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(57) ABSTRACT

The present invention provides an expression vector, contain-
ing expressibly (a) a polynucleotide encoding a fusion protein
of'a mutant of a repressor protein, which binds to an antibi-
otic, and a target protein, and (b) a polynucleotide encoding a
protein controlling the transcription of the polynucleotide in
(a), the transcription of the polynucleotide in (a) and the
degradation of said fusion protein, which is the expression
product of the polynucleotide in (a), being controlled inside a
cell by the presence or absence of an antibiotic inside the cell.
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1
METHOD FOR
TRANSCRIPTION/DEGRADATION DUAL
CONTROL OF PROTEIN BY ANTIBIOTIC

This application is a U.S. National Phase Application of
International Application Number PCT/JP2008/055200 filed
Mar. 14, 2008, which claims the benefit of Japanese Patent
Application No. 2007-065415, filed Mar. 14, 2007, each of
which is incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to a gene transcription control
method and/or protein degradation control method by an
antibiotic. In particular, the present invention relates to a dual
control method including gene transcription control and pro-
tein degradation control by an antibiotic.

A computer readable text file, entitled “65393-5025-Se-
qListing.txt,” created on or about Sep. 14, 2009 having a size
of'about 8 kb contains the sequence listing for this application
and is hereby incorporated by reference.

BACKGROUND ART

Developments of gene expression systems that are control-
lable by external stimuli are attempted with the purpose of
functional analyses or the like, of cellular proteins.

Japanese National-phase PCT Laid-Open Patent Publica-
tion No. 11-506901 discloses a transcription activator and a
transcription inhibitor fusion protein that can control the
expression of a gene linked to one or more tet operators. It is
reported that, according to the transcription activator dis-
closed in Japanese National-phase PCT Laid-Open Patent
Publication No. 11-506901, a control is possible in such a
way that when tetracycline is present, the fusion protein binds
a tet operator and transcription of the gene linked to the tet
operator is stimulated, while in the absence of tetracycline,
there is no binding or the like (therefore, there is no stimula-
tion of transcription).

STANKUNAS K et al., “Conditional protein alleles using
knockin mice and a chemical inducer of dimerization”, Mol.
Cell., 2003, Vol. 12, No. 6, p. 1615-24 discloses the fusion
protein GSK-33 FRB* of an 89 amino acid domain FRB*,
which is the smallest region of FRAP (i.e., FKBP12-rapamy-
cin binding protein) required for FKBP-12 rapamycin bind-
ing, and GSK-3p (i.e., endogenous glycogen synthase kinase-
3p). STANKUNAS K et al state that FRB* triggers
destabilization of GSK-3p, in other words, GSK-3f is desta-
bilized by fusion with FRB* and degraded. In addition,
STANKUNAS K et al describe that GSK-3 FRB* binds to
FKBPI12 in the presence of a rapamycin derivative (C20-
MaRap), and that this interaction stabilizes GSK-33 FRB*.
The system by STANKUNAS K et al is described as one that
promotes dimerization between FKB* and FKBP12 by the
sole use of a rapamycin derivative.

DISCLOSURE OF THE INVENTION

The system described by STANKUNAS K et al requires
four elements: (i) target protein (Target), (ii) FRB*, (iii)
FKBP12 and (iv) rapamycin derivative (C20-MaRap). That
is, the dimerization system by STANKUNAS K et al requires
the presence of FKBP12, which is originally present inside
the cell, as an element that stabilizes the GSK-3 FRB*
fusion protein. Since the degradation control is effected only
when an exogenous fusion protein and an intracellular normal
protein are bound, an experiment must be conducted while
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taking into consideration possible detrimental effects to the
cell when using the system described by STANKUNAS K et
al. In addition, there has been no instance of clinical use for
the rapamycin derivative used in STANKUNAS K et al, and
further, there are many unknowns about how a superfluous
effect such as an immune control effect affects an organism,
and also needs for handling precautions with regard to waste
after an experiment.

Consequently, there is a need for an alternative system or a
system that is easier to use to control the amount of protein in
a living cell using an artificial degradation control mecha-
nism.

On the other hand, from the findings of the present inven-
tors, it has been known that effectiveness of control is insuf-
ficient on the amount of protein expressed in a living cell in a
system for gene transcription control such as that described in
Japanese National-phase PCT Laid-Open Patent Publication
No. 11-506901, as well as in a system for protein degradation
control such as that described in STANKUNAS K et al. In
such cases, due to insufficient suppression of the expression
of an introduced gene when no induction is expected, intro-
duction of genes exhibiting cytotoxicity, genes affecting cell
multiplication and the like, is extremely difficult, and an
accurate determination of the effects of the gene expression is
difficult.

Consequently, there is a need for a system for further
ensuring protein expression control inside a living cell.

Thus, the present invention provides, as described below,
an expression vector for protein expression control of a target
protein, a host cell or a host organism into which the expres-
sion vector has been introduced, a composition and a kit
containing the expression vector, an expression control sys-
tem, and an expression control method.

(1) An expression vector, containing expressibly

(a) a polynucleotide encoding a fusion protein of a mutant
of a repressor protein, which binds to an antibiotic, and a
target protein, and

(b) a polynucleotide encoding a protein controlling the
transcription of the polynucleotide of (a),

the transcription of the polynucleotide of (a) and the deg-
radation of the fusion protein, which is the expression product
of the polynucleotide of (a), being controlled inside the cell
by the presence or absence of an antibiotic inside the cell.
(2) The expression vector according to (1) above, in which the
polynucleotide of (b) encodes a protein that binds to the
transcription control region of the polynucleotide of (a) and
enhances the transcription of the polynucleotide, the protein
being able to bind to the transcription control region only
when bound to the antibiotic.

(3) The expression vector according to (1) or (2) above, in
which the fusion protein that is the expression product of the
polynucleotide in (a) is degraded inside the cell when not
bound to the antibiotic.

(4) The expression vector according to any of (1) to (3) above,
in which the antibiotic is a tetracycline-type antibiotic.

(5) The expression vector according to (4) above, in which the
tetracycline-type antibiotic is tetracycline or its derivative
selected from doxycycline, oxytetracycline, chlortetracycline
or anhydrotetracycline.

(6) The expression vector according to any of (1) to (5) above,
in which the mutant of the repressor protein is a mutant TetR
protein.

(7) The expression vector according to (6) above, in which the
mutant TetR protein has an amino acid sequence with at least
one amino acid residue substituted in the amino acid
sequence of the wild-type TetR protein.
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(8) The expression vector according to (7) above, in which the
substitution of amino acid residue exists at least any two sites
among the aspartic acid at position 95, the leucine at position
101 and the glycine at position 102, in the amino acid
sequence of the wild-type TetR protein.
(9) The expression vector according to any of (1) to (8) above,
in which the target protein is a fluorescent protein or a lumi-
nescent protein.
(10) The expression vector according to any of (1) to (9)
above, in which the target protein is a therapeutic protein.
(11) The expression vector according to any of (1) to (9)
above, in which the target protein is a protein to be subjected
to functional analysis.
(12) A host cell or a host organism transfected with the
expression vector according to any of (1) to (11) above.
(13) A composition for intracellular or in vivo imaging con-
taining the expression vector according to (9) above.
(14) A composition for therapeutic use containing the expres-
sion vector according to (10) above.
(15) A composition for use in protein functional analysis
containing the expression vector according to (11) above.
(16) A composition according to any of (13) to (15) above
used in combination with a tetracycline-type antibiotic.
(17) The composition according to (16) above, in which the
tetracycline-type antibiotic is tetracycline or its derivative
selected from doxycycline, oxytetracycline, chlortetracycline
or anhydrotetracycline.
(18) A kit containing the expression vector according to any
of (1) to (11) above, the host cell or the host organism accord-
ing to (10) above or the composition according to any of (11)
to (15) above.
(19) A protein expression control system for controlling the
expression of a target protein inside a cell at the transcription
level and the protein degradation level, containing

acell,

an expression vector according to any of (1) to (11) above
to be introduced into the interior of the above cell, and

an antibiotic to be introduced into the interior of the above
cell.
(20) A protein expression control system for controlling the
expression of a target protein inside a cell at the transcription
level and the protein degradation level, containing

(a) a first expression vector containing expressibly a poly-
nucleotide encoding a fusion protein of a mutant of a repres-
sor protein, which binds to a an antibiotic, and a target protein,
and

(b) a second expression vector containing expressibly a
polynucleotide encoding a protein controlling the transcrip-
tion of the polynucleotide in (a),

inside the cell into which the first and second expression
vectors have been introduced, the transcription of the poly-
nucleotide in (a) and the degradation of the fusion protein,
which is the expression product of the polynucleotide in (a),
being controlled by the presence or absence of an antibiotic
inside the cell
(21) A method for controlling the expression level of the
target protein inside the cell with an antibiotic, comprising

the step of introducing the expression vector according to
any of (1) to (11) above into the interior of a cell and

regulating the concentration of antibiotic inside the cell
above to regulate the expression level of the target protein

In addition, in other aspects of the present invention, the
following composition, kit, system and method for control-
ling the expression of the target gene are provided.
(22) A gene expression control composition for controlling,
using a site-specific recombination enzyme, the expression of
a target gene inside a cell by the presence or absence of an
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antibiotic in the cell into which an expression vector contain-
ing expressibly the target gene between and/or downstream of
recombination sequences has been introduced, containing
(a) an expression vector containing expressibly a polynucle-
otide encoding a fusion protein of a mutant of a repressor
protein, which binds to an antibiotic, and a recombination
enzyme, and

(b) an expression vector containing expressibly a polynucle-
otide encoding a protein for controlling the transcription of
the polynucleotide in (a).

(23) The composition according to (22) above, in which the
recombination enzyme is at least one protein selected from
the group consisting of:

(a) Cre recombinase;

(b) FLP recombinase;

(c) phage phi 13 integrase;

(d) phage R4 integrase;

(e) phage TP901-1 integrase;

(f) phage A (lambda) integrase;

(g) phage HKO022 integrase;

(h) B (beta) recombinase;

(1) R recombinase;

(j) v0 (gamma delta) resolvase;

(k) Dre recombinase; and

(D) phi Rv1 integrase.

(23a) The composition according to (22) above, in which the
recombination enzyme is at least one protein selected from
the group consisting of:

(a) Int;

(b) IHF,

(c) Xis;

(d) Fis;

(e) Hin;

() Gin;

(g) Cin;

(h) Th3 resolvase;

(1) TndX;

(j) XerC; and

(k) XerD.

(24) The composition according to (22) or (23) above, in
which the recombination sequence contains one or more
recombination sequences selected from the group consisting
of:

(a) loxP;

(b) frt (Fkp recombination target);

(c) attB/attP;

(d) six;

(e)RS;

(D) res;

(g) rox;

(h) mutants, variants, and derivatives of the recombination

site from (a), (b), (c), (d), (e), () or (g), which have retained
the capability of provoking recombination.

(24a) The composition according to (22) or (23a) above, in
which the recombination sequence contains one or more
recombination sequences selected from the group consisting
of:

(a) psi;

(b) dif;

(c) cer;

(d) frt;

(e) att; and

(f) mutants, variants, and derivatives of the recombination site
from (a), (b), (c), (d) or (e), which have retained the capability
of provoking recombination.
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(25) The composition according to any of (22) to (24) above,
in which the recombination enzyme is Cre recombinase and
the recombination sequence is the loxP sequence.

(26) The composition according to any of (22) to (25) above,
in which the target gene is a transcription factor.

(26a) The composition according to (26) above, in which the
transcription factor is any of Oct3/4, KlIf4, Sox2 or ¢-Myc
gene.

(27) The composition according to any of (22) to (26) above,
in which the polynucleotide in (b) encodes a protein that binds
to the transcription control region of the polynucleotide in (a)
and enhances the transcription of the polynucleotide, the pro-
tein being able to bind to the transcription control region only
when bound to the antibiotic.

(28) The composition according to any of (22) to (27) above,
in which the fusion protein, which is the expression product
of the polynucleotide in (a), is degraded when not bound to
the antibiotic inside the cell described above.

(29) The composition according to any of (22) to (28) above,
in which the antibiotic is a tetracycline-type antibiotic.

(30) The composition according to (29) above, in which the
tetracycline-type antibiotic is tetracycline or its derivative
selected from doxycycline, oxytetracycline, chlortetracycline
or anhydrotetracycline.

(31) The composition according to any of (22) to (30) above,
in which the mutant of the repressor protein is a mutant of a
tetracycline repressor protein.

(32) The composition according to (31) above, in which the
mutant of the tetracycline repressor protein has an amino acid
sequence comprising at least one amino acid residue substi-
tuted in the amino acid sequence of a wild-type tetracycline
repressor protein.

(33) The composition according to (32) above, in which the
substitution of amino acid residue is present at least any two
sites among the aspartic acid at position 95, the leucine at
position 101 and the glycine at position 102 of the amino acid
sequence of the wild-type tetracycline repressor protein.
(34) A gene expression control kit for controlling, using a
site-specific recombination enzyme, the expression of a target
gene inside a cell by the presence or absence of an antibiotic
in the cell into which an expression vector containing
expressibly the target gene between and/or downstream of
recombination sequences has been introduced, containing,
(a) an expression vector containing expressibly a polynucle-
otide encoding a fusion protein of a mutant of a repressor
protein, which binds to an antibiotic, and a recombination
enzyme, and

(b) an expression vector containing expressibly a polynucle-
otide encoding a protein for controlling the transcription of
the polynucleotide in (a).

(35) The kit according to (34) above, in which the recombi-
nation enzyme is at least one protein selected from the group
consisting of:

(a) Cre recombinase;

(b) FLP recombinase;

(c) phage phi 13 integrase;

(d) phage R4 integrase;

(e) phage TP901-1 integrase;

() phage A (lambda) integrase;

(g) phage HKO022 integrase;

(h) B (beta) recombinase;

(1) R recombinase;

(j) vd (gamma delta) resolvase;

(k) Dre recombinase;

(1) phi Rv1 integrase;

(m) Int;

(n) IHF;
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(o) Xis;
(p) Fis;
(9) Hing
(r) Gin;
(s) Cin;
(t) Th3 resolvase;
(u) TndX;
(v) XerC; and
(w) XerD.
(36) The kit according to (34) or (35) above, in which the
recombination sequence contains one or more recombination
sequences selected from the group consisting of:
(a) loxP;
(b) frt;
(c) attB/attP;
(d) six;
(e)RS;
(D) res;
(g) rox;
(h) psi;
(1) dif;
(j) cer; and
(k) mutants, variants, and derivatives of the recombination
sequence from (a), (b), (¢), (d), (e), (), (g), (h), (1) or (j), which
have retained the capability of provoking recombination.
(37) The kit according to any of (34) to (36) above, in which
the recombination enzyme is Cre recombinase and the recom-
bination sequence is the loxP sequence.
(38) The kit according to any of (34) to (37) above, in which
the target gene is a transcription factor.
(38a) The kit according to (38) above, in which the transcrip-
tion factor is any of Oct3/4, K1f4, Sox2 or c-Myc gene.
(39) A gene expression control system for controlling, using
a site-specific recombination enzyme, the expression of a
target gene inside a cell by the presence or absence of an
antibiotic, containing
(a)acell
(b) an expression vector that is introduced into the interior of
the above cell, and contains expressibly a polynucleotide
encoding a fusion protein of a mutant of a repressor protein,
which binds to an antibiotic, and a recombination enzyme,
(c) an expression vector that is introduced into the interior of
the above cell, and contains expressibly a polynucleotide
encoding a protein for controlling the transcription of the
polynucleotide in (b),
(d) an expression vector that is introduced into the interior of
the above cell, and contains expressibly a target gene between
and/or downstream of recombination sequences, and
(e) an antibiotic to be introduced into the interior of the above
cell,

the transcription of the polynucleotide in (b) and the deg-
radation of the fusion protein, which is the expression product
of the polynucleotide in (b), being controlled inside the cell
by the presence or absence of the antibiotic, and the expres-
sion of the target gene being controlled by the expressed
amount of the fusion protein.
(40) The system according to (39) above, in which the recom-
bination enzyme is at least one protein selected from the
group consisting of:
(a) Cre recombinase;
(b) FLP recombinase;
(c) phage phi 13 integrase;
(d) phage R4 integrase;
(e) phage TP901-1 integrase;
(f) phage A (lambda) integrase;
(g) phage HKO022 integrase;
(h) B (beta) recombinase;
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(1) R recombinase;

(j) v0 (gamma delta) resolvase;

(k) Dre recombinase;

(1) phi Rv1 integrase;

(m) Int;

(n) IHF;

(0) Xis;

(p) Fis:

(o) Hin;

(r) Gin;

(s) Cin;

(t) Th3 resolvase;

(w) TndX;

(v) XerC; and

(w) XerD.

(41) The system according to (39) or (40) above, in which the
recombination sequence contains one or more recombination
sequences selected from the group consisting of:

(a) loxP;

(b) frt;

(c) attB/attP;

(d) six;

(& RS;

(D res;

(g) rox;

(b) psi;

(@) dif;

@) cer;

and

(k) mutants, variants, and derivatives of the recombination
sequence from (a), (b), (¢), (d), (&), (), (g), (h), (1), (or (§);
which have retained the capability of provoking recombina-
tion.

(42) The system according to any of (39) to (41) above, in
which the recombination enzyme is Cre recombinase and the
recombination sequence is the loxP sequence.

(43) The system according to any of (39) to (42) above, in
which the target gene is a transcription factor.

(43a) The system according to (43) above, in which the tran-
scription factor is any of Oct3/4, K1f4, Sox2 or c-Myc gene.
(44) A gene expression control method for controlling, using
a site-specific recombination enzyme, the expression of a
target gene inside a cell by the presence or absence of an
antibiotic, comprising the step of expressing, under the pres-
ence or under the absence of an antibiotic inside the cell,

(a) an expression vector containing expressibly a polynucle-
otide encoding a fusion protein of a mutant of a repressor
protein, which binds to an antibiotic, and a recombination
enzyme,

(b) an expression vector containing expressibly a polynucle-
otide encoding a protein for controlling the transcription of
the polynucleotide in (a), and

(c) an expression vector containing expressibly a target gene
between and/or downstream of recombination sequences.
(45) The method according to (44) above, in which the recom-
bination enzyme is at least one protein selected from the
group consisting of:

(a) Cre recombinase;

(b) FLP recombinase;

(c) phage phi 13 integrase;

(d) phage R4 integrase;

(e) phage TP901-1 integrase;

() phage A (lambda) integrase;

(g) phage HKO022 integrase;

(h) B (beta) recombinase;

(1) R recombinase;

(j) v0 (gamma delta) resolvase;
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(k) Dre recombinase;

() phi Rv1 integrase;

(m) Int;

(n) IHF;

(o) Xis;

(p) Fis:

(9) Hing

(r) Gin;

(s) Cin;

(t) Th3 resolvase;

(u) TndX;

(v) XerC; and

(w) XerD.

(46) The method according to (44) or (45) above, in which the
recombination sequence contains one or more recombination
sequences selected from the group consisting of:

(a) loxP;

(b) frt;

(c) attB/attP;

(d) six;

(e)RS;

(D) res;

(g) rox;

(h) psi;

(1) dif;

@) cer;

and

(m) mutants, variants, and derivatives of the recombination
sequence from (a), (b), (c), (d), (e), (), (g), (h), (1) or (j), which
have retained the capability of provoking recombination.
(47) The method according to any of (44) to (46) above, in
which the recombination enzyme is Cre recombinase and the
recombination sequence is the loxP sequence.

(48) The method according to any of (44) to (47) above, in
which the target gene is a transcription factor.

(48a) The method according to (48) above, in which the
transcription factor is any of Oct3/4, Kif4, Sox2 or c-Myc
gene.

According to the present invention, functional analysis of a
target protein, kinetic analysis of a drug by imaging, treat-
ment of a disease with few adverse effects, and the like, can be
carried out using a simple molecular system.

The tetracycline-type antibiotic (herein, sometimes abbre-
viated as “Tet”) used in the present invention has the advan-
tages of being extremely inexpensive compared to, for
instance, rapamycin used in STANKUNAS K et al, in addi-
tion, excellent absorption and permeation within the body
when used in animals, and high safety. The tetracycline-type
antibiotic used in the present invention is advantageous On
the points that there are an extremely large number of experi-
mental examples of administration in mice, and that it is a
drug that is already used widely in clinical setting, thus safety
has been confirmed.

According to the protein degradation control method of the
present invention, since no protein (for instance, a protein that
is originally present inside the cell) other than the fusion
protein introduced from the outside into the cell is used,
superfluous influences onto the cell can be eliminated.

In addition, according to the dual control method of the
present invention for gene transcription and protein degrada-
tion, a control at the transcription stage and a control of
protein degradation can be realized simultaneously, simply
by the addition of one species of drug. This allows the protein
expression during a non-expression induced period to be sup-
pressed almost completely, enabling a stringent control of
protein expression. In addition, owing to this effect, protein
expression induction efficiency is several hundreds of times
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when induced compared to uninduced, dramatically
improved compared to induction efficiency of several tens of
times in the case of transcription control only or protein
degradation control only.

According to the combination of gene transcription control
and protein degradation control (dual control method) of the
present invention, an extremely stringent gene expression
control can be realized even in a case where stringent enough
expression control is difficult by gene transcription control
only or protein degradation control only with an antibiotic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 (A)is aschematic of acDNA encoding TetR-EGFP;
and FIGS. (B to D) are graphs showing the results of tests of
stability of wild-type TetR-EGFP and mutant TetR-EGFP
using a flow cytometer;

FIG. 2 shows photographs showing fluorescence changes,
when cells expressing mutant TetR-EGFP were cultured in
the presence of doxycycline; FIG. 2 (A) shows no substitution
of arginine 28; and FIG. 2 (B) shows arginine at position 28
substituted with glutamine;

FIG. 3 is a graph showing the results of intensity of fluo-
rescence analyzed with a flow cytometer for cells expressing
mutant TetR-EGFP by addition of various concentrations of
doxycycline;

FIG. 4 (A) is a graph showing the changes in the intensity
of fluorescence after addition of doxycycline in cells express-
ing mutant TetR-EGFP compared to cells simply expressing
EGFP only; and FIG. 4 (B) is a graph showing the changes in
the intensity of fluorescence after removal of doxycycline in
cells expressing mutant TetR-EGFP compared to cells simply
expressing EGFP only;

FIG. 5 shows photographs showing the results when the
fluorescence in a mouse injected with and expressing a vector
that has the genes for mutant TetR-EGFP and DsRed inte-
grated was observed over a time course using an inverted
microscope;

FIG. 6 is a graph showing the changes over time of the
intensity of fluorescence in the experiment of FIG. 5;

FIG. 7 shows photographs showing the results when an
mRNA encoding a mutant TetR-EGFP was injected into
zebrafish fertilized eggs and the fluorescence was observed in
the presence or in the absence of doxycycline using an
inverted microscope; FIG. 7 (A) shows untreated cells with-
out doxycycline; FIG. 7 (B) shows cells when doxycycline
was added to untreated cells; and FIG. 7 (C) shows cells with
an mRNA encoding a mutant TetR-EGFP introduced and
added doxycycline;

FIG. 81s a graph showing the control effects on the quantity
of intracellular protein when the system of the present inven-
tion was used to control gene transcription and/or protein
degradation;

FIG. 9 is a graph showing the results when viable cell
counts were compared between the control of transcription of
a toxin gene by doxycycline only in a cell and the expression
control of the toxin gene using the protein degradation control
method of the present invention, in the presence and in the
absence of doxycycline;

FIG. 10 is a schematic showing the recombination reporter
vector pEB6CAG-Venus-lox-R1;

FIG. 11 is a figure showing the control effect on the amount
ofintracellular Cre protein by the dual control of gene expres-
sion and protein degradation using the recombination
reporter vector pPEB6CAG-Venus-lox-R1;

FIG. 12 is a schematic showing an example of representa-
tive expression vector used when carrying out a control on the
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amount of protein (control of protein degradation) inside a
cell with an antibiotic, the case where EGFP was used as the
target protein being shown;

FIG. 13 is a schematic showing another example of repre-
sentative expression vector used when carrying out a control
on the amount of protein (control of protein degradation)
inside a cell with an antibiotic; mcs being inserted so that, as
the target protein, an arbitrary one can be used;

FIG. 14 is a schematic showing a representative expression
vector used when carrying out control on both the gene tran-
scription level and protein degradation level (dual control)
with an antibiotic; the target protein insertion site being mcs;

FIG. 15 is a schematic showing a representative expression
vector used when carrying out control at both the gene tran-
scription level and protein degradation level (dual control)
with an antibiotic, the mode in which EGFP was used as the
target protein being shown;

FIG. 16 shows schematics describing the principles of the
system for antibiotic-mediated transcription/degradation
control (dual control) of protein of the present invention;

FIG. 17 shows graphs showing a comparison of control
efficiency (or comparison of cell counts and intensity of fluo-
rescence) between the case where regulation of the Cre pro-
tein expression was carried out by only protein degradation
control with an antibiotic or by only transcription control with
an antibiotic, and the case where regulation of the Cre protein
expression was carried out by both protein degradation con-
trol and transcription control (dual control) with an antibiotic;

FIG. 18 shows graphs showing the antibiotic concentration
dependency of the control efficiency of the system for the
Tet-mediated transcription/degradation dual control of pro-
tein of the present invention; and

FIG. 19 is a graph showing the results of Cre expression
analysis for the Tet dual control vector with improved recom-
bination efficiency.

BEST MODE FOR CARRYING OUT THE
INVENTION

1. The Fusion Protein of the Present Invention

Inone embodiment, the present invention provides a fusion
protein containing a mutant protein of a protein that binds to
an antibiotic and a target protein fused thereto. Here, the
mutant protein is degraded when not bound to the antibiotic
inside the cell and stabilized when bound to the antibiotic, the
fusion protein is degraded when not bound to the antibiotic
inside the cell and stabilized when bound to the antibiotic.
More specifically, the present invention provides a mutant
protein comprising an Escherichia coli-derived tetracycline
repressor protein (TetR protein) into which a point mutation
was introduced. In more detail, a fusion protein containing a
mutant protein comprising a TetR protein into which a point
mutation was introduced and a target protein fused thereto is
provided.

As used herein, a “mutant protein of a protein that binds to
an antibiotic” refers to a mutant of a protein having an amino
acid sequence in which at least one amino acid residue is
substituted, deleted, added or inserted in the amino acid
sequence of a protein that binds to an antibiotic, becoming
destabilized and degraded by a protease in the absence of the
antibiotic while becoming stabilized and escaping degrada-
tion when bound to the antibiotic.

Examples of “antibiotics” include tetracycline-type antibi-
otics, penicillin-type antibiotics, chloramphenicol-type anti-
biotics, aminoglycoside-type antibiotics, and the like. In
addition, as examples of “proteins” binding to such antibiot-
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ics, repressor proteins of the antibiotics, f-lactamase,
chloramphenicol acetyltransferase, aminoglycoside 3'-phos-
photransferase, and the like, may be cited. In preferred
embodiments of the present invention, the antibiotic is a
tetracycline-type antibiotic, and the protein binding the anti-
biotic is a repressor protein of the antibiotic described above.

Preferably, the repressor protein is TetR protein and the
mutant protein is a mutant TetR protein. Consequently, in one
embodiment, the present invention provides a fusion protein
containing a mutant TetR protein and a target protein fused
thereto.

Herein, “TetR protein” or “wild-type TetR protein” refers
to the Escherichia coli-derived tetracycline repressor protein
encoded by the DNA of GenBank Gene ID: 2653970 (NCBI
protein database accession number: NP_ 941292 (SEQ ID:
2); CDS: NC__ 005211 (SEQ ID: 1)).

Herein, “mutant TetR protein” refers to a mutant of TetR
protein having an amino acid sequence in which at least one
amino acid residue is substituted, deleted, added or inserted in
the amino acid sequence of the TetR protein above, becoming
destabilized and degraded by a protease in the absence of
tetracycline-type antibiotic while becoming stabilized and
escaping degradation when bound to a tetracycline-type anti-
biotic.

Preferably, the mutant TetR protein has an amino acid
sequence comprising at least two amino acid residues substi-
tuted in the amino acid sequence of the wild-type TetR pro-
tein. More preferably, the amino acid residue substitution
described above exists at least any two sites among the aspar-
tic acid at position 95, the leucine at position 101 and the
glycine at position 102 in amino acid sequence of the wild-
type TetR protein. Most preferably, the mutant TetR protein
has an amino acid sequence having, among the mutations
substituting the aspartic acid at position 95 with an aspar-
agine, the leucine at position 101 with a serine, and the gly-
cine at position 102 with an aspartic acid in the amino acid
sequence of the wild-type TetR protein, any two at least or all
three of the mutations described above. The embodiment of
mutation in the amino acid sequence of the mutant TetR
protein is not limited to the substitution of an amino acid
residue, but may be a deletion, addition and/or insertion of
one or more amino acid residues in the wild-type TetR pro-
tein. In addition, the positions of amino acids having such
mutations are not limited to those exemplified above.

In the context of the fusion protein of the present invention,
a “target protein” is deemed to mean a protein, such as (1)
fluorescent protein or luminescent protein (2) therapeutic
protein (3) protein to be subjected to functional analysis, (4)
recombination enzyme, or the like that allows an industrially
useful effect to be obtained by controlling the degradation (or
stability or activity) of the protein using a mutant TetR protein
and Tet. In such cases where the target protein is a well-known
protein, in general, the nucleotide sequence of the gene cod-
ing this can be obtained from a variety of publicly usable
sequence databases (for instance, GenBank database). In
addition, when the amino acid sequence of the target protein
orthe nucleotide sequence coding therefor is unidentified, the
amino acid sequence of the protein and the nucleotide
sequence coding therefor can be determined using sequenc-
ing methods well known to those skilled in the art (for
instance, refer to Sambrook & Russell, Molecular Cloning; A
Laboratory Manual, Third Edition, 2001, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., and the like).

The fusion protein of the present invention may be created
according to ordinary methods in the field. Briefly, it is pos-
sible to ligate a cDNA encoding the target protein with a
c¢DNA encoding a mutant TetR protein to construct a DNA
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encoding a fusion protein of the target protein and the mutant
TetR protein, insert this DNA, for instance, into an expression
vector for use in eukaryotes, and introduce this expression
vector into a eukaryote to be expressed (for instance, refer to
the above Sambrook & Russell).

As examples of “fluorescent protein” used in the embodi-
ments of the present invention, Green Fluorescent Protein
(GFP), Enhanced Green Fluorescent Protein (EGFP), Cyan
Fluorescent Protein (CFP), Enhanced Cyan Fluorescent Pro-
tein (ECFP), Yellow Fluorescent Protein (YFP), Enhanced
Yellow Fluorescent Protein (EYFP), Red Fluorescent Protein
DsRed and mutants thereof (DsRed2, DsRed-express, Timer,
mRFP1 and mutants thereof, and the like), AmCyan,
ZsGreen, ZsYellow, AsRed, HcRed, Kusabira Orange,
Kaede, Azami Green, and the like, may be cited.

As examples of “luminescent protein” used in embodi-
ments of the present invention, firefly luciferase, renilla
luciferase, jelly fish aequorin, and the like, may be cited.
These fluorescent proteins or luminescent proteins are com-
mercialized by providers well known to those skilled in the art
(for instance, Clontech, Promega and the like).

Herein, “therapeutic protein” means a protein that is effec-
tive in the prevention and/or treatment of a disease and
includes, for instance, cytokines, which activate cells playing
a part in immunity (for instance, human interleukin2, human
granulocyte-macrophage colony stimulating factor, human
macrophage colony stimulating factor, human interleukinl2,
etc.), and the like. In addition, in order to kill cancer cells and
the like directly, toxins such as ricin and diphtheria toxin, or
herpes virus thymidine kinase in combination with the anti-
viral agent ganciclovir can also be used. In addition, antibod-
ies and the like can also be used. For instance, regarding
fusion protein with an antibody, it is possible to ligatea cDNA
encoding an antibody or an antibody fragment with a cDNA
encoding a mutant TetR protein to construct a DNA encoding
a fusion protein of the antibody and the mutant TetR protein,
insert this DNA, for instance, into an expression vector for use
in eukaryotes, and introduce this expression vector into a
eukaryote to be expressed. Or, in order to carry out delivery of
a therapeutic protein that is site-specific to a specific antigen
inside a biological tissue, it is also possible to construct a
DNA encoding a fusion protein of an antibody against the
antigen, a therapeutic protein and a mutant TetR protein,
insert this DNA, for instance, into an expression vector of a
eukaryote, and introduce this expression vector into a eukary-
ote to be expressed. Or, such a fusion protein may be created
ex vivo and then introduced into an organism.

In addition, as examples of “protein to be subjected to
functional analysis” used in other embodiments of the present
invention, protein kinases, transcription factors, and the like,
may be cited. As examples of protein kinases, for instance,
MAPK {family kinases, PKC family kinases, PKA family
kinases, Src family kinases, Jak family kinases, Abl family
kinases, IKK family kinases, and the like, may be cited. As
examples of transcription factors, RUNX family, STAT fam-
ily, nuclear receptor, leucine zipper family, NF-kB family and
the like, exist.

The fusion protein of the present invention described above
is unstable in the absence of a tetracycline-type antibiotic but
stabilizes when bound to a tetracycline-type antibiotic. Con-
sequently, since the fusion protein of the present invention
enables a control of the degradation of a target protein by the
concentration of'a tetracycline-type antibiotic, the fusion pro-
tein of the present invention can be used for in vivo imaging
using a fluorescent or luminescent protein, controlling of the
action of a therapeutic protein, functional analysis of a protein
in vivo, and the like.
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As “tetracycline-type antibiotic (Tet)” used in the present
invention, there is no particular limitation as long as it binds
to the mutant TetR protein of the present invention stabilizing
the structure thereof and inhibiting degradation by proteolytic
enzymes, and for instance, tetracycline, and, doxycycline,
oxytetracycline, chlortetracycline and anhydrotetracycline,
which are derivatives of tetracycline may be cited.

2. Regulation of the Expression of a Target Gene by
the Dual Control System of the Present Invention
Including a Regulation of Gene Expression and a

Regulation of Protein Degradation

In other aspects of the present invention, in order to control
the expression of a target gene inside a cell by the presence or
absence of an antibiotic, a system, a composition, a kit and a
method for controlling the expression of a target gene using a
site-specific recombination enzyme are provided.

In one embodiment, the present invention provides an
expression control composition for controlling, using a site-
specific recombination enzyme, the expression of a target
gene inside a cell by the presence or absence of an antibiotic
in the cell into which an expression vector containing
expressibly the target gene between and/or downstream of
recombination sequences has been introduced. This compo-
sition contains:

(a) an expression vector containing expressibly a polynucle-
otide encoding a fusion protein of a mutant of a repressor
protein, which binds to an antibiotic, and a recombination
enzyme, and

(b) an expression vector containing expressibly a polynucle-
otide encoding a protein for controlling the transcription of
the polynucleotide in (a). Here, the intracellular transcription
of the polynucleotide in (a) and degradation of the fusion
protein, which is the expression product of the polynucleotide
in (a), are controlled by the presence or absence of an antibi-
otic. In addition, the expression of the target gene is con-
trolled by the amount of expression of the fusion protein.

In another embodiment of the present invention, provided
is an expression control kit for controlling, using a site-spe-
cific recombination enzyme, the expression of a target gene
inside a cell by the presence or absence of an antibiotic in the
cell into which an expression vector containing expressibly
the target gene between and/or downstream of recombination
sequences has been introduced. This kit contains:

(a) an expression vector containing expressibly a polynucle-
otide encoding a fusion protein of a mutant of a repressor
protein, which binds to an antibiotic, and a recombination
enzyme, and

(b) an expression vector containing expressibly a polynucle-
otide encoding a protein for controlling the transcription of
the polynucleotide in (a). Here, the intracellular transcription
of the polynucleotide in (a) and degradation of the fusion
protein, which is the expression product of the polynucleotide
in (a), are controlled by the presence or absence of an antibi-
otic. In addition, the expression of the target gene is con-
trolled by the amount of expression of the fusion protein.

In a further embodiment of the present invention, an
expression control system for controlling, using a site-spe-
cific recombination enzyme, the expression of a target gene
inside a cell by the presence or absence of an antibiotic is
provided. This system contains:

(a)acell

(b) an expression vector that is introduced into the interior of
the above cell, and contains expressibly a polynucleotide
encoding a fusion protein of a mutant of a repressor protein,
which binds to an antibiotic, and a recombination enzyme,
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(c) an expression vector that is introduced into the interior of
the above cell, and contains expressibly a polynucleotide
encoding a protein for controlling the transcription of the
polynucleotide in (b),

(d) an expression vector that is introduced into the interior of
the above cell, and contains expressibly a target gene between
and/or downstream of recombination sequences, and

(e) an antibiotic to be introduced into the interior of the above
cell, the transcription of the polynucleotide in (b) and the
degradation of the fusion protein, which is the expression
product of the polynucleotide in (b), being controlled inside
the cell by the presence or absence of the antibiotic, and the
expression of the target gene being controlled by the
expressed amount of the fusion protein.

In an even further embodiment of the present invention, a
method for controlling, using a site-specific recombination
enzyme, the expression of a target gene inside a cell by the
presence or absence of an antibiotic is provided. This method
contains the step of expressing under the presence or under
the absence of an antibiotic inside the cell,

(a) an expression vector containing expressibly a polynucle-
otide encoding a fusion protein of a mutant of a repressor
protein, which binds to an antibiotic, and a recombination
enzyme,

(b) an expression vector containing expressibly a polynucle-
otide encoding a protein for controlling the transcription of
the polynucleotide in (a), and

(c) an expression vector containing expressibly a target gene
between and/or downstream of recombination sequences.
Here, the intracellular transcription of the polynucleotide in
(a) and degradation of the fusion protein, which is the expres-
sion product ofthe polynucleotide in (a), are controlled by the
presence or absence of an antibiotic. In addition, the expres-
sion of the target gene is controlled by the amount of expres-
sion of the fusion protein.

“Recombination enzyme” used in the present invention
refers to a recombination enzyme that mediates site-specific
recombination between a plurality of specific DNA
sequences (recombination sequences). Examples of “recom-
bination enzyme” and “recombination sequence” used in the
present invention include recombination enzymes/recombi-
nation sequences described in Garcia-Otin & Guillou, “Mam-
malian genome targeting using site-specific recombinases”,
Frontiers in Bioscience 11, 1108-1136, Jan. 1, 2006, and
W02001/042509 (Japanese National-phase PCT Laid-Open
Patent Publication No. 2004-500061) (these references are all
concretely incorporated herein as references). Among them,
Cre recombinase/loxP sequence may be cited as a represen-
tative example of recombination enzyme/recombination
sequence.

loxP (locus of crosscover (x) in P1) is a sequence spanning
34 base pairs (bp), comprising an 8 bp asymmetric central
sequence (this defines the orientation of the loxP element)
and two 13 bp palindromic sequences adjacent to this. Cre
recombinase (herein, sometimes abbreviated simply as
“Cre”) has an important function as a resolvase in the repli-
cation cycle of the P1 bacteriophage, cutting and rejoining the
duplicated genomes of the phage into two analogous par-
ticles. Cre recombinase is a 343 amino acid (aa)/38 kDa
protein that functions as a tetrameric complex that does not
require a cofactor. Cre is capable of recombining two loxP
sites (sequences) in either of when these are located on the
same DNA strand and when located on different DNA
strands. When two 1oxP sequences are present on the same
DNA strand, if these are oriented in the same direction, a
reaction excising the DNA segment present between the two
loxP sequences occurs. The excised portion becomes a circu-
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lar particle, and the loxP sequences remain on each DNA
portion (for instance, refer to FIG. 10).

The control of the expression of a target gene can be carried
out using such site-specific recombination enzyme and
recombination sequence in combination with the method of
the present invention of controlling the expression of a target
protein inside a cell with an antibiotic. That is to say, the
expression of a target gene can be controlled by the presence/
absence (or the concentration) of an antibiotic, by introducing
into the interior of a cell and expressing (c) an expression
vector carrying expressibly a DNA segment of a target gene
between and/or downstream of two recombination sequences
(example: 1oxP), (a) an expression vector containing express-
ibly a polynucleotide encoding a fusion protein of a mutant of
arepressor protein, which binds to an antibiotic, and a recom-
bination enzyme (example: Cre recombinase), and (b) an
expression vector containing expressibly a polynucleotide
encoding a protein for controlling the transcription of the
polynucleotide encoding the fusion protein (example: artifi-
cial transcription factor rtTA). Here, the target gene on the
vector is not limited to one, and a plurality may be present. For
instance, it should be understandable for those skilled in the
art that linking and using a first target gene between two
recombination sequences and a second target gene down-
stream of two recombination genes is also possible.

According to such a gene expression control system of the
present invention, for instance, using the Cre/loxP system, the
expression of Cre recombinase can be controlled by the pres-
ence or absence (or the concentration) of an antibiotic (ex-
ample: doxycycline), and furthermore, the expression of the
target gene can be controlled by the presence or absence of
Cre recombinase. More specifically, since the expression of
Cre recombinase is inhibited at the transcription level and the
protein level in the absence of the antibiotic, the excision of
the gene segment between the 1oxP sites by the action of the
Cre recombinase does not occur, the expression of the target
gene is maintained. Meanwhile, since the expression of the
fusion protein of Cre recombinase and mutant TetR is inhib-
ited neither at the transcription level nor at the protein level in
the presence of the antibiotic, the target gene segment sand-
wiched between the loxP sites is excised by the action of Cre
from the fusion protein (Cre recombinase+mutant TetR),
which is the expression product, inhibiting the expression of
this target gene. In addition, here, for instance, if a second
target gene were linked downstream of two loxP sequences,
the expression of the second target gene can be made to occur
after the target gene between the loxP sites is excised.

For instance, Oct3/4, KIf4, Sox2 and/or c-Myc genes can
be used as target genes. The Oct3/4, K1f4, Sox2 and c-Myc
genes are considered to be necessary for the transformation of
skin cells into iPS cells (induced pluripotent stem cells);
however, a known problem is that they induce malignant
transformation of cells after iPS transformation. According to
the target gene expression control method of the present
invention, a gene expression control becomes possible, in
which the genes described above are let to express in the
absence of antibiotic while they are required for iPS transfor-
mation of cells, and when the iPS cells are differentiated and
they are no longer necessary, the expression of the above
genes that are the causes of malignant transformation of cells
is inhibited in the presence of an antibiotic. Here, “target
genes” used in the present invention include any genes requir-
ing a control of the expression thereof, and it should be
understandable to those skilled in the art that, in addition to
Oct3/4, KIf4, Sox2 and c-Myc genes, for instance, various
transcription factor groups known to be involved in cell dif-
ferentiation and tissue-specific functions, for instance, Hox
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gene cluster and non-Hox gene cluster from the homeobox
gene cluster, fork head gene cluster, T box gene cluster, poly-
comb gene cluster, Trithorax gene cluster, GATA gene clus-
ter, Maf gene cluster and Hes gene cluster, transcription fac-
tors involved in cell stress response, ATF-2, Nrf2, HSF1, HIF
and the like, or, of the kinases involved in intracellular signal
transduction, MAP kinase, protein kinase A, protein kinase C,
protein kinase D, protein kinase G, and the like, from the
serine-threonine kinase group, Src kinase group, receptor
kinase group, and the like, from the tyrosine kinase group, can
also be used.

As examples of recombination enzyme/recombination
sequence (site) system other than Cre recombinase/loxP sys-
tem that may be used together with the system for transcrip-
tion and expression dual control of protein of the present
invention, for instance, Flp recombinase/frt (Fkp recombina-
tion target) site, phage phil3 integrase/att site, phage R4
integrase/att site, phage TP901-1 integrase/att site, phage
lambda integrase/att site, phage HK022/att site, beta recom-
binase/six site, gamma delta resolvase/res site, Dre recombi-
nase/rox site, phi Rv1 integrase/att site, and the like, may be
cited (Garcia-Otin & Guillou (cited above)).

As further examples of recombination enzymes, lambda
Int protein, IHF, Xis, F is, Hin, Gin, Cin, Th3 resolvase,
TndX, XerC and XerD are included. As recombination
sequences (sites), loxP site, frt site, att site, siX site, res site,
rox site, psi site, dif site and cer site are included (W0O2001/
042509 (Japanese National-phase PCT Laid-Open Patent
Publication No. 2004-500061)).

In preferred embodiments of the system, the composition,
the kit or the method for controlling the expression of a target
gene using a site-specific recombination enzyme by the dual
control system of the present invention including gene
expression regulation and protein degradation regulation, a
nuclear export sequence (NES) may be added on the C-ter-
minal side of the DNA segment encoding a recombination
enzyme in order to raise the recombination efficiency (referto
Example 8).

3. Polynucleotide and Expression Vector of the
Present Invention, and Host Transfected Using this

In another embodiment, the present invention provides a
polynucleotide encoding a fusion protein of the present
invention. In addition, the present invention provides an
expression vector containing the polynucleotide encoding a
fusion protein of the present invention. Preferably, the expres-
sion vector of the present invention contains an expression
cassette containing the following constitutive elements (a) to
(c):

(a) a promoter transcribable inside a host cell

(b) a polynucleotide encoding a fusion protein of the
present invention linked to the promoter; and

(c) a signal functioning inside the host cell in relation to
transcription termination and polyadenylation of an RNA
molecule.

As a promoter and transcription termination signal (termi-
nator), a combination suitable for increasing the efficiency of
gene expression is used according to the host into which the
expression cassette described above is introduced. Those
skilled in the art can select such a suitable combination. As
non-limiting examples of such expression vectors, the
expression vector pEB6CAG used in EXAMPLES of the
present patent application, which is replicated and main-
tained stably in human cells, may be cited; this contains CAG
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promoter as a promoter, a mutant TetR-EGFP as a fusion
protein and SV40 poly A sequence as a transcription termina-
tion signal sequence.

In addition to the expression cassette described above, the
expression vector of the present invention may contain
another constitutive element. Non-limiting examples of such
other constitutive elements include an IRES sequence and a
c¢DNA downstream thereof that allows expression of a fluo-
rescent protein such as a tandem dimer of DsRed, which are
inserted between the mutant TetR-EGFP and SV40 polyA, as
used in EXAMPLES of the present specification.

In addition, expression units or expression vectors that may
be used for expressing the fusion protein of the present inven-
tion inside a cell or an organism include expression units and
the like, which are found for instance in plasmid pcDNA3
(Invitrogen), plasmid AHS, pRC/CMV (Iavitrogen),
pCAGGS, pCXN2, pME18S, pEF-BOS, and the like, can be
used. Introduction of a gene into an expression unit and/or
vector may be achieved using such gene manipulation tech-
niques as described in manuals such as, for instance, Molecu-
lar Cloning & Current Protocols in Molecular Biology, Sam-
brook, J. et al., Molecular Cloning, Cold Spring Harbor Press
(1989); Ausbel. F. M. et al., Current Protocols in Molecular
Biology, Green Publishing Associates and Wiley-Inter-
science (1989). The generated expressible polynucleotide
may be introduced in an expressible form (for instance, as
naked plasmid or other DNA in a targeting liposome or as part
of'aviral vector) into the cell of a subject (for instance, human
subject) by any methods that may place a polynucleotide into
acell. Gene introduction methods include direct injection into
tissue or affected area (for instance, tumor), transfection by
liposome (Fraley et al., Nature 370: 111-117 (1980)), recep-
tor-mediated endocytosis (Zatloukal et al., Ann. N.Y. Acad.
Sci. 660:136-153 (1992)), and particle bombardment-medi-
ated gene transfer (Fisenbraun et al., DNA & Cell. Biol.
12:791-797 (1993)), and the like.

Examples of representative expression vectors used for the
control of the degradation of the target protein inside a cell
according to one embodiment of the present invention are
shown in FIG. 12 and FIG. 13. FIG. 12 shows an example
using EGFP as the target protein. FIG. 13 shows an example
that is used when the insertion of a gene of another arbitrary
protein as the target protein (for instance, therapeutic protein,
protein to be subjected to functional analysis) is desired, with
a multicloning site (mcs) inserted instead of the EGFP gene.

In a yet another embodiment, the present invention pro-
vides an expression vector in which a polynucleotide
enabling a control of the transcription of the polynucleotide
encoding a fusion protein of the present invention has been
further integrated in the expression vector described above.
According to such an expression vector, in addition to the
control of protein degradation by an antibiotic, a control of
the transcription of the gene becomes possible simulta-
neously (dual control of protein expression inside the cell).

An example of representative expression vector used when
a control both at the gene transcription level and at the protein
degradation level (dual control) by an antibiotic is carry out
according to one embodiment of the present invention, is
shown in FIG. 14. The structure of this vector is constituted
mainly by four units.

(1) EBV Replicon Unit

Contains the CMV promoter, EBNA-1 ¢cDNA and oriP
(region bound to by the EBNA-1 protein to carry out the
replication of the vector in human cells).

(2) Objective Protein Expression Unit

Contains the TRE promoter (own modifications), hTetR,

MCS, an RNA destabilization sequence and SV40 polyA.
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(3) Artificial Transcription Factor Expression Unit for Tran-
scription Control

Contains the SRa promoter, the artificial transcription fac-
tor rtTA and SV40 polyA.

(4) Shuttle Vector Function Unit

Contains the amp promoter (not shown in Fig.), the SV40
promoter, the drug-resistance genes Kan/Neo, thymidine
kinase polyA (not shown in Fig.), and pUC ori (replication in
Escherichia coli).

By using a vector with such a constitution allows, only one
vector needs to be introduced into a cell to enable a control of
the transcription of the gene of a target protein and a control
of the degradation of the protein.

Note that those skilled in the art understand that, instead of
the both units of (2) and (3) described above being carried by
only one vector and expressed, the unit of (2) and the unit of
(3) may each be carried by a different expression vector from
each other and used inside the cell.

Regarding the TetR gene contained in the unit of (2), note
that the £. coli-derived eTetR gene can also be used instead of
the human-derived hTetR gene. hTetR and eTetR can be used
in separate ways according to the purposes.

hTetR is used when an as high as possible expression is

desired to be secured during expression induction.
eTetR is used when an extremely stringent inhibition (low
expression) is desired during non-expression induction.

This is because synthesis of a protein tends to become slow
in general and the expression level become low when the base
sequence is translated into amino acids if an Escherichia
coli-derived one (eTetR) is used in a human cell, since codons
with low frequencies in human cells are used. If TetR derived
from human (hTetR) is used in human cells, the translation
efficiency increases, allowing the expression level to be
raised. In this way, separate uses according to the purposes
facilitate realization of a more desirable expression regulation
system.

FIG. 15 shows an example of expression vector when the
target protein is EGFP in an expression vector having a struc-
ture that is substantially similar to that shown in FIG. 14.

In one representative embodiment of the dual control
method of intracellular protein expression by an antibiotic
according to the present invention, a cDNA encoding a fusion
protein of a mutant TetR and a target protein, which degrada-
tion regulation is possible by doxycycline, is integrated into a
vector “pOSTetl5”, which regulated expression is possible at
the transcription level, to construct a vector designated
“pOSTetl5-eTetR-cDNA” or “pOSTet15-hTetR-cDNA” (re-
fer to FIG. 14 or FIG. 15).

FIG. 16 is a schematic describing the principles of the
system for the transcription/degradation control (dual con-
trol) of protein by an antibiotic of the present invention. This
figure shows an example in which doxycycline is used as the
antibiotic (element indicated with a wedge-shape in the fig-
ure). In the absence of doxycycline (FIG. 16 (A)), since the
artificial transcription factor rtTA not bound to doxycycline
cannot bind to the transcription control region (corresponding
to TRE in FIG. 16), the amount of transcription is low, and
even the proteins produced by the slight occurrence of tran-
scription undergo degradation by the proteolytic control
mechanism of the present invention; as a result, the protein
expression is inhibited stringently. In the presence of doxy-
cycline (FIG. 16 (B)), since rtTA binds to the transcription
control region, the amount of transcription increases, further-
more, the produced proteins are also stabilized by the binding
of doxycycline, the amount of protein expressed becomes
extremely high. In this way, the on/off states of protein
expression inside the cell may be controlled explicitly.
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According to the present invention, by integrating a poly-
nucleotide for transcription control and a polynucleotide for
protein degradation control in one vector, introducing one
species of vector into a cell is sufficient to enable a dual
control of the expression of the cDNA introduced.

In one embodiment, the present invention further provides
a host cell or a host organism into which the polynucleotide
described above has been introduced, or which has been
transfected with the expression vector described above. Non-
limiting examples of such host organisms and host cells
include vertebrates and cells thereof, and fish, amphibians,
reptiles, avians, mammals and the like, for instance, or cells
thereof may be used. In addition, insects and cells thereof may
be used. Examples of mammals include humans, mice, rats,
rabbits, sheep, pigs, cows, horses, birds, cats, dogs, monkeys,
chimpanzees, and the like. More concrete examples of host
cells or host organisms include but not limited to human cells,
mice, fertilized eggs of zebrafish, and the like, used in the
examples of the present patent application.

4. Composition Containing the Fusion Protein of the
Present Invention or a Polynucleotide Encoding the
Fusion Protein

In still another embodiment, the present invention provides
a composition containing the fusion protein of the present
invention, a composition containing a polynucleotide encod-
ing the fusion protein of the present invention, a composition
containing an expression vector containing the polynucle-
otide encoding the fusion protein the present invention, as
well as a composition containing an expression vector con-
taining the polynucleotide encoding the fusion protein the
present invention and a polynucleotide for controlling the
expression of the polynucleotide. These compositions of the
present invention are used in combination with an antibiotic
that binds to the fusion protein described above. For instance,
when the fusion protein contains a mutant form of repressor
protein of the tetracycline-type antibiotic, the composition of
the present invention is used in combination with a tetracy-
cline-type antibiotic (tetracycline and doxycycline, oxytetra-
cycline, chlortetracycline or anhydrotetracycline, which are
derivatives of tetracycline).

In one preferred embodiment, the composition of the
present invention contains a fusion protein of a fluorescent
protein or a luminescent protein and a mutant protein of a
protein that binds to an antibiotic, or contains an expression
vector containing a polynucleotide encoding such a fusion
protein. Examples of preferred mutant proteins are mutant
TetR proteins, and examples of preferred fluorescent proteins
or luminescent proteins are the same as those mentioned
already in the description of the fusion protein of the present
invention. Preferred mutant TetR proteins are the same as
those mentioned already in the description of the fusion pro-
tein of the present invention. Preferably, in order to prevent a
bias of the fluorescence towards the interior of the cell
nucleus, the mutant TetR protein may further have an amino
acid residue substitution of arginine with glutamine at posi-
tion 28. Since the degradation of the fusion protein of the
present invention may be controlled by the concentration of
Tet, the composition of the present invention can be used for
detecting and imaging the amount of a tetracycline-type anti-
biotic inside a cell or inside an organism, and can be used for
monitoring the kinetics of a drug.

In another embodiment, the composition of the present
invention contains a fusion protein of a therapeutic protein
and a mutant protein of a protein that binds to an antibiotic, or
contains an expression vector containing a polynucleotide
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encoding such a fusion protein. Examples of preferred mutant
proteins are mutant TetR proteins, and examples of proteins
for therapeutic use are the same as those mentioned already in
the description of the fusion protein of the present invention.
Preferred mutant TetR proteins are the same as those men-
tioned already in the description of the fusion protein of the
present invention. As a gene therapy, when an exogenous
gene is introduced into a patient to improve the symptoms by
the action of the protein, which is the gene product thereof,
there is the danger that this protein becomes an antigen and
triggers an unexpected adverse effect. Thus, for instance, if a
gene encoding a therapeutic protein and a fusion gene of
mutant TetR, are introduced using the composition of the
present invention, the amount of fusion protein expressed,
which is the expression product thereof, can be controlled
with Tet, such that a treatment becomes possible while sup-
pressing the adverse effects by administering Tet according to
the situation of the patient.

In a further other embodiment, the composition of the
present invention contains a fusion protein of a protein to be
subjected to functional analysis and a mutant protein of a
protein that binds to an antibiotic, or contains an expression
vector containing a polynucleotide encoding such a fusion
protein. Examples of preferred mutant proteins are mutant
TetR proteins, and examples of proteins to be subjected to
functional analysis are the same as those mentioned already
in the description of the fusion protein of the present inven-
tion. Preferred mutant TetR proteins are the same as those
mentioned already in the description of the fusion protein of
the present invention. If, for instance, a fusion protein of a
mutant TetR and a target protein, which is the subject of a
functional analysis, is expressed by a cell using the compo-
sition of the present invention, the amount of the target pro-
tein inside the cell can be controlled by the amount of Tet
added. This allows the effects exerted by the target protein on
cells and individual organisms to be analyzed experimentally.

When the composition of the present invention is used for
the purposes of diagnostics and/or treatments such as treat-
ment of a disease and imaging or monitoring of pharmacoki-
netics in vivo, or functional analysis of protein in vivo and the
like, the composition of the present invention may further
contain a pharmacologically acceptable carrier, diluent or
excipient, and may be provided as a medicinal composition
suitable for peroral or parenteral administration.

For instance, compositions for oral administration may be
in solid or liquid formulation including, concretely, tablets
(including sugar-coated tablets and film-coated tablets), pills,
granules, powders, capsules (including soft capsules), syrups,
emulsions, suspension and the like. Such a composition is
prepared by well-known methods and contains a carrier, a
diluent or an excipient conventionally used the field of for-
mulation. For instance, lactose, starch, cane sugar, magne-
sium stearate, and the like, may be used as carriers and excipi-
ents for tablets. In addition, as formulations of the
composition for parenteral administration, for instance, injec-
tions, suppositories, and the like, are included; the injections
including formulations such as intravenous injections, sub-
cutaneous injections, intracutaneous injections, intramuscu-
lar injections, drip infusion injections and the like. Such injec-
tions are prepared according to well-known methods, for
instance, by dissolving, suspending or emulsifying the fusion
protein of the present invention or an expression vector con-
taining a polynucleotide coding therefor in a sterile aqueous
or oil-based solution used conventionally for injections. As
aqueous solutions for injection, for instance, physiological
saline, isotonic solution containing glucose or other adjuvant,
and the like are used, which may be used in combination with
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a suitable dissolution adjuvant, for instance, an alcohol (ex-
ample: ethanol), a polyalcohol (examples: propylene glycol
and polyethyleneglycol), a non-ionic surfactant (example:
polysorbate 80, HCO-50 (polyoxyethylene (50 mol) adduct
of hydrogenated castor oil)), or the like. As oil-based solu-
tions, for instance, sesame oil, soybean oil and the like are
used, and as dissolution adjuvants benzyl benzoate, benzyl
alcohol, and the like, may be used in combination. The pre-
pared injection is conventionally filled into a suitable
ampoule. Suppositories used for rectal administration are
prepared, for instance, by mixing the fusion protein or an
expression vector containing the polynucleotide encoding the
fusion protein with a conventional base for suppositories.

It is desirable that the medicinal composition for peroral
use or parenteral use described above is prepared into a for-
mulation with a unit dose that conforms to the dosage of the
active constituent. Formulations with such unit dose include,
for instance, tablets, pills, capsules, injections (ampoules),
suppositories, and the like, and it is desirable that they contain
the active constituent described above at 5 to 500 mg per
respective unit dose formulation in general, 5 to 100 mg for
injections, and 10 to 250 mg for other formulations. Since a
formulation obtained in this way is safe and of low toxicity it
can be administered perorally or parenterally, for instance, to
human or a warm-blooded animal (for instance, mouse, rat,
rabbit, sheep, pig, cow, horse, bird, cat, dog, monkey, chim-
panzee, and the like).

The dose of antibiotic (for instance, tetracycline-type anti-
biotic) to administer in order to prevent the degradation of the
fusion protein of the present invention varies with the target
disease, the subject of administration, administration route,
and the like. For instance, when administering orally, gener-
ally in an adult (supposing a body weight of 60 kg), approxi-
mately 1.0 to 500 mg of the antibiotic, preferably approxi-
mately 5.0 to 300 mg, or more preferably approximately 5.0
to 200 mg is administered daily. When administering
parenterally, although the dosage of the antibiotic varies with
the administration subject, the target disease and the like, for
instance, when a tetracycline-type antibiotic is administered
in injectable form to a normal adult (supposing a body weight
of 60 kg), it is convenient to administer by venous injection
approximately 0.1 to 300 mg, preferably approximately 1 to
200 mg, or more preferably approximately 10 to 100 mg of
the antibiotic daily. In the case of other animals, it is possible
to administer an amount converted into per 60 kg body
weight.

The composition of the present invention is used in com-
bination with an antibiotic (for instance, tetracycline-type
antibiotic). In one embodiment, the composition of the
present invention contains a further antibiotic. In another
embodiment, the composition of the present invention is used
by being administered into a cell or a subject simultaneously
with the antibiotic or before or after administration of the
antibiotic.

5. Kit the Present Invention

In addition, in one embodiment, the present invention pro-
vides a kit containing the fusion protein of the present inven-
tion, a kit containing a polynucleotide encoding the fusion
protein the present invention, a kit containing an expression
vector containing a polynucleotide encoding the fusion pro-
tein the present invention, as well as a kit containing an
expression vector containing the polynucleotide encoding the
fusion protein of the present invention and a polynucleotide
for controlling the expression of the polynucleotide. In addi-
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tion, the present invention provides a kit containing the com-
position of the present invention described above in 4.

Normally, the kit of the present invention further contains
an antibiotic (for instance, tetracycline-type antibiotic). The
kit of the present invention may be used, for instance, for
introducing in vitro or ex vivo an expression vector contain-
ing the polynucleotide encoding the fusion protein of the
present invention into a cell to create and select a transfected
cell. In addition, the kit of the present invention may contain
a buffering solution, a syringe, a vial, and the like, which are
necessary to the desired formulation for in vivo use. In addi-
tion, the kit of the present invention may further contain
instructions by the manufacturer describing the employment
method and/or usage precaution, and the like.

6. Method for Controlling Protein Degradation by an
Antibiotic of the Present Invention

In one embodiment, the present invention provides a
method for controlling protein degradation by an antibiotic
(for instance, tetracycline-type antibiotic) that can be intro-
duced into the interior of a cell. This method includes either
step (A) or (B) described below:

(A) Step of expressing inside a cell or inside an organism a
polynucleotide encoding a fusion protein containing a mutant
protein of a protein that binds to the antibiotic and a target
protein fused thereto, in the presence or in the absence of the
antibiotic.

(B) Step of using inside a cell or inside an organism a fusion
protein containing a mutant protein of a protein that binds to
the antibiotic and a target protein fused thereto, in the pres-
ence or in the absence of the antibiotic.

In a preferred embodiment, the antibiotic is a tetracycline-
type antibiotic and the protein that binds to the antibiotic is the
repressor protein of the antibiotic.

One preferred embodiment of the present invention
described above is a method for controlling protein degrada-
tion by a tetracycline-type antibiotic. This method includes
either step (A) or (B) described below:

(A) Step of expressing inside a cell or inside an organism a
polynucleotide encoding a fusion protein containing a mutant
TetR protein and a target protein fused thereto, in the presence
or in the absence of the tetracycline-type antibiotic.

(B) Step of using inside a cell or inside an organism a fusion
protein containing a mutant TetR protein and a target protein
fused thereto, in the presence or in the absence of the tetra-
cycline-type antibiotic.

In a further other embodiment, the present invention fur-

ther provides a method for controlling the transcription of a
gene encoding a target protein by a antibiotic (for instance,
tetracycline-type antibiotic) that can be introduced into the
interior of a cell, and controlling the degradation of the target
protein as the expression product of the gene. This method
contains the step described below:
(C) Step of using an expression vector containing expressibly
a polynucleotide encoding a fusion protein containing a
mutant protein of a protein that binds to the antibiotic and a
target protein fused thereto, as well as a polynucleotide for
controlling the transcription of the polynucleotide, to express
inside a cell or inside an organism the polynucleotide encod-
ing the fusion protein in the presence or in the absence of the
antibiotic.

In the method of the present invention described above, (i)
the polynucleotide encoding the fusion protein containing the
mutant protein that binds to the antibiotic and the target
protein fused thereto and (ii) the polynucleotide for control-
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ling the transcription of the polynucleotide may each be con-
tained expressibly in different expression vectors.

For instance, for experimental purposes or for the purpose
of diagnostics, prevention and treatment of a disease, the
method of the present invention described above may be used
in order to introduce, in vitro or ex vivo, a gene encoding the
fusion protein of the present invention into the interior of a
cell to express the gene in the presence or in the absence of an
antibiotic (for instance, tetracycline-type antibiotic), or, in
order to introduce, in vivo, a gene encoding the fusion protein
of the present invention into the interior of a cell of a subject
or of a tissue or organ containing such a cell to express the
gene there in the presence or in the absence of an antibiotic
(for instance, tetracycline-type antibiotic). The introduction
of'the gene (or polynucleotide) encoding the fusion protein of
the present invention into the interior of a cell may be carried
out according to an analogous method to that already
described above in 3.

In addition, for instance, for experimental purposes or for
the purpose of diagnostics, prevention and treatment of a
disease, the method of the present invention described above
may be used in order to use, in vitro or ex vivo, the fusion
protein of the present invention inside a cell in the presence or
in an absence antibiotic (for instance, tetracycline-type anti-
biotic), or, in order to use, in vivo, the fusion protein of the
present invention inside the cell of a subject or of a tissue or
organ containing such a cell in the presence or in the absence
of an antibiotic (for instance, tetracycline-type antibiotic).

In the method of the present invention, although the fusion
protein or the gene encoding the fusion protein can be admin-
istered or brought to contact directly with a cell or the tissue
of a subject, or the like, preferably, the formulation may be
together with an appropriate carrier, diluent or excipient, and
the like to be introduced into a cell or inside an organism as
described above in 4. In the method described above, before,
at the same time as or after a fusion protein or the gene
encoding the fusion protein is administered or provided into
the interior of a cell or of an organism, the antibiotic (for
instance, tetracycline-type antibiotic) may be administered or
provided into the interior of the cell or of the organism
described above. In the method, protein degradation may be
regulated by regulating (increasing and decreasing) the con-
centration (inside a cell or a tissue) of the antibiotic (for
instance, tetracycline-type antibiotic).

The present invention will be described more concretely
using examples; however, the scope of the present invention is
not to be limited by these examples.

EXAMPLES
Example 1

Preparation and verification of stability of wild-type
TetR-EGFP and mutant TetR-EGFP

1. Materials and Methods
A. Preparation of cDNA

All of or any two mutations in combination from three
types of mutations, which substitute aspartic acid at the 95%
position with asparagine, leucine at the 101°* position with
serine and glycine at the 102"? position with aspartic acid,
were introduced into the tetracycline repressor (TetR), which
is an Escherichia coli protein that binds to the antibiotic
tetracycline (Tet). The procedure was as follows:

(Procedure)

An oligonucleotide encoding an amino acid sequence con-
taining the amino acid substitution to be introduced was syn-
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thesized, and this was used to prepare a DNA fragment con-
taining a mutation by PCR reaction. This fragment was used
to replace the corresponding site on the DNA encoding the
wild-type protein to introduce the mutation.

Next, cDNAs encoding TetR-EGFP in which wild-type
TetR gene and mutation-introduced TetR gene, respectively,
are fused with green fluorescent protein (EGFP) were created.
The procedure was as follows.

(Procedure)

An oligo-DNA was synthesized, having a base sequence in
which the termination codon has been substituted so as to
encode another amino acid instead of the termination codon
in the TetR gene, and downstream thereof, a sequence that is
recognized and cut by a restriction enzyme; this was used to
carry out a PCR reaction to prepare a DNA fragment encod-
ing TetR with no termination codon, and this was substituted
with the corresponding site on the DNA encoding the wild-
type gene. Then, the DNA was cut by a restriction enzyme and
ligated with the upstream side of a DNA fragment encoding
EGFP in such a way that the translation open reading frames
for protein synthesis match (FIG. 1A).

B. Preparation of Gene Expression Vector

The cDNA prepared as described above was integrated into
the gene expression vector “pEB6CAG” developed by the
present inventors and collaborators, which is replicated/
maintained stably in human cells. The constructed expression
vector DNA was prepared in large amounts from Escherichia
coli using a commercially available DNA purification kit.
C. Preparation and Selection of Transfected Cells

Using a commercially available lipofection reagent, this
DNA was introduced into the human cell line HEp-2, which
was cultured for four days in the presence of 1.5 mg/ml G418,
and only those cells in which DNA were introduced were
selected. The cells were recovered by trypsin treatment and
the ratio of fluorescence-positive cells and the intensity of
fluorescence of individual cell were analyzed with a flow
cytometer (BD FACSCalibur).

2. Results

A. Measurement of the Intensity of Fluorescence by Flow
Cytometer

FIGS. 1B to D are graphs showing the results when the
stability of wild-type TetR-EGFP and mutant TetR-EGFP
was examined using a flow cytometer.

With cells expressing wild-type TetR-EGFP, EGFP-de-
rived fluorescence was observed in 90% or more of the cells,
and with cells expressing mutant TetR-EGFP, only extremely
weak fluorescence could be observed in about 10 to 20% of
the cells (FIG. 1B).

When these cells were cultured in the presence of 100
png/ml of the proteasome inhibitor MG132 for 12 hours,
although no major change in the intensity of fluorescence was
observed with the cells expressing wild-type TetR-EGFP, a
remarkable enhancement of fluorescence was observed with
the cells expressing mutant TetR-EGFP (FIG. 1C). From this,
degradation of the mutant TetR-EGFP protein inside the cells
by the proteasome was found to be the cause for the observa-
tion of only little fluorescence.

In addition, when this cell was cultured for four days by
adding 1.5 mg/ml of doxycycline, although no change was
observed with wild-type TetR-EGFP, a remarkable enhance-
ment of fluorescence was observed with cells expressing the
mutant, which was greater than when MG132 was added
(FIG.1D). Note that the TetR used here was one into which all
three of the three types of mutations described above were
introduced.
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B. Observation by Inverted Microscope

FIG. 2A is an inverted microscope photograph of the cell
described above. As is shown, although green fluorescence
was observed over the entirety of the cell, the fluorescence
was biased particularly to the nucleus (FIG. 2A). Since TetR
is a DNA binding protein, this was presumed to be due to the
presence of the protein biased to the nucleus by binding to the
genomic DNA inside the human cell. It was predicted that this
might become an issue in some cases when application to a
general purpose is attempted. Consequently, in order to deac-
tivate the DNA binding capability, a further mutation to sub-
stitute arginine at the 28" position with glutamine was intro-
duced.

FIG. 2B is a photograph showing the results of fluores-
cence microscope observations carried out using a TetR-
EGFP mutant with the R28Q mutation added. As shown,
localization of fluorescence to the nucleus was solved, fluo-
rescence is observed uniformly inside the cell and the border
between the nucleus and the cytoplasm became indistinct. In
addition, with this mutation, the extent of doxycycline-de-
pendent fluorescence enhancement was also maintained
(FIG. 2B).

C. Correlation Between Doxycycline Concentration and
Intensity of fluorescence

In order to analyze the correlation between doxycycline
concentration and intensity of fluorescence, the intensity of
fluorescence in states where various concentrations of doxy-
cycline were added was analyzed with a flow cytometer. FIG.
3 shows the results. As shown, enhancement of fluorescence
started to be observed at concentrations of 0.05 pg/ml or more
and the maximum intensity of fluorescence was reached
when the concentration was 1.5 pg/ml.

D. Correlation Between Time Elapsed after Addition of
Doxycycline and Intensity of Fluorescence

In order to analyze variation over time after addition of
doxycycline, intensity of fluorescence was measured every
eight hours after addition of 1.5 pg/ml of doxycycline. FIG.
4 A shows the results. As shown, compared to cells transfected
with a vector simply expressing EGFP, cells transfected with
a vector expressing mutant TetR-EGFP demonstrated a sud-
den fluorescence enhancement the first eight hours, and the
fluorescence had almost reached equilibrium after 24 hours
(FIG. 4A). Conversely, in order to observe the time course
after removal of doxycycline, after treatment with 1.5 pg/ml
of doxycycline for four days, an exchange to a MEM culture
medium containing no doxycycline was performed and the
intensity of fluorescence was measured every eight hours.
The results are shown in FIG. 4B. As shown, the half life was
eight hours, and fluorescence disappeared almost completely
after 24 hours (FIG. 4B).

Example 2

Evaluation of the Capabilities of the Protein
Degradation Control System of the Present Invention
In Vivo

1. Evaluation in Trasgenic Mouse

A transgenic mouse was created in order to analyze
whether or not the behavior of doxycycline was detectable as
fluorescence in a live individual animal using this protein
degradation control system.

A cDNA of TetR-EGFP into which the R28Q, DI95N,
L101S and G102D mutations were introduced was linked
downstream of the CAG promoter known to facilitate the
expression of a transgene systemically in mouse, and an IRES
sequence and a cDNA that is capable of expressing a tandem
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dimer of fluorescent protein DsRed were placed further
downstream, sandwiching the IRES sequence by the cDNAs.
Since it was predicted that the intensity of green fluorescence
varies due to the TetR-EGFP protein which undergoes deg-
radation control by the presence or absence of doxycycline
while the red fluorescence of DsRed would always be con-
stant, it was expected that the intensity of expression in each
of the various organs would be monitored by the red fluores-
cence and that the variation in the intensity of green fluores-
cence due to the behavior of doxycycline would be standard-
ized and quantified by taking the ratio of red and green
fluorescence intensities.

Consequently, DNA prepared in large amounts was
injected into mouse fertilized eggs, then, returned into a
pseudo-pregnant mouse, and from among the born mouse
pups, one having the transgene was selected and bred.

As expected, in this mouse, red fluorescence was always
observed, and furthermore when doxycycline was adminis-
tered into the peritoneal cavity, enhancement of green fluo-
rescence occurred systemically after eight hours (FIG. 5).
When the ratio between the red and green fluorescence inten-
sities was graphed, the intensity of green fluorescence was
found to become maximum at the eighth hour and decay
thereafter (FIG. 6).

2. Evaluation in Zebrafish

In order to verify whether or not a similar degradation
control occurs in other animal species, an mRNA encoding
TetR-EGFP into which the R28Q, D95N, L101S and G102D
mutations were introduced was synthesized with a commer-
cially available kit and injection was carried out into a
zebrafish fertilized egg.

Although no green fluorescence was detected when no
doxycycline was added, when 1.5 pg/ml of doxycycline was
added, a weak fluorescence was observed 24 hours later in
40% of the eggs, and when 15 pg/ml was added, extremely
strong fluorescence was observed in 100% of the eggs (FIG.
7). As described above, it was demonstrated that a degrada-
tion control system similar to that used in mouse can also be
used in fish.

Example 3

Quantitative Analysis of Protein Expressed Using the
Gene Expression Regulation and/or Protein
Degradation Regulation System of the Present
Invention (1)

A. Preparation of Gene Expression Vectors

A cDNA was integrated into the constitutive gene expres-
sion vector “pEB6CAG” or the vector “pOSTet15” enabling
transcription-regulated expression through doxycycline,
which the present inventors developed by applying the meth-
ods in Japanese National-phase PCT Laid-Open Patent Pub-
lication No. 2003-515314 (the entirety of which is incorpo-
rated herein by reference). The cDNA to be expressed
integrates a simple fluorescent protein EGFP, or eTetREGFP
or hTetREGFP, which degradation control is enabled by
doxycycline. According to this, the following six vectors
were constructed: 1) “pEB6CAG-EGFP”, which expresses
constitutively with no control at all, 2) “pOSTet15-EGFP”,
for which control is possible only at the transcription level, 3)
“pEB6CAG-eTetREGFP” and “pEB6CAG-hTetREGFP”,
for which control is possible only at the protein degradation
level and 4) “pOSTetl5-eTetREGFP” and “pOSTetl5-
hTetREGFP”, for which dual-control at the transcription
level and the protein degradation level is possible. The con-
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structed expression vector DNA was prepared in large
amounts from Escherichia coli using a commercially avail-
able DNA purification kit.

B. Preparation and Selection of Transfected Cell

Using a commercially available lipofection reagent, this
DNA was introduced into the human cell line HEp-2, the cell
line was cultured for four days in the presence of 1.5 mg/ml
(G418, and only cells with the DNA introduced were selected.
These cells were subjected to a flow cytometer and the inten-
sity of fluorescence by EGFP was measured cell by cell to
determine the average fluorescence intensity thereof.
Results

As shown in FIG. 8, when neither transcription nor protein
degradation control is applied, strong fluorescence was
detected regardless of the presence or absence of doxycy-
cline. If expression control was applied by transcription alone
or degradation alone, the intensity of fluorescence when no
doxycycline was added was weaker, and although a given
control effect was observed, fluorescence was still detected in
many cells. This means that expression inhibition is insuffi-
cient with a single control.

Meanwhile, when a dual-control was applied, almost no
fluorescence was detected when no doxycycline was added,
furthermore, since a strong fluorescence was detected when
doxycycline was added here, in contrast to the induction ratio
thereof of several tens of times that for a single control, a
remarkable induction of 400 times or greater was observed.
Moreover, it was found that control at a lower expression level
was possible when eTetR in which the cDNA sequence was
still Escherichia coli-derived was used, and control at a
higher expression level was possible with hTetR in which the
c¢DNA sequence was converted into codons used at high fre-
quency in human. From this, it was demonstrated that eTetR
and hTetR can be used separately according to the type of the
objective protein to be introduced/expressed and the expres-
sion level aimed for.

From the above results, it was demonstrated that even in
cases where stringent enough expression control is difficult
with the transcription control by doxycycline of the prior art
alone, extremely stringent gene expression control can be
realized by combination with the control of protein degrada-
tion of the present invention.

Example 4

Quantitative Analysis of Protein Expressed Using the
Gene Expression Regulation and/or Protein
Degradation Regulation System of the Present
Invention (2)

c¢DNAs encoding DTA-EGFP, in which the diphtheria-
derived toxin protein diphtheria toxin A (DTA) gene which
demonstrates strong toxicity against human cells, fused with
a green fluorescent protein (EGFP), and eTetR-DTA-EGFP
and hTetR-DTA-EGFP, in which the foregoing DTA-EGFP
was further fused with mutant TetR, were prepared to perform
experiments to control gene transcription. The procedure was
as follows:

(Procedure)

A. Preparation of TetR-DTA-EGFP

c¢DNA fragment encoding DTA was prepared by excision
from an existing pMC1 DT-3 vector with restriction enzymes
BamHI-Dral. This was inserted into a cDNA in which the
TetR portion of the mutant TetR-EGFP gene described above
was removed by restriction enzymes BgllI-Smal to create a
c¢DNA encoding DTA-EGFP. In addition, eTetR-DTA-EGFP
and hTetR-DTA-EGFP were created by inserting the cDNA
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fragment encoding DTA between TetR and EGFP of the
TetR-EGFP gene, using the restriction enzyme BamHI.

B. Preparation of Gene Expression Vectors

The cDNA prepared as described above was integrated into
the constitutive gene expression vector “pEB6CAG” or the
vector “pOSTet15” enabling regulated expression through
doxycycline, which the present inventors developed by
applying the methods in Patent Laid-open Publication No.
2003-515314. According to this, the following six vectors
were constructed: 1) “pOSTetl5-eTetRDTAEGFP” and
“pOSTetl15-hTetRDTAEGFP”, which enable dual-control at
the transcription level and the protein degradation level, 2)
“pOSTet1 5-DTAEGFP”, which enables control at the tran-
scription level, 3) “pEB6CAG-eTetRDTAEGFP” and
“pEB6CAG-hTetRDTAEGFP”, which enable control only at
the protein degradation level and 4) “pEB6CAG-DTAE-
GFP”, which expresses constitutively with no control atall. In
addition to these, “pOSTet15-eTetREGFP” and “pOSTet15-
hTetREGFP”, which have no DTA and demonstrate no cyto-
toxicity, were also constructed for the comparative experi-
ments. The constructed expression vector DNA was prepared
in large amounts from Escherichia coliusing a commercially
available DNA purification kit.

C. Preparation and Selection of Transfected Cell

Using a commercially available lipofection reagent, this
DNA was introduced into the human cell line HEp-2, the cell
line was cultured for four days in the presence of 1.5 mg/ml
(G418, and only cells with the DNA introduced were selected.
At this time, the surviving cell count was measured. In addi-
tion, EGFP fluorescence observation was carried out for con-
firmation of gene introduction.

Results

As shown in FIG. 9, similarly to when there was no expres-
sion control, when control was applied with either transcrip-
tion or protein degradation alone, almost all the cells killed
even when expression was inhibited with no doxycycline
added. This means that inhibition of expression being insuf-
ficient with a single control, the cells were killed due to the
high toxicity of DTA even with an expression leakage at low
level.

Meanwhile, if a dual-control was applied, the cells were
killed even without addition of doxycycline when hTetR was
used, similarly to the cases of a single control. On the other
hand, when eTetR was used, although the cell count when
doxycycline was not added has become lower than when a
gene without toxicity was introduced, a sufficient number of
cells were shown to have survived due to sufficient expression
inhibition of the toxin gene. In addition, it became also clear
that when doxycycline was added here the toxin gene was
expressed, killing the cells.

From the above results, it was demonstrated that even in
cases where stringent enough expression control is difficult
with the transcription control by doxycycline of the prior art
alone, extremely stringent gene expression control can be
realized by combination with the control of protein degrada-
tion of the present invention. In particular, it became also
clear that if an expression control is desired, of a gene which
influence exerted on cells is large even with a slight expres-

sion, such as the diphtheria toxin of this time, the most strin-
gent expression inhibition can be realized by selecting eTetR.
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Example 5

Regulation of Expression of a Target Gene by the

Dual Control System Containing Gene Expression

Regulation and Protein Degradation Regulation of
the Present Invention

A. Preparation of Gene Expression Vectors

As vectors to control the expression of the lambda phage
Cre protein, three types of vectors were constructed for: con-
trol by protein degradation only, control by transcription only
and dual control. In addition, in so doing, similarly to hTetR,
in which the codons of TetR were modified, was used in
Examples 3 and 4, when the cre gene with the normal base
sequence and hCre (SEQ ID: 3) in which, in order to raise the
translation efficiency in mammalian cells, the types of codons
were modified to alter the base sequence only, keeping the
amino acid sequence as-is, were compared, since hCre was
confirmed to have a higher recombination efficiency overall,
hCre was used in the present example. Three types of vectors
were constructed, “pEB6CAG-TetRhCre”, which enables
control by degradation alone, and created by turning the hCre
c¢DNA into TetRhCre which enables degradation control by
doxycycline, and which was then integrated into the consti-
tutive gene expression vector “pEB6CAG” described above;
“pOSTet15-hCre”, which enables control by transcription
alone and was created by integrating hCre c¢DNA into
“pOSTet15”: “pOSTetl5-TetRhCre”, which enables dual
control and created by integrating TetRhCre into
“pOSTet15”. In addition to these, as a monitoring vector for
confirming the DNA recombination effect by the Cre protein,
a recombination reporter vector in which the yellow fluores-
cent protein Venus was flanked by loxP sequences and the red
fluorescent protein DsRedl was placed downstream thereof,
“pEB6CAG-Venus-lox-R1-SRZ” (FIG. 10), was also con-
structed. By introducing this at the same time as any Cre
control vector described above into a cell, while a cell in
which no Cre expression is observed emits a yellow fluores-
cence, if a Cre-mediated recombination between loxP occurs,
the Venus cDNA is eliminated and the expression of DsRed1
starts, causing red fluorescence to be emitted. The expression
effect of Cre can be detected simply from this change in
fluorescence wavelength (FIG. 10).

The constructed expression vector DNA was prepared in
large amounts from Escherichia coli using a commercially
available DNA purification kit
B. Preparation and Selection of Transfected Cell

Using a commercially available lipofection reagent, this
DNA was introduced into the human cell line HEp-2, the cell
line was cultured for four days in the presence of 1.5 mg/ml
G418 and 0.1 mg/ml zeocin, and only cells with the two
species of DNA introduced were selected. Fluorescences at
two wavelengths, yellow and red, were measured with a flow
cytometer.

Results

As shown in FIG. 11, when no doxycycline was added,
most of the cells displayed yellow fluorescence, and those
cells simultaneously displaying red fluorescence were on the
order of 5%. On the other hand, when 1 mg/ml of doxycycline
was added, 60% of the cells displayed red fluorescence only,
and by adding cells displaying both yellow and red, red fluo-
rescence was detected in 70% or more of the cells; a recom-
bination of the reporter vector by Cre was observed. In addi-
tion, even in cells emitting yellow fluorescence only, the
fluorescence intensity thereof was considerably attenuated,
suggesting that although DsRedl was not correctly
expressed, the recombination per se occurred.
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Example 6

Control Efficiency Comparison Between Dual
Control System and Protein Degradation Control
System or Transcription Control System

Next, comparison on the capabilities was performed,
between when Cre protein expression regulation is carried out
by protein degradation control alone and transcription control
alone, and the dual control system of the present invention.
After two vectors were introduced, three experiments were
carried out: 1) one in which no doxycycline at all was added
and was cultured for six days, 2) one in which 1.0 ug/ml of
doxycycline was added only one day, thereafter, doxycycline
was removed and was cultured for five days, and 3) one in
which 1.0 pg/ml of doxycycline was added for three days,
thereafter, doxycycline was removed and was cultured for
three days.

As shown in FIG. 17A, even if controlling the Cre protein
by degradation alone was attempted, recombination of the
reporter vector mediated by Cre had already occurred when
doxycycline was not added, and there were 10% or less non-
recombinant cells emitting yellow fluorescence were. Fur-
thermore, when doxycycline was added here, cytotoxicity
observed when Cre protein is expressed excessively in cells
appeared, killing cells, and only few cells could be recovered.
From this, it became clear that inhibition at uninduced time
was insufficient with a control by protein degradation alone.

Next, as shown in FIG. 17B, also when controlling the Cre
protein by transcription alone was attempted, although
attenuated from the case of degradation alone, recombination
of the reporter vector mediated by Cre was prominently
observed already when doxycycline was not added, cells
strongly emitting red fluorescence which indicates that
recombination occurred were %5 or greater, meanwhile, non-
recombinant cells emitting yellow fluorescence were 25% or
less. Furthermore, when doxycycline was added here, cyto-
toxicity was observed similarly to the case of degradation
control; in particular, since the cells having higher expression
level and stronger red fluorescence were killed more, average
intensity of red fluorescence of the cell group decreased
remarkably, and the intensity of fluorescence decreased fur-
ther when the doxycycline treatment time was extended.
From the above, it was shown that although controlling by
transcription alone is more stringent to some extent than
controlling by degradation alone, it is insufficient as a method
for controlling Cre protein expression.

Next, as shown in FIG. 17C, when the dual control system
was used, 70% or more cells were cells emitting yellow
fluorescence alone in which no recombination at all occurred,
and the fluorescence intensity thereof was also large. How-
ever, when doxycycline was added here, 70% or more cells
changed to red fluorescence even in a treatment of only one
day; the recombination could be induced extremely effi-
ciently. In addition, almost no decrease in cell count due to
cytotoxicity, as observed in other cases, was observed even
when treated for three days, and there was no major variation
in the recombination efficiency per se from the one day only
treatment.

From the above, it became clear that using the dual control
system allows the enzymatic activity of a target protein to be
inhibited stringently when no doxycycline is added, and fur-
thermore, the enzymatic activity becomes detectable in most
cells by doxycycline addition.
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Example 7

Verification of Antibiotic Concentration Dependency
of Tet Dual Control System

Next, analyses were performed on the influence of the
concentration of doxycycline exerted on recombination effi-
ciency. Two species, the vector for Cre dual control and the
recombination reporter vector described above, were intro-
duced into a cell, and after selection over drugs the cells were
treated for one day or three days with doxycycline at four
concentration steps from 0.001 pg/mlto 1.0 pg/ml to examine
recombination efficiency.

As shown in FIG. 18, it was found that the efficiency of
recombination rose concentration-dependently and that the
concentration should be raised to 1.0 ng/ml in order to ensure
that recombination occurs. Conversely, it was found that,
since there was not so much variation in the efficiency even
when the treatment time was tripled, 24 hours doxycycline
treatment was sufficient, allowing a rather early induction to
be realized.

Example 8

Method for Increasing Stringency of Control for the
Control of Cre Gene Expression by the Dual Control
System

A. Preparation of Gene Expression Vectors

As a method for controlling DNA recombination by the
fusion protein of TetR and hCre more stringently in the vector
“pOSTet15 TetRhCre”, which has TetRhCre integrated in
“pOSTet15” constructed in Example 5 and enables dual con-
trol, a method for altering the intracellular localization of the
fusion protein was attempted. That is to say, A) in addition to
the original TetRhCre fusion protein, B) one in which a
nuclear localization signal (NLS) was added at the N-termi-
nus, C) one in which a nuclear export sequence (NES) was
added at the C-terminus and D) one in which placed were both
NLS at the N-terminus and NES at the C-terminus, were
constructed newly. These were introduced into cells similarly
to Example 5 and the recombination efficiency was analyzed.
B. Preparation and Selection of Transfected Cell

These were introduced into cells similarly to Example 5
and the recombination efficiency was analyzed.
Results

As shown in FIGS. 19A and B, it became clear that when
Cre added with in general frequently used NLS to promote
transport into the interior of the nucleus was used, the pro-
portion of non-recombinant cells when no doxycycline was
added decreased from 80% to 70%, moreover, the recombi-
nation efficiency when doxycycline was added was not dif-
ferent from that with nothing added, and thus there was an
additional loss of stringency of expression control. On the
other hand, as shown in FIG. 19C, it became clear that when
NES was added to raise the rate of evacuation from the
nucleus, cells that provoke recombination regardless of no
addition of doxycycline was halved from 14% to 7%, and thus
stringency was increased. In addition, it was shown that
although the efficiency of induction of recombination by the
addition of doxycycline also decreased slightly, it could be
improved to some extent by extending the time of treatment to
three days. As shown in FIG. 19D, when both NLS and NES
were added, the control when no doxycycline was added did
notincrease and the recombination efficiency at addition time
decreased widely, and thus the desirable capabilities were not

20

25

30

40

45

60

65

32
exerted. From the above, it was shown that addition of NES is
effective when controlling the expression of the Cre protein
more stringently is desired.

INDUSTRIAL APPLICABILITY

The fusion protein of the present invention has the proper-
ties of being unstable and degraded quickly inside of a living
animal cell in an isolated state while stabilizing and escaping
degradation by binding to an antibiotic (for instance, tetracy-
cline-type). In addition, according to the protein degradation
control system of the present invention gene combined with
transcription control (dual control system), it is possible to
control the expression of a protein more stringently inside a
living cell.

Consequently, the present invention can be used in such
applications as of (1) to (4) below.

(1) Although the Escherichia coli tetracycline repressor
(TetR) protein is stable inside a human cell, the mutant into
which mutations have been introduced (for instance, at two
locations or more) is rapidly degraded in a state without
tetracycline-type antibiotic while it escapes degradation and
accumulates inside the cell when Tet is added. Consequently,
forinstance, if a fusion protein of this mutant TetR protein and
a target protein subject of a functional analysis is expressed
by a cell, the amount of target protein inside the cell can be
controlled by the amount of Tet added. This allows the influ-
ence exerted by the target protein on a cell or an individual
organism to be analyzed experimentally.

(2) As a gene therapy, when an exogenous gene is intro-
duced into a patient to improve the symptoms by the action of
the protein, which is the gene product thereof, there is the
danger that this protein becomes an antigen and triggers an
unexpected adverse effect. Thus, for instance, if a fusion gene
of'a protein for the purpose of the treatment and a mutant TetR
protein is introduced, the fusion protein amount, which is the
product thereof, may be controlled by Tet, such that carrying
out a treatment becomes possible while avoiding the adverse
effects by administering Tet according to the situation of the
patient. Consequently, the present invention is useful for
applications in the medical field, or the like.

(3) Ifa mutant protein of a protein that binds to an antibiotic
(for instance, mutant TetR) is expressed in a cell as a fusion
protein with a detectable protein such as a fluorescent protein
or a luminescent protein (example: luciferase), since the
amount of fluorescence or the amount of luminescence varies
with the amount of the antibiotic (for instance, Tet), the
amount of antibiotic (for instance, Tet) in a living cell or in an
individual organism can be detected and imaged. Conse-
quently, the present invention is also useful in in vivo imaging
of drugs, or the like.

(4) According to the composition, kit, system and method
for controlling the expression of a target gene of the present
invention, a regulation of the expression of a target gene
becomes possible, such as, for instance, the expression of a
target gene deemed necessary during a cycle in the process of
cell differentiation is maintained for this period only and the
expression of the gene is inhibited at the time point where it
has become no longer necessary.
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<160>

<210>
<211>
<212>
<213>

SEQ ID NO 1
LENGTH: 624
TYPE: DNA

ORGANISM: Serratia marcescens

<400> SEQUENCE: 1

atgtctagat tagataaaag

ggaatcgaag

ttgtattgge

gataggcacc

aataacgcta

ttaggtacac

tgccaacaag

actttaggtt

cctactactg

ggtgcagagc

gtttaacaac

atgtaaaaaa

atactcactt

aaagttttag

ggcctacaga

gtttttcact

gegtattgga

atagtatgcc

cagecttett

cttaaatgtyg aaagtgggtc

<210> SEQ ID NO 2
<211> LENGTH: 207
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 2

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 4

taaagtgatt
ccgtaaacte
taagcgggcet
ttgecccttta
atgtgettta
aaaacagtat
agagaatgca
agatcaagag
gccattatta
attcggectt

ttaa

Met Ser Arg Leu Asp Lys Ser Lys

1

Leu

Lys

Arg

Thr

65

Asn

Ala

Leu

Asn

Val

145

Pro

Phe

Ile

Asn

Leu

Ala

50

His

Asn

Lys

Glu

Ala

130

Leu

Thr

Asp

Ile

Glu

Gly

35

Leu

Phe

Ala

Val

Asn

115

Leu

Glu

Thr

His

Cys
195

Val Gly Ile Glu Gly

Val Glu Gln Pro Thr

40

Leu Asp Ala Leu Ala

55

Cys Pro Leu Glu Gly

70

Lys Ser Phe Arg Cys

85

His Leu Gly Thr Arg

100

Gln Leu Ala Phe Leu

120

Tyr Ala Leu Ser Ala

135

Asp Gln Glu His Gln
150

Asp Ser Met Pro Pro

165

Gln Gly Ala Glu Pro

180

Gly Leu Glu Lys Gln

200

aacagcgcat

gcccagaage

ttgctegacy

gaaggggaaa

ctaagtcatc

gaaactcteg

ttatatgcac

catcaagtcg

cgacaagcta

gaattgatca

Serratia marcescens

Val Ile Asn
10

Leu Thr Thr
25

Leu Tyr Trp

Ile Glu Met

Glu Ser Trp

75

Ala Leu Leu
90

Pro Thr Glu
105

Cys Gln Gln

Val Gly His

Val Ala Lys
155

Leu Leu Arg
170

Ala Phe Leu
185

Leu Lys Cys

tagagctget

taggtgtaga

ccttagecat

getggcaaga

gcgatggage

aaaatcaatt

tcagcgetgt

ctaaagaaga

tcgaattatt

tatgcggatt

Ser

Arg

His

Leu

60

Gln

Ser

Lys

Gly

Phe

140

Glu

Gln

Phe

Glu

Ala

Lys

Val

45

Asp

Asp

His

Gln

Phe

125

Thr

Glu

Ala

Gly

Ser
205

Leu

Leu

30

Lys

Arg

Phe

Arg

Tyr

110

Ser

Leu

Arg

Ile

Leu

190

Gly

taatgaggtc
gcagcctaca
tgagatgtta
ttttttacgt
aaaagtacat
agccttttta
ggggcatttt
aagggaaaca
tgatcaccaa

agaaaaacaa

Glu Leu
15

Ala Gln

Asn Lys

His His

Leu Arg
80

Asp Gly
95

Glu Thr

Leu Glu

Gly Cys

Glu Thr

160

Glu Leu
175

Glu Leu

Ser

60

120

180

240

300

360

420

480

540

600

624
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-continued
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130 135 140

Gln Val Arg Ser Leu Met Glu Asn Ser Asp Arg Cys Gln
145 150 155

Asn Leu Ala Phe Leu Gly Ile Ala Tyr Asn Thr Leu Leu
165 170

Glu Ile Ala Arg Ile Arg Val Lys Asp Ile Ser Arg Thr
180 185

Arg Met Leu Ile His Ile Gly Arg Thr Lys Thr Leu Val
195 200 205

Gly Val Glu Lys Ala Leu Ser Leu Gly Val Thr Lys Leu
210 215 220

Trp Ile Ser Val Ser Gly Val Ala Asp Asp Pro Asn Asn
225 230 235

Cys Arg Val Arg Lys Asn Gly Val Ala Ala Pro Ser Ala
245 250

Leu Ser Thr Arg Ala Leu Glu Gly Ile Phe Glu Ala Thr
260 265

Ile Tyr Gly Ala Lys Asp Asp Ser Gly Gln Arg Tyr Leu
275 280 285

Gly His Ser Ala Arg Val Gly Ala Ala Arg Asp Met Ala
290 295 300

Val Ser Ile Pro Glu Ile Met Gln Ala Gly Gly Trp Thr
305 310 315

Ile Val Met Asn Tyr Ile Arg Asn Leu Asp Ser Glu Thr
325 330

Val Arg Leu Leu Glu Asp Gly Asp
340

Asp

Arg

Asp

190

Ser

Val

Tyr

Thr

His

270

Ala

Arg

Asn

Gly

Ile

Ile

175

Gly

Thr

Glu

Leu

Ser

255

Arg

Trp

Ala

Val

Ala
335

Arg

160

Ala

Gly

Ala

Arg

Phe

240

Gln

Leu

Ser

Gly

Asn

320

Met

The invention claimed is:
1. A gene expression control system for controlling the
expression of a target gene inside a cell in vitro or in a
non-human transgenic animal by the presence or absence of a
tetracycline antibiotic, comprising:
(a)acell
(b) an expression vector that is introduced into the interior
of'said cell, and comprises expressibly
(b1) a polynucleotide encoding a fusion protein of a
mutant of a tetracycline repressor protein and a
recombination enzyme, wherein said fusion protein
mediates the recombination at a recombination
sequence site, and is degraded inside said cell in the
absence of said antibiotic,

wherein said mutant has an amino acid sequence having
at least two of the following mutations: substitution of
aspartic acid at position 95 with asparagine, substitu-
tion of leucine at position 101 with serine and substi-
tution of glycine at 102 with aspartic acid in the amino
acid sequence of a wild-type tetracycline repressor
protein encoded by SEQ ID NO: 2, and

(b2) a polynucleotide to be introduced into the interior of
said cell, encoding a protein that binds to the tran-
scription control region of the polynucleotide in (b1)
and controls the transcription of said polynucleotide,
wherein the binding to said transcription control
region is controlled by the presence or absence of said
antibiotic,

(c) an expression vector that is introduced into the interior
of said cell, and comprises expressibly a target gene
between and/or downstream of recombination
sequences, and
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(d) a tetracycline antibiotic to be introduced into the inte-

rior of said cell,
wherein the transcription of the polynucleotide in (b1)

and the degradation of said fusion protein, which is
the expression product of the polynucleotide in (b1),
is controlled inside the cell by the presence or absence
of the tetracycline antibiotic, and the expression of
said target gene is controlled by the expressed amount
of said fusion protein.

2. The system according to claim 1, wherein said recom-
bination enzyme is at least one protein selected from the
group consisting of:

(a) Cre recombinase;

(b) FLP recombinase;

(c) phage phi 13 integrase;

(d) phage R4 integrase;

(e) phage TP901-1 integrase;

() phage A (lambda) integrase;

(g) phage HKO022 integrase;

(h) B (beta) recombinase;

(1) R recombinase;

(j) v0 (gamma delta) resolvase;

(k) Dre recombinase;

(1) phi Rv1 integrase;

(m) Int;

(n) IHF;

(0) Xis;

(p) Fis;

(q) Hin;

(r) Gin
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(s) Cin;

(t) Th3 resolvase;

(u) TndX;

(v) XerC; and

(w) XerD.

3. The system according to claim 1, wherein said recom-
bination sequence comprises one or more recombination
sequences selected from the group consisting of:

(a) loxP;

(b) frt;

(c) attB/attP;

(d) six;

(e)RS;

(D) res;

(g) rox;

(h) psi;

(1) dif;

(j) cer; and

(k) mutants, variants, and derivatives of the recombination

sequence from (a), (b), (¢), (d), (), (), (2), (h), (i) or (§),
which have retained the capability of provoking recom-
bination.

4. The system according to claim 1, wherein said recom-
bination enzyme is Cre recombinase and said recombination
sequence is the loxP sequence.

5. The system according to claim 1, wherein said target
gene is a transcription factor.

6. A gene expression control method for controlling the
expression of a target gene inside a cell in vitro or in a
non-human transgenic animal by the presence or absence of a
tetracycline antibiotic, comprising the step of expressing
under the presence or under the absence of the antibiotic
inside said cell,

(a) an expression vector comprising expressibly

(al) a polynucleotide encoding a fusion protein of a
mutant of a tetracycline repressor protein and a
recombination enzyme, wherein said fusion protein
mediates the recombination at a recombination
sequence site, and is degraded inside said cell in the
absence of said antibiotic,

wherein said mutant has an amino acid sequence having
at least two of the following mutations: substitution of
aspartic acid at position 95 with asparagine, substitu-
tion of leucine at position 101 with serine and substi-
tution of glycine at 102 with aspartic acid in the amino
acid sequence of a wild-type tetracycline repressor
protein encoded by SEQ ID NO: 2, and

(a2) apolynucleotide encoding a protein that binds to the
transcription control region of the polynucleotide in
(al) and controls the transcription of said polynucle-
otide, wherein the binding to said transcription con-
trol region is controlled by the presence or absence of
said antibiotic, and

(b) an expression vector comprising expressibly a target

gene between and/or downstream of recombination

sequences.

7. The method according to claim 6, wherein said recom-
bination enzyme is at least one protein selected from the
group consisting of:

(a) Cre recombinase;

(b) FLP recombinase;

(c) phage phi 13 integrase;

(d) phage R4 integrase;

(e) phage TP901-1 integrase;

(f) phage A (lambda) integrase;

(g) phage HK022 integrase;

(h) p (beta) recombinase;
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(1) R recombinase;

(1) v0 (gamma delta) resolvase;

(k) Dre recombinase;

(D) phi Rv1 integrase

(m) Int;

(n) IHF;

(0) Xis;

(p) Fis;

(q) Hin;

(r) Gin

(s) Cin

(t) Th3 resolvase;

() TndX;

(v) XerC; and

(w) XerD.

8. The method according to claim 6, wherein said recom-
bination sequence comprises one or more recombination
sequences selected from the group consisting of:

(a) loxP;

(b) fit;

(c) attB/attP;

(d) six;

(& RS;

(D res;

(g) rox;

(b) psi;

(1) dif;

(j) cer; and

(k) mutants, variants, and derivatives of the recombination

sequence from (a), (b), (¢), (d), (&), (), (2), (), (i) or (j),
which have retained the capability of provoking recom-
bination.

9. The method according to claim 6, wherein said recom-
bination enzyme is Cre recombinase and the recombination
sequence is the loxP sequence.

10. The method according to claim 6, wherein said target
gene is a transcription factor.

11. The system according to claim 1, wherein said expres-
sion vector in (b) comprises a polynucleotide encoding a
polypeptide comprising a nuclear export sequence added to
the C-terminal side of the amino acid sequence of the fusion
protein in (b1).

12. The system according to claim 5, wherein said tran-
scription factor is any of Oct3/4, K1f4, Sox2, or c-Myc gene.

13. The method according to claim 6, wherein said expres-
sion vector in (a) comprises a polynucleotide encoding a
polypeptide comprising a nuclear export sequence added to
the C-terminal side of the amino acid sequence of the fusion
protein in (al).

14. A gene expression control system for controlling the
expression of a target gene inside a cell in vitro or in a
non-human transgenic animal by the presence or absence of a
tetracycline antibiotic, comprising

(a) cell

(b) an expression vector that is introduced into the interior

of said cell, and comprises expressibly a polynucleotide
encoding a fusion protein of a mutant of a tetracycline
repressor protein and a recombination enzyme, wherein
said fusion protein mediates the recombination at the
recombination sequence site, and is degraded inside said
cell in the absence of said antibiotic,
wherein said mutant has an amino acid sequence having
atleast two of the following mutations: substitution of
aspartic acid at position 95 with asparagine, substitu-
tion of leucine at position 101 with serine and substi-
tution of glycine at 102 with aspartic acid in the amino
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acid sequence of a wild-type tetracycline repressor
protein encoded by SEQ ID NO: 2,

(c) an expression vector that is introduced into the interior
of'said cell, and comprises expressibly a polynucleotide
encoding a protein that binds to the transcription control
region of the polynucleotide in (b) and controls the tran-
scription of said polynucleotide, wherein the binding to
said transcription control region is controlled by the
presence or absence of said antibiotic,

(d) an expression vector that is introduced into the interior
of said cell, and comprises expressibly a target gene
between and/or downstream of recombination
sequences, and

(e) said antibiotic to be introduced into the interior of said
cell,
wherein the transcription of the polynucleotide in (b)

and the degradation ofthe fusion protein, which is the
expression product of the polynucleotide in (b), is
controlled inside said cell by the presence or absence
of the antibiotic, and the expression of the target gene
is controlled by the expressed amount of the fusion
protein.

15. A gene expression control method for controlling the
expression of a target gene inside a cell in vitro or in a
non-human transgenic animal by the presence or absence of a
tetracycline antibiotic, comprising the step of expressing, in
the presence or under the absence of the antibiotic inside said
cell,
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(a) an expression vector comprising expressibly a poly-

nucleotide encoding a fusion protein of a mutant of a
tetracycline repressor protein and a recombination
enzyme, wherein said fusion protein mediates the
recombination at the recombination sequence site, and is
degraded inside said cell in the absence of said antibi-
otic,
wherein said mutant has an amino acid sequence having
atleast two of the following mutations: substitution of
aspartic acid at position 95 with asparagine, substitu-
tion of leucine at position 101 with serine and substi-
tution of glycine at 102 with aspartic acid in the amino
acid sequence of a wild-type tetracycline repressor
protein encoded by SEQ ID NO: 2,

(b) an expression vector comprising expressibly a poly-

nucleotide encoding a protein that binds to the transcrip-
tion control region of the polynucleotide in (a) and con-
trols the transcription of said polynucleotide, wherein
the binding to said transcription control region is con-
trolled by the presence or absence of said antibiotic, and

(c) an expression vector comprising expressibly a target

gene between and/or downstream of recombination
sequences.
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