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1
TRANSFORMANT OF CORYNEFORM
BACTERIUM AND PRODUCTION METHOD
FOR USEFUL COMPOUND USING SAME

TECHNICAL FIELD

The present disclosure relates to a transformant of a
coryneform bacterium. The present disclosure also relates to
a method for producing a useful compound (for example,
catechol) using the transformant.

BACKGROUND ART

Against the backdrop of global warming and exhaustion
of fossil resources, production of chemical products using
renewable resources has been recognized to be an important
measure with view to realizing a low-carbon society, as new
industrial biorefinery, along with biofuel, and has attracted
attention.

Catechol is used as a raw material for synthesis of
flavoring agents, polymerization inhibitors, antioxidants,
pharmaceutical products, and a raw material for synthesis of
agricultural chemicals. Catechol is also used as a raw
material for removers for a resist (a photosensitive resin
applied when a printed substrate is manufactured), deoxy-
genating agents (activated carbon adsorbents), and plating
treatment agents.

Catechol is produced by an oxidation reaction using
phenol as a main raw material. However, the production of
catechol from renewable resources is earnestly desired,
towards the realization of the above-described low-carbon
society.

Catechol exists on the metabolic pathway of microorgan-
isms. Catechol is produced through two-stage oxidation of
benzene or a decarboxylation reaction with respect to dihy-
droxybenzoic acid. Thereafter, the decomposition of cat-
echol is promoted through ortho-cleavage or meta-cleavage,
and is incorporated in the tricarboxylic acid (TCA) cycle.

Patent Documents 1 and 2 discloses a technique for
producing catechol from glucose using a transformed bac-
terium obtained by using a microorganism of the genus
Escherichia or the genus Klebsiella as a host into which
transketolase, DAHP synthase, and 3-dehydroquinate syn-
thase are introduced, and further, dehydroshikimate dehy-
dratase and protocatechuic acid decarboxylase derived from
Klebsiella pneumoniae are introduced.

The invention disclosed by Patent Document 3 intends to
produce adipic acid and cis,cis-muconate using microorgan-
isms. The document, in the discussion, discloses an exem-
plary production of catechol using the strain having the same
configuration as that disclosed in Patent Document 2.

Patent Documents 4 and 5 disclose methods for producing
compounds using dehydroshikimic acid as a precursor, and
propose a catechol producing method wherein protocat-
echuic acid decarboxylase derived from Klebsiella pneumo-
niae, Enterobacter cloacae, Lactobacillus plantarum, or
Clostridium butyricum is caused to express. In the examples
disclosed therein, a transformed bacterium obtained by
causing 3,4-DHB decarboxylase derived from Enterobacter
cloacae to express in Escherichia coli used.

The invention disclosed by Patent Document 6 intends to
produce three types of isomers of muconic acid. The docu-
ment, in the discussion, discloses an exemplary production
of catechol using the strain having the same configuration as
that disclosed in Patent Document 2.

Non-Patent Document 1 discloses a technique for pro-
ducing catechol from glucose using a transformed bacterium
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obtained by introducing a protocatechuic acid decarboxylase
gene of Klebsiella pneumoniae into Escherichia coli.

Non-Patent Document 2 discloses a technique for pro-
ducing catechol from glucose using a transformed bacterium
obtained by introducing an anthranilate 1,2-dioxygenase
gene of Pseudomonas aeruginosa into Escherichia coli.

Non-Patent Document 3 discloses a technique for pro-
ducing catechol from glucose using a transformed bacterium
obtained by introducing a protocatechuic acid decarboxylase
gene of Klebsiella pneumoniae into Escherichia coli.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1:
Patent Document 2:
Patent Document 3:
Patent Document 4:
Patent Document 5:
Patent Document 6:

U.S. Pat. No. 5,272,073
JP-T-hei-9(1997)-506242
JP-T-hei-9(1997)-505463

US Patent No. 2012-0196339
US Patent No. 2013-0252294
JP-T-2013-516196

Non-Patent Document

Non-Patent Document 1: J. Am. Chem. Soc. (1995) 117:
2395-2400

Non-Patent Document 2: Microb. Cell Fact. (2014) 13:136

Non-Patent Document 3: J. Am. Chem. Soc. (2005) 127:
2874-2882

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

Regarding the catechol producing method based on a
biological method, further improvement in the productivity
is expected, toward practical use of the same.

The present disclosure, in one aspect, provides a micro-
organism that is able to efficiently produce catechol from a
saccharide as a raw material, and a method of efficiently
producing catechol by using the microorganism.

Means to Solve the Problem

The present disclosure, in one aspect, relates to a trans-
formant of a coryneform bacterium,

wherein the transformant is obtained by introducing, into
the coryneform bacterium as a host, at least one gene
selected from the group consisting of:

(1) a decarboxylase gene ubiD of Lactobacillus vhamno-
sus;

(2) an ortholog of the gene (1) in at least one of the genus
Lactobacillus, the genus Bacillus, the genus Enterobacter,
the genus Escherichia, the genus Paenibacillus, the genus
Citrobacter, and the genus Pantoea; and

(3) a gene in which an enzyme that has an amino acid
sequence identity of 70% or more with an amino acid
sequence of an enzyme encoded by the gene (1) or (2), and
that has a decarboxylation activity, is encoded

wherein a mutation is introduced into a catechol 1,2-
dioxygenase gene catA and a protocatechuic acid dehydro-
genase gene pcaHG of the coryneform bacterium as a host,
and functions of enzymes encoded by the two genes are
degraded or lost.

The present disclosure, in another aspect, relates to a
catechol producing method that includes:
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the step of causing the transformant of a coryneform
bacterium according to the present disclosure react in a
reaction solution from which at least one of factors neces-
sary for growth, or in a reaction solution under reducing
conditions; and

the step of collecting catechol in a reaction medium.

Effect of the Invention

According to the present disclosure, in one aspect, the
production of catechol in a coryneform bacterium can be
made efficient. For example, the production rate and/or yield
in the catechol production can be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a graph showing an exemplary catechol pro-
duction using a strain CAT21.

FIG. 2 shows an exemplary experiment that indicates high
resistance of a coryneform bacterium against catechol.

MODE FOR CARRYING OUT THE INVENTION

As a result of earnest studies, the present inventors found
that the catechol productivity can be improved by causing a
predetermined decarboxylase to be expressed in a coryne-
form bacterium into which a mutation that suppresses
decomposition of protocatechuic acid and catechol is intro-
duced.

It is estimated that the decarboxylation reaction of pro-
tocatechuic acid is accelerated by causing the predetermined
decarboxylase to be expressed, whereby the catechol pro-
ductivity is improved. The present disclosure, however, is
not limited to this mechanism.

According to the present disclosure, in one aspect, the
production concentration and/or yield of catechol can be
improved.

[Host]

In the present disclosure, the host into which a predeter-
mined decarboxylase is introduced is a coryneform bacte-
rium.

In the present disclosure, the coryneform bacteria are a
group of microorganisms defined in Bergey’s Manual of
Determinative Bacteriology Vol. 8, 599 (1974), and are not
particularly limited as long as they grow under normal
aerobic conditions. The specific examples include bacteria
of the genus Corynebacterium, bacteria of the genus Brevi-
bacterium, bacteria of the genus Arthrobacter, bacteria of
the genus Mycobacterium and bacteria of the genus Micro-
coccus Among the coryneform bacteria, bacteria of the
genus Corynebacterium are preferred.

Examples of the genus Corynebacterium include Coryne-
bacterium glutamicum, Corynebacterium efficiens, Coryne-
bacterium ammomagenes, Corynebacterium halotolerance,
and Corynebacterium alkanolyticum. Among them, Coryne-
bacterium glutamicum is preferred for safety and high
xylooligosaccharide utilization.

Examples of preferred strains include Corynebacterium
glutamicum R (FERM P-18976), ATCC13032, ATCC13869,
ATCC13058, ATCC13059, ATCC13060, ATCC13232,

ATCC13286, ATCC13287, ATCC13655, ATCC13745,
ATCC13746, ATCC13761, ATCC14020, ATCC31831,
MJ-233 (FERM BP-1497), MJ-233AB-41 (FERM

BP-1498). Among them, strains R (FERM P-18976),
ATCC13032, and ATCC13869 are preferred.
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These strains are available from NBRC (NITE Biological
Resource Center), ATCC (American Type Culture Collec-
tion), etc., which are microorganism culture collections.

Further, these microorganisms are not only wild strains
that exist in the natural world, but may be mutant strains or
gene recombinant strains of the same.

With a view to improving the catechol productivity, the
transformant according to the present disclosure is config-
ured so that mutations are introduced into the gene catA that
encodes an enzyme having a catechol 1,2-dioxygenase
activity, and into the gene pcaHG that encodes an enzyme
having a protocatechuic acid dehydrogenase activity, in the
genome of the coryneform bacterium as a host; and func-
tions of these two enzymes are degraded or lost. Examples
of the mutations include substitution, deletion, and insertion
of a base sequence.

These mutations may be introduced in advance into a
coryneform bacterium to be used as a host, or may be
introduced in a process of producing the transformant
according to the present disclosure.

Further, with a view to improving the catechol produc-
tivity, a gene-modified strain that would improve the pro-
duction of the protocatechuic acid may be used as a coryne-
form bacterium as a host (for example, W0O2017/169399).
[Introduction of Decarboxylase]

In the present disclosure, a decarboxylase that is intro-
duced into a coryneform bacterium as a host is preferably an
enzyme that has a decarboxylation activity with respect to
protocatechuic acid.

Examples of the introduction of an enzyme having a
decarboxylation activity with respect to protocatechuic acid,
into a coryneform bacterium as a host, include the introduc-
tion of any one of the following genes (1) to (3) below:

(1) a decarboxylase gene ubiD of Lactobacillus rhamno-
sus;

(2) an ortholog of the gene (1) in the genus Lactobacillus,
the genus Bacillus, the genus Enterobacter, the genus
Escherichia, the genus Paenibacillus, the genus Citrobacter,
and the genus Pantoea; and

(3) a gene in which an enzyme that has an amino acid
sequence identity of 70% or more with an amino acid
sequence of an enzyme encoded by the gene (1) or (2), and
that has a decarboxylation activity, is encoded.

In the present disclosure, the introduction of the genes (1)
to (3) into a host coryneform bacterium can be performed by
using a common gene recombination technique (for
example, the method proposed by Michael R Green &
Joseph Sambrook, “Molecular cloning”, Cold spring Harbor
Laboratory Press); it can be implemented in the form of the
introduction of a gene by using a plasmid vector, or the
incorporation of a gene into a host coryneform bacterium
chromosome.

In the present disclosure, “incorporating/introducing a
gene” refers to incorporating or introducing a gene into a
host in such a manner that the gene can express in the host,
in one or a plurality of embodiments.

For example, to introduce the ubiDX gene into a host
coryneform bacterium, it is preferable to introduce an appro-
priate promoter in an upstream region on the 5' side of the
gene, and it is more preferable to additionally introduce a
terminator in a downstream region on the 3' side.
[Decarboxylase Gene ubiD of Lactobacillus rhamnosus)

In the present disclosure, a decarboxylase gene ubiD of
Lactobacillus rhamnosus is registered as LGG_02656 or
LGG_RS12695 in a database such as NCBI, in one or a
plurality of embodiments.
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A decarboxylase gene to be introduced into a host may be
an ortholog of the above-described ubiD of Lacrobacillus
rhamnosus. Examples of orthologs of ubiD of Lactobacillus
rhamnosus include orthologs of the genus Lactobacillus, the
genus Bacillus, the genus Enterobacter, the genus Escheri-
chia, the genus Paenibacillus, the genus Citrobacter, and the
genus Pantoea; with a view to improving the catechol
productivity, orthologs of the genus Lactobacillus, the genus
Bacillus, and the genus Enterobacter are preferred; among
these, orthologs of the genus Lactobacillus and the genus
Bacillus are more preferred; among these, orthologs of the
genus Lactobacillus are further preferred; and the genes
used in Examples are still further preferred.

Examples of the ortholog of the genus Lactobacillus for
the ubiD gene of Lactobacillus rhamnosus include, though
not limited to, the ubiD gene of Lactobacillus pentosus, the
ubiD gene of Lactobacillus plantarum, the ubiD gene of
Lactobacillus pobuzihii, and the ubiD gene of Lactobacillus
composti.

Examples of the ortholog of the genus Bacillus for the
ubiD gene of Lactobacillus rhamnosus include, though not
limited to, the ubiD gene of Bacillus megaterium, the ubiD
gene of Bacillus licheniformis; the ubiD gene of Bacillus
atrophaeus, the ubiD gene of Bacillus subtilis subsp. sub-
tilis; and the ubiD gene of Bacillus subtilis subsp. spizizenii.

Examples of the ortholog of the genus Enterobacter for
the ubiD gene of Lactobacillus rhamnosus include, though
not limited to, the ubiD gene of Enterobacter aerogenes the
ubiD gene of Enterobacter cloacae, the ubiD gene of
Enterobacter sakazakii; and the ubiD gene of Enterobacter
hormaechei.

Examples of the ortholog of the genus Escherichia for the
ubiD gene of Lactobacillus rhamnosus include, though not
limited to, the ubiD gene of Escherichia coli, and the ubiD
gene of Escherichia fergusonii.

Examples of the ortholog of the genus Paenibacillus for
the ubiD gene of Lactobacillus rhamnosus include, though
not limited to, the ubiD gene of Paenibacillus polymyxa.

Examples of the ortholog of the genus Citrobacter for the
ubiD gene of Lactobacillus rhamnosus include, though not
limited to, the ubiD gene of Citrobacter koseri.

Examples of the ortholog of the genus Pantoea for the
ubiD gene of Lactobacillus rhamnosus include, though not
limited to, the ubiD gene of Pantoea ananatis.

It should be noted that the “ortholog gene” in the present
disclosure means an analog gene that encodes a protein
having a homologous function, existing in a different organ-
ism (for example, a different species, a different genus).

A decarboxylase gene to be introduced into a host may be
a gene in which an enzyme that has an amino acid sequence
identity of 70% or more with an amino acid sequence of an
enzyme encoded by the ubiD gene of Lactobacillus rham-
nosus described above or an ortholog of the same, and that
has a decarboxylation activity, is encoded.

The identity of the amino acid sequence is 70% or more,
preferably 75% or more, more preferably 80% or more, and
further preferably 85% or more, with a view to improving
the catechol productivity.

In the present disclosure, it is preferable that, together
with the ubiD gene, the ubiX gene, located in the same
genome as that of the ubiD gene, is introduced into a host
coryneform bacterium together with the ubiD gene, with a
view to improving the catechol productivity. Besides, in a
case where the ubiH gene is present in the same genome as
that of the ubiD gene, it is preferable that the ubiH gene is
also introduced into a host coryneform bacterium together
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with the ubiD gene and the ubiX gene, with a view to
improving the catechol productivity.

The ubiD gene and the ubiX gene of Lactobacillus
rhamnosus, arrayed in this order, constitute an operon, and
in such a case, they are described as an ubiDX gene in the
present disclosure. In one or a plurality of embodiments, an
exemplary base sequence of the ubiDX gene of Lactobacil-
lus rhamnosus is the base sequence of SEQ ID NO: 1 in the
sequence listing.

In the case where a ubiD gene of Lactobacillus rhamnosus
is to be introduced into a host coryneform bacterium, the
same is preferably introduced as the ubiDX gene of Lacto-
bacillus rhamnosus, with a view to improving the catechol
productivity. Besides, in the case where an ortholog of a
ubiD gene of Lactobacillus rhamnosus 1o be introduced into
a host coryneform bacterium, similarly, the ubiX gene and
the ubiD gene are preferably introduced into a host coryne-
form bacterium, with a view to improving the catechol
productivity; if there is the ubiH gene in the genome, it is
preferable that the ubiH gene, the ubiD gene and the ubiX
gene are also introduced into a host coryneform bacterium.

The ubiX gene of Lactobacillus pentosus, together with
the ubiH gene, constitutes an operon (an ubiHX gene),
independently from the ubiD gene. In the case where a ubiD
gene of Lactobacilluspentosus 1o be introduced into a host
coryneform bacterium, the ubiHX gene and the ubiD gene
are preferably introduced, with a view to improving the
catechol productivity. In one or a plurality of embodiments,
exemplary base sequences of the ubiXH gene and the ubiD
gene of Lactobacillus pentosus are the base sequences of
SEQ ID NOs: 2 and 3 in the sequence listing, respectively.

In the case where a ubiD gene of Lactobacillus plantarum
is to be introduced into a host coryneform bacterium,
similarly, the ubiHX gene and the ubiD gene are preferably
introduced therein, with a view to improving the catechol
productivity, as is the case with Lactobacillus pentosus In
one or a plurality of embodiments, exemplary base
sequences of the ubiXH gene and the ubiD gene of Lacto-
bacillus plantarum are the base sequences of SEQ ID NOs:
4 and 5 in the sequence listing, respectively.

In the case where the ubiD gene of Lactobacillus pobuzi-
hii or that of Lactobacillus composti, is to be introduced into
a host coryneform bacterium, similarly, it is preferably
introduced as the ubiDX gene of Lactobacillus pobuzihii or
Lactobacillus composti, with a view to improving the cat-
echol productivity. In one or a plurality of embodiments,
exemplary base sequences of the ubiDX gene of Lactoba-
cillus pobuzihii and Lactobacillus composti are the base
sequences of SEQ ID NOs: 6 and 7 in the sequence listing.

Regarding the ubiD gene of Bacillus megaterium, the
ubiX gene, the ubiD gene, and the ubiH gene, arrayed in this
order, constitute an operon, and in such a case, they are
described as an ubiXDH gene in the present disclosure. In
the case where the ubiD gene of Bacillus megaterium is to
be introduced into a host coryneform bacterium, the same is
preferably introduced as the ubiXDH gene, with a view to
improving the catechol productivity. In one or a plurality of
embodiments, an exemplary base sequence of the ubiXDH
gene of Bacillus megaterium is the base sequence of SEQ ID
NO: 10 in the sequence listing.

In the case where the ubiD gene of Bacillus licheniformis
is to be introduced into a host coryneform bacterium, the
same is preferably introduced as the ubiXDH gene, with a
view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of Bacillus licheniformis is the base
sequence of SEQ ID NO: 11 in the sequence listing.
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In the case where the ubiD gene of Bacillus atrophaeus is
to be introduced into a host coryneform bacterium, the same
is preferably introduced as the ubiXDH gene, with a view to
improving the catechol productivity. In one or a plurality of
embodiments, an exemplary base sequence of the ubiXDH
gene of Bacillus atrophaeus is the base sequence of SEQ ID
NO: 12 in the sequence listing.

In the case where the ubiD gene of Bacillus subtilis subsp.
subtilis is to be introduced into a host coryneform bacterium,
the same is preferably introduced as the ubiXDH gene, with
a view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of Bacillus subtilis subsp. subtilis is the
base sequence of SEQ ID NO: 13 in the sequence listing.

In the case where the ubiD gene of Bacillus subtilis subsp.
spizizenii is to be introduced into a host coryneform bacte-
rium, the same is preferably introduced as the ubiXDH gene,
with a view to improving the catechol productivity. In one
or a plurality of embodiments, an exemplary base sequence
of the ubiXDH gene of Bacillus subtilis subsp. spizizenii is
the base sequence of SEQ ID NO: 14 in the sequence listing.

In the case where the ubiD gene of Enterobacter aero-
genes is to be introduced into a host coryneform bacterium,
the same is preferably introduced as the ubiXDH gene, with
a view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of Enterobacter aerogenes is the base
sequence of SEQ ID NO: 15 in the sequence listing.

In the case where the ubiD gene of Enterobacter cloacae
is to be introduced into a host coryneform bacterium, the
same is preferably introduced as the ubiXDH gene, with a
view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of FEnterobacter cloacae is the base
sequence of SEQ ID NO: 16 in the sequence listing.

In the case where the ubiD gene of Enterobacter sakazakii
is to be introduced into a host coryneform bacterium, the
same is preferably introduced as the ubiXDH gene, with a
view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of Enterobacter sakazakii is the base
sequence of SEQ ID NO: 17 in the sequence listing.

In the case where the ubiD gene of Enterobacter hor-
maechei is 1o be introduced into a host coryneform bacte-
rium, the same is preferably introduced in the form of the
ubiXDH gene, with a view to improving the catechol
productivity. In one or a plurality of embodiments, an
exemplary base sequence of the ubiXDH gene of Entero-
bacter hormaechei is the base sequence of SEQ ID NO: 18
in the sequence listing.

In the case where the ubiD gene of Escherichia coli W is
to be introduced into a host coryneform bacterium, the same
is preferably introduced as the ubiXDH gene, with a view to
improving the catechol productivity. In one or a plurality of
embodiments, an exemplary base sequence of the ubiXDH
gene of Escherichia coli W is the base sequence of SEQ ID
NO: 19 in the sequence listing.

In the case where the ubiD gene of Escherichia fergusonii
is to be introduced into a host coryneform bacterium, the
same is preferably introduced as the ubiXDH gene, with a
view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of Escherichia fergusonii is the base
sequence of SEQ ID NO: 20 in the sequence listing.

In the case where the ubiD gene of Paenibacillus poly-
myxa is to be introduced into a host coryneform bacterium,
the same is preferably introduced as the ubiXDH gene, with

5

20

25

40

45

50

60

65

8

a view to improving the catechol productivity. In one or a
plurality of embodiments, an exemplary base sequence of
the ubiXDH gene of Paenibacillus polymyxa is the base
sequence of SEQ ID NO: 21 in the sequence listing.

In the case where the ubiD gene of Citrobacter koseri is
to be introduced into a host coryneform bacterium, the same
is preferably introduced as the ubiXDH gene, with a view to
improving the catechol productivity. In one or a plurality of
embodiments, an exemplary base sequence of the ubiXDH
gene of Citrobacter koseri is the base sequence of SEQ ID
NO: 22 in the sequence listing.

In the case where the ubiD gene of Pantoea ananatis is to
be introduced into a host coryneform bacterium, the same is
preferably introduced as the ubiXDH gene, with a view to
improving the catechol productivity. In one or a plurality of
embodiments, an exemplary base sequence of the ubiXDH
gene of Pantoea ananatis is the base sequence of SEQ ID
NO: 23 in the sequence listing.

[Transformant]

The present disclosure, in one aspect, relates to a trans-
formant obtained by introducing any one of the above-
described genes (1) to (3) into a host coryneform bacterium,
wherein functions of two enzymes in the host genome,
which are catechol 1,2-dioxygenase (catA) and protocat-
echuic acid dehydrogenase (pcaHG), are degraded or lost.

The transformant according to the present disclosure, in
one or a plurality of embodiments, is capable of efficiently
producing catechol.

In the transformant according to the present disclosure, in
one or a plurality of embodiments, the ubiX gene and/or the
ubiH gene are preferably introduced, with a view to improv-
ing the catechol productivity.

The transformant according to the present disclosure may
be further characterized in that another gene (or genes) is
introduced therein, or that a gene (or genes) is deleted and/or
mutated, to produce catechol or to make the production more
efficient.

In one or a plurality of embodiments for making the
production of catechol more efficient, the introduction or
disruption of a gene for improving the production of pro-
tocatechuic acid is performed, for example. Exemplary
introduction of a gene for improving the production of
protocatechuic acid is the introduction of a gene that
encodes an enzyme having 3-deoxy-D-arabino-heptulo-
sonate-7-phosphate synthase activity (for example, aroG),
and/or a gene that encodes an enzyme having 3-dehydro-
quinate synthase activity (for example, qsuB).

The transformant according to the present disclosure, in
one or a plurality of embodiments, can be used in the
production of catechol. The transformant according to the
present disclosure, in one or a plurality of embodiments, can
be used in the production of an organic compound from
catechol as an intermediate.

[Method for Producing Catechol]

The transformant according to the present disclosure is
capable of producing catechol at a high efficiency in a
reaction solution without bacterial cell growth, using sac-
charides as raw materials.

The present disclosure, therefore, in another aspect,
relates to a catechol producing method that includes the
steps of causing the transformant of the coryneform bacte-
rium according to the present disclosure to react in a reaction
solution in which at least one of factors necessary for growth
is removed, or in a reaction solution under reducing condi-
tions; and collecting catechol in a reaction medium.
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In the catechol producing method according to the present
invention, first of all, the above-described transformant
according to the present disclosure is cultured to grow under
aerobic conditions.

The transformant according to the present disclosure can
be cultured by using a normal nutrient medium that contains
a carbon source, a nitrogen source, inorganic salts, and the
like. In the culture, as a carbon source, for example, glucose,
waste molasses, or the like can be used alone or in mixture,
and as a nitrogen source, for example, ammonium, ammo-
nium sulfate, ammonium chloride, ammonium nitrate, urea,
or the like can be used alone or in mixture. Further, as an
inorganic salt, for example, dibasic potassium phosphate,
potassium dihydrogen phosphate, magnesium sulfate, or the
like can be used. In addition to these, nutrients such as
peptone, meat extract, yeast extract, corn steep liquor, vari-
ous types of vitamins such as casamino acid, biotin, or
thiamine can be appropriately added to the medium as
required.

Generally, the culturing can be carried out under aerobic
conditions such as aeration stirring or shaking, at a tempera-
ture of about 20° C. to about 60° C., preferably about 25° C.
to about 35° C. The pH during the culturing is in a range of,
for example, around 5 to 10, preferably around 7 to 8, and
the pH adjustment during the culturing can be carried out by
adding acid or alkali. The carbon source concentration at the
start of the culturing is about 1% (W/V) to about 20%
(W/V), preferably about 2% (W/V) to about 5% (W/V).
Further, the culturing period is usually about 1 to 7 days.

Next, cultured bacterial cells of the transformant accord-
ing to the present disclosure are collected. A method for
collecting and separating cultured bacterial cells from the
cultured substance thus obtained as described above is not
limited particularly, and a known method such as centrifu-
gation or membrane separation can be used, for example.

The cultured bacterial cells thus collected may be pro-
cessed, and the processed bacterial cells thus obtained may
be used in the next step. Examples of the processed bacterial
cells include cultured bacterial cells subjected to a certain
processing operation, for example, immobilized bacterial
cells that are obtained by immobilizing bacterial cells with
acrylamide, carrageenan, or the like.

In the catechol production reaction by the cultured bac-
terial cells of the transformant according to the present
disclosure, collected and separated from the cultured sub-
stance thus obtained as described above, or by the processed
bacterial cells obtained from the same, any production
process under aerobic conditions or reducing conditions may
be used, as long as it is in a solution of a reaction without
bacterial cell growth. The catechol production process may
be of a batch type, or of a continuous type.

In the present disclosure, “does not grow” encompasses
“substantially does not grow”, and “hardly grows”. For
example, in a reaction under aerobic conditions, growth of
the transformant can be avoided or inhibited by the use of a
reaction solution in which one or more of compounds
essential for the growth of the microorganism, for example,
vitamins, such as biotin and thiamine, nitrogen sources, etc.
is depleted or limited.

Besides, under reducing conditions, coryneform bacteria
substantially do not grow, and therefore, the composition of
the reaction solution is not limited. The oxidation-reduction
potential of the reaction solution under reducing conditions
is preferably about-200 mV to about —=500 mV, and more
preferably about —150 mV to =500 mV. The reduced state of
the reaction solution can be simply estimated using a resa-
zurin indicator (in a reduced state, decolorization from blue
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to colorless is observed). However, for precise measure-
ment, a redox-potential meter (for example, ORP Electrodes
made by BROADLEY JAMES) may be used.

In the present disclosure, it is preferable that reducing
conditions are maintained immediately after bacterial cells
or processed bacterial cells are added to a reaction solution
until catechol is collected; however, a reaction solution may
be in a reduced state at least at the point in time when
catechol is collected. It is desirable that a reaction solution
is kept under reducing conditions during about 50% or more
of'a reaction period, preferably during about 70% or more of
the same, and more preferably during about 90% or more of
the same. Particularly, it is more desirable that a reaction
solution has an oxidation-reduction potential kept at about
-200 mV to about =500 mV during about 50% or more of
a reaction period, preferably during about 70% or more of
the same, and more preferably during about 90% or more of
the same.

The reaction solution contains an organic carbon source
(for example, saccharides) that are raw materials used in the
production of catechol. Examples of the organic carbon
source include materials that the transformant according to
the present disclosure can utilize in a biochemical reaction.

Specifically, examples of saccharides include monosac-
charides, such as glucose, xylose, arabinose, galactose,
fructose, and mannose; disaccharides, such as cellobiose,
sucrose, lactose, and maltose; and polysaccharides, such as
dextrin and soluble starch; etc. Among these, glucose is
preferable.

The present disclosure, therefore, in one aspect, relates to
a catechol producing method that includes the steps of
causing the transformant of the coryneform bacterium
according to the present disclosure to react in a reaction
solution in which at least one of factors necessary for growth
is removed, or in a reaction solution under reducing condi-
tions; and collecting catechol in a reaction medium.

Finally, the catechol produced in the reaction medium as
described above is collected. For doing so, a known method
that is used in bioprocessing can be used. Examples of such
a known method include the salting-out method, the recrys-
tallization method, the organic solvent extraction method,
the distillation method (reactive distillation by esterification
etc.), the chromatography separation method, and the elec-
trodialysis method, which can be used with respect to a
solution of catechol. The method for separating and purify-
ing catechol may be decided appropriately.

The present disclosure relates to the following, in one or
a plurality of embodiments:

[1] A transformant of a coryneform bacterium that is
obtained by introducing, into the coryneform bacterium as a
host, at least one gene selected from the group consisting of:

(1) a decarboxylase gene ubiD of Lactobacillus rhamno-
sus;

(2) an ortholog of the gene (1) in at least one of the genus
Lactobacillus, the genus Bacillus, the genus Enterobacter,
the genus Escherichia, the genus Paenibacillus, the genus
Citrobacter, or the genus Pantoea; and

(3) a gene in which an enzyme that has an amino acid
sequence identity of 70% or more with an amino acid
sequence of an enzyme encoded by the gene (1) or (2), and
that has a decarboxylation activity, is encoded.

wherein mutations are introduced into a catechol 1,2-
dioxygenase gene catA, and a protocatechuic acid dehydro-
genase gene pcaHG in the coryneform bacterium as a host;
and functions of enzymes encoded by the gene catA and
functions of enzymes encoded by the gene pcaHG are
degraded or lost.
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[2] The transformant according to Item [1],

wherein the transformant has a catechol producing ability.
[3] The transformant according to Item [1] or [2],

wherein at least one of a gene that encodes an enzyme
having 3-deoxy-D-arabino-heptulosonate-7-phosphate syn-
thase activity, and a gene that encodes an enzyme having
3-dehydroquinate synthase activity, is additionally intro-
duced.
[4] The transformant according to any one of Items [1] to
(31,

wherein the coryneform bacterium as a host is Coryne-
bacterium glutamicum.
[5] The transformant according to any one of Items [1] to
(41,

wherein the coryneform bacterium as a host is Coryne-
bacterium glutamicum R (FERM P-18976), ATCC13032, or
ATCC13869.
[6] A transformant of Corynebacterium glutamicum CAT21
(Accession Number: NITE BP-02689).
[7] A catechol producing method including the steps of

causing the transformant of a coryneform bacterium
according to any one of Items [1] to [6] to react in a reaction
solution in which at least one of factors necessary for growth
is removed, or in a reaction solution under reducing condi-
tions; and

collecting catechol in a reaction medium.
[8] The catechol producing method according to Item [7],

wherein, in the reaction solution, at least one saccharide
selected from the group consisting of glucose, fructose,
cellobiose, xylobiose, sucrose, lactose, maltose, dextrin,
xylose, arabinose, galactose, mannose, and soluble starch is
converted into catechol with use of the transformant accord-
ing to any one of Items [1] to [6], and catechol is collected
from the reaction solution.

EXAMPLE
The following description describes the present invention

in detail, while referring to examples, but the present inven-
tion is not limited to these examples.

10

15

20

25

30

35

40

12
Example 1

Construction of Catechol Producing Strain
(1) Preparation/Obtainment of Chromosomal DNA

Corynebacterium glutamicum R(FERM P-18976), Lacto-
bacillus rhamnosus NBRC 3425, Lactobacillus pentosus
JCM 1558, Lactobacillus plantarum NBRC 3070, Lactoba-
cillus pobuzihii JCM 18084, Lactobacillus composti JICM
14202, Lactobacillus hokkaidonensis JICM 18461, Lactoba-
cillus sakei subsp. sakei JCM 1157, Bacillus megaterium
JCM 2506, Bacillus licheniformis JCM 2505, Bacillus atro-
phaeus JICM 9070, Bacillus subtilis subsp. subtilis NBRC
14144, Bacillus subtilis subsp. spizizenii NBRC 101239,
Enterobacter aerogenes NBRC 13534, Enterobacter cloa-
cae NBRC 13535, Enterobacter hormaechei ATCC 49162,
Escherichia coli W NBRC 13500, Escherichia fergusonii
NBRC 102419, Paenibacillus polymyxa NBRC 15309, and
Pantoea ananatis LMG 20103 were cultured according to
information obtained from organizations from which the
strains are available, and thereafter, chromosomal DNAs
thereof were prepared by using DNA genome extraction kit
(trade name: “GenomicPrep Cells and Tissue DNA Isolation
Kit”, manufactured by Amersham PLC). Chromosomal
DNAs of Enterobacter sakazakii ATCC BAA-894D-5 and
Citrobacter koseri ATCC BAA-895D-5 were obtained from
ATCC.

(2) Construction of Plasmid for Expression of Catechol-
Production-Related Gene

Primer sequences used for isolating target enzyme genes
are shown in Table 1. In PCR, Veriti Thermal Cycler
(manufactured by Applied Biosystems Inc.) was used, and
PrimeSTAR HS DNA Polymerase (manufactured by Takara
Bio Inc.) was used as a reaction reagent.

DNA fragments obtained were introduced into cloning
vectors containing PgapApromoters (pCRB209 [W02012/
033112], pCRB210 [W02012/033112]). It should be noted
that in Lactobacillus pentosus and those of Lactobacillus
plantarum, the ubiD gene and the ubiXH gene are located at
different positions on the chromosome, and therefore they
were separately cloned, and then transferred onto the same
plasmid.

The names of the cloning vectors introduced and the
plasmids obtained are shown in Table 2.

TABLE 1

Primer for Isolation of Catechol-Production-Related Gene

Enzyme
Gene Source Gene Forward Reverse Gene Sequence
Lactobacillus vhamnosus ubiDX SEQ ID NO. 24 SEQIDNO. 25 SEQIDNO. 1
Lactobacillus pentosus ubiXH SEQ ID NO. 26 SEQ ID NO. 27 SEQ ID NO. 2
Lactobacillus pentosus ubiD SEQ ID NO. 28 SEQIDNO.29 SEQID NO. 3
Lactobacillus plantarum ubiXH SEQ ID NO. 30  SEQ ID NO. 31 SEQ ID NO. 4
Lactobacillus plantarum ubiD SEQ ID NO. 32 SEQIDNO.33 SEQIDNO. 5
Lactobacillus pobuzihii ubiDX SEQ ID NO. 34 SEQ ID NO. 35 SEQ ID NO. 6
Lactobacillus composti ubiDX SEQ ID NO. 36 SEQ ID NO. 37 SEQID NO. 7
Lactobacillus ubiDXH  SEQ ID NO. 38 SEQ ID NO. 39 SEQ ID NO. 8
hokkaidonensis
Lactobacillus sakei subsp. ubiDXH  SEQ ID NO. 40 SEQ ID NO. 41 SEQ ID NO. 9
sakei
Bacillus megaterium ubiXDH  SEQ ID NO. 42 SEQ ID NO. 43 SEQ ID NO. 10
Bacillus licheniformis ubiXDH  SEQ ID NO. 44 SEQ ID NO. 45 SEQ ID NO. 11
Bacillus atrophaeus ubiXDH  SEQID NO. 46 SEQ ID NO. 47 SEQ ID NO. 12
Bacillus subtilis subsp. ubiXDH  SEQ ID NO. 48 SEQ ID NO. 49 SEQ ID NO. 13
subtilis
Bacillus subtilis subsp. ubiXDH  SEQ ID NO. 50 SEQ ID NO. 51 SEQ ID NO. 14
spizizenii
Enterobacter aerogenes ubiXDH  SEQ ID NO. 52 SEQ ID NO. 53 SEQ ID NO. 15
Enterobacter cloacae ubiXDH  SEQ ID NO. 54 SEQ ID NO. 55 SEQ ID NO. 16
Enterobacter sakazakii ubiXDH  SEQ ID NO. 56 SEQ ID NO. 57 SEQ ID NO. 17
Enterobacter hormaechei  ubiXDH  SEQ ID NO. 58 SEQ ID NO. 59 SEQ ID NO. 18
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TABLE 1-continued

14

Primer for Isolation of Catechol-Production-Related Gene

Enzyme
Gene Source Gene Forward Reverse Gene Sequence
Escherichia coli W ubiXDH  SEQ ID NO. 60 SEQID NO. 61 SEQ ID NO. 19
Escherichia fergusonii ubiXDH  SEQ ID NO. 62 SEQID NO. 63 SEQ ID NO. 20
Paenibacillus polymyxa ubiXDH  SEQ ID NO. 64 SEQID NO. 65 SEQ ID NO. 21
Citrobacter koseri ubiXDH  SEQ ID NO. 66 SEQID NO. 67 SEQ ID NO. 22
Pantoea ananatis ubiXDH  SEQ ID NO. 68 SEQID NO. 69 SEQ ID NO. 23
TABLE 2 crossover strain that has a crossover with the homologous
region on the chromosome introduced into the plasmid
Plasmid for Expression of Catechol-Production-Related Gene 15 pCRA725, the strain exhibits the kanamycin resistance due
to the expression of the kanamycin-resistant gene on
Introduced o . .. .
Gene Source Enzyme Gene Vector  Plasmid PCRA725, and the lethality in a sucrose-containing med.lum
due to the expression of the sacR-sacB gene of the Bacillus
éa";"zaaééw ’ha;"”"sw “E{)]?)é nggigg gfm};% subtilis. In contrast, in a case of a double crossover strain,
actooaciiius pentosus ubi P anit . e . e e e
Lacrobacillus pentosus ubiD PCRB209 Pani278 20 the strain eXhlblt.S the kanamycm sensitivity due to the loss
Lactobacillus pentosus ubiXH + ubiD  Pani277  Pani279 O.f the k.anamycm-resmtanF gene on pCRA72S, and the
Lactobacillus plantarum ubiXH pCRB209  Pani33 viability in a sucrose-containing medium due to the loss of
Lacmzaaééw P;‘mla’”’” UE{D o pCRB209  Pani34 the sacR-sacB gene. A markerless chromosomal gene intro-
Lactobacillus plantarum UbXH +ubiD  Pani33 - Panid0 duced strain, therefore, exhibits the kanamycin sensitivity
Lactobacillus pobuzihii ubiDX pCRB209 Pani284 d the viability in th .. di
Lactobacillus composti UbiDX pCRB209  Pani283 25 and the viability in t e.sucrose-contalmng medium.
Lactobacillus hokkaidonensis ubiDXH pCRB210 Pani282 By the above-described methods, PCA-productlon-re-
Lactobacillus sakei subsp. sakei ubiDXH pCRB210  Pani281 lated gene chromosome integrated strains were constructed
Bacillus megaterium ubiXDH PCRB209  PGadi2l by using the above-described plasmids for catechol-produc-
Bacillus licheniformis ubiXDH pCRB209  PGadi20 " lated hr Lint " d the pl id
Bacillus atrophaeus ubiXDH pCRB209  Pani63 lon-refated gene ¢ omos.oma .ln cgration an € p asmids
Bacillus subtilis subsp. subtilis  ubiXDH pCRB209 pCRG34 30 for chromosomal genes disruption. 4 Corynebacterium glu-
Bacillus subtilis subsp. spizizenii ubiXDH PCRB209  Pani60 tamicum strain PCA3 [W02017/169399], which is a coryne-
g”;” "Z“C;W "Ze’ ogenes “E{§gg ngggg gm}gg form bacterium that produces protocatechuic acid, was used
rierobacier ctoacae ubi P anit . .
Enterobacter sakazakii ubiXDH PCRB209 Pani81 as a host strain. Further, Fhe pl.asmld pCRG3. [WO2017/
Enterobacter hormaechei ubiXDH pCRB209 Pani88 169399] for gene PcaHG dlSI'llPUOHs the Plasmld PCRB295
Escherichia coli W ubiXDH PCRB209  Pani80 35 [W0O2017/169399] for the qsuB gene chromosome integra-
Lscherichia fergusonii ubiXDH PCRB209 Pani85 tion, and the plasmid pCRB285 [W02017/169399] for the
Paenibacillus polymyxa ubiXDH PCRB209 Pani84 G S180F) chr int t i d
Citrobacter koseri ubiXDH pCRB209 Pani83 aroG gene (; ) chromosome integration were also used.
Pantoea ananatis ubiXDH pCRB209  Panig2 This chromosomal gene recombination is outlined in Tables
4 and 5.
. . . 40
(3) Construction of Plasmid for Chromosomal Gene Dis-
. . . . TABLE 4
ruption of Corynebacterium Glutamicum Strain R
A DNA region necessary for markerless chromosomal Construction of Catechol Producing Strains
gene disruption of a Corynebacterium glutamicum strain R by Chromosomal Gene Recombination
Was ampl%ﬁed by the PCR method. Each PCR fragment is 45 Constructed Strain Host Strain Recombinant Plasmid
linkable in overlap regions. The DNA fragment thus
obtained was introduced into the plasmid pCRA725 [J. Mol. LHgle1367 Czo’ly”e?a"leggg PCRG33
. . . . giutamicum
Microbiol. Biotechnol. 8: 24.3-254. (2004),. (JP-A-2OQ6- ESglcl 590 Corpmebacterium PCRG33, pCRG?
124440)] for markerless gene disruption. Obtained plasmids glutamicum R
for chromosomal gene disruption are shown in Table 3. 50 ESglcl609 ESglc1590 PCRB295, pCRB285
TABLE 3
Plasmid for Chromosomal Gene Disruption TABLE 5
of Corynebacterium Glutamicum Strain R . .
55 Outline of Strain Constructed by
Plasmid for Chromosomal Gene Recombination
Chromosomal Disruptied .
Disruption Gene Forward Reverse Distupted
Constructed chromosomal
pCRG33 catA SEQ ID NO. 70 SEQ ID NO. 71* Strain Chromosome integrated gene gene
SEQ ID NO. 72* SEQ ID NO. 73 60
LHgle1367  xylABx4, bglF(V317A)A, araBAD, araE, gsuD, poxF,
*Primer including overlap region tkt-tal, aroG(S180F)x2, aroCKBx3, peaHG, catA,
aroAx2, aroDx2, aroEx2, qsuB, pobAx2, IdhA
(4) Construction of Catechol Producing Strains by Chromo- ubiC
1 Gene Recombination ESgle1390 peatlG, catA
soma ESglcl609  gsuB, aroG(S180F) pcaHG, catA
The vector pCRA725 for markerless chromosomal gene 65

introduction is a plasmid that cannot be replicated in
Corynebacterium glutamicum R. In a case of a single

x2, x3: indicating the number of genes introduced into chromosome
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(5) Construction of Strain in which Plasmid for Expression
of Catechol-Producing Gene is Introduced

Catechol-producing strains were constructed by introduc-
ing a protocatechuic acid decarboxylase into the above-
described chromosomal gene recombinant strains. Besides,
pCRB22 (Appl Microbiol Biotechnol. 2015 June; 99(11):
4679-89) was used for carrying out control experiments. The
strains thus constructed are outlined in Table 6.

TABLE 6

Qutline of Catechol Producing Strain

Constructed Introduced Source of Protocatechuic Acid
Strain Host Strain ~ Plasmid Decarboxylase Gene

CAT21 LHgle1367  Pani37 Lactobacillus vhamnosus
CAT41 LHgle1367  Pani279  Lactobacillus pentosus

CAT24 LHglc1367  Pani40 Lactobacillus plantarum
CAT42 LHglc1367  Pani284  Lactobacillus pobuzihii
CAT45 LHglc1367  Pani283  Lactobacillus composti

CAT6 LHgle1367  PGadi2l  Bacillus megaterium

CATS LHgle1367  PGadi20  Bacillus licheniformis

CAT39 LHglc1367  Pani63 Bacillus atrophaeus

CAT2 LHgle1367 pCRG34  Bacillus subtilis subsp. subtilis
CAT38 LHglc1367  Pani60 Bacillus subtilis subsp. spizizenii
CAT37 LHglc1367  Pani86 Enterobacter aerogenes

CAT1 LHglc1367  Pani26 Enterobacter cloacae

CAT32 LHgle1367  Pani81 Enterobacter sakazakii

CAT40 LHglc1367  Pani88 Enterobactor hormaechei
CAT31 LHglc1367  Pani80 Escherichia coli W

CAT36 LHglc1367  Pani85 Escherichia fergusonii

CAT35 LHglc1367  Pani84 Paenibacillus polymyxa
CAT34 LHglc1367  Pani83 Citrobacter koseri

CAT33 LHglc1367  Pani82 Pantoea ananatis

CAT158 LHgle1367 pCRB22 —

CAT91 ESglc1590  Pani37 Lactobacillus vhamnosus
CAT92 ESglc1609  Pani37 Lactobacillus vhamnosus

Corynebacterium glutamicum CAT21 was deposited in
Incorporated Administrative Agency National institute of
Technology and Evaluation, NITE Patent Microorganisms
Depositary (2-5-8-122 Kazusakamatari, Kisarazu-shi, Chiba
292-0818 Japan) as an international depositary authority
(International deposit date: Apr. 17, 2018, Accession Num-
ber: NITE BP-02689 under the Budapest Treaty).

Example 21

Catechol Production Test (in Test Tube, 10 mL Scale)
(Combination of Protocatechuic Acid Decomposition Path-
way Disruption, Catechol Decomposition Pathway Disrup-
tion)

By using a strain CAT91, which is a catechol producing
strain, which was constructed on the basis of a Corynebac-
terium glutamicum strain R (see Tables 5 and 6), experi-
ments of producing catechol in an aerobic batch reaction
using a test tube were carried out by the method described
below.

Each strain CAT91 was applied to A-agar plate [obtained
by dissolving the following in 1 liter of distilled water:
(NH,),CO 2 g; (NH,,),SO, 7 g; KH,PO, 0.5 g; K,HPO4 0.5
g; MgSO,.7H,0 0.5 g; 0.06% (w/v) FeSO,.7H,0, 0.042%
(w/v) MnSO,.2H,0 1 ml; 0.02% (w/v) biotin solution 1 ml;
0.01% (w/v) thiamin solution 2 ml; yeast extract 2 g; vitamin
assay casamino acid 7 g; and agar 15 g] containing kanamy-
cin of final concentration 50 ug/ml. and 4% glucose, and it
was incubated at 33° C. for 15 hours in a dark place.

One platinum loop of the strain CAT91 grown on the
above-described plate was inoculated in a test tube contain-
ing 10 ml of A-liquid medium [obtained by dissolving the
following in 1 liter of distilled water: (NH,),CO 2 g;
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(NH,),SO, 7 g KH,PO, 05 g; K,HPO, 05 g;
MgS0,.7H,0 0.5 g; 0.06% (w/v) FeSO,.7H,O, 0.042%
(w/v) MnSO,.2H,0 1 ml; 0.02% (w/v) biotin solution 1 ml;
0.01% (w/v) thiamin solution 2 ml; yeast extract 2 g; and
vitamin assay casamino acid 7 g] containing kanamycin of
final concentration 50 pg/ml. and 2% glucose, and aerobic
shaking culture was carried out at 33° C. for 7 to 15 hours.

Each strain grown under the above-described conditions
was suspended in 10 ml of A-liquid medium containing
kanamycin of final concentration 50 ng/mL and 4% glucose
so that the initial bacterial cell concentration ODg,,=0.5.
200 mg of CaCO; was added thereto and aerobic shaking
culture was carried out at 33° C. for 48 hours. The culture
solution obtained after 48 hours was centrifuged (4° C.,
15,000xg, 5 minutes), whereby supernatant of culture was
obtained. The concentration of metabolite in the supernatant
of culture was analyzed by using a high-performance liquid
chromatography system (Prominence HPLC (manufactured
by Shimadzu Corporation), COSMOSIL Packed column
5C18-AR-1I, separation using 10% methanol and 0.1%
phosphoric acid for the mobile phase). Consequently, this
strain produced 0.1 mM of catechol after 48 hours.

Example 31

Catechol Production Test (in Test Tube, 10 ml. Scale)
(Combination of Protocatechuic Acid Decomposition Path-
way Disruption, Catechol Decomposition Pathway Disrup-
tion, DAHP Synthesis Enzyme Reinforcement, and Proto-
catechuic Acid Synthesis Enzyme Reinforcement)

By using the strain CAT92, which is a catechol producing
strain constructed on the basis of the strain CAT91 (see
Tables 5 and 6)), experiments of producing catechol in an
aerobic batch reaction using a test tube were carried out by
the method described below.

Each strain CAT92 was applied to A-agar plate [obtained
by dissolving the following in 1 liter of distilled water:
(NH,),CO 2 g; (NH,),S0, 7 g; KH,PO, 0.5 g; K,HPO, 0.5
g; MgSO,.7H,0 0.5 g; 0.06% (w/v) FeSO,.7H,0+0.042%
(w/v) MnSO,.2H,0 1 ml; 0.02% (w/v) biotin solution 1 ml;
0.01% (w/v) thiamin solution 2 ml; yeast extract 2 g; vitamin
assay casamino acid 7 g; and agar 15 g] containing kanamy-
cin of final concentration 50 ng/ml. and 4% glucose, and it
was incubated at 33° C. for 15 hours in a dark place.

One platinum loop of the strain CAT92 grown on the
above-described plate was inoculated in a test tube contain-
ing 10 ml of A-liquid medium [obtained by dissolving the
following in 1 liter of distilled water: (NH,),CO 2 g;
(NH,),SO, 7 g KH,PO, 05 g; K,HPO, 05 g;
MgSO,.7H,0 0.5 g; 0.06% (w/v) FeSO,.7H,0+0.042%
(w/v) MnSO,.2H,0 1 ml; 0.02% (w/v) biotin solution 1 ml;
0.01% (w/v) thiamin solution 2 ml; yeast extract 2 g; and
vitamin assay casamino acid 7 g] containing kanamycin of
final concentration 50 pg/ml. and 2% glucose, and aerobic
shaking culture was carried out at 33° C. for 7 to 15 hours.

Each strain grown under the above-described conditions
was suspended in 10 ml of A-liquid medium containing
kanamycin of final concentration 50 ng/mL and 4% glucose
so that the initial bacterial cell concentration ODg,,=0.5.
200 mg of CaCO; was added thereto and aerobic shaking
culture was carried out at 33° C. for 48 hours. The culture
solution obtained after 48 hours was centrifuged (4° C.,
15,000xg, 5 minutes), whereby supernatant of culture was
obtained. The concentration of metabolite in the supernatant
of culture was analyzed by using a high-performance liquid
chromatography system (Prominence HPLC (manufactured
by Shimadzu Corporation), COSMOSIL Packed column
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5C18-AR-II, separation using 10% methanol and 0.1%
phosphoric acid for the mobile phase). Consequently, this
strain produced 18.4 mM of catechol after 24 hours.

Example 41

Catechol Production Test (in Test Tube, 10 mL Scale)
(Influence on Catechol Production by Genes From Various
Organisms that Encode Enzymes Having Decarboxylation
Activity with Respect to Protocatechuic Acid Derived)

In order to examine effects of the introduction of a gene
that encodes an enzyme having a decarboxylation activity
with respect to protocatechuic acid in the production of
catechol by a Corynebacterium glutamicum transformant, a

18

kanamycin of final concentration 50 ng/mL and 4% glucose
so that the initial bacterial cell concentration ODy,,=0.5.
200 mg of CaCO; was added thereto and aerobic shaking
culture was carried out at 33° C. for 24 hours. The culture
solution obtained after 24 hours was centrifuged (4° C.,
15000xg, 5 minutes), and the supernatant of culture obtained
was subjected to quantitative analysis of catechol, using the
above-mentioned high-performance liquid chromatography
system. The results are shown in Table 7.

Incidentally, the “amino acid sequence identity” shown in
Table 7 indicates results of comparison between amino acid
sequences encoded by the ubiD gene of Lactobacillus rham-
nosus, and amino acid sequences encoded by other ubiD
genes.

TABLE 7

Introduced Decarboxylase

Catechol
Production

Amino Add Sequence
Identity (%)

Concentration vs. L. vs. B.

Strain Species Gene (mM) rhamnosus megaterium

CAT 21 Lactobacillus ubiDX 443 100
rhamnosus

CAT 41 Lactobacillus pentosus ubiXH + ubiD 33.6 85 —

CAT 24 Lactobacillus ubiXH + ubiD 332 85 —
plantarum

CAT 42 Lactobacillus ubiDX 294 82 —
pobuzihii

CAT 45 Lactobacillus composti ubiDX 26.3 80 —

CAT 06  Bacillus megaterium  ubiXDII 29.1 — 100

CAT 05 Bacillus licheniformis ubiXDH 27.1 — 81

CAT 39 Bacillus atrophaeus ubiXDII 235 — 81

CAT 02 Bacillus subtilis subsp. ubiXDII 21.8 — 82
subtilis

CAT 38  Bacillus subtilis subsp. ubiXDH 224 — 82
spizizenii

CAT 37 Enterobactor ubiXDH 254 — —
aerogenes

CAT 01 Enterobactor cloacae  ubiXDII 254 — —

CAT 32 Enterobactor ubiXDH 249 — —
sakazakii

CAT 40 Enterobactor ubiXDH 214 — —
hormaechei

CAT 31 Escherichia coli W ubiXDH 21.9 — —

CAT 36  Escherichia fergusonii ubiXDH 21.9 — —

CAT 35 Paenibacillus ubiXDH 264 — —
polymyxa

CAT 34 Citrobacter koseri ubiXDH 24.5 — —

CAT 33 Pantoea ananatis ubiXDH 21.2 — —

CAT 158  Control — 0 — —

strain LHglc1367 in which a gene encoding a catechol
degrading enzyme was disrupted was constructed on the
basis of Corynebacterium glutamicum strain PCA3
[W02017/169399], which produces protocatechuic acid
(Table 5). Plasmids in which respective genes were incor-
porated were introduced in these strains, respectively,
whereby decarboxylase-introduced strains CATO1 to CAT47
were obtained (Table 6). Respective catechol productivities
were compared. Each strain was applied to the above-
described A-agar plate containing kanamycin of final con-
centration 50 pg/ml. and 4% glucose, and it was incubated
at 33° C. for 15 hours in a dark place.

One platinum loop of each strain grown on the above-
described plate was inoculated in a test tube containing 10
ml of the A-liquid medium containing kanamycin of final
concentration 50 pg/ml and 2% glucose, and aerobic shak-
ing culture was carried out at 33° C. for 7 to 15 hours.

Each strain grown under the above-described conditions
was inoculated in 10 ml of A-liquid medium containing

50

55

60

65

The results shown in Table 7 indicate that the introduction
of the ubiDX gene of Lactobacillus rhamnosus or an
ortholog of the same causes the amount of produced cat-
echol to increase. It is indicated that the amount of produced
catechol was particularly increased in the case where the
strain in which the gene ubiDX of Lactobacillus rhamnosus
or the gene having high homology with the gene ubiDX is
introduced is used (for example, the strain CAT21, the strain
CAT41, the strain CAT24).

Example 51

Catechol Production Test (in Jar Fermenter, 400 ml. Scale)
(Study on Optimal pH for Production)

By using strain CAT21 (see Tables 5 to 7), experiments of
producing catechol in an aerobic batch reaction using a jar
fermenter were carried out by the method described below.

The strain CAT21 was inoculated in 10 ml of the A-liquid
medium containing kanamycin of final concentration 50
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png/ml. and 2% glucose, and thereafter, acrobic shaking
culture was carried out at 33° C. for 18 hours.

The strain CAT21 was inoculated in 100 ml of the
A-liquid medium containing kanamycin of final concentra-
tion 50 pg/ml and 2% glucose, and thereafter, aerobic
shaking culture was carried out at 33° C. for 12 hours.

Bacterial cells grown under the above-described condi-
tions were collected by centrifugation (4° C., 3000xg, 10
minutes), and the bacterial cells thus obtained were sus-
pended in 400 ml of a culture solution [obtained by dissolv-
ing the following in 1 liter of distilled water: (NH,),SO, 7
g; KH,PO, 0.5 g; K,HPO, 0.5 g; MgSO,.7H,0 0.5 g; 0.06%
(w/v) FeSO,.7H,0+0.042% (w/v) MnSO,.2H,0 1 ml,
0.02% (w/v) biotin solution 25 pl; 0.01% (w/v) thiamine
solution 2 ml; yeast extract 2 g; and vitamin assay casamino
acid 7 g| containing kanamycin of final concentration 50
ng/ml., 8% glucose, and 3 g/l of an antifoam agent (AD-
EKANOL [.126, manufactured by Adeka Corporation) in a
1000-ml jar fermenter culture vessel so that ODg,,=0.2.
Each of these was subjected to 24-hour aerated agitated
culture in a 1000-ml jar fermenter under the conditions of
33° C., pH control by addition of 5.0 N aqueous ammonia,
aeration amount of 0.4 L/min (air, 1 vvm), and dissolved
oxygen concentration (DO) of 10% (assuming that the
saturated dissolved oxygen concentration under atmospheric
pressure is 100%). The concentration of metabolite in the
supernatant of culture was analyzed by using the high-
performance liquid chromatography system described
above. The results are shown in Table 8.

TABLE 8

Comparison of Amounts of Catechol Produced
in Jar Fermenter with Varied pH

pH Catechol Production Concentration (mM)
6.0 39
6.5 51
7.0 60
7.5 50
8.0 0

The strain CAT21, in a case of being cultured with pH 7.0
being maintained, had produced 60 mM of catechol when 24
hours passed after the start of culturing, and exhibited the
highest concentration, among the examined cases of various
values of pH. In addition, in a case where it was cultured
with pH 8.0 being maintained, the concentration of produced
catechol was 0 mM at the point in time when 24 hours
passed. These results indicate that in a case where catechol
is produced with use of this strain, pH set in the vicinity of
7.0 leads to the highest productivity.

Example 6

Catechol Production Test (in Jar Fermenter, 400 ml, Scale)
(Growth-Independent Production Test)

By using the strain CAT21 (see Tables 5 to 7), experi-
ments of producing catechol in an aerobic batch reaction
using a jar fermenter were carried out by the method
described below.

The strain CAT21 was inoculated in 10 ml of the A-liquid
medium containing kanamycin of final concentration 50
png/ml. and 2% glucose, and thereafter, acrobic shaking
culture was carried out at 33° C. for 18 hours.

The strain CAT21 was inoculated in 100 ml of the
A-liquid medium containing kanamycin of final concentra-
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tion 50 pg/ml and 2% glucose, and thereafter, aerobic
shaking culture was carried out at 33° C. for 12 hours.

Bacterial cells grown under the above-described condi-
tions were collected by centrifugation (4° C., 3000xg, 10
minutes), and the bacterial cells thus obtained were sus-
pended in 400 ml of a culture solution [obtained by dissolv-
ing the following in 1 liter of distilled water: (NH,),SO, 7
g; KH,PO, 0.5 g; K,HPO, 0.5 g; MgSO,.7H,0 0.5 g; 0.06%
(w/v) FeSO,.7H,0+0.042% (w/v) MnSO,2H,O 1 ml;
0.02% (w/v) biotin solution 25 pl; 0.01% (w/v) thiamine
solution 2 ml; yeast extract 2 g; and vitamin assay casamino
acid 7 g| containing kanamycin of final concentration 50
ng/ml., 8% glucose, and 3 g/L. of an antifoam agent (AD-
EKANOL [.126) in a 1000-ml jar fermenter culture vessel so
that ODy,,=0.2. Each of these was subjected to 18-hour
aerated agitated culture in the 1000-ml jar fermenter under
the conditions of 33° C., pH 7.0 (controlled by addition of
5.0 N aqueous ammonia), aeration amount of 0.4 L/min (air,
1 vvm), and dissolved oxygen concentration (DO) of 5%
(assuming that the saturated dissolved oxygen concentration
under atmospheric pressure is 100%).

Bacterial cells of the strain grown under the above-
described conditions were collected by centrifugation (4° C.,
5000xg, 10 minutes), and the bacterial cells thus obtained
were washed with 0.9% sodium chloride aqueous solution
once. Thereafter, the bacterial cells were suspended in 250
ml of a reaction solution [obtained by dissolving the fol-
lowing in 1 liter of distilled water: (NH,),SO, 7 g; KH,PO,
0.5 g; K,HPO, 0.5 g; MgSO,.7H,0 0.5 g; 0.06% (w/v)
Fe,80,.7H,0+0.042% (w/v) MnSO,2H,0 1 ml; and
0.01% (w/v) thiamine solution 2 ml] containing 10% glu-
cose so that 100 g of wet bacterial cells were contained per
liter (5% of the medium volume in terms of weight of wet
bacterial cells), and a catechol producing reaction was
caused under the conditions 0f 33° C., pH 7.0 (controlled by
adding 5.0 N aqueous ammonia), aeration amount of 0.25
L/min (air, 1 vvm), DO 5%, by using a 1000-ml jar fer-
menter. The concentration of metabolite in the supernatant
of culture was analyzed by using the high-performance
liquid chromatography system described above. The results
are shown in FIG. 1.

As illustrated in FIG. 1, the strain CAT21 had produced 66
mM (7.25 g/1) of catechol when 27.5 hours had passed after
the start of the catechol producing reaction. The results
indicate that this strain has a very high catechol productivity
in a reaction process without bacterial cell growth using an
inorganic salt minimal medium. The catechol productivity of
this strain significantly exceeded the productivity of
Escherichia coli recombinant strain, 38 mM (4.2 g/L.) in 36
hours (Non-Patent Document 3) and 41 mM (4.5 g/L.) in 84
hours (Non-patent Document 2), which is the highest pro-
ductivity among the productivities by the processes of
fermentation from saccharides that have been reported so
far.

Example 7

Catechol Production Test (in Jar Fermenter)
(Utilization of Resin Adsorption)

By using the strain CAT21 (see Tables 5 to 7), experi-
ments of producing catechol performed in an aerobic batch
reaction using a jar fermenter, with use of a resin adsorption
in combination, were carried out by the method described
below.

The strain CAT21 was inoculated in 10 ml of the A-liquid
medium containing kanamycin of final concentration 50
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png/ml. and 2% glucose, and thereafter, acrobic shaking
culture was carried out at 33° C. for 18 hours.

The strain CAT21 was inoculated in 100 ml of the
A-liquid medium containing kanamycin of final concentra-
tion 50 pg/ml and 2% glucose, and thereafter, aerobic
shaking culture was carried out at 33° C. for 12 hours.

Bacterial cells grown under the above-described condi-
tions were collected by centrifugation (4° C., 3000xg 10
minutes), and the bacterial cells thus obtained were sus-
pended in 400 ml of a culture solution [obtained by dissolv-
ing the following in 1 liter of distilled water: (NH,),S04 7
g; KH,PO, 0.5 g; K,HPO, 0.5 g; MgSO,.7H,0 0.5 g; 0.06%
(w/v) FeSO,.7H,0+0.042% (w/v) MnSO,.2H,0 1 ml,
0.02% (w/v) biotin solution 25 pl; 0.01% (w/v) thiamine
solution 2 ml; yeast extract 2 g; and vitamin assay casamino
acid 7 g| containing kanamycin of final concentration 50
ng/ml., 8% glucose, and 3 g/l of an antifoam agent (AD-
EKANOL [.126) in a 1000-ml jar fermenter culture vessel so
that ODy,,=0.2. Each of these was subjected to 18-hour
aerated agitated culture in the 1000-ml jar fermenter under
the conditions of 33° C., pH 7.0 (controlled by addition of
5.0 N aqueous ammonia), aeration amount of 0.4 L/min (air,
1 vvm), and dissolved oxygen concentration (DO) of 5%
(assuming that the saturated dissolved oxygen concentration
under atmospheric pressure is 100%).

Bacterial cells of the strain grown under the above-
described conditions were collected by centrifugation (4° C.,
5000xg, 10 minutes), and the bacterial cells thus obtained
were washed with 0.9% sodium chloride aqueous solution
once. Thereafter, the bacterial cells were suspended in 300
ml of a reaction solution [obtained by dissolving the fol-
lowing in 1 liter of distilled water: (NH,),SO, 7 g; KH,PO,
0.5 g K,HPO, 0.5 g; MgSO,.7H,O 0.5 g; 0.06% (w/v)
Fe,S0,.7H,0+0.042% (w/v) MnSO,2H,0 1 ml; and
0.01% (w/v) thiamine solution 2 ml] containing 10% glu-
cose so that 100 g of wet bacterial cells were contained per
liter (5% of the medium volume in terms of weight of wet
bacterial cells), and a catechol producing reaction was
caused under the conditions of 33° C., pH 7.0 (controlled by
adding 5.0 N aqueous ammonia), aeration amount of 0.3
L/min (air, 1 vvm), DO 5%, by using a 1000-ml jar fer-
menter. At this time, a flow passage filled with the reaction
solution from the jar fermenter in advance, and a peristaltic
pump, were connected, so that circulation of the culture
solution was started simultaneously. A cross flow filtration
apparatus (Microza Pencil module) and another peristaltic
pump were arranged in the middle of the flow passage, so
that filtrate that does not contain bacterial cells was dis-
charged. This filtrate was passed through a column packed
with 60 g of an adsorption resin (SP850), and flow-through
liquid was returned to the jar fermenter. After 48 hours, the
experiment was ended; all the reaction solution contained in
the flow passage was returned to the jar fermenter, and the
volume thereof was measured. The concentration of metabo-
lite in the supernatant of culture was analyzed by using the
high-performance liquid chromatography system described
above. The metabolite adsorbed to the resin was extracted by
causing water, then, 100% ethanol to pass therethrough, and
the aqueous extract, as it was, and the ethanol extract, dried
and solidified by an evaporator and dissolved in water of the
same volume, were analyzed with the above-described high-
performance liquid chromatography system. The results are
shown in Table 9.
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TABLE 9

Amount of Catechol Contained in Culture
Solution and Resin After End of Reaction

Amount of

Volume Concentration Catechol

Analyzed Sample (mb) (mM) (mmole)
In Culture Solution 475 40.5 19.2
Resin 1 100 42.4 4.2
Resin 2 40 915.6 36.6
Resin 3 50 81.1 4.1
Resin 4 50 0.9 0.0
Total 64.2

The total mass of catechol products divided by the volume
of the reaction solution was assumed to be the catechol
production concentration. Consequently, this strain CAT21
produced 135 mM (14.9 g/L.) of catechol in 48 hours. The
yield with respect to consumed glucose in that case was 18%
(molar ratio).

As an exemplary case of the catechol production by the
process of fermentation from saccharides wherein an
adsorption resin was used in combination, a case where 77
mM (8.5 g/L) of catechol was produced with use of a
Escherichia coli recombinant strain in 36 hours, resulting in
the yield of 7%, was reported (Non-Patent Document 3);
however, the catechol productivity of the strain CAT21
significantly exceeded the above-described results in terms
of concentration and yield.

Reference Example 1

Verification that Coryneform Bacterium Exhibits Higher
Catechol Resistance, as Compared with Other Microorgan-
isms

Coryneform bacteria (Corynebacterium glutamicum),
colon bacteria (Escherichia coli), yeast (Saccharomyces
cerevisiae), Pseudomonas (Pseudomonas putida), and Rho-
dococcus (Rhodococcus erythropolis) were subjected to
cross-streak assay on agar plates, so that their resistances
against catechol were compared.

The Corynebacterium glutamicum strain R, and the strain
ATCC 13032, were applied to the above-described A-agar
plates containing 4% glucose, and were incubated at 33° C.
for 15 hours in a dark place. One platinum loop of Coryne-
bacterium glutamicum grown on the plate described above
was inoculated in a test tube having therein 10 ml of the
A-liquid medium containing 2% glucose, and aerobic shak-
ing culture was carried out at 33° C. for 13 hours.

The Escherichia coli strain K-12 MG1655 was applied to
a LB-agar plate [containing 1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar], and was
incubated at 37° C. for 15 hours in a dark place. Escherichia
coli grown on the plate described above was inoculated in an
LB-liquid medium [containing 1% polypeptone, 0.5% yeast
extract, and 0.5% sodium chloride], and aerobic shaking
culture was carried out at 37° C. for 13 hours.

The Pseudomonas putida strain ATCC 700801 was
applied to the above-described LB-agar plate, and was
incubated at 30° C. for 15 hours in a dark place. Pseudomo-
nas putida grown on the plate described above was inocu-
lated in the LB-liquid medium, and aerobic shaking culture
was carried out at 30° C. for 13 hours.

Further, the Saccharomyces cerevisiae strain NBRC2376
was applied to a YEPD agar plate [2% polypeptone, 1%
yeast extract, 2% glucose, and 1.5% agar], and was incu-
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bated at 30° C. for 20 hours in a dark place. Saccharomyces
cerevisiae grown on the plate described above was inocu-
lated in a YEPD liquid medium [2% polypeptone, 1% yeast
extract, and 2% glucose], and aerobic shaking culture was

24
incubated at 30° C. or 26° C. for 24 hours in a dark place,
growth inhibition ranges of the strains from the filter paper
were compared so that resistances thereof were compared.
The results are shown in FIG. 2.

carried out at 30° C. for 13 hours. 5 As illustrated in FIG. 2, the results indicate that the

The Rhodococcus erythropolis strain ATCC 27854 was coryneform bacteria have narrower growth inhibition ranges
applied to the L.B-agar plate, and was incubated at 30° C. for than any of the other bacteria, and have relatively high
15 hours in a dark place. Rhodococcus erythropolis grown resistances. In addition, no clear difference was seen
on the plate described above was inoculated in the LB-liquid between the results of the coryneform bacterium strain R
medium, and aerobic shaking culture was carried out at 30° 10 and those of the strain ATCC 13032.
C. for 13 hours.

Each strain preliminary cultured as described above was INDUSTRIAL APPLICABILITY
uniformly applied in a line form onto the above-described
A-agar plates containing 4% glucose, and filter paper The present disclosure is useful for, for example, produc-
impregnated with 25% catechol was placed on each plate at 15 ing catechol.
the center thereof so as to intersect with the lines. After being [Sequence Listing]

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 73

<210> SEQ ID NO 1

<211> LENGTH: 2058

<212> TYPE: DNA

<213> ORGANISM: Lactobacillus rhamnosus

<400> SEQUENCE: 1

atgacagcat caccttggga cttaagaaaa gtattggatg aactaaaaca ggatccgcag 60

caatatcatg aaacagaggt gcaagtcgat cccgatgcag agcttgcetgg cgtttatcegt 120

tacatcggtg ccggtgggac ggtcgaacgt ccgacacagg aaggtccgge aatgatgttt 180

aacaacgttg tcggcttccce aacgacaagg gttttgatcg gtttaatgge cagtcgcaag 240

cgggttggca agatgtttca ccaagactat cacacacttg gtcgattctt gaacaaagceg 300

gttttaaatc ctattcaacc cgttacagtc gaagaatcag cagcgcctgce gcatgaagtc 360

gttgccaagg ctagtgaccc ggactttgac attagaaaac tcgttgcagc accaaccaat 420

acgccacaag atgccggccce atacatcaca tgcggegtag ttttgggttce caatatggec 480

aaaacaatga ctgatgtgac gattcatcgc atggttttgg aagataagga tacgcttggt 540

atttatatca tgcccggtgg tcgccacatt ggtcattttg ctgaagaata tgaaaaagcc 600

aataagccga tgccggtgac catcaacatt ggcttggatc cggccattac cattggtgec 660

acttttgaac cgcctaccac gccegettgge tacgatgaac taggagttgce cggagccatt 720

cgccaagaac ccgtgcaact ggttcagget gtgaccgtca atgaaaaagce cattgcgegt 780

tcagaattta cactggaagg ctatatcatg cctaacacgc gtatccaaga agatatcaat 840

acccataccg gcaaagccat gccagagttt ccecggetatg acggtgatge caatccegget 900

ttgcaagtga ttaaagtgac ggctgtaacc catcggcgeg atcatcccat tatgcaaagt 960

gtcatcggac ctagtgaaga acatgtctcce atggccggca ttccaaccga agccagcatt 1020

ttacaacttg ttgatcgtgc catcccecggce aaggtcaaga atgtgtacaa tcccccaget 1080

ggtggcggca aactcatgac catcatgcaa attcacaaag ataatccagc tgatgaaggg 1140

attcaacgtc aagctgcatt actcgctttt tcggcattca aagaactaaa aactgtttgg 1200

ctggtcgatg atgatgtcga tatttttgac atgaatgatg tcgtctggac aatgaacacg 1260

cgttttcaag gtgatcagga catcatggta ttacctggca tgcgcaacca tccgcttgat 1320

ccgtcagaac gaccgcaata tgatcccaag tcectattcggg tacgcggaat gagttcgaag 1380

acggtcattg atggtaccgt accatttgat atgcgcgatc aattcaaacg agcagccttt 1440
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-continued

aaaaaagttt ccgactggca aaaatatttg aaataggtga

gtagggatta ccggggcatc cggaactatt tacgetgtta

cgectgecty atgtcegaagt tcatttggtyg atgagtgett

cttgagaccyg acatgaaaca aagcgaactc gaagetttgg

caaaaccaag gggcaaccat tgcaagcggce agttttttaa

ccggcaagca tgaaaaccat tgegggeatt gegatggget

cgagcagcceg atgtcacgat taaagaacag cggcaattga

ccgettagte caattcatct ggataaccte gctaaactag

attccgecta ttecagettt ctatcagecat ccccaaacca

cacaccatga aactattaga cgccttgcat attaaaaccyg

ggagcgtegt taagatga

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

<400>

SEQ ID NO 2

LENGTH: 977

TYPE: DNA

ORGANISM: Lactobacillus pentosus

SEQUENCE: 2

atgaagcgaa ttgttgtegg aattacaggg gcgtcaggaa

ttagagaagt tacaccaact ccctgatgtt gaagtgcate

aagaagaact tggagctcga gacggattac tcacttgcac

gegacttace gtgctaacga ccagggggeg gcaatcgega

ggtatggtga tcgttccage cagcatgaag accgttgeeg

gataatctga tttcacgtgc agccgatgtg acgatcaagg

gttccacgtyg aaacaccctt gagtgtgatt catttggaga

ttgggtgcac aaatcattcce accgattcceg gecttttata

gacttggtta accatcagac gatgaaaatc ttagatgecct

gatcgecgtt gggaaggaga ttagccatge ccacttttac

agatgcaagce caccgttcag gttateggat atgacttatt

ccaatccgca tattggtgat gtgaccacca ttacagcaac

aatttcctag tcacgatgge cgttttcaca aggataactt

agcgectgea gtegtegttg cegggaagtt gcacgattac

agattactaa ggcacagatt gcggcegetg caccaatgac

ttattacttg gctacaagca caccccatte aggetgeteg

atgagcagcce gaagtag

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

<400>

SEQ ID NO 3

LENGTH: 1473

TYPE: DNA

ORGANISM: Lactobacillus pentosus

SEQUENCE: 3

atggcagaac aaccatggga tttacgccgg gtacttgatg

aactatcatyg aaaccgacgt tgaagtagat ccaaatgcgg

tatattggtyg ctggtgggac cgttgaacgg ccaacacaag

aacaacgtga agggttttce tgacacgegt gtettgactg

ttgaattgaa acgtattatc

acctgcteca gcatttacat

gggcaaagca aaacctgtca

cggattatgt ttatcctgtt

ccgatgcaat ggtcattgtt

ttgatgataa tctcattgga

ttattgtgce gcgggaaaca

cccacattgg cgttcaaatce

tccaggattt aattgagcat

aaaccgctag tcgctggaat

cgatttatge cgttgattta

tagttatgag tgcttgggeyg

aattgacggc attggcggat

geggttcatt tttaaatgac

gaattgctta cggetttgge

agcaacgtaa actcgtcatt

atctgacgaa attagccaag

accatccgac cacgattcaa

tccatattca taatgaaacyg

gactgaacaa gcaggttatc

gattgtegtt acgggcggca

gatgceggee caaaccgtca

catttcggat cgaatggcga

tgctggaatt catgtcaacc

ggatgattta agccagcaaa

gecggaatac tacggggatg

agatcaaaga tgatcccaag

aactttctgg tgtttatcgg

aaggtccage aatgatgttce

gtttaatgge tagccegtegt

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2058

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

977

60

120

180

240
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28

cgggttggta
gtttcaaatc
atttacaagt
acgccacaag
aagtccaaga
atctacatca
aataaaccaa
acctttgaac
cggaatcaag
tctgaataca
acccatacgg
ttacaagtca
atcggaccat
cagttagtta
ggtggtaagt
caacggcaag
gttgatgaag
ttccaagetyg
tcagaacgge
gttatcgatg

aaggtcgatg

agatgttcca

cagttgcacc

caactgatga

atgctggtee

gtgacgttac

thCtggtgg

tgccaatcac

cacctaccac

ccgtteaatt

cgttggaagg

gtaaagcgat

tcaaggtgac

ccgaagaaca

accgegecat

tgatgaccat

cagccttatt

acgttgatat

accaagactt

cacaatacga

gcactgtace

actgggaaaa

<210> SEQ ID NO 4
<211> LENGTH: 977

<212> TYPE:

DNA

tcatgattac

ggaaacggtce

aggctttgat

atatatcacg

gattcaccgyg

ccgteatate

gatcaacatt

cccatttggt

agtcgatggg

ctacatcatg

gectgaatte

ggcggtaacg

tgtcagecatg

tcctggeaaa

catgcagatt

ggcgttetea

ttttgatatg

gatggtctta

tccaaaateg

attcgatatg

gtatttgaaa

caaacgttag

gctgaaaagg

attcggaagt

gtcggtgttg

atggttettyg

ggtgcettty

ggtttggate

tacaacgaat

gttaccgtty

cctaacgaac

ccaggttatg

catcgggaaa

getggtatte

gtgactaacyg

cataaggata

gegttcaagyg

aacgatgtga

tctggcatge

attegtttec

aaagaccaat

taa

<213> ORGANISM: Lactobacillus plantarum

<400> SEQUENCE: 4

atgaaacgaa

ttagaaaagt

aaaaaaaact

gctacttatce

ggaatggtca

gataatttaa

gttccacgty

cteggtgece

gatctggtca

gatcgeegtt

aaatgcaagc

ccaatcccca

agtttcccag

agcggattca

ttgttgtggy
tacatcagcg
tggagttaga
gggctaatga

ttgtcccage

tatcgeggge

aaacaccgtt

aaattattcc

atcatcaaac

dggaggggga

aacactccaa

tattggtgac

ccatgatggt

gegttatcta

aatcacggga

gccagatgtt

gactgattac

ccaaggegea

tagtatgaag

tgctgatgte

aagcgtgatt

accgattcce

aatgaaaatt

ttaagtatgg

gtgattggat

gtgaccacac

cgcttecata

getggaaget

gegteeggta

gaagttcacc

tegetegege

gegattgeca

acggtagcgg

acgattaaag

catttagaaa

getttttata

ttggatgegt

caacttttac

atgacttgtt

taactgccag

aagataactt

gtacaattac

gtcaatatct taacgatgca

atgcaccgge tcacgaagtce

tagttgcagce gccaactaat

tctteggtte aagcatggac

aagacaagga caagctcgga

ccgaagaata tgaaaaggcec

ctgccattac cattggtgec

taggggttge tggtgccatt

atgaaaaggc gattgcacgt

ggattcaaga agacatcaac

atggtgatgce taacccagec

atgccatcat gcaaagtgtt

caaccgaagce aagtatctta

tttacaatcc gccggetggt

atgaagcgga tgaagggatt

aattgaagac ggtcatttta

tttggaccat gaatacccgt

ggaaccatce attggatcca

gtgggatgag ttcgaagttg

ttgaacggge tcaattcatg

cgatttacge ggtcgactta

tggtaatgag tgcgtggget

agttgacggce gctegeggat

gtggttegtt tttgaatgac

ggattgcegta cggcetteggt

aacaacgtaa acttgtgatt

atctaacaaa gttggcaaaa

atcatccaca gtccattcag

ttcatattca taatgaaact

gactgagcag gccgggtate

gategtegtt accggtggga

cacggttcce gaaacggtta

tatttcggaa cgaatggceca

tgcgggaatt catgtcaacc

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1473

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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aaattactaa agcacaaata gcagctgegg caccaatgac ggatgacctce agccgccaga

ttattagetyg gttacaggece catccegtcee aggctgaaaa gecggaatat tatggacaag

atgagcaacc gcggtag

<210> SEQ ID NO 5
<211> LENGTH: 1473
<212> TYPE: DNA

<213> ORGANISM: Lactobacillus plantarum

<400> SEQUENCE: 5

atggcagaac aaccatggga

aactatcatyg aaactgacgt

tatatcggtyg ctggtgggac

aacaacgtta aggggtttcc

cgegttggta agatgttcca

gtctctaate cagtggegece

gtttataaag cgacggatga

acgccccaag atgctggace

aagtctaaga gtgatgtgac

atttatatca tgcctggegyg

aacaagccaa tgccaattac

actttcgaac caccgaccac

cggaaccaag ctgttcaatt

tctgaatata cgcttgaggyg

acgcatacgyg gcaaggcgat

ttacaagtga ttaaggtgac

attggaccat ccgaagaaca

caattggtta accgtgccat

ggtggtaagt tgatgaccat

caacggcaag ctgecttget

gttgatgaag atgttgatat

ttccaageccyg atcaggactt

tcggaacgee cacaatatga

gtgattgatg gcaccgtacce

aaagtggctyg actgggagaa

<210> SEQ ID NO 6

<211> LENGTH: 2043
<212> TYPE: DNA

tttgegtege

cgaagttgat

cgttcaacgg

tgatacgegg

ccacgattat

agaaacggtt

aggctttgat

atatattacg

gattcaccga

tcggeacatt

aattaatatt

gccatteggt

agttgacggg

gtacattatg

gectgaatte

ggcggtgact

tgtcagecatg

tcctggtaaa

catgcagatt

tgcgttetea

ttttgatatg

gatggtctta

tccaaagteg

attcgatatg

gtatttgaag

gtgcttgatg

ccaaatgegyg

ccaacgcaag

gtcttgactyg

cagacgttag

gectgaagegyg

attcggaagt

gteggtgtgg

atggtecttyg

ggtgcgtttg

ggtttggate

tataacgaat

gtgaccgteg

cctaacgaac

ccgggttatg

catcggaaga

gegggaatte

gtgacgaatg

cacaaggata

gectttaagyg

aatgatgtga

tcaggcatge

attegtttec

aaggaccaat

taa

<213> ORGANISM: Lactobacillus pobuzihii

<400> SEQUENCE: 6

atgggtgaag acaaatggga

aactatcatyg aaacagatgt

tacattggtyg ctggtgggac

aataatgtca aaggctttce

tttgcgtaaa

cgaagttgat

agttgaacgt

tagtacacgt

gttttgtetyg

ccagaagetyg

ccaacacaag

gttttgattg

agatcaagga

aactttctygyg

agggtccage

gattgatgge

ggcaatactt

atgcgecage

tagtggcage

tgtttggete

aagataagga

cggaagagta

cagccattac

taggtgttge

atgaaaaggc

gtattcagga

atggtgacge

atgccatcat

caactgaagce

tttataatcc

atgaagcgga

aattgaagac

tttggacgat

ggaatcatce

gtgggatgag

ttgaacggge

agatcaaaga

aattagcegyg

aaggacctge

gcettaatgge

tgatccaaag

tgtttategg

aatgatgttt

gagtcgcegg

gaacgaagca

tcacgatgtt

accaacgaat

aagcatggac

taagttaggg

tgagaaagct

gattggtgca

tggtgcgatt

gattgegegt

agatatcaat

caacccaget

gcaaagcegtyg

tagtatctta

gCngCtggt

tgaaggaatt

tgttatcctg

gaatacccgt

gttggaccca

ttctaaacta

ccaattcatg

tgatcccaaa

tgtttatcga

gatgatgttt

cagtcggaga

900

960

977

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1473

60

120

180

240
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32

-continued
cgtgtaggaa aaatgctcca tcatgattat cagacattag gtcaattctt taatgaagca 300
gtttcgaaac cggttecctee agttttggtt gacgaaaagg atgcacctac gcatgaagtt 360
gtgcaccatyg caacagataa gaattttgat attcgtaagt tagtcgctge tcctacaaac 420
acaccccaag atgctggtcce ttatattaca gttggtgtag ttttagggte taacatggat 480
aagacgatgt cagatgtgac tatccatcgt atgtgcattg aaggaaaaga taagttggga 540
atttatatta tgcctggcgg aagacatatt ggggettttg ctgaagaata cgaaaaggct 600
aataagccga tgcctgttac gatcaatatt ggacttgacce cagcagtaac gattggtaca 660
acattcgagce cgccaacaac tcctettggt tacaatgagt taggggttge aggttcegatt 720
cgtaaccage ctgttgaatt ggtcaatggt gtttcagtag atgaaaaagc aattgcacgg 780
gctgaatata ctttagaagg ctatattatg cctaacgaaa gaatgcaaga agatatcaat 840
actcgtacag gtaaagcaat gcccgaattt ccaggttatg atggtgatge taatcctgca 900
gttcaagtta taaaagttac ggccgttacc catcgtaaag atccaattat gcaaagtgtg 960
atcgggccaa gtgaagaaca cgtcagcatg gcaggaattc cgactgaagc aagcatttta 1020
caattagtca ataaggctat tcctggtaag gttactaagg tttataatcc atcagcgggce 1080
ggtggcaagt tgatgactat tatgcagatt cataaagaaa acgaagcaga tgaaggtatt 1140
caacgtcaag cagctttact tgcattctct gecttttaaag aactaaagac tgtattttta 1200
gttgacgaag atgttgatat tttcgatatg aatgatgttg tttggacgat taataccagg 1260
ttccaggetg ataaagatat catggtactt tcectgggatge gtaatcatcc attggatccce 1320
tctgaacgtce ccgaatatga tccgaaatca attcgtttte gtggaatgag ttccaagtta 1380
gttgttgatg ggactgttce attcgacatg aaagaccagt ttgaaagagc gcagtttatg 1440
aaggttccag actggaaaaa atatttggag taatcaacaa tgaaaaaaat tattattgga 1500
gtttccggag catcgggaac aatctatgca gttgatcttt tgaaaaaaac tcagcagtta 1560
tccaatgttg aaactcacct agtaatgagt aagtgggcta agcaaaatct tgcactggag 1620
acaaattatc agttaaatga aatcaactct ttggctgatt atgtatacga cgagcgagat 1680
caagctgcca aaattgctag cggttcectttt ttagttgatg gtatggtegt tgttcccgca 1740
agtatgaaaa ctatcgcagg tatagccaat ggatttgectg ataatttggt tggtcgggca 1800
gccgatgtceca tacttaagga acaacgaaaa cttgtgatag ttcctecgtga atcgecttta 1860
agcgtgatcce atcttgaaaa tttaactaaa ttagctaaaa ttggggccca gatcattccce 1920
ccgattcecag ccttttataa ccatccttet tetattcaag accttgtgga ccatcagacg 1980
atgaaaacct tagatgcatt gggaatcaac aatgatatat cttcacgttg ggatggcaga 2040
tga 2043
<210> SEQ ID NO 7
<211> LENGTH: 2055
<212> TYPE: DNA
<213> ORGANISM: Lactobacillus composti
<400> SEQUENCE: 7
atgtcagatt attatgattt gagacgggtc ttaaaggaat tagcagctga ggcccctaag 60
caatatcacg ccaccgatga attggtggac cctaatgegg aattagetgg agtttaccge 120
tacattggeg ctgggggcac ggtcaagcegg cccactcaag caggaccgge attgatgtte 180
aacaacgtca agggctttgce cggcacccgg gtcttgattg gettattgge cagtcgcaag 240
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cgggtgggtte

gtggaccatc

atccacaaag

accgaatacg

aaaaccaaaa

atctacatca

aacgaaccca

acctttgaac

cgccaagaac

tctgaattca

accaacacgg

gtgcaggtca

gtgattggte

ctagaactca

ggeggeggta

atccagegte

ttagtggacg

cgttttcagy

ccttecagage

ttgattttag

aaagaagttc

attgtegttyg

ttgcaggeca

attcaactag

cacgacaatg

atcgtecegyg

attggccggg

gaaacgccct

caaatcattc

accaaacaaa

tggacgggag

tgctatttca

ccctaaacce

tcgacgacce

acgcagggec

gtgatgtgac

tgcctggggg

tgcccattac

cgcctacaac

cegtecaget

ccatcgaagyg

gtaaagccat

tcaaagtaac

ccagcgaaga

ccaataaagc

aattgatgac

aggccgeect

aggatgtgga

ccgaccagga

ggceccgetta

atggcaccgt

aagactggeg

ctatgaccgyg

ttcegteggt

aaaccgatct

accaaggggc

ccagcatgaa

cggetgatgt

tgagcgtgat

ccectattec

ccatgcactt

ggtaa

<210> SEQ ID NO 8
<211> LENGTH: 2517

<212> TYPE:
<213> ORGANISM: Lactobacillus hokkaidonensis

DNA

<400> SEQUENCE: 8

atgacagaac

caataccacg

tatattggty

aataatgtta

cgggttggta

aaccatatga

aaacaaatcg

cgggtggaac

aaggatttcc

agatcttgca

tcacgattac

ggtgacagtt

tgattttgat

ttacatcacc

cattcatecge

ccggeatate

tgtgaacatc

gececttaggt

ggtagacgct

ctacatcatg

gccagaattt

ggcggtcace

acatgtgaac

catceceeggt

gattctecag

cttagecttt

cattttegac

cattgtggtg

tgacccgaag

ccecetgggac

caagtatttg

cgegteagge

tgaaacccac

gaccttgeag

ggcgattgee

gacecgtggec

gaccattaaa

tcatttggaa

cagtttttat

attagacgct

tttaagaaaa

agaaatcgat

cgttaagegt

aggtagtcgg

tcatgattac

catacgctag

tctgaagetyg

atccgcaaac

atgggcttag

atggttttag

ggcgetttty

ggcttagatce

tataacgaat

atcaccgttyg

cccecaccaac

cctggetatg

catcgtcaag

ttagccggaa

aaagtcttaa

atccacaaaa

geggetttta

atgaacgatg

ctgccgggga

tctattcgag

atgaaggctce

caataggagg

gtgatttacyg

ctggtgctca

caggtccaag

agtggttett

gaaatcgect

gaatgccgac

aatctcacca

acccagecta

ctaaagatcc

gtacttgcag

ccaaatgcag

cccaccactyg

gtgctgattyg

aaaacgttygg

gccaatttcet aaatgatgca

acgccecgge ccatgaagte

tcatcgecege ccccaccaat

tttatgggtce taatcgggece

aggataaaga taccattggce

ctgaagaata tgagcaagcc

cggccatcac gttgggggec

tgggagttge cggggctatt

ccgaaaagge catcgecegt

gcatgcaaga agacatcaac

acggtgatge taatcccgec

accagcccat tatgcagaca

ttceccacgga agctagcatt

atgtctacaa tcccectget

ctaatccege tgatgaagge

aagaattgaa gacagtgatt

tgatatggac tgtcaatacc

tgcgcaatca tccectggac

ttcaggggat gtccagcaag

agttcatccyg agcccggttt

tctgttaaac tatgaagaaa

gecttgattt attgegecat

gtcectggge taaaaagaat

atttgtccga tgtggtctac

tcctgcacga tggcatggty

acggcttegyg ggaaaatctyg

cgctgatcat cgtacctaga

agctggccaa attaggaget

agaccatcge cgatttggtyg

ccaacgactt ggctcaacge

aaattaaaga tgaccccatg

atttagctgg tgtctatcga

aagggccaac aatgatgttt

gattacaagc ctctcgtaaa

gtcaaatgct aaacgaggct

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2055

60

120

180

240

300



35

US 11,359,217 B2

36

-continued
gtttcaaatc ctgtcaaacc agtagaagtt aaaagagaag atgcacctgce tcaagaagta 360
gtacacctag cgtcagattc taactttgat attcgtaaat tactagctge gccgacgaat 420
actcctgagg acgcaggtcce atatatcaca atgggggttg tgtatggtca tagcgtggat 480
ggtaagcaaa gtgatgttac aattcaccga atggttttag aagataaaga tacaatcggt 540
atgtatatca tgccaggtgg ccgccacatt ggtgcatttt taaaagacta tgagcaacaa 600
aacaagccaa tgccgatcac aattaatatt ggtttagatc ccgcagttac gattggggca 660
acctttgage caccgacgac accactggge tacaatgage ttcaggtage tggtgcattg 720
agaaatgagc cagtacaagt ggttcccgga gttgcagtaa acgcegttagg tattgegege 780
tcagaatgga ttattgaggc tgaaattcaa cctaatcaaa caatgcaaga agacatcaat 840
acaaataccg gttacgcaat gcctgaattt cctggctaca atggaaccge gaatccagec 900
gttaatgtcyg ttaaaattaa ggctgtgacg caccggaaag ataatccaat cgtccaaaca 960
actattgggc catctgaaga gcatgtttcc atggctggaa ttccaactga agcttcaatt 1020
ttaagtttag ttgatcgtgc cattccgggt aaagttttga atgtttataa cgctcccget 1080
ggtggtggta aattaatgac catcatgcaa atccataagg ataatgaagc ggatgaagga 1140
attcaacgac aagcagcatt attagcattt tcagcgttta aagaattaaa aacggtcatt 1200
ttagttgacg aagatgttga tatttttgac tggaacgatg taatgtggac gatcaatacg 1260
agattccaag ctgatcgtga cattatggta ctcgagggga tgcggaatca tccgcttgac 1320
ccatcagaac tgccggaata tgatcctget cgaatccgag tgaagggaat gagttctaaa 1380
ttagtccttg atggtacctt cccttatgat atgcgtgaca aatttaaacg ggcagaattt 1440
aaagaaattc cggattggaa gaaatatttg gattaattaa ggaggggcaa atgaaaaagg 1500
ttgtcgttgg aattactggt gctagtggaa caatctacgg gattcgttta ttagaagttt 1560
tgcacgcaat gccaaatgtg gagacacacc tagtgatgag tcagtgggcc aaggaaaatt 1620
tagcagtaga agatactggt tatacggaaa ctcaagtcaa agcactggct gatttgactt 1680
attctgagca aaatatgggt gccaaaattg ctagtggcag ctttattcat gatggaatgg 1740
ttattattcc agctagtatg aagactgttg catcgattgce tactggtgta ggagaaaact 1800
taattgcacg agcagccgac gtgactctaa aagaacagcg acaattgatc attgtgcectce 1860
gtgagtcgec gtttaaccaa attcatttgg agaatatgct caaactttcce aaaatgggtg 1920
tgggtattat tccaccaatt ccggcatttt ataataatcc aaaaacggta gatgacatta 1980
tcaatcattc cgtgatgaag atcttggatc atttacagat tgagaattct gttagtacac 2040
gatgggaggyg attggctcat gcccgcaaag atgcccaaaa caaataacga gattccgaac 2100
acttttaaag tagatgtaac aaaaagtggt tatacgatgg ttgccatttt ggaacgtcaa 2160
aatcaagatg tgctgatcca attaattgga ggcgatgtgc cgcactacgg ggttgtgatg 2220
tcgattgata atacaggcaa tactgagaca attcggttgce ctagccgecce aggacatgta 2280
catcaggaaa agattctgat tgaacaagtt gctggcgcca tcaaaccagt tttgcaaaat 2340
aatgcgatca ttgtttctgg aatgcatgtc aatgatatct ccacagaaca gatgcatgcce 2400
gctattccaa tggcgcaaaa gttgggcgca cgactagcag tttggttaaa acaaaatccg 2460
gttgatccat taccgatgag tttcgctaag aaaaacagtg tgaacaaccg cgtttag 2517

<210> SEQ ID NO 9
<211> LENGTH: 2491

<212> TYPE:

DNA
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<213> ORGANISM: Lactobacillus sakeil subsp. sakei

<400> SEQUENCE: 9

atgagtgaac aaccttatga tttacgtaaa gtattggctg aaatcaaaga tttaccaggc 60
caatatcatg aaacggatgt tgaaattgat cccaatgctg atttagceggg tgtctatcegt 120
tatattggtg ctggegggac agtcatgcgg ccaacaaccg aaggcccaac aatgatgttt 180
aataatgtta aaggcttccce tggaagtcgt gttttaattg gettgcaage ttcacgcecaa 240
cgggtegcaa cgattttaca tcatgactac aaaacgctgg gtcaaatgtt aaacgaagceg 300
gtaaccaaac cagttgccce cgtcgaagtg acacgcgaac aagcaccagce acaagaagte 360
gttcatttag cgagcgatge tgattttgat atccgcaaat tattagcagce accaaccaat 420
acggaagacg atgctggtcc atacatcaca atgggtgteg tgtatggtca tagcgtggat 480
caccaacaaa gcgacgttac gattcaccga atggttcttg aagataaaga tacaattggg 540
atgtatatca tgcceggtgg tcgecatate ggtgegttcet taaaagaata tgaagcaatc 600
aacgaaccaa tgccaattac cattaacatt ggtttggacc cagcgattac cattggggcet 660
acttttgaac cacctacaac gccacttggt tataatgaac tccaaattge cggtgcttta 720
agaaatgaag ccgttcaagt agtgcctggt gtcegetgttg atgecttagg gattgecegt 780
gctgaatgga ttatcgaage cgaaatttta ccaaaccaat caatgcaaga agatattaat 840
acgaattctg ggtatgcgat gccagaattce cctggttata acggctcage aaatcctgec 900
gtgaatgtga ttaaagttaa agcggtcact catcgtcaag ataatccaat tgttcaaaca 960
acaattggtc cttcagaaga acacgtttcg atggccggta ttccaactga agcatcaatt 1020
ttgagcttag tggagcgcegce tattccaggt aaagtattga acgtctataa cgcccecctget 1080
ggtggtggga aattaatgac tatcatgcaa attcataagg ataacgaagc cgatgaaggg 1140
attcaaagac aagcagcatt gctcgecttt tetgcecttca aagaattaaa gacggtcatce 1200
ttagtggatg aagatgttga tatcttcgat tggaacgacg tgatgtggac catcaataca 1260
cggttccaag ccgatcggga catcatggtc ttagaaggtt tacggaatca tccattagat 1320
ccatctgaat taccagaata cgatccagct cggattcgtg tgcgtgggat gagttctaag 1380
ttagtattag acgggacttt cccatatgac atgcaaaaga gtttcaagcg tgcgcaattt 1440
aaagaaatcg cagattggca aaaatattta aattaattag aagaaaaggg gaataatatg 1500
cgtaaaatag tcgtcggtat ttecgggtgcc agtgggacaa tttatgggat tcgtttgcta 1560
gaggcattac accaagtgcc ggatgttgaa acacatctgg tcatgagtcg ctgggccaaa 1620
gaaaatttag ccatcgaaaa aactgggtac actgaaaagc aagtcgtggce gctagctgat 1680
tttgtccatc cagagcaaaa tatgggcgca acaattgcca gcggtagttt caaacacgat 1740
gggatggtga ttgtacccac tagcatgaaa actttagcett cgattgcaac cggtctgggce 1800
gaaaacttga ttgccagagc tgccgatgtt actttgaaag aacgacgacc attaattatt 1860
gtgcccegtyg aatctecttt taatcagatt caccttgaaa atatgttgaa gttggcccaa 1920
atgggtgtgg cgattgtacc gccgattcca getttttata atcaaccaca aacgatagat 1980
gatatcgtca atcatacggt aatgaaatta ttggatcaac tgcatatcga gaccaacctt 2040
ggttcacgtt gggaggggtt agctaatgca cgtcaaaacg ctcgctagta ccgaacaaac 2100
cgtacaattt gcggtcactyg aaacggatta tacaatgcac ttaaaattag agcgccaaac 2160
gtctgattta ttaattcaga ttatcggtgg cgacgtgccc cattacggceg tcatcacgac 2220
ggtcgataaa acgggtaagg cattgaccac ggcacttect agccgcecccag gacatgtcca 2280
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tcaagaaaaa

tgcggtctta

aatgctaatg

tcaaacccaa

gtattaattg

gtgtctggga

gcacatgaac

gtggttacct

<210> SEQ ID NO 10
<211> LENGTH: 2247

<212> TYPE:

DNA

atcaggtttt

tgcacgtcaa

taggagtcge

atgctaaata

aaaaactgtt aagccactga ttacgaataa

tgagattaca ccggcgcaaa tgecgegegge

tttagccaaa tggttaaaag cacatccaga

a

<213> ORGANISM: Bacillus megaterium

<400> SEQUENCE: 10

atgaaaatag

gagctgttaa

acaattaagc

tattcatatc

attgttagtc

ttaatagcga

cgcgaaacge

gctatectygyg

gtcacacata

agatggcaag

ttagagattt

tgcagectga

cgecegggatt

taatgggttc

aagaacagtt

aagagacagc

tgccgttgtt

tttctegtga

tgcaggtcaa

ttcatttaaa

gtgaacctge

aaatggcagg

tagatgtacc

aatatgaagg

ttatcaaaat

gtatgectty

agcagctaaa

gtctegttge

tgagggcatt

aagatgtgga

caaaacacga

ctgtaggaat

agaaggctte

tggaaacatc

aagaccaagc

cttgcagtat

gaacggcaga

ctttaaatac

tgccgectat

ttgctgtteg

gaattaaaca

ccttgatacyg

tcetgattty

attgtttact

ctggtcaaat

ctttgagttt

geegttteat

tcgcttaaat

tcagcatgat

agggaaagat

acaagccgaa

gattgttaca

agctattcaa

ttggggagca

teettttgge

caatcatgta

gacagaaaca

agaagcatat

tatcatttca

gactacgccg

tcegtttaat

tgttataaca

cacaggagcce

tgttgaaacg

ctatagegtt

agcaaaaatt

gaaaacatta

tgtgatgtta

gattcattta

gecggetttt

aacgttagat

tttatcacaa

ctacataaag

ggttcagcag

aatatttatg

cacgegttaa

geteggagat

gagtgtgaaa

caaggagacg

aaggagaact

cgtctaggea

gaaaaaggtyg

gcagcegeta

ggtgagccgt

gaagtgattt

gaatttacag

taccategca

gattatttaa

cctgaagaga

acgaaaagcce

catggattag

ttaccgecaag

gtgcctaatce

acgggagcta

catttagtca

cagcaagtag

tcgagegget

gcatctatte

aaagagagaa

gaaaacatgce

tataacaaac

cagttgggaa

ggaggaaaat

aagggcagct

gtcaagccat

gatatcacaa

tgatggggct

atgaaaaatt

taacagacga

gaggctatta

tcggtaaaca

ttcagccegt

aaaacctcce

cgcegettea

acagaattgt

tagagggaga

gtcattactce

aagatcctat

ttggaattaa

ttgaagctgt

gatacggagg

gatattgcaa

tcatgtggge

tttcagttet

ttttaggtat

tgtcgectty

aagcgctage

cttttegtat

gaatgggact

agccacttgt

tggatcttte

ctaagacgat

ttgagcttee

aaaaatggct

getgacgatt

cagtaattta

tgcaaaggta

gectaaateg

tcctgtcaaa

tattaactta

tctagataaa

aaatgtaggyg

gccacageat

tgtatcaatt

ttacgatcaa

gaagtctcag

aattttaget

aggcggcaga

ttttgaaagt

tacaagcgtt

gaatgcgatg

atttgctaag

gctagttatt

gctatcaaca

gccacttgat

tcgaatttta

ggctcatgee

agattattgt

agatggaatg

agcagataac

gctacttect

aaaaatggga

cgacgatatt

tgaagcaaaa

tataaagact

actgatgaag

ggagatcaaa

gctctaaacyg

actcctgtaa

gtgaaaagag

ttcgatettt

gegtgtgtta

atataccgta

gatattgcca

getttaggat

tctgagtatg

ctttctgatt

ggtgaacgtg

agcatgectyg

ttatatatcg

cctttatate

tatactcatg

geggttggta

ttagtagacg

aaaatgcacc

ccaggatcetyg

2340

2400

2460

2491

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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agceggetygyg
caagaggcca
tcttaacgaa
tgtgaagcca
tacttatgca
cctgaaaaat

gtgcctecty

tattacagat
ctattctcag
tatgatgcaa
aacaagcgaa
acgtgtgttt
accctegace

tgccacceeyg

<210> SEQ ID NO 11
<211> LENGTH: 2252

<212> TYPE:

DNA

aaaatgattt
cctttagata
aaataaacaa
cttagtatct
gtttacctgg
atttaaagtc

atcttaa

tggatgctac

caccacttga

ggaggaatcg

aaatcaccag

cgttettety

aatccaaaag

<213> ORGANISM: Bacillus licheniformis

<400> SEQUENCE: 11

atgaacatca

gagtggctga

acgatcctge

tattcccaca

attgtcgeac

ctecttgacce

agggagacgc

geggtgatee

gtcgatcata

cgctgggaag

tagagatttt

gaagccggaa

accegetett

aatcggetee

agaacaattc

ggagacagcg

geecgetette

ttcgagagat

gcaggtaaaa

ccacctgegt

cgaaccggtt

gatggcaggg

agatatccca

gtatgaaggt

catcaaaatc

catgecettygg

gcagcttaaa

cttgategec

gegegegetyg

tcgteggaat

agaaaaccga

acgaaacggg

aagaccaggc

cgtgcagtat

gttcggcgga

cgctgaacca

tgcecgecgat

tcgtattteg

gtatgaaaca

ttaaatacgc

cccgatttygyg

ttattcaaca

tggccgaace

tttgagttcg

cegttteacy

cgcatcaatce

gtcgaggatce

ggcaaagacc

caggctgaag

attgcaacgg
gecctgcaag

tggggcgcag

cegtteggeg

aagcgegtet

actgaggttyg

gaggcgtatce

attgtatcaa

acaactcege

cacgggcgcg

cgcagagaca

atatacgatg

ggcecgeatt

gaagacgttyg

cgtcatgetyg

gattcatett

gecggetttt

gacgctggac

ggagaaataa

tgaaaaaaga

gagcagctge

acatttacgg

acgcattaat

cgegecegtta

aaaacgaaat

agggcgacgg

cggaccactt

gecteggeat

agcegeggega

cggcatecac

gcgaaccata

aagtggttet

agtttaccgg

gccaccgcaa

actatatggt

cgaatgaaat

cgaaaagceeg

acggectegg

accggcgcgyg

caccttgtea

aaagacgtgg

tcaagcggtt

gegggeatee

aaggaacgga

gaaaacatgce

tataatcatc

caatttggca

ggaggataac

aggacagcett

acgcgecged

ctataacaat

geteggectt

taatcagttt

cacagaagac

cggettttat

cggcaagcaa

tcagccegte

aaacctgect

accgctetta

taaaatcgtc

cgaaggtgag

ccactattca

caatccgatt

cggcattaat

tgtcgeggta

ctacggcgga

ctactgcaaa

aacaccagtt gcaccggaaa

aactgaaaaa tgggaaaaaa

acatgcatac ttgtccaaga

ttgaaggagc ctgggagatt

aacctgagac catcaccaat

acgtaccget ggcaacgcac

tatttggegt geggatgetg

tcteteegty ggcageggea

aaaagctcge atcttttacg

cctttcaaac ggacggaatg

gcaccggtat ggcggataac

aaaagctegt tctgttaaca

ttgagctgac aaaaatgggyg

cccaaaatct gaccgaaatg

tccatctgte tgaagcgaag

agaatggctt atcaagattt

cttgaagtce aggaagaggt

aacaacctcg gagacaaatc

gcccaaateg cgetgaatgt

ccaaaagaca cgccggttaa

ccagtaaaag tgcaaagaga

atcaacctgt ttgacattct

ttagacaagg catgcgtcat

aacgtcggca tgtacagatt

ccgecagecatyg acattgegat

gtcacgattyg cgcteggetg

tacgatcaat cagaatacga

aaatcaaaac tgtctaactt

atccttgegyg gcgaacgcega

ggcggacgaa gcatgccgat

tttgaacacc tgtatttagg

acatgtgtge cgctttacca

aacgcgatgt atacgcacgg

ttcgccaaag ccgteggeat

atggtgatcce tcgttgacga

1920

1980

2040

2100

2160

2220

2247

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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agacgtcgat ccgtttaacc tccecgcaagt gatgtgggca atctcaacga aaatgcatcce 1800
gaaacacgat gcagtcatca tcccggattt atcegttttg gegctagatce caggttcectga 1860
accggeggga atcacccaca aaatgatatt ggacgcgaca acgccggcetg caccggaaac 1920
aaggggacac tattcacagc cgctcgatte ccctatagga acgaaagagt gggaagcaaa 1980
attaatgaat ctgctaaatc aataaaagag gagagtgttt catcatgcat acatgtccgce 2040
gectgcgactt aaaaaaagcg gaaaccgtca gcaaatcacce cgttgaagga gcctgggaag 2100
tctatcaatg ccagcactge tttttcactt ggaggtcatc agagccggag acgatcacaa 2160
atcctgaaaa atacaatccg gcectttaaaa tcgatccecge tgaagttgaa acagctgtac 2220
aagtgccggce gattccagac cggaaaatct aa 2252
<210> SEQ ID NO 12
<211> LENGTH: 2249
<212> TYPE: DNA
<213> ORGANISM: Bacillus atrophaeus
<400> SEQUENCE: 12
atgaaactcg ttgtcgggat gaccggaget acaggggcta tttteggagt caggetttta 60
gaatggctga aggccgcagg agcggaaact caccttgteg tttetecttyg ggctcatgte 120
acaatcaaac atgaaacagg ttatagctta aaagaagttg aagagcttgce ctcatatacg 180
tactctcata aggatcaggc ggctgccatt tcaagcegggt cttttcaaac ggacggcatg 240
atcgtegece cgtgcagtat gaagtcgcte gcaagcattce gcacggggat ggcggacaat 300
ctgttgacce gggctgcaga tgtcatgcetyg aaagagagaa aaaagcttgt cctgctgacg 360
agagaaacgc cgcttaacca gattcattta gagaatatgc tcgcattaac aaagatggga 420
accattattc ttcecgecaat gecggetttt tataatcage cggcaagtct ggatgaaatg 480
gtggaccata ttgtattcag aacgctggat caattcggea ttegecttece tgaggcaaaa 540
cgctggaatyg gaattgaaaa agaaaaagga ggagcettgat catggcttat caagatttca 600
gagaatttct cgctgccctyg gaaaaagagg gacagctatt aaaagtggat gaagaggtga 660
agccggagee ggatttagga gccgcagceece gcegcagccaa caacctegge gataaaagec 720
cggctetttt atttaacaat atttacggct acaacaatgc acaaatcgceg atgaatgtca 780
teggttettyg gecgaaccac gecgatgatge ttggettgece gaaagataca ccggtgaaag 840
agcagttttt tgaatttgcg aagcgatatg aacagtttcce gatgccggte aaacgcgaag 900
aaactgcacc atttcatgaa aatgaaatca cagaggacat caacctgttc gatctattge 960
ctcttttcag aattaaccag ggtgacggcg gctattattt agataaagcg tgtgtcattt 1020
ccegtgatet ggatgaccct gacaattteg gcaagcagaa cgtcggaatt taccggatge 1080
aggtaaaagg gaaagaccgc ctcecggcattce agccagttce gcagcatgac atcgcgatte 1140
atcttcgecca agcagaagaa cgcggcgtca atcttcecggt cactatcecgeg cttggetgtg 1200
agcctgtecat tacgaccgceg gcegtcaactce cgctectata tgaccaatca gaatacgaaa 1260
tggcgggagce gatccaaggc gaaccgtata gaatcgtcaa atcaaacctg tctgaccttg 1320
atattccttg gggcgcagaa gtecgtgcttyg aaggagaaat cattgccgga gaacgggaat 1380
atgaaggacc gttcggcgaa tttaccggcec attattcagg cggacgcagce atgccgatta 1440
tcaaaatcaa acgcgtatct catagaaatc atccggtatt tgaacattta tatctcggca 1500
tgccttggac agagtgcgat tacatgatcg gcattaatac atgecgtgecg ctttatcage 1560
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agctgaaaga agcatatcceg
taatcgccat tgtatctgea
gagccectgac tacaccgcac
atgttgatce gttcaaccte
agcatgatge cgtaaccatt
catccggeat tactcataaa
gaggccatta ttcacagccyg
taatggactt gatgaataaa
gtgattcaaa aaagggagaa
accaatgtca aacgtgttte
cgaaaaaata caatccatca
tgceggetgt tccggaaaga
<210> SEQ ID NO 13

<211> LENGTH: 2283
<212> TYPE: DNA

<213> ORGANISM: Bacillus subtilis subsp.

<400> SEQUENCE: 13

atgaaagcag aattcaagcg

ggggcaacag gggccatttt

gaaacccate tcegttgtgte

acgttacaag aagtagaaca

gecatttcaa gegggtegtt

tctetegcaa gcattegeac

atgctcaagyg agagaaaaaa

catctcgaaa atatgetage

gcattttata atcggccgag

ttggaccaat tcggcatteg

aaaggaggag cttgatcatg

aagaaggaca gctgcttaca

ccgcacggge agccagcaat

acggctatca taacgcgega

tgatgctggyg catgccgaaa

gttatgacca gtttccgatg

aaatcacaga agatatcaat

atggaggcta ctatttagac

acttcggcaa acaaaatgtce

gcattcagee tgtcccgeag

gcatcaacct tceggtcact

cgactccget tcetcetatgat

catatcgcat cgtcaaatca

tgcttgaagyg tgagattatt

agtgaaattg

aaaaccegtt

ggactecgget

ccgcaagtea

cctgatttat

atgattcteg

cttgactete

taagagaaag

atcatgagca

ttcacatgga

tttaagatcg

aaggcctga

taaaggaggg

cggggtcagyg

tcecttgggea

actggccaca

tgataccgat

aggaatggcg

actcgtecte

gcttacgaaa

aagcttagag

gettectgaa

gcttatcaag

gtgaatgaag

cttggegata

attgcgatga

gacacaccgg

ccggtceaaac

ttgttcgata

aaagcatgtg

ggcatttaca

cacgatattg

attgegeteg

caatcagaat

aagctgtetg

gccggagagce

tcgetgtgaa
acggaggatt
actgtaagat
tgtgggcget
cegtgetgee
atgccacaac
ctttaacaac
gatgatctga
aatcgectgt
gatcatgtga

atccgaagga

ggcaaagtga

ctgctgecagt

aacgtcacga

tacacttact

ggaatgattyg

gataatctge

ttaacgagag

atgggcacca

gaaatggttyg

gcgaageget

atttcagaga

aggtaaagcc

aaagcectge

atgtcatcgg

taaaagaaca

gtgaggaaac

tactgectet

tcatttceeg

gaatgcaagt

caatccatct

getgtgagee

acgaaatggc

atcttgatgt

gcgaatatga

cgcaatgtac acacatgget
tgcaaaagct gtcggaatga
ggtgatcgte gtggatgaag
ttcaacaaag atgcatccga
gettgatecg ggatcagace
gectgttgeg ccggaaacaa
aaaagaatgg gaacaaaaac
catgcataca tgtcctegat
agaaggcgct tgggaagtct
accggaaagce attacaaacc

aacagaaaca gctgttgaag

subtilis

aactcgttgt cggaatgaca

ggctgaaggc cgccggagtg

tcaaacacga aacaggctat

cacataagga tcaggcggca

ttgcgeegty cagcatgaaa

tgacacgtge ggcggatgte

agacgccttt gaaccaaatt

tcattcttee tcecgatgecy

accatattgt ttttagaacg

ggaatgggat tgaaaaacaa

atttctcget geecttgaaa

ggaaccggat ttaggggect

getettattt aacaacattt

ctcttggeca aaccatgeca

gttttttgaa ttcgcaaage

agcgccattt catgaaaatg

tttcagaatt aaccagggtyg

tgatcttgag gaccctgaca

caaaggaaaa gaccgecttyg

gegecaaget gaagaacgceg

ggtcattaca acggcggcat

aggtgcgatt caaggcgaac

tCCgtggggC gctgaagtgg

agggccgtte ggtgaattca

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2249

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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caggccatta ttccggcgga cgcagcatgce cgattatcaa aattaaacgc gtctatcaca 1500
gaaacaatcc gatctttgaa catttatact taggcatgcc ttggacagaa tgcgattaca 1560
tgatcggcat taacacatgc gtgccgcttt atcagcagtt aaaagaagcg tatccgaacg 1620
aaattgtggc agtgaacgcc atgtacacac acggtttaat cgcgattgtt tccacaaaaa 1680
ccegetatgg cggatttgeg aaageggteg gcatgegege actcacaacg ccgcacggac 1740
tcggctactg caaaatggtce atagtcgttg atgaggatgt cgatccattc aaccttccge 1800
aggtcatgtg ggcgcttteg accaaaatgc atccgaaaca tgatgcggtce atcattccgg 1860
acttatctgt cctgccgett gatccgggat ccaatccatce aggaatcact cacaaaatga 1920
ttectcgacge cactacaccg gttgcgcecgg aaacaagagg ccattattca cagccgettg 1980
attctceget aacaacgaaa gaatgggaac aaaaactaat ggacttaatg aataaataag 2040
gaaaggatgt tcgaaatgca tacatgtcct cgatgcgact caaaaaaggg agaagtcatg 2100
agcaaatcgce ctgtagaagg cgcatgggaa gtttatcagt gccaaacatg cttttttaca 2160
tggagatcct gtgaaccgga aagcattaca aatcccgaaa aatacaatcc agcgtttaaa 2220
attgatccaa aggaaacaga aacagcaatt gaagttccgg cggtgccgga acgaaaggct 2280
tga 2283
<210> SEQ ID NO 14
<211> LENGTH: 2283
<212> TYPE: DNA
<213> ORGANISM: Bacillus subtilis subsp. spizizenii
<400> SEQUENCE: 14
atgaaagcag aattcaagcg taaaggaggg ggcaaagtga aactcgttgt cggaatgaca 60
ggggcaacag gggctatttt cggggtcagg ctgctggagt ggctgaagge ggccgaagta 120
gaaacccate tegtegtgte tcecttggget aacgtcacga tcaaacacga aacaggctat 180
accttaaaag aagtagaaca acttgccaca tacacgtatt cgcataagga ccaggcggca 240
gecatttcaa gegggtegtt tgataccgat ggcatgattyg ttgegccatyg cagcatgaaa 300
tctetegcaa gcattegecac cgggatggeg gataatctge tgacgegtge ggceggatgte 360
atgctcaagg agagaaaaaa actcgtccte ttaacgagag agacgecttt gaaccagatt 420
catctcgaaa atatgctagce gecttacgaaa atgggtacca tcattcttee tceccgatgecg 480
gcattttata atcagccgag cagcttagag gaaatggttyg accatattgt attcagaacg 540
ttggaccaat tcggcattcg ccttcctgaa gcgaaacgct ggaatgggat tgaaaaacaa 600
aaaggaggag cttgatcatg gcttatcaag atttcagaga atttcteget geccttgaaa 660
aagaaggaca gctgctaaca gtgaatgaag aggtaaagcc ggagccggat ataggggetg 720
cagcacgcge agccagcaat cttggcgata aaagccccege getcttattt aataacattt 780
atggctatca caacgcgcaa attgcgatga atgtgatcegg ctectggcecg aaccatgcaa 840
tgatgctggg catgccgaaa gacacgccgg tgaaagaaca gttttttgaa tttgcgaaac 900
gttatgacca gtttccgatg ccagtcaaac gtgaggaatc agcgeccgttt catgaaaatg 960
aaatcacaga agatatcaat ttgttcgata tactgcctct tttcagaatt aaccaaggag 1020
acggcggtta ctatctagac aaagcatgtg tcatttcccg cgatcttgaa gatcctgaga 1080
atttcggcaa acaaaacgtc gggatttaca gaatgcaggt caaaggaaaa gaccgccttg 1140
gcattcagee tgtgccgcag cacgatattg cgatccatct gegtcaaget gaagaacgcg 1200
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gcatcaatct tcecggtcace attgcgectceg gctgtgagece ggtcataaca acggcggcat 1260
cgactcecget tetttatgat caatcagaat acgaaatggce aggcgcaatt caaggtgaac 1320
catatcgcat cgtgaaatct aagctgtctg atcttgatgt tccatggggce gctgaagtag 1380
tgcttgaagg tgaaatcatt gccggagagce gtgaatatga aggcccgttce ggtgagttca 1440
caggccatta ttccggcgga cgcagcatgce cgattattaa aattaaacga gtgtatcata 1500
gaaacaatcc gatttttgaa catttatact taggcatgcc ttggacagaa tgcgattaca 1560
tgattggcat taacacttgt gtgccgcttt atcagcagtt aaaagaagcg tatccgaatg 1620
aaattgtggc tgtgaacgcc atgtacacac acggtttgat cgcgattgtt tccacaaaaa 1680
cacgctatgg cggatttgcg aaagcagteg gcatgegege gctcacaaca ccgcacggac 1740
tcggctactg caaaatggtce attgtcegttg acgaggatgt cgatccattc aatctgcecge 1800
aggtcatgtg ggcgcttteg accaaaatgc atccgaagca cgatgcggtce atcattccag 1860
acttatctgt cctgccgett gacccgggat ctaatccatce aggaatcact cacaaaatga 1920
ttecttgacge cactacaccg gttgcgcecgg aaacaagagg ccattattca cagccgettg 1980
attcaccatt aacaacgaaa gaatgggaac aaaaactaat ggacttaatg aataaataag 2040
aaaaggatga tcgaaatgca tatatgtcct cgttgcgatt cgaaaaaggg agaagtcatg 2100
agcaaatcgce ctgtagaagg cgcatgggaa gtttatcagt gtcaaacatg ttttttcaca 2160
tggagatcct gtgagccgga aagtattaca aatccggcga aatacaatcc agcgtttaaa 2220
attgatccga aggaaacaga aacagcaatt gaagttcecgg ctgtgccgga acgaaaggct 2280
tga 2283
<210> SEQ ID NO 15
<211> LENGTH: 2268
<212> TYPE: DNA
<213> ORGANISM: Enterobacter aerogenes
<400> SEQUENCE: 15
atgaaactga ttattgggat gaccggggeg accggegege cgttaggcegt cgegetgtta 60
caggcgcetga atgaaatgcce ggatgtggaa acgcatctgg tcatgtcgaa atgggcaaaa 120
accaccattg agctggaaac gccctatage gctegtgatg tegecgeget ggeggactte 180
tgccatagee ctgcggatca ggccgcgace atctcatcag gatcegttteg taccgacgge 240
atgattgtta tccectgcag catgaaaacyg ctggegggta ttegegetgg ctatgeggaa 300
gggttagteyg geccgegegge ggacgtggtyg ctgaaagagg ggcgcaaget ggttetggtg 360
cecgegtgaaa tgccgetgag caccattcat ctggagaaca tgctggeget gtegegeatg 420
ggecgtggega tggtgccgee catgectgece tattacaacce acccggaaac ggtagaggat 480
atcaccaacc atatcgtgac ccgggtgetg gatcagtttg gtctcgaata tcacaaageg 540
cgecgetgga acggectgeg cgcggtcgag aatttatcac aggagaatta atcatggett 600
ttgatgattt acgcagcttt ttgcaggcge ttgatgagca ggggcaactyg ctaaaaatta 660
gcgaagaggt gaatgccgag ccggatcteg cegetgeege taacgccaca gggegcatcg 720
gtgacggege gecagegttg tggtttgata acattegegyg ctttaccgac gcecegtgteg 780
ccatgaacac catcggttcce tggcaaaacc acgcgatttce getggggetg ccgccaaaca 840
cgecggtgaa aaagcagatt gatgaattta ttcegecgetyg ggataaatte ccggtaacge 900
cggagegteg cgctaatcca gegtgggegyg aaaacaccgt tgatggcgac gatatcaacc 960
tgttcgatat tctgccgetg ttececgectga acgatggcga cggtggttte tatctcgaca 1020
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aagcctgtgt ggtttcgege gatceccgettyg acccggacca ctttggcaaa cagaacgteg 1080
gtatttaccg gatggaagtg aaaggcaagc gcaagctggg cctgcagcceg gtaccgatgce 1140
acgatatcgce gectgcatcetg cataaagcgg aagagcgcegg tgaggatcectg cccattgcca 1200
tcaccectggg taacgacceg attattacce tgatgggcge gacgccgcetg aaatatgacce 1260
agtcagaata tgagatggcg ggcgcgctge gcgaaagccce gtatcccate gecaccgege 1320
cgctgaccgg ctttgacgtt ccctggggcet cagaggtgat ccttgaaggg gtgattgaag 1380
ggcgcaageyg tgaaatcgaa gggccgtteg gegagttcac cggecactac tcaggeggece 1440
gcaatatgac ggtggtgcgt atcgataaag tctcecttatcg cacaaaaccg atttttgaat 1500
cgttgtatct cggaatgccg tggaccgaaa tcgactatct gatgggceccg gcgacctgceg 1560
tgccgetgta ccagcagetyg aaggcggagt teccggaggt gcaggcggtce aatgccatgt 1620
acacccatgg tctgctggeg attatctcca ccaaaaaacg ctacggeggt tttgcccgeg 1680
cggtgggatt acgggcaatg actaccccgce acggectcegg ttacgtgaaa atggtgatca 1740
tggtcgatga agatgtcgat ccgttcaacc tgccgcaggt gatgtgggcg ctctectcga 1800
aggtcaaccc ggcgggcgac ctggtacagt tgccgaacat gtcecggtgcetg gagcttgacce 1860
ctggttceccag teccggcgggg atcaccgaca aactgattat cgacgccacce accccggttg 1920
cgectgacct tecgcggtcecac tacagccage cggttcagga tttaccggaa accaaagcct 1980
gggctgaaaa actgaccgcce atgttggcca accgtaaata aggagaagaa gatgatttgt 2040
ccacgttgeg ctgatgagca gattgaagtg atggcgacgt cgccggtaaa aggggtgtgg 2100
atcgtttacc agtgccagca ctgcectctat acctggcgta ataccgaacc gectgegtcegt 2160
accagccegeg aacattatcc ggaagegttce cgcatgacgce agaaagatat tgatgaggcg 2220
ccgcaggtge cgcatattecce accgetgttg geggcagata agcgttaa 2268
<210> SEQ ID NO 16
<211> LENGTH: 2252
<212> TYPE: DNA
<213> ORGANISM: Enterobacter cloacae
<400> SEQUENCE: 16
atgagattga tcgtgggaat gacgggagca acaggtgctce cgetgggtgt ggetttactg 60
caggcgttac gtgacatgcce agaggttgaa acccatctgg tgatgtcgaa atgggcgaaa 120
accaccattg agctggaaac gcecttatace gegecaggatg tcgecgecct ggcagatgte 180
gttcacagte ctgccgatca ggctgecacce atctecteeyg getegttteg taccgacgge 240
atgatcgtca ttcectgcag catgaaaacyg ctggegggta tccegegeggg ctatgecgaa 300
gggetggtygyg gecgtgcegge agacgtggtyg ctgaaagagyg ggcgcaaget ggtgetggte 360
cecgegtgaaa cgccgetcag caccattcat ctggagaaca tgctegeget tteccgeatg 420
ggggtggcga tggtgccgee catgectgeg tattacaacce acccgcaaac cgccgatgat 480
atcacccage atatcgtgac ccgecgtacte gaccagtttg gtcetggagca caaaaaggcg 540
cgtegetgga acggectgca ggcggcgaaa catttttcac aggagaataa cgatggeatt 600
tgatgatttg agaagcttcc tgcaggcget agatgagcaa gggcaactgce tgaaaattga 660
agaagaggtc aatgcggagce cggatctgge ggcggecget aacgcgacgg gacgtatcgg 720
tgatggtgeg cctgegetgt ggttcgataa cattegeggg tttaccgatg ccagggtggt 780
gatgaacacc atcggctcct ggcagaacca cgecattteg atggggcetge cggcgaatac 840
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cceggtcaaa aagcagatcg atgagtttat tcegecgetgg gataaattce cggtcgeace 900
ggagcgeegyg gccaacccecg catgggegea gaatacggtyg gacggtgagyg agattaacct 960
gttcgacatc ctgeccgetgt ttegectgaa cgacggggac ggcggttttt atctcgacaa 1020
agcgtgegtt gtctegcecgeg atcegectecga cecggaccat ttceggcaage agaacgtcegg 1080
tatttaccgc atggaagtga agggcaaacg taagctcggce ctgcagecgg tgccgatgca 1140
tgatatcgcce ctgcatctge ataaagccga agagcecgtggt gaagacctge cgattgcgat 1200
tacgttgggce aacgatccga tcatcaccct gatgggcgca acgccgctga aatacgatca 1260
gtecgagtat gaaatggccg gggegetgeg tgaaagcceyg tacccgattyg cgaccgegece 1320
gttgaccgge ttcgatgtge cgtgggggtce tgaagtgatc ctggaagggg tgattgaagg 1380
ccgtaaacgt gaaattgaag ggccegttegg tgagtttace gggcactatt cgggcggacg 1440
caatatgacg gtggtccgta ttgataaagt ctcgtaccgce accaaaccga ttttcgaatce 1500
cctectatecte gggatgcect ggaccgagat cgactacctg atggggcecag ccacctgtgt 1560
gccgetttac cagcaactga aagcggagtt ccctgaagtg caggcggtga acgcgatgta 1620
tacccacggt ctgctggcga tcatctccac caaaaaacgc tacggtggtt ttgcccgcge 1680
ggtcggttta cgcgccatga ccacgccgca tggectggge tatgtgaaga tggtgattat 1740
ggtggatgaa gatgtcgatc cgttcaacct gccgcaggtg atgtgggcgce tgtcatcaaa 1800
agtgaacccg gcaggggatce tggtgcaget gecgaacatg tcecggttettg agcecttgatcece 1860
tgggtccage ccggcaggca tcaccgacaa gctgattatt gatgccacca cgcectgttge 1920
geeggataac cgeggtcact acagccagec ggtgcaggat ttacctgaaa ccaaagectg 1980
ggctgaaaag ctgactgcga tgctggcagce acgccaataa ggaggaaaag atgatttgtce 2040
cacgttgtgce cgatgagcaa attgaggtga tggccacatc accggtgaaa gggatctgga 2100
cggtttatca gtgccagcat tgcctgtata cctggcgecga tactgagecg ctgcgtcegta 2160
ccagccgcga acattaccct gaagecgttec gcatgacgca gaaggatatt gatgaggcgce 2220
cgcaggtacc gaccattcecg ccattgetgt aa 2252
<210> SEQ ID NO 17
<211> LENGTH: 2284
<212> TYPE: DNA
<213> ORGANISM: Enterobacter sakazakii
<400> SEQUENCE: 17
atgaggctaa ttgtcggaat gacgggcgca accggegege cgettggggt cgegetgttg 60
caggcgcetga aagcgatgcce tgaggtggaa acccatctgg tgatgtcaaa gtgggcgaaa 120
accacgatcg aactggaaac gecgttctece tggecaggatg tegeggggcet ggcagatgtg 180
gtgcacagee cggcggatca ggccgegacg atctectcecag gategttteg caccgacgge 240
atggtgatca ttcegtgcag catgaaaacc ctggegggca tccegegeggg ctacgecgac 300
gggetggtygyg gecgegecge tgatgtggtyg ctgaaagaga accgtaaact ggtgetggtyg 360
ccgegegaaa caccgettag caccattcat ctggaaaacce tgctggeget ctcgaagatg 420
ggegtggeca tegtgeccgee catgceccegece tggtacaacce atcccgcgac gatcgacgac 480
atcatcaacc atatcgtcge gegegtgcete gatcagtteg ggctegatge ccgcaacgec 540
cgecgetgge aggggctaaa tcctgcgaaa acagecgaca cccattcate acgaggagga 600
aacacgcatg gcgtttgacg atctgcgcag ctttttgcag gegcttgaag agcaggggca 660
actgctgagg atcagcgaag aggtgcagge ggagecggat atcgeggegg ccgccaacgce 720
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gaccggacge atcggcgaag gcgegeccge getetggttt gacaatatcece geggetttac 780
tgacgcgegg gtggegatga acaccattgg ttcatggceeg aaccacgcga tctcegetegg 840
tctgecgect gccacaccgg taaagcagca gatagaagaa tttattcgcece getgggatac 900
ctteeeggte gegecggaac gecgcgataa tcecgecatgg geggaaaaca gegtcgacgg 960
cgacgacatt aacctgttcg acattctgec getgtttege ttaaacgacg gcgacggcgg 1020
gttctacctt gataaagcgt gtgtggtcte gcgecgatccg ctcgatcceg aacacttegg 1080
caagcagaat gtcggcatct accggatgga agtgaaaggc aagcgcaagce tcgggctgca 1140
accggtgceeg atgcatgaca tcgegctgca tcetgecataag gcecgaagage gtggcgagga 1200
tttgcecggtt gecgattacge ttggcaacga tcecgatcatce acgctgatgg gecgccacgec 1260
gctgaaatac gatcagtcgg aatatgaaat ggegggcegeyg ctgcgcgaaa gcccgtacce 1320
gatagccacc gcgecgcectga ccggtttcecga cgtgeccgtgg gggtcggaag tgatccttga 1380
aggggtgatt gaaggacgca agcgcgagat agaagggcceg tteggegagt ttaccgggca 1440
ctactcegge gggcgtaaca tgaccgtggt gegtatcgat aaagtctett atcgcaccaa 1500
accgattttc gaatcgctet atctcggcat gecgtggace gaaatcgact acctgattgg 1560
cceggegacce tgcecgtgcege tttaccagca gettaaageg gagttceccecegg aagtgcaggce 1620
ggtgaacgcg atgtataccce acgggctgct cgcgattatc tccaccaaga aacgctacgg 1680
cggtttegee cgcecgeggtgg gectgegtge gatgaccacg ccgcacggge ttggctacgt 1740
gaagatggtg attatggtgg atgaggatgt cgatccgttc gatctgccge aggtgatgtg 1800
ggcgctgteg tcaaaagtga acccggeggg cgatctggtg cagttgccga atatgteggt 1860
gctggagett gatcctggcet caagcccgge ggggattacce gacaagctga ttatcgacgce 1920
cactacgceg gttgegecgg ataaccgegg gcattacage cagcecggtga aagacctgec 1980
ggaaaccceyg cagtgggtag agaagctgac cgecatgetyg gctaaccgta aaaaataagg 2040
agacgagatg atttgtccac gttgtgccga tgaaaccatc gaaatcatgg cgacgtcgece 2100
ggtgaaaggc gtctggacgg tgtatcagtg ccagcattgt ttgtacacct ggcgcgacac 2160
cgagecgetyg cgccegtacca gecgcgagea ttaccccgag gegttecgga tgacgcagge 2220
cgatatcgat aacgcgecgg aagtgccaac ggtgecgeceg ctgctggegg atggtaageg 2280
ttaa 2284
<210> SEQ ID NO 18
<211> LENGTH: 2252
<212> TYPE: DNA
<213> ORGANISM: Enterobacter hormaechei
<400> SEQUENCE: 18
atgagattga ttgtgggaat gacgggcgeg acgggtgcege cattaggcegt ggegttgttg 60
caggcgetge gggaaatgcce ggaggtggaa acgcacctgg tgatgacgaa gtgggcaaaa 120
accacgattg agctggaaac gcccttcact gegecatgacg ttgctgcact ggceggatgte 180
gtecacagte cggecgatca ggctgcecace atctecteeyg getegttteg caccgacgge 240
atgatcgtca tccegtgcag catgaaaacyg ctggegggga tccegegeggg ctacgecgaa 300
gggctggtayg ggegtgcgge agacgtggtyg ctgaaagagyg gacgcaaget ggtgetggtt 360
ccecgegaga cgcecgetcag caccattcat cttgagaaca tgcttgecct tteccgeatg 420
ggecgtggega tggtgccgee tatgectgeg tactacaacce acccgcaaac cgccgatgac 480
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attacccagce atatcgtgac ccgegttcte gaccagtttg gtcetggagca taaaaaagec 540
cgacgetggg aaggtttgca ggcagcgaaa catttttcac aggagaataa agatggcatt 600
tgatgatttg agaagcttct tgcaggcget cgatgagcaa gggcagetge tgaaaattga 660
ggaagaggta aacgcggagce cggatttage ggeggcecgece aacgctaccyg ggcgeattgg 720
cgatggegeg cctgegetgt ggttcgataa tattegegge ttcaccgatg cccgagtggt 780
gatgaacacc atcggctcegt ggcaaaacca cgecattteg atggggcetge cagcgaatac 840
ttcggtgaaa aaacagatcg acgagtttat tcegtegetgg gacaaattce ccgtcacgec 900
agagcgtegt gccaatcctg cctgggegea gaacacggtyg gacggagaag atatcaacct 960
gttcgacatt ttgccgetgt tcegectgaa cgacggtgac gggggctttt atctcgataa 1020
agcgtgegtt gtctecccgeg atcegetega ceccgaccac tteggcaage agaacgtcegg 1080
catttaccgt atggaagtga agggcaagcg taagctcggce ctgcaaccgg tgccgatgca 1140
tgatattgcg ctgcatctge ataaggcaga agagcgtggce gaagacctgce ccattgccat 1200
tacgctgggt aacgatccga tcatcaccct gatgggcgcece acgccgcectga aatacgatca 1260
atccgagtat gagatggcetg gegegctacg cgaaagcccg tatccgattg cgacggctece 1320
gctgaccggt tttgatgtge cgtgggggtc ggaagtgatc ctggaagggg tgattgaagg 1380
ccggaaacgt gaaattgaag gaccattcgg tgagtttacce ggacactact ctggcgggcg 1440
caacatgacc gttgtgcgca ttgataaagt ctcttaccgce accaaaccca ttttcgaatce 1500
tctectacctg gggatgectt ggaccgagat tgattatctg atgggacccg ccacctgcegt 1560
gccgetctat cagcaactga aggcggaatt cccggaagtg caggcggtaa acgccatgta 1620
cacccacggt ctgctggcaa ttatctccac taaaaagegt tacggcggtt ttgccecgtge 1680
ggtcgggceta cgcgccatga ccacaccgca cggtctgggt tacgtgaaga tggtgattat 1740
ggtggatgaa gatgtcgatc cgtttaacct gccgcaggtc atgtgggcge tttcatcgaa 1800
ggttaatceg gcgggcgatce tggtgcagct tccgaatatg tcectgtgctgg aacttgacce 1860
tggctcecage ccggcgggga tcaccgacaa gctgatcatt gatgccacca cccctgttge 1920
cceggacaac cgtggtcact acagccagec ggtacaggac ctccctgaaa ccaaagectg 1980
ggccgaaaaa ctgaccgcga tgctggcagce acgtcaataa ggaggaaaaa atgatttgtce 2040
cacgttgtgc cgatgaacat attgaagtaa tggcaacatc accggtgaaa ggtgtctgga 2100
cggtatatca gtgccagcac tgtctgtata cctggcgcga taccgaaccg ctacgccgta 2160
ccagecgega gcattaccceg gaagecttece gcatgacgca gaaggatatt gatgaggege 2220
cgcaggtgcce aacaatcceg cecgetgetgt aa 2252
<210> SEQ ID NO 19
<211> LENGTH: 2268
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 19
atgaaactga tcgtcgggat gacaggggcet accggtgege ctettggtgt ggcattactg 60
caagcgetge gggagatgcce gaatgtcgag actcatctgg tgatgtcgaa gtgggcgaaa 120
accaccattg aactggaaac gccttacage gctegegatg ttgctgecct cgcagacttce 180
agccataacce cggcggatca ggcggcgate atctcatceg gttetttteg taccgacgge 240
atgatcgtta ttcegtgcag tatgaaaacyg ctcegecggta tccegegetgg ttacgecgat 300
ggectggtag ggcgegegge ggacgtegtg ctcaaagaag gcecgcaaact ggtgetggtg 360
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cecgegtgaaa tgccgettag caccatccat ctcgaaaata tgctegcact ttcacgecatg 420
ggecgtggega tggtgccgee gatgectgece ttttataacce atcccgaaac ggtagatgac 480
attgtccace atgtggtagce ccgegtgetg gatcaatttg gectcecgaaca tccccacgec 540
aggcgetgge aaggattgcce gcaggcccgg aatttttete aggagaatga ataatggeat 600
ttgatgattt acgcagcttt ttacaggcge ttgatgacca cggccagtta ctgaaaatca 660
gcgaagaagt gaacgccgag ccggatctgg cagcagcage taacgccacce gggegtatcg 720
gegacggege geccgegetyg tggtttgata atattegegyg ctttaccgat gecegegtgg 780
cgatgaacac catcggttcce tggcagaacc acgegattte ccteggectg ccgccaaatg 840
ccecggttaa aaagcagatt gatgagttta tcecgecgetg ggataactte ccgattgece 900
cggagegeceg cgccaatcca gectgggege agaacaccgt tgatggcgac gagatcaacc 960
tgttcgatat cctgccgetg tttegtttaa acgatggcga tggcggttte tatctcgaca 1020
aagcgtgegt ggtttccege gatcecgcecteg acccggataa ctteggcaag cagaacgteg 1080
gcatctaceyg catggaagtg aagggcaagce gtaagctegg cctgcaaccyg gtgcecgatge 1140
acgatatcgce cctgcatctg cataaagcag aagagcgcgg tgaagatctg ccgattgcga 1200
tcacgctegg taacgatcceg atcatcacge tgatgggggce cacgccgcetg aaatatgatce 1260
agtccgagta cgaaatggca ggcgcgcetge gtgaaagcce gtacccgatce gecaccgecc 1320
cgttgaccgg ttttgatgtg ccgtggggtt cagaagtgat cctcgaaggg gtcatcgaaa 1380
gccgtaaacyg cgaaatcgaa gggccgttceg gtgagtttac cgggcactac tcecggcegggce 1440
gtaacatgac cgtggtgcgce atcgataaag tctcecttaccg caccaggccg attttcgaat 1500
cgctgtacct cggtatgccg tggaccgaaa tcgactacct gatggggcca geccacctgceg 1560
tgccgetgta tcagcagetyg aaagccgagt tcecctgaagt gcaggcggta aacgccatgt 1620
acacccatgg cctgctggeg attatctecca ccaaaaaacg ctacggeggce tttgcccgeg 1680
cggtgggcct gecgcgcaatg accacgccege atggtcetggg ctacgtgaag atggtgatta 1740
tggtcgatga agacgttgac ccgttcaacc tgccgcaggt gatgtgggeg ctctectcga 1800
aagtgaaccc ggcaggggat ttggtgcagt tgccgaatat gtcegtgetg gaactcgatce 1860
caggctcaag ccctgcgggg atcaccgaca agctgattat cgacgccact acgcctgteg 1920
ccecggacaa ccegtggtcac tacagccaac cggtggtgga tttaccggaa accaaagect 1980
gggctgaaaa actgaccgct atgctggctg cacgtaaata aggagaagaa gatgatttgt 2040
ccacgttgtg ccgatgaaca gattgaagtg atggcgaaat cgccggtgaa agatgtctgg 2100
acggtatatc agtgccagca ttgcctttat acctggcgceg ataccgaacce gcectgcgecgt 2160
accagccegeg aacattatcce cgaagegtte cgcatgacge agaaagatat tgatgacgcg 2220
ccaatggtgc cgagcatccce gecgetgetg gtggaaggta agcgctaa 2268
<210> SEQ ID NO 20
<211> LENGTH: 2268
<212> TYPE: DNA
<213> ORGANISM: Escherichia fergusonii
<400> SEQUENCE: 20
atgagactga tcgtcgggat gacaggggece accggagcege ctettggtgt ggcattactg 60
caagcgetge gggagatgcce gaatgtcgag actcatctgg tgatgtcgaa gtgggcgaaa 120
accaccattg aactggaaac gccttacaac gccegegatg ttgctgecct cgcagacttce 180
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tgccataacc

atgatcgtta

ggcctggtag

ccgegtgaaa

ggegtggega

attgtccacc

aggcgctggc

ttgatgattt

gtgaagaagt

gegacggtge

caatgaacac

cceceggttaa

cggagcgccyg

tgttcgatat

aagcgtgegt

gcatctaccyg

acgatatcge

tcacgetegy

aatcagagta

cgctgacegy

gecgtaaacyg

gcaacatgac

cgctetatet

tgccgetgta

acacccacgg

cggtgggcct

tggtcgatga

aagtgaaccc

ctggctcaag

cceceggacaa

gggctgaaaa

ccacgttgtyg

acggtctacce

accageegeg

ccaatggtge

cggeggatca
ttcegtgeag
ggegegegge
tgcecgettag
tggtgeegee
acgtggtage
aaggattgcc
acgcagettt
gaacgccgag
accggegetyg
catcggetee
aaaacagatt
tgcgaatceg
tctgeegety
ggtttccege
catggaagtyg
cctgeatetyg
taacgatccg
cgaaatggcet
ttttgatgtg
cgagattgaa
cgtagtgege
cggtatgeceg
tcagcaactyg
cectgetggeyg
gegtgegatg
agacgttgat
ggcaggggat
cceggeggygy
cegtggteac
actgaccget
ccgatgaaca
agtgccagca
aacattaccc

cgagcattee

<210> SEQ ID NO 21
<211> LENGTH: 2304

<212> TYPE:

DNA

ggcegcaace

tatgaaaacg

gganthtg

caccatccat

gatgcctgec

cegegtgetyg

gcaggcccgyg

ttacaggege

ccggatetgg

tggtttgaca

tggcagaacce

gatgagttta

gtCtgggCgC

tttegtttaa

gatccgeteg

aagggcaagce

cataaagcag

atcatcaccc

ggcgcactac

CCgtggggCt

gggCCgtth

atcgataaag

tggaccgaaa

aaagccgagt

attatctcca

accacgecge

ccgtteaace

ctggtgeagt

atcaccgata

tacagccage

atgctggeeg

gattgaagtg

ttgcctttat

gcaagegtte

gecgetgetyg

atctccteag

ctcgeeggta

ctcaaagaag

ctcgaaaata

ttttataacc

gatcaatttyg

aatttttcce

ttgatgacta

cagccgetge

atattcgegyg

acgcgattte

tcegeegety

agaacaccgt

acgatggcga

acccggataa

gtaagctegyg

aagagcgegy

tgatgggggce

gcgaaagecce

cagaagtgat

gtgaatttac

tctettaceyg

tcgactacct

tcceggaagt

ccaaaaaacg

acggtctggg

tgccgcaggt

tgccgaatat

agctgattat

cggtggtgga

cacgtaaata

atggcgaaat

acctggegeyg

cgtatgacte

geggcagata

<213> ORGANISM: Paenibacillus polymyxa

<400> SEQUENCE: 21

gttecttteg taccgacggt

tcegegetgyg ttacgecgat

gecgcaaact ggtgetggtg

tgctcgcact ttegegcatg

atcccgaaac ggtagatgac

gectegaaca tcectcacgece

aggagaatga ataatggcat

cggtcagtta ctgaaaatca

caacgccace gggegtatceg

ctttaccgat gccecgegtygyg

ccteggectyg cegccaaaca

ggataacttt cccattgcce

cgatggcgac gagattaatt

tggcggttte tatctegaca

tttcggcaag cagaatgteg

cctgcaacceyg gtgecgatge

tgaagatctyg ccgattgega

cacccegetyg aaatacgatce

gtaccegate gccaccgecce

cctegaagge gttatcgaaa

cggecactac tceggeggge

caccaaaccg atttttgaat

gatggggcca gccacctgty

gcaggeggtyg aacgccatgt

ctacggcegge tttgcccgeg

ctacgtgaag atggtgatta

gatgtgggeg ctttegtega

gtcagtactyg gaactcgacce

cgacgccact acgectgteg

cttaccggaa accaaagect

aggagaacaa gatgatttgt

cgceggtgaa agatgtetgg

atactgaacc gctacgecge

aaaaagatat tgatgacgcg

agcgctaa

atgaagaaaa tcattgtagg aatatcggga gcgacagggt caatctttgg tatccgtata

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2268

60
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ttgcaaaaat tacgggaggc tggagtccaa agccatctgg tgctatccce gtgggetatt 120
gccaacatte cctatgagac aggctacacg gtgaaggatg tgaaggcaat ggcggatgca 180
gtctactegt ataaggatca ggccgcacgt atttctageg gcetecttecyg ggtagatggt 240
atggtegteg ctecttgcag tatgaagact cttgectcta ttegtatcgg tatggeggac 300
aacctgctta cccgatcage ggatgtgata ctgaaggagce gaaagaagct gectgctcatg 360
accagagaaa caccattaag cagtatccat ctggaaaata tgctggagct gtcacgtatg 420
ggcgtgatga tcectgccgee gatgectgece ttttataate atcctgcaag tatcgaggaa 480
ttagtggatc atattgtttt tcgecgcattg gatcagtteg gtattgtcac aaccgcagec 540
aaacgctggg atgggatgaa gcagaatgac tccaggctge accagaattg agaaatcgaa 600
agacgaagga gaatgaatga tggcttataa agactttcege gattttctac acaccttgga 660
aaaggaggga caattactca cgatcagcga tgaggtaaag ccggagccgg acctcgcage 720
agctaacaga gcattaaaca atcttggaga taagacgcct getctcetttt tcaacaacat 780
ctatggatat acggatgctc gtattgcaat gaatgtgatg ggctectgge ccaatcatge 840
cctcatgatg ggaatgccca aaaatacgcc gctcaaggag cagttttttg aatttgecag 900
acgctatgaa caatttccgg tgcccgtgaa gcgggaagaa gccgcetectt ttcatgaagt 960
cgaaattacg gagaatatta atttgtttga tattttgccg ttgtttegtt tgaatcaggg 1020
ggacggaggg ttttatttgg ataaagcaat tctaatttca cgcgatctgg atgacccgga 1080
cacctacggt aagcaaaatg tcggcttata ccggatgcag gtgaaaggca agaaccgttt 1140
gggcatccag cctgtaccac agcatgatat tgcgatccat atccgtcagg ctgaggagcg 1200
tggcgaaaat ctgaaggtgg ctattgcecct cggatgtgag cctgtgatta caacggctgce 1260
ttctacgecca ctgctgtacyg atcaatccga atatgagatg gcgggcgceca ttcagggcga 1320
gccttategt gtggtcaaag cgaaggatgce agatctggat ctgccttggg gagccgaggt 1380
cattttggaa ggcgaagtgt tagcaggtga acgtgagtat gaaggtccat tcggtgaatt 1440
cacaggtcac tattccggeg gtcecgcgcgat gecagtcatt cagattaatc gtgtatatca 1500
ccgcaaacag cctatctttg agcatctgta catcgggatg ccttggacgg aaacggatta 1560
tatgatcggt gtgaatacaa gtgtaccgtt gtttcagcag cttaaggatg cttttcctaa 1620
tgaaatcgta gectgttaatg ccatgtatac gcatgggctg gtcgctatta tttceccacgaa 1680
aacccggtat ggcggctttyg cgaaggctgt gggaatgegt gcgttaacga ctceccgcatgg 1740
attggggtat tgcaagctgg tgattgtggt ggacgaggag gtcgatccgt tcaatctgece 1800
gcaagtcatg tgggctttat ccaccaagct tcatccaaag catgatgctg tcattgttcce 1860
tggcttgtet attttaccge ttgacccegg ctectgatccg gcaggtatga cgcacaaaat 1920
gatactggat gcgacgacac ctgtagcacc ggatattaga ggccattact cgcagccgcet 1980
cgattccceg ctgggtgtag cggaatggga gaaaaagttg agccaaatgce ttcgctaaat 2040
atttttaaaa acaaagaaaa tttaaaggag tgctgacaga tgcatatttg tcccecgttgt 2100
gagtccaatc gttcagaagt cgtttcccat tcgecggtta aaggtgcctg ggaggttttg 2160
ttgtgcectg tatgecctgtt cacatggcga acctcagaac cggatagcat tactgatcca 2220
gcaaagtata aatcggcgtt caaggtaaac ccccaagata ttccggatge tgctcatgtt 2280
cctectatte cagagcggat atag 2304

<210> SEQ ID NO 22
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<211> LENGTH: 2268
<212> TYPE: DNA
<213> ORGANISM: Citrobacter koseri
<400> SEQUENCE: 22
atgagactga ttgtggggat gaccggcgca acgggggcege cgctaggcat tgcgetgeta 60
caggcgetge ggcaaatgcce gacagtagaa acacacctgg taatgtctaa gtgggccaaa 120
acgaccattg agctggaaac gecttacagt gegegagatg ttgccggact ggctgattac 180
tgccataace cggcggatca ggcggcgacyg atctetteeg getcattteg caccgacgge 240
atgatcatta tgccttgcag tatgaaaacyg ctggcgggga ttegegcagg atatgecgag 300
gggttagttyg gecegtgccge cgatgtggtyg ctgaaagaag ggcgcaaact ggtgetggtg 360
ccgegtgaaa tgccgetcag cacgatccat ctggaaaaca tgctegecct tteccgeatg 420
ggggtcegega tggtgccgee catgectget ttetacaacce atccgcaaac tattgatgat 480
attacgcagce atattgtggce gegtgtgetg gatcagtttg gtcetggagca tccgegtgec 540
cggegetgge aggggttgca gcaggcgcag aatttttcac aggagaatga ataatggeat 600
ttgatgactt acgcagcttt ttgcaggcge tcgacgagca ggggcaactyg ctgaaaatca 660
gtgaagaagt gaatgcagag ccggatctgg ctgetgegge taacgcaacce gggegeattg 720
gegacggege gectgegetyg tggttcegata atatcegtgg cttcacggat gegegegtgg 780
cgatgaacac cattggttcc tggcagaacc atgccatcte tttaggettg ccgcctaatg 840
cgccagtaaa aaagcaaatt gatgaattta tccgecgetg ggacacgtte ccegtegece 900
ccgagegeceg agccaaccceg gegtgggegyg aaaacaccgt tgatggcgag gcgatcaacce 960
tgtttgatat tctgccgetg tttegectca acgatggcga tggcggette tatctggata 1020
aagcctgtgt cgtctceccege gatecgcecteg acccggatca ctteggcaag cagaatgtgg 1080
gtatctaccyg gatggaagtg aaaggcaagc gcaagctggyg cctgcaaccyg gtgccaatge 1140
acgatatcgce gectgcatcetg cataaggcgg aagagcgtgg cgaagatctg ccgattgcta 1200
ttacgctcgg taacgatccg atcatcactce tgatgggcgce cacgccgcetg aaatacgatce 1260
agtctgagta tgaaatggcg ggcgcgcetge gcgaaagcecce atacccgatce gecaccgege 1320
cgctgaccgg ctttgatgtg cegtggggtt cagaagtgat ccttgaaggg gtgatcgaaa 1380
gccgtaageg tgaaattgaa gggccgtttg gcgagtttac cggccactat tetggtgggce 1440
gcaatatgac ggtggtgcgce atcgacaaag tgtcttatcg cactaaaccg atttttgaat 1500
cactctatct ggggatgccg tggactgaaa tcgactacct gatggggcca gcgacctgtg 1560
tgccgetgta tcagcagttyg aaagcggaat tceccggaagt gcaggcggtt aacgccatgt 1620
atacccacgg tctgctggeg attatctcga ccaaaaaacg ctacggcgga tttgcccgeg 1680
cgatcggect gecgggcaatg accacgccgce acggtcetggg ctatgtgaag atggtgatta 1740
tggttgatga ggatgtcgat ccgttcaacc tgccgcaggt gatgtgggcg ctgtcgtcga 1800
aggtcaaccc ggcaggcgat ctggtgcage tgccgaacat gtcecggtgcetg gaactggacce 1860
caggctcaag cccggegggg atcactgaca aactgatcat cgacgccaca acgccggttg 1920
cgccggataa tcgcggccac tacagccagce cggtatgtga tttaccggaa accaaagcct 1980
gggctgaaaa gctgactgce atgctggcca accgtaaata aggagtagca gatgatttgt 2040
ccacgttgtg ctgatgaaca tattgaattg atggcgacct ctccggtcaa agggatctgg 2100
acggtgtatc agtgccagca ttgtctgtac acctggcgtg ataccgagcc gctacgecgt 2160
accagcegtg aacattatcc gcaagegttt cgcatgacgce agaaagatat tgatcaagcg 2220
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ccgatggtge cgggeattee accgetgetyg geggaagata agcegttaa

<210> SEQ ID NO 23
<211> LENGTH: 2318

<212> TYPE:

DNA

<213> ORGANISM: Pantoea ananatis

<400> SEQUENCE: 23

atgagtagat

agaattgtaa

attttgcagg

acaattgaac

tatggccegt

gtcattatte

cttattggac

agagagacgc

gtatccatgg

atcgatcatg

cgctggaaag

ttgatgacct

atgaagaggt

gtgaaggtge

tgatgaacac

cceccagtgaa

cagagcggeg

tcttegacat

aggcctgegt

gcatttaccyg

atgacattge

ttacgetggyg

agtcagaata

ctctgacegy

ggcgcaaacyg

gcaatatgac

cattgtatct

tcectttgta

atacacacgg

ctgtaggegt

tggtcgatga

aggtcaatcc

cgggttecag

caccggatac

tactgttaat

tcggtatgac

aaatcaaaga

tcgaaacgec

ccgaccagge

cttgcagtat

gggctgctga

ctcteageac

ttcegeccat

tegttteteg

gectgaacaa

acgtagcette

tttacccgaa

accggcaatce

tattggttce

acagcagata

cgacaatgeg

cctteceety

agtatcacgt

gatggaggtg

acttcatctce

caatgaccce

tgagatggca

ctttgatgtyg

tgagattgaa

cgttgtgegg

gggaatgcce

tcaacagetyg

attactggecc

acgggcgatg

ggatgtcgat

gcaaggcgat

cecctgeggga

cegeggecac

ttcattegta

gggagcaaca

ggttgaaact

ttttteateg

cgctactete

gaaaacctta

tgtegteatt

cattcacctg

gecegetttt

tgttectegac

ttctaagaaa

cttaaggete

cctgatattg

tcattcaaaa

tggcaaaacc

gatgaattca

cecctggteag

ttcegectga

gacccgettyg

aaaggtaaac

cataaggceg

attattacat

ggtgcgctgc

ccgtggggat

ggaccgtttyg

attgataagg

tggaccgaaa

aaagcggatt

attatttcta

acaaccccgce

ccctttaacce

ctcgttcaac

atcacggata

tacagtcagce

cacgaacgtt

ggtgceccett

catctgattt

cgtgaggtga

tcgtcaggtt

gegggaatte

aaagaaggca

gaaaatatgc

tataaccacc

cagtttggga

tccctgagta

tggacgagca

cegeggecge

aaataaaggg

atgcaatttc

ttcgtegetyg

aaaataccgt

acgacggcga

atccagaaca

gtaaactcgg

aagaacgcgg

tgatgggcgc

gtgaaagcce

cggaagtcat

gcgaattcac

tctectaceyg

ttgattatct

tccctgaggt

caaagaaacg

atggtctggg

tgcctcaggt

tgccaaacat

aacttgtgat

cggtaaaaga

atttgcaagg

taggggtgge

tgagcaagtyg

tgagcatgge

cttttcacac

gcatgggata

gaaaacttgt

tagccettte

ccgcagtaat

ttgcctegee

tggagagtaa

ggggcagctt

taatgctaca

gttcaatcat

actgggecte

ggacactttt

tgattgtgaa

cggeggttte

tttcggtaag

gcetecagece

cgacgatctyg

cacgcegetyg

gtaccccate

tcttgaagge

cggccattat

cactaagcca

gatgggcccg

gcaggctgta

ttatggtgga

ctacgtcaag

gatgtgggeg

gtcegtactg

cgatgegacyg

cctgecagaa

aagtcagatg

tctgctcage

ggctaaaacc

tgatgttgtyg

cgatgggatg

c¢gcggaaggce

getggtecce

cegtettgge

tgatgatgtyg

aaaggcaaat

ataatggett

cttgagattyg

ggccgaattyg

gctecatgttyg

ccaatgaata

cctgtggeac

gagatcaatc

tatcttgata

caaaacgtcg

gtgccgatge

ccagtggceta

aaatacgacc

gecteegege

gtgatagaag

tceggeggte

atattcgagt

gcaacctgtyg

aatgcaatgt

tttgccegty

atggtgatca

ctgtcttcaa

gaactggacc

actccegtygyg

acttcaatct

2268

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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gggttgagaa gttaacgtcc ctgttatcaa atcgeggtta aggagaaagt atgatttgte

cacgttgtge tgatgaacac attgaaatca tggcaacatc cccagttgag gggatatgga

cggtgcatca gtgtcageat tgectgtaca catggcgcaa tacagagcca gcccgaagaa

cggagceggga acattatect gaagecttce ggatgactca acgtgatatt

cggaagtcce gtetgteect cctetgttag ctaagtaa

<210> SEQ ID NO 24

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 24

ctctcatatg acagcatcac cttggg

<210> SEQ ID NO 25

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 25

ctctcatatyg tcatcttaac gacgctccat te

<210> SEQ ID NO 26

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 26

ggaattccat atgaagcgaa ttgttgtegg aattac

<210> SEQ ID NO 27

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 27

ggaattccat atgctacttc ggctgctecat catc

<210> SEQ ID NO 28

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 28

ggaattccat atggcagaac aaccatggga tttac

<210> SEQ ID NO 29

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 29

gataatgcge

2100

2160

2220

2280

2318

26

32

36

34

35
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ggaattccat atggacggca taactaatcg catc

<210> SEQ ID NO 30

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 30

ctctcatatg aaacgaattg ttgtgggaat ¢

<210> SEQ ID NO 31

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 31

ctctcatatg ctaccgeggt tgeteg

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 32

ctctcatatg gcagaacaac catggg

<210> SEQ ID NO 33

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 33

ctctcatatyg ttacttcaaa tacttectcecce agte

<210> SEQ ID NO 34

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 34

agttgagaca tatgggtgaa gacaaatggg atttgce

<210> SEQ ID NO 35

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 35
ttattttaca tatgtcatct gecatcccaa cgtg
<210> SEQ ID NO 36

<211> LENGTH: 40
<212> TYPE: DNA

34

31

26

26

34

36

34
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73

-continued

74

<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amplification Primer

SEQUENCE: 36

aggtcatcat atgtcagatt attatgattt gagacgggtce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amplification Primer

SEQUENCE: 37

acgtggcgca tatggtcate attacectce cgte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

gaggcceggg atgacagaac aaccatatga tttaagaaaa gtac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amplification Primer

SEQUENCE: 38

SEQ ID NO 39

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amplification Primer

SEQUENCE: 39

actccceggyg ctaaacgegg ttgttcacac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amplification Primer

SEQUENCE: 40

aggcagtact atgagtgaac aaccttatga tttacgtaaa g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amplification Primer

SEQUENCE: 41

atgaagtact ttatttagca taggtaacca cttggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Amplification Primer

SEQUENCE: 42

ctctcatatg aaaatagetg taggaatcac ag

40

34

44

30

41

36

32
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-continued

76

<210> SEQ ID NO 43

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 43

ctctcatatg ttaagatcgg ggtggcaca

<210> SEQ ID NO 44

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 44

ctctcatatg aacatcateg tcggaate

<210> SEQ ID NO 45

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 45

ctctcatatg ttagatttte cggtctggaa teg

<210> SEQ ID NO 46

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 46

ctctcatatg aaactegttg tegggatg

<210> SEQ ID NO 47

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 47

ctctcatatg tcaggecttt ctttece

<210> SEQ ID NO 48

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 48

agtatgattc atatgaaagc agaattcaag cgtaaag

<210> SEQ ID NO 49

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

29

28

33

28

26

37
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-continued

78

<223> OTHER INFORMATION: Amplification Primer
<400> SEQUENCE: 49

acatacagtt catatggatc aagccttteg

<210> SEQ ID NO 50

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 50

ctctcatatg aaagcagaat tcaagegtaa ag

<210> SEQ ID NO 51

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 51

ctctcatatg tcaagecttt cgtteegg

<210> SEQ ID NO 52

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 52

ctctcatatg aaactgatta ttgggatgac cg

<210> SEQ ID NO 53

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 53

ctctcatatg ttaacgctta tctgeegece

<210> SEQ ID NO 54

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 54

ctctcatatg agattgateg tgggaatgac

<210> SEQ ID NO 55

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 55

ctctcatatg ttacagcaat ggeggaatgg

30

32

28

32

29

30

30
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-continued

80

<210> SEQ ID NO 56

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 56

ctctcatatg aggctaattg tcggaatgac

<210> SEQ ID NO 57

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 57

ctctcatatg ttaacgctta ccatcegece

<210> SEQ ID NO 58

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 58

ctctcatatg agattgattg tgggaatgac

<210> SEQ ID NO 59

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 59

ctctcatatg gagtectggtt tagttetetg ¢

<210> SEQ ID NO 60

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 60

ctctcatatg aaactgateg tcgggatg

<210> SEQ ID NO 61

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 61

ctctcatatg ttagegetta cctteege

<210> SEQ ID NO 62

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

30

29

30

31

28

28
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-continued

82

<400> SEQUENCE: 62

ctctcatatg agactgatcg tcgggat

<210> SEQ ID NO 63

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 63

ctctcatatg ttagegetta tetgeege

<210> SEQ ID NO 64

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 64

ctctcatatg aagaaaatca ttgtaggaat atcgg

<210> SEQ ID NO 65

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 65

ctctcatatg ctatatcege tetggaatag g

<210> SEQ ID NO 66

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 66

ctctcatatg agactgattg tggggatg

<210> SEQ ID NO 67

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 67

ctctcatatg ttaacgetta tetteegeca g

<210> SEQ ID NO 68

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 68

ctctcatatg agtagattac tgttaatttce attcgtac

<210> SEQ ID NO 69
<211> LENGTH: 32

27

28

35

31

28

31

38
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84

-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 69

ctctcatatyg ttacttaget aacagaggag gg

<210> SEQ ID NO 70

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 70

ctctetgeag catcgttget gaatgtccag

<210> SEQ ID NO 71

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 71

gatcaacgat ctgttcagcet g

<210> SEQ ID NO 72

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 72

agctgaacag atcgttgate agaactgatc ctgcaccctyg
<210> SEQ ID NO 73

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplification Primer

<400> SEQUENCE: 73

ctctgagete gttgatgtca atgegcagag

32

30

21

40

30

The invention claimed is: 50
1. A transformant of a Corynebacterium obtained by
introducing,

into the Corynebacterium, at least one gene selected from
the group consisting of:

(1) a decarboxylase gene ubiD of Lactobacillus rhamno- 55
sus; and

(2) at least one ortholog of the decarboxylase gene ubiD
of Lactobacillus rhamnosus,

wherein one or more substitutions, deletions and/or inser-
tions are introduced into a catechol 1,2-dioxygenase 60
gene catA, and a protocatechuic acid dehydrogenase
gene pcaHG in the Corynebacterium, thereby degrad-
ing or losing functions of enzymes encoded by the
catechol 1,2-dioxygenase gene catA and the protocat-
echuic acid dehydrogenase gene pcaHG, 65

wherein the Corynebacterium is selected from the group
consisting of: Corynebacterium glutamicum, Coryne-

bacterium efficiens, Corynebacterium ammoniagenes,
and Corynebacterium halotolerance,

wherein the ortholog of the decarboxylase gene ubiD of
Lactobacillus rhamnosus is selected from the group
consisting of: an ubiD gene of Lactobacillus pentosus,
an ubiD gene of Lactobacillus plantarum, an ubiD gene
of Lactobacillus pobuzihii, an ubiD gene of Lactoba-
cillus composti, an ubiD gene of Bacillus megaterium,
an ubiD gene of Bacillus licheniformis, an ubiD gene of
Bacillus atrophaeus, an ubiD gene of Bacillus subtilis
subsp. subtilis, an ubiD gene of Bacillus subtilis subsp.
Spizizenii, an ubiD gene of Enterobacter aerogenes, an
ubiD gene of Enterobacter cloacae, an ubiD gene of
Enterobacter sakazakii, an ubiD gene of Enterobacter
hormaechei, an ubiD gene of Escherichia coli W, the
ubiD gene of Escherichia fergusonii, an ubiD gene of
Paenibacillus polymyxa, the ubiD gene of Citrobacter
koseri, and an ubiD gene of Pantoea ananatis, and
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wherein the transformant has a catechol producing ability.
2. The transformant of claim 1,
wherein the Corynebacterium is Corynebacterium gluta-
micum R (FERM P-18976), ATCC13032, or
ATCC13869. 5
3. A transformant of Corynebacterium glutamicum
CAT21 deposited under Accession Number: NITE
BP-02689.
4. A method for producing catechol comprising:
reacting the transformant of claim 1 in a reaction solution 10
under reducing conditions; and
collecting catechol in a reaction solution.
5. The method of claim 4,
wherein the reaction solution comprises at least one
saccharide selected from the group consisting of glu- 15
cose, fructose, cellobiose, xylobiose, sucrose, lactose,
maltose, dextrin, xylose, arabinose, galactose, man-
nose, and soluble starch.
6. The transformant of claim 1, wherein the Corynebac-
terium 1s Corynebacterium glutamicum. 20

#* #* #* #* #*
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