GENE ENCODING HUMAN GLUCOKINASE MUTANT, ENZYME ENCODED BY THE
SAME, RECOMBINANT VECTORS AND HOSTS, PHARMACEUTICAL
COMPOSITIONS AND USES THEREQF, METHODS FOR TREATING AND
PREVENTING DISEASES

FIELD OF THE INVENTION

The invention is directed to a human glucokinase mutant-encoding gene, a human
glucokinase mutant expressed by the gene, a recombinant vector carrying the human
glucokinase mutant-encoding gene, a host comprising the recombinant vector, a
pharmaceutical composition comprising one or more selected from the human
glucokinase mutant-encoding gene, the human glucokinase mutant, the recombinant
vector and the host, use of the human giucokinase mutant-encoding gene, the human
glucokinase mutant, the recombinant vector and the host in the manufacture of a
medicament for controlling blood giucose or a medicament for preventing and treating
disturbances of carbohydrate metabolism, use of the human glucokinase
mutant-encoding gene, the human glucokinase mutant, the recombinant vector and the
host in the manufacture of a medicament for preventing and treating diabetes mellitus, a
method for controlling blood glucose or preventing and treating disturbances of
carbohydrate metabolism by use of them, and a method for preventing and treating
diabetes mellitus by use of the same.

BACKROUD TECHNIQUES

The glucokinase (GK) is an important member of the hexose kinase family, of which
the basic biological activity is to catalyze the phosphorylation of glucose. The human
glucokinase-encoding gene is located at the short arm of Chromosome 7 and comprises
ten exons. The GK consists of 465 amino acids, is present specifically in mature
hepatocytes and islet beta-ceils, and involved in many of key steps in glycometabolism
and secretion of insulin.

At present, it has been shown that the intensity in the in vivo insulin secretion
response is proportional to the metabolic rate for glucose in insulin beta-cells. Thus, the
enzyme that controls the rate of glucose influx into cells is considered as a glucose sensor
regulating insulin release, and the GK is the glucose sensor in islet beta-cells. When
transferred into a beta-cell through the fransporter 2, glucose is phosphorylated under the
action of the glucokinase and introduced into the glycolytic pathway to give ATP, amount
of which is proportional to the amount of glucose introduced into the beta-cell; ATP can
shut down the potassium ion channel on the plasma membrane of the beta-cell, leading to
depolarization, which in turn results in calcium ion influx and eventually secretion of insulin.
Since the activity of GK is controlled directly or indirectly by glucose concentration in blood,
alteration in the metabolic rate for glucose within the beta-cell may reguiate the secretion
of insulin. Moreover, as the enzyme can also control the blood glucose concentration by
facilitating synthesis of hepatic glycogen and catalyzing conversion of glucose into
glucose-6-phosphate, abnormality of GK activity plays a key role in occurrence and
development of disturbances of carbohydrate metabolism.

It was found by some investigations that in patients and some animal models (e.g.,



fasting rats) suffering from type 2 diabetes meliitus, the GK activity in hepatocytes from
rats with type 2 diabetes mellitus induced by high-fat diet is significantly reduced as
compared to the normal control; It was demonstrated further by other investigation results
that increase in GK activity can decrease the blood glucose level significantly. it has
confirmed in the present study that the variation in the GK gene is closely associated with
onset of a subtype of type 2 diabetes mellitus, i. e. maturity-onset diabetes of the young
(MODY), in which the gene mutation plays a leading role in onset of MODY.

DISCLOSURE OF THE INVENTION

The technical objective to be solved by the present invention is how to provide a
human glucokinase mutant-enceding gene from which the human glucckinase mutant is
expressed with GK activity higher than the wild-type one, so that a novel way for
controlling blood glucose, treating disturbances of carbohydrate metabolism as well as
diabetes mellitus, particularly type 2 diabetes mellitus will be provided.

The present invention provides a human glucokinase mutant-encoding gene, wherein
the gene has:

{1) a nucleotide sequence as shown in SEQ ID NO: 2; or

(2) a nucleotide sequence which is identical to the nucleotide sequence shown in
SEQ ID NO: 2 except the open reading frame (ORF) ranging from position 487 to 1884 of
the nucleotide sequence shown in SEQ ID NQ: 2, and of which the ORF encodes the
same amino acid sequence as that encoded by the ORF of the nucleotide sequence
shown in SEQ ID NO: 2.

It is generally believed in the prior art that because the missense mutation, nonsense
mutation, and frameshift mutation at bases in the ORF of a protein-encoding gene may
alter the primary structure of the amine acid sequence of a protein product encoded by the
gene, only the mutation occurring within an exon of the protein-encoding gene can usually
result in relatively remarkable changes in the performance of the profein product.
Presently, the function for an intron of the protein-encoding gene is still unclear, and
generally speaking, alteration in the infron can hardly have an essential effect on the
performance of the protein product. The inventors of the present invention have
unexpectedly found that a mutant human glucokinase gene which has a mutation
oceurring within an intron region of the wild-type human glucokinas gene may express a
human glucokinase mutant exhibiting a significantly increased GK activity in comparison
fo that of the wild-type.

The present invention aiso provides a human glucckinase mutant, wherein the
human glucokinase rmutant-encoding gene is the human glucokinase mutant-encoding
gene set forth in the present invention.

The present invention also provides a recombinant vector comprising a vector and a
gene of interest carried thereon, wherein the gene of interest is the human glucokinase
mutant-encoding gene set forth in the present invention.

The present invention also provides a host, wherein the host comprise the
recombinant vecior set forth in the present invention.

The present invention also provides a pharmaceutical composition which comprises a
pharmaceutically acceptable excipient and one or more selected from a human



glucokinase mutant-encoding gene set forth in the present invention, a human
glucokinase mutant set forth in the present invention, a recombinant vector set forth in the
present invention, and a host set forth in the present invention.

The present invention also provides use of a human glucokinase mutant-encoding
gene set forth in the present invention, a human glucokinase mutant set forth in the
present invention, a recombinant vector set forth in the present invention, and a host set
forth in the present invention in the manufacture of a medicament for controlling blood
glucose or a medicament for preventing and treating disturbance of carbohydrate
metabaolism.

The present inveniion also provides use of ahuman glucokinase mutant-encoding
gene set forth in the present invention, a human glucokinase mutant set forth in the
present invention, a recombinant vector set forth in the present invention, and a host set
forth in the present invention in the manufacture of a medicament for preventing and
treating diabetes mellifus.

The present invention also provides a method of controlling blood glucose or
preventing and treating disturbances of carbohydrate metabolism, wherein an agent
selected from the group consisting of a human glucokinase mutant-encoding gene set
forth in the present invention, a human glucokinase mutant set forth in the present
invention, a recombinant vector set forth in the present invention, and a host set forth in
the present invention is administered to a patient in need thereof.

The present invention also provides a method of preventing and treating diabetes
mellitus, wherein an agent selected from the group consisting of a human glucokinase
mutant-encoding gene set forth in the present invention, a human glucokinase mutant set
forth in the present invention, a recombinant vector set forth in the present invention, and
a host set forth in the present invention is administered to a patient in need thereof.

The human glucokinase mutant expressed by a gene of the prasent invention exhibits
an activity significantly higher than that of the wild-type, thus providing a novel, effective
means for controlling blood glucose or for preventing and treating disturbances of
carbohydrate metabolism, especially diabetes mellitus.

DESCRIPTION OF THE DRAWINGS

Figure 1 is the electrophoresis photograph obtained after ligation of the linearized
pIRES2-EGFP plasmid and the gene of interest (Example 1).

Figure 2 is the curve for the functional relation between the insulin unit (¢ unit/mi) on
the X -axis and the "% counting on the Y-axis.

Figure 3 is a schematic representation for the structure of pIRES2-EGFP plasmid
vector.

Figure 4 is the electrophoresis photograph for identification of min6 cells successfully
transfeced with the recombinant plasmid vector.

Figure & is the microscopic photograph for min6 cells successfully transfeced with the
recombinant plasmid vector.

Figure 6 is the electrophoresis photograph for identification of the recombinant
circular shuttle plasmid pShuttle2-CMV-G262-IRES2-EGFP or the recombinant circular
shuttle plasmid pShutile2-CMV-G261-IRES2-EGFP.



Figure 7 is the electrophoresis photograph for identification of the recombinant
adenovirus pAd-GFP-G261 or the recombinant adenovirus pAd-GFP-G262.

DETAILED EMBODIMENTS

The present invention provides a gene encoding a human glucckinase mutant,
wherein the gene has:

(1) a nucleotide sequence as shown in SEQ ID NO; 2; or

(2) a nucleotide sequence which is identical to the nucleotide sequence shown in
SEQ ID NO: 2 except the open reading frame (ORF) ranging from position 487 to 1884 of
the nucleotide sequence shown in SEQ ID NO: 2, and of which the ORF encodes the
same amino acid sequence as that encoded by the ORF of the nucleotide sequence
shown in SEQ ID NO: 2.

Preferably, the human glucokinase mutant-encoding gene has the nucleotide
sequence shown in SEQ ID NO: 2. A gene encoding the human glucokinase can be
‘isolated from leukocytes of a healthy human body, which has the nucleotide sequence
shown in SEQ ID NO: 1 of the sequence listing, i. e. the wild-type gene encoding the
human glucokinase (GenBank access number BC001890, M88011, NM033508, and
NMO033507). The nucleotide sequence of the human glucckinase mutant-encoding gene
according to the present invention as shown in SEQ ID NO: 2 had a deletion of one C
base at position 2643 in comparison with that of the wild-type gene.

It should be understood that one skilled in the art may synthesize a nucleotide
sequence different from SEQ [D NO: 2 while encoding the human glucokinase mutant of
the present invention, according to the codon-degeneracy and the codon usage bias in
different species. That is, it is a nucleotide sequence which is identical to the nuclectide
sequence shown in SEQ ID NQO: 2 except the open reading frame ranging from position
487 to 1884 of the nucleotide sequence shown in SEQ ID NO: 2, and of which the ORF
encodes the same amino acid sequence as that encoded by the ORF of the nuclectide
sequence shown in SEQ ID NO: 2.

The present invention also provides a human glucokinase mutant, wherein the
human glucokinase mutant-encoding gene is the human glucokinase mutant-encoding
gene set forth in the present invention.

It is well known in the art that among 20 kinds of the different amino acids constituting
a protein, all of other 18 kinds of the different amino acids are encoded individually by 2-6
of the codons, except Met (ATG) or Trp (TGG) being encoded individually by a single
codon {See, Appendix D in Sambrook et al, Molecular Cloning: A Laboratory Manual, 2nd
ed. New York: Cold Spring Harbor Laboratory Press, pp. 850). In other words, since the
codon encoding for an amino acid is more than one in most cases due fo genetic
codon-degeneracy and substitution of the third nuclectide in a triplet codon often results in
no changes in the amino acid composition, the nucleotide sequences encading proteins
with the identical amino acid sequence may be different. According to the well-known
codon table, the person skilled in the art has acquired the nucleotide sequences
aforementioned from the nucleotide sequence shown in SEQ ID NO: 2 disclosed
according to the invention, by biological processes (e.q., PCR-based approaches,
point-mutation methods) or chemical synthesis, and made use of them in recombinant



techniques and gene therapies, thus this portion of the nucleotide sequences should all
be included within the scope of the present invention. Moreover, DNA sequences
disclosed herein may also be utilized by methods well known in the art, for example
methods described by Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd
ed. New York: Cold Spring Harbor Laboratory Press, 1989), through modifying nucleic
acid sequence provided in the present invention.

The present invention also provides a recombinant vector comprising a vector and a
gene of interest carried thereon, wherein the gene of interest is a human glucokinase
mutant-encoding gene set forth in the present invention.

The genes of inferest may also include a regulatory sequence, for example, a
promoter, terminator, and enhancer for expression of one or more of the genes of interest.
The gene of interest may also include a marker gene (e.g., genes encoding the
fB-galactosidase, the green fluorecent protein or other fluorecent proteins) or a gene
whose product regulates expression of other genes. In addition to being a DNA, the gene
of interest may also be mRNA, tIRNA, or rRNA, and may also include the relevant
transcription reguiatory sequence usually associated with transcription of the sequence,
such as, for example, a transcriptional termination signal, a polyadenylation site, and a
down-stream enhancer element.

The vector may be various vectors capable of carrying the gene of interest which are
commonly used in the art and various vectors capable of carrying the gene of interest
which are available and improved by technological development. For example, the vector
is plasmids (naked DNA), liposomes, molecular conjugates, polymers and viruses.

The plasmid (naked DNA) may carry a gene of interest, and the plasmid carrying the
gene of interest may be injected directly or introduced through gene gun, electroporation,
and electrofusion techniques into cells in a tissue. Moreover, the ultrasonic wave
facilitates increasing the transferring efficiency for the plasmid. Ultrasonic wave in
combination with microbubble echo contrast agent can increase permeability of the
plasma membrane, thereby significantly increasing the transferring and expression
efficiency for the naked DNA. Since this technique for permeation of plasma membrane
can transiently make pores on the surface of the plasma membrane, the DNA has a
chance to be introduced into the cell.

The liposome is a droplet consisting of lipid bimolecular leaflets and can mediate
entry of the gene of interest through the plasma membrane. The lipid may be natural
phospholipids predominating in lecithin (phosphatidylcholine, PC) and derived from egg
yolk and soy bean; .may also be synthetic phospholipids, such as dipalmitoyl
phosphatidylcholine (DPPC), dipalmitoyl phosphatidylethanolamine (DPPE), distearoyl
phosphatidylcholine (DSPC), and so on; and may also comprise cholesterol. The
preferred liposome is cationic liposome, which mainly results from mixing the positively
charged lipids and the auxiliary neutral lipids at equivalent molars A complex can be
effectively formed between the positively charged liposome and the negatively charged
DNA, and transferred into cells through endocytosis.

The polymer is a stable polymer/DNA complex formed by electrical neutralization due
to binding of the positive charges on a cationic polymer (e.g., poly-L-lysine) to the
negative charges on the DNA. The resulting complex of the cationic polymer and the DNA



is still loaded with positive charges, can bind to the negatively charged receptor on the
surface of the cell, and then be introduced into the cell.

The molecular conjugate is the entity in which an exogenous DNA gene of interest is
covalently bound onto a ligand, a monoclonal antibody, or a viral envelope protein against
a specific receptor on the cell surface and the exogenous gene is infroduced into a
particular type of the cell by the specific binding property.

Since a virus usually can entry into a particular cell type with high efficiency, express
its own proteins, and generate nascent virions, thus the modified virus serves first of all as
a vector for gene therapy. For example, mention may be made of retrovirus vector,
adenovirus vector, adeno-associated virus vector, herpes simplex virus vector, etc. Among
them, the adeno-associated virus belongs to non-pathogenic member from Parvoviridae
family, which can be proliferated exclusively dependent on a helper virus. The
adeno-associated virus has a very small genome. For example, the adeno-associated
virus type 2 has a single-chained DNA genome consisting of 4681 nucleotides, which
comprise two genes, i. . the rep gene (encoding proteins responsible for regulating viral
replication, expression of structural genes and integration into the host's genome) and the
cap gene {(encoding the structural capsid protein), with one terminal repeat of 145 bp
present at one terminus of the genome. The adeno-associated virus can infect cells in the
dividing phase and in the staticnary phase, be inserted into the chromosome of host cell,
or be stably expressed for a long term in the form of an extrachromosomal concatemer
DNA. It can effectively transform cell fypes of brain, skeletal muscle, liver and so on, and
possesses characteristics, such as, antigenicity, low toxicity, non-pathogenicity, etc.

Preferahly, the vector is selected from the group consisting of the cloning vector, the
eukaryotic expression vector, the prokaryotic expression vector, and the shuttle vector
{e.g., the shuttle plasmid pShutlle2)} to implement amplification and expression of the
gene of interest. When used in gene therapy, an inducible expression vector is preferably
used, for example, pIRES2-EGFP. More preferably, the vector is selected from the group
consisting of the pIRES2-EGFP, pCMVp-NEQ. BAN, pEGFT-Actin, and an adenovirus
vector. The most preferred vector is the adenovirus vector. The adenovirus is a
non-enveloped virus with a linear double-stranded DNA genome, exists extensively in
nature, and is classified into at least more than 100 serotypes. The adenovirus genome is
about 36kb in length and has one reverse terminal repeat respectively at one of both
ferminuses with a virus packaging signal being inner. There are four early transcription
units (E1, E2, E3, and E4) responsible for regulation and one late transcription unit
responsible for encoding viral structure proteins in the adenovirus genome. As a vector for
gene therapy, the adenocvirus vector has the following advantages: 1) has relatively large
packaging capacity for a exogenous gene, thus being possible to insert a large fragment
of the exogenous gene, up to 35kb in length; 2) has high infection efficiency, thus being
possible to efficiently fransduce various cell-types in human tissues with an in vitro
experimental transduction efficiency of approximately 100%; 3) can transduce the
non-dividing cells; 4} yields the recombinant virus with high titers in cell culture; 5) entries
into a host cell without integration into the genome of the host cell and only is transiently
expressed, thus exhibiting relatively high safety. At present, the newest version of the
adenovirus vector has all of (a8 non-viral vector) or most of adenovirus genes (a



mini-adenovirus vector) deleted, and only the reverse terminal repeats and the packaging
signal sequence refained, soc a gene up to 35kb in length can be inserted into the vector, a
weaker celiular immune response is elicited by the vector, a nuclear matrix attachment
region introduced into the vector can allow the exogenous gene to be expressed for a long
time and increase the stability of the vector.

The present invention also provides a host, wherein the host comprise a recombinant
vector set forth in the present invention. On one hand, transformation of a host with the
recombinant vector comprising the human glucokinase mutant-encoding gene of the
present invention may be used to investigate the relation between the human glucokinase
mutant and glycometabolism as well as the insulin secretion, on the other hand may be
used to prepare the active glucokinase mutant. It is preferred that the host is selected from
one or more of E coli, 239 cells, min-6 cells, and human islet beta-cells. Among them, the
E. coli as a genetic engineering strain may both comprise the recombinant cloning vector
of the present invention to implement amplification of the human glucokinase
mutant-encoding gene of the present invention and comprise the recombinant expression
vector of the present invention to implement expression of the human glucokinase mutant
of the present invention in a large amount. When the recombinant vector is a recombinant
adenovirus vector, the vector may be amplified in 239 cells. The min-6 cell is a mouse isfet
beta-cell strain with relatively potent ability to secrete insulin, and can act as the host for
the eukaryotic expression vector of the present invention to produce the present invention
human glucokinase mutant and test the GK activity thereof. The human islet beta-cell may
be a commercially available cell line and also be human islet beta-cells of subjects for
example from patients with diabetes mellitus. During the course of the gene therapy, it is
preferred that the human islet beta-cells from a subject pre se is retransplanted into the
subject after transduced with a human glucokinase mutant-encoding gene of the present
invention, for avoidance of the subsequent immunoclogical rejection.

The present invention also provides a pharmaceutical composition which comprises a
pharmaceutically acceptable excipient and one or more selected from a human
glucokinase mutant-encoding gene set forth in the present invention, a human
glucokinase mutant set forth in the present invention, a recombinant vector set forth in the
present invention, and a host set forth in the present invention.

The pharmaceutically acceptable excipient refers to non-toxic solid, semi-solid, or
liquid fillers, dilutents, coating materials or other aguxiliary agents for formulations, for
example, including, but not limited to saline, buffered saline, glucose, water, glycerol,
ethanol, and mixtures thereof. The pharmaceutical composition is suitable for parenteral,
sublingual, intracisternal, intravaginal, iniraperitoneal, intrarectal, intrabuccal, or
transepidermal administration.

The parenteral administration includes intraveinous, intramuscular, intraperitoneal,
intrathoracic, subcutaneous, intra-articular injection and infusion. The pharmaceutical
composition suitable for parenteral administration includes aqueous or non-aqueous
sterile solutions, dispersions, suspensions or emulsions, and powders formulated in an
infectable sterile solution or dispersion immediately before use. Appropriate agueous or
non-aqueous carriers, dilutents, sclvents or excipienis include water, ethanol, glycerol,
propylene glycol, polyethylene glycol, carboxymethyl cellulose, vegetable oils and



injectable organic esters, such as, ethyl oleate. These compositions may also comprise
preservatives, wetting agents, emulsifiers, protectants and dispersion aids, for example,
inositol, sorbitol, and sucrose. It is preferred to add osmotic regulators such as
carbohydrates, sodium chloride, and potassium chloride.

Transepidermal administration includes administration on the skin, mucosa, and the
surface of the lung and the eye. Such a pharmaceutical composition includes pulveres,
ointments, drops, fransdermal paiches, lontophoresis devices, inhalants, etc. The
composition for intrarectal or intravaginal administration is preferably a suppository, which
can be prepared by mixing the recombinant vector of the present invention with
appropriate non-stimulatory excipients, such as cacao butter, polyethylene glycol, or
suppository wax base, wherein the excipient or carrier remains solid at room temperature,
and become liguid at body temperature, thus being melt in the rectum or vagina and
releasing the active compound.

Preferably, the pharmaceutical compositions is an injection which comprise a
pharmaceutically accepfable excipient and one or more selected from a human
glucckinase mutant-encoding gene set forth in the present invention and a recombinant
vectors set forth in the present invention.

The said pharmaceutically acceptable excipient is a phosphate buffer with a pH value
of 4.0-9.0; and 10210 copies of the human glucokinase mutant-encoding gene or
10%10" copies of the recombinant vector are comprised in one milliliter of the injection.

The injection further comptises a protectant and/or an osmotic regulator; the content
of the protectant is 0.01-30% by weight on basis of the injection, the protectant is one or
more selected from inositol, sorbitol, and sucrose; the content of the osmotic regulator
allows osmotic pressure of the injection to be 200-700 mOsm/kg with the osmotic
regulator being sodium chloride and/or potassium chloride.

When the injection was used in the administration, the subject was administered with
the injection containing 10°-10"° copies, preferably 10°-10% copies, and more preferably
10%-10%opies of the human glucokinase mutant-encoding gene; or containing 10%-10"
copies, preferably 10°-10" copies, and more preferably 10%10 copies of the
recombinant vector; It is further preferred that the recombinant vector is a recombinant
adenovirus vector which is administered in the amount ranging from 10® 10" plaque
forming units (pfu), preferably 10°-10" pfu, and more preferably 10%-10™ pfu. When the
pharmaceutical composition of the present invention is injected, the injection dosage may
be the one commonly used in the art, at most 500 ul, typically 1-200 ul, preferably 1-10 ul;
however, a dosage of up to 10 ml may also be used depending on the injection site. Since
one skilled in the art are able to readily determine the optimal route of administration and
dosages, the routes of administration and dosages above are for reference only. The dose
may be determined according to various parameters, especially the age, body weight of
the patient to be treated, severity of the disease, disorder, or condition as well as and the
route of administration. The injection of the pharmaceutical composition set forth in the
present invention may also be administered systematically, and the injection of the
pharmaceutical composition of the present invention may also be injected into a local site
{e.g., into skeletal muscle).

The present invention also provides use of a human glucokinase mutant-encoding



gene set forth in the present invention, a human glucokinase mutant set forth in the
present invention, a recombinant vector set forth in the present invention, and a host set
forth in the present invention in the manufacture of a medicament for controlling blood
glucose or a medicament for preventing and treating disturbance of carbohydrate
metabolism.

The present invention also provides use of a human gilucokinase mutant-encoding
gene set forth in the present invention, a human glucokinase mutant set forth in the
present invention, a recombinant vector set forth in the present invention, and a host set
forth in the present invention in the manufacture of a medicament for preventing and
treating diabetes mellitus.

The present invention alsc provides a method of controlling blood glucose or
preventing and treating disturbances of carbohydrate metabolism, wherein an agent
seiected from the group consisting of a human glucokinase mutant-encoding gene set
forth in the present invention, a human glucokinase mutant set forth in the present
invention, a recombinant vector set forth in the present invention, and a host set forth in
the present invention is administered to a patient in need thereof.

The present invention also provides a method of preventing and treating diabetes
mellitus, wherein an agent selected from the group consisting of a human glucokinase
mutant-enceding gene set forth in the present invention, a human glucokinase mutant set
forth in the present invention, a recombinant vector set forth in the present invention, and
a host set forth in the present invention is administered to a patient in need thereof.

The following examples will further illustrate the disclosure of the present invention,
and should not be construed in any way teo limit the present invention. All of modifications
or replacements that may be made io the methods, steps, or conditions in the present
invention without departing from the spirit and essence of the present invention fall within
the scope of the present invention. The technical means used in the examples are
conventional means well-known to one skilled in the art, unless specifically stated
otherwise. All of reagents and culiure media used in the present invention are
commercially available products unless specifically specified otherwise.

Example 1: Chemical synthesis of a human glucokinase mutant-encoding gene (G262) of
the present invention
The human glucokinase mutant-encoding gene with the nucleotide sequence as
shown in SEQ ID NO: 2, has a fulldength of 2748 bps. After sequence analysis, it was
shown that there are three unique restriction sites, Hindill, Sacl, and BamH|, which are
located at the position 2443, 1327, and 2250 of SEQ ID NO: 2, respectively. The synthesis
strategy was as follows: synthesis of the partial DNA fragments respectively using the
solid phase phosphcramidite triester approach, ligation of the synthesized fragments,
sequencing and verification of the ligated gene, and correction of the mistaken ligation, in
which the detailed steps were the following:
1.  An A fragment with a total of 1360 bps ranging from the 5' terminus to the Sac |
restriction site of the gene was synthesized,
2. Results from the sequencing and identification indicated that the whole A
fragment was obfained from step 1, the whole fragment was subjected to



terminal modification and then ligated between the Hindlli/Sac! sites of the vector
PCRZ2. | (Invitrogen, Co. );

3.  An B fragment with a total of 939 bps ranging from the Sacl restriction site to the
BamH| restriction site of the gene was synthesized;

4. Results from the sequencing and identification indicated that the whole B
fragment was obtained from step 3, the whole fragment was subjected to
terminal medification and then ligated between the BamHl/Sacl sites of the
vector PCR2. |;

5.  An C fragment with a total of 551 bps ranging from the BamHl| restriction site to 3’
terminus of the gene was synthesized;

6. Results from the sequencing and ideniification indicated that the whole C
fragment was obtained from step 5, the whole fragment was ligated into the
vector comprising the B fragment, resulting in a D fragment of a total of 1457
bps.

7. Resulis from the sequencing and identification indicated that the whole D
fragment was obfained from step 6. The A and D fragmentis to be ligated were
digested with the Sacl restriction enzyme to produce DNA fragments with a
cohesive end, a DNA ligation reaction was carmied out in which the T4 DNA
polymerase was involved. The human glucokinase mutant-encoding gene with
the nucleotide sequence as shown in SEQ [D NO: 2, was obtained eventually. All
of enzymes and buffers used were purchased from Clontech, Co. and restriction
digestion and ligation were performed according the protocel provided by
Clontech, Co.

Since there were some protective sequences at all of the terminuses of the
synthesized fragments to facilitate terminal modification of the fragments after synthesized,
thus the length of the synthesized sequence was longer a little than the actual length. The
protective sequence refers to a protective sequence of 8 to 20 bases which is added
artificially to either side of a terminal restriction site present at the end of a DNA in order to
eliminate the inability of a restriction enzyme to normally bind to and cleave the DNA at the
restriction site in presence of the steric hindrance, the protective base sequence being
from Clontech Co. the manufacturer for restriction enzymes. For the DNA strands would
be degraded first from its ferminus, the presence of the protective bases can protect the
restriction site from being damaged during the manipulation The modification refers to a
process in which the DNA fragment is enzymatically digested with a restriction enzyme to
remove the protective bases. The restriction enzyme and T4 ligase utilized as well as the
reaction buffers and experimental systems utilized were all from Clontech Co, which
provided the introduction of the corresponding products and the standard operation
profocols thereof at its website (http//www. clontech. com/).

The gene sequence correctly ligated in step 7 was amplified by PCR, and the
sequencing result of the gene was consistent with SEQ ID NO: 2. The resulting gene was
stored at -20°C for ligation into an expression vector.

Comparative Example 1: Preparation of a human wild-type glucokinase-encoding gene
(G261)
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The human wild-type glucokinase-encoding gene was prepared according to the
nucleotide sequence as shown in SEQ ID NO: 1 with reference to the protocol in Example
1.

Example 2: Construction of an expression vector
1-1) linearization of the pIRES2-EGFP plasmid vector

The pIRES2-EGFP plasmid is a circular structure (see, in Figure 3) and needs to be
linearized before transfeced into cells. The BsiBI restriction enzyme (TTCGAA) (New
England Biolabs, NEB Co. ) was selected, because the enzyme has a unigue restriction in
the plasmid and thus restriction digestion has no effect on the protein expression. The
IRSE means to an internal ribosome entry site characterized in that, when the IRSE is
present after an ORF, another coding sequence following the IRSE is allowed to be
translated after translation of the ORF would have been terminated. Thus, the two
protein-encoding genes individually having an independent ORF were expressed as a
fusion protein.

pIRES2-EGFP plasmid DNA 10 ug

Restriction digestion buffer & ul

Restriction enzyme 10 Units

Deionized water made the system up to 50 ul
were incubated at 37°C for 3 hours, subjected to phenol/chioroform extraction to give the
total DNA, precipitated by anhydrous ethanol to yield a DNA pellet. The DNA pellet was
washed with 70% ethanol and re-dissolved in deionized water. A 1.2 % agarose gel
electrophoresis was performed to detect the molecular weight of the plasmid and purify
the linearized pIRES2-EGFP plasmid vector. The purified plasmid was stored at -20°C
until used.
1-2) Ligation of the linearized pIRES2-EGFP plasmid and the gene of interest

The recoverad linear pIRES2-EGFP plasmid vector 0.3ug
DNA of the gene of interest

(in Example 1 or Comparative Example 1) Sug

T4 ligase 10 units

Ligation buffer 1.0 4l

Deionized water made the system up
to 10 ul

were incubated at 14°C for 12 h, subjected to phenol/chloroform extraction to give the
total DNA, precipitated by anhydrous ethanol to yield a DNA pellet. The DNA pellet was
washed with 70% ethanol and re-dissolved in deicnized water. The molecular weight of
the plasmid was identified by electrophoresis (see Fig. 1 for the electrophoresis resuit of
Example 1, wherein lane 1 is the electrophoresis result for the ligated total DNA of
Example 1, lane 2 is the molecular weight size marker, and the band with a molecular
weight greater than 5000 in lane 1 is the successfully ligated band) and the pIRES2-EGFP
plasmid vectors carrying the genes of interest (in Example 1 or Comparative Example)
were individually purified and recovered. The purified plasmid was stored at -20°C until
used.

The restriction enzyme and T4 ligase utilized as well as the reaction buffers and
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experimental systems utilized were all from NEB Co, and manipulate according to the
introduction of the corresponding products and the standard operation protocols thereof.
2) Construction of an adenovirus expression vector

2-1) The human adenovirus serofype 5 and the E1/E3-deleted adenovirus were
chose in the Example to construct a recombinant shuttle plasmid vector in the following
steps.

a) a shuttle plasmid pShuttle2-CMV (BD Co.) was provided (CMV denoies the

cytomegalovirus);

b) the plasmid in step a) was double-digested with restriction enzymes EcoRVY +
Nofl;

¢} terminal dephosphorylation was performed with calf intestinal alkaline
phosphatase {CIP);

d) the vector fragment of 3.4kb was recovered;

e} the pIRES2-EGFP plasmid vector obtained in the steps 1-2 above was
double-digested  with  resiriction enzymes EcoRV+Nofl, and the
G262-IRESZ2-EGFF or GZ261-IRESZ2-EGFP resulting from the restriction
digestion was respectively ligated into the shuttle plasmid vector fragment
obtained in the step d) in presence of T4 ligase, thus generating the recombinant
circular shudtle plasmid pShuttle2-CMV-G262-IRES2-EGFP or the recombinant
circular shuttle plasmid pShuttle2-CMV-G261-IRES2-EGFP;

f) the shutile plasmids obfained in step e) were digested with the restriction
enzyme Nhel,

g} The enzymatically cleaved terminuses in the step f) were filled in with Klenow
fragment of DNA polymerase [;

h) the fragment of 4.1 kb was recovered (the fragment is a DNA fragment into which
the exogenous gene was inserted and of which partial sequences from the
vector were located at both terminuses).

2-2) identification of the circular shuttle plasmid pShuttle2-CMV-G262-IRES2-EGFP

or the circular shuttle plasmid pShuttle2-CMV-G261-IRES2-EGFP obtained.

The circular shuttie plasmid pShuttle2-CMV-G262-IRES2-EGFP or
pShuttle2-CMV-G261-IRESZ2-EGFP was enzymatically cleaved with EcoRI. The resulting
product from the restriction digestion was identified on a 1.2% agarose gel electrophoresis;
The positive clone would vield two bands with molecular weight of 4.7kb and 2.8kb,
respectively, while ihe negalive clone would yield one band of 3.4kb only. The
identification result was shown in Fig. 6, wherein M is a molecular weight size marker (the
bands in the 1kb DNA iadder from top to bottom were 8kb, 7kb, 6kb, Skb, 4kb, 3kb, 2kb,
1.6kb, 1kb, 517bp, 396bp, and 230bp, respectively), Lanes 1-4 (two samples of
pShuttle2-CMV-G261-IRES2-EGFP and two samples of
pShuttle2-CMV-G262-IRES2-EGFP) all represented the positive clones.

2-3) The CMV-GFP-IRES-GFP was transferred from pShuttlleGFP-CMV-TrkC onto
the pAd adenovirus vector, generating the recombinant adenovirus plasrmid
pAd-GFP-G261 or pAd-GFP-G262. All of blank plasmids used above were commercial
vectors purchased from Clontech Co. (http://www. clontech. com/), and the experimental
conditions and the kits used were all commercial kits. The kit used in the transferring was
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Adeno-X Expression System 1 from Clontech (Clontech 631513), and the transferring was
implemented according to the experimental protocol provided by Clontech Co.
2-4) ldentification of the recombinant adenovirus plasmids pAd-GFP-G261 and
pAd-GFP-G262
Restriction digestion with Xhol was performed on the recombinant adenovirus
plasmids pAd-GFP-G261 and pAd-GFP-G262, respectively. The resulting product from
the restriction digestion was identified on a 1.2% agarose gel electrophoresis; the positive
clone would yield bands with the following molecular weight of 14kb, 11.8kb, 4.9kb, 2.6kb,
2.47kb, 1.45kb, and 0.6kb, respectively, while the negative clone would yield bands with
the following molecular weight of 14kb, 11.8kb, 4kb, 2.47kb, 1.45kb, and 0.6kb,
respectively. The identification result was shown in Fig. 7, wherein M is the molecular
weight size marker (the bands in the 1kb DNA ladder from top to bottom were 8kb, 7kb,
6kb, 5kb, 4kb, 3kb, 2kb, 1.6kb, 1kb, 517bp, 396bp, and 230bp, respectively), Lanes 1-5
(two samples of the recombinant adenovirus plasmid pAd-GFP-G261 and three samples
of the recombinant adenovirus plasmid pAd-GFP-G262) all represented the positive
clones.
2-5) Packaging, amplification, harvest and purification of the recombinarnt adenovirus

The recombinant adenovirus DNA correctly identified in step 2-4) was transfected into
239 cells for being packaged and then the virus stock was stored. The packaged
adenovirus was amplified and then the virus stock was stored (secondary virus stock).
Moreover, the amplified secondary virus stock was subjected to two cycles of large-scale
amplification. After the amplification was complete, the virus was harvested and subjected
to CsCl density-gradient centrifugation for purification, and the residual CsCl in the virus
solution was removed by dialysis,

The detailed manipuiation was as follows:

a) 293 cells (the E1-transformed human embryonic kidney cell) were seeded in one
or two cell-culture dishes (60mm) 24 h before the transfection, and grown to
confluency rate of 50-70% when transfected:;

b) Piror to the transfection, the plasmid of interest was enzmaticallly cleaved with
Pac | (6ug DNA per a 60 mm cell culture dish). The enzmaticallly cleaved
plasmid was precipitated by ethanol and re-dissolved in 20 u of sterile water.

c) The cells were transfeced with 6 ug of Pacl-treated plasmid using PEI or other
fransfection agents.

d) After 8 h of transfection, the transfection mixed liquor was removed and 4 ml of
DMEM complete culture medium (containing 10% CBS and 1% Pen/Strep) was
added;

e} After 7 to 10 days of the transfection, the cells were scraped off the culture dish
and transferred into a 50ml conical tube. After centrifuged, the cells were
resuspended in 2. 0 ml of PBS or the complete culture medium. The suspension
was frozen in liquid nitrogen and thawed in a 37°C water bath with sharp shaking.
The step was repeated four times. After centrifugation, the resulting supernatant
was stored at -20 °C.

f)  The 293 cells was seeded into a 60 mm cell culture dish, cultured to a confluency
rate of 50-70%, and inoculated with virus-containing supernatant in volume
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h)

a)

percent of 30-50%. The apparent cellular lysis and the cytopathic effect (CPE)

were observed 3 days post the infection;

When 1/3 to 1/2 of the cells detached off and floated up, which was usually 3-5

days post the infection, the virus was collected. The present of the recombinant

adenovirus can be further confirmed by Western blot or PCR (5 ul of the

virus-containing supernatant was added into 10 yl of PCR-grade proiease K and

incubated at 55°C for 1 h; then, the mixed sample was boiled up for 5 minnutes

and centrifuged; 1-2 4l of the resulting supernatant was used in a PCR reaction).

The virus-containing supernatant was collected following the protocol in step f).

In this case, a virus stock with a viral titer of at least 107 virions/ml {infectious

particles/ml) can fypically be collected. Each cycle of the amplification was to

elevate the viral titer one order of magnitude,

For further amplification, the virus-containing supematant obtained in step h) was

further inoculated into the cells in a 100 mm cell culture dish, the resulting virus

was collected according the protocol in step f) and inoculated into the 293 cells in

a 150 mm cell culture dish io obtain sufficient amount of the progeny virus.

15% of CsCi and 40% of CsCl solutions were sequentially added into a Beckman

centrifugation tube to form a CsCl-gradient solution.

The virus-containing supernatant with eventually-enriched virions was dropped

onto the CsCl-gradient solution.

An ultracenfrifugation was performed at 30000 rpm at 4 °C for 16 h.

There were two bands after the centrifugation. The upper band with a fainter
color contained primarily empty adenovirus capsids without infectivity; while the

lower band with a brigher color contained live virions in need of being collected.

The lower band was collected with a 16-gauge needle.

The collection was dialyzed against a TBS (10mM Tris, 0.9% NaCl, pH8.1) for 1

h and then against the TBS containing 10% glycerol two times (one hour per time)
to remove CsCl;

The purified adenovirus was aliquoted into EP tubes.

The quantity of the total protein in the dialysate was determined in an Eppendorf
spectrophotometer (Eppendorf Biophotometer) with 1ug of viral protein
corresponding to 4x10° virions,

For long term storage, stored at -70°C, for short term storage, at 4°C; the amount
of the reserve stock was not less than 1E+11 VP units/aliguot container after
aliquoting; the above-described large-scale amplification means to attain the
amount of the virus over 1E+12 VP units/aliguot container.

Since there is difference in infection efficiency of the adenovirus for different cell

lines and cytotoxic effect of the virion is taken into account, the viral dosage
needed is determined usually by serial gradient dilution method. The farget cells
were infected with the virion in relative amount to cell number 1: 1, 10: 1, 100: 1,

and 1000: 1; Polybrene (1,5-dimethyl-1,5-diazaundecamethylene
polymethobromide) was added in relative volume to the medium 1: 1000.The
plate was centrifuged at 37 °C for 30 min.

The medium was replaced 8-12 h post infection and the virus was collected.
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2-6) Quality control on packaging of the recombinant adenovirus.
The total amount of infectious virus =1.05x10"*PFU/3m

2-7) Storage of the recombinant adenovirus

Storage buffer: 4% sucrose, 2mM MgCl,, 10mM Tris, pH 8.0

Storage temperature: -80°C

Example 3: Transfection of the min-6 cell
1.The basal medium for min-6 cells
DMEM (Gibco 11995) 830ml

FBS(Gibco. US) 150ml
P/S 10ml
Hepes (1M) 10ml
B-mercaptoethancl 10ul

The Petri dishes had their surface not treated for cell cultivation and were all ficol
flasks.
incubation conditions: 37°C; 5% CO,; 95% relative humidity
The pIRES2-EGFP plasmid vectors prepared in Example 2 carrying the gene of
interest (Example 1 or Comparative Example1) were transfected into amin6 cell line
according to the Lipofectmine 2000 (invitrogen) protocol. The detailed steps were as
follows:
Day 1: The celis frozen in liquid nifrogen were revived and seeded in a 25 cm? culture
flask.
Day 2: The culture medium is replaced.
Day 3: The cells were digested with a 0.2% trypsin solution (Gibco) once grown to
confluency rate of 90% and seeded into a 6-well plate at a density of 2x10° cells/mi
(with the antibiotic withdrawn at this time).
Day 4: 4 ug of the linearized vectors, 104l of Lipofectmine, and Opti-M up to 100 ul were
mixed and left alone at room temperature for 10 minutes. All of the mixture was added
into the culture media for min cells and mixed gently to homogenicity. The resulting
mixture was left alone at 37°C in 5% CO; at 95% relative humidity for 24 h. At same time,
a negative control was set up.
Day 5: The culture medium is replaced. (The culture media containing the antibiotic can
be used alternatively).
Day 6: The culture medium is replaced and supplemented with the antibiotic G418 (400
ug/ml) to screen the stably transfected cell lines (see in Fig. 5, It was observed under a
dark field that the green fiuorecent protein had been expressed) for 8 successive days.
After a cell line stably expressing the exogenous GCK protein was screened out, it
was identified at its genomic level by PCR. For this purpose, the inventor of the present
invention designed a pair of primers specific to the vector sequence (forward primer:
5-GCGGAGAAGCCTTGGATATT-3'; reverse primer:
5-TTTGATAGCGTCTCGCAGAA-3), and it was confirmed by experiments and sequence
alignment that the primers were unable to initiate amplification from the genome of a
min-6 cell line, but able to produce a 653bp-sized amplicon from the introduced vector.
The inventor also designed a pair of primers specific io the min-6 genome (forward primer:
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5'-CAAGCCCTGTAAGAAGCCACT-3; reverse primer: 5-TGCTTCCAGCTA
CTTGAGGTC -3'}, and it was also confirmed by experiments and seqguence alignment
that the primers were unable to amplify any specific product from the introduced vector
and able to produce a 956 bp-sized product from the genome of a min-6 cell line.
Therefore, two amplified products with different size can be observed after
amplification of the min-6 genome carrying the exogenous DNA (See in Fig. 4).

Extraction of genomic DNA of min-6 cells
Formulation of the reagents in need
Proteinase K lysis buffer (Porteinase K buffer SNET)
20mmol/L  Tris-Cl (pH8.0)
Smmol/L.  EDTA (pH8.0)
400mmol/L NaCl
1%(miv) SDS
A400ug/mi  Proteinase K
The cells were digested with pancreatic proteinases before extraction of genomic
DNA according to the following steps:
A The proteinase was added and incubated at 56°C overnight.
B Anhydrous ethanol in two time volumes was added and shaken evenly to
homogenicity.
The resulting mixture was left alone at -80°C in a refrigerator.
Centrifugation at 12000g was performed for 15 min
The supernatant was discarded.
The DNA pellet was washed with 75% ethanol.
Centrifugation at 12000q was performed for 10 min.
The DNA peliet was washed with 75% ethanol.
Centrifugation at 12000g was performed for 10 min.
The DNA pellet was dried up.
The DNA pellet was dissolved in purified water.
The DNA was quantified with a UV spectrophotometer and diluted with purified water
according to DNA concentration to provide a final DNA concentration of 50 ng/ul for a
working solution. The stock solution was stored in a -20°C refrigerator until ready to use,
and the dilution thereof was stored in a 4°C refrigerator and served as a PCR template
useful in a PCR reaction.
FCR reaction system of 10 ul

AT IXIToTmMmMmOOo

10xPCR buffer (Mg**- free) 1.0 pl
dNTP (25 mM) 0.2 4
MgCl; (25 mM) 1.0 pl
Primer 1{Forward/Reverse) 1.0 pmol
Primer 2(Forward/Reverse) 1.0 pmol
DMSO (Dimethyl sulfoxide) 0.5 ul

AmpliTag Gold DNA polymerase  0.05 ul (5 U/ul)
Template genomic DNA {50 ng/ul) 2. O ul
H,O made up to 10.0 ¢l of the {otal system



PCR TouchDown reaction programme
1= 95°C lasting 8 min

2=94°C lasting 30 s

3=68°C lasting 1 min

-1.0°C per cycle

4= 72°C lasting 45 s

5=turn fo 2, 12 cycles

6=95°C lasting 30 s

7=54°C 1 lasting 5 s

+1 s per cycle

8=72°C lasting 45 s

9= turn fo 6, 30 cycles

10=72°C lasting 60 min

11= 4°C lasting mantainance {ever)

The PCR-amplified product was identified by 1.2% agarose gel electrophoresis. The

identification result was shown in Fig. 4, in which Lane 0 is; G262 plasmid, Lane 1:
(261min-6 genome, Lane 2: G261min-6 genome, Lane 3: G262min-6 genome, Lane 4:
G262min-6 genome, Lane 5: G261 plasmid, Lane 6: G261 plasmid, Lane 7: wild-type
min-6 genome, Lane 8: negative control (water), Lane 9: negative control (water), Lane 10:
(G262 plasmid, Lane 11: wild-type min-6 genome, Lane 12: G261min-6 genome, Lane 13:
G262min-6 genome, and Lane M: molecular weight size marker DNA.
2. The min-6 cells were seeded uniformly into a 12-well plate with replication in tetra wells
per sample. The cells were synchronized by serum starvation: the culture supernatant
was pipetted off, the cells were washed iwo times with sugar-free Krebs-Ringer
bicarbonate buffer (KRBB) and pretreated with sugar-free KRBB+ 0.1 % BSA for 2 h.
Formulation for the medium of sugar-free KRBB+ 0.1 % BSA was as follows:

KRBB 1L

NaCl 6.9496 g

KCl 354 mg

NaHCO; 420 mg

MgSQO, .144.4 mg

KH2PO4 160.6 mg

HEPES 4766 g

CaCl, anhydrous 281.915 my

PH7.4

BSA 0.1%{final concentration)

3, The culture supernatant was pipetted off, and then the cells were treated with KRBB G2.
8+0.1%BSA or KRBB G25 + 0.01% BSA for 1 hour, in which the G2.8 indicated the
glucose conceniration of 504.448mg/L and G25 indicated the glucose concenfration of

4.5049/L.
4. The supernatant was collected from 3 wells and stored at -20°C until to be assayed.

17



5. The cells in the fourth well were digested and counted in a hemocyfometer to
statistically calculate the number of the cell in each sample.
6. The intensities of insulin secretion from min-6 cells under the condition of high glucose
concentrations were determined by radioimmunoassay.

tn the radioimmunocassay, there is a functional relation between insulin content in the
sample and "| cpm count in the sample. Therefore, a standard curve should to be plotted
in each experiment to calculate a functional relation between insulin content and '*°[ cpm

count.

Preparation of a standard curve and measurement of the samples
Table 1 insulin content and | cpm count in the standards

pu/ml CPM
Standard 1 2 9692
Standard 2 4 8191
Standard 3 15 6471
Standard 4 40 3636
Standard 5 175 2151
Standard 6 300 1519

As shown in Fig. 2, based on insulin content and | cpm count in the standards, the
functional relation between the insulin unit (zuniymi) X and ***1 count Y was established
as follows:

y =-1648.8Ln (x) + 10590 Formula 1
Thus, x = exp[(10590 - y)/1649.8] Formula2

25| cpm counts in supernatants from the wt, G261min-6, and G262min-6 culture were
actually determined and then were converted to amounts of the secreted insulin by
calculation with Formula 2.

Table 2 The amount of the secreted insulin

LU/ ml(x) CPM (y)
Wit 53.0261 4045
G261 54.79043 3991
G262 64.065 3733

It can be seen from Table 2 that the G262 exhibits an effect of significantly promaoting
the insulin secretion, which suggests that the glucokinase activity of the G262 is
significantly higher than that of the wild-type.

Example 4: In vivo experiment of the recombinant adenovirus on animals
1. Rearing of the experimental animal {GK rat) .

GK rats as the experimental animal were purchased from National Rodent Laboratory
Animal Resources, Shanghai Branch, China. As an experimental animal, GK rafs, the rats
SLAC/GK suffering from the type 2 diabetes, was reared in 1975 by Tohoku University.
They were established by screening the hyperglycemic individuals out from the
ouicrossed WISTAR rats. The female reaches sexual maturation at 8-10 week-old and
male at 10-12 week-old. The gestation period lasts from 21 to 23 days, the litter size is 7-9,
the conception rate is 60%, and lactation lasts for 28 days. GK rats are widely used in
investigation of the non-insulin-dependent diabetes mellitus (NIDDM, type |l diabetes).
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After onset of diabetic urine, hyperglycemia, attenuated insulin secretion, etc. appear
rapidly in GK rats, being complicated by retinopathy, microangiopathy, neuropathy,
nephropathy in later stages. In contrast to other rodent animal model of type Il diabetes,
the GK rat is a non-obese model. 20 of 10 week-old GK rats were chosen in the Example
and given ad libiturn access to food and water for one week.
2, Administration of the recombinant adenovirus from Example 2
(1) Formulation of the injection

A set of phosphate buffers were formulated respectively according to the doses
shown in Table 3, and then sterilized at 121°C for 60 min. Under sterile condition, the
recombinant adenovirus stock from the steps 2-6 in Example 2 was filtrated with a
millipore filter membrane of 0.45 ym. The cellular debris was removed. The filtrate was
collected into a sterile centrifugation tube and centrifuged at 8000 r/min for 1 h. The
superatant was discarded. The resulting virus pellet was dispersed into the autoclaved
phosphate buffers above on the basis of the titers shown in Table 3, yielding the injections
of the present invention.

Table 3

Medicaments Recipe1 | Recipe2 Recipe 3 | Recipe4 Recipes

phosphat buffer

(% by weight) 99 95 90 85 80

inositol (% by weight) 1 0 0 10 15

sorbitol (% by weight) 0 5 0 5 0

sucrose (% by weight) 0 0 10 0 5

i sodium | potassium | sodium | potassium | sodium

osmotic regulator and ) ] . , )

concentration (mol/L) chlaride | chloride chloride | chioride chloride
0.9 0.5 0.9 0.5 0.9

osmolic pressure 200 300 400 450 500

( mOsm/kg)
virus titre (pfu/ml) 108 107 108 10° 10'°

The recombinant adenovirus pAd-GFP-G261 or pAd-GFP -G262 from Example 2
was respectively injected q.d. at a dosage of 10" pfu/Kg body weight through vena
caudalis for 3 successive days. Each formulation was injected into two rats.

(2) Method for assaying blood glucose

Assay of blood glucose was performed on 0.5ml of the blood sample collected from
rat angular oculi vein, using blood glucose monitor HEA-214 from OMRON according to
the manufacturer’s instruction.

(3) Results for determination of blood glucose in rats

The animals injected with the recombinant virus vector expressing the wild-type
glucokinase (G261) were numbered 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10.The animals injected
with the recombinant virus vector expressing the mutant glucokinase (G262) were
numbered 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20. Blank blood samples were collected
from all rats and assayed for the blood glucose level prior to injection. The post-injection
blood samples were collected 8 times at various stages and assayed for the blood
glucose level. Time points for sampling and the results determined were shown in Tables
4 and 5.




Table 4 Descriptive chart for (G261) blood glucose (GLU mmol/L)

Group 2008-12-17 | 2008-12-27 | 2008-12-29 | 2009-1-8 | 2009-1-14 | 2009-1-20 | 2009-1-27 | 2009-2-5 | 2009-2-11
Date prior o post post post post post post post post
injection injection injection injection | injection injection | injection | injection | injection
G261 | 1 17.4 11.2 13.8 15.2 16.1 17.1 17.5 17.6 17.5
2 16.9 10.8 14 14.9 15.5 16.5 11.8 16.8 16.7
3 14.2 10.6 11.8 15.2 15.1 14.1 14 14.1 14.3
4 17.5 13.4 13.2 14.2 15.3 16.9 17.4 17.3 17.2
5 17.8 13.2 13.8 15.1 15.2 17.1 17.6 174 17.6
6 18.5 12.1 13.7 149 | 152 17.9 18.1 18.3 18.3
7 19.5 11.8 12.9 14.1 15.8 18.1 18.8 19.6 19.1
.8 18.3 11.5 13.2 15.1 14.9 18.2 18.1 18.2 18.4
9 16.8 10.8 12.9 13.2 14.2 16.1 16.5 16.5 16.9
10 18.6 11.2 12.6 14.3 15.2 16.8 18.3 18.4 18.3
mean 17.55 11.66 13.19 14.62 | 1525 16.88 16.74 | 1742 | 17.43
Table 5 Descriptive chart for (G262) blood glucose (GLU mmol/L)
Group 2008-12-17 | 2008-12-27 | 2008-12-29 | 2009-1-§ | 2009-1-14 | 2009-1-20 | 2009-1-27 | 2009-2-5 | 2009-2-11
Date prior to post post post post post post post post
injection - injection injection injection | injection injection injection | injection | injection
G262 | 1 13.4 6.9 7.7 8.5 7.2 7.6 7.0 6.8 6.9
2 19.7 12.5 11.0 6.8 8.7 8.1 8.9 7.4 6.8
3 19.0 7.8 8.4 8.3 8.5 8.7 7.7 7.2 9.2
4 15.7 10.4 10.0 8.1 9.8 9.9 10.2 10.3 8.8
5 19.5 8.0 10.3 8.5 8.5 74 7.2 7.9 9.7
6 144 6.8 8.2 12.4 1.3 9.6 8.9 8.8 8.2
7 18.4 5.8 9.8 7.9 10.8 10.2 9.9 9.7 8.9
8 18.0 12.2 10.8 10.2 9.3 7.9 7.6 7.2 7.1
9 13.8 8.8 8.2 7.9 8.5 8.8 8.2 7.8 6.3
10 17.8 9.9 11.2 10.1 8.5 7.7 8.4 8.8 7.5
mean 16.97 8.91 9.56 8.87 8.11 8.59 8.4 8.19 7.94

It can be seen from the data recorded in Tables 4 and 5 that the in vivo activity of the
human glucokinase mutant of the present invention to decrease the blood glucose level
and stability thereof are much betier than those of the human wild-type glucokinase. The
blood glucose level in the rat model of type li diabetes mellitus can be effeciively
controlled by injecting into the animal body the recombinant adenovirus which comprises
the human glucokinase mutant-encoding gene of the present invention, thus enabling
treatment of diabetes mellitus through effectively increasing insulin secretion.
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Claims:
1. A human glucokinase mutant-encoding gene, characterized in that said gene has
(1) a nucleotide sequence as shown in SEQ ID NO: 2; or

(2) a nucleotide sequence which is identical to the nucleotide sequence shown in SEQ ID
NO: 2 except the open reading frame (ORF) ranging from position 487 to 1884 of the
nuclectide sequence shown in SEQ ID NO: 2, and of which the ORF encodes the same
amino acid sequence as that encoded by the ORF of the nucleotide sequence shown in
SEQID NO: 2.

2. The human glucokinase mutant-encoding gene according to claim 1, characterized in
that said gene has the nucleotide sequence as shown in SEQ |ID NO: 2,

3. A human glucokinase mutant, characterized in that the gene encoding said human
glucokinase mutant is the human glucokinase mutant-encoding gene set forth in claim 1
or2.

4. A recombinant vector comprising a vector and a gene of interest carried thereon,
characterized in that said gene of interest is the human glucokinase mutant-encoding
gene set forth in claim 1 or 2,

5. The recombinant vector according to claim 4, characterized in that said vector is
selected from the group consisting of a cloning vector, eukaryotic expression vector,
prokaryotic expression vector, and shuttle vector.

6. The recombinant vector according to claim 4, characterized in that said vector is
selected from the group consisting of pIRES2-EGFP, pCMVp-NEO.BAN, pEGFT-Actin,
and an adenovirus vector.

7. A host, characterized in that said host comprises the recombinant vector set forth in any
one of claims 4-6.

8. The host according to claim 7, characterized in that said host is selected from one or
more of Escherichia coli, 239 cells, min-6 cells and human islet beta-cells,

9. A pharmaceutical composition, characterized in that said pharmaceutical composition
comprises a pharmaceutically acceptable excipient and cne or more selected from a
human glucokinase mutant-encoding gene set forth in claims 1-2, a human glucokinase
mutant set forth in claim 3, a recombinant vector set forth in claims 4-6, and a host set
forth in claims 7-8.

10. The pharmaceutical composition according to claim 9, wherein said pharmaceutical
composition is a injection comprising a pharmaceutically acceptable excipient and one or
more selected from the human glucokinase mutant-encoding gene set forth in claims 1-2
and the recombinant vector set forth in claims 4-6.

11. The phammaceutical composition according to claim 10, wherein said pharmaceutically
acceptable excipient is a phosphate buffer with a pH value of 4.0-9.0; and 10%10"° copies
of said gene encoding a human glucokinase mutant or 10210 copies of said
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recombinant vector are comprised in one milliliter of the injection.

12. The pharmaceutical composition according to claim 11, wherein said injection further
comprises a protectant and/or an osmotic regulator; the content of said protectant is
0.01-30% by weight on basis of the injection, said protectant is one or more selected from
inositol, sorbitol, and sucrose; the content of said osmotic regulator allows osmotic
pressure of the injection to be 200-700 mOsm/kg with the osmotic regulator being sodium
chloride and/or potassium chloride.

13. Use of a human glucokinase mutant-encoding gene set forth in claims 1-2, a human
glucokinase mutant set forth in claim 3, a recombinant vector set forth in claims 4-6, and a
host set forth in claims 7-8 in the manufacture of a medicament for controlling blood
glucose or a medicament for preventing and treating disturbances of carbohydrate
metabolism.

14. Use of a human glucokinase mutant-encoding gene set forth in claims 1-2, a human
giucokinase mutant set forth in claim 3, a recombinant vector set forth in claims 4-6, and a
host set forth in claims 7-8 in the manufacture of a medicament for preventing and treating
diabetes mellitus.

15. A method of controlling blood glucose or preventing and treating disturbances of
carbohydrate metabolism, characterized in that an agent selected from the group
consisting of a human glucokinase mutant-encoding gene set forth in claims 1-2, a human
glucokinase mutant set forth in claim 3, a recombinant vector set forth in claims 4-6, a host
set forth in claims 7-8, and a pharmaceutical composition set forth in claims 9-12 is
administered to a patient in need thereof.

16. A method of preventing and treating diabetes mellitus, characterized in that an agent
selected from the group consisting of a human glucokinase mutant-encoding gene set
forth in claims 1-2, a human glucokinase mutant set forth in claim 3, a recombinant vector
set forth in claims 4-8, a host set forth in claims 7-8, and a pharmaceutical composition set
forth in claims 9-12 is administered to a patient in need thereof.
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