FUSION PROTEIN HAVING TRIPLE ACTIVITY AND USE
THEREOF

Technical field
The present invention relates to the field of biomedicine, and specifically
relates to a fusion protein having triple activity and use thereof.

Background

Diabetes and obesity are diseases caused by abnormal glucose and lipid
metabolism, which are associated with a variety of other diseases, including
cardiovascular disease (CVD), peripheral arterial disease, microvascular
complications, and osteoarthritis. Therefore, the development of new therapies
and therapeutic drugs for obesity, diabetes and their complications are of great
significance to improve human health.

Fibroblast growth factor 21 (FGF21) is a member of fibroblast growth
factors (FGFs) family with 182 amino acids. FGF21 can promote the absorption
of glucose by adipocytes, enhance insulin sensitivity, and does not pose a
potential tumor risk due to its lack of mitogenic activity. At present, no FGF21
long-acting protein product is available on the market. LY2405319 from Lilly,
PF-05231023 from Pfizer and BMS 986036 from Bristol Squibb are now in
clinical trials. However, they can not meet the clinical requirements in the
treatment of type 2 diabetes, and they are not as effective as GLP-1 drugs in
reducing weight and blood lipids. Therefore, it can be seen that FGF21 alone
cannot meet clinical needs.

Recently, research has reported that the combination of GLP-1 and FGF21
has a synergistic effect on blood glucose control and weight loss. Prior arts have
disclosed that the combination of GLP-1 and FGF21 can synergistically reduce
blood glucose and body weight, etc.

At present, although the GLP-1/GIP dual active analog (Tirzepatide),
FGF21 analog and GLP-1/FGF21 fusion protein are all used to treat diabetes and
lose weight, their effects are still unsatisfactory, and there is no report on GLP-
1/GIP/FGF21 triple active protein in this field.

Therefore, there is an urgent need in this field to develop a fusion protein
with GLP-1/GIP/FGF21 triple activity that can be effectively used to treat



diabetes and lose weight.

Summary of the invention

The purpose of the present invention is to provide a fusion protein with
triple activity and use thereof.

Specifically, the present invention provides a fusion protein having a triple
bioactivity of glucagon-like peptide-1 (GLP-1), glucose-dependent
insulinotropic polypeptide (GIP), and epidermal growth factor 21 (FGF21) for
the treatment of type 2 diabetes (T2D), obesity, and other diseases related with

glucose and lipid metabolic abnormality.

In the first aspect of the present invention, it provides a fusion protein which
has a structure as shown in formula I or formula II from N-terminus to C-
terminus:

Z0-R1-L1-Fc-L2-R2 ()

Z0-R2-L1-Fc-L2-R1 (II)

wherein,

Z0 is absent, or selected from: a signal peptide, a tag sequence, or a
combination thereof;

R1 is a mutant protein element of GLP-1 and GIP;

L1 is absent or a linker peptide;

Fc is an Fc element;

L2 is absent or a linker peptide;

R2 is a FGF21 element;

"-"1s a bond, wherein,

the mutant protein element of GLP-1 and GIP comprises a GLP-1 and GIP
mutant protein, wherein the amino acid sequence of the mutant protein is a
polypeptide sequence based on the amino acid sequence shown in SEQ ID NO:
20 with amino acid residues at positions 1, 2, 13, 19, 21, 23, 24 selected from the
group consisting of:

His or Tyr at position 1,

Gly or Ser at position 2,

Tyr or Leu at position 13,

Ala or GIn at position 19,



Ala or Asp at position 21,

Val or Ile at position 23, and

Ala or GIn or Glu at position 24; and

wherein the mutant protein has activity of binding and activating both a
class B G protein-coupled receptor GLP-1R and a human glucose-dependent
insulinotropic polypeptide (GIP) receptor.

In another preferred embodiment, the amino acid sequence of the mutant
protein is shown in any one of SEQ ID NOs: 8-19.

In another preferred embodiment, the FGF21 element comprises FGF21
wild-type or a mutant thereof.

In another preferred embodiment, the amino acid sequence of the FGF21
wild-type is shown in SEQ ID NO: 1.

In another preferred embodiment, the amino acid sequence of the FGF21
mutant is a polypeptide sequence based on the amino acid sequence shown in
SEQ ID NO: 1 with amino acid residues at positions 19, 98, 171, and/or 173
selected from the group consisting of: R19V, L98R, P171N, Q173T.

In another preferred embodiment, the amino acid sequence of the FGF21
mutant is identical or substantially identical to the sequence shown in SEQ ID
NO: 1, except for the mutations (such as amino acid residues at positions 19, 98,
171, and/or 173).

In another preferred embodiment, the substantially identical means that at
most 10 amino acids (preferably 1-8, more preferably 1-10, more preferably 1-
5) are different, wherein the differences comprise substitution, deletion, or
addition of amino acids, and the mutant still retains the activity of fibroblast
growth factor 21 (FGF21).

In another preferred embodiment, the fusion protein may be modified or
unmodified.

In another preferred embodiment, the amino acid sequence of the FGF21
mutant is shown in SEQ ID NO: 2.

In another preferred embodiment, the amino acid sequence of R2 is shown
in SEQ ID NO: 1 or 2.

In another preferred embodiment, the fusion protein has both activity of
binding and activating a class B G protein-coupled receptor GLP-1R and a
human glucose-dependent insulinotropic polypeptide (GIP) receptor, and



activity of fibroblast growth factor 21 (FGF21).

In another preferred embodiment, the Fc element is an Fc fragment of
immunoglobulin IgG, wherein the IgG is selected from the group consisting of:
IgG1, 1gG2, and 1gG4, preferably 1gG4.

In another preferred embodiment, the sequence of the Fc element is shown
in SEQ ID NO: 21.

In another preferred embodiment, the Fc fragment comprises the hinge
region, CH2 and CH3 domains of IgG4.

In another preferred embodiment, L1 and/or L2 are flexible linkers.

In another preferred embodiment, the amino acid sequence of L1 and/or L2
1S (G4S)n or (GaS)wA or a variant thereof, wherein n is a positive integer (for
example, 1, 2, 3, 4, 5 or 6), preferably, n=3.

In another preferred embodiment, the variant of (G4S), comprises: a variant
of the (G4S)sA linker sequence obtained by substituting an amino acid in the
sequence with one having similar or close properties, for example, substituting
one or more S into T respectively; or inserting 1-3 amino acids into the sequence.

In another preferred embodiment, L1 and L2 are the same or different.

In another preferred embodiment, L1s are each independently (G4S)nA,
wherein n is a positive integer selected from 2 to 5 (for example, 1, 2, 3,4, 5, or
6), preferably n is 3.

In another preferred embodiment, L.2s are each independently (GaS)n,
wherein n is a positive integer selected from 2 to 5 (for example, 1, 2, 3, 4, 5, or
6), preferably n is 3.

In another preferred embodiment, the sequence of L1 is shown in SEQ ID
NO: 22.

In another preferred embodiment, the sequence of L2 is shown in SEQ ID
NO: 23.

In another preferred embodiment, the fusion protein has an amino acid
sequence selected from the group consisting of:

(a) a sequence shown in any one of SEQ ID NOs: 4-7;

(b) an amino acid sequence having at least 80%, preferably at least 85% or
90%, more preferably at least 95%, more preferably at least 98%, and more
preferably at least 99% homology to a sequence shown in any one of SEQ ID
NOs: 4-7;



wherein the fusion protein has both activity of binding and activating a class
B G protein-coupled receptor GLP-1R and a human glucose-dependent
insulinotropic polypeptide (GIP) receptor, and activity of fibroblast growth
factor 21 (FGF21).

In the second aspect of the present invention, it provides an isolated
polynucleotide encoding the fusion protein according to the first aspect of the
present invention.

In the third aspect of the present invention, it provides a vector comprising
the polynucleotide according to the second aspect of the present invention.

In another preferred embodiment, the vector is selected from the group
consisting of: DNA, RNA, plasmid, lentiviral vector, adenoviral vector,
retroviral vector, transposon, and a combination thereof.

In the fourth aspect of the present invention, it provides a host cell which
comprises the vector according to the third aspect of the present invention, or has
the polynucleotide according to the second aspect of the present invention
exogenously integrated into its genome.

In the fifth aspect of the present invention, it provides a method for
preparing the fusion protein according to the first aspect of the present invention,
which comprises the following steps:

(1) culturing the host cell according to the fourth aspect of the present
invention under a suitable condition, thereby obtaining a mixture comprising the
fusion protein according to the first aspect of the present invention; and

(i1) purifying and/or separating the mixture obtained in step (i), thereby
obtaining the fusion protein according to the first aspect of the present invention.

In the sixth aspect of the present invention, it provides a pharmaceutical
composition comprising:

(I) the fusion protein according to the first aspect of the present invention;
and

(IT) a pharmaceutically acceptable carrier.

In another preferred embodiment, the pharmaceutical composition is used
to prepare a drug for the prevention and/or treatment of a metabolic disease
associated with diabetes or obesity, wherein the metabolic disease associated
with diabetes or obesity includes: type I diabetes, type Il diabetes, gestational

diabetes, adiposis, non-alcoholic steatohepatitis (NASH), and non-alcoholic



fatty liver disease (NAFLD).

In another preferred embodiment, the pharmaceutical composition further
comprises other medicaments that can be used to prevent and/or treat a metabolic
disease associated with diabetes or obesity.

In the seventh aspect of the present invention, it provides a use of the fusion
protein according to the first aspect of the present invention or the
pharmaceutical composition according to the sixth aspect of the present
invention in the manufacture of a medicament for:

(1) controlling the blood glucose content in the body of a subject in need
thereof;

(11) reducing the blood lipid content in the body of a subject in need thereof;

(ii1) reducing the body fat rate, or suppressing weight gain of a subject in
need thereof;

(iv) improving liver function; and/or

(v) preventing and/or treating a metabolic disease associated with diabetes
or obesity.

In another preferred embodiment, the blood lipid comprises total
cholesterol and low-density lipoprotein cholesterol.

In another preferred embodiment, the medicament is used for reducing the
body fat rate, or suppressing weight gain of a subject in need thereof.

In another preferred embodiment, the metabolic disease associated with
diabetes or obesity includes: type I diabetes, type 11 diabetes, gestational diabetes,
obesity, non-alcoholic steatohepatitis (NASH), and non-alcoholic fatty liver
disease (NAFLD).

In the eighth aspect of the present invention, it provides a method for
preventing and/or treating a metabolic disease associated with diabetes or obesity,
which comprises a step of administering an effective amount of the fusion protein
according to the first aspect of the present invention, or the pharmaceutical
composition according to the sixth aspect of the present invention, to a subject

in need thereof.

It should be understood that within the scope of the present invention, the
above-mentioned technical features of the present invention and the technical

features specifically described in the following (such as the Examples) can be



combined with each other to form a new or preferred technical solution, which

are not redundantly repeated one by one due to space limitation.

Description of drawings

Figure 1 shows random blood glucose in db/db diabetic mice after multiple
dosing.

Figure 2 shows fasting blood glucose in db/db diabetic mice after multiple

dosing.

EMBODIMENTS

After extensive and intensive research and massive screening, the inventors
have developed a fusion protein with triple activities of GLP-1, GIP and FGF21
for the first time. The fusion protein obtained can significantly reduce the body
weight, plasma total cholesterol and low-density lipoprotein cholesterol of DIO
mice, improve liver function and reduce the blood glucose of db/db mice. Its
effect is significantly superior to that of single GLP-1/GIP active protein or
FGF21 active protein. On this basis, the inventors have completed the present

invention.

Terms

Unless specifically indicated otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood by those of
ordinary skill in the art to which this invention belongs.

The term "about" may refer to a value or composition within an acceptable
error range of a particular value or composition determined by a person of
ordinary skill in the art, which will depend in part on how the value or
composition is measured or determined.

As used herein, the term "containing" or "comprising (including)" can be
open, semi-closed, and closed. In other words, the term also includes

"substantially consisting of" or "consisting of".

Glucagon-like peptide-1 (GLP-1)
Glucagon-like peptide 1 (GLP-1) is a 37-amino acid incretin that stimulates

insulin secretion, protects pancreatic beta cells, and inhibits glucagon secretion,



gastric emptying and food intake, leading to weight loss. Liraglutide and
Semaglutide are GLP-1 receptor agonists that are approved for the treatment of
type 2 diabetes and obesity. However, many patients with type 2 diabetes and
obesity remain inadequately controlled. Currently, commercially available
incretin mimetics or dipeptidyl peptidase IV (DPP-1V) inhibitors use only a

single established mechanism for blood glucose and weight control.

Glucose-dependent insulinotropic polypeptide (GIP)

Glucose-dependent insulinotropic polypeptide (GIP) is a 42-amino acid
gastrointestinal regulatory peptide, which plays a physiological role in glucose
homeostasis by stimulating insulin secretion from pancreatic B cells and
protecting pancreatic B cells in the presence of glucose. In the prior art,
LY3298176, a GLP-1/GIP receptor dual agonist compound based on the natural
GIP polypeptide sequence, is described as having favorable effects in reducing
blood glucose and body weight and is currently approved by FDA for the

treatment of type 2 diabetes, with the generic name Tirzepatide.

Fibroblast growth factor 21 (FGF21)

Fibroblast growth factor 21 (FGF21) is a member of fibroblast growth
factors (FGFs) family with 182 amino acids. FGF21 can promote the absorption
of glucose by adipocytes, enhance insulin sensitivity, and does not pose a
potential tumor risk due to its lack of mitogenic activity. In addition, FGF21 also
has a good lipid-lowering effect by inhibiting liver SREBP-2 synthesis, reducing
serum total cholesterol and low-density lipoprotein content, thereby alleviating
hypercholesterolemia. However, natural FGF21 also has some drawbacks, such
as a tendency to aggregate in vitro, poor stability, a tendency to be hydrolyzed
by protease, and a short half-life in vivo with a half-life of only 2-3 hours in
cynomolgus macaques. These drawbacks limit the application of FGF21.
Therefore, there are multiple methods to improve FGF21, such as mutating the
arginine (R) at position 19 into valine (V), adding N-glycosylation sites and
connecting IgG Fc to the C-terminus, which can inhibit the degradation of
FGF21 in vitro and prolong its half-life in cynomolgus macaques. The half-life
of FGF21 in cynomolgus macaques is increased to about 70 hours through the
LI98R, P171G, and A180E mutations.



Fusion protein of the present invention

In the present invention, it provides a fusion protein having a triple
bioactivity of glucagon-like peptide-1 (GLP-1), glucose-dependent
insulinotropic polypeptide (GIP), and epidermal growth factor 21 (FGF21).

As used herein, the terms "the fusion protein of the present invention", "the
triple bioactive fusion protein of the present invention", and "the fusion protein
with triple activity " are used interchangeably. The fusion protein has a structure
as shown in formula I or formula II from N-terminus to C-terminus,

Z0-R1-L1-Fc-L2-R2 (I)

7Z0-R2-L1-Fc-L2-R1 (II)

wherein,

Z0 is absent, or selected from: a signal peptide, a tag sequence, or a
combination thereof;

R1 is a mutant protein element of GLP-1 and GIP;

L1 is absent or a linker peptide;

Fc 1s an Fc element;

L2 is absent or a linker peptide;

R2 1s a FGF21 element;

"-"1s a bond, wherein,

the mutant protein element of GLP-1 and GIP comprises a GLP-1 and GIP
mutant protein, wherein the amino acid sequence of the mutant protein is a
polypeptide sequence based on the amino acid sequence shown in SEQ ID NO:
20 with amino acid residues at positions 1, 2, 13, 19, 21, 23, 24 selected from the
group consisting of:

His or Tyr at position 1,

Gly or Ser at position 2,

Tyr or Leu at position 13,

Ala or GIn at position 19,

Ala or Asp at position 21,

Val or Ile at position 23, and

Ala or GIn or Glu at position 24; and

wherein the mutant protein has the activity of binding and activating both a

class B G protein-coupled receptor GLP-1R and a human glucose-dependent



insulinotropic polypeptide (GIP) receptor.

As used herein, the terms "GLP-1 and GIP mutant protein", "GLP-1 and
GIP mutant", and "GLP-1 and GIP mutant polypeptide" are used interchangeably
and refer to the GLP-1 and GIP mutant protein of the present invention that has
the activity of binding and activating both a class B G protein-coupled receptor
GLP-1R and a human glucose-dependent insulinotropic polypeptide (GIP)
receptor.

As used herein, the "linker" is preferably a flexible linker, usually a linking
peptide that may be rich in G, S, and/or A, for example, may consist of glycine
G, serine S, and alanine A, and a preferred linker is (G4S)»A or a variant thereof.
wherein n is a positive integer (for example, 1, 2, 3, 4, 5 or 6), preferably, n=3;
the variant of (G4S),A comprises: a variant of the (G4S),A linker sequence
obtained by substituting amino acids in the sequence with those having similar
or close properties, for example, mutating one or more S into T; or inserting 1-3
amino acids into the sequence.

In another preferred embodiment, the L1s are each independently (G4S)nA,
and n is a positive integer selected from 2 to 5 (for example, 1, 2, 3, 4, 5, or 6),
preferably n is 3.

In another preferred embodiment, the L2s are each independently (G4S)n,
and n is a positive integer selected from 2 to 5 (for example, 1, 2, 3, 4, 5, or 6),
preferably n is 3.

Preferably, in the fusion protein of the present invention, the sequence of
R1 is selected from any of the amino acid sequences shown in SEQ ID NOs. 8-
19, the sequence of R2 is selected from the amino acid sequences shown in SEQ
ID NO. 1 or 2 (preferably the FGF21 mutant sequence shown in SEQ ID NO. 2),
and the sequence of Fc is selected from the amino acid sequence shown in SEQ
ID NO. 21; the sequence of L1 is shown in SEQ ID NO. 22, and the sequence of
L2 is shown in SEQ ID NO. 23.

More preferably, the fusion protein of the present invention has the amino
acid sequence shown in SEQ ID NOs: 4-7.

As used herein, the term "fusion protein of the present invention" also
includes variant forms with the above-mentioned activities. These variant forms
include (but are not limited to): deletion, insertion and/or substitution of 1-3

(usually 1-2, more preferably 1) amino acids, and addition or deletion of one or

10



several (usually within 3, preferably within 2, more preferably within 1) amino
acids at the C-terminus and/or N-terminus. For example, in this art, substitution
with amino acids with similar or close properties usually does not alter the
function of a protein. For another example, addition or deletion of one or several
amino acids at the C-terminus and/or N-terminus usually also does not alter the
structure and function of a protein. In addition, the term also includes the
polypeptides of the present invention in monomeric and multimeric forms. The
term also includes linear and non-linear polypeptides (such as cyclic peptides).

Active fragments, derivatives and analogs of the above-mentioned fusion
protein are also included in the present invention. As used herein, the terms
"fragment", "derivative" and "analog" refer to a polypeptide that substantially
retains the function or activity of the GLP-1 and GIP mutant protein or fusion
protein of the present invention. The polypeptide fragment, derivative or analog
of the present invention can be (i) a polypeptide with substitution of one or
several conservative or non-conservative amino acid residues (preferably
conservative amino acid residues), or (i1) a polypeptide with a substitution group
in one or more amino acid residues, or (iii) a polypeptide formed by fusion of
the polypeptide with another compound (such as a compound that extends the
half-life of the polypeptide, such as polyethylene glycol), or (iv) a polypeptide
formed by fusion of an additional amino acid sequence with this polypeptide
sequence (a fusion protein formed by fusion with a leader sequence, a secretion
sequence, or a tag sequence such as 6His). According to the teachings herein,
these fragments, derivatives and analogs belong to the scope well known to those
skilled in the art.

A preferred type of the active derivative refers to a polypeptide formed by
substitution of at most 3, preferably at most 2, and more preferably at most 1
amino acids with an amino acid having similar or close properties, compared
with the amino acid sequence of the present invention. These conservative

variant polypeptides are preferably produced by the amino acid substitution

according to Table A.
Table A
Initial Representative Substitution Preferred
Residue Substitution

Ala (A) Val; Leu; lle Val
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Arg (R) Lys; GlIn; Asn Lys
Asn (N) Gln; His; Lys; Arg Gln
Asp (D) Glu Glu
Cys (C) Ser Ser
GIn (Q) Asn Asn
Glu (E) Asp Asp
Gly (G) Pro; Ala Ala
His (H) Asn; GlIn; Lys; Arg Arg
le (1) Leu; Val; Met; Ala; Phe Leu
Leu (L) lle; Val; Met; Ala; Phe Ile

Lys (K) Arg; Gln; Asn Arg
Met (M) Leu; Phe; lle Leu
Phe (F) Leu; Val; lle; Ala; Tyr Leu
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile: Leu; Met; Phe; Ala Leu

Analogs of the fusion protein of the present invention are also provided in
the present invention. The difference between these analogs and the polypeptide
of the present invention may be the difference in amino acid sequences, the
difference in modification form that does not affect the sequence, or both. The
analog also includes an analog with residues different from natural L-amino
acids (such as D-amino acids), and an analog with non-naturally occurring or
synthetic amino acids (such as B, y-amino acids). It should be understood that
the polypeptide of the present invention is not limited to the representative
polypeptide exemplified above.

In addition, the fusion protein of the present invention can also be modified.
Modification (usually without altering the primary structure) forms include: a
chemically derived form of a polypeptide in vivo or in vitro, such as acetylation
or carboxylation. The modification also includes glycosylation, such as those
polypeptides produced by glycosylation modification during the synthesis and
processing of the polypeptide or during further processing steps. This
modification can be accomplished by exposing the polypeptide to an enzyme for
glycosylation (such as a mammalian glycosylase or deglycosylase).
Modification forms also include a sequence with phosphorylated amino acid

residues (e.g., phosphotyrosine, phosphoserine, phosphothreonine). A
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polypeptide that has been modified thereby improving its resistance to
proteolysis or optimizing its solubility, is also included.

The term "polynucleotide of the present invention" may include a
polynucleotide encoding the GLP-1 and GIP mutant protein or fusion protein of
the present invention, or may also include a polynucleotide of an additional
encoding and/or non-encoding sequence.

A variant of the aforementioned polynucleotide, which encodes a fragment,
analog and derivative of the polypeptide or fusion protein with the same amino
acid sequence as the present invention, is also related to the present invention.
These nucleotide variants include substitution variants, deletion variants and
insertion variants. As known in the art, an allelic variant is an alternative form of
a polynucleotide, which may be a substitution, deletion or insertion of one or
more nucleotides, but will not substantially alter the function of the GLP-1 and
GIP mutant protein or fusion protein it encodes.

A polynucleotide that hybridizes with the aforementioned sequence and has
at least 50%, preferably at least 70%, and more preferably at least 80% identity
between the two sequences, is also related to the present invention. A
polynucleotide that can hybridize with the polynucleotide of the present
invention under strict conditions (or stringent conditions) is particularly related
to the present invention. In the present invention, "strict conditions" refer to: (1)
hybridization and elution at lower ionic strength and higher temperature, such as
0.2xSSC, 0.1% SDS, 60°C; or (2) a denaturant is added during hybridization,
such as 50% (v/v) formamide, 0.1% calf serum/0.1% Ficoll, 42°C, etc.; or (3)
the hybridization occurs only when the identity between two sequences is at least
more than 90%, preferably more than 95%.

The fusion protein and polynucleotide of the present invention are
preferably provided in an isolated form, and more preferably, are purified to
homogeneity.

The full-length sequence of the polynucleotide of the present invention can
usually be obtained by PCR amplification method, recombination method or
artificial synthesis method. For the PCR amplification method, primers can be
designed according to the relevant nucleotide sequence disclosed in the present
invention, especially the open reading frame sequence, and a commercially

available cDNA library or a cDNA library prepared by a conventional method
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known to those skilled in the art can be used as a template to amplify the relevant
sequence. When the sequence is long, two or more PCR amplifications are often
necessary to be performed, and then the amplified fragments are spliced together
in the correct order.

Once the relevant sequence is obtained, the recombination method can be
used to obtain the relevant sequence in large quantities. This method is usually
done by cloning the relevant sequence into a vector, then transferring the vector
into a cell, and then isolating and obtaining the relevant sequence from the
proliferated host cell by conventional methods.

In addition, the artificial synthesis method can also be used to synthesize
the related sequence, especially when the fragment length is short. Typically, a
fragment with a very long sequence can be obtained by first synthesizing
multiple small fragments, and then ligating them.

At present, a DNA sequence encoding the protein (or fragment or derivative
thereof) of the present invention can be obtained completely through chemical
synthesis. The DNA sequence can then be introduced into various existing DNA
molecules (or such as vectors) and cells known in the art.

The method of using PCR technology to amplify DNA/RNA is preferably
used to obtain the polynucleotide of the present invention. Especially when it is
difficult to obtain full-length cDNA from the library, the RACE method (RACE-
rapid amplification of cDNA ends method) can be preferably used. The primers
used for PCR can be appropriately selected according to the sequence
information of the present invention disclosed herein, and can be synthesized by
conventional methods. The amplified DNA/RNA fragments can be separated and

purified by conventional methods such as gel electrophoresis.

Expression vector

A vector comprising the polynucleotide of the present invention, and a host
cell produced by genetic engineering using the vector of the present invention or
an encoding sequence of the fusion protein of the present invention, and a
method for producing the polypeptide of the present invention through
recombinant technology, are also related to the present invention.

Through conventional recombinant DNA technology, the polynucleotide

sequence of the present invention can be used to express or produce a
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recombinant fusion protein. Generally, the following steps are included:

(1) transforming or transducing a suitable host cell by using the
polynucleotide (or variant) of the present invention encoding the fusion protein
of the present invention, or using a recombinant expression vector comprising
the polynucleotide;

(2) culturing the host cell in a suitable medium;

(3) separating and purifying the protein from the culture medium or cells.

In the present invention, the polynucleotide sequence encoding the fusion
protein can be inserted into the recombinant expression vector. The term
"recombinant expression vector" refers to bacterial plasmids, bacteriophages,
yeast plasmids, plant cell viruses, and mammalian cell viruses such as adenovirus,
retrovirus or other vectors well known in the art. Any plasmid and vector can be
used as long as it can be replicated and stabilized in the host. An important
feature of an expression vector is that it usually comprises an origin of replication,
a promoter, a marker gene, and a translation control element.

Methods well known to those skilled in the art can be used to construct an
expression vector comprising a DNA encoding sequence of the fusion protein of
the present invention and an appropriate transcription/translation control signal.
These methods include in vitro recombinant DNA technology, DNA synthesis
technology, and in vivo recombination technology, etc. The DNA sequence can
be effectively linked to an appropriate promoter in the expression vector to guide
mRNA synthesis. Representative examples of these promoters are: lac or trp
promoter of Escherichia coli; A phage PL promoter; eukaryotic promoters
including CMV immediate early promoter, HSV thymidine kinase promoter,
early and late SV40 promoter, LTRs of retroviruses and some other known
promoters which can control the gene expression in prokaryotic or eukaryotic
cells or viruses. The expression vector also includes a ribosome binding site for
translation initiation and a transcription terminator.

In addition, the expression vector preferably comprises one or more
selectable marker genes to provide phenotypic traits for selection of transformed
host cells, such as dihydrofolate reductase, neomycin resistance, and green
fluorescent protein (GFP) for eukaryotic cell culture, or tetracycline or ampicillin
resistance for Escherichia coli.

A vector comprising the above-mentioned appropriate DNA sequence and
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an appropriate promoter or control sequence can be used to transform an
appropriate host cell so that it can express a protein.

The host cell can be a prokaryotic cell, such as a bacterial cell; or a lower
eukaryotic cell, such as a yeast cell; or a higher eukaryotic cell, such as a
mammalian cell. Representative examples include: Escherichia coli,
Streptomyces; bacterial cells of Salmonella typhimurium; fungal cells such as
yeast and plant cells (such as ginseng cells).

When the polynucleotide of the present invention is expressed in higher
eukaryotic cells, if an enhancer sequence is inserted into the vector, the
transcription will be enhanced. Enhancers are cis-acting factors of DNA, usually
with about 10 to 300 base pairs, acting on promoters to enhance gene
transcription. Examples that can be enumerated include the SV40 enhancer with
100 to 270 base pairs on the late side of the replication origin, the polyoma
enhancer on the late side of the replication origin, and the adenovirus enhancer,
etc.

Those of ordinary skill in the art know how to select appropriate vectors,
promoters, enhancers and host cells.

Transformation of a host cell with a recombinant DNA can be carried out
by conventional techniques well known to those skilled in the art. When the host
is a prokaryotic organism such as Escherichia coli, competent cells that can
absorb DNA can be harvested after the exponential growth phase then treated
with the CaCl> method, and the steps used are well known in the art. Another
method is to use MgCla. If necessary, the transformation can also be carried out
by electroporation. When the host is a eukaryote, the following DNA transfection
methods can be selected: calcium phosphate co-precipitation method,
conventional mechanical methods such as microinjection, electroporation,
liposome packaging, etc.

The obtained transformants can be cultured by conventional methods to
express the polypeptide encoded by the gene of the present invention. Depending
on the host cell used, the medium used during the culture can be selected from
various conventional mediums. The culture is carried out under conditions
suitable for the growth of the host cell. When the host cell has grown to an
appropriate cell density, a suitable method (such as temperature conversion or

chemical induction) is used to induce the selected promoter, and the cell is
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cultured for another period of time.

The recombinant polypeptide of the above method can be expressed in the
cell or on the cell membrane, or secreted out of the cell. If necessary, the physical,
chemical, and other characteristics can be used to separate and purify the
recombinant protein through various separation methods. These methods are
well known to those skilled in the art. Examples of these methods include, but
are not limited to: conventional renaturation treatment, treatment with protein
precipitation agent (salting out method), centrifugation, osmotic shock method,
ultra-treatment, ultra-centrifugation, molecular sieve chromatography (gel
filtration), adsorption chromatography, ion exchange chromatography, high
performance liquid chromatography (HPLC) and wvarious other liquid

chromatography techniques and combinations of these methods.

Main advantages of the present invention include:

(1) The present invention provides a novel GLP-1/GIP/FGF21 triple
activity fusion protein for the first time, which has more advantages over the
existing single or dual activity proteins in controlling blood glucose, body weight
and blood lipids.

(2) The fusion protein of the present invention can significantly reduce the
body weight, body fat ratio, plasma total cholesterol and low-density lipoprotein
cholesterol of mice, improve liver function and lower mouse blood glucose. Its
effects are significantly better than the single GLP-1/GIP active protein or
FGF21 active protein, and it has a synergistic effect.

(3) The fusion protein of the present invention can be used to treat type 2
diabetes (T2D), obesity and other diseases with abnormal glucose and lipid

metabolic abnormalities.

The present invention will be further illustrated below with reference to the
specific examples. It should be understood that these examples are only to
illustrate the invention, not to limit the scope of the invention. The experimental
methods with no specific conditions described in the following examples are
generally performed under the conventional conditions (e.g., the conditions
described by Sambrook et al., Molecular Cloning: A Laboratory Manual (New
York: Cold Spring Harbor Laboratory Press, 1989), or according to the
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manufacturer’s instructions. Unless indicated otherwise, all percentage and parts

are calculated by weight.

The structure of the fusion protein of the present invention is shown in
the following formula:

R1-L1-Fc-L2-R2,

wherein, R1 is a polypeptide with dual activity of GLP-1 and GIP, L1 and
L2 are linkers, Fc is an 1gG Fc fragment, and R2 is FGF21 or a mutant thereof.

R1 has a sequence of the following structure with dual activity of GLP-1
and GIP:

X1 X2EGTFTSDY SIX13LDKIAX19KX21FX23X24aWLIAGGPSSGAPPPS(S
EQ ID NO. 20)

wherein, X 1s His or Tyr,

Xz 1s Gly or Ser,

Xi3 1s Tyr or Leu,

X9 1s Ala or Gln,

X>1 1s Ala or Asp,

X023 1s Val or Ile,

X24 18 Ala or Gln or Glu,

L1 and/or L2 are linkers;

Fcis an IgG Fc fragment, which can be selected from IgG1, IgG2 and IgG4,
and whose main function is to prolong the half-life;

R2 is FGF21 or a mutant thereof, preferably an FGF21 mutant, wherein the
amino acid sequence of the FGF21 mutant is a peptide sequence based on the
amino acid sequence shown in SEQ ID NO.1 with amino acid residues at
positions 19, 98, 171 and/or 173 selected from the group consisting of R19V,
LI98R, P171N, and Q173T.

Wherein, L1 is (G4S)3A, and L2 is (G4S)s.

Example 1: Preparation of fusion protein samples

The corresponding genes were chemically synthesized according to the
amino acid sequence of 12C1-F, 12C2-F, 12C3-F, 12C4-F, 12C5-F, 12C6-F,
12C7-F, 12C8-F, 12C9-F, 12C10-F, 12C11-F, and 12C12-F fusion proteins, and

cloned into the pcDNA3.1 vector. A large amount of plasmids were extracted and
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transfected into ExpiCHO-S cells (Life Technologies). Feed and Enhancer were
added after 24 hours of transfection, and the cells were cultured in a constant
temperature shaking table under conditions of 5%, 120 rpm, and 32°C. After
culturing for 7 days, the cell liquid was centrifuged (10000xg) for 30 min, and
the supernatant obtained after centrifugation was filtered with a 0.45 pum filter.
The filtrate was loaded onto a MabSelect SuRe column equilibrated with
phosphate buffer. The column was then washed with 10 column volumes of
phosphate buffer. The bound fusion protein was eluted with 50 mmol/L citrate
acid buffer (pH3.0), and then neutralized to pH 7.0 with 1 mol/L Tris-HCI
solution. The purity of the fusion protein was detected by HPLC-SEC. The
absorbance value of the fusion protein at 280 nm was measured by an ultraviolet
spectrophotometer, and the content of the fusion protein was calculated

according to the extinction coefficient and purity of the fusion protein.

Example 2: Determination of in vitro biological activity of fusion
proteins

CHO-KI cells expressing human GLP-1 receptor and CRE-luciferase were
used to detect the in vitro GLP-1 activity of the fusion proteins. The cells were
inoculated in a 96-well plate at a density of 30,000 cells/well/100 pL, and
cultured at 5% CO», 37°C for 1 hour. For each protein sample to be tested, the
protein solution was diluted 9 times with a 4-fold gradient with PBS containing
2% HAS starting from a certain concentration, so that 10 dilutions of each
sample with different concentrations were obtained. 50 pL of each dilution was
taken out and added into the 96-well plate inoculated with cells, and the 96-well
plate was incubated at 5% CO., 37°C for 5 hours. The 96-well plate was taken
out from the incubator and placed at room temperature for 10 minutes of
equilibration, and 100 pL of reaction solution was added into each well. After
the 96-well plate was shaken at 200 rpm for 10 minutes, the fluorescence reading
of each well was detected by a multi-function microplate reader. Using the
sample concentration as the abscissa and the fluorescence reading as the ordinate,
a curve was drawn and the median effective concentration (EC50) of each sample
was calculated. Tirzepatide was used as a positive control, and the results are
shown in the table below.

CHO-K1 cells expressing human GIP receptor and CRE-luciferase were
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used to detect the in vitro GIP activity of the fusion proteins. The cells were
inoculated in a 96-well plate at a density of 30,000 cells/well/100 pL, and
cultured at 5% CO., 37°C for 1 hour. For each protein sample to be tested, the
protein solution was diluted 9 times with a 4-fold gradient with PBS containing
2% HAS starting from a certain concentration, so that 10 dilutions of each
sample with different concentrations were obtained. 50 puL of each dilution was
taken out and added into the 96-well plate inoculated with cells, and the 96-well
plate was incubated at 5% CO., 37°C for 5 hours. The 96-well plate was taken
out from the incubator and placed at room temperature for 10 minutes of
equilibration, and 100 pL of reaction solution was added into each well. After
the 96-well plate was shaken at 200 rpm for 10 minutes, the fluorescence reading
of each well was detected by a multi-function microplate reader. Using the
sample concentration as the abscissa and the fluorescence reading as the ordinate,
a curve was drawn and the median effective concentration (EC50) of each sample
was calculated. Tirzepatide was used as a positive control, and the results are
shown in the table below. The activity of some of the selected fusion proteins is
much higher than that of the control Tirzepatide.

Table 1 Bioactivity of fusion proteins in vitro

Sample GLP-1 EC50(nmol/L) GIP EC50(nmol/L)
Tirzepatide 12.814 0.059
Fc-FGF21 mutant - -
12C1-F 0.830 0.064
12C2-F 2.659 0.073
12C3-F 0.515 0.055
12C4-F 2.563 0.056
12C5-F 6.321 0.032
12C6-F 7.125 0.009
12C7-F 0.988 0.093
12C8-F 2.235 0.022
12C9-F 10.693 0.093
12C10-F 7.355 0.111
12C11-F 0.255 0.036
12C12-F 0.642 0.006
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Note: The main difference between the different sequences is based on the
mutations at different positions of R1

X1X2EGTFTSDY SIX13LDKIAX 19K X21FX23X24WLIAGGPSSGAPPPS

The results show that 12C1-F, 12C3-F, 12C11-F and 12C12-F are the
preferred fusion proteins based on the in vitro activities of GLP-1 and GIP. The
12C12-F fusion protein with the best comprehensive performance was selected

for subsequent experiments.

Example 3: Experiments on reducing blood glucose by multiple
subcutaneous injections in db/db diabetes mice

The purpose of this example is to investigate the effects of subcutaneous
injection of 12C12-F fusion protein on body weight and other indicators of DIO
mice, and to compare its pharmacological effects with Tirzepatide and Fc-FGF21.

After adaptive feeding of animals, fasting blood glucose following a 4-hour
fasting period was measured once a week. Except for the 6 mice in control group
(Wild type), db/db mice were divided into groups for experiments after their 4-
hour fasting blood glucose levels reached the high blood glucose standard (>16.7
mmol/L). Twenty-four male db/db mice that reached the high blood glucose
standard were divided into 4 groups based on their blood glucose levels and body
weight, with 6 mice in each group. Group design: Tirzepatide group, Fc-FGF21
group, 12C12-F group, vehicle group (PBS), and a normal mouse control group
(Wild type) was set up at the same time. After the experimental animals were
grouped, corresponding drug treatment was administered subcutaneously (twice
aweek) at a dose of 30 nmol/kg. During the administration period, random blood
glucose and fasting blood glucose (fasting for 4 hours) were measured twice a
week. Random blood glucose is shown in Fig. 1, and fasting blood glucose is
shown in Fig. 2.

The results show that the hypoglycemic effect of 12C12-F is significantly
better than that of Tirzepatide (GLP-1/GIP dual activity) and Fc-FGF21 (FGF21
single activity). The blood glucose level in 12C12-F group is basically identical
to that of the normal control group, that is, the blood glucose of diabetic mice

has returned to normal.

Example 4: Experiments on body weight reduction by administration
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of multiple subcutaneous injections in DIO mice

The purpose of this example is to investigate the effects of subcutaneous
injection of fusion protein on body weight and other indicators of DIO mice, and
to compare its pharmacological effects with Tirzepatide.

7-week-old C57BL/6Nju mice were fed with a high-fat diet (of about 20%
protein and about 60% fat) for 12 weeks for modeling. Feeding conditions: 12
hours of light and 12 hours of darkness cycle every day, ad libitum feeding,
temperature 20-25°C, relative humidity 40-70%, ventilation frequency of 10-15
times/hour. According to body weight, water consumption, and food intake, the
mice were randomly divided into groups the day before administration. Group
design: Tirzepatide group, Fc-FGF21 group, 12C12-F group, vehicle group
(PBS), and normal control group, with 6 mice in each group. Subcutaneous
injection treatment was administered twice a week for 5 consecutive weeks, for
a total of 10 administrations. After the administration, the body weight, OGTT,
body fat ratio, blood lipids and liver function of the mice were measured. The
data are shown as mean =+ standard deviation, and statistically analyzed by One-
Way ANOVA.

12C12-F can significantly reduce the body weight and body fat ratio of DIO
obese mice, and the reduction extent is significantly greater than that of the
control Tirzepatide and Fc-FGF21. At the same time, it can significantly reduce
blood glucose, plasma total cholesterol and low-density lipoprotein cholesterol,
improve liver function, and basically return them to normal.

Table 2 Changes of body weight and body fat ratio in DIO obese mice after

administration
% Change in weight since _
Sample . i Body fat ratio(%)
inception
Model control 11.94+4.03 47.98+3.72
Tirzepatide
-22.55+4.05**** 32.20£3.87****
(30 nmol/kg)
Fc-FGF21
-6.65+3.33** 42.88+3.88
(30 nmol/kg)
12C12-F
-39.73+4.28 16.1645.56****
(30 nmol/kg)

**#p<0.01, ****p <0.0001 Compared with the control group (One-Way
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ANOVA, Dunnett's). The results are expressed as mean + SD for 6 mice in each

group.

Table 3 Fasting blood glucose, liver enzymes, plasma total cholesterol, and

plasma low-density lipoprotein cholesterol in DIO mice

Blood
ALT AST TC LDL-C
Sample glucose
(U/L) (U/L) (mmol/L) | (mmol/L)
(mmol/L)
Normal 38.350+24. | 50.967+3.2 | 3.753+0.1 | 0.347+0.0
7.8+0.88**
control B7*** 4* gFHxx JFHxk
Model 99.133+53. | 109.367+7 | 6.577+0.9 | 0.952+0.2
10.1+£1.19
control 56 8.38 2 9
Tirzepatide | 7.2+0.22** | 19.000+2.9 | 54.683+5.5 | 3.923+0.2 | 0.423+0.0
(30 anI/kg) * 1**** 3* 8**** 6****
Fc-FGF21 0 10+ 88.365+5.3 | 77.658+56. | 5.364+0.9 | 0.656+0.3
(30 nmol/kg) o 6 32 9 1**
12C12-F 5.240.44** | 14.683+2.1 | 55.18345.2 | 3.348+0.3 | 0.383+0.0
(30 nmol/kg) * 9**** 2* O**** 2****

*p<0.05, **p<0.01, ***p <0.001, ****p <0.0001 Compared with the
control group (One-Way ANOVA, Dunnett's). The results are expressed as mean

+ SD for 6 mice in each group.
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The sequences of the present invention are as follows:
Table 4 The amino acid sequences of 12C1-12C12

SEQ | Number | Sequence

8 12C1 YGEGTFTSDYSILLDKIAQKAFIEWLIAGGPSSGAPPPS
9 12C2 HSEGTFTSDYSIYLDKIAQKAFIEWLIAGGPSSGAPPPS
10 [12C3 YGEGTFTSDYSIYLDKIAQKAFIEWLIAGGPSSGAPPPS
11 | 12C4 HSEGTFTSDYSILLDKIAAKDFIEWLIAGGPSSGAPPPS
12 112C5 YGEGTFTSDYSILLDKIAAKDFVOWLIAGGPSSGAPPPS
13 [12C6 HGEGTFTSDYSILLDKIAQKDFVOWLIAGGPSSGAPPPS
14 |12C7 HSEGTFTSDYSIYLDKIAAKDFIEWLIAGGPSSGAPPPS
15 [12C8 YGEGTFTSDYSIYLDKIAAKAFVOWLIAGGPSSGAPPPS
16 [12C9 HSEGTFTSDYSILLDKIAAKDFVOWLIAGGPSSGAPPPS
17 [12C10 | YSEGTFTSDYSIYLDKIAAKAFVOWLIAGGPSSGAPPPS
18 [12C11 | HGEGTFTSDYSIYLDKIAAKDFIEWLIAGGPSSGAPPPS
19 ]12C12 |HSEGTFTSDYSILLDKIAQKAFIEWLIAGGPSSGAPPPS

SEQ.ID NO 1(wild type FGF21)

HPIPDSSPLLQFGGQVRQRYLYTDDAQQTEAHLEIREDGTVGGAA
DQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSF
RELLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPP
ALPEPPGILAPQPPDVGSSDPLSMVGPSQGRSPSYAS

SEQ.ID NO 2 (FGF21 mutant)

HPIPDSSPLLQFGGQVRQVYLYTDDAQQTEAHLEIREDGTVGGAA
DQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPEACSF
RERLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPP
ALPEPPGILAPQPPDVGSSDPLSMVGNSTGRSPSYAS

SEQ.ID NO 3 (Fc-FGF21 mutant)

ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVV

DVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
RLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGGGGGSGGGG
SGGGGSHPIPDSSPLLQFGGQVRQVYLYTDDAQQTEAHLEIREDGTVG
GAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLHFDPE
ACSFRERLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLP
GLPPALPEPPGILAPQPPDVGSSDPLSMVGNSTGRSPSYAS*

SEQ.ID NO 4 (12C1-F fusion protein)

YGEGTETSDYSILLDKIAQKAFIEWLIAGGPSSGAPPPSGGGGSGGG
GSGGGGSAESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVT
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CVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQE
EMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGGGGGS
GGGGSGGGGSHPIPDSSPLLQFGGQVRQVYLYTDDAQQTEAHLEIRED
GTVGGAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLH
FDPEACSFRERLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARF
LPLPGLPPALPEPPGILAPQPPDVGSSDPLSMVGNSTGRSPSYAS

SEQ.ID NO 5(12C3-F fusion protein)

YGEGTFTSDYSIYLDKIAQKAFIEWLIAGGPSSGAPPPSGGGGSGG
GGSGGGGSAESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
QEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGGGG
GSGGGGSGGGGSHPIPDSSPLLQFGGQVRQVYLYTDDAQQTEAHLEIR
EDGTVGGAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGS
LHFDPEACSFRERLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGP
ARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSMVGNSTGRSPSYAS

SEQ.ID NO 6 (12C11-F fusion protein)

HGEGTFTSDYSIYLDKIAAKDFIEWLIAGGPSSGAPPPSGGGGSGG
GGSGGGGSAESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPS
QEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGGGG
GSGGGGSGGGGSHPIPDSSPLLQFGGQVRQVYLYTDDAQQTEAHLEIR
EDGTVGGAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGS
LHFDPEACSFRERLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGP
ARFLPLPGLPPALPEPPGILAPQPPDVGSSDPLSMVGNSTGRSPSYAS

SEQ.ID NO 7 (12C12-F fusion protein)

HSEGTFTSDYSILLDKIAQKAFIEWLIAGGPSSGAPPPSGGGGSGGG
GSGGGGSAESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQE
EMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGGGGGS
GGGGSGGGGSHPIPDSSPLLQFGGQVRQVYLYTDDAQQTEAHLEIRED
GTVGGAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYGSLH
FDPEACSFRERLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARF
LPLPGLPPALPEPPGILAPQPPDVGSSDPLSMVGNSTGRSPSYAS

SEQ ID NO. 20 (Peptide template)

X1X2EGTFTSDY SIX13LDKIAX19KX21FX23X24WLIAGGPSSGAPPPS

Wherein, X1isHorY, XoisGor S, XiisY or L, Xwis Aor Q, Xo1is A
or D, XazisVorl, XaisAorQorE
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SEQ ID NO. 21 (Fc fragment)

ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVV
VDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQ
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLG

SEQ ID NO. 22 (linkerl)

GGGGSGGGGSGGGGSA

SEQ ID NO. 23 (linker2)

GGGGSGGGGSGGGGS

All documents mentioned in the present invention are incorporated by
reference herein as if each document was incorporated separately by reference.
Furthermore, it should be understood that after reading the foregoing teachings
of the present invention, various changes or modifications can be made to the
present invention by those skilled in the art and that these equivalents also fall in

the scope of the claims appended to this application.
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Claims

1. A fusion protein, wherein the fusion protein has a structure as shown
in formula | or formula Il from N-terminus to C-terminus:

Z0-R1-L1-Fc-L2-R2 ()

Z0-R2-L1-Fc-L2-R1 (II)

wherein,

Z0 is absent, or selected from: a signal peptide, a tag sequence, or a
combination thereof;

R1 is a mutant protein element of GLP-1 and GIP;

L1 is absent or a linker peptide;

Fc is a Fc element;

L2 is absent or a linker peptide;

R2 is a FGF21 element;

"-"is a bond, wherein,

the mutant protein element of GLP-1 and GIP comprises a GLP-1 and
GIP mutant protein, wherein the amino acid sequence of the mutant protein
Is a polypeptide sequence based on the amino acid sequence shown in SEQ
ID NO: 20 with amino acid residues at positions 1, 2, 13, 19, 21, 23, 24
selected from the group consisting of:

His or Tyr at position 1,

Gly or Ser at position 2,

Tyr or Leu at position 13,

Ala or GIn at position 19,

Ala or Asp at position 21,

Val or lle at position 23, and

Ala or GIn or Glu at position 24; and

wherein the mutant protein has activity of binding and activating both
a class B G protein-coupled receptor GLP-1R and a human glucose-
dependent insulinotropic polypeptide (GIP) receptor.

2. The fusion protein of claim 1, wherein the amino acid sequence of
the mutant protein is shown in any one of SEQ ID NOs: 8-19.

3. The fusion protein of claim 1, wherein the FGF21 element comprises

FGF21 wild-type or a mutant thereof, wherein the amino acid sequence of the
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FGF21 mutant is a polypeptide sequence based on the amino acid sequence
shown in SEQ ID NO: 1 with amino acid residues at positions 19, 98, 171 and/or
173 selected from the group consisting of: R19V, L98R, P171N, and Q173T.

4. The fusion protein of claim 1, wherein the fusion protein has an
amino acid sequence selected from the group consisting of:

(a) a sequence shown in any one of SEQ ID NOs: 4-7;

(b) an amino acid sequence having at least 80%, preferably at least 85%
or 90%, more preferably at least 95%, more preferably at least 98%, and
more preferably at least 99% homology to a sequence shown in any one of
SEQ ID NOs: 4-7;

wherein the fusion protein has both activity of binding and activating a
class B G protein-coupled receptor GLP-1R and a human glucose-dependent
insulinotropic polypeptide (GIP) receptor, and activity of fibroblast growth
factor 21 (FGF21).

5. An isolated polynucleotide encoding the fusion protein of any one of
claim 1 to claim 4.

6. A vector comprising the polynucleotide of claim 5.

7. A host cell which comprises the vector of claim 6, or has the
polynucleotide of claim 5 exogenously integrated into its genome.

8. A method for preparing the fusion protein of claim 1, which comprises
the following steps:

(1) culturing the host cell of claim 7 under a suitable condition, thereby
obtaining a mixture comprising the fusion protein of claim 1; and

(i1) purifying and/or separating the mixture obtained in step (i), thereby
obtaining the fusion protein of claim 1.

9. A pharmaceutical composition comprising:

(I) the fusion protein of claim 1; and

(IT) a pharmaceutically acceptable carrier.

10. Use of the fusion protein of claim 1 or the pharmaceutical composition

of claim 9 in the manufacture of a medicament for:
(i) controlling blood glucose content in the body of a subject in need thereof;
(ii) reducing blood lipid content in the body of a subject in need thereof;
(iii) reducing body fat rate, or suppressing weight gain of a subject in need
thereof;
(iv) improving liver function; and/or
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(v) preventing and/or treating a metabolic disease associated with diabetes
or obesity.
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