- 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 nu Ie|c acid
anpllflcatlonreactlonfromblologlc material in a
bi ol ogi cal sanple in a sinple and quick method, and
can be applied tmErRODCRORTERTRECSING 6 NwdErtd goID

testing, 10 research fi gigiM Higt.cxrdm e@sRTakl ol ogy,
i ndustrial fields such as food safety managenent, and

the like. Specifically the present invention pernits
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extractlon and purification steps are selected depending
on the properties of the sample.
As general methods of extracting nucleic acid from

bioclogical 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. BAmong 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
purification 2 by enzyne treatnent is time-consum ng,
and specifically when it is applted to materials
having rigid cell walls such as bacteria of the genus
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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, blecod
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 quantitation 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.

2650158, 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 Act B Sequence Based
Amplification (NASBA) nethod as described in Japanese
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reaction-inhibiting substances derived from biclogical
components such as airway mucus, various nucleic acids
25 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
30 . 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
35 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 solutjon is to renove

nucl eic acid anplification reaction-inhibiting
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clainmed jin th ve first invention,. wherejip the .
surfacteﬁﬁeﬁgi%aﬁggng%ﬁﬁﬁéiﬁfFfégt%%ta T g AT T3t e faving 2
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deoxychaldnzi@elifly of bile acid, cholic acid, deoxycholic acid,
3-[(3~chclamidoprepyl}dimethylammenio]propane sulfonic
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 90°C. 1In
a sixth invention of the present application, the above
30 solid powder is amorphous, its long diameter is 32 um 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 pfesent
35 application is a method of extracting biological
material-derived nucleic acid from samples containing the

bioclogical 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-apptication, the
tenperature of the heating treatment IS GOCto QOC. I n
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(4) addi hlgeterelric bedtogf caltemaser Lal the swepenstamt of the

cont ai ni agsgmﬁﬂaﬂlp@odaewerz whergtn IheRawdenrhage 3present
maj or di anef er secn‘lcgrawt

b0t o o REF farYerng ik Shovis Wk it gp condacted by
gricat er , t{ &t dismiprilhgnedus laboveal b olagilyakinht el mdsonic
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acid of |nterest he, super nat ant t.he t ed
product . T%seé%n aﬁ?ﬁ IPRbRL 3:'? gﬂﬁ%qb‘roelsoé’ﬁf:a terial is a
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15 treattgsud Wuﬁhaﬁﬁoéﬁéﬁédih @hﬁéﬁfﬁﬁdﬂdf Whthpresent
tor ason wavel en
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bi ol ogi c&?® i genup Mycebadtierdym. a In & ¢veddphsimvention of

pr ot 0zoaghed gded@ht OhpHIt BBl the sample containing the
biclogical material is an organism-derived from a sample,
such as sputum, gastric juice, urine, pus, ascites,

25 pleural effusion, pericardial fluid, blood and tissue,
tissue washing liquid such as a bronchial lavage and an
alveolar lavage, and an environmental material such as
soil, water and air. A thirteenth invention of the
pPresent application is a reagent kit for conducting the

30 -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
present invention will now be explained in detail below.

35 BRIEF EXPLANATION OF THE DRAWINGS )

Fig. 1 shows the result of a TRC reaction conducted

in the method of Example 1, in which various



tissue. In an eleventh invention of the present 20
application, the above m croorganismis one that
bel ongs to the genus Mycobacterium In a twelfth
i nvention of the present application, the sanple
contai ning the biological materialéis an

organi smderived froma sanple, such as sputum

gastric behesntyéﬁl%s @@sstmﬂae%m%f Pl cterium
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soil, wat g ' tl’g‘nt hirteenth i nvention of the
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nM/ucI eic Ac dlr%lé:f;%rlggt L¢ T OMmA I\IAEE:SR{\IAeaé‘ipéL(?SSBBtg?n%Eﬁ%eHa 10
t hen sub¢BeAd pd wehe dREatedction. 5 Fig. 2 shows a
graph showi ng-"ltgheBr SAGEL q‘g&'a?ﬁ qugﬂlr%;h%hg PQ&@‘LS oqpccqme and
tensity ratio of an
cgﬁduct *ty}“? rFlE‘;?aYﬁﬁF%“%e w&@PéPEYt%%ﬁl%af«pﬁeaNfﬁ namRAmfeﬁatlon
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reaction. Test samples up to bacteria 10 cfu/200 pl 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,



15 the fluorescence intensity ratio of a RNA
anplification reaction conducted in Exanple 3 wherein
test sanples in which 10 to 160 cfu of M/cobacteri um
avium were di spersed in 200 41 of a

t uber cul osi s-negative NALC-treated 7 product from

whi ch nucleic was acid extracted, and the 20 extract
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Ilflcat|o réac st sa
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such as fungi and Mycobac erlum 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 solubilizing 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
glyceprotein (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



pretreatnment such as a NALC treatnent to | ower the
viscosity of the sanple may be carried out to obtain a
nore preferred result. There can al so be nmentioned 15
environmental water, waste water and soil in the
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plants or "animal s. The 20 present_ invention is usef pl

for bi ol DHilcatanat Bptefted TLaRRPLLE Amgr Shalic acid

My cobactasdayahioat cwht ity calhPSdasd ugliten thesedf f f iWhent cholic
VWile, in.t n iC [ [ t had. of

pr esent %#Hgﬁfig%%géu(§%%ﬂ§g§£%ﬁ§%(gﬂﬁggiﬁﬁthg %t@ﬁ%ic
255aci d rugdlerpbddt 1 om! teadfi B afe usled ed TR t ferperature of

surfact anfe 324 thBHOMEL tidhicNYs thes Rxbae! | B Afot limited to,
nucleic acid from test sanples esent inventors

[ -] t he opr Q :
bel i eve §H&t tBn30°6s MeFR RERISraREBsO T hatOi AhiChi #rehReating
nugl eihc t;’:llgﬂed isanpht ficatliienteeacd, @reifsrghyg aprdireites to 20
and thus_. S il zi Y. r LN_ WM .
surt act S cPRe BiL o tePlp Y AARLELT S hhyces.  The
i BRI bi t heed ipgcEesatRaitd 2sanpeq ficdatPofiay dREd f e oy be
ble exhi kidredctéa %@g&biﬁ@f ebht aexapl.esTRé suder of times of
gl ycoprateins. include . air C gl yc t e i
Conl | ed SHiEeRT b et ”%ﬁg’é%?ru%%lysggao’g‘;n%“Z‘gs@&f‘mﬁﬁgd £or
surf act &me for abeet fivehéipeeserttn SrAGENEP oMprwcAgic acid-

Spe?i fi cldeihl Ayt esbtasahphgs aﬁiﬂ&iway suBf £cEditORInG then
S act ant.s avi a_steroi e r_- . .

SaBhol yrdechayely Anplehg hpanaaly ﬁg [genthigusation
sur f act @Focssbected EpRLBi | Bavaded emeheyed: ddieghucleic acid-
deoxych@longaaghifly (E#PSamplesalrs thhesepfacitirrethehtc

pr cf er St CERRIE o U SARFaF ot e MG RS e or

t he heattimpgdifisatimnirepstpees ctaabby, separaicd Hyniergrituging
t9g 060Gt 0pAPCrotOriGiRERT €6 2 Y 0RQG £Or BDGindRds. 1In the
heatlngprocess 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 sclid powder is not
specifically limited as long as it can physically disrupt
the biological material, but preferably is amorphous.
Bmorphous sclid powder refers to a solid powder

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

concave surfaces. The size of the above particles should



time is, but not limted to, preferably 2 mnutes to
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pm, specific gravity of 6.0, Vickers' hardness (Bv10)
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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 c¢f 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



specific gravity is preferably as large as 3.0 or 5
greater, since it can disrupt tissues using the
kinetic energy of the powder by ultrasound waves or
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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
to these examples.
30 Example 1
An inhibiting substance 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-NaCH treatment (trade name: BBL



with a vortex mxer. For the disruption of cells,
ultrasonic disruption is nore preferred, and in order
to elimnate the effect of a stationary wave,
alternate or simultaneous ultrasopication with 2
frequencies or nore 5 is nost preferred. For
ultrasonic treatnent, a container_ holding the sanple
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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 minutés, 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 conformity to Z83862
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



35 "tubercul osi s-negative sputunt) obtained with

consent froma patient infected with nontubercul ous
acid-fast bacteria to a NALC-NaOH treatnent (trade

nane: BBL - 11 Mcoprep, N ppon Becton D ckinson Co.,

Ltd) were used in the follow ng-ti® treatnents.
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5000 FOGFOF A HI MBS ARG SR T AFLoPnan Sieriadanplume of
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acid extract 525, (4): Nuel. ej | d racts obtai ned as
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were mxed té7 pMeprEEsivRegateiiciesput um extract ed
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cont ai ni'lN§-?he base number 243-1843 (the

1 mM DTT
G.25 mM each of dATP, dCTP, dGTP, dTTP
3.6 mM ITF

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

0.16 pM of the first oligonucleotide (MYR-1S-10, SEQ
ID NO: 1. The hydroxyl group at the 3'-end was amidated)
1.0 uM 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 oligonucleoctide (MYR-3RT18, SEQ
ID NO: 3)
35 25 nM of an oligonucleotide labelled with an

intercalating fluorescent dye (YO-MYR-P2-2-5-G, SEQ ID



base nunber was attached in conformty to Z83862

regi stered i n GenBank), which was synthesized by in

vitro transcription using double stranded DNA

contai ning the sequence of Mycobacteriumtubercul osis

16S rRNA as the 35 tenplate, and't Ijrén‘puri fied, 1601
bases; the standard RNA was dissolved in a 10 mM
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3'-end vwagAaR gabetlc. )

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 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. 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°



1.0 Mof the second oligonucleotide (MYR-1F-10, SEQ ID

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 from"G at No. 23 to "A" at No. 28 is

an enhancer region) 1.0 pMof thel4hird

oli gonucl eotide (MYR-3RT18, SEQ ID NO 3) 35 25 nM of
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An |nter%“§%]1en§ dye was | abelled in between "A" at
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at 43C TQlked MhBUE EShodheli Bl AR AW WAGLUGN diBliment
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kept at 43@deonanepri é@cﬂ&eﬁdd‘b‘dDPOfOBeB%‘w?ﬂt?}b‘ﬁ‘sé’P Co.,
the enzyrmsolpati oA (Eiaels GoOEEN r &0,0R0| S80tdred 160 cfu were

concentra thefinl 0 of 30 1) 2. 0%
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of
the PCR% #eoft bee rladei 6R2 98Xt 1136 RES et &dier fPPg was
pepi od ffoattiedeon the amshiagtatdol wavelengtdniof cde@ner Vs-

nm and 81} o eMS8h PLLAE! S9N REeTRBNICS Cco., Ltd.,
frequency 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
290 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 16S rRNA.
The result of the rise time (time until a
25 fluorescence increase ratioc 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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Vel$56| OfndedHdra IR Ct 6| &anEm ¥Snuble: (rmrukactaced Bive

HONDA EL%FJBQ};%%%% Lidhiks suggsgysa% W nudtektiacia

out put power ect ed
ul t r ason#ePkifdaEivdal FOACHE N AGt é% Exlfﬁ%iﬂei t ﬁﬁs‘“easure M.
centri f ugetumti k6 rR00. X Thd @omBinkbildres ofarte3Prime20 and

of the Zg‘p‘% natant yas g% %Slfl%cv ed to another tube to
obtaln AuCT e C act d . Five microliters of it
First ollgonucleotlde {(MYR-15-40, SEQ ID NO: 5)
Second coligonucleotide (MYR-1F-40, SEQ ID NO: ©)
Third oligonucleotide (MYR-3RA16-4, SEQ ID NO: 7)
An oligonucleotide labelled with an intercalating
fluorescent dye (YO-MYR-P5-5-G, SEQ ID NO: 8)

25 The result of the rise time {(time until a
fluorescence increase ratio becomes egual 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.



was subjected to a nucleic acid anplification reaction
as in Exanple 1 to neasure BCG 16S rRNA. The result
of the rise tine (time until a 25 fl uorescence

i ncrease ratio becones equal to 1.§6tines t he val ue
of the sumof the negative mean and three tinmes the
standard devi ation) of each nucleic acid extract is

shown in Fig. To?rfo-ghﬁ%eoﬁeﬁéﬁﬂ Sanpovst hadpddeel by sub]ectlng
extracti O nmet.no (0] t he resent I pvent

oot 3 T s e e ot B L SA0p0 B S rene
det er m nét i lramet hBBBXtyentriepn NappdrodEeasftonh®ickinseon Co.,

pr esent L{ky)entl(pn 2@6‘”4@9 @@@doe%bocﬁu I\E‘orlf‘d%k}'%%‘éEJQY§re were
aci d-fast bacterium cobact eriumavium 35 T

of test 3RS e%‘dpluéﬁgr%%l 1®P % FBMELEF ng
tuber cul osi s-cirgalli y& SipItwssht @eagé\w&_&d‘daaddteﬁeabn’em test

a C
D oki nsohtEL S A pypreun Hanl Sy -ELORAt ki en ap 4y peemoie
avi um wel ¢ dddedmianelitenp of ﬂéswa%amm@te@néow picleic
t he msrhéﬁﬁ@a@ulmsaaﬂ&ed:eta@ttibﬁ iesin T:sappkes aml measure M.

af tUer m X cfeoll,l g’aﬁ,leailésovﬁ%éind ?%gngom nnalti(;jLr %d gathe primers

bl*dck att en- cent
16, 000 ranf fapebgsnieed exre ¢sr érblevs he supernat ant. To

the precipi t@tl%sebbﬁicg&mcl%%thdef (e sy sios BEEUEMINO: 5)
was added,

vessel of 1 eﬁlo?sa%%%?o@u\éﬁégfﬁléga{/%%i ?ﬁram%?(gcﬂgred °)

by HONDA ELECTRENI €5 wnucliepgidef (¥R 824SEQITRHO: 9)
outsput power anld0; P¥nuandtlibenl sybi B4 €d thOafANintercalating

ultrasonic treatnent fo t n_i.t S
centri f uged & <16’ o {;Y gd?[ﬂ] B‘Hn‘fncfjt é%% gh N@/a § of
the supernat &he %ultt? afsféer siise LIS drdrRerntibe t o

obt ai N af Nle@EndE | ThdrelalsdClat Fb iR cdile@r @hbhEro Of. A trimes
was subj ehcted to a %cl el c a Ighe nl”gﬂlfl

reaction asva%ugx of P el tlv%a%éggliﬁg three times
r RRA. Trtéva:@ﬁrbnﬁatcﬂ ci%VJ@fthﬁé Qrﬁmﬁghs nagdeic 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 sputum.

Example 5

25 It was examined to determine whether the extracticn
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-HCl, 1 mM EDTA, pH B) as a
substitute for the NALC-NaOH-treated tuberculosis-
negative sputum, 10, 20, 40, B0 and 160 cfu of M.
kansasii were added and they were used as test samples.

One 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



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

| abelled with an intercalating flddrescent dye

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

rise ting.{Ll Jawntjeansasd'mmﬁncem@%&@aa%amhg of the

becones equa .2 times the value of the sum of

t he nega@?V@el?Peéﬁ‘daﬁaoPﬁ‘F e‘ése(q FE§ 28 hEe st Hiitfar d

devi ation) OfF:LQ%Q'hOmﬂgbﬁdl@létﬁlldlee)(MYB€IS+@ SEQWODI MO: 5)
Fig. 3. These, res show .t hat, .t h tyacti o 0 .

met hod of thgeﬁPgé g i Fatilh e%gﬁd%agbdgﬁét%ﬁgt‘}d a%ﬁacf(% NO: €]
nurfber of M Thirdmel Agepetiant iBkatd¥®- 2R 6-fas SEQ ID NO: 10)
e?amhned to @ﬁﬁ%ﬁ%eﬁu&\m@sﬂe{e tBB=eXéd apttrdRn mata@@hlatmg
of the present invéntion ¢ applie

nont uber CtHHFSEEE A ¥ &st Y%i&%? %%A/ %%&a&[) Fi un‘}“L

intracel | ul arthe re36lt Tof 20@ lriet tise Sams estil a

prepar ed%l%%eﬁete' ﬂgcrééjstéerr‘élﬂhgslbécmté @1SPYL UM times
to a OH treat nent (trae nane:

co
NiShon B G EeREnEEn T3 OF ERe)ReGH: 130 meag Bpg ige tines
160 cfu Me igtanadaebl ué@iaﬂmeofSeaddemcalmdcuseddagxtract is
test Sar@ﬂo% 3191%151 9f tﬁ%s\@a§gsﬁ%§e§ﬁoﬁl‘@§xa§dgﬁg é:&ractlon

t he test nucl eic acid extract was obtai

as in B{@ﬁﬁ}qu of the RIOFLIORAVEREIGH 37 WWeseShbr e édf“
to a nucheiter a€i o. akphidd catinospueaction as in

Exanple 3 to neasure M 10 intracellulare 16S r RNA

The conbi nations of the prinmers and probes used are

as follows: First oligonucleotide (MYR-1S-90, SEQ ID
NGO 5) Second oligonucleotide (MYR-1F-90, SEQ I D NG

6) Third oligonucleotide (MR-3RI 18, SEQ ID NO 9) 15
An ol i gonucl eotide |'abelled with an intercal ating



fluorescent dye (YO MYR-P5-S-G SEQ ID NO 8) The

result of the rise tinme (tinme until a fluorescence
increase ratio beconmes equal to 1.2 tines the val ue

of the sum of the negative nean and three tinmes 20 the
standard devi ation) of each nucleiB acid extract is
shown in Fig. 4. These results show that the

extraction nethod of the present, ntion can detect
each cell nunber of M intracel% i n_sputum

Exanpl e 5 251t wAsmekzd wdd ekbraet dihitie lpadehemateaial-
extract I @i vt HQQ.‘L@{Ctah;@cprfeﬁﬁnéarﬁﬁl\é%“cioﬁBa&‘ﬁ:[hcj)%iological
applied tg a ontu ous aci d-f.ast bhacter

I\/ycobactr'é?tlelfr’na kahid} |If‘e hf’éi SHBP S WK g‘%eﬁns%ﬂgc} GHicar9ical
(maci n Znakengedl vitBOapepiuenes4s@Retith wivhTaigigCht Least a
mv EDTA, a%%aﬁ@ ag 5%@%%&55“%ﬁefﬁ¥xﬁdy% to a heatln treatment

NALC- Na treated t ercu 0Si s- negative sputum
20, 40, B/ HENT BT AP D NE aﬂ‘é‘?@é?sﬁd\ﬂénl%na%es&péﬁ&te the
they wenedisgdcas nesdrisanpkegdingne svlidf pbh@em\laﬁjﬁspens&on to

reagent Ay 306yl 0,1 NS, 3 SABLG (AN caing i to

nucl ei ¢ aci d "éx as in

Fide m cHeiupsr sadd ¢%°%C§&W%ﬁ@&%foaﬁd %Uaéﬁténg nucleic
aci d anpidifd (f&lbinoﬁai@a:ﬁﬁdl@@laSllrﬁ}at@taml e 3to - 17

measure M kansasﬁhe ghogNAf é§%%%%¥¥% nﬁﬁ&f@?%(QCLBh%ccordlng

primers and probes Used are-as
ol i gonudicesilpde { MyFerSiAQ sabEFYIS aq0ans) 1 Qi Aid onic
ol i gonuche@kicdent MYRritfy 40 st SE6 d RA¥®bohy 5r Tan rathpholytic
hlsgonucl e%tl g FWR—SRKlG 4, SEQ ID NO 10) An
|gonucﬁ eot’l abelled with an intercal atjng
fluorescent dye (e NAFRhRA4. Sf(EXtSEQtIngl\IEFChﬂ’)C T o accordlng
result ofo thaiki 3 dhdRift s8Rd liidn aurfhoodescanagpholytic

' ncrease r%ac angccgnﬁ%f%%%%h f§b£‘é%é:bg§gp %ﬁhgfg%lngsof bile

val ue of° {hé atrve
t he ‘st ar?d?aldd éé?lh‘?lmdrofjeéék&ﬁ‘%}& érddac?dl ekt ract

|§Q cholamidopropyl)dimethylammonio] propane sulfonic acid
(CHAPS) and salts thereof.
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. h
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 um or less, its
specific gravity is 3.0 or greater, and its hardness
(Hv10) is 600 or greater.
' 7. The method of extracting nucleic acid according
to claim 6, wherein the above amorphous powder is
35 zirconia.
8. A method of extracting biological material-

derived nucleic acid from samples containing the



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 nmethod of extracting hiol ogical materi al

derived nucleic acid from sanpl es 8nta|n|ng

bi ol ogical nmaterial, said nethod conprising m xing

sai d bi obbglealcab mudteairdl $dich methadqueonsr isuingt tbe steps of:

cont ai ni pg, a&eﬁ§¥§%1d% %Héfﬁ§$fHHrcé§uﬂb€Q£i§9 ARG the %Fove

mxture to a eatlng treatnent ~.and then renmoving saj
aqueous S®FRtEon! %k)m%§ﬁﬁﬁa§%ﬁqlﬂéOlﬁﬂéFéb pafie fidleri &P an
addi ng aa5ﬁé¢@b;xnmhﬂaoaus@mwﬁﬂnmmgnOatsaeﬁbﬁn(ﬂum;ueahc1d at a

wa%?rlal oggkgfg n ofSB”iC tlg%gmht R?)lé%ﬂh StERB tbe mixture

said bloFoglca extracting AuC
from sai ﬂobao‘rh@@xmj tm‘aheme:ad at2 60T¢letan9t0h0daroj then remov1ng

eXFraCtigglﬁué &Eéﬁsa%b9u@£59HQJ%% Egtgl@H%?a%bv@hgféﬂéblcal

said surfactant 1s an anionic Pact ant
st er oi d PeKbbe o) ﬁdﬁh%cﬂ%/ttﬂ"@ 95015‘?1‘3?%]{ glﬁ{tergal a

The neth@mbgﬁnéﬁﬁn'aﬁhtlgnihgﬂﬁmn&oaﬁhdpéwuﬁx'dmngrelﬂ said
cI im2, wherein said anion, surfact

f act BRVASE SRt BAIPF GRS <gr Bap dﬂ’g.ogtE off specific
b|Ie acgxgvicholdfc 4aéi do @enxpmuohlhazmnehs 3H&QB)2@E BOO or

cholan1d )d| r f

s GRLAR ) AsToLIY LAY Shar gpare ﬁglog)%%g?ﬁa}%dnal by
nucl ei c %&ﬁ%ﬁ%ﬁfﬂé@&ﬂﬁ@ anf cledj pPEaining dihe pHEgleic acid of
concentrfﬁuenbsﬁ imakHe ssupeaaciaanht b8 the tdiernpngé mfoduct.

0,5 MMto 50 ng %geSmegm:?d gt QQEIQ% ﬁ?%rn%%t]b[_ﬂ% acid according

nuclelc acid according to any
wher ei n ¥h&E kB Fpdr atlitEe o qﬂ?eabﬂ%ﬁt?%&f%ﬁqgéFﬁEh?“|¥§
60C t o Yndutebheynetéodimf séxthil dstiecnglyokeatteiately with

accord'rEht£é£6ﬂ¥é ghvel Al %Qvél?%%ﬁﬁﬁ'” the above

solid powder i S anorphous, Its di aneter is, 32
mor |ess, |t¥9 The method of extractlng nucleic acid accordlng

20 to any of claims 1 to 9, wherein the above biclogical
material is a wvirus, micreoorganism, protozoa, plant or
animal tissue.

11. The method of extracting nucleic acid according
to claim 10, wherein the above microorganism is one that

25 belongs to the genus Mycobacterium.

12. The method of extracting nucleic acid according
te any of claims 1 to 11, wherein the sample containing
the bioclogical material is an organism-derived sample
such as sputum, gastric juice, urine, pus, ascites,

30 pleural effusion, pericardial fluid, blood and tissue, a
tissue washing liquid such as a bronchial lavage and an
alveclar lavage, and an environmental material such as
soil, water and air.

13. A reagent kit for conducting the method of

35 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



specific gravity is 3.0 or greater, and its hardness
(HvI O is 600 or greater. 7. The nethod of extracting
nucleic acid according to claim®6, wherein the above
anor phous powder is 35 zirconia. 8. A nethod of
extracting biological material - deppved nucleic acid
fromsanples containing the - 19 biological material,
sai d nmet hpd conprisi,ng the.steps of: 1) separating
The b ol 607 coro ThCHiid PPFEFA thfe “asouet e, (2)

m xi ng said biological material with an aqueous

sol ution containing, at least, cholic acid at a S
concentration of 0.1 to 50 nM (3) subjecting the

m xture to a heating treatnent at 60C to 90C and then
removing said aqueous solution to separate the above
bi ol ogical material, (4) adding to the biologica

mat eri al a suspensi on containing zirconia powder,
wherein said 10 powder has a major dianmeter of 20 m or
| ess, a specific gravity of 4.5 to 6.5, and a
hardness (HvlI O of 800 or greater, (5) disrupting the
above biological material by -ultrasonication, and (6)
obtaining the nucleic acid of interest in the
supernatant of the disrupted product. 15 9. The nethod
of extracting nucleic acid according to claim S8,
wherei n the above ultrasonication is conducted by
treating sinultaneously or alternately with

ultrasoni c waves of two wavel engths. 10. The net hod of
extracting nucleic acid according 20 to any of clains
1to 9, wherein the above biological mterial is a
virus, mcroorgani sm protozoa, plant or anim
tissue. 11. The method of extracting nucleic acid
according to claim10, wherein the above

m croorganismis one that 25 belongs to the genus
Mycobacterium 12. The nethod of extracting nucleic
aci d according



to any of clains 1 to 11, wherein the sanple
containing the biological material is an

organi smderived sanple such as sputum gastric
juice, urine, pus, ascites, 30 pleural effusion,
pericardial fluid, blood and tissue, a tissue washing
liquid such as a bronchial |avage and an al veol ar

IavaggEQéﬁﬁ%émll%§YN§?nnentaI material such as soil,

wat er reagent kit for conducting the
met hod of 35 nucleic acid extraction according to any
of cIaiI@b:ng@H ¢aRp®wmqﬁdN1 said kit conprises at

| east fz(i ﬁ?egl gont m fl 1top1e01;§bf\? gl]e%%rfiiémgapior@%o%oglcal M

reageﬁ € "above's
const atemidl SEQUENCE LI STI NG <110> TCSCH CORPORATI ON
<120><f§ﬁ;u¥§§u§@3gxtractlon of Nucleic Acid from
Bi ol ogi ca aterial <130> TYS-S935 <150>
32200%1%%27?@0051%%%272%06 02-15 <160> 11 <210> 1
<211><2ﬂ1><ﬁﬁﬂ>02»w6<213> Artificial Sequence <220>
<223>:¥%ﬁ_% <400> 1 tttccgttcg acttgcatgt gtta 24
<210> > 51 <212> DNA <213> Artificial Sequence
<220>

<210> 1

<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> MYR-18-10

<400> 1
tttccgtteg acttgeatgt gtta 24

<210> 2

<211> 51

<212> DNA

<213> Artificial Seguence

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

<400> 2
aattctaata cgactcacta tagggagacg gaaaggtcte ttcggagata ¢ 51

<210> 3

1/4



<223> MYR-1F-10 <400> 2 aattctaata cgactcacta

t agggagacg 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> 16 <212> DNA <213> Artificial Sequence <220>
<223> YO MYR-P2-2-S-G <400> 4 cgaagtgcag ggcagatc 18
<210> 2 <2 24 <212> DNA <213> Artificial Sequence
<220>°%553> R-1S-40 <400> 5 ccgccagcgt tcgtcctgag
ccag 24122/mNA210> 6 <211> 51 <212> DNA <213>

Arti fj:ﬁi?i ARGUERE S §g&19e>nce

<220>
<223> MYR-3RT18

<400> 3

acaagacatg catcccgt

<210> 4

<211> 18

<212> DNA

<213> Artificial Seguence

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

<400> 4
cgaagtgcag ggcagatc

<210> 5

<211> 24

<212> -DNA

<213> Artificial Segquence

<220>
€223> MYR-18-40

<400> 5
ccgcecagegt tcgteoctgag ccag

2/4

18

18

24



<223> MYR-1F-40 <400> 6 aattctaata cgactcacta

t agggagat g gcggcgtgct taacacatgc a 51 <210> 7 <211>
16 <212> DNA <213> Artificial Sequence <220> <223>
MYR- 3RA16-4 <400> 7 .gacatgcgtc ttgagg 16 <210> 8
<211> 18 <212> DNA <213> Artificial Sequence <220>
<223> YO MYR-P5-S-G <400> 8 caaattgccc acgtgtta 18
3/4 <210> 9 <211> 16 <212> DNA <213> Artificial
Sequeréé0><20> <223> MYR-3RI 18 <400> 9 taaagacatg
cgcct aaga11851<210> 10 <211> 16 <212> DNA <213>

Awtifigial Sequence <220> <223> MYR- 3RK16-4
<212> DNA

<213> Artificial Sequence

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

<400> 6
aattctaata cgactcacta tagggagatg gcggcgtgect taacacatge a 51

<210> 7

<211i> 16

<212> DNA

<213> Artificial Segquence

<220>
<223> MYR-3RAl6-4

<400> 7
gacatgecgte ttgagg lé

<210> 8

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> YO-MYR-P5-5-~G

<400> 8
caaattgcecc acgtgtta 18

3/4



<400> 10 ggcatgcgcc aagtgg 16 <210> 11 <211> 15
<212> DNA <213> Artificial Sequence <220> <223>
YO MYR- P4-S-G <400> 11 ccggtgtgca gggca 15 4/4

<210> 9

<211> 18

<212> DNA

<213> Artificial Seguence

<220>
<223> MYR-3RI18

<400> ¢

taaagacatg cgcctaaa

<210> 10

<211> 16

<212> DNA

<213> Artificial Sequence

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

<400> 10
ggcatgcgce aagtgg

<210> 11

<211> 15

<212> DNA

<213> Artificial Sequence

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

<400> 11
ccggtgtgeca gggcea

4/4

18

16

15



