga
tctccttcta
gcctgceccag

cccagccgcet

CA 03031856 2019-01-24
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FDAPVTAECG
VPQGHCEEHL
QEACMRKEKS
AGVALRRELG
LDIQLPIISD
AGEDPRQFDK
WLLGLREGKI
FHERLPRPVY

cctgcaccag
cgagtgcggce
ggatggcacc
caacctgcag
ggagcacctg
gtgcgcectceca
acgcctcaag
ggagaagagt
gttccggggg
gggctccttg
ggagctgggyg
ggaggtggcg
gctgcagaag
tatctcagat
gctggaggag
tggccgecge
gttcgacaag
ggaggtggat
ccgeegeggg
gggcaagatc
gaggcggcecce
cgatgccagc
gcccgtgtac
gctgctegtyg

HSFCRACLGR
DPLSIYCEQD
VAVLEHQLVE
SLNSYLEQLR
DFKFQVWRKM
AVAVVAHQQL
LEAHVEAKEP

PFFDVCWHDK GKNAQPLLLV GPEGAEA

gagctgtecct
cacagtttct
gttctctgcce
ctggcgcgcec
gacccgctga
ctcggctcege
acacagctgc
gtggctgtge
gccgtggggg
gactgcgagg
agcctgaact
gacaagccgce
atcctggcag
gacttcaaat
ctgacctttg
gtggagtgct
gcggtggegg
gttggcgaca
cgecctgcacg
ctggaggcac
acgcgcattg
gacgccgacg
cccttetteg

VAGEPAADGT
RALVCGVCAS
VEETVRQFRG
OMEKVLEEVA
FRALMPALEE
SEGEHYWEVD
RALRSPERRP

gcccgctgtg
gccgegectg
cctgctgceca
tggtggaggg
gcatctactg
accgcggtceca
cacagcagaa
tggagcatca
agcagctggg
cagagcgtgt
cttacctgga
agactgagtt
agtctccccece
tccaggtgtg
acccgagctce
cggagcagaa
tggtggcgcea
agccgcegcetg
cggtgccectce
acgtggaggc
gcctttacct
cgctegtgcec
acgtgtgctg

VLCPCCQAPT
LGSHRGHRLL
AVGEQLGKMR
DKPQTEFLMK
LTFDPSSAHP
VGDKPRWALG
TRIGLYLSFEG
(SEQ

cctgcagctg
cctaggcecge
ggccceccacg
gctggcccag
cgagcaggac
tcgectectg
actgcagctg
gctggtggag
caagatgcgg
acggggtgag
gcagctgcgg
cctcatgaaa
acccgcccegt
gaggaagatg
tgcgcacccg
ggcgeegeeg
ccagcagcte
ggcgetggge
gcagggcctg
caaggagccg
gagcttcggce
gctttttgec
gcacgacaag

ggtcccgaag gcgeccgaggce ctga (sEQ ID

Fig. 20



MRKEKSVAVL
LRRELGSLNS
LPIISDDFKF
PRQFDKAVAV
LREGKILEAH

LPRPVYPFFED

atgcgcaagg
gtgcgtcagt
gcactggagg
ttgegeeggg
gtcetggagg
accagcaggc
ctgccaatta
atgccagcgce
tcttectetyg
ccgegecagt
cactactggg
gaggceecce
ctgcgegagg
agcccegaga
tcettetacg
ctgcccagge

cagcegetge

EHQLVEVEET
YLEQLROMEK
QVWRKMFRAL
VAHQQLSEGE
VEAKEPRALR

VCWHDKGKNA

agaagagtgt
tceggggeec
gcteettgga
agctggggag
aggtggegga
tgcagaagat
tctcagatga
tggaggagct
gecgeegegt
tcgacaaggce
aggtggatgt
geegeggseeg
gcaagatcect
ggecggeecac
atgccagcga
ccgtgtacce

tgetegtiggs
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VRQFRGAVGE
VLEEVADKPQ
MPALEELTED
HYWEVDVGDK
SPERRPTRIG

QPLLLVGPEG

QLGKMRVFLA ALEGSLDREA ERVRGEAGVA
TEFLMKYCLV TSRLQKILAE SPPPARLDIQ
PSSAHPSLVV SSSGRRVECS EQKAPPAGED
PRWALGVIAA EAPRRGRLHA VPSQGLWLLG
LYLSFGDGVL SFYDASDADA LVPLFAFHER
AEA

(SEQ ID NO: 140)

ggetgtgetg
cgtgggggag
ccgecgaggea
cctgaactet
caagccgcag
cctggcecagag
cttcaaattc
gacctttgac
ggagtgetceg
ggtggeggty
tggcgacaag
cctgeacgeg
ggaggcacac
gecgeattgge
cgeegacgeg
cttcttegac

tcecgaagge

gagcatcage
cagctgggcea
gagcgtgtac
tacctggagce
actgagttcc
tcteecececac
caggtgtgga
ccgagetetg
gagcagaagg
gtggegcace
cegegetggg
gtgeectege
gtggaggeca
ctttacctga
ctecgtgecege
glgtgetgge

gecegaggect

Fig. 21

tggtggaggt
agatgcgggt
ggggtgaggce
agectgeggea
tcatgaaata
ccgeeegtet
ggaagatgtt
cgcacccgag
cgeegeegge
agcagctctce
cgetgggegt
agggeetgtg
aggagccgeg
gcttcggega
tttttgeett
acgacaaggg

ga (SEQ ID

ggaggagaca
gttcctgget
aggggtcgee
gatggagaag
ctgeetggtg
ggacatccag
ccgggetetg
cctggtggtg
cggggaggac
cgagggcgag
gatcgceggcece
getgetgegsg
cgetetgege
cggegtecte
ccacgagcge
caagaatgcc

NO: 144)



MRKEKSVAVL
LRRELGSLNS
LPIISDDFKFE
PRQFDKAVAV
LREGKILEAH

LPRPVYPFFD

atgcgtaagg
gtgcgtcagt
gcactggagg
ttgcgcecgag
gtcctggagg
accagcaggc
ctgccaatta
atgccagcgc
tcttcecctctg
ccgcgecagt
cactactggg
gaggccccecece
ctgcgcgagg
agccccgaga
tccttctacg
ctgcccaggce

cagccgctgce

EHQLVEVEET
YLEQLRQMEK
QVWRKMERAL
VAHQQLSEGE
VEAKEPRALR

VCWHDKGKNA

agaagagtgt
tccggggggce
gctccttgga
agctggggag
aggtggcgga
tgcagaagat
tctcagatga
tggaggagct
gccgccecgegt
tcgacaaggc
aggtggatgt
gccgegggceyg
gcaagatcct
ggcggccceac
atgccagcga
ccgtgtaccce

tgctegtggg
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VRQFRGAVGE
VLEEVADKPQ
MPALEELTFED
HYWEVDVGDK
SPERRPTRIG

QPLLLVGPEG

ggctgtgctyg
cgtgggggag
ccgcgaggca
cctgaactct
caagccgcag
cctggcagag
cttcaaattc
gacctttgac
ggagtgctcg
ggtggcggtyg
tggcgacaag
cctgcacgceg
ggaggcacac
gcgcattgge
cgccgacgcg
cttcttcgac

tccecgaagge

QLGKMRVELA
TEFLMKYCLV
PSSAHPSLVV
PRWALGVIAA
LYLSFGDGVL

AEA

gagcatcagc
cagctgggca
gagcgtgtac
tacctggagce
actgagttcc
tctcceeccac
caggtgtgga
ccgagctctyg
gggcagaagg
gtggcgcacc
ccgegetggg
gtgcecctege
gtggaggcca
ctttacctga
ctcgtgecge
gtgtgctggc

gccgaggcect

Fig. 22

(SEQ ID NO:

ALEGSLDREA
TSRLOKILAE
SSSGRRVECS
EAPRRGRLHA
SFYDASDADA

141)

tggtggaggt
agatgcgggt
ggggtgaggce
agctgcggceca
tcatgaaata
ccgecegtcet
ggaagatgtt
cgcacccgag
cgccgcegge
agcagctctc
cgctgggcegt
agggcctgtg
aggagccgcg
gcttcggcga
tttttgecett
acgacaaggg

ga (SEQ 1D

ERVRGEAGVA
SPPPARLDIQ
GQKAPPAGED
VPSQGLWLLG

LVPLFAFHER

ggaggagaca
gttcectggcet
aggggtcgcece
gatggagaag
ctgcctggtg
ggacatccag
ccgggcetcetg
cctggtggtg
¢ggggaggac
cgagggcgag
gatcgcggcc
gctgctgggg
cgctctgcge
cggcgtecte
ccacgagcgce
caagaatgcc

NO: 145)



MSAAPGLLHQ
RPOALSTNLQ
PAAEAHARLK
VFLAALEGSL

YCLVTSRLOK

atgtcggcectg
ttcgacgcecge
gtggccgggg
cggcegeagg
gtgccgcecagg
cgcgcgctgg
cctgccgeeyg
caggaggcat
gtggaggaga
gtgttcctgg
gcaggggtcg
cagatggaga
tactgcctgg

ctggacatcc

ELSCPLCLQL
LARLVEGLAQ
TOLPQOKLQL
DREAERVRGE

ILAESPPPAR

cgcccggcect
ccgtgacagce
agecggegge
cactcagcac
gccactgcga
tgtgcggagt
aggcccacgce
gcatgcgtaa
cagtgcgtca
ctgcactgga
ccttgecgceceg
aggtcctgga
tgaccagcag

agctgccaat
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FDAPVTAECG
VPQGHCEEHL
QEACMRKEKS
AGVALRRELG

LDIQLPIIS

cctgcaccag
cgagtgcggce
ggatggcacc
caacctgcag
ggagcacctg
gtgcgcctca
acgcctcaag
ggagaagagt
gttccggggg
gggctccttg
ggagctgggg
ggaggtggcg
gctgcagaag

tatctcctga

HSFCRACLGR
DPLSIYCEQD
VAVLEHQLVE

SLNSYLEQLR

(SEQ ID NO:

gagctgtect
cacagtttct
gttctctgee
ctggcgcgcec
gacccgctga
ctcggectecge
acacagctgce
gtggctgtge
gccgtggggg
gaccgcgagg
agcctgaact
gacaagccge

atcctggcag

(SEQ ID NO:

Fig. 23

VAGEPAADGT
RALVCGVCAS
VEETVRQFRG
OMEKVLEEVA

142)

gcececgetgtg
gccgegectg
cctgctgcca
tggtggaggg
gcatctactg
accgcggtca
cacagcagaa
tggagcatca
agcagctggg
cagagcgtgt
cttacctgga
agactgagtt
agtctccccce

146)

VLCPCCQAPT
LGSHRGHRLL
AVGEQLGKMR

DKPQTEFLMK

cctgcagctg
cctaggccgce
ggcccccacg
gctggeccag
cgagcaggac
tcgectectg
actgcagctg
gctggtggag
caagatgcgg
acggggtgag
gcagctgcgg
cctcatgaaa

acccgeecgt



MSAAPGLLHQ
RPQALSTNLQ
PAAEAHARLK
VFLAALEGSL
YCLVTSRLQOK
SLVVSSSGRR
VIAAEAPRRG
DGVLSFYDAS
ID NO:

atgtcggctg
ttcgacgcgc
gtggccgggg
cggeegeagg
gtgccgcagg
cgecgegetgg
cctgecegecg
caggaggcat
gtggaggaga
gtgttcctgyg
gcaggggtcg
cagatggaga
tactgcctgg
ctggacatcc
ttccgggcetce
agcctggtgg
gccggggagg
tcecgagggeg
gtgatcgcgg
tggctgctgg
cgcgctcectge
gacggcgtcc
ttccacgage
ggcaagaatg

NO: 151)

147)

ELSCPLCLQL
LARLVEGLAQ
TQLPQOKLOL
DCEAERVRGE
ILAEAPPPAR
VECSEQKAPP
RLHAVPSQGL
DADALVPLFA

cgcceggect
ccgtgacagce
agecggeggce
cactcagcac
gccactgcga
tgtgcggagt
aggcccacgce
gcatgcgtaa
cagtgcgtca
ctgcactgga
ccttgecgceceg
aggtcctgga
tgaccagcag
agctgccaat
tgatgccagce
tgtcttccte
acccgcgcecca
agcactactg
ccgaggcececce
ggctgcgcga
gcagccccga
tctcecttcecta
gcctgeccag
cccagccgcet
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FDAPVTAECG
VPQGHCEEHL
QEACMRKEKS
AGVALRRELG
LDIQLPIISD
AGEDPRQFDK
WLLGLREGKI
FHERLPRPVY

cctgcaccag
cgagtgcgge
ggatggcacc
caacctgcag
ggagcacctg
gtgcgcctca
acgcctcaag
ggagaagagt
gttceggggg
gggctccttg
ggagctgggg
ggaggtggcg
gctgcagaag
tatctcagat
gctggaggag
tggccgcecge
gttcgacaag
ggaggtggat
ccgeegeggg
gggcaagatc
gaggcggecce
cgatgccagce
gccegtgtac
gctgctcgtg

HSFCRACLGR
DPLSIYCEQD
VAVLEHQLVE
SLNSYLEQLR
DEFKEFQVWRKM
AVAVVAHQOL
LEAHVEAKEP

PFFDVCWHDK GKNAQPLLLV GPEGAEA

gagctgtcct
cacagtttct
gttctctgece
ctggecgcegec
gacccgctga
ctcggcectcegce
acacagctgc
gtggctgtgc
gccgtggggg
gactgcgagg
agcctgaact
gacaagccgce
atcctggcag
gacttcaaat
ctgacctttg
gtggagtgct
gcggtggcegg
gttggcgaca
cgcctgcacg
ctggaggcac
acgcgcattg
gacgccgacg
ccecttetteg

ggtcccgaag gcgccgaggce ctga

Fig. 24

VAGEPAADGT
RALVCGVCAS
VEETVRQFRG
QMEKVLEEVA
FRALMPALEE
SEGEHYWEVD
RALRSPERRP

gcccgetatg
gccgcgcectyg
cctgctgcca
tggtggaggg
gcatctactg
accgcggtca
cacagcagaa
tggagcatca
agcagctggg
cagagcgtgt
cttacctgga
agactgagtt
aggctccccce
tccaggtgtg
acccgagctc
cggagcagaa
tggtggcgca
agccgcgcectg
cggtgceccectce
acgtggaggc
gcctttacct
cgctcgtgece
acgtgtgctg

VLCPCCQAPT
LGSHRGHRLL
AVGEQLGKMR
DKPQTEFLMK
LTFDPSSAHP
VGDKPRWALG
TRIGLYLSFG
(SEQ

cctgcagctg
cctaggccgce
ggcecccacg
gctggcccecag
cgagcaggac
tcgectcectg
actgcagctg
gctggtggag
caagatgcgg
acggggtgag
gcagctgcgg
cctcatgaaa
acccgccecgt
gaggaagatg
tgcgcacccg
ggcgccgecyg
ccagcagctce
ggcgctgggce
gcagggcctg
caaggagccg
gagcttcggc
gctttttgcece
gcacgacaag
(SEQ ID



MRKEKSVAVL
LRRELGSLNS
LPIISDDEFKF
PRQFDKAVAV
LREGKILEAH

LPRPVYPFFEFD

atgcgcaagg
gtgcgtcagt
gcactggagg
ttgecgeeggg
gtcetggagg
accagcaggc
ctgccaatta
atgccagege
tcttectetg
ccgegecagt
cactactggg
gaggcccecce
ctgegegagg
agccccgaga
teccttetacg

ctgceccaggce

cagccgetge

EHQLVEVEET
YLEQLRQOMEK
QVWRKMEFRAL
VAHQQLSEGE

VEAKEPRALR
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VRQFRGAVGE
VLEEVADKPQ
MPALEELTFD
HYWEVDVGDK

SPERRPTRIG

QLGKMRVFELA
TEFLMKYCLV
PSSAHPSLVV
PRWALGVIAA

LYLSFGDGVL

ALEGSLDREA ERVRGEAGVA
TSRLQKILAE APPPARLDIQ
SSSGRRVECS EQKAPPAGED
EAPRRGRLHA VPSQGLWLLG

SFYDASDADA LVPLFAFHER

VCWHDKGKNA

agaagagtgt
tccggggesce
gctecttgga
agctggggag
aggtggegga
tgcagaagat
tctcagatga
tggaggagcet
gcegeegegt
tcgacaaggce
aggtggatgt
gCCBCEEECE
gcaagatcct
ggecggececac
atgccagega

ccgtgtaccec

tgetegtggyg

QPLLLVGPEG

ggetgtgetg
cgtgggggag
ccgegaggea
cctgaactcet
caagccgceag
cctggecagag
cttcaaatte
gacctttgac
ggagtgetceg
ggtggeggty
tggcgacaag
cctgeacgeg
ggaggcacac
gcgeattgge
cgecegacgeg

cttcttcgac

tcecgaagge

AEA

gagcatcagc
cagctgggea
gagcgtgtac
tacctggage
actgagttcc
gctececcecac
caggtgtgga
ccgagetetg
gagcagadagy
gtggegceacce
ccgegetlggg
gtgceetege
gtggaggeca
ctttacctga
ctegtgecege

gtgtgetgge

gcegaggect

Fig. 25

(SEQ ID NO:

tggtggaggt
agatgegggt
ggggtgaggce
agctgeggea
tcatgaaata
ccgeeegtet
ggaagatgtt
cgcaccecgag
cgeecgeegge
agcagctctce
cgetgggegt
agggeetgtg
aggagccgeg
getteggega
tttttgeett

acgacaaggg

ga (SEQ ID

148)

ggaggagaca
gttcetgget
aggggtegece
gatggagaag
ctgeetggtg
ggacatccag
ccgggetetg
cctggtggtg
cggggaggac
cgagggcgag
gatcgcecggec
getgetggeg
cgetetgege
cggegtecte
ccacgagege

caagaatgcc

NO: 152)



MRKEKSVAVL
LRRELGSLNS
LPIISDDFKF
PRQFDKAVAV
LREGKILEAHR

LPRPVYPFFD

atgcgtaagg
gtgcgtcagt
gcactggagg
ttgcgccggg
gtcctggagg
accagcaggc
ctgccaatta
atgccagcgc
tcttecctetg
ccgcgecagt
cactactggg
gaggcccccce
ctgcgcgagg
agccccgaga
tccttetacg

ctgcccaggce

cagccgctge

EHQLVEVEET
YLEQLROMEK
QVWRKMEFRAL
VAHQQLSEGE
VEAKEPRALR

VCWHDKGKNA

agaagagtgt
tcecggggggc
gctecttgga
agctggggag
aggtggcgga
tgcagaagat
tctcagatga
tggaggagct
gccgcececgcegt
tcgacaaggce
aggtggatgt
gcegegggceyg
gcaagatcct
ggcggcccac
atgccagcga

ccgtgtaccc

tgctcecgtggg
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VRQFRGAVGE
VLEEVADKPQ
MPALEELTFD
HYWEVDVGDK
SPERRPTRIG

QPLLLVGPEG

ggctgtgctg
cgtgggggag
ccgcgaggca
cctgaactct
caagccgcag
cctggcagag
cttcaaattc
gacctttgac
ggagtgctcg
ggtggcagtyg
tggcgacaag
cctgcacgcg
ggaggcacac
gcgcattggce
cgccgacgceg

cttcttcgac

tcccgaaggce

QLGKMRVFLA ALEGSLDREA

TEFLMKYCLV
PSSAHPSLVV
PRWALGVIAA
LYLSFGDGVL

AEA

gagcatcagc
cagctgggca
gagcgtgtac
tacctggage
actgagttcc
gctcccccac
caggtgtgga
ccgagctcetg
gggcagaagg
gtggcgcacc
ccgcgetggg
gtgccctegce
gtggaggcca
ctttacctga
ctcgtgecge

gtgtgctgge

gccgaggcect

Fig. 26

(SEQ ID NO:

TSRLQKILAE
SSSGRRVECS
EAPRRGRLHA
SFYDASDADA

149)

tggtggaggt
agatgcgggt
ggggtgaggc
agctgcggcea
tcatgaaata
ccgcccgtet
ggaagatgtt
cgcacccgag
cgccgecgge
agcagctctce
cgctgggcgt
agggectgtg
aggagccgcg
gcttcggcga
tttttgectt

acgacaaggg

ga (SEQ ID

ERVRGEAGVA
APPPARLDIQ
GQKAPPAGED
VPSQGLWLLG

LVPLFAFHER

ggaggagaca
gttcctgget
aggggtcgec
gatggagaag
ctgcctggtg
ggacatccag
ccgggctcectg
cctggtggtg
¢ggggaggac
cgagggcgag
gatcgcggcc
gctgectgggg
cgctctgcgce
cggcgtcectce
ccacgagcgc

caagaatgcc

NO: 153)



MSAAPGLLHQ
RPOALSTNLQ
PAAEAHARLK
VFLAALEGSL

YCLVTSRLOK

atgtcggcetg
ttcgacgcgce
gtggcegggyg
cggcegeagg
gtgccgcagg
cgcgegetgg
cctgccgecg
caggaggcat
gtggaggaga
gtgttcctgg
gcaggggtcg
cagatggaga

tactgcctgg

ctggacatcc

ELSCPLCLQL
LARLVEGLAQ
TQLPQOKLOL
DREAERVRGE

ILAEAPPPAR

cgcccggect
ccgtgacagce
agccggcgge
cactcagcac
gccactgcga
tgtgcggagt
aggcccacgce
gcatgcgtaa
cagtgcgtca
ctgcactgga
ccttgcgecg
aggtcctgga

tgaccagcag

agctgccaat
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FDAPVTAECG
VPQGHCEEHL
QEACMRKEKS
AGVALRRELG

LDIQLPIIS

cctgcaccag
cgagtgcggc
ggatggcacc
caacctgcag
ggagcacctg
gtgcgcctceca
acgcctcaag
ggagaagagt
gttccggggg
gggctccttg
ggagctgggg
ggaggtggcg

gctgcagaag

tatctcctga

HSFCRACLGR
DPLSIYCEQD
VAVLEHQLVE

SLNSYLEQLR

(SEQ ID NO:

gagctgtcct
cacagtttct
gttctctgcc
ctggcgcgcece
gacccgctga
ctcggctcge
acacagctgce
gtggctgtgce
gccgtggggg
gaccgcgagg
agcctgaact
gacaagccgce

atcctggcag

(SEQ ID NO:

Fig. 27

VAGEPAADGT
RALVCGVCAS
VEETVRQFRG
OMEKVLEEVA

150)

gcccgetgtyg
gccgecgectg
cctgctgceca
tggtggaggyg
gcatctactg
accgcggtca
cacagcagaa
tggagcatca
agcagctggg
cagagcgtgt
cttacctgga
agactgagtt

aggctcecccec

154)

VLCPCCQAPT
LGSHRGHRLL
AVGEQLGKMR

DKPQTEFLMK

cctgcagctg
cctaggcecegce
ggcceccacg
gctggcccag
cgagcaggac
tcgecectectg
actgcagctg
gctggtggag
caagatgcgg
acggggtgag
gcagctgcgg
cctcatgaaa

acccgcceccgt
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amino acid positions of
fuli-length MG53 protein
{positions 1-n}

amino acid positions of MG53
subtype 1 (positions m-n)

o b o s e o 3

o e o s e P g

3

3

amino acid positions of MG53
subtype 2 (positions 1-s}

USRS RN Sa——
T T W B N G W s wy

!

ot 1 e o e
e s
w

amino acid positions of MG53
subtype 3 (positions p-g)

[ SRpmp——— g 1Y adinaiuadess L3

.-

£

Fig. 28




a-myc
A-TYC
3GAPDH
e RS 1
CORTEE)
- We1-HOSIE2A
g RE1H B R
<
e
2 09
0.0-
iR
a-mye RB
3nyc MGS3
2-GAPOH
0B
W (RS 53

B2 IRR +MGE3-E255A
B8 IRE HGEIR



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - CLAIMS
	Page 68 - CLAIMS
	Page 69 - CLAIMS
	Page 70 - CLAIMS
	Page 71 - CLAIMS
	Page 72 - CLAIMS
	Page 73 - CLAIMS
	Page 74 - DRAWINGS
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - DRAWINGS
	Page 78 - DRAWINGS
	Page 79 - DRAWINGS
	Page 80 - DRAWINGS
	Page 81 - DRAWINGS
	Page 82 - DRAWINGS
	Page 83 - DRAWINGS
	Page 84 - DRAWINGS
	Page 85 - DRAWINGS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - DRAWINGS
	Page 89 - DRAWINGS
	Page 90 - DRAWINGS
	Page 91 - DRAWINGS
	Page 92 - DRAWINGS
	Page 93 - DRAWINGS
	Page 94 - DRAWINGS
	Page 95 - DRAWINGS
	Page 96 - DRAWINGS
	Page 97 - DRAWINGS
	Page 98 - DRAWINGS
	Page 99 - DRAWINGS
	Page 100 - DRAWINGS
	Page 101 - DRAWINGS
	Page 102 - REPRESENTATIVE_DRAWING

