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DESCRIPTION

METHOD OF EVALUATING INHIBITORY BEFFLECT ON DAMP-DRY MALODOR

L

Field ot the Invention
000
The present invention relates to a method of evaluating mhibitory effect on

damyp-dry malodoer

1 Background of the Invention
002}

Fabric products, tor example, sanitary products (such as underclothes. towels,
handkerchiets, and bedelothes), and gaiments ¢heremafter. in the present specification,
slso simply referred to as "fabric products”} provide a comtortable sense of use and

15 wear ¢ensation when the fabric products are kept clean. Furthennore, fabrie products
such as garments are mutertds that are put on human bodies, and santtary products such
as towels and bedelothes are used by being brought o direct contact with human
badies.  Therefore. it is important even front the viewpoint of hyaiene to keep these
tabric products clean.  Along the enhanced recent sociel reguirenients for hygrene. the

20 public interest in keeping these fabric products clean has mereased.

;0003

Ity recent years, as consumers butkd up more mierest iy the liveng enviromment,

it iz desired more than ever (o yemove any unpleasant odors of personal belongings.

The odors that cling to fabric products. for example. santtary products and gatments.

14
A

inclwde external factors such as crgarettes, as well as internal factors that are originated
trom human body, which are produced by repeated use of fubrie products.

Sinee the above-descnibed {ubric products are brought into direct contact with
human skin, the fabric products have @ potential to absorb or attach sweat contaimng
sebhum, comeous substances and the like,  For this reason, the fabric products may
3N produce a charactertsiic malodor in a case where after laundry, laundered fabric
progucts are lett untouched in a damp place such as the inside of a laundering machme
b for a long time, in the case of having been dried indoors, in the case of having

gotten wet with ramn or sweat, or in the case of msufficiently dried fabrie products
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Yhis mudodor is generatly called a damp-dry malodor, and this odor can he prevented
trom occurring by sutficiently dryving the fubric products in some cases.  However,
even for fabric products which have been suftiviently dried and from which no damp-
dry malodor is sensed. wet-and-dirty dusteloth-malodor-like damp-div malodor may be
5 produced when the fabric products become damp due to sweat, raan or the Iike,  That is,

if tabric products once produce this damp-dry matodor, the wet-and-dirty dusteloth-like
damp-dry malodor is likely to reeur ai the fime of use even when the damp-dry malodor
can be temporartly eliminated by Lnandry, Such a damp-dry malodor that is prone to
recur may be produced not only in 4 case where fabric products are dried mdoors, but

10 alson a case where a drver or a washing machine having a low temperature drving
tunction is used, and even m the case of fabric products that have been dried outdoors,
if the tabrie products become damp.

A feature of the recurrent damp-dry malodor lies i that the fabric product

produces the malodor only by becoming damp.  The recurrent damp-dry malodor

[5  produced in some cases when fabrie products are stored in a wardrobe or the like fora
long e, Fabrie products (such as underclothes, handkerchiefs or towelz), 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 cyele, are in many cases such that once this damp-
dry malodor s produced, the malodor cones to recur during use,  In order to inhibit

20 this damp-dry malodor, it s tmportant to treat tabric products so as not to produce such
damp-dry malodor-causing substances.  As a method for that purpoese. there is a
Jdemand for a base material or a material which inhibits the damp-dry mwalodor. Abso.
there 15 a demand tor the development of a method of evaluating inhibitory effect on
damp-dry matodor for sereening a damp-dry malodar inhibitor

S N0

[t has been hitherto reported that the damp-dry malodoer 18 a complex odor

camposed of the "moeld-hke malodor” of medinm-cham aldehydes, medium-chain
alcohols, ketones and the hike, the "sour malodor” of short-chain fatty acids, medium-
chuin fatty actds and the tike, the "fishy malodor” of nitrogen compounds, and sulfur

A compounds (see Patent Literatare ). Patent Luiterature 1 also reports that the medium-
chamn fatty acids in parttewlar have a lngh degree of contribution, and that a major
component of the damp-dry malodeor is speculated to be "a mixture of unsiturated tatty

acids having a branched structure with 7 1o 9 carbon atems.” which are also contained in
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the foul odor of Iinman sweat or the ke, Further, s mdicator substances for the
darap-dry malodor. various kinds of fasty acids including 4-methyi-3-hexenoic acid
have been hitherto suggested (see Patent Literature 1), The 4-wethvl-2-hexenoie acid
is paturally known as a component of citrons (zee Neon-Patent Literature 2), and it 1s
alse known that the 4-methyl 3-hexenoic acid ts produced from wrpenes by
microorganisms (see Patent Literature 2}, However, these literatuges do not descrtbe
or suggest the mechantsm of the production of the damp-dry malodor.  Furthennore.
there is noinstance of devising a method of evaluating ighibitory effect on damp-dry
maledor and a method of screening a damp-dry malodéor inhibitor based om guch 3

mechantsm.

PRIOR ART LITERATURE

PATENT LITERATURES

10005

Patent Literature 1: JP-A-2000-243004 " 1P-A" means unexamined published Japanese
patent application)

Patent Tateratuee 20 JP-A-36-124387

NON-PATENT [ITERATUIRES

TO0U6

Non-Patent Literatare 12 Hamhara, Soneda. "The Detergent Carbing Malodor 1 Indoor
Laundry Drying,” Fragrances, Septemher 2004, No, 223 p. [09-]116

Non-Patent Literature 20 Proceedings of the 33 Forum on Fragrances:/ Terpenes. and

Ol Refmery Chemistey (2009), p. 4-6

Summary of the Invention
1ODG T

‘The present imvention relates to a method of evaluating inhibitory effect on
damp-dry maledor, containing the steps of! bringing microorganisims which produce
damp-dry malodor-causing substances and a test substance into contact with cach other
10 the preseiee of a sebaceous dirf component: detecting expression of at least one kind
of zene selected from a tatty acid desaturase gene and a [ exidation-refated enzyme
gene denved from the nucroorganisms: and thereby evaluating a damp-dry malodor

mhibitory 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 1s detected by using at least one
kind of ohgonucleotide pair selected from an oligonucleoitde pair containing
ohgonucleotides (a) and (by desentbed below, an oligonucleotide pair containing
oligemucleotides (¢) and (d) described below, an oligonucieotide pair containing
oligonucleotides (o) and (1) described below, an oligonucleotide pair containing
oligenucleotides (g) and (h) deseribed below. an oligonucleotide pair containing
oligonucientides (1) and () desenbed below . an oligonucieotide pair containing
oligonucleotides (k) and (1) desentbed below, an oligonucleatide pair containing
oligonucleotides {m) and (n) described below. an oligonuctentide pair contaiping
oltgonucleotides (o) and (pi desertbed below, an oligonucleotide pair containmg
nligonucleotides (@) and (1) describedd below, an oligonacleatide paw contaiming
oligonucleatides ts) and (1) deseribed below, an ehigonucleotide pair contaunmg
oligonucleotides (ul und (vy deseribed below, an oligonucleotide pair contaimng
oligonucleotides (w) and (X)) described below, an uligonucleotide par containing
ohgomcleotides (v) and 1z) described below, an vligonucleotide pair contaiming
oligonucleotides (al) and (b1) desenbed helow, and an oligonucleatide pabr containing
oligenueleotides (¢1) and (31) deseribed below

{a) an oligonucleotde having the base sequence set forth in SEQ ID NO: 13, an
oligenucteetide having a base sequence et forth in SEQ 1D NO: 13 with a substitution,
Jdeleton, msertion. or addition of 1 or several nucleotides wheeh can he used lor
detecting the {atty acid desaturase gene:

(by an oligonueleotide having (he base sequence set {orth in SEQ 1D NO: 14, un
oligenuclentide having a base sequence set forth in SEQ 1D NO: 14 with a substitution.
deletion. insertion. or addition of | or several nucleotides which can be used for
detectinng the fatty acid desaturase gene;

(¢) an oligonucleotide having the base sequence sct forth in SEQ [D NO: 15 an
ohigemucleotide having 4 base sequence set forth in SEQ 11X NO: 13 with & substitution,
deletion, insertion, or addition of 1 or severs] nucleotides which can be usaed for
detecting the fatty acid desatmase gene;

{d) an oligonucleotide having the base sequence set torth m SEQ 113 NO: Te, an
oltgonucleotide having a base sequence set forth in SEQ D NO: 16 wiath a substitution,

deletron., insertion, or addition of { or several nucleotides which can he used fn
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deteciing the fatty acid desaturase gene:

(e an oligonuclentide having the base sequence set forth in SEQ ID NOY: 170 an
oligonucientide having a base sequence set torth n SEQ 1D NO: 17 with a substitution,
deletion, insertion, or addition of' T or several nucleotides which can he used for
detecting the fatty actd desaturase gene:

(1) an oligonucleonde hiving the base sequence set forth in SEQ 1D NO: [8 an
oligonneleotide having a base sequence set forth m SEQ ID N {8 with a substitusion.
defetion. msertion, or addition of 1 or several auclentides which can be used for
detecting the fatty acid desaturase gene:

() an oligonucleotide having the base sequence set torth in SEQ 1D NO: 19, an
oligonudleotide having a base sequence sef forth i SEQ ID NO: [9 with a substitution.
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the faity acid desaturase gene:

(h) an oligonueleatide having the base sequence set forth in SEQ D NO: 20, an
oligonucleotide having a base sequence set forth i SEQ 1D NO: 20 with a substitution,
deletion, insertion, or addition of T or severil nucleotides which van be used tor
detecting the 1atty achd desaturase gene:

(1) an oligonueleotide having the base sequence set torth in SEQ 1D NO: 21, an
aligonucleotide having a base sequence set forth in SEQ D NO: 21 with ¢ substitution.
deletron, insertion, or addition of 1 or several nucleotides which can be used for
detecting the farty seid desaturase gene:

(33 un ohigonucleotide having the base sequence set forth tm SFQ ID NO: 22 an
oligenuclentide having a base sequence set torth in SEQ ID NO: 22 with a substitution,
deletion, insertion, or addition of | or several nucleotides which can be used for
detecting the falty acid desaturase gene;

{k) an oligonuclectide having the base sequence set forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set torth in SEQ D NO: 23 wath o sabstitution,
deletion, insertion, or addiiion of [ or several nacleotrdes which can be used tor
Jderecting the fatty acid desaturase gene;

th av oligonucleonde having the base sequence set forth in SFQ ID NO: 24, an
oligonucleotide aving a base sequence set forth in SEQ 1D NO: 24 with a substitation,
deletion. tnsertion, or addition of 1 or several nucleotides which can be used for

detecting the fatty noid desaturase cene;
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(o) an oligonucleotde having the base sequence set forth in SEQ 11D NO: 25, an
uligonucleotide having a base sequience set forth in SEQ 1D NO. 28 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides which can be used fior
detecting the B oxidation-relsted enzyme gene;

(ny an eligonucteotide baving the base sequence set forth m SEQ (D NO: 26, an
oligonucleotide having a base sequence set forth in SEQ ) NOY: 26 with a substitution.
detetion, insertion, or addition of | or several nucleotides which can be used for
detecting the 3 onidation-related enzyme gene:

(o) an oligonueleotide having the base sequence set forth in SEQ IDNO: 27, an
aligonueleotide having a base sequence set forth in SEQ ) NO: 27 with a substitution.
deletion, insertion. or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related cnzyme gene:

{p) an ohigonucleotide having the base sequence set forth in STQ ) NO. 28, an
olionuecleotide havinyg a base sequence set forth i SFO 1D NO: 28 with a substitution.
delerton, msertion, or addition of 1 or several nucleotides which can be used for
detevting the f§ oxadation-related enzyvme gene:

{¢p) @n oligonucleotide having the base sequence set forth in SEQ 1D NCk 29 an
clizonucleotide 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 13 oxidation-relasted enzvime gene:

tr) an oligomucleotide having the base sequence set forth in SEQ 11D NO: 34, an
oligonucleotide aving a base sequence set forth i SEQ 1D NO: 30 with o substitutien.
defetion. insertion, or addition of 1 or several nucleotides which can be used tor
detecting the B oxidation-related enzyime gene:

{syan oligonucicotide having the base sequence set forth m SEQ ID N 3, an
oligonucteotide having o base sequence set torth in SEQ 1D NO: 31 with a substitution,
deletion, insertion, or additton of 1 or several nucleotides wiseh can be used for
detecting the [ oxtdation-related enzyime gene;

(1} an oligonuceleotide having the base sequence set forth in SEQ 1D NO: 32 an
olivonucicotide having a base sequence set forth in SEQ ID NO: 32 with a substitntion,
deletion, insertion, or addition of 1 or several nuclectides whiclh can be used for
detecting the B oxidation-related enzyme gene:

{u) an oligonucleotide having the base sequence et forth in SEQ D NO: 33 un
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aligoaucleotide having a base sequence set forth in SEQ I NO: 33 with a substitution,
deletion. msertion, or addition of' 1 or several nueleotides which can be used for
detecting the b oxidation-related enzyme gene:

(v) an ofigenucleotide hiaving the base sequence set forth in SEQ 1D NO: 34, un
odigonucleotide having a base sequence set forth in SEQ [1 NO- 34 wiath a substitation
deletion, insertion, or addition of 1 or several nucleotides which can be used for
detecting the  oxidation-related enzyme gene:

(w) an aligonucteatide having the base sequence set forth in SEQ ID NO): 35, an
oligonucleotide hayving a base sequence set torth in SEQ 1D NO. 33 with a substitution,
deletion, insertion, or addition of' | or several nucleotides which can be used for
detecting the §3 oxidstion-related enzyvime gene;

(x} an vligonucleatide having the base sequence set forth in SEQ 1D NO: 26, an
oligonucleotide having a base sequence set forth in SEQ ) NG 36 with a substitution.
detetion, msertion, or addition of 1 or several nuclentides which can be used for
detecting the 3 oxidation-related enzyine gene;

{vyan oligonucteotide having the base sequence set turth in SEQ 1D NO: 37 an
oligonucleotide having a base sequence set forth m SEQ D NO: 27 with a substitution,
defetion. insertion, ar addition af 1 or several nucleotides wlich can be used tor
detecting the [} vxidatton-related enzyme gene:

{73 an oligonucleotide having the base sequence set forth in SEQ 1D NO: 38, an
oltgenucleatide having a base sequence set forth in SEQ 1D NO: 38 with @ substitution,
deleton, insertion, or addition f 1 or several nucleotides which can be used fot
detecting the 8 oxidation-related enzvme gene,

{al) an ohgonueleotide having the base sequence set forth in SEQ 1D NO: 39, an
oligonucieotide having a base sequence set forth in SEQ 1D NO: 39 with a substitution,
deletron. msertion. or addition o1 1 or several sucleotides which can be used for
detecting the {3 oxidatton-related enzvine gene:

(b1} an oligonucleotide having the base sequence set torh in SEQ ID NOQ: 40, an
oligonucleotide having a base sequence set forth in SEQ [D NO; H with a substitution,
detetion, msertion. or addition of 1 or several nucleotides which can be used for
detecting the P oxidation-related enzyime gene:

(¢ 1) an oligonucteotide having the base sequence set forth in SEQ I NO: 31, an

oligonucleotide having a base sequence set forth in SEQ D NO: 41 with a substitution,



1}

20

'

WO 20137180302 PCTAIP2H3INOS300

ye

deletion, insertton, or addition of 1 ot several nucteotides which can be used for
detecting the 3 oxidation-related enzyvme gene; and
(1) an ohgonucleotide having the base sequence set forth m SEQ 1D NO. A2, an
oligonucieotide having @ base sequence set forth in SEQ 1D N 42 with a substitation,
deletion. msertion, or addition of 1 or several nucleotides which can be used tor
Jetecting the £ onidation-related enzyine gene.
0K |

Parther, the present invention relates to a methud of sereening a damp-dry
malodor inhibator, which contains selecting a test substance capable of reducing the
expression amount of the at least one Kind of gene described above based vn the
evaluation method described above
NN

Farther, the present mvention relates to @ method of detecting microorgamsms
which produce damip-dry matodor-cansing substances, containing the steps of:
araplifying at least one kind of fragment of ¢ene selected from a fatty acid desaturase
gene and a P oxidation-retated enzyme gene that are denved from oncroorganisms
which produce damp-dry malodor-causing suhstances:; determining the presence ¢t
absence of an amphitied tragment; and thereby detecting the nucreorganisms which
produce damp-dry malodor-causing substances,
wherein the detection of the microorgamsms which produce damp-dry malodor-causing
substances is performed by using at least one kind of olizenucleotide pair selected trom
an oligonucleotide pair contaring the oliconucleotides {a) and (h) deseribed above, an
oligonucleotide pair containing the oligonucleotides (¢) and (d) described above, an
ohigonucleotide pair containing the oligomcleondes (¢) and () described above, an
oligonucleotide pair contaming the oligonucleotides (g) and (h) deseribed above. an
oligonuclentide pair contaning the oligenucleotides (1) and () described above, an
oligomucleotide pair containing the oligonucleotides (k) and () deseribed above. an
nhigonuelectide pair containing the oligonucieotides (n) and (n) described above, an
oligonucicotide pair containing the oligonucleotides (o) and (p) descrtbed above, an
oligenucleatide parr containing the oligonucleotides () and (r) deseribed above. an
oligonucleotide pair containing the oligonucleotides (s) and (t) described above, an
oligonucleotide paar conwining the oligonucteotides tu) and (v desceribed above. an

ohigonucleatide pair containing the oiigenucleotides (w) and (x) described above, an
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oligmucleotide pair containing the oligonucleotides (v) and (7) described above. an
vhgonucleotide pair containing the oligonucleotides tal) und (b1) deseribed above. and
an vligonucleotide pair containing the oligonucleotides (e1) and (d1) described above,
MO0

Further, the present invention relates 1o an oligonucicotide selected trom the
above-deseribed oligonucleotsdes (a) to (23 and (al) 1o (d) ) or an ohgonucleotide pair
sclected from a pair of the above-described oligonucleotides () and (b, a pair of the
above-desceribed oligonucleotides (¢) and (d). a pair of the above-described
ongonucleotides (o) and (), 4 pawr of the above-described ohigonueleoudes (g) and (h). a
pair of the abave-described oligonucleotides (1) and (§). a pair of the above-deserthed
oligonucleotides (k) and (1), a pair of the above-deseribed oligonueleotides (m) and (n).
a pair of the above-deseribed eligonuclectides (03 and (p), a pair of the above-described
oliganucleotides () and (). a pair of the above-described oligonucleatides (s) and (t), a
pair of the above-described oligonucleotides (1) and (v), a par of the above-deserthed
oligomucleotides (wh and (), a patr of the above-deseribed oligonacleotides (v awd (73,
a pair of the above-described oligonucleotides (al) and (b1, and a pair of the above-
described oligonucleatides (e by and (d1).

Further, the present invention relates to a kit for evaluating inhibitory effect on
damp-dry malodor or a kit for sereeming of a damp-dry malodor inhibitor, containing
microorganismys which produce damp-dry maledor-causing substances. a sebhaceous dht
component. and the oligonucleotide or oligonucleotide pair described above.

Further. the present invention relates to a kit for detecting microorgamsms
which praduce damp-dry malodor-causing suhstanices., containing the oligenueleotide or

ohgomueleotide pair described above.

Detarfed Description of the Invention
SO0

The present mventien restdes m to provide a method of evaluatng inhibiiory
eftect on dwmp-dry malodor, by which the damp-dry maleddor inhibitory funcuon of a
(est substance can be evaluated convemently with high accuracy.  Further. the present
imvention fesides 1o to provide a methad of screening a damp-dry malodor inhibitor. by
which a damp-dry maledor inhibitor can be sereened conveniently with high accuracy.

Further, the present invention resides 1o to previde a method of detecting
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microorganisms which produce damp-dry malodor-causing substances, by which
microorganisms which preduce damp-dry maledor-causing substances present in an
environment can be detected guickly with high accuracy.  Furlier, the present
mvention resides 11 to provide an oligonucleotide or eligenucleotide pair, which can be
preferably used in the evaluating methoed, the sereening method and the detection
method described above,
M2

ln view of the points deseribed above, the inventors of the present invention
condueted a thorough myvestiyation from the viewpoints ot the causative substances of
the damp-dry malodor, causative bactera generating damp-dry malodor-causing
substances, and the mechanism of cccurrence of the damp-dry malodor.  As a resuly, 1t
was found that fatty acid desaturase or § oxidation-related enzyvmes of microorgansms
which produce damp-dry malodor-causing substances are related to production ot 4-
methvl-3-hexenoie acid as one kind of damp-dry malodor-cansing substance.  [twaos
alzo found that evaluation of inhilitory ettect on damp-dry malodor and screeming of a
damp-dry malodor mbibitor can be achieved, by analvzing a change 1 expression
amount of the genes of those enzymes 1n the presence of a test substance. It was also
feund that microorganisms which praduce damp-dry malodor-causing substances
present in an environment incliding towels and clothes can be detected by using @ pair
of oligonucleotides designed based on base sequence of the pene of a fatty acid
desaturase or B oxidation-related enzymes of specific microorgamsms which produce
damp-dry malodor-causing substances.

The present invention has been completed bused on the findings.
HU MR

The fatty acid desaterase and the 3 oxrdation-related enzyvme derived trom
micraerganisms which produce damp-dry malodor-causing substances are related to
production ot the medium-chu.n branched fatty acids inclading mainly 4-methyl-3-
hexenote acid as a damp-dry malodor-causing substance.  Morenver, it is now possible
to amphify a part of cach gene of the fatty acid desaturase or the [+ oxwdation-eelated
enzyme hy using the oligonucleatide pair described above

Therefore, according to the method of evaluating inhibttory effeet on damp-dry
malodor ustng the ahove-deseribed oligonneleotide pair of the present invention, the

damp-dry malodor inhibitory tunction of a test substance can be evatuaied vonveriently
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with nigh accuracy.  Furthenore. according to the method of sereening a damp-dry
matodor inhibitor of the present oy ention utilizing the evaluating method described
above, g damp-dry malodor inhihitor can be screened conveniently with high accuracy.
Morcover. according 1o the methed ot the present invention w detect microorganisms
which preduce damp-dry malodor-caustng substinces by using the vligonucieotide pair
deseribed above, the microorganisms which produce damp-dry maledor-cousing
substances present i an environment can be detected quackly and accurately.
Moreover, the oligonucieotide or oligonucieotide pair of the present invention can be
preferably used for the evaluation method. the sereening method and the detection
method described above,

Other and turther features and advantages of the invention will appear more
tully from the following deseription.
qUATEE

The method of evaluatng imhibitory etfecr on damp-dry malodor of the present
inveution contaips the steps ot bringing microorgaaisims which produce damp-dry
malodor-causmg substances and a test substance wto contact with cach other in the
presence of a sebaceous dirt compaonent: detecting expression of at least one kind of
vene selected from a fatty acld desaturase gene and a [ oxidation-related enzvime gene
derived from the microorganisms: and thereby evaluating a damp-dry malodor
inhibitory function of the test substance based on o change in expression amount of the
at least one kind of gene.  Herein, the expression of the at [east one kind ot gene is
detected by using at least one kind of oligonucleotide pair selected from an
eligonucleotide pair containing the sbove-described oligonucleotides (a) and (b). an
oligenueleotide pair centaining the above-described oligonucleotides () and (d). an
oligonucleotide pan containing the above-described oligonucleotides (¢) and (1), an
oligomiclectide par containing the above-deseribed oligonuceleondes () und thy. an
elimonucleatide panr containing the above-desceribed oligonucleotides (1) and (), an
oligomucleotide pair contaiming the above-described olizonucleotides (k) and (1), en
oligimucleatide pair containing the above-deseribed oligonueleotides {m and (n), an
aligenucleotide paiv contaimng the above-deseribed oligonucleotides (o) and (p), 4n
oligopucleotide pair contaiming the above-described oligonueleotides () and (r), an
oJigonucleotide potr contaming the above-desenibed oligonucleotides (s} and (1), an

oliganucleotide pair containing the above-deseribed oligonucteotides (ud and (v). an
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12
oligenucleotde patr contaning the above-described oligonueleoticdes (w) and (X)L an
vlhigenucleotide pair contain'ng the above-described oligonucleatides (v) and (7)., on
oligenucleotide pair containing the above-described vligonuckeotides tal) and (b1). and
an oligonucleotide pair contaming the above-described oligonucleottdes ¢y and (d 1L
According to the method of evaluating ishibitory eifect on damp-dry malodor ot the
present invention, for example. as tor a substance that has heen selected as a candidate
for a damp-dry malodor inhibiter. i high accuracy evaluation of the damp-dry maodo
mhibitory function of the substance can be conveniently carried out,

Muoreover. 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 deseribed above based on the evaluation method
deseribed above,  According to the method of sereening a damp-dry malodor ihibitor
of the present invention, it ts possible to simply perform screenimg of a damp-dry
maledor inhihitor with hixh acevnracy without depending on a means such as
stetilization of causative microorganisms.
0L

In the present speciticanon, the term “damp-dry malodor-causing substances™
means medivm-chatn branched tattv acids that are deseribed m Patent Literature | ay an
indicator substance of the damp-dev malodor.  Examples thereot include 4-methyl- 3-
hexanotie actd, 4-methyl-32-hexenoic acid, S-metbyl-2-hexanoie acid, and S-methyl-2-
hexeneie actd.  OF those. 11 particularly means the 4-methyl-3-hexenoie acid un the
present spectfication. s also teferred to as ~4M3I17)

;0016

It the present specifteation, the term “onceroerganisms which produce damp-
dry malodar-causing substances™ includes any microorganisms of the following (1 ta
{3)

(43 Microorganisms which can produce an intermediate from a subserate, during o
process of productng damp-dry malodor-causing substances like $M3H from
precursor (i the specification, it 1s also referred 1o as a “substrate™) of the damp-dry
maledor-causimg substances [tor example, microorganisms relating only to desaturation
of sebaceons dirt componen §]

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

IMIH trom an intermuediate | for example, mreroorganists relating only to )3 oxadation
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of unsaturated fatty acids|
(%) Micrnorganisms which can produce damp-dry malodor-causimg substanees like

AM3H from a substrate via an intermediate [for example. microorganisms relating to the

desaturation of sebaceous dirt components and the  oxadatton of unsaturated fauty

(]

acids]
001 7!

[12 the prescat specilication, the term “damp-dry malodor™ meany odor
generated trom a fabric product when a fabrie product alter use s washed and under
drving or remains 11 msuffictently dry stite even after drying, or a fabrie product
10 contains mowsture,  Even in a case in which damp-dry malodor is not felt temporarily
by suffivient drving of the fabnce product, wet-and dirty dusteleth-malodor-like damp-
dry malador may recur from the fabric product due to rain, sweat, moisture in the air, or
the hke. 1f the fabrie product 1s used again right atter drying or after sterage.  Further,

even in a case i which the dasip-dev malodar iz not felt temporarily by sufticient

13 drying of & tabric product, daup-dry malodor may recur during storage due to moistare
tn the air. As such. the wet-and-dirty dusteloth-matoder-fike damp-diy maledor that
recurs when g fabric product from which a damp-dry malodor bas been tempaorarily
eliminated by sutficient dryving becomes damp. s alse included in "damp-diy malodor”
n the present speaitication.

26) The damp-dry mialoder that is produced because of insufficient drying afler

laundering of a fahric produet even during drying or after drving, 18 a complex ador of a
S (sulfur) odor. a N (airogen) odor, 2n aldehyde odoer, a lower fatty actd edor, wer-and-
dirty dusteloth-malodor-like malodor, and a medium-chain branched fatty acid oder
containmg the 4MIH edor a8 a main component. Meanwhile, for the fabne procucts
25 which give no feeling of damp-dry malodor by sufficient drving. the wet-and-dirty

dustcloth-malodor-hke damp-dry maledor which recurs trom the fabric product due to
rain. Sweat, morsture in the air or the like 1z mostly odor derived from the medium-chain
branched fatty aeids mainiy contamunyg 4M3H odor.  To the contrary, other highly

volarite malodor such as the S edo, the N odor and the aldehyde odor is hardly

faa
S~
=

produced.
Furthermore, the term “imhibitory ettect on damp-dry malodor” includes
nthibitory effect of something on malodor, prevention of the production of a damp-div

malodaor, and the prevension of the production of damp-dry maloder-cansing 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 dusteloth-malodor-tike damp-dey malodor, partiondarly the
4M3H odor. as the damp-dry malodor.  Further, in the oresent specification, the term

“nthibitory effect on damp-dry malodor™ means, as the prevention of the production of

*Ah

damp-dry malodor-causing substances, meludes any one of the following (1) to (3.
(1 Prevention of production of an intermuediare trom a pracursor of danp-dry
malodor-causmg substances [for example, prevention of desaturation of sebhaceous dirt
components|
t2) Prevention ot production of damp-dry malodor-causivy substances like 4M2H
ftr from an intermediate [for example, prevention of f} oxidation of unsaturated fatty acids]
(3) Prevention of praduction o damp-dry malodor-causiny substances like 4M3H
from a substrate [for exampie, prevention of desatoraton of sedaceous dirt cotnponents
and fi ovidation of unsaturated tatty acids]
1O0D1S,
i5 Meanwhile, “IM3H" has cis- and rans-tsomers as deserihed below. i the
present tnvention, the compound 18 mtended to include compounds of both the cis-
structore amd the trans-struciure.

014

i g 2
The "microorgamisms which produce darop-dry maleder-cansing substances” in
the present mvention includes the merobial cells themselves of micreorgantsmms which
proviuce damp-dry malodor-caasing substances. as well as erashed ceils, @ microbial eell
culture fluid, a crude extract originating from microorganisms which produce damp-dry
23 maledor-causing substances. and a processed prodoct of microbial cells, such as a
puritied enzvme,
SO0
A methed of obtauiing microorganisms which produce damp-dey malodor-
cansing substances that 18 used in the present invention will be deseribed. Any

3 methods of obtaining micraorganisms 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.

(2) 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, 1s 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-sharts, 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 eollected. and tabric producis from
which a strong damp-dry malodor can be perceived by a sensory evaluation are selected.
The sclected fabric products are cut ont w o certain size {(fur example, S=5 em, 2#2 em).

The cut fabrie products are added to a lecithin polysorbate {also referred to as LP in the

=4

present spectfteatiom) dilution (manutactured by Nihoun Phammaceutical Co., Ltdo).
physiological salive or the ke Subscquently. an extract lguid obtained by stirfing 1s
plated on an agur medium such as a lecithin polyvsorbate-added sovbean casein digest
{also referred to as SCH-LP n the present specification) agar medium (manufactured by
Nihon Pharmaceurical Co.. ¢, ) or a potate dextrose agar talso referred to as PDA 13
[} the present specification) medivn (manufactured by Becton Dickinson (o), and
cultured for a cortam time (for example, 35°C. 24 hoursy.  After the cultivation.
nueroorganisnis are isolated from the colonics thus obtained.
The varicus microbtal strainyg thuy 1solated are mmoculated and cultured on a
tabric product that has been used and sterilized, {or example, a tabric product obtained
15 by cutnmg g towel or the like which bas been recognized for the production of a damp-
dry malodor, to a certain size (for exanple. 3«35 cm. 2~2 cm) and sterilizing the cut
pieces, and then microbial strains producing damp-dey malodor are selected by a
sensory evaluation.  Alternatively, the wsolated microbial strains are subjected to xohd
culture or iquid culture i the presence of 4 sehaceous dirt component. and then
20 microbial strains producing damp-dry malodor are selected by a sensorv evaluation.  In
the case where wdentification of the varous nucrobial strains that have been sclectad 18
regquired, there are no limitations on the idenification method.  However, the
identificition can be carried out by derennining i base sequence having a length of

about 300 hp in the upstream region of 168 rIRNA gene i a bacteriuni, and a base

tw
I

sequence having a length of about 200 hp or more and about 500 bp or Less i the D2
region of LSU (Targe Subumi} in a fungus: and analyzing the sequence sumilarity of the
base sequence with the corresponding hase sequence of a reference strain. Meanwhile.
the sequence stmiarity ot base sequences may be also caleukated by using a genetic
information processing software, Clustal W (hitp:clustalw .ddbinig ac.jp-top-phtindh ot
M) thelike,
HUIRRE

Next, the vutline of the method (23 (a method of iselating microorganisms that

exist i a fabric product, measuring the produetion capacity of danp-dry maloduo-
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causing substances, such as AM3H. of the isclated mucroorganisms, and selecting o
microbial stram which produce damp-dry maloder-causing substances) will he
explained.

Ar hame or the like, fabric products (for example. towels, [-shirts, pillow
covers and underclothes) that have heen used atter being laundered. or stored afte
being laundered (unused after being laundered) are collected and cut our to a certain size
(for example, 55 em, 2«2 em}. The cut fabric products are added w a LP dilution
(manatactured by Nihon Phaimaceutical Co., Ltd ). physwological saline or the ke,
Subseguently, un extract Bguid obtamed by stirring is plated on an agar medium such us
a SCD-LP agar mediun (manufactured by Nihon Pharmaceutical Co.. Ltd )y ora PDA
medium (manufaciured hy Becton Dickinson Co. ) and cultured for a certam time (1or
example, 35°C 24 hours), and then microorganisms are isolated from the colonies thus
vhtained.

‘The various microbial strains thus tsolated are inoculated and cultwred on a
fabrie product that has been used and stertlized, for caample, a tabric prodiet obtamned
by entting a towel or the like which has been recognized for the production of u damp-
dry maladar, to a certain size {for exampie. S35 em. 242 ¢m) and sterilizing the cur
preces, and then microbial strains producing damp-dry malodor are selected by a
sensory evaluation.  Alternativety, the iselated microbial strains are subjected to sohid
culture or liquid culture 1in 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 straing that have been selected is veguired, there are no Hmitations on the
wdenniication method.  However, for example, the idenafication can be carried out by
determining a base sequence having a length of about 300 bp in the upstream regiom of
1658 TRNA gene in a bacterium, amd a base sequence having a length of about 200 bp or
maore and about 300 by or less in the D2 regron of LSU in o fungus; and analvzing the
sequence similarty of the base sequence with the corresponding base sequence of a
reference strain. - Meanwhile. the sequence similurity of hase sequences may be glso
caleulated by using o genetic intormation processing software, Clustal W, or the like.
024

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

dry malodor-causing substances of microorganisis that have been isulated 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 explatned,
Microbial strains are purchased from institutions for microorganism
distribution such as ATCC (American Type Culture Collection), NBRC (NITF
5 Biolegieal Resouree Center), JOM tJapan Collection of Microorganismsy, and NCIMB
(National Collection of Industrial Marine and Food Bactena),  Altematively, mierobial
strains are wolated using a SCD-LP agar medium {manufactured by Nihon
Pharmaceutical Co.. Lid ). a PDA medium (nansfactuted by Becton Dickinson Colyor
the hke by a routine method from varnons environments such ax soils, plants. viver water,
10 and inskle dwellings: and then mucrobial strains are isolated. Meanwhile, any medinm
can be used herem,
I'he various mierobtal 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 cutfing a towel or the bke which has been

—_—
N

recognized tor the production of a damp-dry malodor, o a certain size (for example,
S5 em. 2+2 ¢m) and sterilizing the cut pieces.  Then. production of damp-dry
malador-causing substances, such as 4M311, 1s detected, und thereby microbial strains
which are recognized to produce damp-dry malodor-causing substances are selected
Alternatively. the purchasad or ssolated mcrobial strains are subjected to solid culture
20 or haquid cuiture o the presence of a sebaccous dirt component.  Subscquently,
production of damp-dry malodor-causing substances is detected. and thereby microbial
strains which are recogntzed to praduce damp-dry malodor-causing substances. such ay
AMGH. are selected.  In the cise where wdentification 1s requured (o the various
nuerobial strams that have heen selected from the nueroorganisms solated from the
25 environment. there are ne hmitations on the wdentification method.  For example.
tdentification van he carrred out by deterniining a base sequence having o leagth of
about 300 bp in the upstream region of 168 tIRNA gene m a bactenuny, and « base
sequence having a length of about 200 bp or more and about 300 bp or less in the D2

region of LSU m a fungus: and analyzing the sequence sitilarity of the base sequence

)

i
iy
—

with the corresponding buse sequence of a reference strain. Meanwhile, the sequence
similanty of hase sequences may be alse caleulaed by wsing o genetic mformation
processing software. Clustal W. ar the hke.

028!
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Noxt, the outline of the method (4 {a method ot comparing the sequence
simifanity of a particular gene sequence with the gene sequence ot a microbial strain
which produce damp-dry malodor-causing substances, such as $M3H. and sclecung a
microbial strain having higher sequence simlarity) will be explained

First, the base sequence of a particular gene of the microbial strain which
produce damp-dry malodor-causing substances. such as SM3H. that has been selected
by the method (1), method £2), and:or method (3} as deseribed above. s deternmned.
Then, microorganisms having a base sequence having high sequence similarty with the
hase sequence thus determined are selected. and therebhy o microbial strain which
produce damp-dry malodor-causing substances. such as AM3EL (0 be used in the present

invention can be obtained.  For example. since Moraxella sp. 4-1 is one kind of

causatnve bactena of 4 damp-dry malodor, it can be selected as reterence microbial
strams.  Next, the base sequence of the 168 rRNA gene or the like of the reterence
sampdes 18 determined. Then, a microbial stram having a hase sequence having bigh
sequence simifarty with the enurety or a portion of the base sequence of the reference
samples thus determined 18 selscted. Here! the term "having high sequence similarity”
impl:es that the sequence stmilanity with the base sequence of a reference sample is
preferably 93%, or more, moie preferably 97 or more, further preterably 98% or more.
and parucularly preferably 99% or nore.

The base sequence of microorganisms can be determined by an ordinary
method.  Furthermore, the sequence sumilacity of a base sequence 15 calculated by the
Lipman-Pearson method (Science, 227, p. 1435 (1985)) or the like.  Specifically. the
sequence similanity of a base sequence can be caleulated by using a sequence sunilarity
analvsis (Search Homology) program of a genetic infonnation processing softwar,
Gienetyx-Win (manutactured hy Software Development, Inc.). and carrying out ar
analvsis by taking the Unit s1ze to compare (Ktup) paranzeter as 2.

26

The microorganians shat ave used in the present mventon may he
microorganisms which produce damp-dry malodor-causing substances. such as $M3IHL
iy the presence of a sebaceous contponent.  For exampec. the microorganisms arc
preferably the genus Moraxeta. and particularly preferably at least one kingd of
mictobial strain selected from the species of Moraxella sp. and Moraxella osloensis,

Meanwhile, in the present mvention, "Maoraxella sp.” means a micrabial
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species havimy a base sequence m wihich the base sequence of 16S tRNA gene hus a
sequence sumtlarity of 93% or more, more preferably 97% or more, further preferably
Y824 or more. further preferably 99% or more, and particularly preferably 99.2% or
more, with the base sequence set torth in SEQ ID NO 43 or 44, Alernatively. it
means mrercorganisms which have 168 rRNA gene having a base sequence set forthin
SEQ 1D N 43 or 44 with a deteuon. substitution, insertion, or addition of 1 to 75
bases, preferably 1 to 435 bases. more preterably 1 to 30 hases, and most preferably 1 to
13 bases.  Herein, the base sequence set torth in SEQ 11D NOY: 43 represents a base
sequence of the 168 TRNA gene ot Moraxcella sp. KMC3-1  Futher, the base seguence
set forth in SEQ ID NO: 34 represents a base seguence of the 168 rRNA gene of

Moraxella osloensis ATCC 9974,

0027,

Regarding the test substianee that s used in the evaluation method and the
sereening method of the present invention, any substance may be used, and the test
substance meiy be any of o iow molecular weight compound and a high molecular
weight eompound,  Specific examples of the test substance include, for exampie,
inorgame salts, surfuctants, proteins. antibodies, peptides. polvpeptides,
oligenuclectides, polynucleotides. DNAs, RNAg, lipids, sugars, polysaccharides,
natual extracts, and combinations thereof.  Further. the fest substunce deseribed above
also imcludes fiber product (textite product) obtamed by treating (e.g. adsorption,
coating, ¢t xneading} with g substance {e.g. the abeve-described examples of the test
substance) of which inhibitory etfect on dump-dry malodor can be expecred: fibers or a
rabric obtained by weaving the fibers, which can inhibit the prosuction of a damp-dry
maludor by inlnbiting metabolism of microo ganisms which produce damp-dry
malodor-causing substances through having extremely fine fibers, having ditterent
shape of fiber cross section. providing a groove on later surface of o tiber. or a research
for method of weaving; and the hike.

TOO2RY

In the merthod of evaluating inlabitory etfect on damp-dry malodor and the
method of sereening o Jump-dry malodor inhibitor of the present invention, the
nucroorgansing which preduce damp-dry malodor-causing substances as described
above are brought into contact with @ test substance in the presence of a sebaceous dirt

component, and the microorganisins 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 18 defined that salts and esters of antetso fasty acids are also included in the antese
fatty actd.  Specitic examples thercof melude 6-methyloctanoie acud. S-methyldecanowe
acid, 1 2-methvitetradecanoie acid. 14-methvlhexadecanoie acid. Ta-methvloctadesanoic
acid. Y4-methylhexadecenoic woid. and t6-methvloctadecenoic acid. and salis. esters
and the ke of these acids. In the present invention, the sehaceous dirt component iy
maore preferably [d-methyvliexsdecanoic acid o Fo-methvloctadecanoic aeid

['he antetso fatty acid that is preferably used m the present invention can be
synthesized by an ordinary method (see. tor example, JP-A-2009-139346).

Furthermore, commerctally avatlable praducts can be also obtained from Sigma-Alkdnch
Company or the ke and used.

In the present invention. the contact ratio {uxang ratio) of the microorganisms
which produce dJamp-dry malodor-causing substances and the sebaceous dirt comnonent
can be appropriately determined.  For example, 0.1 mg or more and 10 mg or tess of
the sehaceous dirt component such as an anteiso tauy acid may be preferably brought
into confact with the microorganisms at a final concentration of 147 CFU or more and
10" CFU or fess,

L0030

hy the present wvention, micreorganisms which produce damp-dry matodor-
causing substances and a test substance that are used in the present invention may be
added to a fabrie produet to which a sebaceous dirt component is clung for bringing the
nucroorganisims and the test sebstance mto contact with each other, and the
micrnorganisms may be incubated together with the test substance and the sebacesus
dirt component. I thix case. any mncubation conditions fur mcubation may be used.

In the present inventien, it is preferable to carry out the incubation by allowing the
syaten to stand still at 25°C or more and 35°C or less tor 3 hours or more (preferably 8
hours or mare) and 48 hours or less.  Furthermore, the sehaceous ditt component musy
have clung to the fabric product from the begiming, or a sehaceous dirt component such
as an anteiso fatty acnd may be caused to cling 1o the fabne product.  In the case of
causing the sebaceous dirt component to cling to the fabric product, it is preferable to
cause the sehaceous dirt component to cling to @ fabrie product aaving a stze of 2-.0 cm
at a proportion of 1.1 mg or more and 1 mg or less.

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

appropriately determined  Tor examiple. a microorganism suspension s preferably
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added to a fabrie product 1o obtain g microbial population of 107 CFUZem” or more and
10° CFUem™ or less.,

As the material of the tabric product, any material may he used, and the
material may be anv of natutal materials such as wool, silk and cotton; chemival fabrics
such as polvester and polyvamide: and combinations thereof. 1o the present snvention.
the matertal ot the tabrie product 1s preferably cotton,  Lurther, when o sebaceous dirt
component s added and used. the tabre product may be in un-used state or atter vse of
une or more tmes {that is. a fannc product atter use but without washing, a fabne
product after use and completed washing,. or the hket.
03T

Regarding the evaluation method and the screening method of the present
imvention, the farty acid desaturase and the ) oxidanon related enzyme. of which gene
expression 1s determined, are explained herein below,

1032}

The farty ackd desaturase 1s an enzyme which produces an unsaturated fatey
acid hy eliminating two hwdrogen atoms trony a tatty acid and forming a carbon-carbon
double bond in the fatty actd. In the present invention. the fatty acid desaturase s
preterably an enzyvine which s refated w producuon of damp-dry malodor-causing
substances such as AM3HL more preferably an enzyme responsible for desaturation of
precursor of damp-dry malodor-causing substances, and further preferably an enzyme
respanstble for desaturation of a xebaceous dirt compaonent such as anterso- fatty acids.
Fxamples of the fatty acid desaturase include ASdesaturase, ASdesaturase and
Addessturase.  Among these, A¥desaturase is parsicularly preferible.

(N33

With regard to the Adesaturase among the torty acid desaturase. the umino
acid sequence thercof and the base sequence of AVdesatinrasge vene encoding the
Abdesaturase have heen reported and described by Human Microbiome project (HMP.
hittp: “hipajeviorg jumpstar:hmp047 index shimh.  OF those, the base sequence of the

A9desatwase gene of Enhvdrobacter aerosaceus SKo0 (accession No:

NZ_ACYI01000036. gene No. ENHAERUO01 1 102) 18 set forth in SEQ 1D NO: |
Further, based on the result of comparing the gene sequences of 168 tRNA between

Inhvdrobacter acrosaccus SKO0 and Moraxella oxloensis A TCC19976, which exhibits

V9. 1% sequence similarity. and the report by Y Kawamura et al. (Microbiology and
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Immunology, 2012, vol. 536, p. 21-26) possibility of re-classifying Enhivdrobacter

acrosaceus SK60 as Moraxella ostoensis was strongly demonstrated. Moreover, from

fatty acid compositton analysis. 1t has been suggested that Moraxells osloensis may

have A9desaturase (see, C. Sugmmoto et al., International journal of svatematic
5 Dbacteriology, Y83, p.ISI1-187)

i the present imnvention, the base sequence of the A9desaturase gene may be a
base sequenee whieh has 70%6 or more sequence sintlarity 1o the base sequence set
torth in SEQ 1D NO: 1 or a complementary sequence thereot, and the sequence
stoalavity 18 preferably 80% or more. more preterably 90% or more, stitl more

10 preferably 95% or more, even more preferably 96, 1% or more, even more preferably
7% or more, and particularly preferably Y9%% or more.  Further, the A%desaturage
gene may be a gene which has a base sequence set forth in SEQ ID NO: 1 with a
deletion, i substitutton, an insertion, or an addition of 1 to 351 bases (preferahly 1 to
234 bases, more preterably 1w 117 bases, and particutary preferably 1 to 59 bases).

tS amd encodes an enzyme having o fatty acid desaturation activity.  The base sequence
sitilarity is calevlated, for example, by Lipman-Pearson method (Scienee, 227, p 1435
(1953)).  Specifically, it can be cateulated by performing analyvsis using a homaology
analysis {Search homology) program of genetic information processing software
Grenetyx-Win (Software Development) while the unit size to compare (ktup) parameter

200 dssetto . Further. as for an example of the A9desaturase gene other than the hase
sequence set forth m SEQ I NO: 1, which s a base sequence ot the AYdesaturase gene
preterred iu the present invention. the sequence similarities aniong the base sequence of
AGdesaturase gene from Moraxella eatarrhabis RHA (SEQ 1D NO: 2 aceession Noe
CPOO2003, gene No: MCR_O449 see Kyoto encyclopedia of genes and genomes

25 (REGG, bitpriwww genome Jprkegp/kege2 htmDl the base sequence of AYdesaturase
gene from Acinetebacter sp. DR1T(SFQ T NO- 3. accession No: (POG20X0, cene No:

AOLE 06025), and the base sequence of AQdesaturage g

gene from Saccaromyees
cerevisige YOGLOSSW (SLQ 1D NO: 4, accession Nop /72577, pene Naoo YGLOSAW) are

shown in Table 1.
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Segience siminarity to the base sequence

SEO I N .
SEQ IR wiiad mSEQ IDNO T

—— —

2 63 7
3 Sp0e,
1 EL RN

VS

Fhe |y oxadation-redared enzyme s an enzvime wheeh s mvoly ed with oxidanon
ol the carbon at the Ji-positionof an Bty actd As a resuit of tepeated i3 onadation by
the foxadution refated enzvime. degradation of the carben ¢ m the Sty aad
progresses,  Inghe present mvention, the [+ oxtdation-reiated enzvnic is preterahly an
erzvime which s anvalved with production of damp-dry malodor-caasing suostamees,
suchas INTHD More preferablvo it s an enzyvne responvible for Baoaadiation oran
upsaturdted s acid preduced by the fatty aond desaterase. Stithmore preterabiy s
an enzyvie responsible for b oxadation of an vnsaturated fatty acid as a desaturation
product of g sebaceous dirt component such as an anteiso-fatty acid by the fatty aoid
desaturane  Speaitie examples of the B oxidation-related enzvme include the followang

vozvmes (1o (3)

(1} tadD for convarting a fatty achd into acyl CoA wm A TP dependent muomner
(2} tadls tor fommimy v p-crans double bond based en dehyvdrovenanon
{3} 1adB for producmy 1 -3-havdresy aeyl CoA by hvdration oof double bond 2nd

producing 2aoneaeyh CoN Iy celivdrogenation m NADT dependent masuner

4} d A toy productn acetvl CoA and acy] CoA with two dess carbon atams by
breaking the carbon-carbon bond betwesn the e-position and the J-position s o renction
with CoA

Amuvenyg these ensvmes, fadl3 omd fadb) are preterable

Wath seeand o the fadB wmnong the Poxidaton-related enzyime. the amino acond
sequatice thereat gl the base sequence of fadB gene encoding the LadB have been
repetted and described by HIMP thttp: amip eviarg qunspstart:himpt4 7:andex.shtn D
O those, the base sequence ot the fadB gene of Enhydrobucter aerosaceus SKoo
faccesston New NZACYHOTO00036, pene No: ENTTAEOQOT 0891 s <ct forth v 810
1IN 5,

i the present mventias, the base sequence ot she fadlBB gene miay be o hase
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sequence which has 70% or more sequence similarity to the base sequence set forth in
SEQ ID NO: 5 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 | to 108 bases), and encodes an enzyme having a
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 caleulated 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
= 4 Sequence similarity to the base sequence
s A set forth in SEQ ID NO. 5

6 68.5%

7 67.5%

] 56,7%
{0038}

With regard to the fadD among the B 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.jevi.org/jumpstart/hmp047/index.shtml).
Of those, the base sequence of the fadD gene of Enhydrobacter aerosaccus SK60)
(accession No: NZ_ACYI01000046, gene No: ENHAEQODOT 2256) is set forth in SEQ
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[0 NO: 9.

In the present wnvention, the hase sequence of the fadDD gene may he a base
sequence which has 70% or more sequence similarity to the base sequence set forth in
SEQ ID NO: v or a complementary sequence thereof. and the sequence similarity is
preterably §0% or mere, more preterably 90%q or more. still more preferably 95% or
wore, even more preferahly 95 4%, or more, even more preferably 97%) or move, and
particularly preferably 99% or more.  Further, the fadl) gene may be o gene which has
a base sequence set forth 1 SEQ 1D NO: 2 with a deletion, a substituton, an ingertion,
or an additton of 1 to 306 bases {preferably [ to 377 bases. more preferably 1 to 169
bases. and particularly preferably 1 to 83 bases), und vncodes an enzyvme having a 3
oxidation activity of an unsaturated fatty acid.  The base sequence similarity 1y
caleulated. tor example. by Lipman-Pearson method (Science, 227, p. 1435 (1085,
Specitically, it can be caloulated by performing analysis using a homology analysis
{Search homology) program of genctic information processing seftware Genetvx- Win
tSoftware Developmentt while the umit size to compare {klup) parameter 1s set to 2,
Further, as for an example of the fadD gene other than the base sequence set torth in
SEQ ID NO: 9, which 13 a base sequence of the fadD) gene prefenied m the present
invention, the sequence similartties among the buse sequence of fadD gene from
Moraxella catarrhalis RH4 {SFQ D NO: [0, accession No: CPRO2O0S, gene Niv:
MOR_PARS zee KEGG (htpriwww. genome.jp/keggrkege2 htmln, the buse sequence
of fadl) pene from Acinetobacter sp DRI (SLQ 11D NO: T accession No: CPOO2080,

gene No: AOLE  18373), and the base sequence of fadD gene from Escherichia cols

K12 MGI6SS(SEQ D NQ, 8. accession No. APOT2306, gene No: bISOS) are shown in
Tahle 3.
039!

Table 3

o . Sequence siulansy w the buse sequence
SEQ D Ny A
'_\I WD | set forth i SLQ I NO 9
Wl 538N -
}1 ~ ' i _ q:‘f‘“u .
12 | 51 7%
1nam

Generally, examples ot the action mecharsm ¢f the damp-dry matoder
inhibitor includes sterithzation of mcroorganisms 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 dump-dry malodor -causing substance. decomposition or conversion of a damp-dry
maludor-causing substance inte an odorless substance, and masking of a damp-dry
malodor.  The action mechamsm of the damp-dry malodor inubitor in the present
mvention s related to prevention of the conversion ot sweat, sehuriz, or the like that
remaing in 3 fabric product into @ damp-dry malodor-causing substance.

By an activation of the fatty acid desaturase in microorganisms which produce
damp-dry maloder-causing substances. desaturation of fatty acids as a precursor of
damp-dry maledor-causing substances is caused.  Morcover. from the unsaturated tatty
acids produced by the reaction, damp-dry malodor-causing subsrances are generired
accordance with B oxidation reaction by the B oxidation-related enzvme.

As an example. the mechanism for productug damp-dry malodor-causing
substances (AMIH) trom T6-methyloctadecanoic acid as a substrate, which is one kind
of anteizo-fatty acid. by mtcroorganisms which produce damp-dry malodor-causing
subtances 15 described below.

0041 ¢

=W

h
/'T-VV‘»-"\-"\JW\;A 4

Precursor of damp-rvy "_—-"

maledor —causing substance
iSegacequs dirt compatent;

o [¢]
-"-(MVV"‘\./'\J’U‘CH ,’n\-f\_./u'\OH
ﬁ

. jamic dr sdor=
Desuturathion Unsaatur ated fatty oo £ waidation L"'""‘. dry maludor
causing substance

( 4M3H)

HEIERY

[n the present invention, expression of the fatry aeid desaturase gene and the 8
oxudation-related enzyme gene can be detected by an ordinary method.  For example,
by catrving out a polymerase chain reaction (PCR) using nucleie acid primers for
deteeting the fatty acid desarurase gene and the f oxidab.on-relared enzyme gene, and
determintiy the presence or absence of an amplified product, the gene expression ¢an
he detected.  Alternatively. it is also possible that real time PCR ix caried out asing
the same primer and the gene expressian amonnt 1s guantitatively determined to detect
the gene expression.
00431

fn the present invention, the detectinn of at Ieast one kind of gene selected from
the fatty acrd desaturase pene and the B oxidation-related enzyvme gene s perfnrmed by
using af {east vne Kind of oligoenucleotide pair selected from an oliganuckcotide pair

containing the efigonucleotides (ay and (b described above, an oligoneleotide pait
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contaning the oligonucleatides (¢) and (di deseribed above, an oligonacleotide pair
contaming the olizonueleotides (¢) and (1) deseribed above, an oligonucleotide paor
containing the olignnucleotides (g) and (h) described above, an oligonuclentide par
vontaining the aliconueleotides (1) and (j) described above, an oligonucleotide pair
contaming the oligonucleotides (kK and (1) deseribed above, an oligomicleotide pai
comtaming the oligonucteotides {(m} and (n) deseribed above. an olizonucleotide payy
containing the oligonueleotides (o) and (p) described ahove, an oligonueleotide par
containing the abgonucleotides () and {r) described above. an oligonucleotide patr
containing the oliconucleotides (s} and (1) deseribed above. an olizonucleotide pair
containing the oligonueleotides (u) and (v) described above, an eligonucieotide pist
containing the oligonucleotides (w1 and (x) described above. an oligonucleotide pair
vontaining the oligonucleotides (v) and (23 described above, an oligonuclentide paw
containing the oligonucleotides (al) and (b1) deseribed above. and an oligonucleatude
pair contamning the oligonucieotides (o) and (d1 ) described above.
HEE R

In the present invention, the fatty aod desatarase gene s preferably the

Audesaturase gene.  Inthe case of detecting the AYdesaturase gene, it is preferably that

at least one kind of oligonueleotide pair selected from a pair of the above-desceribed
aligonueleotides (a) aned (b, a pan of the above-desenbed oligonuclentides () and ().
a pair of the above-described oligonucleotides () and (), a pair of the above-deseribed
oligenucleotides (¢) and (h), a pair of the above-described oligonucleotides (i) and (),
and a pair of the above-deseribed ohigonucleotides (ki and (1) 18 used.

The oligomicieotides (a) to (1) are preferably an oligonueleotide having the
hase seguence set forth many one of SEQ 1D NOS 13 to 24, Turther, in the present
mvenfion, an chpenucleotide preferably usable for detection of the fatty acid desatarase
vine (in particular, the AYdesamirase gene) may have sequence sinilarity ot 708, or
moge with the base sequence set forth in any one of SEQ D NOS: 13 to 24 a5 lone as)it
gened. The sequence similarity is preferable 75% or more, mwore preferably 80 or
maore, still more preferably 85%; or more. even mare preferably 96%, or more, and
particuburly preferabiy 95% st more. Fusther, the ohgonucleotide preferably usable tor
detection of the tutty acid desaturase gene (preferably, the AVdesaiurase gene) includes

an oligonucleatide which has a base sequence set torth inany one of SEQ 1D NOS. 13
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to 24 with a delenion, a substitudion, an insertion, or an addition of 1o several bases
(preferably | to 3 bases, more preferably 1w 4 bases. still more preferahly 1o 3 hases.
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 A%desaturase gence).
Mareover, an appropriate base sequence may be added to the base sequence set torth in
any ene of SFQ IDNOS: 13w 24,

The base sequence similartty 1y caloulated, tor example. by Lipman-Pearson
method (Science, 227, p. 43S (1985 Spearficaliv, 1t can be calenlated by
performing analysis using a homology analvsis {Scarch homology) program of genetic
information processing software Genetyx-Wia (Software Doevelopment) while the unit
slze to compare (ktup) parameter 18 set to 2.

JO045 )

Toanucler acid having the hase sequence set forth tn SEQ [D NOY. | or a base
sequence having sequence sinularity of 70% or more with the base sequence set forth in
SEQ 1D NO: 1. an oligonucleotide having the base sequence set forth in any one of STEO
1D NORK: 13 to 24 hybridizes under stringent condifions.  Regions to which the
aligonucieotide having the base sequence set forth in any one of SEQ 1D NOS: 13 t¢ 24
hybridizes m the base sequence set forth in SEQ 10 NO: | oure shown in Table 4. for
example.  As shown in Table 4. the oligonucleotide having the base sequence set forth
m any one of SEQ D NOS: 13 to 24 can hybridize under stringent conditions to tne
fatty acid desaturase gene of microorganisms which prodduce damp-dry malodor-causing
subgtances.  Thus. when an amplification reaction is carvied out by using, as nucleie
acid primers, at least one oligonucleotide pair sefected from an olizonucleotide pair
containing the oligonucleotides () and (b) desceribed above. an oligonuclectide pan
containing the oligonucleotides () and (d) desertbed above. an ohigonucleotide patr
contaiing the oligonucleotides (¢ and (1) deseribed above, an oligonucleotide patr
containing the vligonucleoudes (g) and (h) described above, an oligonucleotide paw
contining the oligonucleotides (1) and () described above, and an ohigonucleotide pair
contaming the oligonucleotides (k) and (13 deserthed above, an amplification product of
the fatty acid desaturase gene is obtained.  For such reasons, without performing base
sequence analysis, 1 becomes possible to identity the amplification product obtained by
perfurming the amplificaton reaction usig the above oligonucteotide puair as nucteic

acid primers with an amplification product of the fany 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 * 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.

10046}
Table 4
SEQ ID NO: | SEQ 1D 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
() 18 | From 741-position to 763-position
() 19 | From 638-position to 660-position
(h) | 20 . From 741-position to 763-position
() | 21 From 532-position to 554-position
(i) 22 From 63 1-position to 653-position
(k) 23 From 280)-position to 302-position
(1) 24 From 387-position to 409-position

10047}

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 (1) 1s 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
oligenucleotides (w) and (x), and a pair of the above-described oligonucleotides (y) and
(z), and a pair of the above-described oligonucleotides (al ) and (bl), and a pair of the
above-described oligonucleotides (c1) and (d1) 1s used.

The oligonucleotides (m) to (z) and (al) to (d1) are preferably an
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aligonucleotide having the base sequence set torth in any one of SEQ D NOS: 25 to 42
Further. in the present invention, an oligonucleotide preferably usuble tor detection of
the 3 oxidation-related enzyme gene {(in parficalar, the fadB gene or the tadD gene) may
have sequence similarity of 7% or more with the base sequence set forth 13 any one of

5 SEQ D NGS: 25 1042 as long as it can be used for detection of the [} oxidatton-related
enzyme gene (in parttcular. the fadB gene o1 the fadD sene). The sequence similariiy
is preterable 75%; or more. maore preferably 80% or more. still more preferably 85%, or
maore, even more preferably 90% or more, and particutardy preferably 375 or more
Further, the olizonucleotide preferably nsable for detection af the 3 oxidation-retated

[ enzyne gene un particular, the fadB gene or the fadD gened includes an oligonucleatide

which has a base sequence set forth in any one of SFQ 1D NOS: 25 o 42 with a detetion.
a substitution, an msertion, o1 an addition of 1 to several bases (preferably 1 io 3 bases,
mure preferably 1w 4 bases. sall more preferably o 3 bases, even still more
preferably 1 or 2 bases. and particular]y preferably 1 basel and ts usabie tor detection

153 of the B oxidanon-related enzyme gene (in particular. the fadB gene or the fadl) gene).

Mareover, an appropriate hase sequence may he added to the Dase sequence set torth in
any vne of SEQ D NOS: 2510 42,

The base sequence similarity 18 calenlated. for example. by Iipman-Pearson
method (Science, 227, p. 1935 (1985)).  Specifically. it can be caleulated by

20 performing analvats using a homology unalvsis (Search homology) program of genetic

information processing soltware Genetvx-Win (Sottware Devetopment) while the uait
size to compare (Ktup) parameter 15 set o 2.
10048 ¢

To a nucleic acid having the base sequence st torth i SEQ 1D NO: S or a base

12
‘e

sequence having sequence stmittartty of 70% or more with the base sequence set torth m
SEQ I NO: 5, an oligonucieotide having the base sequence set forur in any one of S14Q
[D NOS: 25 to 32 hybndizes ander stringent conditions. Regions to which the
oligenucteotde having the base sequence set forth in anv one of SEQ 1D NOS: 25 100 32
hybridizes i the base sequence set torth m SFQ (D NO 5 are shown in Table 3. for

M example.  Asshown in Table 3, the oligonucleotide having the base <equence set forth
m any one of SEQ D NOS: 25 (6 32 can hvbridize under stringent conditions to the 3
oxidation-related enzyme gene of microorganisms which produce damp-dry matodor-

causmg substances.  Thus, when an amplification reaction is carried out by using, us
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nucleie acid primers, at keast one oligonuceleonde pair selectad from an oligonucleotide
pair contanmg the ohgonucieatides (m) and (n) desenbed above, an ohigonucleotide
pair confaining the oligonucieotides (0) and {p) desenibed above, an eligenucleotide pai
confaming the oligonucleotides () and (r) described above, and an oligonucleciide pair
contaming the oligonucleonides (8) and (ty desertbed above, an amplification product of
the |t oxidaton-related enzyvme (fadBy gene 15 ebtamed,  For such reasons, witlour
pertorming hase seguence analysis. it becomes possible to identify the amphification
product obtained by pertomming the amplification reaction using the above
oliganucleatide pair as nucleie acid primers with an amplification product of the |8
oxidation-refated enzvine (fadB3) gene. As a result. expression of the §§ oxidation-
refated enzyme (fadB) gene of microorgantsms which product damp-dry matodor-

causng substances can he casilvdetected.

1049

1able 2

i SEQIIINC . SEQIDNOS

Cpnp o 250 Prom Y 1d-position to ]l)\h‘pu-\iliun
{n) | 20 I o ”HI?I-}_'-nu.armn tir 211 3-positiun
e 2? o lrnn 1430-position te 1452-pueition
ip _[_ | fron To0-position to 1626-positon |
A _‘-" Fyom: 1L 26-posiiien 1o iI_.‘\_-\.__p_tlk_@_ﬁp_*
irt_ .30y From I3 1-position to 133 3-position

"_ sy 3] ~ From 284-poaition o 306G-positon
i | 32 Frome A6 1-pasition o 183 -positiog

00!

To a nucleie acid having the hase sequence set forth in SEQ ID NOY: O or a hase

sequance havimg sequence simitarity of 70%, or more with the hase scquence set forth in
SEQ I} NO 9. an oligonucleotide having the base sequence set tortli in any one of SEQ
1D NOS: 33 to 42 hnbridizes under steingent conditions,  Regions to which the
oligenucteotide having the base sequence set forth i any one of SEQ 1D NOS- 3310 42
hybridizes in the base sequence set torth in SEQ ID NO: 9 are shown in Table 6. “or
examiple.  As shown m Table 6. the eligonucleatide baving the base sequencee ser forth
i any one of SEQ 1D NOS: 3310 42 can hybridize under stiingent conditions 1o the §§
oxidation-related eozyme gene of mictoorganisims which produce damp-dry matodor-
causmyg substances  Phus, when an amplification reaction s carvied out by using. is
pucleic acud primers. ot least one oligonuceleotide pair selected from an oligonucleotide
pair containing the ohgonucjeotides (uh and (v j described above, an oligonucieotide pair

containing the aligonueleotides (wi and (x) described ahove, an eligonucleotide pan
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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, an amplification
product of the B oxidation-related enzyme (fadD) gene is obtained. For such reasons,
without perfonming base sequence analysis, it becomes possible to identify the
amplification product obtained by performing the amplification reaction using the above
oligonucleatide pair as nucleic acid primers with an amplification product of the b
oxidation-related enzyme (fadD) gene. As a result, expression of the 3 oxidation-
related enzyme (fadD) gene of microorganisms which product damp-dry malodor-

causing substances can be easily detected.

10051}
Table 6
' SEQIDNO: | SEQ ID NO:9
(u) 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 173-position
(y) 37 | From 124-position to 146-position
| (2 | 38 | From 224-position to 246-position
(a1} ! 39 From 521-position to 543-position
(b)) | 40 From 624-position to 646-position
{c]) | 41 From 115-position to 137-position
(d1) | 42 From 223-position to 245-position
{0052}

The bonding pattern of the oligonucleatide 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 1s
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 f 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 [} 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 B 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
incubating the microorganisms with the test substance, PCR or real time PCR 1s carried
out by using nucleic acid primers designed based on the fatty acid desaturase gene or
the B 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 (¢) and (d)

described above, an oligonucleotide pair containing the oligonucleotides () and (f)
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deseribed above, an oligonucleotide pair containing the oligenuclentides () and (hy
descrihed above, an oligonucleotide pair contaiping the oligonucleotides (13 and (3)
deseribed ubove, un oligonucleotide pair containing the eligenucleotides (k) and (1)
desenbed above, an ohigonuctennde pair contaming the eligonucleotides (m) ond {n)
S deseribed above. an oligonucteotide pair contaiming the eligonucleotides (o) and (p)
described above, an oligonucleotide pair containmmg the oligonucleotides (q) and (1)
described above, an oligonucieotide patr containing the oligonuclentides (s) and (1)
deseribed above, an oligonueleotide pair contaiing the oligonucleotides (1) and ()
deserhed above, an oligonucteotide pair containing the oligonucleorides (w) and (x)
HY  deseribed above, an oligonucleotide pair containing the ofigonuclentides iv) and (2)
described above, an oligonucleotide pair containing the oligonueleotides (al ) and thi)
described above. and an oligonucleotide pair containing the oligonucleatides {¢h) and
(di) described abave.  Thus, without being hound to separation and dentification of
nueroorganisnis which produce damp-dry malodor-causing substances using the
15 oligometeotide pair, nieroorganisins which produce damp-dry majodor-causing
substances con be quickly and accurately detected  Further, as used herein, the term
“detect” includes “identifv™ used in taxonomy
The kind of microorgamsms that are detected by the detection method of the
present invention mnclude the micreorganisms (o be used lor the evaluation method of
200 the present mvention.
Fuach oligenucleotide pair used for the method of detecting milcroorganisms
whica produce damp-dry malodor-causing substances of the present invention are the
same as the oligonucleotide pirr used for the snethod of sereemng o damp-dry malodor

mhibttor and the method of evaluating inhtbitory effect on damp-dry madodor of the

I
I

present invention that are described ahove,
{0050

In the methad of detecting microorganisms which produce damp-dry malodor-
causimng substances of the present invention. amplificanen of 8 hagment of ar least one
kind of gene selected from the fatty acad desaturase gene and the [§ oxidation-retated
3 enzyme gene i3 performed using the above-deseribed oligonucleotide pair. Moreover,
tor both the method of sereening o damp-dry malodor inhibiter and the method of
evatuating inhibitory etivet on damp-dry madodor of the present invention. in order to

detect expression of at feast one kind of gene selected trom the fatty acid desaturase
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gene and the B oxadation-related enzyme gene, 1t 1s preterable to perforin amphitication
of & fragment of at least one Kind of gene selected from the expressed fatty acid
desaturase gene and the expressed § oxudation-related enzvine gene by using the
oligonucleotde parr deseribed above.  When an anipatication reaction is carried out by
using the oligonucleotide pair of the present invention. an amplifted product is obiained
when at feast ene Kind of gene selected from the tatty acid desaturase gene and the §
oxidation-related enzyme gene 1s present.  Thus, obtainnent of an amphified produoct
frrhicates presence of at least one Kind of geng seiected from the fatty acid desaturase
gene and the f oxidation-related enzvme,  For such rzasons. without performing the
base sequence analvsis of an ampiified product, it 13 passible to detecet at least one Kind
of gene scelected fiom the farty acid desaturase gene and the 3 oxidation-reiated enzvme
gene, or to detect microurganisms having ot teast one xind of gene selected frons the
fatty acid desaturase gene and the P oxtdation-related enzyine gene, that 1s.
microorgamsms which produce demp-dry malodor-cansing substances.

An ordinary method 2uch as PCR method. the real time POR method. 1.CR
(legease chaim reaction)y mcthod. SDA (strand displacement amplification) method,
NASEA (nucleie aaid sequence-based amplification) method. RCA (rulling-cirele
amplification) method, or LAMP (loop mediated isothernmal 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 (3 oxidation-related enzyvme gene. However, in the present
invennon, the PCR micthod is preferably used.

Heremaflter, a specific exampic of the micthod of amplitving o gene fragment
by PCR in the present invention will be described in more.

1O,

1 the present invention, for amplitving a fragment of the fatry acid desatorase
gene (in particular, the A9desaturase gened, st is preferable that PCR s pesformed by
using, as nucleic acid primers. at east ene kind of oligonuclcotide pair selected trom an
ohronucleotide pair containing the oligonucieotides (a) und (b) described above, an
chgonucteotide pair containing the oligonucleotides () and (d) described above. an
oligonucleotide piir containing the oligonucleotides (e) and (1) described above. an
ohgonueleotide pulr containing the vligonueleotides (21 and (h) described above. an
nhigenucleotide palr containing the aligonuclenstides (1) and (5) described above, and an

ohigonuceleotide pair containing the oligonucleotides (x) and (1) described above, snd
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amphiving a part of the nucleie acud of the fatty acid desaturase gene of the
microorgantsms which produce damp-dry malodor-causing substunces.

The oligomucleotides (a) and (b) described above, the oligonucleotides (¢ iud
(«1y desenbed above, the oligonuciestides (e) and 11 descnibed above, the
oligonucieotides (g3 and (h) desenbed above, the oligonucleotides 03 und {j) described
above, and the oligonucieotides (k) and (D deseribed above are usetul for amplifving. by
PCR, a fragment (part) of the fatty acid desaturase gene (in particular. the AQdesuturase
gened of the microorganisms which produce damp-dry malodor-causing substances.
As described above, the fatty acid desawrase is related to production of the damp-dry
maledor-causmg substances such as IM3HL Thus, an eligonucleotide pair containing
the oheonuctectdes () and (b) described above, an obigonucleotide patr contaning
ohigonucteotides (¢ and (d) deseribed above. an eligonucleotide puir containing
aligonucleotides (e) and (1) described above, an eligonucleotde pair containing
oligonucleotides (g) and thy described above, an oligonucleotide pair containing
eohgonmucieotides (1) and (1) deseribed above, and an eligonucleotide pair contiming
oligonaeicoudes (k) and (1) deseribed above can be preferably used for detection of the
expression of the fatty acid desaturase gene or detectton of microorganisms which
produce damp-dry maledor-causing substances m the method of evalnating whibitory
etfect on damp-drv malodor or a method of screening a damp-dry matodor inhibitor
HO038

In the present invention, for amplifying a fragment of the B oxidation-related
enzyine gene (in particular, the fadB gene or the fadD) gene), o 1s preterable hat FOR s
perfarmed by using, as nueleie acid primers. at least one kind of oligonmcicotide pair
selected from an olizonueleatide pair contaiming the oligonucleotides (m) and (n)
described above, an ohigonucleotide pair contaming the oligonuctecudes (o) and {p)
deseribed above, an oliconcteotide pair containing the nligonncleotides () and i)
described ubove, an oligonucteotide pair containing the aligonucieotides (31 and (1)
described above, an oligonucleotide pair contaiming the ohgonucleotides (uh and (v)
described above, un oligenucieotide pair contaming the oligonucleotides (w) and (%)
deseribed above, an oligonucleotide pair contwmng the oligonucleotides (v and (7)
deseribed above, an oligonucleotide pawr containing the oligonucleotides (alyand (hl)
described above, and an ohgenuelectide pair containing the oltgonucleotides (¢]) and

(1) desertbed above, and amplifying a part of the nucleic acid of the [} oxidation-
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related enzyme gene of the nicroorganisms which produce damp-dry malodor-causing
substances.

The eligonucleotides (im) and (n) described above, the oligonucleotides (0) and
{p) ddeseribed above. the vligonucleotides () and (1) deseribed above. und the
ahigonueleatides (s} and (1) ceserntbed above are usetul lor amplifyving by PCR. a
fragment (part) of the p oxidation-telated enzvme gene (in particular. the {adB gene) of
the mcroorganisis which produce damp-dry malodor-causing substances.  Further,
the oligonucleotides (u) and (v) describzd above. the oligonucieotides (w) and (x)
desenibed above, the oligonucleotides (v) and {z) desenbed ibove, the oligomicleotides
tal y and {(b1) described above, and the oligonucleotides (21) and (d1) desceribed above
are usetul for amplifving, by PCR{ a fragment (part) of the §§ exidation-related enzvme
gene (in particular, the fadD genet of the microorgamsms which produce damp-dry
malodor-causing substances.  As deseribed above, the 3 oxidation-related enzyme i
related t production of the damp-di v maledor-causing substances such as MU
Thus, an oligonucieotide pait containing the oligonucleotides (xu) and (n) deseribed
above, an eligomicleotide pair containing the eligonucleotides (o) und (py described
above, an oligonucleotide pair containing the ohigonucleotides (q) and (r) described
above, an cligonmucleotide pair containing the ohigonucleotides €53 and (1 deseribed
above, an ohigonucieotide parr contatning the oligonucleotides (u) and (v) described
above, an oligonucleotide pair containing the oligonucleotides (w) and {x) described
above, an oligonucleotide pair containing the oligonucleotides {(v) und () described
above. an eligonueleotide patr containing the oligonucicotides (al) and (b1) descenibed
abovel and an oligonncleotide pair contamning the oligonucleondes (¢1) and (d1)
described above can be preferably used for detection of the expression of the
oxtdatton-refated enzyvme gene or detection of microorganisms which produce damp-iey
malodur-causing substances in the method of evaluating inhibitory effect on damp-dry
malodor or a method of sereening a damp-dry malodor inhihitor
{0039

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

For example. when PCR as carried out by using, as nuciewe acid primers, the at
fcast one kind of ohigonucieotide pair, thermal denaturation for about 3 sec ipreferably 5

sec) or more and about 61 see (preferably 60 sec) or less al the temperatare 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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10061}

Ax the sample o be used in the present invention. any sample. such as fibers,
fabric. soul. plastic, poper, plant. mixed microbes. isolated microbes. and cultured
microbes. can be used. A nethod of preparing DNA from a sample may be any
method so that DNA can be obtained at a sutticient purification degtee and in 4
sufficient amount for detectiag microorganisms which produce damp-dry malodar-
causing substances.  The sample may be used without purification.  Alternative.y, the
sample may be subjected G2 pre-treatment such as separation, extraction. concentration.
or purification before use.  For example. the sample mayv be purified by phenol and
chloreform extraction or may be purtfied using a commercially availuble extraction kat,
to inerease the purity of the nuclewe acid before use. Muoreover, DNA obtained by
reverse transcription of RNA in a sample may be used.

UN62;

Examples of the microorganisms to be detected by the method of detectine
nucroorgunisnes which produce damp-dry malodor-cansing substances of the preszm
mventton inchide bactena of genus Moraxella such as Moraxella esloensis and

Moraxella sp.
FONO2E

The kit for evaluating inhibitory effect on damp-dry mafodor and the kit {or
sereening 2 damp-dry matodor infubitor of the present mvention contains
microorganisms which produce damp-dry malodor-causing substanees and a schaccous
Jict component such as an anteiso faity acid.  The microerganisms which produce
damp-dry malodor-causing substances and the schaceous dirt compoenent sich as an
anteiso fatty acid are as deseribed above.  The kits may further contain a fabric
produci to be comacted wath microorgamsms which produce domp-dry malodor-cansing
substanees and 4 test substarce (for example. cotton fabric product atter vse) or a Hagusd
to he contacted with microorganisms which predace damp-dry malodor-causing
substances and a test substance (for example. physiological saline, butfer selution, und
ligquid medwm).  Moreover, for detection of the damp-dry malodor-causing substances
suclyas AMIHL a commercially avatlable vas chromatography or the ke may be used,

Further. the kit for evaluating inhibitory effect on damp-dry malodor. the kit
for sereening of a damp-dry malodor inhihitor. and the kit for detecting microorgamsins

which produce damp-dry melodor-causing subsiances cach contains at Jeast one Kind of
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oligonucleatide selected from the above-described oligonucleottdes (a) to {(z) and {al) 1o
{1y or at least one kind of obgonacleoude pair setected from a pair of the sbove-
described oligenuelectides () and (b), a pair of the above-desenibed oligonucleotides
fe) and (d). a pair of the following oligonucleetides (&) and (D). a puir of the above-
Jdeseribed oligonucleotides (@) and (h), a pair of the above-desenzved oligenucleotides (1)
and (1), a pair of the abeve-deserthed oligonucleotides (k) and (11 a pair of the above-
described oligonueleotides (m) and (n). a pair of the above-deseribed oligonucicotides
(n) and tp), a pair ot the above~deseribed oligonucieotides () and (r). a pair of the
above-desertbed oligonucleotdes (3 and (4, a pair of the above-deseribed
oligonucteotides (uy and (v a patr of the above-described oligonucleotides (wh and (x),
a pair of the ahove-deseribed oligonucleotides (v) and (2), a pair ot the above-described
oligonueleotides (al yand (h D, and @ pair of the above-deseribed oligonucleotides (c1)
and (d1).

{00!

The kits of the present mvention may contain, depending on purpose,
substances which are ordinary used for wnphifyving a gene tragment. such as i label-
detecting substance, a buffer. @ mweleie acid synthetase tsuch as a DNA polvinerase. an
RNA polymerase. or & reverse transcriptasc), and an enzyvme substrate (such as dNTP or
rNTPy Further, the Kits of the present invention may contaim a positive contro! for
confummy that a detection reaction can be made ustng the aligonucleotide or
altzonucleotide patr of the present invention. The pasitive control ig, for example,
DNA including a region whieh 1s amplified by the method of the present invention.
065 |

With regard to the embodiments described above. also disclosed by the present
invention mcludes a method of evaluating inhititory effect on damp-dry maiodor
desenbed below, a method of sereening a damp-dry matodor inhibitor deseribed below,
an oligonucleotde or an oligonucleatide par deseribed below, & Kit tor evaluating
inlubitory effect on dump-dry matodeor or a kit for sereening o datmp-dry malodor
inhihitor deseribed below, use deseribed helow, a method described below, and « kit tor
detecting microarganisms which prodice damp-dry malodor causing snbstances
desceribed below,

166

b A miethod of evaluating inhibitory effect on damp-dry malodor, containirg the
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steps ol

hringing microorganisms which produce damp-dry malodor -causing substances
and a test substance into contact with each other 1n the presence of i sebaceous dirt
compenent;

3 detecting expression of at feast one kind of gene selected from a faty acnd
desaturase gene and a B oxidation-retated enzvme gene derived rom the
nicroorganisms; and thereby

evaluating a damp-dry matoedor inhibitory tunctron of the test substance based
on i change m expression ameunt of the at least one kind of gene:

10 wherein the expression of the at least one kind of gene iy detected by using at least one
kind ot oligonucleotide patr selected from an eligonucleotde pair containing
oligonuelectides (a and (i) described below. an oligonucteatide pair contaming
oligonucleotides (o) and {(d) described below, an ohigonucleatide pair containing
oligonucleotides (¢} and () desertbed below, an oligonucleotide pair containing

15 oligonueleotides () and (h) deseribed below, an ohgenucleotide pair containing
oligonucleotides (1) and (1) deseribed below, an oligorucleontide pair containing
oligonucleotides (k) and (1) deseribed below, an oligenucleotide pair containing
oltgonucleetides im) and (1) deseribed below, an oligomicieotide pair containing
ohgonucleotides (0) mnd (p deseribed below, an oligenueleotde pair contaimmg

20 oligomuelentides (1) and (r) deseribed below, an olizenucleotide par containing
oligonucleutides (31 and (1) desceribed below, an oligonucleotide patr containing
uligonucleotides (u) and (v} described below. an oligenaclectide pair containing
ohgemucleondes (w) and (X3 deseribed below, an ohgenucleotide pair containing
ohigonucleotdes (93 and (2) desenbed below, an oligonueleotide paiv containing

25 oiigonueleotides tal) and (b 1) deseribed helow, and an oligenucleotide pair containing
oligonucleotides (¢1) and 1d 1) deseribed below:

() an oligonucleotide having the base sequence set forth in SEQ 1D NCY: 12, an
ohigonucleotide having a base sequence set torth in SEQ 1D NO: 13 with a substutunion.
deletion, ingertion, ar additiom of T or several nucleotdes (preferably | to 3 nueleondes,

30 maore preferabiy 1 to 3 mweleotides, further preferably 1 o 3 nuciecotides, furthermore
preferably bor 2 nucleoudes, and particulardy preterably | nucleotide) which can be
used for detecting the farty acid desaturase gene. or an oligonuclectide having a base

sequence which has 80% or more (preterably 3% or more. more preferably 90%, or
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more, and further preterably 93% or more) sequence similarity to the base sequence set
forth in SEQ 11D NO: 13 and can be used for detecting the fatty acid desaturase gene.
(b} an nligonuclenttde haviug the base sequence set forth m SEQ 1D NO: 14 an
oligonucieotide having a hase sequence set forth in SEQ 1D NO: 14 with a substitation.
deletion, msertion. or addition ot T or several mucleotides (preferably | to 3 nucleotides,
more preferably 1t 4 nucleatides, further preferably 1 10 3 nucleotudes, imthermore
preterably ©or 2 nucleotides, and particelarly preferably 1 nucleotide) which can be
used for detecting the fany acnd desaturase gene. or an ofigonuciconide having a base
sequence which has §0% or mote (preferably 853% or more, more preferabiy 90% or
more. and further preferably 95%) or more) sequence similarity o the base sequence sct
torth m STOQ D NO: 14 and can be used for detecting the fatty aced desaturase gene:
{¢) an ofigonucleotide having the base sequence set forth in SEQ IDNO: 15, an
oligenucleotide having a base sequence set torth in SEQ ID NO: 15 with a suhstitution,
deletion, msertion, or addiven of 1 or several mucleotides (preferably | to 5 nucleotides,
more preferably 1 to 4 nucleotides. further preferably 1 to 3 nucleotides, furthermore
preferably 1 or 2 nueleotides. and particularly preferiably | nucleotidey which can be
uged for detecting the farty acid desaturase gene, or an oligonuclectide having o buase
sequence which has 80% or more (preferably 3% or more, more preterably 90% or
more, and further preferably 3% or more) xequence similarity to the base segquence sct
forth m SEQ ID NG 15 and can be used for detecting the fatty acid desaturase gene;
(d) an oligonucieotide having the base sequence set forth in SEQ D NO: 16, an
oligonucleotide having a base sequence set forth in SEQ 1D NO: 16 with a substitation,
deletion. insertion, or additton of 1 or several nucleotides (preferably | to 5 nucleotides.
more preferably 1o 4 muwcleotides. funher preterably | ro 3 nuclestsdes. furthermuore
preferably T or 2 nucleotides, and particularly preferably 1 nucleotide ) which van be
used for detecting the fatty acid desaturase gene. or an oligenueleotide having a base
seguence which has 80% or more (preferably 83% or more. more preferably 90% or
maore, il further preferanpty 95% or more) sequence silarity 1o the base sequence set
forth in SEQ 1D NO: 16 and can be used for detecting the fauy acid desaturase gene,
{ey an olizonucleotide having the base sequence set forth in SEQ IDNO: {7, an
ohgenucicotide baving a hase sequence set forth in SEQ D NO: 17 with a substitution.
deletion, msertion, o addition of 3 or several nucleatides (preferably 1 to S nucteotides,

more preferably | to 4 nucleotides. funber preterably 1 o 3 nuclevides, furthermore
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preferably 1 or 2 nucleotdes. and particularly preferably | nucleotide) which can be
used tor derecting the fatry acid desaturase gene, or an oligonucleotide having @ base
sequence which has 80" or more (preterably 85% or more, more preterably 95, or
more, and further preferably 55% or more) sequence simularity to the base sequenge set
forth in SEQ D NO: 17 and can be used tor detecting the fatty actd desaturase gene:
(1) an eligomucleotide having tae base sequence set forth in SEQ D NO: 1R, un
ohgenucleotide having a base sequence set forth in SEQ [D NO: 18 with a substitution,
deletion, msertion. or addition ot 1 or several nucleetides (preferably 1 to S nucleotides,
maore preferably 1o 4 nucleondes. further preferably | to 3 nucleotides, furthermore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the fatty actd desaturase gene. or an oligonucleotide having a base
sequence which has 80% or wore (preferably §5% or more. ore preferably 9075 o
more, and further preferably 95% or inore) sequence sunifarity to the base sequence set
torth 1 SO ID NC: 18 and can be used for detecting the fatty acd desaturase gene;
() an vhzonueleontde having the base sequence set forth in SEQ 1D NO. 19, an
oligenucleotide having a base sequence set forth 0 SEQ 1D N {9 with a substitutieon,
deletion, insertion, or additin ot | or several nueleotides (praferably 1 to 3 nucleotides,
more preferably 1 to 4 nucleotides. further preferably 1 o 3 mucleotides, furthermere
preferably 1 or 2 nueleotides. and particutarly preferably 1 nucleotide) which can be
used for detecting the faty acid desaturase gene, or an oligonucleotide having a hase
sequence which has 8026 or more (preterably 83% or more, more preferably Y0%, or
more, and further preferably 93% or more) sequence sunilarity to the hase sequence set
forth in SEQQ TD NOG: 19 and can be used for detecning the fatty acid desaturase gene:
th) an oligemucleotide having the hase sequence set torth in SEQ ID NO: 20, an
oligenucleotide having a base sequence set forth in SEG D NOL 20 with i cubstitution,
deletion. insertion, or addition of | or several nucleatides (pretevably ©to 3 aucleatides.
muore preferably | to 4 nucleoides, further preferably 1o 3 nueleotidex, furthermore
preferably 1 or 2 nucleotides. and particularly preterably 1 nucleatide) which can be
azxed for detecting the fatty acid desaturase gene, or an oligonucleotide having a hase
sequenee which hay 0% or more (preferably 85%0 or muore. more preferably 90% or
mare. and further preferably 65% or more) sequence similartty o the base sequence set
torth 1n S12Q 1D NO: 20 and can be used for detecting the {atty send desaturuse gene;

(1) an oligonucteotide having e base sequence set forth m SEQ 1D NO- 2, an
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abigonuckeonde having a base segquence set torth o SEQ ID NO 21 with o substistion,
deletvns msertton, ve addition ot 1 or several nucleotides tpreterably o S nucleotdes.
more preterabiy ] to 4 nucleotdes, farther preferably |t 3 nucteatndes, turthenmore
pretecibly | or 2 nueleotedes. and pariicalarly preferably | nucleondes which can oe
used For detecting the futty dcid desaturase gene. or an o 1gonucleotide having a base
seiuence which hus X0 ot more (preferably 5% or more, maie preterably 90%, ar
more, and further preferably W%, o more) sequence simaibarity 1o e bise seguence sed
forth in SEQ D NO: 21 and can be used for deteenme the farty sond dessturase gene:

(1 e olizgenucleotide hay ing the base seguence set forth m SEQ D NO 220 ap
aligoruclectide having a base seqaence set forth m SEQ IR NO- 22 wal i subxtiounon,
defet,one isartion, or addivon of ) or several nucleatides smeferably ) to S nacientides.
more preterably 1o d nucieendes, turther preferable 1o 3 nucleondes, furthernne
preterably 1 or 2 nucteatides. cnd particolariy preterabiy 1 nucleotndey which v be
used for detectmiy the taity aud desaturase gene, or an eirgonuy beatide having st bise
sequence which has X0%, or more tpreferably X3%, or mare, more preterably 90, or
more, sord further preferabiy B3%, or more) sequence smntanity to e hase segquence set
fortly in SEQ 1D NO: 22 and cen be used for detecring the tatty acid desaturase gene:
(k) an oligonueleotide having the base sequence set forth in SEQ D NOL 23 an
olizenucheottde haviny a base sequence set forth i SEQ D NO: 23 watl g substtation.
delenion, msention, or addition of T or several nucleotides ipreterably 1o S nocleendes.
mote preferabiv 1o 4 nucieotides. further preterabviy 1 1o Y nucleotides, furthennre
preferably Uor 2 nucleondes. @nd particelarly preferably T nucleotided whiel can he
used tor detecning the futty aad desarurase gene. or an vhigonucdentide having a basg
~euerce which has N5 o more (preferibiyv 3% ar maore. more pretetably 9907 ar
more. and further preterably ¥5%. ur more) seqgaence sithanty to the base sequicnse set
Berth i SEOQ D NOr 22 gl cant be used for detecting the tany aad deszturase pene,

(h e aligonucleutide having the hase seguence ser torthin SEQ D NO: 24
ahigonucleotide Tunving a base sequence set forth in SEQ 1D NO- 23 with o substitution,
deletion, insertion. or addinon of | or several nucleotides tpreterably 1o 5 nucleotides,
niore proeterably 1 to d oncleatides. further preterably 1o X nucleotdes, furthennare
preterably 1en 2 nueleotides, aind particolarly preferablv 1 nucleotide) which can be
uscd Tor detecting the fatty achi desaturase gene, or an oligonucleotide haviag a base

~eguence which huas SO%. o mere ipreferably X34 or more. mase preferably QU@ o
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mope. and further preferably 95% or more) sequence similartty to the hase sequence set
forth in SEQ ID NO: 24 and can be used for detecting the fatty seid desaturase gene:
{m} an oligemucleotide having the base sequence set forth in SEQ U NO: 25 an
oligonucieotide having i base seguence set forth in SEQ 1D NO: 23 with a substitution.
deletion, msertion, ar addition of 1 or several nucleetides (preferably 1 to 3 nucleatides.
more preferabiv 1 to 4 nucleotides, turther preferably | o 3 nucleotides, furthermaore
preferabiv 1 or 2 auctentides, and particnlarly preterably 1 nucleotide) which can be
used for detecting the f§ oxadatton-related enzyme sene. or an oligonueieende having a
base sequence which has 80% or more (preferably $5% or more, more preferably 90%
orrore. and further preferably 3% or mare) sequence similarity o the base sequence
set forth m SEQ D NO: 25 and can be used for detecuny the f§ oxidation-related
ENZYME geny;

{n} 20 eligonucivotide having the base sequence set forth in SEQ [D NO: 26, an
oigonucleotide having a base sequence set forth in SEQ 1D NO: 26 with a substitution,
deletion., msertion, ar addition of 1 or several nucleotides (preterably 1 io 3 nuclentides,
more preferably w4 nucleondes. turther preferably 1 o 2 nucleotides, furtheimore
preeferably 1 or 2 mucleotides, and particalar]y preferably [ nucleotidey which can be
ised for detecting the B oxidation-related enzyme gene, or an oligonuelecotide having a
hase sequence wlich has 8070 or more (preterably 83%, or mere, more preferably 90
or izore, and tunher preferable 93%. or more) sevquence sirilanty to the base sequence
set forth in SEQ 1D NO: 26 and can be used for detecting the § oxidation-related
CHZVIE Fene:

(o) z2n ohigonuclentide having the base sequence set forth 1 SEQ T NGO 27 an
oligonucleotide having a base sequence set torth in SEG 1) NO: 27 with a substitution,
deletion, insertion, or addition of T or several nueleotides ipreferably 1 to 3 nucleotides,
mors preferably | o 3 nocleondes. turther preferably | o 3 nucleotdes, furthermore
preterably 1 or 2 peeleatides, md panticularty preferably | nucleatide) swhich can be
used tor detecting e P oxadaton-retated enzyime gene, or an eligonuclentide having a
hase sequence which has 80% or maore (preferably 83%, or more, more preterably 6%y
or more, and further preferably 3% or more) sequence similaity to the hase sequence
set forth in SEQ D NO. 27 and ¢an be used tor detecting the 3 oxidation-retated
CHZYME gene,

{p) an eligonucleotide having the base sequence set forth in SEQ [ NO: 28, an
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oligonneleotide having a base sequence szt forthhin SEQ 1D NO: 28 with a substitution.
deletion, insertion, or addition of 1 or several nucleotides (preferably 1t 3 nucleotudes,
maore preferably | to 4 nucleotides, further preferabiy 1 e 3 nucleotides, furthermore
preterably 1or 2 pueleotides, énd particularly preferably 1 nucleotide) which can be
usvd for detecting the 3 oxidation-related enzvme gene. or an oligonucleotide having a
base sequence which hus 80" or more (preferably 85%4 or more. more preferably 90%,
or more, and further preferably 95%, or more) sequence similurity to the base sequence
set forth ip SEQ 1D NO: 28 and can be used for detecting the B oxidation-redated
COZYUIC gene;

tip) an oligonuclentide having the base sequence ser forth in SEQ D NGO 29 an
olyemicleotide having a base seguence set forth in SEQ 1D NO. 29 with a subvwstitution,
deletion. insertion, or addition of 1 or several nucleosides {preterably 1 to 3 nucleotides.
more preferably 1 to 4 nucleotides. further preferably 110 3 nucleotides, furthermore
preferably | or 2 nucleotides, and particuiarly preferably I nucleotde) which can be
used for detecting the p oxidation-related enzvine gene. or an oligonucleotide having a
hase sequence which has 80% or more {preferably 85% or more. more preterably 90,
or more, and further preferably 95%, ar more) sequence similarity to the base sequence
set forth in SEQ ID NO: 29 and can be used for deteciing the p oxidarion-relared
CRZYMC Yene;

(r} an oligonucleotide having the base sequence set forth in SEQ D WO 30, an
oligonucleotide having a hase sequence sct forth in SEQ 1D NO: 30 with a substitution,
deletton. insertion. or addition of 1 or several nueleotides (preferably 1w 3 nucleotides,
more preferably 1to 3 nucleot’des, further preferabiv 1o 3 nacleotides. furthermore
preferably 1 or 2 nucleotides, und particuiarly preferably | nucleoude) which can he
used tor detecting the b oxidation-related enzyme gene. or an oligonucleotide having a
base sequence which has 30% or maore (preferahiy 85% or more. more preferabiy 90%
or nwwe. and turther preferably 93% or moere) sequence similarify w the base sequence
set torth in SEQ 1D NO- 30 an:d can be used for detecting the ¥ oxadanon-related
CNZYMIC gene:

{5} an oligonucleotide having the base sequence set torth in SEQ ID NO: 31, an
oligonucieotide having a hase sequence et forth in SEQ 1D NO: 31 wath o substitution.
deletion. insertion. or addition of U or several nucleotides (preferably 1 1o 3 nucleotides,

mare preferably 1o 4 nucleotides, furdher preferabty 1 to 3 nucleotides. farthermore
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preterably 1w 2 pucleotides, and particaturly peetevably |nocleonder winch can be
nsed fordetecting the B oxidauen-related enzvme gene, or an ohgonucicotude fisvang o
hase sequence swhisch has X or more {preterubly R8%5 or maore. more preterahiy ot
or pore, and further preterable 937 ar more) sequence similarity to the base sequence
set tarthy in SEQ D NO- 3 and can be used tor detectimg the B oxidation- related
CRZVING gene:

(11 an ohigonucleoude having the base sequenies set forth m SEQ T NOy 32 an
aligs-nuclentide having a huse sequeneye set forth i SEO 1) NOL 32wtk o subsitition,
Jeletion, fuseruon. o addittion of 1 or several nueleotides ipreferably 1 S nueleatides.
nuwe preferably | uncieetides, turther preferably @t 3 noclentides furthemiore
preterably 1 or 2 necleotndes and particehw]y preterably 1 micleande) wiich can be
usad for detecting the § oxication-related eozyme gepe. or an ehigentcteatnde bavmy o
Ause seguenee whiel has s or mare ipreferably 857 or muore, miore prefeiahly BF,
ot muve. and turther prefernbiy 937, or mored sequence simnianty b the base sequence
set jorth in SEQ D NOD 32 and can be used foradeteenng the Poxvadostiion-related
CHZYNE gone,

(uy it oligonudleotrde liiving the base sequence ser torth in SECQED NGy 33
aligenueleotide having a base sequéence set forth m SEQ (D NO' 33 with a substitution.
deleton, insertion. or addivion of 1 or several nucleotndes (preferabiv 1 to 3 nuclentides
more preterably 1 e 4 nucieondes, turther preferabiy @ to 3 nucleotides, furthermore
preferably 1 or 2 nucleonides, and pariteularty preferably T nucleande) which can be
vsed for detectmye the B8 ondiation-related enzvine gene. or an oligenucleotide having i
base sequence which has 500 or moe (preferably N3*cor mate, nere preterabiy 2oty
or e, and further preferably 935, armere) seguenee stnlianty o the hase seguenee
Aot forthoan SEO D NOY 35 and can he naed for deiecthmy the Pooadatien-tchiied
CIZMVING qehie

(¢ ahigomucleotide buvinge the base sequenve set forth i SEQ D NGy Sdan
oftrenucleatide having s base sequence set fortho on SUQ TI NO- 34 wath a substitntton,
deletion, insertion, or additten of 1 or several nucleotides (preferably 140 8 nucleotides,
mure preferably o 4 nuclecudes, further preferably 1 3 nucteondes, furthermere
preforabliy 1 oor 2 nucleondes: and permncularly preterably 1 oucleande) which can he
used for detecting the 3 oxication-related enzyme gene oran oligonucleatide ining a

huase sequence which has 39 ar more ipreferablv 887, o more, more preferahly 9oe,
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or more. and further preferably 93 or more) sequence simitanty 10 the base sequence
set forth in S1Q 1D NO: 39 and can be used for detecting the B oxidatton-related
enzyme gene;

{w) an oligonmucleoride having the base seguence set forth in SEQ D NO: 35 an
oligonueleotide having a base sequence set forth in SEQ 1D NOL 35 with a substitution.
deletion, insertion. or addition of 1 or severat nucleotides {preterably [ to S nueleatides.
more preterably 1 to 4 aucleotides, further preferably 1 to 3 nucteondes, furthermore
preferably 1 oor 2 nucleotides. and particutarly preterably | nucleotidey which can be
used for detecting the [ oxidation-related enzvine gene, or an oligonucleotide having a
base sequence which has 80% or more (preterably $3%q or more, more preferably 0%,
or more, and further preferably 95% or more) sequence similanity to the hase sequence
set forth m SFQ 1D NO: 3% andd can be used for dutecting the f$ oxidaton-related
ENZVING gene:

{x) an ohgenucieotide having the base sequence set torth in SEQ 11D NO 30, an
oligonucleotide having a base sequence set forth s SEQ 1D NO: 36 with a substitution,
delet:on, insention, or additton of T or several nucleotides (preferabty 1 o 3 nucleondes.
more preferably 1 ta 4 nueleoudes, further preferably 1o 3 nucleotides. furthermore
preterably | oor 2 nucleotides, and particularly preferably T nucleotide) which can be
ased tor detecting the } oxidation-related enzyvime gene, or an oligonucleotide having a
base sequence which has 80%: or more (preferably 85% or more, more preferably 0%
or more, and further preferably 93%% or nwore) sequence suntlarity to the base sequence
set forth in SEQ ) NO: 36 and can be used for detecting the § oxidation-related
CnZVIme gene.

{v} an nligenucleotide having the base sequence set forth in SEQ 1D NO: 37, an
oligoneleotide having a base sequence set forth in SEQ 1D NO: 37 with a substitution.
deletion, msertien. or addition ot | ar several nucleondes (preferably 1o 5 nucleotides.
mare preferably 1to 4 nuckeotides. turther preterably ©to 3 nucleotules, furthermore
preferably T or 2 nuclectides. and particularly preferably 1 nucleotide) which can be
nsed for detecting the [ oxidaton-related enzyme gene. or an oligonucleotide having a
base sequence which has X0% or more (preferably 85%% or more. more preferably L%,
or more, and further preferably Y3%q or maore) sequence similarity to the base sequence
set forth i SEQ 11D NO: 37 and can be used for dereeting the 3 oxidation-related

CHZVINC Hene,
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(z) arc oligonucleotide having the base sequence set torth in SEQ ID NOQ: 38, an
aligoaucleotde having a base segquence set forth in SEQ D NO- 38 with a substitution,
deletion, insertion, or addition of 1 or several nucleotides (preferably 1 to S nucleondes.,
more preferably 1 1o 4 nucleotides. further preferably 1 to 3 nucleotides. furthermeore
prederably 1 or 2 nucleotides. and particularly preferably 1 nucleatide) which can be
used for detecting the P oxidanen-related enzyme gene, or an oligonucicotide having a
base sequence which has R0 or more (preferably 85 or mare. more preferably 940%
or more. and further preferably 95% or more) sequence simtlority to the base segaence
sef forth in SEQ D NO: 38 and can be uged {or detecting the § oxidation-relited
enzvne gene:

{aly 1 oligonucleotide having the base sequence set forth in SEQ 1D NO: 39 an
eligonucleotide havine a hase sequence set forth in SEQ D NO: 39 with a substitution,
deletionansertion. er addition of 1 or several nucleotides {preferably | to S nucleotides.
more preferably | o 4 nucleotides, further preferably |to 3 nucleoudes, furthermuore
preferably 1 or 2 nucleotides, and particularly preferably 1 nucleotide) which can be
used for detecting the i oxadaton-related enzyme gene. or an oligonueleotide hiving a
base sequence which has ¥0% orimore (preferably 5% or more, more preferably 90%,
or more. and turther preferably 93% or more) sequence suntlarity to the base sequence
set forth in SEQ D N, 39 and can be used for detecting the 3 oxidation-related
CNZVME gene:

(b1} an oligonuelcotide having the base sequence set torth i SEQ D NOQ: 40, an
oligonucteotide having o base sequence set forth i SEQ 1D NO: 40 with a subsntunon,
delenion. msertion, or addition of T or several nucleotides (preferably 1 to S nucleotides.
waore preferably 1 te 4 nucleotides, further preferably 1 to 3 nuclenudes. furthermore
preferably 1 or 2 nueleotides. and particularly preferably 1 nucleotide) which can be
usced for detecting the F oxidation-related enzyvme gene. or an oligonucteotide having a
hase sequence which has S0%e or more (preferably 85%6 ar more, more preferably Y0
or more, and further preterably 9345 or more) sequence similarity to the base sequence
set forth in SEQ 1) NOY 40 and can be wsed for detecting the §§ oxidation-relared
enzvine gene.

fcl) an oligonucleoude having the base sequence set lorth in SEQ ID NO: 41, an
aligonucicotide having a base sequence set torth in SEQ 1D NO: 41 with a substitution,

deletion, insertion. or addition of 1 or several nucleotides (preferably | 1o 3 nuclentides,
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mure preferably 1 1o 3 nucleatides. further preferably 1 1o 3 pucleotides. furthermore
preferably |or 2 nucteotides, and particular]ly preferably | nucleotide) which can be
used tor detecting the [ oxidation-related enzynie gene, or an oligonuclentide having a
hase sequence whieh has 80% or more (preferably 85% or more, more preferably 9025
or more, and further preferahly 93%, or more) sequence sunilarity to the base sequence
set forth in SEQ ID NO: 21 and con be used tor detecting the [ oxidation-related
enzyme gene; end

(d ) an chgonucleotide having the base sequence set forth in SEQ 1) NO: 42, an
oligonucleonde having o hase sequence set forth in SEQ D NO: 42 with a substitution,
deletion, insertion, or addition of 1 or several nueleotides (preferably 1 to 5 nucleotides.
more preferably 1o 3 nucleotides, turther preferably 1 to 3 nucleotides. furthermore
preferably 1 or 2 nueleoudes, and particularly preterably 1 nucleotide) which can he
used for detecting the b oxadanon-related cazyme gene. or an oligonucleotide having a
base sequence which has 8% or more {preferably 83% or more. more preterably 90%,
or more, and further preferably 95%, or more) sequence sinularity to the base sequence
set forth in SEQ ID NQO: 42 and can be used for deteeting the f§ oxidation-related
LNZYME gene.

HINAT !

w 2 The method desenbed m the above em <71 - wherein the damp-dry malodor-
causiig substances are at least one kind of compound selected trom AMIH, 4-metiivl-3-
hexanoie acid. S-methyl-2-hexanoie acid and S-methyvl-2-hexenoie acid: preterahly
ML

ER The methoad deseribed i the above ttem < 1 or <2 wherein the sebaceous
dirt compuonent s an anteso faity acid: preferably an anteisy fatty actid having 9 o1 more
carben atoms (preferably 11 or more carben atonms, more preferably 17 or more ¢irben
atoms) and 21 or less carbon atoms (preferably 19 or less carbon atoms); more
preferably at least one kind of compound selected from -methvloctanoic acid. 8-
methyldecannic actd. [ 2-methyleradecanoe acid, 14-methylhexadecanoie acid, 16-
methvioctadecanoie 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-methvthexadecancic wcid and Te-methyloctadecano acid,
e The method deseribed m any one of the above items =1 to +:3.-, wherein the

fatty acid desaturase gene 15 at least one kind of gene selected from A%desaturase gene,

(>4
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Aldesaturase gene and Abdesaturase gene; and preferably ASdesaturase gene

R The method described in the above item <4 wherein the base sequence ot the
A9desarurase gene 1s the base sequence set forth m SEQ ID NO: I a base sequence
whic has 70% or more (preferably 80%a or more, more preferably 0%, or more. vl
more preferably 93% or more. even more preferably Y6.1% or more, even more
preferably 97% or more, and particularly preferably 9995 or more) sequence shalarity
to the base sequence set furth in SEQ D NO: 1 a base sequence set forth in SEQ D
NO: 1 with a deleuon. a substitution. an msertien, or an addition of 1w 331 bases
(preferably 1 to 234 hases, more preferably Tto FET bases, and particnlarly preferably
to 5% bases); or a complementary sequence ehereof,

gy The method described in the above item =k or <52 wherem the expression of

the AYdesaturase gene s detected by using at least one kind of ohigonueleotide pair

selected from the oligonueleotde pair containing the chizenucleotides (a) and {bj. the
ohgenucleotide pair containiny the oligonucleotides (¢) and {d), the oligonucleoude parr
contsining the oligonuclestides (e) and (£}, the oligonuclentide pair containing the
eligonucleotides (g) and thy, the olyenucleotide pair containing the oligonucieotides (1)
and (). and the ohgonucleotide patr containing the eligenucleotides tky and ().

T The method descrtbed tn any one of the above items <712+ to =3 whetein the B
oxidation-1elated enzyme gene is at least one Rind of gene selected trom fadl) gene.
fudl gene. fadB gene and fadA gene: and preferably at feast one kimd of gene selected
trom fadB gene und fadD gene,

w8 [ie method deseribed i the above trem <700 wherein the base sequence of the
fadB gene s the base sequence set torth i SEQ 1D NO» 32 @ base sequence which has
F0% o1 more (preferably 80% or more, more preferably 90% or more. still more
preferably 93% or more, even more preferably 95 2% or more. even more preferadly
07%a or more, and particularly preterably 99%) or more) sequence simitanity to the base
sequence set forth in SEQ 1D NGO S0 a base sequence set forth i SEQ ID NO: 3 with
deletion, a substitution, an fnsertion, or an additon of 1 to 647 hases {preterably 1 to
431 bases. more preferably 1 o 216 bases, and particularly preferably 1 ta 108 bases):
ar a compiementary sequence thereot.

= I'he methed described in the above item = 7o or <8+ wheretn the expression of
the tadB genc is detected by wstny at least one kind of aligonucieotide pair selected

from the olizonucleotide pair conlaining the oligonacleotides (o and (n}, the
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oligonucleotide pair containing the oligonucteotides (01 and {p). the eligonucleotide pair
containitg the oligonueleotides () and (rh and the oligonucleotide pair containing the
oligonucleotides (s and (t).

« 1 The method described in the above item <75 wherein the base sequence of the
tadl} wene 15 the base sequence set forth in SEQ D NO» 970 a base sequence which has
70% or more (preferably 80%, or more. more preferably 90%% vr more, still more
preferably 3% or more, even mwre preferably 93,475 or more, even more preterably
7% or more, and particularly preterably 99"¢ or more) sequence smulavty (o the base
sequence set forth m SEQ 11 NO: 90 a base sequence set forth in SEQ 1D NO: 9 with o
deletion, a substitation. an msertion. or an addition ot 1 to 300 bases (preterably 1 o
377 bases, more preferably | to 169 bases. and particularly preferably 1 to 84 bases); or

a complementary sequence thereot.

<11 The method described in the above item <70 or = 10, wheretn the expression
of the fadD gene is detected by using at least one kind of oligonucteatide pair selected
from the oltgonucieotide pair contamung the ohigonucleatides (w) and {(v), the
oligenucleotide pair containing the oligonucleatides (w) and (x). the oligonucleot:de
pair containing the oliganucleotides (v and (23, the oligonucleotide par contaning the
oligenueleottdes (i) and (b1). and the oligonucleotide patr containing e
oligenmueleotides (¢) and (d1y

=12+ The method described in any one of the above items < 1= to = 11 = wherein the
microorganisms are at least one kind of microbtal stratu selected frony species of

Moraxella sp. and Moraxella osloensis.

w13%  The method desertbed in the above stem < 120 wherein the Moraxella sp. are
mrcroorganisms having 168 rRNA gene in which the base sequence of the 165 IRNA
has a sequence sundarity of 95% or more (preferably 97% o1 more, further preferably
0Ky or more, furthermare preferably 99% or more. and parnicelarty preferably 99.2%; or
meire) with the base sequence of SEQ 1D NG 43 or 44, or microorgamisms which have
168 fRNA gene having # base sequence set forth in SEQ ID NO: 43 or dd with a
defetion, substitution. insertion, or addition of [ to 75 bases (preterably 110 45 bases.
more preferably [ to 30 bases. and finther preferably 1o 18 bases).

14 The method described in any one of the above ems <1 to < 13+, wherein the
micrinrganisms and the test substance are added to o fabrie product to which the

sehaceous dirt component is clung, to bring the mictourganisms and the test substanee
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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 c¢m 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/em? or less.
<17> The method described in any one of the above items <14> to <|6>, 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 [} 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 1s 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 (¢) 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 (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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oligemueleotide pair containing the ohgonucleotides (q) and (r} described above, un
oligonucleotide pair contaming the oligonucieetides (s) and t1) dexscribegd above. an
oligonueleattde pair contaming the oligonucleotides (0) and (v desertbes] abave, an
ohigonucleotide pair containing the ohigonucleotides (w) and {x ) described above. an
oligenueleatide pair contaming the oligonucleoitdes (vY and (z) deseribed above. an
oltgenucleatide pair contuining the aligonueleotides (al) and (b1} described above, und
an vligonueleotide pair containmy the oligonueleotides (el and (d1y deseribed above,
0070

<205 The method deseribed in the above tlem < [9:, wheremn the damp-dry madodor-
causing substuances are at least one kind of compound selected trom 4M3H, 4-methyl-3-
hexanoe acid, S-miethyl-2-hexanoie acid and 3-methvl-2-hexeneie actd; preferably
4063

<21+ The methed deseribed in the above ttem <19 or <200, wherein the fatty acid

desaturase gene 1s af least one Kind of vene selected from Avdesaturase sene.
= = —_— o

Abdesaturase gene and Afdesaturase gene: and prederably AYdesaturase gene.

¥

:22%  'The method described m the above item <21 wherein the hase sequence ot

the AY9desaturase gene is the base sequence set forth in SEQ [1) NO: 1 a base sequence
which has 70% or more (preterably 0% or more. more preferahly 90% or more, sl
tmore preferably 95% or more, even more prefetably 96.1% or more, even meore
preferably 97% or more. and particularly preterably 99t or more) sequence similarity
to the base sequence set forth in SEQ 1D NO: 11 a base sequence set forth in SEQ D
NEO: T with a delenion, a substitution, an insertion. or an additon of 1 to 351 bases
{preterably 1 to 234 bases, more preferably 1 to 117 bases, and particularly preferably 1
to 59 bases): or a complementary sequence thereot

223 The method deseribed in the above item <721 or <227 wherem a fragment of
the A%desaturase vene 1s amphiied by using at least one kiid of oligonucleotide pair
selected from the eligonucleotide pair containing the oligonucleotides (a) and (b}, the
oligonucleotide pair containmg the oligonueleotides (¢) and (d). the oligonueleottde pair
coniaining the oligenucleotides (¢) and (0. the aligonucleotide pair containing the
uhgonueieotides (g and thy the ofiponucleotide puir commaining the oligonuclentides (1)
and i)}, and the ohigonucleotide pair containing the oligonucleotides (k) and (1).

<24 The method desceribed in the above item <192 or <200, wherein the {3

oxidation-related enzyme gene wat least one kind of gene selected from fadb ene,
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Bdl pone. fad 3 eene wund fad vene: and preferably at L2ast e kind ot gene selected
traun tidB gene and tadD gene
25 The methad deseribed in the above ttem 24 whesean the buse sequence of
the 1edB gene is the base sequence set forth in SEQ 1D NO- S abase sequetuce which
3 hux I ar maore (preterably SO or more. more preterably 0%, or moere, sull imore
preferably 257 ar more, even more preferably 935.2% or more. even more preteribl v
Y7oy mere, and particularly sreferably Q0% or more) sequence simiatarity 1o the base
sequence fet Torth i SEO D NOC S base sequenee <ot forth i SEQ D NOL S with a
deletion, a subsgtution, aninsertion, or an adidition of 1 1o 647 Iuses (pretaizbly | o
PO 4T bases. more preferabby 1o 2176 bases, and particulic Iv pretetabiy 1o 10X bases).
o complementary sequence thereot
26 Tke method desertbed in the ghoveatem 248w 25 Owherems a irasnent ot
the tedB vene iy amplitied by using at keast one kind of oligonocleotnde par selected
trom fhie olivonucieotide par contaimng the oligonueleandes (my and iny the
I3 ehigonuelestude par containimg the olizonucleotides (o and ip) the ohyenucleotide pair
contminy the nhigonucleondes (g) and (1), and the oligenucteonde patr contwnmeg the
oligonueleatides (s) and ¢6).
<27 The method deseribed in the above ttem <24 wherein the bise sequence of
the fadl) wene is the base sequence set forth an SEQ D NO: 92 base seguence swhich
e hay T o more (preferably K% or more, more preferably Q0% or nuae, still mere
preferably 43, or more. even more preferably 95 4% o more, even muste preferabiy
97V o more, and particulianly preferably 9%, o more) woguence smnhoiny o the base
seggiedice set Togth in SEO D NOK Oy base sequence ~e torth in SEQ D NO: 9 sath a
duienon, @ substitation, anmsernon. or an addifton of 1o SO Sases pretenihiv B
25 T T hases. more preterabiy T te 169 bases, and partivulanly preferabiv 1o sd hases), or
averplemenin v seguence thereof.
N [ he metiod deseribed inthe ahove item 224 - or 227 0 wherem a traement of
the fadD pene s amphficd by using at Jeast ene kind of dhigonucieotide par seleced
teom the eligoneeleatide paie comtaining the aligonuelectides (u) amd (v il the
A aligonucleastide pair contaung the oliganucleotides {w) and 1x). the oliganucleotide
pay contating the vlizonucleotides (v) and €21, the ohigonucicotide pair contaiming the
oltgonucleotides tald and (b1 ) aud the oligonueleotide past containine the

cligonucleatides (e Dyand td .
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29 FPhe method desertbed inany ene of the above items <19 to <28 wherein the
microorganisms are at least one Kind of microbial stran selected from species ot

Moraxella sp. and Moraxells ostoensis

<« 3. The method desentbed in the above ttem <29 wherein the Moraxella sp are
5 micrporganisms having 165 rRNA gene in which the base segoence ot the 1685 f(RNA

has & sequence shivlarity 0} 9594 or more (preterably 97% or more, further preferubly
0N or more, further preferahly Y9%s or moe, and particulardy preterably 99.2% or
more} with the base sequence of SEQ 11D NO: 43 or 34: or microorganisims which have
168 TRNA gene having a base sequence set forth i SEQ D NO: 43 or 33 with a

10 deletion, substitufion. sertion, or addition of 1 to 75 bases (preterably 1 to 45 bases,
more preferably 1 to 30 bases, and further preferably 1 1o 15 basex),
oz
<31 An oligonucleotide selected from the above-described oligonucteotides (i to
(73 atul {al ) to (31 or an obgonuclentide pair selected itom o pair of the abaove-

1S deseribed oligenucleotides () and (b), a pair of the above-deseribed oligonucleotides
{1 and (d), a patr of the above-desenbed ohgzonucieotides (¢) and (), a pair of the
above-desenbed oligonucieotides (g) and (h), a pair of the above-deseribed
oligunucleotides (11 and 1), a pair of the above-deseribed vitzonueleotides (k) and (1), 4
pair of the sbove-described oligonucleotides tmi and (n). a pair of the above-desernbed

200 oligeaucieotides (o and {p), a pair of the above-described ohigonuclestides () and (1), a
pair of the sbove-described obigonucieotides (s and (1), a pair of the above-described
alizonticleotides (w) and (v), a pair of the ubove-described oligonucleotides (w) and (x).
a pair of the above-described oligonucleotides (v) and (7). o pair of the above-descrtbed

ohzomicieottdes {al yand (b1}, and a pair of the above-deseribed oligenucteotides (¢1)

|4
A

and (d1).
W2t
- 32 The oligomuclentide or the oligonuelentide pair deseribed in the above item

=3 e wheremn the oligonucleotide 8 a nuclete acid primer.

Fe

=33 The oligonucleonde or oligonucieotide pair described in the above iten = 320,
W wherein the oligonuclvoudes (a) and (b). the oligonucleotides (¢) and (d). the
oligonucleotides (o) and (1. the aligonueleotides (21 and {hi. the ohgonucleotides (1)

and 7). and the eligonueleatides (k) and (1) can function as nueleic aeid primers for

detecting expression of the fatty actd desaturase gene derived from microurganisns
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which produce damp-dry mzlodor-causing substances or for amplifying a gene fragment
thereot by pelvmerase chatn reacuon (PCR)

«3 The olreonucleotide or the oligonucleatide pair described in the above item
<33 wherein the fatty acid desaturase gene 1s AYdesaturase gene.

«33=  The oligonncleotide or the cligonucleotide pawr described i the above stem
<33 wherein the hase sequence of the A9desaturase wenc s the base sequence set torth
m SEQ ID NGO 14 base sequence which has 7% or more (preferably 80%, o1 mire,
mare preferably A0 or more, stilt more preferably 93% or more, even more preferably
96. 1'% or more, even mere preferably 97% or more, and particularly preferably 94975, or
more) sequence similanty to the baze sequence set forth in SEQ D NO: 1 a base
sequence set forth in SLQ D NG 1 with a deletion, a substitution., an insertion. o1 an
addition of 1 to 3531 bases (preferably | to 234 haxes, more preferably 1o 117 bases.
and particutarly preferably 1 1o 39 bases): or a complementary sequence thereot,

«3hx  [he aligonueleotide or oligonucleotide pair desertbed in the above item <327,
wheretn the oligonucleeitdes {m) and (n), the obrgenucleotides (o) and (p). the
oligenucieotides () and (r). and the oligenucleotides t3) and tf) can function as nucleice
acid primers for detecting expressiom of the ¥ oxsdation-refated enzyvime gene derived
from microorganisims which produce damp-dry malodor-causing substances or for
amplifving 2 gene tragment thereot by palvierase cham reacton (PCR).

<37+ The ohigonueleotide or the ohigonucleotide pair described 10 the above item
<360, wherein the B oxidation-retated enzyme zene 1s fadB gene.

<38 The obgenueleotide or the oligonucleonde pair desceribed w the ahove item

« 37 wherein the base sequence of the fadB gene is the base sequence set forth in SEQ
D NO: 55 a base sequence whiel has 704 or more (preferably 0% or more. more
preferably 0%, or more. still inore preferably 95% or more. even more preferably
0582% ar mare, even more preferably 9776 of more. and parttcularly preferably 99%; or
more) sequence stmfanty e the base sequence set forth in SEQ 1D NO: S:a base
sequenee set torth i SEQ ID NG S with a defetion, a substitution, asn insertion. or an
addition of 1 to 647 bases (preterably 1 to 421 bases. more preterably [ to 216 bases,
and particular]ly preferably 1 to FNON bases): or a compltementary sequence thereot.
=3 The oligenucteotide ar oligonucicotide patr deseribed i the above ttem - 325,
wherein the aligonucleotides (uy and (v the oligonucleotides (w and (x). the

oligomucleatides (v) und (), the oligonueleotides taly and thl). and the olizomicieotides
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{clyand (dl) can function as nucleic acid primers for detecting expression of the i
oxidation-related enzyme gene derived from microorganisms which produce damp-dry
maledor-causing <ubstances or for amphiving a gene fragment thercot by pelymerase
chair reaction (PCR}).

<)o The oligonucleotide or the ehgonucleotide patr desenbed In the above item
=39 wherein the {3 oxidation-related enzyme geoe is fadb gene.

<41 The eligonueleotide or the oligonucleatide pair deseribed in the above item
=0 wheretn the base sequence of the [adl) gene 1s the hase sequence set forth in SEQ
D NO: 91 a base sequenve which has 70%; or more tpreferably 30% or more, mote
preferably 90% or more. still more preferably 95% or nwre, even more preterably

93 4%y or more, even more preserably 972 or more, and particularly preterably 9994 or
more) sequence similanty to the hase sequence set torth in SEQ ID NO: 9; a hase
sequence set torth in SEQ 1D NO: 9 with a deletion, a suhstitution. an insertion, or an
addition of 1 to 300 hases (preserably 1ot 377 hases, more preferably 1 to 169 bases,
andd parrscularly preterably 1o 84 bases): or a complementary sequence thereotf,

=42»  Use of the eligonucleotide paw containing any one of the elgenucleotides {a)
and th). the eligonuclemides (¢) and (d). the ohgonucleotides {€) and (), the
oligenucleotides () and (I, the oligonucleotides (13 and (1), and the ligonucleondes
(kyand (11 as nuckete acid primers for defecting expression of the fatty acid desaturase
gene denved from microorganisms which produce damp-dry malodor-causing
suhstances or for amphifving a gene fragment thereof.

<43 Use of the ohigonucleotide pair contatning any one of the nhgonucteotides (a)
and (h). the oligonucleotides (¢ and td), the ohgonucleotides te) and (1. the
oltgemucleotides (g1 and th), the ohigonueleotides (1) and (1), and the oligonucleotides
tky and (D 1 the manufacture of nucleic acid primers tor detectmy expression of the
tatty acid desawrase gene dertved froan microorganisms which produce damp-dry
malodor-causing substances or for amplifyving a gene fragment theredd,

<44 Amethod of asing the oligonucleotide pair containing any one of the
oligimucleotides (a} and {by. the oligonueleotides (¢} and (). the oligonucleotides (¢)
and (£, the vhgonucleatides (¢ and (h), the oligonucleotides (1) and (7). and the
aligonucleotides (k) and (1) as nucleic acid primers for detecting expression of the fatty
actd desatarase gene dertved from microorganisis which produce damp-dry maledor-

causing substances or for amplifving a gene fragment thereot,
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437 The use or methad described in any one of the shove items <42 to ~ 44
wherein the fatty acid desaturase gene is Avdesaturase gonc.

<46 The use or method described in the above iem <432 wherein the base
sequence of the A%desiaturase gene 18 the base sequence set forth in SEQ ID NO: 1«
base sequence which has 70% or more (preferably 8% or more. more preferably 90,
or more, still more preferably 958% or more, even more preferably 96.1% or more, even
niore preferably 97% or more, and particularly preterabty 9996 ar more} sequence
stmilanity o the base sequence set forth i SEQ 1D NO: 1: a base sequence set forth in
SEQ 1D NO: 1 with a deletion, a substitution. an inserticn, or an addition of 1 to 351
hases (preferably | to 234 bases, more preferably [ to 117 bases, and particularly
preferably 1 1o 39 bases): or a complementary sequence thereof.

<47 ke of the oligonucleatide pair containing any one of the oligenucleotides ()
and (nh the eligonucleotides (0} and (p) the oligonuelectides (g) and (r). and the
oligemucleotides (=) and (8 as aucleie acid pritmers for detecting expression of the B
oxidanon-related enzyme gene denved from microorganisms which produce damp-dry
malodor-causing substances or for wiaplifving a gene fragnnent thereof

<48 Use of the oligonucleatide pair contaming any one ot the oligosucieotides ()
and (n}, the oligonucleotides (o) and (ph the oligomuciectides () and (r). and the
oltgunucleoudes (51 and (t) i the manutacture of nucleie acid primers tor detecting
expression of ihe f§ oxidation-related enzvme gene derived from microorganisms which
produce damp-dry malodor-causing substances ot for amplhifving a gene tragment
thereot.

<49z A method of using the oligenueleotide pair containing any one of the
oligonueleotides (my and (n). the eligonucleotides (o} and (p). the oligonucleotides (q)
and (r), and the oligonucleatides (s} and (t) as nuelere acid primers for detecting
expression of the [ oxidation-related enzyme gene derived trom microorganisms which
produce damp-dry maloder-causing substances or for amplifving a gene fragment
thereot.

<5 The use or method deseribed in any oue of the above items » 470 1o <49
wherein the B oxadison-related enzyme gene ts fadB gene.

=A1x The ase or method deserhed in the above item <300 wherein the hase
sequence of the fadB3 gene s the hase sequence set forth i SEQ 1D NO: 5; a base

sequence which has 0%, or more (preterably 80% ar mere, more preferably 90%; op
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more, still more preferably 953%, or nrore, even more preferably 95.2% or more, even
more preferably 97% or more. and particularly preferably 99%4 or more) sequence
similarity 1o the base sequence set forth in SEQ 1D NO: 52 a base sequence set forth in
SEQ ID NO: 3 wiath a deletion, a substutution. an inserticn, or an addition of 1 to 647
5 bascs tpreferably 1 to 421 bases. more preferably 1 to 216 bases, and particutarly
praferabiy 110 108 bagesh or ¢ complementary sequence thereof,
<52 Use of the oligonucleatide pair contating anv one ot the aligenucleotides (u)
and (v). the oligonuctentides (w) and (x). the oligonuclentides (v) and {z). the
vhigenucleotides (al p and (b1). and the oligonucleotides ¢ely and {di as nucleic acid
10 primers for detecting expressicn of the [} oxidation-related enzyvme gene denived from
microorganisms which produce danip-dry malodor-causing substances or for amplifving
a gence fragment thereof,
< 33> Use of the ohigonucleotide pair containing any one of the oligonuelectides (u)

and (v, the oligonueleotides fw) and (X the ohizonucleotides (v) and (7). the

L.

oligonucleotdes (al) and (b1). and the vhigonucteotides (o) and (d1) in the

manufacture of nuelete acid pruners for detecting expression of the } nxidation-related

enzyaie gene derved from microorganisms which produce damp-dry malodor-causing

substances or for ampiifying a pene fragment thereot,

<54 A method of using the oligonueleatide patr conzaining any one of the

200 oligemucleotides (uy and (v), the oligonucleatides (w) and (x), the olivomicleotides (v)
and (z). the ohgonucleotides (:1) and (b1, and the oligonucteotides (¢ 1) and (d1) ax
nucleie acid primers for detect:ng expression of the 3 oxidation-reliated enzyvme gene
derived fromi microerganisms which produce damp-dry malodor-causing substances or
for wnplifving a gene fragment thereof

25 =A858» 0 The use o method deseribed m any one of the above items <320 to =340,
wheremn the b oxidation-related enzyme gene 1s fadb) gene.
<36=  The use or method desenbed ay the above iten <352 wherein the base
sequence of the 1fadl) gene s the base sequence set torth in SEQ D NO: 9; a base
sequence which has 70%, ar more (preferably 80% or more. more preterably 90%, or

W more, sull more preterably 95% or more, even more preferably Q307 or mare. even

more preferably Y7% or more, and particularlv preferably 995 or more) sequence

similarity to the base sequence set forth in SEQ 1D NO: 92 a base sequence set forth in

SLQ I NO: 9 with a deletion, a substitution. an insertion, or an addition of ] to 506
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bases (preferably | 377 hesess mote preferably 1o 169 bases, and partreslarty
preferubly ) o 84 bases . or g complementary sequence iherent,
HIOTAY

=37 A kufar evaluating inhibitory etfect on damp-dry matodor or i Kit for

P

sereening of a damp-dey maledor inhibitor, eontaining microorganisms which produce
dinmp-dry netleador-vausiny substances, 3 sebaceous dirt component. and the
abgonucleonde or the alizorucleotide pair described in any one ot the aboy ¢ items
St 41 -

SN A Kt hor detecting miereorganisms which produce disap-diy malodaor-cunsing
I suistances, contatmng at least one kind of sligonuclectde or eligonucieontde pair

descrhedan any one of the shove stems 315 o747 -

FXAMPLES
AL
[ [lereinarter. tie present invention will be described more e deta? with
reterence o Examples: but it should be maderstond that the echnolowcal <cope of the
prese inventon 1s not particularly limited by the tollowing Examples.
NS
Proadiction Example
2 P4 -MethvThexadecanoie acid was synthesized by a twosstep reaction sueli is
deseribad below .i\.'u_‘l'dillg o - N-2009-1:49346,
Step G
1Y g6 o mun] ot l.‘.'-d-odec:'nwludc and 24 3 2 (Me 0 mmell | 6

cquivaluntsy af 327 thdrogen bronmdestacenic ackd) solunien wete inttoduced into a

s
54

[tk nb cutecinve protected with Tetton aegistered wadematsisand the antoclave was
purgad weth nitrogen and then sealed. The content i the autochay e was sGrred with a
ehaunietie surrer for 1o hoars by usimg anoonl bathog o07C \ier caoling the pasrare,
Hml ofwter wis iwdded thereto, and the mustare wes manstersed ioto g sepaniory
funui by uang 200 ml or ot hexane, The mixture wis washed swith jon exchanged
A warer dried over nugnesium sulfate, fiitered. and civstallized trom n-hesane, Thas.
T4 ¢ taeld: 86%a) of 12-bromododecanoic acid was obtained

Step i)

Nubsequently. iy 1 "00-mL four-necked fusk equipped s ith a retlusang cooling
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fube. a SU-mL separatory funnel. o magnetic strrer. and a emperitare sensor, 3.0 ¢
(17,9 mmol) of 1 2-bromododecanore acid and 28,2 mp (11006 eq) of triphenylphosphine
(manutacured by Kanto Chernical Co., Inc.} were introduced. and the misture was
dried under reduced pressure.  In an argon atmosphere. 77,1 mg (0.03 equivalienis) ot
coppercl) bramide (manufactured by Sigma-Aldrich Copand [0 ml ot anhydrous
tetralivdrofuran were added chereto, 39,5 mb (2 cquivalents, 1.36N tetrabvdrofuran
solutton) of 2-methyiburyimagnesium bromide was added dropwise thereto over one
hour al room temperatire. The mixture was sttreed for one hour, and then S0 ml of a
IN aiqueons saelution of hydrochloric acid was added to the mixture. and the mixture
was extracted two times with [0 mi. ofhiexane.  The extract was washed two trnes
with 30 mb. nf ion-exchanged water, and then was dried over magnesium sultate.  The
resuftant was filtered and concentrated under reduced pressure. and 3.9 g of a crude
product was obtained.

The crude proeduct was gquantitatively determined by gas chromatography
{column: manufactured by Agilent Technologivs, [ue.. trade name: Ultra-2, 30 m s 0.2
mm < .33 i, DETA00C INJ20OCL celuinn temperziture: 10070 3 200,

HO°C mind usimg octadecane as an nternal standard.  As a vesalt, the vield was found
to be 79%,.

[n this mangner. [4-methyihexadecanoie acid was obtained from 12-
dodecanolide at a total vield ol 68%. The purtty was 98%a
HIOZH !

[6-Methvlnetadecanoie acid was synthesized by the same operation, except
that m the step (a) of the svathesis process for 14-methvlhexadecanoie acid described
above, 12-dodecanohide was changed to 1 5-pentadedecanelide, and in the siep (b, 2-
methvibutvimagnesium bromide was changed to sec-hbutvlmagnesium bromide.  Thus,
to-methyloctadecanoe seid wus obtained from 1 S-pentadodecunohde at a wrag viekd of
84%%  The purity was 95%,

T

Hi)7

1

Test Exampte: Change i expression ot ABdesaturase gene, fadB gene and fadl) gene in
the presence of sebhaccous dirt component

One platinum loop of precultured Moraxelia sp. KMC3-1 was moculated into 4
m{ SCD hauid mediem (manufactured by NIHON PHARMACEUTICAL COLLTD)

and cultured tor 24 hours at 2539C while shaking (1660 pin) o the cell liquid cultured
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for 24 hours, 10 mg of 16-methvioctadecanoic 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).

using Dnase I (manufactured by Takara Bio Inc.), RNA concentration was adjusted to

DNase was removed from the extracted RNA

20 ng/L, and reverse transcription was performed by using Supersprictlll (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 cgetgtgecatatgtttggt

des RI SEQID NO: 14 | tgecaccatitgacgecat
des F2 SEQIDNO:15 | patggtopgteatattgcaggta |
des R2 | SEQIDNO:16 | atcggtataaggacgggtaccaa
des F3 I SEQIDNO:17 | cecgtecttataccgataccaac

[ des R3 SEQ IDNO: 18| ceattitaccccattgegatagt
des F4 SEQIDNO:19 | acccgtectiataccgataccaa
des R4 SEQID NO: 20 | ceatfttaccccattgegatagt
des F3 SEQIDNO:21 | gatggtgggteatattgcageta
des RS SEQID NO:22 | cggtataaggacgggtaccaaac
des F6 SEQ ID NO: 23 tattt tgcaggac
des R6 SEQ ID NO:24 | pettggatagtitigagcatee
{0081}

Based on the base sequence of the } oxidation-related enzyme gene, the fadB

gene set forth in SEQ ID NO: 5, and the base sequence of the  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:



10

15

WO 2013/180302 PCTAIP2013/065306

66

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 | SEQIDNO: | Base sequence

fadB_F6 SEQIDNQ: 25 | 1ganacggttcpctptitagang

| fadB_R6 _[ SEQ ID NO: 26 L_gaatcalttgtg__gggcttcatag
fadB_F7 1 SEQ ID NO: 27 | cgactwaggnagcamﬂl;‘
fadB R7 SFQ IDNO: 28 | catcaagtaagcaggacceattg |
fadB I8 | SEQ IDNO: 29 | cttangeegtatecgteetacy
fadB RS ;?EQ IDNO: 20 | ggegetetagtaccgaagetaag
fadB F9 | SEQ ID NO: 31 | cattcaaccgittigaagacctg
fadE RY IE:QJD NO:32 | gataccgatgatacgtggeaaac
fadD _F1 ! SEQ ID NO: 33 | cacaticcegettiaacagatca
fadD R1 SEQ ID NO: 34 | tgegacgttatccacttctitgt

fadD F2 | SEQID NO: 35 | cacattccegcetitaacagatca
fadD R2 | SEQ ID NO: 36 cgacgttatecactictit
fadl} F3 _}_SEQ ID NO* 37 | accageastatggagegagetat
fadD R3 ‘ SEQIDNO: 38 | attaggcageatgatagcgacac |
fadD) F4 ; SEQ ID NO: 39 | cgecttaccaaattgaccaaaag
fadD R4 | SEQIDNO:40 | cpptptattggatanaggeaaca |
fadD F5 SEQ ID NO: 41 | cgagaatteaccageaatatgga
fad} RS SEQIDNO: 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
oligenucleotide 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 sterilz water, 25 L 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
oligenucleotide hayving 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 deseribed in Tables ¥ and 10 was used.
HOONS !

The reaction solutions for real time PCR each were subjected w a gene
amphfication by using an automatic gene amplification thermal eyeler DICE Read time
syafem 1 (manutactured by Takara Bio Inc ) and then the expression amount ot cach of
the fitty actd desaturase gene (e Abdesaturase geney and the [ oxidaton-relating
enzvine genes (the fadB gene and the fidl gene) was measured.  PCR reaction
condittons were 40 cyveles of (1) a thermal denaturation reaction at 957C for 20 seconds,
and (1) an anacaling reaclion snd an elongation reaction at 607(" for 30 seconds.

I08AH:

For all primer sets tested, the change in gene expression amoeunt when added
with a sebaceous dirt component based on gene expression amount when not added with
any schaceous dirt component wax calculated using 165 rRNA pene expression as an
mternal standard. A sample. in which the gene expression amount was at Jeast two
times the reference vatue, was rated as A7 a sample. i which the gene expression
amount was at teast 172 tmes and less than two times the reference salue, was rated as
B and @ sample. in which the gene expression amount was less than 12 times the
reference value, was rated as *C70 The results are shown in Tables 9 and 10
D087

Further, the microbial cells obtained after culure were centrifuged (SOD0x g, 10
rvnutes), the supernatant was removed. and then the miacrobial cells were suspended in
3 ml. of physiological saline.  The suspension was centrifuged again (S000vg. 10
minutes), subsequently the supernatant was removed. and @ micrebial suspension was
prepared by using physiotogieal saline such that the Ol would be 1.0,

On a plain-woven cotton fabric which had been cut to a sguare having a size of
T em s 2o, a solutdon preparsd by dissolving .5 mgr of Vo-methyvloctodecanoic acid
that had becn synthesized m the above production exampie in (.1 mL of methano, was
applied. aud thercafter. methanol was dried to solid.

(1 mi. each of the vanoas microbual suspensions deseribed above was
noculated into the plain-woven cotton fabric deseribed above, and the samples were left
to stand still under hunsidified conditions ai 37°C tor 24 hours,  Sensory test of damp-
dry malodor was performoed 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

10

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 1().

{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 3
Change in
gene expression A A A A , A A
amount | 4
{0089}
Table 10
Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse primer)
SEQID | SEQID | SEQID | SEQID | SEQID
NO:25 | NO:27 NO: 29 NO: 31 NO: 33
SEQID | SEQID | SEQID | SEQID | SEQID
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 |

Table 10 (continued)

Combination of oligenucleotides
{Upper row: Forward primer,
Lower row: Reverse primer) i
SEQ ID \ 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 | l

{0090)
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From the results shown in Tables 9 and H), it was {foud that, i all primer sets
tor the A9desatirase gene, the fadB gene. and the fadl) vene, cach gene expression
amount in a cloth having very strong damp-dry malodor mereased by at least 2 times
when a sehaceous dirt component was added compared to a case in which ne sebaceous
dirt component was added.  Those results indicate that expression of cach gene
inchuding the A9desatrase gene, the fadB gene and the fadD) gene s involved with
production of the damp-dry malodor-causing substances.  Thus, by evaluating a
chimge in gene expression amount ot the AYdesaturase gene., the {adB gence and the
fadD gene. it 18 possible to perform evaluanen of inhibitory etfect on damp-dey mutdodor
and sereening of a damp-dry malodor inhibttor,

IO
Example I: Determunation of change i expression of Avdesaturase gene. tadB gene and

fadl) gene. growth-mbibitory and bactericidal etfect. iy the presence of test substance

The substmess (1) o {7) described below each were added to 4 il SCD hgusd
meditm (manutaciured by NIHON PHARMACEUTICAL COL1ID). Asa control, a
medium system not added with any (est substance was also prepared  To these
medinm. one platinum loop of precultured Moraxella sp, KMC4-1 was inocudated and
cultured for 24 hours at 23 € while shaking (160 rpmy).

1o the coll iquid cultured for 24 hours. H) my of 16-methvloctadecanoic acid
was added as a sebaceons dirt component.  After culturing agam tor 6 hours at 254C,
the cells were collected. Ay a condrol, a svstem not added with a sebaceouy dirt
component was alse cultured and cells were collected therefrom.

U RE
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Substance (2)
(0]

/\/\/\/\/I?\H o

Substance (1)

Substance (3) Substance (4)
Q
HN/ 0
OH
o
Substance (5) Substance (6) Peptone
(obtained from Becton, Dickinson and Company)
HO  OHO
0= Substance (7) Sterile distilled water
HO OH
{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 puL 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 uL 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.
10094}

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 § oxidation-relating
enzyme genes (the fadB gene and the fadD gene) was measured. PCR reaction
conditions were 40 cycles of (1) 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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10097}
Table 11 Change in the expressmn amount of AY%desaturase gene
Combination of oligonucleotides
{Upper row: Forward primer,
Lower row: Reverse pnmer)
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 DO 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 G (% e
Substance (4) S00ppm C B C 5 C &
Substance (5) 100ppm C | e C C C C
Substance (6) 100ppm il S C C C i
Sterile distilled water ol C o N &
{0098}
Table 12 Change in the ex 10n amount of fadB gene
Combination of oligonucleotides
(Upper row: Forward primer,
Lower row: Reverse gn»ner)
Test substance SEQID | SEQ ID ( SEQID | SEQID
NOQ: 25 ‘ NO:27 | NO:29 NO: 31
SEQID | SEQID | SEQID | SEQID
NO:26 | NO:28 | NO:30 | NO:32
Substance (1) 10ppm & T 8 C C
Substance (2) 100ppm A | A A A
‘Substance (3) 100ppm A | A A B
| Substance (4) 500ppm A=) A A A
Substance (5) 100ppm e [V, C C
Substance (6) 100ppm T T i C I
Sterile distilled water C C £ 2

{0099}

Table 13 Change in the expression amount of fadD gene

! Combination of oligonucleotides

(Upper row: Forward primer,
Lower row: Reverse primer)
Test substance SEQID SEQ ID
NO: 35 NO: 41
SEQ ID SEQ ID
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 k= C
Substance (6) 100ppm < C
Sterile distilled water C C

10100}

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

0101

Moraxella sp. KMO3-1 was mocutated as a test microbe onto SCD-LP aga
medium (manttactured by Wako Pure Chemical Industries. Lado and cuftured for [ to 2
weeks at reont remperature to give a pre-culre plare. Colony surfiace was seraped off
trom the pre-culture pliste, suspended in 3 mil . of physiofogical subine, and OD.y was
adiusted 1o 1.0 (about 10" CFU'ml),

A cotton jersey ¢lota obtained 1n g constant state after sterilization and dryving
at 25°C J0%RH (cotton persey manufactured by Shikiseusha COLL LTDL without silket
finishy was cut to a square of 2 ¢m - 2 em. o the cloth, @ solution prepured by
dissciving 6.3 mg of [4-methvthexadecanoic acid, as a sebhaceous ditt component, in (4]
mil. methanol, was applied.  Then, methanod was dried w solid. to give a moded
cxamnation cloth,

Methanol sofution was prepared tor each test substance and applied at 20°C on
the madel examination cloth such that applied amount of cach test substance was 10 ¢
per aram of the model examination cloth. It was thea dried for 2 hours at room
temperatare to dry rcthanel.  Thereafter, 0.1 mL of the microbe suspension was
coated onto the medel examenation cloth, and cultured for 24 hours in a petri dish using
an incubator at 37°C with relative humidity of 70%. to obtain a mucrobe-fixed cloth.
02

[he sensory fest of the model examination cloth was evaluated by i
professional panel who can distinguish ditferent subjects based on the damp-dry
malcdor. A sample, i which anoinhibnory etfect on damp-dry matodor wis confirmed.
wiss suted as AT a sample, in whiehon was difficudt to determine the inhibitory eftect
o damp-dry malodor or a weak inhibitory etiect on damp-dry malodor was contirmed,
wis rated as "Band @ sampte, iy which no inhubtory etfect on damp-dry malodor was
cintirmed, was rated ax C7 The results are shoven in Tuble 14,

0103
Iarther, the model exammation cloth wus analyzed by wsing 1C-FiL (ligquid

chromatography apparatus: tHNTACHLEDITE TaChrom trade name. nuasnutictured by
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Hitachi, Ltd.), column: Lichrosphere 100 RP-§(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 4AM3H 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,

10104}
Table 14
Temiee | S oot | Tote ety

Substance (1) 10ppm A 100%
Substance (2) 100ppm A 100%
Substance (3) 100ppm A S1%
Substance (4) 500ppm A 81%
Substance (5) 100ppm C 0%
Substance (6) 100ppm B 0%

Sterile distilled water C o 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 prodection of the damp-dry
malodor-causing substances, the production of damp-dry malodor-causing substances
such as AMAH is prevented and thus an occurrence of a demp-dry malodor is suppressed.
Based vn the results shown above. 1t can be said that the expression of the fatty
S avad desaturase gene andior the B oxidation-related enzyme gene of the microorzanisms
which produce damp-dry malodor-causing substances is related to an oceurrence of a
damp-dry matodot,
Next, growth-inlubitory and a hactericidal etfect of the substances (1) w {7}
agamst the microurgamsms which praduce damp-dry malodor-causing substances were
10 determined
0106}
{Growth-inhibitory)
To 4l of SCD hqud medium (manufactured by NIHON
PHARMACEUTICAL CO.. LID3. the substances (1) to (7Y cach were added so as to be
15 the final concentration deseribed in Table 150 As a control, o medinm sysiem not
added wath any test substance was also prepared. Fo the medium, the precubured
Morsxeiia sp. KMC4-1 was oculated 50 s o be the initial concentration of 14
CFUmL and cultared for 24 hours at 35°C while shaking (160 rpry. Afior that it was
subjected to serial dilution using 1P dilution solution (NIHHON PHARMACEUTICAL
20 COLLTDY. Then, by using SCD-LP agar medrum (NIHON PHARMACEUTICAL
COL LTD). the mmber of bacterta temained alive was determined.
W07
{Bacterteidal test)
To 5 mL of a teat solution in which the substances (1) to {7) each were added
23 sooasto be the tinal concentration deseribed 1n Table 15, the preculured Moraxella sp.
KMC4-1 was inocuiated so as to be the concentration of 10" CFUmL and cultured for 2
hours at 23°C while shaking (160 1pm). Atter that, it was subjected to senal ditution
using LP dilution sclution (NIHON PHARMACEUTICAL COL LTDY. Then, by
using SCD-LP agar medium (NIHON PHARMACEUFICAL CO. LTD). the number of
A haeteria venvined aiive was derermined.
OIS
As tor the growth-inhibitery 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
log!l 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
T'est substance Growth-inhibitory effect | Bactericidal effect

Substance (1) 10ppm C C
Substance (2) 100ppm B(log2) C
Substance (3) 100ppm i C C
Substance (4) 500ppm B(log2) C
Substance (5) 100ppm , 5+ &
Substance (6) 100ppm & C
Sterile distilled water € 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-drv 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 moculated to SCD agar medium (manufactured by NIHON PHARMACEUTICAL
CO., LTD). After culture for 24 hours at 35°C, microbial cells were collected from the
agar medium vsing a platinum loop. Genomic DNA sclutions 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, m regard to the Morasella bacteria, the sequence similarnity of the
base sequence m the [6S TRNA gene of coch bacterium with the base sequence set forth
in SFQ IDNO. 12 or SEQ D NO: 43 was determined. Meanwhile. the base
sequences set forth in SEQ D NO: 43 and SEQ 1D NO: 44 represent the base seqoences
of the 16S rRNA gene of Moraxella sp. 4-1 and Moraxella osloensis ATCC19976,
respectively.  Funthermore, the sequence sinnlarity of the base sequences wis
valeulated by using a yenetic infonmation processing sortware, Clustal W,

B2
(2) Quantification of produeced 4M3H

One platinum loep of each of various microbial strans of genus Moraxelta and
various microbes deseribed in Table 16 was imoculated info 3 ml. of'a SCD liquid
medium (manutactured by Nihon Pharmaceutteal Cool Ltd ), and the microbat cells
were subjected to shaking ealture (160 rpm) at 339C for 24 howrs. The microbial cells
obtained after culture were cemrifuged (800 < g, 1) minutes), the supernatant was
removed. and rhen the micrebial cedls were suspended i S mi. of physielogical sahme.
Phe suspension was centrifuged again (500G« g 10 minuics). subsequently the
supernatant was removed, and a macrobial suspension was prepared by using
physiological saline such that the ODx.:: would be 1.0,

Om i plaim-waoven cetton tabric which had been cut w u square having a stze ot
2 ¢m - 2 om, asolunton prepared by dissolving 0.5 mg of 16-methvloctadecanoic acid in
0.1 ril. of methanol was applied. and thereafier, methano] wis dried to sobd.

0.1 mL each of the varous microbial suspensions described above was
mocitated into the plain-woven cotton fabrie deseribed above, and the samples were Jeft
to stand snill under humdified conditions at 37°C for 24 howrs,  Thus, quanmtification of
4M3H was carried out i the following manner.

10 ml of methanol was added to the towel that had been left 1o stand still for
23 hours, and 1 mlb of the methanoel was mixed with T mL of ADAM (u-
anthrvdiazomcethanene, manufacuired by Funakoshi Corp,, 0.1 wa?e). The mixture
was left to stand for 60 minutes at toom temperature, and thus derivanzation was carried
out.

Thereafter, 10l of the solution was analvzed by using LC-FL (hgwd
chromatography apparatus: BITACH! ELITE LaChrem ttrade name, manufactured by

Votachi. Ltdoy, column: Lichrosphere 101 RP -8y grade name. manufactured by Agilemt
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Technologies, Inc., 5 pm x 125 mm x 4 mmd), 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 pug, was rated as “A *; a sample, in which the produced 4M3H amount was
more than 0.1 ug 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 pg 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
. . . sequence set forth in sequence set forth in 2(;\41;;?
No. Microbial strain SEQ ID NO: 43 SEQ ID NO: 44 ABH
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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HUBE N
From the results shewn m table 16, 3M3H production was confirmed iu all the

strans of Moraxella ostoensis and Moraxella sp. that are used for the test. To the

contrary, no $MIH praduction was confirmed in the Preudomonas acruginisa
NBRC 13275 and Enterobacter cloacae NBRCO3I320

(S

(3} PCR reactiom

By mixing 1 ul. solunon of the prepated genomie DNA template diluted < 10
with distilled stenfe water. 0.1 gl of ToKaRa EX Tag TIS {trade name, manufactured by
Takara Bio Inc.y, 1.6 ul. of the mixture of four deoxyribonucleotide ttiphosphate
NTP) GINTP mixture bguid attached to VakaRa EX Tag Het Start Version (irade
name} manutactured by Takara Bio lne. ), 2 pl of 1+ cone. reaction buffer tbuffer
attached to TaKaRa LX Tag Hot Start Version ttrade namey manutactured by Fakara
Bio Inco (04 pll of the primer4des Fi. 20 pmol]) containing the oligonucleotide
having the buse sequence set torth in SEQ ID NO: 13, 0.4 ul of the primer (des R1. 20
pmoli.y containing the nligonteleotide baving the base sequence set forth in SEQ (D
NO: B, and 14,5 gL of distilled sterile water, 20 L PCR reaction solution was
preparad.

As a acganve control. a PCR reaction solutton. wn which distilled sterile water
was added instead of the DNA template, was prepared in the same manner as above,
0116

PCR reaction sofnttons were prepared i the same manner as above, except that.
mstead of the primer set of the primer containing the oligonucleotide having the base
sequence set forth in SEQ 1D NO: 13 and the primer containing the oligonucleotide
having the base sequence set forth i SEO 1D NO: 140 the primer set described in Tables
17 to IY9 was used
S0 N

The PCR reactien solution was subjected to a gene amphification treatment
using an autematic gene amphfication device thermal eveler DICE (TAKARA BIOD
INCoE o PCR reaction conditicns were 3G eyeles of (1) a thermal denaturation reaction
at 987C for 10 secomds, (113 an annealing reaction ar 61°C for 20 seconds, and {1i1) an
clongation reaction at 72°C for [ nunute,

USEE
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(4) 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 | *TAE 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. Determination result of a target gene fragment is shown in Tables 17 to 19.

{0119}
Table 17

Combination of Results
oligonucleotides
Sorviod | Revese Moraxella Moraxella sp.

. iner | OSloensis KMC TKMC [ KMC [ KMC | KMC
PRI | PR | xTeet9976 ] 41 |43 | 4 | a5 | 4s
SEQID | SEQID 1
NO 13 |NO:14 ! Y L L T R
SEQID | SEQID | >
NO: 15 | NO:16, Y LB N R
SEQID | SEQ ID =
NO: 17 | NO: 18 Y F - (BT gy X
SEQID | SEQID | -
NO: 19 | NO: 20 Y L DR A IO (.
SEQID | SEQID ;

NO: 21 | NO: 22 Y X ¥ Y ¥ Y
SEQID [ SFQID
NO:23 | NO: 24 ¥ ol I N B

Sterile | Sterile
distilled | distilled N N | N N N N
water water [

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



WO 2013/180302 22 PCT/IP2013/065306

{0120}
Table 18

Combination of
oligonucleotides
-

Resulis

Moraxella sp.

Forward | Reverse

; VEISe | MIC [ KMC | KMC | KMC | KMC | KMC
OB L PUR L oy 1R L4-9 4-10 | 4-11 ) 4-12
SEQID | SEQID 53 1 "
Tt ETITU A D N R L
SEQ ID | SEQID
NO:1s [ No:te | Y | Y ESNEERE
SEQID | SEQID | =
no- (7 Ixoael ¥l T X W} ] X
SEQID | SEQID .
T REToeTE IR R L A D
SEQID | SEQ ID
wo:2l [nor2 | ¥ LY | ¥ ¥ Y | ¥
SEQ ID | SEQ ID
wo:n  nga | P | Y LY [ Y)Y X
Sterile | Sterile
distilled |distiled | N | N | N | N | N | N
water water

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

0121}

Table 19

Cpmhmanog of Results

oligonucleotides
Forward | Reverse | Pseudomonas aeruginosa | Enterobacter cloacae
primer | primer NBRC13275 NBRC3320
SEQID | SEQID N N

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
N: Gene fragment was not amplified.

{0122}
As shown in Tables 17 and 18, the A9desaturase gene, which is one kind of

N N

2
-

N

&

N

Z

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. KMCA4-1, 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 (r)l_igonucleozides Sequence similarity to the base sequence
Forward primer | Reverse primer set forth in SEQ 1D NO: 1
SEQIDNO: 13 | SEQ IDNO: 14 96.1%
SEQIDNQ: 15 | SEQID NO: 16 98 4%
SEQIDNO: 17 | SEQID NO: 18 98.4%
SEQIDNO: 19 | SEQ ID NO: 20 98.4%
SEQ ID NO: 21 SEQ ID NO: 22 98.4%
SEQIDNO:23 | SEQIDNO: 24 | 96.9%

10124}

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 ceils

(1) PCR reaction

By mixing | 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 Bic Inc.), 1.6 pL of the mixture of four deoxyribonucleotide
triphosphate (dANTP) (ANTP mixture liquid attached to TaKaRa EX Taq Hot Start
Version (trade name) manufactured by Takara Bio Inc.), 2 ul. of 10* conc. reaction

buffer (buffer attached to TaKaRa EX Taq Hot Start Version (trade name) manufactured
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N4
by Takara Bio Inc.). 0.4 pl. ofthe primer (fadB Fo, 20 pmol’L) containing the
aligonuciectide having the base sequence set forth in SEQ 1D NQO: 25, 0.4 pl of the
prinyer (fadB_R6. 20 pmaol-1) contamning the olizonucleottde having the base sequence
set forth in SEQ ID NO- 26, and 14.5 pbl of disulled stenle waree, 20 pd. POR reaction
S soluton was prepared.

As a negative control, a PCR reaction selutiom, in which distilled sterile vater
was sdided mstead of the IPNA template. was prepared in the same nuamer as above
01201

PCR reaction solutions were prepared in the same manner as above, except that,
1 anstead of the primer set of the primer containmy the oligonucleotide having the base
sequence set forth in SEQ 11 NO: 25 and the primer containing the oligonuclentice
havirg the base sequence set forth 1 SEQ 1D NO: 26, the primer set described in 7T ables
21 1o 23 was used
0127
5 The PCR reactipn sotution was subjected 1o a gene amphitication treatmaent
using an automatic gene amplification device thermal eveler DICF (TAKARA BIO
INCL. PCR reaction cowditions were 30 cycles of (1) a thermal denaturation reaction
at 957C for 10 seconds. (1) an annealing reaction at 60°C for 20 seconds. and {iii) an
clongation reaction at 72°C tor 1 minute
200 10123}
(2) Agarose gel electrophoresis
After PCR, the reaction seluton was applied o 2% agarose gel and
electrophoresed for 30 minutes with 100 Vin TBA buffer.  Gel wus then taken out and

aumersed for 30 maoutes ma SYBR sate DNA gel stain i 1 TAE solution

o
h

(manufactured by Invitrogen} for staming DNA fragiments. which were than
photographed by Polareid (registered trademark) comera under UV lump radiation 1o
see the presence or absence of DNA fragment baving a size of about 130 bp, The
DNA fragment size was determined by relative mobility compared 1 DNA fragments
with known base patr number, which have been also electrophoresed with the DNA

3 anterest.  Detenmination result of i target gepe fragment is shown i Tables 21 to 23,
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Table 21
Combination of
oligonucleotides Reguits
Forward | Reverse | Moraxella osloensis | Moraxella sp.
_ primer | primer | ATCC19976 KMC(C4-1
SEQID | SEQID | v v
NO: 25 I NO:. 26
SEQID | SEQID
NO: 27 ! NO: 28 | X | »
SEQID | SEQID | v v
| NO:29 | NO:30
SEQID | SEQID ¥ "
NO: 31 NO: 32
SEQID | SEQID v v
| NO: 33 NO: 34
SEQID | SEQID v v
N 35 NO: 36
SEQ ID SEQ ID v v
NO: 37 NO: 38
SEQID | SEQID ! v v
NO: 39 NO: 40 |
SEQID | SEQID | ¥ v
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 Result
oligonucleotides oo Sv
Forward | Reverse Moraxella sp.
primer | primer | KMC4-3 | KMC4-4 | KMC4-5 | KMC4-6 ' KMC4-7
SEQID | SEQID | 1 "
NO:25 | NO:26 ¥ » Nt JICR
SEQID | SEQID T 1
Norat . NOA I S e SRS
Sterile | Sterile | | !
distilled | distilled N | N N N | N
water water ‘ 1 |

Y: Gene fragment was amplified.

N: Gene fragment was not amplified.
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Table 22 (continued)
Combination of Regults
oligonucleotides
Forward ! Reverse Moraxella sp.
primer | primer | KMC4-8 | KMC4-9 | KMC4-10 | KMC4-11 | KMC4-12
SEQID | SEQID 1 {i | e
| NO:25 | NO:26 & ) $5% g Bo= Ji YR j- Y
SEQID | SEQID 4
iR R A AR I ¥
Sterile | Sterile | | I 1 i
distilled | distilled ¢ N N | N N | N
water water |, ( | | |
Y: Gene fragment was amplified.
N: Gene fragment was not amplified.
{0131}
Table 23
Combination of
oligonucleotides l Results
Forward | Reverse | Pseudomonas aeruginosa | Enterobacter cloacae
primer primer NBRC13275 NBRC3320
SEQID | SEQID N N
NO: 25 NO: 26 3 ’
SEQID | SEQID N N
NO: 27 NO: 28
SEQID | SEQID
NO:29 | NO:30 | S b
SEQ ID SEQ ID ‘ -
NO:31 | NO: 32 \ N N
SEQID | SEQID | N N
NO: 33 NO: 34 ! g
SEQID | SEQID | N 5
NO:35 | NO:36 | '
SEQID | SEQID ! N 5
NO: 37 NO: 38 :
SEQID | SEQID
NO:39 | NO:40 " Y
SEQID | SEQID 9 N
NQO: 4] NO. 42 =
Sterile | Sterile
distifled | distilled N N
water | waler |

N: Gene fragment was not amplified.
{0132}

As shown in Tables 21 and 22, the fadB gene and the fadD gene, each of which
1s one kind of B oxidation-related enzyme gene, were identified in various bacterial
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 1s 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
Co‘mbmatxon of plxgon;cl?otldes Sequence similarity to the base sequence
Fovwenl | o set forth in SEQ ID NO: 5
‘primer \ primer
SEQ IDNO: 25 | SEQ ID NO: 26 97.0%
SEQ ID NO: 27 | SEQID NO: 28 96.0%
SEQ IDNO: 29 ; SEQ ID NO: 30 95.2%
SEQID NO: 31 | SEQIDNO: 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
SEQ ID NO: 35 | SEQ ID NO: 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 fadl) gene
set forth in SEQ ID NO: 9.

Based on these results, it was found that the Jj cxidation 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 [3
oxidation-related enzyme gene can be detected quickly and accurately,

10136}
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 uL solution of the genomic DNA prepared above diluted <100
with distilled sterile water, 0.1 pL of TaKaRa EX Taq HS (trade name, manufactured by
Takara Bio Inc.), 1.6 pL 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 by Takara
Bio Inc.), 0.4 pl. of the primer (des F2, 20 pmol/1.) containing the oligonucleotide
having the base sequence set forth in SEQ ID NO: 15, 0.4 uL 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 plL 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.
{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: 5 and the primer containing the oligonucleotide
having the base sequence set forth in SEQ 1D 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 20 minutes in a SYBR safe DNA gel stain in 1 *TAE 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 lT £
i‘,‘g}i’;“ | ';er::;:f Towel T1 | Towel T2 | Towel T3 | Towel T4
* 1 Y

SEQID | SEQID [ | I x
NO:15 | NO:16 * X S} N
SEQID | SEQID 7

| No:2s | Xo:26 % e LS B B
SEQID | SEQID | |

| NO:27 | NO:28 A il &b i
SEQID | SEQID :
NO:35 | NO:36 L (. i LS
SEQID | SEQID |
NO: 41 | NO:42 o Th e W

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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niatodor-causing substances and a test substance mto contact with each other, detecting
expression of the faity acid desaturase gene and/or the B oxidation-related enzvme gene
derived from the microorganisms by using the oligonucleotide or ohigonucleotide pair of
the present invention. and evaluating the expression on the basis of change in gene
S expression amount, 1t 1s possible to evaluate convenientiy the damp-dry malodor
mhbitory function of the test substance with hgh accurncy.  Further. according o the
method 0f evaluating inhibitory ettect on dump-dry malodor ot the present invention, it
1 possible 1o screen a damp-dry malodor mhubitor by selecting a test substance which
decreases expression amount of the fatty acid desaturase gene and or the [§ oxidarion-
(0 related enzyvine gene.  Sall further, by amplitving a fragment of the fatty acid
desaturase gene andror the § oxidation-related enzyme gene by using the
obigenueleotide or cligonucleotide pair of the present mvention and determimnyg the
presence or absence of an amplified fragment, sicronrganisms which produce damp-
dry malodor-causing substances. that are present in a fabrie product including towel and
15 clothes, an environment or the tike, can be Jdetected guickly and acourately,
TIRRE
Having deseribed our ivention as related to the present embodiments. it 1s our
intentron that the mvention not be Jimited by any of the detaids of the description. unless
atherwise spectfied. but rather he construed broadly within its spirit and scope as set out
200 1na the aceompanyving claims.
10145)

~ 3

this non-prenisional applicason Claims prionty under 33 US.C.§ 119 ¢a) on
Yatent Application No, 2012- 122032 Hiled in Japan on May 29, 2012, and Patent
Application No. 2012-109203 filed in Jupan on May 23, 201 2. each of which 15 entirely

23 herein memporated by reference.
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CLAIMS

{Claim 1}

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

bringing microorganisms which producc 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 f oxidation-related enzyme gene derived
from the microorganisms; and thercby

evaluating a damp-dry malodor inhibitory function of the test substance based
on a change in expression amount of the at least onc 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 oligonucleotidcs (¢) 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 oligonuclcotides (o) and (p) described below,
an oligonucleotide pair containing oligonuclcotides (q) and (r) described below,
an oligonucleotide pair containing oligonucleotides (s) and (t) described below,
an oligonucieotide 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
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oligonucleotide having a base sequence set forth in SEQ ID NO: 13 with a substitution,
deletion, insertion, or addition of 1 nucleotide 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 nucleotide 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 nucleotide 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 nucleotide 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 nucleotide 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 nucleotide 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 nucleotide 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 nucleotide which can be used for detecting the fatty

acid desaturase gene;
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(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 substitution,
deletion, insertion, or addition of 1 nucleotide 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 nucleotide which can be used for detecting the fatty
acid desaturase gene;

(k) an oligonucleotidc having the base sequence sct forth in SEQ ID NO: 23, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 23 with a substitution,
deletion, inscrtion, or addition of 1 nucleotide 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 nucleotide which can be used for detecting the fatty
acid desaturasc 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, inscrtion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

(n) an oligonucleotidc having the base sequence sct 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 nucleotide which can be used for detecting the 3
oxidation-rclated enzyme gene; _

(o) an oligonucleotide having the base sequence set forth in SEQ ID NO: 27, an
oligonucleotide having a basc sequence set forth in SEQ ID NO: 27 with a substitution,
deletion, insertion, or addition of 1 nucleotide which 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
oligonuclcotide having a basc sequence set forth in SEQ ID NO: 28 with a substitution,

deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3
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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 nucleotide which can be used for detecting the 3
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 nucleotide which can be used for detecting the 3
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 nucleotide 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 nucleotide which can be used for detecting the 3
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 nucleotide which can be used for detecting the 3
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 1D NO: 34 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3
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 nucleotide which can be used for detectingthe
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,

()
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delction, insertion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

(y) an oligonucleotide having the base sequence sct 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 nucleotide which can be used for detecting the B
oxidation-related enzyme gene;

(z) an oligonucleotide having the base sequence set forth in SEQ JD NO: 38, an
oligonucleotide having a basc sequence set forth in SEQ ID NO: 38 with a substitution,
deletion, inscrtion, or addition of 1 nucleotide 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 basc sequence set forth in SEQ ID NO: 39 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 8
oxidation-related enzyme geng;

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

(c1) an oligonucleotide having the base sequence set forth in SEQ ID NO: 41, an
oligonucleotide having a basc sequence set forth in SEQ ID NO: 41 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the
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 nucleotide which can be used for detecting the 3

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.
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{Claim 3}
The method according to Claim 1 or 2, wherein the sebaccous 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,
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 (¢) 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 (3); and

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

{Claim 6}
The method according to any one of Claims 1 to 3, whercein the 3 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 cxpression of the fadB gene is detected by using at least one kind of
oligonuclcotide pair selected from the group consisting of:
the oligonucleotide pair containing the o.igonuclcotides (m) and (n);
the oligonucleotide pair containing the oligonucleotides (o) and (p);

the oligonucleotide pair containing the oligonucleotides (q) and (r); and

' .
I .
RN
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the oligonucleotide pair containing the oligonuclcotides (s) and (1).

{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 sclected from the group consisting of :
the oligonucleotide pair containing the oligonucleotides (u) and (v);
the oligonucleotide pair containing the oligonucleotides (w) and (x);
he oligonucleotide pair containing the oligonucleotides (y) and (z);
the oligonuclcotide pair containing the oligonucleotides (al) and (b1); and

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

{Claim 9}
The method according to any one of Claims 1 to 8, wherein the
microorganisms are at lcast onc kind of microbial strain sclected from the group

consisting of specics 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 onc

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

{Claim 11}
A mcthod 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 3 oxidation-related enzyme gene that arc
derived from microorganisms which produce damp-dry malodor-causing substances;
determining the presence or absence of an amplified fragment; and thercby
detecting the microorganisms which produce damp-dry malodor-causing

substances,
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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 oligorucleotides (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 nucleotide 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 nucleotide 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 nucleotide 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
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oligonucleotide having a base sequence set forth in SEQ ID NO: 16 with a substitution,
deletion, insertion, or addition of 1 nucleotide 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 nucleotide which can be used for detecting the fatty
acid desaturasc 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 1D NO: 18 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the fatty
acid desaturasc gene;

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

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

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

(j) an oligonuclcotide 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 nucleotide which can be used for detecting the fatty
acid desaturase gene;

(k) an oligonucleotide having the base sequence sct 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 nucleotide which can be used for detecting the tatty

acid desaturasc gene;
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(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 nucleotide 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 nucleotide which can be used for detecting the 8
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 nucleotide which can be used for detecting the 8
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 nucleotide which can be used for detecting the 3
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 nucleotide which can be used for detecting the 3
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 nucleotide 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 nucleotide which can be used for detecting the 3
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 nucleotide which can be used for detecting the 3

"~
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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 nucleotide which can be uscd for detecting the 3
oxidation-rclated enzyme gene;

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

(v) an oligonuclcotide 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 nucleotide which can he 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, inscrtion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related cnzyme genc;

(x) an oligonuclcotide having the base sequence set forth in SEQ ID NO: 36, an
oligonuclcotide having a base sequence set forth in SEQ ID NO: 36 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

(y) an oligonuclcotide 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 nucleotide which can be used for detecting the 8
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 nucleotide 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 1D NO: 39 with a substitution,
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deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

(b1) an oligonucleotide having the base sequence sct forth in SEQ ID NO: 40, an
oligonucleotide having a base sequence set forth in SEQ ID NO: 40 with a substitution,
dcletion, insertion, or addition of 1 nucleotide 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,
deletion, insertion, or addition of [ nucleotide which can be used for detecting the 8
oxidation-related enzyme gene; and

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

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

)
N,
S

gene is A9dcsaturase gene.

{Claim 14}
The method according to Claim 13,
whercin a fragment of the A9desaturase gene is amplificd by using at Icast one kind of
oligonuclcotide pair selected from the group consisting of:
the oligonucleotide pair containing the oligonucleotides (a) and (b);
the oligonucleotide pair containing the oligonucleotides (¢) and (d);
the oligonucleotide pair containing the oligonucleotides (¢) and (f);

the oligonucleotide pair containing the oligonucleotides (g) and (h);
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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
cnzyme 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 gence is amplified by using at least one kind of
oligonucleotide pair sclected from the group consisting of:
the oligonucleotide pair containing the oligonucleotides () 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 oligonuclcotides (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 sclected from the group consisting of:
the oligonucleotide pair containing the oligonucleotides (u) and (v);
the oligonucleotide pair containing the oligonuclcotides (w) and (x);
the oligonucleotide pair containing the oligonuclcotides (y) and (z);
the oligonucleotide pair containing the ol:gonucleotides (al) and (b1); 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 onc kind of microbial strain selected from the group

consisting of species of Moraxella sp. and Moraxella osloensis.
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{Claim 19}

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), apair of the following oligonucleotides (¢) and (f), 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 (0) and (p), a pair of the following
oligonucleotides (q) and (1), 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 (z), a pair of the following
oligonucleotides (al) and (b1), and a pair of the following oligonucleotides (c1) and
(d1):

(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 nucleotide 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 nucleotide 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 nucleotide 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 nucleotide 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,
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deletion, insertion, or addition of 1 nucleotide 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 basc scquence set forth in SEQ ID NO: 18 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the fatty
acid desaturase genc;

(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 nucleotide which can be used for detecting the fatty
acid desaturase genc;

(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 nucleotide 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 nucleotide which can be used for detecting the fatty
acid desaturase gene;

(j) an oligonuclcotide 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 nucleotide which can be used for detecting the fatty
acid desaturase genc;

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

{m) an oligonuclcotide having the base sequence set forth in SEQ ID NO: 25, an
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oligonucleotide having a base scquence set forth in SEQ ID NO: 25 with a substitution,
deletion, inscrtion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

(n) an oligonucleotide having the base sequence sct 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 nucleotide which can be used for detecting the 8
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, inscrtion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

(p) an oligonucleotide having the base sequence set forth in SEQ ID NO: 28, an
oligonucleotide having 4 base sequence set forth in SEQ ID NO: 28 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detccting the 3
oxidation-rclated enzyme gene;

(g) 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 nucleotide which can be used for detecting the f3
oxidation-related enzyme genge;

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

(s) an oligonuclcotide having the base sequence set forth in SEQ ID NO: 31, an
oligonucleotide having a base sequence set forth in SEQ 1D NO: 31 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 8
oxidation-related cnzyme gene;

() 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, inscrtion, or addition of 1 nucleotide which can be used for detecting the 3

oxidation-related enzyme gene;

AT
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(u) an oligonucleotide having the base sequence set forth in SEQ ID NO: 33, an
oligonucleotide having a basc scquence set forth in SEQ ID NO: 33 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

{v) an oligonucleotidc 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 nucleotide which can be used for detecting the 3
oxidation-related enzyme gene;

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

(x) an oligonucleotide having the base sequence set forth in SEQ ID NO: 36, an
oligonucleotide having a base scquence set forth in SEQ ID NO: 36 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the f3
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 nucleotide which can be used for detecting the 3
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 nucleotide which can be used for detecting the 3
oxidation-rclated enzyme gene;

(al) an oligonucleotide having the base sequence set forth in SEQ ID NO: 39, an
oligonucleotide having a base scquence set forth in SEQ ID NO: 39 with a substitution,
deletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3
oxidation-related enzyme genc;

(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 nucleotide which can be used for detecting the f3
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oxidation-related enzyme gene;

(c¢1) an oligonuclcotide having the base sequencc sct 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 nucleotide 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 scquence set forth in SEQ ID NO: 42 with a substitution,
dceletion, insertion, or addition of 1 nucleotide which can be used for detecting the 3

oxidation-related enzymec gene.

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

a nucleic acid primer.

{Claim 21}

The oligonucleotide pair according to Claim 20,
wherein the oligonucleotides (a) and (b), the oligonucleotides (¢) and (d), the
oligonucleotides (¢) and (f), the oligonucleotidcs (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 amplitying a gene fragment

thereof by polymerase chain reaction.

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

desaturase gene is A9desaturase gene.

{Claim 23}
The oligonucleotide pair according to Claim 20,
wherein the oligonuclcotides (m) and (n), the oligonucleotides (o) and (p), the

oligonucleotides (q) and (r), and the oligonucleotides (s) and (t) can function as nucleic
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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 by polymerase chain reaction.

{Claim 24}
The oligonucleotide pair according to Claim 23, wherein the 3 oxidation-

related enzyme gene is fadB gene.

{Claim 25}

The 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
(c1) and (d1) can function as nucleic acid primers for detecting expression of the 8
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 pair according to Claim 25, wherein the 3 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 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 pair according to any one of



Claims 19 to 26.
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