
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 mi croorganism
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
transformedbacterium. [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
pBLESlOO 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 pAVOOl-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
pAVOOl-HU-eCD in which the DNA of the target gene
inserted into the shuttle plasmid pAVOOl 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 plasmid
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 [00 11]
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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 non pathogenic, 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 anantitumor 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 B i fidobacterium longum
105A/pBLES100-S-eCD generated by recombining Bifi
dobacterium 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 B i fidobacterium
longum 105A/pAV001-HU-eCD-M968 and a method for the
con struction thereof, in which the plasmid
pAV001-HU-eCD-M968, which is a plasmid
single-nucleotide variant of the plasmid
pAVOOl-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 Bifi
dobacterium 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 ori, 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 com
bination 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 pos sibility 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 microorganism,
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, Lacto bacillus, 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 B i fidobacterium,
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 Bifi dobacterium,
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
inBifidobacterium 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 re sistance, <22> the expression vector
according to <21>, wherein the selection marker
activity is spectinomycin resistance, [0027] <23> the
expression vector according to <22>, wherein a DNA
coding for a proteinexhibiting 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 rep resented 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 Bifi
dobacterium 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 anaerobicenvironment, <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 Bifi dobacterium 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 aprotein 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. I]A diagram showing a step of constructing a
selection marker plasmid (pSPCM-pUCori) (Step 1).
[fig.2]A diagram showing a step of constructing a
selection marker activity protein plasmid
(pHU-eCDm-SPCM-pUCori) (Step 2). [fig.3]A diagram
showing a step of constructing a shuttle plasmid
(pCDshuttle) (Step 3). [fig.4]A diagram showing a step
of constructing the plasmid 'pBifiCD' (Step 4).
[fig.5]A 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
asBifidobacterium, 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 mi croorganism 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 ex pression 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, Ente rococcus,
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 Bifi
dobacterium, 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 enterobacteriumsuch
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 histonelike 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 r e sistance, 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 poly
morphism thereof. The 'single-nucleotide variant'
referred to in the present invention means a
singlenucleotide 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), interleukins
(IL)-I 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 in hibition 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
in formation. [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
CB1945) into an antitumor-active alkylating agent;
herpes simplex virus 1 type thymidine kinase
(hereinafter, called HSVl-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 1CSCD (Riken
Gene Bank RDB No. 1591), which contains DNA coding for
E. coli-derived CD, or one isolated from plasmid pMKl
16, 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 an giogenic
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 presentinvention 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 mi 



croorganism 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 pBLESlOO (Patent Publication 4), pAVOOl
(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.
[005 1] 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), pAVOOl-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. [0053] The vector
of the present invention may be constructed by, for
example, thefollowing 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 pBLESlOO (Patent Publication 4),
pAVOOl (Patent Publication 5), pBRASTAlOl (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(Patent Publication 1 to
3), pBLES100-S-eCD (Patent Publication 4),
pAVOOl-HU-eCD (Patent Publication 5), etc. [0057]
Moreover, the vector of the present invention may also
be constructed by recombining a protein expression
unit that has been imcorporated into the plasmids
pNTR500F, pCD540FT (Patent Publication 1 to 3),
pBLES100-S-eCD (Patent Pub lication 4), pAVOOl-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 ex pression 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 enterobacteria 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, Bifi dobacterium pseudolongum,
Bifidobacterium bifidum, Bifidobacterium breve, and B
i fidobacterium 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, Bifi dobacterium bifidum ATCC-1
1863, 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, Bifi dobacterium longum aE-194b
strain, Bifidobacterium longum bs-601 strain, and Bifi
dobacterium 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 (JCMl
192), Bifidobacterium breve aS-1 strain, and
Bifidobacterium breve I-53-8W strain, and among them
Bifidobacterium breve standard strain and Bifi
dobacterium breve aS-1 strain are preferable. [0061]
Examples of the strain of Bifidobacterium infantis
include Bifidobacterium infantisstandard 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 Bifi dobacterium lactentis standard
strain (JCM 1220). [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 en vironment 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 Bifi dobacterium 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.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 ac ceptable 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 admin istration is preferable
and, for example, intravenous injection, subcutaneous
injection, local infusion, or intracerebroventricular
administration can be carried out, and in travenous
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 accordingto 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 mi croorganism 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 r e placement 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 mi
croorganism 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 mi croorganism
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 ad ministered 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 ad ministered 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 ex pressing 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
bythe 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; CB1945,
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 com position 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 pharma
ceutical method. The dose of the antitumor substance
precursor may be selected appropriatelyaccording to
the growth rate in the tumor tissue of the gene
transporter used in com bination 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 dis
appeared 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] I n 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.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. Ix 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] [0082] <Reference Example 2> Preparation of
primer Each primer used for PCR amplification and for
checking was dissolved using 0. Ix TE to give a 100
micromolar stock solution. This was further diluted
with O.lx 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.
[0083][Table 2] <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 O.lx TE as
necessary and subjected to electrophoresis using 0.8%
or 2% agarose gel for analysis and Ix 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,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 ori fragment (about 700
bp) Examination of conditions for PCR amplification of
pUC ori 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
PrimeStar(tm) buffer, 4 microliter of a dNTP mixture
(2.5 mM each), 0.5 microliter of 20 micromolar
pUCori-Fl primer, 0.5 mi croliter of 20 micromolar
pUCori-Rl 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.l] 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)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. Ix 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
BgI II. 10 microliter of 10x Buffer O (buffer included
with enzyme) and 55 units of BgI II were added to 5
microgram of the purified PCR product, and the total
amount was made up to 100 microliter using 0. Ix 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. Ix 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. Ix 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 Ix 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 ac cordance with the
product instructions. Elution of DNA in the final step
employed 50microliter of 0.Ix TE. Part of the purified
PCR product was diluted by 10 times with 0. Ix 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 con centration was 66
ng/microliter. Moreover, the A260/280 ratio, which
indicates the purity, was 1.911. [009 1] (2)
Preparation of AAD 9 fragment (about 1.1 kbp)
Examination of conditions for PCR amplification of AAD
9 gene Using pBLES 100 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
pBLESlOO, 10 microliter of 5x PrimeStar(tm) 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 PrimeSTAR HS DNA polymerase, and 29.5
microliter of 0. Ix 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.2] 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 ampli fication 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. Ix TE was
used.The purified PCR product was diluted by 10 times
with 0. Ix 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
BgI II. 10 microliter of 10x Buffer O (buffer included
with enzyme) and 36 units of BgI II were added to 5
microgram of the purified PCR product, and the total
amount was made up to 100 microliter using 0. Ix 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. Ix TE. After incubating at 37
degree C for 2 hours, the mixture was purified using a
QIAquick PCR purification kit and eluted with 50 mi
croliter of 0. Ix 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 ac 



cordance with the product instructions. Elution of DNA
in the final step employed 50 microliter of 0.Ix TE.
Part of the purified PCR product was diluted by 10
times with O.lx TE, and the purified PCR product was
quantitatively analyzed using a spectrophotometer.
Elec trophoresis 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 con centration was 40
ng/microliter. Moreover, the A260/280 ratio, which
indicates the purity, was 1.927. [0097] (3) Ligation
of pUC ori 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, and8 microliter of 0. Ix
TE so that the molar ratio of the purified pUC ori
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 mi croliter (250 ng) of
AAD 9 fragment (40 ng/microliter), 1 microliter of 5
u/microliter T4 DNA Ligase, and 8.75 microliter of 0.
Ix TE were mixed on ice, thus giving a ligation
reaction mixture (reaction mixture X). [0098] Since
the AAD 9 fragment uses plasmid pBLES 100 (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.3] 22 0C
5 iai n (ligation reaction) 65 0C 5 itiin (reaction
stopped) 4 C 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 ori 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. coli6 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 GeneElute(tm) 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.Ix TE was used. [0102] Measurement of
concentration of plasmid DNA The plasmid extracted
above was diluted by 20 times with O.lx TE, the DNA
con centration 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 BgI II on
its own, and cleavage by both Bcu I and BgI 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 BgI II. Furthermore, one band at about 1.8
kbp was detected when cleavage was carried out by a
single enzyme of Bcu I or BgI 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 Se quencing 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 analysissoftware (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'.<Example 2> Construction of
selection marker activity protein plasmid
(pHU-eCDm-SPCM-pUCorD (Step 2) (1) preparation of
linear plasmid pSPCM-pUCoriCleavage 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 1Ox 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 O.lx 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 de composition 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. Ix 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. Ix 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 O.lx 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 restriction enzyme treatment, DNA
fragment excision from the agarose gel, and pu
rification, it was confirmed that it gave a single
band in agarose gel analysis. In DNA measurement using
an absorptiometer, the concentration was 2 1
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 T). 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 PrimeStar(tm)
buffer, 4 mi croliter 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 Rl primer, 0.5
microliter of PrimeSTARHS DNA polymerase, and 29.5
microliter of O.lx 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.4] [01 12] In
the same manner, using pAV001-HU-eCD-M968 as a
template, a PCR mixture (HU-eCD fragment T) 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 PrimeStar(tm)
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 Rlprimer, 0.5
microliter of PrimeSTAR HS DNA polymerase, and 29.5
microliter of 0. Ix 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] [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% an alytical 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. Ix TE. Fractionation by agarose gel and excision
of PCR product The purified PCR product was
fractionated by the same method as in the
abovementioned '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 elec
trophoresis 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. Ix TE, and quantitatively 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. Ix 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 Rl 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 PrimeStar(tm) 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.6] 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 Ix TBE buffer (0.5 microgram/mL
ethidium bromide).It was confirmed by agarose gel
analysis of the 2nd PCR fragment that there was am
plification 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. Ix
TE. Part of the PCR product from which the primer was
removed was diluted by 50 times with O.lx 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. Ix 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. Ix 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.Part of the PCR product subjected to the agarose
gel purification was diluted by 3 times using O.lx TE,
and quantitatively analyzed by a spectrophotometer.
Con firmation 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 4 1
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. Ix 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
O.lx 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 X).
[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
O.lx 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.7] 22" C 5 min
(ligation reaction) 65 C 5 itiin (reaction stopped) 4
C QOThe 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 mi croliter 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 re
combinant 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 plasmid 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 Bam 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 Bam HI on its own. This suggests that for
all the cloning strains the plasmid size and
constitution were as designed.[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
nu cleotide 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 CDshuttle) (Step 3)
(1) Preparation of linear plasmid pHU-eCDm-SPCM-pUCori
Cleavage of plasmid 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 O
(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. Ix 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. Ix 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. Ix TE. After incubating at 37
degree C for 2 hours, the DNA solution was purified
and con centrated 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.[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
O.lx 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
pBLESlOO 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 du plicated. 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 pBLESlOO as a template, a PCR
mixture was prepared on ice by adding 5 mi croliter of
10 pg/mL pBLESlOO, 10 microliter of 5x PrimeStar(tm)
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
Rl primer, 0.5 microliter of PrimeSTARHS DNA
polymerase, and 29.5 microliter of O.lx 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. 8] [0138] OriV-RepB gene 2In the same manner,
using pBLESlOO as a template, a PCR mixture was
prepared on ice by adding 5 microliter of 10 pg/mL
pBLESlOO, 10 microliter of 5x PrimeStar(tm) 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 Rl
primer, 0.5 microliter of PrimeSTARHS DNA polymerase,
and 29.5 microliter of 0. Ix 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.9] The PCR
products were checked and the yields thereof were
estimated using 1 mi croliter of each of the reaction
mixtures after PCR was completed. As a gel, 2% an
alytical 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 bv 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 bv 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
molecularweight 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 O.lx TE, and quanti 



tatively analyzed using a spectrophotometer. When the
PCR product after the agarose gel purification was
subjected to mea surement 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 O.lx 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 F l primer and 20 micromolar OriV-rep outer Rl
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 PrimeStar(tm) buffer, 4
microliter of a dNTP mixture (2.5 mM each), 0.5
microliter of PrimeSTAR HS DNA polymerase, and 32.5
microliter of O.lx 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.[Math. 10] 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 Ix TBE buffer (0.5
microgram/mL ethidium bromide). In agarose gel
analysis of the 2nd PCR fragment, it was confirmed
that there was am plification 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. Ix TE. Part of the PCR product from
which the primer was removed was diluted by 20 times
with O.lx 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 O (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. Ix 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 O.lx 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.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. Ix TE, and quanti tatively analyzed
using a spectrophotometer. When the PCR product after
the restriction enzyme treatment and the agarose gel
pu rification 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 pHUeCDm- 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
O.lx 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. Ix 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. Ix 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.[Math. 11] 22 C 5 min (ligation reaction) 65 C 5
min (reaction stopped) 4C O 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. [0 154] (5) Checking of plasmid
Culturing of recombinant E. coli 



Carried out in accordance with the method described in
the section 'Culturing of re combinant 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 plasmid 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'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. Fur
thermore, 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 con ditioned 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 Falcon(tm) 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 ontoice.
They were centrifuged at 8000 rpm for 5 minutes at 4
degree C. The supernatant was discarded in a clean
bench, 5 rnL 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 pCDshuttle 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 ac cordance 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,
MitsubishiGas 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
APSOOlC 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-2S-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-2S-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
APSOOlC 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 PrimeStar(tm) buffer,
4 mi croliter of a dNTP mixture (2.5 mM each), 0.5
microliter of 20 micromolar Check F l primer, 0.5
microliter of 20 micromolar Check R2 primer, 0.5
microliter of PrimeSTAR HS DNA polymerase, and 29.5
microliter of O.lx 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.[Math. 12] 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
ori-free fragment Cleavage of plasmid by restriction
enzyme pCDshuttle was cleaved by the restriction
enzymes BgI 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 O.lx 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
O (buffer included with enzyme) and 45 units of BgI II
were added thereto, the total amount was made up to
100 microliter using O.lx 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 de composition
was complete. The tube containing the enzyme reaction
mixture was stored on ice while waiting for
confirmation. O.lx 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
elec trophoresis 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 anunwanted 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 O.lx 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 ori-free fragment
Ligation reaction The purified pUC ori-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. Ix 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] 22 C 5 min (ligation reaction) 65
0C 5 min (reaction stopped) 4  C QO [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. Ix 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 ori-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 randomlyselected, 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
'Ex traction 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 deoxy
genating/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 Falcon(tm), 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, 1mL 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 carriedout 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 Pl (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 NaOH/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 nu cleotide 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 ori 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,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 ori 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 4] [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 Re-
105A/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
ori fragment. [0184] <Test Example 2> Checking
cvtosine deaminase activity Cytosine deaminase (CD)
activity was checked using eight B. longum Re-
105A/pBifiCD cloning strains and six B. longum
Re-105A/pCDshuttle cloning strains.1 niL 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 ori 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. [0186][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-2S-2.5R conditioned medium. Inoculation with
APSOOlC MCB (Serial No. 004-01 16) 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 mi
croliter thereof was measured and used to inoculate
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, andculturing 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
(102times dilution 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 pro
liferating. 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.[Math. 14]
[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 Re-
105A/pCDshuttle was 80.3%. On the other hand, the
percentage of plasmid-retaining bacteria in B. longum
Re- 105A/pAV001-HU-eCD-M968 transformed by shuttle
plasmid pAV001-HU-eCD-M968 (APSOOlC: 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 ori fragment
improved the percentage of plasmid-retaining bacteria.
The measurement results are shown in Table 6.
[0194][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]
CuIturing 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, APS- 2S-2.5R conditioned medium was
inoculated with 1% thereof and culturing was carried
out for 24 hours in the same manner. Similarly,
APS-2S-2.5R conditioned medium was inoculated at 1%
with the bifi dobacteria transformed with the shuttle
plasmid 'pCDshuttle' (B. longum Re- 105A/pCDshuttle)
prepared in Example 3, placed in a sealed container
with a deoxy genating/carbon dioxide generating agent,
and cultured at 37 degree C for 24 hours. After
stirring well, APS-2S-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 Ktreatment. 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 ac cordance 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 7] [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
Re- 105A/pBifiCD cloning strain at normal temperature,
inoculating with an appropriate amount thereof a test
tube charged with a liquid medium with added
calciumcarbonate, 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-I 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 0.1mm 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-I 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[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-I 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
ad ministered 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 1mL of preparation x dose (mL) (a): (Pl+P2+P3)/3
(average number of colonies of 3 plates (Pl, 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. 1mL 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 2 1 days
(Day 3 to Day 23) from the day after admin istration
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 2 1 days (Day 3 to Day 23)
from the day after administration of APSOOlF 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. [0210]SPECIFICATION
Title of the Invention PROCESS FOR MANUFACTURING
ACROLEIN OR ACRYLIC ACID FROM GLYCERIN Background of
the Invention Field of the invention The present
invention relates to a process for producing acrolein
and/or acrylic acid from glycerol and, more
particularly, to a process for preparing acrolein by
dehydration of glycerol in the presence of a novel
catalyst based on salt of heteropolyacid. Description
of related art Fossil resources, such as oil cuts, for
the chemical industry will be exhausted in a few
decades. Resources of natural and renewable origin as
alternative raw materials are consequently being
studied more and more. Acrolein, an important
synthetic intermediate for the chemical industry is
produced industrially by oxidation, in the gas phase,
of propylene via the oxygen in the air in the presence
of catalyst systems based on mixed oxides. Glycerol,
derived from animal or vegetable oils in the
production of bio diesel fuels or oleochemicals is one
of the routes envisaged as a substitute for propylene,
glycerol being able to produce acrolein when subjected
to a catalytic dehydration reaction. Such a process
makes it possible to thus respond to the concept of
green chemistry within a more general context of
environment protection. A method for preparing acrylic
acid in one step by the oxydehydration reaction of
glycerol in the presence of molecular oxygen is
disclosed in WO 06/1 14506. The principle of the
method is based on the two consecutive dehydration and
oxidation reactions: CH2OH-CHOH-CH 2OH CH2=CH-CHO +
2H2O CH2=CH-CHO + Vi O2 -> CH2=CH-COOH The presence of
oxygen serves to carry out an oxidation reaction,
following the glycerol dehydration reaction, leading
to the formation of acrylic acid from the glycerol in
a single step. This method can be implemented in the
gas phase or the liquid phase, with concentrated or
dilute aqueous solutions of glycerol. This method for
producing acrylic acid directly from glycerol is
particularly advantageous because it allows synthesis
in a single reactor. However, it is necessary to
introduce all the molecular oxygen from thedehydration
stage. This has many drawbacks, in particular the
reaction in the first dehydration step risks running
out of control by combustion, and furthermore, when
the source of molecular oxygen is air, the reactor
must be much larger because of the presence of
nitrogen in the air. 



The use of an aqueous solution of glycerol in a
two-step method has the drawback of producing, at the
outlet of the first stage, a stream containing not
only the acrolein produced and the by-products, but
also a large quantity of water, originating partly
from the glycerol solution, and partly from the water
produced by the dehydration reaction. Use of aqueous
solutions of glycerol, however, is preferable from
economic reasons. This stream is sent to the second
reactor, where the acrolein is oxidized to acrylic
acid in the presence of a catalyst. The conventional
catalysts for this oxidation reaction are generally
solids containing at least one element selected from
Mo, V,W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Te, Sb,
Bi, Pt, Pd, Ru, Rh, present in metal form or oxide,
nitrate, carbonate, sulphate or phosphate form.
Certain elements, such as molybdenum, tellurium or
rhenium, are volatile, particularly in the presence of
water. This means that the second stage catalyst
looses its efficiency and its mechanical strength
rapidly in the presence of the stream of water, making
the maintenance of the method difficult. Moreover, the
acrylic acid, produced in a dilute aqueous solution,
requires separation and concentration steps that are
generally complicated and fairly costly. Numerous
catalyst systems have already been the subject of
studies for the dehydration reaction of glycerol to
acrolein. A process is known from French Patent FR 695
931 for preparing acrolein from glycerol according to
which acid salts having at least three acid functional
groups or mixtures of these salts are used as
catalysts. The preparation of these catalysts consists
in impregnating, for example with iron phosphate,
pumice that has been reduced to pea-sized fragments.
According to the teaching of the patent, the yield
obtained with this type of catalyst is greater than
80%. In US Patent US 2,558,520, the dehydration
reaction is carried out in gas/liquid phase in the
presence of diatomaceous earths impregnated with
phosphoric acid salts, in suspension in an aromatic
solvent. A degree of conversion of glycerol to
acrolein of 72.3% is obtained under these conditions.
US Patent US 5,387,720 discloses a process for
producing acrolein by dehydration of glycerol in
liquid phase or in gas phase at a temperature ranging
up to 340C, over acidic solid catalysts that are
defined by their Hammett acidity. The catalysts must
have a Hammett acidity below +2 and preferably below
-3. These catalysts correspond, for example, to
natural or synthetic siliceous materials, such as
mordenite, montmorillonite and acidic zeolites;
supports, such as oxides or siliceous materials, for
example alumina (Al2O3), titanium oxide (TiO2),
covered by monobasic, dibasic or tribasic inorganic
acids; oxides or mixed oxides such as gamma-alumina,
ZnO/Al2O3 mixed oxide, or heteropolyacids. The useof
these catalysts would make it possible to solve the
problem of formation of secondary products generated
with the iron phosphate type catalysts described in
the aforementioned document FR 695,931. According to
International Application WO2006/087084, the strongly
acidic solid catalysts whose Hammett acidity Ho is
between -9 and -18 have a strong catalytic activity
for the dehydration reaction of glycerol to acrolein
and are deactivated less quickly. However, the
catalysts recommended in the prior art for producing
acrolein from glycerol generally lead to the formation
of by-products such as hydroxypropanone,
propanaldehyde, acetaldehyde, acetone, addition
products of acrolein to glycerol, polycondensation
products of glycerol, cyclic glycerol ethers, but also
phenol and polyaromatic compounds which originate from
the formation of coke on the catalyst and therefore
from its deactivation. The presence of the by-products
in acrolein, especially propanaldehyde, poses numerous
problems for the separation of acrolein and requires
separation and purification steps which lead to high
costs for the recovery of the purified acrolein.
Furthermore, when acrolein is used for producing
acrylic acid, the propanaldehyde present may be
oxidized to propionic acid that is difficult to
separate from acrylic acid, especially by
distillation. These impurities that are present
greatly reduce the field of application of the
acrolein produced by dehydration of glycerol. The
Applicant Company has therefore sought to improve the
production of acrolein from glycerol, by using more
selective catalysts that make it possible to obtain
high yields of acrolein and that have an activity over
long durations. In the field of catalysts, French
Patent FR 2 657 792 discloses a catalyst of general
formula FePxMeyOz, in which: Me represents at least
one of the following elements: Li, Na, K, Rb, Cs, Mg,
Ca, Sr and Ba; - x has a value of 0.2 to 3.0; y has a
value of 0.1 to 2.0; and z is the amount of oxygen
bonded to the other elements and that corresponds to
their oxidation state, this catalyst being combined
with a support, characterized by the fact that said
support is a fully impregnable macroporous support
having a specific surface area less than or equal to 1
m2/g, a pore volume between 0.2 and 1 cmVg and an
average pore diameter greater than or equal to 1
micron, and that the active material is deposited on
the surface of all the pores of said support, said
catalyst being in the form of support grains
impregnated with active material, which have a size
between 0.5 and 10 mm. French Patent FR 2 498 475
teaches to use a catalyst support to which a phosphate
has been added by physical mixing with the catalyst
that contains a phosphate, thus making it possible to
partly solve the problem of extraction of phosphate
during the use of the catalyst in the preparation of
methacrylic acid fromisobutyric acid and oxygen.
WO2007/058221 discloses a process for producing
acrolein by dehydration reaction of glycerin in
gas-phase in the presence of heteropolyacid used as a
solid acid catalyst. The heteropolyacid is those of
Group 6 element such as tungstosilicic acid,
tungstophosphoric acid and phosphomolybdic acid. These
heteropolyacids are supported on bi-elemental pore
silica carrier and produce acrolein at a yield of 86%.
This dehydration reaction of glycerin, however, is
effected without oxidation gas but using nitrogen
stream as carrier gas, so that deposition of carbon
increase seriously and hence there is a problem of
deterioration in time of stability, activity and
selectivity of the catalysis. Tsukida et al.
"Production of acrolein from glycerol over
silica-supported heteropoly acid" CATALYSIS
COMMUNICATIONS, vol. 8, no. 9, 2 1 July 2007, pp
1349-1353 and Chai et al., "Sustainable production of
acrolein: gas phase dehydration of glycerol over
12-tungustophosphotic acid supported on ZrO2 and
SiO2", GREEN CHEMISTRY, vol. 10, 2008, pp. 1087-1093,
and Chai et al., "Sustainable production of acrolein:
preparation and characterization of zirconiasupported
12-tungustophosphotic acid catalyst for gas phase
dehydration of glycerol", APPLIED CATALYSTA: GENERAL,
vol. 353, 2009, pp.2 13-222 disclose that silica or
zirconia-supported heteropoly acid is effective as a
catalyst for dehydration of glycerol. In
WO2006/087083, oxygen is introduced to prevent
degradation of the catalyst in the gas-phase reaction
of glycerin. In WO2006/087084, the catalyst possessing
the acid strength of HO of -9 to -18 is used. A
variety of solid acid catalysts such as phosphoric
acid/zirconia, Nafion/silica, sulfuric acid/zirconia,
tungsten/zirconia are used in Examples and the highest
yield of acrolein of 74% was obtained when tungstated
zirconia catalyst was used. However, there is no
catalyst usable in the industrial scale at higher
performance. Inventors of this application have made a
variety of studies to solve the problems and found
that acrolein and acrylic acid can be produced at high
yield by using salt of heteropolyacid, in which
protons in a heteropolyacid are exchanged at least
partially with at least one cation selected from
elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements, and completed this
invention. An object of this invention is to provide a
process for producing acrolein and acrylic acid from
glycerin that is a material not derived from
petroleum, at a high yield.Summary of the Invention
This invention is characterized by following features
(1) to (16) taken separately or in combination: (1)
Process for preparing acrolein by dehydration of
glycerin, carried out in the presence of a catalyst
comprising as a main component, at least one compound
in which 



protons in a heteropolyacid are exchanged at least
partially with at least one cation selected from
elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements. (2) The salt of
heteropolyacid is represented by the general formula
(1): Ha Ab [XiY cZdOe]  nH2O (1) in which H is
hydrogen, A is at least one cation selected from
elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements except hydrogen, X is P or
Si, Y is at least one element selected from the group
comprising W, Mo Ti, Zr, V Nb, Ta, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, In, Tl, Sn and Pb, Z is at least one
element selected from the group comprising W, Mo, Ti,
Zr, V, Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, In, Tl,
Sn and Pb, and a, b, c and d being in following
ranges: 0 < a < 9 0 < b < 9 0 < c < 12 and 0 < d < 12
e is a number determined by the oxidation numbers of
the elements and n is any positive number (including
0) corresponding to a number of water molecules in the
catalyst. (3) The cation is at least one alkali metal
cation. (4) The alkali metal is cesium. (5) The
heteropolyacid is a heteropolyacid containing at least
one element selected from the group comprising W, Mo
and V. (6) The process in which another compound of at
least one element selected from elements belonging to
Group 1 to Group 16 of the Periodic Table of Elements
is used in addition to said salts of heteropolyacid.
(7) The catalyst is supported on a carrier. (8) The
catalyst is prepared by a method comprising by the
steps of adding a solution of at least one metal
selected from elements belonging to the Group 1to
Group 16 of the Periodic Table of Elements or onium to
a solution of heteropolyacid, and of firing the
resulting solid mixture. (9) The calcination is
carried out under an atmosphere of air, inert gas or a
mixture of oxygen and inert gas. (10) The calcination
is effected at a temperature of 150 to 900 0C for 0.5
to 10 hours. ( 11) The process is effected in the
presence of molecular oxygen. (12) The process is
effected in the presence of a gas containing
propylene. (13) The process is performed in a reactor
of the plate heat exchanger type or in a fixed bed
reactor or in a fluidized bed type reactor or in a
circulating fluidized bed or in a moving bed (14) The
resulting acrolein prepared by the process according
to this invention can be further oxidized to produce
acrylic acid. (15) A process for preparing acrylic
acid from glycerol comprises a first step of the
dehydration reaction of glycerol to acrolein, in which
an intermediate step of partial condensation of the
water and heavy by-products issuing from the
dehydration step is implemented. (16) The process
according to this invention can be used in a followed
second step of ammoaxidation of acrolein to
acrylonitrile, so that the resulting acrolein prepared
by present invention is utilized effectively.
Description of the Preferred Embodiments The
dehydration catalyst according to this invention is
used in dehydration of glycerin to produce acrolein
and acrylic acid and comprises a compound in which
protons of a heteropolyacid are exchanged at least
partially with at least one cation selected from
elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements. The heteropolyacid is
known and have a variety structures such as Keggin
type, Dawson type and Anderson type and possess
generally such high molecular weight as 700 to 8,500.
Dimer complex of heteropolyacid are also included in
the present invention. Their acidic metal salt of
elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements is used in the present
invention. The salt may be salts of sodium, potassium,
rubidium, cesium, magnesium, calcium, strontium,
barium, scandium, yttrium, lanthanide, titanium,
zirconium, hafnium, chromium, manganese, rhenium,
iron, ruthenium, osmium, cobalt, nickel, palladium,
platinum, copper, silver, gold, zinc, gallium,
thallium, germanium, tin, lead, bismuth and tellurium.
Theonium salts of heteropolyacid acid may be amine
salts, ammonium salts, phosphonium salts and sulfonium
salts. The dehydration catalyst for producing acrolein
and acrylic acid from glycerin according to the
present invention comprises preferably a salt or salts
of heteropolyacid comprises at least one element
selected from a group comprising W, Mo and V. Ions of
molybdenum and of tungsten form oxoacid in water and
the resulting oxoacids polymerize to form the
polyoxoacid of high molecular weight. The
polymerization proceeds not only among same kind of
oxoacids but also with other kinds of oxoacids.
Heteropolyacid is a polyacid possessing polynuclear
structure obtained by condensation of more than two
kinds of such oxoacids. An atom that forms a center
oxoacid is called as "hetero-atom", while atoms
forming oxoacids surrounding the center oxoacid and
obtained by the polymerization is called as
"polyatoms". The hetero-atom may be silicon,
phosphorus, arsenic, sulfur, iron, cobalt, boron,
aluminum, germanium, titanium, zirconium, cerium and
chromium. Among them, phosphorus and silicon are
preferable. The poly-atoms may be molybdenum,
tungsten, vanadium, niobium and tantalum. Among them,
molybdenum and tungsten are preferable. Salt forms of
the heteropolyacids are used in this invention as
glycerin dehydration catalyst. The heteropolyacid may
be tungstophosphoric acid, tungsto silicic acid,
phosphomolybdic acid and silicomolybdic acid. The
heteropolyacid may be a mixed coordinate type
comprising phosphorus or silicon as the hetero-atom
and molybdenum and tungsten as the poly-atoms, a mixed
coordinate type of molybdenum and tungsten, a mixed
coordinate type comprising tungsten and vanadium, or a
mixed coordinate type comprising vanadium and
tungsten. In a preferred embodiment, the glycerin
dehydration catalyst according to this invention
consists mainly of a compound in which at least a part
of protons in the heteropolyacid is exchanged with at
least one cation of alkali metal. The alkali metal is
preferably cesium. This type glycerin dehydration
catalyst permits to produce acrolein and acrylic acid
at high yield. In a preferred embodiment, at least a
part of protons in the heteropolyacid is exchanged
with cesium and a part of remaining protons in the
heteropolyacid is exchanged at least partially with at
least one cation selected from elements belonging to
Group 1 to Group 16 of the Periodic Table of Elements
other than cesium. This type glycerin dehydration
catalyst also is effective to produce acrolein and
acrylic acid at high yield. Resistance to water is
improved by exchanging part of protons contained in
the heteropolyacid with cesium, so that the life of
catalyst is improved in comparison to corresponding
heteropolyacids that are inherently water-soluble. The
compound used in the present invention can be prepared
by knowntechnique. For example, an aqueous solution of
heteropolyacid is prepared firstly. If necessary,
water contained in the heteropolyacid in a form of
adsorption water and/or crystalline water can be
removed partially or perfectly under vacuum or by heat
drying to prepare the aqueous solution of
heteropolyacid. To the aqueous solution of
heteropolyacid, an aqueous solution of halide,
carbonate, acetate, nitrate, oxalate, phosphate or
sulfate of metal or onium is added. From a resulting
mixture, a solid component is separated by suitable
treatment such as evaporation drying, filtering 



and vacuum drying. The resulting solid component is
finally fired or calcinated to obtain the catalyst for
glycerin dehydration reaction according to the present
invention. An amount of cation to be exchanged in the
aqueous solution of mineral salt is determined in such
a manner that an electric charge of cation to be added
becomes equal to or less than an electric charge of
the heteropolyanion. For example, when a cation with
charges of 1+ is added to a heteropolyanion with
charges of 3-, the cation is added in an amount equal
to or less than 3 equivalent to the heteropolyanion.
When a cation with charges of 3+ is added to a
heteropolyanion with charges of 3-, the cation is
added in an amount equal to or less than 1 equivalent
to the heteropolyanion. When a plurality of cations is
introduced, amounts of respective cations are
determined in such a manner that the total electric
charge of the cations becomes equal to or less than an
electric charge of the heteropolyanion. If an amount
of an aqueous solution of inorganic salt or a
proportion of the cation(s) to be exchanged with
protons become excessive, the activity of catalyst is
spoiled, the yields of acrolein and acrylic acid are
lowered, or the life of catalyst is shortened. The
catalyst according to the present invention used in
the glycerin dehydration reaction may be in a form of
either anhydride or hydrate. In fact, they can be used
after pretreatment of firing and vacuum drying or
without pretreatment. The calcination can be carried
out in air or under inert gas such as nitrogen, helium
and argon or under an atmosphere of mixed gas of
oxygen and inert gas, usually in a furnace such as
muffle furnace, rotary kiln, fluidized bed furnace.
Type of the furnace is not limited specially. The
calcination can be effected even in a reaction tube
that is used for the glycerin dehydration reaction.
The firing temperature is usual 150 to 900 0C,
preferably 200 to 800 0C and more preferably 200 to
600 0C. The calcination is continued usually for 0.5
to 10 hours. In a variation, the glycerin dehydration
catalyst according to this invention contains further
at least one compound of element belonging to Group 1
to Group 16 of the Periodic Table of Element in
addition to the salt of heteropolyacid. The compound
of elements belonging to Group 1 to Group 16 of the
Periodic Table of Element may be metal salts or onium
salts. The metal salt may be salt of
tellurium,platinum, palladium, iron, zirconium,
copper, cerium, silver and aluminum. The onium salts
may be amine salts, ammonium salts, phosphonium salts
and sulfonium salts. The metal salt or the onium salt
may be prepared from such materials as nitrates,
carbonate, sulfates, acetates, oxides and halides of
the metals or of onium but are not limited thereto. A
proportion of the metal salt is 0.01 to 60 % by
weight, preferably 0.01 to 30 % by weight in term of
the metal salts or the onium salt with respect to the
heteropolyacid salt. The mostly preferred dehydration
catalyst of glycerin is a compound having following
composition represented by the general formula (1): H
Ab [X1YcZdOe]  nH2O (1) in which H is hydrogen, A is
at least one cation selected from elements belonging
to Group 1 to Group 16 of the Periodic Table of
Elements except hydrogen, X is P or Si, Y is at least
one element selected from the group comprising W, Mo,
Ti, Zr, V. Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, In,
Tl, Sn and Pb, Z is at least one element selected from
the group comprising W, Mo, Ti, Zr, V, Nb, Ta, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ga, In, Tl, Sn and Pb, and a, b, c
and d being in following ranges: 0 < a < 9 0 < b < 9 0
< c < 12 and 0 < d < 12 e is a number determined by
the oxidation numbers of the elements, and n is any
positive number (including 0) corresponding to a
number of water molecules in the catalyst. In the
glycerin dehydration catalyst according to this
invention, the above compound can be supported on a
carrier ("supported catalyst"). Examples of the
carrier are silica, diatomaceous earth, alumina,
silica alumina, silica magnesia, zirconia, titania,
magnesia, zeolite, silicon carbide and carbon. The
catalyst can be supported on a single carrier or a
complex or mixture of at least two carriers. By
supporting the active material in carrier, active
components can be used effectively. An amount of the
heteropolyacid salt is 5 to 200 % by weight,
preferably 5 to 150 % by weight to the weight of the
carrier. In a variation, in place of supporting the
compound in which protons in a heteropolyacid are
exchanged with at least one cation selected from
elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements, it is possible toeffect
such operation that heteropolyacid is applied firstly
onto a carrier and then the exchange with cation is
carried out. The catalyst may have any shape and can
be granule or powder. In case of gas phase reactions,
however, it is preferable to mold the catalyst into a
shape of sphere, pellets, cylinder, hollow cylinder,
bar or the like, optionally with adding a molding
aide. The catalyst can be shaped into the
above-configurations together with carrier and
optional auxiliary agents. The molded catalyst may
have a particle size of for example 1 to 10 mm for a
fixed bed and of less than 1 mm for a fluidized bed.
The dehydration reaction of glycerin according to this
invention can be carried out in gas phase or in liquid
phase and the gas phase is preferable. The gas phase
reaction can be carried out in a variety of reactors
such as fixed bed, fluidized bed, circulating
fluidized bed and moving bed. Among them, the fixed
bed and the fluidized bed are preferable. Regeneration
of catalyst can be effected outside or inside the
reactor. The catalyst is regenerated in air or in
oxygen-containing gas, or in hydrogen-containing gas.
In case of liquid phase reaction, usual general type
reactors for liquid reactions for solid catalysts can
be used. Since a difference in boiling point between
glycerin (290 0C) and acrolein (53C) and acrylic acid
is big, the reaction is effected preferably at
relatively lower temperatures so as to distil out
acrolein continuously. The reaction temperature for
producing acrolein and acrylic acid by dehydration of
glycerin in gas phase is effected preferably at a
temperature of 450 0C to 200 C. If the temperature is
lower than 200 C, the life of catalyst will be
shortened due to polymerization and to carbonization
of glycerin and of reaction products because the
boiling point of glycerin is high. On the contrary, if
the temperature exceeds 450  C, the selectivity of
acrolein and acrylic acid will be lowered due to
increment in parallel reactions and successive
reactions. Therefore, more preferable reaction
temperature is 250 0C to 350 0C. The pressure is not
limited specially but is preferably lower than 5. atm
and more preferably lower than 1 atm. Under higher
pressures, gasified glycerin will be re- liquefied and
deposition of carbon will be promoted by higher
pressure so that the life of catalyst will be
shortened. A feed rate of a reactant gas is preferably
500 to 10,00Oh 1 in term of the space velocity of GHSV
(gas hourly space velocity). If the GHSV becomes lower
than 50Oh 1 , the selectivity will be lowered due to
successive reactions. On the contrary, if the GHSV
exceeds 10,00Oh 1 , the conversion will be lowered.
The reaction temperature of the liquid phase reaction
is preferably from 150 C to 350 0C. The selectivity
will be spoiled under lower temperatures although the
conversion is improved. The reaction pressure is not
limited specially but thereaction can be carried, if
necessary, under a pressurized condition of 3 atm to
70 atm. The material of glycerin is easily available
in a form of aqueous solution of glycerin.
Concentration of the aqueous solution of glycerin is
from 5 % to 90 % by weight and more preferably 10 % to
50 % by weight. Too higher concentration of glycerin
will result in such problems as production of glycerin
ethers or undesirable reaction between the resulting
acrolein or acrylic acid and material glycerin. Still 



more, the energy that is necessary to gasify glycerin
is increased. The process according to the present
invention is effected preferably in the presence of
molecular oxygen. The molecular oxygen may be in a
form of air or in a form of a mixture of gasses
containing molecular oxygen. The presence of oxygen
reduces the formation of aromatic compounds such as
phenol and by-products such as propanaldehyde and
acetone or from hydro xypropanone. In the process of
the invention, the reactant gas may also contain gas
such as nitrogen, argon, carbon dioxide, sulfur
dioxide. The process according to the present
invention can be effected in the presence of a gas
containing propylene. In fact, the process according
to the present invention is advantageously carried out
in the presence of a reaction gas issued from an
oxidation of propylene to acrolein. This reaction gas
is generally a mixture of nonreacted propylene,
propane initially presented in the propylene, inert
gas, water vapour, oxygen, CO, CO2, by products such
as acrylic acid, acid or the like. According to one
particular embodiment of the invention, the process is
performed in a reactor of the plate heat exchanger
type. This reactor consists of plates forming between
themselves circulation channels that can contain a
catalyst. This technology has many advantages in terms
of heat exchange, associated with high heat exchange
capacity. Thus, this type of reactor is particularly
suitable for removing heat easily in the case of
exothermic reactions, or for supplying heat in the
start-up phases of reactions or in the case of
endothermic reactions. More particularly, this reactor
makes it possible either to heat or to cool the
catalyst. The heat exchange is particularly efficient
with the circulation of a heatexchange fluid in the
system. The plates may be assembled in modules, which
gives greater flexibility, whether as regards the size
of the reactor, its maintenance or the replacement of
the catalyst. Systems that may be suitable for the
process of the invention are, for example, the
reactors described in documents EP 995 491 or EP 1 147
807, the content of which is incorporated by
reference. These reactors are particularly suitable
for the catalytic conversion of reaction media,
specifically gaseous reaction media, such as those
used in the present invention. The plate heat
exchanger used for the preparation of (meth)acrolein
or (meth)acrylic acid via catalytic oxidation of C3 or
C4 precursors, described in document US 2005/0020851,
may also besuitable for the process according to this
invention. The resulting acrolein prepared by the
process according to this invention can be further
oxidized to produce acrylic acid. In a preferred
embodiment according to the present invention, a
process for preparing acrylic acid from glycerol
comprising a first step of the dehydration reaction of
glycerol to acrolein, in which an intermediate step of
partial condensation of the water and heavy
by-products issuing from the dehydration step is
implemented. In fact, the presence of water in the
dehydration reactor serves to promote the gas phase
glycerol dehydration reaction by limiting the
deactivation of the dehydration catalyst. This process
for synthesizing acrylic acid from glycerol can
overcome the drawbacks of prior methods, while
allowing the use of dilute aqueous solutions of
glycerol that enhance the dehydration reaction while
being economical. The solution provided by the
invention constitutes an optimization between the
quantity of water fed to the first stage dehydration
reactor and the quantity of water introduced into the
second stage oxidation reactor. The solution consists
in at least partly condensing the water present in the
stream issuing from the dehydration reaction of the
aqueous glycerol solution, to prevent the second stage
catalyst from being deactivated too rapidly, on the
one hand, and to prevent the acrylic acid solution
produced from being too dilute, on the other. More
precisely, the present invention relates to a method
for preparing acrylic acid from an aqueous solution of
glycerol, comprising a first step of dehydration of
the glycerol to acrolein, carried out in the gas phase
in the presence of a catalyst and under a pressure of
between 1 and 5 bar, and a second step of oxidation of
the acrolein to acrylic acid, in which an intermediate
step, consisting in at least partly condensing the
water and heavy byproducts present in the stream
issuing from the first dehydration step is
implemented. The expression at least partly condensing
means that 20% to 95%, preferably 40% to 90%, of the
water present in the stream issuing from the first
step is removed in the intermediate step before being
sent to the second stage reactor. The process
according to this invention can be used advantageously
in following second step of ammoxidation of acrolein
to acrylonitrile, so that the resulting acrolein
prepared by present invention is utilized effectively.
Now, the present invention will be explained in detail
with referring illustrative examples but this
invention should not be limited to those described in
following examples. In the following Examples and
Comparative Examples, % means mole %.Example 1 Cesium
salt of tungstophosphoric acid (CsPW) was prepared
according to JP-Al -4- 139149. Namely, 50 g of
tungstophosphoric acid (H3[PWi2O40] nH2O, n = about
30, a product of Nippon Inorganic Colour & Chemical
Co., Ltd) was dissolved in 20 ml of pure water to
obtain an aqueous solution of tungstophosphoric acid.
In a separate beaker, 7.19 g of cesium nitrate (CsNO3,
Kishida Chemical Co., Ltd) was dissolved in 60 ml of
water to obtain an aqueous solution of cesium nitrate.
The aqueous solution of cesium nitrate was added under
stirring drop-wise by means of a dropping funnel to
the aqueous solution of tungstophosphoric acid. White
slurry was generated at every dropping. The resulting
slurry was treated in a rotary evaporator under vacuum
at 60 0C to obtain white powder. This powder was then
dried at 150 0C for 6 hours in an oven at ambient
pressure. Then, the resulting powder was fired in air
at 250 0C for 3 hours by using a muffle furnace to
obtain a catalyst (CsPW) of cesium salt of
tungstophosphoric acid having a composition
(proportions in materials; hereinafter, composition
has the same meaning): H OsCs2 5PWi 2O 0. The catalyst
was evaluated in a fixed bed reactor operated under
ambient pressure in a fixed bed. Namely, the resulting
catalyst powder was compacted and then crushed.
Crushed particles were passed through sieves to obtain
particles having a particle size of 9 to 12 mesh. 10
cc of the catalyst granules or particles was packed in
a SUS reaction tube (diameter of 10 mm). An aqueous
solution of glycerin (a concentration of 20 % by
weight) was fed to an evaporator at a flow rate of 2 1
g/hr by a pump so that glycerin was gasified at 300
0C. The resulting gasified glycerin was passed through
the fixed catalyst bed together with air. The fixed
catalyst bed was heated at a temperature of 260 0C to
350 0C. Feed gas had a following composition in mol %:
glycerin: oxygen: nitrogen: water = 4.2 : 2.2 : 8. 1 :
85.5. GHSV was 2,445 h 1 . Products were condensed in
a condenser and quantitative-analyzed by a gas
chromatograph (product of GL Science, GC-4000, DB-WAX
column). Proportions of products were corrected in
factors from the results of the gas chromatograph to
determine absolute amounts of products to calculate
the conversion (%) of material (the conversion of
glycerin), the selectivity of target substance (the
selectivity of acrolein) and the yield of target
substance (the yield of acrolein) from an amount of
glycerin fed, an amount of glycerin remained and
amounts of the products by following equations: The
conversion (%) of material = 100 * (a mole number of
material reacted / a mole number of material supplied)
The selectivity (%) of objective substance = 100 * (a
mole number of target substance obtained / a mole
number of material reacted)The yield (%)objective
substance = 100 * (a mole number of target substance
obtained / a mole number of material fed) Result is
shown in Table 1. Example 2 Procedure of Example 1 was
repeated except that 5.44 g of rubidium nitrate
(RbNO3)(Mitsuwa Chemicals Co., Ltd) was used instead
of the cesium nitrate (CsNO3) to prepare a catalyst of
rubidium salt of tungstophosphoric acid (RbPW) having
a composition: H0.5Rb2.5PWi2O4O. Reaction and
evaluation were effected under the same condition as
Example 1. 



Example 3 Procedure of Example 1 was repeated except
that 3.22 g of calcium chloride, dihydrate (CaCl2
2H2O)(Wako Pure Chemical Industries, Ltd) was used
instead of the cesium nitrate (CsNO 3) to prepare a
catalyst of calcium salt of tungstophosphoric acid
(CaPW) having a composition: Cai .5PWi2O40. Reaction
and evaluation were effected under the same condition
as Example 1. Example 4 Procedure of Example 1 was
repeated except that 5.96 g of ferric nitrate (IE)
nonahydrate (Fe (NO3)3 9H2O) (Nihon Kagaku Sangyo Co.,
Ltd) was used instead of cesium nitrate (CsNO 3) to
prepare iron salt of tungstophosphoric acid a catalyst
(FePW) of calcium salt of tungstophosphoric acid
having a composition: FePWi 2O40. Reaction and
evaluation were effected under the same condition as
Example 1. Example 5 Procedure of Example 1 was
repeated except that 3.57 g of zirconium oxychloride
octahydrates (ZrOCl2 8H2O) (Wako Pure Chemical
Industries, Ltd) was used instead of the cesium
nitrate (CsNO3) to prepare zirconium salt of
tungstophosphoric acid (ZrPW) having a composition:
Zr0 7SPWi2O40. Reaction and evaluation were effected
under the same condition as Example 1. Example 6
Procedure of Example 1 was repeated except that 6.34 g
of lanthanum nitrate (La(NO3)3 6H2O) (Wako Pure
Chemical Industries, Ltd) was used instead of the
cesium nitrate (CsNO3) to prepare lanthanum salt of
tungstophosphoric acid (LaPW) having a composition:
LaPWi2O40. Reaction and evaluation were effected under
the same condition as Example 1.Example 7 Procedure of
Example 1 was repeated except that 3.53 g of hafnium
chloride (HfCl4) (Wako Pure Chemical Industries, Ltd)
was used instead of the cesium nitrate (CsNO3) to
prepare hamium salt of tungstophosphoric acid (HfPW)
having a composition: Hf075PW12O40. Reaction and
evaluation were effected under the same condition as
Example 1. Example 8 Bismuth salt of tungstophosphoric
acid (BiPW) was prepared according to JP-Al- 4-139149
and JP-A1-2006- 110539. Namely, 50 g of
tungstophosphoric acid (H3[PW12O40] nH20 , n = about
30, product of Nippon Inorganic Colour & Chemical Co.,
Ltd) was dissolved in 20 ml of pure water to obtain an
aqueous solution of tungstophosphoric acid. In a
separate beaker, 28.3 ml of 60% aqueous solution of
nitric acid and 117.6 ml of water were added to 7.09 g
of bismuth nitrate (Bi(NO3)3, Kishida Chemical Co.,
Ltd). The resulting aqueous solution of bismuth
nitrate was added under stirring drop-wise by means of
a dropping funnel to the aqueous solution of
tungstophosphoric acid. Yellow white slurry was
generated at every dropping. The resulting slurry was
dried by a rotary evaporator under vacuum at 60 0C to
obtain white powder. This powder was then dried at 150
0C for 6 hours in an oven at ambient pressure. Then,
the resulting powder was fired in air at 250 0C for 3
hours by using a muffle furnace to obtain a catalyst
of bismuth salt of tungstophosphoric acid (BiPW)
having a composition: BiPW 12O40. Example 9 In
preparation of the cesium salt of heteropolyacid in
Example 1, tungstosilicic acid was used instead of
tungstophosphoric acid to prepare cesium salt of
tungsto silicic acid (CsSiW). Namely, 50 g of
tungstosilicic acid (product of Nippon Inorganic
Colour & Chemical Co., Ltd) was dissolved in 20 ml of
pure water to obtain an aqueous solution of
tungstosilicic acid. In a separate beaker, 7.43 g of
cesium nitrate (CsNO 3, Kishida Chemical Co., Ltd) was
dissolved in 60 ml of water to obtain an aqueous
solution of cesium nitrate. The aqueous solution of
cesium nitrate was added under stirring drop-wise by
means of a dropping funnel to the aqueous solution of
tungstosilicic acid. White slurry was generated at
every dropping. The resulting slurry was treated in a
rotary evaporator under vacuum at 60 0C to obtain
white powder. This powder was then dried at 150 0C for
6 hours in an oven at ambient pressure. Then, the
resulting powder was fired in air at 250 0C for 3
hoursby using a Muffle furnace to obtain cesium salt
of tungstosilicic acid (CsSiW) having a composition:
Hi 5Cs2 5SiWi2O40. Reaction and evaluation were
effected under the same condition as Example 1.
Comparative Examples 1 to 3 To compare with the salts
of heteropolyacid, heteropolyacid alone was used and
evaluated. In Comparative Examples 1 to 3, as
heteropolyacid, tungstophosphoric acid (H3[PWi2O40]
nH20 , n = about 30), tungstosilicic acid
(H3[SiWi2O40] nH2O, n =about 24) and phosphomolybdic
acid (H3[PMOi2O40] nH20 , n =about 30, products of
Nippon Inorganic Colour & Chemical Co., Ltd) were used
and fired at 250 0C in air for 3 hours in muffle
furnace. Reaction and evaluation were effected under
the same condition as Example 1. Table 1 Example 10
This example was made to show that acrolein can be
produced without adding oxygen by the process
according to the present invention. In the example, a
tubular reactor consisting of a tube 85 cm long and
with an inside diameter of 6 mm was used to perform
the glycerol dehydration reaction in thegas phase at
atmospheric pressure. This reactor is placed in a
heated chamber maintained at the reaction temperature,
which is 30 0C. The catalyst was ground and pelletized
to obtain particles of 0.5 to 1.0 mm. 10 ml of
catalyst are loaded into the reactor to form a
catalytic bed 35 cm long. This bed was maintained at
the reaction temperature for 5 to 10 minutes before
introducing the reagents. The reactor was fed with an
aqueous solution containing 20% by weight of glycerol
at a mean feed flow rate of 12 ml/h. The aqueous
glycerol solution was vaporized in the heated chamber,
and then passes over the catalyst. The calculated
contact time was about 2.9 sec. The duration of a
catalyst test was about 7 hours, which corresponds to
about 80 ml of aqueous glycerol solution passed over
the catalyst. After reaction, the products are
condensed in a trap refrigerated with crushed ice.
Samples of the effluents were collected periodically.
For each sample collection, the flow was interrupted
and a gentle flow of nitrogen was passed through the
reactor to purge it. The trap at the reactor outlet
was then replaced, the nitrogen flow was stopped and
the reactor was returned under a flow of reagent. The
test was continued until appreciable deactivation of
the catalyst was noted. For each experiment, the total
mass of products entering and leaving was measured,
which allowed a mass balance to be determined.
Similarly, the products formed were analysed by
chromatography. Two types of analysis were performed:
- an analysis by chromatography on a filled column
(FFAP column 2 m*l/8") on a Carlo Erba chromatograph
equipped with a TCD detector. The quantitative
analysis was performed with an external standard
(2-butanone); an analysis by chromatography on a
capillary column (FFAP column 50 m*0.25 mm) on an
HP6890 chromatograph equipped with an FID detector
with the same samples stored at -15 0C. The first
method was particularly suitable for rapid analysis of
the products, and especially the yield of acrolein.
The second method was used to have a more precise
analysis of all the reaction by-products. Moreover,
analyses by GC-MS or by chromatography after
silylation were performed to confirm these results.
The products thus quantified were the unreacted
glycerol, the acrolein formed and the by-products such
as hydroxypropanone, acetaldehyde, propanaldehyde,
acetone and phenol. In the example, the glycerol
conversion, the acrolein selectivity and the yields of
the various products were defined as follows: glycerol
conversion (%) = 100 * number of moles of glycerol
remaining/number of moles of glycerol introduced; 



acrolein yield (%) = number of moles of acrolein
produced/number of moles of glycerol introduced;
acrolein selectivity (%) = 100 * number of moles of
acrolein produced/number of moles of glycerol reacted.
The acetone or hydroxypropanone yield was calculated
as for the acrolein yield: acetaldehyde yield (%) 2/3
* number of moles of acetaldehyde produced/number of
moles of glycerol introduced phenol yield (%) = 2 *
number of moles of phenol produced/number of moles of
glycerol introduced. All the results were expressed as
molar percentages relative to the glycerol introduced.
The catalyst used was cesium salt of phosphotungstic
acid Cs2.5H0 5PWi20 4o available on market (a product
of Nippon Inorganic Colour & Chemical Co., Ltd). 10 ml
(25.34g) of the catalyst was loaded into the reactor.
The results are summarized in Table 2 below: Table
2The process according to this invention in which
glycerin is catalytic dehydrated to prepare acrolein
and acrylic acid is very advantageous for industrial
uses, because acrolein and acrylic acid can be
produced at higher yield and in higher efficiency. In
fact, the resistance to water is remarkably improved
and deactivation of catalyst can be suppressed
effectively by using salt of heteropolyacid according
to this invention. On the contrary, in case of the
conventional catalyst of heteropolyacids,
deterioration or deactivation of catalysts is serious
in a glycerin dehydration reaction in a gas phase
which is effected in the presence of excess amount of
water, such a reaction as using an aqueous solution of
glycerin at lower concentration as material, or in a
liquid phase in which water or lower alcohol is used
as a reaction medium. Still more, owing to the
improvement in resistance to water, a problem of
corrosion of reactors that was observed when acid
catalyst was used can be also solved Example 11 Powder
of cesium salt of tungstophosphoric acid (Cs2
5Ho5PWi2O4O) (a product of Nippon Inorganic Colour &
Chemical Co., Ltd) was fired in air at 250 0C for 3
hours by using a muffle furnace to obtain a catalyst.
The catalyst was evaluated in a fixed bed reactor
operated under ambient pressure in a fixed bed.
Namely, the resulting catalyst powder was compacted
and then crushed. Crushed particles were passed
through sieves to obtain particles having a particle
size of 9 to 12 mesh. 10 cc of the catalyst granules
or particles was packed in a SUS reaction tube
(diameter of 20 mm). An aqueous solution of glycerin
(a concentration of 30 % by weight) was fed to an
evaporator at a flow rate of 2 1 g/hr by a pump so
that glycerin was gasified at 300 0C. The resulting
gasified glycerin was passed through the fixed
catalyst bed together with air. The fixed catalyst bed
was heated at a temperature of 260 0C to 350 0C. Feed
gas had a following composition in mol %: glycerin:
oxygen: nitrogen: water = 6.3 : 4.0 : 14.9 : 74.8.
GHSV was 2,445 h 1 . Products were analyzed and the
conversion (%) of material (the conversion of
glycerin), the conversion of material (glycerin), the
selectivity of target substances (the selectivity of
acrolein and the selectivity of acrylic acid) and the
yield of target substances (the yield of acrolein and
the yield of acrylic acid) were calculated by the same
method as Example 1. Result is shown in Table 3.
Example 12 50 g of cesium salt of tungstophosphoric
acid (Cs2 Ho 5PWi2O4O) (a product of Nippon Inorganic
Colour & Chemical Co., Ltd) was added with 80 ml of
purewater. In a separate beaker, 0.008 g of
chloroplatinate hexahydrates (H2PtCl6 6H2O) (Wako Pure
Chemical Industries, Ltd) was dissolved in 0.5 ml of
water to obtain a solution which was then added under
stirring dropwise to a white solution of the cesium
salt of tungstophosphoric acid by using a dropping
funnel. The resulting slurry was treated in a rotary
evaporator under vacuum at 60 0C to obtain white
powder. This powder was then dried at 150 0C for 6
hours in an oven at ambient pressure. Then, the
resulting powder was fired in air at 250 0C for 3
hours by using a muffle furnace to obtain a catalyst
(Pt-CsPW) of platinum-added cesium salt of
tungstophosphoric acid having a following composition:
Pr0.001H0.5Cs2.5PW120 4o. Reaction and evaluation were
effected under the same condition as Example 11.
Result is shown in Table 3. Example 13 Procedure of
Example 12 was repeated except that 0.492 g of iron
nitrate nonahydrate (Fe(NO3)3 9H2O) (NIHON KAGAKU
SANGYO CO., LTD.) was used instead of the
chloroplatinate hexahydrates (H2PtCl6 6H2O) to prepare
a catalyst of iron-added salt of tungstophosphoric
acid (Fe-CsPW) having a composition: Fe0 0
H0.26Cs2.5PW12O40. Reaction and evaluation were
effected under the same condition as Example 11.
Result is shown in Table 3. Example 14 Procedure of
Example 12 was repeated except that 0.488 g of
chromium nitrate nonahydrate (Cr(NO3)3 9H2O) (Wako
Pure Chemical Industries, Ltd) was used instead of the
chloroplatinate hexahydrates (H2PtCl6 6H2O) to prepare
a catalyst of iron-added salt of tungstophosphoric
acid (Cr-CsPW) having a composition: Cr0 08
Ho.26Cs2.5PW120 40. Reaction and evaluation were
effected under the same condition as Example 11.
Result is shown in Table 3. Example 15 Procedure of
Example 12 was repeated except that 0.095 g of
ammonium nitrate (NH4NO3) (Wako Pure Chemical
Industries, Ltd) was used instead of the
chloroplatinate hexahydrates (H2PtCl6 6H2O) to prepare
a catalyst of ammoniumadded salt of tungstophosphoric
acid (NH4-CsPW) having a composition: NH 0.08
Ho.42Cs2.5PW120 40. Reaction and evaluation were
effected under the same condition as Example11. Result
is shown in Table 3. Example 16 Procedure of Example
12 was repeated except that 0.1 82 g of rubidium
nitrate (RbNO 3) (Mitsuwa Chemical Co, Ltd) was used
instead of the chloroplatinate hexahydrates (H2PtCl
6H2O) to prepare a catalyst of rubidium-added salt of
tungstophosphoric acid (Rb-CsPW) having a composition:
Rb 0.08 HO 2CS2 PW12O40. Reaction and evaluation were
effected under the same condition as Example 11.
Result is shown in Table 3. Example 17 Procedure of
Example 12 was repeated except that 1.75 Ig of
telluric (VI) acid (H6TeO3) (Shinko Chemical Co.,
Ltd.) was used instead of the chloroplatinate
hexahydrates (H2PtCl6 6H2O) to prepare a catalyst of
tellurium-added salt of tungstophosphoric acid (Te-
CsPW) having a composition: Te 0.5 H0 5Cs2 5PW12 O4o.
Reaction and evaluation were effected under the same
condition as Example 11. Result is shown in Table 3.
Example 18 Procedure of Example 12 was repeated except
that 0. 125 g of potassium nitrate (KNO3) (Sigma
Aldrich) was used instead of the chloroplatinate
hexahydrates (H2PtCl6 6H2O) to prepare a catalyst of
potassium-added salt of tungstophosphoric acid
(K-CsPW) having a composition: Ko 08 Hc 42Cs2.5PWi
2O40. Reaction and evaluation were effected under the
same condition as Example 11. Result is shown in Table
3. Example 19 Procedure of Example 12 was repeated
except that 0.327 g of ammonium perrhenate (NH4ReO )
(Mitsuwa Chemical Co, Ltd) was used instead of the
chloroplatinate hexahydrates (H2PtCl 6 6H2O) to
prepare a catalyst of rhenium-added 



salt of tungstophosphoric acid (Re-CsPW) having a
composition: Re0 08 H0 5Cs2 5PW12O40. Reaction and
evaluation were effected under the same condition as
Example 11. Result is shown in Table 3.Table 3 Then,
experiments were carried out by supporting the cesium
tungstophosphate on niobia (niobium oxide). A degree
of support was 30 % by weight. The degree of support
is calculated by following equation: The degree of
support (wt%) = 100 * (weight of cesium
tungstophosphate) / (weight of cesium tungstophosphate
+ weight of support) Example 20 15 g of cesium salt of
tungstophosphoric acid (Cs2 Ho5PWi2O4O) (a product of
Nippon Inorganic Colour & Chemical Co., Ltd) was added
with 250 ml of pure water and stirred. Into the
resulting white solution of the cesium
tungstophosphate, 35 g of support of niobia (Mitsui
Mining & Smelting Co., Ltd.) and stirred for 2 hours
in ambient temperature. The resulting slurry was dried
in a rotary evaporator under vacuum at 60 0C to obtain
white powder. This powder was then dried at 150 0C for
6 hours in an oven at ambient pressure. Then, the
resulting powder was fired in air at 250 0C for 3
hours by using a muffle furnace. Reaction and
evaluation were effected under the same condition as
Example 11. Result is shown in Table 4.Table 4 From
the comparison between Examples and Comparative
Examples, followings are observed: (1) In the
production of acrolein by dehydration reaction of
glycerin, the yield of acrolein can be increased
remarkably such as higher than 90%, by using the
catalyst according to the present invention, in
particular, catalyst compounds in which proton in
heteropoly acid such as PW and SiW is replaced at
least partially by alkali metal, such as Cs or Rb. (2)
When heteropolyacid alone (which is outside the
present invention) was used, the yield of acrolein is
such poor as lower than 55% even in the highest yield
of acrolein for PW (tungstophosphoric acid). (3) The
conversion of glycerin and the yield of acrolein are
further increased by adding at least one element
belonging to Group 1 to Group 16 of the Periodic Table
of Elements, in particular, salts of K, Re to the
cation exchanged compound. (4) The conversion of
glycerin and the yield of acrylic acid are further
increased by adding at least one element belonging to
Group 1 to Group 16 of the Periodic Table of Elements,
in particular, salts of Pt, Fe, Cr and Te. (5)
Supported catalyst in which the cation exchanged
compound is supported on carrier such as niobia show
similar conversion of glycerin and similar yield of
acrolein even if the cation exchanged compound is
subjected to several times severer conditions.CLAIMS
1. Process for preparing acrolein by dehydration of
glycerin, characterized in that said dehydration is
carried out in the presence of a catalyst comprising
mainly at least one compound in which protons in a
heteropolyacid are exchanged at least partially with
at least one cation selected from elements belonging
to Group 1 to Group 16 of the Periodic Table of
Elements. 2. The process of claim 1, wherein said
compound is represented by the general formula (1): Ha
Ab [X, Yc Zd Oe]  nH2O (1) in which H is hydrogen, A
is at least one cation selected from elements
belonging to Group 1 to Group 16 of the Periodic Table
of Elements except hydrogen, X is P or Si, Y is at
least one element selected from the group comprising W
Mo Ti Zr, V, Nb Ta, Cr Mn Fe Co Ni Cu Zn Ga In Tl Sn
and Pb, Z is at least one element selected from the
group comprising W Mo Ti Zr V Nb Ta Cr Mn Fe Co Ni Cu
Zn Ga In Tl Sn and Pb, a, b, c and d being in
following ranges: O< a < 9, O< b < 9, 0 < c < 12, O< d
< 12, e is a number determined by the oxidation number
of the elements and n is any positive number including
0. 3. The process of claim 1 or 2, wherein cation is
at least one alkali metal cation. 4. The process of
claim 3, wherein said alkali metal is cesium. 5. The
process of any one of claims 1 to 4, wherein said
compound contains at least one element selected from
the group comprising W, Mo and V.6. The process of any
one of claims 1 to 5, wherein said compound contains
further another element selected from elements
belonging to Group 1 to Group 16 of the Periodic Table
of Elements. 7. The process of any one of claims 1 to
6, wherein said compound is supported on a carrier. 8.
The process of claim 7, wherein said carrier comprises
titania, silica, zirconia, niobia, magnesia, ceria,
alumina or silico-alumina. 9. The process of any one
of claims 1 to 8, wherein said catalyst is prepared by
the steps of adding a solution of at least one metal
selected from elements belonging to the Group 1 to
Group 16 of the Periodic Table of Elements or onium to
a solution of heteropolyacid, and of firing the
resulting solid mixture. 10. The process of claim 9,
wherein the calcination is carried out under an
atmosphere of air, inert gas or a mixture of oxygen
and inert gas. 11. The process of claim 9 or 10,
wherein the calcination is effected at a temperature
of 150 to 900 0C for 0.5 to 10 hours. 12. Process for
preparing acrylic acid from glycerol comprising a
first step of the dehydration reaction of glycerol to
acrolein according to any one of claims 1 to 8 and a
step of oxidizing acrolein to acrylic acid. 13. Use of
the catalyst defined in any one of claims 1 to 8 in
preparation of acrolein or acrylic acid by dehydration
of glycerin. 


