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METHOD OF CONSTRUCTING GENE TRANSPORT SUPPORT 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a method of constructing a gene delivery carrier 

consisting of an anaerobic microorganism capable of growing in a tumor tissue in an anaerobic 

environment and capable of expressing (A) a protein having an antitumor activity or (B) a 

protein having an activity of converting an antitumor substance precursor to an antitumor 

substance, which is useful as a therapeutic agent for solid tumor.  Moreover, the present 

invention relates to a pharmaceutical composition comprising a gene delivery carrier 

constructed by the method and to a therapeutic agent for solid tumor comprising the gene 

delivery carrier. 

 

BACKGROUND ART 

[0002] 

 In recent years, therapies for malignant tumor using a gene delivery carrier have been 

studied in various ways.  For example, with regard to an anaerobic bacterium Clostridium, a 

method of transporting a gene to a tumor site using a transformed bacterium has been proposed 

(see e.g., Patent Documents 1 and 2). 

 Likewise, with regard to an anaerobic bacterium Bifidobacterium, its transformant has 

been expected to be applied as a vector for probiotics or a vector for an oral vaccine for 

infectious disease (see e.g., Patent Document 3).  Moreover, with regard to Bifidobacterium 

METHOD OF CONSTRUCTING GENE TRANSPORT SUPPORT TECHNICAL FIELD [0001]       The
present invention relates to a method of constructing a gene delivery carrier consisting of an anaerobic
microorganism capable of growing in a tumor tissue in an anaerobic environment and capable of
expressing (A) a protein having an antitumor activity or (B) a protein having an activity of converting an
antitumor substance precursor to an antitumor substance, which is useful as a therapeutic agent for
solid tumor. Moreover, the present invention relates to a pharmaceutical composition comprising a
gene delivery carrier constructed by the method and to a therapeutic agent for solid tumor comprising
the gene delivery carrier. BACKGROUND ART [0002]       In recent years, therapies for malignant
tumor using a gene delivery carrier have been studied in various ways. For example, with regard to an
anaerobic bacterium Clostridium, a method of transporting a gene to a tumor site using a transformed
bacterium has been proposed (see e.g., Patent Documents 1 and 2).       Likewise, with regard to an
anaerobic bacterium Bifidobacterium, its transformant has been expected to be applied as a vector for
probiotics or a vector for an oral vaccine for infectious disease (see e.g., Patent Document 3).
Moreover, with regard to Bifidobacterium  longum, its application to treatment of solid tumor has been
suggested, because this bacterium accumulates in hypoxic solid tumor after systemic administration
(see e.g., Non-Patent Documents 1 and 2). [0003]        Moreover, the present inventors have
confirmed that, by transformation with a recombinant plasmid pBLES100-S-eCD carrying Escherichia
coli codA fused with a promoter of a histone-like DNA-binding protein derived from Bifidobacterium
longum, cytosine deaminase (EC3.5.4.1; hereinafter, referred to as "CD") which is an enzyme that
converts 5- fluorocytosine (hereinafter, referred to as "5-FC") as a prodrug (precursor) of 5-fluorouracil
(hereinafter, referred to as "5-FU") having an antitumor activity, to 5-fluorouracil, can be expressed in a
recombinant microorganism, and have reported that the recombinant microorganism, for example,
recombinant Bifidobacterium longum, can be expected to be applied to enzyme-prodrug therapies (see
e.g., Patent Document 4 and Non-Patent Documents 3 and 4). For applying this CD-expressing
genetically modified microorganism to enzymeprodrug therapies, it is further required that the
microorganism should have a resistance to 5- FU at a concentration at least effective for an antitumor
activity, which is converted from 5-PC by CD. Therefore, the present inventors have developed and
reported a method of constructing such a CD-expressing 5-FU-resistant bacterium (see e.g., Patent
Document 5). 
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longum, its application to treatment of solid tumor has been suggested, because this bacterium 

accumulates in hypoxic solid tumor after systemic administration (see e.g., Non-Patent 

Documents 1 and 2). 

[0003] 

 Moreover, the present inventors have confirmed that, by transformation with a 

recombinant plasmid pBLES100-S-eCD carrying Escherichia coli codA fused with a promoter 

of a histone-like DNA-binding protein derived from Bifidobacterium longum, cytosine 

deaminase (EC3.5.4.1; hereinafter, referred to as "CD") which is an enzyme that converts 5-

fluorocytosine (hereinafter, referred to as "5-FC") as a prodrug (precursor) of 5-fluorouracil 

(hereinafter, referred to as "5-FU") having an antitumor activity, to 5-fluorouracil, can be 

expressed in a recombinant microorganism, and have reported that the recombinant 

microorganism, for example, recombinant Bifidobacterium longum, can be expected to be 

applied to enzyme-prodrug therapies (see e.g., Patent Document 4 and Non-Patent Documents 

3 and 4).  For applying this CD-expressing genetically modified microorganism to enzyme-

prodrug therapies, it is further required that the microorganism should have a resistance to 5-

FU at a concentration at least effective for an antitumor activity, which is converted from 5-FC 

by CD.  Therefore, the present inventors have developed and reported a method of 

constructing such a CD-expressing 5-FU-resistant bacterium (see e.g., Patent Document 5).  

On the other hand, with regard to this CD, Non-Patent Document 5 has reported that when a 

mutation that substituted aspartic acid by alanine at the 314th (corresponding to the 315th 

position in SEQ ID NO: 28 of the present invention) amino acid of CD was added to CD-

On the other hand, with regard to this CD, Non-Patent Document 5 has reported that when a mutation
that substituted aspartic acid by alanine at the 314th (corresponding to the 315th position in SEQ ID
NO: 28 of the present invention) amino acid of CD was added to CD-  encoding DNA in Escherichia
coli, mutant CD had a CD activity of converting 5-FC to 5-FU that was approximately 2.2 times (50/23)
higher than that of wild-type CD before mutation (see the middle section of Table 1 in Non-Patent
Document 5). [0004]       Various transformation methods have been reported on recombinant bacteria
used in treatment of malignant tumor. In the documents described above, their respective methods of
preparing a transformed bacterium have been reported.       For example, Patent Document 3 has
reported a transformation method comprising the steps of: producing a shuttle plasmid that is mutually
replicated in both Bifidobacterium species and Escherichia coli, using a Bifidobacterium
species-derived plasmid and an Escherichia coliderived plasmid; and producing a recombinant vector
by ligating a gene of interest encoding a protein of interest to the shuttle plasmid, wherein the
Bifidobacterium species used in the production of the shuttle plasmid is used as a host cell to be
transformed with the produced recombinant vector.       In addition, for example, with regard to a
method of preparing a shuttle plasmid pBLES100 used in the construction of the recombinant plasmid
pBLES100-S-eCD, a preparation method comprising constructing this shuttle plasmid from pTB6 of
Bifidobacterium longum BK51 and pBR322 of Escherichia coli has been reported (see e.g.,
Non-Patent Document 6).           Furthermore, methods of preparing plasmids pAV001 and
pBRASTA101 have been proposed, which are capable of transforming Bifidobacterium longum with
100 times or higher efficiency than that of the shuttle plasmid pBLES100 (see e.g., Non-Patent
Document 7). [0005]        Thus, various methods of constructing a gene delivery carrier useful for
treatment of malignant tumor have been reported. However, all of these methods have specified
microorganisms, plasmids, or the like used in transformation and have used usual transformation
techniques as a transformation method itself. Moreover, these methods are intended to construct a
transformed microorganism itself capable of expressing, in a target affected area, a gene of interest,
for example, a gene for expressing a protein having an antitumor activity or a protein having an activity
of converting an antitumor substance precursor to an antitumor substance. No documents has
reported so far a construction method that is intended to improve the activity or expression efficiency
of a protein itself expressed from the gene of interest. [0006] Patent Document 1: U.S. Patent No.
6416754 
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encoding DNA in Escherichia coli, mutant CD had a CD activity of converting 5-FC to 5-FU 

that was approximately 2.2 times (50/23) higher than that of wild-type CD before mutation (see 

the middle section of Table 1 in Non-Patent Document 5). 

[0004] 

 Various transformation methods have been reported on recombinant bacteria used in 

treatment of malignant tumor.  In the documents described above, their respective methods of 

preparing a transformed bacterium have been reported. 

 For example, Patent Document 3 has reported a transformation method comprising the 

steps of: producing a shuttle plasmid that is mutually replicated in both Bifidobacterium species 

and Escherichia coli, using a Bifidobacterium species-derived plasmid and an Escherichia coli-

derived plasmid; and producing a recombinant vector by ligating a gene of interest encoding a 

protein of interest to the shuttle plasmid, wherein the Bifidobacterium species used in the 

production of the shuttle plasmid is used as a host cell to be transformed with the produced 

recombinant vector. 

 In addition, for example, with regard to a method of preparing a shuttle plasmid 

pBLES100 used in the construction of the recombinant plasmid pBLES100-S-eCD, a 

preparation method comprising constructing this shuttle plasmid from pTB6 of Bifidobacterium 

longum BK51 and pBR322 of Escherichia coli has been reported (see e.g., Non-Patent 

Document 6). 

Patent Document 2: U.S. Patent No. 6652849        Patent Document 3: National Publication of
International Patent Application No. 2004-519236 Patent Document 4: Japanese Patent Laid-Open
No. 2002-97144 Patent Document 5: WO 2006/109619  Non-Patent Document 1: Yazawa et al.
Cancer Gene Ther., 7, 269-274 (2000) Non-Patent Document 2: Yazawa et al. Breast Cancer Res.
Treat., 66, 165-170 (2001) Non-Patent Document 3: Nakamura et al., Biosci. Biotechnol. Biochem., 66,
2362- 2366 (2002) Non-Patent Document 4: Fujimori et al., Curr. Opin. Drug Discov. Devel., 5,
200-203 (2002)       Non-Patent Document 5: Sheri et al., Protein Engineering, Design and Selection,
17 (8): 625-633 (2004)       Non-Patent Document 6: Matsumura et al., Biosci. Biotechnol. Biochem.,
61, 1211- 1212 (1997) Non-Patent Document 7: Tanaka et al., Biosci Biotechnol Biochem.; 69 (2):
422-425 
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 Furthermore, methods of preparing plasmids pAV001 and pBRASTA101 have been 

proposed, which are capable of transforming Bifidobacterium longum with 100 times or higher 

efficiency than that of the shuttle plasmid pBLES100 (see e.g., Non-Patent Document 7). 

[0005] 

 Thus, various methods of constructing a gene delivery carrier useful for treatment of 

malignant tumor have been reported.  However, all of these methods have specified 

microorganisms, plasmids, or the like used in transformation and have used usual 

transformation techniques as a transformation method itself.  Moreover, these methods are 

intended to construct a transformed microorganism itself capable of expressing, in a target 

affected area, a gene of interest, for example, a gene for expressing a protein having an 

antitumor activity or a protein having an activity of converting an antitumor substance 

precursor to an antitumor substance.  No documents has reported so far a construction method 

that is intended to improve the activity or expression efficiency of a protein itself expressed 

from the gene of interest. 

[0006] 

 Patent Document 1: U.S. Patent No. 6416754 

 Patent Document 2: U.S. Patent No. 6652849 

 Patent Document 3: National Publication of International Patent Application No. 

2004-519236 

 Patent Document 4: Japanese Patent Laid-Open No. 2002-97144 

 Patent Document 5: WO 2006/109619 

(2005) DISCLOSURE OF THE INVENTION Object to be Solved by the Invention [0007]       All of
previously reported methods of constructing a gene delivery carrier useful for the treatment of
malignant tumor are intended to construct a transformed bacterium itself capable of expressing, in a
target affected area, a gene of interest, for example, a gene for expressing a protein having an
antitumor activity or a protein having an activity of converting  an antitumor substance precursor to an
antitumor substance. No documents has reported so far a construction method that is intended to
improve the activity or expression efficiency of a protein itself expressed from the gene of interest.
However, for therapies using a gene delivery carrier, the activity and expression efficiency of a protein
expressed by a gene introduced in a transformed microorganism are important issues. It is naturally
required that the protein expressed by a gene in the transformed microorganism should have the same
activity as that of a protein expressed by a gene carried by the original wild-type microorganism and,
furthermore, should be expressed at a level equal to or more than that by the gene carried by the
original microorganism.       An object of the present invention is to provide a method of efficiently
constructing a gene delivery carrier having a favorable activity and expression efficiency of a protein
expressed by a gene introduced by transformation. Moreover, an object of the present invention is to
provide a pharmaceutical composition comprising a gene delivery carrier constructed by the
construction method and a therapeutic agent for solid tumor comprising the resistant bacterium.
MEANS FOR SOLVING THE PROBLEMS [0008]       The present inventors have selected
beforehand, as a gene of interest, a gene expressing CD among proteins having an activity of
converting an antitumor substance precursor to an antitumor substance, and have constructed, as a
plasmid to which the gene of 
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DISCLOSURE OF THE INVENTION 

 

Object to be Solved by the Invention 

[0007] 

 All of previously reported methods of constructing a gene delivery carrier useful for 

the treatment of malignant tumor are intended to construct a transformed bacterium itself 

capable of expressing, in a target affected area, a gene of interest, for example, a gene for 

expressing a protein having an antitumor activity or a protein having an activity of converting 

interest is incorporated, a plasmid pBLES100-S-eCD comprising a plasmid of Escherichia coli carrying
the gene for expressing CD and a Bifidobacterium longum-derived plasmid fused therewith. The
present inventors have found that Bifidobacterium longum 105A/pBLES100- S-eCD obtained by
genetically modifying Bifidobacterium longum 105A with this plasmid can be expected as a gene
delivery carrier useful for treatment of malignant tumor, and have reported a construction method
thereof comprising, in the step of constructing the gene expression vector by incorporation of the gene
of interest, using a promoter involved in expression of a gene encoding a histone-like DNA-binding
protein (hereinafter, also referred to as an "HU protein") derived from Bifidobacterium longum and
incorporating the gene of interest downstream of the promoter to thereby construct a transformed
microorganism capable of expressing the gene of interest (Patent Document 4). [0009]       The
present inventors have further conducted diligent studies on the above method, and have found that a
transformation frequency can be enhanced by using, as a fusion plasmid to which the gene of interest
is incorporated, a plasmid prepared by fusing Escherichia coliderived and Bifidobacterium
longum-derived plasmid fragments that contain portions essential for their plasmid replications and
contain no portions unfavorable for expansion of a host range. [0010]       Moreover, the present
inventors have found that for incorporating the gene of interest downstream of the promoter involved in
expression of a gene encoding a histone-like DNA-binding protein of the microorganism used as a
host, it is required that the gene of interest  should have, on the 5'-terminal side thereof, a DNA
fragment encoding an N-terminal region of the histone-like DNA-binding protein, and that it is further
required that the DNA fragment should comprise a DNA fragment encoding at least 4 amino acids.
Specifically, the present inventors have found that for incorporating the gene of interest downstream of
the promoter involved in expression of a gene encoding the histone-like DNA-binding protein, a DNA
fragment comprising a nucleotide sequence encoding an amino acid sequence from the 1st to at least
4th amino acids at the N-terminus of the histone-like DNA-binding protein can be incorporated on the
5'-terminal side of DNA of the gene of interest to thereby construct a microorganism capable of
expressing a protein having the same activity as that of the gene product (protein) in a microorganism
used as a source of the gene of interest, at a level equal to or more than that by the microorganism
used as a source of the gene of interest. [0011]        The present inventors have further found that a
protein having a higher activity can be produced by partially mutating DNA of the gene of interest
incorporated in the step of expression vector preparation. Furthermore, the present inventors have
also found that particularly when the gene of interest is a gene for expressing CD among proteins
having an activity of converting an antitumor substance precursor to an antitumor substance, a
genetically modified microorganism having a high plasmid retention rate can be constructed by using,
as an anaerobic microorganism used as a host, a 5-fluorouracil-resistant bacterium having a  
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an antitumor substance precursor to an antitumor substance.  No documents has reported so 

far a construction method that is intended to improve the activity or expression efficiency of a 

protein itself expressed from the gene of interest. 

 However, for therapies using a gene delivery carrier, the activity and expression 

efficiency of a protein expressed by a gene introduced in a transformed microorganism are 

important issues.  It is naturally required that the protein expressed by a gene in the 

transformed microorganism should have the same activity as that of a protein expressed by a 

gene carried by the original wild-type microorganism and, furthermore, should be expressed at 

a level equal to or more than that by the gene carried by the original microorganism. 

 An object of the present invention is to provide a method of efficiently constructing a 

gene delivery carrier having a favorable activity and expression efficiency of a protein 

expressed by a gene introduced by transformation.  Moreover, an object of the present 

invention is to provide a pharmaceutical composition comprising a gene delivery carrier 

constructed by the construction method and a therapeutic agent for solid tumor comprising the 

resistant bacterium. 

 

MEANS FOR SOLVING THE PROBLEMS 

[0008] 

 The present inventors have selected beforehand, as a gene of interest, a gene 

expressing CD among proteins having an activity of converting an antitumor substance 

precursor to an antitumor substance, and have constructed, as a plasmid to which the gene of 

resistance to 5-fluorouracil at a concentration at least effective for an antitumor activity. As a result, the
present invention has been completed. [0012] Specifically, the present invention relates to: [1] a
method of constructing a gene delivery carrier consisting of an anaerobic microorganism capable of
growing in a tumor tissue in an anaerobic environment and capable of expressing (A) a protein having
an antitumor activity or (B) a protein having an activity of converting an antitumor substance precursor
to an antitumor substance, comprising the steps of:        (1) preparing a fusion plasmid having a
fragment of a plasmid of a bacterium of the genus Bifidobacterium and a fragment of a plasmid of
Escherichia coli;        (2) incorporating, a DNA fragment comprising a promoter and a terminator of a
gene encoding a histone-like DNA-binding protein derived from a bacterium of the genus
Bifidobacterium to the fusion plasmid;        (3) incorporating, between the promoter and the terminator,
(a) a DNA encoding a protein having an antitumor activity or (b) a DNA encoding a protein having an
activity of converting an antitumor substance precursor to an antitumor substance to prepare an
expression vector; and        (4) transforming an anaerobic microorganism with the expression vector,
wherein        (a) the DNA encoding a protein having an antitumor activity or (b) the DNA encoding a
protein having an activity of converting an antitumor substance precursor to an antitumor substance,
which is incorporated in the step (3) of expression vector preparation, 
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interest is incorporated, a plasmid pBLES100-S-eCD comprising a plasmid of Escherichia coli 

carrying the gene for expressing CD and a Bifidobacterium longum-derived plasmid fused 

therewith.  The present inventors have found that Bifidobacterium longum 105A/pBLES100-

S-eCD obtained by genetically modifying Bifidobacterium longum 105A with this plasmid can 

be expected as a gene delivery carrier useful for treatment of malignant tumor, and have 

reported a construction method thereof comprising, in the step of constructing the gene 

expression vector by incorporation of the gene of interest, using a promoter involved in 

expression of a gene encoding a histone-like DNA-binding protein (hereinafter, also referred to 

as an "HU protein") derived from Bifidobacterium longum and incorporating the gene of 

interest downstream of the promoter to thereby construct a transformed microorganism capable 

of expressing the gene of interest (Patent Document 4). 

[0009] 

 The present inventors have further conducted diligent studies on the above method, 

and have found that a transformation frequency can be enhanced by using, as a fusion plasmid 

to which the gene of interest is incorporated, a plasmid prepared by fusing Escherichia coli-

derived and Bifidobacterium longum-derived plasmid fragments that contain portions essential 

for their plasmid replications and contain no portions unfavorable for expansion of a host range. 

[0010] 

 Moreover, the present inventors have found that for incorporating the gene of interest 

downstream of the promoter involved in expression of a gene encoding a histone-like DNA-

binding protein of the microorganism used as a host, it is required that the gene of interest 

further comprises on the 5'-terminal side thereof, a DNA fragment comprising a nucleotide sequence
encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at
the N-terminus of the histone-like DNA-binding protein;        [2] the method of constructing a gene
delivery carrier according to [1], wherein the peptide consisting of an amino acid sequence from the
1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein is a peptide
consisting of an amino acid sequence from the 1st amino acid to any one of the 4th to 18th amino
acids in SEQ ID NO: 29;        [3] the method of constructing a gene delivery carrier according to [1] or
[2], further comprising before the step (4), a step (5) of mutating (a)the DNA encoding a protein having
an antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance;        [4] the method of constructing a gene delivery
carrier according to [3], wherein the step (5) of mutating (a) the DNA encoding a protein having an
antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance is a step (5') of mutating (a) the DNA encoding a
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting
an antitumor substance precursor to an antitumor substance, which has been incorporated in the
expression vector prepared in the step (3);        [5] the method of constructing a gene delivery carrier
according to any one of [1] to [4], wherein the gene delivery carrier is a gene delivery carrier consisting
of an anaerobic microorganism capable of growing in a tumor tissue in an anaerobic environment and
capable of expressing a protein having an activity of converting an antitumor substance precursor to
an antitumor substance;        [6] the method of constructing a gene delivery carrier according to any
one of [1] to [5], wherein the protein having an activity of converting an antitumor substance precursor
to an antitumor substance is cytosine deaminase;        [7] the method of constructing a gene delivery
carrier according to [6], wherein the gene delivery carrier consisting of an anaerobic microorganism is
a cytosine deaminaseexpressing 5-fluorouracil-resistant bacterium having a resistance to 5-fluorouracil
at a concentration at least effective for an antitumor activity;        [8] the method of constructing a gene
delivery carrier according to [7], wherein the cytosine deaminase-expressing 5-fluorouracil-resistant
bacterium having a resistance to 5- fluorouracil at a concentration at least effective for an antitumor
activity is prepared using, a 5- fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a
concentration at least effective for an antitumor activity as a host;        [9] the method of constructing a
gene delivery carrier according to any one of [1] to [8], wherein the DNA fragment comprising a
nucleotide sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least
4th amino acids at the N-terminus of the histone-like DNA-binding protein is a DNA fragment
comprising a nucleotide sequence from the 1482nd to at least 1493rd nucleotides in SEQ ID NO: 14 or
15;        [10] the method of constructing a gene delivery carrier according to [9], wherein the DNA
fragment comprising a nucleotide sequence from the 1482nd to at least 1493rd 



8 

should have, on the 5'-terminal side thereof, a DNA fragment encoding an N-terminal region of 

the histone-like DNA-binding protein, and that it is further required that the DNA fragment 

should comprise a DNA fragment encoding at least 4 amino acids. 

 Specifically, the present inventors have found that for incorporating the gene of 

interest downstream of the promoter involved in expression of a gene encoding the histone-like 

DNA-binding protein, a DNA fragment comprising a nucleotide sequence encoding an amino 

acid sequence from the 1st to at least 4th amino acids at the N-terminus of the histone-like 

DNA-binding protein can be incorporated on the 5'-terminal side of DNA of the gene of 

interest to thereby construct a microorganism capable of expressing a protein having the same 

activity as that of the gene product (protein) in a microorganism used as a source of the gene of 

interest, at a level equal to or more than that by the microorganism used as a source of the gene 

of interest. 

[0011] 

 The present inventors have further found that a protein having a higher activity can be 

produced by partially mutating DNA of the gene of interest incorporated in the step of 

expression vector preparation.  Furthermore, the present inventors have also found that 

particularly when the gene of interest is a gene for expressing CD among proteins having an 

activity of converting an antitumor substance precursor to an antitumor substance, a genetically 

modified microorganism having a high plasmid retention rate can be constructed by using, as 

an anaerobic microorganism used as a host, a 5-fluorouracil-resistant bacterium having a 

nucleotides in SEQ ID NO: 14 or 15 is a DNA fragment comprising a nucleotide sequence from the
1482nd nucleotide to any one of the 1493rd to 1535th nucleotides in SEQ ID NO: 15;        [11] the
method of constructing a gene delivery carrier according to any one of [1] to [10], wherein the
anaerobic microorganism is a bacterium;        [12] the method of constructing a gene delivery carrier
according to [11], wherein the bacterium is an enteric bacterium;        [13] the method of constructing a
gene delivery carrier according to [12], wherein the enteric bacterium is a bacterium of the genus
Bifidobacterium;        [14] the method of constructing a gene delivery carrier according to [13], wherein
the bacterium of the genus Bifidobacterium is any bacterium of the genus Bifidobacterium selected
from Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium
thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and
Bifidobacterium longum;        [15] the method of constructing a gene delivery carrier according to [13]
or [14], wherein the bacterium of the genus Bifidobacterium is Bifidobacterium longum;        [16] the
method of constructing a gene delivery carrier according to any one of [1] to [15], wherein the
expression vector used in the transformation in the step (4) is a single-nucleotide mutation-introduced
plasmid of a plasmid pAV001-HU-eCD;        [17] the method of constructing a gene delivery carrier
according to [16], wherein a CD-encoding nucleotide sequence in the single-nucleotide
mutation-introduced plasmid of a plasmid pAV001-HU-eCD is a nucleotide sequence encoding an
amino acid sequence in which aspartic acid as an amino acid corresponding to the 315th position in an
Escherichia coli CD amino acid sequence described in SEQ ID NO: 28 has been substituted by
another amino acid;        [18] the method of constructing a gene delivery carrier according to [17],
wherein the another amino acid is alanine; and        [19] the method of constructing a gene delivery
carrier according to [18], wherein the single-nucleotide mutation-introduced plasmid of a plasmid
pAV001-HU-eCD is a plasmid pAV001-HU-eCD-M968. [0013] 
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resistance to 5-fluorouracil at a concentration at least effective for an antitumor activity.  As a 

result, the present invention has been completed. 

[0012] 

 Specifically, the present invention relates to: 

 [1] a method of constructing a gene delivery carrier consisting of an anaerobic 

microorganism capable of growing in a tumor tissue in an anaerobic environment and capable 

of expressing (A) a protein having an antitumor activity or (B) a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance, comprising the steps of: 

 (1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the 

genus Bifidobacterium and a fragment of a plasmid of Escherichia coli; 

 (2) incorporating, a DNA fragment comprising a promoter and a terminator of a gene 

encoding a histone-like DNA-binding protein derived from a bacterium of the genus 

Bifidobacterium to the fusion plasmid; 

 (3) incorporating, between the promoter and the terminator, (a) a DNA encoding a 

protein having an antitumor activity or (b) a DNA encoding a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance to prepare an expression 

vector; and 

 (4) transforming an anaerobic microorganism with the expression vector, wherein 

 (a) the DNA encoding a protein having an antitumor activity or (b) the DNA  

encoding a protein having an activity of converting an antitumor substance precursor to an 

antitumor substance, which is incorporated in the step (3) of expression vector preparation, 

Moreover, the present invention relates to:        [20] a gene delivery carrier consisting of an anaerobic
microorganism transformed with an expression vector having a fragment of a plasmid of a bacterium of
the genus Bifidobacterium, a fragment of a plasmid of Escherichia coli, and a DNA fragment
comprising a promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived
from a bacterium of the genus Bifidobacterium, having, between the promoter and the terminator, (a) a
DNA encoding a protein having an antitumor activity or (b) a DNA encoding a protein having an activity
of converting an antitumor substance precursor to an antitumor substance, and further comprising a
DNA fragment comprising a nucleotide sequence encoding a peptide consisting of an amino acid
sequence from the 1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding
protein, on the 5'-terminal side of (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA encoding a protein having an activity of converting an antitumor substance precursor to an
antitumor substance;          [21] a gene delivery carrier consisting of an anaerobic microorganism being
capable of growing in a tumor tissue in an anaerobic environment and having (a) a DNA encoding a
protein having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an
antitumor substance precursor to an antitumor substance, the gene delivery carrier being constructed
by the construction method according to any one of [1] to [19];        [22] the gene delivery carrier
according to [20] or [21], wherein the anaerobic bacterium is a bacterium of the genus Bifidobacterium;
[23] the gene delivery carrier according to [22], wherein the bacterium of the genus Bifidobacterium is
any bacterium of the genus Bifidobacterium selected from Bifidobacterium adolescentis,
Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium thermophilum, Bifidobacterium
pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium longum;        [24]
the gene delivery carrier according to [22] or [23], wherein the bacterium of the genus Bifidobacterium
is Bifidobacterium longum;        [25] the gene delivery carrier according to any one of [20] to [24],
wherein the gene delivery carrier is capable of growing in a tumor tissue in an anaerobic environment
and is capable of expressing a protein having an activity of converting an antitumor substance
precursor to an antitumor substance;        [26] the gene delivery carrier according to [25], wherein the
protein having an activity of converting an antitumor substance precursor to an antitumor substance is
cytosine deaminase;        [27] the gene delivery carrier according to [26], wherein the gene delivery
carrier is a cytosine deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5-
fluorouracil at a concentration at least effective for an antitumor activity;        [28] the gene delivery
carrier according to [26] or [27], wherein the gene delivery carrier is a single-nucleotide mutant plasmid
of Bifidobacterium longum 105-A/pAV001-HUeCD; and        [29] the gene delivery carrier according to
[28], wherein the single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD
is Bifidobacterium longum 105- A/pAV001-HU-eCD-M968. [0014] 
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further comprises on the 5'-terminal side thereof, a DNA fragment comprising a nucleotide 

sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th 

amino acids at the N-terminus of the histone-like DNA-binding protein; 

 [2] the method of constructing a gene delivery carrier according to [1], wherein the 

peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-

terminus of the histone-like DNA-binding protein is a peptide consisting of an amino acid 

sequence from the 1st amino acid to any one of the 4th to 18th amino acids in SEQ ID NO: 29; 

 [3] the method of constructing a gene delivery carrier according to [1] or [2], further 

comprising before the step (4), a step (5) of mutating (a)the DNA encoding a protein having an 

antitumor activity or (b) the DNA encoding a protein having an activity of converting an 

antitumor substance precursor to an antitumor substance; 

 [4] the method of constructing a gene delivery carrier according to [3], wherein the 

step (5) of mutating (a) the DNA encoding a protein having an antitumor activity or (b) the 

DNA encoding a protein having an activity of converting an antitumor substance precursor to 

an antitumor substance is a step (5') of mutating (a) the DNA encoding a protein having an 

antitumor activity or (b) the DNA encoding a protein having an activity of converting an 

antitumor substance precursor to an antitumor substance, which has been incorporated in the 

expression vector prepared in the step (3); 

 [5] the method of constructing a gene delivery carrier according to any one of [1] to 

[4], wherein the gene delivery carrier is a gene delivery carrier consisting of an anaerobic 

microorganism capable of growing in a tumor tissue in an anaerobic environment and capable 

Furthermore, the present invention relates to:        [30] a pharmaceutical composition comprising the
gene delivery carrier according to any one of [20] to [29];        [31] a pharmaceutical composition
comprising the gene delivery carrier according to any one of [25] to [29] in combination with an
antitumor substance precursor converted to an antitumor substance by the protein capable of being
expressed by the gene delivery carrier; and        [32] the pharmaceutical composition according to [31],
wherein the gene delivery carrier is the gene delivery carrier according to any one of [25] to [29], and
the antitumor substance precursor is 5-fluorocytosine. [0015] Furthermore, the present invention also
relates to:        [33] a therapeutic agent for solid tumor comprising the gene delivery carrier according
to any one of [20] to [24] in an amount sufficient for expression of a therapeutically effective amount of
a protein having an antitumor activity;        [34] a therapeutic agent for solid tumor comprising the gene
delivery carrier according to any one of [25] to [29] in an amount sufficient for expression of the protein
in an amount capable of converting an antitumor substance precursor to a therapeutically effective
amount of an antitumor substance, in combination with an antitumor substance precursor converted by
the protein capable of being expressed by the gene delivery carrier, in an amount capable of being
converted to a therapeutically effective amount of an antitumor substance; and        [35] the
therapeutic agent for solid tumor according to [34], wherein the gene delivery carrier is the gene
delivery carrier according to any one of [25] to [29], and the antitumor substance precursor is
5-fluorocytosine.        In the present specification, (a) the DNA encoding a protein having an antitumor
activity or (b) the DNA encoding a protein having an activity of converting an antitumor substance
precursor to an antitumor substance is also hereinafter referred to as "DNA encoding the protein of
interest". [0016]        According to the present invention, a gene delivery carrier consisting of an
anaerobic microorganism capable of growing in a tumor tissue in an anaerobic environment and
capable of expressing a protein having an antitumor activity or a protein having an activity of
converting an antitumor substance precursor to an antitumor substance, which is useful as a 
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of expressing a protein having an activity of converting an antitumor substance precursor to an 

antitumor substance; 

 [6] the method of constructing a gene delivery carrier according to any one of [1] to 

[5], wherein the protein having an activity of converting an antitumor substance precursor to an 

antitumor substance is cytosine deaminase; 

 [7] the method of constructing a gene delivery carrier according to [6], wherein the 

gene delivery carrier consisting of an anaerobic microorganism is a cytosine deaminase-

expressing 5-fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a 

concentration at least effective for an antitumor activity; 

 [8] the method of constructing a gene delivery carrier according to [7], wherein the 

cytosine deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5-

fluorouracil at a concentration at least effective for an antitumor activity is prepared using, a 5-

fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a concentration at least 

effective for an antitumor activity as a host; 

 [9] the method of constructing a gene delivery carrier according to any one of [1] to 

[8], wherein the DNA fragment comprising a nucleotide sequence encoding a peptide 

consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus 

of the histone-like DNA-binding protein is a DNA fragment comprising a nucleotide sequence 

from the 1482nd to at least 1493rd nucleotides in SEQ ID NO: 14 or 15; 

 [10] the method of constructing a gene delivery carrier according to [9], wherein the 

DNA fragment comprising a nucleotide sequence from the 1482nd to at least 1493rd 

therapeutic agent for solid tumor and has a favorable activity and expression efficiency of a protein
expressed by a gene introduced by transformation, can be constructed efficiently.        By
administration of the gene delivery carrier according to the present invention to a patient with
malignant tumor or the like, the anaerobic microorganism as the gene delivery carrier of the present
invention proliferates in the tumor and expresses the protein of interest therein. When the protein of
interest is a protein having an antitumor activity, the protein directly exhibits its antitumor effect. On the
other hand, when the protein of interest is a protein having an activity of converting an antitumor
substance precursor to an antitumor substance, the protein of interest expressed from the gene
delivery carrier converts an antitumor substance precursor to an antitumor substance in the
coexistence of the gene delivery carrier and the antitumor substance precursor in the tumor site, and
the antitumor substance exhibits its antitumor effect. [0017]        When the protein having an activity of
converting an antitumor substance precursor to an antitumor substance is CD, 5-EC is preferably used
as an antitumor substance precursor. 5-EC is converted to 5-FU by CD, and this 5-FU exhibits an
excellent antitumor effect. Systemic administration of 5-FU in an amount that produces a sufficient
antitumor effect by the systemic administration causes systemic side effects. However, the use of the
gene delivery carrier of the present invention can convert 5-EC with few side effects to 5-FU in a
manner specific for a tumor site. Therefore, it can achieve a much higher 5-FU concentration in the
tumor than that achieved by direct administration of 5-FU. As a result, an extremely excellent antitumor
effect is obtained. [0018]        However, only the conversion of 5-PC to 5-FU in a tumor site using a
CD-expressing gene delivery carrier is not sufficient for obtaining a therapeutic agent for tumor at a
level that can be readily put into practical use. The antitumor effect or practicality of such a therapeutic
agent for tumor largely depends on three factors: the level of cells of an anaerobic microorganism as a
gene delivery carrier; the degree of a CD activity exhibited by the anaerobic microorganism; and the
concentration of 5-PC in a tumor site. Larger the doses of 5-PC and the anaerobic microorganism are,
stronger the obtained antitumor effect naturally becomes. From the viewpoint of minimizing side
effects, it is preferred that the dose of 5-PC should be reduced as much as possible within a range that
produces a necessary antitumor effect. It is at least required that the dose should be lower than
clinically acceptable one. Moreover, even if an anaerobic microorganism with lowest toxicity is used, it
is preferred from the viewpoint of minimizing the influence on human bodies that its dose should be
reduced as much as possible within a range that produces a necessary antitumor effect. In
consideration of these situations, none of conventional antitumor agents that use the conversion of
5-PC to 5- FU in a tumor site using a CD-expressing gene delivery carrier had sufficient practicality at
a clinical level.  [0019]        For example, in Example 4 in Patent Document 4, a 5-PC concentration
used in treatment experiments using mice was 500 mg/kg, and an effective and sufficient antitumor
effect was obtained at the concentration. However, as can be seen from the description "for fungemia,
fungal meningitis, mycotic respiratory infection, and chromomycosis, this drug is usually orally
administered at four divided doses of 100 to 200 mg/kg/day as fluorocytosine; for urinary tract mycosis
and digestive tract mycosis, this drug is usually orally administered at four divided doses of 50 to 100
mg/kg/day as fluorocytosine" for the dosage and administration of a therapeutic agent ANCOTIL
(containing 500 mg of flucytosine described in the Japanese Pharmacopoeia) for deep mycosis from
Kyowa Pharmaceutical Industry, Co., Ltd., the maximum dose of 5-PC actually acceptable in clinical
tests is 200 mg/kg. Thus, for obtaining a sufficient antitumor effect at the clinical dose (200 mg/kg) of
5-PC using the experimental system used in Example in Patent Document 4, an at least 2.5-fold (z,--
500/200) higher enzyme activity was required. [0020] 
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nucleotides in SEQ ID NO: 14 or 15 is a DNA fragment comprising a nucleotide sequence 

from the 1482nd nucleotide to any one of the 1493rd to 1535th nucleotides in SEQ ID NO: 15; 

 [11] the method of constructing a gene delivery carrier according to any one of [1] to 

[10], wherein the anaerobic microorganism is a bacterium; 

 [12] the method of constructing a gene delivery carrier according to [11], wherein the 

bacterium is an enteric bacterium; 

 [13] the method of constructing a gene delivery carrier according to [12], wherein the 

enteric bacterium is a bacterium of the genus Bifidobacterium; 

 [14] the method of constructing a gene delivery carrier according to [13], wherein the 

bacterium of the genus Bifidobacterium is any bacterium of the genus Bifidobacterium selected 

from Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, 

Bifidobacterium thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum, 

Bifidobacterium breve, and Bifidobacterium longum; 

 [15] the method of constructing a gene delivery carrier according to [13] or [14], 

wherein the bacterium of the genus Bifidobacterium is Bifidobacterium longum; 

 [16] the method of constructing a gene delivery carrier according to any one of [1] to 

[15], wherein the expression vector used in the transformation in the step (4) is a single-

nucleotide mutation-introduced plasmid of a plasmid pAV001-HU-eCD; 

 [17] the method of constructing a gene delivery carrier according to [16], wherein a 

CD-encoding nucleotide sequence in the single-nucleotide mutation-introduced plasmid of a 

plasmid pAV001-HU-eCD is a nucleotide sequence encoding an amino acid sequence in which 

On the other hand, Non-Patent Document 5 has reported that when a mutation that substituted
aspartic acid by alanine at the 314th (corresponding to the 315th position in SEQ ID NO: 28 of the
present invention) amino acid of CD was added to CD-encoding DNA in Escherichia coli, mutant CD
had a CD activity (kcat/Km value) of converting 5-PC to 5-FU that was approximately 2.2 times (50/23)
higher than that of wild-type CD before mutation. This enhanced effect of producing the higher activity
is still insufficient for attaining the  objects. However, in the gene delivery carrier of the present
invention, DNA encoding CD as the protein of interest was allowed to further comprise, on the
5'-terminal side thereof, a DNA fragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the
histone-like DNA-binding protein, and the aspartic acid at the 315th position in SEQ ID NO: 28 of the
CD was substituted by alanine. As a result, totally unexpectedly, the CD activity that was even
approximately 12-fold higher was obtained. [0021]       From this 12-fold higher CD activity, the 5-PC
dose was calculated to be approximately 42 mg/kg, with respect to the experimental results described
above. This means that the minimum clinical dose (50 mg/kg) or lower is enough. Thus, extremely
high practicality can be expected. [0022]        Thus, among the gene delivery carriers of the present
invention, the gene delivery carrier (e.g., Bifidobacterium longum 105-A/pAV001-HU-eCD-M968) of the
present invention, wherein DNA encoding CD as the protein of interest is allowed to further comprise,
on the 5'- terminal side thereof, a DNA fragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the
histone-like DNA-binding protein, and the aspartic acid at the 315th position in SEQ ID NO: 28 of the
CD has been substituted by alanine, can particularly be expected to have excellent practicality.  [0023]
Indeed, it has been confirmed that when an unmutated CD-expressing gene delivery carrier
(recombinant Bifidobacterium longum) used in Patent Document 4 is used in a treatment system using
human-derived breast cancer cell line (KPL-1)-transplanted nude mice, a bacterial concentration
required for converting 5-PC to an effective concentration of 5-FU in the tumor is 107 CFU/g or more.
It has been confirmed by the experiments of the present inventors that when the gene delivery carrier
of the present invention, wherein the aspartic acid at the 315th position in SEQ ID NO: 28 of the CD
has been substituted by alanine, is used in the same experimental system, an equivalent 5-FU
concentration in the tumor is obtained at a bacterial concentration of 105 CFU/g, which is 1/100 of the
bacterial concentration described above. BRIEF DESCRIPTION OF DRAWINGS 
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aspartic acid as an amino acid corresponding to the 315th position in an Escherichia coli CD 

amino acid sequence described in SEQ ID NO: 28 has been substituted by another amino acid; 

 [18] the method of constructing a gene delivery carrier according to [17], wherein the 

another amino acid is alanine; and 

 [19] the method of constructing a gene delivery carrier according to [18], wherein the 

single-nucleotide mutation-introduced plasmid of a plasmid pAV001-HU-eCD is a plasmid 

pAV001-HU-eCD-M968. 

[0013] 

 Moreover, the present invention relates to: 

 [20] a gene delivery carrier consisting of an anaerobic microorganism transformed 

with an expression vector having a fragment of a plasmid of a bacterium of the genus 

Bifidobacterium, a fragment of a plasmid of Escherichia coli, and a DNA fragment comprising 

a promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived 

from a bacterium of the genus Bifidobacterium, having, between the promoter and the 

terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a DNA encoding a 

protein having an activity of converting an antitumor substance precursor to an antitumor 

substance, and further comprising a DNA fragment comprising a nucleotide sequence encoding 

a peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-

terminus of the histone-like DNA-binding protein, on the 5'-terminal side of (a) the DNA  

encoding a protein having an antitumor activity or (b) the DNA encoding a protein having an 

activity of converting an antitumor substance precursor to an antitumor substance; 

[0024] [Figure 1]       It is a diagram showing the process of preparing Bifidobacterium longum
105A/pAV001-HU-eCD. [Figure 2]       It is a diagram showing a CD activity (concentration of 5-FU
converted from 5-PC) in Bifidobacterium longum 105A/pAV001-HU-eCD. [Figure 3]       It is a diagram
showing the process of constructing an HU protein N-terminal 2-amino acid-adding plasmid. [Figure 4]
It is a diagram showing results of plasmid retention rates of two kinds of 5-FUresistant Bifidobacterium
longum 105A/pAV001-HU-eCD-M968. BEST MODE OF CARRYING OUT THE INVENTION [0025]
A method of constructing a gene delivery carrier according to the present invention is a method of
constructing a gene delivery carrier consisting of an anaerobic microorganism capable of growing in a
tumor tissue in an anaerobic environment and capable of expressing (A) a protein having an antitumor
activity or (B) a protein having an activity of converting an antitumor substance precursor to an
antitumor substance, comprising the steps of: 
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 [21] a gene delivery carrier consisting of an anaerobic microorganism being capable of 

growing in a tumor tissue in an anaerobic environment and having (a) a DNA encoding a 

protein having an antitumor activity or (b) a DNA encoding a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance, the gene delivery 

carrier being constructed by the construction method according to any one of [1] to [19]; 

 [22] the gene delivery carrier according to [20] or [21], wherein the anaerobic 

bacterium is a bacterium of the genus Bifidobacterium; 

 [23] the gene delivery carrier according to [22], wherein the bacterium of the genus 

Bifidobacterium is any bacterium of the genus Bifidobacterium selected from Bifidobacterium 

adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium 

thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium 

breve, and Bifidobacterium longum; 

 [24] the gene delivery carrier according to [22] or [23], wherein the bacterium of the 

genus Bifidobacterium is Bifidobacterium longum; 

 [25] the gene delivery carrier according to any one of [20] to [24], wherein the gene 

delivery carrier is capable of growing in a tumor tissue in an anaerobic environment and is 

capable of expressing a protein having an activity of converting an antitumor substance 

precursor to an antitumor substance; 

 [26] the gene delivery carrier according to [25], wherein the protein having an activity 

of converting an antitumor substance precursor to an antitumor substance is cytosine 

deaminase; 

(1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the genus
Bifidobacterium and a fragment of a plasmid of Escherichia coli;        (2) incorporating, a DNA fragment
comprising a promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived
from a bacterium of the genus Bifidobacterium to the fusion plasmid;        (3) incorporating, between
the promoter and the terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a
DNA encoding a protein having an activity of  converting an antitumor substance precursor to an
antitumor substance to prepare an expression vector; and (4) transforming an anaerobic
microorganism with the expression vector, wherein        (a) the DNA encoding a protein having an
antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance, which is incorporated in the step (3) of expression
vector preparation, further comprises on the 5'-terminal side thereof, a DNA fragment comprising a
nucleotide sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least
4th amino acids at the N-terminus of the histone-like DNA-binding protein. [0026]        The method of
constructing a gene delivery carrier according to the present invention is not particularly limited as long
as it comprises the steps of: (1) preparing a fusion plasmid having a fragment of a plasmid of a
bacterium of the genus Bifidobacterium and a fragment of a plasmid of Escherichia coli; (2)
incorporating, a DNA fragment comprising a promoter and a terminator of a gene encoding a
histone-like DNA-binding protein derived from a bacterium of the genus Bifidobacterium to the fusion
plasmid; (3) incorporating, between the promoter and the terminator, (a) a DNA encoding a protein
having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an
antitumor substance precursor to an antitumor substance to prepare an expression vector; and (4)
transforming an anaerobic microorganism with the expression vector, wherein (a) the DNA encoding a
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting
an antitumor substance precursor to an antitumor substance, which is incorporated in the step (3) of
expression vector preparation, further comprises on the 5'-terminal side thereof, a DNA fragment
comprising a nucleotide sequence encoding a peptide consisting of an amino acid sequence from the
1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein. [0027]
The method of constructing a gene delivery carrier according to the present invention is not particularly
limited as long as it comprises the steps (1) to (4). It may additionally comprise an arbitrary step unless
the effects of the present invention are impaired. Moreover, in the method of constructing a gene
delivery carrier according to the present invention, the order in which the steps (2) and (3) are
performed is not particularly limited. It may comprise these steps in the order of the steps (1), (2), (3),
and (4) or may comprise these steps in the order of the steps (1), (3), (2), and (4). Both of these
aspects are encompassed in the method of constructing a gene delivery carrier according to the
present invention for convenience. [0028] 
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 [27] the gene delivery carrier according to [26], wherein the gene delivery carrier is a 

cytosine deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5-

fluorouracil at a concentration at least effective for an antitumor activity; 

 [28] the gene delivery carrier according to [26] or [27], wherein the gene delivery 

carrier is a single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-

eCD; and 

 [29] the gene delivery carrier according to [28], wherein the single-nucleotide mutant 

plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD is Bifidobacterium longum 105-

A/pAV001-HU-eCD-M968. 

[0014] 

 Furthermore, the present invention relates to: 

 [30] a pharmaceutical composition comprising the gene delivery carrier according to 

any one of [20] to [29]; 

 [31] a pharmaceutical composition comprising the gene delivery carrier according to 

any one of [25] to [29] in combination with an antitumor substance precursor converted to an 

antitumor substance by the protein capable of being expressed by the gene delivery carrier; and 

 [32] the pharmaceutical composition according to [31], wherein the gene delivery 

carrier is the gene delivery carrier according to any one of [25] to [29], and the antitumor 

substance precursor is 5-fluorocytosine. 

[0015] 

 Furthermore, the present invention also relates to: 

Particularly, for incorporating the DNA encoding the protein of interest in the step (3) of expression
vector preparation, the aspect of allowing the DNA encoding the protein of interest to comprise on the
5'-terminal side thereof, a DNA fragment encoding the N-terminal region of the RU protein may be any
aspect. It may be, for example, an aspect of adding the DNA fragment encoding the N-terminal region
of the RU protein to the 5'-terminal side of the DNA encoding the protein of interest, to thereby
incorporate the DNA fragment therein, or may be an aspect of incorporating the DNA encoding the
protein of interest to the intermediate position of DNA encoding the RU protein such that the DNA
encoding the protein of interest is sandwiched between DNA encoding the N-terminal region of the RU
protein and DNA encoding the C-terminal region of the RU protein. [0029]        The order in which in
the step (3) of expression vector preparation, the DNA encoding the protein of interest is allowed to
comprise, on the 5'-terminal side thereof, a DNA fragment encoding the N-terminal region of the RU
protein is not particularly limited as long as an expression vector comprising the DNA fragment
encoding the N-terminal region of the RU protein on the 5'-terminal side of the DNA encoding the
protein of interest is obtained. For example, after allowing the DNA encoding the protein of interest to
comprise, on the 5'- terminal side thereof, the DNA fragment encoding the N-terminal region of the RU
protein, the resulting DNA may be incorporated to the fusion plasmid. Alternatively, after incorporating
the DNA encoding the protein of interest to the fusion plasmid, the DNA fragment encoding the
N-terminal region of the HU protein may be incorporated to the 5'-terminal side of the DNA encoding
the protein of interest. Or otherwise, after incorporating the DNA fragment encoding the N-terminal
region of the RU protein to the fusion plasmid, the DNA encoding the protein of interest may be
incorporated to the 3'-terminal side of the DNA fragment encoding the N-terminal region of the RU
protein.  [0030]        Moreover, the 3'-terminus of the DNA fragment encoding the N-terminal region of
the HU protein and the 5'-terminus of the DNA encoding the protein of interest do not have to be
bonded directly in the expression vector according to the present invention as long as the effects of the
present invention are obtained. However, it is preferred that they are bonded directly. [0031]        In
this case, if the DNA fragment encoding the N-terminal region of the HU protein, which is comprised
on the 5'-terminal side of the DNA encoding the protein of interest, is too long, the nature of the protein
of interest expressed might be altered. Therefore, from this viewpoint, it is preferred that the DNA
fragment encoding the N-terminal region of the HU protein is as short as possible. However, if the
DNA fragment encoding the N-terminal region of the HU protein is too short, the expression rate of the
protein is reduced. Therefore, from both of these viewpoints, it is preferred that the DNA fragment
encoding the N-terminal region of the HU protein has a well-balanced moderate length. [0032]
Specifically, the DNA fragment encoding the N-terminal region of the HU protein is not particularly
limited as long as it is a DNA fragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the
HU protein. It is preferred that the DNA fragment encoding the N-terminal region of the HU protein is a
DNA fragment comprising a nucleotide sequence  
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 [33] a therapeutic agent for solid tumor comprising the gene delivery carrier according 

to any one of [20] to [24] in an amount sufficient for expression of a therapeutically effective 

amount of a protein having an antitumor activity; 

 [34] a therapeutic agent for solid tumor comprising the gene delivery carrier according 

to any one of [25] to [29] in an amount sufficient for expression of the protein in an amount 

capable of converting an antitumor substance precursor to a therapeutically effective amount of 

an antitumor substance, in combination with an antitumor substance precursor converted by the 

protein capable of being expressed by the gene delivery carrier, in an amount capable of being 

converted to a therapeutically effective amount of an antitumor substance; and 

 [35] the therapeutic agent for solid tumor according to [34], wherein the gene delivery 

carrier is the gene delivery carrier according to any one of [25] to [29], and the antitumor 

substance precursor is 5-fluorocytosine. 

 In the present specification, (a) the DNA encoding a protein having an antitumor 

activity or (b) the DNA encoding a protein having an activity of converting an antitumor 

substance precursor to an antitumor substance is also hereinafter referred to as "DNA encoding 

the protein of interest". 

[0016] 

 According to the present invention, a gene delivery carrier consisting of an anaerobic 

microorganism capable of growing in a tumor tissue in an anaerobic environment and capable 

of expressing a protein having an antitumor activity or a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance, which is useful as a 

encoding a peptide consisting of an amino acid sequence from the 1st amino acid to any one of the
4th to 18th amino acids at the N-terminus of the HU protein. The amino acid sequence from the 1st to
18th amino acids at the N-terminus of the HU protein is described in SEQ ID NO: 29. The amino acid
sequence of SEQ ID NO: 29 is an amino acid sequence encoded by a nucleotide sequence from the
1482nd to 1535th nucleotides in SEQ ID NO: 15. [0033]        Examples of a plasmid having a DNA
fragment comprising a nucleotide sequence encoding a peptide consisting of an amino acid sequence
from the 1st to 4th amino acids at the N-terminus of the RU protein can include pAV001-HU4aa-eCD
(SEQ ID NO: 14). Examples of a plasmid having a DNA fragment comprising a nucleotide sequence
encoding a peptide consisting of an amino acid sequence from the 1st to 9th amino acids at the
N-terminus of the RU protein can include pAV001-HU-eCD (pAV001-HU9aa-eCD). Examples of a
plasmid having a DNA fragment comprising a nucleotide sequence encoding a peptide consisting of
an amino acid sequence from the 1st to 18th amino acids at the N-terminus of the HU protein can
include pAV001-HU18aa-eCD (SEQ ID NO: 15). [0034]        A method of changing the length of the
N-terminal region of the RU protein is not particularly limited. As performed in Examples described
later, appropriate primers are designed based on the sequence of the N-terminal region of the RU
protein, and the sequence of an N-terminal region having the desired number of amino acids can be
obtained easily by PCR or the like using those primers. [0035]        Moreover, the construction method
of the present invention is a construction method using, a fusion plasmid having a fragment of a
plasmid of a bacterium of the genus Bifidobacterium and a fragment of a plasmid of Escherichia coli in
the step (1). The fragment of a plasmid of a bacterium of the genus Bifidobacterium used in the
present invention is preferably a fragment of a plasmid derived from Bifidobacterium longum.
Examples thereof can include portions of pTB6-derived regions containing a pTB6 replication origin
(oriV) (base Nos. 3419 to 3778 of SEQ ID NO: 14)-repB portion (base Nos. 3983 to 4676 of SEQ ID
NO: 14) and containing no MembB, MobA, Orifl, and oriT regions. [0036]        Moreover, examples of
the fragment of a plasmid of Escherichia coli used in the present invention can include plasmid
fragments containing an Escherichia coli replication origin (oh) region (base Nos. 6356 to 6999 of SEQ
ID NO: 14) and containing no ampicillin resistance gene (ampR) or lacking DNA encoding a
13-lactamase region which is an expression product of the ampicillin resistance gene (ampR). [0037]
The promoter and the terminator of a gene encoding the RU protein derived from a bacterium of the
genus Bifidobacterium, which are used in the step (2) of the construction method of the present
invention, can be obtained by an approach known in the art. More specifically, based on the sequence
of an RU protein of a bacterium of the genus  
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therapeutic agent for solid tumor and has a favorable activity and expression efficiency of a 

protein expressed by a gene introduced by transformation, can be constructed efficiently. 

 By administration of the gene delivery carrier according to the present invention to a 

patient with malignant tumor or the like, the anaerobic microorganism as the gene delivery 

carrier of the present invention proliferates in the tumor and expresses the protein of interest 

therein.  When the protein of interest is a protein having an antitumor activity, the protein 

directly exhibits its antitumor effect.  On the other hand, when the protein of interest is a 

protein having an activity of converting an antitumor substance precursor to an antitumor 

substance, the protein of interest expressed from the gene delivery carrier converts an antitumor 

substance precursor to an antitumor substance in the coexistence of the gene delivery carrier 

and the antitumor substance precursor in the tumor site, and the antitumor substance exhibits its 

antitumor effect. 

[0017] 

 When the protein having an activity of converting an antitumor substance precursor to 

an antitumor substance is CD, 5-FC is preferably used as an antitumor substance precursor.  5-

FC is converted to 5-FU by CD, and this 5-FU exhibits an excellent antitumor effect.  

Systemic administration of 5-FU in an amount that produces a sufficient antitumor effect by the 

systemic administration causes systemic side effects.  However, the use of the gene delivery 

carrier of the present invention can convert 5-FC with few side effects to 5-FU in a manner 

specific for a tumor site.  Therefore, it can achieve a much higher 5-FU concentration in the 

Bifidobacterium known in the art, a gene encoding the HU protein of a bacterium of the genus
Bifidobacterium can be cloned to thereby obtain a promoter and a terminator of the gene. [0038]
For example, sequences containing the promoter and the terminator of a gene encoding the RU
protein derived from Bifidobacterium longum can be preferably exemplified by DNA as set forth in base
Nos. 234 to 1481 of SEQ ID NO: 14 or 15 and DNA as set forth in base Nos. 2979 to 3098 of SEQ ID
NO: 14 (base Nos. 3021 to 3140 of SEQ ID NO: 15), respectively. [0039]        The anaerobic
microorganism transformed with the expression vector according to the present invention for
constructing the anaerobic microorganism as the gene delivery carrier of the present invention is not
particularly limited as long as it can be used in the present invention. It is preferred that the anaerobic
microorganism should be an anaerobic bacterium, more preferably an enteric bacterium, even more
preferably a bacterium of the genus Bifidobacterium. [0040]       Examples of the bacterium of the
genus Bifidobacterium include Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium
infantis, Bifidobacterium thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum,
Bifidobacterium breve, and Bifidobacterium longum. The Bifidobacterium longum is most preferred.
[0041]       All of these bacteria are commercially available or can be obtained easily from depository
institutions. For example, Bifidobacterium longum ATCC-15707, Bifidobacterium bifidum ATCC-11863,
and Bifidobacterium infantis ATCC-15697 can be obtained easily from ATCC (The American Type
Culture Collection). [0042] 
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tumor than that achieved by direct administration of 5-FU.  As a result, an extremely excellent 

antitumor effect is obtained. 

[0018] 

 However, only the conversion of 5-FC to 5-FU in a tumor site using a CD-expressing 

gene delivery carrier is not sufficient for obtaining a therapeutic agent for tumor at a level that 

can be readily put into practical use.  The antitumor effect or practicality of such a therapeutic 

agent for tumor largely depends on three factors: the level of cells of an anaerobic 

microorganism as a gene delivery carrier; the degree of a CD activity exhibited by the 

anaerobic microorganism; and the concentration of 5-FC in a tumor site.  Larger the doses of 

5-FC and the anaerobic microorganism are, stronger the obtained antitumor effect naturally 

becomes.  From the viewpoint of minimizing side effects, it is preferred that the dose of 5-FC 

should be reduced as much as possible within a range that produces a necessary antitumor 

effect.  It is at least required that the dose should be lower than clinically acceptable one.  

Moreover, even if an anaerobic microorganism with lowest toxicity is used, it is preferred from 

the viewpoint of minimizing the influence on human bodies that its dose should be reduced as 

much as possible within a range that produces a necessary antitumor effect.  In consideration 

of these situations, none of conventional antitumor agents that use the conversion of 5-FC to 5-

FU in a tumor site using a CD-expressing gene delivery carrier had sufficient practicality at a 

clinical level. 

Moreover, strains of each bacterium are not particularly limited. Examples of Bifidobacterium longum
strains can include Bifidobacterium longum 105-A, Bifidobacterium longum aE-194b, Bifidobacterium
longum bs-601, and Bifidobacterium longum M101-2 strains. Among them, the Bifidobacterium longum
105-A strain is preferable. [0043]       Examples of Bifidobacterium breve strains can include a
Bifidobacterium breve type strain (JCM1192) and Bifidobacterium breve aS-1 and Bifidobacterium
breve 1-53-8W strains. Among them, the Bifidobacterium breve type strain and the Bifidobacterium
breve aS-1 and Bifidobacterium breve 1-53-8W strains are preferred. [0044]       Examples of
Bifidobacterium infantis strains can include a Bifidobacterium infantis type strain (JCM1222) and a
Bifidobacterium infantis 1-10-5 strain. Among them, the Bifidobacterium infantis type strain and the
Bifidobacterium infantis 1-10-5 strain are preferred. Moreover, examples of Bifidobacterium lactentis
strains can include a Bifidobacterium lactentis type strain (JCM1220).  [0045]        Examples of the
protein having an antitumor activity according to the present invention include cytokines. Examples of
specific cytokines include interferon (IFN)-a, 13, or y, granulocyte-macrophage colony-stimulating
factor (GM-CSF), interleukin (IL)- la, 113, 2, 3, 4, 6, 7, 10, 12, 13, 15, or 18, tumor necrosis factor
(TNF)-a, lymphotoxin (LT)-13, granulocyte colony-stimulating factor (G-CSF), macrophage
colony-stimulating factor (M-CSF), macrophage migration inhibitory factor (MIF), leukemia inhibitory
factor (LIE), costimulatory factors B7 (CD80) and B7-2 (CD86) for T-cell activation, kit-ligand, and
oncostatin M. Further examples thereof include angiogenesis inhibitors such as endostatin,
angiostatin, and kringle-1, 2, 3, 4, or 5. [0046]        The sequences of these proteins are known for
various organisms. Based on the sequence information, DNA encoding the protein having an
antitumor activity, which is used in the present invention, can be obtained by an approach known in the
art such as a PCR method. [0047]        Moreover, examples of the protein having an activity of
converting an antitumor substance precursor to an antitumor substance according to the present
invention can include CD which is an enzyme that converts 5-FC to an antitumor-active substance
5-FU. 
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[0019] 

 For example, in Example 4 in Patent Document 4, a 5-FC concentration used in 

treatment experiments using mice was 500 mg/kg, and an effective and sufficient antitumor 

effect was obtained at the concentration.  However, as can be seen from the description "for 

fungemia, fungal meningitis, mycotic respiratory infection, and chromomycosis, this drug is 

usually orally administered at four divided doses of 100 to 200 mg/kg/day as fluorocytosine; 

for urinary tract mycosis and digestive tract mycosis, this drug is usually orally administered at 

four divided doses of 50 to 100 mg/kg/day as fluorocytosine" for the dosage and administration 

of a therapeutic agent ANCOTIL (containing 500 mg of flucytosine described in the Japanese 

Pharmacopoeia) for deep mycosis from Kyowa Pharmaceutical Industry, Co., Ltd., the 

maximum dose of 5-FC actually acceptable in clinical tests is 200 mg/kg.  Thus, for obtaining 

a sufficient antitumor effect at the clinical dose (200 mg/kg) of 5-FC using the experimental 

system used in Example in Patent Document 4, an at least 2.5-fold (≈ 500/200) higher enzyme 

activity was required. 

[0020] 

 On the other hand, Non-Patent Document 5 has reported that when a mutation that 

substituted aspartic acid by alanine at the 314th (corresponding to the 315th position in SEQ ID 

NO: 28 of the present invention) amino acid of CD was added to CD-encoding DNA in 

Escherichia coli, mutant CD had a CD activity (kcat/Km value) of converting 5-FC to 5-FU 

that was approximately 2.2 times (50/23) higher than that of wild-type CD before mutation.  

This enhanced effect of producing the higher activity is still insufficient for attaining the 

[0048]        In the gene delivery carrier of the present invention, the DNA incorporated in the step (3)
may be any one of (a) a DNA encoding a protein having an antitumor activity and (b) a 31  DNA
encoding a protein having an activity of converting an antitumor substance precursor to an antitumor
substance. However, (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance is preferred. Particularly, DNA encoding CD which is
an enzyme that converts an antitumor substance precursor 5-FC to an antitumor substance 5-FU is
preferred. [0049]        For example, DNA isolated from plasmid pAdexlCSCD (Riken Gene Bank RDB
No. 1591) containing DNA encoding CD derived from Escherichia coli or from plasmid pMK116 also
containing DNA encoding CD derived from Escherichia coli can be used as such DNA encoding CD
(D.A. Mead et al., Protein Engineering 1: 67-74 (1986)). [0050]        The DNA encoding CD derived
from Escherichia coli corresponds to, for example, a nucleotide sequence from the 1494th to 2774th
nucleotides in SEQ ID NO: 14 (nucleotide sequence from the 1536th to 2816th nucleotides in SEQ ID
NO: 15). Moreover, its amino acid sequence corresponds to the amino acid sequence of SEQ ID NO:
28 except for initiation methionine. [0051]        The origin from which the CD according to the present
invention is derived is not particularly limited. DNA which has, for example, 90% or higher, more
preferably 95% or higher homology to the amino acid sequence of SEQ ID NO: 28 and encodes an
amino acid sequence having a CD activity can also be used.  
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objects.  However, in the gene delivery carrier of the present invention, DNA encoding CD as 

the protein of interest was allowed to further comprise, on the 5'-terminal side thereof, a DNA 

fragment comprising a nucleotide sequence encoding a peptide consisting of an amino acid 

sequence from the 1st to at least 4th amino acids at the N-terminus of the histone-like DNA-

binding protein, and the aspartic acid at the 315th position in SEQ ID NO: 28 of the CD was 

substituted by alanine.  As a result, totally unexpectedly, the CD activity that was even 

approximately 12-fold higher was obtained. 

[0021] 

 From this 12-fold higher CD activity, the 5-FC dose was calculated to be 

approximately 42 mg/kg, with respect to the experimental results described above.  This 

means that the minimum clinical dose (50 mg/kg) or lower is enough.  Thus, extremely high 

practicality can be expected. 

[0022] 

 Thus, among the gene delivery carriers of the present invention, the gene delivery 

carrier (e.g., Bifidobacterium longum 105-A/pAV001-HU-eCD-M968) of the present invention, 

wherein DNA encoding CD as the protein of interest is allowed to further comprise, on the 5'-

terminal side thereof, a DNA fragment comprising a nucleotide sequence encoding a peptide 

consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus 

of the histone-like DNA-binding protein, and the aspartic acid at the 315th position in SEQ ID 

NO: 28 of the CD has been substituted by alanine, can particularly be expected to have 

excellent practicality. 

[0052]        The method of constructing a gene delivery carrier according to the present invention may
not comprise a step (5) of mutating (a) the DNA encoding a protein having an antitumor activity or (b)
the DNA encoding a protein having an activity of converting an antitumor substance precursor to an
antitumor substance. From the viewpoint of obtaining a more excellent antitumor activity or activity of
converting an antitumor substance precursor to an antitumor substance, it is preferred that the method
of constructing a gene delivery carrier according to the present invention further comprises the step (5)
before the step (4). [0053]        Specifically, for example, after mutating the DNA encoding the gene of
interest, the mutated DNA may be incorporated to an expression vector in the step (3). Alternatively,
after preparing an expression vector in the step (3), the DNA portion encoding the gene of interest may
be mutated. The step of mutating, after preparing an expression vector in the step (3), the DNA portion
encoding the gene of interest is more specifically a step (5') of mutating (a) the DNA encoding a
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting
an antitumor substance precursor to an antitumor substance, which has been incorporated to the
expression vector prepared in the step (3). [0054] Mutating means is not particularly limited, and an
approach known in the art such as site-specific mutagenesis using PCR can be used.        A preferable
site to be mutated differs depending on the protein of interest. When the protein of interest is
Escherichia coli CD, it is preferred that aspartic acid encoded by a nucleotide sequence from the
2433rd to 2435th nucleotides in SEQ ID NO: 14 (nucleotide sequence from the 2475th to 2477th
nucleotides in SEQ ID NO: 15) is substituted by another amino acid. It is more preferred that the
aspartic acid encoded by a nucleotide sequence from the 2433rd to 2435th nucleotides in SEQ ID NO:
14 (nucleotide sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15) is substituted by
alanine. The aspartic acid encoded by a nucleotide sequence from the 2433rd to 2435th nucleotides in
SEQ ID NO: 14 (nucleotide sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15)
corresponds to aspartic acid at the 315th position in the amino acid sequence of SEQ ID NO: 28.
This substitution produces a much more excellent CD activity than that produced in the absence of
substitution. [0055] 
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[0023] 

 Indeed, it has been confirmed that when an unmutated CD-expressing gene delivery 

carrier (recombinant Bifidobacterium longum) used in Patent Document 4 is used in a 

treatment system using human-derived breast cancer cell line (KPL-1)-transplanted nude mice, 

a bacterial concentration required for converting 5-FC to an effective concentration of 5-FU in 

the tumor is 107 CFU/g or more.  It has been confirmed by the experiments of the present 

inventors that when the gene delivery carrier of the present invention, wherein the aspartic acid 

at the 315th position in SEQ ID NO: 28 of the CD has been substituted by alanine, is used in 

the same experimental system, an equivalent 5-FU concentration in the tumor is obtained at a 

bacterial concentration of 105 CFU/g, which is 1/100 of the bacterial concentration described 

above. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] 

[Figure 1] 

 It is a diagram showing the process of preparing Bifidobacterium longum 

105A/pAV001-HU-eCD. 

[Figure 2] 

 It is a diagram showing a CD activity (concentration of 5-FU converted from 5-FC) in 

Bifidobacterium longum 105A/pAV001-HU-eCD. 

Examples of the expression vector according to the present invention can include a CD expression
vector for a bacterium of the genus Bifidobacterium in which DNA encoding CD has been
incorporated. Specific examples thereof can include: a recombinant plasmid pBLES100-S-eCD
carrying Escherichia coli codA inserted downstream of a Bifidobacterium longum hup promoter (see
Patent Document 4 and Non-Patent Document 3); pAV001-HU-eCD (pAV001-HU9aa-eCD) modified
from this pBLES100-S-eCD, which is capable of transforming Bifidobacterium longum or
Bifidobacterium breve; and mutants of these plasmids.  [0056]        In this context, the mutants of the
plasmids mean vectors in which the DNA, for example, CD-encoding DNA, incorporated in the
plasmids has been mutated, which are plasmids that can be used in the same manner as or more
preferably than the unmutated original vectors. For example, a mutant of pBLES100-S-eCD means a
mutant of plasmid DNA derived from pBLES100-S-eCD, which is a plasmid that can be used in the
same manner as or more preferably than pBLES100-S-eCD in the present invention. Alternatively, a
mutant of pAV001-HU-eCD means a mutant of plasmid DNA derived from pAV001-HU-eCD, which is
a plasmid that can be used in the same manner as or more preferably than pAV001-HU-eCD in the
present invention. [0057]        Such mutants of the plasmids can be preferably exemplified by a
plasmid pAV001- HU-eCD-M968 (SEQ ID NO: 27) which is a plasmid in which a single-nucleotide
mutation has been introduced in a CD coding region of the plasmid pAV001-HU-eCD. In the plasmid
pAV001-HU-eCD-M968, aspartic acid encoded by a nucleotide sequence from the 2433rd to 2435th
nucleotides in SEQ ID NO: 14 has been substituted by alanine. As a result, a CD activity is remarkably
improved. [0058]        The gene delivery carrier of the present invention is not particularly limited as
long as it is a gene delivery carrier consisting of an anaerobic microorganism transformed with an
expression vector having a fragment of a plasmid of a bacterium of the genus Bifidobacterium,  a
fragment of a plasmid of Escherichia coli, and a DNA fragment comprising a promoter and a terminator
of a gene encoding a histone-like DNA-binding protein derived from a bacterium of the genus
Bifidobacterium, having, between the promoter and the terminator, (a) a DNA encoding a protein
having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an
antitumor substance precursor to an antitumor substance, and further comprising a DNA fragment
comprising a nucleotide sequence encoding a peptide consisting of an amino acid sequence from the
1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein, on the
5'-terminal side of (a) the DNA encoding a protein having an antitumor activity or (b) the DNA encoding
a protein having an activity of converting an antitumor substance precursor to an antitumor substance.
[0059] 
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[Figure 3] 

 It is a diagram showing the process of constructing an HU protein N-terminal 2-amino 

acid-adding plasmid. 

[Figure 4] 

 It is a diagram showing results of plasmid retention rates of two kinds of 5-FU-

resistant Bifidobacterium longum 105A/pAV001-HU-eCD-M968. 

 

BEST MODE OF CARRYING OUT THE INVENTION 

[0025] 

 A method of constructing a gene delivery carrier according to the present invention is 

a method of constructing a gene delivery carrier consisting of an anaerobic microorganism 

capable of growing in a tumor tissue in an anaerobic environment and capable of expressing 

(A) a protein having an antitumor activity or (B) a protein having an activity of converting an 

antitumor substance precursor to an antitumor substance, comprising the steps of: 

 (1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the 

genus Bifidobacterium and a fragment of a plasmid of Escherichia coli; 

 (2) incorporating, a DNA fragment comprising a promoter and a terminator of a gene 

encoding a histone-like DNA-binding protein derived from a bacterium of the genus 

Bifidobacterium to the fusion plasmid; 

 (3) incorporating, between the promoter and the terminator, (a) a DNA encoding a 

protein having an antitumor activity or (b) a DNA encoding a protein having an activity of 

The gene delivery carrier of the present invention can be constructed by, for example, the method of
constructing a gene delivery carrier according to the present invention.        In the gene delivery carrier
of the present invention, when the DNA encoding the protein of interest is unmutated, the DNA
encoding a peptide consisting of an amino acid sequence at the N-terminus of the HU protein, which is
comprised on the 5'-terminal side of the DNA encoding the protein, may not include DNA encoding a
peptide consisting of an amino acid sequence from the 1st to 9th amino acids at the N-terminus of the
RU protein. [0060]        Moreover, (a) the DNA encoding a protein having an antitumor activity or (b)
the DNA encoding a protein having an activity of converting an antitumor substance precursor to 36 an
antitumor substance in the gene delivery carrier of the present invention may be an unmutated DNA.
However, it is preferred that (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA encoding a protein having an activity of converting an antitumor substance precursor to an
antitumor substance is mutated DNA such that the antitumor activity of a protein encoded by the
mutated DNA or the activity thereof of converting an antitumor precursor to an antitumor substance is
improved, compared with that of a protein encoded by DNA before mutation.       Examples of the gene
delivery carrier of the present invention obtained using an expression vector having the mutated DNA
encoding the protein of interest can include a single-nucleotide mutant plasmid of Bifidobacterium
longum 105-A/pAV001-HU-eCD. Particularly, it can be preferably exemplified by Bifidobacterium
longum 105-A/pAV001-HUeCD-M968. [0061]       A method of constructing the gene delivery carrier of
the present invention comprises the step of transforming an anaerobic microorganism with the
expression vector in which the DNA encoding the protein of interest has been incorporated.        The
construction of the transformed microorganism can be performed according to a method described in
commercially available experimental manuals, for example, Gene Manual (Kodansha Ltd.), Method for
Experiments in Gene Manipulation ed. by Yasutaka Takagi (Kodansha Ltd.), Molecular Cloning, Cold
Spring Harbor Laboratory (1982), Molecular Cloning, 2nd ed., Cold Spring Harbor Laboratory (1989),
or Methods in Enzymol., 194 (1991).          When the protein (b) having an activity of converting an
antitumor substance precursor to an antitumor substance in the gene delivery carrier of the present
invention is CD, it is required for application to enzyme-prodrug therapies that the CD-expressing
genetically modified microorganism has a resistance to 5-FU at a concentration at least effective for an
antitumor activity, which is converted from 5-EC by CD. However, when a 5-FU-resistant bacterium
was constructed by an acclimation culture method described in Example 1 in Patent Document 5 using
the CD-expressing genetically modified microorganism, a plasmid retention rate tended to decrease.
However, in the method of constructing a gene delivery carrier according to the present invention, a
5-FU-resistant bacterium having a resistance to 5-FU at a concentration at least effective for an
antitumor activity is first constructed as an anaerobic microorganism used as a host by an acclimation
culture method described in Example 2 in Patent Document 5. This bacterium can be used as a host
to thereby construct a genetically modified microorganism having a high plasmid retention rate. [0062] 
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converting an antitumor substance precursor to an antitumor substance to prepare an expression 

vector; and 

 (4) transforming an anaerobic microorganism with the expression vector, wherein 

 (a) the DNA encoding a protein having an antitumor activity or (b) the DNA  

encoding a protein having an activity of converting an antitumor substance precursor to an 

antitumor substance, which is incorporated in the step (3) of expression vector preparation, 

further comprises on the 5'-terminal side thereof, a DNA fragment comprising a nucleotide 

sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th 

amino acids at the N-terminus of the histone-like DNA-binding protein. 

[0026] 

 The method of constructing a gene delivery carrier according to the present invention 

is not particularly limited as long as it comprises the steps of: (1) preparing a fusion plasmid 

having a fragment of a plasmid of a bacterium of the genus Bifidobacterium and a fragment of 

a plasmid of Escherichia coli; (2) incorporating, a DNA fragment comprising a promoter and a 

terminator of a gene encoding a histone-like DNA-binding protein derived from a bacterium of 

the genus Bifidobacterium to the fusion plasmid; (3) incorporating, between the promoter and 

the terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a DNA 

encoding a protein having an activity of converting an antitumor substance precursor to an 

antitumor substance to prepare an expression vector; and (4) transforming an anaerobic 

microorganism with the expression vector, wherein (a) the DNA encoding a protein having an 

antitumor activity or (b) the DNA encoding a protein having an activity of converting an 

A pharmaceutical composition of the present invention is not particularly limited as long as it comprises
the gene delivery carrier of the present invention. Moreover, a therapeutic agent for solid tumor of the
present invention is not particularly limited as long as it comprises the gene delivery carrier of the
present invention.        The pharmaceutical composition or the therapeutic agent for solid tumor of the
present invention may comprise one kind or two or more kinds of the gene delivery carrier(s) of the
present invention.  [0063]        Moreover, the dose of the gene delivery carrier in the pharmaceutical
composition or the therapeutic agent for solid tumor of the present invention is not particularly limited
as long as it is an amount sufficient for its growth in a tumor site and for expression of a therapeutically
effective amount of a protein having an antitumor activity or an amount sufficient for expression of a
protein in an amount capable of converting an antitumor substance precursor to a therapeutically
effective amount of an antitumor substance. From a economic viewpoint and the viewpoint of
circumventing side effects as much as possible, it is preferred that the dose of the gene delivery carrier
is as small as possible within a range that produces a necessary antitumor activity. Moreover, the dose
of the gene delivery carrier in the pharmaceutical composition or the therapeutic agent for solid tumor
of the present invention can be appropriately selected according to the severity of disease and the
body weight, age, and sex of a patient and can also be appropriately increased or decreased
according to the degree of improvement. [0064]        Furthermore, the pharmaceutical composition or
the therapeutic agent for solid tumor of the present invention may contain arbitrary ingredients in
addition to the gene delivery carrier of the present invention unless the effects of the present invention
are impaired. Examples of such arbitrary ingredients include pharmacologically acceptable carriers,
excipients, and diluents.  [0065]       When the gene delivery carrier or the therapeutic agent for solid
tumor of the present invention is an anaerobic bacterium incorporating therein a gene from which a
protein having an activity of converting an antitumor substance precursor to an antitumor substance
can be expressed, the pharmaceutical composition or the therapeutic agent for solid tumor of the
present invention comprising the gene delivery carrier as an active ingredient can be used in
combination with an antitumor substance precursor in an amount capable of being converted to an
effective amount of an antitumor substance by a protein expressed by the gene delivery carrier. This
antitumor substance precursor may be contained in the pharmaceutical composition or the therapeutic
agent for solid tumor comprising the gene delivery carrier of the present invention as an active
ingredient. However, it is preferred that the antitumor substance precursor should be used in the form
of a pharmaceutical composition comprising the antitumor substance precursor, in combination with
the pharmaceutical composition or the therapeutic agent for solid tumor comprising the gene delivery
carrier of the present invention as an active ingredient. [0066]        The dose of the antitumor
substance precursor can be appropriately selected according to the growth rate of the gene delivery
carrier used in combination therewith in a tumor tissue, and the efficiency of conversion of the
antitumor substance precursor to an antitumor substance. Moreover, similarly with the dose of the
gene delivery carrier, the dose of the antitumor substance precursor can be appropriately selected
according to the severity of disease and the 
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antitumor substance precursor to an antitumor substance, which is incorporated in the step (3) 

of expression vector preparation, further comprises on the 5'-terminal side thereof, a DNA 

fragment comprising a nucleotide sequence encoding a peptide consisting of an amino acid 

sequence from the 1st to at least 4th amino acids at the N-terminus of the histone-like DNA-

binding protein. 

[0027] 

 The method of constructing a gene delivery carrier according to the present invention 

is not particularly limited as long as it comprises the steps (1) to (4).  It may additionally 

comprise an arbitrary step unless the effects of the present invention are impaired.  Moreover, 

in the method of constructing a gene delivery carrier according to the present invention, the 

order in which the steps (2) and (3) are performed is not particularly limited.  It may comprise 

these steps in the order of the steps (1), (2), (3), and (4) or may comprise these steps in the 

order of the steps (1), (3), (2), and (4).  Both of these aspects are encompassed in the method 

of constructing a gene delivery carrier according to the present invention for convenience. 

[0028] 

 Particularly, for incorporating the DNA encoding the protein of interest in the step (3) 

of expression vector preparation, the aspect of allowing the DNA encoding the protein of 

interest to comprise on the 5'-terminal side thereof, a DNA fragment encoding the N-terminal 

region of the HU protein may be any aspect.  It may be, for example, an aspect of adding the 

DNA fragment encoding the N-terminal region of the HU protein to the 5'-terminal side of the 

DNA encoding the protein of interest, to thereby incorporate the DNA fragment therein, or may 

body weight, age, and sex of a patient and can also be appropriately increased or decreased
according to the degree of improvement. [0067]        Thus, when the pharmaceutical composition or
the therapeutic agent for solid tumor of the present invention is used in combination with the antitumor
substance precursor, a method of administering the pharmaceutical composition or the therapeutic
agent for solid tumor of the present invention may be the same as or different from a method of
administering the pharmaceutical composition comprising the antitumor substance precursor.
Moreover, they may be administered simultaneously or at time intervals. It is preferred that the
pharmaceutical composition comprising the antitumor substance precursor is administered after the
administration of the pharmaceutical composition or the therapeutic agent for solid tumor of the
present invention such that the gene delivery carrier of the present invention can sufficiently grow in a
tumor cell. [0068]        The phrase "comprising X in combination with Y" in the present invention
encompasses both of the case in which X and Y are in different forms and the case in which X and Y
are in the same form (e.g., a form comprising both X and Y). Moreover, when X and Y are in different
forms, both X and Y may further contain other ingredients. [0069]        The dosage form of the
pharmaceutical composition or the therapeutic agent for solid tumor of the present invention is not
particularly limited. Examples thereof can include a 41  liquid or solid preparation comprising the gene
delivery carrier of the present invention. The liquid preparation can be produced by: purifying a culture
solution of the anaerobic bacterium as the gene delivery carrier of the present invention; if necessary,
adding thereto an appropriate saline solution or fluid replacement or pharmaceutical additives; and
filling the mixture to an ampoule or vial or the like. Further, the solid preparation can be produced by
adding an appropriate protective agent to the liquid preparation, filling the mixture to an ampoule or
vial or the like, and then freeze-drying or L-drying; or by adding an appropriate protective agent to the
liquid preparation, freeze-drying or L-drying the mixture, and then filling to an ampoule or vial or the
like. A method of administering the pharmaceutical composition or the therapeutic agent for solid
tumor of the present invention is preferably parenteral administration. For example, hypodermic
injection, intravenous injection, local injection, and intracerebroventricular administration can be
performed. The intravenous injection is most preferred. 
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be an aspect of incorporating the DNA encoding the protein of interest to the intermediate 

position of DNA encoding the HU protein such that the DNA encoding the protein of interest is 

sandwiched between DNA encoding the N-terminal region of the HU protein and DNA 

encoding the C-terminal region of the HU protein. 

[0029] 

 The order in which in the step (3) of expression vector preparation, the DNA encoding 

the protein of interest is allowed to comprise, on the 5'-terminal side thereof, a DNA fragment 

encoding the N-terminal region of the HU protein is not particularly limited as long as an 

expression vector comprising the DNA fragment encoding the N-terminal region of the HU 

protein on the 5'-terminal side of the DNA encoding the protein of interest is obtained.  For 

example, after allowing the DNA encoding the protein of interest to comprise, on the 5'-

terminal side thereof, the DNA fragment encoding the N-terminal region of the HU protein, the 

resulting DNA may be incorporated to the fusion plasmid.  Alternatively, after incorporating 

the DNA encoding the protein of interest to the fusion plasmid, the DNA fragment encoding 

the N-terminal region of the HU protein may be incorporated to the 5'-terminal side of the 

DNA encoding the protein of interest.  Or otherwise, after incorporating the DNA fragment 

encoding the N-terminal region of the HU protein to the fusion plasmid, the DNA encoding the 

protein of interest may be incorporated to the 3'-terminal side of the DNA fragment encoding 

the N-terminal region of the HU protein. 

 

 

[0070]        The pharmaceutical composition or the therapeutic agent for solid tumor of the present
invention can be applied to tumors having an anaerobic environment, preferably, various solid tumors.
Examples of the solid tumors include colon-rectum cancer, brain tumor, head and neck cancer, breast
cancer, lung cancer, esophagus cancer, gastric cancer, liver cancer, gallbladder cancer, bile duct
cancer, pancreatic cancer, pancreatic islet cell cancer, choriocarcinoma, colon cancer, renal cell
cancer, adrenal cortex cancer, urinary bladder cancer, testis cancer, prostatic cancer, testicle tumor,
ovarian cancer, uterine cancer, choriocarcinoma,  thyroid cancer, malignant carcinoid tumor, skin
cancer, malignant melanoma, osteosarcoma, soft tissue sarcoma, neuroblastoma, Wilms tumor,
retinoblastoma, melanoma, and squamous cell carcinoma. [0071]        Hereinafter, the present
invention will be described more specifically with reference to Examples. However, the technical scope
of the present invention is not intended to be limited to these exemplifications. [0072] [Reference
Example 1] Preparation of Bifidobacterium longum 105-A/pAV001-HU-eCD (1) Construction of shuttle
plasmid pAV001 (Construction of plasmid)        A sequence containing spectinomycin
adenyltransferase (AAD cassette) derived from Enterococcus faecalis was amplified by PCR from a
shuttle plasmid pBLES100 of Bifidobacterium longum and Escherichia coli (see Patent Document 4
and Non-Patent Document 7), and the PCR product was subcloned into a PCR-BluntII-TOPO vector
(Invitrogen Corp.) to prepare PCRTOPO-ScaI-AAD-Eam1105I. ScaI and Eam1105I restriction sites
were added to forward and reverse primers, respectively. 
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[0030] 

 Moreover, the 3'-terminus of the DNA fragment encoding the N-terminal region of the 

HU protein and the 5'-terminus of the DNA encoding the protein of interest do not have to be 

bonded directly in the expression vector according to the present invention as long as the 

effects of the present invention are obtained.  However, it is preferred that they are bonded 

directly. 

[0031] 

 In this case, if the DNA fragment encoding the N-terminal region of the HU protein, 

which is comprised on the 5'-terminal side of the DNA encoding the protein of interest, is too 

long, the nature of the protein of interest expressed might be altered.  Therefore, from this 

viewpoint, it is preferred that the DNA fragment encoding the N-terminal region of the HU 

protein is as short as possible.  However, if the DNA fragment encoding the N-terminal region 

of the HU protein is too short, the expression rate of the protein is reduced.  Therefore, from 

both of these viewpoints, it is preferred that the DNA fragment encoding the N-terminal region 

of the HU protein has a well-balanced moderate length. 

[0032] 

 Specifically, the DNA fragment encoding the N-terminal region of the HU protein is 

not particularly limited as long as it is a DNA fragment comprising a nucleotide sequence 

encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th amino 

acids at the N-terminus of the HU protein.  It is preferred that the DNA fragment encoding the 

N-terminal region of the HU protein is a DNA fragment comprising a nucleotide sequence 

[0073]        As shown in Figure 1, a cloning vector pGFPuv (DEFINITION: Cloning vector pGFPuv.
ACCESSION: 1J62636; VERSION: 1J62636.1 GI: 1490528) purchased from 43  Invitrogen Corp. is
composed of a GFPuv gene, Multi-Cloning sites (MCSs) at both ends thereof, an ampicillin resistance
gene, and an Escherichia coli plasmid replication origin. [0074]        The ampicillin resistance gene site
in this pGFPuv was removed by cleavage with restriction enzymes Eam1105I and ScaI to prepare a
long fragment. Similarly, PCRTOPOScaI-AAD-Eam1105I was cleaved with restriction enzymes
Eam1105I and ScaI to prepare a fragment (approximately 1100 bp) containing the AAD cassette.
These two fragments were ligated using T4 DNA ligase to prepare pGFPuv-SpR. The addition of a
spectinomycin resistance trait and a loss of the ampicillin resistance trait in the prepared plasmid
pGFPuv-SpR were respectively confirmed in Escherichia coli. [0075]        pGFPuv-SpR was digested
with restriction enzymes Sall (located in the multi-cloning site upstream of the GFPuv gene) and SpeI
(located in the multi-cloning site downstream of the GFPuv gene) to prepare a plasmid pAVN from
which the GFPuv gene had been deleted. [0076]        Next, from information about the full-length
nucleotide sequence of a plasmid pTB6 derived from Bifidobacterium longum, an approximately
1900-bp sequence containing RepB, SDO, DDO, AT-rich repeats, and DnaA-binding motifs was
identified as a plasmid replication unit of Bifidobacterium longum. The approximately 1900-bp
sequence containing the plasmid replication unit of Bifidobacterium longum was amplified by PCR
from pTB6, and the PCR product was subcloned into a PCR-BluntII-TOPO vector to prepare
PCRTOPO-ApaI-  1900-ScaI. ApaI and ScaI restriction sites were added to forward and reverse
primers, respectively. 
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encoding a peptide consisting of an amino acid sequence from the 1st amino acid to any one of 

the 4th to 18th amino acids at the N-terminus of the HU protein.  The amino acid sequence 

from the 1st to 18th amino acids at the N-terminus of the HU protein is described in SEQ ID 

NO: 29.  The amino acid sequence of SEQ ID NO: 29 is an amino acid sequence encoded by a 

nucleotide sequence from the 1482nd to 1535th nucleotides in SEQ ID NO: 15. 

[0033] 

 Examples of a plasmid having a DNA fragment comprising a nucleotide sequence 

encoding a peptide consisting of an amino acid sequence from the 1st to 4th amino acids at the 

N-terminus of the HU protein can include pAV001-HU4aa-eCD (SEQ ID NO: 14).  Examples 

of a plasmid having a DNA fragment comprising a nucleotide sequence encoding a peptide 

consisting of an amino acid sequence from the 1st to 9th amino acids at the N-terminus of the 

HU protein can include pAV001-HU-eCD (pAV001-HU9aa-eCD).  Examples of a plasmid 

having a DNA fragment comprising a nucleotide sequence encoding a peptide consisting of an 

amino acid sequence from the 1st to 18th amino acids at the N-terminus of the HU protein can 

include pAV001-HU18aa-eCD (SEQ ID NO: 15). 

[0034] 

 A method of changing the length of the N-terminal region of the HU protein is not 

particularly limited.  As performed in Examples described later, appropriate primers are 

designed based on the sequence of the N-terminal region of the HU protein, and the sequence 

of an N-terminal region having the desired number of amino acids can be obtained easily by 

PCR or the like using those primers. 

[0077]        The long fragment (approximately 2400 bp) obtained by digesting pAVN with restriction
enzymes ApaI and ScaI and a short fragment (approximately 1900 bp) obtained by digesting
PCRTOPO-ApaI-1900-ScaI with restriction enzymes ApaI and ScaI in the same way were ligated
using T4 DNA ligase to prepare a Bifidobacterium longum-Escherichia coli shuttle plasmid pAV001
(approximately 4300 bp). [0078]  (2) CD gene expression vector pAV001-HU-eCD (Construction of
expression vector)        Next, pBLES100-S-eCD was cleaved with restriction enzymes HindIII and SpeI
to extract an approximately 2900-bp fragment containing an RU gene promoter, an Escherichia
coli-derived CD gene, and an RU gene terminator. Similarly, the shuttle plasmid pAV001 was cleaved
with HindIII and SpeI at the restriction sites in the multi-cloning sites. The obtained long fragment and
the approximately 2900-bp fragment described above were ligated using T4 DNA ligase to prepare
pAV001-HU-eCD (approximately 7100 bp). [0079]  (3) Introduction of CD gene expression vector
pAV001-HU-eCD into bacterium of genus Bifidobacterium        Wild-type Bifidobacterium longum was
cultured in an MRS medium at 37C under anaerobic conditions, and the bacterial cells were separated
from the culture solution by centrifugation and suspended in an appropriate buffer solution to prepare a
bacterial suspension. Next, the CD gene expression vector pAV001-HU-eCD was introduced into the
bacterial suspension using an electroporation method described in Non-Patent Documents 2 and 3.
The introduced recombinant Bifidobacterium longum (Bifidobacterium longum/pAV001-HU-eCD) was
selected based on colony formation on an agar medium containing an antibiotic spectinomycin. 
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[0035] 

 Moreover, the construction method of the present invention is a construction method 

using, a fusion plasmid having a fragment of a plasmid of a bacterium of the genus 

Bifidobacterium and a fragment of a plasmid of Escherichia coli in the step (1).  The fragment 

of a plasmid of a bacterium of the genus Bifidobacterium used in the present invention is 

preferably a fragment of a plasmid derived from Bifidobacterium longum.  Examples thereof 

can include portions of pTB6-derived regions containing a pTB6 replication origin (oriV) (base 

Nos. 3419 to 3778 of SEQ ID NO: 14)-repB portion (base Nos. 3983 to 4676 of SEQ ID NO: 

14) and containing no MembB, MobA, OrifI, and oriT regions. 

[0036] 

 Moreover, examples of the fragment of a plasmid of Escherichia coli used in the 

present invention can include plasmid fragments containing an Escherichia coli replication 

origin (ori) region (base Nos. 6356 to 6999 of SEQ ID NO: 14) and containing no ampicillin 

resistance gene (ampR) or lacking DNA encoding a β-lactamase region which is an expression 

product of the ampicillin resistance gene (ampR). 

[0037] 

 The promoter and the terminator of a gene encoding the HU protein derived from a 

bacterium of the genus Bifidobacterium, which are used in the step (2) of the construction 

method of the present invention, can be obtained by an approach known in the art.  More 

specifically, based on the sequence of an HU protein of a bacterium of the genus 

[0080] (4) Cytosine deaminase enzyme activity in Bifidobacterium longum/pAV001-HU-eCD;
Measurement of 5-PC->5-FU conversion activity        Bifidobacterium longum/pAV001-HU-eCD was
subcultured in an MRS medium containing an antibiotic spectinomycin at 37C for 2 days or longer
under anaerobic conditions, and the bacterial cells (2 x 109 CPU) were separated from the culture
solution by centrifugation and suspended again in 4.5 mL of an MRS medium. Next, 0 5 mL of 5-PC
(20 mg/mL) was added thereto, resulting in a final concentration of 2 mg/mL, and the bacterial cells
were cultured at 37C under anaerobic conditions. After 0, 4, 8, 18, and 24 hours, supernatants of the
culture solutions from which the bacterial cells had been removed by centrifugation were respectively
collected. Converted 5-FU concentrations were measured by gas chromatography analysis (5-FU
GC-MS methods, BML). The measurement results are shown in Figure 2. As a result of analysis, in
Bifidobacterium longum/pAV001-HU-eCD, 5-FU was  detected at a concentration of 72.5 pg/mL after 4
hours and at a concentration of 165.4 pz/mL after 24 hours. Example 1 [0081] [Preparation of HU-eCD
plasmid]        Plasmids were constructed such that the length of the N-terminal region of an HU protein
fused to the N-terminal region of eCD was changed to 2 amino acids, 3 amino acids, or 4 amino acids
(Figure 3).        Plasmids from which the sequence encoding the N-terminus of an RU protein was
deleted were constructed in the same way. In this case, two kinds of plasmids were prepared, one with
a translation start codon ATG of Escherichia coli JM101 strain-derived CD, and the other with a
translation start codon GTG of Escherichia coli K12 strain-derived CD. Moreover, a plasmid was also
constructed such that the length of the N-terminal region of an RU protein fused to the N-terminal
region of eCD was changed to 18 amino acids. The sequences of the constructed portions of the
plasmids are shown in Table 1.  
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Bifidobacterium known in the art, a gene encoding the HU protein of a bacterium of the genus 

Bifidobacterium can be cloned to thereby obtain a promoter and a terminator of the gene. 

[0038] 

 For example, sequences containing the promoter and the terminator of a gene encoding 

the HU protein derived from Bifidobacterium longum can be preferably exemplified by DNA 

as set forth in base Nos. 234 to 1481 of SEQ ID NO: 14 or 15 and DNA as set forth in base Nos. 

2979 to 3098 of SEQ ID NO: 14 (base Nos. 3021 to 3140 of SEQ ID NO: 15), respectively. 

[0039] 

 The anaerobic microorganism transformed with the expression vector according to the 

present invention for constructing the anaerobic microorganism as the gene delivery carrier of 

the present invention is not particularly limited as long as it can be used in the present 

invention.  It is preferred that the anaerobic microorganism should be an anaerobic bacterium, 

more preferably an enteric bacterium, even more preferably a bacterium of the genus 

Bifidobacterium. 

[0040] 

 Examples of the bacterium of the genus Bifidobacterium include Bifidobacterium 

adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium 

thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium 

breve, and Bifidobacterium longum.  The Bifidobacterium longum is most preferred. 

 

 

[0082] [Table 1] Plasmid construction table Plasmidname Sequence proximal to CD N-terminus
pAV001-HUOaaATG ATG TCG AAT AAC ... MSNN    pAV001-HUOaaGIG 
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[0041] 

 All of these bacteria are commercially available or can be obtained easily from 

depository institutions.  For example, Bifidobacterium longum ATCC-15707, Bifidobacterium 

bifidum ATCC-11863, and Bifidobacterium infantis ATCC-15697 can be obtained easily from 

ATCC (The American Type Culture Collection). 

[0042] 

 Moreover, strains of each bacterium are not particularly limited.  Examples of 

Bifidobacterium longum strains can include Bifidobacterium longum 105-A, Bifidobacterium 

longum aE-194b, Bifidobacterium longum bs-601, and Bifidobacterium longum M101-2 strains.  

Among them, the Bifidobacterium longum 105-A strain is preferable. 

[0043] 

 Examples of Bifidobacterium breve strains can include a Bifidobacterium breve type 

strain (JCM1192) and Bifidobacterium breve aS-1 and Bifidobacterium breve I-53-8W strains.  

Among them, the Bifidobacterium breve type strain and the Bifidobacterium breve aS-1 and 

Bifidobacterium breve I-53-8W strains are preferred. 

[0044] 

 Examples of Bifidobacterium infantis strains can include a Bifidobacterium infantis 

type strain (JCM1222) and a Bifidobacterium infantis I-10-5 strain.  Among them, the 

Bifidobacterium infantis type strain and the Bifidobacterium infantis I-10-5 strain are preferred.  

Moreover, examples of Bifidobacterium lactentis strains can include a Bifidobacterium 

lactentis type strain (JCM1220). 

GIG TCG AAT AAC... MSNN    pAV001-HU2aa-eCD ATG GCA TCG AAT AAC ... MASNN
pAV001-HU3aa-eCD ATG GCA TAC TCG AAT AAC ... MAYSNN 
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[0045] 

 Examples of the protein having an antitumor activity according to the present 

invention include cytokines.  Examples of specific cytokines include interferon (IFN)-α, β, or 

γ, granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin (IL)-1α, 1β, 2, 3, 

4, 6, 7, 10, 12, 13, 15, or 18, tumor necrosis factor (TNF)-α, lymphotoxin (LT)-β, granulocyte 

colony-stimulating factor (G-CSF), macrophage colony-stimulating factor (M-CSF), 

macrophage migration inhibitory factor (MIF), leukemia inhibitory factor (LIF), costimulatory 

factors B7 (CD80) and B7-2 (CD86) for T-cell activation, kit-ligand, and oncostatin M.  

Further examples thereof include angiogenesis inhibitors such as endostatin, angiostatin, and 

kringle-1, 2, 3, 4, or 5. 

[0046] 

 The sequences of these proteins are known for various organisms.  Based on the 

sequence information, DNA encoding the protein having an antitumor activity, which is used in 

the present invention, can be obtained by an approach known in the art such as a PCR method. 

[0047] 

 Moreover, examples of the protein having an activity of converting an antitumor 

substance precursor to an antitumor substance according to the present invention can include 

CD which is an enzyme that converts 5-FC to an antitumor-active substance 5-FU. 

[0048] 

 In the gene delivery carrier of the present invention, the DNA incorporated in the step 

(3) may be any one of (a) a DNA encoding a protein having an antitumor activity and (b) a 

pAV001-HU4aa-eCD ATG GCA TAC AAC TCG AAT AAC ... MAYNSNN    pAV001-HU-eCD (Control,
pAV001-HU9aaeCD) ATG GCA TAC AAC AAG ICI GAC CTC MAYNKSDLVSNN GTT 
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DNA encoding a protein having an activity of converting an antitumor substance precursor to 

an antitumor substance.  However, (b) the DNA encoding a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance is preferred.  

Particularly, DNA encoding CD which is an enzyme that converts an antitumor substance 

precursor 5-FC to an antitumor substance 5-FU is preferred. 

[0049] 

 For example, DNA isolated from plasmid pAdex1CSCD (Riken Gene Bank RDB No. 

1591) containing DNA encoding CD derived from Escherichia coli or from plasmid pMK116 

also containing DNA encoding CD derived from Escherichia coli can be used as such DNA 

encoding CD (D.A. Mead et al., Protein Engineering 1: 67-74 (1986)). 

[0050] 

 The DNA encoding CD derived from Escherichia coli corresponds to, for example, a 

nucleotide sequence from the 1494th to 2774th nucleotides in SEQ ID NO: 14 (nucleotide 

sequence from the 1536th to 2816th nucleotides in SEQ ID NO: 15).  Moreover, its amino 

acid sequence corresponds to the amino acid sequence of SEQ ID NO: 28 except for initiation 

methionine. 

[0051] 

 The origin from which the CD according to the present invention is derived is not 

particularly limited.  DNA which has, for example, 90% or higher, more preferably 95% or 

higher homology to the amino acid sequence of SEQ ID NO: 28 and encodes an amino acid 

sequence having a CD activity can also be used. 

TCG AAT AAC ... pAV001-HU18aa- eCD ATG GCA TAC AAC AAG ICI GAC CTC MAYNKSDLVSKIA
CAG AAG TCC AAC CTG TCG AAT AAC QKSNLSNN GTT ... TCG AAG ATC GCC  The term in bold
type represents a sequence added to the CD N-terminus. [0083] (1) Construction of HU protein
N-terminal 2-amino acid-adding plasmid 
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[0052] 

 The method of constructing a gene delivery carrier according to the present invention 

may not comprise a step (5) of mutating (a) the DNA encoding a protein having an antitumor 

activity or (b) the DNA encoding a protein having an activity of converting an antitumor 

substance precursor to an antitumor substance.  From the viewpoint of obtaining a more 

excellent antitumor activity or activity of converting an antitumor substance precursor to an 

antitumor substance, it is preferred that the method of constructing a gene delivery carrier 

according to the present invention further comprises the step (5) before the step (4). 

[0053] 

 Specifically, for example, after mutating the DNA encoding the gene of interest, the 

mutated DNA may be incorporated to an expression vector in the step (3).  Alternatively, after 

preparing an expression vector in the step (3), the DNA portion encoding the gene of interest 

may be mutated.  The step of mutating, after preparing an expression vector in the step (3), the 

DNA portion encoding the gene of interest is more specifically a step (5') of mutating (a) the 

DNA encoding a protein having an antitumor activity or (b) the DNA encoding a protein 

having an activity of converting an antitumor substance precursor to an antitumor substance, 

which has been incorporated to the expression vector prepared in the step (3). 

[0054] 

 Mutating means is not particularly limited, and an approach known in the art such as 

site-specific mutagenesis using PCR can be used. 

PCR amplification was performed using 50 pg of pAV001-HU-eCD as a template and PrimeSTARTm
HS DNA Polymerase (Takara Bio Inc.) to obtain PCR fragments A (approximately 1.3 kbp) and B
(approximately 1.3 kbp). An outer primer as set forth in SEQ ID NO: 1 and an inner primer as set forth
in SEQ ID NO: 2 that had, at the 5'-terminus, a  sequence overlapping with the terminus of the PCR
fragment B and contained a sequence complementary to pAV001-HU-eCD were used in the
amplification of the PCR fragment A. [0084]        The PCR fragment A contains, a HindIII site derived
from the template at the terminus of DNA. An outer primer as set forth in SEQ ID NO: 3 that had, a
KspAI recognition site on the 5'-terminal side and contained a sequence complementary to
pAV001-HU-eCD and an inner primer as set forth in SEQ ID NO: 4 that had a sequence overlapping
with the terminus of the PCR fragment A on the 5'-terminal side and contained a sequence
complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment B. [0085] The
change of the amino acid sequence derived from the RU protein was performed by inner primers.
Temperature conditions involved 30 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and
72C for 80 seconds, followed by incubation at 72C for 30 seconds. The PCR fragments A and B were
purified using QIAquick PCR Purification Kit (QIAGEN), and the purified PCR fragments A and B were
then mixed at equal moles. [0086]        Reaction at 5 cycles each involving 98C for 10 seconds and
72C for 90 seconds was performed in the absence of primers in a mixture solution of 1xPrimeSTARTm
buffer, 200 !AI dNTPs mix, and 2.5 u PrimeSTARTm HS DNA polymerase using 1 ng of the mixture of
the purified PCR fragments A and B as a template to ligate the PCR fragments A and B. Then, the
outer primers (SEQ ID NOs: 1 and 3) were added thereto, resulting in each final  
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 A preferable site to be mutated differs depending on the protein of interest.  When the 

protein of interest is Escherichia coli CD, it is preferred that aspartic acid encoded by a 

nucleotide sequence from the 2433rd to 2435th nucleotides in SEQ ID NO: 14 (nucleotide 

sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15) is substituted by another 

amino acid.  It is more preferred that the aspartic acid encoded by a nucleotide sequence from 

the 2433rd to 2435th nucleotides in SEQ ID NO: 14 (nucleotide sequence from the 2475th to 

2477th nucleotides in SEQ ID NO: 15) is substituted by alanine.  The aspartic acid encoded 

by a nucleotide sequence from the 2433rd to 2435th nucleotides in SEQ ID NO: 14 (nucleotide 

sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15) corresponds to aspartic 

acid at the 315th position in the amino acid sequence of SEQ ID NO: 28. 

 This substitution produces a much more excellent CD activity than that produced in 

the absence of substitution. 

[0055] 

 Examples of the expression vector according to the present invention can include a CD 

expression vector for a bacterium of the genus Bifidobacterium in which DNA encoding CD 

has been incorporated.  Specific examples thereof can include: a recombinant plasmid 

pBLES100-S-eCD carrying Escherichia coli codA inserted downstream of a Bifidobacterium 

longum hup promoter (see Patent Document 4 and Non-Patent Document 3); pAV001-HU-eCD 

(pAV001-HU9aa-eCD) modified from this pBLES100-S-eCD, which is capable of 

transforming Bifidobacterium longum or Bifidobacterium breve; and mutants of these plasmids. 

 

concentration of 0.5 !AL and reaction at 25 cycles each involving 98C for 10 seconds, 55C for 5
seconds, and 72C for 160 seconds was performed, followed by incubation at 72C for 30 seconds to
obtain a ligated PCR product (approximately 2.6 kbp). [0087]        The ligated PCR product was
separated on a 1% SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 jig/ml ethidium bromide) to
excise a 2.6-kbp DNA fragment. The ligated PCR product was extracted from the gel using
QIAquick(R) Gel Extraction Kit and digested with HindIII (Fermentas UAB) and KspAI (Fermentas
UAB). A 2.6-kbp DNA band was excised by separation on a 1% SeaPlaque(R) GTG(R) Agarose gel
(1xTAE buffer, 0.5 jig/ml ethidium bromide). The ligated PCR product was extracted from the gel using
QIAquick(R) Gel Extraction Kit. [0088]        The pAV001-HU-eCD vector was digested with HindIII
(Fermentas UAB) and KspAI (Fermentas UAB). Then, a 4.6-kbp DNA fragment was excised by
separation on a 1% SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 jig/ml ethidium bromide).
Subsequently, the vector DNA was extracted from the gel using QIAquick(R) Gel Extraction Kit. [0089]
The ligated PCR product was mixed with the vector at a vector-to-ligated PCR product ratio of 1:3 by
mol, and ligation was performed using Rapid DNA Ligation Kit (Fermentas UAB). Escherichia coli
JM109 was transformed with the ligation product, and the strains were plated onto an LB agar medium
containing 30 jig/ml spectinomycin and cultured overnight at 37C to obtain transformants. The
transformants were cultured overnight at 37C in a 2 x LB liquid medium containing 30 jig/ml
spectinomycin, and plasmid DNA (pAV001- HU2aa-eCD) was extracted using QIAprep(R) Spin
Miniprep Kit. [0090]  (2) Construction of RU protein N-terminal 3-amino acid-adding plasmid        An
RU protein N-terminal 3-amino acid-adding plasmid (pAV001-HU3aa-eCD) was constructed in the
same way as in the construction of the RU protein N-terminal 2-amino acid-adding plasmid except that
primers as set forth in SEQ ID NOs: 5 and 4 were used as inner primers for amplification of PCR
fragments A and B, respectively. [0091] 
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[0056] 

 In this context, the mutants of the plasmids mean vectors in which the DNA, for 

example, CD-encoding DNA, incorporated in the plasmids has been mutated, which are 

plasmids that can be used in the same manner as or more preferably than the unmutated original 

vectors. For example, a mutant of pBLES100-S-eCD means a mutant of plasmid DNA 

derived from pBLES100-S-eCD, which is a plasmid that can be used in the same manner as or 

more preferably than pBLES100-S-eCD in the present invention. Alternatively, a mutant of 

pAV001-HU-eCD means a mutant of plasmid DNA derived from pAV001-HU-eCD, which is a 

plasmid that can be used in the same manner as or more preferably than pAV001-HU-eCD in 

the present invention. 

[0057] 

Such mutants of the plasmids can be preferably exemplified by a plasmid pAV001-HU- 

eCD-M968 (SEQ ID NO: 27) which is a plasmid in which a single-nucleotide mutation has been 

introduced in a CD coding region of the plasmid pAVOOl -HU-eCD.  In the plasmid pAV001- 

HU-eCD-M968, aspartic acid as the amino acid corresponding to the 315th position in the amino 

acid sequence shown in SEQ ID NO: 28 has been substituted by alanine.  As a result, a CD activity 

is remarkably improved. 

[0058] 

 The gene delivery carrier of the present invention is not particularly limited as long as 

it is a gene delivery carrier consisting of an anaerobic microorganism transformed with an 

expression vector having a fragment of a plasmid of a bacterium of the genus Bifidobacterium, 
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a fragment of a plasmid of Escherichia coli, and a DNA fragment comprising a promoter and a 

terminator of a gene encoding a histone-like DNA-binding protein derived from a bacterium of 

the genus Bifidobacterium, having, between the promoter and the terminator, (a) a DNA 

encoding a protein having an antitumor activity or (b) a DNA encoding a protein having an 

activity of converting an antitumor substance precursor to an antitumor substance, and further 

comprising a DNA fragment comprising a nucleotide sequence encoding a peptide consisting 

of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the 

histone-like DNA-binding protein, on the 5'-terminal side of (a) the DNA encoding a protein 

having an antitumor activity or (b) the DNA encoding a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance. 

[0059] 

 The gene delivery carrier of the present invention can be constructed by, for example, 

the method of constructing a gene delivery carrier according to the present invention. 

 In the gene delivery carrier of the present invention, when the DNA encoding the 

protein of interest is unmutated, the DNA encoding a peptide consisting of an amino acid 

sequence at the N-terminus of the HU protein, which is comprised on the 5'-terminal side of the 

DNA encoding the protein, may not include DNA encoding a peptide consisting of an amino 

acid sequence from the 1st to 9th amino acids at the N-terminus of the HU protein. 

[0060] 

 Moreover, (a) the DNA encoding a protein having an antitumor activity or (b) the 

DNA encoding a protein having an activity of converting an antitumor substance precursor to 

[0095]        The pAV001-HU-eCD vector was digested with Bsp119I (Fermentas UAB). After
dephosphorylation treatment of the DNA terminus using CIAP (Fermentas UAB), the resulting DNA
fragment was ligated with the adaptor using Rapid DNA Ligation Kit (Fermentas UAB). Escherichia coli
JM109 strains were transformed with the ligation product, and the strains were plated onto an LB agar
medium containing 30 jig/ml spectinomycin and cultured overnight at 37C to obtain transformants. The
transformants were cultured overnight at 37C in a 2 x LB liquid medium containing 30 jig/ml
spectinomycin, and plasmid DNA (pAV001-HU18aa-eCD) was extracted using QIAprep(R) Spin
Miniprep Kit. The sequence of pAV001-HU18aa-eCD is shown in SEQ ID NO: 15. [0096]
(Transformation of Bifidobacterium longum 105A)        80 pl of Bifidobacterium longum 105A
competent cells and 5 pl (500 to 1000 ng) of the plasmid DNA were mixed, and transformation was
performed using a Gene Pulser II electroporation system (Bio-Rad Laboratories, Inc., Japan). The
strains were plated onto an IWATA agar medium containing 15% D-raffinose and 30 jig/ml
spectinomycin and then cultured at 37C for two nights under anaerobic conditions to obtain
transformants. [0097] (Protein extraction from Bifidobacterium longum 105A transformants)        The
transformants were inoculated into 5 ml of an MRS liquid medium (containing 30 jig/ml spectinomycin
and a cysteine-vitamin C mixture solution) and cultured overnight at  37C under anaerobic conditions.
1% of the culture solution was inoculated into a medium having the same composition and cultured
overnight at 37C under anaerobic conditions. This step was repeated twice. Protein extraction was
performed using 1% of the culture solution inoculated in a medium having the same composition and
cultured for approximately 18 hours. 4 ml of a Tris buffer solution (0.5 M Tris-HC1, 0.5% Triton X-100,
pH 8.4) was added to 1 to 4 ml of the culture solution and mixed, followed by centrifugation at 13,000 x
g at room temperature for 15 minutes to remove the supernatant. The bacterial cells were suspended
by the addition of 5 ml of a Tris buffer solution having the same composition, followed by centrifugation
at 13,000 x g at room temperature for 15 minutes to remove the supernatant. This procedure was
repeated twice to wash the bacterial cells. The washed bacterial cells were suspended in 1 ml of a Tris
buffer solution supplemented with 50 pl of a protease inhibitor (Sigma-Aldrich) and ultrasonically
disrupted for 5 minutes under ice-cooling. After centrifugation at 13,000 x g at 4C for 20 minutes, the
supernatant was subjected to CD activity measurement as a total protein extract. [0098] 
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an antitumor substance in the gene delivery carrier of the present invention may be an 

unmutated DNA.  However, it is preferred that (a) the DNA encoding a protein having an 

antitumor activity or (b) the DNA encoding a protein having an activity of converting an 

antitumor substance precursor to an antitumor substance is mutated DNA such that the 

antitumor activity of a protein encoded by the mutated DNA or the activity thereof of 

converting an antitumor precursor to an antitumor substance is improved, compared with that 

of a protein encoded by DNA before mutation. 

 Examples of the gene delivery carrier of the present invention obtained using an 

expression vector having the mutated DNA encoding the protein of interest can include a 

single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD.  

Particularly, it can be preferably exemplified by Bifidobacterium longum 105-A/pAV001-HU-

eCD-M968. 

[0061] 

 A method of constructing the gene delivery carrier of the present invention comprises 

the step of transforming an anaerobic microorganism with the expression vector in which the 

DNA encoding the protein of interest has been incorporated. 

 The construction of the transformed microorganism can be performed according to a 

method described in commercially available experimental manuals, for example, Gene Manual 

(Kodansha Ltd.), Method for Experiments in Gene Manipulation ed. by Yasutaka Takagi 

(Kodansha Ltd.), Molecular Cloning, Cold Spring Harbor Laboratory (1982), Molecular 

Cloning, 2nd ed., Cold Spring Harbor Laboratory (1989), or Methods in Enzymol., 194 (1991). 

(CD activity measurement)        The amount of the total protein was measured by a modification of the
Lowry method. A buffer solution was added to the total protein extract corresponding to an amount of
the total protein of 50 jig to prepare 250 pl of a solution, which was then mixed with 250 pl of 40 mM
5-PC and then reacted at 60C for 20 minutes. The reaction was terminated by the addition of 250 pl of
0.5 M trichloroacetic acid, and the reaction product was left on ice. After  centrifugation at 20,000 x g at
4C for 20 minutes, 150 pl of 0.3 M NaOH was added to 450 pl of the supernatant to neutralize the
solution.       The neutralized sample was diluted 10 folds with an HPLC mobile layer, and the amounts
of 5-FU and 5-PC were measured by HPLC. Consumption % of 5-PC was used as a CD activity. The
activity measurement results are shown in Table 2. [0099] [Table 2] Effect of adding amino acids
derived from RU protein N-terminus to CD Transformant name CD activity 5-PC consumption (%)/50
jig of total protein 
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 When the protein (b) having an activity of converting an antitumor substance precursor 

to an antitumor substance in the gene delivery carrier of the present invention is CD, it is 

required for application to enzyme-prodrug therapies that the CD-expressing genetically 

modified microorganism has a resistance to 5-FU at a concentration at least effective for an 

antitumor activity, which is converted from 5-FC by CD.  However, when a 5-FU-resistant 

bacterium was constructed by an acclimation culture method described in Example 1 in Patent 

Document 5 using the CD-expressing genetically modified microorganism, a plasmid retention 

rate tended to decrease.  However, in the method of constructing a gene delivery carrier 

according to the present invention, a 5-FU-resistant bacterium having a resistance to 5-FU at a 

concentration at least effective for an antitumor activity is first constructed as an anaerobic 

microorganism used as a host by an acclimation culture method described in Example 2 in 

Patent Document 5.  This bacterium can be used as a host to thereby construct a genetically 

modified microorganism having a high plasmid retention rate. 

[0062] 

 A pharmaceutical composition of the present invention is not particularly limited as 

long as it comprises the gene delivery carrier of the present invention.  Moreover, a 

therapeutic agent for solid tumor of the present invention is not particularly limited as long as it 

comprises the gene delivery carrier of the present invention. 

 The pharmaceutical composition or the therapeutic agent for solid tumor of the present 

invention may comprise one kind or two or more kinds of the gene delivery carrier(s) of the 

present invention. 

B. longum 105A/pAV001-HUOaaATG 1.89 B. longum 105A/pAV001-HU0aaGTG 1.08 B. longum
105A/pAV001-HU2aa-eCD 0.64 B. longum 105A/pAV001-HU3aa-eCD 2.80 B. longum
105A/pAV001-HU4aa-eCD 6.35 B. longum 105A/pAV001-HU-eCD (Control) 5.50 
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[0063] 

 Moreover, the dose of the gene delivery carrier in the pharmaceutical composition or 

the therapeutic agent for solid tumor of the present invention is not particularly limited as long 

as it is an amount sufficient for its growth in a tumor site and for expression of a therapeutically 

effective amount of a protein having an antitumor activity or an amount sufficient for 

expression of a protein in an amount capable of converting an antitumor substance precursor to 

a therapeutically effective amount of an antitumor substance.  From a economic viewpoint and 

the viewpoint of circumventing side effects as much as possible, it is preferred that the dose of 

the gene delivery carrier is as small as possible within a range that produces a necessary 

antitumor activity.  Moreover, the dose of the gene delivery carrier in the pharmaceutical 

composition or the therapeutic agent for solid tumor of the present invention can be 

appropriately selected according to the severity of disease and the body weight, age, and sex of 

a patient and can also be appropriately increased or decreased according to the degree of 

improvement. 

[0064] 

 Furthermore, the pharmaceutical composition or the therapeutic agent for solid tumor 

of the present invention may contain arbitrary ingredients in addition to the gene delivery 

carrier of the present invention unless the effects of the present invention are impaired.  

Examples of such arbitrary ingredients include pharmacologically acceptable carriers, 

excipients, and diluents. 

 

B. longum 105A/pAV001-HU18aa-eCD 6.48  [0100]       It was demonstrated that the addition of amino
acids derived from the RU protein N-terminus to eCD enhances a CD activity. With respect to the
number of amino acids added, 2 or less amino acids were ineffective; 3 amino acids produced
somewhat effects; and 4 or more amino acids produced dramatically increased effects. No difference
in activity was observed between 4 and 18 amino acids.  Example 2 [0101] [Preparation of
Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid mutant] A mutation was introduced to 5 sites
in the plasmid pAV001-HU-eCD.        There were 2 types of mutations introduced: a 3-nucleotide
deletion and a 1-nucleotide substitution. The deletion-type mutant plasmids were
pAV001-HU-eCD-D37 and pAV001- HU-eCD-D55, and the nucleotide substitution-type mutant
plasmids were pAV001-HU-eCDM450, pAV001-HU-eCD-M968, and pAV001-HU-eCD-M1277.
Methods of constructing the mutant plasmids are shown below. [0102] 
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[0065] 

 When the gene delivery carrier or the therapeutic agent for solid tumor of the present 

invention is an anaerobic bacterium incorporating therein a gene from which a protein having 

an activity of converting an antitumor substance precursor to an antitumor substance can be 

expressed, the pharmaceutical composition or the therapeutic agent for solid tumor of the 

present invention comprising the gene delivery carrier as an active ingredient can be used in 

combination with an antitumor substance precursor in an amount capable of being converted to 

an effective amount of an antitumor substance by a protein expressed by the gene delivery 

carrier.  This antitumor substance precursor may be contained in the pharmaceutical 

composition or the therapeutic agent for solid tumor comprising the gene delivery carrier of the 

present invention as an active ingredient.  However, it is preferred that the antitumor 

substance precursor should be used in the form of a pharmaceutical composition comprising the 

antitumor substance precursor, in combination with the pharmaceutical composition or the 

therapeutic agent for solid tumor comprising the gene delivery carrier of the present invention 

as an active ingredient. 

[0066] 

 The dose of the antitumor substance precursor can be appropriately selected according 

to the growth rate of the gene delivery carrier used in combination therewith in a tumor tissue, 

and the efficiency of conversion of the antitumor substance precursor to an antitumor substance.  

Moreover, similarly with the dose of the gene delivery carrier, the dose of the antitumor 

substance precursor can be appropriately selected according to the severity of disease and the 

(1) Construction of mutant plasmid (pAV001-HU-eCD-D37)        PCR amplification was performed
using 50 pg of pAV001-HU-eCD as a template and PrimeSTARTm HS DNA Polymerase (Takara Bio
Inc.) to obtain PCR fragments A (approximately 1.3 kbp) and B (approximately 1.3 kbp). An outer
primer as set forth in SEQ ID NO: 1 and an inner primer as set forth in SEQ ID NO: 16 that had a
sequence overlapping with the terminus of the PCR fragment B on the 5'-terminal side, and contained
a sequence complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment A.
The PCR fragment A contains, at the terminus of DNA, a HindIII site derived from the template. An
outer primer as set forth in SEQ ID NO: 3 that had, a KspAI recognition site on the 5'-terminal side and
contained a sequence complementary to pAV001-HU-eCD and an inner primer as set forth in SEQ ID
NO: 17 that had, on the 5'-terminal side, a sequence overlapping with the terminus of the PCR
fragment A and contained a sequence complementary to pAV001-HU-eCD were used in the
amplification of the PCR fragment B. The mutation was introduced into the plasmid by inner primers.
Temperature conditions involved 30 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and
72C for 80 seconds, followed by incubation at 72C for 30 seconds. The PCR fragments A and B were
purified using QIAquick PCR Purification Kit (QIAGEN), and the purified PCR fragments A and B were
then mixed at equal moles. Reaction at 5 cycles each involving 98C for 10 seconds and 72C for 90
seconds was performed in the absence of primers in a mixture solution of 1xPrimeSTARTm buffer,
200 RM dNTPs mix, and 2.5 u PrimeSTARTm HS DNA polymerase using 1 ng of the mixture of the
purified PCR fragments A and B as a template to ligate the PCR fragments A and B. Then, the outer
primers (SEQ ID NOs: 1 and 3) were added thereto, resulting in each final concentration of 0.5 RM,
and reaction at 25 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 160
seconds was performed, followed by incubation at 72C for 30 seconds to obtain a ligated PCR product
(approximately 2.6 kbp). The ligated PCR product was separated on a 1% SeaPlaque(R) GTG(R)
Agarose gel (1xTAE buffer, 0.5 pg/m1 ethidium bromide) to excise a 2.6-kbp DNA band. The ligated
PCR product was extracted from the gel using QIAquick(R) Gel Extraction Kit and digested with HindIII
(Fermentas UAB) and KspAI (Fermentas UAB). A 2.6-kbp DNA band was excised by separation on a
1% SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 jig/ml ethidium bromide). The ligated PCR
product was extracted from the gel using QIAquick(R) Gel Extraction Kit.  [0103]       The
pAV001-HU-eCD vector was digested with HindIII (Fermentas UAB) and KspAI (Fermentas UAB).
Then, a 4.6-kbp DNA fragment was excised by separation on a 1% SeaPlaque(R) GTG(R) Agarose
gel (1xTAE buffer, 0.5 jig/ml ethidium bromide). The vector DNA was extracted from the gel using
QIAquick(R) Gel Extraction Kit. The ligated PCR product was mixed with the vector at a
vector-to-ligated PCR product ratio of 1:3 by mol, and ligation was performed using Rapid DNA
Ligation Kit (Fermentas UAB). Escherichia coli JM109 was transformed with the ligation product, and
the strains were plated onto an LB agar medium containing 30 jig/ml spectinomycin and then cultured
overnight at 37C to obtain transformants. The transformants were cultured overnight at 37C in a 2 x LB
liquid medium containing 30 jig/ml spectinomycin, and plasmid DNA (pAV001-HU-eCD-D37) was
extracted using QIAprep(R) Spin Miniprep Kit.       The pAV001-HU-eCD-D37 is a plasmid having a CD
gene lacking a nucleotide sequence (nucleotide sequence encoding alanine at the 5th position in SEQ
ID NO: 28) from the 1503rd to 1505th nucleotides in SEQ ID NO: 14 (1545th to 1547th nucleotides in
SEQ ID NO: 15). [0104] (2) Construction of mutant plasmid (pAV001-HU-eCD-D55)
pAV001-HU-eCD-D55 was constructed in the same way as in the construction of the plasmid
pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 18 and 19 were used as inner
primers for amplification of PCR fragments A and B, respectively. 



41 

body weight, age, and sex of a patient and can also be appropriately increased or decreased 

according to the degree of improvement. 

[0067] 

 Thus, when the pharmaceutical composition or the therapeutic agent for solid tumor of 

the present invention is used in combination with the antitumor substance precursor, a method 

of administering the pharmaceutical composition or the therapeutic agent for solid tumor of the 

present invention may be the same as or different from a method of administering the 

pharmaceutical composition comprising the antitumor substance precursor.  Moreover, they 

may be administered simultaneously or at time intervals.  It is preferred that the 

pharmaceutical composition comprising the antitumor substance precursor is administered after 

the administration of the pharmaceutical composition or the therapeutic agent for solid tumor of 

the present invention such that the gene delivery carrier of the present invention can 

sufficiently grow in a tumor cell. 

[0068] 

 The phrase "comprising X in combination with Y" in the present invention 

encompasses both of the case in which X and Y are in different forms and the case in which X 

and Y are in the same form (e.g., a form comprising both X and Y).  Moreover, when X and Y 

are in different forms, both X and Y may further contain other ingredients. 

[0069] 

 The dosage form of the pharmaceutical composition or the therapeutic agent for solid 

tumor of the present invention is not particularly limited.  Examples thereof can include a 

The pAV001-HU-eCD-D55 is a plasmid having a CD gene lacking a nucleotide sequence (nucleotide
sequence encoding asparagine at the llth position in SEQ ID NO: 28) from the 1521st to 1523rd
nucleotides in SEQ ID NO: 14 (1563rd to 1565th nucleotides in SEQ ID NO: 15). [0105] (3)
Construction of mutant plasmid (pAV001-HU-eCD-M450)        pAV001-HU-eCD-M450 was
constructed in the same way as in the construction of the plasmid pAV001-HU-eCD-D37 except that
primers as set forth in SEQ ID NOs: 20 and 21 were used as inner primers for amplification of PCR
fragments A and B, respectively, and except for PCR reaction conditions.        With respect to the PCR
reaction conditions, reaction temperature conditions for amplification of the PCR fragment A involved
30 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 105 seconds, followed
by incubation at 72C for 30 seconds, and reaction temperature conditions for amplification of the PCR
fragment B involved 30 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 1
minute, followed by incubation at 72C for 30 seconds. Moreover, for ligation of the PCR products,
reaction at 5 cycles each involving reaction temperatures 98C for 10 seconds and 72C for 105
seconds was performed.        The pAV001-HU-eCD-M450 is a plasmid having a CD gene in which a
nucleotide sequence (nucleotide sequence encoding glutamine at the 142nd position in SEQ ID NO:
28)  from the 1914th to 1916th nucleotides in SEQ ID NO: 14 (1956th to 1958th nucleotides in SEQ ID
NO: 15) has been substituted by a nucleotide sequence encoding histidine. [0106] (4) Construction of
mutant plasmid (pAV001-HU-eCD-M968)        pAV001-HU-eCD-M968 was constructed in the same
way as in the construction of the plasmid pAV001-HU-eCD-D37 except that primers as set forth in
SEQ ID NOs: 22 and 23 were used as inner primers for amplification of PCR fragments A and B,
respectively, and a primer as set forth in SEQ ID NO: 24 was used as an outer primer for amplification
of the PCR fragment B, and except for PCR reaction conditions. 
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liquid or solid preparation comprising the gene delivery carrier of the present invention.  The 

liquid preparation can be produced by: purifying a culture solution of the anaerobic bacterium 

as the gene delivery carrier of the present invention; if necessary, adding thereto an appropriate 

saline solution or fluid replacement or pharmaceutical additives; and filling the mixture to an 

ampoule or vial or the like.  Further, the solid preparation can be produced by adding an 

appropriate protective agent to the liquid preparation, filling the mixture to an ampoule or vial 

or the like, and then freeze-drying or L-drying; or by adding an appropriate protective agent to 

the liquid preparation, freeze-drying or L-drying the mixture, and then filling to an ampoule or 

vial or the like.  A method of administering the pharmaceutical composition or the therapeutic 

agent for solid tumor of the present invention is preferably parenteral administration.  For 

example, hypodermic injection, intravenous injection, local injection, and 

intracerebroventricular administration can be performed.  The intravenous injection is most 

preferred. 

[0070] 

 The pharmaceutical composition or the therapeutic agent for solid tumor of the present 

invention can be applied to tumors having an anaerobic environment, preferably, various solid 

tumors.  Examples of the solid tumors include colon-rectum cancer, brain tumor, head and 

neck cancer, breast cancer, lung cancer, esophagus cancer, gastric cancer, liver cancer, 

gallbladder cancer, bile duct cancer, pancreatic cancer, pancreatic islet cell cancer, 

choriocarcinoma, colon cancer, renal cell cancer, adrenal cortex cancer, urinary bladder cancer, 

testis cancer, prostatic cancer, testicle tumor, ovarian cancer, uterine cancer, choriocarcinoma, 

[0107]        With respect to the PCR reaction conditions, reaction temperature conditions for
amplification of the PCR fragment A involved 30 cycles each involving 98C for 10 seconds, 55C for 5
seconds, and 72C for 130 seconds, followed by incubation at 72C for 30 seconds, and reaction
temperature conditions for amplification of the PCR fragment B involved 30 cycles each involving 98C
for 10 seconds, 55C for 5 seconds, and 72C for 45 seconds, followed by incubation at 72C for 30
seconds. Moreover, for ligation of the PCR products, reaction at 5 cycles each involving reaction
temperatures 98C for 10 seconds and 72C for 130 seconds was performed. For amplification of the
ligated PCR product, reaction at 25 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and
72C for 3 minutes was performed using primers as set forth in SEQ ID NOs: 1 and 24, followed by
incubation at 72C for 30 seconds to obtain a ligated PCR product (approximately 2.9 kbp). The
pAV001-HU- eCD vector was digested with HindIII (Takara Bio Inc.) and SpeI (Takara Bio Inc.), and a
fragment (approximately 4.3 kbp) excised from an agarose gel was used as a vector for the ligated
PCR product. The sequence of the obtained pAV001-HU-eCD-M968 is shown in SEQ ID NO: 27.
The pAV001-HU-eCD-M968 is a plasmid having a CD gene in which a nucleotide sequence
(nucleotide sequence encoding aspartic acid at the 315th position in SEQ ID NO: 28) from the 2433rd
to 2435th nucleotides in SEQ ID NO: 14 (2475th to 2477th nucleotides in SEQ ID NO: 15) has been
substituted by a nucleotide sequence encoding alanine. [0108] (5) Construction of mutant plasmid
(pAV001-HU-eCD-M1277)        pAV001-HU-eCD-M1277 was constructed in the same way as in the
construction of the plasmid pAV001-HU-eCD-M968 except that primers as set forth in SEQ ID NOs: 25
and 26 were used as inner primers for amplification of PCR fragments A and B, respectively, and
except for PCR reaction conditions.        With respect to the PCR reaction conditions, reaction
temperature conditions for amplification of the PCR fragment A involved 30 cycles each involving 98C
for 10 seconds, 55C for 5 seconds, and 72C for 150 seconds, followed by incubation at 72C for 30
seconds, and reaction temperature conditions for amplification of the PCR fragment B involved 30
cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 30 seconds, followed by
incubation at 72C for 30 seconds. Moreover, for ligation of the PCR products,  reaction at 5 cycles
each involving reaction temperatures 98C for 10 seconds and 72C for 150 seconds was performed.
The pAV001-HU-eCD-M1277 is a plasmid having a CD gene in which a nucleotide sequence
(nucleotide sequence encoding glutamic acid at the 418th position in SEQ ID NO: 28) from the 2742nd
to 2744th nucleotides in SEQ ID NO: 14 (2784th to 2786th nucleotides in 
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thyroid cancer, malignant carcinoid tumor, skin cancer, malignant melanoma, osteosarcoma, 

soft tissue sarcoma, neuroblastoma, Wilms tumor, retinoblastoma, melanoma, and squamous 

cell carcinoma. 

[0071] 

 Hereinafter, the present invention will be described more specifically with reference to 

Examples.  However, the technical scope of the present invention is not intended to be limited 

to these exemplifications. 

[0072] 

[Reference Example 1] 

Preparation of Bifidobacterium longum 105-A/pAV001-HU-eCD 

(1) Construction of shuttle plasmid pAV001 

(Construction of plasmid) 

 A sequence containing spectinomycin adenyltransferase (AAD cassette) derived from 

Enterococcus faecalis was amplified by PCR from a shuttle plasmid pBLES100 of 

Bifidobacterium longum and Escherichia coli (see Patent Document 4 and Non-Patent 

Document 7), and the PCR product was subcloned into a PCR-BluntII-TOPO vector 

(Invitrogen Corp.) to prepare PCRTOPO-ScaI-AAD-Eam1105I.  ScaI and Eam1105I 

restriction sites were added to forward and reverse primers, respectively. 

[0073] 

 As shown in Figure 1, a cloning vector pGFPuv (DEFINITION: Cloning vector 

pGFPuv. ACCESSION: U62636; VERSION: U62636.1 GI: 1490528) purchased from 

SEQ ID NO: 15) has been substituted by a nucleotide sequence encoding glycine. [0109]
(Transformation of Bifidobacterium longum 105A) Bifidobacterium longum 105A was transformed with
the obtained mutant plasmid in the same way as in Example 1 to obtain its transformants. [0110]
(Protein extraction from Bifidobacterium longum 105A transformants)        A protein extract was
obtained from the Bifidobacterium longum 105A transformed with the mutant plasmid, in the same way
as in Example 1, and the protein extract was subjected to CD activity measurement. [0111] (CD
activity measurement) A CD activity was measured in the same way as in Example 1 using the
obtained 



44 

Invitrogen Corp. is composed of a GFPuv gene, Multi-Cloning sites (MCSs) at both ends 

thereof, an ampicillin resistance gene, and an Escherichia coli plasmid replication origin. 

[0074] 

 The ampicillin resistance gene site in this pGFPuv was removed by cleavage with 

restriction enzymes Eam1105I and ScaI to prepare a long fragment.  Similarly, PCRTOPO-

ScaI-AAD-Eam1105I was cleaved with restriction enzymes Eam1105I and ScaI to prepare a 

fragment (approximately 1100 bp) containing the AAD cassette.  These two fragments were 

ligated using T4 DNA ligase to prepare pGFPuv-SpR.  The addition of a spectinomycin 

resistance trait and a loss of the ampicillin resistance trait in the prepared plasmid pGFPuv-SpR 

were respectively confirmed in Escherichia coli. 

[0075] 

 pGFPuv-SpR was digested with restriction enzymes SalI (located in the multi-cloning 

site upstream of the GFPuv gene) and SpeI (located in the multi-cloning site downstream of the 

GFPuv gene) to prepare a plasmid pAVN from which the GFPuv gene had been deleted. 

[0076] 

 Next, from information about the full-length nucleotide sequence of a plasmid pTB6 

derived from Bifidobacterium longum, an approximately 1900-bp sequence containing RepB, 

SDO, DDO, AT-rich repeats, and DnaA-binding motifs was identified as a plasmid replication 

unit of Bifidobacterium longum.  The approximately 1900-bp sequence containing the 

plasmid replication unit of Bifidobacterium longum was amplified by PCR from pTB6, and the 

PCR product was subcloned into a PCR-BluntII-TOPO vector to prepare PCRTOPO-ApaI-

protein extract. The activity measurement results are shown in Table 3.  [0112] [Table 3] Change in
CD activity brought by introduction of mutation into pAV001-HU-eCD Transformant name CD activity
5-PC consumption (%)/50 lag of total protein B. longum 105A/pAV001-HU-eCD-M450 4.13 B. longum
105A/pAV001-HU-eCD-M968 
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1900-ScaI. ApaI and ScaI restriction sites were added to forward and reverse primers, 

respectively. 

[0077] 

 The long fragment (approximately 2400 bp) obtained by digesting pAVN with 

restriction enzymes ApaI and ScaI and a short fragment (approximately 1900 bp) obtained by 

digesting PCRTOPO-ApaI-1900-ScaI with restriction enzymes ApaI and ScaI in the same way 

were ligated using T4 DNA ligase to prepare a Bifidobacterium longum-Escherichia coli 

shuttle plasmid pAV001 (approximately 4300 bp). 

[0078] 

(2) CD gene expression vector pAV001-HU-eCD 

(Construction of expression vector) 

 Next, pBLES100-S-eCD was cleaved with restriction enzymes HindIII and SpeI to 

extract an approximately 2900-bp fragment containing an HU gene promoter, an Escherichia 

coli-derived CD gene, and an HU gene terminator.  Similarly, the shuttle plasmid pAV001 

was cleaved with HindIII and SpeI at the restriction sites in the multi-cloning sites.  The 

obtained long fragment and the approximately 2900-bp fragment described above were ligated 

using T4 DNA ligase to prepare pAV001-HU-eCD (approximately 7100 bp). 

[0079] 

(3) Introduction of CD gene expression vector pAV001-HU-eCD into bacterium of genus 

Bifidobacterium 

65.8 B. longum 105A/pAV001-HU-eCD-M1277 5.30 B. longum 105A/pAV001-HU-eCD (Control) 5.50
[0113]        Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained by transformation with the
mutant pAV001-HU-eCD-M968 has a CD activity improved to approximately 12 times that of
Bifidobacterium longum 105A/pAV001-HU-eCD (control) obtained by transformation with unmutated
pAV001-HU-eCD.        On the other hand, Bifidobacterium longum 105A/pAV001-HU-eCD-M450 and
Bifidobacterium longum 105A/pAV001-HU-eCD-M1277 obtained by transformation with the mutants
pAV001-HU-eCD-M450 and pAV001-HU-eCD-M1277, respectively, were not confirmed to have a rise
in activity due to the introduction of the mutation.  Example 3 [0114] 
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 Wild-type Bifidobacterium longum was cultured in an MRS medium at 37°C under 

anaerobic conditions, and the bacterial cells were separated from the culture solution by 

centrifugation and suspended in an appropriate buffer solution to prepare a bacterial suspension.  

Next, the CD gene expression vector pAV001-HU-eCD was introduced into the bacterial 

suspension using an electroporation method described in Non-Patent Documents 2 and 3.  The 

introduced recombinant Bifidobacterium longum (Bifidobacterium longum/pAV001-HU-eCD) 

was selected based on colony formation on an agar medium containing an antibiotic 

spectinomycin. 

[0080] 

(4) Cytosine deaminase enzyme activity in Bifidobacterium longum/pAV001-HU-eCD; 

Measurement of 5-FC→5-FU conversion activity 

 Bifidobacterium longum/pAV001-HU-eCD was subcultured in an MRS medium 

containing an antibiotic spectinomycin at 37°C for 2 days or longer under anaerobic conditions, 

and the bacterial cells (2 × 109 CFU) were separated from the culture solution by centrifugation 

and suspended again in 4.5 mL of an MRS medium.  Next, 0.5 mL of 5-FC (20 mg/mL) was 

added thereto, resulting in a final concentration of 2 mg/mL, and the bacterial cells were 

cultured at 37°C under anaerobic conditions.  After 0, 4, 8, 18, and 24 hours, supernatants of 

the culture solutions from which the bacterial cells had been removed by centrifugation were 

respectively collected.  Converted 5-FU concentrations were measured by gas 

chromatography analysis (5-FU GC-MS methods, BML).  The measurement results are shown 

in Figure 2.  As a result of analysis, in Bifidobacterium longum/pAV001-HU-eCD, 5-FU was 

[Preparation of 5-FU-resistant Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid mutant]
(Addition of 5-FU resistance to Bifidobacterium longum 105A/pAV001-HU-eCD-M968)        The
Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in Example 2 was made into a
5-FU-resistant mutant according to the method described in Example 1 in Patent Document 5.
Specifically, the Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in Example 2 was
subcultured in an MRS medium at 37C for 2 days or longer under anaerobic conditions. The culture
solution was diluted with an anaerobic diluent and then plated onto a BL agar medium containing 500
pg/mL 5-FU, and the bacteria were anaerobically cultured at 37C for 2 or 3 days. Then, the grown
bacteria were selected to prepare 5-FU-resistant Bifidobacterium longum
105A/pAV001-HU-eCD-M968 (Bifidobacterium longum 105AR1/pAV001-HU-eCD-M968). [0115]
(Transformation of 5-FU-resistant Bifidobacterium longum 105A with plasmid pAV001-HUeCD-M968)
5-FU-resistant Bifidobacterium longum 105A prepared according to the method described in Example
2 in Patent Document 5 was transformed with the mutant plasmid  pAV001-HU-eCD-M968 obtained in
Example 2, in the same way as in Example 1, and transformants thereof were obtained. [0116]
Specifically, Bifidobacterium longum 105A was inoculated into 5 mL of an MRS medium containing
100 pg/mL 5-FU and anaerobically cultured at 37C for 1 to 5 days. The turbidity (0D=600 nm) thereof
was measured to examine the presence or absence of the growth. 1 mL of the medium after culture in
which the growth had been confirmed was recovered and inoculated into 9 mL of an MRS medium
containing the same concentration of 5-FU, and the bacteria were cultured for 24 hours under the
same culture conditions. This inoculation procedure was repeated three times to thereby prepare
5-FU-resistant Bifidobacterium longum 105A. Next, this 5-FU-resistant Bifidobacterium longum 105A
was inoculated into an MRS medium. The bacterial solution after culture was inoculated into an MRS
medium containing 250 pz/mL 5-FU. After 24 hours, the presence or absence of the growth was
determined using turbidity (0D=600 nm). The 5-FU-resistant Bifidobacterium longum 105A prepared
using a medium containing 100 pg/mL 5-FU (Bifidobacterium longum 105A-R2) was used as a host for
transformation. This Bifidobacterium longum 105A-R2 was transformed with the mutant plasmid
pAV001-HU-eCD-M968 obtained in Example 2, in the same way as in Example 1, and its transformant
Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 was prepared. 
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detected at a concentration of 72.5 μg/mL after 4 hours and at a concentration of 165.4 μg/mL 

after 24 hours. 

 

Example 1 

[0081] 

[Preparation of HU-eCD plasmid] 

 Plasmids were constructed such that the length of the N-terminal region of an HU 

protein fused to the N-terminal region of eCD was changed to 2 amino acids, 3 amino acids, or 

4 amino acids (Figure 3). 

 Plasmids from which the sequence encoding the N-terminus of an HU protein was 

deleted were constructed in the same way.  In this case, two kinds of plasmids were prepared, 

one with a translation start codon ATG of Escherichia coli JM101 strain-derived CD, and the 

other with a translation start codon GTG of Escherichia coli K12 strain-derived CD.  

Moreover, a plasmid was also constructed such that the length of the N-terminal region of an 

HU protein fused to the N-terminal region of eCD was changed to 18 amino acids.  The 

sequences of the constructed portions of the plasmids are shown in Table 1. 

 

 

Example 4 [0117] (Protein extraction from Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968)
A protein extract was obtained from the Bifidobacterium longum 105A-R2/pAV001- HU-eCD-M968
thus obtained, in the same way as in Example 1, and the protein extract was subjected to CD activity
measurement. [0118] (CD activity measurement)       As a result of CD activity measurement in the
same way as in Example 1 using the obtained protein extract, the Bifidobacterium longum
105A-R2/pAV001-HU-eCD-M968 also exhibited a CD activity equivalent to that of the transformed
Bifidobacterium longum 105A of Example 2, as shown in Table 4. [Table 4] Transformant name CD
activity 5-PC consumption (%)/50 lag 
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[0082] 

[Table 1] 

Plasmid construction table 

Plasmid name Sequence proximal to CD N-terminus 
pAV001-HU0aaATG ATG TCG AAT AAC ... 

 M    S   N   N 

pAV001-HU0aaGTG GTG TCG AAT AAC ... 

 M    S   N   N 

pAV001-HU2aa-eCD 
ATG GCA TCG AAT AAC ... 

 M    A   S   N    N 

pAV001-HU3aa-eCD 
ATG GCA TAC TCG AAT AAC ... 

 M    A   Y   S    N    N 

pAV001-HU4aa-eCD 
ATG GCA TAC AAC TCG AAT AAC ... 

 M    A   Y   N    S    N   N 

pAV001-HU-eCD 

(Control, 
pAV001-HU9aa-
eCD) 

ATG GCA TAC AAC AAG TCT GAC CTC GTT TCG AAT AAC ... 

 M    A   Y   N    K    S   D    L    V   S    N   N 

pAV001-HU18aa-
eCD 

ATG GCA TAC AAC AAG TCT GAC CTC GTT TCG AAG ATC GCC 

 M    A   Y   N    K    S   D    L    V   S    K   I    A 

CAG AAG TCC AAC CTG TCG AAT AAC ... 

 Q    K   S   N    L    S   N    N 

 The term in bold type represents a sequence added to the CD N-terminus. 

 

[0083] 

(1) Construction of HU protein N-terminal 2-amino acid-adding plasmid 

 PCR amplification was performed using 50 pg of pAV001-HU-eCD as a template and 

PrimeSTARTM HS DNA Polymerase (Takara Bio Inc.) to obtain PCR fragments A 

(approximately 1.3 kbp) and B (approximately 1.3 kbp).  An outer primer as set forth in SEQ 

ID NO: 1 and an inner primer as set forth in SEQ ID NO: 2 that had, at the 5'-terminus, a 

of total protein Bifidobacterium longum 105A/ pAV001-HU-eCD-M968 65.8 Bifidobacterium longum
105A-R2/ pAV001-HU-eCD-M968 62A  Example 5 [0119] (Measurement of plasmid retention stability)
With respect to the Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 (R2 strain) and the
Bifidobacterium longum 105A-R1/pAV001-HU-eCD-M968 (R1 strain) obtained in Example 3, plasmid
retention stability was measured by a method described below. As a result, the R2 strain exhibited
much more favorable plasmid retention stability than that of the R1 strain, as shown in Figure 4. [0120]
(Measurement test of plasmid retention stability) 
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sequence overlapping with the terminus of the PCR fragment B and contained a sequence 

complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment A. 

[0084] 

 The PCR fragment A contains, a HindIII site derived from the template at the terminus 

of DNA.  An outer primer as set forth in SEQ ID NO: 3 that had, a KspAI recognition site on 

the 5'-terminal side and contained a sequence complementary to pAV001-HU-eCD and an 

inner primer as set forth in SEQ ID NO: 4 that had a sequence overlapping with the terminus of 

the PCR fragment A on the 5'-terminal side and contained a sequence complementary to 

pAV001-HU-eCD were used in the amplification of the PCR fragment B. 

[0085] 

 The change of the amino acid sequence derived from the HU protein was performed 

by inner primers.  Temperature conditions involved 30 cycles each involving 98°C for 10 

seconds, 55°C for 5 seconds, and 72°C for 80 seconds, followed by incubation at 72°C for 30 

seconds.  The PCR fragments A and B were purified using QIAquick PCR Purification Kit 

(QIAGEN), and the purified PCR fragments A and B were then mixed at equal moles. 

[0086] 

 Reaction at 5 cycles each involving 98°C for 10 seconds and 72°C for 90 seconds was 

performed in the absence of primers in a mixture solution of 1xPrimeSTARTM buffer, 200 μM 

dNTPs mix, and 2.5 u PrimeSTARTM HS DNA polymerase using 1 ng of the mixture of the 

purified PCR fragments A and B as a template to ligate the PCR fragments A and B.  Then, 

the outer primers (SEQ ID NOs: 1 and 3) were added thereto, resulting in each final 

The measurement of the plasmid retention stability was performed by the following test method: the
R2 and R1 strains were separately cultured in a liquid medium supplemented with an antibiotic
(spectinomycin) as a selective marker for the introduced plasmids, to sufficiently activate the
transformed Bifidobacterium longum R2 and R1 strains. This bacterial solution was designated as a
subculture day-0 bacterial solution. Next, an aliquot of the day-0 bacterial solution was recovered and
inoculated into a spectinomycin-free liquid medium, followed by culture. This bacterial solution was
designated as a subculture day-1 bacterial solution. Similarly, an aliquot of the day-1 bacterial solution
was recovered and inoculated into a spectinomycin-free liquid medium, followed by culture to prepare
a subculture day-2 bacterial solution. Subculture was continuously performed in the same way until
day 5 to prepare up to day-3 to day-5 bacterial solutions. The day-0, day-1, day-3, and day-5 bacterial
solutions were separately plated onto an antibiotic-free plate medium (BL agar medium) to form
colonies. 100 grown colonies were randomly selected for each culture and inoculated into both
spectinomycin-containing and spectinomycin-free BL agar media by a  replica method using a
sterilized toothpick or the like. Plasmid retention rates on day 0, day 1, day 3, and day 5 were
measured from a numerical formula described below. The results are shown in Figure 4. The plasmid
retention rates were calculated from the following formula: Plasmid retention rate (%) = The number of
colonies in spectinomycin - containing BL agar medium x 100 The number of colonies in BL agar
medium INDUSTRIAL APPLICABILITY [0121]       According to the present invention, a gene delivery
carrier consisting of an anaerobic microorganism capable of growing in a tumor tissue in an anaerobic
environment and capable of expressing a protein having an antitumor activity or a protein having an
activity of converting an antitumor substance precursor to an antitumor substance, which is useful as a
therapeutic agent for solid tumor and has a favorable activity and expression efficiency of a protein
expressed by a gene introduced by transformation, can be constructed efficiency.  
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concentration of 0.5 μM, and reaction at 25 cycles each involving 98°C for 10 seconds, 55°C 

for 5 seconds, and 72°C for 160 seconds was performed, followed by incubation at 72°C for 30 

seconds to obtain a ligated PCR product (approximately 2.6 kbp). 

[0087] 

 The ligated PCR product was separated on a 1% SeaPlaque(R) GTG(R) Agarose gel 

(1xTAE buffer, 0.5 μg/ml ethidium bromide) to excise a 2.6-kbp DNA fragment.  The ligated 

PCR product was extracted from the gel using QIAquick(R) Gel Extraction Kit and digested 

with HindIII (Fermentas UAB) and KspAI (Fermentas UAB).  A 2.6-kbp DNA band was 

excised by separation on a 1% SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 μg/ml 

ethidium bromide).  The ligated PCR product was extracted from the gel using QIAquick(R) 

Gel Extraction Kit. 

[0088] 

 The pAV001-HU-eCD vector was digested with HindIII (Fermentas UAB) and KspAI 

(Fermentas UAB).  Then, a 4.6-kbp DNA fragment was excised by separation on a 1% 

SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 μg/ml ethidium bromide).  

Subsequently, the vector DNA was extracted from the gel using QIAquick(R) Gel Extraction 

Kit. 

[0089] 

 The ligated PCR product was mixed with the vector at a vector-to-ligated PCR product 

ratio of 1:3 by mol, and ligation was performed using Rapid DNA Ligation Kit (Fermentas 

UAB).  Escherichia coli JM109 was transformed with the ligation product, and the strains 

CLAIMS 1. A method of constructing a gene delivery carrier consisting of an anaerobic microorganism
capable of growing in a tumor tissue in an anaerobic environment and capable of expressing (A) a
protein having an antitumor activity or (B) a protein having an activity of converting an antitumor
substance precursor to an antitumor substance, comprising the steps of:        (1) preparing a fusion
plasmid having a fragment of a plasmid of a bacterium of the genus Bifidobacterium and a fragment of
a plasmid of Escherichia coli;        (2) incorporating a DNA fragment comprising a promoter and a
terminator of a gene encoding a histone-like DNA-binding protein derived from a bacterium of the
genus Bifidobacterium to the fusion plasmid;        (3) incorporating, between the promoter and the
terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a DNA encoding a protein
having an activity of converting an antitumor substance precursor to an antitumor substance to
prepare an expression vector; and        (4) transforming an anaerobic microorganism with the
expression vector, wherein        (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA encoding a protein having an activity of converting an antitumor substance precursor to an
antitumor substance, which is incorporated in the step (3) of expression vector preparation further
comprises on the 5'-terminal side thereof, a DNA fragment comprising a nucleotide sequence
encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at
the N-terminus of the histone-like DNA-binding protein.  2. The method of constructing a gene delivery
carrier according to claim 1, wherein the peptide consisting of an amino acid sequence from the 1st to
at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein is a peptide
consisting of an amino acid sequence from the 1st amino acid to any one of the 4th to 18th amino
acids in SEQ ID NO: 29.  3. The method of constructing a gene delivery carrier according to claim 1 or
2, further comprising a step (5) of mutating the DNA (a) encoding a protein having an antitumor activity
or the DNA (b) encoding a protein having an activity of converting an antitumor substance precursor to
an antitumor substance before the step (4).  4. The method of constructing a gene delivery carrier
according to claim 3, wherein the step (5) of mutating (a) the DNA encoding a protein having an
antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance is a step (5') of mutating (a) the DNA encoding a
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting
an antitumor substance precursor to an antitumor substance, which has been incorporated in the
expression vector prepared in the step (3). 
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were plated onto an LB agar medium containing 30 μg/ml spectinomycin and cultured 

overnight at 37°C to obtain transformants.  The transformants were cultured overnight at 37°C 

in a 2 × LB liquid medium containing 30 μg/ml spectinomycin, and plasmid DNA (pAV001-

HU2aa-eCD) was extracted using QIAprep(R) Spin Miniprep Kit. 

[0090] 

(2) Construction of HU protein N-terminal 3-amino acid-adding plasmid 

 An HU protein N-terminal 3-amino acid-adding plasmid (pAV001-HU3aa-eCD) was 

constructed in the same way as in the construction of the HU protein N-terminal 2-amino acid-

adding plasmid except that primers as set forth in SEQ ID NOs: 5 and 4 were used as inner 

primers for amplification of PCR fragments A and B, respectively. 

[0091] 

(3) Construction of HU protein N-terminal 4-amino acid-adding plasmid 

 An HU protein N-terminal 4-amino acid-adding plasmid (pAV001-HU4aa-eCD) was 

constructed in the same way as in the construction of the HU protein N-terminal 2-amino acid-

adding plasmid except that primers as set forth in SEQ ID NOs: 6 and 7 were used as inner 

primers for amplification of PCR fragments A and B, respectively.  The sequence of pAV001-

HU4aa-eCD is shown in SEQ ID NO: 14. 

[0092] 

(4) Construction of plasmid lacking sequence encoding N-terminus of HU protein and having 

translation start codon ATG 

5. The method of constructing a gene delivery carrier according to any one of claims 1 to 4, wherein
the gene delivery carrier is a gene delivery carrier consisting of an anaerobic microorganism capable
of growing in a tumor tissue in an anaerobic environment and capable of expressing a protein having
an activity of converting an antitumor substance precursor to an antitumor substance.  6. The method
of constructing a gene delivery carrier according to any one of claims 1 to 5, wherein the protein
having an activity of converting an antitumor substance precursor to an antitumor substance is
cytosine deaminase.  7. The method of constructing a gene delivery carrier according to claim 6,
wherein the gene delivery carrier consisting of an anaerobic microorganism is a cytosine
deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a
concentration at least effective for an antitumor activity.  8. The method of constructing a gene delivery
carrier according to claim 7, wherein the cytosine deaminase-expressing 5-fluorouracil-resistant
bacterium having a resistance to 5- fluorouracil at a concentration at least effective for an antitumor
activity is prepared using a 5- fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a
concentration at least effective for an antitumor activity as a host.  9. The method of constructing a
gene delivery carrier according to any one of claims 1 to 8, wherein the DNA fragment comprising a
nucleotide sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least
4th amino acids at the N-terminus of the histone-like DNA-binding protein is a DNA fragment
comprising a nucleotide sequence from the 1482nd to at least 1493rd nucleotides in SEQ ID NO: 14 or
15.  10. The method of constructing a gene delivery carrier according to claim 9, wherein the DNA
fragment comprising a nucleotide sequence from the 1482nd to at least 1493rd nucleotides in SEQ ID
NO: 14 or 15 is a DNA fragment comprising a nucleotide sequence from the 1482nd nucleotide to any
one of the 1493rd to 1535th nucleotides in SEQ ID NO: 15.  11. The method of constructing a gene
delivery carrier according to any one of claims 1 to 10, wherein the anaerobic microorganism is a
bacterium.  12. The method of constructing a gene delivery carrier according to claim 11, wherein the
bacterium is an enteric bacterium.  13. The method of constructing a gene delivery carrier according to
claim 12, wherein the enteric bacterium is a bacterium of the genus Bifidobacterium.   14. The method
of constructing a gene delivery carrier according to claim 13, wherein the bacterium of the genus
Bifidobacterium is any bacterium of the genus Bifidobacterium selected from Bifidobacterium
adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium thermophilum,
Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium
longum. 
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 A plasmid lacking the N-terminus of an HU protein and having the translation start 

codon ATG (pAV001-HU0aaATG-eCD) was constructed in the same way as in the 

construction of the HU protein N-terminal 2-amino acid-adding plasmid except that primers as 

set forth in SEQ ID NOs: 8 and 9 were used as inner primers for amplification of PCR 

fragments A and B, respectively. 

[0093] 

(5) Construction of plasmid the N-terminus of HU protein and having translation start codon 

GTG 

 A plasmid lacking the N-terminus of an HU protein and having the translation start 

codon GTG (pAV001-HU0aaGTG-eCD) was constructed in the same way as in the 

construction of the HU protein N-terminal 2-amino acid-adding plasmid except that primers as 

set forth in SEQ ID NOs: 10 and 11 were used as inner primers for amplification of PCR 

fragments A and B, respectively. 

[0094] 

(6) Construction of HU protein N-terminal 18-amino acid-adding plasmid 

 Two kinds of 5'-terminally phosphorylated synthetic oligo-DNAs (SEQ ID NOs: 12 

and 13) having sequences complementary to each other were mixed at equal moles and 

annealed by decreasing temperatures in stages to 65°C for 5 minutes, 45°C for 5 minutes, 37°C 

for 10 minutes, and 25°C for 10 minutes in the presence of 0.1 M NaCl to prepare an adapter.  

The terminus of the adapter is a Bsp119I site. 

 

15. The method of constructing a gene delivery carrier according to claim 13 or 14, wherein the
bacterium of the genus Bifidobacterium is Bifidobacterium longum.  16. The method of constructing a
gene delivery carrier according to any one of claims 1 to 15, wherein the expression vector used in the
transformation in the step (4) is a single-nucleotide mutation-introduced plasmid of a plasmid
pAV001-HU-eCD.  17. The method of constructing a gene delivery carrier according to claim 16,
wherein a CD-encoding nucleotide sequence in the single-nucleotide mutation-introduced plasmid of a
plasmid pAV001-HU-eCD is a nucleotide sequence encoding an amino acid sequence in which
aspartic acid as an amino acid corresponding to the 315th position in an Escherichia coli CD amino
acid sequence described in SEQ ID NO: 28 has been substituted by another amino acid.  18. The
method of constructing a gene delivery carrier according to claim 17, wherein the another amino acid
is alanine.  19. The method of constructing a gene delivery carrier according to claim 18, wherein the
single-nucleotide mutation-introduced plasmid of a plasmid pAV001-HU-eCD is a plasmid
pAV001-HU-eCD-M968.  20. A gene delivery carrier consisting of an anaerobic microorganism
transformed with an expression vector having a fragment of a plasmid of a bacterium of the genus
Bifidobacterium, a fragment of a plasmid of Escherichia coli, and a DNA fragment comprising a
promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived from a
bacterium of the genus Bifidobacterium, having between the promoter and the terminator, (a) a DNA
encoding a protein having an antitumor activity or (b) a DNA encoding a protein having an activity of
converting an antitumor substance precursor to an antitumor substance, and further comprising a DNA
fragment comprising a nucleotide sequence encoding a peptide consisting of an amino acid sequence
from the 1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein, on
the 5'-terminal side of (a) the DNA encoding a protein having an antitumor activity or (b) the DNA
encoding a protein having an activity of converting an antitumor substance precursor to an antitumor
substance.  21. A gene delivery carrier consisting of an anaerobic microorganism being capable of
growing in a tumor tissue in an anaerobic environment and having (a) a DNA encoding a protein
having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an
antitumor substance precursor to an antitumor substance, the gene delivery carrier being constructed
by a construction method according to any one of claims 1 to 19.  22. The gene delivery carrier
according to claim 20 or 21, wherein the anaerobic bacterium is a bacterium of the genus
Bifidobacterium.  23. The gene delivery carrier according to claim 22, wherein the bacterium of the
genus Bifidobacterium is any bacterium of the genus Bifidobacterium selected from Bifidobacterium
adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium thermophilum,
Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium
longum.  24. The gene delivery carrier according to claim 22 or 23, wherein the bacterium of the genus
Bifidobacterium is Bifidobacterium longum. 
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[0095] 

 The pAV001-HU-eCD vector was digested with Bsp119I (Fermentas UAB).  After 

dephosphorylation treatment of the DNA terminus using CIAP (Fermentas UAB), the resulting 

DNA fragment was ligated with the adaptor using Rapid DNA Ligation Kit (Fermentas UAB).  

Escherichia coli JM109 strains were transformed with the ligation product, and the strains were 

plated onto an LB agar medium containing 30 μg/ml spectinomycin and cultured overnight at 

37°C to obtain transformants.  The transformants were cultured overnight at 37°C in a 2 × LB 

liquid medium containing 30 μg/ml spectinomycin, and plasmid DNA (pAV001-HU18aa-eCD) 

was extracted using QIAprep(R) Spin Miniprep Kit.  The sequence of pAV001-HU18aa-eCD 

is shown in SEQ ID NO: 15. 

[0096] 

(Transformation of Bifidobacterium longum 105A) 

 80 μl of Bifidobacterium longum 105A competent cells and 5 μl (500 to 1000 ng) of 

the plasmid DNA were mixed, and transformation was performed using a Gene Pulser II 

electroporation system (Bio-Rad Laboratories, Inc., Japan).  The strains were plated onto an 

IWATA agar medium containing 15% D-raffinose and 30 μg/ml spectinomycin and then 

cultured at 37°C for two nights under anaerobic conditions to obtain transformants. 

[0097] 

(Protein extraction from Bifidobacterium longum 105A transformants) 

 The transformants were inoculated into 5 ml of an MRS liquid medium (containing 30 

μg/ml spectinomycin and a cysteine-vitamin C mixture solution) and cultured overnight at 

25. The gene delivery carrier according to any one of claims 20 to 24, wherein the gene delivery
carrier is capable of growing in a tumor tissue in an anaerobic environment and is capable of
expressing a protein having an activity of converting an antitumor substance precursor to an antitumor
substance.  26. The gene delivery carrier according to claim 25, wherein the protein having an activity
of converting an antitumor substance precursor to an antitumor substance is cytosine deaminase.  27.
The gene delivery carrier according to claim 26, wherein the gene delivery carrier is a cytosine
deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5- fluorouracil at a
concentration at least effective for an antitumor activity.  28. The gene delivery carrier according to
claim 26 or 27, wherein the gene delivery carrier is a single-nucleotide mutant plasmid of
Bifidobacterium longum 105-A/pAV001-HU-eCD.  29. The gene delivery carrier according to claim 28,
wherein the single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD is
Bifidobacterium longum 105- A/pAV001-HU-eCD-M968.  30. A pharmaceutical composition comprising
a gene delivery carrier according to any one of claims 20 to 29.  31. A pharmaceutical composition
comprising a gene delivery carrier according to any one of claims 25 to 29 in combination with an
antitumor substance precursor converted to an antitumor substance by the protein capable of being
expressed by the gene delivery carrier.  32. The pharmaceutical composition according to claim 31,
wherein the gene delivery carrier is a gene delivery carrier according to any one of claims 25 to 29,
and the antitumor substance precursor is 5-fluorocytosine.  33. A therapeutic agent for solid tumor
comprising a gene delivery carrier according to any one of claims 20 to 24 in an amount sufficient for
expression of a therapeutically effective amount of a protein having an antitumor activity.  34. A
therapeutic agent for solid tumor comprising a gene delivery carrier according to any one of claims 25
to 29 in an amount sufficient for expression of the protein in an amount capable of converting an
antitumor substance precursor to a therapeutically effective amount of an antitumor substance, in
combination with an antitumor substance precursor converted by the protein capable of being
expressed by the gene delivery carrier, in an amount capable of being converted to a therapeutically
effective amount of an antitumor substance.  35. The therapeutic agent for solid tumor according to
claim 34, wherein the gene delivery carrier is a gene delivery carrier according to any one of claims 25
to 29, and the antitumor substance precursor is 5-fluorocytosine.  
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37°C under anaerobic conditions.  1% of the culture solution was inoculated into a medium 

having the same composition and cultured overnight at 37°C under anaerobic conditions.  This 

step was repeated twice.  Protein extraction was performed using 1% of the culture solution 

inoculated in a medium having the same composition and cultured for approximately 18 hours.  

4 ml of a Tris buffer solution (0.5 M Tris-HCl, 0.5% Triton X-100, pH 8.4) was added to 1 to 4 

ml of the culture solution and mixed, followed by centrifugation at 13,000 × g at room 

temperature for 15 minutes to remove the supernatant.  The bacterial cells were suspended by 

the addition of 5 ml of a Tris buffer solution having the same composition, followed by 

centrifugation at 13,000 × g at room temperature for 15 minutes to remove the supernatant.  

This procedure was repeated twice to wash the bacterial cells.  The washed bacterial cells 

were suspended in 1 ml of a Tris buffer solution supplemented with 50 μl of a protease 

inhibitor (Sigma-Aldrich) and ultrasonically disrupted for 5 minutes under ice-cooling.  After 

centrifugation at 13,000 × g at 4°C for 20 minutes, the supernatant was subjected to CD activity 

measurement as a total protein extract. 

[0098] 

(CD activity measurement) 

 The amount of the total protein was measured by a modification of the Lowry method.  

A buffer solution was added to the total protein extract corresponding to an amount of the total 

protein of 50 μg to prepare 250 μl of a solution, which was then mixed with 250 μl of 40 mM 

5-FC and then reacted at 60°C for 20 minutes.  The reaction was terminated by the addition of 

250 μl of 0.5 M trichloroacetic acid, and the reaction product was left on ice.  After 

SEQUENCE LISTING <110> Anaeropharma Science Inc. <120> Method for manufacturing gene
carrier <130> 2007C3820 <150> JP 2006-144720 <151> 2006-05-24 <160> 29 <170> Patentln
version 3.1 <210> 1 <211> 23 <212> DNA <213> Artificial Sequence 
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centrifugation at 20,000 × g at 4°C for 20 minutes, 150 μl of 0.3 M NaOH was added to 450 μl 

of the supernatant to neutralize the solution. 

 The neutralized sample was diluted 10 folds with an HPLC mobile layer, and the 

amounts of 5-FU and 5-FC were measured by HPLC.  Consumption % of 5-FC was used as a 

CD activity.  The activity measurement results are shown in Table 2. 

[0099] 

[Table 2] 

Effect of adding amino acids derived from HU protein N-terminus to CD 

Transformant name 

CD activity 5-FC 

consumption (%)/50 μg 

of total protein 

B. longum 105A/pAV001-HU0aaATG 1.89 
B. longum 105A/pAV001-HU0aaGTG 1.08 
B. longum 105A/pAV001-HU2aa-eCD 0.64 
B. longum 105A/pAV001-HU3aa-eCD 2.80 
B. longum 105A/pAV001-HU4aa-eCD 6.35 
B. longum 105A/pAV001-HU-eCD 
(Control) 5.50 

B. longum 105A/pAV001-HU18aa-eCD 6.48 

 

[0100] 

 It was demonstrated that the addition of amino acids derived from the HU protein N-

terminus to eCD enhances a CD activity.  With respect to the number of amino acids added, 2 

or less amino acids were ineffective; 3 amino acids produced somewhat effects; and 4 or more 

amino acids produced dramatically increased effects.  No difference in activity was observed 

between 4 and 18 amino acids. 

<220> <223> primer <400> 1 tcacacagga aacagctatg acc23 <210> 2 <211> 55 <212> DNA <213>
Artificial Sequence <220> <223> primer  <210> 3 
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Example 2 

[0101] 

[Preparation of Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid mutant] 

 A mutation was introduced to 5 sites in the plasmid pAV001-HU-eCD. 

 There were 2 types of mutations introduced: a 3-nucleotide deletion and a 1-nucleotide 

substitution.  The deletion-type mutant plasmids were pAV001-HU-eCD-D37 and pAV001-

HU-eCD-D55, and the nucleotide substitution-type mutant plasmids were pAV001-HU-eCD-

M450, pAV001-HU-eCD-M968, and pAV001-HU-eCD-M1277.  Methods of constructing the 

mutant plasmids are shown below. 

[0102] 

(1) Construction of mutant plasmid (pAV001-HU-eCD-D37) 

 PCR amplification was performed using 50 pg of pAV001-HU-eCD as a template and 

PrimeSTARTM HS DNA Polymerase (Takara Bio Inc.) to obtain PCR fragments A 

(approximately 1.3 kbp) and B (approximately 1.3 kbp).  An outer primer as set forth in SEQ 

ID NO: 1 and an inner primer as set forth in SEQ ID NO: 16 that had a sequence overlapping 

with the terminus of the PCR fragment B on the 5'-terminal side, and contained a sequence 

complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment A.  

The PCR fragment A contains, at the terminus of DNA, a HindIII site derived from the 

template.  An outer primer as set forth in SEQ ID NO: 3 that had, a KspAI recognition site on 

the 5'-terminal side and contained a sequence complementary to pAV001-HU-eCD and an 

inner primer as set forth in SEQ ID NO: 17 that had, on the 5'-terminal side, a sequence 

<211> 29 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 3 gaacacatcc tggaaggcgt
taactcaac29 <210> 4 <211> 43 <212> DNA <213> Artificial Sequence <220> 



57 

overlapping with the terminus of the PCR fragment A and contained a sequence 

complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment B.  

The mutation was introduced into the plasmid by inner primers.  Temperature conditions 

involved 30 cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 80 

seconds, followed by incubation at 72°C for 30 seconds.  The PCR fragments A and B were 

purified using QIAquick PCR Purification Kit (QIAGEN), and the purified PCR fragments A 

and B were then mixed at equal moles.  Reaction at 5 cycles each involving 98°C for 10 

seconds and 72°C for 90 seconds was performed in the absence of primers in a mixture solution 

of 1xPrimeSTARTM buffer, 200 μM dNTPs mix, and 2.5 u PrimeSTARTM HS DNA polymerase 

using 1 ng of the mixture of the purified PCR fragments A and B as a template to ligate the 

PCR fragments A and B.  Then, the outer primers (SEQ ID NOs: 1 and 3) were added thereto, 

resulting in each final concentration of 0.5 μM, and reaction at 25 cycles each involving 98°C 

for 10 seconds, 55°C for 5 seconds, and 72°C for 160 seconds was performed, followed by 

incubation at 72°C for 30 seconds to obtain a ligated PCR product (approximately 2.6 kbp).  

The ligated PCR product was separated on a 1% SeaPlaque(R) GTG(R) Agarose gel (1xTAE 

buffer, 0.5 μg/ml ethidium bromide) to excise a 2.6-kbp DNA band.  The ligated PCR product 

was extracted from the gel using QIAquick(R) Gel Extraction Kit and digested with HindIII 

(Fermentas UAB) and KspAI (Fermentas UAB).  A 2.6-kbp DNA band was excised by 

separation on a 1% SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 μg/ml ethidium 

bromide).  The ligated PCR product was extracted from the gel using QIAquick(R) Gel 

Extraction Kit. 

<223> primer <400> 4 tcgaataacg ctttacaaac aattattaac gcccggttac cag43 <210> 5 <211> 58 <212>
DNA <213> Artificial Sequence <220> <223> primer  <210> 6 <211> 54 
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[0103] 

 The pAV001-HU-eCD vector was digested with HindIII (Fermentas UAB) and KspAI 

(Fermentas UAB).  Then, a 4.6-kbp DNA fragment was excised by separation on a 1% 

SeaPlaque(R) GTG(R) Agarose gel (1xTAE buffer, 0.5 μg/ml ethidium bromide).  The vector 

DNA was extracted from the gel using QIAquick(R) Gel Extraction Kit.  The ligated PCR 

product was mixed with the vector at a vector-to-ligated PCR product ratio of 1:3 by mol, and 

ligation was performed using Rapid DNA Ligation Kit (Fermentas UAB).  Escherichia coli 

JM109 was transformed with the ligation product, and the strains were plated onto an LB agar 

medium containing 30 μg/ml spectinomycin and then cultured overnight at 37°C to obtain 

transformants.  The transformants were cultured overnight at 37°C in a 2 × LB liquid medium 

containing 30 μg/ml spectinomycin, and plasmid DNA (pAV001-HU-eCD-D37) was extracted 

using QIAprep(R) Spin Miniprep Kit. 

 The pAV001-HU-eCD-D37 is a plasmid having a CD gene lacking a nucleotide 

sequence (nucleotide sequence encoding alanine at the 5th position in SEQ ID NO: 28) from 

the 1503rd to 1505th nucleotides in SEQ ID NO: 14 (1545th to 1547th nucleotides in SEQ ID 

NO: 15). 

[0104] 

(2) Construction of mutant plasmid (pAV001-HU-eCD-D55) 

 pAV001-HU-eCD-D55 was constructed in the same way as in the construction of the 

plasmid pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 18 and 19 

were used as inner primers for amplification of PCR fragments A and B, respectively. 

<212> DNA <213> Artificial Sequence <220> <223> primer <400> 6 ggcgttaata attgtttgta aagcgttatt
cgagttgtat gccataaagc atcc54 <210> 7 <211> 47 <212> DNA <213> Artificial Sequence <220> <223>
primer 
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 The pAV001-HU-eCD-D55 is a plasmid having a CD gene lacking a nucleotide 

sequence (nucleotide sequence encoding asparagine at the 11th position in SEQ ID NO: 28) 

from the 1521st to 1523rd nucleotides in SEQ ID NO: 14 (1563rd to 1565th nucleotides in SEQ 

ID NO: 15). 

[0105] 

(3) Construction of mutant plasmid (pAV001-HU-eCD-M450) 

 pAV001-HU-eCD-M450 was constructed in the same way as in the construction of the 

plasmid pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 20 and 21 

were used as inner primers for amplification of PCR fragments A and B, respectively, and 

except for PCR reaction conditions. 

 With respect to the PCR reaction conditions, reaction temperature conditions for 

amplification of the PCR fragment A involved 30 cycles each involving 98°C for 10 seconds, 

55°C for 5 seconds, and 72°C for 105 seconds, followed by incubation at 72°C for 30 seconds, 

and reaction temperature conditions for amplification of the PCR fragment B involved 30 

cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 1 minute, 

followed by incubation at 72°C for 30 seconds.  Moreover, for ligation of the PCR products, 

reaction at 5 cycles each involving reaction temperatures 98°C for 10 seconds and 72°C for 105 

seconds was performed. 

 The pAV001-HU-eCD-M450 is a plasmid having a CD gene in which a nucleotide 

sequence (nucleotide sequence encoding glutamine at the 142nd position in SEQ ID NO: 28) 

<400> 7 caactcgaat aacgctttac aaacaattat taacgcccgg ttaccag47 <210> 8 <211> 58 <212> DNA
<213> Artificial Sequence <220> <223> primer  <210> 9 <211> 51 <212> DNA 
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from the 1914th to 1916th nucleotides in SEQ ID NO: 14 (1956th to 1958th nucleotides in SEQ 

ID NO: 15) has been substituted by a nucleotide sequence encoding histidine. 

[0106] 

(4) Construction of mutant plasmid (pAV001-HU-eCD-M968) 

 pAV001-HU-eCD-M968 was constructed in the same way as in the construction of the 

plasmid pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 22 and 23 

were used as inner primers for amplification of PCR fragments A and B, respectively, and a 

primer as set forth in SEQ ID NO: 24 was used as an outer primer for amplification of the PCR 

fragment B, and except for PCR reaction conditions. 

[0107] 

 With respect to the PCR reaction conditions, reaction temperature conditions for 

amplification of the PCR fragment A involved 30 cycles each involving 98°C for 10 seconds, 

55°C for 5 seconds, and 72°C for 130 seconds, followed by incubation at 72°C for 30 seconds, 

and reaction temperature conditions for amplification of the PCR fragment B involved 30 

cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 45 seconds, 

followed by incubation at 72°C for 30 seconds.  Moreover, for ligation of the PCR products, 

reaction at 5 cycles each involving reaction temperatures 98°C for 10 seconds and 72°C for 130 

seconds was performed.  For amplification of the ligated PCR product, reaction at 25 cycles 

each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 3 minutes was 

performed using primers as set forth in SEQ ID NOs: 1 and 24, followed by incubation at 72°C 

for 30 seconds to obtain a ligated PCR product (approximately 2.9 kbp).  The pAV001-HU-

<213> Artificial Sequence <220> <223> primer <400> 9 gctttatgtc gaataacgct ttacaaacaa ttattaacgc
ccggttacca g51 <210> 10 <211> 58 <212> DNA <213> Artificial Sequence <220> <223> primer <400>
10 gggcgttaat aattgtttgt aaagcgttat tcgacacaaa gcatccttct tgggtcag58 
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eCD vector was digested with HindIII (Takara Bio Inc.) and SpeI (Takara Bio Inc.), and a 

fragment (approximately 4.3 kbp) excised from an agarose gel was used as a vector for the 

ligated PCR product.  The sequence of the obtained pAV001-HU-eCD-M968 is shown in SEQ 

ID NO: 27. 

 The pAV001-HU-eCD-M968 is a plasmid having a CD gene in which a nucleotide 

sequence (nucleotide sequence encoding aspartic acid at the 315th position in SEQ ID NO: 28) 

from the 2433rd to 2435th nucleotides in SEQ ID NO: 14 (2475th to 2477th nucleotides in 

SEQ ID NO: 15) has been substituted by a nucleotide sequence encoding alanine. 

[0108] 

(5) Construction of mutant plasmid (pAV001-HU-eCD-M1277) 

 pAV001-HU-eCD-M1277 was constructed in the same way as in the construction of 

the plasmid pAV001-HU-eCD-M968 except that primers as set forth in SEQ ID NOs: 25 and 

26 were used as inner primers for amplification of PCR fragments A and B, respectively, and 

except for PCR reaction conditions. 

 With respect to the PCR reaction conditions, reaction temperature conditions for 

amplification of the PCR fragment A involved 30 cycles each involving 98°C for 10 seconds, 

55°C for 5 seconds, and 72°C for 150 seconds, followed by incubation at 72°C for 30 seconds, 

and reaction temperature conditions for amplification of the PCR fragment B involved 30 

cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 30 seconds, 

followed by incubation at 72°C for 30 seconds.  Moreover, for ligation of the PCR products, 

<210> 11 <211> 51 <212> DNA <213> Artificial Sequence <220> <223> primer  <210> 12 <211> 27
<212> DNA <213> Artificial Sequence <220> <223> oligonucleotide <400> 12 
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reaction at 5 cycles each involving reaction temperatures 98°C for 10 seconds and 72°C for 150 

seconds was performed. 

 The pAV001-HU-eCD-M1277 is a plasmid having a CD gene in which a nucleotide 

sequence (nucleotide sequence encoding glutamic acid at the 418th position in SEQ ID NO: 28) 

from the 2742nd to 2744th nucleotides in SEQ ID NO: 14 (2784th to 2786th nucleotides in 

SEQ ID NO: 15) has been substituted by a nucleotide sequence encoding glycine. 

[0109] 

(Transformation of Bifidobacterium longum 105A) 

 Bifidobacterium longum 105A was transformed with the obtained mutant plasmid in 

the same way as in Example 1 to obtain its transformants. 

[0110] 

(Protein extraction from Bifidobacterium longum 105A transformants) 

 A protein extract was obtained from the Bifidobacterium longum 105A transformed 

with the mutant plasmid, in the same way as in Example 1, and the protein extract was 

subjected to CD activity measurement. 

[0111] 

(CD activity measurement) 

 A CD activity was measured in the same way as in Example 1 using the obtained 

protein extract.  The activity measurement results are shown in Table 3. 

cgaagatcgc ccagaagtcc aacctgt27 <210> 13 <211> 27 <212> DNA <213> Artificial Sequence <220>
<223> oligonucleotide <400> 13 cgacaggttg gacttctggg cgatctt27 <210> 14 <211> 7148 <212> DNA
<213> Bifidobacterium longum 
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[0112] 

[Table 3] 

Change in CD activity brought by introduction of mutation into pAV001-HU-eCD 

Transformant name 

CD activity 5-FC 

consumption (%)/50 μg 

of total protein 

B. longum 105A/pAV001-HU-eCD-M450 4.13 
B. longum 105A/pAV001-HU-eCD-M968 65.8 
B. longum 105A/pAV001-HU-eCD-M1277 5.30 
B. longum 105A/pAV001-HU-eCD 
(Control) 5.50 

 

[0113] 

 Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained by transformation 

with the mutant pAV001-HU-eCD-M968 has a CD activity improved to approximately 12 

times that of Bifidobacterium longum 105A/pAV001-HU-eCD (control) obtained by 

transformation with unmutated pAV001-HU-eCD. 

 On the other hand, Bifidobacterium longum 105A/pAV001-HU-eCD-M450 and 

Bifidobacterium longum 105A/pAV001-HU-eCD-M1277 obtained by transformation with the 

mutants pAV001-HU-eCD-M450 and pAV001-HU-eCD-M1277, respectively, were not 

confirmed to have a rise in activity due to the introduction of the mutation. 

 

<400> 14 agcgcccaat acgcaaaccg cctctccccg cgcgttggcc gattcattaa tgcagctggc60  tcactcatta
ggcaccccag gctttacact ttatgcttcc ggctcgtatg ttgtgtggaa180 ttgtgagcgg ataacaattt cacacaggaa
acagctatga ccatgattac gccaagcttg240 gggagacacg acgttgacca cgttggcccc gttcattcag aaagtcgcgg
tcccctcccc300 cacacgcgca ttgggcacgt gggacaagca gctgctcaag gaactgcgag accacatcaa360 caccataatc
gatgaggaga ccgccgaatc cgccgagccg gtgacgctgg cccgcttctc420 ttggcgttcg atgatcacca tgctgctggt
catcgtggcc gtggtcgtgg tcttcaccca480 actgaagccc gaggagatca tcaccgcgct gaccaacgcc aacccgttga
tggcggtggt540 gacgctcgcg ttcggtgtct gcggctggat cggctcgtcg atttcgctcg gttccctgat600 ggcgcggcac
aagcgtgaca atatgggcgt cttcatgagc caggtggcag gcggcttcgc660 
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Example 3 

[0114] 

[Preparation of 5-FU-resistant Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid 

mutant] 

(Addition of 5-FU resistance to Bifidobacterium longum 105A/pAV001-HU-eCD-M968) 

 The Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in Example 2 

was made into a 5-FU-resistant mutant according to the method described in Example 1 in 

Patent Document 5. 

 Specifically, the Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in 

Example 2 was subcultured in an MRS medium at 37°C for 2 days or longer under anaerobic 

conditions.  The culture solution was diluted with an anaerobic diluent and then plated onto a 

BL agar medium containing 500 μg/mL 5-FU, and the bacteria were anaerobically cultured at 

37°C for 2 or 3 days.  Then, the grown bacteria were selected to prepare 5-FU-resistant 

Bifidobacterium longum 105A/pAV001-HU-eCD-M968 (Bifidobacterium longum 105A-

R1/pAV001-HU-eCD-M968). 

[0115] 

(Transformation of 5-FU-resistant Bifidobacterium longum 105A with plasmid pAV001-HU-

eCD-M968) 

 5-FU-resistant Bifidobacterium longum 105A prepared according to the method 

described in Example 2 in Patent Document 5 was transformed with the mutant plasmid 

caccgtatcc atgccagccg gcgtgggccc ctcgttcgtc aacctgcagt tcctgcgcaa720 atccggctat cgcaacaccc
aggcgaccgc aattatgagc gccgcgctcg tggtgtatta780 cgccgtgtac ttctccatgc tggtcatcat cggcctgttc
accggccgca acatgttctc840 cggcgcaatc ccgacaaaca cgttggttat cgtgctgggc gttgtggtcg tggtgctgtc900
cattgcgatg atgattccgc cgttgcgcca ctgggtgacc cgtcgtctta tgccgctggc960 caagacgtat atcaaccagc
tgctggacgt gctttcccag ccccgacagc tcacagtcag 1020 ctgcctaggc gcgctgttcc agaacgcgac cactgggctc
gctttctggg cggccctgca 1080 agcgttcggc tattcatcga atccgattga aacgacgttc gtcttcctgc tggcctatgc1140
attgggttcc gcagtgccca ctccaggcgg tctgggcggt gtggaagcgg cgctgacatt 1200  cgcgttcgtg gcggtcggag
tgccgcaggg cgtggcgctt tccgccactt tgctgcaccg 1260 cgtggtgttc tactggctgc gcattccgct gggcgcggcg
gccatgaagt ggcttgacaa 1320 
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pAV001-HU-eCD-M968 obtained in Example 2, in the same way as in Example 1, and 

transformants thereof were obtained. 

[0116] 

 Specifically, Bifidobacterium longum 105A was inoculated into 5 mL of an MRS 

medium containing 100 μg/mL 5-FU and anaerobically cultured at 37°C for 1 to 5 days.  The 

turbidity (OD=600 nm) thereof was measured to examine the presence or absence of the growth.  

1 mL of the medium after culture in which the growth had been confirmed was recovered and 

inoculated into 9 mL of an MRS medium containing the same concentration of 5-FU, and the 

bacteria were cultured for 24 hours under the same culture conditions.  This inoculation 

procedure was repeated three times to thereby prepare 5-FU-resistant Bifidobacterium longum 

105A.  Next, this 5-FU-resistant Bifidobacterium longum 105A was inoculated into an MRS 

medium.  The bacterial solution after culture was inoculated into an MRS medium containing 

250 μg/mL 5-FU.  After 24 hours, the presence or absence of the growth was determined 

using turbidity (OD=600 nm).  The 5-FU-resistant Bifidobacterium longum 105A prepared 

using a medium containing 100 μg/mL 5-FU (Bifidobacterium longum 105A-R2) was used as a 

host for transformation.  This Bifidobacterium longum 105A-R2 was transformed with the 

mutant plasmid pAV001-HU-eCD-M968 obtained in Example 2, in the same way as in 

Example 1, and its transformant Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 

was prepared. 

 

gcataatctt gtctgattcg tctattttca tacccccttc ggggaaatag atgtgaaaac1380 ccttataaaa cgcgggtItt
cgcagaaaca tgcgctagta tcattgatga caacatggac 1440 taagcaaaag tgctlgtccc ctgacccaag aaggatgctt
tatggcatac aactcgaata 1500 acgctttaca aacaattatt aacgcccggt taccaggcga agaggggctg tggcagattc
1560 atctgcagga cggaaaaatc agcgccattg atgcgcaatc cggcgtgatg cccataactg 1620 aaaacagcct
ggatgccgaa caaggtttag ttataccgcc gtttgtggag ccacatattc 1680 acctggacac cacgcaaacc gccggacaac
cgaactggaa tcagtccggc acgctgtttg 1740 aaggcattga acgctgggcc gagcgcaaag cgttattaac ccatgacgat
gtgaaacaac 1800 gcgcatggca aacgctgaaa tggcagattg ccaacggcat tcagcatgtg cgtacccatg 1860
tcgatgtttc ggatgcaacg ctaactgcgc tgaaagcaat gctggaagtg aagcaggaag 1920 tcgcgccgtg gattgatctg
caaatcgtcg ccttccctca ggaagggatt ttgtcgtatc 1980 ccaacggtga agcgttgctg gaagaggcgt tacgcttagg
ggcagatgta gtgggggcga 2040 
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Example 4 

[0117] 

(Protein extraction from Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968) 

 A protein extract was obtained from the Bifidobacterium longum 105A-R2/pAV001-

HU-eCD-M968 thus obtained, in the same way as in Example 1, and the protein extract was 

subjected to CD activity measurement. 

[0118] 

(CD activity measurement) 

 As a result of CD activity measurement in the same way as in Example 1 using the 

obtained protein extract, the Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 also 

exhibited a CD activity equivalent to that of the transformed Bifidobacterium longum 105A of 

Example 2, as shown in Table 4. 

[Table 4] 

Transformant name 

CD activity 5-FC 

consumption (%)/50 μg 

of total protein 

Bifidobacterium longum 105A/ 
pAV001-HU-eCD-M968 65.8 

Bifidobacterium longum 105A-R2/ 
pAV001-HU-eCD-M968 62.4 

 

Example 5 

[0119] 

(Measurement of plasmid retention stability) 

ttccgcattt tgaatttacc cgtgaatacg gcgtggagtc gctgcataaa accttcgccc 2100 tggcgcaaaa atacgaccgt
ctcatcgacg ttcactgtga tgagatcgat gacgagcagt 2160 cgcgctttgt cgaaaccgtt gctgccctgg cgcaccatga
aggcatgggc gcgcgagtca 2220 ccgccagcca caccacggca atgcactcct ataacggggc gtatacctca cgcctgttcc
2280  gcttgctgaa aatgtccggt attaactttg tcgccaaccc gctggtcaat attcatctgc 2340 aaggacgttt cgatacgtat
ccaaaacgtc gcggcatcac gcgcgttaaa gagatgctgg 2400 agtccggcat taacgtctgc tttggtcacg atgatgtctt
cgatccgtgg tatccgctgg 2460 gaacggcgaa tatgctgcaa gtgctgcata tggggctgca tgtttgccag ttgatgggct 2520
acgggcagat taacgatggc ctgaatttaa tcacccacca cagcgcaagg acgttgaatt 2580 tgcaggatta cggcattgcc
gccggaaaca gcgccaacct gattatcctg ccggctgaaa 2640 atgggtttga tgcgctgcgc cgtcaggttc cggtacgtta
ttcggtacgt ggcggcaagg 2700 
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 With respect to the Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 (R2 

strain) and the Bifidobacterium longum 105A-R1/pAV001-HU-eCD-M968 (R1 strain) obtained 

in Example 3, plasmid retention stability was measured by a method described below.  As a 

result, the R2 strain exhibited much more favorable plasmid retention stability than that of the 

R1 strain, as shown in Figure 4. 

[0120] 

(Measurement test of plasmid retention stability) 

 The measurement of the plasmid retention stability was performed by the following 

test method: the R2 and R1 strains were separately cultured in a liquid medium supplemented 

with an antibiotic (spectinomycin) as a selective marker for the introduced plasmids, to 

sufficiently activate the transformed Bifidobacterium longum R2 and R1 strains.  This 

bacterial solution was designated as a subculture day-0 bacterial solution.  Next, an aliquot of 

the day-0 bacterial solution was recovered and inoculated into a spectinomycin-free liquid 

medium, followed by culture.  This bacterial solution was designated as a subculture day-1 

bacterial solution.  Similarly, an aliquot of the day-1 bacterial solution was recovered and 

inoculated into a spectinomycin-free liquid medium, followed by culture to prepare a 

subculture day-2 bacterial solution.  Subculture was continuously performed in the same way 

until day 5 to prepare up to day-3 to day-5 bacterial solutions.  The day-0, day-1, day-3, and 

day-5 bacterial solutions were separately plated onto an antibiotic-free plate medium (BL agar 

medium) to form colonies.  100 grown colonies were randomly selected for each culture and 

inoculated into both spectinomycin-containing and spectinomycin-free BL agar media by a 

tgattgccag cacacaaccg gcacaaacca ccgtatatct ggagcagcca gaagccatcg 2760 attacaaacg ttgagttaac
gccttccagg atgtgttcgt cgaggctatg aagtccggcg 2820 aaggcctgaa gctcaccggc ctgttctccg ctgagcgcgt
caagcgcccg gctcgcaccg 2880 gccgcaaccc gcgcactggc gagcagattg acattccggc ttcctacggc gttcgtatct
2940 ccgctggctc cctgctgaag aaggccgtca ccgagtgacc ttctgctcgt agcgattact 3000 tcgagcatta ctgacgacaa
agaccccgac cgagatggtc ggggtctttt tgttgtggtg 3060 ctgtgacgtg ttgtccaacc gtattattcc ggactagtcg
gccgtacggg cccgataggc 3120 aggcccagct caaggcccgc gagaacgacc tcgtggcgcg gcgcagggaa
cgcgaacgca 3180 aggcccgcac caagcgcctg atcgaggtcg gcgcgatggc cgagtcggcc gcgggcttcg 3240
agggaggcga cgagagggcc aaggagcaca tcgcccgcct cgtgcagctc ggctccctgg 3300 tggagtccct gtgctccacc
gacgtgatgg ccaactacac gagccgcgag gacctcaggg 3360  
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replica method using a sterilized toothpick or the like.  Plasmid retention rates on day 0, day 1, 

day 3, and day 5 were measured from a numerical formula described below.  The results are 

shown in Figure 4. 

 The plasmid retention rates were calculated from the following formula: 

100
medium agar BL in colonies of number The

medium agar BL containing-cinspectinomy

 in colonies of number The

(%) rate retention Plasmid

×

=
 

 

 

INDUSTRIAL APPLICABILITY 

[0121] 

 According to the present invention, a gene delivery carrier consisting of an anaerobic 

microorganism capable of growing in a tumor tissue in an anaerobic environment and capable 

of expressing a protein having an antitumor activity or a protein having an activity of 

converting an antitumor substance precursor to an antitumor substance, which is useful as a 

therapeutic agent for solid tumor and has a favorable activity and expression efficiency of a 

protein expressed by a gene introduced by transformation, can be constructed efficiency. 

ccaccgtcgc caaggctctg gaacacaacg tcaggaccag cgatggcatg aactggaacc 3420 tccaggacct cgtctacgag
gcgctgagcg aggaatggcg caaaagggac ggcgagatca 3480 gcgacccatg ggccaacgac gaggcggacg
gataccagcc gccctcatac gagccggtca 3540 accccgaacg caggactccc cagacgccct ccgatggcct gatctgacgt
ccgaaaaaag 3600 gcgctgtgcg ccctfittaa atctittata aatcttttta cattctttta gcccctccgc 3660 agccttactc
tcccaacggg tttcagccga aacctacacc aaaaggggag cgaacctaca 3720 ccaaaagggg agcgaaccta
caccaaaagg ggagcgaacc tacaccaaaa ggggagctat 3780 atacaccttt tgttatttaa ggtgcaagtt gtgctatgct
gaggccatgt ccatgagatc 3840 gtgaagttca gcaccagttc aacaacgtcg cgctgaagaa gttcgacgcc gtgcacctgg
3900 acgtgctcat ggcgatcgcc tcaagggtga gggagaaggg cacggccacg gtggagttct 3960 cgttcgagga
gctgcgcggc ctcatgcgat tgaggaagaa cctgaccaac aagcagctgg 4020 ccgacaagat cgtgcagacg aacgcgcgcc
tgctggcgct gaactacatg ttcgaggatt 4080 
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CLAIMS 

 

 1. A method of constructing a gene delivery carrier consisting of a bacterium of the 

genus Bifidobacterium transformed with an expression vector, comprising the steps of:  

 (1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the 

genus Bifidobacterium and a fragment of a plasmid of Escherichia coli; 

 (2) incorporating a DNA fragment comprising a promoter and a terminator of the 

gene encoding the histone-like DNA-binding protein derived from a bacterium of the genus 

Bifidobacterium into the fusion plasmid; 

 (3) incorporating, between the promoter and the terminator, a DNA encoding 

cytosine deaminase to obtain the expression vector, wherein the DNA comprises: 

(a) a DNA sequence encoding an amino acid sequence which: (i) deletes 

methionine at position 1; and (ii) replaces aspartic acid at position 315 

with alanine from the amino acid sequence set forth in SEQ ID NO: 28; 

and 

(b) a DNA sequence which encodes an amino acid sequence corresponding to 

positions 1 through at least 4 and up to a maximum of 18 amino acids of 

the histone-like DNA-binding protein as set forth in SEQ ID NO: 29 and 

which is linked to (a) on the 5’-terminal side of (a); and 

 (4) transforming the bacterium of the genus Bifidobacterium with the expression 

vector. 
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 2. The method according to claim 1, wherein the bacterium of the genus 

Bifidobacterium is selected from Bifidobacterium adolescentis, Bifidobacterium animalis, 

Bifidobacterium infantis, Bifidobacterium thermophilum, Bifidobacterium pseudolongum, 

Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium longum. 

 

 3. The method according to claim 2, wherein the bacterium of the genus 

Bifidobacterium is Bifidobacterium longum. 

  

 4. The method according to claim 1, wherein the expression vector is a plasmid 

pAV001-HU-eCD-M968. 

 

 5. A gene delivery carrier consisting of a bacterium of the genus Bifidobacterium 

transformed with an expression vector comprising:  

(i) a fragment of a plasmid of a bacterium of the genus Bifidobacterium; 

(ii) a fragment of a plasmid of Escherichia coli;  

(iii) a DNA fragment comprising a promoter and a terminator of the gene encoding the 

histone-like DNA-binding protein derived from a bacterium of the genus Bifidobacterium; and 

(iv) a DNA encoding cytosine deaminase positioned between the promoter and the 

terminator, wherein the DNA comprises:  

(a) a DNA sequence encoding an amino acid sequence which: (1) deletes 

methionine at position 1; and (2) replaces aspartic acid at position 315 
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with alanine from the amino acid sequence set forth in SEQ ID NO: 28; 

and  

(b) a DNA sequence which encodes an amino acid sequence corresponding to 

positions 1 through at least 4 and up to a maximum of 18 amino acids of 

the histone-like DNA-binding protein as set forth in SEQ ID NO: 29 and 

which is linked to (a) on the 5’-terminal side of (a). 

 

 6. The gene delivery carrier according to claim 5, wherein the bacterium of the 

genus Bifidobacterium is any bacterium of the genus Bifidobacterium selected from 

Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, 

Bifidobacterium thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum, 

Bifidobacterium breve, and Bifidobacterium longum. 

 

 7. The gene delivery carrier according to claim 6, wherein the bacterium of the 

genus Bifidobacterium is Bifidobacterium longum. 

 

 8. The gene delivery carrier according to claim 5, wherein the gene delivery carrier 

is capable of growing in a tumor tissue in an anaerobic environment. 
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 9. The gene delivery carrier according to claim 8, wherein the gene delivery carrier 

is a cytosine deaminase-expressing 5-f1uorouracil-resistant bacterium having a resistance to 5-

fluorouracil at a concentration at least effective for an antitumor activity. 

 

 

 10. The gene delivery carrier according to claim 9, wherein the gene delivery carrier 

is a single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD, and 

wherein the single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-

eCD is Bifidobacterium longum 105-A/pAV001-HU-eCD-M968. 

 

 

 11. A pharmaceutical composition comprising a gene delivery carrier according to 

claim 5. 

 

 12. A pharmaceutical composition comprising a gene delivery carrier according to 

claim 8 in combination with 5-fluorocytosine converted to 5-fluorouracil by cytosine deaminase 

capable of being expressed by the gene delivery carrier. 

 

 

 13. A therapeutic agent for solid tumor comprising a gene delivery carrier according 

to claim 8 in an amount sufficient for expression of a cytosine deaminase in an amount capable 

of converting 5-fluorocytosine to a therapeutically effective amount of 5-fluorouracil, in 
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combination with 5-fluorocytosine converted by the cytosine deaminase capable of being 

expressed by the gene delivery carrier, in an amount capable of being converted to a 

therapeutically effective amount of 5-fluorouracil. 

 

 

 14. A cytosine deaminase-highly-expressing unit comprising a DNA fragment 

comprising:  

(i) a promoter and a terminator of the gene encoding the histone-like DNA-binding 

protein derived from a bacterium of the genus Bifidobacterium; and  

(ii) a DNA encoding cytosine deaminase positioned between the promoter and the 

terminator, wherein the DNA comprises: 

(a) a DNA sequence encoding an amino acid sequence which:  (1) deletes 

methionine at position 1; and (2) replaces aspartic acid at position 315 

with alanine from the amino acid sequence set forth in SEQ ID NO: 28, 

and 

(b) a DNA sequence which encodes an amino acid sequence corresponding to 

positions 1 through at least 4 and up to a maximum of 18 amino acids of 

the histone-like DNA-binding protein as set forth in SEQ ID NO: 29 and 

which is linked to (a) on the 5’-terminal side of (a). 
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 15. A cytosine deaminase-highly-expressing unit comprising a DNA fragment 

comprising:  

(i) a promoter and a terminator of the gene encoding the histone-like DNA-binding 

protein derived from a bacterium of the genus Bifidobacterium; and  

(ii) a DNA encoding cytosine deaminase positioned between the promoter and the 

terminator, wherein the DNA comprises:  

(a) a DNA sequence encoding an amino acid sequence which:  (1) deletes 

methionine at position 1; and (2) replaces aspartic acid at position 315 

with alanine from the amino acid sequence set forth in SEQ ID NO: 28, 

and  

(b) a DNA sequence which encodes the amino acid sequence corresponding 

to positions 1 through 9 of the histone-like DNA-binding protein as set 

forth in SEQ ID NO: 29 and which is linked to (a) on the 5’-terminal side 

of (a). 




