- 1 METHOD FOR EXTRACTI NG OF NUCLEI C ACID FROM

Bl OLOG CAL MATERI AL FIELD OF THE | NVENTION 5 The
present invention relates to a nethod of extracting
nucleic acid to be subjected to a nucleic acid
anplification reaction from biol ogi-cal ~material in a
bi ol ogi cal sanple in a sinple and qui ck nethod, and
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As general methods of extracting nucleic acid from

biological materials such as viruses, microorganisms,

25 protozoa, plant and animal tissues, there are mechanical
methods using a homogenizer etc., chemical methods using
a denaturing agent etc., and biological methods using an
enzyme etc. There are also methods in which a
particulate solid is mixed with a frozen sample, and the

30 sample is agitated to disrupt the cells. Among them,
extraction methods using denaturing agents such as
guanidine hydrochloride and guanidine thiocyanate (see
Molecular Cloning: A Laboratory Manual, Appendix 7.23-
7.25, New York Laboratory, 1989) contain a denaturing

35 agent in the extract, and the agent per se inhibits the
amplification reaction, and thus a purification step
after extraction is required. Nucleic acid purification



35 agent in the extract, and the agent per se inhibits

the anplification reaction, and thus a purification

step after extraction is required. Nucleic acid
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DISCLOSURE OF THE INVENTION
As test samples to be used in gene testing, there
25 can be mentioned blood, urine, sputum, pus, blood
culture, swéb, colonies and the like. Nucleic acid
extracted from these test samples may be subjected to
direct testing. However, in recent years in nucleic acid
testing, it is more common to amplify nucleic acid
30 extracted from test samples using various amplification
reactions prior to measurement in order to enable the
qualification and guantitation of minute amounts of
nucleic acid. Examples of such nucleic acid
amplification reactions include RNA amplification methods
35 such as the Nucleic Acid Sequence Based Amplification
(NASBA) method as described in Japanese Patent No.
2650159, the so-called Transcription-Mediated



reactions prior to neasurenment in order to enable the
gualification and quantitation of m nute anounts of

nucl ei c aci d. Exanples of such nucleic acid

anplification reactions include RNA anplification

met hods 35 such as the Nucl eic Acidy Sequence Based
Anmplification (NASBA) nethod as descri bed i n Japanese
Patent No. = 2650159, the so-.call
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reaction-inhibiting substances derived from biological
components such as airway mucus, various nucleic acids
and cells, and when they contaminate the nucleic acid
extract, nucleic acid amplification reaction is
inhibited, resulting in accurate testing.

In gene testing, internal standards are usually used
and false negatives can be prevented. However, it is
clear that the most desirable solution is to remove
nucleic acid amplification reaction-inhibiting substances
during the nucleic acid extraction process.

Thus, it is an object of the present invention to
provide a method of extracting nucleic acid, simply and
efficiently, from bacteria having a rigid cell wall, such
as Mycobacterium, which is carried out after removing

substances that inhibit nucleic acid amplification




inhibited, resulting in accurate testing. In gene
testing, internal standards are usually used and
fal se negatives can be prevented. However, it is 30
clear that the nost desirable solution is to renove
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deoxychollééf% 'gg of bile acid, cholic acid, deoxycholic acid,
3-[(3-cholamidopropyl}dimethylammonic) propane sulfenic
acid (CHAPS) and salts thereof. 1In a fourth invention of
25 the present application, the concentration of the
surfactant is in the range of 0.1 mM to 50 mM. In a
fifth invention of the present application, the
temperature of the heating treatment is 60°C to 20°C. 1In
a sixth invention of the present application, the above
30 solid powder is amorphous, its long diameter is 32 pm or
less, its specific gravity is 3.5 or greater, and its
hardness (Hv10) is 600 or greater. In a seventh
invention of the present application, the above amorphous
powder is zirconia. An eighth invention of the present
35 application is a method of extracting biological
material-derived nucleic acid from samples containing the

biological material, the method comprising the steps of:



3-[ (3-chol am dopr opyl ) di met hyl ammoni o) pr opane sul fonic
acid (CHAPS) and salts thereof. In a fourth invention
of 25 the present application, the concentration of
the surfactant is in the range of 0.1 nMto 50 nM 1In
a fifth invention of the present application, the
tenperature of the heating treatnénf is 60C to 90C. In
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a Vifuﬁycébiééaya%&ga”iérﬁ tdelfth invention of the present
application, the sample containing the biological
material is an organism-derived from a sample, such as

25 sputum, gastric juice, urine, pus, ascites, pleural
effusion, pericardial fluid, blood and tissue, tissue
washing liquid such as a bronchial lavage and an alveolar
lavage, culture medium, and an environmental material
such as soil, water and air. A thirteenth invention of

30 the present application is a reagent kit for conducting
the method of nucleic acid extraction as claimed in the
above inventions 1-12, wherein the kit comprises at least
a reagent containing the above surfactant and a reagent
containing the above solid powder as a constituent. The

35 present invention will now be explained in detail below.

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1 shows the result of a TRC reaction conducted
in the method of Example 1, in which various



protozoa, a plant or an animal tissue. In an eleventh
20 invention of the present application, the above

m croorgani smis one that belongs to the genus
Mycobacterium In a twelfth invention of the present
application, the sanple containing ghe biol ogi ca
material is an organismderived froma sanple, such as
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material ~such as soil, water an
i nvent i oh®f R0 %9E€tpPBsent application is a reagent
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cont ai niigi dhea cabavessol i d (Q%\ﬁ@ﬁp Srifl u%ﬁltzuﬁé‘é-were

The 35 present invention will now be expl al ne
det ai | erSE§RFEF2@<HMMTﬁWWM®MWMﬁ QVALC-
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t uber cul®¥ild ficst i RNAr sattd caddeBleto mplekeip weilthcteria 10

extract damgmps NMLsid ealed.sput um and then subj ect ed
to the TRC reaglilﬁl on. 5 Fig. 2 shows a %raph showi ng

the reaction tBmes alPWs Fe SFPblbr XEMSe that spr¢tion time and
rabi o ofthen fRNArespindd catensity ecaiﬂﬂoobfcanmlrmtﬁ@llﬁlcatlon
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C? / 200 ®BF A eCRfctid@deras subjected to the RNA amplification
reaction. Test samples up to bacteria 10 cfu/200 gl were
detected.
Fig. 4 shows a graph showing the reaction time and
the fluorescence intensity ratio of an RNA amplification
25 reaction conducted in Example 4 wherein test samples in
which 10 to 160 cfu of Mycobacterium intracellulare were
dispersed in 200 pl of a tuberculosis-negative NALC-
treated product, from which nucleic acid was extracted,
and the extract obtained was subjected to the RNA
30 amplification reaction. Test samples up to bacteria 10
cfu/200 pl were detected.
Fig. 5 shows a graph showing the reaction time and
the fluorescence intensity ratio of an RNA amplification
reaction conducted in Example 5 wherein test samples in

35 which 10 to 160 cfu of Mycobacterium kansasii were

dispersed in 200 pl of a sham sputum (mucin 2.1 mg/ml,
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Fig. 3 shows a graph showing the reaction tinme and 15

the fluorescence intensity ratio of a RNA .
anplification reaction conducted in Exanple 3 wherein

test sanples in which 10 to 160 cfu of Mycobacterium
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obt ai nedPsRIEORRIY] -2t cdlvbiehe FwAmamplehi matlecdr acid ‘was
reacti onnxﬁe.-.s%te&gmhwasw@ 40 R0 @bka1 4 Gl Ssketed to the
wer e cte shows g grap

reacti oﬁﬁl{?ﬂr pﬁélgﬁﬁéo?lﬁﬁﬁ%@é‘nce%ﬁ?e‘%@m Sréx’tllté Bp to 10
an RNA anpl/Fdcaili ef be&éﬁa@cwe@r% e@@@lfsll%éo@.dfl n fExanpl e

4 erei es, d i 0 cfu o
w?’ﬂma%ﬁﬁ?ﬁ%ﬁk‘eﬁm @Fe%éi %@WM n 200 |

of a tuberculfssiteshegantples NALChet pratedt dneduttionf romere can

Wh h r c h ra a r |
oo LIS LR R e BRI R, e

reacti on 2V reSy SSRpFes lP&etuéaBaEtfé\’FJaorier PeéﬂGPZQGal fluid,
wer e detfecteed. tEsgueb Ishows aecgtuaphcslviie’y EW8bs or other
regctio | t f S ' tnsit rati,o of
a%QRNA %ﬁ%ylr?}ggtglsbng%r eégcgﬁgnggg%%c{b % aftp| Lrepgeni zed
wher ei n fC8& séBRpERs iWhen3shahpemrl® i a1§9Utfnu,

|vycobactperentmakaesassucwva@eadmp@r@@iaﬂtn@nzogo |21/&I}ela the
eptone (}
sham Sp% Z%h]e gg{‘ngl ] ma ep cDrréﬁflr%'&Y' e%o oém:&ln a

sol ution), nuc
the extFREE BSf—‘é‘?ﬁ%%Fi muéabj eT:IP%Té? ta@nt hdso AMA mentioned

abhpl i fi eavieonmeacdl matefesﬁaﬁﬁérp&egcseﬁgﬁaggsyr@%g%ag

cfu/ 200 E %e[ et ect ed.
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such as fungi and Mycobacterium for which cell disruption
is difficult.
While, in the nucleic acid extraction method of the

present invention, substances that inhibit the nucleic

25 acid amplification reaction are eluted with a surfactant
and removed during the extraction of nucleic acid from
test samples, the present inventors believe that one of
the substances that inhibit the nucleic acid
amplification reaction is glycoprotein, and thus by

30 sclubilizing glycoprotein with a surfactaﬁt, the effect
of removing substances that inhibit the nucleic acid
amplification reaction may be exhibited. As used herein,
examples of such glycoproteins include airway mucus
glycoprotein (called mucin) contained in sputum.

35 Examples of the surfactant for use in the present
invention are not specifically limited as long as they

are anionic surfactants having a steroid backbone or



food sanples. Wien the sanple is a sputum a
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the heating treatnent is preferably, but not limted
t 80 at, but not limited to, 6,000xg for 5 minutes. In the

’ process of the present invention of mixing a surfactant
and then selectively removing the eluent, it is important
to establish specific conditions taking into account the
nucleic acid to be extracted and test samples subjected

25 to extraction and conducting preliminary experiments.

The material of the solid powder of the present
invention includes for example, but not limited to,
zirconia, diamond, alumina (aluminum oxide}, iron, an
alloy and the like. However, from the viewpoint of

30 extraction efficiency and cost, zirconia is preferred.

The shape of the above solid powder is not
specifically limited as long as it can physically disrupt
the biological material, but preferably is amorphous.
Amorphous solid powder refers to a solid powder

35 comprising particles that do not have smooth surfaces
like a sphere or an ellipsoid, but have sharp convexo-

concave surfaces. The size of the above particles should



60C to 90C, nore preferably 60C to 80C, and heati ng
time is, but not limted to, preferably 2 mnutes to
20 mnutes, nore preferably 2 mnutes to 5 mnutes.
The 10 heating treatnment as used herein may preferably
be conducted by being left at restg -The nunber of
times of surfactant treatnent preferably is, but not
limted to, one to_about five tinmes. In order to mx
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pref er ablaf R eBBAMPF0)20 2oy , fused zirconia NST 8H, F350
(marmifactured by SAINT-GOBAIN, mean long diameter of 24
pm, specific gravity of 6.0, Vickers' hardness (Hv10)
1200), fused zirconia #400 (manufactured by PACIFIC-~
25 RUNDUM Co., Ltd., mean long diameter of 18 um) and the
like. The amount of the solid powder added to the sample
is determined as appropriate depending on the type of the
sample, the method of agitation, and the time of
agitation. After adding the solid powder, agitation
30 and/or ultrasonication may be conducted to physically
disrupt the cells.

The method of agitation may be manual reciprocating
motion of a container having a sample therein, and the
direction of the motion may be either vertical or

35 horizontal, and preferably conducted in a vertical

reciprocating motion. Alternatively, it may be agitated



or less (nmeasuring instrunment: COULTER LS130). Its
specific gravity is preferably as large as 3.0 or 5
greater, since it can disrupt tissues using the

ki netic energy of the powder by ultrasound waves or
agitation. The supernatant conta nong extracted
nucl eic acid and the above solid powder can be
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well as contained in sputum, and a sensitive and rapid
gene testing may be conducted.
25 EXAMPLES
The present invention will now be explained in
detail with reference to Examples below. It should be
noted, however, that the present invention is not limited
te these examples.
30 Example 1
An inhibiting sﬁbstance present in nucleic acid-extracted
samples from sputum
Two hundred microliters of a test sample prepared by
subjecting sputum (hereinafter referred to as
35 "tuberculosis-negative sputum") obtained with consent
from a patient infected with nontuberculous acid-fast
bacteria to a NALC-NaOH treatment (trade name: BBL



- 10 with a vortex mxer. For the disruption of

cells, ultrasonic disruption is nore preferred, and

in order to elimnate the effect of a stationary
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2 frequencies or nore 5 is nost preferred. For

ultrasonic treatnent, a container holding the sanple

and the I\Q@\m@eep,smppjori Sdamer BedkimscrorCd.l,0dtddl eare used in

the liqui 'f%lﬁB$1M@5{H5K1f55§ﬁght f tégﬁdﬂﬂﬂbﬁa§onTﬁe sample

cl eaner. tatrng tine or ul t rasonicati on

my be WS Iadtiiﬁé tell werddr AR, ol9iRYSTE NG SBF@a‘ﬁ‘F%Trﬁlnged

or the t]iSsyeqhs A %M%dmﬁa@ewo qeemo%emtnat@ fnatant.
| onger. e time m I onger than this,

ti §sue Hepditéenadi olhe PoVas qe%q sEP&hOf 550 i
pl ant t|é¥¥¢@neLBa@£C5Uﬂkﬁ&CQh%téihéfﬁhﬂam%&%ﬁ&ed to as "washing

i nvention, i

cells |ﬁe§‘gﬁu§ ? %%J‘fsgtr%mtto he exr{LaarJt\ﬁ% at% {qﬁn}"dlum
subj ect drodahesandey e BlFént f1lewed divd sdeéndcprda by heat
nucl ei ¢ el g Qfgééd‘d e LNy, [GAGd 0Bpg Iﬂgn%@r‘?‘ﬁﬁtfuged at
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{manufactured by HONDA ELECTRONICS Co., Ltd., frequency
20 40 kHz, output power 70 W), and then subjected to an

ultrasonic treatment for 5 minutes. It was then
centrifuged at 16,000 x g for 3 minutes, and 30 pl of the
supernatant was transferred to another tube to obtain a
nucleic acid extract.

25 (1) Nucleic acid extracts obtained as above from a
plurality of tuberculosis-negative sputa were mixed to

prepare a negative sputum-extracted sample. 4.5 pl of

this negative sputum-extracted sample and 0.5 pl of each
. solution of varying concentrations of standard RNA [a

30 standard RNA containing the base number 243-1843 ({the
base number was attached in confermity to ZB83862
registered in GenBank), which was synthesized by in vitro
transcription using double stranded DNA containing the
sequence of Mycobacterium tuberculosis 16S rRNA as the

35 template, and then purified, 1601 bases; the standard RNA
was dissolved in a 10 mM Tris-HCl buffer containing 1 mM



subj ecting sputum (hereinafter referred to as 35

"t ubercul osi s-negative sputunt) obtained with consent
froma patient infected with nontubercul ous aci d-fast
bacteria to a NALC-NaOH treatnment (trade name: BBL -
11 Mycoprep, Ni ppon Becton D ckinspn Co., Ltd) were
used in the foll ow ng two treatments Condi tion 1:

The sa of . PBS, t at an ,

t hen cgﬁD&Af ?dﬂgg?e 18 dtﬁ’rg POt S Pt & gg‘obe hereinaster
renove tdee r@lﬁpemaat’a@tas & C8Ndi dibmt 2on The fsaliphersvasixed, and
added t QL @hb%e@@d”é\é aglnﬁﬁigfc%balﬂfl%&lcﬁs:lon reaction

(hereinafter referred to as "washin
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1 Iiﬂ\/lf EDEAL ealtl Q\Ablﬂl&&dﬁirﬁﬂdoﬁﬂlﬁ Nigy j{g)at-lgbbg)glé ajono the
80C for nut n en cetrl u at X
g for SC% g]ﬁ gs?ﬁéga e’m)be PRé2 super eﬁé‘ﬂ’t % ac%%‘%ﬁwle was
the pr emepnlbabdsamdbtrmmdwmﬁdel ahdve fCahdi RN®NSi 1ukion
and 2, of a TE sol ution (manufactured by WAKQ,
10 nM rls IEIC1 1 nmM EDTA, pH 8) (hereinafter
referred to 43) *YSRYY "Heapbhtess nttairhpalien OUB% G having
%/Hasg RNA915O(LW@ﬁoﬂbeélbyoﬁhﬁ\#A)dﬂs@eWBé@hlrQ:c5 /PR tube
used zi n nf act.ur e n
di ameter(('%g }88 OZ&%] G%ng Hm thelr?dgq Réggsgm o4 %&fbe’
t he tubeamgaﬁtm%@mﬁerkhe-@m)ng apdsthe afouchaixed sample
~ultrasopks gh.g@@eghé%-tBQST (manuf act ured by HONDA
ELECTRONI CS Lt.d. e uenc Kk out pu
power 70 W, 98:}1]%0 telr?’nsu j BCT 6 eo‘yat(%l%l mbi}z%?%%oéﬁgfﬂj
t}oat meRPPEBRE B2 HA Tuties thet coreentivan Lonehn rifeufdeadt volume of
16, 000 %qgufpr 3 mnutes, and 30 | of the supernatant
was transferrgd to another tube to obtain a nucleic
aci d extract®% 28! (I S]HET et &5 dPExPr tts obt ai ned as
above from al7phimsdgneyiah ¢hilvericiel osi s- negati ve sputa

vvere m xed t9ng ERRLS 81 BB U 1IME gePUt UM ext ract ed
le. 4.5 of this Hegatlve sputum extract ed

l e and 0°5° IRGECeABRIP St MGARVORCTATSA Ry TAKARA BIO
concent E8€i bns of standard RNA [a

1 mM DTT
0.25 mM each of dATP, dCTP, dGTP, dTTP
3.6 mM ITP

25 3.0 mM each of ATP, CTP, GTP, UTP

0.16 puM of the first oligonucleotide (MYR-1S-10, SEQ
ID NO: 1. The hydroxyl group at the 3'-end was amidated)
1.0 pM of the second oligonucleotide (MYR-1F-10, SEQ
ID NO: 2. A region from "A" at No. 1 to "A"™ at No. 22 of
30 the 5'-end is the region of T7 promoter, and an ensuing
region from "G" at No. 23 to "A" at No. 28 is an enhancer
region)
1.0 pM of the third oligonucleotide (MYR-3RT18, SEQ
ID NO: 3)
35 25 nM of an oligonucleotide labelled with an
intercalaﬁing fluorescent dye {(YO-MYR-P2-2~5-G, SEQ ID



30 standard RNA containing the base nunber 243-1843
(the base nunber was attached in conformty to Z83862
regi stered in GenBank), which was synthesized by in
vitro transcription using double stranded DNA

contai ning the sequence of MycobatBerium tubercul osis
16S rRNA as the 35 tenplate, and then purified, 1601

bases; %ﬂﬁ %tangﬂrgngg¥%aﬂ%f% %N§§g|¥%§;%é£€a&%%Né ebetween 3

Tris-HCL buffer contalpln
i nhi bi t &t Neni 4 BRET &F" vidd INope Bhef ethfafi'erendpe The hydroxyl

ref erredidoRpagstathBNiv didditda@nmbyf £ e&d vAeE yBbXed, a @
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(vol une PoeSippslekRPtAfy FRIG-G88 I2eBiRebes i AP ?@@@d

WmUUfaCtuhﬁdsby15ﬁféﬁ|%hE|@BE}meagﬁhJﬂl%naQ@¥§hn&dﬁﬂ%ntratlon is
sanpl e mas added t hereto. nposi tion _of the reaction

mixture P@asﬁni%nEﬁﬂ%%ﬁ&FHtFBﬁ fanghaodsmeent r3t it in
the final vokud® ©frbid@ll) 60 nM Tris-HC1L buffer (pH

8.6) 17 nmM neS|un1chIor|de pot assi um

chlori de 20 ga% ﬁh?%f?%r*ﬁﬁﬂﬁ&factured by

TAKARA BIO LAE.Y '117 rﬂMADWlEm%sﬁ\/I (rachfatt P byd CRRARA BIO
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Distilled water for adjusting volume
(4) Then, while keeping the temperature at 43°C using

20 a fluorescent photometer equipped with a temperature
control function that permits direct measurement of the
PCR tube, the reaction mixture was measured for a period
of time with an excitation wavelength of 470 nm and an
emission wavelength of 520 nm.

25 (5) The result of the rise time (time until a
fluorescence increase ratio becomes egqual to 1.2 times
the value of the sum of the negative mean and three times
the standard deviation) of each nucleic acid extract is
shown in Fig. 1. These results show that under above

30 condition 1, the inhibiting substances derived from
tuberculosis-negative sputa delayed the rise time by 4
minutes or more for 10° copies of standard RNA, 3 minutes
for 10! copies, and 2 minutes or more for 10° copies than
that with no extract-addition. On the other hand, under

35 above condition 2, it was improved to 3 minutes for 10°

copies, 1 minute for 10° copies, and 1 minute for 10°



ID NO 1. The hydroxyl group at the 3'-end was

am dated) 1.0 Mof the second oligonucleotide
(MYR-1F-10, SEQID NO 2. Aregion from"A" at No. 1
to "A" at No. 22 of 30 the 5 -end is the region of T7
pronoter, and an ensuing region fpom "G at No. 23 to
"A" at No. 28 is an enhancer region) 1.0 pMof the
third ol igonucleotide (MYR-3RT18, SEQ ID NO 3) 35 25
nM of afA®Bi®gonucl eotide | abelled with an
mtercabggﬂnpgefi uorescent dye (YO MYR-P2-2-S-G SEQ ID
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sol uti oad(jeacamdzomeelntasatqa@m sagplielse concent ratl on in
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( manuf aﬁ&HB@?s PyandT%‘ﬁﬁﬁgthﬂﬂﬂgeh Distis] d@d Mt ebrf Orminutes

adj usting vo whi | € keepjng the
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eqw ppegov\m hof dHRmekat Uf@ageﬁ'ﬁnhlé@ afigest i o that tube was

(T[Itg h‘i[’lg% r%n %}f enent Of Ilel O?Rli*ype oor?llgecleaner VS~

or a eI‘IO
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freguency 24, 31 kHz, output power 110 W), and then

subjected to an ultrasonic treatment for 5 minutes. Then
it was centrifuged at 16,000 x g for 3 minutes, and 30 pl
20 of the supernatant was transferred to another tube to
obtain a nucleic acid extract. Five microliters of it
was subjected to a nucleic acid amplification reaction as
in Example 1 to measure BCG 165 rRNA.
The result of the rise time (time until a
25 fluorescence increase ratio becomes equal to 1.2 times
the value of the sum of the negative mean and three times
the standard deviation) of each nucleic acid extract is
shown in Fig. 2.! These results show that the extraction
method of the present invention can detect a BCG in
30 sputum.
Example 3
It was examined to determine whether the extraction
method of the present invention can be applied to a

nontuberculous acid-fast bacterium Mycobacterium avium.

35 To 200 pl of test samples prepared by subjecting
tuberculosis-negative sputum to a NALC-NaOH treatment
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on a dryiieat, blaﬁﬁkt}&tn HGiketed tonarutBsraandithereatment for

centrif ed at 16, for nu

super nat ﬁrtl UEESt | he ?’b& "B 5t Ceg% lj?ur?eec?1 a%S{]J%PB%EF %Jr:gor 3

|y3|ﬁ r&ﬁgﬁﬂESWBSn@dﬂBdﬂ.aﬁdthhesmpﬂmnaMantlﬁaéltEﬁnaferred to
t he Shi of r 00

(n’gnuf a\(,:\é{%l?r e%g 4t Aoll:J E&%R%\ﬁq%fec% ea@q% XBral00 Five

frequenél}/lﬂzr@llgfrﬁl-ﬁf Butipet SBBQ\%?“?L‘&(F‘\/\P “Hﬁaefﬁeﬁi:ld

subj ect eght1d faeaul &1 asaritd obr eat i nExdngrled Inkputessure M.

Then it C%?tsrklglﬁged 9 18mPO0axi Shd ¥ 3@ ﬁk’llﬁéns and

and 30 | e supernatant was transferred
anot her Bufhest gsed are as follows:
20 First oligonucleotide (MYR-15-40, SEQ ID NO: 5)

Second oligonucleotide (MYR-1F-40, SEQ ID NO: 6)

Third oligonucleotide (MYR-3RAl6-4, SEQ ID NO: 7)

An oligonucleotide labelled with an intercalating
fluorescent dye (YO-MYR-P5-S-G, SEQ ID NO: 8}

25 The result of the rise time (time until a
fluorescence increase ratio becomes equal to 1.2 times
the value of the sum of the negative mean and three times
the standard deviation) of each nucleic acid extract is
shown in Fig. 3. These results show that the extraction

30 method of the present invention can detect each cfu
number of M. avium in sputum.

Example 4
It was examined to determine whether the extraction
method of the present invention can be applied to a
35 nontuberculous acid-fast bacterium Mycobacterium

intracellulare.



obtain a nucleic acid extract. Five mcroliters of it
was subjected to a nucleic acid anplification reaction
as in Exanple 1 to neasure BCG 16S rRNA. The result
of the rise tinme (time until a 25 fl uorescence
increase ratio becones equal to 1.25t7imes the val ue
of the sum of the negative nean and three tines the

st andard deviat i-gR) ,,of n [ t o8« -
shown 11 g 0 2o £ AEhe 45nBLEs ARl bt 51 sbBjecring
extrac;i%Hbenﬁﬂiﬁéésome@¢ﬁﬂﬁﬁw§§éﬁﬁmiﬁ%eﬁtﬁﬁ%??@&ﬁﬂdéﬁééﬁment
3 ?CG I N3G P rhbHET hB@a{EFHc@ar_%thNy\@ﬁ%rﬁm'ft%ﬂ DiBkinson Co.,
et ermi ne whet her e, extraction__ne of the

pr esent nLi énh!ac)nzéan‘l@e Egraopr?lnide 690‘:%“ qﬂ’omgﬂ?&%ﬁ%m were
ackd- f astddeac pedi usedfaobizcttespuplayi um 35 To 200

of test sanplgg pieparal %s%UQJeS&éML‘%as added to the test

t uber cul osi s-negative sputumto a” NA NaOH t reat ment

- 15 (t5°Ame emaret U BB MASESY EBEIAFH G BEERdAST as in Example
Di cki nsan Cgive hieholilihrs2@f 46, w9 §Uﬁjelﬁ@dCEU afniMieic

avi um wer . e . est e

the wash Sonabnr i boe wiiCtePRe b B ¢ S oSl BlaTho Hensure i
atPer middtrgeeldudase A9OwWBYIAL 0 SharPBrinatdeys pedihe primers
bl ock atantErbBesusBduRs asafgdlistes: centrifuged at

16,000 x g faQr 5 mnputes to renpv e Syper ant ... TO
Lhe preci pi t &S ooy a1 gg IRy Bl G S UBS BB O nd % )
was added, &sdorfieckigraugdectidat B Ford F-HE, waEBRi Hy NO: €)

vessel of 1@nykérasoyimicaleanas MEREXE 160apEhach Waed 9)
HONDA ELEEIE%%&%é%é%%ﬁgt#ﬁg'1a£rfﬂ&fgﬁxpgggn§%té¥g%lating

b
o%?put power €n subjec
ul t r asorfilaoresgenerdye ofYO-BYRT Rert &<c, B#&n IPt NQass)

centrifuged ghelfeOG xF kot BisditideestiaBdusPil Of
the Sup 1%%&%@2&4‘@35 car%%fsgr %ngﬁ %e]t%m%%ogﬁﬁgltygejfté) times
| extra . lve | 0 1t

obtain a nuclerc ac C m_Cr o ers _
was subjide #alee @f ika sve aéi Bhe dAatiivealpan and three times

reacti onhas sk AnfExadplearibttionieas Wa-HVinucleic acid extract is
shown in Fig. 4. These results show that the extraction
method of the present invention can detect each cell
number of M. intracellulare in sputumn.
Example 5

25 It was examined to determine whether the extraction
method of the present invention can be applied to a
nontuberculous acid-fast bacterium Mycobacterium
kansasii.

To 200 pl of a mucin solution (mucin 2.1 mg/mi,

30 peptone 4.2%, 10 mM Tris-HC1l, 1 mM EDTA, pH 8) as a
substitute for the NALC-NaOH-treated tuberculosis-
negative sputum, 10, 20, 40, 80 and 160 cfu of M.
kansasii were added and they were used as test samples.

Cne ml of the wash reagent was added to the test

35 sample, and a nucleic acid extract was obtained as in

Example 3. Five microliters of it was subjected to a

nucleic acid amplification reaction as in Example 3 to



avium 16S rRNA. The conbi nati ons of the priners and

probes used are as follows: 20 First oligonucl eotide
(MYR-1S-40, SEQ ID NGO 5) Second oligonucl eotide
(MYR-1F-40, SEQ ID NO 6) Third oligonucleotide
(MYR-3RA16-4, SEQ ID NGO 7) An ol jgonucl eotide

| abelled with an intercalating fluorescent dye

(YO MWR-P5-S-G SEQ ID NO 8) 25 The result. of the

rise timMeaeUtReMunkePsasiy (155 B8 Bncel hhT@RdpaFipng of the

beconmes BGurlrst @nd. Brélbéﬁi‘SJseHhErdahSIef@fldvhae sum of

the negative an and three ti t and
devi at i on) ofgngﬁgh ﬂh%?rél geé'?‘(;:cl exl%r ac § L?dq %tﬁjg ID No >)
Fig. 3. Thesé&ecesdl oélmhenmdehéwé&t#%ﬁq,oﬁﬁigom Vo 6)

meghod of th%e&sssmgcsﬂwc%tot@aecmﬂesmta@acengpD NO: 10)
number of M aviumin

examined to &8t Qﬂ%ﬂﬁ%u%tﬁéﬁe Exléggi(‘?‘? a‘&“t’ihoﬁ'“ ABE AL Lating
of the pneseskcenvedye ofYccaYRbE4appti eBEQ dDaN8s 11)
nont uber cul o%ﬁea§%gﬁflfs<§2f bcﬂ%t %;gmM&opaqﬁeemhem a

intracel |l ul are test sanple pr egar
by subj €dtioFgscenser B ESS- fahali RECAMR FARS 2 times

NALC- NaQid meataest tHd rane ofanbe MBBiat\Mieomeap, ade pporee times
BeCt on l% Ckl nso Cg dEVlLatq.)O 1gf gQCh ﬁ'glcl%q aQ91&6&tract is

cfu M inty of are” wer e use

sanpl es. srow@ mm 5igt he- w-cifgwseeagéw%twoaﬂ&éatt Bh% rﬁé*tractlon
test Sarlmllh%d a3fNkd egbﬁesaeeitd ixERBLON W @iﬁzﬁ:?bﬂedacgs cfu

in Exan'p [ roliters was subj ected to

a nucl ei cmb§E| SE }r/f‘pl J?Fi:aai'stj'llo(f%%Br egé%‘lh%n as in Exanple 3

to neasure M 10 intracellulare 16S rRNA. The

conbi nations of the priners and probes used are as

follows: First oligonucleotide (MYR-1S-40, SEQ I D NO

5) Second ol igonucl eotide (MYR-1F-40, SEQ ID NGO 6)

Third ol igonucl eotide (MYR-3RI 1B, SEQ ID NO 9)



15 An oligonucleotide |abelled with an intercal ating
fluorescent dye (YO MYR-P5-S-G SEQ ID NO 8) The
result of the rise time (tinme until a fluorescence
increase ratio beconmes equal to 1.2 tines the val ue
of the sum of the negative nmean anggthree tinmes 20 the
standard devi ation) of each nucleic acid extract is
shown in Fig. 4. These results show t hat the
extraction nethod of the presenttd¥Eention can detect

each Cell nqnberAQﬁe@ﬂod %Eré§€£ééﬂiﬂé5Hﬂ&l&@ﬂ&éﬂnmaterial*
Exanpl e exam ne

th h .
ext ract |dc?r¥lvrer§t HBH < tarFé‘dpgé%n?ari‘ 8 aggﬁr(?%ebtmeloglcal
applied zﬁaﬁtealamonsalb@rrmﬂr@tcﬂscampdlém rrbasaner Baid biological

Mygobac elf%mkxggégséﬂ aq[L%oaQOséllm:Lo% @69%91§9111|_%t5119r1east a

(mucin one 4.2% Tris

M EDTA, sqenﬁas)taa%: asul%lﬁdétlmﬂuF%Ef%lrxtt% to a heating treatment
NALC- NaQrdt r@ahedehdlai Wadai squagatdoletipit i sefhrate the
20, 40, .80.and 160 cfu of, M

t hey vverbel &&@&C% T2 s‘?rlalﬁpﬁegkﬁ%iasérﬂll\geggﬁgg Eq"h%qmion ke
reagent ssds hddidgierk mateedel, 3mitafiing, cangomlcating it to

2¥@|e|c d%%r@ﬁ@xﬁéﬂ@tbﬂﬁﬁbgiﬁﬁﬂhﬂﬁibﬁ%?B nanﬁxéﬂf%ébﬁing nucleic
ive microljters o s subject.ed .t nucl ei c
acid angi5f gﬁ?ﬁ”oﬁajr%a{’c]tmq nggi matl:"axrlaql e 3to - 17

measure M k&nsasThe &S hoRNAL ah@rmmwappbﬁsc gicith@ccording
p{|ners ﬁﬂqglﬂﬁﬂbﬁs #5%%%%%B§ag§ § @t WentFiESAn anionic

ol i gonuc] e -] S- eco

ol i gonudi § ggnE L] ZfOSt§E8+ %a;%boé‘;g g aqﬂ(f’holytlc
oﬂﬁgonudtefdtapden’(WR-SRKm 4, SEQ ID NO 10) An

Ol'gonUC|GOthe |§%€”ﬂé¥$d@ Bb @&kidﬂﬁﬂﬁ@ahabléﬁb acid accordlng
fluorescent _d

R P4- S-
result of° CHEP ée ‘fl?%el(nt Sﬁ% ]?J‘Ci Sur%l?ug%%%c%pneampmlytlc
i ncr easesurdiaicbahe cbsrese legial fBOI& the jopeyp qongipcing of bile
val ue ofadike sHBI0f idwi,negakiveoTRARCAR] Bh[eB- tines

20 cholamidopropyl)dimethylammenio] propane sulfonic acid
{CHAPS) and salts therecft.
4. The method of extracting nucleic acid according

to claim 3, wherein the concentration of said surfactant
is in the range of 0.1 mM to 50 mM. ‘

25 5. The method of extracting nucleic acid according
to any of claims 1 to 4, wherein the temperature of the
heating treatment is 60°C to 90°C.

6. The method of extracting nucleic acid according
to any of claims 1 to 5, wherein the above solid powder

30 is amorphous, its long diameter is 32 pm or less, its
specific gravity is 3.0 or greater, and its hardness
{Hv1l0) is 600 or greater.

7. The method of extracting nucleic acid according
to claim 6, wherein the above amorphcus powder is

35 zirconia.
8. A method of extracting bioclogical material-

derived nucleic acid from samples containing the



the standard deviation) of each nucleic acid extract

is shown in Fig. 5. These results show that the

extraction nethod of the present invention can detect

each cfu nunber of M kansasii in sputum - 18 -

CLAIMS 1. A nethod of extracting biological material
derived nucleic acid fromsanples_gontaining

bi ol ogi cal material, said nethod~Conprising m Xxing

sai d biol ogi cal 5 material with an aqueous sol ution

cont ai ntAglagichdgiatgrial f azaighmethobj eotpmigitgethe steps of:

m xture (twl a?ﬂilﬁaelﬂtﬁ@ tth@aﬁ{@mt 1c%|idm513§f‘15[ﬁrf‘%\r?g?glr1|§2ﬁh§gve
aqueous _sol ution .to.separate

agdl ng & 58 {)bd\/\ﬂ‘éflg%si%’r%tb&r‘?lf’glci‘,lag‘hattﬁrdla&g?"b"a}ll an

mat er i alaquagw Adlvgion somixiatingg At lesdi) dhsliptacid at a
sasd bi ebAgés@tad@ebirab, 1 gyl %xmacumshg%ﬁgc%;ﬁg A hixture

from sai d biol ogi cal materi al
ext r act FRg2 niRAteing szpategriordi /#§°C t G0 mrd thker eémeving

sai d sushagtafiedus @Blﬁlﬁi&ﬂlt(é) sephtact atde %%&b@gb;?ologlcal
i.c. 15 surfactant

d
sLer o SpReCkRENe 6 G RIPIGl Sl SIS 3
cl ai m 25uapRREion sandatminm Wacbate apewder . amphotin isrid

suo f act powdéds 156 aat edofFris BRagE OMBy GORSHSL] agan%fter of 20
bile acid, cholic acid, deoxycholic acid, 3-[(

chol am BBEPHpyAS%d| ﬁe?ﬂ%’aﬁﬁ%ﬁ?@}’bﬁép@né §uFPo%r% &g a
( CHAPS) handhessd t(sivilber@bfaood orTheeaedhod sof degfﬁﬁc.{[rignﬁhe

nUCle'°aﬁ&+éjE¥%igg §QSLH%%I§%ah§} w1 MIES 8 caglon, e 3R (6)

concentration o I'sin the ran
0.1 mv PBt&FRing th Buchgic Reifodt oifnt@aeﬁact-nn@le supernatant
nUE| ei cofictilte adeangtag prddiuvany of cl ai ms 1 to 4,

wherei n the 4 enpetat he trrent
50C to 900G 5 Thae g SE 8% é’\% nr‘%ﬁc &F ca%%cu gocording
accor di hg S¥dmafy U\‘le’éfflé’r rFé“elaP%"% uW@ﬁ@PhC@WYHB@ve

solid powibrcted by treating simultaneously or alternately with
ultrasonic waves of two wavelengths.

20 10. The method of extracting nucleic acid according
to any of claims 1 to 9, wherein the above biological
material is a virus, microorganism, protozoa, plant or
animal tissue.

11. The method of extracting nucleic acid according

25 to claim 10, wherein the above microorganism is one that
belongs to the genus Mycobacterium.

12. The method of extracting nucleic acid according
to any of claims 1 to 11, wherein the sample containing
the biological material is an organism-derived sample

30 such as sputum, gastric juice, urine, pus, ascites,
pleural effusion, pericardial fluid, blood and tissue, a
tissue washing liquid such as a bronchial lavage and an
alveolar lavage, culture medium, and an environmental
material such as soil, water and air.

35 13. A reagent kit for conducting the method of
nucleic acid extraction according to any of claims 1 to
12, wherein said kit comprises at least a reagent

containing the above surfactant and a reagent containing



30 is anorphous, its long dianeter is 32 mor |ess,
its specific gravity is 3.0 or greater, and its
hardness (HvIO is 600 or greater. 7. The method of
extracting nucleic acid according to claim®6, wherein
the above anorphous powder is 35_zikconia. 8. A method
of extracting biological nmaterial- derived nucleic
acid from sanples containing the - 19 biol ogica

mat er i al theaskpvretdsdd depapiesiary at kenstepsef.. (1)
separating the biological material fromthe above
sanple, (2) mxing said biological nmaterial with an
aqueous sol ution containing, at |least, cholic acid at
a 5 concentration of 0.1 to 50 mM (3) subjecting the
m xture to a heating treatnent at 60C to 90C and then
renovi ng said aqueous solution to separate the above
bi ol ogi cal material, (4) adding to the biologica
material a suspension containing zirconia powler,
wherein said 10 powder has an anorphous shape and a
maj or dianeter of 20 mor less, a specific gravity of
4.5 to 6.5, and a hardness (HvIO of 800 or greater,
(5) disrupting the above biological material by

ul trasoni cation, and (6) obtaining the nucleic acid
of interest in the supernatant 15 of the disrupted
product. 9. The nethod of extracting nucleic acid
according to claim8, wherein the above

ul trasonication is conducted by treating

simul taneously or alternately with wultrasonic waves
of two wavel engths. 20 10. The nethod of extracting
nucleic acid according to any of clains 1 to 9,
wherein the above biological material is a virus,

m croorgani sm protozoa, plant or animal tissue. 11.
The nethod of extracting nucleic acid according 25 to
cl ai m 10, wherein the above m croorganismis one that



bel ongs to the genus Mycobacterium 12. The nethod of
extracting nucleic acid according to any of clains 1
to 11, wherein the sanple containing the biologica
material is an organismderived sanple 30 such as
sputum gastric juice, urine, pus, ascites, pleural
ef fusion, pericardial fluid, blood and tissue, a

ti ssue washing |liquid such as a bronchial |avage and
an aPROIYE | §§g§? culture nedium and an
envi ronnental material such as soil, water and air.

35 13<1fb§§@ﬁ£ﬁtch%@&ﬁ?ﬂﬁPndUCting t he net hod of

nucl erc” dci'd extraction according to any of clains 1

to 1912Whéfegiheds &b Kktragorpri sbsNutldigadcid feagdhiological M
cont ai i g t he above surfactant and a reagent

containing - 2 Q__the above solid powder as a

const Tt ientTY SSEEBENCE LI STI NG <110> TOSOH CORPORATI ON
<120<Mt-had2boe-Exg2aet i on of Nucleic Acid from

Biolqgi gah ['gl <130> TYS-S935 <150>
JP2006-%§%5%% <§5%> 2006-02-15 <160> 11 <210> 1

<211>BRP> d312> DNA <213> Artificial Sequence <220>
<223> MYR-1S-10 <400> 1 tttccgttcg acttgcatgt gtta 24
<210> 2 211> 51 <212> DNA

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> MYR-185-10

<400> 1
tttececgtteg acttgcatgt gtta 24

<210> 2

<211> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> MYR-1F-10

<400> 2
aattctaata cgactcacta tagggagacg gaaaggtctc ttcggagata c 51

<210> 3

1/4



<213> Artificial Sequence <220> <223> MYR-1F-10

<400> 2 aattctaata cgactcacta tagggagacg gaaaggtctc
ttcggagata ¢ 51 <210> 3 1/4 <211> 18 <212> DNA <213>
Artificial Sequence <220> <223> MYR-3RT18 <400> 3
acaagacatg catcccgt 18 <210> 4 <211> 18 <212> DNA
<213> Artificial Sequence <220> <223> YO MYR-P2-2-S-G
<400> 4 cgaagtgcag ggcagatc 18 <210> 5 <211> 2.4
<212><PNR> B3> Artificial Sequence <220> <223>

MYR- 1S, 49, 5f00> 5 ccgccagegt tcgtcctgag ccag 24 2/4

<210> 6 _<211> 51 <212> DNA
<213> Artificial Sequence

<220>
<223> MYR-3RT18

<400> 3

acaagacatg catccegt

<210> 4

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> YO-MYR-P2-2-5-G

<400> 4
cgaagtgcag ggcagatc

<210> 5

<211> 24

<212> -DNA

<213> Artificial Sequence

<220>
<223> MYR-15-40

<400> 5
ccgeccagegt tegtecctgag ccag

2/4

18

18

24



<213> Artificial Sequence <220> <223> MYR-1F-40
<400> 6 aattctaata cgactcacta tagggagatg gcggcgtgct
taacacatgc a 51 <210> 7 <211> 16 <212> DNA <213>
Artificial Sequence <220> <223> MYR-3RA16-4 <400> 7
,gacatgcgtc ttgagg 16 <210> 6 <211> 18 <212> DNA
<213> Artificial Sequence <220> <223> YO MYR-P5-S-G
<400> 8 caaattgccc acgtgtta 18 3/4 <210> 9 <211> 18
<212> PN <@13> Artificial Sequence <220> <223>
MYR-3RI 18 <400> 9 taaagacatg cgcctaaa 18 <210> 10
<211><481> B4 2> DNA <213> Artificial Sequence

<212> DNA

<213> Axtificial Sequence

<220>
<223> MYR-1F-40

<400> ©
aattctaata cgactcacta tagggagatg gcggegtgct taacacatgce a

<210> 7

<211> 16

<21Z2> DNA

<213> Artificial Sequence

<220>
<Z223> MYR-3RAl6-4

<400> 7
gacatgegte ttgagg

<210> 8

<211> 18

<212> DNA

<213> Artificial Seguence

<220>
<223>» YO-MYR-P5-S-G

<400> 8
caaattgccc acgtgtta

3/4

51

16

18



<220> <223> MYR- 3RK16-4 <400> 10 ggcatgcgcc aagtgg 16

<210> 11 <211> 15 <212> DNA <213> Artifici al

Sequence

<220> <223> Y0- MYR-P4-S-G <400> 11 ccggtgtgca gggca

15 4/4

<210> 9

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> MYR-3RI18

<400> 9

taaagacatg cgcctaaa

<210> 10

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> MYR-3RK16-4

<400> 10
ggcatgcgee aagtgg

<210> 11

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> YO-MYR-P4-5-G

<400> 11
ccggtgtgca gggca

4/4

18

16

15



