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ABSTRACT

When lactate dehydrogenase gene and/or malate/lactate
dehydrogenase gene is/are introduced into a Hydrogenophilus bacterium
as well as one or more of the three lactic acid-utilizing enzyme
genes on the genome of the Hydrogenophilus bacterium is/are disrupted,
lactic acid-producing ability is remarkably increased. The inventors
of the present invention have identified the three lactic acid-
utilizing enzyme genes of the Hydrogenophilus Dbacterium. When
lactate permease gene 1is further introduced into the recombinant,
lactic acid-producing ability is further increased. The
recombinant of the present invention effectively produces lactic acid
using carbon dioxide as a sole carbon source, and therefore, it is
able to efficiently produce the material of biodegradable plastics,
while solving global warming caused by increased emissions of carbon

dioxide.
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DESCRIPTION

A RECOMBINANT HYDROGENOPHILUS BACTERIUM PRODUCING LACTIC ACID

Technical Field
[0001]

The present invention relates to a recombinant
Hydrogenophilus bacterium harboring the ability to produce lactic

acid, and to a method for producing lactic acid using the same.

Background Art
[0002]

The Paris Agreement, which was adopted in 2015, provides that
global emissions of greenhouse gases should be promptly reduced.
Under the Agreement, Japan set the goal of reducing her emission of
greenhouse gases such as carbon dioxide and methane by 26% compared
with year 2013 levels, by the year 2030.

[0003]

Worldwide, the majority of the production of chemicals
depends on petroleum resources, exacerbating the problem of
increased greenhouse gas emissions. Accordingly, departure from
petroleum dependency 1is a desirable strategy for the production of
chemicals, and research and development of biorefineries that
produce green chemicals from biomass is being earnestly carried out
in various countries. However, the saccharification of biomass for
use as raw materials of microbial fermentation necessitates complex
processes, beside being costly.

[0004]

As part of research geared towards departure from petroleum
dependency, gases such as carbon dioxide, methane, and carbon
monoxide have attracted attention as more sustainable carbon
sources, and techniques for producing valuable chemicals and
biofuels using microorganisms that utilize these gases are the
subject of intense interest. 1In particular, carbon fixation of
carbon dioxide and efficient utilization of carbon dioxide, a
significant contributor to global warming, is highly anticipated.
[0005]

Biodegradable plastics, which are eventually decomposed to
water and carbon dioxide by microorganisms in nature, have

attracted attention in light of the problems of sea pollution by

1

Date Recue/Date Received 2022-01-21



CA 03148422 2022-01-21

plastic garbage, etc. Biodegradable plastics are categorized into
bacterial products series, natural products series and chemical
synthetic series according to method of manufacture. Polylactic
acid (lactic acid resin), of which research and practical
realization has proceeded the fastest of all biodegradable
plastics, is regarded as an intermediate biodegradable plastic
between bacterial products series and chemical synthetic series
since its raw material is lactic acid, a product of the glycolysis
system, an intravital metabolic pathway. That is, polylactic acid
is produced by the purification of lactic acid produced by
microbial fermentation and chemical polycondensation. Current
polylactic acid production uses biomass as a raw material, the
conversion of biomass into saccharides requires complicated steps,
as aforementioned, and therefore, current polylactic acid
production has a problem of a high cost.

Accordingly, a practicable method which is able to produce
lactic acid in simpler steps is required. 1In particular, a
practicable method which is able to produce lactic acid by carbon
dioxide fixation.

[0006]

Lactic acid is produced from pyruvic acid, intravital
important metabolic product. That is, lactic acid is produced from
pyruvic acid by catalytic activity of lactate dehydrogenase.

[0007]

As a technology which manufactures lactic acid using a
recombinant microorganism, Patent Literature 1 describes a method
for producing lactic acid using a transformant obtained by
introducing the lactate dehydrogenase gene (ldh gene) of
Lactobacillus helvetics or Bacillus megaterium into a yeast strain.

Patent Literature 2 describes a method for producing lactic
acid using a transformant obtained by introducing Lactobacillus
pentosus LDH gene as a lactate dehydrogenase gene into
Schizosaccharomyces pombe.

Patent Literature 3 describes a method for producing lactic
acid using a transformant obtained by introducing
Thermoanaerobacter pseudethanolicus 1ldh gene as a lactate
dehydrogenase gene into Moorella thermoacetica.

Patent Literature 4 describes a method for producing lactic

Date Recue/Date Received 2022-01-21



CA 03148422 2022-01-21

acid using a transformant obtained by introducing Lactobacillus
delbrueckii hdhD gene or 1ldhA gene as a lactate dehydrogenase gene
into Geobacillus thermoglucosidans.

Non Patent Literature 1 describes a method for producing
lactic acid using a transformant obtained by introducing the
lactate dehydrogenase gene of Lactobacillus casei into Escherichia
coli.

However, all these methods are methods for producing lactic
acid using sugar as a carbon source, and not methods for producing
lactic acid using carbon dioxide as a carbon source.

[0008]

Non Patent Literature 2 describes a method for producing
lactic acid using a transformant obtained by introducing the
lactate dehydrogenase gene of Bacillus subtilis into Synechocystis
sp. PCC6803 strain. This method is for producing lactic acid using
Cyanobacterium, which is a photosynthetic bacterium, as a host and
using sodium hydrogen carbonate as a carbon source.

Cyanobacteria have a higher carbon fixation ability of
carbon dioxide as compared to that of plants. However, the method
of using Cyanobacterium as a host has not been put into practical
use as an industrial method for producing lactic acid since carbon
dioxide fixation ability of Cyanobacteria is insufficient.

[0009]

Patent Literature 5 describes a method for producing lactic
acid using a transformant obtained by introducing Thermus
thermophilus 1ldh gene as a lactate dehydrogenase gene into
Hydrogenobacter thermophilus.

Hydrogenobacter thermophilus is a hydrogen oxidizing
bacterium which grows twofold in 1.5 hours. However, to apply
current is necessary in order to produce sufficient amounts of
lactic acid, and therefore, the method using Hydrogenobacter
thermophilus as a host has not been put into practical use as an

industrial method for producing lactic acid.

Citation List

Patent Literatures

[0010]

[Patent Literature 1] JP2005-528106A
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Patent Literature 2] JP2014/030655A1

Patent Literature 3] JP2015-023854A

Patent Literature 4] JP2017-523778A

Patent Literature 5] JP2017-093465A

Non Patent Literatures

[0011]

[Non Patent Literature 1] Homofermentative production of D- or L-

[
[
[
[

lactate in metabolically engineered Escherichia coli RR1. Chang DE,
Jung HC, Rhee JS, Pan JG. Appl. Environ. Microbiol. (1999) 65:1384-
1389

[Non Patent Literature 2] Engineering a cyanobacterial cell factory
for production of lactic acid. Angermayr SA, Paszota M, Hellingwerf
KJ. Appl. Environ. Microbiol. (2012) 78:7098-7106

Summary of Invention
Technical Problem
[0012]

The objective of the present invention is to provide a
recombinant Hydrogenophilus bacterium that is capable of
efficiently producing lactic acid utilizing carbon dioxide as a
sole carbon source, and a method for efficiently producing lactic

acid using this recombinant.

Solution to Problem
[0013]

Hydrogenophilus bacteria are hydrogen oxidizing bacteria
which grow by producing organic substances from carbon dioxide by
utilizing hydrogen energy. The growth rate of hydrogen oxidizing
bacteria is generally extremely slow, however, the growth rate of
Hydrogenophilus bacteria is fast, and their carbon fixation ability
of carbon dioxide is remarkably higher than that of plants and
photosynthetic bacteria.

[0014]

However, Hydrogenophilus bacteria do not have an ability to
produce lactic acid at an industrial scale. Hydrogenophilus
bacteria do not have a lactate dehydrogenase gene and a
malate/lactate dehydrogenase gene, which are known to encode an
enzyme catalyzing the reaction of producing lactic acid from

pyrubic acid. In order to provide the bacteria with an ability to

4
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produce lactic acid at an industrial scale, it is desirable to
introduce genes of enzymes that catalyze the reaction of producing
lactic acid.

[0015]

However, the research of the inventors of the present
invention has revealed that when a heterologous gene is introduced
into Hydrogenophilus bacteria using a vector that functions within
the Hydrogenophilus bacteria, a functioning protein often is not
produced or is insufficiently produced. Genes which bring about
activity within bacteria other than the genus Hydrogenophilus often
do not, or insufficiently, bring about activity within the
Hydrogenophilus bacteria.

Faced with such a situation, the inventors of the present
invention have found that when a lactate dehydrogenase gene and/or
a malate/lactate dehydrogenase gene is/are introduced into
Hydrogenophilus bacteria, the gene(s) function(s) and bring(s)
about high activity within the Hydrogenophilus bacteria.

[0016]

Further, the inventors of the present invention have found
that 1ldh gene of Parageobacillus thermoglucosidasius, Geobacillus
kaustophilus or Thermus thermophilus of the lactate dehydrogenase
genes and mldh gene of Thermus thermophilus and mldh-1 and mldh-2
genes of Meiothermus ruber of the malate/lactate dehydrogenase
genes bring about higher enzymatic activity expression especially

in Hydrogenophilus bacteria.

[0017]

The Hydrogenophilus bacterium is known to utilize lactic acid
(Agric. Biol. Chem. (1978) 42 (7) : 1305-1308; Orlygsson J.,
Kristjansson J.K. (2014) The Family Hydrogenophilaceae. In:

Rosenberg E., Delong E.F., Lory S., Stackebrandt E., Thompson F.
(eds) The Prokaryotes. Springer, Berlin, Heidelberqg).

The inventors of +the present invention postulated that
HPTL 1694, HPTL 1695, and HPTL 1696 genes, which appear side by side
on the genome of Hydrogenophilus thermoluteolus, function as lactic
acid-utilizing enzyme genes.
[0018]

It is conceivable that, when a lactic acid-utilizing enzyme

gene functions, lactic acid produced inside the <cells of the
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Hydrogenophilus bacterium is utilized, and the amount of lactic acid
secreted into a medium supernatant is therefore reduced.

The inventors of the present invention have observed that, when
one or more genes out of HPTL 1694, HPTL 1695, and HPTL 1696 on the
genome is/are disrupted in a Hydrogenophilus thermoluteolus
transformant having the lactate dehydrogenase gene and/or the
malate/lactate dehydrogenase gene introduced thereinto, the amount
of lactic acid secreted into the medium is markedly increased. In
view of this, the inventors concluded that HPTL 1694, HPTL 1695, and
HPTL 1696 genes are lactic acid-utilizing enzyme genes.

The disruption of any one or more of HPTL 1694, HPTL 1695, and
HPTL 1696 genes enhanced lactic acid-producing ability of the
resultant cells, and hence it is conceivable that these three genes
form an operon, and that the three proteins encoded by these genes
form a complex that exhibits the function of utilizing lactic acid.
[0019]

The inventors of the present invention have also observed that
the above-mentioned lactic acid-utilizing enzyme gene-disrupted
strain extremely efficiently produces lactic acid through use of
carbon dioxide as a sole carbon source.

[0020]

The inventors of the present invention have also observed that,
when a gene encoding a lactate permease, which promotes the secretion
of lactic acid to the outside of cells, is introduced into the lactic
acid-utilizing enzyme gene-disrupted strain of the Hydrogenophilus
bacterium having the lactate dehydrogenase gene and/or the
malate/lactate dehydrogenase gene introduced thereinto, the amount
of lactic acid secreted into the medium is further increased.

[0021]

The present invention has been completed on the basis of the
above-mentioned observations, and provides the following items [1]
to [81].

[1] A recombinant Hydrogenophilus bacterium, which has a lactate
dehydrogenase gene and/or a malate/lactate dehydrogenase gene
introduced thereinto, and in which one or more of three lactic acid-
utilizing enzyme genes on a genome are disrupted.

[2] The recombinant Hydrogenophilus bacterium according to Item [11,

wherein the three lactic acid-utilizing enzyme genes are formed of
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DNA of any one of the following (al) to (a6), DNA of any one of the
following (bl) to (b6), and DNA of any one of the following (cl) to
(c6), respectively:

(al) DNA formed of a base sequence set forth in SEQ ID NO: 1;

(a2) DNA that is formed of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 1, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(a3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 1 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(ad) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 2;

(ab) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 2, and that has
lactic acid-utilizing enzyme activity; and

(a6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 2, and
that has lactic acid-utilizing enzyme activity;

(bl) DNA formed of a base sequence set forth in SEQ ID NO: 3;

(b2) DNA that is formed of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 3, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(b3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 3 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(b4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 4;

(b5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 4, and that has
lactic acid-utilizing enzyme activity; and

(b6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 4, and
that has lactic acid-utilizing enzyme activity; and

(cl) DNA formed of a base sequence set forth in SEQ ID NO: 5;

(c2) DNA that is formed of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 5, and that
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encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(c3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 5 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(c4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 6;

(c5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 6, and that has
lactic acid-utilizing enzyme activity; and

(c6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 6, and
that has lactic acid-utilizing enzyme activity.

[3] The recombinant Hydrogenophilus bacterium according to Item [1]
or [2], wherein the one or more of three lactic acid-utilizing enzyme
genes are disrupted by introducing a deletion, an addition, a
substitution, or a combination thereof, of one or a plurality of
nucleotides into the one or more of three lactic acid-utilizing enzyme
genes.

[4] The recombinant Hydrogenophilus bacterium according to any one
of Items [1] to [3], wherein the lactate dehydrogenase gene is formed
of DNA of any one of the following (dl) to (d6):

(dl) DNA formed of a base sequence set forth in SEQ ID NO: 9,
10, or 11;

(d2) DNA that is formed of a base sequence having 90% or more
identity to the DNA formed of the base segquence set forth in SEQ ID
NO: 9, 10, or 11, and that encodes a polypeptide having lactate
dehydrogenase activity:;

(d3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 9, 10, or 11 under stringent conditions,
and that encodes a polypeptide having lactate dehydrogenase activity:

(d4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 12, 13, or 14;

(d5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 12, 13, or 14, and
that has lactate dehydrogenase activity; and

(d6) DNA encoding a polypeptide that is formed of an amino acid

sequence having one or a plurality of amino acids deleted, substituted,
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or added in the amino acid seguence set forth in SEQ ID NO: 12, 13,
or 14, and that has lactate dehydrogenase activity.

[5] The recombinant Hydrogenophilus bacterium according to any one
of Items [1] to [4], wherein the malate/lactate dehydrogenase gene
is formed of DNA of any one of the following (el) to (e6):

(el) DNA formed of a base sequence set forth in SEQ ID NO: 15,
16, or 17;

(e2) DNA that is formed of a base sequence having 90% or more
identity to the DNA formed of the base segquence set forth in SEQ ID
NO: 15, 16, or 17, and that encodes a polypeptide having lactate
dehydrogenase activity:;

(e3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 15, 16, or 17 under stringent conditions,
and that encodes a polypeptide having lactate dehydrogenase activity:

(ed) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 18, 19, or 20;

(e5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 18, 19, or 20, and
that has lactate dehydrogenase activity; and

(e6) DNA encoding a polypeptide that is formed of an amino acid

sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid seguence set forth in SEQ ID NO: 18, 19,
or 20, and that has lactate dehydrogenase activity.
[6] The recombinant Hydrogenophilus bacterium according to any one
of Items [1] to [5], wherein the recombinant Hydrogenophilus
bacterium further has a lactate permease gene introduced thereinto.
[7] The recombinant Hydrogenophilus bacterium according to Item [61],
wherein the lactate permease gene is formed of DNA of any one of the
following (fl) to (f6):

(f1) DNA formed of a base sequence set forth in SEQ ID NO: 21;

(f2) DNA that is formed of a base sequence having 90% or more
identity to the DNA formed of the base segquence set forth in SEQ ID
NO: 21, and that encodes a polypeptide having lactate permease
activity:;

(f3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 21 under stringent conditions, and that
encodes a polypeptide having lactate permease activity:

(f4) DNA encoding a polypeptide formed of an amino acid sequence
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set forth in SEQ ID NO: 22;

(f5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 22, and that has
lactate permease activity; and

(f6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid segquence set forth in SEQ ID NO: 22, and
that has lactate permease activity.

[8] A method of producing lactic acid, including a step of culturing
the recombinant Hydrogenophilus bacterium of any one of Ttems [1] to
[7] through use of carbon dioxide as a substantially sole carbon

source.

Advantageous Effects of Invention
[0022]

Measures to counter the increase in atmospheric carbon
dioxide entail reduction of carbon dioxide emissions and fixation
of emitted carbon dioxide. 1In order to reduce carbon dioxide
emissions, solar, wind, geothermal, and similar energies are
utilized in place of fossil energy. However, the utilization of
such energies is not yet extensive enough to repress the buildup of
atmospheric carbon dioxide. Consequently, there is need to enhance
atmospheric carbon fixation or recycling of emitted carbon dioxide.

Carbon fixation of carbon dioxide can occur physically or
chemically, but fixation utilizing living cells, avails organic
substances that can consequently be utilized as food, feed, and
fuel. 1In so doing, carbon dioxide itself becomes a resource that
can be directly converted into valuable chemical products.
Accordingly, the twin problems of global warming due to increased
atmospheric carbon dioxide and scarcity of food, feed, and fuel can
be solved. Further, in-demand chemical products can be produced
while suppressing global warming attributed to increased carbon
dioxide emissions.

[0023]

Biodegradable plastics of chemical products attract
attention for their environmental benefits. Biodegradable plastics
produced by fixation of carbon dioxide are decomposed to water and
carbon dioxide by microorganisms in the environment. That is,

biodegradable plastics are carbon-neutral, and are able to solve

10
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global warming attributed to increased carbon dioxide emissions,
difficulty in securing plastic products necessary for life, and
environmental problems such as sea pollution, together.

[0024]

Hydrogen-oxidizing bacteria can grow by utilizing the
chemical energy generated by the reaction of hydrogen with oxygen
and by using carbon dioxide as a sole carbon source. Since
hydrogen-oxidizing bacteria can produce chemical products from a
mixture of oxygen, hydrogen, and carbon dioxide gases as raw
material, the cells can efficiently assimilate carbon from carbon
dioxide and be cultured in a simple culture medium. Growth of
typical hydrogen-oxidizing bacteria is generally slow, but that of
Hydrogenophilus bacteria is exceptionally high. The Journal of
Mitsubishi Research Institute No.34 1999 describes Hydrogenophilus
bacteria as follows: “Their proliferative capacity is so high that
their carbon fixation ability of carbon dioxide cannot be compared
with that of plants, which truly indicates the high carbon dioxide
fixation ability of microorganisms”.

[0025]

When a heterologous gene is introduced into Hydrogenophilus
bacteria using a vector that functions within the Hydrogenophilus
bacteria, a functioning protein is often not produced. Under such
a situation, by introducing lactate dehydrogenase gene and/or
malate/lactate dehydrogenase gene into of Hydrogenophilus bacteria,
the genes function within the Hydrogenophilus bacteria, and lactic
acid could be efficiently produced.

[0026]

When one or more of the three lactic acid-utilizing enzyme
genes on the genome of the above-mentioned transformant of the
Hydrogenophilus bacterium are disrupted, the amount of lactic acid
produced into a medium can be remarkably increased.

[0027]

When the lactate permease gene is further introduced into the
lactic acid-utilizing enzyme gene-disrupted strain of the
Hydrogenophilus bacterium having the lactate dehydrogenase gene
and/or the malate/lactate dehydrogenase gene introduced thereinto,
the lactate permease gene functions in the recombinant strain to
increase the amount of lactic acid secreted into a medium. The lactic

acid secretion amount-increasing effect of the introduction of the

11
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lactate permease gene is remarkably enhanced by the disruption of the
lactic acid-utilizing enzyme gene (s) of the Hydrogenophilus bacterium
serving as the host.

[0028]

As described above, the Hydrogenophilus bacterium has a
particularly excellent carbon dioxide fixation ability among
organisms each having a carbon dioxide fixation ability. Accordingly,
the use of the recombinant of the present invention enables industrial
production of lactic acid through fixation of carbon dioxide. Lactic
acid serves as a raw material for the production of polylactic acid,
which is a typical biodegradable plastic, and hence the present
invention paves the way for allowing efficient industrial production

of polylactic acid through utilization of carbon dioxide.

Brief Description of Drawings
[0029]
FIG. 1 1is a diagram illustrating a method of generating an

example of a lactic acid-utilizing enzyme gene-disrupted strain.

Description of Embodiments
[0030]

The present invention is described in detail below.

The recombinant Hydrogenophilus bacterium of the present
invention is a recombinant Hydrogenophilus bacterium which has a
lactate dehydrogenase gene and/or a malate/lactate dehydrogenase gene
introduced thereinto, and in which one or more of three lactic acid-
utilizing enzyme genes on a genome is/are disrupted.

[0031]
(1) Hydrogenophilus bacteria

Examples of Hydrogenophilus bacteria include Hydrogenophilus
thermoluteolus, Hydrogenophilus halorhabdus, Hydrogenophilus
denitrificans, Hydrogencphilus hirschii, Hydrogenophilus
islandicus, strain Mar3 of the genus Hydrogenophilus
(Hydrogenophilus sp. Mar3) and strain Z1038 of the genus
Hydrogenophilus (Hydrogenophilus sp. Z1038). 1In particular,
Hydrogenophilus thermoluteolus is preferable because its superior
growth rate enables top-level carbon fixation from cardon dioxide
among carbon dioxide fixing microorganisms.

Hydrogenophilus bacteria have been easily isolated from

12
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diverse regions everywhere on the earth. A preferable strain of
Hydrogenophilus thermoluteolus is strain TH-1 (NBRC 14978).
Hydrogenophilus thermoluteolus strain TH-1 (NBRC 14978) exhibits
top-level growth rate among carbon dioxide fixing microorganisms
(Agricultural and Biological Chemistry, 41, 685-690 (1977)).
Hydrogenophilus thermoluteolus strain NBRC 14978 is internationally
deposited under the Budapest Treaty, and is thus available to the
general public.

[0032]

(2) Lactic acid-utilizing enzyme genes

(2-1) Wild-type lactic acid-utilizing enzyme genes

A wild-type Hydrogenophilus bacterium has three lactic acid-
utilizing enzyme genes on the genome, and polypeptides encoded by
these genes form a lactic acid-utilizing enzyme complex (conceived
to be a lactate oxidase complex). The wild-type Hydrogenophilus
bacterium produces a lactic acid-utilizing enzyme complex having
activity, and thus has a lactic acid-utilizing ability.

[0033]

The three wild-type lactic acid-utilizing enzyme gJgenes are
formed of DNA of any one of the following (al) to (a6), DNA of any
one of the following (bl) to (b6), and DNA of any one of the following
(cl) to (c6), respectively.

(al) DNA formed of a base sequence set forth in SEQ ID NO: 1;

(a2) DNA that is formed of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 1, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(a3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 1 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(ad4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 2;

(ab5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 2, and that has
lactic acid-utilizing enzyme activity; and

(a6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 2, and
that has lactic acid-utilizing enzyme activity.

SEQ ID NO: 1 sets forth the base sequence of the HPTL 1694 gene

13
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of the wild strain of Hydrogenophilus thermoluteolus, and SEQ ID NO:
2 sets forth the amino acid sequence of the polypeptide encoded by
the HPTL 1694 gene of the wild strain of Hydrogenophilus
thermoluteolus.

[0034]

(bl) DNA formed of a base sequence set forth in SEQ ID NO: 3;

(b2) DNA that is formed of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 3, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(b3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 3 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(b4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 4;

(b5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more identity to SEQ ID NO: 4, and that has
lactic acid-utilizing enzyme activity; and

(b6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 4, and
that has lactic acid-utilizing enzyme activity.

SEQ ID NO: 3 sets forth the base sequence of the HPTL 1695 gene
of the wild strain of Hydrogenophilus thermoluteolus, and SEQ ID NO:
4 sets forth the amino acid sequence of the polypeptide encoded by
the HPTL 1695 gene of the wild strain of Hydrogenophilus
thermoluteolus.

[0035]

(cl) DNA formed of a base sequence set forth in SEQ ID NO: 5;

(c2) DNA that is formed of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 5, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(c3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 5 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(cd4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 6;

(c5) DNA encoding a polypeptide that is formed of an amino acid

sequence having 90% or more identity to SEQ ID NO: 6, and that has
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lactic acid-utilizing enzyme activity; and

(c6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 6, and
that has lactic acid-utilizing enzyme activity.

SEQ ID NO: 5 sets forth the base sequence of the HPTL 1696 gene
of the wild strain of Hydrogenophilus thermoluteolus, and SEQ ID NO:
6 sets forth the amino acid segquence of the polypeptide encoded by
the HPTL 1696 gene of the wild strain of Hydrogenophilus
thermoluteolus.

[0036]

In the present invention, the identities of each of the base
sequences and the amino acid seguences are values calculated with
GENETYX ver. 17 (manufactured by Genetyx Corporation).

[0037]

In the present invention, the term "stringent conditions"
refers to the following conditions: hybridization performed in a
hybridization solution having a salt concentration of 6xSSC under the
temperature from 50°C to 60°C for 16 hours, after which washing is
performed in a solution having a salt concentration of 0.1xSSC.
[0038]

The DNA of (a2), (b2), or (c2) is preferably formed of a base
sequence having 95% or more, especially 98% or more, especially 99%
or more identity to the base sequence set forth in SEQ ID NO: 1, 3,
or 5, respectively.

The DNA of (ab), (bb5), or (cb) preferably encodes a polypeptide
formed of an amino acid sequence having 95% or more, especially 98%
or more, especially 99% or more identity to the amino acid sequence
set forth in SEQ ID NO: 2, 4, or 6, respectively.

[0039]

In the present invention, the number of “one or a plurality of
amino acids” is, for example, from 1 to 5, especially from 1 to 3,
especially 1 or 2, in particular, 1. The plurality encompasses
several.

[0040]

The fact that a polypeptide to be tested has lactic acid-

utilizing enzyme activity is verified by subjecting the polypeptide

to be tested and the other two wild-type lactic acid-utilizing enzymes
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to a reaction with 5 mM lactic acid in the presence of 120 ug/mL of
phenazine methosulfate (PMS) and 60 ug/mL of 3—(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) , and
detecting an increase in absorbance at 570 nm. Along with a lactate
oxidase reaction in which lactic acid is oxidized into pyruvic acid,
MTT is reduced into formazan in the presence of PMS, and hence the
absorbance at 570 nm is increased. When the polypeptide to be tested
shows increased absorbance at 570 nm even slightly, it is judged that
the formed lactic acid-utilizing enzyme complex shows lactate oxidase
activity, and hence it is Jjudged that the polypeptide to be tested
has lactic acid-utilizing enzyme activity.

For example, when the polypeptide to be tested is a polypeptide
encoded by a base sequence similar to SEQ ID NO: 1, the polypeptide
to be tested, the polypeptide encoded by SEQ ID NO: 2, and the
polypeptide encoded by SEQ ID NO: 3 are subjected to a reaction with
lactic acid in the presence of PMS and MTT.

[0041]

(2-2) Disruption of lactic acid-utilizing enzyme gene

In the recombinant Hydrogenophilus bacterium of the present
invention, any one or more of the above-mentioned three lactic acid-
utilizing enzyme genes on the genome are disrupted. As a result, a
lactic acid-utilizing enzyme complex having activity is not formed,
or the activity is lower than that of the wild-type lactic acid-
utilizing enzyme complex.

[0042]

In the present invention, the fact that the recombinant
Hydrogenophilus Dbacterium does not form a lactic acid-utilizing
enzyme complex having activity or forms a lactic acid-utilizing
enzyme complex having lower activity than the wild-type lactic acid-
utilizing enzyme complex may be wverified by the fact that the
recombinant Hydrogenophilus Dbacterium cannot grow 1in a medium
containing lactic acid as a sole carbon source or has a lower growth
rate than the wild strain.

[0043]

In order to disrupt a lactic acid-utilizing enzyme gene, it is
typically appropriate to delete the whole or part of the lactic acid-
utilizing enzyme gene. The lactic acid-utilizing enzyme gene may be

disrupted by inserting some nucleotide, oligonucleotide, or
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polynucleotide into the gene. When the gene disruption is performed
by homologous recombination to be described later, it is appropriate
to insert a positive selection marker gene into the lactic acid-
utilizing enzyme gene. The whole or part of the lactic acid-utilizing
enzyme gene may be substituted with another nucleotide,
oligonucleotide, or polynucleotide.

As described above, it is appropriate that the lactic acid-
utilizing enzyme dgene be disrupted by a deletion, an addition
(including an insertion), a substitution, or a combination thereof,
of one or a plurality of nucleotides (hereinafter sometimes referred
to as "mutation"). When a deletion, an addition (including an
insertion), or a substitution of a plurality of nucleotides is
introduced, the mutation may be introduced at one site in the gene,
or may be dispersedly introduced at a plurality of sites therein.
[0044]

It is preferred that the number of nucleotides to be deleted,
added (including an insertion), or substituted be 3 or more,
especially 5 or more, especially 10 or more, especially 20 or more,
especially 50 or more. It is preferred that nucleotides in a number
corresponding to 1% or more, especially 5% or more, especially 10%
or more, especially 50% or more of the full length of the gene be
deleted, added (including an insertion), or substituted. This
ensures the disruption of the lactic acid-utilizing enzyme gene. The
full length of the lactic acid-utilizing enzyme gene (i.e., 100% of
the number of constituent nucleotides of the lactic acid-utilizing
enzyme gene) may be deleted or substituted. In the case of the
addition (including an insertion), for example, up to 100,000
nucleotides may be added. Up to 1,000 or up to 100 nucleotides may
be added.

[0045]

Except when the whole of the lactic acid-utilizing enzyme gene
is deleted, the above-mentioned mutation is desirably introduced at
a site other than a region encoding the vicinity of the C-terminus
of the lactic acid-utilizing enzyme. This facilitates the loss or
lowering of the function of the lactic acid-utilizing enzyme dJgene.
For example, the above-mentioned mutation is desirably introduced
into a region encoding 95% or less, especially 90% or less, especially

80% or less with respect to the full length from the N-terminus of
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the lactic acid-utilizing enzyme. When a region encoding the vicinity
of the N-terminus of the lactic acid-utilizing enzyme is mutated, in
many cases, the polypeptide is not expressed or the polypeptide does
not have a normal higher order structure, and hence the above-
mentioned mutation may be introduced into the region encoding the
vicinity of the N-terminus of the lactic acid-utilizing enzyme.
[0046]

For example, a lactic acid-utilizing enzyme gene on a chromosome
may be substituted with a disrupted lactic acid-utilizing enzyme gene
by generating the disrupted gene through PCR or the 1like, and
introducing the disrupted gene into a parental strain to cause
homologous recombination between the disrupted gene and the gene on
the genome.

A homologous recombination-based gene disruption method itself
is well known, but the modification of a gene on a genome through
utilization of homologous recombination 1s unprecedented 1in a
Hydrogenophilus bacterium. The inventors of the present invention
have identified a hygromycin resistance gene that functions in a
Hydrogenophilus bacterium and can be used as a positive selection
marker, and have identified a streptomycin sensitivity gene that
functions in a Hydrogenophilus Dbacterium (in particular, in a
streptomycin-resistant strain) and can be used as a counterselection
marker. Accordingly, through use of those genes, a lactic acid-
utilizing enzyme gene of the Hydrogenophilus Dbacterium can be
disrupted by homologous recombination.

[0047]

In this method, for example, a streptomycin sensitivity gene
formed of a base sequence set forth in SEQ ID NO: 7 may be used as
the counterselection marker. In this method, for example, a
hygromycin resistance gene formed of a base sequence set forth in SEQ
ID NO: 8 may be used as the positive selection marker gene that
functions in a Hydrogenophilus bacterium.

[0048]

A method of disrupting a lactic acid-utilizing enzyme gene is
described below by taking, as an example, a method involving deleting
a partial region inside a lactic acid-utilizing enzyme gene. FIG. 1
is an illustration of this method.

[0049]
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It is appropriate that the 5’ upstream DNA region of a region
to be deleted of a DNA fragment formed of a lactic acid-utilizing
enzyme gene of a Hydrogenophilus bacterium, and the 3' DNA downstream
region of the same region to be deleted be each amplified by
performing PCR through use of the genomic DNA of the Hydrogenophilus
bacterium as a template, and DNA obtained by linking the 5' upstream
region and the 3’ downstream region to each other be linked to a
vector that can be used in a host, such as Escherichia coli. The DNA
obtained by linking the 5’ upstream region and 3' downstream region
of the region to be deleted to each other is DNA in which the inside
of the lactic acid-utilizing enzyme gene has been deleted.

In order to improve homologous recombination efficiency, it is
preferred that the 5’ upstream DNA region and the 3’ downstream DNA
region be composed of 10 or more nucleotides, preferably 50 or more
nucleotides, more preferably 100 or more nucleotides. Alternatively,
the DNAs to be linked to each other do not need to be formed of base
sequences completely identical to the 5’ upstream region of the region
to be deleted and the 3’ downstream region of the region to be deleted,
respectively, and as the lengths of the regions to be used for
homologous recombination increase, homologous recombination can be
caused with lower identity to the 5’ upstream region or 3' downstream
region of the region to be deleted.

[0050]

Then, a marker cassette to be inserted between the 5’ upstream
region and 3’ downstream region of the region to be deleted, which
are linked to each other on the vector, is produced. Herein, the
marker cassette is such that a streptomycin sensitivity gene that
functions 1in the Hydrogenophilus bacterium and a hygromycin
resistance gene that functions in the Hydrogenophilus bacterium are
linked to each other adjacently or with DNA of about 10,000 base
pairs or less being interposed therebetween.

[0051]

Then, it is appropriate that the marker cassette be inserted
between the 5’ upstream region and 3’ downstream region of the region
to be deleted, which are on the vector having inserted thereinto the
DNA fragment in which the inside of the lactic acid-utilizing enzyme
gene has been deleted. Further, it is appropriate that, in accordance

with a conventional method, the host be transformed with the resultant
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vector, and the vector be extracted from the transformant.

Then, it is appropriate that the vector be linearized through
cleavage of part of the vector or a boundary between the vector and
the 5’ upstream region or the 3' downstream region with a restriction
enzyme, to thereby provide a labeling DNA fragment. The cleavage is
performed so that the marker cassette is brought into a state of
being interposed between the 5’ upstream region and 3’ downstream
region of the region to be deleted. Thus, a labeling DNA fragment
having inserted thereinto the marker cassette in which a DNA fragment
containing the streptomycin sensitivity gene and a DNA fragment
containing the hygromycin resistance gene are linked to each other
is obtained.

[0052]

It is appropriate that an operation of introducing the labeling
DNA fragment into the streptomycin-resistant strains of the
Hydrogenophilus bacterium be performed, and recombinants in each of
which the lactic acid-utilizing enzyme gene of the streptomycin-
resistant strain has been substituted with the labeling DNA fragment
be selected through use of the presence of hygromycin resistance as
an indicator.

[0053]

The introduction of DNA into cells of the Hydrogenophilus
bacterium may be performed by a known method, such as a calcium
chloride method, a calcium phosphate method, a DEAE-dextran mediated
transfection method, or an electric pulse method.

[0054]

Then, in order to eliminate the marker cassette inserted into
the lactic acid-utilizing enzyme gene, an inside segment of which has
been deleted, homologous recombination 1is performed wusing the
previously generated DNA fragment in which a segment within the lactic
acid-utilizing enzyme gene has been deleted.

The vector having inserted thereinto the lactic acid-utilizing
enzyme gene an inside segment of which has been deleted is linearized
by being cleaved in such a manner as not to divide the deleted lactic
acid-utilizing enzyme gene. It is appropriate that an operation of
introducing the linear DNA fragment into the streptomycin-sensitive
strains (recombinants in each of which the lactic acid-utilizing

enzyme gene has been substituted with the labeling DNA fragment) be
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performed, and a strain that has become streptomycin-resistant be
selected. It is also preferred that a strain that is streptomycin-
resistant and has lost the hygromycin resistance be selected. Thus,
a recombinant from which the marker cassette inserted into the lactic
acid-utilizing enzyme dgene has been eliminated, that i1is, a
recombinant with a deletion within the lactic acid-utilizing enzyme
gene 1is obtained.

[0055]

It is appropriate that the base sequence of the lactic acid-
utilizing enzyme gene of the resultant recombinant be determined to
verify the deletion of the inside of the gene.

With the segment within the lactic acid-utilizing enzyme gene
is deleted, the recombinant has a reduced growth rate in a medium
using lactic acid as a sole carbon source as compared to the parental
strain of the Hydrogenophilus bacterium, or does not grow therein.
[0056]

(3) Transformant of lactic acid-utilizing enzyme gene-disrupted

strain

(3-1) Lactate dehydrogenase gene *malate/lactate dehydrogenase gene

The recombinant of the present invention is a recombinant that
is the lactic acid-utilizing enzyme gene-disrupted strain of the
Hydrogenophilus bacterium described above, and that has a lactate
dehydrogenase gene and/or a malate/lactate dehydrogenase gene
introduced thereinto. In other words, this recombinant has a lactic

acid-utilizing enzyme gene on the genome disrupted, and has an

exogenous lactate dehydrogenase gene and/or malate/lactate
dehydrogenase gene. The malate/lactate dehydrogenase is an enzyme
having lactate dehydrogenase activity. Two or more kinds of the

lactate dehydrogenase genes may be introduced, and two or more kinds
of the malate/lactate dehydrogenase genes may be introduced.

The lactic acid-utilizing enzyme gene on the genome of the
wild-type Hydrogenophilus bacterium may be disrupted Dbefore the
lactate dehydrogenase gene and/or the malate/lactate dehydrogenase
gene 1is introduced, or the lactate dehydrogenase gene and/or the
malate/lactate dehydrogenase gene may be introduced into the wild-
type Hydrogenophilus bacterium before the lactic acid-utilizing
enzyme gene on the genome is disrupted.

[0057]
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The lactate dehydrogenase gene is preferably (dl) the 1ldh gene
of Parageobacillus thermoglucosidasius, the 1ldh gene of Geobacillus
kaustophilus, or the 1ldh gene of Thermus thermophilus from the
viewpoint of good lactic acid production efficiency.

The base sequence of the 1ldh gene of Paragecobacillus
thermoglucosidasius is set forth in SEQ ID NO: 9, the base sequence
of the 1ldh gene of Geobacillus kaustophilus is set forth in SEQ ID
NO: 10, and the base sequence of the 1ldh gene of Thermus thermophilus
is set forth in SEQ ID NO: 11.

[0058]

(d2) DNA that is formed of a base sequence having 90% or more,
especially 95% or more, especially 98% or more, especially 99% or
more identity to DNA formed of the base sequence set forth in SEQ ID
NO: 9, 10, or 11, and that encodes a polypeptide having lactate
dehydrogenase activity may also be preferably used.

[0059]

(d3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 9, 10, or 11 under stringent conditions,
and that encodes a polypeptide having lactate dehydrogenase activity
may also be preferably used.

[0060]

(d4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 12, 13, or 14 may also be preferably used.
SEQ ID NO: 12 sets forth the amino acid sequence of the lactate
dehydrogenase of Parageobacillus thermoglucosidasius, SEQ ID NO: 13
sets forth the amino acid segquence of the lactate dehydrogenase of
Geobacillus kaustophilus, and SEQ ID NO: 14 sets forth the amino acid
sequence of the lactate dehydrogenase of Thermus thermophilus.
[0061]

(d5) DNA encoding a polypeptide that is formed of an amino acid
sequence having 90% or more, especially 95% or more, especially 98%
or more, especially 99% or more identity to SEQ ID NO: 12, 13, or 14,
and that has lactate dehydrogenase activity may also be preferably
used.

[0062]

(d6) DNA encoding a polypeptide that is formed of an amino acid

sequence having one or a plurality of amino acids deleted, substituted,

or added in the amino acid segquence set forth in SEQ ID NO: 12, 13,
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or 14, and that has lactate dehydrogenase activity may also be
preferably used.
[0063]

The malate/lactate dehydrogenase gene is preferably (el) any
one of the mldh gene of Thermus thermophilus, and the mldh-1 and
mldh-2 genes of Meiothermus ruber from the viewpoint of good lactic
acid production efficiency.

The base sequence of the mldh gene of Thermus thermophilus is
set forth in SEQ ID NO: 15, the base sequence of the mldh-1 gene of
Meiothermus ruber is set forth in SEQ ID NO: 16, and the base sequence
of the mldh-2 gene of Meiothermus ruber is set forth in SEQ ID NO:
17.

[0064]

(e2) DNA that is formed of a base sequence having 90% or more,
especially 95% or more, especially 98% or more, especially 99% or
more identity to DNA formed of the base sequence set forth in SEQ ID
NO: 15, 16, or 17, and that encodes a polypeptide having lactate
dehydrogenase activity, or (e3) DNA that hybridizes with DNA formed
of a base sequence complementary to SEQ ID NO: 15, 16, or 17 under
stringent conditions, and that encodes a polypeptide having lactate
dehydrogenase activity may also be preferably used.

[0065]

The malate/lactate dehydrogenase has both malate dehydrogenase
activity and lactate dehydrogenase activity, but in the present
invention, the malate/lactate dehydrogenase is identified by the
presence of lactate dehydrogenase activity.

[0066]

(ed) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 18, 19, or 20 may also be preferably used.
SEQ ID NO: 18 sets forth the amino acid sequence encoded by the
malate/lactate dehydrogenase (M1ldh) gene of Thermus thermophilus, SEQ
ID NO: 19 sets forth the amino acid sequence encoded by the
malate/lactate dehydrogenase (Mldh-1) gene of Meiothermus ruber, and
SEQ ID NO: 20 sets forth the amino acid sequence encoded by the
malate/lactate dehydrogenase (Mldh-2) gene of Meiothermus ruber.
[0067]

(e5) DNA encoding a polypeptide that is formed of an amino acid

sequence having 90% or more, especially 95% or more, especially 98%
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or more, especially 99% or more identity to SEQ ID NO: 18, 19, or 20,
and that has lactate dehydrogenase activity, or (e6) DNA encoding a
polypeptide that is formed of an amino acid sequence having one or a
plurality of amino acids deleted, substituted, or added in the amino
acid sequence set forth in SEQ ID NO: 18, 19, or 20, and that has
lactate dehydrogenase activity may also be preferably used.

[0068]

In the present invention, the fact that a polypeptide has
lactate dehydrogenase activity 1s verified by subjecting the
polypeptide to be tested to a reaction with pyruvic acid in the
presence of NADH, and detecting a reduction in absorbance at 340 nm.
The lactate dehydrogenase produces lactic acid from pyruvic acid.
The lactate dehydrogenase consumes NADH in the production of lactic
acid from pyruvic acid, and hence a reduction in NADH amount is
detected using a reduction in absorbance at 340 nm as an indicator.
Specifically, a method described 1in the "Examples" section is
performed. When the polypeptide to be tested reduces the absorbance
at 340 nm even slightly, it is judged that the polypeptide has lactate
dehydrogenase activity.

[0069]

(3-2) Lactate permease gene

The present invention encompasses a recombinant that is the
lactic acid-utilizing enzyme gene-disrupted strain of the
Hydrogenophilus bacterium described above, and that has a lactate
dehydrogenase gene and/or a malate/lactate dehydrogenase gene, and a
lactate permease gene introduced thereinto. In other words, the
recombinant has a lactic acid-utilizing enzyme gene on the genome
disrupted, and has an exogenous or non-native lactate dehydrogenase
gene and/or malate/lactate dehydrogenase gene, and an exogenous or
non-native lactate permease gene.

One kind or two or more kinds each of the lactate dehydrogenase
genes, the malate/lactate dehydrogenase genes, and the lactate
permease genes may be introduced.

[0070]

The lactic acid-utilizing enzyme gene on the genome of the
wild-type Hydrogenophilus bacterium may be disrupted Dbefore the
lactate dehydrogenase gene and/or the malate/lactate dehydrogenase

gene, and the lactate permease gene are introduced, or the lactate
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dehydrogenase gene and/or the malate/lactate dehydrogenase gene, and
the lactate permease gene may be introduced into the wild-type
Hydrogenophilus bacterium before the lactic acid-utilizing enzyme
gene on the genome is disrupted. The lactate dehydrogenase gene
and/or the malate/lactate dehydrogenase gene may be introduced into
the wild-type Hydrogenophilus Dbacterium before the lactic acid-
utilizing enzyme gene on the genome is disrupted, followed by the
introduction of the lactate permease gene, or the lactate permease
gene may be introduced into the wild-type Hydrogenophilus bacterium
before the lactic acid-utilizing enzyme dgene on the genome 1is
disrupted, followed by the introduction of the lactate dehydrogenase
gene and/or the malate/lactate dehydrogenase gene.

[0071]

The lactate permease gene is preferably (fl) the 1lutP gene of
Geobacillus kaustophilus from the viewpoint of good efficiency of the
secretion of lactic acid by the lactic acid-utilizing enzyme gene-—
disrupted strain of the Hydrogenophilus bacterium.

The base sequence of the lutP gene of Geobacillus kaustophilus
is set forth in SEQ ID NO: 21.

[0072]

(f2) DNA that is formed of a base segquence having 90% or more,
especially 95% or more, especially 98% or more, especially 99% or
more identity to DNA formed of the base sequence set forth in SEQ ID
NO: 21, and that encodes a polypeptide having lactate permease
activity may also be preferably used.

(f3) DNA that hybridizes with DNA formed of a base sequence
complementary to SEQ ID NO: 21 under stringent conditions, and that
encodes a polypeptide having lactate permease activity may also be
preferably used.

[0073]

(f4) DNA encoding a polypeptide formed of an amino acid sequence
set forth in SEQ ID NO: 22 may also be preferably used. SEQ ID NO:
22 sets forth the amino acid sequence of the lactate permease (LutP)
of Geobacillus kaustophilus.

[0074]

(f5) DNA encoding a polypeptide that is formed of an amino acid

sequence having 90% or more, especially 95% or more, especially 98%

or more, especially 99% or more identity to SEQ ID NO: 22, and that
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has lactate permease activity may also be preferably used.

(f6) DNA encoding a polypeptide that is formed of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid segquence set forth in SEQ ID NO: 22, and
that has lactate permease activity may also be preferably used.
[0075]

In the present invention, the fact that a polypeptide to be
tested has lactate permease activity is verified by the fact that,
when DNA encoding the polypeptide to be tested is introduced into
Escherichia coli, followed by culture, the production amount of
lactic acid in the culture supernatant is increased as compared to
that of the host before the introduction. Escherichia coli is used
as the host because Escherichia coli has a lactate dehydrogenase gene
and produces lactic acid.

[0076]
(3-3) Method of producing transformant

Description is given of a method of obtaining a transformant,
including introducing a lactate dehydrogenase gene and/or a
malate/lactate dehydrogenase gene, and a lactate permease gene into
a wild strain or a lactic acid-utilizing enzyme gene-disrupted strain
of a Hydrogenophilus bacterium serving as a host.

[0077]

Plasmid vectors for introducing the above-described DNAs into
a host should contain a DNA which controls the autonomous replication
function within Hydrogenophilus bacteria, and examples include broad-
host-range vector pRK415 (GenBank: EF437940.1), pBHR1 (GenBank:
Y14439.1), pMMB67EH (ATCC 37622), pCAR1 (NCBI Reference Sequence:
NC 004444.1), pC194 (NCBI Reference Sequence: NC 002013.1),
pKl8mobsacB (GenBank: FJ437239.1), pUB110 (NCBI Reference Sedgquence:
NC 001384.1), and the like.

Examples of preferable promoters include tac promoter, lac
promoter, trc promoter, or each of promoters OXBl and OXB1l1l to 0XB20
from Oxford Genetics Ltd. Examples of preferable terminators include
the T1T2 terminator of Escherichia coli rRNA operon rrnB, the tO0
transcription terminator of bacteriophage A, T7 terminator, and the
like.

Transformation can be carried out by publicly known methods

such as calcium chloride method, calcium phosphate method, DEAE-
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dextran transfection method, and electric pulse method.
[0078]

Hydrogenophilus bacteria grow under autotrophic conditions.
However, since they can grow under heterotrophic conditions as
well, the culture medium which is used to culture a Hydrogenophilus
bacterium, a lactic acid-utilizing enzyme gene-disrupted strain of
the Hydrogenophilus bacterium or a Hydrogenophilus bacterium
transformant can either be an inorganic culture medium or an
organic culture medium. An organic culture medium comprising
sugar, organic acids, amino acid, and the like can be used.
However, the lactic acid-utilizing enzyme gene-disrupted strain
does not have lactic acid-utilizing capacity or has a reduced
lactic acid-utilizing capacity, therefore, it is desired that a
medium containing lactic acid as a sole carbon source is not used
for culturing the strain. The pH of the culture medium can be
adjusted to approximately 6.2 to 8.

In any of the cases, culture can be carried out while
supplying a mixture of gases containing hydrogen, oxygen, and
carbon dioxide, and preferably a mixture of gases consisting of
hydrogen, oxygen, and carbon dioxide. When using an organic
culture medium, a mixture of gases containing hydrogen, oxygen, and
carbon dioxide, for example air, can be used for aeration. When
carbon dioxide gas is not supplied, a culture medium containing a
carbonate as a carbon source can be used. Mixed gases can be
entrapped within or continuously supplied into an airtight culture
container, and can be dissolved into the culture medium by means of
shaking culture. Alternatively, the culture container can be an
airtight or open type, and mixed gases can be dissolved into the
culture medium by bubbling.

The volume ratio of hydrogen, oxygen, and carbon dioxide
within the supplied gas (hydrogen: oxygen: carbon dioxide) is
preferably 1.75 to 7.5:1:0.25 to 3, more preferably 5 to 7.5:1:1 to
2, and furthermore preferably 6.25 to 7.5:1:1.5. Hydrogenophilus
bacteria are thermophilic bacteria, and thus the culture
temperature is preferably 35 to 55°C, more preferably 37 to 52°C,
and even more preferably 50 to 52°C.

[0079] When the lactate dehydrogenase gene and/or the
malate/lactate dehydrogenase gene, and the lactate permease gene are
both introduced into the lactic acid-utilizing enzyme gene-disrupted

strain, the lactate permease gene may be introduced by cloning the
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lactate dehydrogenase gene and/or the malate/lactate dehydrogenase
gene, and the lactate permease gene into the same plasmid vector, or
may be introduced by being cloned into a different plasmid vector.
[0080] The lactate dehydrogenase gene, the malate/lactate
dehydrogenase gene, and tThe lactate permease gene may each be
incorporated onto the genome of the lactic acid-utilizing enzyme
gene-disrupted strain of the Hydrogenophilus bacterium by homologous
recombination or the like.

[0081]

(4) Method for producing lactic acid

When producing lactic using the transformant of a
Hydrogenophilus bacterium described above, the transformant can be
cultured using an inorganic or organic culture medium while
supplying a mixture of gases containing hydrogen, oxygen, and
carbon dioxide.

The supplied gas is preferably a mixture of gases consisting
of hydrogen, oxygen, and carbon dioxide. However, different kinds
of gases can be mixed within, to the extent that lactic acid can be
produced efficiently.

Hydrogenophilus bacteria can grow using hydrogen as a source
of energy and using carbon dioxide as a sole carbon source, and
thus, carbon dioxide can be fixed efficiently particularly by
producing the above-described compounds by using substantially only
carbon dioxide (in particular, by using only carbon dioxide) as a
carbon source. Therefore, using an inorganic culture medium that
does not contain carbon sources such as organic substances and
carbonates, namely, carrying out culture using substantially only
carbon dioxide (in particular, using only carbon dioxide) as a
carbon source is preferable. “Using substantially only carbon
dioxide as a carbon source” encompasses cases in which an
unavoidable amount of other carbon sources is mixed within.
Furthermore, a culture medium containing organic substances such as
sugar, organic acids, and amino acids, as well as carbonates, can
also be used without supplying carbon dioxide.

The pH of the culture medium is preferably 6.2 to 8, more
preferably 6.4 to 7.4, and furthermore preferably 6.6 to 7. When
the pH is within this range, bacteria grow well and mixed gas

dissolves well into the culture medium, and lactic acid can be
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produced efficiently.
[0082]

When batch culture is utilized, mixed gases can be entrapped
within an airtight culture container and static culture or shaking
culture can be carried out. When continuous culture is utilized,
mixed gases can be continuously supplied into an airtight culture
container and shaking culture can be carried out, or the
recombinant can be cultured using an airtight culture container
while introducing mixed gases into the culture medium by bubbling.
Shaking culture is preferable in that better dissclution of mixed
gases into the culture medium can be achieved.

The volume ratio of hydrogen, oxygen, and carbon dioxide
(hydrogen: oxygen: carbon dioxide) in the supplied gas mixture is
preferably 1.75 to 7.5:1:0.25 to 3, more preferably 5 to 7.5:1:1 to
2, and even more preferably 6.25 to 7.5:1:1.5. When the volume
ratio is within this range, bacteria grow well, and the target
compound can be produced efficiently.

The supply rate of mixed gases or raw material gases can be
10.5 to 60 L/hour, in particular 10.5 to 40 L/hour, in particular
10.5 to 21 L/hour, per 1 L of culture medium. When the supply rate
is within this range, transformants grow well and the target
compound can be produced efficiently, and the amount of wasted
mixed gases can be reduced.

The culture temperature is preferably 35 to 55°C, more
preferably 37 to 52°C, and even more preferably 50 to 52°C. When
the temperature is within this range, transformants grow well, and
lactic acid can be produced efficiently.

[0083]

The target compound lactic acid is produced in the reaction
solution by culturing in the above-described manner. Collecting
the reaction solution will enable the recovery of lactic acid,
however, lactic acid can furthermore be separated from the reaction
solution by following publicly known methods. Such publicly known
methods include precipitation method, fractioconal distillation and

electrodialysis.

Examples
[0084]

29

Date Recue/Date Received 2022-01-21



CA 03148422 2022-01-21

The present invention will next be described in further
detail with reference to examples, but the present invention is not
limited to them.

(1) Acquisition of Streptomycin-resistant Strain

A Hydrogenophilus thermoluteolus TH-1 strain (NBRC 14978)

(hereinafter sometimes referred to as "TH-1 strain") was inoculated

into a test tube having placed therein 5 mL of A-ligquid medium [having
3.0 g of (NH4)2804, 1.0 g of KH2PO4, 2.0 g of KyHPO4, 0.25 g of NaCl,

0.014 g of FeSO4-7H20, 0.5 g of MgSO4*7H20, 0.03 g of CaClz, 4.0 mg of
MoOsz, 28 mg of ZnSOs4-7H»20, 2.0 mg of CuSO0O4+-5H»0, 4.0 mg of H3BO3, 4.0
mg of MnSO4°5H20, and 4.0 mg of CoCl,*6H20 dissolved in 1 L of distilled
water (pH 7.0)] using a platinum loop, the test tube was filled with
a mixed gas of H2:02:C02=7.5:1:1.5, and shaking culture was performed
at 50°C. The culture liquid after 24 hours was applied to A-solid
medium containing 500 ug/mL of streptomycin [having 3.0 g of (NH4) 2504,

1.0 g of KH2PO4, 2.0 g of KoHPO4, 0.25 g of NaCl, 0.014 g of FeSOs-7H20,

0.5 g of MgSQO4+7H20, 0.03 g of CaCl,, 4.0 mg of MoOsz, 28 mg of ZnS0O4- 7H20,
2.0 mg of CuS0O4'5H20, 4.0 mg of Hs3BO3, 4.0 mg of MnSO4°-5H20, 4.0 mg of
CoCl,-6H20, and 15 g of agar dissolved in 1 L of distilled water (pH
7.0)1, and culture was performed in a chamber filled with a mixed gas
of Hy:02:C02,=7.5:1:1.5 at 50°C for 60 hours.

As a result, the formation of three colonies was able to be
recognized on the A-solid medium containing 500 pg/mL of streptomycin.
Those grown strains were streptomycin-resistant strains of the TH-1
strain, and one of the strains was named NOC269 strain.

[0085]
(2) Construction of Marker Cassette

(2-1) Preparation of Counterselection Marker

Genomic DNA was extracted from the wild strain (streptomycin-
sensitive strain) of the TH-1 strain in accordance with a conventional
method. Through use of the extracted genomic DNA as a template, a
DNA fragment containing a rpslL gene, which was a streptomycin
sensitivity gene, encoding ribosomal protein S12, was amplified by a
PCR method. The following primers were used for the PCR. The PCR
was performed by a conventional method using "DNA Thermal Cycler”
manufactured by Life Technologies Corporation and using KOD FX Neo
(manufactured by Toyobo Co., Ltd.) as a reaction reagent.

[0086]

Primers for amplifying wild-type rpsL gene of TH-1 strain

(a—1) 5'-ATACGCGTCCTCCGATGCGTCGTAAGGGAAACGTC-3" (SEQ ID NO: 23)
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(b-1) 5'-ATAGTCGACTTATTTCTTGCCCGCAGCGGCGCCCG-3" (SEQ ID NO: 24)

The primer (a-1) has an Mlul restriction enzyme site added
thereto, and the primer (b-1) has a Sall restriction enzyme site
added thereto.

[0087]
(2-2) Preparation of Positive Selection Marker

Through use of DNA of a plasmid pJdR225 (GenBank: K01193) [Gene,
25, 179-188 (1983) ] containing a hygromycin resistance gene

(hereinafter sometimes referred to as "hph") sequence as a template,
a DNA fragment containing the hph gene was amplified by a PCR method.
The following primers were used for the PCR. The PCR was performed
by a conventional method using "DNA Thermal Cycler”™ manufactured by
Life Technologies Corporation and using KOD FX Neo (manufactured by
Toyobo Co., Ltd.) as a reaction reagent.

[0088]

Primers for amplifying hph gene
(a—2) b5'-ATACTCGAGGAGATGACGTTGGAGGGGCAAGGTCG-3'" (SEQ ID NO: 25)

(b-2) 5'-ATACGCGTCTATTCCTTTGCCCTCGGACGAGTGCT-3" (SEQ ID NO: 26)

The primer (a-2) has an Xhol restriction enzyme site added
thereto, and the primer (b-2) has an Mlul restriction enzyme site
added thereto.

[0089]

The reaction liquid produced by each PCR described above was
subjected to electrophoresis using 1% agarose gel. As a result, when
the genomic DNA of the TH-1 strain was used as a template, an about
0.5-kbp DNA fragment corresponding to the rpsL gene was detected, and
when the pJR225 plasmid DNA was used as a template, an about 1.0-kbp
DNA fragment corresponding to the hph gene was detected.

The thus prepared DNA fragment containing the rpsL gene and DNA
fragment containing the hph gene were cleaved with a restriction
enzyme Sall and a restriction enzyme XhoI, respectively, and were
mixed with an FEscherichia coli plasmid vector pUCl9 (GenBank:
M77789.2) that had been cleaved with a restriction enzyme Smal,
followed by ligation to each other using T4 DNA Ligase (manufactured
by Takara Bio Inc.).

Escherichia coli JM109 was transformed with the resultant
ligation solution by a calcium chloride method, and the transformant
was applied to LB agar medium containing 50 ug/mL of ampicillin and
50 pg/mL of hygromycin. The grown strain on the medium was subjected
to liquid culture by a conventional method, the plasmid DNA was
extracted from the culture liquid, and the plasmid was cleaved with
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a restriction enzyme Mlul. Thus, the inserted fragments were
identified. As a result, in addition to the about 2.7-kbp DNA
fragment of the pUCl9 wvector, an about 1.5-kbp DNA fragment
corresponding to the sequence of the rpsL gene and the hph gene linked
to each other was found.

The constructed plasmid containing a marker cassette in which
the rpslL gene and the hph gene were linked to each other was named
pUC—-Sms - Hm*.

[0090]
(3) Disruption of lactic acid-utilizing enzyme gene of host
(3-1) construction of DNA for disrupting HPTL 1695 gene
Through use of the genomic DNA of the wild strain of the TH-1

strain as a template, DNA fragments corresponding to 5’'-upstream and
3'-downstream regions of a region to be deleted of HPTL 1695 gene
were amplified by a PCR method. The following primers were used for
the PCR. The PCR was performed by a conventional method using "DNA
Thermal Cycler" manufactured by Life Technologies Corporation and
using KOD FX Neo (manufactured by Toyobo Co., Ltd.) as a reaction
reagent.
[0091]

Primers for amplifying the b5'-upstream region of a region to
be deleted of HPTL 1695 gene
(a—3) 5’ -CGCGAATTCATGGCTACCCAACCCCGCGTCGGTCT-3" (SEQ ID NO: 27)
(b-3) 5" -CGCACGCGTTGGAGTGCGGCTGGTCATCGGGTGAC-3" (SEQ ID NO: 28)

The primer (a-3) has an EcoRI restriction enzyme site added
thereto, and the primer (b-3) has an Mlul restriction enzyme site
added thereto.

Primers for amplifying the 3'-downstream region of a region to be
deleted of HPTL 1695 gene

(a—4) 5’ -GCACGCGTCTGCAGAACGGAGGCGAGCGATGAACG-3" (SEQ ID NO: 29)
(b—-4) 5" -CGCGCATGCTCAGGGGATCAAGAAGACGTGCACCC-3" (SEQ ID NO: 30)

The primer (a-4) has an Mlul restriction enzyme site added
thereto, and the primer (b-4) has an Sphl restriction enzyme site
added thereto.

[0092]

Each of the PCR reaction mixtures described above was subjected

to electrophoresis using 1% agarose gel. As a result, approximately

0.8-kbp DNA fragments corresponding to the upstream region and
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downstream region of the HPTL 1695 gene were respectively detected.
[0093]

The thus prepared DNA fragment of the upstream region of the
HPTL 1695 gene was cleaved with restriction enzymes EcoRI and MluI,
and the thus prepared DNA fragment of the downstream region of the
HPTL 1695 gene was cleaved with restriction enzymes MIlul and SphI.
The cleaved products were mixed with a pUCl9 vector that had been
cleaved with restriction enzymes EcoRI and SphI, followed by ligation
to each other using T4 DNA Ligase (manufactured by Takara Bio Inc.).

Escherichia coli JM109 was transformed with the resultant
ligation solution by the calcium chloride method, and the
transformant was applied to LB agar medium containing 50 ug/mL of
ampicillin. The grown strain on the medium was subjected to liquid
culture by a conventional method, the plasmid DNA was extracted from
the culture 1liquid, and the plasmid was cleaved with restriction
enzymes EcoRI and SphI. Thereafter, it was determined whether or not
the upstream and downstream regions had been successfully cloned. As
a result, 2.7-kbp and 1.6-kbp DNA fragments expected in the case of
successful cloning were identified.

In this plasmid, the 5’'-upstream region and 3'-downstream
region of the HPTL 1695 gene are linked to each other, and a DNA
fragment in a state in which a segment within the HPTL 1695 gene has
been deleted is cloned. The constructed plasmid containing the DNA
fragment in a state in which the HPTL 1695 gene had been deleted was
named pAHPTL 1695.

[0094]
(3-2) Construction of DNA for labeling HPTL 1695 gene

The pUC-Sm®-Hm* prepared in (2) above was cleaved with the
restriction enzyme Mlul, and subjected to electrophoresis using 1%
agarose gel. After that, an approximately 1.5-kbp DNA fragment of
the marker cassette in which the rpslL gene and the hph gene were
linked to each other was excised from the agarose gel, and the gel
was frozen and thawed. Thereafter, the DNA was recovered from the
gel.

The recovered DNA fragment of the marker cassette was mixed
with pAHPTL 1695 generated in (3-1), which had been cleaved with the
restriction enzyme MluI, followed by ligation to each other using T4

DNA Ligase (manufactured by Takara Bio Inc.).
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Escherichia coli JM109 was transformed with the resultant
ligation solution by the calcium chloride method, and the
transformant was transferred to LB agar medium containing 50 ug/mL
of ampicillin and 50 ug/mL of hygromycin. The strain grown on the
medium was subjected to liquid culture by a conventional method, the
plasmid DNA was extracted from culture liquid, and the plasmid was
cleaved with the restriction enzyme Mlul. Thus, the inserted
fragments were identified. As a result, 1in addition to the
approximately 4.3-kbp DNA fragment of the pAHPTL 1695 plasmid, an
approximately 1.5-kbp DNA fragment corresponding to the sequence of
the marker cassette was identified.

The constructed plasmid for labeling the HPTL 1695 gene was
named AHPTL 1695-Sms-Hm*.

[0095]
(3-3) Labeling of HPTL 1695 gene of streptomycin-resistant strain

(Positive selection)

The circular plasmid pAHPTL 1695-Sms-Hm* prepared in (3-2) was
linearized by being cleaved with restriction enzymes EcoRI and SphlI.
With the resultant linear pAHPTL 1695-Sms-Hm*, the NOC269 strain,
which was the streptomycin-resistant strain of the TH-1 strain, was
transformed by an electric pulse method (electroporation method).
The transformant was transferred to A-solid medium containing 100
ug/mL of hygromycin, and was cultured in a chamber filled with a
mixed gas of H»:0,:C0,=7.5:1:1.5 at 50°C for 60 hours.

Each of the grown strains on the A-solid medium was re-streaked
onto A-solid medium containing 100 ug/mL of hygromycin or 500 ug/mL
of streptomycin, and was cultured in a chamber filled with a mixed
gas of H:02:C0,=7.5:1:1.5 at 50°C for 60 hours.

Through use of a hygromycin-resistant and streptomycin-
sensitive strain obtained as a result of the foregoing as a template,
a DNA region containing the HPTL 1695 gene was amplified by a colony
PCR method. The following primers were used for the PCR. The
combination of the primers (a-5) and (b-5) is the combination of the
primers (a-3) and (b—-4) used in (3-1), and amplifies an approximately
2.9-kbp DNA region containing the HPTL 1695 gene through PCR using
the genomic DNA of the wild-type TH-1 strain as a template. The PCR
was performed by a conventional method using "DNA Thermal Cycler”

manufactured by Life Technologies Corporation and using TaKaRa Ex Tag
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(manufactured by Takara Bio Inc.) as a reaction reagent.

Primers for amplifying the region containing HPTL 1695 gene
(a—5) 5’ -CGCGAATTCATGGCTACCCAACCCCGCGTCGGTCT-3’ (SEQ ID NO: 31)
(b-5) 5’ -CGCGCATGCTCAGGGGATCAAGAAGACGTGCACCC-3’ (SEQ ID NO: 32)

The resultant reaction mixture was subjected to electrophoresis
using 1% agarose gel. As a result, an approximately 3.1-kbp DNA
fragment corresponding to a sequence having the marker cassette
inserted into the HPTL 1695 gene was detected. 1In this strain, the
marker cassette was inserted into the HPTL 1695 gene. That is, the
strain in which the HPTL 1695 gene was labeled with the marker was
obtained.

[0096]
(3-4) Disruption of HPTL 1695 gene (counterselection)

The circular plasmid pAHPTL 1695 prepared in (3-1) was
linearized by cleaving with restriction enzymes EcoRI and SphI. The
HPTL 1695 gene-labeled strain obtained in (3-3), was transformed with
the resultant linear pAHPTL 1695 by an electric pulse method
(electroporation method). The transformant was transferred to A-
solid medium containing 500 pg/mL of streptomycin, and was cultured
in a chamber filled with a mixed gas of Hz:02,:C0,=7.5:1:1.5 at 50°C
for 60 hours.

Each of the grown strains on the A-solid medium was restreaked
onto A-solid medium containing 100 ug/mL of hygromycin or 500 ug/mL
of streptomycin, and was cultured in a chamber filled with a mixed
gas of H:02:C0,=7.5:1:1.5 at 50°C for 60 hours.

Through use of the hygromycin-sensitive and streptomycin-
resistant strain obtained as a result of the foregoing as a template,
a DNA region containing the HPTL 1695 gene was amplified by colony
PCR method. The colony PCR was performed by the same method as in
(3-3).

The resultant reaction mixture was subjected to electrophoresis
using 1% agarose gel. As a result, an approximately 1.6-kbp DNA
fragment to be amplified in the case where the HPTL 1695 gene was
substituted with the DNA fragment in a state in which a segment within
the HPTL 1695 gene had been deleted of (3-1) was detected. That is,
the segment within the HPTL 1695 gene has been deleted, and hence the
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HPTL 1695 gene has been disrupted. The strain in which the HPTL 1695
gene was disrupted was named NOC373 strain.
[0097]

In the NOC373 strain, a region of base Nos. 19 to 1410 of the
base sequence (SEQ ID NO: 3) of the HPTL 1695 gene of the TH-1 strain
is substituted with ACGCGTCTGCAG (SEQ ID NO: 33). This corresponds
to a substitution of a region of amino acid Nos. 7 to 470 of the
amino acid sequence (SEQ ID NO: 4) of the polypeptide encoded by the
HPTL 1695 gene of the TH-1 strain with TRLQ (SEQ ID NO: 34).

[0098]
(3-5) Determination of lactic acid-utilizing property of NOC373

strain

In the NOC373 strain, the HPTL 1695 gene is disrupted. Whether
or not the NOC373 strain, in which the HPTL 1695 gene was disrupted,
had lost a lactic acid-utilizing property was determined as described
below.

Each of the NOC373 strain and the NOC269 strain serving as the
parental strain of the NOC373 strain was streaked onto A-solid medium
containing 30 mM sodium lactate as a sole carbon source, and was
cultured at 50°C for 60 hours. As a result, it was recognized that
the NOC269 strain serving as the parental strain grew on the A-solid
medium containing 30 mM sodium lactate, but the NOC373 strain, in
which the HPTL 1695 gene was disrupted, did not grow at all. That
is, the NOC373 strain lost its original lactic acid-utilizing ability
through the disruption of the HPTL 1695 gene. Accordingly, it was
confirmed that the HPTL 1695 gene was authentically a lactic acid-
utilizing enzyme gene.

[0099]

(4) Introduction of lactate dehydrogenase gene *malate/lactate

dehydrogenase gene

(4-1) Construction of a plasmid vector

The method for constructing a plasmid vector that was
commonly used to introduce genes for conferring lactic acid
producing ability is described below.

First, a broad-host-range vector pRK415 (GenBank:
EF437940.1) (Gene, 70, 191-197 (1998)) was used as a template and
PCR was performed. In order to amplify the DNA fragment of the

plasmid region excluding a tetracycline gene region, a primer pair
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described below was synthesized and used. PCR was performed
according to a conventional method using “DNA thermal cycler”
manufactured by Life Technologies Inc., and using KOD FX Neo

(manufactured by Toyobo Co., Ltd.) as a reaction reagent.

Primers for the amplification of pRK415 plasmid sedquence

(a—06) 5’ -CGTGGCCAACTAGGCCCAGCCAGATACTCCCGATC-3’" (SEQ ID NO: 35)
(b-06) 5’ -TGAGGCCTCATTGGCCGGAGCGCAACCCACTCACT-3’" (SEQ ID NO: 36)

A Sfil restriction site has been added to primers (a-6) and (b-6).
[0100]

Plasmid pKl8mobsacB (GenBank: FJ437239.1) (Gene, 145, 69-73
(1994)), which contains a neomycin/kanamycin resistance gene
(hereinafter, the gene may be referred to as “nptIl”), was used as
a template and PCR was performed according to a conventional
method. In the PCR, a primer pair described below was synthesized
and used in order to amplify the DNA fragment containing the nptIT
gene sequence. PCR was performed according to a conventional
method using “DNA thermal cycler” manufactured by Life Technologies
Inc., and using KOD FX Neo (manufactured by Toyobo Co., Ltd.) as a

reaction reagent.

Primers for the amplification of nptII gene sedquence

(a=7) 5'-ctgGGCCTAGTTGGCCacgtagaaagccagtcececge—-3’ (SEQ ID NO: 37)
(b=7) 5’ -tccGGCCAATGAGGCCtcagaagaactcgtcaaga—-3’ (SEQ ID NO: 38)

A Sfil restriction site has been added to primers (a-7) and (b-7).
[0101]

The reaction solutions that were produced by each of the
above-described PCR were subjected to electrophoresis using a 1%
agarose gel, and as a result, a DNA fragment of approximately 8.7-
kb was detected when pRK415 plasmid was used as a template, and a
DNA fragment of approximately 1.1-kb was detected when nptII gene
was used as a template.

Thus prepared DNA fragments were each cleaved by restriction
enzyme Sfil, and reacted with a T4 DNA Ligase (manufactured by
Takara Bio Inc.) to obtain a ligation solution. The obtained
ligation solution was used to transform Escherichia coli JM109 by
calcium chloride method (Journal of Molecular Riology, 53, 159-162

(1970)), and the transformants were applied onto LB agar media
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containing 50 ug/mL kanamycin. Viable strains on the culture media
were cultured in a liquid culture medium by a conventional method,
and plasmid DNA was extracted from the obtained culture solution.
This plasmid DNA was cleaved by using restriction enzyme Sfil, and
the inserted fragment was confirmed. As a result, a DNA fragment
of the nptII gene sequence which was approximately 1.1-kb was
observed in addition to DNA fragments of approximately 2.0-kb, 3.0-
kb and 3.7-kb, which were derived from the pRK415 plasmid.

The constructed plasmid was named pCYKO1.
[0102]

(4-2) Construction of cloning vector used for gene expression

(4-2-1) Preparation of DNA fragment of A t0 terminator sequence

A primer pair described below was synthesized and used in
PCR in order to prepare a DNA having A t0 terminator sequence. PCR
was performed using “DNA thermal cycler” manufactured by Life
Technologies Inc., and using KOD FX Neo (manufactured by Toyobo
Co., Ltd.) as a reaction reagent. No template DNA was included
since extension was carried out using each primer as the other’s

template.

Primers for the preparation of A t0 terminator sequence

(a—-8) 5'-
GCATTAATccttggactcctgttgatagatccagtaatgacctcagaactccatectggatttgttcea
gaacgctcggttgccg -3’ (SEQ ID NO: 39)

(b-8) 5’"-
caccgtgcagtcgatgGATctggattctcaccaataaaaaacgcececggeggcaaccgagegttetga
acaaatccagatggag -3’ (SEQ ID NO: 40)

The base sequences of the 3’ ends of primers (a-8) and (b-8) are

complementary to each other.

The produced reaction solution was subjected to
electrophoresis using a 1% agarose gel, and as a result, a DNA
fragment of approximately 0.13-kb, which corresponds to the A tO
terminator sequence, was detected.

[0103]

(4-2-2) Preparation of a DNA fragment of tac promoter seguence

PCR was performed using plasmid pMAL-cb5X (manufactured by

New England Biolabs Inc.) containing a tac promoter, as a template.
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In the PCR, a primer pair described below was synthesized and used
in order to amplify tac promoter sequence. PCR was performed
according to a conventional method using “DNA thermal cycler”
manufactured by Life Technologies Inc., and using KOD FX Neo

(manufactured by Toyobo Co., Ltd.) as a reaction reagent.

Primers for the amplification of tac promoter seguence
(a—9) 5’ -TTATTGGTGAGAATCCAGATCCATCGACTGCACGGTGCACCAATGCTTCT-3" (SEQ
ID NO: 41)

(b-9) b5'-
gcaagcttggagtgatcatcgtATGCATATGCGTTTCTCCTCCAGATCCectgtttectgtgtgaaat
tgt

=37 (SEQ ID NO: 42)

The produced reaction solution was subjected to
electrophoresis using a 1% agarose gel, and as a result, a DNA
fragment of approximately 0.3-kb, which corresponds to tac promoter
sequence, was detected.

[0104]

(4-2-3) Introduction of A t0 terminator and tac promoter sequences

The DNA fragments that were prepared in the above-described
(4-2-1) and (4-2-2) were cut out from the agarose gel, and DNA was
recovered from the gel by freezing and melting the gel. The
recovered DNA fragments corresponding to A t0 terminator sequence
and the tac promoter sequence were mixed and used as templates, and
overlap extension PCR was performed. In the overlap extension PCR,
a combination of the above-described primers (a-8) and (b-9) was
used in order to prepare a DNA in which the tac promoter is linked
downstream of At0 terminator. The base sequences of the 5’ ends of
the primers (b-8) and (a-9), which were used in amplifying the
template DNA fragments, are complementary with each other. PshBI
and HindIII restriction sites have been added to primers (a-8) and
(b—-9), respectively.

The produced reaction solution was subjected to
electrophoresis using a 1% agarose gel, and as a result, a DNA
fragment of approximately 0.4-kb, which corresponds to the DNA in
which the tac promoter is linked downstream of A t0 terminator, was
detected.
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[0105]

The approximately 0.4-kb DNA fragment that was amplified by
PCR, in which the tac promoter is linked downstream of the A tO
terminator, and the above-mentioned approximately 9.8-kb DNA
fragment of cloning vector pCYKO0l, were cleaved by the restriction
enzymes PshBI and HindIII. The cleaved DNA fragments were linked
to each other using a T4 DNA Ligase (manufactured by Takara Bio

Inc.).

The obtained ligation solution was used to transform
Escherichia coli JM109 by calcium chloride method, and the
transformants were applied onto LB agar media containing 50 ug/mL
kanamycin. Viable strains on the culture media were cultured in a
liquid culture medium by a conventional method, and plasmid DNA was
extracted from the obtained culture solution. This plasmid DNA was
cleaved by using restriction enzymes PshBI and HindIII, and the
inserted fragment was confirmed. As a result, a DNA fragment of
approximately 0.4-kb, in which tac promoter is linked downstream of
A t0 terminator, was observed in addition to a DNA fragment of
approximately 9.6-kb from plasmid pCYKO1.

[0106]

(4-2-4) Introduction of rrnB T1T2 bidirectional terminator

(hereinafter, may be referred to as “rrnB terminator”)

PCR was performed using plasmid pMAL-cbX (manufactured by
New England Biolabs Inc.) containing rrnB terminator sequence as a
template. 1In the PCR, a primer pair described below was
synthesized and used in order to amplify rrnB terminator sequence.
PCR was performed according to a conventional method using “DNA
thermal cycler” manufactured by Life Technologies Inc., and using
KOD FX Neo (manufactured by Toyocbo Co., Ltd.) as a reaction

reagent.

Primers for the amplification of rrnBR terminator sedquence

(a—10) b5'-ctcgaattcactggccgtcgttttacaacgtcgtg—-3’ (SEQ ID NO: 43)
(b—-10) 5" -CGCAATTGAGTTTGTAGAAACGCAAAAAGGCCATC-3’ (SEQ ID NO: 44)
EcoRI and MunI restriction sites have been added to primers (a-10)

and (b-10), respectively.
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The produced reaction solution was subjected to
electrophoresis using a 1% agarose gel, and as a result, a DNA
fragment of approximately 0.6-kb, which corresponds to rrnB
terminator sequence, was detected.

[0107]

The approximately 0.6-kb DNA fragment containing rrnB
terminator sequence, which was amplified by the above-described
PCR, was cleaved by restriction enzymes EcoRI and MunI, and the
approximately 10.0-kb DNA fragment of the plasmid that was
constructed in the above-described (4-2-3) was cleaved using
restriction enzyme EcoRI. The cleaved DNA fragments were linked to

each other using a T4 DNA Ligase (manufactured by Takara Bio Inc.).

The obtained ligation solution was used to transform
Escherichia coli JM109 by calcium chloride method, and the obtained
transformants were applied onto LB agar media containing 50 ug/mL
kanamycin. Viable strains on the culture media were cultured in a
liquid culture medium by a conventional method, and plasmid DNA was
extracted from the obtained culture solution. This plasmid was
cleaved by using restriction enzymes EcoRI and MunI, and the
inserted fragment was confirmed. As a result, a DNA fragment of
approximately 0.6-kb which corresponds to rrnB terminator sequence
was observed in addition to a DNA fragment of approximately 10.0-kb
from the above-described plasmid of (4-2-3).

The constructed cloning vector for gene expression was named
pCYK21.

[0108]

(4-3) Introduction of lactate dehydrogenase gene *malate/lactate

dehydrogenase gene

(4-3-1) Cloning of lactate dehydrogenase gene

Genomic DNAs were extracted from Parageocobacillus
thermoglucosidasius NBRC 107763, Geobacillus kaustophilus NBRC
102445, and Meiothermus ruber NBRC 106122 according to a
conventional method. Genomic DNA of Thermus thermophilus HBS8
strain (ATCC 27634) was purchased from Takara Bio Inc.

[0109]
The four genomic DNAs described above were each used as

templates to amplify a DNA fragment containing lactate
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dehydrogenase 1ldh gene of each of Parageobacillus
thermoglucosidasius, Geobacillus kaustophilus and Thermus
thermophilus and a DNA fragment containing malate/lactate
dehydrogenase mldh gene of each of Thermus thermophilus and
Meiothermus ruber, respectively, by PCR method. The following
primers were used for PCR. PCR was performed according to a
conventional method using “DNA thermal cycler” manufactured by Life
Technologies Inc., and using KOD FX Neo (manufactured by Toyobo
Co., Ltd.) as a reaction reagent.

[0110]

Primers for the amplification of Parageobacillus
thermoglucosidasius 1dh gene

(a—11) 5" -TTACATATGAAACAACAAGGCATGAATCGAGTAGC-3’ (SEQ ID NO: 45)
(b-11) 5" -TTAGAATTCTTATTTTACATCATCAAAATAACGGG-3’ (SEQ ID NO: 46)
An NdelI restriction site has been added to primer (a-11), and an

EcoRI restriction site has been added to primer (b-11).

Primers for the amplification of Geobacillus kaustophilus ldh gene
(a—=12) 5" -TTACATATGAAAAACGGGAGAGGAAATCGGGTAGC-3" (SEQ ID NO: 47)
(b-12) 5" -TTAGAATTCTTACTGAGCAAAATAGCGCGCCAATA-3’ (SEQ ID NO: 48)
An NdelI restriction site has been added to primer (a-12), and an

EcoRI restriction site has been added to primer (b-12).

Primers for the amplification of Thermus thermophilus ldh gene

(a—13) 5" -TTACATATGAAGGTCGGCATCGTGGGAAGCGGCAT-3" (SEQ ID NO: 49)
(b-13) 5" -TTAGAATTCCTAAAACCCCAGGGCGAAGGCCGCCT-3" (SEQ ID NO: 50)
An NdelI restriction site has been added to primer (a-13), and an

EcoRI restriction site has been added to primer (b-13).

Primers for the amplification of Thermus thermophilus mldh gene

(a—14) 5" -TTACATATGAGGTGGCGGGCGGACTTCCTCTCGGC-3" (SEQ ID NO: 51)
(b-14) 5" -TTAGAATTCTCAAGCATCGTCCCTCCAAGGCACGC-3’ (SEQ ID NO: 52)
An NdelI restriction site has been added to primer (a-14), and an

EcoRI restriction site has been added to primer (b-14).
Primers for the amplification of Meiothermus ruber mldh-1 gene

(a—15) 5" -TTACATATGCAAGGCATTCCTGTGCAACAACTGCG-3" (SEQ ID NO: 53)
(b-15) 5’ -TTAGAATTCTTAAAGGCCCACCGCTTTAGCGGCCT-3’" (SEQ ID NO: 54)
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An NdelI restriction site has been added to primer (a-15), and an

EcoRI restriction site has been added to primer (b-15).

Primers for the amplification of Meiothermus ruber mldh-2 gene
(a—18) 5" -TTACATATGAGGGTTCCTTATCCCGTACTCAAGCA-3’ (SEQ ID NO: 5b)
(b-18) 5" -TTTGAATTCTCATCTTGTCCCTCCTCCTTGTAGAT-3’ (SEQ ID NO: 56)
An NdelI restriction site has been added to primer (a-18), and an
EcoRI restriction site has been added to primer (b-18).

[0111]

The produced reaction solutions were subjected to
electrophoresis using a 1% agarose gel, and DNA fragments of
approximately 1.0-kb were detected with regard to each of
Parageobacillus thermoglucosidasius 1dh gene, Geobacillus
kaustophilus 1dh gene, Thermus thermophilus 1dh gene, Thermus
thermophilus mldh gene, and Meiothermus ruber mldh-1 gene and mildh-
2 gene.

[0112]

The approximately 1.0-kb DNA fragments containing each of
Parageobacillus thermoglucosidasius 1dh gene, Geobacillus
kaustophilus 1dh gene, Thermus thermophilus 1dh gene, Thermus
thermophilus mldh gene, and Meiothermus ruber mldh-1 gene and mildh-
2 gene, that were amplified by the above-described PCR, were
cleaved by using restriction enzymes Ndel and EcoRI. The above-
mentioned approximately 10.6-kb DNA fragment of cloning vector
pPCYK21 was also cleaved by using restriction enzymes Ndel and
EcoRI. Each of the cleaved 1.0-kb DNA fragments and the 10.6-kb
DNA fragment were linked to each other using a T4 DNA Ligase
(manufactured by Takara Bio Inc.).

[0113]

The obtained ligation solutions were used to transform
Hydrogenophilus thermoluteolus strain TH-1 (NBRC 14978) by electric
pulse method, and the obtained transformants were applied onto A-
solid medium containing kanamycin at 50 ug/ml, and incubated at
50°C for 60 hours in a chamber that was filled with a mixed gas of
Ho:02:C0O2=7.5:1:1.5.

Each of the viable strains on the A-solid medium was
inoculated using a platinum loop into a test tube containing 5 ml

of A-liquid medium containing kanamycin at 50 ug/ml. The test
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tubes were filled with a mixed gas of H2:02:C0,=7.5:1:1.5, and
subjected to shaking culture at 50°C, and plasmid DNAs were
extracted from the culture solution. The plasmids, which comprise
Parageobacillus thermoglucosidasius 1dh gene, Geobacillus
kaustophilus 1dh gene, Thermus thermophilus 1dh gene, Thermus
thermophilus mldh gene, and Meiothermus ruber mldh-1 gene and mildh-
2 gene, respectively, were cleaved using restriction enzymes Ndel
and EcoRI, and the inserted fragments were confirmed. As a result,
fragments of approximately 1.0-kb in length which were each
inserted fragment of Parageobacillus thermoglucosidasius 1dh gene,
Geobacillus kaustophilus 1dh gene, Thermus thermophilus 1dh gene,
Thermus thermophilus mldh gene, and Meiothermus ruber mldh-1 gene
and mldh-2 gene, in addition to an approximately 10.6-kb DNA
fragment of plasmid pCYKZ21l were observed.

[0114]

The plasmid containing Parageobacillus thermoglucosidasius
1dh gene was named as pC-Pth-1dh, the plasmid containing
Geobacillus kaustophilus 1dh gene was named as pC-Gka-1dh, the
plasmid containing Thermus thermophilus 1dh gene was named as pC-
Tth-1dh, the plasmid containing Thermus thermophilus mldh gene was
named as pC-Tth-mldh, the plasmid containing Meiothermus ruber
mldh-1 gene was named as pC-Mru-mldh-1, and the plasmid containing
Meiothermus ruber mldh-2 gene was named as pC-Mru-mldh-2.

[0115]

(4-3-2) Confirmation of expression of lactate dehydrogenase gene *

lactate/malate dehydrogenase gene in Hydrogenophilus thermoluteolus

strain

FEach lactate dehydrogenase gene or malate/lactate
dehydrogenase gene-introduced strain that was obtained as described
above, was inoculated using a platinum loop into a test tube
containing 5 ml of A-liguid medium containing kanamycin at 50
ug/ml. The test tubes were filled with a mixed gas of
Hy:02:C02,=7.5:1:1.5, and subjected to shaking culture at 50°C for 20
hours.

Bacterial cells thus cultured and proliferated were
collected by centrifugation (4°C, 15,000 rpm, 1 minute). The
bacterial cells were disrupted by sonication, and subsequently

centrifuged (4°C, 15,000 rpm, 5 minutes) to obtain a cell

44

Date Recue/Date Received 2022-01-21



CA 03148422 2022-01-21

disruption supernatant. The cell disruption supernatant was used
as a crude enzyme solution to measure lactate dehydrogenase
activity by the following method. Crude enzyme solution, 50 mM
sodium acetate (pH 5.0), 0.5mM NADH, 0.2 mM fructose 1,6-
bisphosphate and 5 mM sodium pyruvate were mixed, reacted at 50°C,
and decrease in absorbance at 340nm coming from NADH was traced,
and the initial rate of reaction was analyzed. Specific activity
was calculated from the initial rate of reaction and protein
concentration. The enzyme level for producing 1 umol of lactic
acid per minute was defined as 1 U (Unit).

[0116]

As a result, lactate dehydrogenase activity was detected in
each of strain LDHO3 into which Parageobacillus thermoglucosidasius
1dh gene was introduced, strain LDHO4 into which Geobacillus
kaustophilus 1ldh gene was introduced, strain LDHO5 into which
Thermus thermophilus ldh gene was introduced, strain MLDHO1l into
which Thermus thermophilus mldh gene was introduced, strain MLDHO2
into which Meiothermus ruber mldh-1 gene was introduced, and strain
MLDHO3 into which Meiothermus ruber mldh-2 gene was introduced.
[0117]

[Table 1]
Lactate dehydrogenase activities of Hydrogenophilus thermoluteolus
strains which are obtained by introducing 1ldh or mldh gene

Strain | Plasmid Introduced gene Lactate
dehydrogenase
activity
(U/mg-protein)

LDHO3 pC-Pth-1dh 1dh (Parageobacillus 0.55

thermoglucosidasius)

LDHO4 pC-Gka-1dh 1dh 0.14

(Geobacillus
kaustophilus)

LDHO5 pC-Tth-1dh 1dh (Thermus 1.21

thermophilus)

MLDHO1l | pC-Tth-mldh mldh 0.044

(Thermus thermophilus)
MLDHOZ2 | pC-Mru-mldhl |mldh-1 (Meiothermus 0.24
ruber)
MLDHO3 | pC-Mru-mldh2 |mldh-2 (Meiothermus 0.021
ruber)
pCYK21 | pCYK21 None ND (Undetectable)
/TH-1

The host of the transformants in Table 1 is not a lactic acid-
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utilizing enzyme Jgene-disrupted strain, but the Hydrogenophilus
thermcluteclus TH-1 strain, which is the wild type strain. However,
it was revealed that each of the above-mentioned 1dh genes and mldh
genes functioned in Hydrogenophilus thermoluteolus to enable the
expression of enzymatic activity.

[0118]

(4-3-3) Introduction of lactate dehydrogenase dene *malate/lactate

dehydrogenase gene into lactic acid-utilizing enzyme gene-disrupted

strain of Hydrogenophilus bacterium

From Hydrogenophilus thermoluteolus LDHO5 (having wild-type
HPTL 1695) having the pC-Tth-ldh plasmid containing the lactate
dehydrogenase gene (1dh) of Thermus thermophilus, and Hydrogenophilus
thermoluteolus MLDHO2 (having wild-type HPTL 1695) having the pC-Mru-
mldhl plasmid containing the malate/lactate dehydrogenase gene (mldh-
1) of Meiothermus ruber, the respective plasmids were extracted by a
conventional method, and the NOC373 strain (HPTL 1695 gene-disrupted
strain) was transformed with each of the plasmids by an electric
pulse method (electroporation method). The transformant was
transferred to A-solid medium containing 50 ug/mL of kanamycin, and
was cultured 1in a chamber filled with a mixed (gas of
Hr:0,:C0,=7.5:1:1.5 at 50°C for 60 hours.

Each of the grown strains on the A-solid medium was inoculated
into a test tube having placed therein 5 mL of A-ligquid medium
containing 50 ung/mL of kanamycin using a platinum loop, the test tube
was filled with a mixed gas of H2:02:C0,=7.5:1:1.5, and shaking culture
was performed at 50°C, followed by the extraction of plasmid DNA from
the culture liquid. Each of the plasmids respectively containing the
1dh gene of Thermus thermophilus and the mldh-1 gene of Meiothermus
ruber was cleaved with restriction enzymes NdeI and EcoRI. Thus, the
inserted fragments were identified. As a result, in addition to the
approximately 10.6-kb DNA fragment of the plasmid pCYK21l, an inserted
fragment having a length of approximately 1.0-kb corresponding to
each of the 1dh gene of Thermus thermophilus and the mldh-1 gene of
Meiothermus ruber was identified. The resultant strains were named

as shown in Table 2.
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[0119]

Table 2
Bacteria | Host Plasmid Introduced gene
1 strain
LDHO5 Wild type strain pC-Tth-1dh | 1dh (Thermus
thermophilus)
LACO1 NOC373 strain pC-Tth-1dh | 1dh (Thermus
(HPTL 1695 gene- thermophilus)
disrupted strain)
MLDHO2 Wild type strain pC-Mru- mldh-1 (Meiothermus
mldhl ruber)
LACO2 NOC373 strain pC-Mru- mldh-1 (Meiothermus
(HPTL 1695 gene- mldhl ruber)
disrupted strain)
[0120]

(4-3-4) Lactic acid production

Each of the bacterial strains in Table 2 was inoculated into
A-liguid medium containing 50 ug/ml of kanamycin using a platinum
loop, and was subjected to shaking culture at 50°C for 24 hours with
a mixed gas of H»:02:C02,=7.5:1:1.5 being supplied along with the
culture.

After the culture, lactic acid in the culture supernatant
obtained by centrifugation (4°C, 15,000 rpm, 5 minutes) was
gquantified using F-Kit L-Lactic Acid (Roche).

As shown in Table 3, the LACOl strain and the LAC02 strain, in
each of which the HPTL 1695 gene was disrupted, showed marked
increases 1in amount of lactic acid in the medium supernatant as
compared to the corresponding LDHO5 strain and MLDHOZ2 strain,

respectively.

47

Date Recue/Date Received 2022-01-21



CA 03148422 2022-01-21

Table 3

Bacteria | Host Plasmid Introduced Relative
1 strain gene value of
lactic acid
concentration
in medium
supernatant
LDHO5 Wild type pC-Tth-1dh | 1dh 1
strain (Thermus
thermophilu
s)
LACO1 NOC373 strain pC-Tth-1dh | 1dh 103
(HPTL 1695 (Thermus
gene—-disrupted thermophilu
strain) s)
MLDHO2 Wild type pC-Mru- mldh-1 0.2
strain mldhl (Meiothermu
S ruber)
LACOZ NOC373 strain pC-Mru- mldh-1 29
(HPTL 1695 mldhl (Meiothermu
gene—-disrupted s ruber)
strain)
[0121]

The host of the LDHO05

Hydrogenophilus thermoluteolus TH-1 strain,

and the MLDHO2 strain is the
whereas the host of the

LACOl strain and the LAC02 strain is the NOC373 strain obtained by

strain

disrupting the HPTL 1695 gene in the streptomycin-resistant strain
NOC269 strain of the Hydrogenophilus thermoluteolus TH-1 strain.

The amount of lactic acid in the medium supernatant of a
the
transformant being prepared by introducing the 1ldh gene of Thermus
thermophilus to the NOC269 strain

transformant was nearly the same as that of the LDHO5 strain,

(streptomycin-resistant strain)
The
amount of lactic acid in the medium supernatant of a transformant was
nearly the same as that of the MLDHO2 strain,

which is the parental strain of the NOC373 strain, as a host.
the transformant being
prepared by introducing the mldh-1 gene of Meiothermus ruber to the
NOC269 strain

(streptomycin-resistant strain) which is the parental
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strain of the NOC373 strain, as a host. It was shown that the trait
of streptomycin resistance does not affect the lactic acid-producing
ability.

[0122]

(5) Introduction of lactate permease gene

In order to further promote the secretion of lactic acid
produced in cells to the medium supernatant, a lactate permease gene
was co-expressed.

[0123]

(5-1) Cloning of lactate permease gene

Through use of the genomic DNA of Geobacillus kaustophilus as
a template, the lactate permease gene of Geobacillus kaustophilus was
amplified by a PCR method. The following primers were used for the
PCR. The PCR was performed by a conventional method using "DNA
Thermal Cycler" manufactured by Life Technologies Corporation and
using KOD FX Neo (manufactured by Toyobo Co., Ltd.) as a reaction

reagent.

Primers for amplifying lactate permease gene (lutP) of Geobacillus
kaustophilus
(a—19) 5'-CGGCAATTGCGGGCACAAAGGGGAGGAGAAAACCG-3" (SEQ ID NO: 57)
(b-19) 5" -CGGCAATTGTTATGGAATCATCCACGACAATACCG-3’ (SEQ ID NO: 58)

The primers (a-19) and (b-19) each have an Munl restriction

enzyme site added thereto.

The reaction mixture from the PCR was subjected to
electrophoresis using 1% agarose gel. As a result, an approximately
1.7-kbp DNA fragment was detected for the lactate permease gene.
[0124]

The approximately 1.7-kb DNA fragment containing the lactate
permease gene of Geobacillus kaustophilus amplified by the PCR was
cleaved with the restriction enzyme MunI, and cleaved with the
restriction enzyme EcoRI. The DNA fragment was ligated to each of
the plasmid DNAs described in (4-3-1), i.e., pC-Tth-1dh (containing
the lactate dehydrogenase gene (ldh gene) of Thermus thermophilus)
and pC-Mru-mldhl (containing the malate/lactate dehydrogenase gene
(mldh gene) of Meiothermus ruber) through use of T4 DNA Ligase

(manufactured by Takara Bio Inc.).
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[0125]

The NOC269 strain and the NOC373 strain were each transformed
with each resultant ligation product by an electric pulse method
(electroporation method). The transformant was applied to A-solid
medium containing 50 pg/mL of kanamycin, and was cultured in a chamber
filled with a mixed gas of H,:0,:C0,=7.5:1:1.5 at 50°C for 60 hours.

From the grown strains on the solid medium, a strain having the
lactate permease gene cloned downstream of the 1dh gene or the mldh
gene, which had been included in the plasmid, in the same direction
as the 1ldh gene or the mldh gene was selected by colony PCR. When
the colony PCR 1is performed using a primer corresponding to the
upstream sequence of the 1ldh gene or the mldh gene in combination
with the above-mentioned primer (b-19), a strain having the lactate
permease gene cloned in the same direction as the 1ldh gene or the
mldh gene can be identified on the basis of whether or not a DNA
fragment can be amplified. The PCR was performed by a conventional
method using "DNA Thermal Cycler" manufactured by Life Technologies
Corporation and using TaKaRa Ex Taqg (manufactured by Takara Bio Inc.)

as a reaction reagent.

Primers for colony PCR

Lactate permease gene 1lutP of Geobacillus kaustophilus

(a—20) 5" -GGCTCGTATAATGTGTGGAATTGTGAGCGGATAAC-3’ (SEQ ID NO: 59)
(b—-20) 5" -CGGCAATTGTTATGGAATCATCCACGACAATACCG-3’ (SEQ ID NO: 60)

As a result, in each of the transformations, an approximately
2.7-kb DNA fragment to be amplified in the case where the lactate
permease gene was cloned in the same direction as the 1dh gene or the
mldh gene was detected. The resultant plasmids and bacterial strains

were named as shown in Table 4.
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Table 4
Bacterial | Host Plasmid Lactate Lactate
strain dehydrogenase permease gene
or
malate/lactate
dehydrogenase
gene
LDHO5 Wild pC-Tth-1dh 1dh (Thermus None
type thermophilus)
strain
LACO3 NOC269 | pC-Tth- 1dh (Thermus lutP
strain | 1dh&Gka-1utP | thermophilus) (Geobacillus
kaustophilus)
LACO1 NOC373 | pC—-Tth-1dh 1dh (Thermus None
strain thermophilus)
LACOG6 NOC373 | pC-Tth- 1dh (Thermus lutP
strain | 1dh&Gka-1utP | thermophilus) (Geobacillus
kaustophilus)
MLDHO2 Wild pC-Mru-mldhl | mldh-1 None
type (Meiothermus
strain ruber)
LACO9 NOC269 | pC—Mru- mldh-1 lutP
strain | mldhls&Gka- (Meiothermus (Geobacillus
lutp ruber) kaustophilus)
LACOZ NOC373 | pC—Mru-mldhl |mldh-1 None
strain (Meiothermus
ruber)
LAC1Z NOC373 | pC—Mru- mldh-1 lutP
strain | mldhls&Gka- (Meiothermus (Geobacillus
lutp ruber) kaustophilus)
[0127]
(5-2) Lactic acid production

Each of the strains in Table 4 having the lactate permease gene

introduced thereinto was inoculated into A-liquid medium containing

50 pg/ml of kanamycin using a platinum loop,

shaking

culture

at 50°C
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H2:02:C02=7.5:1:1.5 being supplied along with the culture.

After the culture, lactic acid in the culture supernatant
obtained by centrifugation (4°C, 15,000 rpm, 5 minutes) was
quantified using F-Kit L-Lactic Acid (Roche). As a result, it was
ascertained that, as shown in Table 5, the LAC06 and LACl2 strains
obtained by introducing the lactate permease gene 1lutP of Geobacillus
kaustophilus into the NOC373 strain, which was an HPTL 1695 gene-
disrupted strain, showed increases in amount of lactic acid in the
medium supernatant as compared to the LACO1l and LACO2 strains, each
of which was a strain having no lactate permease gene introduced
thereinto, respectively.

When the NOC269 strain, in which the lactic acid-utilizing
enzyme dgene was not disrupted, was the host, the effect of the
introduction of the lactate permease gene was not remarkable. In
contrast, when the lactic acid-utilizing enzyme gene was disrupted,
the enhancement of +the lactic acid-producing ability by the
introduction of the lactate permease gene became remarkable. That
is, the disruption of the lactic acid-utilizing enzyme gene and the
introduction of the lactate permease gene synergistically acted to

enhance the lactic acid-producing ability.
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Table 5
Bacteria | Host Plasmid Introduced gene Relative
1 strain value of
lactic acid
concentratio
n in medium
supernatant
LDHO5 Wild pC-Tth-1dh 1dh (Thermus 1
type thermophilus)
strain
LACO3 NOC269 pC-Tth- 1dh (Thermus 1.1
strain 1dh&Gka-1utP | thermophilus)
1lutP (Geobacillus
kaustophilus)
LACO1 NOC373 pC-Tth-1dh 1dh (Thermus 103
strain thermophilus)
LACOG6 NOC373 pC-Tth- 1dh (Thermus 129
strain 1dh&Gka-1utP | thermophilus)
1lutP (Geobacillus
kaustophilus)
MLDHO2 wWild pC-Mru-mldhl | mldh-1 0.2
type (Meiothermus
strain ruber)
LACO9 NOC269 pC-Mru- mldh-1 0.2
strain mldhl&Gka- (Meiothermus
lutpP ruber)
1lutP (Geobacillus
kaustophilus)
LACO2 NOC373 pC-Mru-mldhl | mldh-1 29
strain (Meiothermus
ruber)
LAC12 NOC373 pC-Mru- mldh-1 41
strain mldhl&Gka- (Meiothermus
lutpP ruber)
1lutP (Geobacillus
kaustophilus)
[0129]
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(7) Deposited strains

Hydrogenophilus thermoluteolus LACO6 strain and
Hydrogenophilus thermoluteolus LAC12 strain were deposited to NITE
Patent Microorganisms Depositary, National Institute of Technology
and Evaluation (2-5-8 Kazusakamatari, Kisarazu-shi, Chiba, Japan
(postal code 292-0818)).

For Hydrogenophilus thermoluteolus LACO6 strain, the
accession number is BP-03007 and the date of acceptance is July 30,
2019. For Hydrogenophilus thermoluteolus LAC12 strain, the
accession number is BP-03008 and the date of acceptance is July 30,
2019.

Further, Hydrogenophilus thermoluteolus LDHO5 strain and
Hydrogenophilus thermoluteolus MLDHOZ2 strain are also deposited to
NITE Patent Microorganisms Depositary, National Institute of
Technology and Evaluation (2-5-8 Kazusakamatari, Kisarazu-shi,
Chiba, Japan (postal code 292-0818)).

For Hydrogenophilus thermoluteolus LDHO5 strain, the
accession number is BP-02822 and the date of acceptance is November
14, 2018. For Hydrogencphilus thermoluteolus MLDHO2 strain, the
accession number is BP-02828 and the date of acceptance is November
21, 2018.

Therefore, these strains are available to the general
public.

[0130]

Furthermore, all strains (including ATCC strains and NBRC
strains) that are described in the present specification are
internationally deposited under the Budapest Treaty, or are
possessed by organizations that furnish the strains without any
terms or conditions, or are marketed, and therefore, these strains

are all available to the general public.

Industrial Applicability
[0131]

The recombinant of the present invention effectively produces
lactic acid wusing carbon dioxide as a sole carbon source, and
therefore, it 1is able to efficiently produce the material of
biodegradable plastics, while solving global warming caused by

increased emissions of carbon dioxide.
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CLAIMS

1. A recombinant Hydrogenophilus bacterium, which has a lactate
dehydrogenase gene and/or a malate/lactate dehydrogenase gene
introduced thereinto, and in which one or more of three lactic acid-

utilizing enzyme genes on a genome are disrupted.

2. The recombinant Hydrogenophilus bacterium according to claim 1,
wherein the three lactic acid-utilizing enzyme genes consist of DNA
of any one of the following (al) to (a6), DNA of any one of the
following (bl) to (b6), and DNA of any one of the following (cl) to
(c6), respectively:

(al) DNA consisting of a base sequence set forth in SEQ ID NO:
1;

(a2) DNA that consists of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 1, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(a3) DNA that hybridizes with DNA consisting of a base sequence
complementary to SEQ ID NO: 1 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(ad4d) DNA encoding a polypeptide consisting of an amino acid
sequence set forth in SEQ ID NO: 2;

(ab) DNA encoding a polypeptide that consists of an amino acid
sequence having 90% or more identity to SEQ ID NO: 2, and that has
lactic acid-utilizing enzyme activity; and

(a6) DNA encoding a polypeptide that consists of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 2, and
that has lactic acid-utilizing enzyme activity;

(bl) DNA consisting of a base sequence set forth in SEQ ID NO:
3;

(b2) DNA that consists of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 3, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(b3) DNA that hybridizes with DNA consisting of a base sequence
complementary to SEQ ID NO: 3 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(b4d) DNA encoding a polypeptide consisting of an amino acid
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sequence set forth in SEQ ID NO: 4;

(b5) DNA encoding a polypeptide that consists of an amino acid
sequence having 90% or more identity to SEQ ID NO: 4, and that has
lactic acid-utilizing enzyme activity; and

(b6) DNA encoding a polypeptide that consists of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 4, and
that has lactic acid-utilizing enzyme activity; and

(cl) DNA consisting of a base sequence set forth in SEQ ID NO:
5;

(c2) DNA that consists of a base sequence having 90% or more
identity to the base sequence set forth in SEQ ID NO: 5, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(c3) DNA that hybridizes with DNA consisting of a base sequence
complementary to SEQ ID NO: 5 under stringent conditions, and that
encodes a polypeptide having lactic acid-utilizing enzyme activity:;

(c4) DNA encoding a polypeptide consisting of an amino acid
sequence set forth in SEQ ID NO: 6;

(c5) DNA encoding a polypeptide that consists of an amino acid
sequence having 90% or more identity to SEQ ID NO: 6, and that has
lactic acid-utilizing enzyme activity; and

(c6) DNA encoding a polypeptide that consists of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid sequence set forth in SEQ ID NO: 6, and

that has lactic acid-utilizing enzyme activity.

3. The recombinant Hydrogenophilus bacterium according to claim 1
or 2, wherein the one or more of three lactic acid-utilizing enzyme
genes are disrupted by introducing a deletion, an addition, a
substitution, or a combination thereof, of one or a plurality of
nucleotides into the one or more of three lactic acid-utilizing enzyme

genes.

4, The recombinant Hydrogenophilus bacterium according to any one
of claims 1 to 3, wherein the lactate dehydrogenase gene consists of
DNA of any one of the following (dl) to (d6):

(dl) DNA consisting of a base sequence set forth in SEQ ID NO:
9, 10, or 11;
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(d2) DNA that consists of a base sequence having 90% or more
identity to the DNA consisting of the base sequence set forth in SEQ
ID NO: 9, 10, or 11, and that encodes a polypeptide having lactate
dehydrogenase activity:;

(d3) DNA that hybridizes with DNA consisting of a base sequence
complementary to SEQ ID NO: 9, 10, or 11 under stringent conditions,
and that encodes a polypeptide having lactate dehydrogenase activity:

(d4) DNA encoding a polypeptide consisting of an amino acid
sequence set forth in SEQ ID NO: 12, 13, or 14;

(d5) DNA encoding a polypeptide that consists of an amino acid
sequence having 90% or more identity to SEQ ID NO: 12, 13, or 14, and
that has lactate dehydrogenase activity; and

(d6) DNA encoding a polypeptide that consists of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid seguence set forth in SEQ ID NO: 12, 13,
or 14, and that has lactate dehydrogenase activity.

5. The recombinant Hydrogenophilus bacterium according to any one
of claims 1 to 4, wherein the malate/lactate dehydrogenase gene
consists of DNA of any one of the following (el) to (e6):

(el) DNA consisting a base sequence set forth in SEQ ID NO: 15,
16, or 17;

(e2) DNA that consists of a base sequence having 90% or more
identity to the DNA formed of the base segquence set forth in SEQ ID
NO: 15, 16, or 17, and that encodes a polypeptide having lactate
dehydrogenase activity:;

(e3) DNA that hybridizes with DNA consisting of a base sequence
complementary to SEQ ID NO: 15, 16, or 17 under stringent conditions,
and that encodes a polypeptide having lactate dehydrogenase activity:

(ed) DNA encoding a polypeptide consisting of an amino acid
sequence set forth in SEQ ID NO: 18, 19, or 20;

(e5) DNA encoding a polypeptide that consists of an amino acid
sequence having 90% or more identity to SEQ ID NO: 18, 19, or 20, and
that has lactate dehydrogenase activity; and

(e6) DNA encoding a polypeptide that consists of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid seguence set forth in SEQ ID NO: 18, 19,
or 20, and that has lactate dehydrogenase activity.
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6. The recombinant Hydrogenophilus bacterium according to any one
of claims 1 to 5, wherein the recombinant Hydrogenophilus bacterium

further has a lactate permease gene introduced thereinto.

7. The recombinant Hydrogenophilus bacterium according to claim 6,
wherein the lactate permease gene consists of DNA of any one of the
following (fl) to (f6):

(f1) DNA consisting of a base sequence set forth in SEQ ID NO:
21;

(f2) DNA that consists of a base sequence having 90% or more
identity to the DNA consisting of the base sequence set forth in SEQ
ID NO: 21, and that encodes a polypeptide having lactate permease
activity:;

(f3) DNA that hybridizes with DNA consisting of a base sequence
complementary to SEQ ID NO: 21 under stringent conditions, and that
encodes a polypeptide having lactate permease activity:

(f4) DNA encoding a polypeptide consisting of an amino acid
sequence set forth in SEQ ID NO: 22;

(f5) DNA encoding a polypeptide that consists of an amino acid
sequence having 90% or more identity to SEQ ID NO: 22, and that has
lactate permease activity; and

(f6) DNA encoding a polypeptide that consists of an amino acid
sequence having one or a plurality of amino acids deleted, substituted,
or added in the amino acid segquence set forth in SEQ ID NO: 22, and

that has lactate permease activity.

8. A method of producing lactic acid, comprising a step of culturing
the recombinant Hydrogenophilus bacterium of any one of claims 1 to

7 through use of carbon dioxide as a substantially sole carbon source.
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Figure 1
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