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DESCRIPTION
METHOD OF EVALUATING INHIBITORY EFFECT ON DAMP-DRY MALODOR

Field of the Invention
{0001}
The present invention relates to a method of evaluating inhibitory effect on

damp-dry malodor.

Background of the Invention
{0002}

Fabric products, for example, sanitary products (such as underclothes, towels,
handkerchiefs, and bedclothes), and garments (hereinafter, in the present specification,
also simply referred to as "fabric products") provide a comfortable sense of use and
wear sensation when the fabric products are kept clean. Furthermore, fabric products
such as garments are materials that are put on human bodies, and sanitary products such
as towels and bedclothes are used by being brought into direct contact with human
bodies. Therefore, it is important even from the viewpoint of hygiene to keep these
fabric products clean. Along the enhanced recent social requirements for hygiene, the
public interest in keeping these fabric products clean has increased.

{0003}

In recent years, as consumers build up more interest in the living environment,
it is desired more than ever to remove any unpleasant odors of personal belongings.
The odors that cling to fabric products, for example, sanitary products and garments,
include external factors such as cigarettes, as well as internal factors that are originated
from human body, which are produced by repeated use of fabric products.

Since the above-described fabric products are brought into direct contact with
human skin, the fabric products have a potential to absorb or attach sweat containing
sebum, corneous substances and the like.  For this reason, the fabric products may
produce a characteristic malodor in a case where after laundry, laundered fabric
products are left untouched in a damp place such as the inside of a laundering machine
tub for a long time, in the case of having been dried indoors, in the case of having

gotten wet with rain or sweat, or in the case of insufficiently dried fabric products.
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This malodor is generally called a damp-dry malodor, and this odor can be prevented .‘
from occurring by sufficiently drying the fabric products in some cases. However,
even for fabric products which have been sufficiently dried and from which no damp-
dry malodor is sensed, wet-and-dirty dustcloth-malodor-like damp-dry malodor may be
produced when the fabric products become damp due to sweat, rain or the like. That is,
if fabric products once produce this damp-dry malodor, the wet-and-dirty dustcloth-like
damp-dry malodor is likely to recur at the time of use even when the damp-dry malodor
can be temporarily eliminated by laundry. Such a damp-dry malodor that is prone to
recur may be produced not only in a case where fabric products are dried indoors, but
also in a case where a dryer or a washing machine having a low temperature drying
function is used, and even in the case of fabric products that have been dried outdoors,
if the fabric products become damp.

A feature of the recurrent damp-dry malodor lies in that the fabric product
produces the malodor only by becoming damp. The recurrent damp-dry malodor is
produced in some cases when fabric products are stored in a wardrobe or the like for a
long time. Fabric products (such as underclothes, handkerchiefs or towels), which are
frequently brought into contact with human skin and are used with a high use frequency
and a short period of the wash-use cycle, are in many cases such that once this damp-
dry malodor is produced, the malodor comes to recur during use. In order to inhibit
this damp-dry malodor, it is important to treat fabric products so as not to produce such
damp-dry malodor-causing substances. As a method for that purpose, there is a
demand for a base material or a material which inhibits the damp-dry malodor.  Also,
there is a demand for the development of a method of evaluating inhibitory effect on
damp-dry malodor for screening a damp-dry malodor inhibitor.

{0004}

It has been hitherto reported that the damp-dry malodor is a complex odor
composed of the "mold-like malodor" of medium-chain aldehydes, medium-chain
alcohols, ketones and the like, the "sour malodor" of short-chain fatty acids, medium-
chain fatty acids and the like, the "fishy malodor" of nitrogen compounds, and sulfur
compounds (see Patent Literature 1). Patent Literature 1 also reports that the medium-
chain fatty acids in particular have a high degree of contribution, and that a major
component of the damp-dry malodor is speculated to be "a mixture of unsaturated fatty

acids having a branched structure with 7 to 9 carbon atoms," which are also contained in
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the foul odor of human sweat or the like. Further, as indicator substances for the
damp-dry malodor, various kinds of fatty acids including 4-methyl-3-hexenoic acid
have been hitherto suggested (see Patent Literature 1). The 4-methyl-3-hexenoic acid
is naturally known as a component of citrons (see Non-Patent Literature 2), and it is
also known that the 4-methyl-3-hexenoic acid is produced from terpenes by
microorganisms (see Patent Literature 2). However, these literatures do not describe
or suggest the mechanism of the production of the damp-dry malodor. Furthermore,
there is no instance of devising a method of evaluating inhibitory effect on damp-dry
malodor and a method of screening a damp-dry malodor inhibitor based on such a

mechanism.

PRIOR ART LITERATURE

PATENT LITERATURES

{0005}

Patent Literature 1: JP-A-2009-244094 ("JP-A" means unexamined publi‘shed Japanese
patent application)

Patent Literature 2: JP-A-56-124387

NON-PATENT LITERATURES

{0006}

Non-Patent Literature 1: Hanihara, Sonoda, "The Detergent Curbing Malodor in Indoor
Laundry Drying," Fragrances, September 2004, No. 223, p. 109-116

Non-Patent Literature 2: Proceedings of the 53 Forum on Fragrances/Terpenes, and
Oil Refinery Chemistry (2009), p. 4-6

Summary of the Invention
{0007}

The present invention relates to a method of evaluating inhibitory effect on
damp-dry malodor, containing the steps of: bringing microorganisms which produce
damp-dry malodor-causing substances and a test substance into contact with each other
in the presence of a sebaceous dirt component; detecting expression of at least one kind
of gene selected from a fatty acid desaturase gene and a 3 oxidation-related enzyme
gene derived from the microorganisms; and thereby evaluating a damp-dry malodor

inhibitory function of the test substance based on a change in expression amount of the
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at least one kind of gene;

wherein the expression of the at least one kind of gene is detected by using at least one
kind of oligonucleotide pair selected from an oligonucleotide pair containing
oligonucleotides (a) and (b) described below, an oligonucleotide pair containing
oligonucleotides (c) and (d) described below, an oligonucleotide pair containing
oligonucleotides (e) and (f) described below, an oligonucleotide pair containing
oligonucleotides (g) and (h) described below, an oligonucleotide pair containing
oligonucleotides (i) and (j) described below, an oligonucleotide pair containing
oligonucleotides (k) and (1) described below, an oligonucleotide pair containing
oligonucleotides (m) and (n) described below, an oligonucleotide pair containing
oligonucleotides (0) and (p) described below, an oligonucleotide pair containing
oligonucleotides (q) and (r) described below, an oligonucleotide pair containing
oligonucleotides (s) and (t) described below, an oligonucleotide pair containing
oligonucleotides (u) and (v) described below, an oligonucleotide pair containing
oligonucleotides (w) and (x) described below, an oligonucleotide pair containing
oligonucleotides (y) and (z) described below, an oligonucleotide pair containing
oligonucleotides (al) and (b1) described below, and an oligonucleotide pair containing
oligonucleotides (c1) and (d1) described below:

(a) an oligonucleotide having the base sequence set forth in SEQ ID NO: 13, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 13 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(b) an oligonucleotide having the base sequence set forth in SEQ ID NO: 14, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 14 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(c) an oligonucleotide having the base sequence set forth in SEQ ID NO: 15, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 15 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(d) an oligonucleotide having the base sequence set forth in SEQ ID NO: 16, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 16 with a substitution,

deletion, insertion, or addition of 1 or several nucleotides which can be used for
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detecting the fatty acid desaturase gene;

(e) an oligonucleotide having the base sequence set forth in SEQ ID NO: 17, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 17 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(f) an oligonucleotide having the base sequence set forth in SEQ ID NO: 18, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 18 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(g) an oligonucleotide having the base sequence set forth in SEQ ID NO: 19, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 19 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(h) an oligonucleotide having the base sequence set forth in SEQ ID NO: 20, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 20 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 21, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 21 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(j) an oligonucleotide having the base sequence set forth in SEQ ID NO: 22, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 22 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(k) an oligonucleotide having the base sequence set forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 23 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 24, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 24 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for

detecting the fatty acid desaturase gene;
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(m) an oligonucleotide having the base sequence set forth in SEQ ID NO: 25, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 25 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(n) an oligonucleotide having the base sequence set forth in SEQ ID NO: 26, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 26 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(o) an oligonucleotide having the base sequence set forth in SEQ ID NO: 27, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 27 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(p) an oligonucleotide having the base sequence set forth in SEQ ID NO: 28, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 28 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(q) an oligonucleotide having the base sequence set forth in SEQ ID NO: 29, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 29 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(r) an oligonucleotide having the base sequence set forth in SEQ ID NO: 30, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 30 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(s) an oligonucleotide having the base sequence set forth in SEQ ID NO: 31, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 31 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(t) an oligonucleotide having the base sequence set forth in SEQ ID NO: 32, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 32 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(v) an oligonucleotide having the base sequence set forth in SEQ ID NO: 33, an
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oligonucleotide having a base sequence set forth in SEQ ID NO: 33 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(v) an oligonucleotide having the base sequence set forth in SEQ ID NO: 34, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 34 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(w) an oligonucleotide having the base sequence set forth in SEQ ID NO: 35, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 35 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(x) an oligonucleotide having the base sequence set forth in SEQ ID NO: 36, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 36 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene;

(y) an oligonucleotide having the base sequence set forth in SEQ ID NO: 37, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 37 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(z) an oligonucleotide having the base sequence set forth in SEQ ID NO: 38, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 38 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(al) an oligonucleotide having the base sequence set forth in SEQ.ID NO: 39, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 39 wifh a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the [ oxidation-related enzyme gene;

(b1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 40, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 40 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the 3 oxidation-related enzyme gene;

(c1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 41, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 41 with a substitution,
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deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the p oxidation-related enzyme gene; and

(d1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 42, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 42 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene.

{0008}

Further, the present invention relates to a method of screening a damp-dry
malodor inhibitor, which contains selecting a test substance capable of reducing the
expression amount of the at least one kind of gene described above based on the
evaluation method described above.

{0009}

Further, the present invention relates to a method of detecting microorganisms
which produce damp-dry malodor-causing substances, containing the steps of:
amplifying at least one kind of fragment of gene selected from a fatty acid desaturase
gene and a  oxidation-related enzyme gene that are derived from microorganisms
which produce damp-dry malodor-causing substances; determining the presence or
absence of an amplified fragment; and thereby detecting the microorganisms which
produce damp-dry malodor-causing substances,
wherein the detection of the microorganisms which produce damp-dry malodor-causing
substances is performed by using at least one kind of oligonucleotide pair selected from
an oligonucleotide pair containing the oligonucleotides (2) and (b) described above, an
oligonucleotide pair containing the oligonucleotides (c) and (d) described above, an
oligonucleotide pair containing the oligonucleotides (e) and (f) described above, an
oligonucleotide pair containing the oligonucleotides (g) and (h) described above, an
oligonucleotide pair containing the oligonucleotides (1) and (j) described above, an
oligonucleotide pair containing the oligonucleotides (k) and (1) described above, an
oligonucleotide pair containing the oligonucleotides (m) and (n) described above, an
oligonucleotide pair containing the oligonucleotides (0) and (p) described above, an
oligonucleotide pair containing the oligonucleotides (q) and (r) described above, an
oligonucleotide pair containing the oligonucleotides (s) and (t) described above, an
oligonucleotide pair containing the oligonucleotides (u) and (v) described above, an

oligonucleotide pair containing the oligonucleotides (w) and (x) described above, an
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oligonucleotide pair containing the oligonucleotides (y) and (z) described above, an
oligonucleotide pair containing the oligonucleotides (al) and (b1) described above, and
an oligonucleotide pair containing the oligonucleotides (c1) and (d1) described above.
{0010}

Further, the present invention relates to an oligonucleotide selected from the
above-described oligonucleotides (a) to (z) and (al) to (d1); or an oligonucleotide pair
selected from a pair of the above-described oligonucleotides (a) and (b), a pair of the
above-described oligonucleotides (¢) and (d), a pair of the above-described
oligonucleotides (e) and (f), a pair of the above-described oligonucleotides (g) and (h), a
pair of the above-described oligonucleotides (i) and (j), a pair of the above-described
oligonucleotides (k) and (1), a pair of the above-described oligonucleotides (m) and (n),
a pair of the above-described oligonucleotides (o) and (p), a pair of the above-described
oligonucleotides (q) and (r), a pair of the above-described oligonucleotides (s) and (t), a
pair of the above-described oligonucleotides (u) and (v), a pair of the above-described
oligonucleotides (w) and (x), a pair of the above-described oligonucleotides (y) and (z),
a pair of the above-described oligonucleotides (al) and (b1), and a pair of the above-
described oligonucleotides (c1) and (d1).

Further, the present invention relates to a kit for evaluating inhibitory effect on
damp-dry malodor or a kit for screening of a damp-dry malodor inhibitor, containing
microorganisms which produce damp-dry malodor-causing substances, a sebaceous dirt
component, and the oligonucleotide or oligonucleotide pair described above.

Further, the present invention relates to a kit for detecting microorganisms
which produce damp-dry malodor-causing substances, containing the oligonucleotide or

oligonucleotide pair described above.

Detailed Description of the Invention
{0011}

The present invention resides in to provide a method of evaluating inhibitory
effect on damp-dry malodor, by which the damp-dry malodor inhibitory function of a
test substance can be evaluated conveniently with high accuracy. Further, the present
invention resides in to provide a method of screening a damp-dry malodor inhibitor, by
which a damp-dry malodor inhibitor can be screened conveniently with high accuracy.

Further, the present invention resides in to provide a method of detecting
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microorganisms which produce damp-dry malodor-causing substances, by which
microorganisms which produce damp-dry malodor-causing substances present in an
environment can be detected quickly with high accuracy. Further, the present
invention resides in to provide an oligonucleotide or oligonucleotide pair, which can be
preferably used in the evaluating method, the screening method and the detection
method described above.

{0012}

In view of the points described above, the inventors of the present invention
conducted a thorough investigation from the viewpoints of the causative substances of
the damp-dry malodor, causative bacteria generating damp-dry malodor-causing
substances, and the mechanism of occurrence of the damp-dry malodor. As a result, it
was found that fatty acid desaturase or  oxidation-related enzymes of microorganisms
which produce damp-dry malodor-causing substances are related to production of 4-
methyl-3-hexenoic acid as one kind of damp-dry malodor-causing substance. It was
also found that evaluation of inhibitory effect on damp-dry malodor and screening of a
damp-dry malodor inhibitor can be achieved, by analyzing a change in expression
amount of the genes of those enzymes in the presence of a test substance. It was also
found that microorganisms which produce damp-dry malodor-causing substances
present in an environment including towels and clothes can be detected by using a pair
of oligonucleotides designed based on base sequence of the gene of a fatty acid
desaturase or p oxidation-related enzymes of specific microorganisms which produce
damp-dry malodor-causing substances.

The present invention has been completed based on the findings.

{0013}

The fatty acid desaturase and the 8 oxidation-related enzyme derived from
microorganisms which produce damp-dry malodor-causing substances are related to
production of the medium-chain branched fatty acids including mainly 4-methyl-3-
hexenoic acid as a damp-dry malodor-causing substance. Moreover, it is now possible
to amplify a part of each gene of the fatty acid desaturase or the f oxidation-related
enzyme by using the oligonucleotide pair described above.

Therefore, according to the method of evaluating inhibitory effect on damp-dry
malodor using the above-described oligonucleotide pair of the present invention, the

damp-dry malodor inhibitory function of a test substance can be evaluated conveniently
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with high accuracy. Furthermore, according to the method of screening a damp-dry
malodor inhibitor of the present invention utilizing the evaluating method described
above, a damp-dry malodor inhibitor can be screened conveniently with high accuracy.
Moreover, according to the method of the present invention to detect microorganisms
which produce damp-dry malodor-causing substances by using the oligoﬁucleotide pair
described above, the microorganisms which produce damp-dry malodor-causing
substances present in an environment can be detected quickly and accurately.
Moreover, the oligonucieotide or oligonucleotide pair of the present invention can be
preferably used for the evaluation method, the screening method and the detection
method described above.

Other and further features and advantages of the invention will appear more
fully from the following description.

{0014}

The method of evaluating inhibitory effect on damp-dry malodor of the present
invention contains the steps of: bringing microorganisms which produce damp-dry
malodor-causing substances and a test substance into contact with each other in the
presence of a sebaceous dirt component; detecting expression of at least one kind of
gene selected from a fatty acid desaturase gene and a 3 oxidation-related enzyme gene
derived from the microorganisms; and thereby evaluating a damp-dry malodor
inhibitory function of the test substance based on a change in expression amount of the
at least one kind of gene. Herein, the expression of the at least one kind of gene is
detected by using at least one kind of oligonucleotide pair selected from an
oligonucleotide pair containing the above-described oligonucleotides (a) and (b), an
oligonucleotide pair containing the above-described oligonucleotides (c) and (d), an
oligonucleotide pair containing the above-described oligonucleotides (¢) and (f), an
oligonucleotide pair containing the above-described oligonucleotides (g) and (h), an
oligonucleotide pair containing the above-described oligonucleotides (i) and (j), an
oligonucleotide pair containing the above-described oligonucleotides (k) and (1), an
oligonucleotide pair containing the above-described oligonucleotides (m) and (n), an
oligonucleotide pair containing the above-described oligonucleotides (o) and (p), an
oligonucleotide pair containing the above-described oligonucleotides (q) and (r), an
oligonucleotide pair containing the above-described oligonucleotides (s) and (t), an

oligonucleotide pair containing the above-described oligonucleotides (u) and (v), an
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oligonucleotide pair containing the above-described oligonucleotides (w) and (x), an
oligonucleotide pair containing the above-described oligonucleotides (y) and (z), an
oligonucleotide pair containing the above-described oligonucleotides (al) and (bl), and
an oligonucleotide pair containing the above-described oligonucleotides (c1) and (d1).
According to the method of evaluating inhibitory effect on damp-dry malodor of the
present invention, for example, as for a substance that has been selected as a candidate
for a damp-dry malodor inhibitor, a high accuracy evaluation of the damp-dry malodor
inhibitory function of the substance can be conveniently carried out.

Moreover, the method of screening a damp-dry malodor inhibitor of the present
invention contains selecting a test substance capable of reducing the expression amount
of the at least one kind of gene described above based on the evaluation method
described above. According to the method of screening a damp-dry malodor inhibitor
of the present invention, it is possible to simply perform screening of a damp-dry
malodor inhibitor with high accuracy without depending on a means such as
sterilization of causative microorganisms.

{0015} _

In the present specification, the term “damp-dry malodor-causing substances”
means medium-chain branched fatty acids that are described in Patent Literature 1 as an
indicator substance of the damp-dry malodor. Examples thereof include 4-methyl-3-
hexanoic acid, 4-methyl-3-hexenoic acid, 5-methyl-2-hexanoic acid, and 5-methyl-2-
hexenoic acid. Of those, it particularly means the 4-methyl-3-hexenoic acid (in the
present specification, it is also referred to as “4M3H”).

{0016}

In the present specification, the term “microorganisms which produce damp-
dry malodor-causing substances” includes any microorganisms of the following (1) to
(3).

(1 Microorganisms which can produce an intermediate from a substrate, during a
process of producing damp-dry malodor-causing substances like 4M3H from a
precursor (in the specification, it is also referred to as a “substrate™) of the damp-dry
malodor-causing substances [for example, microorganisms relating only to desaturation
of sebaceous dirt components]

(2) Microorganisms which can produce damp-dry malodor-causing substances like

4M3H from an intermediate [for example, microorganisms relating only to B oxidation
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of unsaturated fatty acids]

3) Microorganisms which can produce damp-dry malodor-causing substances like
4M3H from a substrate via an intermediate [for example, microorganisms relating to the
desaturation of sebaceous dirt components and the § oxidation of unsaturated fatty
acids]

{0017}

In the present specification, the term “damp-dry malodor” means odor
generated from a fabric product when a fabric product after use is washed and under
drying or remains in insufficiently dry state even after drying, or a fabric product
contains moisture. Even in a case in which damp-dry malodor is not felt temporarily
by sufficient drying of the fabric product, wet-and dirty dustcloth-malodor-like damp-
dry malodor may recur from the fabric product due to rain, sweat, moisture in the air, or
the like, if the fabric product is used again right after drying or after storage. Further,
even in a case in which the damp-dry malodor is not felt temporarily by sufficient
drying of a fabric product, damp-dry malodor may recur during storage due to moisture
in the air.  As such, the wet-and-dirty dustcloth-malodor-like damp-dry malodor that
recurs when a fabric product from which a damp-dry malodor has been temporarily
eliminated by sufficient drying becomes damp, is also included in "damp-dry malodor"
in the present specification.

The damp-dry malodor that is produced because of insufficient drying after
laundering of a fabric product even during drying or after drying, is a complex odor of a
S (sulfur) odor, a N (nitrogen) odor, an aldehyde odor, a lower fatty acid odor, wet-and-
dirty dustcloth-malodor-like malodor, and a medium-chain branched fatty acid odor
containing the 4M3H odor as a main component. Meanwhile, for the fabric products
which give no feeling of damp-dry malodor by sufficient drying, the wet-and-dirty
dustcloth-malodor-like damp-dry malodor which recurs from the fabric product due to
rain, sweat, moisture in the air or the like is mostly odor derived from the medium-chain
branched fatty acids mainly containing 4M3H odor. To the contrary, other highly
volatile malodor such as the S odor, the N odor and the aldehyde odor is hardly
produced.

Furthermore, the term "inhibitory effect on damp-dry malodor" includes
inhibitory effect of something on malodor, prevention of the production of a damp-dry

malodor, and the prevention of the production of damp-dry malodor-causing substances.
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In the present invention, the term is defined to characteristically refer to the inhibitory
effect on the wet-and-dirty dustcloth-malodor-like damp-dry malodor, particularly the
4M3H odor, as the damp-dry malodor. Further, in the present specification, the term
“inhibitory effect on damp-dry malodor” means, as the prevention of the production of
damp-dry malodor-causing substances, includes any one of the following (1) to (3).
(H Prevention of production of an intermediate from a precursor of damp-dry
malodor-causing substances [for example, prevention of desaturation of sebaceous dirt
components)
2) Prevention of production of damp-dry malodor-causing substances like 4M3H
from an intermediate [for example, prevention of B oxidation of unsaturated fatty acids]
3) Prevention of production of damp-dry malodor-causing substances like 4M3H
from a substrate [for example, prevention of desaturation of sebaceous dirt components
and f§ oxidation of unsaturated fatty acids]
{0018}

Meanwhile, "4M3H" has cis- and trans-isomers as described below. In the
present invention, the compound is intended to include compounds of both the cis-

structure and the trans-structure.

{0019}
0 0
= OH /W‘\OH
{0020}

The "microorganisms which produce damp-dry malodor-causing substances” in
the present invention includes the microbial cells themselves of microorganisms which
produce damp-dry malodor-causing substances, as well as crushed cells, a microbial cell
culture fluid, a crude extract originating from microorganisms which produce damp-dry
malodor-causing substances, and a processed product of microbial cells, such as a
purified enzyme.

{0021}

A method of obtaining microorganisms which produce damp-dry malodor-

causing substances that is used in the present invention will be described. Any

methods of obtaining microorganisms which produce damp-dry malodor causing
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substances may be used, but examples thereof include methods (1) to (4) described
below.

(1) A method of performing a sensory evaluation of fabric products, and
consequently isolating a microbial strain from a fabric product that emits a damp-dry
malodor.

) A method of isolating microorganisms that exist in a fabric product, measuring
the production capacity of damp-dry malodor-causing substances, such as 4M3H, of the
isolated microorganisms, and selecting a microbial strain which produce damp-dry
malodor-causing substances.

3) A method of measuring the production capacity of damp-dry malodor-causing
substances, such as 4M3H, of microorganisms that have been isolated from the
environment or acquired from a microorganism depository, and selecting a microbial
strain which produce damp-dry malodor-causing substances.

4 A method of comparing the sequence similarity of a particular gene sequence
with the gene sequence of a microbial strain which produce damp-dry malodor-causing
substances, and selecting a microbial strain having higher sequence similarity.

Microorganisms which produce damp-dry malodor-causing substances may be
selected by any one method among the methods described above, or microorganisms
which produce damp-dry malodor-causing substances may be also selected by
combining two or more of the methods.

Further, a method of detecting microorganisms which produce damp-dry
malodor-causing substances such as 4M3H in which 4M3H or the like is specified as
damp-dry malodor-causing substances, is described in JP-A-2011-254807. The
present invention may refer to the descriptions of the publication.

{0022}

The method of obtaining microorganisms which produce damp-dry malodor-
causing substances to be used in the present invention will be specifically described.
However, the present invention is not intended to be limited to these.

First, the outline of the method (1) (a method of performing a sensory
evaluation of fabric products, and isolating a microbial strain from a fabric product that
emits a damp-dry malodor) will be explained.

At home or the like, fabric products (for example, towels, T-shirts, pillow

covers, and underclothes) that have been used after being laundered, or stored after
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being laundered (unused after being laundered) are collected, and fabric products from
which a strong damp-dry malodor can be perceived by a sensory evaluation are selected.
The selected fabric products are cut out to a certain size (for example, 5x5 cm, 2x2 cm).
The cut fabric products are added to a lecithin polysorbate (also referred to as LP in the
present specification) dilution (manufactured by Nihon Pharmaceutical Co., Ltd.),
physiological saline or the like. Subsequently, an extract liquid obtained by stirring is
plated on an agar medium such as a lecithin polysorbate-added soybean casein digest
(also referred to as SCD-LP in the present specification) agar medium (manufactured by
Nihon Pharmaceutical Co., L.td.) or a potato dextrose agar (also referred to as PDA in
the present specification) medium (manufactured by Becton Dickinson Co.), and
cultured for a certain time (for example, 35°C, 24 hours). After the cultivation,
microorganisms are isolated from the colonies thus obtained.

The various microbial strains thus isolated are inoculated and cultured on a
fabric product that has been used and sterilized, for example, a fabric product obtained
by cutting a towel or the like which has been recognized for the production of a damp-
dry malodor, to a certain size (for example, 5x5 cm, 2x2 cm) and sterilizing the cut
pieces, and then microbial strains producing damp-dry malodor are selected by a
sensory evaluation. Alternatively, the isolated microbial strains are subjected to solid
culture or liquid culture in the presence of a sebaceous dirt component, and then
microbial strains producing damp-dry malodor are selected by a sensory evaluation. In
the case where identification of the various microbial strains that have been selected is
required, there are no limitations on the identification method. However, the
identification can be carried out by determining a base sequence having a length of
about 500 bp in the upstream region of 16S rRNA gene in a bacterium, and a base
sequence having a length of about 200 bp or more and about 500 bp or less in the D2
region of LSU (Large Subunit) in a fungus; and analyzing the sequence similarity of the
base sequence with the corresponding base sequence of a reference strain. Meanwhile,
the sequence similarity of base sequences may be also calculated by using a genetic
information processing software, Clustal W (http://clustalw.ddbj.nig.ac.jp/top-j.html), or
the like.

{0023}
Next, the outline of the method (2) (a method of isolating microorganisms that

exist in a fabric product, measuring the production capacity of damp-dry malodor-
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causing substances, such as 4M3H, of the isolated microorganisms, and selecting a
microbial strain which produce damp-dry malodor-causing substances) will be
explained. |

At home or the like, fabric products (for example, towels, T-shirts, pillow
covers and underclothes) that have been used after being laundered, or stored after
being laundered (unused after being laundered) are collected and cut out to a certain size
(for example, 5x5 cm, 2x2 cm). The cut fabric products are added to a LP dilution
(manufactured by Nihon Pharmaceutical Co., Ltd.), physiological saline or the like.
Subsequently, an extract liquid obtained by stirring is plated on an agar medium such as
a SCD-LP agar medium (manufactured by Nihon Pharmaceutical Co., Ltd.) or a PDA
medium (manufactured by Becton Dickinson Co.), and cultured for a certain time (for
example, 35°C, 24 hours), and then microorganisms are isolated from the colonies thus
obtained.

The various microbial strains thus isolated are inoculated and cultured on a
fabric product that has been used and sterilized, for example, a fabric product obtained
by cutting a towel or the like which has been recognized for the production of a damp-
dry malodor, to a certain size (for example, 5x5 cm, 2x2 cm) and sterilizing the cut
pieces, and then microbial strains producing damp-dry malodor are selected by a
sensory evaluation. Alternatively, the isolated microbial strains are subjected to solid
culture or liquid culture in the presence of a sebaceous dirt component and then sensory
evaluation is carried out, and thereby microbial strains which are recognized to produce
damp-dry malodor are selected. In the case where identification of the various
microbial strains that have been selected is required, there are no limitations on the
identification method. However, for example, the identification can be carried out by
determining a base sequence having a length of about 500 bp in the upstream region of
16S rRNA gene in a bacterium, and a base sequence having a length of about 200 bp or
more and about 500 bp or less in the D2 region of LSU in a fungus; and analyzing the
sequence similarity of the base sequence with the corresponding base sequence of a
reference strain. Meanwhile, the sequence similarity of base sequences may be also
calculated by using a genetic information processing software, Clustal W, or the like.
{0024}

Next, the method (3) (a method of measuring the production capacity of damp-

dry malodor-causing substances of microorganisms that have been isolated from the
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environment or acquired from a microorganism depository, and selecting a microbial
strain which produce damp-dry malodor-causing substances) will be explained.

Microbial strains are purchased from institutions for microorganism
distribution such as ATCC (American Type Culture Collection), NBRC (NITE
Biological Resource Center), JCM (Japan Collection of Microorganisms), and NCIMB
(National Collection of Industrial Marine and Food Bacteria). Alternatively, microbial
strains are isolated using a SCD-LP agar medium (manufactured by Nihon
Pharmaceutical Co., Ltd.), a PDA medium (manufactured by Becton Dickinson Co.) or
the like by a routine method from various environments such as soils, plants, river water,
and inside dwellings; and then microbial strains are isolated. Meanwhile, any medium
can be used herein.

The various microbial strains that have been purchased or isolated are
inoculated and cultured on a fabric product that has been used and sterilized, for
example, a fabric product obtained by cutting a towel or the like which has been
recognized for the production of a damp-dry malodor, to a certain size (for example,
5x5 cm, 2x2 cm) and sterilizing the cut pieces. Then, production of damp-dry
malodor—causiﬂg substances, such as 4M3H, is detected, and thereby microbial strains
which are recognized to produce damp-dry malodor-causing substances are selected.
Alteratively, the purchased or isolated microbial strains are subjected to solid culture
or liquid culture in the presence of a sebaceous dirt component. Subsequently,
production of damp-dry malodor-causing substances is detected, and thereby microbial
strains which are recognized to produce damp-dry malodor-causing substances, such as
4M3H, are selected. In the case where identification is required to the various
microbial strains that have been selected from the microorganisms isolated from the
environment, there are no limitations on the identification method. For example,
identification can be carried out by determining a base sequence having a length of
about 500 bp in the upstream region of 16S rRNA gene in a bacterium, and a base
sequence having a length of about 200 bp or more and about 500 bp or less in the D2
region of LSU in a fungus; and analyzing the sequence similarity of the base sequence
with the corresponding base sequence of a reference strain. Meanwhile, the sequence
similarity of base sequences may be also calculated by using a genetic information
processing software, Clustal W, or the like.

{0025}
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Next, the outline of the method (4) (a method of comparing the sequence
similarity of a particular gene sequence with the gene sequence of a microbial strain
which produce damp-dry malodor-causing substances, such as 4M3H, and selecting a
microbial strain having higher sequence similarity) will be explained.

First, the base sequence of a particular gene of the microbial strain which
produce damp-dry malodor-causing substances, such as 4M3H, that has been selected
by the method (1), method (2), and/or method (3) as described above, is determined.
Then, microorganisms having a base sequence having high sequence similarity with the
base sequence thus determined are selected, and thereby a microbial strain which
produce damp-dry malodor-causing substances, such as 4M3H, to be used in the present
invention can be obtained. For example, since Moraxella sp. 4-1 is one kind of
causative bacteria of a damp-dry malodor, it can be selected as reference microbial
strains. Next, the base sequence of the 16S rRNA gene or the like of the reference
samples is determined. Then, a microbial strain having a base sequence having high
sequence similarity with the entirety or a portion of the base sequence of the reference
samples thus determined is selected. Here, the term "having high sequence similarity"
implies that the sequence similarity with the base sequence of a reference sample is
preferably 95% or more, more preferably 97% or more, further preferably 98% or more,
and particularly preferably 99% or more.

The base sequence of microorganisms can be determined by an ordinary
method. Furthermore, the sequence similarity of a base sequence is calculated by the
Lipman-Pearson method (Science, 227, p. 1435 (1985)) or the like.  Specifically, the
sequence similarity of a base sequence can be calculated by using a sequence similarity
analysis (Search Homology) program of a genetic information processing software,
Genetyx-Win (manufactured by Software Development, Inc.), and carrying out an
analysis by taking the Unit size to compare (ktup) parameter as 2. |
{0026}

The microorganisms that are used in the present invention may be
microorganisms which produce damp-dry malodor-causing substances, such as 4M3H,
in the presence of a sebaceous component. For example, the microorganisms are
preferably the genus Moraxella, and particularly preferably at least one kind of

microbial strain selected from the species of Moraxella sp. and Moraxella osloensis.

Meanwhile, in the present invention, "Moraxella sp." means a microbial
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species having a base sequence in which the base sequence of 16S rRNA gene has a
sequence similarity of 95% or more, more preferably 97% or more, further preferably
98% or more, further preferably 99% or more, and particularly preferably 99.2% or
more, with the base sequence set forth in SEQ ID NO: 43 or 44.  Alternatively, it

means microorganisms which have 16S rRNA gene having a base sequence set forth in

“SEQ ID NO: 43 or 44 with a deletion, substitution, insertion, or addition of 1 to 75

bases, preferably 1 to 45 bases, more preferably 1 to 30 bases, and most preferably 1 to
15 bases. Herein, the base sequence set forth in SEQ ID NO: 43 represents a base
sequence of the 16S rRNA gene of Moraxella sp. KMC4-1.  Further, the base sequence
set forth in SEQ ID NO: 44 represents a base sequence of the 16S rRNA gene of
Moraxella osloensis ATCC19976.

{0027}

Regarding the test substance that is used in the evaluation method and the

screening method of the present invention, any substance may be used, and the test
substance may be any of a low molecular weight compound and a high molecular
weight compound. Specific examples of the test substance include, for example,
inorganic salts, surfactants, proteins, antibodies, peptides, polypeptides,
oligonucleotides, polynucleotides, DNAs, RNAs, lipids, sugars, polysaccharides,
natural extracts, and combinations thereof. Further, the test substance described above
also includes fiber product (textile product) obtained by treating (e.g. adsorption,
coating, or kneading) with a substance (e.g. the above-described examples of the test
substance) of which inhibitory effect on damp-dry malodor can be expected; fibers or a
fabric obtained by weaving the fibers, which can inhibit the production of a damp-dry
malodor by inhibiting metabolism of microorganisms which produce damp-dry
malodor-causing substances through having extremely fine fibers, having different
shape of fiber cross section, providing a groove on later surface of a fiber, or a research
for method of weaving; and the like.

{0028}

In the method of evaluating inhibitory effect on damp-dry malodor and the
method of screening a damp-dry malodor inhibitor of the present invention, the
microorganisms which produce damp-dry malodor-causing substances as described
above are brought into contact with a test substance in the presence of a sebaceous dirt

component, and the microorganisms are incubated together with the test substance and
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the sebaceous dirt component. In the present invention, any incubation conditions may
be used. In the present invention, it is preferable to carry out the incubation under
humidified conditions at 25°C or more and 35°C or less for 3 hours or more (preferably
8 hours or more ) and 72 hours or less. Furthermore, when microorganisms are
brought into contact with a test substance, and/or when microorganisms are incubated,
sterilized water or a buffer solution may be added to the microorganisms, or medium
components such as sugars, peptones produced from casein, peptones produced from
soybean, a yeast extract, inorganic salts, a pH adjusting agent, and agar may be also
added to those sterilized water and buffer solution. Alternatively, a commercially
available medium may be also used directly or after diluting. Also, when incubation is

carried out in the liquid state, it is preferable to shake the medium, and when incubation

. is carried out in the solid state, it is preferable to leave the medium to stand still.

{0029}

In the present specification, the term "sebaceous dirt" means the most
representative dirt that clings to fabric products such as garments. The sebaceous dirt
contains large amounts of oil components such as free fatty acids and glycerides.
Those components trapping carbon in dust, clay, or peeled keratin or the like, or those
extracted from a fabric product after use or a fabric product after repeated wearing and
washing may be used as a sebaceous dirt component.

As the sebaceous dirt component that can be preferably used in the present
invention, a component of sebaceous dirt that can be usually seen in a fabric product
such as garments can be used. However, a substance which has a potential to be a
precursor of a damp-dry malodor-causing substance that is produced from fabric
products, is preferred. Examples of the substance which has a potential to be a
precursor of a damp-dry malodor-causing substance that is produced from fabric
products, include anteiso fatty acids having 9 or more carbon atoms (preferably 11 or
more carbon atoms, and more preferably 17 or more carbon atoms) and 21 or less
carbon atoms (preferably 19 or less carbon atoms). Among these, compounds that are
not actually present in the sebaceous dirt are also included. However, in the present
specification, it is intended that these anteiso fatty acids are also included in the
sebaceous dirt component. In the present invention, the sebaceous dirt component is
preferably an anteiso fatty acid. The anteiso fatty acid that is preferably used in the

present invention may be any of a saturated fatty acid and an unsaturated fatty acid, and
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it is defined that salts and esters of anteiso fatty acids are also included in the anteiso
fatty acid. Specific examples thereof include 6-methyloctanoic acid, §-methyldecanoic
acid, 12-methyltetradecanoic acid, 14-methylhexadecanoic acid, 16-methyloctadecanoic
acid, 14-methylhexadecenoic acid, and 16-methyloctadecenoic acid, and salts, esters
and the like of these acids. In the present invention, the sebaceous dirt component is
more preferably 14-methylhexadecanoic acid or 16-methyloctadecanoic acid.

The anteiso fatty acid that is preferably used in the present invention can be
synthesized by an ordinary method (see, for example, JP-A-2009-149546).

Furthermore, commercially available products can be also obtained from Sigma-Aldrich
Company or the like and used.

In the present invention, the contact ratio (mixing ratio) of the microorganisms
which produce damp-dry malodor-causing substances and the sebaceous dirt component
can be appropriately determined. For example, 0.1 mg or more and 10 mg or less of
the sebaceous dirt component such as an anteiso fatty acid may be preferably brought
into contact with the microorganisms at a final concentration of 10 CFU or more and
10% CFU or less.

{0030}

In the present invention, microorganisms which produce damp-dry malodor-
causing substances and a test substance that are used in the present invention may be
added to a fabric product to which a sebaceous dirt component is clung for bringing the
microorganisms and the test substance into contact with each other, and the
microorganisms may be incubated together with the test substance and the sebaceous
dirt component. In this case, any incubation conditions for incubation may be used.

In the present invention, it is preferable to carry out the incubation by allowing the
system to stand still at 25°C or more and 35°C or less for 3 hours or more (preferably 8
hours or more) and 48 hours or less. Furthermore, the sebaceous dirt component may
have clung to the fabric product from the beginning, or a sebaceous dirt component such
as an anteiso fatty acid may be caused to cling to the fabric product. In the case of
causing the sebaceous dirt component to cling to the fabric product, it is preferable to
cause the sebaceous dirt component to cling to a fabric product having a size of 2x2 cm
at a proportion of 0.1 mg or more and 1 mg or less.

The amount of addition of the microorganisms to a fabric product can be

appropriately determined. For example, a microorganism suspension is preferably
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added to a fabric product to obtain a microbial population of 10* CFU/cm* or more and
10° CFU/cm? or less.

As the material of the fabric product, any material may be used, and the
material may be any of natural materials such as wool, silk and cotton; chemical fabrics
such as polyester and polyamide; and combinations thereof. In the present invention,
the material of the fabric product is preferably cotton. Further, when a sebaceous dirt
component is added and used, the fabric product may be in un-used state or after use of
one or more times (that is, a fabric product after use but without washing, a fabric
product after use and completed washing, or the like).

{0031}

Regarding the evaluation method and the screening method of the present
invention, the fatty acid desaturase and the f oxidation related enzyme, of which gene
expression is determined, are explained herein below.

{0032}

The fatty acid desaturase is an enzyme which produces an unsaturated fatty
acid by eliminating two hydrogen atoms from a fatty acid and forming a carbon-carbon
double bond in the fatty acid. = In the present invention, the fatty acid desaturase is
preferably an enzyme which is related to production of damp-dry malodor-causing
substances such as 4M3H, more preferably an enzyme responsible for desaturation of a
precursor of damp-dry malodor-causing substances, and further preferably an enzyme
responsible for desaturation of a sebaceous dirt component such as anteiso-fatty acids.
Examples of the fatty acid desaturase include A9desaturase, ASdesaturase and
Ab6desaturase. Among these, A9desaturase is particularly preferable.

{0033}

With regard to the A9desaturase among the fatty acid desaturase, the amino
acid sequence thereof and the base sequence of A9desaturase gene encoding the
A9desaturase have been reported and described by Human Microbiome project (HMP,
http://hmp.jcvi.org/jumpstart/hmp047/index.shtml). Of those, the base sequence of the
A9desaturase gene of Enhydrobacter aerosaccus SK60 (accession No:
NZ_ACY101000046, gene No: ENHAEQ001 1102) is set forth in SEQ ID NO: 1.
Further, based on the result of comparing the gene sequences of 168 rRNA between

Enhydrobacter aerosaccus SK60 and Moraxella osloensis ATCC19976, which exhibits

99.1% sequence similarity, and the report by Y. Kawamura et al. (Microbiology and
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Immunology, 2012, vol. 56, p. 21-26), possibility of re-classifying Enhydrobacter

aerosaccus SK60 as Moraxella osloensis was strongly demonstrated. Moreover, from

fatty acid composition analysis, it has been suggested that Moraxella osloensis may

have A9desaturase (see, C. Sugimoto et al., International journal of systematic
bacteriology, 1983, p.181-187).

In the present invention, the base sequence of the A9desaturase gene may be a
base sequence which has 70% or more sequence similarity to the base sequence set
forth in SEQ ID NO: 1 or a complementary sequence thereof, and the sequence
similarity is preferably 80% or more, more preferably 90% or more, still more
preferably 95% or more, even more preferably 96.1% or more, even more preferably
97% or more, and particularly preferably 99% or more. Further, the A9desaturase
gene may be a gene which has a base sequence set forth in SEQ ID NO: 1 with a
deletion, a substitution, an insertion, or an addition of 1 to 351 bases (preferably 1 to
234 bases, more preferably 1 to 117 bases, and particularly preferably 1 to 59 bases),
and encodes an enzyme having a fatty acid desaturation activity. The base sequence
similarity is calculated, for example, by Lipman-Pearson method (Science, 227, p. 1435
(1985)). Specifically, it can be calculated by performing analysis using a homology
analysis (Search homology) program of genetic information processing software
Genetyx-Win (Software Development) while the unit size to compare (ktup) parameter
issetto 2. Further, as for an example of the A9desaturase gene other than the base
sequence set forth in SEQ ID NO: 1, which is a base sequence of the A9desaturase gene
preferred in the present invention, the sequence similarities among the base sequence of

A9desaturase gene from Moraxella catarrhalis RH4 (SEQ ID NO: 2, accession No:

CP002005, gene No: MCR_0449, see Kyoto encyclopedia of genes and genomes
(KEGG, http://www.genome.jp/kegg/kegg?2.html)), the base sequence of A9desaturase
gene from Acinetobacter sp. DR1 (SEQ ID NO: 3, accession No: CP002080, gene No:
AOLE_06035), and the base sequence of A9desaturase gene from Saccaromyces
cerevisiae YGLO55W (SEQ ID NO: 4, accession No: 272577, gene No: YGL055W) are

shown in Table 1.
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{0034}
Table 1
. Sequence similarity to the base sequence
SEQID NO: set forth in SEQ ID NO: 1

2 63.7%

3 56.0%

4 49.0%
{0035}

The B oxidation-related enzyme is an enzyme which is involved with oxidation
of the carbon at the B-position of an fatty acid.  As a result of repeated § oxidation by
the B oxidation-related enzyme, degradation of the carbon chain in the fatty acid
progresses. In the present invention, the  oxidation-related enzyme is preferably an
enzyme which is involved with production of damp-dry malodor-causing substances,
such as 4M3H. More preferably, it is an enzyme responsible for  oxidation of an
unsaturated fatty acid produced by the fatty acid desaturase. Still more preferably, it is
an enzyme responsible for [} oxidation of an unsaturated fatty acid as a desaturation
product of a sebaceous dirt component such as an anteiso-fatty acid by the fatty acid
desaturase. Specific examples of the § oxidation-related enzyme include the following
enzymes (1) to (4).

(1) fadD for converting a fatty acid into acyl CoA in ATP dependent manner

2) fadE for forming a,B-trans double bond based on dehydrogenation

3) fadB for producing L-3-hydroxy acyl CoA by hydration of double bond and
producing 3-oxoacyl CoA by dehydrogenation in NAD" dependent manner

@) fadA for producing acetyl CoA and aéyl CoA with two less carbon atoms by
breaking the carbon-carbon bond between the a-position and the B-position via reaction
with CoA.

Among these enzymes, fadB and fadD are preferable.

{0036}

With regard to the fadB among the  oxidation-related enzyme, the amino acid
sequence thereof and the base sequence of fadB gene encoding the fadB have been
reported and described by HMP (http://hmp.j cvi;org/jumpstart/hmp047/index.shtml)..
Of those, the base sequence of the fadB gene of Enhydrobacter aerosaccus SK60
(accession No: NZ_ACYI01000046, gene No: ENHAEO001 0891) is set forth in SEQ
ID NO: 5.

In the present invention, the base sequence of the fadB gene may be a base
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sequence which has 70% or more sequence similarity to the base sequence set forth in
SEQ ID NO: § or a complementary sequence thereof, and the sequence similarity is
preferably 80% or more, more preferably 90% or more, still more preferably 95% or
more, even more preferably 95.2% or more, even more preferably 97% or more, and
particularly preferably 99% or more. Further, the fadB gene may be a gene which has
a base sequence set forth in SEQ ID NO: 5 with a deletion, a substitution, an insertion,
or an addition of 1 to 647 bases (preferably 1 to 431 bases, more preferably 1 to 216
bases, and particularly preferably 1 to 108 bases), and encodes an enzyme having a f8
oxidation activity of an unsaturated fatty acid. The base sequence similarity is
calculated, for example, by Lipman-Pearson method (Science, 227, p. 1435 (1985)).
Specifically, it can be calculated by performing analysis using a homology analysis
(Search homology) program of genetic information processing software Genetyx-Win
(Software Development) while the unit size to compare (ktup) parameter is set to 2.
Further, as for an example of the fadB gene other than the base sequence set forth in
SEQ ID NO: 5, which is a base sequence of the fadB gene preferred in the present
invention, the sequence similarities among the base sequence of fadB gene from
Moraxella catarrhalis RH4 (SEQ ID NO: 6, accession No: CP002005, gene No:
MCR_0091, see KEGG (http://www.genome.jp/kegg/kegg?.html)), the base sequence
of fadB gene from Acinetobacter sp. DR1 (SEQ ID NO: 7, accession No: CP002080,

gene No: AOLE _17905), and the base sequence of fadB gene from Escherichia coli
K12 MG1655 (SEQ ID NO: 8§, accession No: AP012306, gene No: b3846) are shown in
Table 2.

{0037}
Table 2
i Sequence similarity to the base sequence
SEQ ID NO: set forth in SEQ ID NO: 5

6 68.5%

7 67.5%

8 56.7%
{0038}

With regard to the fadD among the  oxidation-related enzyme, the amino acid
sequence thereof and the base sequence of fadD gene encoding the fadD have been
reported and described by HMP (http://hmp.jcvi.org/jumpstart/hmp047/index.shtml).
Of those, the base sequence of the fadD gene of Enhydrobacter aerosaccus SK60
(accession No: NZ_ACYI01000046, gene No: ENHAEO0001 2256) is set forth in SEQ
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ID NO: 9.

In the present invention, the base sequence of the fadD gene may be a base
sequence which has 70% or more sequence similarity to the base sequence set forth in
SEQ ID NO: 9 or a complementary sequence thereof, and the sequence similarity is
preferably 80% or more, more preferably 90% or more, still more preferably 95% or
more, even more preferably 95.4% or more, even more preferably 97% or more, and
particularly preferably 99% or more. Further, the fadD gene may be a gene which has
a base sequence set forth in SEQ ID NO: 9 with a deletion, a substitution, an insertion,
or an addition of 1 to 506 bases (preferably 1 to 377 bases, more preferably 1 to 169
bases, and particularly preferably 1 to 84 bases), and encodes an enzyme having a 3
oxidation activity of an unsaturated fatty acid. The base sequence similarity is
calculated, for example, by Lipman-Pearson method (Science, 227, p. 1435 (1985)).
Specifically, it can be calculated by performing analysis using a homology analysis
(Search homology) program of genetic information processing software Genetyx-Win
(Software Development) while the unit size to compare (ktup) parameter is set to 2.
Further, as for an example of the fadD gene other than the base sequence set forth in
SEQ ID NO: 9, which is a base sequence of the fadD gene preferred in the present
invention, the sequence similarities among the base sequence of fadD gene from
Moraxella catarrhalis RH4 (SEQ ID NO: 10, accession No: CP002005, gene No:
MCR 1388, see KEGG (http://www.genome.jp/kegg/kegg2.html)), the base sequence
of fadD gene from Acinetobacter sp DR1 (SEQ ID NO: 11, accession No: CP002080,

gene No: AOLE 18375), and the base sequence of fadD gene from Escherichia coli
K12 MG1655 (SEQ ID NO: 8, accession No: AP012306, gene No: b1805) are shown in
Table 3.

{0039}
Table 3
. Sequence similarity to the base sequence
SEQ ID NO: set forth in SEQ ID NO: 9

10 53.6%

11 53.5%

12 51.7%
{0040}

Generally, examples of the action mechanism of the damp-dry malodor
inhibitor includes sterilization of microorganisms that cling into a fabric product,

prevention of the conversion of sweat, sebum or the like that remains in a fabric product
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to a damp-dry malodor-causing substance, decomposition or conversion of a damp-dry
malodor-causing substance into an odorless substance, and masking of a damp-dry
malodor. The action mechanism of the damp-dry malodor inhibitor in the present
invention is related to prevention of the conversion of sweat, sebum, or the like that
remains in a fabric product into a damp-dry malodor-causing substance. ‘

By an activation of the fatty acid desaturase in microorganisms which produce
damp-dry malodor-causing substances, desaturation of fatty acids as a precursor of
damp-dry malodor-causing substances is caused. Moreover, from the unsaturated fatty
acids produced by the reaction, damp-dry malodor-causing substances are generated in
accordance with § oxidation reaction by the B oxidation-related enzyme.

As an example, the mechanism for producing damp-dry malodor-causing
substances (4M3H) from 16-methyloctadecanoic acid as a substrate, which is one kind
of anteiso-fatty acid, by microorganisms which produce damp-dry malodor-causing
substances is described below.

{0041}

o} 0 (o]
/\'/\/WW\/\,AQH /Y\/\A,/'W\/\)LOH /\I%\)LOH
Precursor of damp—dry ———’ -'—-’

malodor—cau§|ng substance o catiration Unsaturated fatty acid B oxidation Damp-dry malodor-
(Sebaceous dirt component) causing substance
( 4M3H)

{0042}

In the present invention, expression of the fatty acid desaturase gene and the 8
oxidation-related enzyme gene can be detected by an ordinary method. For example,
by carrying out a polymerase chain reaction (PCR) using nucleic acid primers for
detecting the fatty acid desaturase gene and the B oxidation-related enzyme gene, and
determining the presence or absence of an amplified product, the gene expression can
be detected.  Alternatively, it is also possible that real time PCR is carried out using
the same primer and the gene expression amount is quantitatively determined to detect
the gene expression.

{0043}

In the present invention, the detection of at least one kind of gene selected from
the fatty acid desaturase gene and the  oxidation-related enzyme gene is performed by
using at least one kind of oligonucleotide pair selected from an oligonucleotide pair

containing the oligonucleotides (a) and (b) described above, an oligonucleotide pair
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containing the oligonucleotides (c) and (d) described above, an oligonucleotide pair
containing the oligonucleotides (€) and (f) described above, an oligonucleotide pair
containing the oligonucleotides (g) and (h) described above, an oligonucleotide pair
containing the oligonucleotides (i) and (j) described above, an oligonucleotide pair
containing the oligonucleotides (k) and (I) described above, an oligonucleotide pair
containing the oligonucleotides (m) and (n) described above, an oligonucleotide pair
containing the oligonucleotides (0) and (p) described above, an oligonucleotide pair
containing the oligonucleotides (q) and (r) described above, an oligonucleotide pair
containing the oligonucleotides (s) and (t) described above, an oligonucleotide pair
containing the oligonucleotides (u) and (v) described above, an oligonucleotide pair
containing the oligonucleotides (w) and (x) described above, an oligonucleotide pair
containing the oligonucleotides (y) and (z) described above, an oligonucleotide pair
containing the oligonucleotides (al) and (bl) described above, and an oligonucleotide
pair containing the oligonucleotides (c1) and (d1) described above.

{0044}

In the present invention, the fatty acid desaturase gene is preferably the
A9desaturase gene. In the case of detecting the A9desaturase gene, it is preferably that
at least one kind of oligonucleotide pair selected from a pair of the above-described
oligonucleotides (a) and (b), a pair of the above-described oligonucleotides (c) and (d),
a pair of the above-described oligonucleotides (e¢) and (f), a pair of the above-described
oligonucleotides (g) and (h), a pair of the above-described oligonucleotides (i) and (j),
and a pair of the above-described oligonucleotides (k) and (1) is used.

The oligonucleotides (a) to (1) are preferably an oligonucleotide having the
base sequence set forth in any one of SEQ ID NOS: 13 to 24. Further, in the present
invention, an oligonucleotide preferably usable for detection of the fatty acid desaturase
gene (in particular, the A9desaturase gene) may have sequence similarity of 70% or
more with the base sequence set forth in any one of SEQ ID NOS: 13 to 24 as long as it
can be used for detection of the fatty acid desaturase gene (preferably, the A9desaturase
gene). The sequence similarity is preferable 75% or more, more preferably 80% or
more, still more preferably‘85% or more, even more preferably 90% or more, and
particularly preferably 95% or more. Further, the oligonucleotide preferably usable for
detection of the fatty acid desaturase gene (preferably, the A9desaturase gene) includes

an oligonucleotide which has a base sequence set forth in any one of SEQ ID NOS: 13
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to 24 with a deletion, a substitution, an insertion, or an addition of 1 to several bases
(preferably 1 to 5 bases, more preferably 1 to 4 bases, still more preferably 1 to 3 bases,
even still more preferably 1 or 2 bases, and particularly preferably 1 base), and is usable
for detection of the fatty acid desaturase gene (preferably, the A9desaturase gene).
Moreover, an appropriate base sequence may be added to the base sequence set forth in
any one of SEQ ID NOS: 13 to 24.

The base sequence similarity is calculated, for example, by Lipman-Pearson
method (Science, 227, p. 1435 (1985)). Specifically, it can be calculated by
performing analysis using a homology analysis (Search homology) program of genetic
information processing software Genetyx-Win (Software Development) while the unit
size to compare (ktup) parameter is set to 2.

{0045}

To a nucleic acid having the base sequence set forth in SEQ ID NO: 1 or a base
sequence having sequence similarity of 70% or more with the base sequence set forth in
SEQ ID NO: 1, an oligonucleotide having the base sequence set forth in any one of SEQ
ID NOS: 13 to 24 hybridizes under stringent conditions. Regions to which the
oligonucleotide having the base sequence set forth in any one of SEQ ID NOS: 13 to 24
hybridizes in the base sequence set forth in SEQ ID NO: 1 are shown in Table 4, for
example. As shown in Table 4, the oligonucleotide having the base sequence set forth
in any one of SEQ ID NOS: 13 to 24 can hybridize under stringent conditions to the
fatty acid desaturase gene of microorganisms which produce damp-dry malodor-causing
substances. Thus, when an amplification reaction is carried out by using, as nucleic
acid primers, at least one oligonucleotide pair selected from an oligonucleotide pair
containing the oligonucleotides (a) and (b) described above, an oligonucleotide pair
containing the oligonucleotides (c) and (d) described above, an oligonucleotide pair
containing the oligonucleotides (¢) and (f) described above, an oligonucleotide pair
containing the oligonucleotides (g) and (h) described above, an oligonucleotide pair
containing the oligonucleotides (i) and (j) described above, and an oligonucleotide pair
containing the oligonucleotides (k) and (1) described above, an amplification product of
the fatty acid desaturase gene is obtained. For such reasons, without performing base
sequence analysis, it becomes possible to identify the amplification product obtained by.
performing the amplification reaction using the above oligonucleotide pair as nucleic

acid primers with an amplification product of the fatty acid desaturase gene. Asa
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result, expression of the fatty acid desaturase gene of microorganisms which product
damp-dry malodor-causing substances can be easily detected.

It should be note that, in this description, the "stringent conditions" includes,
for example, the method described in Molecular Cloning-A LABORATORY
MANUAL THIRD EDITION [Joseph Sambrook, David W. Russell. Cold Spring
Harbor Laboratory Press], and examples thereof include conditions where hybridization
is performed by incubating a solution containing 6 x SSC (composition of 1 x SSC:
0.15M sodium chloride, 0.015M sodium citrate, pH7.0), 0.5% SDS, 5 x Denhardt and
100 mg/mL herring sperm DNA together with a probe at 65°C for 8 to 16 hours.

{0046}
Table 4
SEQ ID NO: SEQ ID NO:1

(a) 13 From 618-position to 637-position
{b) 14 From 750-position to 768-position
(c) 15 From 532-position to 554-position
(d 16 -From 633-position to 655-position
(e) 17 From 639-position to 661-position
(63] 18 From 741-position to 763-position
(g 19 From 638-position to 660-position
(h) 20 From 741-position to 763-position
(i) 21 From 532-position to 554-position
() 22 From 631-position to 653-position
(9] 23 From 280-position to 302-position
(D) 24 From 387-position to 409-position

{0047}

In the present invention, the  oxidation-related enzyme gene is preferably
fadB gene or fadD gene.

In the case of detecting the fadB gene, it is preferably that at least one kind of
oligonucleotide pair selected from a pair of the above-described oligonucleotides (m)
and (n), a pair of the above-described oligonucleotides (o) and (p), a pair of the above-
described oligonucleotides (q) and (r), and a pair of the above-described
oligonucleotides (s) and (t) is used. In the case of detecting the fadD gene, it is
preferably that at least one kind of oligonucleotide pair selected from a pair of the
above-described oligonucleotides (u) and (v), and a pair of the above-described
oligonucleotides (w) and (x), and a pair of the abové-described oligonucleotides (y) and
(2), and a pair of the above-described oligonucleotides (al) and (b1), and a pair of the‘
above-described oligonucleotides (c1) and (d1) is used.

The oligonucleotides (m) to (z) and (al) to (d1) are preferably an
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oligonucleotide having the base sequence set forth in any one of SEQ ID NOS: 25 to 42.
Further, in the present invention, an oligonucleotide preferably usable for detection of
the B oxidation-related enzyme gene (in particular, the fadB gene or the fadD gene) may
have sequence similarity of 70% or more with the base sequence set forth in any one of
SEQ ID NOS: 25 to 42 as long as it can be used for detection of the 8 oxidation-related
enzyme gene (in particular, the fadB gene or the fadD gene). The sequence similarity
is preferable 75% or more, more preferably 80% or more, still more preferably 85% or
more, even more preferably 90% or more, and particularly preferably 95% or more.
Further, the oligonucleotide preferably usable for detection of the B oxidation-related
enzyme gene (in particular, the fadB gene or the fadD gene) includes an oligonucleotide
which has a base sequence set forth in any one of SEQ ID NOS: 25 to 42 with a deletion,
a substitution, an insertion, or an addition of 1 to several bases (preferably 1 to 5 bases,
more preferably | to 4 bases, still more preferably 1 to 3 bases, even still more
preferably 1 or 2 bases, and particularly preferably 1 base), and is usable for detection
of the B oxidation-related enzyme gene (in particular, the fadB gene or the fadD gene).
Moreover, an appropriate base sequence may be added to the base sequence set forth in
any one of SEQ ID NOS: 25 to 42.

The base sequence similarity is calculated, for example, by Lipman-Pearson
method (Science, 227, p. 1435 (1985)). Specifically, it can be calculated by
performing analysis using a homology analysis (Search homology) program of genetic
information processing software Genetyx-Win (Software Development) while the unit
size to compare (ktup) parameter is set to 2.

{0048}

To a nucleic acid having the base sequence set forth in SEQ ID NO: 5 or a base
sequence having sequence similarity of 70% or more with the base sequence set forth in
SEQ ID NO: 5, an oligonucleotide having the base sequence set forth in any one of SEQ
ID NOS: 25 to 32 hybridizes under stringent conditions. Regions to which the
oligonucleotide having the base sequence set forth in any one of SEQ ID NOS: 25 to 32
hybridizes in the base sequence set forth in SEQ ID NO: 5 are shown in Table 5, for
example. As shown in Table 5, the oligonucleotide having the base sequence set forth
in any one of SEQ ID NOS: 25 to 32 can hybridize under stringent conditions to the
oxidation-related enzyme gene of microorganisms which produce damp-dry malodor-

causing substances. Thus, when an amplification reaction is carried out by using, as
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nucleic acid primers, at least one oligonucleotide pair selected from an oligonucleotide
pair containing the oligonucleotides (m) and (n) described above, an oligonucleotide
pair containing the oligonucleotides (0) and (p) described above, an oligonucleotide pair
containing the oligonucleotides (q) and (r) described above, and an oligonucleotide pair
containing the oligonucleotides (s) and (t) described above, an amplification product of
the B oxidation-related enzyme (fadB) gene is obtained. For such reasons, without
performing base sequence analysis, it becomes possible to identify the amplification
product obtained by performing the amplification reaction using the above
oligonucleotide pair as nucleic acid primers with an amplification product of the {3
oxidation-related enzyme (fadB) gene. As a result, expression of the  oxidation-
related enzyme (fadB) gene of microorganisms which product damp-dry malodor-

causing substances can be easily detected.

{0049}
Table 5
SEQ ID NO: SEQ ID NO:5
(m) 25 From 1914-position to 1936-position
(n) 26 From 2091-position to 2113-position
(0) 27 From 1430-position to 1452-position
(p) 28 From 1604-position to 1626-position
(9 29 From 1136-position to 1158-position
() 30 From 1311-position to 1333-position
(s) 31 From 284-position to 306-position
(1) 32 From 461-position to 483-position
{0050}

To a nucleic acid having the base sequence set forth in SEQ ID NO: 9 or a base
sequence having sequence similarity of 70% or more with the base sequence set forth in
SEQ ID NO: 9, an oligonucleotide having the base sequence set forth in any one of SEQ
ID NOS: 33 to 42 hybridizes under stringent conditions. Regions to which the
oligonucleotide having the base sequence set forth in any one of SEQ ID NOS: 33 to 42
hybridizes in the base sequence set forth in SEQ ID NO: 9 are shown in Table 6, for
example. As shown in Table 6, the oligonucleotide having the base sequence set forth
in any one of SEQ ID NOS: 33 to 42 can hybridize under stringent conditions to the
oxidation-related enzyme gene of microorganisms which produce damp-dry malodor-
causing substances. Thus, when an amplification reaction is carried out by using, as
nucleic acid primers, at least one oligonucleotide pair selected from an oligonucleotide
pair containing the oligonucleotides (u) and (v) described above, an oligonucleotide pair

containing the oligonucleotides (w) and (x) described above, an oligonucleotide pair
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containing the oligonucleotides (y) and (z) described above, an oligonucleotide pair
containing the oligonucleotides (al) and (b1) described above, and an oligonucleotide
pair containing the oligonucleotides (c1) and (d1) described above, an amplification
product of the B oxidation-related enzyme (fadD) gene is obtained. For such reasons,
without performing base sequence analysis, it becomes possible to identify the
amplification product obtained by performing the amplification reaction using the above
oligonucleotide pair as nucleic acid primers with an amplification product of the 3
oxidation-related enzyme (fadD) gene. As a result, expression of the B oxidation-
related enzyme (fadD) gene of microorganisms which product damp-dry malodor-

causing substances can be easily detected.

{0051}
Table 6
SEQ ID NO: SEQ ID NO:9
(w) 33 From 46-position to 68-position
v) 34 From 152-position to 174-position
(W) 35 From 46-position to 68-position
- (x) 36 From 153-position to 175-position
) 37 From 124-position to 146-position
(2 38 From 224-position to 246-position
(al) 39 From 521-position to 543-position
(b]) 40 From 624-position to 646-position
{c]) 41 From 115-position to 137-position
(d]) 42 From 223-position to 245-position
{0052}

The bonding pattern of the oligonucleotide includes not only a phosphodiester
bond present in a natural nucleic acid but also a phosphoroamidate bond and a
phosphorothioate bond, for example.

{0053}

The oligonucleotide can be prepared by an ordinary synthetic method such as
chemical synthesis using an automatic DNA synthesizer or the like. Alternatively, it is
also possible that it is directly cut from the A9desaturase gene, the fadB gene, or the
fadD gene using a restriction enzyme or the like, or after isolation and purification
following gene cloning, it may be prepared by digestion using a restriction enzyme or
the like. From the viewpoint of easiness of operation and obtaining an oligonucleotide
with constant quality in large amount at low cost, preparation is preferably carried out
by chemical synthesis.

{0054}
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The medium-chain branched fatty acids such as 4M3H are the damp-dry
malodor-causing substances. These are produced by involvement of the fatty acid
desaturase and the  oxidation-related enzyme derived from microorganisms which
produce damp-dry malodor-causing substances, utilizing a sebaceous dirt component as
a substrate. That is, in accordance with a decrease in expression amount of at least one
of the fatty acid desaturase gene and the B oxidation-related enzyme gene, production of
the medium-chain branched fatty acids, such as 4M3H, that are the damp-dry malodor-
causing substances, is suppressed. Thus, by analyzing a change in expression amount
of at least one of the fatty acid desaturase gene and the p oxidation-related enzyme gene
derived from microorganisms in the presence of a test substance, evaluation of
inhibitory effect on damp-dry malodor and screening of a damp-dry malodor inhibitor
can be achieved. For example, microorganisms which produce damp-dry malodor-
causing substances are brought into contact with a test substance in the presence of a
sebaceous dirt component (for example, on a fabric product such as clothes not washed
after use or a fabric product such as clothes washed after use, which contains a
sebaceous dirt components, microorganisms which produce damp-dry malodor-causing
substances and a test substance are brought into contact with each other). After
{ncubating the microorganisms with the test substance, PCR or real time PCR is carried
out by using nucleic acid primers designed based on the fatty acid desaturase gene or
the P oxidation-related enzyme gene. Then, presence or absence of an amplified
product or expression amount of the gene is analyzed. Compared to the gene
expression amount for a case in which the same procedures are carried out in the
absence of the test substance, when no amplified product is found or the gene
expression amount is reduced, it can be evaluated that the test substance has inhibitory
effect on damp-dry malodor, and the test substance can be selected as a damp-dry
malodor inhibitor.

{0055}

In the method of detecting microorganisms which produce damp-dry malodor-
causing substances, the detection of the microorganisms which produce damp-dry
malodor-causing substances is performed by using at least one kind of oligonucleotide
pair selected from an oligonucleotide pair containing the oligonucleotides (a) and (b)
described above, an oligonucleotide pair containing the oligonucleotides (c) and (d)

described abbve, an oligonucleotide pair containing the oligonucleotides (€) and (f)
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described above, an oligonucleotide pair containing the oligonucleotides (g) and (h)
described above, an oligonucleotide pair containing the oligonucleotides (i) and (j)
described above, an oligonucleotide pair containing the oligonucleotides (k) and (1)
described above, an oligonucleotide pair containing the oligonucleotides (m) and (n)
described above, an oligonucleotide pair containing the oligonucleotides (0) and (p)
described above, an oligonucleotide pair containing the oligonucleotides (q) and (r)
described above, an oligonucleotide pair containing the oligonucleotides (s) and (t)
described above, an oligonucleotide pair containing the oligonucleotides (u) and (v)
described above, an oligonucleotide pair containing the oligonucleotides (w) and (x)
described above, an oligonucleotide pair containing the oligonucleotides (y) and (z)
described above, an oligonucleotide pair containing the oligonucleotides (al) and (b1)
described above, and an oligonucleotide pair containing the oligonucleotides (c1) and
(d1) described above. Thus, without being bound to separation and identification of
microorganisms which produce damp-dry malodor-causing substances using the
oligonucleotide pair, microorganisms which produce damp-dry malodor-causing

substances can be quickly and accurately detected. Further, as used herein, the term

“detect’ includes “identify” used in taxonomy.

The kind of microorganisms that are detected by the detection method of the
present invention include the microorganisms to be used for the evaluation method of
the present invention.

Each oligonucleotide pair used for the method of detecting microorganisms
which produce damp-dry malodor-causing substances of the present invention are the
same as the oligonucleotide pair used for the method of screening a damp-dry malodor
inhibitor and the method of evaluating inhibitory effect on damp-dry malodor of the
present invention that are described above.

{0056}

In the method of detecting microorganisms which produce damp-dry malodor-
causing substances of the present invention, amplification of a fragment of at least one
kind of gene selected from the fatty acid desaturase gene and the f oxidation-related
enzyme gene is performed using the above-described oligonucleotide pair. Moreover,
for both the method of screening a damp-dry malodor inhibitor and the method of
evaluating inhibitory effect on damp-dry malodor of the present invention, in order to

detect expression of at least one kind of gene selected from the fatty acid desaturase
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gene and the P oxidation-related enzyme gene, it is preferable to perform amplification
of a fragment of at least one kind of gene selected from the expressed fatty acid
desaturase gene and the expressed p oxidation-related enzyme gene by using the
oligonucleotide pair described above. When an amplification reaction is carried out by
using the oligonucleotide pair of the present invention, an amplified product is obtained
when at least one kind of gene selected from the fatty acid desaturase gene and the
oxidation-related enzyme gene is present. Thus, obtainment of an amplified product
indicates presence of at least one kind of gene selected from the fatty acid desaturase
gene and the f§ oxidation-related enzyme. For such reasons, without performing the
base sequence analysis of an amplified product, it is possible to detect at least one kind
of gene selected from the fatty acid desaturase gene and the f oxidation-related enzyme
gene, or to detect microorganisms having at least one kind of gene selected from the
fatty acid desaturase gene and the B oxidation-related enzyme gene, that is,
microorganisms which produce damp-dry malodor-causing substances.

An ordinary method such as PCR method, the real time PCR method, LCR
(ligase chain reaction) method, SDA (strand displacement amplification) method,
NASBA (nucleic acid sequence-based amplification) method, RCA (rolling-circle
amplification) method, or LAMP (loop mediated isothermal amplification) method may
be used to amplify a fragment of at least one kind of gene selected from the fatty acid
desaturase gene and the [ oxidation-related enzyme gene. However, in the present
invention, the PCR method is preferably used.

Hereinafter, a specific example of the method of amplifying a gene fragment
by PCR in the present invention will be described in more.

{0057}

In the present invention, for amplifying a fragment of the fatty acid desaturase
gene (in particular, the A9desaturase gene), it is preferable that PCR is performed by
using, as nucleic acid primers, at least one kind of oligonucleotide pair selected from an
oligonucleotide pair containing the oligonucleotides (a) and (b) described above, an
oligonucleotide pair containing the oligonucleotides (c) and (d) described above, an
oligonucleotide pair containing the oligonucleotides (e) and (f) described above, an
oligonucleotide pair containing the oligonucleotides (g) and (h) described above, an
oligonucleotide pair containing the oligonucleotides (i) and (j) described above, and an

oligonucleotide pair containing the oligonucleotides (k) and (1) described above, and
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amplifying a part of the nucleic acid of the fatty acid desaturase gene of the
microorganisms which produce damp-dry malodor-causing substances.

The oligonucleotides (a) and (b) described above, the oligonucleotides (c) and
(d) described above, the oligonucleotides (e) and (f) described above, the
oligonucleotides (g) and (h) described above, the oligonucleotides (i) and (j) described
above, and the oligonucleotides (k) and (1) described above are useful for amplifying, by
PCR, a fragment (part) of the fatty acid desaturase gene (in particular, the A9desaturase
gene) of the microorganisms which produce damp-dry malodor-causing substances.
As described above, the fatty acid desaturase is related to production of the damp-dry
malodor-causing substances such as 4AM3H. Thus, an oligonucleotide pair containing
the oligonucleotides (a) and (b) described above, an oligonucleotide pair containing
oligonucleotides (c¢) and (d) described above, an oligonucleotide pair containing
oligonucleotides (€) and (f) described above, an oligonucleotide pair containing
oligonucleotides (g) and (h) described above, an oligonucleotide pair containing
oligonucleotides (i) and (j) described above, and an oligonucleotide pair containing
oligonucleotides (k) and (1) described above can be preferably used for detection of the
expression of the fatty acid desaturase gene or detection of microorganisms which
produce damp-dry malodor-causing substances in the method of evaluating inhibitory
effect on damp-dry malodor or a method of screening a damp-dry malodor inhibitor.
{0058}

In the present invention, for amplifying a fragment of the B oxidation-related
enzyme gene (in particular, the fadB gene or the fadD gene), it is preferable that PCR is
performed by using, as nucleic acid primers, at least one kind of oligonucleotide pair
selected from an oligonucleotide pair containing the oligonucleotides (m) and (n)
described above, an oligonucleotide pair containing the oligonucleotides (o) and (p)
described above, an oligonucleotide pair containing the oligonucleotides (q) and (r)
described above, an oligonucleotide pair containing the oligonucleotides (s) and (t)
described above, an oligonucleotide pair containing the oligonucleotides (u) and (v)
described above, an oligonucleotide pair containing the oligonucleotides (w) and (x)
described above, an oligonucleotide pair containing the oligonucleotides (y) and (z)
described above, an oligonucleotide pair containing the oligonucleotides (al) and (b1)
described above, and an oligonucleotide pair containing the oligonucleotides (c1) and

(d1) described above, and amplifying a part of the nucleic acid of the B oxidation-
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related enzyme gene of the microorganisms which produce damp-dry malodor-causing
substances.

The oligonucleotides (m) and (n) described above, the oligonucleotides (o) and
(p) described above, the oligonucleotides (q) and (r) described above, and the
oligonucleotides (s) and (t) described above are useful for amplifying, by PCR, a
fragment (part) of the B oxidation-related enzyme gene (in particular, the fadB gene) of
the microorganisms which produce damp-dry malodor-causing substances. Further,
the oligonucleotides (u) and (v) described above, the oligonucleotides (w) and (x)
described above, the oligonucleotides (y) and (z) described above, the oligonucleotides
(al) and (b1) described above, and the oligonucleotides (c1) and (d1) described above
are useful for amplifying, by PCR, a fragment (part) of the 3 oxidation-related enzyme
gene (in particular, the fadD gene) of the microorganisms which produce damp-dry
malodor-causing substances. As described above, the § oxidation-related enzyme is
related to production of the damp-dry malodor-causing substances such as 4M3H.
Thus, an oligonucleotide pair containing the oligonucleotides (m) and (n) described
above, an oligonucleotide pair containing the oligonucleotides (o) and (p) described
above, an oligonucleotide pair containing the oligonucleotides (q) and (r) described
above, an oligonucleotide pair containing the oligonucleotides (s) and (t) described
above, an oligonucleotide pair containing the oligonucleotides (u) and (v) described
above, an oligonucleotide pair containing the oligonucleotides (w) and (x) described
above, an oligonucleotide pair containing the oligonucleotides (y) and (z) described
above, an oligonucleotide pair containing the oligonucleotides (al) and (b1l) described
above, and an oligonucleotide pair containing the oligonucleotides (c1) and (d1)
described above can be preferably used for detection of the expression of the 3
oxidation-related enzyme gene or detection of microorganisms which produce damp-dry
malodor-causing substances in the method of evaluating inhibitory effect on damp-dry
malodor or a method of screening a damp-dry malodor inhibitor.
{0059}

Conditions of the PCR reaction can be appropriately determined so that a DNA
fragment of interest can be amplified to a detectable degree.

For example, when PCR is carried out by using, as nucleic acid prirhers, the at
least one kind of oligonucleotide pair, thermal denaturation for about 5 sec (preferably 5

sec) or more and about 60 sec (preferably 60 sec) or less at the temperature of 95°C or
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more and 98°C or less for converting the double stranded DNA to the single stranded
DNA is performed. Next, an annealing reaction for hybridizing the primer pair to the
single stranded DNA is performed for about 5 sec (preferably 5 sec) or more and about
60 sec (preferably 60 sec) or less at the temperature of 55°C or more (preferably 59°C or
more) and 65°C or less (preferably 62°C), and more preferably for 60 sec at 61°C.
Next, an elongation reaction for an action of DNA polymerase is performed for about
10 sec (preferably 10 sec) or more and about 60 sec (preferably 60 sec) or less at the
temperature of about 72°C. By having the above steps as one cycle, about 30 cycles
(preferably 30 cycles) or more and about 35 cycles (preferably 35 cycles) or less are
performed.

{0060}

In the method of detecting microorganisms which produce damp-dry malodor-
causing substances, identification of the gene fragment can be carried out by an
ordinary method. For example, a method of confirming presence or absence of a band
with a size corresponding to the amplified gene by performing electrophoresis of the
amplified product, and a method of measuring an amount of the amplified product over
time can be mentioned. In the present invention, a method of confirming presence or
absence of a band with a size corresponding to the amplified gene by performing
electrophoresis after the gene amplification is preferable. Moreover, identification of
the amplified product can be performed by on ordinary method. Examples thereof
include a method of incorporating a nucleotide labeled with a radioactive substance or
the like during amplification, a method of using a primer labeled with a fluorescent
material or the like, and a method of inserting, between two DNA strands, a fluorescent
material such as ethidium bromide for enhancing fluorescence intensity based on
binding to DNA. In the present invention, a method of inserting, between two DNA
strands, a fluorescent material for enhancing fluorescence intensity which binds to DNA
is preferable. '

When microorganisms to be detected are included in a sample, by performing
PCR using the oligonucleotide pair of the present invention as a primer set and
performing electrophoresis of an obtained PCR product, a DNA fragment with specific
size can be identified.

By carrying out those processes, it is possible to identify whether or not the

microorganisms as a detection subject are contained in a sample.
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{0061}

As the sample to be used in the present invention, any sample, such as fibers,
fabric, soil, plastic, paper, plant, mixed microbes, isolated microbes, and cultured
microbes, can be used. A method of preparing DNA from a sample may be any
method so that DNA can be obtained at a sufficient purification degree and in a
sufficient amount for detecting microorganisms which produce damp-dry malodor-
causing substances. The sample may be used without purification. Alternatively, the
sample may be subjected to a pre-treatment such as separation, extraction, concentration,
or purification before use. For example, the sample may be purified by phenol and
chloroform extraction or may be purified using a commercially available extraction kit,
to increase the purity of the nucleic acid before use. Moreover, DNA obtained by
reverse transcription of RNA in a sample may be used.

{0062}

Examples of the microorganisms to be detected by the method of detecting

microorganisms which produce damp-dry malodor-causing substances of the present

invention include bacteria of genus Moraxella such as Moraxella osloensis and

Moraxella sp.
{0063}

The kit for evaluating inhibitory effect on damp-dry malodor and the kit for
screening a damp-dry malodor inhibitor of the present invention contains
microorganisms which produce damp-dry malodor-causing substances and a sebaceous
dirt component such as an anteiso fatty acid. The microorganisms which produce
damp-dry malodor-causing substances and the sebaceous dirt component such as an
anteiso fatty acid are as described above.  The kits may further contain a fabric
product to be contacted with microorganisms which produce damp-dry malodor-causing
substances and a test substance (for example, cotton fabric product after use) or a liquid
to be contacted with microorganisms which produce damp-dry malodor-causing
substances and a test substance (for example, physiological saline, buffer solution, and
liquid medium). Moreover, for detection of the damp-dry malodor-causing substances
such as 4M3H, a commercially available gas chromatography or the like may be used.

Further, the kit for evaluating inhibitory effect on damp-dry malodor, the kit
for screening of a damp-dry malodor inhibitor, and the kit for detecting microorganisms

which produce damp-dry malodor-causing substances each contains at least one kind of



10

15

20

25

30

WO 2013/180302 PCT/JP2013/065306

42

oligonucleotide selected from the above-described oligonucleotides (a) to (z) and (al) to
(d1); or at least one kind of oligonucleotide pair selected from a pair of the above-
described oligonucleotides (a) and (b), a pair of the above-described oligonucleotides
(c) and (d), a pair of the following oligonucleotides (e) and (f), a pair of the above-
described oligonucleotides (g) and (h), a pair of the above-described oligonucleotides (i)
and (3), a pair of the above-described oligonucleotides (k) and (1), a pair of the above-
described oligonucleotides (m) and (n), a pair of the above-described oligonucleotides
(o) and (p), a pair of the above-described oligonucleotides (q) and (r), a pair of the
above-described oligonucleotides (s) and (t), a pair of the above-described
oligonucleotides (u) and (v), a pair of the above-described oligonucleotides (w) and (x),
a pair of the above-described oligonucleotides (y) and (z), a pair of the above-described
oligonucleotides (al) and (bl), and a pair of the above-described oligonucleotides (c1)
and (d1).

{0064}

The kits of the present invention may contain, depending on purpose,
substances which are ordinary used for amplifying a gene fragment, such as a label-
detecting substance, a buffer, a nucleic acid synthetase (such as a DNA polymerase, an
RNA polymerase, or a reverse transcriptase), and an enzyme substrate (such as dNTP or
rNTP). Further, the kits of the present invention may contain a positive control for
confirming that a detection reaction can be made using the oligonucleotide or
oligonucleotide pair of the present invention. The positive control is, for example,
DNA including a region which is amplified by the method of the present invention.
{0065}

With regard to the embodiments described above, also disclosed by the present
invention includes a method of evaluating inhibitory effect on damp-dry malodor
described below, a method of screening a damp-dry malodor inhibitor described below,
an oligonucleotide or an oligonucleotide pair described below, a kit for evaluating
inhibitory effect on damp-dry malodor or a kit for screening a damp-dry malodor
inhibitor described below, use described below, a method described below, and a kit for
detecting microorganisms which produce damp-dry malodor-causing substances
described below.

{0066}

<I> A method of evaluating inhibitory effect on damp-dry malodor, containing the
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steps of:

bringing microorganisms which produce damp-dry malodor-causing substances
and a test substance into contact with each other in the presence of a sebaceous dirt
component;

detecting expression of at least one kind of gene selected from a fatty acid
desaturase gene and a [ oxidation-related enzyme gene derived from the
microorganisms; and thereby

evaluating a damp-dry malodor inhibitory function of the test substance based
on a change in expression amount of the at least one kind of gene;
wherein the expression of the at least one kind of gene is detected by using at least one
kind of oligonucleotide pair selected from an oligonucleotide pair containing
oligonucleotides (a) and (b) described below, an oligonucleotide pair containing
oligonucleotides (c) and (d) described below, an oligonucleotide pair containing
oligonucleotides (e) and (f) described below, an oligonucleotide pair containing
oligonucleotides (g) and (h) described below, an oligonucleotide pair containing
oligonucleotides (i) and (j) described below, an oligonucleotide pair containing
oligonucleotides (k) and (1) described below, an oligonucleotide pair containing
oligonucleotides (m) and (n) described below, an oligonucleotide pair containing
oligonucleotides (0) and (p) described below, an oligonucleotide pair containing
oligonucleotides (q) and (r) described below, an oligonucleotide pair containing
oligonucleotides (s) and (t) described below, an oligonucleotide pair containing
oligonucleotides (u) and (v) described below, an oligonucleotide pair containing
oligonucleotides (w) and (x) described below, an oligonucleotide pair containing
oligonucleotides (y) and (z) described below, an oligonucleotide pair containing
oligonucleotides (al) and (bl) described below, and an oligonucleotide pair containing
oligonucleotides (c1) and (d1) described below:
(a) an oligonucleotide having the base sequence set forth in SEQ ID NO: 13, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 13 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base

sequence which has 8§0% or more (preferably 85% or more, more preferably 90% or
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more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 13 and can be used for detecting the fatty acid desaturase gene;
(b) an oligonucleotide having the base sequence set forth in SEQ ID NO: 14, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 14 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 14 and can be used for detecting the fatty acid desaturase gene;
(c) an oligonucleotide having the base sequence set forth in SEQ ID NO: 15, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 15 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably | nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 15 and can be used for detecting the fatty acid desaturase gene;
(d) an oligonucleotide having the base sequence set forth in SEQ ID NO: 16, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 16 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to S nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 16 and can be used for detecting the fatty acid desaturase gene;
(e) an oligonucleotide having the base sequence set forth in SEQ ID NO: 17, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 17 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,

more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
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preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 17 and can be used for detecting the fatty acid desaturase gene;
(f) an oligonucleotide having the base sequence set forth in SEQ ID NO: 18, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 18 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 18 and can be used for detecting the fatty acid desaturase gene;
(g) an oligonucleotide having the base sequence set forth in SEQ ID NO: 19, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 19 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 19 and can be used for detecting the fatty acid desaturase gene;
(h) an oligonucleotide having the base sequence set forth in SEQ ID NO: 20, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 20 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 20 and can be used for detecting the fatty acid desaturase gene;
(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 21, an
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oligonucleotide having a base sequence set forth in SEQ ID NO: 21 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 21 and can be used for detecting the fatty acid desaturase gene;

(§) an oligonucleotide having the base sequence set forth in SEQ ID NO: 22, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 22 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 22 and can be used for detecting the fatty acid desaturase gene;
(k) an oligonucleotide having the base sequence set forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 23 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base
sequence which has 80% or more (preferably 85% or more, more preferably 90% or
more, and further preferably 95% or more) sequence similarity to the base sequence set
forth in SEQ ID NO: 23 and can be used for detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 24, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 24 with a substitution,
deletion, insertion, or addition of | or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty acid desaturase gene, or an oligonucleotide having a base

sequence which has 80% or more (preferably 85% or more, more preferably 90% or
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forth in SEQ ID NO: 24 and can be used for detecting the fatty acid desaturase gene;
(m) an oligonucleotide having the base sequence set forth in SEQ ID NO: 25, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 25 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 25 and can be used for detecting the  oxidation-related
enzyme gene;

(n) an oligonucleotide having the base sequence set forth in SEQ ID NO: 26, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 26 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the 3 oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 26 and can be used for detecting the § oxidation-related
enzyme gene;

(o) an oligonucleotide having the base sequence set forth in SEQ ID NO: 27, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 27 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the 8 oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 27 and can be used for detecting the § oxidation-related
enzyme gene;

(p) an oligonucleotide having the base sequence set forth in SEQ ID NO: 28, an
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oligonucleotide having a base sequence set forth in SEQ ID NO: 28 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the § oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 28 and can be used for detecting the B oxidation-related
enzyme gene;

() an oligonucleotide having the base sequence set forth in SEQ ID NO: 29, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 29 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the [ oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 29 and can be used for detecting the B oxidation-related
enzyme gene; ' |

(r) an oligonucleotide having the base sequence set forth in SEQ ID NO: 30, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 30 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the § oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 30 and can be used for detecting the B oxidation-related
enzyme gene;

(s) an oligonucleotide having the base sequence set forth in SEQ ID NO: 31, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 31 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,

more preferably ! to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
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preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 31 and can be used for detecting the B oxidation-related
enzyme gene;

(t) an oligonucleotide having the base sequence set forth in SEQ ID NO: 32, an \
oligonucleotide having a base sequence set forth in SEQ ID NO: 32 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 32 and can be used for detecting the § oxidation-related
enzyme gene;

(u) an oligonucleotide having the base sequence set forth in SEQ ID NO: 33, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 33 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 33 and can be used for detecting the P oxidation-related
enzyme gene;

(v) an oligonucleotide having the base sequence set forth in SEQ ID NO: 34, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 34 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the P oxidation-related enzyme gene, or an oligonucleotide having a

base sequence which has 80% or more (preferably 85% or more, more preferably 90%
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or more, and further pre.ferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 34 and can be used for detecting the p oxidation-related
enzyme gene;

(w) an oligonucleotide having the base sequence set forth in SEQ ID NO: 35, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 35 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the 3 oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 35 and can be used for detecting the § oxidation-related
enzyme gene;

(x) an oligonucleotide having the base sequence set forth in SEQ ID NO: 36, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 36 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 36 and can be used for detecting the  oxidation-related
enzyme gene;

(y) an oligonucleotide having the base sequence set forth in SEQ ID NO: 37, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 37 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 37 and can be used for detecting the B oxidation-related

€nzyme gene,
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(z) an oligonucleotide having the base sequence set forth in SEQ ID NO: 38, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 38 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 8§5% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 38 and can be used for detecting the B oxidation-related
enzyme gene;

(al) an oligonucleotide having the base sequence set forth in SEQ ID NO: 39, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 39 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 39 and can be used for detecting the B oxidation-related
enzyme gene;

(b1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 40, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 40 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 40 and can be used for detecting the f§ oxidation-related
enzyme gene;

(cl) an oligonucleotide having the base sequence set forth in SEQ ID NO: 41, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 41 with a substitution,

deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
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more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 41 and can be used for detecting the B oxidation-related
enzyme gene; and

(d1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 42, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 42 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to 5 nucleotides,
more preferably 1 to 4 nucleotides, further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the B oxidation-related enzyme gene, or an oligonucleotide having a
base sequence which has 80% or more (preferably 85% or more, more preferably 90%
or more, and further preferably 95% or more) sequence similarity to the base sequence
set forth in SEQ ID NO: 42 and can be used for detecting the f§ oxidation-related
enzyme gene.

{0067}

<2> The method described in the above item <1>, wherein the damp-dry malodor-
causing substances are at least one kind of compound selected from 4M3H, 4-methyl-3-
hexanoic acid, 5-methyl-2-hexanoic acid and 5-methyl-2-hexenoic acid; preferably
4M3H.

<3> The method described in the above item <1> or <2>, wherein the sebaceous
dirt component is an anteiso fatty acid; preferably an anteiso fatty acid having 9 or more
carbon atoms (preferably 11 or more carbon atoms, more preferably 17 or more carbon
atoms) and 21 or less carbon atoms (preferably 19 or less carbon atoms); more
preferably at least one kind of compound selected from 6-methyloctanoic acid, 8-
methyldecanoic acid, 12-methyltetradecanoic acid, 14-methylhexadecanoic acid, 16-
methyloctadecanoic acid, 14-methylhexadecenoic acid and 16-methyloctadecenoic acid,
salts of these acids, and esters of these acids; and further preferably at least one kind of
compound selected from 14-methylhexadecanoic acid and 16-methyloctadecanoic acid.
<4> The method described in any one of the above items <1> to <3>, wherein the

fatty acid desaturase gene is at least one kind of gene selected from A9desaturase gene,
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ASdesaturase gene and A6desaturase gene; and preferably A9desaturasé gene.

<5> The method described in the above item <4>, wherein the base sequence of the
A9desaturase gene is the base sequence set forth in SEQ ID NO: 1; a base sequence
which has 70% or more (preferably 80% or more, more preferably 90% or more, still
more preferably 95% or more, even more preferably 96.1% or more, even more
preferably 97% or more, and particularly preferably 99% or more) sequence similarity
to the base sequence set forth in SEQ ID NO: 1; a base sequence set forth in SEQ ID
NO: 1 with a deletion, a substitution, an insertion, or an addition of 1 to 351 bases
(preferably 1 to 234 bases, more preferably 1 to 117 bases, and particularly preferably 1
to 59 bases); or a complementary sequence thereof.

<6>  The method described in the above item <4> or <5>, wherein the expression of
the A9desaturase gene is detected by using at least one kind of oligonucleotide pair
selected from the oligonucleotide pair containing the oligonucleotides (a) and (b), the
oligonucleotide pair containing the oligonucleotides (c) and (d), the oligonucleotide pair
containing the oligonucleotides (e) and (f), the oligonucleotide pair containing the
oligonucleotides (g) and (h), the oligonucleotide pair containing the oligonucleotides (i)
and (j), and the oligonucleotide pair containing the oligonucleotides (k) and (1).

<7> The method described in any one of the above items <1> to <3>, wherein the 8
oxidation-related enzyme gene is at least one kind of gene selected from fadD gene,
fadE gene, fadB gene and fadA gene; and preferably at least one kind of gene selected
from fadB gene and fadD gene.

<8> The method described in the above item <7>, wherein the base sequence of the
fadB gene is the base sequence set forth in SEQ ID NO: §; a base sequence which has
70% or more (preferably 80% or more, more preferably 90% or more, still more
preferably 95% or more, even more preferably 95.2% or more, even more preferably
97% or more, and particularly preferably 99% or more) sequence similarity to the base
sequence set forth in SEQ ID NO: 5; a base sequence set forth in SEQ ID NO: 5 with a
deletioﬁ, a substitution, an insertion, or an addition of 1 to 647 bases (preferably 1 to
431 bases, more preferably 1 to 216 bases, and particularly preferably 1 to 108 bases);
or a complementary sequence thereof.

<9> The method described in the above item <7> or <8>, wherein the expression of
the fadB gene is detected by using at least one kind of oligonucleotide pair selected

from the oligonucleotide pair containing the oligonucleotides (m) and (n), the
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oligonucleotide pair containing the oligonucleotides (o) and (p), the oligonucleotide pair
containing the oligonucleotides (q) and (r), and the oligonucleotide pair containing the
oligonucleotides (s) and (t).

<10> The method described in the above item <7>, wherein the base sequence of the
fadD gene is the base sequence set forth in SEQ ID NO: 9; a base sequence which has
70% or more (preferably 80% or more, more preferably 90% or more, still more
preferably 95% or more, even more preferably 95.4% or more, even more preferably
97% or more, and particularly preferably 99% or more) sequence similarity to the base
sequence set forth in SEQ ID NO: 9; a base sequence set forth in SEQ ID NO: 9 with a
deletion, a substitution, an insertion, or an addition of 1 to 506 bases (preferably 1 to
377 bases, more preferably 1 to 169 bases, and particularly preferably 1 to 84 bases); or
a complementary sequence thereof.

<11> The method described in the above item <7> or <10>, wherein the expression
of the fadD gene is detected by using at least one kind of oligonucleotide pair selected
from the oligonucleotide pair containing the oligonucleotides (u) and (v), the
oligonucleotide pair containing the oligonucleotides (w) and (x), the oligonucleotide
pair containing the oligonucleotides (y) and (z), the oligonucieotide pair containing the
oligonucleotides (al) and (bl), and the oligonucleotide pair containing the
oligonucleotides (c1) and (d1).

<12> The method described in any one of the above items <1> to <11>, wherein the
microorganisms are at least one kind of microbial strain selected from species of

Moraxella sp. and Moraxella osloensis.

<13> The method described in the above item <12>, wherein the Moraxella sp. are
microorganisms having 16S rRNA gene in which the base sequence of the 16S rRNA
has a sequence similarity of 95% or more (preferably 97% or more, further preferably
98% or more, furthermore preferably 99% or more, and particularly preferably 99.2% or
more) with the base sequence of SEQ ID NO: 43 or 44; or microorganisms which have
16S rRNA gene having a base sequence set forth in SEQ ID NO: 43 or 44 with a
deletion, substitution, insertion, or addition of 1 to 75 bases (preferably 1 to 45 bases,
more preferably 1 to 30 bases, and further preferably 1 to 15 bases).

<14> The method described in any one of the above items <1> to <13>, wherein the
microorganisms and the test substance are added to a fabric product to which the

sebaceous dirt component is clung, to bring the microorganisms and the test substance
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into contact with each other.
<15> The method described in the above item <14>, wherein the sebaceous dirt
component is clung to the fabric product having a size of 2x2 cm at a proportion of
from 0.1 mg or more and 1 mg or less.
<16> The method described in the above item <14> or <15>, wherein a
microorganism suspension is added to a fabric product to obtain a microbial population
of 10 CFU/em? or more and 10° CFU/cm? or less. |
<17> The method described in any one of the above items <14> to <16>, wherein the
material of the fabric product is any one of wool, silk, cotton, polyester, polyamide and
combinations thereof; preferably cotton.
{0068}
<18> A method of screening a damp-dry malodor inhibitor, which contains selecting
a test substance capable of reducing the expression amount of the at least one kind of
gene, based on the method described in any one of the above items <1>to <17>.
{0069}
<19> A method of detecting microorganisms which produce damp-dry malodor-
causing substances, containing the steps of:

amplifying at least one kind of fragment of gene selected from a fatty acid
desaturase gene and a {3 oxidation-related enzyme gene that are derived from
microorganisms which produce damp-dry malodor-causing substances;

determining the presence or absence of an amplified fragment; and thereby

detecting the microorganisms which produce damp-dry malodor-causing
substances,
wherein the detection of the microorganisms which produce damp-dry malodor-causing
substances is performed by using at least one kind of oligonucleotide pair selected from
an oligonucleotide pair containing the oligonucleotides (a) and (b) described above, an
oligonucleotide pair containing the oligonucleotides (c) and (d) described above, an
oligonucleotide pair containing the oligonucleotides (e) and (f) described above, an
oligonucleotide pair containing the oligonucleotides (g) and (h) described above, an
oligonucleotide pair containing the oligonucleotides (i) and (j) described above, an
oligonucleotide pair containing the oligonucleotides (k) and (1) described above, an
oligonucleotide pair containing the oligonucleotides (m) and (n) described above, an

oligonucleotide pair containing the oligonucleotides (o) and (p) described above, an
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oligonucleotide pair containing the oligonucleotides (q) and (r) described above, an
oligonucleotide pair containing the oligonucleotides (s) and (t) described above, an
oligonucleotide paif containing the oligonucleotides (u) and (v) described above, an
oligonucleotide pair containing the oligonucleotides (w) and (x) described above, an
oligonucleotide pair containing the oligonucleotides (y) and (z) described above, an
oligonucleotide pair containing the oligonucleotides (al) and (b1) described above, and
an oligonucleotide pair containing the oligonucleotides (c1) and (d1) described above.
{0070}

<20>  The method described in the above item <19>, wherein the damp-dry malodor-
causing substances are at least one kind of compound selected from 4M3H, 4-methyl-3-
hexanoic acid, 5-methyl-2-hexanoic acid and 5-methyl-2-hexenoic acid; preferably
4AM3H.

<21>  The method described in the above item <19> or <20>, wherein the fatty acid
desaturase gene is at least one kind of gene selected from A9desaturase gene,
AS5desaturase gene and A6desaturase gene; and preferably A9desaturase gene.

<22>  The method described in the above item <21>, wherein the base sequence of
the A9desaturase gene is the base sequence set forth in SEQ ID NO: 1; a base sequence
which has 70% or more (preferably 80% or more, more preferably 90% or more, still
more preferably 95% or more, even more preferably 96.1% or more, even more
preferably 97% or more, and particularly preferably 99% or more) sequence similarity
to the base sequence set forth in SEQ ID NO: 1; a base sequence set forth in SEQ ID
NO: 1 with a deletion, a substitution, an insertion, or an addition of 1 to 351 bases
(preferably 1 to 234 bases, more preferably 1 to 117 bases, and particularly preferably 1
to 59 bases); or a complementary sequence thereof.

<23>  The method described in the above item <21> or <22>, wherein a fragment of
the A9desaturase gene is amplified by using at least one kind of oligonucleotide pair
selected from the oligonucleotide pair containing the oligonucleotides (a) and (b), the
oligonucleotide pair containing the oligonucleotides (c) and (d), the oligonucleotide pair
containing the oligonucleotides (e) and (f), the oligonucleotide pair containing the
oligonucleotides (g) and (h), the oligonucleotide pair containing the oligonucleotides (i)
and (j), and the oligonucleotide pair containing the oligonucleotides (k) and (1).

<24>  The method described in the above item <19> or <20>, wherein the 8

oxidation-related enzyme gene is at least one kind of gene selected from fadD gene,
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fadE gene, fadB gene and fadA gene; and preferably at least one kind of gene selected
from fadB gene and fadD gene.

<25> The method described in the above item <24>, wherein the base sequence of
the fadB gene is the base sequence set forth in SEQ ID NO: §; a base sequence which
has 70% or more (preferably 80% or more, more preferably 90% or more, still more
preferably 95% or more, even more preferably 95.2% or more, even more preferably
97% or more, and particularly preferably 99% or more) sequence similarity to the base
sequence set forth in SEQ ID NO: 5; a base sequence set forth in SEQ ID NO: 5 with a
deletion, a substitution, an insertion, or an addition of 1 to 647 bases (preferably 1 to
431 bases, more preferably 1 to 216 bases, and particularly preferably 1 to 108 bases);
or a complementary sequence thereof.

<26> The method described in the above item <24> or <25>, wherein a fragment of
the fadB gene is amplified by using at least one kind of oligonucleotide pair selected
from the oligonucleotide pair containing the oligonucleotides (m) and (n), the
oligonucleotide pair containing the oligonuéleotides (o) and (p), the oligonucleotide pair
containing the oligonucleotides (q) and (r), and the oligonucleotide pair containing the
oligonucleotides (s) and (t).

<27> The method described in the above item <24>, wherein the base sequence of
the fadD gene is the base sequence set forth in SEQ ID NO: 9; a base sequence which
has 70% or more (preferably 80% or more, more preferably 90% or more, still more
preferably 95% or more, even more preferably 95.4% or more, even more preferably
97% or more, and particularly preferably 99% or more) sequence similarity to the base
sequence set forth in SEQ ID NO: 9; a base sequence set forth in SEQ ID NO: 9 with a
deletion, a substitution, an insertion, or an addition of 1 to 506 bases (preferably 1 to
377 bases, more preferably 1 to 169 bases, and particularly preferably 1 to 84 bases); or
a complementary sequence thereof.

<28>  The method described in the above item <24> or <27>, wherein a fragment of
the fadD gene is amplified by using at least one kind of oligonucleotide pair selected
from the oligonucleotide pair containing the oligonucleotides (u) and (v), the
oligonucleotide pair containing the oligonucleotides (w) and (x), the oligonucleotide
pair containing the oligonucleotides (y) and (z), the oligonucleotide pair containing the
oligonucleotides (al) and (b1), and the oligonucleotide pair containing the

oligonucleotides (c1) and (d1).
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<29>  The method described in any one of the above items <19> to <28>, wherein the
microorganisms are at least one kind of microbial strain selected from species of

Moraxella sp. and Moraxella osloensis.

<30> The method described in the above item <29>, wherein the Moraxella sp. are
microorganisms having 16S rRNA gene in which the base sequence of the 16S rRNA
has a sequence similarity of 95% or more (preferably 97% or more, further preferably

98% or more, further preferably 99% or more, and particularly preferably 99.2% or

more) with the base sequence of SEQ ID NO: 43 or 44; or microorganisms which have

16S rRNA gene having a base sequence set forth in SEQ ID NO: 43 or 44 with a
deletion, substitution, insertion, or addition of 1 to 75 bases (preferably 1 to 45 bases,
more preferably 1 to 30 bases, and further preferably 1 to 15 bases).

{0071}

<31> An oligonucleotide selected from the above-described oligonucleotides (a) to
(z) and (al) to (d1); or an oligonucleotide pair selected from a pair of the above-
described oligonucleotides (a) and (b), a pair of the above-described oligonucleotides
(c) and (d), a pair of the above-described oligonucleotides (¢) and (f), a pair of the
above-described oligonucleotides (g) and (h), a pair of the above-described
oligonucleotides (i) and (j), a pair of the above-described oligonucleotides (k) and (1), a
pair of the above-described oligonucleotides (m) and (n), a pair of the above-described
oligonucleotides (o) and (p), a pair of the above-described oligonucleotides (q) and (r), a
pair of the above-described oligonucleotides (s) and (t), a pair of the above-described
oligonucleotides (u) and (v), a pair of the above-described oligonucleotides (w) and (x),
a pair of the above-described oligonucleotides (y) and (z), a pair of the above-described
oligonucleotides (al) and (b1), and a pair of the above-described oligonucleotides (c1)
and (d1).

{0072}

<32> The oligonucleotide or the oligonucleotide pair described in the above item
<31>, wherein the oligonucleotide is a nucleic acid primer.

<33>  The oligonucleotide or oligonucleotide pair described in the above item <32>,
wherein the oligonucleotides (a) and (b), the oligonucleotides (c) and (d), the
oligonucleotides (¢) and (f), the oligonucleotides (g) and (h), the oligonucleotides (i)
and (j), and the oligonucleotides (k) and (1) can function as nucleic acid primers for

detecting expression of the fatty acid desaturase gene derived from microorganisms
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which produce damp-dry malodor-causing substances or for amplifying a gene fragment
thereof by polymerase chain reaction (PCR).

<34> ' The oligonucleotide or the oligonucleotide pair described in the above item
<33>, wherein the fatty acid desaturase gene is A9desaturase gene.

<35>  The oligonucleotide or the oligonucleotide pair described in the above item
<34>, wherein the base sequence of the A9desaturase gene is the base sequence set forth
in SEQ ID NO: 1; a base sequence which has 70% or more (preferably 80% or more,
more preferably 90% or more, still more preferably 95% or more, even more preferably
96.1% or more, even more preferably 97% or more, and particularly preferably 99% or
more) sequence similarity to the base sequence set forth in SEQ ID NO: 1; a base
sequence set forth in SEQ ID NO: 1 with a deletion, a substitution, an insertion, or an
addition of 1 to 351 bases (preferably 1 to 234 bases, more preferably 1 to 117 bases,
and particularly preferably 1 to 59 béses); or a complementary sequence thereof.

<36> The oligonucleotide or oligonucleotide pair described in the above item <32>,
wherein the oligonucleotides (m) and (n), the oligonucleotides (o) and (p), the
oligonucleotides (q) and (r), and the oligonucleotides (s) and (t) can function as nucleic
acid primers for detecting expression of the f§ oxidation-related enzyme gene derived
from microorganisms which produce damp-dry malodor-causing substances or for
amplifying a gene fragment thereof by polymerase chain reaction (PCR).

<37> The oligonucleotide or the oligonucleotide pair described in the above item
<36>, wherein the [ oxidation-related enzyme gene is fadB gene.

<38>  The oligonucleotide or the oligonucleotide pair described in the above item
<37>, wherein the base sequence of the fadB gene is the base sequence set forth in SEQ
ID NO: 5; a base sequence which has 70% or more (preferably 80% or more, more
preferably 90% or more, still more preferably 95% or more, even more preferably
95.2% or more, even more preferably 97% or more, and particularly preferably 99% or
more) sequence similarity to the base sequence set forth in SEQ ID NO: 5; a base
sequence set forth in SEQ ID NO: 5 with a deletion, a substitution, an insertion, or an
addition of 1 to 647 bases (preferably 1 to 431 bases, more preferably 1 to 216 bases,
and particularly preferably 1 to 108 bases); or a complementary sequence thereof.

<39>  The oligonucleotide or oligonucleotide pair described in the above item <32>
wherein the oligonucleotides (u) and (v), the oligonucleotides (w) and (x), the

oligonucleotides (y) and (z), the oligonucleotides (al) and (b1), and the oligonucleotides
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(cl) and (d1) can function as nucleic acid primers for detecting expression of the 3
oxidation-related enzyme gene derived from microorganisms which produce damp-dry
malodor-causing substances or for amplifying a gene fragment thereof by polymerase
chain reaction (PCR).

<40>  The oligonucleotide or the oligonucleotide pair described in the above item
<39>, wherein the 3 oxidation-related enzyme gene is fadD gene.

<41> The oligonucleotide or the oligonucleotide pair described in the above item
<40>, wherein the base sequence of the fadD gene is the base sequence set forth in SEQ
ID NO: 9; a base sequence which has 70% or more (preferably §0% or more, more
preferably 90% or more, still more preferably 95% or more, even more preferably
95.4% or more, even more preferably 97% or more, and particularly preferably 99% or
more) sequence similarity to the base sequence set forth in SEQ ID NO: 9; a base
sequence set forth in SEQ ID NO: 9 with a deletion, a substitution, an insertion, or an
addition of 1 to 506 bases (preferably 1 to 377 bases, more preferably 1 to 169 bases,
and particularly preferably 1 to 84 bases); or a complementary sequence thereof.

<42>  Use of the oligonucleotide pair containing any one of the oligonucleotides (a)
and (b), the oligonucleotides (c) and (d), the oligonucleotides (e) and (f), the
oligonucleotides (g) and (h), the oligonucleotides (i) and (j), and the oligonucleotides
(k) and (1) as nucleic acid primers for detecting expression of the fatty acid desaturase
gene derived from microorganisms which produce damp-dry malodor-causing
substances or for amplifying a gene fragment thereof.

<43>  Use of the oligonucleotide pair containing any one of the oligonucleotides (a)
and (b), the oligonucleotides (c) and (d), the oligonucleotides (e) and (f), the
oligonucleotides (g) and (h), the oligonucleotides (i) and (j), and the oligonucleotides
(k) and (1) in the manufacture of nucleic acid primers for detecting expression of the
fatty acid desaturase gene derived from microorganisms which produce damp-dry
malodor-causing substances or for amplifying a gene fragment thereof.

<44> A method of using the oligonucleotide pair containing any one of the
oligonucleotides (a) and (b), the oligonucleotides (c) and (d), the oligonucleotides ()
and (f), the oligonucleotides (g) and (h), the oligonucleotides (i) and (j), and the
oligonucleotides (k) and (1) as nucleic acid primers for detecting expression of the fatty
acid desaturase gene derived from microorganisms which produce damp-dry malodor-

causing substances or for amplifying a gene fragment thereof.
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<45>  The use or method described in any one of the above items <42> to <44>,
wherein the fatty acid desaturase gene is A9desaturase gene. |
<46> The use or method described in the above item <45>, wherein the base
sequence of the A9desaturase gene is the base sequence set forth in SEQ ID NO: 1; a
base sequence which has 70% or more (preferably 80% or more, more preferably 90%
or more, still more preferably 95% or moré, even more preferably 96.1% or more, even
more preferably 97% or more, and particularly preferably 99% or more) sequence
similarity to the base sequence set forth in SEQ ID NO: 1; a base sequence set forth in
SEQ ID NO: 1 with a deletion, a substitution, an insertion, or an addition of 1 to 351
bases (preferably 1 to 234 bases, more preferably 1 to 117 bases, and particularly
preferably 1 to 59 bases); or a complementary sequence thereof.

<47>  Use of the oligonucleotide pair containing any one of the oligonucleotides (m)
and (n), the oligonucleotides (0) and (p), the oligonucleotides (q) and (r), and the
oligonucleotides (s) and (t) as nucleic acid primers for detecting expression of the p
oxidation-related enzyme gene derived from microorganisms which produce damp-dry
malodor-causing substances or for amplifying a gene fragment thereof.

<48>  Use of the oligonucleotide pair containing any one of the oligonucleotides (m)
and (n), the oligonucleotides (0) and (p), the oligonucleotides (q) and (r), and the
oligonucleotides (s) and (t) in the manufacture of nucleic acid primers for detecting
expression of the } oxidation-related enzyme gene derived from microorganisms which
produce damp-dry malodor-causing substances or for amplifying a gene fragment
thereof.

<49> A method of using the oligonucleotide pair containing any one of the
oligonucleotides (m) and (n), the oligonucleotides (o) and (p), the oligonucleotides (q)
and (r), and the oligonucleotides (s) and (t) as nucleic acid primers for detecting
expression of the B oxidation-related enzyme gene derived from microorganisms which
produce damp-dry malodor-causing substances or for amplifying a gene fragment
thereof.

<50>  The use or method described in any one of the above items <47> to <49>
wherein the B oxidation-related enzyme gene is fadB gene.

<51> The use or method described in the above item <50>, wherein the base
sequence of the fadB gene is the base sequence set forth in SEQ ID NO: 5; a base

sequence which has 70% or more (preferably 80% or more, more preferably 90% or
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more, still more preferably 95% or more, even more preferably 95.2% or more, even
more preferably 97% or more, and particularly preferably 99% or more) sequence
similarity to the base sequence set forth in SEQ ID NO: 5; a base sequence set forth in
SEQ ID NO: 5 with a deletion, a substitution, an insertion, or an addition of 1 to 647
bases (preferably 1 to 431 bases, more preferably 1 to 216 bases, and particularly
preferably 1 to 108 bases); or a complementary sequence thereof.

<52>  Use of the oligonucleotide pair containing any one of the oligonucleotides (u)
and (v), the oligonucleotides (w) and (x), the oligonucleotides (y) and (z), the
oligonucleotides (al) and (b1), and the oligonucleotides (c1) and (d1) as nucleic acid
primers for detecting expression of the [} oxidation-related enzyme gene derived from
microorganisms which produce damp-dry malodor-causing substances or for amplifying
a gene fragment thereof.

<53>  Use of the oligonucleotide pair containing any one of the oligonucleotides (u)
and (v), the oligonucleotides (w) and (x), the oligonucleotides (y) and (z), the
oligonucleotides (al) and (b1), and the oligonucleotides (c1) and (d1) in the
manufacture of nucleic acid primers for detecting expression of the f§ oxidation-related
enzyme gene derived from microorganisms which produce damp-dry malodor-causing
substances or for amplifying a gene fragment thereof.

<54> A method of using the oligonucleotide pair containing any one of the
oligonucleotides (u) and (v), the oligonucleotides (w) and (x), the oligonucleotides (y)
and (z), the oligonucleotides (al) and (b1), and the oligonucleotides (c1) and (d1) as
nucleic acid primers for detecting expression of the § oxidation-related enzyme gene
derived from microorganisms which produce damp-dry malodor-causing substances or
for amplifying a gene fragment thereof.

<55>  The use or method described in any one of the above items <52> to <54>,
wherein the p oxidation-related enzyme gene is fadD gene.

<56>  The use or method described in the above item <55>, wherein the base
sequence of the fadD gene is the base sequence set forth in SEQ ID NO: 9; a base
sequence which has 70% or more (preferably 80% or more, more preferably 90% or
more, still more preferably 95% or more, even more preferably 95.4% or more, even
more preferably 97% or more, and particularly préferably 99% or more) sequence
similarity to the base sequence set forth in SEQ ID NO: 9; a base sequence set forth in
SEQ ID NO: 9 with a deletion, a substitution, an insertion, or an addition of 1 to 506
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bases (preferably 1 to 377 bases, more preferably 1 to 169 bases, and particularly
preferably 1 to 84 bases); or a complementary sequence thereof.

{0073}

<57> A kit for evaluating inhibitory effect on damp-dry malodor or a kit for
screening of a damp-dry malodor inhibitor, containing microorganisms which produce
damp-dry malodor-causing substances, a sebaceous dirt component, and the
oligonucleotide or the oligonucleotide pair described in any one of the above items
<31>to <41>.

<58> A kit for detecting microorganisms which produce damp-dry malodor-causing
substances, containing at least one kind of oligonucleotide or oligonucleotide pair

described in any one of the above items <31> to <41>.

EXAMPLES
{0074}

Hereinafter, the present invention will be described more in detail with
reference to Examples, but it should be understood that the technological scope of the
present invention is not particularly limited by the following Examples.

{0075}
Production Example

14-Methylhexadecanoic acid was synthesized by a two-step reaction such as
described below, according to JP-A-2009-149546.
Step (a) |

11.9 g (60.0 mmol) of 125g0decanolide and 24.3 g (96.0 mmol, 1.6
equivalents) of a 32% (hydrogen bromide)/(acetic acid) solution were introduced into a
100-mL autoclave protected with Teflon (registered trademark), and the autoclave was
purged with nitrogen and then sealed. The content in the autoclave was stirred with a
magnetic stirrer for 16 hours by using an oil bath at 60°C. After cooling the mixture,
14 mL of water was added thereto, and the mixture was transferred into a separatory
funnel by using 200 mL of hot hexane. The mixture was washed with ion-exchanged
water, dried over magnesium sulfate, filtered, and crystallized from n-hexane. Thus,
14.4 g (yield: 86%) of 12-bromododecanoic acid was obtained.

Step (b)

Subsequently, in a 100-mL four-necked flask equipped with a refluxing cooling
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tube, a 50-mL separatory funnel, a magnetic stirrer, and a temperature sensor, 5.0 g
(17.9 mmol) of 12-bromododecanoic acid and 28.2 mg (0.006 eq) of triphenylphosphine
(manufactured by Kanto Chemical Co., Inc.) were introduced, and the mixture was
dried under reduced pressure. In an argon atmosphere, 77.1 mg (0.03 equivalents) of
copper(I) bromide (manufactured by Sigma-Aldrich Co.) and 10 mL of anhydrous
tetrahydrofuran were added thereto. 39.5 mL (3 equivalents, 1.36N tetrahydrofuran
solution) of 2-methylbutylmagnesium bromide was added dropwise thereto over one
hour at room temperature. The mixture was stirred for one hour, and then 50 mL of a
IN aqueous solution of hydrochloric acid was added to the mixture, and the mixture
was extracted two times with 100 mL of hexane. The extract was washed two times
with 50 mL of ion-exchanged water, and then was dried over magnesium sulfate. The
resultant was filtered and concentrated under reduced pressure, and 3.9 g of a crude
product was obtained.

The crude product was quantitatively determined by gas chromatography
(column: manufactured by Agilent Technologies, Inc., trade name: Ultra-2, 30 m x 0.2
mm x 0.33 pum, DET300°C, INJ300°C, column temperature: 100°C — 300°C,
10°C/min) using octadecane as an internal standard. As a result, the yield was found
to be 79%.

In this manner, 14-methylhexadecanoic acid was obtained from 12-
dodecanolide at a total yield of 68%. The purity was 98%.

{0076}

16-Methyloctadecanoic acid was synthesized by the same operation, except
that in the step (a) of the synthesis process for 14-methylhexadecanoic acid described
above, 12-dodecanolide was changed to 15-pentadodecaﬁolide, and in the step (b), 2-
methylbutylmagnesium bromide was changed to sec-butylmagnesium bromide. Thus,
16-methyloctadecanoic acid was obtained from 15-pentadodecanolide at a total yield of
84%. The purity was 95%.

{0077}
Test Example: Change in expression of A9desaturase gene, fadB gene and fadD gene in
the presence of sebaceous dirt component

One platinum loop of precultured Moraxella sp. KMC4-1 was inoculated into 4
mL SCD liquid medium (manufactured by NIHON PHARMACEUTICAL CO., LTD)
and cultured for 24 hours at 35°C while shaking (160 rpm). To the cell liquid cultured
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for 24 hours, 10 mg of 16-methyloctadecanoic acid was added as a sebaceous dirt
component. After culturing again for 6 hours at 35°C, the cells were collected. Asa
control, a system not added with a sebaceous dirt component was also cultured and cells
were collected therefrom.

{0078}

After RNA was stabilized by using RNA Protect Bacteria Reagent
(manufactured by Qiagen), RNA was extracted from the collected cells using Rneasy
Mini Kit (manufactured by Qiagen). DNase was removed from the extracted RNA
using Dnase I (manufactured by Takara Bio Inc.), RNA concentration was adjusted to
20 ng/L, and reverse transcription was perforfned by using SupersprictIll (manufactured
by Invitrogen) to prepare a template.

{0079}

Based on the base sequence of the A9desaturase gene set forth in SEQ ID NO:
1, each of the primers having the nucleotide set forth in any one of SEQ ID NOS: 13 to
24 described in Table 7 was synthesized followed by purification by desalting.

{0080}

Table 7
Primer Name | SEQ ID NO: Base sequence
des F1 SEQ ID NO: 13 cgctgtgecatatgtttggt
des R1 SEQID NO: 14 | tgccaccatttgacgccat
des F2 SEQ ID NO: 15 gatggtggptgatattgcaggta
des R2 SEQID NO: 16 | atcggtataaggacgggtaccaa
des F3 SEQ ID NO: 17 ccegtecttataccgataccaac
des R3 SEQID NO: 18 | ccattttaccccattgcgatagt
des F4 SEQ ID NO: 19 acccgtccttataccgataccaa
des R4 SEQ ID NO: 20 | ccattttaccccattgcgatagt
des F5 SEQ ID NO: 21 gatggtgggtgatattgcaggta
des RS . SEQ ID NO: 22 | cggtataaggacgggtaccaaac
des_F6 SEQ ID NO: 23 ggtatttgactggtgtgcaggac
des R6 SEQ ID NO: 24 | gcttgggtagtttttgagcatce
{0081} "

Based on the base séquence of the B oxidation-related enzyme gene, the fadB
gene set forth in SEQ ID NO: 5, and the base sequence of the B oxidation-related
enzyme gene, the fadD gene set forth in SEQ ID NO: 9, each of the primers having the
nucleotide set forth in any one of SEQ ID NOS: 25 to 32 (that is, for detection of the
fadB gene) and the primers having the nucleotide set forth in any one of SEQ ID NOS:
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33 to 42 (that is, for detection of the fadD gene) described in Table 8 was synthesized

followed by purification by desalting.

{0082}

Table 8
Primer Name SEQ ID NO: Base sequence
fadB F6 SEQ ID NO: 25 tgaaacggttcgcetgtttagaag
fadB R6 SEQID NO: 26 | gaatcatttgtggcgcticatag
fadB _F7 SEQ ID NO: 27 cgactacggtagcgttagcagaa
fadB R7 SEQ ID NO: 28 | catcaagtaagcaggacccattg
fadB F8 SEQ ID NO: 29 ctttaagccgtatccgicetacg
fadB RS8 SEQ ID NO: 30 ggegcetctagtaccgaagctaag
fadB_F9 SEQ ID NO: 31 | cattcaaccgttttgaagacctg
fadB R9 SEQ ID NO: 32 gataccgatgatacgtggcaaac
fadD F1 SEQ ID NO: 33 cacattcccgctttaacagatca
fadD R1 SEQID NO: 34 | tgcgacgttatccacttetttgt
fadD F2 SEQ ID NOQO: 35 | cacattcccgctitaacagatca
fadD R2 SEQID NO: 36 | gtgcgacgttatccacttctttg
fadD F3 SEQID NO: 37 | accagcaatatggagcgagctat
fadD R3 SEQID NO: 38 | attaggcagcatgatagcgacac
fadD F4 SEQ ID NO: 39 cgccttaccaaattgaccaaaag
fadD R4 SEQ ID NO: 40 cggtgtattggataaaggcaaca
fadD F5 SEQ ID NO: 41 cgagaattcaccagcaatatgga
fadD RS SEQID NO: 42 | ttaggcagcatgatagcgacact
{0083}

By mixing 2 pL solution of the prepared template diluted x20 with distilled

sterile water, 12.5 pL. of TaKaRa SYBR Premix EX Taq (trade name, manufactured by

Takara Bio Inc.), 0.5 pL of the primer (des_F1, 20 pmol/L) containing the

oligonucleotide having the base sequence set forth in SEQ ID NO: 13, 0.5 uL of the

primer (des_R1, 20 pmol/L) containing the oligonucleotide having the base sequence

set forth in SEQ ID NO: 14 and 9.5 pL of distilled sterile water, 25 uL reaction solution
for real time PCR was prepared.

As a negative control, a PCR reaction solution, in which distilled sterile water
was added instead of the DNA template, was prepared in the same manner as above.
{0084}

Reaction solutions for real time PCR were prepared in the same manner as
above, except that, instead of the primer set including the primer containing the
oligonucleotide having the base sequence set forth in SEQ ID NO: 13 and the primer
containing the oligonucleotide having the base sequence set forth in SEQ ID NO: 14,
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the primer set described in Tables 9 and 10 was used.
{0085} _

The reaction solutions for real time PCR each were subjected to a gene
amplification by using an automatic gene amplification thermal cycler DICE Real time
system II (manufactured by Takara Bio Inc.), and then the expression amount of each of
the fatty acid desaturase gene (the A9desaturase gene) and the 3 oxidation-relating
enzyme genes (the fadB gene and the fadD gene) was measured. PCR reaction
conditions were 40 cycles of (i) a thermal denaturation reaction at 95°C for 20 seconds,
and (ii) an annealing reaction and an elongation reaction at 60°C for 30 seconds.

{0086}

For all primer sets tested, the change in gene expression amount when added
with a sebaceous dirt component based on gene expression amount when not added with
any sebaceous dirt component was calculated using 16S rRNA gene expression as an
internal standard. A sample, in which the gene expression amount was at least two
times the reference value, was rated as “A”; a sample, in which the gene expression
amount was at least 1/2 times and less than two times the reference value, was rated as
“B”; and a sample, in which the gene expression amount was less than 1/2 times the
reference value, was rated as “C”. The results are shown in Tables 9 and 10.

{0087}

Further, the microbial cells obtained after culture were centrifuged (8000xg, 10
minutes), the supernatant was removed, and then the microbial cells were suspended in
5 mL of physiological saline. The suspension was centrifuged again (8000xg, 10
minutes), subsequently the supernatant was removed, and a microbial suspension was
prepared by using physiological saline such that the ODggo would be 1.0.

On a plain-woven cotton fabric which had been cut to a square having a size of
2 cm x 2 cm, a solution prepared by dissolving 0.5 mg of 16-methyloctadecanoic acid
that had been synthesized in the above production example in 0.1 mL of methanol was
applied, and thereafter, methanol was dried to solid.

0.1 mL each of the various microbial suspensions described above was
inoculated into the plain-woven cotton fabric described above, and the samples were left
to stand still under humidified conditions at 37°C for 24 hours. Sensory test of damp-
dry malodor was performed by a professional panel who can distinguish different

subjects based on damp-dry malodor.
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In regard to the evaluation criteria, a sample from which a damp-dry malodor

was perceived was rated as “A”; a sample from which a slight damp-dry malodor was

perceived was rated as “B”; and a sample from which no damp-dry malodor was

perceived was rated as “C”.

The results are shown in Tables 9 and 10.

5 {0088}
Table 9
Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse primer)
SEQID | SEQID | SEQID | SEQID | SEQID SEQID
NO: 13 NO: 15 NO: 17 NO: 19 NO: 21 NO: 23
SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
NO: 14 NO: 16 NO: 18 NO: 20 NO: 22 NO: 24
Sensory evaluation
of damp-dry A A A A A A
malodor
Change in
gene expression A A A A A A
amount
{0089}
Table 10
Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse primer)
SEQID | SEQID SEQID | SEQID SEQ ID
NO: 25 NO: 27 NO: 29 NO: 31 NO: 33
SEQID | SEQID | SEQID | SEQID SEQ ID
NO: 26 NO: 28 NO: 30 NO: 32 NO: 34
Sensory evaluation
of damp-dry A A A A A
~_malodor
Change in
gene expression A A A A A
amount
10 Table 10 (continued)

Combination of oligonucleotides
(Upper row: Forward primer,

Lower row: Reverse primer)

SEQID | SEQID SEQID | SEQID
NO: 35 NO: 37 NO: 39 NO: 41
SEQID | SEQID SEQID | SEQID
NO: 36 NO: 38 NO: 40 NO: 42
Sensory evaluation
of damp-dry A A A A
malodor '
Change in
gene expression A A A A
amount

£0090}
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From the results shown in Tables 9 and 10, it was found that, in all primer sets
for the A9desaturase gene, the fadB gene, and the fadD gene, each gene expression
amount in a cloth having very strong damp-dry malodor increased by at least 2 times
when a sebaceous dirt component was added compared to a case in which no sebaceous
dirt component was added. Those results indicate that expression of each gene
including the A9desaturase gene, the fadB gene and the fadD gene is involved with
production of the damp-dry malodor-causing substances. Thus, by evaluating a
change in gene expression amount of the A9desaturase gene, the fadB gene and the
~fadD gene, it is possible to perform evaluation of inhibitory effect on damp-dry malodor

and screening of a damp-dry malodor inhibitor.
{0091}

Example 1: Determination of change in expression of A9desaturase gene, fadB gene and

fadD gene, growth-inhibitory and bactericidal effect, in the presence of test substance

The substances (1) to (7) described below each were added to 4 mL SCD liquid
medium (manufactured by NIHON PHARMACEUTICAL CO., LTD). As a control, a
medium system not added with any test substance was also prepared. To these
medium, one platinum loop of precultured Moraxella sp. KMC4-1 was inoculated and
cultured for 24 hours at 35 C while shaking (160 rpm).

To the cell liquid cultured for 24 hours, 10 mg of 16-methyloctadecanoic acid
was added as a sebaceous dirt component.  After culturing again for 6 hours at 35°C,
the cells were collected. As a control, a system not added with a sebaceous dirt
component was also cultured and cells were collected therefrom.

{0092}
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Substance (2)

Substance (1)

Substance (3)

/
HN O

Substance (5) Substance (6) Peptone

(obtained from Becton, Dickinson and Company)

Substance (7) Sterile distilled water

{0093}
An RNA sample was prepared from the collected cells in the same manner as
in the test example 1.

5 By mixing 2 pL solution of the prepared template diluted x20 with distilled
sterile water, 12.5 plL of TaKaRa SYBR Premix EX Taq (trade name, manufactured by
Takara Bio Inc.), 0.5 pL of the primer (des _F1, 20 pmol/L) containing the
oligonucleotide having the base sequence set forth in SEQ ID NO: 13, 0.5 uL of the
primer (des R1, 20 pmol/L) containing the oligonucleotide having the base sequence

10 set forth in SEQ ID NO: 14 and 9.5 pL of distilled sterile water, 25 puL reaction solution
for real time PCR was prepared.
As a negative control, a PCR reaction solution, in which distilled sterile water
was added instead of the DNA template, was prepared in the same manner as above.
{0094}

15 Reaction solutions for real time PCR were prepared in the same manner as
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above, except that, instead of the primer set including the primer containing the
oligonucleotide having the base sequence set forth in SEQ ID NO: 13 and the primer
containing the oligonucleotide having the base sequence set forth in SEQ ID NO: 14,
the primer set described in Tables 11 to 13 was used.

{0095}

The reaction solutions for real time PCR each were subjected to a gene
amplification by using an automatic gene amplification thermal cycler DICE Real time
system II (manufactured by Takara Bio Inc.), and then the expression amount of each of
the fatty acid desaturase gene (the A9desaturase gene) and the B oxidation-relating
enzyme genes (the fadB gene and the fadD gene) was measured. PCR reaction
conditions were 40 cycles of (i) a thermal denaturation reaction at 95°C for 20 seconds,
and (ii) an annealing reaction and an elongation reaction at 60°C for 30 seconds.
{0096}

By having the gene expression of 16S rRNA as an internal standard, and
having the gene expression amount when adding no sebaceous dirt component and no
test substance as a reference value, change in expression amount of each gene was
calculated relative to the reference value. A sample, in which the expression amount
of the gene was 1/2 times or less the reference value, was rated as “A”; a sample, in
which the expression amount of the gene was more than 1/2 times and 2/3 times or less
the reference value, was rated as “B”; and a sample, in which the expression amount of
the gene was more than 2/3 times the reference value, was rated as “C”. The results

are shown in Tables 11 to 13.
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{0097}

Table 11 Change in the expression amount of A9desaturase gene
Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse primer)

Test substance SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
NO:13 | NO:15 | NO:17 | NO:19 | NO:21 | NO:23
SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
NO:14 | NO:16 | NO: 18 | NO:20 | NO:22 | NO: 24
Substance (1) 10ppm B B A A B B
Substance (2) 100ppm C B B B C C
Substance (3) 100ppm C C C C C C
Substance (4) 500ppm C C C C C C
Substance (5) 100ppm C C C C C C
Substance (6) 100ppm C C C C C C
Sterile distilled water C C C C C C
{0098}

Table 12 Change in the expression amount of fadB gene
Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse primer)
Test substance SEQ ID SEQID SEQ ID SEQID
NO: 25 NO: 27 NO: 29 NO: 31
SEQID | SEQID | SEQID | SEQID
NO: 26 NO: 28 NO: 30 NO: 32

Substance (1) 10ppm

Substance (2) 100ppm
Substance (3) 100ppm
Substance (4) S00ppm
Substance (5) 100ppm
Substance (6) 100ppm
Sterile distilled water

5 {0099}

Table 13 Change in the expression amount of fadD gene

ollollelrdtdlEde!
oligliolrdigrdi(®!
ollolleolrdididle!
ollellelrdi=lrd(e!

Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse primer)
Test substance SEQID SEQ ID
NO: 35 NO: 41
SEQID SEQID
NO: 36 NO: 42
Substance (1) 10ppm A A
Substance (2) 100ppm A A
Substance (3) 100ppm A A
Substance (4) 500ppm C C
Substance (5) 100ppm C C
Substance (6) 100ppm C C
Sterile distilled water C C

{0100}
Subsequently, by using Moraxella sp. KMC4-1, which is one kind of the
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microorganisms which produce damp-dry malodor-causing substances, sensory
evaluation of the inhibitory effect on damp-dry malodor by the test substance and
measurement of production amount of 4M3H as one kind of the damp-dry malodor-
causing substances were carried out.

{0101} -

Moraxella sp. KMC4-1 was inoculated as a test microbe onto SCD-LP agar
medium (manufactured by Wako Pure Chemical Industries, Ltd.) and cultured for 1 to 2
weeks at room temperature to give a pre-culture plate. Colony surface was scraped off
from the pre-culture plate, suspended in 5 mL of physiological saline, and ODggy was
adjusted to 1.0 (about 10® CFU/mL).

A cotton jersey cloth obtained in a constant state after sterilization and drying
at 25°C, 40%RH (cotton jersey manufactured by Shikisensha CO., LTD., without silket
finish) was cut to a square of 2 cm x 2 cm.  To the cloth, a solution prepared by
dissolving 0.5 mg of 14-methylhexadecanoic acid, as a sebaceous dirt component, in 0.1
mL methanol, was applied. Then, methanol was dried to solid, to give a model
examination cloth.

Methanol solution was prepared for each test substance and applied at 20°C on
the model examination cloth such that applied amount of each test substance was 10 g
per gram of the model examination cloth. It was then dried for 2 hours at room
temperature to dry methanol. Thereafter, 0.1 mL of the microbe suspension was
coated onto the model examination cloth, and cultured for 24 hours in a petri dish using
an incubator at 37°C with relative humidity of 70%, to obtain a microbe-fixed cloth.
{0102}

The sensory test of the model examination cloth was evaluated by a
professional panel who can distinguish different subjects based on the damp-dry
malodor. A sample, in which an inhibitory effect on damp-dry malodor was confirmed,
was rated as “A”; a sample, in which it was difficult to determine the inhibitory effect
on damp-dry malodor or a weak inhibitory effect on damp-dry malodor was confirmed,
was rated as “B; and a sample, in which no inhibitory effect on damp-dry malodor was
confirmed, was rated as “C”. The results are shown in Table 14.

{0103}

Further, the model examination cloth was analyzed by using LC-FL (liquid

chromatography apparatus: HITACHI ELITE LaChrom (trade name, manufactured by
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Hitachi, Ltd.), column: Lichrosphere 100 RP-8(¢e) (trade name, manufactured by Agilent
Technologies, Inc., 5 pm x 125 mm x 4 mm¢), column temperature: 40°C, eluent: a
mixed solution of acetonitrile/water = 7/3 (volume ratio), flow rate: 1.0 mL/min,
detector: excitation wavelength (365 nm), measurement wavelength (412 nm)), and
thereby quantification of 4M3H thus produced in the model examination cloth was
carried out. Ratio of the produced 4M3H amount relative to the 4M3H production
amount when no test substance was added was calculated, and then ratio of suppressing

4M3H production was calculated. The results are shown in Table 14.

{0104}
Table 14
Tetsbsanee | S culiion [Tl oot

Substance (1) 10ppm A 100%
Substance (2) 100ppm A 100%
Substance (3) 100ppm A 91%
Substance (4) S00ppm A 81%
Substance (5) 100ppm C 0%
Substance (6) 100ppm B 0%
Sterile distilled water C 0%

{0105}
From the results shown in Table 11, it was found that, among the test substance

used for the test, by contacting the substance (1) with microorganisms which produce
damp-dry malodor-causing substances, the expression amount of the A9desaturase gene
by the microorganisms was decreased. Moreover, from the results shown in Table 12,
it was found that, by contacting the substance (2), the substance (3) or the substance (4)
with microorganisms which produce damp-dry malodor-causing substances, the
expression amount of the fadB gene by the microorganisms was decreased. Moreover,
from the results shown in Table 13, it was found that, by contacting the substance (1),
the substance (2) or the substance (3) with microorganisms which produce damp-dry
malodor-causing substances, the expression amount of the fadD gene by the
microorganisms was decreased.

Meanwhile, as shown in the results of Table 14, when the substance (1), the
substance (2), the substance (3) or the substance (4) was brought into contact with
Moraxella sp. KMC4-1, which is one kind of microorganisms which produce damp-dry
malodor-causing substances, an inhibitory effect on damp-dry malodor was observed

and also the 4M3H production inhibition ratio was high. Thus, it was found that, by
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inhibiting the gene expression of an enzyme relating to the production of the damp-dry
malodor-causing substances, the production of damp-dry malodor-causing substances
such as 4M3H is prevented and thus an occurrence of a damp-dry malodor is suppressed.

Based on the results shown above, it can be said that the expression of the fatty
acid desaturase gene and/or the f} oxidation-related enzyme gene of the microorganisms
which produce damp-dry malodor-causing substances is related to an occurrence of a
damp-dry malodor.

Next, growth-inhibitory and a bactericidal effect of the substances (1) to (7)
against the microorganisms which produce damp-dry malodor-causing substances were
determined.

{0106}
(Growth-inhibitory)

To 4 mL of SCD liquid medium (manufactured by NIHON
PHARMACEUTICAL CO., LTD), the substances (1) to (7) each were added so as to be
the final concentration described in Table 15. As a control, a medium system not
added with any test substance was also prepared. To the medium, the precultured
Moraxella sp. KMC4-1 was inoculated so as to be the initial concentration of 10*
CFU/mL and cultured for 24 hours at 35°C while shaking (160 rpm). After that, it was
subjected to serial dilution using LP dilution solution (NTHON PHARMACEUTICAL
CO.,LTD). Then, by using SCD-LP agar medium (NIHON PHARMACEUTICAL
CO., LTD), the number of bacteria remained alive was determined.

{0107}
(Bactericidal test)

To 5 mL of a test solution in which the substances (1) to (7) each were added
so as to be the final concentration described in Table 15, the precultured Moraxella sp.
KMC4-1 was inoculated so as to be the concentration of 10° CFU/mL and cultured for 2
hours at 25°C while shaking (160 rpm). After that, it was subjected to serial dilution
using LP dilution solution (NIHON PHARMACEUTICAL CO., LTD). Then, by
using SCD-LP agar medium (NIHON PHARMACEUTICAL CO., LTD), the number of
bacteria remained alive was determined.

{0108}
As for the growth-inhibitory and the bactericidal effect, the evaluation was

made as follows: compared to the control, when there was the bacteria number decrease
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of log3 or more, it was rated as “A”; when there was the bacteria number decrease of
logl or more but less than log3, it was rated as “B”; and when there was the bacteria

number decrease of less than logl, it was rated as “C”. The results are shown in Table

15.

{0109}
Table 15
Test substance Growth-inhibitory effect Bactericidal effect

Substance (1) 10ppm C C
Substance (2) 100ppm B(log2) C
Substance (3) 100ppm C C
Substance (4) 500ppm B(log2) C
Substance (5) 100ppm C C
Substance (6) 100ppm C C
Sterile distilled water C C
{0110}

From the results shown in Table 15, it was found that the substances (1) to (4)
having an effect of suppressing occurrence of a damp-dry malodor were not observed to
have any one of the growth-inhibitory effect and the bactericidal effect against
Moraxella sp. KMC4-1.

As shown above, according to the present invention, it is possible to perform
screening or evaluation of not only a damp-dry malodor inhibitor which exhibits a
growth-inhibitory effect or a bactericidal effect against the microorganisms which
produce damp-dry malodor-causing substances but also a damp-dry malodor inhibitor
which expresses an effect of suppressing metabolism related to production of damp-dry
malodor-causing substances such as 4M3H.

{0111}

Example 2 Detection of microorganisms which produce damp-dry malodor-causing
substances from bacterial cells

(1) Preparation of Genomic DNA

Each strain of genus Moraxella and various microbes described in Table 16
was inoculated to SCD agar medium (manufactured by NJHON PHARMACEUTICAL
CO., LTD). After culture for 24 hours at 35°C, microbial cells were collected from the
agar medium using a platinum loop. Genomic DNA solutions were prepared from the
collected microbial cells using a genomic DNA preparation kit (PrepMan ultra Reagent

(trade name) manufactured by Applied Biosystems).
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Furthermore, in regard to the Moraxella bacteria, the sequence similarity of the
base sequence in the 16S rRNA gene of each bacterium with the base sequence set forth
in SEQ ID NO: 43 or SEQ ID NO: 44 was determined. Meanwhile, the base
sequences set forth in SEQ ID NO: 43 and SEQ ID NO: 44 represent the base sequences
of the 16S rRNA gene of Moraxella sp. 4-1 and Moraxella osloensis ATCC19976,

respectively. Furthermore, the sequence similarity of the base sequences was
calculated by using a genetic information processing software, Clustal W.
{0112}

(2) Quantification of produced 4M3H

One platinum loop of each of various microbial strains of genus Moraxellé and
various microbes described in Table 16 was inoculated into S mL of a SCD liquid
medium (manufactured by Nihon Pharmaceutical Co., Ltd.), and the microbial cells
were subjected to shaking culture (160 rpm) at 35°C for 24 hours. The microbial cells
obtained after culture were centrifuged (8000xg, 10 minutes), the supernatant was
removed, and then the microbial cells were suspended in 5 mL of physiological saline.
The suspension was centrifuged again (8000xg, 10 minutes), subsequently the
supernatant was removed, and a microbial suspension was prepared by using
physiological saline such that the ODgoo would be 1.0.

On a plain-woven cotton fabric which had been cut to a square having a size of
2 cm x 2 cm, a solution prepared by dissolving 0.5 mg of 16-methyloctadecanoic acid in
0.1 mL of methanol was applied, and thereafter, methanol was dried to solid.

0.1 mL each of the various microbial suspensions described above was
inoculated into the plain-woven cotton fabric described above, and the samples were left
to stand still under humidified conditions at 37°C for 24 hours. Thus, quantification of
4M3H was carried out in the following manner.

10 mL of methanol was added to the towel that had been left to stand still for
24 hours, and 1 mL of the methanol was mixed with 1 mL of ADAM (9-
anthrydiazomethanene, manufactured by Funakoshi Corp., 0.1 w/v%). The mixture
was left to stand for 60 minutes at room temperature, and thus derivatization was carried
out.

Thereafter, 10 pL of the solution was analyzed by using LC-FL (liquid
chromatography apparatus: HITACHI ELITE LaChrom (trade name, manufactured by
Hitachi, Ltd.), column: Lichrosphere 100 RP-8(¢e) (trade name, manufactured by Agilent
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Technologies, Inc., 5 pm x 125 mm x 4 mmé), column temperature: 40°C, eluent: a
mixed solution of acetonitrile/water = 7/3 (volume ratio), flow rate: 1.0 mL/min,
detector: excitation wavelength (365 nm), measurement wavelength (412 nm)), and
thereby quantification of 4M3H thus produced was carried out. In regard to the
amount of the produced 4M3H, a sample, in which the produced 4M3H amount was
more than 1 pg, was rated as “A “; a sample, in which the produced 4M3H amount was
more than 0.1 pg and 1 pg or less, was rated as “B ““; a sample, in which the produced
AM3H amount was more than 0 pg and 0.1 pug or less, was rated as “C “; and a sample,

in which no 4M3H was detected, was rated as “D “. The results are shown in Table 16.



{0113}
Table 16
Sequence similarity Sequence similarity
with the base with the base Produced
No. Microbial strain sequence set forth in sequence set forth in AM3H
SEQ ID NO: 43 SEQ ID NO: 44 amount
Upstream Upstream
‘5’0 Ibp 1484bp 15’0 ahp | 14840
4-2 Moraxella osloensis ATCC19976 99.2 99.3 100 100 A
4-8 Moraxella sp. KMC4-1 (isolated strain) 100 100 99.2 99.3 A
4-9 Moraxella sp. KMC4-3 (isolated strain) 100 - 99.2 - A
4-10 | Moraxella sp. KMC4-4 (isolated strain) 99.2 99.7 100 99.7 A
4-11 Moraxella sp. KMC4-5 (isolated strain) 100 - 99.4 - A
4-12 | Moraxella sp. KMC4-6 (isolated strain) 100 - 99.8 - A
4-13 | Moraxella sp. KMC4-7 (isolated strain) 99.8 - 99.2 - A
4-14 | Moraxella sp. KMC4-8 (isolated strain) 100 - 99.2 - A
4-15 | Moraxella sp. KMC4-9 (isolated strain) 99.8 - 99.8 - A
4-16 | Moraxella sp. KMC4-10 (isolated strain) 100 - 99.4 - A
4-17 Moraxella sp. KMC4-11 (isolated strain) 100 - 99.4 - A
4-18 Moraxella sp. KMC4-12 (isolated strain) 100 - 99.2 - A
4-19 Pseudomonas aeruginosa | NBRC13275 - - - - D
4-20 Enterobacter cloacae NBRC3320 - - - - D

6L
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{0114}
From the results shown in Table 16, 4M3H production was confirmed in all the

strains of Moraxella osloensis and Moraxella sp. that are used for the test. To the

contrary, no 4M3H production was confirmed in the Pseudomonas aeruginosa
NBRC13275 and Enterobacter cloacae NBRC3320.

{0115}

(3) PCR reaction

By mixing 1 pL solution of the prepared genomic DNA template diluted x100
with distilled sterile wéter, 0.1 pL of TaKaRa EX Taq HS (trade name, manufactured by
Takara Bio Inc.), 1.6 pL of the mixture of four deoxyribonucleotidé triphosphate
(INTP) (ANTP mixture liquid attached to TaKaRa EX Taq Hot Start Version (trade
name) manufactured by Takara Bio Inc.), 2 pL of 10% conc. reaction buffer (buffer
attached to TaKaRa EX Taq Hot Start Version (trade name) manufactured by Takara
Bio Inc.), 0.4 pL of the primer (des_F1, 20 pmol/L) containing the oligonucleotide
having the base sequence set forth in SEQ ID NO: 13, 0.4 uL of the primer (des_R1, 20
pmol/L) containing the oligonucleotide having the base sequence set forth in SEQ ID
NO: 14, and 14.5 puL of distilled sterile water, 20 uL PCR reaction solution was
prepared.

As a negative control, a PCR reaction solution, in which distilled sterile water
was added instead of the DNA template, was prepared in the same manner as above.
{0116}

PCR reaction solutions were prepared in the same manner as above, except that,
instead of the primer set of the primer containing the oligonucleotide having the base
sequence set forth in SEQ ID NO: 13 and the primer containing the oligonucleotide
having the base sequence set forth in SEQ ID NO: 14, the primer set described in Tables
17 to 19 was used.

{0117}

The PCR reaction solution was subjected to a gene amplification treatment
using an automatic gene amplification device thermal cycler DICE (TAKARA BIO
INC.). PCR reaction conditions were 30 cycles of (i) a thermal denaturation reaction
at 98°C for 10 seconds, (ii) an annealing reaction at 60°C for 30 seconds, and (iii) an
elongation reaction at 72°C for 1 minute.

{0118}
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After PCR, the reaction solution was applied to 2% agarose gel and

Gel was then taken out and

immersed for 30 minutes in a SYBR safe DNA gel stain in 1XTAE solution

(manufactured by Invitrogen) for staining DNA fragments, which were than

photographed by Polaroid (registered trademark) camera under UV lamp radiation to

see the presence or absence of DNA fragment having a size of about 120 bp. The

DNA fragment size was determined by relative mobility compared to DNA fragments

with known base pair number, which have been also electrophoresed with the DNA in

interest.

{0119}
Table 17

Determination result of a target gene fragment is shown in Tables 17 to 19.

Combination of
oligonucleotides

Results

Forward
primer

Reverse
primer

Moraxella
osloensis
ATCC19976

Movraxella sp.

KMC

KMC
4-3

KMC
4-4

KMC
4-5

KMC
4-6

SEQID
NO: 13

SEQ ID
NO: 14

Y

Y

Y

Y

SEQ ID
NO: 15

SEQID
NO: 16

SEQID
NO: 17

SEQID
NO: 18

SEQ ID
NO: 19

SEQ ID
NO: 20

SEQID
NO: 21

SEQ ID
NO: 22

SEQID
NO: 23

SEQ ID
NO: 24

< | =] =

<<= ==

SRR

S T S

Kl =< <

Ko< <]

Sterile
distilled
water

Sterile
distilled
water

N

z

z

z

Y: Gene fragment was amplified.

N: Gene fragment was not amplified.
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{0120}

Table 18
Combination of
oligonucleotides

Results

Movaxella sp.
KMC | KMC | KMC | KMC | KMC | KMC
4.7 | 4-8 49 | 4-10 | 4-11 | 4-12

Y Y Y Y Y Y

Forward | Reverse
primer | primer

SEQID | SEQID
NO:13 | NO: 14
SEQID | SEQID
NO: 15 | NO: 16
SEQID | SEQID
NO: 17 | NO: 18
SEQID | SEQID
NO: 19 | NO: 20
SEQID { SEQID
NO: 21 | NO: 22
SEQID | SEQID
NO:23 [ NO:24
Sterile | Sterile
distilled | distilled {| N N
water water
Y: Gene fragment was amplified.
N: Gene fragment was not amplified.

{0121}

Table 19
Combination of
oligonucleotides

Forward | Reverse | Pseudomonas aeruginosa | Enterobacter cloacae
primer | primer NBRC13275 NBRC3320

SEQID | SEQID

NO: 13 | NO: 14 N N

SEQID | SEQID

NO: 15 | NO: 16

SEQID | SEQID

NO: 17 | NO: 18
SEQID | SEQID
NO: 19 | NO: 20
SEQID | SEQID
NO: 21 | NO: 22
SEQID | SEQID
NO: 23 | NO: 24
Sterile | Sterile

distilled | distilled N
water water

N: Gene fragment was not amplified.

{0122}

<< = =] =
<l | =]
SRR
< |||
R
R

Z
z
z
y4

Results

ZlZz2|=Zz|2Z | Z
Z|Zz |z 2| Z

Z

As shown in Tables 17 and 18, the A9desaturase gene, which is one kind of
fatty acid desaturase gene, was identified in various bacterial strains of genus Moraxella,

which is one kind of damp-dry malodor-causing bacteria. Meanwhile, as shown in
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Table 19, in the sample containing genomic DNA of the microorganisms which do not
produce damp-dry malodor-causing substances, the gene fragment was not identified.
Thus, it is found that the microorganisms which produce damp-dry malodor-causing
substances can be detected quickly and accurately by using a specific oligonucleotide
pair.

Further, with regard to the Moraxella sp. KMC4-1, the sequence similarity
between base sequence of the gene fragment which has been amplified by using each

primer pair and the base sequence set forth in SEQ ID NO: 1 is shown in Table 20.

{0123}
Table 20
Combination of oligonucleotides Sequence similarity to the base sequence

Forward primer Reverse primer set forth in SEQ ID NO: 1
SEQ ID NO: 13 SEQ ID NO: 14 96.1%
SEQIDNO:15 | SEQIDNO: 16 98.4%
SEQIDNO: 17 | SEQIDNO: 18 98.4%
SEQIDNO:19 | SEQIDNO: 20 98.4%
SEQ ID NO: 21 SEQ ID NO: 22 98.4%
SEQIDNO:23 | SEQIDNO: 24 96.9%

{0124}

As shown in Table 20, each of the base sequence of the amplified gene
fragment has sequence similarity of 95% or more to the base sequence of the
A9desaturase gene set forth in SEQ ID NO: 1.

Based on these results, it was found that the fatty acid desaturase gene
fragments of microorganisms which produce damp-dry malodor-causing substances can
be amplified by using the oligonucleotide of the present invention. Therefore, the fatty
acid desaturase gene can be detected quickly and accurately.

{0125}

Example 3 Detection of microorganisms which produce damp-dry malodor-causing
substances from bacterial cells

(1) PCR reaction

By mixing 1 pL solution of the genomic DNA prepared in Example 2 diluted
%100 with distilled sterile water, 0.1 uL of TaKaRa EX Taq HS (trade name,
manufactured by Takara Bio Inc.), 1.6 uL of the mixture of four deoxyribonucleotide
triphosphate (ANTP) (ANTP mixture liquid attached to TaKaRa EX Taq Hot Start

Version (trade name) manufactured by Takara Bio Inc.), 2 uL of 10x conc. reaction

buffer (buffer attached to TaKaRa EX Taq Hot Start Version (trade name) manufactured



10

15

20

25

30

WO 2013/180302 PCT/JP2013/065306

84

by Takara Bio Inc.), 0.4 uL of the primer (fadB_F6, 20 pmol/L) containing the
oligonucleotide having the base sequence set forth in SEQ ID NO: 25, 0.4 uL of the
primér (fadB_R6, 20 pmol/L) containing the oligonucleotide having the base sequence
set forth in SEQ ID NO: 26, and 14.5 pL of distilled sterile water, 20 uLL PCR reaction
solution was prepared.

As a negative control, a PCR reaction solution, in which distilled sterile water
was added instead of the DNA template, was prepared in the same manner as above.
{0126}

PCR reaction solutions were prepared in the same manner as above, except that,
instead of the primer set of the primer containing the oligonucleotide having the base
sequence set forth in SEQ ID NO: 25 and the primer containing the oligonucleotide
having the base sequence set forth in SEQ ID NO: 26, the primer set described in Tables
21 to 23 was used.

{0127}

The PCR reaction solution was subjected to a gene amplification treatment
using an automatic gene amplification device thermal cycler DICE (TAKARA BIO
INC.). PCR reaction conditions were 30 cycles of (i) a thermal denaturation reaction
at 98°C for 10 seconds, (ii) an annealing reaction at 60°C for 30 seconds, and (ii1) an
elongation reaction at 72°C for 1 minute.

{0128}
(2) Agarose gel electrophoresis

After PCR, the reaction solution was applied to 2% agarose gel and
electrophoresed for 30 minutes with 100 V in TBA buffer. Gel was then taken out and
immersed for 30 minutes in a SYBR safe DNA gel stain in 1XTAE solution
(manufactured by Invitrogen) for staining DNA fragments, which were than
photographed by Polaroid (registered trademark) camera under UV lamp radiation to
see the presence or absence of DNA fragment having a size of about 150 bp. The
DNA fragment size was determined by relative mobility compared to DNA fragments
with known base pair number, which have been also electrophoresed with the DNA in

interest. Determination result of a target gene fragment is shown in Tables 21 to 23.
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{0129}
Table 21
Combination of
. . Results
oligonucleotides
Forward | Reverse | Moraxella osloensis | Moraxella sp.
primer primer ATCC19976 KMC4-1
SEQID SEQID
NO:25 | NO:26 Y Y
SEQID SEQID y v
NO: 27 NO: 28
SEQID SEQID v Y
NO: 29 NO: 30 ‘
SEQ ID SEQID
NO:31 | NO:32 Y Y
SEQ ID SEQID Y v
NO: 33 NO: 34
SEQID SEQ ID Y %
NO: 35 NO: 36
SEQ ID SEQID v v
NO: 37 NO: 38
SEQ ID SEQID v v
NO: 39 NO: 40
SEQ ID SEQ ID v y
NO: 41 NO: 42
Sterile Sterile
distilled | distilled N N
water water
Y: Gene fragment was amplified.
N: Gene fragment was not amplified.
{0130}
Table 22
Combination of
: X Results
oligonucleotides
Forward | Reverse Moraxella sp.
primer primer KMC4-3 KMC4-4 | KMC4-5 | KMC4-6 | KMC4-7
SEQ ID SEQ ID
NO:25 | NO:26 Y Y Y Y Y
SEQID SEQID
NO:41 | NO:42 Y Y Y Y Y
Sterile Sterile
distilled | distilled N N N N N
water water

Y: Gene fragment was amplified.

N: Gene fragment was not amplified.
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Table 22 (continued)
Combination of
. . Results
oligonucleotides
Forward | Reverse Movaxella sp.
primer primer KMC4-8 | KMC4-9 | KMC4-10 | KMC4-11 KMC4-12
SEQID SEQID
NO:25 | NO:26 Y Y Y Y Y
SEQID | SEQID
NO:41 | NO:42 Y Y Y Y Y
Sterile Sterile
distilled distilled N N N N N
water water
Y: Gene fragment was amplified.
N: Gene fragment was not amplified.
{0131}
5  Table 23
Cpmbmatlol} of Results
oligonucleotides
Forward | Reverse | Pseudomonas aeruginosa | Enterobacter cloacae
‘primer primer NBRC13275 NBRC3320
SEQ ID SEQ ID N N
NO: 25 NO: 26
SEQID SEQID
NO:27 | NO:28 N N
SEQID SEQ ID N N
NO: 29 NO: 30
SEQID SEQID N N
NO: 31 NO: 32
SEQID SEQ ID
NO:33 | NO:34 N N
SEQ ID SEQID
NO:35 | NO:36 N N
SEQ ID SEQID
NO:37 | NO:38 N N
SEQ ID SEQID N N
NO: 39 NO: 40
SEQID SEQID N N
NO: 41 NO: 42
Sterile Sterile
distilled | distilled N N
water water
N: Gene fragment was not amplified.
{0132}

As shown in Tables 21 and 22, the fadB gene and the fadD gene, each of which
is one kind of B oxidation-related enzyme gene, were identified in various bacterial
10  strains of genus Moraxella, which is one kind of damp-dry malodor-causing bacteria.
Meanwhile, as shown in Table 23, in the sample containing genomic DNA of the
microorganisms which do not produce damp-dry malodor-causing substances, the gene

fragment was not identified. Thus, it is found that the microorganisms which produce
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damp-dry malodor-causing substances can be detected quickly and accurately by using
a specific oligonucleotide pair.

Further, with regard to the Moraxella sp. KMC4-1, the sequence similarity
between base sequence of the fadB gene fragment which has been amplified by using
each primer pair and the base sequence set forth in SEQ ID NO: 5 is shown in Table 24.
Further, the sequence similarity between base sequence of the fadD gene fragment
which has been amplified by using each primer pair and the base sequence set forth in

SEQ ID NO: 9 is shown in Table 25.

{0133}
Table 24
Combmafilon of ohgonllzcleotldgs Sequence similarity to the base sequence
Forwar everse set forth in SEQ ID NO: 5
primer primer
SEQ IDNO:25 | SEQ ID NO: 26 97.0%
SEQID NO: 27 | SEQIDNO: 28 96.0%
SEQ ID NO:29 | SEQ ID NO: 30 95.2%
SEQ ID NO: 31 SEQ ID NO: 32 96.9%
{0134}
Table 25
Combination of oligonucleotides Sequence similarity to the base sequence
Forward primer Reverse primer set forth in SEQ ID NO: 9
SEQIDNO:35 | SEQIDNO: 36 97.7%
SEQ ID NO: 41 SEQ ID NO: 42 95.4%
{0135}

As shown in Table 24, each of the base sequence of the amplified gene
fragment has sequence similarity of 95% or more to the base sequence of the fadB gene
set forth in SEQ ID NO: 5.

Further, as shown in Table 25, each of the base sequence of the amplified gene
fragment has sequence similarity of 95% or more to the base sequence of the fadD gene
set forth in SEQ ID NO: 9.

Based on these results, it was found that the  oxidation-related enzyme gene
fragments of microorganisms which produce damp-dry malodor-causing substances can
be amplified by using the oligonucleotide of the present invention. Therefore, the
oxidation-related enzyme gene can be detected quickly and accurately.

{0136}
Example 4 Detection of microorganisms which produce damp-dry malodor-causing

substances from environment
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(1) Preparation of Genomic DNA

Three towels T1 to T3 having damp-dry malodor and new towel (T4) having
no such malodor were cut into pieces. By using a kit for preparing genomic DNA
(trade name: PrepMan Ultra Reagent, manufactured by Applied Biosystems), a solution
of genomic DNA was prepared from these towels.

{0137}
(2) PCR reaction

By mixing 5 puL solution of the genomic DNA prepared above diluted x100
with distilled sterile water, 0.1 uL of TaKaRa EX Taq HS (trade name, manufactured by
Takara Bio Inc.), 1.6 pL of the mixture of four deoxyribonucleotide triphosphate
(dNTP) (ANTP mixture liquid attached to TaKaRa EX Taq Hot Start Version (trade
name) manufactured by Takara Bio Inc.), 2 pL of 10x conc. reaction buffer (buffer
attached to TaKaRa EX Taq Hot Start Version (trade name) manufactured by Takara
Bio Inc.), 0.4 pL of the primer (des F2, 20 pmol/L) containing the oligonucleotide
having the base sequence set forth in SEQ ID NO: 15, 0.4 pL of the primer (des R2, 20
pmol/L) containing the oligonucleotide having the base sequence set forth in SEQ ID
NO: 16, and 10.5 pL of distilled sterile water, 20 pL. PCR reaction solution was
prepared.

As a negative control, a PCR reaction solution, in which distilled sterile water-
was added instead of the DNA template, was prepared in the same manner as above.
{0138}

PCR reaction solutions were prepared in the same manner as above, except that,
instead of the primer set of the primer containing the oligonucleotide having the base
sequence set forth in SEQ ID NO: 15 and the primer containing the oligonucleotide
having the base sequence set forth in SEQ ID NO: 16, the primer set described in Table
26 was used.

{0139}

The PCR reaction solution was subjected to a gene amplification treatment
using an automatic gene amplification device thermal cycler DICE (TAKARA BIO
INC.). PCR reaction conditions were 40 cycles of (i) a thermal denaturation reaction
at 98°C for 10 seconds, and (ii) an annealing reaction and an elongation reaction at
68°C for 1 minute.

{0140}
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(3) Agarose gel electrophoresis

After PCR, the reaction solution was applied to 2% agarose gel and
electrophoresed for 30 minutes with 100 V in TBA buffer. Gel was then taken out and
immersed for 30 minutes in a SYBR safe DNA gel stain in 1XTAE solution
(manufactured by Invitrogen) for staining DNA fragments, which were than
photographed by Polaroid (registered trademark) camera under UV lamp radiation to
see the presence or absence of DNA fragment having a size of about 150 bp. The
DNA fragment size was determined by relative mobility compared to DNA fragments
with known base pair number, which have been also electrophoresed with the DNA in

interest. Determination result of a target gene fragment is shown in Table 26.

{0141}
Table 26
Combination of
. . Results
oligonucleotides
Fomard Reyerse Towel T1 Towel T2 Towel T3 Towel T4
_primer primer
SEQ ID SEQ ID
NO:15 | NO: 16 Y Y Y N
SEQ ID SEQID
NO:25 | NO:26 Y Y Y N
SEQ ID SEQID
NO: 27 NO: 28 Y Y Y N
SEQ ID SEQ ID
NO:35 | NO:36 Y Y Y N
SEQID SEQID
NO: 41 NO: 42 Y Y Y N

Y: Gene fragment was amplified.
N: Gene fragment was not amplified.

{0142}

From all of the three towels having damp-dry malodor (that is, T1 to T3), an
amplified DNA fragment was detected at the size location of about 150 bp on the gel.
Further, Moraxella sp. was isolated by an isolation method from all of the three towels
having damp-dry malodor. On the other hand, amplification of the gene fragment was
not identified from the new towel (that is, T4) having no damp-dry malodor.

Based on these results described above, it was found that, even from an
environmental sample containing various bacterial strains with different types, the
microorganisms which produce damp-dry malodor-causing substances can be detected
by using the oligonucleotide of the present invention.

{0143}

As described above, by bringing microorganisms which produce damp-dry
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malodor-causing substances and a test substance into contact with each other, detecting
expression of the fatty acid desaturase gene and/or the § oxidation-related enzyme gene
derived from the microorganisms by using the oligonucleotide or oligonucleotide pair of
the present invention, and evaluating the expression on the basis of change in gene
expression amount, it is possible to evaluate conveniently the damp-dry malodor
inhibitory function of the test substance with high accuracy. Further, according to the
method of evaluating inhibitory effect on damp-dry malodor of the present invention, it
is possible to screen a damp-dry malodor inhibitor by selecting a test substance which
decreases expression amount of the fatty acid desaturase gene and/or the p oxidation-
related enzyme gene.  Still further, by amplifying a fragment of the fatty acid
desaturase gene and/or the 3 oxidation-related enzyme gene by using the
oligonucleotide or oligonucleotide pair of the present invention and determining the
presence or absence of an amplified fragment, microorganisms which produce damp-
dry malodor-causing substances, that are present in a fabric product including towel and
clothes, an environment or the like, can be detected quickly and accurately.

{0144}

Having described our invention as related to the present embodiments, it is our
intention that the invention not be limited by any of the details of the description, unless
otherwise specified, but rather be construed broadly within its spirit and scope as set out
in the acéompanying claims.

{0145}

This non-provisional application Claims priority under 35 U.S.C. § 119 (a) on
Patent Application No. 2012-122032 filed in Japan on May 29, 2012, and Patent
Application No. 2013-109303 filed in Japan on May 23, 2013, each of which is entirely

herein incorporated by reference.
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CLAIMS

{Claim 1}

A method of evaluating inhibitory effect on damp-dry malodor, comprising the
steps of:

bringing microorganisms which produce damp-dry malodor-causing substances
and a test substance into contact with each other in the presence of a sebaceous dirt
component,

detecting expression of at least one kind of gene selected from a group
consisting of a fatty acid desaturase gene and a  oxidation-related enzyme gene derived
from the microorganisms; and thereby

evaluating a damp-dry malodor inhibitory function of the test substance based
on a change in expression amount of the at least one kind of gene;
wherein the expression of the at least one kind of gene is detected by using at least one
kind of oligonucleotide pair selected from the group consisting of:
an oligonucleotide pair containing oligonucleotides (a) and (b) described below,
an oligonucleotide pair containing oligonucleotides (c) and (d) described below,
an oligonucleotide pair containing oligonucleotides (e) and (f) described below,
an oligonucleotide pair containing oligonucleotides (g) and (h) described below,
an oligonucleotide pair containing oligonucleotides (i) and (j) described below,
an oligonucleotide pair containing oligonucleotides (k) and (1) described below,
an oligonucleotide pair containing oligonucleotides (m) and (n) described below,
an oligonucleotide pair containing oligonucleotides (o) and (p) described below,
an oligonucleotide pair containing oligonucleotides (q) and (r) described below,
an oligonucleotide pair containing oligonucleotides (s) and (t) described below,
an oligonucleotide pair containing oligonucleotides (u) and (v) described below,
an oligonucleotide pair containing oligonucleotides (w) and (x) described below,
an oligonucleotide pair containing oligonucleotides (y) and (z) described below,
an oligonucleotide pair containing oligonucleotides (al) and (b1) described below, and
an oligonucleotide pair containing oligonucleotides (c1) and (d1) described below:
(a) an oligonucleotide having the base sequence set forth in SEQ ID NO: 13, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 13 with a substitution,

deletion, insertion, or addition of 1 or several nucleotides which can be used for
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detecting the fatty acid desaturase gene;

(b) an oligonucleotide having the base sequence set forth in SEQ ID NO: 14, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 14 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(c) an oligonucleotide having the base sequence set forth in SEQ ID NO: 15, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 15 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(d) an oligonucleotide having the base sequence set forth in SEQ ID NO: 16, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 16 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(e) an oligonucleotide having the base sequence set forth in SEQ ID NO: 17, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 17 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(f) an oligonucleotide having the base sequence set forth in SEQ ID NO: 18, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 18 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(g) an oligonucleotide having the base sequence set forth in SEQ ID NO: 19, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 19 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(h) an oligonucleotide having the base sequence set forth in SEQ ID NO: 20, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 20 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 21, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 21 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for

detecting the fatty acid desaturase gene;
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(j) an oligonucleotide having the base sequence set forth in SEQ ID NO: 22, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 22 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(k) an oligonucleotide having the base sequence set forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 23 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 24, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 24 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(m) an oligonucleotide having the base sequence set forth in SEQ ID NO: 25, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 25 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(n) an oligonucleotide having the base sequence set forth in SEQ ID NO: 26, an
oligonucleotide having a base sequence set forth in SEQ‘ ID NO: 26 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(0) an oligonucleotide having the base sequence set forth in SEQ ID NO: 27, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 27 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(p) an oligonucleotide having the base sequence set forth in SEQ ID NO: 28, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 28 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the  oxidation-related enzyme gene;

(q) an oligonucleotide having the base sequence set forth in SEQ ID NO: 29, an
oligonuéleotide having a base sequence set forth in SEQ ID NO: 29 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(r) an oligonucleotide having the base sequence set forth in SEQ ID NO: 30, an
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oligonucleotide having a base sequence set forth in SEQ ID NO: 30 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gehe;

(s) an oligonucleotide having the base sequence set forth in SEQ ID NO: 31, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 31 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(t) an oligonucleotide having the base sequence set forth in SEQ ID NO: 32, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 32 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene;

(u) an oligonucleotide having the base sequence set forth in SEQ ID NO: 33, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 33 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(v) an oligonucleotide having the base sequence set forth in SEQ ID NO: 34, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 34 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(w) an oligonucleotide having the base sequence set forth in SEQ ID NO: 35, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 35 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(x) an oligonucleotide having the base sequence set forth in SEQ ID NO: 36, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 36 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(y) an oligonucleotide having the base sequence set forth in SEQ ID NO: 37, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 37 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(z) an oligonucleotide having the base sequence set forth in SEQ ID NO: 38, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 38 with a substitution,
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deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(al) an oligonucleotide having the base sequence set forth in SEQ ID NO: 39, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 39 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the  oxidation-related enzyme ‘gene; |

(b1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 40, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 40 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(cl) an oligonucleotide having the base sequence set forth in SEQ ID NO: 41, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 41 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the 3 oxidation-related enzyme gene; and

(d1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 42, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 42 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for

detecting the B oxidation-related enzyme gene.

{Claim 2}
The method according to Claim 1, wherein the damp-dry malodor-causing

substances are 4-methyl-3-hexenoic acid.

{Claim 3}
The method according to Claim 1 or 2, wherein the sebaceous dirt component

is an anteiso fatty acid.

{Claim 4}
The method according to any one of Claims 1 to 3, wherein the fatty acid

desaturase gene is A9desaturase gene.

{Claim 5}
The method according to Claim 4,
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wherein the expression of the A9desaturase gene is detected by using at least one kind

of oligonucleotide pair selected from the group containing :

the oligonucleotide pair containing the oligonucleotides (a) and (b);
the oligonucleotide pair containing the oligonucleotides (c) and (d);
the oligonucleotide pair containing the oligonucleotides () and (f);
the oligonucleotide pair containing the oligonucleotides (g) and (h);
the oligonucleotide pair containing the oligonucleotides (i) and (j); and

the oligonucleotide pair containing the oligonucleotides (k) and (I).

{Claim 6}
The method according to any one of Claims 1 to 3, wherein the B oxidation-
related enzyme gene is at least one kind of gene selected from the group consisting of

fadB gene and fadD gene.

{Claim 7}
The method according to Claim 6,
wherein the expression of the fadB gene is detected by using at least one kind of
oligonucleotide pair selected from the group consisting of:
the oligonucleotide pair containing the oligonucleotides (m) and (n);
the oligonucleotide pair containing the oligonucleotides (o) and (p);
the oligonucleotide pair containing the oligonucleotides (q) and (r); and

the oligonucleotide pair containing the oligonucleotides (s) and (t).

{Claim 8}
The method according to Claim 6,
wherein the expression of the fadD gene is detected by using at least one kind of
oligonucleotide pair selected from the group consisting of :
the oligonucleotide pair containing the oligonucleotideé. (u) and (v);
the oligonucleotide pair containing the oligonucleotides (w) and (x);
he oligonucleotide pair containing the oligonucleotides (y) and (z);
the oligonucleotide pair containing the oligonucleotides (al) and (b1); and

the oligonucleotide pair containing the oligonucleotides (c1) and (d1).
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{Claim 9}
The method according to any one of Claims I to §, wherein the
microorganisms are at least one kind of microbial strain selected from the group

consisting of species of Moraxella sp. and Moraxella osloensis.

{Claim 10}
A method of screening a damp-dry malodor inhibitor, which comprises
selecting a test substance capable of reducing the expression amount of the at least one

kind of gene, based on the method described in any one of Claims 1 to 9.

{Claim 11}
A method of detecting microorganisms which produce damp-dry malodor-
causing substances, comprising the steps of:
amplifying at least one kind of fragment of gene selected from a group
consisting of a fatty acid desaturase gene and a § oxidation-related enzyme gene that are
derived from microorganisms which produce damp-dry malodor-causing substances;
determining the presence or absence of an ampliﬁéd fragment; and thereby
detecting the microorganisms which produce damp-dry malodor-causing
substances,
wherein the detection of the microorganisms which produce damp-dry malodor-causing
substances is performed by using at least one kind of oligonucleotide pair selected from
the group consisting of:
an oligonucleotide pair containing oligonucleotides (a) and (b) described below,
an oligonucleotide pair containing oligonucleotides (c) and (d) described below,
an oligonucleotide pair containing oligonucleotides (¢) and (f) described below,
an oligonucleotide pair containing oligonucleotides (g) and (h) described below,
an oligonucleotide pair containing oligonucleotides (i) and (j) described below,
an oligonucleotide pair containing oligonucleotides (k) and (1) described below,
an oligonucleotide pair containing oligonucleotides (m) and (n) described below,
an oligonucleotide pair containing oligonucleotides (0) and (p) described below,
an oligonucleotide pair containing oligonucleotides (q) and (r) described below,
an oligonucleotide pair containing oligonucleotides (s) and (t) described below,

an oligonucleotide pair containing oligonucleotides (u) and (v) described below,
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an oligonucleotide pair containing oligonucleotides (w) and (x) described below,

an oligonucleotide pair containing oligonucleotides (y) and (z) described below,

an oligonucleotide pair containing oligonucleotides (al) and (b1l) described below, and
an oligonucleotide pair containing oligonucleotides (c1) and (d1) described below:

(a) an oligonucleotide having the base sequence set forth in SEQ ID NO: 13, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 13 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(b) an oligonucleotide having the base sequence set forth in SEQ ID NO: 14, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 14 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene; ‘ |

(c) an oligonucleotide having the base sequence set forth in SEQ ID NO: 15, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 15 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(d) an oligonucleotide having the base sequence set forth in SEQ ID NO: 16, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 16 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene,

(e) an oligonucleotide having the base sequence set forth in SEQ ID NO: 17, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 17 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(f) an oligonucleotide having the base sequence set forth in SEQ ID NO: 18, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 18 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(g) an oligonucleotide having the base sequence set forth in SEQ ID NO: 19, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 19 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(h) an oligonucleotide having the base sequence set forth in SEQ ID NO: 20, an
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oligonucleotide having a base sequence set forth in SEQ ID NO: 20 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 21, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 21 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(j) an oligonucleotide having the base sequence set forth in SEQ ID NO: 22, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 22 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(k) an oligonucleotide having the base sequence set forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 23 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 24, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 24 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(m) an oligonucleotide having the base sequence set forth in SEQ ID NO: 25, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 25 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(n) an oligonucleotide having the base sequence set forth in SEQ ID NO: 26, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 26 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the oxidation—reiated enzyme gene;

(o) an oligonucleotide having the base sequence set forth in SEQ ID NO: 27, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 27 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(p) an oligonucleotide having the base sequence set forth in SEQ ID NO: 28, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 28 with a substitution,
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deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the p oxidation-related enzyme gene;

(9) an oligonucleotide having the base sequence set forth in SEQ ID NO: 29, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 29 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(r) an oligonucleotide having the base sequence set forth in SEQ ID NO: 30, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 30 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the  oxidation-related enzyme gene;

(s) an oligonucleotide having the base sequence set forth in SEQ ID NO: 31, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 31 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the [ oxidation-related enzyme gene; _

(t) an oligonucleotide having the base sequence set forth in SEQ ID NO: 32, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 32 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(u) an oligonucleotide having the base sequence set forth in SEQ ID NO: 33, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 33 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the ( oxidation-related enzyme gene;

(v) an oligonucleotide having the base sequence set forth in SEQ ID NO: 34, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 34 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the oxidation-related enzyme gene;

(w) an oligonucleotide having the base sequence set forth in SEQ ID NO: 35, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 35 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(x) an oligonucleotide having the base sequence set forth in SEQ ID NO: 36, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 36 with a substitution,

deletion, insertion, or addition of 1 or several nucleotides which can be used for
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detecting the B oxidation-related enzyme gene;

(y) an oligonucleotide having the base sequence set forth in SEQ ID NO: 37, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 37 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene;

(z) an oligonucleotide having the base sequence set forth in SEQ ID NO: 38, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 38 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the  oxidation-related enzyme gene;

(al) an oligonucleotide having the base sequence set forth in SEQ ID NO: 39, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 39 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(b1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 40, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 40 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the (§ oxidation-related enzyme gene;

(cl) an oligonucleotide having the base sequence set forth in SEQ ID NO: 41, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 41 with a substitution, .
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene; and

(d1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 42, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 42 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for

detecting the ( oxidation-related enzyme gene.

{Claim 12}

The method according to Claim 11, wherein the damp-dry malodor-causing

substances are 4-methyl-3-hexenoic acid.

{Claim 13}

The method according to Claim 11 or 12, wherein the fatty acid desaturase

gene is A9desaturase gene.
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{Claim 14}
The method according to Claim 13,

wherein a fragment of the A9desaturase gene is amplified by using at least one kind of

oligonucleotide pair selected from the group consisting of:

the oligonucleotide pair containing the oligonucleotides (a) and (b);
the oligonucleotide pair containing the oligonucleotides (c) and (d);
the oligonucleotide pair containing the oligonucleotides (e) and (f);

the oligonucleotide pair containing the oligonucleotides (g) and (h);
the oligonucleotide pair containing the oligonucleotides (i) and (j); and

the oligonucleotide pair containing the oligonucleotides (k) and (1).

{Claim 15}

The method according to Claim 11 or 12, wherein the B oxidation-related

enzyme gene is at least one kind of gene selected from the group consisting of fadB

gene and fadD gene.

{Claim 16}
The method described in according to Claim 15,
wherein a fragment of the fadB gene is amplified by using at least one kind of
oligonucleotide pair selected from the group consisting of:
the oligonucleotide pair containing the oligonucleotides (m) and (n);
the oligonucleotide pair containing the oligonucleotides (o) and (p);
the oligonucleotide pair containing the oligonucleotides (q) and (r); and

the oligonucleotide pair containing the oligonucleotides (s) and (t).

{Claim 17}
The method according to Claim 15,
wherein a fragment of the fadD gene is amplified by using at least one kind of
oligonucleotide pair selected from the group consisting of:
the oligonucleotide pair containing the oligonucleotides (u) and (v);
the oligonucleotide pair containing the oligonucleotides (w) and (x);

the oligonucleotide ‘pair containing the oligonucleotides (y) and (z);

PCT/JP2013/065306
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the oligonucleotide pair containing the oligonucleotides (al) and (bl); and

the oligonucleotide pair containing the oligonucleotides (c1) and (d1).

{Claim 18}
The method according to any one of Claims 11 to 17, wherein the
microorganisms are at least one kind of microbial strain selected from the group

consisting of species of Moraxella sp. and Moraxella osloensis.

{Claim 19}

An oligonucleotide selected from the group consisting of the following
oligonucleotides (a) to (z) and (al) to (d1); or an oligonucleotide pair selected from the
group consisting of a pair of the following oligonucleotides (a) and (b), a pair of the
following oligonucleotides (c) and (d), a pair of the following oligonucleotides (¢) and
(), a pair of the following oligonucleotides (g) and (h), a pair of the following
oligonucleotides (i) and (j), a pair of the following oligonucleotides (k) and (1), a pair of
the following oligonucleotides (m) and (n), a pair of the following oligonucleotides (o)
and (p), a pair of the following oligonucleotides (q) and (r), a pair of the following
oligonucleotides (s) and (t), a pair of the following oligonucleotides (u) and (v), a pair
of the following oligonucleotides (w) and (x), a pair of the following oligonucleotides
(y) and (2), a pair of the following oligonucleotides (al) and (bl), and a pair of the
following oligonucleotides (c1) and (d1):

(a) an oligonucleotide having the base sequence set forth in SEQ IDNO: 13, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 13 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(b) an oligonucleotide having the base sequence set forth in SEQ ID NO: 14, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 14 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(c) an oligonucleotide having the base sequence set forth in SEQ ID NO: 15, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 15 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for

detecting the fatty acid desaturase gene;
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(d) an oligonucleotide having the base sequence set forth in SEQ ID NO: 16, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 16 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

{(e) an oligonucleotide having the base sequence set forth in SEQ ID NO: 17, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 17 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(f) an oligonucleotide having the base sequence set forth in SEQ ID NO: 18, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 18 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(g) an oligonucleotide having the base sequence set forth in SEQ ID NO: 19, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 19 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(h) an oligonucleotide having the base sequence set forth in SEQ ID NO: 20, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 20 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(i) an oligonucleotide having the base sequence set forth in SEQ ID NO: 21, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 21 with a substitutién,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(j) an oligonucleotide having the base sequence set forth in SEQ ID NO: 22, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 22 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(k) an oligonucleotide having the base sequence set forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 23 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 24, an
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oligonucleotide having a base sequence set forth in SEQ ID NO: 24 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the fatty acid desaturase gene;

(m) an oligonucleotide having the base sequence set forth in SEQ ID NO: 25, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 25 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the  oxidation-related enzyme gene;

(n) an oligonucleotide having the base sequence set forth in SEQ ID NO: 26, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 26 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(o) an oligonucleotide having the base sequence set forth in SEQ ID NO: 27, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 27 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene;

(p) an oligonucleotide having the base sequence set forth in SEQ ID NO: 28, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 28 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(q) an oligonucleotide having the base sequence set forth in SEQ ID NO: 29, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 29 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene; '

(r) an oligonucleotide having the base sequence set forth in SEQ ID NO: 30, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 30 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(s) an oligonucleotide having the base sequence set forth in SEQ ID NO: 31, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 31 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(t) an oligonucleotide having the base sequence set forth in SEQ ID NO: 32, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 32 with a substitution,
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deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(u) an oligonucleotide havihg the base sequence set forth in SEQ ID NO: 33, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 33 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene;

(v) an oligonucleotide having the base sequence set forth in SEQ ID NO: 34, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 34 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the p oxidation-related enzyme gene;

(w) an oligonucleotide having the base sequence set forth in SEQ ID NO: 35, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 35 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(x) an oligonucleotide having the base sequence set forth in SEQ ID NO: 36, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 36 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the § oxidation-related enzyme gene;

(y) an oligonucleotide having the base sequence set forth in SEQ ID NO: 37, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 37 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the f oxidation-related enzyme gene;

(z) an oligonucleotide having the base sequence set forth in SEQ ID NO: 38, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 38 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene;

(al) an oligonucleotide having the base sequence set forth in SEQ ID NO: 39, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 39 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the B oxidation-related enzyme gene;

(b1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 40, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 40 with a substitution,

deletion, insertion, or addition of 1 or several nucleotides which can be used for
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detecting the  oxidation-related enzyme gene;

(c1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 41, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 41 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyme gene; and

(d1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 42, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 42 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used for

detecting the B oxidation-related enzyme gene.

{Claim 20}
The oligonucleotide or the oligonucleotide pair according to Claim 19, wherein

the oligonucleotide is a nucleic acid primer.

{Claim 21}

The oligonucleotide or oligonucleotide pair according to Claim 20,
wherein the oligonucleotides (a) and (b), the oligonucleotides (¢) and (d), the
oligonucleotides (e) and (f), the oligonucleotides (g) and (h), the oligonucleotides (i)
and (j), and the oligonucleotides (k) and (1) can function as nucleic acid primers for
detecting expression of the fatty acid desaturase gene derived from microorganisms
which produce damp-dry malodor-causing substances or for amplifying a gene fragment

thereof by polymerase chain reaction.

{Claim 22}
The oligonucleotide or the oligonucleotide pair according to Claim 21, wherein

the fatty acid desaturase gene is A9desaturase gene.

{Claim 23}

The oligonucleotide or oligonucleotide pair according to Claim 20,
wherein the oligonucleotides (m) and (n), the oligonucleotides (o) and (p), the
oligonucleotides (q) and (r), and the oligonucleotides (s) and (t) can function as nucleic
acid primers for detecting expression of the B oxidation-related enzyme gene derived

from microorganisms which produce damp-dry malodor-causing substances or for
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amplifying a gene fragment thereof by polymerase chain reaction.

{Claim 24}
The oligonucleotide or the oligonucleotide pair according to Claim 23, wherein

the P oxidation-related enzyme gene is fadB gene.

{Claim 25}

The oligonucleotide or oligonucleotide pair according to Claim 20,
wherein the oligonucleotides (u) and (v), the oligonucleotides (w) and (x), the
oligonucleotides (y) and (z), the oligonucleotides (al) and (bl), and the oligonucleotides
(cl) and (d1) can function as nucleic acid primers for detecting expression of the 3
oxidation-related enzyme gene derived from microorganisms which produce damp-dry
malodor-causing substances or for amplifying a gene fragment thereof by polymerase

chain reaction.

{Claim 26}
The oligonucleotide or the oligonucleotide pair according to Claim 25, wherein

the § oxidation-related enzyme gene is fadD gene.

{Claim 27}
A kit for evaluating inhibitory effect on damp-dry malodor or a kit for
screening of a damp-dry malodor inhibitor, comprising:
microorganisms which produce damp-dry malodor-causing substances;
a sebaceous dirt component; and

the oligonucleotide or the oligonucleotide pair according to any one of Claims

19 to 26.

{Claim 28}
A kit for detecting microorganisms which produce damp-dry malodor-causing
substances, comprising at least one kind of oligonucleotide or oligonucleotide pair

according to any one of Claims 19 to 26.



