
WO 2009/128272PCT/JP2009/001768 Description Title of
Invention: EXPRESSION VECTOR Technical Field [0001]The
present invention relates to an expression vector used
in the construction of a transformed anaerobic
microorganism useful as a gene transporter for
anaerobic disease treatment, and a method for
constructing the expression vector. Furthermore, the
present invention relates to a gene transporter
comprising an anaerobic microorganism transformed by
the expression vector, a pharmaceutical composition
that contains the gene transporter, and an anaerobic
disease treatment agent that contains the gene
transporter. Background Art [0002]In the field of
genetic engineering, phages, animal or plant viruses,
plasmids, etc. are widely used as expression vectors
for transforming microorganisms. As transformant
microorganisms that are transformed and made to
express a target protein of a gene product, E. coli,
yeast, etc. are widely used. These transformed
microorganisms are aimed at expressing a target
protein, and utilization of the microorganisms
themselves is not contemplated. [0003]In recent years,
with regard to utilization of a transformed
microorganism itself, a method for treating a
malignant tumor has been attracting an attention in
which a transformed anaerobic bacterium is used as a
gene transporter; for example, a method of
transporting a gene to a tumor site using transformed
Clostridium (see e.g. Patent Publications 1 to 3) has
been proposed and, furthermore, application of
transformed Bifidobacterium longum to the treatment of
solid tumors has been suggested (see e.g. Nonpatent
Publications 1 and 2). [0004]Furthermore, with regard
to a transformed Bifidobacterium useful as a gene
transporter for treatment of a solid tumor, it has
been reported that Bifidobacterium longum transformed
so as to express cytosine deaminase (hereinafter,
called CD) can be expected to have an application in
an enzyme-prodrug therapy (see e.g. Patent Pub-
lication 4 and Nonpatent Publications 3 and 4). CD is
an enzyme that converts 5-fluorocytosine (hereinafter,
called 5-FC), which is a prodrug (precursor) of
5-fluorouracil (hereinafter, called 5-FU) that has an
antitumor activity, into 5-FU. [0005]Construction of
such a transformed bacterium requires an expression
vector. However, since an E. coli-derived plasmid
vector conventionally used for transforming E. coli in
the field of genetic engineering is naturally unable
to be replicated in bacteria other than E. coli, it is
necessary in the construction of the transformed
bacterium to modify a plasmid vector so that it is
capable of being replicated in the transformed  2 WO
2009/128272PCT/JP2009/001768 



bacterium. [0006]In the above publications, expression
vectors used in the construction of such transformed
bacteria for treatment of a malignant tumor have also
been reported, and Patent Publications 1 to 3 report
the shuttle plasmids pNTR500F, pCD540FT, etc., which
are replicated in both E. coli and Clostridium.
Furthermore, Patent Publication 4 reports the shuttle
plasmid pBLES100-S-eCD, and the shuttle plasmid
pBLES100 used for construction of the shuttle plasmid
pBLES100-S-eCD, which are replicated in both E. coli
and Bifidobacterium. [0007]In addition, the shuttle
plasmids pAV001-HU-eCD, which can transform Bifi-
dobacterium longum at a high efficiency of more than
100 times that of the shuttle plasmid pBLES100-S-eCD,
have also been reported (see e.g. Patent Publication
5). [0008]Furthermore, the shuttle plasmid
pAV001-HU-eCD-M968, which is a plasmid
single-nucleotide variant of the shuttle plasmid
pAV001-HU-eCD in which the DNA of the target gene
inserted into the shuttle plasmid pAV001 has been
partially varied, has been reported (see e.g. Patent
Publication 6). [0009]Furthermore, for example, the
shuttle plasmid pDG7, which is replicated in both E.
coli and Bifidobacterium, the shuttle plasmids pEBM3
and pECM2, which are replicated in both E. coli and
Clostridium, the shuttle plasmid pLP825, which is
replicated in both E. coli and Lactobacillus, etc.
have been reported (see e.g. Nonpatent Publication 5).
[0010]As hereinbefore described, various plas mid
vectors used for constructing a transformant other
than E. coli have been reported, they are all shuttle
vectors that are replicated in both E. coli and a
transformant bacterium other than E. coli, and there
is no known plasmid vector that is capable of being
replicated only in a non-E. coli transformant
bacterium. Citation List Patent Literature
[0011][Patent Publication 11 US Pat. No. 6416754
[Patent Publication 21 US Pat. No. 6652849 [Patent
Publication 31 US Pat. Laid-open No. 2003/0103952
[Patent Publication 41 JP, A, 2002-97144 [Patent
Publication 51 WO 2006-57289 [Patent Publication 61 WO
2007-136107 Non Patent Literature [0012][Nonpatent
Publication 11 Yazawa et al., Cancer Gene Ther., 7,
269-274 (2000) 



[Nonpatent Publication 21 Yazawa et al., Breast Cancer
Res. Treat., 66, 165-170 (2001)  3 WO
2009/128272PCT/JP2009/001768 [Nonpatent Publication 3]
Nakamura et al., Biosci. Biotechnol. Biochem., 66,
2362-2366 (2002) [Nonpatent Publication 4] Fujimori et
al., Curr. Opin. Drug Discov. Devel., 5, 200-203
(2002) [Nonpatent Publication 5] Alessandra Argnani et
al., Microbiology.; 142: 109-114 (1996) Summary of
Invention Technical Problem [0013]In a method for
treating a disease that is in an anaerobic environment
(hereinafter, called an anaerobic disease), such as a
solid tumor or an ischemic disease, using a
transformant gene transporter, the gene transporter to
be used is required to be a nonpathogenic, obligate
anaerobe that survives and proliferates only in
diseased tissue in an anaerobic state, and does not
survive or proliferate in normal tissue that is not in
an anaerobic state.  Furthermore, it is extremely
important that the transforming gene in the gene
transporter is not to be horizontally transferred to a
pathogenic bacterium, an aerobic bacterium or
facultative anaerobe other than the gene transporter,
and that, even if the transforming gene was
horizontally transferred, it is not to be replicated
in that bacterium. Because of this, an expression
vector used for constructing a transformant gene
transporter is desirably replicated only in the
transformant and not replicated in a bacterium other
than the transformant, in particular, not in a
pathogenic, or aerobic bacterium or facultative
anaerobe. [0014]Most of the expression vectors
reported so far have been shuttle vectors that are
replicated in both the transformant bacterium and a
bacterium other than the transformant bacterium, e.g.,
E. coli, and they are not expression vectors that are
replicated only in a non-E. Coli transformant.  It is
an object of the present invention to provide an
expression vector that is replicated only in a non-E.
coli transformant but is not replicated in a bacterium
other than the transformant and, in particular, not in
a pathogenic, or aerobic bacterium or facultative
anaerobe such as E. coli.  Furthermore, it is another
object of the present invention to provide a gene
transporter comopsed of an anaerobic microorganism
transformed by the expression vector, a pharmaceutical
composition that contains the gene transporter, and an
agent for the treatment of anaerobic disease that
contains the transformant bacterium. Solution to
Problem [0015]The present inventors have previously
selected a gene that expresses CD, among proteins
having the activity of converting an antitumor
substance precursor into an 



4 WO 2009/128272PCT/JP2009/001768 antitumor substance,
as a target gene; then have constructed the shuttle
plasmid pBLES100-S-eCD as a plasmid vector having the
target gene inserted thereinto, in which a plasmid of
E. coli carrying a CD-expressing gene and a
Bifidobacterium longum-derived plasmid are fused. The
inventors have found and reported that the Bi-
fidobacterium longum 105A/pBLES100-S-eCD generated by
recombining Bifidobacterium longum 105A using the
above is promising as a gene transporter useful for
the treatment of malignant tumors (Patent Publication
4). [0016]In order to further improve the fused
plasmid, the present inventors have reported Bi-
fidobacterium longum 105A/pAV001-HU-eCD-M968 and a
method for the construction thereof, in which the
plasmid pAV001-HU-eCD-M968, which is a plasmid
single-nucleotide variant of the plasmid
pAV001-HU-eCD, is produced by partially varying the
DNA of the inserted target gene, and Bifidobacterium
longum 105A is recombined using the above (Patent
Publication 6).   Since all of these plasmids are
shuttle plasmids that are replicated in both
Bifidobacterium and E. coli, when they are
horizontally transferred to E. coli from any cause,
they are replicated in E. coli. [0017]The present
inventors have carried out an intensive investigation
in order to solve the above problems, and have
constructed the plasmid pBifiCD by removing pUC on,
which is a fragment containing an origin of
replication for E. coli, from the above plasmid
pAV001-HU-eCD-M968. It has been confirmed that, an E.
coli JM109 competent cell (Takara Bio Inc.) was not
transformed with the plasmid pBifiCD of the present
inventionby a heat shock, and that there was no
possibility of horizontal transfer. [0018]A bacterium
transformed with the plasmid of the present invention,
for example, Bi- fidobacterium longum 105-A/pBifiCD
(National Institute of Technology and Evaluation
Patent Microorganisms Depositary (NPMD) Accession No.
NITE BP-491), which is a recombinant Bifidobacterium
longum 105-A, exhibits a good CD expression activity,
and it exhibits a marked tumor growth suppression
effect when used in combination with the prodrug 5-FC,
which is converted by said CD into the antitumor
substance 5-FU, indicating that it is promising as an
excellent therapeutic agent for a solid tumor.
Surprisingly, it has further been found that these
recombinant Bifidobacterium has a high plasmid
retention stability, and, furthermore, since they do
not contain an origin of replication for E. coli, even
if a horizontal transfer to E. coli occurs, there is
no possibility of their replication in E. coli.
Therefore, the recombinant bacterium is promising as
an extremely safe and high quality gene transporter.
[0019]Accordingly, the present invention relates to
<1> an expression vector that is a plasmid vector that
functions in an anaerobic mi- 5 WO
2009/128272PCT/JP2009/001768 croorganism, the
expression vector not containing a plasmid replication
unit that functions in E. coli, 



<2> the expression vector according to <1>, wherein
the anaerobic microorganism is an enterobacterium
other than E. coli, <3> the expression vector
according to <2>, wherein the enterobacterium other
than E. coli is a enterobacterium selected from the
group consisting of Bifidobacterium, Lactobacillus,
Enterococcus, Streptococcus, and Clostridium,
[0020]<4> the expression vector according to any one
of <1> to <3>, wherein the ex- pression vector
comprises (1) a plasmid replication unit that
functions in an anaerobic microorganism other than E.
coli and (2) a protein expression unit comprising a
DNA coding for a protein having target activity and a
DNA fragment comprising a promoter and a terminator
that function in the anaerobic microorganism,   <5>
the expression vector according to <4>, wherein the
plasmid replication unit that functions in an
anaerobic microorganism other than E. coli is a
plasmid replication unit that functions in an
anaerobic microorganism selected from the group
consisting of Bifidobacterium, Lactobacillus,
Enterococcus, Streptococcus, and Clostridium,  [0021]
<6> the expression vector according to <5>, wherein
the plasmid replication unit that functions in an
anaerobic microorganism other than E. coli is a
plasmid replication unit that functions in
Bifidobacterium,   <7> the expression vector according
to <6>, wherein the plasmid replication unit that
functions in Bifidobacterium is a pTB6 rep unit
comprising an OriV region and a RepB gene,   <8> the
expression vector according to <7>, wherein a gene
coding for the pTB6 rep unit comprising the OriV
region and the RepB gene is a DNA represented by the
nucleotidesequence from the 1796th to the 3391st
nucleotides of SEQ ID NO:4 or a single-nucleotide
polymorphism thereof, [0022]<9> the expression vector
according to any one of <4> to <8>, wherein the
promoter and the terminator that function in an
anaerobic microorganism are a promoter and a
terminator that function in a bacterium selected from
the group consisting of Bifidobacterium,
Lactobacillus, Enterococcus, Streptococcus, and
Clostridium,   <10> the expression vector according to
<9>, wherein the promoter and the terminator that
function in an anaerobic microorganism are a promoter
and a terminator that function in Bifidobacterium,
[0023]<11> the expression vector according to <10>,
wherein the promoter and the terminator that function
in Bifidobacterium are a promoter and a terminator of
a gene coding for a histone-like DNA-binding protein
that functions in a Bifidobacterium,   <12> the
expression vector according to <11>, wherein the
promoter and the terminator of a gene coding for a
histone-like DNA-binding protein that functions in 6
WO 2009/128272PCT/JP2009/001768 Bifidobacterium are a
promoter and a terminator of a gene coding for a
Bifidobacterium-derived histone-like DNA-binding
protein, [0024]<13> the expression vector according to
<12>, wherein the gene coding for a promoter and a
terminator of a gene coding for a histone-like
DNA-binding protein is DNA represented by the
nucleotide sequence from the 7th to the 367th and from
the 1676th to the 1789th nucleotides of SEQ ID NO:4,
respectively, or a single-nucleotide polymorphism
thereof,  <14> the expression vector according to <4>
to <13>, wherein the protein having target activity is
a protein having a therapeutic activity for a disease
that is in an anaerobic environment, 



<15> the expression vector according to <14>, wherein
the protein having a therapeutic activity for a
disease that is in an anaerobic environment is (a) a
protein having an antitumor activity or (b) a protein
having an activity of converting an antitumor
substance precursor into an antitumor substance,
[0025]<16> the expression vector according to <15>,
wherein the protein having a therapeutic activity for
a disease that is in an anaerobic environment is a
protein having an activity of converting an antitumor
substance precursor into an antitumor substance,  <17>
the expression vector according to <16>, wherein the
protein having an activity of converting an antitumor
substance precursor into an antitumor substance is
selected from the group consisting of cytosine
deaminase, nitroreductase, and betaglucuronidase,
<18> the expression vector according to <17>, wherein
the protein having an activity of converting an
antitumor substance precursor into an antitumor
substance is cytosine deaminase, [0026]<19> the
expression vector according to <18>, wherein a gene
coding for cytosine deaminase is a DNA represented by
the nucleotide sequence from the 395th to the 1675th
nucleotides of SEQ ID NO:4 or a single-nucleotide
polymorphism thereof,  <20> the expression vector
according to any one of <4> to <19> further comprising
(3) a selection marker activity gene unit, wherein the
selection marker activity is selected from the group
consisting of drug resistance, auxotrophy, and culture
medium selectivity,  <21> the expression vector
according to <20>, wherein the selection marker
activity is a drug resistance selected from the group
consisting of spectinomycin resistance, ampicillin
resistance, tetracycline resistance, neomycin
resistance, and kanamycin resistance,  <22> the
expression vector according to <21>, wherein the
selection marker activity is spectinomycin resistance,
1100271<23> the expression vector according to <22>,
wherein a DNA coding for a protein 7 WO
2009/128272PCT/JP2009/001768 exhibiting selection
marker activity is a DNA coding for spectinomycin
adenyltransferase, <24> the expression vector
according to <23>, wherein a DNA comprising a DNA
coding for spectinomycin adenyltransferase and a
promoter sequence thereof is a DNA represented by the
nucleotide sequence from the 3398th to the 4476th
nucleotides of SEQ ID NO:4 or a single-nucleotide
polymorphism thereof, and <25> the expression vector
according to <24>, comprising a DNA sequence
represented by the nucleotide sequence of SEQ ID NO:4
(pBifiCD). [0028]Furthermore, the present invention
relates to 



<26> a process for constructing an expression vector,
the process comprising  producing a shuttle plasmid
comprising (1) a plasmid replication unit that
functions in an anaerobic microorganism other than E.
coli and (2) a protein expression unit ccomprising a
DNA coding for a protein having target activity and a
DNA fragment comprising a promoter and a terminator
that function in the anaerobic microorganism, the
shuttle plasmid being replicated in both E. coli and a
host bacterium other than E. coli,  and removing from
the shuttle plasmid a plasmid replication unit that
functions in E. coli. [0029]Moreover, the present
invention relates to  <27> a gene transporter
comprising an anaerobic microorganism transformed by
the expression vector according to any one of <1> to
<25>,  <28> the gene transporter according to <27>,
wherein the anaerobic microorganism is an
enterobacterium other than E. coli,  <29> the gene
transporter according to <28>, wherein the
enterobacterium other than E. coli is selected from
the group consisting of Bifidobacterium,
Lactobacillus, Enterococcus, Streptococcus, and
Clostridium,  <30> the gene transporter according to
<29>, wherein the enterobacterium other than E. coli
is Bifidobacterium, [0030]<31> the gene transporter
according to <30>, wherein the Bifidobacterium is
selected from the group consisting of Bifidobacterium
adolescentis, Bifidobacterium animalis,
Bifidobacterium infantis, Bifidobacterium
thermophilum, Bifidobacterium pseudolongum,
Bifidobacterium bifidum, Bifidobacterium breve, and
Bifidobacterium longum,  <32> the gene transporter
according to <31>, wherein the Bifidobacterium is
Bifidobacterium longum, [0031]<33> the gene
transporter according to any one of <27> to <32>,
wherein it is capable of growing in a tumor tissue in
an anaerobic environment, and is capable of expressing
a protein having a therapeutic activity for a disease
that is in an anaerobic  8 WO
2009/128272PCT/JP2009/001768 environment, <34> the
gene transporter according to <33>, wherein it is
capable of growing within a tumor tissue that is in an
anaerobic environment, and the protein having a
therapeutic activity for a disease that is in an
anaerobic environment is (a) a protein having
antitumor activity or (b) a protein having an activity
of converting an antitumor substance precursor into an
antitumor substance, <35> the gene transporter
according to <34>, wherein it is capable of growing in
a tumor tissue that is in an anaerobic environment,
and the protein having a therapeutic activity for a
disease that is in an anaerobic environment is a
protein having an activity of converting an antitumor
substance precursor into an antitumor substance, 



[0032]<36> the gene transporter according to <35>,
wherein the protein having an activity of converting
an antitumor substance precursor into an antitumor
substance is selected from the group consisting of
cytosine deaminase, nitroreductase, and
betaglucuronidase,  <37> the gene transporter
according to <36>, wherein the protein having an
activity of converting an antitumor substance
precursor into an antitumor substance is cytosine
deaminase, and  <38> the gene transporter according to
<37>, wherein the gene transporter is Bifidobacterium
longum 105-A/pBifiCD (National Institute of Technology
and Evaluation Patent Microorganisms Depositary (NPMD)
Accession No. NITE BP-491). [0033]Furthermore, the
present invention relates to  <39> a pharmaceutical
composition comprising the gene transporter according
to any one of <27> to <38>,  <40> a pharmaceutical
composition comprising in combination the gene
transporter according to any one of <34> to <38>, and
an antitumor substance precursor that is converted
into an antitumor substance by a protein that the gene
transporter is capable of expressing and that has an
activity of converting the antitumor substance
precursor into the antitumor substance, and <41> the
pharmaceutical composition according to <40>, wherein
the protein having an activity of converting the
antitumor substance precursor into the antitumor
substance is cytosine deaminase, and the antitumor
substance precursor is 5-fluorocytosine.
[0034]Moreover, the present invention relates to  <42>
a therapeutic agent for a solid tumor comprising the
gene transporter according to any one of <34> to <38>
in an amount sufficient to express an effective
therapeutic dose of a protein having antitumor
activity,  <43> a therapeutic agent for a solid tumor
comprising in combination the gene transporter
according to any one of <34> to <38> in an amount
sufficient to express a  9 WO
2009/128272PCT/JP2009/001768 protein having an
activity of converting an antitumor substance
precursor into an effective therapeutic dose of an
antitumor substance, and an antitumor substance
precursor in an amount that can be converted into an
effective therapeutic dose of the antitumor substance,
the antitumor substance precursor being converted by
the protein that the gene transporter is capable of
expressing, and <44> the solid tumor treatment agent
according to <43>, wherein the protein having an
activity of converting an antitumor substance
precursor into an antitumor substance is cytosine
deaminase, and the antitumor substance precursor is
5-fluorocytosine. [0035]In the present application, a
DNA coding for (a) a protein having an antitumor 



activity or a DNA coding for (b) a protein having an
activity of converting an antitumor substance
precursor into an antitumor substance may hereinafter
be called 'a DNA coding for a target protein'.
Advantageous Effects of Invention [0036]The expression
vector of the present invention does not include an
origin of replication that functions in a bacterium,
in particular in E. coli, other than a transformant
bacterium, and it is a extremely safe vector that has
no possibility of being replicated in a bacterium
other than the transformed bacterium and, in
particular, not in a pathogenic, or aerobic or
facultative anaerobic bacterium, such as E. coli.   A
gene transporter transformed using the expression
vector of the present invention has a high plasmid
retention stability; and, as described above, even if
the vector was horizontally transferred to a bacterium
other than the transformant, in particular, to a
pathogenic, or aerobic or facultative anaerobic
bacterium, such as E. coli, there is no risk of being
replicated in such other bacterium. Therefore, the the
gene transporter of the present invention is
promissing as a highly safe, high-quality gene
transporter. Brief Description of Drawings [0037]
[fig. 1]A diagram showing a step of constructing a
selection marker plasmid (pSPCM-pUCori) (Step 1).
[fig.21A diagram showing a step of constructing a
selection marker activity protein plasmid
(pHU-eCDm-SPCM-pUCori) (Step 2). [fig.31A diagram
showing a step of constructing a shuttle plasmid
(pCDshuttle) (Step 3). [fig.41A diagram showing a step
of constructing the plasmid 'pBifiCD' (Step 4).
[fig.51A diagram showing the antitumor effect of B.
longum Re-105A/pBifiCD cloning strain. Description of
Embodiments [0038]The expression vector of the present
invention is a plasmid vector that functions in an
anaerobic bacterium and, in particular, an
enterobacterium other than E. coli, such as  10 WO
2009/128272PCT/JP2009/001768 Bifidobacterium,
Lactobacillus, Enterococcus, Streptococcus, or
Clostridium, and is an expression vector not
containing a plasmid replication unit that functions
in a bacterium, particularly E. coli, other than the
transformed bacterium. More specifically, it is, for
example, an expression vector comprising (1) a plasmid
replication unit that functions in an anaerobic
microorganism other than E. coli, and (2) a protein
expression unit comprising a DNA coding for a protein
having target activity and a DNA fragment comprising a
promoter and a terminator that function in the
anaerobic microorganism, and the expression vector
does not contain a plasmid replication unit that
functions in a bacterium other than the transformant
bacterium, particularly in E. coli. [0039]Most of the
plasmid vectors that have been reported so far are
constructed by fusing 



an E. coli-derived plasmid and a transformant
bacterium-derived plasmid, because of the accumulated
information on gene transfection techniques and the
assurance of transfection. They are shuttle vectors
that function in both E. coli and a transformant
bacterium, and are not expression vectors that
function only in a non-E. coli transformant bacterium.
The expression vector of the present invention is
characterized in that, for example, it consists
essentially of (1) a plasmid replication unit that
functions in an anaerobic microorganism other than E.
coli and (2) a protein expression unit consisting
essentially of a DNA coding for a protein having
target activity and a DNA fragment comprising a
promoter and a terminator that function in the
anaerobic microorganism, and the expression vector
does not contain a plasmid replication unit that
functions in a bacterium other than the transformant
bacterium, particularly E. coli. [0040]The plasmid
replication unit of the expression vector of the
present invention which functions in an anaerobic
microorganism other than E. coli may be any plasmid
replication unit, as long as it functions in an
anaerobic microorganism other than E. coli, for
example, in an enterobacterium such as
Bifidobacterium, Lactobacillus, Enterococcus,
Streptococcus, or Clostridium, and as long as it does
not function in an anaerobic microorganism other than
the transformant bacterium; examples thereof include a
plasmid replication unit that functions in an
anaerobic microorganism other than E. coli, for
example, in Bifidobacterium. Specific examples include
a pTB6 rep unit consisting essentially of an OriV
region and a RepB gene that function in
Bifidobacterium, or a single-nucleotide polymorphism
thereof. More specific examples include a DNA
represented by the nucleotide sequence from the 1796th
to the 3391st nucleotides of SEQ ID NO:4 or a
single-nucleotide polymorphism thereof.
[0041]Furthermore, the promoter and the terminator of
the protein expression unitof the ex- pression vector
of the present invention may be any promoter and
terminator, as long as they function in an anaerobic
microorganism, for example, in an enterobacterium 11
WO 2009/128272PCT/JP2009/001768 such as
Bifidobacterium, Lactobacillus, aEnterococcus,
Streptococcus, or Clostridium; examples thereof
include a promoter and a terminator of a gene coding
for a histonelike DNA-binding protein that functions
in an anaerobic microorganism, for example, promoter
and terminator DNA of a gene coding for a
Bifidobacterium-derived histone- like DNA-binding
protein or a single-nucleotide polymorphism thereof.
Specific examples include DNA represented by the
nucleotide sequence from the 7th to the 367th and from
the 1676th to the 1786th nucleotides of SEQ ID NO:4,
respectively, or a single-nucleotide polymorphism
thereof. [0042]Moreover, the expression vector of the
present invention may further comprise (3) a selection
marker activity gene unit. The selection marker
activity possessed by the ex- pression vector of the
present invention is not particularly limited as long
as it is capable of selecting an anaerobic
microorganism transformed by the plasmid vector of the
present invention; examples thereof include a drug
resistance marker such as spectinomycin resistance,
ampicillin resistance, tetracycline resistance,
neomycin resistance, or kanamycin resistance, and
auxotrophy, and spectinomycin resistance is
preferable. [0043]Examples of the selection marker
activity gene unit include, for example, a DNA
containing a DNA coding for a protein exhibiting
spectinomycin resistance activity or a
single-nucleotide variant thereof and a promoter
sequence thereof; for example, a DNA coding for
Enterococcus faecalis-derived spectinomycin
adenyltransferase (hereinafter, called AAD9 cassette)
or a single-nucleotide polymorphism thereof. A
specific examples include a DNA represented by the
nucleotide sequence from the 3398th to the 4476th
nucleotides of SEQ ID NO:4 or a single-nucleotide
polymorphism thereof.   The 'single-nucleotide
variant' referred to in the present invention means a
single-nucleotide polymorphism in which a nucleotide
of at least one site has been altered (hereinafter,
called a SNP), and includes not only a SNP at only one
site but also SNPs at a plurality of sites. [0044]A
gene which is imcorporated into the protein expression
unit of the expression 



vector of the present invention may be, for example,
when the therapeutic agent for an anaerobic disease of
the present invention is used as a therapeutic agent
for a malignant tumor, any gene as long as it
expresses a protein having antitumor activity or a
protein having an activity of converting an antitumor
substance precursor into an antitumor substance, and
as long as it is not DNA that inhibits transformation
such as a giant DNA (at least about 10 kb) or a DNA
that is toxic to recipient cells. [0045]The protein
expressed by said gene having antitumor activity
includes, for example, a cytokine, and specific
examples of the cytokine include interferons
(IFN)-alpha, beta, and gamma, granulocyte macrophage
colony stimulating factor (GM-CSF), in- 12 WO
2009/128272PCT/JP2009/001768 terleukins (IL)-1 alpha,
1 beta, 2, 3, 4, 6, 7, 10, 12, 13, 15, and 18, tumor
necrosis factor (TNF)-alpha, lymphotoxin (LT)-beta,
granulocyte colony stimulating factor (G-CSF),
macrophage colony stimulating factor (M-CSF),
macrophage migration inhibition factor (MIF), leukemia
inhibitory factor (LIF), T-cell activation
costimulatory factors B7 (CD80) and B7-2 (CD86), KIT
ligand, and oncostatin M. Furthermore, examples
include angiogenesis suppressing substances such as
endostatin, angiostatin, and kringles 1, 2, 3, 4, and
5. The sequences of these proteins are known for
various organisms, and a DNA coding for a protein
having antitumor activity used in the present
invention may be obtained by utilizing a known
technique such as a PCR method based on the sequence
information. [0046]Furthermore, examples of the
protein having an activity of converting an antitumor
substance precursor into an antitumor substance
include: cytosine deaminase (hereinafter, called CD),
which is an enzyme that converts 5-fluorocytosine
(hereinafter, called 5-FC) into the antitumor-active
substance 5-fluorouracil (hereinafter, called 5-FU);
nitroreductase, which is an enzyme that converts
5-aziridino-2,4-dinitrobenzamide (hereinafter, called
CB 1945) into an antitumor-active alkylating agent;
herpes simplex virus 1 type thymidine kinase
(hereinafter, called HSV1-TK), which is an enzyme that
converts ganciclovir into an antitumor-active
metabolite; and beta-glucuronidase, which is an enzyme
that converts a glucuronidated antitumor-active
substance into an antitumor active substance.
Preferred examples include CD, which is the enzyme
that converts 5-FC into 5-FU. [0047] A DNA coding for
CD may be, for example, plasmid pAdex 1 CSCD (Riken
Gene Bank RDB No. 1591), which contains DNA coding for
E. coli-derived CD, or one isolated from plasmid
pMK116, which similarly contains a DNA coding for E.
coliderived CD (D. A. Mead et al., Protein Engineering
1: 67-74 (1986)).   Examples of the DNA coding for E.
coli-derived CD include DNA represented by the
nucleotide sequence of the 395th to the 1675th
nucleotides of SEQ ID NO:4 or a single-nucleotide
polymorphism thereof. [0048]Furthermore, when the
therapeutuc agent for an anaerobic disease of the
present invention is used as a therapeutic agent for
an ischemic disease, a protein having angiogenic
promoting activity, which is useful for treatment of
an ischemic disease, can be useed as a gene
imcorporated into a protein expression unit of the
expression vector of the present invention. Specific
examples include fibroblast growth factor 2 (FGF2),
endothelial cell growth factor (ECGF), vascular
endothelial growth factor (VEGF), and hepatocyte
growth factor (HGF).   Similarly, the sequences of
these proteins are known for various organisms, and a
DNA coding for a protein having angiogenic promoting
activity used in the present 13 WO
2009/128272PCT/JP2009/001768 invention may be obtained
by utilizing a known technique such as a PCR method
based on the sequence information. [0049]The vector of
the present invention includes any vector as long as
it is a plasmid comprising, for example, a plasmid
replication unit that functions in an anaerobic
microorganism other than E. coli, a protein expression
unit comprising a DNA coding for a protein having
target activity and a DNA fragment containing a
promoter and a terminator that function in the
anaerobic microorganism, and a selection marker
activity gene unit, and as long as the plasmid being
capable of functioning within an anaerobic
microorganism when transformed into the anaerobic
microorganism, and as long as the plasmid does not
contain a plasmid replication unit that functions in a
bacterium other than the transformant bacterium,
particularly E. coli. 



[0050]Examples include a plasmid constructed by
imcorporating into the shuttle plasmids pBLES100
(Patent Publication 4), pAV001 (Patent Publication 5),
pBRASTA101(Tanaka et al.,2005, Biosci. Biotechnol.
Biochem., 69(2): 422-425), pDG7, pEBM3, pECM2, pLP825,
etc. (Nonpatent Publication 5), which have been
reported in the publications, a protein expression
unit comprising a DNA coding for a given protein
having target activity and a DNA fragment comprising a
promoter and a terminator that function in the
anaerobic microorganism, and removing a plasmid
replication unit that functions in E. coli.
[0051]Other examples thereof include those constructed
by recombining a protein ex- pression unit which has
been imcorporated into the plasmid, e.g., pNTR500F,
pCD540FT, etc. (Patent Publications 1 to 3),
pBLES100-S-eCD (Patent Publication 4), pAV001-HU-eCD
(Patent Publication 5), pAV001-HU-eCD-M968 (Patent
Publication 6), etc., with another given protein
expression unit, and further removing a plasmid
replication unit that functions in E. coli.
[0052]Specific examples of the expression vector of
the present invention include, for example, a vector
that has a pTB6 rep unit comprising a RepB gene and an
OriV region that function in a Bifidobacterium as the
plasmid replication unit that functions in an
anaerobic microorganism other than E. coli, and a
promoter and a terminator of a gene coding for a
Bifidobacterium-derived histone-like DNA-binding
protein as the DNA fragment containing the promoter
and the terminator that function in the anaerobic
microorganism, and a DNA coding for the CD enzyme that
converts 5-FC into 5-FU as the DNA coding for the
protein having target activity, and a DNA (AAD9
cassette) coding for Enterococcus faecalis-derived
spectinomycin adenyltransferase as the selection
marker activity gene unit.  More specific examples
include pBifiCD, which is represented by the
nucleotide sequence of SEQ ID NO:4. 1100531The vector
of the present invention may be constructed by, for
example, the 14 WO 2009/128272PCT/JP2009/001768
following method. For example, the vector of the
present invention may be constructed by  (1)
constructing a plasmid comprising a origin of
replication of E. coli, for example pUC ori, and a
selection marker activity gene unit, for example an
AAD9 cassette (hereinafter, called a selection marker
plasmid) (hereinafter, called Step 1),  (2) preparing
a linear plasmid of the selection marker plasmid,
ligating it with a promoter and a terminator, for
example, a promoter and a terminator of a gene coding
for a Bifidobacterium-derived histone-like DNA-binding
protein, and (a) a protein having an antitumor
activity or (b) a protein having an activity of
converting an antitumor substance precursor into an
antitumor substance, for example, a fragment
comprising a CD (hereinafter, called protein
expression unit), to construct a plasmid having a
selection marker activity gene unit and a protein
expression unit (hereinafter, called a selection
marker activity protein plasmid) (hereinafter, called
Step 2), [0054](3) preparing a linear plasmid of this
selection marker -active protein plasmid, ligating it
with a plasmid replication unit that functions in an
anaerobic microorganism other than E. coli, for
example, a DNA fragment of a pTB6 rep unit comprising
a RepB gene and an OriV region that function in a
Bifidobacterium (hereinafter, called a plasmid
replication unit), to construct a plasmid having an E.
coli origin of replication and a selection marker
activity gene unit, a protein expression unit, and a
plasmid replication unit (hereinafter, called a
shuttle plasmid) (hereinafter, called Step 3), and
(4) removing the E. coli origin of replication from
this shuttle plasmid (hereinafter, called Step 4).
The procedure of each step may be carried out in
accordance with a known method described in the
literature. [0055]The vector may also be constructed
by imcorporating, by a standard method, a 



protein expression unit comprising a DNA coding for a
given protein having target activity and a DNA
fragment containing a promoter and a terminator that
function in the anaerobic microorganism into the
above-mentioned various shuttle plasmids such as the
shuttle plasmids pBLES100 (Patent Publication 4),
pAV001 (Patent Publication  5), pBRASTA101 (Tanaka et
al., 2005, Biosci. Biotechnol. Biochem., 69(2):
422-425), pDG7, pEBM3, pECM2, pLP825, etc. (Nonpatent
Publication 5) pNTR500F, pCD540FT, etc. (Patent
Publications 1 to 3), followed by similarly removing a
plasmid replication unit functioning in E. coli by a
standard method. [0056]Furthermore, in the same manner
as for the above plasmid pBifiCD of the present
invention in which the pUC ori of the fragment
containing the E. coli origin of replication is
removed from the plasmid pAV001-HU-eCD-M968 (Patent
Publication  6), the vector of the present invention
may also be constructed by removing a plasmid
replication unit functioning in E. coli from the
plasmids pNTR500F, pCD540FT 15 WO
2009/128272PCT/JP2009/001768 (Patent Publication 1 to
3), pBLES100-S-eCD (Patent Publication 4),
pAV001-HU-eCD (Patent Publication 5), etc.
[0057]Moreover, the vector of the present invention
may also be constructed by re- combining a protein
expression unit that has been imcorporated into the
plasmids pNTR500F, pCD540FT (Patent Publication 1 to
3), pBLES100-S-eCD (Patent Publication 4),
pAV001-HU-eCD (Patent Publication 5),
pAV001-HU-eCD-M968 (Patent Publication 6), etc. with
another given protein expression unit, and then
removing therefrom a plasmid replication unit that
functions in E. coli. [0058]The gene transporter for
the treatment of an anaerobic disease of the present
invention may be constructed by transforming a given
anaerobic microorganism that is transformed in
accordance with a known genetic engineering method
using the expression vector of the present invention.
Since the anaerobic microorganism transformed by the
expression vector of the present invention is used in
an agent for treating an anaerobic disease such as a
solid tumor, it is essential for this anaerobic
microorganism to be obligately anaerobic and
nonpathogenic; pathogenic bacteria such as Clostridium
or Salmonella may be used if they are made
nonpathogenic, and a facultative anaerobe such as a
Lactobacillus may be used if it has mutated so as to
be obligately anaerobic.   Preferred examples include
nonpathogenic anaerobic bacteria; nonpathogenic
enter-obacteria are more preferable, and among them
bifidobacteria are most preferable. [0059]Examples of
the bifidobacteria include Bifidobacterium
adolescentis, Bifi- dobacterium animalis,
Bifidobacterium infantis, Bifidobacterium
thermophilum, Bifidobacterium pseudolongum,
Bifidobacterium bifidum, Bifidobacterium breve, and
Bifidobacterium longum, and Bifidobacterium longum is
the most preferable. These bacteria are either
commercially available or readily available from a de-
pository institution. For example, Bifidobacterium
longum ATCC-15707, Bifidobacterium bifidum ATCC-11863,
Bifidobacterium infantis ATCC-15697, etc. may be
readily obtained from ATCC (The American Type Culture
Collection). [0060]The strain of each bacterium is not
particularly limited, and examples of the strain of
Bifidobacterium longum include Bifidobacterium longum
105-A strain, Bifidobacterium longum aE-194b strain,
Bifidobacterium longum bs-601 strain, and
Bifidobacterium longum M101-2 strain, and among them
Bifidobacterium longum 105-A strain is preferable. 



Examples of the strain of Bifidobacterium breve
include Bifidobacterium breve standard strain
(JCM1192), Bifidobacterium breve aS-1 strain, and
Bifidobacterium breve 1-53-8W strain, and among them
Bifidobacterium breve standard strain and
Bifidobacterium breve aS-1 strain are preferable.
1100611Examples of the strain of Bifidobacterium
infantis include Bifidobacterium infantis 16 WO
2009/128272PCT/JP2009/001768 standard strain (JCM1222)
and Bifidobacterium infantis 1-10-5 strain, and among
them Bifidobacterium infantis standard strain and
Bifidobacterium infantis 1-10-5 strain are preferable.
Furthermore, examples of the strain of Bifidobacterium
lactentis include Bifidobacterium lactentis standard
strain (JCM1220). [0062]The gene transporter of the
present invention is a gene transporter comprising an
anaerobic microorganism transformed by the expression
vector of the present invention, and is not
particularly limited as long as it is capable of
growing in tissue that is in an anaerobic environment
and be capable of expressing a protein having target
activity, and, moreover, is having little or no
possibility of being horizontally transferred to a
bacterium other than the transformant, in particular
to a pathogenic, or aerobic or facultative anaerobic
microorganism. [0063]Preferred examples of the gene
transporter of the present invention include a gene
transporter that is capable of growing in tumor tissue
that is in an anaerobic environment and is capable of
expressing a protein having activity of converting an
antitumor substance precursor into an antitumor
substance. A more preferred examples include a gene
transporter comprising Bifidobacterium that is capable
of growing in tumor tissue that is in an anaerobic
environment and is capable of expressing a CD enzyme
that converts 5-FC into 5-FU. Aparticularly preferred
examples include Bifidobacterium longum 105-A strain
transformed by pBifiCD (Bifidobacterium longum
105-A/pBifiCD; NPMD Reference No. NITE ABP-491)
deposited with Incorporated Administrative Agency
National Institute of Technology and Evaluation Patent
Mi- croorganisms Depositary (NPMD) (Post code
292-0818, 2-5-8 Kazusakamatari, Kisarazu-shi,
Chiba-ken, Japan) as Accession NO: NITE BP-491 on
February 19, 2008. [0064]Construction of the gene
transporter of the present invention may be carried
out in accordance with a method described in a
commercial experimental textbook such as, for example,
Gene Manual (Kodansha), Gene Manipulation Experimental
Method, Ed. by Yasuyuki Takagi (Kodansha), Molecular
Cloning, Cold Spring Harbor Laboratory (1982),
Molecular Cloning 2nd Edition, Cold Spring Harbor
Laboratory (1989), or Methods in Enzymol., 194 (1991).
[0065]The pharmaceutical composition of the present
invention is not particularly limited as long as it
contains the gene transporter of the present
invention. Furthermore, the therapeutic agent for an
anaerobic disease of the present invention is not
particularly limited as long as it contains the gene
transporter of the present invention.   Moreover, the
pharmaceutical composition or the therapeutic agent
for an anaerobic disease of the present invention may
contain two or more of the gene transporter of the
present invention. 17 WO 2009/128272PCT/JP2009/001768
Furthermore, the pharmaceutical composition or the
therapeutic agent for an anaerobic disease of the
present invention may be used in combination with a
pharmaceutical composition or a therapeutic agent for
an anaerobic disease that contains, other than the
gene transporter of the present invention, a compound
exhibiting an anaerobic disease treating effect.
[0066]Moreover, the pharmaceutical composition or the
therapeutic agent for an anaerobic 



of the present invention may contain additional
components other than the gene transporter of the
present invention as long as the effect of the present
invention is not impaired. Examples of such additional
components include a pharmaceutically acceptable
support, an excipient, and a diluent. [0067]The dosage
form of the pharmaceutical composition or the
anaerobic disease treatment agent of the present
invention is not particularly limited, and examples
thereof include a liquid agent or a solid preparation
containing the gene transporter of the present
invention. The liquid agent may be produced by
purifying a culture fluid of an anaerobic bacterium of
the gene transporter of the present invention, adding
thereto as required an appropriate physiological
saline, fluid replacement, or medicinal additive, and
filling an ampoule, vial, etc. therewith. The solid
preparation may be produced by adding an appropriate
protectant to a liquid agent, filling an ampoule,
vial, etc. therewith, and then lyophilizing or
L-drying, or by adding an appropriate protectant to a
liquid agent, lyophilizing or L-drying this, and then
filling an ampoule, vial, etc. therewith. With regard
to a method for administering the pharmaceutical
composition or the anaerobic disease treatment agent
of the present invention, both oral administration and
parenteral administration are possible, but parenteral
administration is preferable and, for example,
intravenous injection, subcutaneous injection, local
infusion, or intracerebroventricular administration
can be carried out, and intravenous injection is most
preferable. [0068]The dose of the gene transporter of
the pharmaceutical composition or the anaerobic
disease treatment agent of the present invention is
not particularly limited as long as it is an amount
sufficient for growing at a disease site and
expressing an effective therapeutic dose of an active
protein. However, from an economic point of view and
for the purpose of minimizing side effects, the dose
is preferably as small as possible within a range that
can give a required therapeutic effect. [0069]The dose
of the gene transporter in the pharmaceutical
composition or the therapeutic agent for an anaerobic
disease of the present invention is appropriately
selected according to the severity of a disease, and
the weight, age or gender of a patient, and may
appropriately be increased or decreased according to
the degree of improvement.   For example, when the
anaerobic disease treatment agent of the present
invention is used as a solid tumor treatment agent,
the dose is appropriately determined according  18 WO
2009/128272PCT/JP2009/001768 to the antitumor activity
exhibited by the anaerobic microorganism itself, the
type of protein having antitumor activity produced by
the anaerobic microorganism used, the effective
therapeutic dose of the antitumor substance converted
from the antitumor substance precursor, the amount of
active protein produced by the anaerobic microorganism
used, etc. [0070]Specifically, in the case of
intravenous administration, since it is particularly
necessary to reduce a risk such as an embolization due
to a mass of bacteria, it is preferable to use an
injection at a concentration as low as possible,
divide the injection into a plurality of injections,
or dilute the injection with an appropriate fluid
replacement and administered by continuous infusion.
For example, in the case of an adult, 106 to 1012 cfu
per kg body weight per day of the cells of the
anaerobic microorganism of the present invention are
administered divided into 1 to a plurality of times,
successively or at intervals as appropriate, for 1 to
a plurality of days. More specifically, 1 to 1000 mL
per adult of a preparation containing 104 to 1010
cfu/mL of the cells of the anaerobic microorganism of
the present inventionis administered, directly or
diluted with an appropriate fluid replacement, and
divided into once to a plurality of times per day for
1 to several successive days. [0071]Furthermore, in
the case of local administration involving direct
administration to diseased tissue, since it is
required that the bacterial cells colonize and
proliferate in the entire diseased tissue as much as
possible, it is desirable to administer a high con- 



centration injection at a plurality of positions of
the diseased tissue. For example, in the case of an
adult, 106 to 1012 cfu per kg weight of the cells of
the anaerobic microorganism of the present invention
are administered once or a plurality of times per day,
and successively or at intervals as appropriate for 1
day to a plurality of days as necessary. More
specifically, 1 to 1000 mL per adult of a preparation
containing 104 to 1010 cfu/mL of the cells of the
anaerobic microorganism of the present invention is
administered directly, preferably once to a plurality
of times per day, and successively for 1 to several
days as necessary. When it is observed that the
bacteria in the diseased tissue have disappeared
during the treatment period, the treatment is first
suspended, and then bacteria are administered in the
similar manner as above. [0072]When the gene
transporter or the anaerobic disease treatment agent
of the present invention is an anaerobic bacterium
into which is inserted a gene that is capable of
expressing a protein having an activity of converting
an antitumor substance precursor into an antitumor
substance, the pharmaceutical composition or the
therapeutic agent for a solid tumor of the present
invention containing the gene transporter as an active
component is used in a combination with an amount of
an antitumor substance precursor that can be converted
into an effective amount of an antitumor substance by
19 WO 2009/128272PCT/JP2009/001768 the protein
expressed by the gene transporter. This antitumor
substance precursor may be contained in the
pharmaceutical composition or the therapeutic agent
for a solid tumor containing the gene transporter of
the present invention as an active component, but it
is preferably used as a pharmaceutical composition
containing the antitumor substance precursor in
combination with a pharmaceutical composition or
therapeutic agent for a solid tumor containing the
gene transporter of the present invention as an active
component. [0073]The antitumor substance precursor
used in the present invention is not particularly
limited as long as it is an antitumor substance
precursor that has few side effects on normal tissue
in the precursor (prodrug) state and has a high
therapeutic effect on the solid tumors as the target
for treatment after being converted into an antitumor
substance. The examples include 5-FC, which is a
prodrug of 5-FU; CB 1945, which is converted into an
antitumor -active alkylating agent; ganciclovir, which
is converted into an antitumor-active metabolite; and
a glucuronidated antitumor-active substance. [0074]In
this way, when the pharmaceutical composition or the
therapeutic agent for a solid tumor of the present
invention is used in combination with an antitumor
substance precursor, the method for administering the
pharmaceutical composition or the therapeutic agent
for a solid tumor of the present invention may be the
same as or different from the method for administering
the pharmaceutical composition containing the
antitumor substance precursor, and these
administrations may be carried out at the same time or
at separate times; administration of the
pharmaceutical composition containing the antitumor
substance precursor is preferably carried out after
allowing a sufficient time for the gene transporter of
the present invention to grow on the tumor cells after
the pharmaceutical composition or the solid tumor
treatment agent of the present invention is
administered. [0075]Furthermore, when the
pharmaceutical composition or the therapeutic agent
for a solid tumor of the present invention is used in
combination with an antitumor substance precursor,
since a gene transporter colonizes and proliferates
only in tumor cell tissue that is in an anaerobic
environment and locally produces an active protein
there, compared with a method for treating a solid
tumor using a normal antitumor substance precursor,
side effects can be greatly suppressed, and the dose
of the antitumor substance precursor can be set in a
wide range. 



[0076]The form of the pharmaceutical composition
containing an antitumor substance precursor is not
particularly limited, and it may be any of a normal
oral preparation such as powder, tablet, or capsule or
parenteral preparation such as suppository or
injection. Such a pharmaceutical composition may be
produced by a normal pharmaceutical method. The dose
of the antitumor substance precursor may be selected
appropriately 20 WO 2009/128272PCT/JP2009/001768
according to the growth rate in the tumor tissue of
the gene transporter used in combination and the
efficiency of conversion of the antitumor substance
precursor into the antitumor substance. In the same
way as for the dose of the gene transporter, it may be
selected as appropriate according to the severity of a
disease, and the weight, age or gender of a patient,
and may be increased or decreased as appropriate
according to the degree of improvement. For example,
in actual treatment, the dose is set appropriately
according to the types of antitumor substance
precursor used and converted antitumor substance, the
effective therapeutic dose of the antitumor substance
converted from the antitumor substance precursor, the
type of active protein produced by an anaerobic
microorganism having the activity of converting the
antitumor substance precursor into the antitumor
substance, and the amount of active protein produced
by the anaerobic microorganism used, etc.
[0077]Specifically, for example, when a pharmaceutical
composition containing as an active component
Bifidobacterium longum 105-A/pBifiCD (NITE BP-491)
having a CD gene induced thereinto, which is a gene
transporter of the present invention, and a
pharmaceutical composition containing as an active
component the antitumor substance precursor 5-FC are
administered in combination, after it is confirmed
that the bacteria have colonized and proliferated in
tumor tissue and the bacteria have disappeared from
blood and normal tissue, 5-FC is administered at 1 to
100 mg/day per kg weight of an adult once or a
plurality of times per day successively during a
treatment period. The administration method is
preferably oral administration, but parenteral
administration such as intravenous administration or
anal administration may be carried out. [0078]'In a
combination of X and Y' referred to in the present
invention includes a case in which X and Y are in
different configurations and a case in which X and Y
are in the same configuration (e.g. a configuration
containing X and Y). When X and Y are in different
configurations, X and Y may each further contain
another component. [0079]The pharmaceutical
composition or the therapeutic agent for an anaerobic
disease of the present invention may be applied to a
disease that is in an anaerobic environment, and
preferably to various types of solid cancers. Examples
of the solid cancer include large bowel cancer, brain
tumor, head and neck cancer, breast cancer, lung
cancer, esophageal cancer, stomach cancer, liver
cancer, gallbladder cancer, bile duct cancer,
pancreatic cancer, islet cell cancer, chorionic
cancer, colonic cancer, renal cell cancer, adrenal
cortex cancer, bladder cancer, testicular cancer,
prostate cancer, testicular tumor, ovarian cancer,
uterine cancer, thyroid cancer, malignant carcinoid
tumor, skin cancer, malignant melanoma, osteosarcoma,
soft tissue sarcoma, neuroblastoma, Wilms' tumor,
retinoblastoma, melanoma, and squamous cancer.  21 WO
2009/128272PCT/JP2009/001768 Furthermore, examples of
other diseases that are in an anaerobic environment
include ischemic diseases such as cardiac infarction
or arteriosclerosis obliterans, and lower limb
ischemic diseases such as Buerger's disease. 



Examples [0080]The present invention is explained more
specifically below by reference to Reference Examples
and Examples, but the technical scope of the present
invention is not limited to these Examples. <Reference
Example 1> Preparation of DNA template   The
concentration of plasmid DNA used as a template in
each Example was adjusted to 10 pg/microliter using
0.1x TE and stored in a freezer at -30 degree C until
use. Each plasmid DNA used as a template is shown in
Table 1 below. [0081] [Table 11 Table 1 Plasmid
components and these roles in the new plasmid  Name
Plasmid Component AAD 9 cassette  Role in the new
plasmid     pBLES100  



SPCM resistance gene (containing Spectinomysin
adenyltransferase CDS, its promoter, ribosome binding
region, terminator) pBLES100pTB6 (OriV andReplication
unit in Bifidobacterium RepB)longum pBluescript II
SK+pUC onReplication origin in Escherichia coil
pAV001-HU-eCD-M968 From HU promoterCD gene (containing
HU promoter, toribosome binding region, HU
terminatorHU-eCD-M968 CDS, terminator [0082]
<Reference Example 2> Preparation of primer  Each
primer used for PCR amplification and for checking was
dissolved using 0.1x TE to give a 100 micromolar stock
solution. This was further diluted with 0.1x TE to
give a 20 micromolar primer solution. It was stored in
a freezer at -30 degree C until use. The primers used
are shown in Table 2 below. 1100831  22 WO
2009/128272PCT/JP2009/001768 [Table 2] [0084]
<Reference Example 3> Agarose gel electrophoresis  



Agarose gel electrophoresis in each Example below was
carried out as follows.   A sample was diluted by on
the order of 10 times using 0.1x TE as necessary and
subjected to electrophoresis using 0.8% or 2% agarose
gel for analysis and lx TBE buffer (containing 0.5
microgram/mL ethidium bromide). The concentration of
the agarose gel was determined according to the size
of the DNA sample. By subjecting a DNA molecular
weight marker to electrophoresis at the same time in a
different lane,  23 WO 2009/128272PCT/JP2009/001768
the DNA size of the sample was checked. When it was
necessary to quantitatively measure a sample, a
quantitative marker such as FastRuler DNA Ladder, Low
Range (Fermentas), or FastRuler DNA Ladder, Middle
Range (Fermentas) was used. The quantity of each band
of the quantitative marker was on the order of 5 ng to
50 ng. After the electrophoresis, the gel was
irradiated with UV, and the DNA concentration of the
sample was estimated by comparing the DNA
concentration of the quantitative marker and that of
the sample. [0085]<Example 1> Construction of
selection marker plasmid (pSPCM-pUCori) (Step 1)   The
plasmid pSPCM-pUCori was constructed in accordance
with the procedure below. (1) Preparation of pUC on
fragment (about 700 bp) Examination of conditions for
PCR amplification of pUC on   Using pBluescript II SK+
as a template, a PCR mixture was prepared on ice by
adding, to a sterilized 0.2 mL PCR tube (Bio-BIK), 5
microliter of 10 pg/microliter pBluescript II SK+, 10
microliter of 5x PrimeStarTm buffer, 4 microliter of a
dNTP mixture (2.5 mM each), 0.5 microliter of 20
micromolar pUCori-F1 primer, 0.5 microliter of 20
micromolar pUCori-R1 primer, 0.5 microliter of
PrimeSTARHs DNA polymerase, and 29.5 microliter of
sterile purified water. [0086]A thermal cycler was set
up under the conditions below, after the block
temperature reached 98degree C the tube was placed
thereon, and PCR was carried out. [Math. 1] Denature
98C 10 



sec   Anneal 45C 5 sec x 30 cycles Extension 72C 40
sec _-    72C 60 sec 



4C 00    1 microliter and 3 microliter of the reaction
mixture after the completion of PCR were subjected to
the agarose gel electrophoresis presented in Reference
Example 3, thus checking the PCR product. As the gel,
2% analytical agarose gel was used. From the result of
agarose gel analysis, it was confirmed that there was
amplification of a target single band at about 700 bp,
and the yield was about 1 microgram. [0087]Additional
PCR   Additional PCR was carried out under the
conditions set above for 5 tubes, and in total about
10 microgram of PCR product was obtained. Purification
(protein removal and concentration)   24 WO
2009/128272PCT/JP2009/001768 After all of the PCR
reaction mixtures were combined, they were purified
using a QIAquick PCR purification kit (Qiagen), and
primer and protein were removed by a standard method.
For DNA elution, 50 microliter of 0.1x TE was used.
The purified PCR product was diluted by 10 times with
0.1x TE, and quantified using agarose gel
electrophoresis. As the gel, 2% analytical agarose gel
was used. 



[0088]Treatment of PCR product with restriction enzyme
The purified PCR product was cleaved as follows using
restriction enzymes Bcu I and Bgl II.   10 microliter
of 10x Buffer 0 (buffer included with enzyme) and 55
units of Bgl II were added to 5 microgram of the
purified PCR product, and the total amount was made up
to 100 microliter using 0.1x TE. After incubating at
37 degree C for 2 hours, protein was removed in
accordance with a method described in Reference
Example 4. 30 microliter of 10x Buffer Tango (buffer
included with enzyme) and 255 units of Bcu I were
added thereto, and the total amount was made up to 300
microliter using 0.1x TE. After incubating at 37
degree C for 2 hours, the mixture was purified using a
QIAquick PCR purification kit (Qiagen) and eluted with
50 microliter of 0.1x TE. [0089]Fractionation by
agarose gel and excision    The PCR product cleaved by
the restriction enzyme and 1/10 of the amount thereof
of 10x Loading buffer (Takara Bio Inc.) were mixed
well to give a sample for elec- trophoresis. 2%
agarose gel for purification was set in an
electrophoresis vessel (Mupid, Cosmo Bio Co., Ltd.)
charged with lx TAE buffer (with 0.5 microgram/mL of
ethidium bromide), the electrophoresis sample was
applied thereto, and electrophoresis was carried out
at 50 V in a low temperature room (set at 4degree C).
A molecular weight marker (FastRuler DNA ladder, Low
Range, Fermentas) was run in a separate lane at the
same time.   The DNA mobility was ascertained by
irradiating the agarose gel with UV at 365 nm using a
UV hand monitor (UVP). 130 minutes after starting
electrophoresis, when a target band at about 700 bp
reached a position about 1/2 way along the gel, the
elec- trophoresis was ended, and the gel was taken out
of the electrophoresis vessel.   While irradiating the
gel with UV at 365 nm, the target DNA band was excised
using a sterilized knife blade (Sterile Surgical
Blades, Ruettgers HmbH & Co. KG). The excised gel was
finely sliced and placed in a sterilized 2 mL
microtube, whose weight was measured in advance.
[0090]DNA elution from agarose gel  The weight of the
2 mL microtube with the excised gel was measured, and
the gel weight was calculated by subtracting the
pre-measured weight of the empty tube therefrom. DNA
was extracted from the gel using a QIAquick Gel
Extraction Kit in accordance with the product
instructions. Elution of DNA in the final step
employed 50  25 WO 2009/128272PCT/JP2009/001768
microliter of 0.1x TE. Part of the purified PCR
product was diluted by 10 times with 0.1x TE, and the
purified PCR product was quantitatively analyzed using
a spectrophotometer. Agarose gel electrophoresis was
carried out using 2% analytical agarose gel. With
regard to the DNA fragment subjected to the PCR
product restriction enzyme treatment, the DNA fragment
excision from the agarose gel, and purification, it
was confirmed that it gave a single band in agarose
gel analysis. Moreover, from the result of measuring
concentration by DNA measurement using an
absorptiometer, the concentration was 66
ng/microliter. Moreover, the A260/280 ratio, which
indicates the purity, was 1.911. [0091](2) Preparation
of AAD 9 fragment (about 1.1 kbp)  Examination of
conditions for PCR amplification of AAD 9 gene Using
pBLES100 as a template, a PCR mixture was prepared on
ice by adding, to a sterilized 0.2 mL PCR tube
(Bio-BIK), 5 microliter of 10 pg/microliter pBLES100,
10 microliter of 5x PrimeStarTM buffer, 4 microliter
of a dNTP mixture (2.5 mM each), 0.5 microliter of 20
micromolar AAD9-F1 primer, 0.5 microliter of 20
micromolar AAD9-R1 primer, 0.5 



microliter of PrimeSTARHs DNA polymerase, and 29.5
microliter of 0.1x TE. [0092]A thermal cycler was set
up under the conditions below, after the block
temperature reached 98degree C the tube was placed
thereon, and PCR was carried out. [Math.21 Denature
98C 10 sec Anneal45C 5 sec 11x 30 cycles Extension 72C
60 sec 72C 60 sec 4C co 1 microliter and 3 microliter
of the reaction mixture after the completion of PCR
were subjected to agarose gel electrophoresis, thus
checking the PCR product. As the gel, 2% analytical
agarose gel was used.  From the result of the agarose
gel analysis, it was confirmed that there was
amplification of a target single band at about 1.1
kbp. The yield was about 1 microgram. [0093]Additional
PCR   In the same manner as above, additional PCR was
carried out for 5 tubes, and in total about 10
microgram of PCR product was obtained. Purification
(protein removal and concentration)   After all of the
PCR reaction mixtures were combined, they were
purified using a QIAquick PCR purification kit, and
primer and protein were removed by a standard method.
For DNA elution, 50 microliter of 0.1x TE was used.
26 WO 2009/128272PCT/JP2009/001768 The purified PCR
product was diluted by 10 times with 0.1x TE, and
quantified using agarose gel electrophoresis. As the
gel, 2% analytical agarose gel was used.
[0094]Treatment of PCR product with restriction enzyme



The purified PCR product was cleaved as follows using
restriction enzymes Bcu I and Bgl II.   10 microliter
of 10x Buffer 0 (buffer included with enzyme) and 36
units of Bgl II were added to 5 microgram of the
purified PCR product, and the total amount was made up
to 100 microliter using 0.1x TE. After incubating at
37 degree C for 2 hours, protein was removed. 30
microliter of 10x Buffer Tango (buffer included with
enzyme) and 165 units of Bcu I were added thereto, and
the total amount was made up to 300 microliter using
0.1x TE. After incubating at 37 degree C for 2 hours,
the mixture was purified using a QIAquick PCR
purification kit and eluted with 50 microliter of 0.1x
TE. [0095]Fractionation by agarose gel and excision
The PCR product cleaved by the restriction enzyme was
fractionated by subjecting it to electrophoresis for
130 minutes by the same method as in the
above-mentioned 'Fractionation by agarose gel and
excision', and a target band at about 1.1 kbp was
excised. As the gel, 0.8% agarose gel for purification
was used. [0096]DNA elution from agarose gel  The
weight of the 2 mL microtube with the excised gel was
measured, and the gel weight was calculated by
subtracting the pre-measured weight of the empty tube
therefrom. DNA was extracted from the gel using a
QIAquick Gel Extraction Kit in accordance with the
product instructions. Elution of DNA in the final step
employed 50 microliter of 0.1x TE.   Part of the
purified PCR product was diluted by 10 times with 0.1x
TE, and the purified PCR product was quantitatively
analyzed using a spectrophotometer. Electrophoresis
was carried out using 2% analytical agarose gel. With
regard to the DNA fragment subjected to the PCR
product restriction enzyme treatment, DNA fragment
excision from the agarose gel, and purification, it
was confirmed that it gave a single band in agarose
gel analysis. Moreover, from the result of measuring
concentration by DNA measurement using an
absorptiometer, the concentration was 40
ng/microliter. Moreover, the A260/280 ratio, which
indicates the purity, was 1.927. [0097](3) Ligation of
pUC on fragment and AAD 9 fragment   A ligation
reaction mixture (reaction mixture 1) was prepared by
mixing on ice, in a sterilized 0.2 mL PCR tube
(Bio-BIK), 4 microliter of 5x Rapid Ligation Buffer,
0.75 microliter (50 ng) of pUC ori fragment (66
ng/microliter), 6.25 microliter (250 ng) of AAD 9
fragment (40 ng/microliter), 1 microliter of 5
u/microliter T4 DNA Ligase, and  27 WO
2009/128272PCT/JP2009/001768 8 microliter of 0.1x TE
so that the molar ratio of the purified pUC on
fragment (about 700 bp) to the purified AAD9 fragment
(about 1.1 kbp) was 1:3 and the ratio by weight
thereof was 1:5. As a control, a reaction mixture
(reaction mixture 2) was prepared with only the
purified AAD9 fragment. That is, 4 microliter of 5x
Rapid Ligation Buffer, 6.25 microliter (250 ng) of AAD
9 fragment (40 ng/microliter), 1 microliter of 5
u/microliter T4 DNA Ligase, and 8.75 microliter of
0.1x TE were mixed on ice, thus giving a ligation
reaction mixture (reaction mixture 2). [0098]Since the
AAD 9 fragment uses plasmid pBLES100 (Patent
Publication 4: JP, A, 



2002-97144) as a template, even when a small amount
thereof is added, it forms a colony as a background
after the subsequent step of transforming E. coli.
Reaction mixture 2 was used as a control for checking
this background. A thermal cycler was set up under the
conditions below, after the block temperature reached
22 degree C the tube was placed thereon, and ligation
was carried out. [Math. 31 22C 5 min(ligation
reaction) 65C 5 min(reaction stopped) 4C oo [0099](4)
Transformation of E. coli   Transformation of E. coli
JM109 was carried out by heat shock using 1 microliter
of a solution after the ligation reaction. The
operating procedure for the transformation was carried
out in accordance with a method described in the
product instructions of Takara E. coli JM109 Competent
Cells (Takara Bio Inc.). With regard to an SOC
suspension after transformation, 100 microliter of the
original liquid and 100 microliter of a 10 times
dilution by SOC were plated on two LB agar media
(containing 75 microgram/mL SPCM). Plates inoculated
with E. coli transformed using ligation reaction
mixtures 1 and 2 were defined as plates 1 and 2
respectively. These plates were placed in an incubator
set at 37 degree C and cultured overnight. The numbers
of colonies formed on the plates were counted.   When
transformation was carried out using the ligation
product of the purified pUC on fragment and the
purified AAD9 fragment (ligation reaction mixture 1),
28 and 37 colonies were formed on the selective media
per 100 microliter of the 10 times dilution bacterial
liquid, but when transformation was carried out using
reaction mixture 2 of the control, no colonies were
formed. The background was very low, suggesting that
ligation and transformation were carried out well.
[0100](5) Checking plasmid Culturing of recombinant E.
coli   28 WO 2009/128272PCT/JP2009/001768 6 colonies
on plate 1 above were selected randomly, and culturing
was carried out using them. A sterilized 100 mL glass
Erlenmeyer flask was charged with 20 mL of 2x LB, and
20 microliter of 75 mg/mL spectinomycin was added
thereto and mixed well. Each colony was fished using a
platinum loop and suspended in the above-mentioned
media. They were set in a shaking incubator set at 37
degree C and cultured while shaking at 37 degree C for
19.5 hours. [0101]Extraction of plasmid DNA   1.5 mL
of each culture fluid was placed in two sterilized 2
mL microtubes. The remaining culture fluids were left
in ice until extraction of plasmid was completed.
Plasmid DNA was extracted from the dispensed culture
fluid using a GeneEluteTM Plasmid Miniprep Kit in
accordance with the product instructions for the kit.
For elution of plasmid DNA in the final step, 50
microliter of 0.1x TE was used. [0102] Measurement of
concentration of plasmid DNA   The plasmid extracted
above was diluted by 20 times with 0.1x TE, the DNA
concentration was measured by a spectrophotometer, and
the quality was checked by the A260/280 ratio. 



From the results of carrying out extraction of plasmid
DNA from recombinant E. coli twice, the A260/280
ratio, which indicates the purity of DNA, was 1.944 to
1.972, and the purity of the plasmid DNA was good. The
yield was at least 5 microgram when combining the two
extracts. [0103]Cleavage by restriction enzyme
Cleavage by Bcu I on its own, cleavage by Bgl II on
its own, and cleavage by both Bcu I and Bgl II were
carried out using 100 ng of plasmid DNA. The reaction
conditions were in accordance with the product
instructions for the enzymes. The reaction volume was
20 microliter. For all 6 colony strains, two bands at
about 700 bp and about 1.1 kbp were detected when
cleavage was carried out by the two types of enzymes
Bcu I and Bgl II.  Furthermore, one band at about 1.8
kbp was detected when cleavage was carried out by a
single enzyme of Bcu I or Bgl II. This suggests that
for all strains the plasmid size and constitution were
as designed. [0104] Checking plasmid DNA sequence  20
microliter of the plasmid DNA solution cleaved by the
restriction enzyme above was mixed well with 2
microliter of 10x Loading buffer, and this mixture was
subjected to electrophoresis by a standard method.  A
sequence reaction was carried out using a BigDye
Terminator v3.1 Cycle Sequencing Kit using the plasmid
extracted by the above electrophoresis. As a sequence
primer, primer sets 1 and 2 shown in Table 3 below
were used. Alignment of the sequence was carried out
using GENETY(R)ATSQ analysis  29 WO
2009/128272PCT/JP2009/001768 software (Genetyx
Corporation). The plasmid nucleotide sequence after
alignment was compared with the designed sequence (SEQ
ID NO: 1). Among the 6 strains, the plasmid sequence
of 4 strains matched that of the designed SEQ ID NO:
1, but the remaining 2 plasmid strains had nucleotide
substitution and deletion respectively. One strain was
selected from the 4 strains that matched SEQ ID NO: 1,
and a plasmid extracted from this strain was defined
as 'pSPCM-pUCori'. 1101051  



30 WO 2009/128272PCT/JP2009/001768 [Table 3] Table
3Primers for sequencing Primer nameSequence (5'->
3')Set  37 R 5181 060723-spmsec 41 F-seq13
060219-pAV001-2 42 F-seq_28dowm 38 F 5980
060723-spmsec  AAA TAT CTC 1TG CCA (ITC AC CAT GTT TGG
ATC AGG AGT TGA Ci AGC AAG AAA TGG TAC CGT GG TTT GCT
TGG TAA AGC ATT ATG G GAC TTA GAG GAA TTA CTA CC ATA
CCA AAA GAT ATT GCG GG AAT GGA GAA GAT TCA GCC ACT G
pl IC oni-1 060219-pAV001-3 060219-pAV001-3 40 R-seq
16down 39 R 6495  AAG GCC AGC AAA AGG C GAC GAT AGT
TAC CGG ATA AGO C GCC TTA TCC GGT AAC TAT CGT C ATT
AGC AGA GCG AGG TAT GT GCA AGC AGC AGA TTA CGC GC  AGT
GCC GCA GGG CGTSet 3 ACG CCC TGC GGC ACTSet 3 



TTT GCT TAG TCC ATG- TTG- TCA TCASet 3 ATG GCA TAC AAC
AAG TCT GAC CTC Set 3 GCG CAT GGC AAA CGC TGA AAT GGC
Set 3 AGA TTG GIG ATG CCG CGA CGT TTT GGA TAC GTA
TCGSet 3  CD892 D314ACGC GTT AAA GAG ATG CTG GAG TSet
3  R-pTB6 R7 pBLES100 F3 R-pTB6 R6 pTB6 F5 (pBLES100
F5) 060219-pAV001-1 36 F 4754  GTC TGG GGA GTC CTG CGT
TCSet 4 TAT GCT GAG GCC ATG TCC AAT GAG A Set 4 GIC
AGO TCG TT@ AGC AUG AACSet 4 GAA GAT CGA GCG CCA GTA
CGT GAA Set 4 GIG AAC ACC TCG CCG TAC CSet 4 



CAA CCG CGA ACA TCA TGC GCSet 4  [0106] <Example 2>
Construction of selection marker activity protein
plasmid (pHU-eCDm-SPCM-pUCori) (Step 2)  (1)
preparation of linear plasmid pSPCM-pUCori  31 WO
2009/128272PCT/JP2009/001768 Cleavage of plasmid
pSPCM-pUCori was cleaved as described below using the
restriction enzymes Bcu I, Xho I, and Bam HI. Cleavage
by Xho I was carried out in order to suppress the
background during transformation by uncleaved plasmid.
25 microliter of 10x Buffer Tango (buffer included
with enzyme) and 100 units of Bcu I were added to 5
microgram of pSPCM-pUCori, and the total amount was
made up to 250 microliter using 0.1x TE. After
incubating at 37 degree C for 2 hours, 100 ng thereof
was taken out, and it was confirmed using 0.8%
analytical agarose gel that decomposition was
completed. The tube containing the enzyme reaction
mixture was stored on ice while waiting for
confirmation. After cleavage was confirmed, protein
was removed from the enzyme reaction mixture. [0107]20
microliter of 10x Buffer Bam HI (buffer included with
enzyme) and 80 units of Bam HI were added thereto, and
the total amount was made up to 200 microliter using
0.1x TE. After incubating at 37degree C for 2 hours,
100 ng thereof was taken out, and it was confirmed
using 0.8% analytical agarose gel that DNA had not
undergone internal decomposition.  The tube containing
the enzyme reaction mixture was stored on ice while
waiting for confirmation. After cleavage was
confirmed, protein was removed from the enzyme
reaction mixture.  50 microliter of 10x Buffer R
(buffer included with enzyme) and 400 units of Xho I
were added thereto, and the total amount was made up
to 500 microliter using 0.1x TE. After incubating at
37degree C for 2 hours, protein was removed from the
enzyme reaction mixture. [0108]Fractionation by
agarose gel and excision   The vector cleaved by the
restriction enzyme was fractionated by subjecting it
to electrophoresis for 75 minutes by the same method
as in 'Fractionation by agarose gel and excision'
described in Example 1, and a target band at about 1.8
kbp was excised. As a gel, 0.8% agarose gel for
purification was used. As a molecular weight marker,
FastRuler DNA ladder, Middle Range (Fermentas) was
used. [0109]DNA elution from agarose gel  



DNA was eluted from the gel excised above by the same
method as in 'DNA elution from agarose gel' described
in Example 1.  Part of the vector subjected to the
agarose gel purification was diluted by 3 times using
0.1x TE, and quantitatively analyzed by a
spectrophotometer. It was checked using 0.8%
analytical agarose gel as to whether or not the vector
prepared was a single band at about 1.8 kbp. With
regard to the DNA fragment subjected to the plasmid
pSPCM-pUCori re-  32 WO 2009/128272PCT/JP2009/001768
striction enzyme treatment, DNA fragment excision from
the agarose gel, and purification, it was confirmed
that it gave a single band in agarose gel analysis. In
DNA measurement using an absorptiometer, the
concentration was 21 ng/microliter. Moreover, the
A260/280 ratio, which indicates the purity, was 2.049.
[0110](2) Preparation of insert (HU-eCD fragment)
Using plasmid pAV001-HU-eCD-M968 (Patent Publication
5: WO 2007/136107), a DNA fragment containing
HU-eCD-M968 (a protein in which the N-terminal 9 amino
acids of an HU protein of Bifidobacterium and E.
coli-derived CD were fused, and into which a variation
was introduced for enhancing the affinity for
substrate 5-FC), an HU promoter, and an HU terminator
was amplified by PCR.  Two stage PCR (1st PCR and 2nd
PCR) was carried out as follows, and an HU-eCD
fragment was prepared. [0111]1st PCR Examination of
conditions for PCR amplification   PCR amplification
conditions were examined for two types of fragments
(HU-eCD fragment 1 and HU-eCD fragment 2).  Using
pAV001-HU-eCD-M968 as a template, a PCR mixture
(HU-eCD fragment 1) was prepared on ice by adding to a
sterilized 0.2 mL PCR tube (Bio-BIK) 5 microliter of
10 pg/mL pAV001-HU-eCD-M968, 10 microliter of 5x
PrimeStarTm buffer, 4 microliter of a dNTP mixture
(2.5 mM each), 0.5 microliter of 20 micromolar HUeCD
F3 primer, 0.5 microliter of 20 micromolar HUeCD inner
R1 primer, 0.5 microliter of PrimeSTARHs DNA
polymerase, and 29.5 microliter of 0.1x TE. 3 tubes of
this mixture were prepared in the same manner.  A
thermal cycler was set up under the conditions below,
after the block temperature reached 98degree C the
tubes were placed thereon, and PCR was carried out.
[Math.41 Denature 98C 10 sec Anneal55C 5 secx 30
cycles Extension 72C 100 sec 



72C 60 sec 4C x [0112] In the same manner, using
pAV001-HU-eCD-M968 as a template, a PCR mixture
(HU-eCD fragment 2) was prepared on ice by adding to a
sterilized 0.2 mL PCR tube (Bio-BIK) 5 microliter of
10 pg/mL pAV001-HU-eCD-M968, 10 microliter of 5x
PrimeStarTM buffer, 4 microliter of a dNTP mixture
(2.5 mM each), 0.5 microliter of 20 micromolar HUeCD
inner Fl primer, 0.5 microliter of 20 micromolar HUeCD
R1  33 WO 2009/128272PCT/JP2009/001768 primer, 0.5
microliter of PrimeSTARHs DNA polymerase, and 29.5
microliter of 0.1x TE. 8 tubes of this mixture were
prepared in the same manner. In the same manner, a
thermal cycler was set up under the conditions below,
after the block temperature reached 98degree C the
tubes were placed thereon, and PCR was carried out.
[Math. 5] Denature 98C 10 sec Anneal55C 5 sec x 30
cycles Extension 72C 6 sec 72C 60 sec   4C oo
[0113]After completion of PCR, the reaction mixtures
were combined in one tube.   The PCR product was
checked using 1 microliter and 3 microliter of the
reaction mixture after completion of PCR. For checking
HU-eCD fragments 1 and 2, 0.8% analytical agarose gel
and 2% analytical agarose gel were used respectively.
From the result of agarose gel analysis of the PCR
product of HUeCD fragment 1, it was confirmed that
there was amplification of a target single band at
about 1.7 kbp. The yield was at least 4.5 microgram. 



Furthermore, in agarose gel analysis of the PCR
product of HUeCD fragment 2, it was confirmed that
there was amplification of a target single band at
about 150 bp. The yield was about 8 microgram.
[0114]Purification by PCR purification kit   The PCR
product was subjected to purification in accordance
with the procedural manual for the QIAquick PCR
purification kit, thus removing the primer. Elution of
DNA in the final step of the purification employed 50
microliter of 0.1x TE. Fractionation by agarose gel
and excision of PCR product The purified PCR product
was fractionated by the same method as in the above-
mentioned 'Fractionation by agarose gel and excision'.
HU-eCD fragment 1 was subjected to electrophoresis for
65 minutes using 0.8% agarose gel for purification,
and a target band at about 1.7 kbp was excised. HU-eCD
fragment 2 was subjected to electrophoresis for 65
minutes using 2% agarose gel for purification, and a
target band at about 150 bp was excised. [0115]DNA
elution from agarose gel    DNA was eluted from the
gel excised above by the same method as in the 'DNA
elution from agarose gel' above. Quantitative analysis
of purified PCR product Part of the purified PCR
product was diluted by 3 times using 0.1x TE, and
quanti-  34 WO 2009/128272PCT/JP2009/001768 tatively
analyzed by a spectrophotometer. The concentration of
HU-eCD fragment 1 and the concentration of HU-eCD
fragment 2 were both 47 ng/microliter, and the yield
was about 2.3 microgram. [0116]2nd PCR  Examination of
conditions for PCR amplification   The purified HU-eCD
fragment 1 and purified HU-eCD fragment 2 were used as
a template, and PCR conditions for connecting them
were examined. Preparation of template   517 ng of
purified HU-eCD fragment 1 (about 1.7 kbp) and 47 ng
of purified HUeCD fragment 2 (about 150 bp) were
mixed, and the concentration was adjusted to 1
ng/microliter using 0.1x TE. The molar ratio of the
two fragments was 1:1. Preparation of primer mixture  



10 microliter of 20 micromolar HUeCD F3 primer and 10
microliter of 20 micromolar HUeCD R1 primer were mixed
in equal amounts. [0117]Preparation of PCR mixture
1 microliter of the 1 ng/microliter Hu-eCD fragment 1
and 2 mix, 10 microliter of 5x PrimeStarTM buffer, 4
microliter of a dNTP mixture (2.5 mM each), 0.5
microliter of PrimeSTARHs DNA polymerase, and 32.5
microliter of 0.1x TE were added to a sterilized 0.2
mL PCR tube (Bio-BIK), and mixing was carried out on
ice, thus giving a PCR reaction mixture. Three tubes
with this reaction mixture were prepared in the same
manner. [0118]A thermal cycler was set up under the
conditions below, after the block temperature reached
98 degree C the tubes were placed thereon, a cycle of
98 degree C for 10 sec and 72 degree C for 100 sec was
carried out for five cycles, 2 microliter of the
primer mixture prepared above was then added and mixed
therewith at 72 degree C, and the reaction below was
carried out in the thermal cycler. After the reaction
was completed, the reaction mixtures in the three PCR
tubes were combined into one tube. [Math.61 Denature
98C 10 sec Anneal 60C 5 sec Extension 72C 100 sec 72C
60 sec 4C co x 30 cycles      1 microliter and 3
microliter of the reaction mixture after the PCR was
completed were subjected to electrophoresis using 0.8%
analytical agarose gel and lx TBE buffer (0.5
microgram/mL ethidium bromide).  35 WO
2009/128272PCT/JP2009/001768    It was confirmed by
agarose gel analysis of the 2nd PCR fragment that
there was amplification of a target single band at
about 1.8 kbp. The yield was about 13 microgram.
[0119]Purification by PCR purification kit  The PCR
product was subjected to purification in accordance
with the procedural manual for the QIAquick PCR
purification kit, thus removing the primer. Elution of
DNA in the final step of the purification employed 50
microliter of 0.1x TE. 



Part of the PCR product from which the primer was
removed was diluted by 50 times with 0.1x TE, and
quantitatively analyzed by a spectrophotometer.
[0120]Treatment of PCR product with restriction enzyme
The purified PCR product was cleaved using the
restriction enzymes Bcu I and Bam HI.  25 microliter
of 10x Buffer Tango (buffer included with enzyme) and
100 units of Bcu I were added to 5 microgram of
purified PCR product, and the total amount was made up
to 250 microliter using 0.1x TE. After incubating at
37 degree C for 2 hours, 100 ng thereof was taken out,
and it was confirmed using 0.8% analytical agarose gel
that DNA had not undergone internal decomposition.
The tube containing the enzyme reaction mixture was
stored on ice while waiting for confirmation. After
carrying out confirmation by electrophoresis, protein
was removed from the enzyme reaction mixture.  20
microliter of 10x Buffer Bam HI (buffer included with
enzyme) and 80 units of Bam HI were added thereto, and
the total amount was made up to 200 microliter using
0.1x TE. After incubating at 37 degree C for 2 hours,
100 ng thereof was taken out, and it was confirmed
using 0.8% analytical agarose gel that DNA had not
undergone internal decomposition.  The tube containing
the enzyme reaction mixture was stored on ice while
waiting for confirmation. After carrying out
confirmation by electrophoresis, this enzyme reaction
mixture was purified using a QIAquick PCR Purification
Kit. [0121]Fractionation by agarose gel and excision
The PCR product cleaved by the restriction enzyme was
fractionated by the same method as in the
above-mentioned 'Fractionation by agarose gel and
excision', and a target band at about 1.8 kbp was
excised. As the gel, 0.8% agarose gel for purification
was used, and 75 minutes after starting
electrophoresis, when a target band at about 1.8 kbp
reached a position about 1/3 of the way along the gel,
the electrophoresis was ended. As a DNA molecular
weight marker, FastRuler DNA ladder, Middle Range
(Fermentas) was used. [0122]DNA elution from agarose
gel   DNA was eluted from the gel excised above by the
same method as in the 'DNA elution from agarose gel'
above.  36 WO 2009/128272PCT/JP2009/001768 Part of the
PCR product subjected to the agarose gel purification
was diluted by 3 times using 0.1x TE, and
quantitatively analyzed by a spectrophotometer.
Confirmation by electrophoresis was carried out using
0.8% analytical agarose gel. After the PCR product was
subjected to the restriction enzyme treatment and the
agarose gel purification, the DNA concentration was
measured by an absorptiometer and was found to be 41
ng/microliter. Moreover, the A260/280 ratio, which
indicates the purity, was 1.932. Furthermore, in
electrophoresis analysis using agarose gel, there was
a single band at about 1.8 kbp. [0123](3) Ligation of
linear pSPCM-pUCori and HU-eCD fragment  A ligation
reaction mixture (reaction mixture 1) and control
reaction mixtures (reaction mixture 2 and reaction
mixture 3) were prepared as follows. Reaction mixture
1 



4 microliter of 5x Rapid Ligation Buffer, 2.4
microliter (50 ng) of pSPCM-pUCori (21 ng/microliter),
3.7 microliter (150 ng) of HU-eCD fragment (41
ng/microliter), 1 microliter of 5 u/microliter T4 DNA
Ligase, and 8.9 microliter of 0.1x TE were added to a
0.2 mL PCR tube (Bio-BIK) so that the molar ratio of
the linear pSPCM-pUCori (about 1.8 kbp) to the HU-eCD
fragment (about 1.8 kbp) was 1:3 (also 1:3 as a ratio
by weight), and mixing was carried out on ice, thus
giving a ligation reaction mixture (reaction mixture
1). [0124]Reaction mixture 2  Similarly, 4 microliter
of 5x Rapid Ligation Buffer, 2.4 microliter (50 ng) of
pSPCM-pUCori (21 ng/microliter), 1 microliter of
5u/microliter T4 DNA Ligase, and 12.6 microliter of
0.1x TE were added to a 0.2 mL PCR tube (Bio-BIK), and
mixing was carried out on ice, thus giving a reaction
mixture with only pSPCM-pUCori (reaction mixture 2).
[0125]Reaction mixture 3  Similarly, 4 microliter of
5x Rapid Ligation Buffer, 3.7 microliter (150 ng) of
HUeCD fragment(41 ng/microliter), 1 microliter of
5u/microliter T4 DNA Ligase, and 11.3 microliter of
0.1x TE were added to a 0.2 mL PCR tube (Bio-BIK), and
mixing was carried out on ice, thus giving a reaction
mixture with only HU-eCD fragment (reaction mixture
3). [0126]A thermal cycler was set up under the
conditions below, after the block temperature reached
22 degree C the tubes were placed thereon, and
ligation was carried out. [Math.71 22C 5 min.(ligation
reaction) 65C 5 min(reaction stopped) 4C co  37 WO
2009/128272PCT/JP2009/001768 The proportion of the
background due to plasmid remaining after cleavage was
estimated using reaction mixture 2 and reaction
mixture 3. [0127](4) Transformation of E. coli
Transformation of E. coli JM109 was carried out using
1 microliter of the solution after the ligation
reaction by the same method as in 'Transformation of
E. coli' described in Example 1.  In transformation
using the ligation product of the vector and the
insert (ligation reaction mixture 1), 34 to 38
colonies were formed on a selective medium per 100
microliter of 10 times dilution bacterial liquid,
whereas in transformation using control reaction
mixture 2 in which only the vector was ligated and
control reaction mixture 3 in which only the insert
was ligated there was 0 to 1 colony. The background
was very low, suggesting that ligation and
transformation were carried out well. [0128](5)
Checking of plasmid 



Culturing of recombinant E. coli   Carried out in
accordance with the method described in the section
'Culturing of recombinant E. coli' described in
Example 1. Culturing was carried out for 20.5 hours.
Extraction of plasmid DNA   Carried out in accordance
with the method described in the section 'Extraction
of plas mid DNA' described in Example 1. [0129]
Measurement of concentration of plasmid DNA   Carried
out in accordance with the method described in the
section 'Measurement of concentration of plasmid DNA'
described in Example 1.  When the concentrations of
DNA extracted from the recombinant E. coli of all six
cloning strains were measured, the A260/280 ratio,
which indicates the purity of the DNA, was from 1.904
to 1.916, and the purity of the plasmid DNA was good.
The yield was at least 5 microgram. Cleavage by
restriction enzyme  Cleavage by Bcu I on its own,
cleavage by B am HI on its own, and cleavage by both
Bcu I and Bam HI were carried out using 100 ng of
plasmid DNA. The reaction conditions were in
accordance with the product instructions for the
enzymes. The reaction volume was 20 microliter.
[0130]Agarose gel electrophoresis  Agarose gel
electrophoresis was carried out using 0.8% analytical
agarose gel.  With regard to all six of the cloning
strains, one band at about 1.8 kbp was detected from
cleavage with the two types of enzymes Bcu I and Bam
HI. Furthermore, one band at about 3.6 kbp was
detected from cleavage with enzyme Bcu I on its own or
B am HI on its own. This suggests that for all the
cloning strains the plasmid size and constitution were
as designed. 38 WO 2009/128272PCT/JP2009/001768
[0131]Checking plasmid DNA sequence    Sequencing was
carried out using the plasmid extracted above by the
same method as in the section 'Checking plasmid DNA
sequence' described in Example 1. As a primer, primer
sets 1, 2, and 3 in Table 3 described in Example 1
were used. The plasmid nucleotide sequence after
alignment was compared with the designed sequence (SEQ
ID NO:2).   The plasmid sequences of all six cloning
strains matched SEQ ID NO:2, and it was confirmed that
the target strains were obtained in all cases. One
strain was selected from all the cloning strains, and
a plasmid extracted from this strain was defined as
'pHU-eCDm-SPCM-pUCori'. [0132]<Example 3> Construction
of shuttle plasmid (pCDshuttle) (Step 3)  (1)
Preparation of linear plasmid pHU-eCDm-SPCM-pUCori 



Cleavage of plas mid  pHU-eCDm-SPCM-pUCori was cleaved
as follows using restriction enzymes Bcu I, Hind III,
and Sal I. Cleavage by Hind III was carried out in
order to suppress the background when transforming in
a subsequent step.   10 microliter of 10x Buffer 0
(buffer included with enzyme) and 34 units of Sal I
were added to 5 microgram of pHU-eCDm-SPCM-pUCori, and
the total amount was made up to 100 microliter using
0.1x TE. After incubating at 37 degree C for 6 hours,
50 ng thereof was taken out, and it was confirmed
using 0.8% analytical agarose gel that decomposition
was complete. [0133]The tube containing the enzyme
reaction mixture was stored on ice while waiting for
confirmation. After cleavage by Sal I was confirmed,
this enzyme reaction mixture was purified using a
QIAquick PCR Purification Kit.   20 microliter of 10x
Buffer Tango (buffer included with enzyme) and 50
units of Bcu I were added thereto, and the total
amount was made up to 200 microliter using 0.1x TE.
After incubating at 37 degree C for 2 hours, protein
was removed.   10 microliter of 10x Buffer R (buffer
included with enzyme) and 29 units of Hind III were
added thereto, and the total amount was made up to 100
microliter using 0.1x TE. After incubating at 37
degree C for 2 hours, the DNA solution was purified
and concentrated using a QIAquick PCR purification
Kit. [0134]Fractionation by agarose gel and excision
The vector cleaved by the restriction enzyme was
fractionated by the same method as in 'Fractionation
by agarose gel and excision' described in Example 1,
and a target band at about 3.6 kbp was excised.
Electrophoresis was carried out at 50 V for 90 minutes
using 0.8% agarose gel for purification. As a
molecular weight marker, Quick-Load lkbp DNA ladder
(NEB) was used.  39 WO 2009/128272PCT/JP2009/001768
[0135]DNA elution from agarose gel    DNA was eluted
from the gel excised above by the same method as in
'DNA elution from agarose gel' described in Example 1.
Part of the vector subjected to the agarose gel
purification was diluted by 3 times with 0.1x TE and
quantitatively analyzed by a spectrophotometer.   When
the absorbance of the DNA fragment after the treatment
of plasmid pHUeCDm-SPCM-pUCori with the restriction
enzyme and the purification by agarose gel was
measured, the concentration was 13 ng/microliter.
Furthermore, the A260/280 ratio, which indicates the
purity, was 1.961. [0136](2) Preparation of OriV-RepB
gene (insert)   In pBLES100 used as a PCR template,
the C-terminal region of the ORF of RepB gene and the
N-terminal region of the ORF of the assumed membB gene
were duplicated. In order to prevent the ORF of membB
from being translated, the assumed ribosome binding
site and translation initiation codon ATG of membB
were changed to other nucleotides. In this case, the
design was such that the amino acids of RepB were
unchanged. Two-stage PCR (1st PCR and 2nd PCR) was
carried out as follows, thus giving an OriV-RepB gene.



[0137]1st PCR Examination of conditions for PCR
amplification    PCR amplification conditions were
examined for two types of fragments (OriV-RepB gene 1
and OriV-RepB gene 2). OriV-RepB gene 1   Using
pBLES100 as a template, a PCR mixture was prepared on
ice by adding 5 microliter of 10 pg/mL pBLES100, 10
microliter of 5x PrimeStarTM buffer, 4 microliter of a
dNTP mixture (2.5 mM each), 0.5 microliter of 20
micromolar OriV-rep outer Fl primer, 0.5 microliter of
20 micromolar OriV-rep inner R1 primer, 0.5 microliter
of PrimeSTARHs DNA polymerase, and 29.5 microliter of
0.1x TE to a sterilized 0.2 mL PCR tube (Bio-BIK).
Three tubes of this mixture were prepared in the same
manner.   A thermal cycler was set up under the
conditions below, after the block temperature reached
98 degree C the tubes were placed thereon, and PCR was
carried out. [Math. 81 Denature 98C 10 sec Anneal55C 5
sec Extension 72C 60 sec 72C 60 sec 4C op   x 30
cycles    40 WO 2009/128272PCT/JP2009/001768 



In the same manner, using pBLES100 as a template, a
PCR mixture was prepared on ice by adding 5 microliter
of 10 pg/mL pBLES100, 10 microliter of 5x PrimeStarTM
buffer, 4 microliter of a dNTP mixture (2.5 mM each),
0.5 microliter of 20 micromolar OriV-rep inner Fl
primer, 0.5 microliter of 20 micromolar OriV-rep outer
R1 primer, 0.5 microliter of PrimeSTARHs DNA
polymerase, and 29.5 microliter of 0.1x TE to a
sterilized 0.2 mL PCR tube (Bio-BIK). Three tubes of
this mixture were prepared in the same manner. [0139]A
thermal cycler was set up under the conditions below,
after the block temperature reached 98 degree C the
tubes were placed thereon, and PCR was carried out.
[Math.91 Denature 98C 10 sec Anneal60C 5 secx 30
cycles Extension 72C 25 sec 72C 60 sec 4C co  The PCR
products were checked and the yields thereof were
estimated using 1 microliter of each of the reaction
mixtures after PCR was completed. As a gel, 2%
analytical agarose gel was used.  From the result of
agarose gel analysis of the PCR product of OriV-RepB
gene 1, it was confirmed that there was amplification
of a target single band at about 1.3 kbp. The yield
was about 4.5 microgram.  Furthermore, in agarose gel
analysis of the PCR product of OriV-RepB gene 2 it was
confirmed that there was amplification of a target
single band at about 400 bp, and the yield was about
4.5 microgram. [0140]Purification by PCR purification
kit  The PCR products were purified and concentrated
in accordance with a standard method (the operational
procedure of a QIAquick PCR purification kit).
Fractionation by agarose gel and excision of PCR
product  The PCR product purified and concentrated
above was fractionated by the same method as in
'Fractionation by agarose gel and excision' described
in Example 1. With respect to OriV-RepB gene 1,
electrophoresis was carried out for 80 minutes using
0.8% agarose gel for purification. When a target band
at about 1.3 kbp reached a position about 1/2 way
along the gel, electrophoresis was ended. As a
molecular weight marker, FastRuler DNA ladder, Middle
Range was used. On the other hand, with respect to
OriV-RepB gene 2, electrophoresis was carried out for
80 minutes using 2% agarose gel for purification. When
a target band at about 400 bp reached a position about
1/2 way along the gel, electrophoresis was ended. As a
molecular  41 WO 2009/128272PCT/JP2009/001768 weight
marker, FastRuler DNA ladder, Low Range was used.
[0141]DNA elution from agarose gel  



DNA was eluted from the gel excised above by the same
method as in 'DNA elution from agarose gel' described
in Example 1. Quantitative analysis of purified PCR
product  Part of the purified PCR product was diluted
by 4 times with 0.1x TE, and quantitatively analyzed
using a spectrophotometer.  When the PCR product after
the agarose gel purification was subjected to
measurement using an absorptiometer, the
concentrations of OriV-RepB gene 1 and OriVRepB gene 2
were 37 ng/microliter and 67 ng/microliter
respectively. [0142] 2nd PCR  Examination of
conditions for PCR amplification   The purified
OriV-RepB fragment 1 and purified OriV-RepB fragment 2
were used as a template, and PCR conditions for
connecting them were examined. Preparation of template
325 ng of purified OriV-RepB fragment 1 (about 1.3
kbp) and 100 ng of purified OriV-RepB fragment 2
(about 400 bp) were mixed, and the concentration was
adjusted to 1 ng/microliter using 0.1x TE. The mixing
ratio of purified OriV-RepB fragment 1 to purified
OriV-RepB fragment 2 was 1:1 as a molar ratio.
[0143]Preparation of primer mixture   20 micromolar
OriV-rep outer Fl primer and 20 micromolar OriV-rep
outer R1 primer were mixed in equal amounts.
Preparation of PCR mixture   A reaction mixture was
prepared by adding 1 microliter of the 1 ng/microliter
OriVRepB 1 and 2 mix, 10 microliter of 5x PrimeStarTM
buffer, 4 microliter of a dNTP mixture (2.5 mM each),
0.5 microliter of PrimeSTARHs DNA polymerase, and 32.5
microliter of 0.1x TE to a sterilized 0.2 mL PCR tube
(Bio-BIK), and mixing on ice. Three tubes of this
mixture were prepared in the same manner. [0144]A
thermal cycler was set up under the conditions below,
and after the block tem- perature reached 98 degree C
the tubes were placed thereon.  A cycle of 98 degree C
for 10 sec and 72 degree C for 70 sec was carried out
for five cycles, 2 microliter of the primer mixture
prepared above was then added and mixed therewith at
72 degree C, and the reaction below was carried out in
the thermal cycler.  42 WO
2009/128272PCT/JP2009/001768 [Math. 10] 



Denature 98C 10 sec ----?  Anneal 60C 5 sec  x 30
cycles Extension 72C 90 sec    72C 



60 sec __..,   4C co    0.5 microliter and 1
microliter of the reaction mixture after the PCR was
completed were subjected to electrophoresis using 0.8%
analytical agarose gel and lx TBE buffer (0.5
microgram/mL ethidium bromide).    In agarose gel
analysis of the 2nd PCR fragment, it was confirmed
that there was amplification of a target single band
at about 1.6 kbp. The yield was at least 6 microgram.
[0145]Purification by PCR purification kit   The PCR
product was subjected to purification in accordance
with the procedural manual for the QIAquick PCR
purification kit, thus removing the primer. Elution of
DNA in the final step of the purification employed 50
microliter of 0.1x TE.   Part of the PCR product from
which the primer was removed was diluted by 20 times
with 0.1x TE, and quantitatively analyzed by a
spectrophotometer. [0146]Treatment of PCR product with
restriction enzyme  The purified PCR product was
cleaved using the restriction enzymes Bcu I and Sal I.
10 microliter of 10x Buffer 0 (buffer included with
enzyme) and 25 units of Sal I were added to 5
microgram of the purified PCR product, and the total
amount was made up to 100 microliter using 0.1x TE.
After incubating at 37 degree C for 6 hours, 50 ng
thereof was taken out, and it was confirmed using 0.8%
analytical agarose gel that DNA had not undergone
internal decomposition.   The tube containing the
enzyme reaction mixture was stored on ice while
waiting for confirmation. After confirmation by
electrophoresis was carried out, DNA was purified
using a QIAquick PCR purification kit.   20 microliter
of 10x Buffer Tango (buffer included with enzyme) and
110 units of Bcu I were added thereto, and the total
amount was made up to 200 microliter using 0.1x TE.
After incubating at 37 degree C for 2 hours, protein
was removed. 



[0147]Fractionation by agarose gel and excision of PCR
product   The PCR product cleaved by the restriction
enzyme was fractionated by the same method as in
'Fractionation by agarose gel and excision' described
in Example 1, and a target band at about 1.6 kbp was
excised. As the gel, 0.8% agarose gel for purification
was used, and 90 minutes after starting
electrophoresis, when a target band at about 1.6 kbp
reached a position about 1/3 of the way along the gel,
electrophoresis was ended.  43 WO
2009/128272PCT/JP2009/001768        As a molecular
weight marker, Quick-Load lkb DNA Ladder (NEB) was
used. [0148]DNA elution from agarose gel    DNA was
eluted from the gel excised above by the same method
as in 'DNA elution from agarose gel' described in
Example 1.   Part of the purified PCR product was
diluted by 3 times using 0.1x TE, and quantitatively
analyzed using a spectrophotometer.   When the PCR
product after the restriction enzyme treatment and the
agarose gel purification was subjected to measurement
using an absorptiometer, the concentration of DNA was
16 ng/microliter. Furthermore, the A260/280 ratio,
which indicates the purity, was 2.041. [0149](3)
Ligation of linear pHU-eCDm-SPCM-pUCori and OriV-RepB
gene   A ligation reaction mixture (reaction mixture
1) and control reaction mixtures (reaction mixture 2
and reaction mixture 3) were prepared as follows.
Reaction mixture 1 4 microliter of 5x Rapid Ligation
Buffer, 3.8 microliter (50 ng) of pHU-
eCDm-SPCM-pUCori (13 ng/microliter), 3.9 microliter
(65 ng) of OriV-RepB fragment (16.5 ng/microliter), 1
microliter of 5u/microliter T4 DNA Ligase, and 7.3
microliter of 0.1x TE were added to a sterilized 0.2
mL PCR tube (Bio-BIK) on ice and mixed so that the
molar ratio of linear pHU-eCDm-SPCM-pUCori (about 3.6
kbp) to OriV-RepB gene (about 1.6 kbp) was 1:3 (1:1.3
as a ratio by weight), thus giving a ligation reaction
mixture (reaction mixture 1). [0150]Reaction mixture 2
In the same manner, 4 microliter of 5x Rapid Ligation
Buffer, 3.8 microliter (50 ng) of pHU-eCDm-SPCM-pUCori
(13 ng/microliter), 1 microliter of 5 u/microliter T4
DNA Ligase, and 11.2 microliter of 0.1x TE were added
to a sterilized 0.2 mL PCR tube (Bio-BIK) on ice and
mixed, thus giving a reaction mixture with only
pHUeCDm-SPCM-pUCori (reaction mixture 2).
[0151]Reaction mixture 3   In the same manner, 4
microliter of 5x Rapid Ligation Buffer, 3.9 microliter
(65 ng) of OriV-RepB fragment (16.5 ng/microliter), 1
microliter of 5u/microliter T4 DNA Ligase, and 11.1
microliter of 0.1x TE were added to a sterilized 0.2
mL PCR tube (Bio-BIK) on ice and mixed, thus giving a
reaction mixture with only OriV-RepB gene (reaction
mixture 3). [0152]A thermal cycler was set up under
the conditions below, after the block temperature 



reached 22 degree C the tubes were placed thereon, and
ligation was carried out.  44 WO
2009/128272PCT/JP2009/001768 [Math. 11] 22C 5
min(ligation reaction) 65C 5 min(reaction stopped) 4C
co The proportion of the background due to uncleaved
plasmid was estimated from reaction mixture 2, and the
proportion of the background due to the presence of
the plasmid DNA used as a template was estimated from
reaction mixture 3. [0153](4) Transformation of E.
coli Transformation of E. coli JM109 was carried out
using 1 microliter of the solution after the ligation
reaction by the same method as in 'Transformation of
E. coli' described in Example 1.  In transformation
using the ligation product of the vector and the
insert (ligation reaction mixture 1), 238 and 216
colonies were formed on a selective medium per 100
microliter of the original bacterial suspension after
the transformation, whereas for control reaction
mixture 2 in which only the vector was ligated no
colonies were detected, and in transformation using
control reaction mixture 3 in which only the insert
was ligated there were 8 and 6 colonies. The
background was very low, suggesting that ligation and
transformation were carried out well. [0154](5)
Checking of plasmid Culturing of recombinant E. coli
Carried out in accordance with the method described in
the section 'Culturing of recombinant E. coli'
described in Example 1. Culturing was carried out for
22.5 hours. Extraction of plasmid DNA   Carried out by
the method described in the section 'Extraction of
plasmid DNA' described in Example 1. [0155]Measurement
of concentration of plasmid DNA   Carried out by the
method described in the section 'Measurement of
concentration of plas mid DNA' described in Example 1.



The A260/280 ratio, which indicates the purity of DNA,
was from 1.951 to 1.958, and the purity of the plasmid
DNA was good. The yield was at least 10 microgram.
Cleavage by restriction enzyme  Cleavage by Bcu I on
its own, cleavage by Sal I on its own, and cleavage by
both Bcu I and Sal I were carried out using 100 ng of
plasmid DNA. The reaction conditions were in
accordance with the product instructions for the
enzyme. The reaction volume was 20 microliter.
[0156]Agarose gel electrophoresis  Carried out by the
method described in the section 'Agarose gel
electrophoresis'  45 WO 2009/128272PCT/JP2009/001768
described in Example 1. 0.8% analytical agarose gel
was used. With regard to all six of the candidate
strains, two bands at about 3.6 kbp and 1.6 kbp were
detected for cleavage with the two types of enzymes
Bcu I and Sal I. Furthermore, one band at about 5.2
kbp was detected from cleavage with the enzyme Bcu I
on its own or Sal I on its own. This suggests that for
all the candidate strains the plasmid size and
constitution were as designed. [0157] Checking plasmid
DNA sequence    Sequencing was carried out using the
plasmid extracted above by the same method as in the
section 'Checking plasmid DNA sequence' described in
Example 1. As a primer, primer sets 1, 2, 3, and 4 in
Table 3 described in Example 1 were used. The plasmid
nucleotide sequence after alignment was compared with
the designed sequence (SEQ ID NO:3).   The plasmid
sequences of four strains among the six cloning
strains matched SEQ ID NO:3, and it was confirmed that
the target strains were obtained. For the remaining
two strains, there was a single-nucleotide deletion
within the pTB 6 rep unit. One strain was selected
from the four strains matching SEQ ID NO:3, and a
plasmid extracted from this strain was defined as
'pCDshuttle'. [0158](6) Transformation of
Bifidobacterium Preparation of competent cells    A
Bifidobacterium longum Re-105A glycerol stock was
thawed at room temperature and agitated well. A
sterilized glass test tube was charged with 10 mL of
IMR conditioned medium, and 100 microliter of the
thawed bacterial liquid was added thereto and mixed
well. This was placed in a sealed container together
with a deoxygenating/ carbon dioxide generating agent,
and culturing was carried out by allowing it to stand
at 37 degree C for 24 hours (1st culture fluid).
After the 1st culture fluid was agitated well, 100
microliter thereof was measured and used to inoculate
a test tube charged with 10 mL of IMR conditioned
medium, this was placed in a sealed container together
with a deoxygenating/carbon dioxide generating agent,
and culturing was carried out by allowing it to stand
at 37 degree C for 18 hours (2nd culture fluid).
[0159]30 mL of the IMR conditioned medium was
dispensed into each of four 50 mL volume sterilized
plastic tubes (BD FalconTM tubes, Becton, Dickinson
and Company, Japan). These tubes were pre-warmed in an
incubator at 37 degree C, and 1.5 mL of the 2nd
culture fluid was added to each and agitated well. The
caps were lightly closed, the tubes were placed in a
sealed container together with a deoxygenating/carbon
dioxide generating agent, and culturing was carried
out at 37 degree C. Culturing was ended when the
turbidity (wavelength 600 nm) became 0.213 after 1
hour and 35 minutes had elapsed, and the tubes
containing the culture fluid were transferred onto 



46 WO 2009/128272PCT/JP2009/001768 ice. They were
centrifuged at 8000 rpm for 5 minutes at 4 degree C.
The supernatant was discarded in a clean bench, 5 mL
of a PBS buffer pre-cooled in ice was added to each
tube containing the bacterial cells, and the bacterial
cells were gently suspended. The four tubes containing
the bacterial suspension were combined into one tube,
and this was centrifuged at 8000 rpm for 5 minutes at
4 degree C. The supernatant was discarded in a clean
bench, and 360 microliter of KMR buffer pre-cooled in
ice was added to the bacterial cells so as to
resuspend them. The bacterial suspension was about 720
microliter. This was allowed to stand on ice
overnight, thus giving competent cells. A bacterial
suspension was prepared by diluting part thereof by 2
times with an equal amount of KMR buffer, and this was
defined as doubly diluted competent cells.
[0160]Transformation   80 microliter of the competent
cells was placed in a 1.5 mL volume sterilized
microtube ice-cooled in advance. 578 ng (1 microliter)
of pCDshuttle was added thereto, gently mixed by a
pipette, and then allowed to stand on ice for 5
minutes. As a positive control, 498 ng (2 microliter)
of pAV001-HU-eCD-M968, which had been proved to
replicate in a bifidobacteria B. longum Re-105A, was
mixed with the competent cells by the same procedure
as above. In the same manner, the doubly diluted
competent cells and 578 ng (1 microliter) of pCD
shuttle were mixed. Each of the above mixtures were
transferred to a cuvette (BM cuvettes, BM Equipment
Co., Ltd.) ice-cooled in advance. In this process,
competent cells with no DNA added thereto were also
added to another cuvette (negative control).
Transformation (electroporation) was carried out using
an electroporation system (Gene Pulser II, Bio-Rad
Laboratories, Inc.). The electroporator was set to a
voltage of 2.0 kV, a capacitor of 25 micro F, and a
resistor of 200 omega, and operated in accordance with
the instruction manual for the system. [0161]After the
electric shock, a mixture of 800 microliter of IMR
liquid medium and 50 microliter of a liquid with
vitamin C added was immediately added to the cuvette,
and this was recovered in a sterilized 2 mL microtube.
Each tube was subjected to the same operations, and
these 2 mL tubes were decapped and placed in a
desiccator. The air within the desiccator was removed
using a vacuum pump, and it was filled with carbon
dioxide. This operation was repeated three times so as
to replace the air within the desiccator with carbon
dioxide, and the desiccator was then placed in an
incubator set at 37 degree C and incubated for 3
hours. After incubating, each bacterial suspension was
agitated well, 100 microliter thereof was measured,
and plated onto two sheets of IMR agar medium
(containing 75 microgram/mL SPCM). These plates were
placed in a sealed container together with a
deoxygenating/carbon dioxide generating agent
(AnaeroPack(R)-Anaero, Mitsubishi  47 WO
2009/128272PCT/JP2009/001768 Gas Chemical Company),
and culturing was carried out in an incubator set at
37 degree C for 3 days. [0162]Culturing of colony   6
colonies transformed by the pCDshuttle were randomly
selected, and used to inoculate test tubes charged
with 10 mL of APS-2S-2.5R conditioned medium. As a
control, an APS001C master cell bank glycerol stock
(manufactured on 2007.3.22, Serial No: 004-0127) was
thawed at room temperature, and 100 microliter thereof
was used to inoculate a test tube charged with 10 mL
of the APS-25-2.5R conditioned medium. These
inoculated test tubes were placed in a sealed
container together with a deoxygenating/carbon dioxide
generating agent, and culturing was carried out by
allowing them to stand at 37 degree C for 24 hours
(1st culture fluid).  After the 1st culture fluids
were agitated well, 100 microliter thereof was
measured and used to inoculate test tubes charged with
10 mL of the APS-25-2.5R conditioned medium. They were
placed in a sealed container together with a
deoxygenating/carbon dioxide generating agent, and
culturing was carried out by allowing them to stand at
37 degree C for 24 hours (2nd culture fluid).
[0163]Extraction of plasmid 



Plasmid extraction and purification were carried out
using 2 mL of the 1st culture fluids apart from the
APS001C by means of a QIAprep Spin Miniprep Kit.
Details were in accordance with the product
instructions for the kit. [0164]Checking of plasmid
(PCR)   PCR was carried out using the plasmid DNA thus
extracted as a template, and the presence/absence of
plasmid was checked. A PCR mixture was prepared on ice
by adding 5 microliter of Plasmid DNA, 10 microliter
of 5x PrimeStarTM buffer, 4 microliter of a dNTP
mixture (2.5 mM each), 0.5 microliter of 20 micromolar
Check Fl primer, 0.5 microliter of 20 micromolar Check
R2 primer, 0.5 microliter of PrimeSTARHs DNA
polymerase, and 29.5 microliter of 0.1x TE to a
sterilized 0.2 mL PCR tube (Bio-BIK).  In the same
manner, a PCR mixture was prepared as a positive
control using as a template a solution prepared by
adjusting the concentration of the plasmid pCDshuttle
extracted from E. coli to 10 pg/mL. [0165]A thermal
cycler was set up under the conditions below, and
after the block tem- perature reached 98 degree C the
tubes were placed thereon.  48 WO
2009/128272PCT/JP2009/001768 [Math. 12] Denature 98C
10 sec-----, Anneal58C 5 secx 30 cycles Extension 72C
60 sec 72C 60 sec 4C co Checking of the PCR product
was carried out using 1 microliter of the reaction
mixture        after the PCR was completed. As a gel,
0.8% analytical agarose gel was used. [0166] <Example
4> Construction of plasmid 'pBifiCD' (Step 4)  (1)
Preparation of pUC on-free fragment Cleavage of
plasmid by restriction enzyme  pCDshuttle was cleaved
by the restriction enzymes Bgl II and Bam HI as
follows.  20 microliter of 10x Buffer Bam HI (buffer
included with enzyme) and 69 units of Bam HI were
added to 10 microgram of pCDshuttle, the total amount
was made up to 200 microliter using 0.1x TE, and
mixing was carried out well. After incubating at 37
degree C for 3 hours and 10 minutes, 50 ng thereof was
taken out, and it was 



confirmed using 0.8% analytical agarose gel that
decomposition was complete.  The tube containing the
enzyme reaction mixture was stored on ice while
waiting for confirmation. After cleavage by Bam HI was
confirmed, protein was removed from the enzyme
reaction solution. [0167]10 microliter of 10x Buffer 0
(buffer included with enzyme) and 45 units of Bgl II
were added thereto, the total amount was made up to
100 microliter using 0.1x TE, and mixing was carried
out well. After incubating at 37 degree C for 2 hours,
100 ng thereof was taken out, and it was confirmed
using 0.8% analytical agarose gel that decomposition
was complete.  The tube containing the enzyme reaction
mixture was stored on ice while waiting for
confirmation.  0.1x TE was added to 100 ng of the
plasmid DNA solution cleaved by the restriction enzyme
so as to make the total amount 10 microliter, 1
microliter of 10x Loading buffer was added thereto,
and mixing was carried out well. This was used as an
electrophoresis sample. As a gel, 0.8% analytical
agarose gel was used. [0168]Fractionation by agarose
gel and excision   The vector cleaved by the
restriction enzyme was subjected to electrophoresis
for 120 minutes by the same method as in
'Fractionation by agarose gel and excision' described
in Example 1, and a DNA band at about 4.5 kbp was
excised while confirming that the target band at about
4.5 kbp had separated sufficiently from an  49 WO
2009/128272PCT/JP2009/001768 unwanted band at about
650 bp. As a molecular weight marker, Quick-Load lkbp
DNA ladder was used. [0169]DNA elution from agarose
gel   DNA was eluted from the gel excised above by the
same method as in 'DNA elution from agarose gel'
described in Example 1.  Part of the vector purified
by agarose gel was diluted by 15 times using 0.1x TE,
and quantitatively analyzed using a spectrophotometer.
When the pCDshuttle cleaved by the restriction enzyme
and purified by agarose gel was subjected to
measurement using an absorptiometer, the concentration
of DNA was 47 ng/microliter, and the A260/280 ratio,
which indicates the purity, was 1.937. [0170](2)
Self-ligation of purified pUC on-free fragment
Ligation reaction   The purified pUC on-free fragment
(about 4.5 kbp) was subjected to self-ligation. 4
microliter of 5x Rapid Ligation Buffer, 1 microliter
(47 ng) of pUC ori-free fragment (47 ng/microliter), 1
microliter of 5 u/microliter T4 DNA Ligase, and 14
microliter of 0.1x TE were added to a sterilized 0.2
mL PCR tube (Bio-BIK) and mixed on ice, thus giving a
ligation reaction mixture. 20 tubes of the reaction
mixture were prepared. 



[0171]A thermal cycler was set up under the conditions
below, and after the block tem- perature reached 22
degree C the tubes were placed thereon. [Math. 13] 22C
5 min(ligation reaction) 65C 5 min(reaction stopped)
4C oo [0172]Purification (protein removal and
concentration)   The 20 tubes of the ligation reaction
mixture were combined into one sterilized microtube,
and protein was then removed. Dissolution of DNA was
carried out using 10 microliter of 0.1x TE. [0173](3)
Transformation of Bifidobacterium Transformation
Transformation (electroporation) of Bifidobacterium
longum Re-105A competent cells was carried out using
500 ng (5 microliter) of the purified ligation
reaction product. As a background control, 500 ng (10
microliter) of pUC on-free fragment that had not been
subjected to a ligation reaction was mixed with
competent cells in the same manner in a separate tube.
The electroporation operation was carried out by the
same method as in 'Transformation' described in
Example 3. [0174]Culturing of colony  8 colonies
transformed by the purified ligation reaction product
were randomly  50 WO 2009/128272PCT/JP2009/001768
selected, and cultured by the same method as in
'Culturing of colony' described in Example 3.
Extraction of plasmid     Plasmid extraction and
purification were carried out by the same method as in
'Extraction of plasmid DNA' described in Example 1
using 1.5 mL of the 1st culture fluid. [0175]Checking
of plasmid (PCR)  



PCR was carried out by the same method as in 'Checking
of plasmid' described in Example 3 using the plasmid
DNA extracted above as a template.  The PCR product
was checked using 1 microliter of the reaction mixture
after the PCR was completed. As gel, two types, that
is, 0.8% and 2% analytical agarose gels were used.
[0176](4) Confirmation of plasmid sequence Culturing
B. longum Re-105A/pBifiCD cloning strain glycerol
stock was thawed and agitated well, and 100 microliter
thereof was used to inoculate a test tube charged with
10 mL of APS-2S-2.5R conditioned medium. This test
tube was placed in a sealed container together with a
deoxygenating/carbon dioxide generating agent, and
culturing was carried out by allowing it to stand at
37 degree C for 24 hours (1st culture fluid). After
the 1st culture fluid was agitated well, 100
microliter thereof was measured and used to inoculate
each of two test tubes charged with 10 mL of
APS-2S-2.5R conditioned medium. These test tubes were
placed in a sealed container together with a
deoxygenating/carbon dioxide generating agent, and
culturing was carried out by allowing them to stand at
37 degree C for 24 hours (2nd culture fluid).
[0177]Extraction of plasmid  Plasmid extraction and
purification were carried out as follows using an
appropriate amount of the 2nd culture fluid by means
of a QIAprep Spin Miniprep Kit.  Four 15 mL volume
sterilized plastic tubes (BD FalconTM, Becton,
Dickinson and Company, Japan) were each charged with
2.5 mL of the 2nd culture fluid, and 7.5 mL of 30 mM
GTA buffer was added to each tube. This was agitated
and then centrifuged at 12000 rpm for 15 minutes at 25
degree C, and the supernatant was discarded by
pipette. After 10 mL of a 30 mM GTA buffer was added
to bacterial cells in the tubes, they were centrifuged
at 12000 rpm for 15 minutes at 25 degree C, and the
supernatant was discarded by pipette. After combining
two tubes containing the bacterial cells into one, 1
mL of an N-acetylmuramidase solution (prepared at 3000
units/mL by adding 30 mM GTA buffer to a lyophilized
N-acetylmuramidase product manufactured by Seikagaku
Corporation) was added to each and mixed well. After
incubating these tubes in a water bath set at 50
degree C for 3 hours, 250 microliter of 20 mg/mL
Proteinase K (QIAGEN) was added thereto, mixed well,
and incubation was carried  51 WO
2009/128272PCT/JP2009/001768 out in a water bath set
at 60 degree C for 30 minutes. The two tubes were
combined into one. [0178]An equal amount of Buffer P1
(included with kit) was added thereto and mixed (A).
This mixture was divided into four 15 mL volume
plastic tubes, an equal amount to that of A of a Lysis
solution (0.2 M Na0H/2% SDS) was added thereto and
tumble mixed, a volume of 1.4 times that of A of
Buffer N3 (included with kit) was then added thereto
and tumble mixed, and the bacterial cells were
subjected to bacteriolysis and neutralization. After
centrifuging at 12000 rpm for 15 minutes at 25 degree
C, the supernatant was collected in a 15 mL volume
plastic tube. The liquid thus collected was purified
using eight columns of QIAquick Spin Column (included
with kit). The purification method was in accordance
with the procedural manual for the kit. The DNA
elution of the final step was carried out using 50
microliter of 0.1x TE, thus giving about 400
microliter of a plasmid solution. [0179] Checking
plasmid DNA sequence   Sequencing was carried out
using the plasmid extracted above by the same method
as in the section 'Checking plasmid DNA sequence'
described in Example 1. As primers, primer sets 1, 3,
and 4 in Table 3 described in Example 1 were used. The
plasmid nucleotide sequence after alignment was
compared with the designed sequence (SEQ ID NO:4). The
result of determining the whole sequence of the
plasmid extracted from the cloning strain was that the
B. longum Re-105A/pBifiCD plasmid sequence matched 



SEQ ID NO:4. Plasmid extracted from this cloning
strain was defined as 'pBifiCD'. [0180]<Test Example
1> Checking transformation and basic properties of
Bifidobacterium  (1) Checking transformation of B.
longum Re-105A  A self-ligation product formed by
removing the pUC on site from pCDshuttle and
ring-closing and the result of transformation of B.
longum Re-105A using pCDshuttle were checked.  The
same competent cells were used for plates 1 to 5. For
a negative control (plate No. 1) to which no plasmid
was added, the number of colonies was 1 and 0.
However, even for a positive control (plate 5)
transformed using shuttle plasmid pAV001-HU-eCD-M968
(Patent Publication 5; WO 2007-136107) that had
already been proved to replicate in Bifidobacterium,
the number of colonies was 5 and 2, and the difference
in number from that of the negative control was small.
This suggests that the efficiency of transforming the
competent cells used in plates 1 to 5 was low.
[0181]On the other hand, for plate 6, the
concentration of the competent cells used was diluted
by 2 times, and when transformation was carried out
using pCDshuttle, at least 500 colonies were formed
per plate. A negative control for plate 6 was not
carried out,  52 WO 2009/128272PCT/JP2009/001768 but
it is surmised that the colonies on plate 6 were
highly likely to have been transformed by plasmid
pCDshuttle. Furthermore, it was found that the
concentration of the competent cells contributed
greatly to the transformation efficiency. Moreover,
comparing a case in which ligation of the fragment in
which pUC on had been removed from pCDshuttle was
carried out and a case in which it was not carried
out, as a result of transformation thereby (plates 3
and 4 respectively), the number of colonies was 3 and
8 for plate 3 and 1 and 2 for plate 4, and the number
of colonies was small in both cases. The results are
given in Table 4. [0182] [Table 41 Table 4
Transformation of B. longum Re-105A [0183](2) Checking
plasmid of transformed B. longum Re-105A  When PCR was
carried out with Check primer using as a template a
plasmid extracted from eight B. longum Re-105A/pBifiCD
cloning strains and six B. longum Re-105A/pCDshuttle
cloning strains, an amplification product of about 500
bp was detected for the B. longum Re- 105A/pBifiCD
cloning strains. For the B. longum Re105A/pCDshuttle
cloning strains, an amplification product at 1.1 kbp
was detected. It was confirmed thereby that all of the
cloning strains had a plasmid. It was also shown that
pBifiCD did not contain a pUC on fragment. 



[0184]<Test Example 2> Checking cytosine deaminase
activity   Cytosine deaminase (CD) activity was
checked using eight B. longum Re105A/pBifiCD cloning
strains and six B. longum Re-105A/pCDshuttle cloning
strains.  53 WO 2009/128272PCT/JP2009/001768 1 mL of
each 2nd culture fluid in APS-2S-2.5R conditioned
medium was washed with Tris buffer (pH 8.4) three
times and then ultrasonically ground, thus extracting
total protein. The total protein amount was
quantitatively measured by a modified Lowry method,
and an enzyme reaction employing 5-fluorocytosine
(5-FC) as a substrate was carried out using 5
microgram of total protein. 5-Fluorouracil (5-FU)
formed by the enzyme reaction and the amount of 5-FC
remaining were quantitatively measured by liquid
chromatography, and CD enzyme activity was calculated.
[0185]From the result of measuring the CD activity of
the B. longum Re-105A/pBifiCD cloning strains and the
B. longum Re-105A/pCDshuttle cloning strains, the CD
activity of the eight B. longum Re-105A/pBifiCD
cloning strains was 8.07 - 10.29 (average: 8.74)
units/microgram of total protein, and there was hardly
any difference between bacterial strains.
Furthermore, the CD activity of the six B. longum
Re-105A/pCDshuttle cloning strains was 8.13 - 9.66
(average: 8.69) units/microgram of total protein, and
there was similarly hardly any difference between
bacterial strains.  The CD activities of the two
cloning strains were almost the same, but for the
average values the CD activity of the B. longum
Re-105A/pBifiCD cloning strains was slightly stronger;
there was no reduction in the CD activity due to the
pUC on fragment being removed, but rather it is
suggested that it acted well. It was proved by this
test that pCDshuttle and pBifiCD replicated in
Bifidobacterium and had adequate CD activity. The
measurement results are shown in Table 5. 1101861  54
WO 2009/128272PCT/JP2009/001768 [Table 5] Table 5CD
activities using total proteins 



41833178743129.400.25569.4 B.Iongum Re-105A
ipCDshuttle #2851598672279.660.29859.66
#3717818438678.470.35728.47
#4683318406458.130.36628.13
#5696818372948.310.37988.31
#6684608414698.140.37758.14   B. longum Re-105A
/pBifiCD #1756008291069.030.28059.03
#2722688380348.580.3038.58 #3679648432758.070.31888.07
#4683778373158.160.33248.16
45713448351838.510.37538.51
#6772858700908.820.28058.82
#78581081445410.290.305310.29
#8706368329808.450.3738.45 [0187]<Test Example 3> 



Checking plasmid retention stability    The plasmid
retention stability when a culture fluid sufficiently
activated by culturing in a medium containing
spectinomycin was cultured in a medium with no
spectinomycin added thereto was checked as follows.
[0188]Selective culturing in medium with SPCM added
After glycerol stocks of two B. longum Re-105A/pBifiCD
cloning strains and a glycerol stock of one B. longum
Re-105A/pCDshuttle cloning strain were thawed and
agitated well, 100 microliter thereof was measured and
used to inoculate test tubes charged with 10 mL of
APS-25-2.5R conditioned medium. Inoculation with
APS001C MCB (Serial No. 004-0116) was also carried out
by the same procedure. These test tubes were placed in
a sealed container together with a
deoxygenating/carbon dioxide generating agent, and
culturing was carried out by allowing them to stand at
37 degree C for 24 hours (1st culture fluid). After
the 1st culture fluid was agitated well, 100
microliter thereof was measured and used to inoculate
two test tubes charged with 10 mL of APS-25-2.5R
conditioned medium. These test tubes were placed in a
sealed container together with a deoxygenating/carbon
dioxide generating agent, and  55 WO
2009/128272PCT/JP2009/001768 culturing was carried out
by allowing them to stand at 37 degree C for 24 hours
(2nd culture fluid). [0189]Nonselective culturing in
medium with no SPCM added thereto    10 mL test tubes
charged with nonselective APS-2S-2.5R conditioned
medium were warmed in advance in a water bath set at
37 degree C and this medium was inoculated with 10
microliter of each of the 2nd culture fluids in the
SPCM added medium within a clean bench (0.1% bacterial
inoculation). After the inoculation, each test tube
was placed in a sealed container together with a
deoxygenating/carbon dioxide generating agent, and
placed in an incubator set at 37 degree C. A series of
these operations were carried out quickly so that
change in temperature of the medium was minimized.
After these test tubes were cultured for 24 hours,
using each culture fluid as an inoculum, subculturing
onto the nonselective APS-2S-2.5R conditioned medium
was repeated by the same method.   After the third
passage the culture fluid in the nonselective
APS-2S-2.5R conditioned medium was agitated by shaking
well, 100 microliter thereof was measured and added to
9.9 mL of an anaerobic diluent (102 timesdilution
liquid) and mixed well. The 102 times dilution liquid
was diluted by the same method to give a 104 times
dilution liquid, then to give a 106 times dilution
liquid. 100 microliter of the 106 times dilution
liquid was plated on each of five sheets of BL agar
medium. These plates were placed in a sealed container
together with a deoxygenating/carbon dioxide
generating agent, and anaerobic culturing was carried
out in an incubator set at 37 degree C for 2 days.
[0190]Replication to BL-bS agar medium   300 well
separated colonies were randomly selected from the BL
agar medium and used. The colonies were fished using a
sterilized tooth pick and used to inoculate BLbS agar
medium and BL agar medium in sequence. Inoculation was
carried out on a total of 6 sheets of agar media at 50
per sheet. The agar media after inoculation were
placed in a sealed container together with a
deoxygenating/carbon dioxide generating agent
according to the volume of the container so as to
maintain an anaerobic state, and culturing was carried
out at 37 degree C for 1 day. [0191]Counting after
completion of culturing was carried out by marking
puncture traces from the tooth pick where there was no
apparent proliferation of bacterium, and counting
puncture traces other than these where bacteria could
be seen to be proliferating. Since bacteria retaining
plasmid were SPCM-resistant, the percentage of
plasmid-retaining bacteria was given as the percentage
of SPCM-resistant bacteria. The percentage of
plasmid-retaining bacteria was determined from the
equation below.  56 



WO 2009/128272PCT/JP2009/001768 [Math. 14] Equation 1
Percentage of plasm Id- retaining bacteria = Number of
bacterial proliferat ion puncture marks on BL- bS agar
medium x100 Number of bacterial proliferat ion
puncture marks on BL agar medium [0192]From the result
of measuring plasmid retention stability, the
percentage of spectinomycin-resistant bacteria in B.
longum Re-105A/pBifiCD cloning strains #1 and #5, that
is, the percentage of plasmid-retaining bacteria, was
the very high value of 87.7% for both strains.
Furthermore, the percentage of plasmid-retaining
bacteria in B. longum Re105A/pCDshuttle was 80.3%.  On
the other hand, the percentage of plasmid-retaining
bacteria in B. longum Re105A/pAV001-HU-eCD-M968
transformed by shuttle plasmid pAV001-HU-eCD-M968
(APS001C: Patent Publication 6; WO 2007-136107) was
71.7%, which was much lower than the percentage of the
plasmid-retaining bacteria in B. longum
Re-105A/pBifiCD of the present invention. [0193]It was
confirmed that the plasmid pBifiCD of the present
invention was retained stably within the
bifidobacteria B. longum Re-105A, and B. longum
Re-105A/pBifiCD transformed by the plasmid pBifiCD of
the present invention showed very high plasmid
retention stability.  Furthermore, compared with B.
longum Re-105A/pAV001-HU-eCD-M968, the two cloning
strains showed a very good percentage of
plasmid-retaining bacteria and, moreover, the B.
longum Re-105A/pBifiCD cloning strain gave a higher
percentage of plasmid-retaining bacteria than that of
the B. longum Re-105A/pCDshuttle cloning strain, thus
confirming that removal of the pUC on fragment
improved the percentage of plasmid-retaining bacteria.
The measurement results are shown in Table 6. 1101941
57 WO 2009/128272 [Table 6] Table 6Stability of
plasmid segregation PCT/JP2009/001768 



Strains Growth on BL-bS Growth on BL SPCM resistant
(%) B. longumRe-105A/pBiti CD #1 263 300 87.7 B.
longumRe-105A/pBifiCD #5 263 300 87.7 B. longum
Re-105A/pCDshuttle #1 240 299 80.3 



APS001C MCB 215 300 71.7  [0195]<Test Example 4>
Checking ability of plasmid 'pBifiCD' to transform E.
coli   Checking that E. coli was not transformed by
plasmid 'pBifiCD' of the present invention, using the
shuttle plasmid 'pCDshuttle' as a control, was carried
out as follows. (1) Preparation of plasmid  The
plasmid 'pBifiCD' of the present invention and the
control plasmid 'pCDshuttle' were prepared as follows.
[0196]Culturing  APS-2S-2.5R conditioned medium was
inoculated at 1% with the bifidobacteria transformed
by the plasmid 'pBifiCD' (B. longum Re-105A/pBifiCD)
prepared in Example 4, placed in a sealed container
with a deoxygenating/carbon dioxide generating agent,
and cultured at 37 degree C for 24 hours. After
stirring well, APS2S-2.5R conditioned medium was
inoculated with 1% thereof and culturing was carried
out for 24 hours in the same manner. Similarly,
APS-25-2.5R conditioned medium was inoculated at 1%
with the bifi- dobacteria transformed with the shuttle
plasmid 'pCDshuttle' (B. longum Re105A/pCDshuttle)
prepared in Example 3, placed in a sealed container
with a deoxygenating/carbon dioxide generating agent,
and cultured at 37 degree C for 24 hours. After
stirring well, APS-25-2.5R conditioned medium was
inoculated with 1% thereof and culturing was carried
out for 24 hours in the same manner. [0197]Extraction
of plasmid 2 mL of each of the above culture fluids
was washed twice with 30 mM GTA buffer (pH 5.5), and
subjected to N-acetylmuramidase treatment, then to
Proteinase K  58 



WO 2009/128272PCT/JP2009/001768 treatment.
Purification was carried out by means of a QIAprep
Spin MiniPrep Kit to thus extract plasmid DNA, and
about 9 microgram of plasmid DNA was obtained in each
case. [0198](2) Transformation of E. coli
Transformation of E. coli JM109 competent cells
(Takara Bio Inc.) (100 microliter) was carried out by
heat shock using 50 ng (1 microliter) each of the
plasmids 'pCDshuttle' and 'pBifiCD' prepared above.
The transformation method was in accordance with the
product instructions supplied with the competent
cells.  100 microliter of each of the bacterial
suspensions after heat shock and incubation with added
SOC medium were plated on two LB agar media
(containing 75 microgram/mL spectinomycin), and
cultured at 37 degree C overnight. [0199]From the
result of checking for the presence or absence of
colonies on each of the plates after culturing,
colonies were detected only in E. coli transformed
using the control plasmid 'pCDshuttle'.  On the other
hand, colonies were not detected after transformation
by a negative control in which 0.1 x TE was added
instead of plasmid, or by the plasmid 'pBifiCD' of the
present invention.  It was confirmed that even when
the plasmid 'pBifiCD' of the present invention was
forcibly introduced into E. coli, it could not be
replicated within E. coli. The results are given in
Table 7. [0200] [Table 71 Table 7 Transformation of
E.coli JM109 with either pCDshuttle or pBifiCD Sample
nameNumber of colonies per plate pCDshuttle35, 53
pBifiCD0, 0 0.1xTE (Negative control)0, 0 [0201]<Test
Example 5> Checking of antitumor effect of B. longum
Re-105A/pBifiCD cloning strain   (1) Preparation of
cultured viable cells of B. longum Re-105A/pBifiCD
cloning strain (test drug) 



Activated culturing was carried out by thawing a
glycerol stock of B. longum Re105A/pBifiCD cloning
strain at normal temperature, inoculating with an
appropriate amount thereof a test tube charged with a
liquid medium with added calcium  59 WO
2009/128272PCT/JP2009/001768 carbonate, placing it in
a sealed container together with a
deoxygenating/carbon dioxide generating agent, and
anaerobically culturing in an incubator at 37 degree C
for 24 hours. Subsequently, a test tube charged with a
liquid medium without added calcium carbonate was
inoculated with an appropriate amount of this liquid
culture, and cultured under the same anaerobic
conditions for 18 hours (main culture). [0202]The
liquid culture was transferred to a 50 mL volume
polypropylene conical tube (Becton, Dickinson and
Company, Japan), and 5 mL of this mixed liquid culture
was mixed well with a 4-fold amount (20 mL) of cooled
(5 degree C) physiological saline, three tubes being
thus prepared. Washing was carried out by subjecting
each tube to centrifugation at 8,000 rpm for 10
minutes while cooling (4 degree C) and, after the
supernatant was discarded, further adding 20 mL of
cooled physiological saline thereto to thus suspend
the bacteria (washing operation 1). This washing
operation was carried out twice more, and after the
bacterial liquids that had been washed a total of
three times were combined in one tube, the volume of
the bacterial suspension was adjusted to 6.5 mL. The
bacterial suspension thus washed was filtered using an
8 micrometer membrane filter (polycarbonate, Toyo
Roshi Kaisha, Ltd., K800A025A), and the viable
bacteria in a filtrate thus collected (cultured viable
bacteria liquid) were used as a test drug. [0203](2)
Culturing of transplanted tumor cells  Human breast
cancer cell line KPL-1 cells were cultured at 37
degree C under conditions of 5% CO2 in DMEM medium
with added 1 v/v % penicillin (50000 U/
mL)/streptomycin (50 mg/mL) and FBS (10 v/v %)
immobilized at 56 degree C for 30 minutes.  When
confluent, after washing with 1 x PBS(-), 1 x
trypsin-EDTA was added so as to strip the cells, and
the cells collected by centrifugation (1000 rpm/5
minutes) were diluted as appropriate with DMEM medium
and subcultured. In a transplantation experiment,
fifth passage cells were used. The number of viable
cells that had not been stained by Trypan blue was
counted by a Thoma hemocytometer (Thoma 0.1 mm deep
ERMA, Tokyo), and the number of cells was adjusted to
2.5 x 106 cell/mL by suspending them in Hanks'
solution. [0204](3) Preparation of tumor-bearing nude
mouse and measurement of volume of tumor  0.2 mL of
the KPL-1 cell suspension prepared above was
transplanted under the skin of the back side of the
right forelimb of a nude mouse (5 x 105 cells/mouse).
The volume of a tumor after transplantation was
determined from the equation below by measuring the
dimensions of the tumor (major diameter, minor
diameter, thickness) using calipers.  Tumor volume
(mm3) = major diameter (mm) x minor diameter (mm) x
thickness (mm)/2  60 WO 2009/128272PCT/JP2009/001768 



[0205](4) Grouping and administration of cultured
viable bacteria (test drug), sugar source (lactulose),
and prodrug (5-FC) Grouping and administration of
cultured viable bacteria (test drug)  16 KPL-1
tumor-bearing nude mice having a tumor volume of on
the order of 60 to 95 mm3 were selected and evenly
divided into two groups (8 mice per group), one group
was used as a control group (non-treated group) and
the other group was used as a treated group.  0.3 mL
per mouse of cultured viable bacteria (test drug) was
intravenously administered to the treated group three
times (AM/PM) per day for 2 days (day 1 and day 2).
The total volume of cultured viable bacteria
administered was 1.8 mL, and the total number of cells
administered was 5.9 x 109cfu/mouse.         The
number of viable bacteria administered was measured as
follows. [0206]Measurement of number of viable
bacteria  A cultured bacterial liquid was diluted 106
times with an anaerobic diluent, and 100 microliter
thereof was plated onto three BLFS plates and
anaerobically cultured in a sealed container
(AneroPack rectangular jar, Mitsubishi Gas Chemical
Co., Ltd.) together with a deoxygenating/carbon
dioxide generating agent in an incubator at 37 degree
C for 3 days. The number of bacteria administered was
calculated from the equation below from a plate where
the number of colonies detected was on the order of 30
to 300.  Number of bacteria administered (cfu) =
Number of colonies (a) x dilution ratio at plating (b)
x conversion factor (c) per 1 mL of preparation x dose
(mL) (a): (P1+P2+P3)/3 (average number of colonies of
3 plates (P1, P2, P3) (b): x 106(106 times dilution)
(c): x 10 (100 microliter each was plated per plate)
[0207]Administration of lactulose  A lactulose
solution was further administered as follows to the
treated group as a sugar source for the bacteria.  1
mL of a lactulose solution that had been dissolved in
purified water at 20%(w/v) and autoclaved at 121
degree C for 20 minutes was administered into the
abdominal cavity of a mouse once per day.  The
administration period was 21 days (Day 3 to Day 23)
from the day after administration of cultured viable
bacteria was completed. [0208]Administration of
flucytosine (5-FC)  0.4 mL of 5-FC solution was orally
administered to a mouse three times per day (at around
9:00, 14:00, and 18:00) (total administration amount
1.2 mL). The administration period was 21 days (Day 3
to Day 23) from the day after admin- 



61 WO 2009/128272PCT/JP2009/001768 istration of
APS001F cultured viable bacteria was completed.
[0209](5) Checking of tumor growth suppression effect
Tumor diameter was measured for all of the mice before
starting the treatment (at the time of grouping) and
24 days after the treatment had been started at a
frequency of once in 3 to 4 days, and the effect on
tumor growth was checked.  An average value plus/minus
SD of mouse tumor volume of each group was calculated,
and the antitumor effect was judged using as an index
the relative tumor volume ratio (T/C(%)) with respect
to the control group.  Tumor volumes (average value
plus/minus SD) of the control group and the treated
group are shown in Table 8. Furthermore, change in
tumor volume over days is shown in FIG. 5. The
relative tumor volume ratio (T/C(%)) of the treated
group on the test end day (day 24) was 23.0%, and a
prominent tumor growth suppression activity was
observed. 1102101  62 WO 2009/128272PCT/JP2009/001768
[Table 8]  63 WO 2009/128272PCT/JP2009/001768
Industrial Applicability 



[0211]The object of the present invention is to
provide an expression vector that is replicated only
in a transformant bacterium and is not replicated in a
bacterium other than the transformant bacterium, and
in particular not in a pathogenic, or aerobic or
facultative anaerobic bacterium, such as E. coli, and
a process for constructing same. Furthermore, the
object of the present invention is to provide a gene
transporter formed from an anaerobic microorganism
transformed by the expression vector, a pharmaceutical
composition that contains the gene transporter, and a
solid tumor treatment agent that contains the
bacterium. [0212]The vector of the present invention
is a very safe vector that does not contain an origin
of replication that functions in a bacterium,
particularly E. Coli, other than the transformant
bacterium, and has no possibility of being replicated
in a bacterium other than the transformant bacterium,
and particularly not in a pathogenic, or aerobic or
facultative anaerobic bacterium, such as E. coli. A
gene transporter transformed using the vector of the
present invention has high plasmid retention
stability, and there is no possibility, even if it is
horizontally transferred to a bacterium other than the
transformant bacterium, and particularly to a
pathogenic, or aerobic or facultative anaerobic
bacterium, such as E. coli, of it being replicated in
the bacterium, and it is promising as a very safe and
high quality gene transporter.  WO
2009/128272PCT/JP2009/001768 64 [0213] FOR RECEIVING
OFFICE USE ONLY      0-4 This form was received with
the international application: (yes or no)   
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international Bureau on:      



0-5-1  Authorized officer    SUBSTITUTE SHEET (RULE26)
WO 2009/128272PCT/JP2009/001768 65  Claims An
expression vector that functions in an anaerobic
microorganism, the expression vector not containing a
plasmid replication unit that functions in E. coli.
The expression vector according to Claim 1, comprising
(1) a plasmid replication unit that functions in an
anaerobic microorganism other than E. coli, and (2) a
protein expression unit comprising a DNA coding for a
protein having a target activity and a DNA fragment
comprising a promoter and a terminator that function
in the anaerobic microorganism. The expression vector
according to Claim 2, wherein the plasmid replication
unit that functions in an anaerobic microorganism
other than E. coli is a plasmid replication unit that
functions in an anaerobic microorganism selected from
the group consisting of Bifidobacterium,
Lactobacillus, Enterococcus, Streptococcus, and
Clostridium. The expression vector according to Claim
3, wherein the plasmid replication unit that functions
in an anaerobic microorganism other than E. coli is a
plasmid replication unit that functions in
Bifidobacterium. The expression vector according to
Claim 4, wherein the plasmid replication unit that
functions in Bifidobacterium is a pTB6 rep unit
comprising an OriV region and a RepB gene. The
expression vector according to Claim 5, wherein a gene
coding for the pTB6 rep unit comprising the OriV
region and the RepB gene is a DNA represented by the
nucleotide sequence of the 1796th to the 3391st
nucleotides of SEQ ID NO:4 or a single-nucleotide
polymorphism thereof. 



The expression vector according to Claim 2, wherein
the protein having a target activity is (a) a protein
having an antitumor activity or (b) a protein having
an activity of converting an antitumor substance
precursor into an antitumor substance. The expression
vector according to Claim 7, wherein the protein
having a target activity is a protein having an
activity of converting an antitumor substance
precursor into an antitumor substance. The expression
vector according to Claim 8, wherein the protein
having an activity of converting an antitumor
substance precursor into an antitumor substance is
selected from the group consisting of cytosine
deaminase, nitroreductase, and beta-glucuronidase.  WO
2009/128272PCT/JP2009/001768 66 [Claim 101The
expression vector according to Claim 9, wherein the
protein having an activity of converting an antitumor
substance precursor into an antitumor substance is
cytosine deaminase. [Claim 111The expression vector
according to Claim 10, comprising a DNA sequence
represented by the nucleotide sequence of SEQ ID NO:4
(pBifiCD). [Claim 121A process for constructing an
expression vector that functions in an anaerobic
microorganism, comprising producing a shuttle plasmid
comprising (1) a plasmid replication unit that
functions in an anaerobic microorganism other than E.
coli, and (2) a protein expression unit comprising a
DNA coding for a protein having target activity and a
DNA fragment comprising a promoter and a terminator
that function in the anaerobic microorganism, the
shuttle plasmid being replicated in both E. coli and a
host bacterium other than E. coli, and removing from
the shuttle plasmid a plasmid replication unit that
functions in E. coli. [Claim 131A gene transporter
comprising an anaerobic microorganism transformed with
the expression vector according to any one of Claims 1
to 11. [Claim 141The gene transporter according to
Claim 13, wherein the anaerobic mi- croorganism is
selected from the group consisting of Bifidobacterium,
Lactobacillus, Enterococcus, Streptococcus, and
Clostridium. [Claim 151The gene transporter according
to Claim 14, wherein the anaerobic mi- croorganism is
Bifidobacterium. 



[Claim 161The gene transporter according to Claim 15,
wherein the Bifi- dobacterium is selected from the
group consisting of Bifidobacterium adolescentis,
Bifidobacterium animalis, Bifidobacterium infantis,
Bifidobacterium thermophilum, Bifidobacterium
pseudolongum, Bifidobacterium bifidum, Bifidobacterium
breve, and Bifidobacterium longum. [Claim 171The gene
transporter according to Claim 16, wherein the Bifi-
dobacterium is Bifidobacterium longum. [Claim 181The
gene transporter according to Claim 13, wherein it is
capable of growing in a tumor tissue that is in an
anaerobic environment, and is capable of expressing
(a) a protein having an antitumor activity or (b) a
protein having an activity of converting an antitumor
substance precursor into an antitumor substance.  WO
2009/128272PCT/JP2009/001768 67  The gene transporter
according to Claim 18, wherein it is capable of
growing in a tumor tissue that is in an anaerobic
environment, and is capable of express a protein
having an activity of converting an antitumor
substance precursor into an antitumor substance. The
gene transporter according to Claim 19, wherein the
gene transporter is Bifidobacterium longum
105-A/pBifiCD (National Institute of Technology and
Evaluation Patent Microorganisms Depositary Accession
No. NITE BP-491). A pharmaceutical composition or a
therapeutic agent for solid tumor treatment agent
comprising the gene transporter according to any one
of Claims 13 to 20. 


