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FIELD OF THE INVENTION

The invention is in the field of molecular biology. In particular the invention is in the area

of cell lysis. Most particularly the invention is a process for lysis of Mycobacteria.

BACKGROUND OF THE INVENTION

Mycobacteria are a large, diverse, and widely distributed family of aerobic,
nonqurulating, nonmotile bacilli that have a high cell-wall lipid content and a slow growth rate.
Members of the Mycobacterium genus vary tremendously in virulence. Some Mycobacteria é.re
harmless while others like M. tuberculosis are significant pathogens. Mycobacterium species are

differentiated by their growth rate, pigment production,.dnimal virulence, and biochemical
reactivity.

| Many detection methods for determining the presence of pathogenic organisms such as
those in the Mycobacteriaceae family fely on the lysis of those organisms. However, commercial
and published lysis procedures for Mycobacteriaceae are expensive, laborious, time consuming

and may require caustic reagents, specialized equipment, or both. This contrasts with lysis
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Recent advances in mycobacterial genetics and increased interest in-
opportufi stic pathogens in patients |ike those suffering from acquired
i munodefici ency syndrone have focused attention to the fact giying
procedure for rapid lysis of Mycobacteriaceae is needed. |t yyds De

advantageous to have a process for |lysing Mycobacteria that 1s sinple,
fast, and not disruptive-to the nmaterial desired fromthe | yﬁiis%hee?’HMe«%YRquced
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invention results in |iberating deoxyribonucleic acid (DNA) from
Mycobacteria. Not only is DNA |iberated, but the DNA |iberated is suited

for subsequent analysis by§mq§£ Qg ﬁ%’ | i on, restriction enzyne
anal ysis, anplification, e Iﬁ{é] ﬁlﬁé

The present invention provides a process for lysing Mycobacteria that is simple, fast, and
not disruptive to the material desired from the fysis. In one embodiment is provided a progess for
lysing Mycobacteria which consists essentially of exposing the mycobacteria to a lysis effective
amount of heat. _ |

Further embodiments include isolating specific cellular components liberated from lysis of
Mycobacteria using the process of the invention. |

Specific embodiments also include the additional step of isolating nucleic acid from
Mycobacteria and amplifying nucleic acid obtained from practicing the process of the present

: inyention.

Other embodiments include the addition of a Mycobacteria identifying agent to the lysed
Mycobacteria to identify the presence of Mycobacteria.

The process of the invention is particularly advantageous since only one step is involved, it
is expedient compared to prior processes, and little instrumentation is necessary. By practicing

the process of the invention it is possible to lyse Mycobécteria with minimal effort. In addition,



As used in this docunent, "lysis effective amount of heat" refers to that
ampunt “of el evated tenperature which liberates intracellular components
such as DNA, RNA, and the like, but which ambunt does not de A or -render
the desired intracellular conponent unsuitable for subsequem. I n one
particul arly effective enbodi ment of the invention, the |ysiB38#2ective
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DETAILED DESCRIPTION OF THE INVENTION

The present invention allows for the lysis and resultant liberation of DNA and cellular
" material from Mycobacteria.

The heating of Mycobacteria for lysis is advantageous over known methods for lysis of
Mycobacteria which involve the use of caustic chemicals, time consuming culturing, and
mechanical methods which use the French press, the Hughes press, sonicating probes, bath
sonicators, freeze-thawing, glass beads, the Ribi pressure cell, and the like (see Table I). The use
of heat can kill pathogenic organisms or render such organisms noninfectious, thus simultaneous

-liberation of intracellular components and rendering of safe samples can be obtained by the
process of the invention.

Although numerous enzymes and procedures exist for lysing a variety of organisms, the
application of heat to lyse Mycobacteria is unique. Mycobacteria are notorious for their inability
to readily lyse. Those procedures that do result in lysis of Mycobacteria also generally destroy the

contents of the cell that were desired. If the contents of the cell were not destroyed from the lysis



resi stant Mycobacteria. It is also unexpected that heating works so well in -
| ysi ng *Mycobact eri a~because other, nore stringent conditions, do not - work.
However, the practice of the present invention results in M/pg ria
l ysis and subsequent yield of useable pieces of DNA that ar ep%%%l e for
use for a variety of purposes such as detection nethods-and—atfpttication,—
as well as |iberating RNA and other cetlular conponents. The process of the -

i nvention can provide DNA and RNA frofh-t he |l ysed n1croor
stranded form Tables | and Il set forth a substanti al
for lysing mycobacteria, all of which require nore |nvolve

present invention. TABLE | COVMERCI AL AND PUBLI SHED METHODS FOR LYSI S OF
MYCOBpIoTERIrg, inwasgenesdly theresult of timely and/labbookis protocols Mycobacteria are
Ref erence GenProbe ' 15" sonication with |ysing Gen- Pr obe

packageramely @ﬁlsaﬂatogﬂu@@alﬁgawd can be summ@quo cpn@qntréﬂ@z araﬂ digestion 15 @

err] with 0.IN n. "Mcro. R
[NaC]—I] praqadyres hatoill gpdinary bactaria &@m@bﬁi apgd [ e %B% itjs unexpected that 3.
m ni bEad beat stenmatic
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growt Qeéaﬂse other, fidpd sctringéé (:g’ndﬂox@?&n dtQvork. However, the practice of the present
invention results in Mycobacteria lysis and subsequent yield of useable pieces of DNA that are
suitable for use for a variety of purposes such as detection methods and amplification, as well as
liberating RNA and other cellular components. The process of the invention can provide DNA
and RNA from the lysed microorganisms in single stranded form.

Tables I and II set forth a substantial number of protocols for lysing mycobacteria, all of

which require more involvement than the present invention. 5
TABLE1
COMMERCIAL AND PUBLISHED METHODS
FOR LYSIS OF MYCOBACTERIA
Author/Source Method Reference
GenProbe 15' sonication with lysing Gen-Probe package
' buffer and glass beads insert
Pierre et al 15' @ 95°C with 0.IN J. Clin. Micro. 29
(1991) NaOH, 2M NaCl, 0.5% SDS (4):712-717
Hurley et al 3' in minibead beater Int. J. Systematic
(1988) (Biospec Prod. Bartles- Bacteriology 38(2):
ville,OK) with distilled 143-146

phenol and 0.1-mm zirconium
beads



1.4% gl ycine, 60 ug/m D cycl oser'i ne, lmg/nL lithiumchloride, 200 ug/m
Iysozyn”e 2 mg/ nt EDTA; then pelleted by centrifugation and heated 15

[err] in 1% SDS. Butcheret al _ 3 hr@[err] with 1%
Gut 29:1222-1228 (1988) : subtilisin; then 3 err]
with 50 ng/ml |ysozyme; then 12 hr @[err] with 3 ng/rﬂ—pmn nd 1% SDS..
Wayne and G oss : 72 hr @370C with vigorous . J..Bacteriol. >
95(4): (1968) aeratpen; then 24 hr @ ThlsSheetHalﬁSe]a
[err] anerobically with 10 uM EDTA, 1 ng/m pronase; then
5% DOC. Bri sson- Noel Culture: 15 @[err] with
11/ 4:1069-1071. et al (1989) : 0. I M NaOH, 2M Na :
Bl oody dshr @[err] with 1 Y. hen 16 5rrg/rr1 .
pro %‘ 0 1% Triton X-1 %C%R{%fi& m‘c ﬁggﬁ}r;;\‘ﬁeﬁ th 10 nmv
Tri s- J. din. Mcro. astslbg m pH.8. 5Tug! é%
2437-2441. EDTA. then 3 hi-4 F_F‘Pi ffered phenol: 1.5%SDS (1: | - -
vol une) with orbital cycioserine, Img/mL lithium
_ chloride, 200 ug/ml lysozyme,

2 mg/mL EDTA,; then pelleted

by centrifugation and heated
15'@ 65°C in 1% SDS.

Butcher et al 3 hr @ 37°C with 10 mg/ml Gut 29:1222-1228.
(1988) subtilisin; then 3 hr @

37°C with 50 mg/ml lysozyme;

then 12 hr @ 37°C with

3 mg/ml pronase and 1% SDS.

Wayne and Gross 72 hr @ 37°C with vigorous J.Bacteriol. 95(4):

(1968) aeration; then 24 hr @ 1481-1482.
37°C anerobically with 10

uM EDTA, 1 mg/ml pronase; then
90' @ 56°C with 5% DOC.

Brisson-Noel Culture: 15' @ 95°C with Lancet, 11/4:1069-1071.
et al (1989) 0.1M NaOH, 2M NaCl, 0.5% SDS

Blood: 4 hr @ 37°C with 10

mg/ml lysozyme; then 16 hr @

55°C with 5 mg/ml pro K and

0.1% Triton X-100.

De Wit et al 30' @ 70°C with 10 mM Tris- J. Clin. Micro.28(11):(1990)
: HCI, pH 8.5, ImM EDTA, 150 mM 2437-2441.
EDTA,; then 3 hr @ 37°C with
buffered phenol: 1.5% SDS
(1:1 volume) with orbital

shaking.
Roberts et al 3 washes with 0.85% NaCl;then J. Clin. Micro 25(7):
(1987) 15' @ 20°C with 70% 1239-1243. '

ethanol; then -70°C.



shaki ng. Roberts et al . | 3 washes with 0.85% NaCI. then J. din.

M.€ro "25(7)-: (1987) _ 15' @[err] with 70%

1239-1243. ethanol; then [err] -6 - [err] et al

16 hr @[err] with 100 ng/ Mol . Cell. Probes (1988) ﬂféﬁ'ﬁ' '

0 8nL | ysozyne; then 1 hr 2:289-304 [err] with 1 ng,l—m—p?—%—zK——t—heﬁ—G—
~@f[err] with 2% SDS. §j obri ng et al . SDS; then proteins rem)ved'_

J. Clin. Mcro 28(10): by proteinase®&: then pre- 2200hiSh@et H ;

wi th CTAB. Wi pple et al 2 hr @[err] with [err] II iilﬁ

Mcro. 25(8): (1987) . : m. |i pase;then

1511-1515. with 5 ng/m tysozyne; then 16 hr @[err] vmth 2 mg/mM pro K and

1% S 10 min [err] o I 5M pot te. Vary et al
3 %r [f&k;g?ffl with 10 ng/ rémr@;yzg ¢ tgég cro 28(%%8 gﬂgg)%é '
| S

subt i then 3 hr @ [err] W th ng/m |ysozyne; then 18
hr with 3 ng/n _~37Cw1th1mg/mlproK
then 6 hr @ 50°C with 2%
SDS.
Sjobring et al SDS; then proteins removed J. Clin. Micro 28(10):
by proteinase K; then pre- 2200-2204.
cipitated with CTAB.
Whipple et al 2 hr @ 37°C with 8000U/0.5 J. Clin. Micro. 25(8):
(1987) : mL lipase;then 2 hr @ 37°C 1511-1515.
with 5 mg/ml lysozyme; then
16 hr @ 50°C with 2 mg/ml

pro K and 1% SDS; then 10 min
0°C with 0.4 volumes SM

potassium acetate.
Vary et al 3 hr @ 37°C with 10 mg/ml J. Clin. Micro 28(5):=
(1990) subtilisin; then 3 hr @ 933-937 T
. 50°C with 5 mg/ml lysozyme;

then 18 hr with 3 mg/ml
pronase and 1% SDS; then 6 hr
with fresh 3 mg/ml pronase.

Eisenach et al 24-72 hr with D-cycloserine; Am. Rev. Resp. Dis. 133
(1986) 30' @ 37°C with 1 mg/ml 1065-1068

lysozyme in 15% sucrose,

50 mM Tris-HCl, 50 mM EDTA;

then 10' @ 25°C with 0.1

mg/ml pro K; then 2 hr @

37°C with 1% SDS.



'pronase and 1% SDS; then 6 hr with fresh 3 ng/nm- pronase Ei senach et al
~ 24-72 hr with D-cycl oserine; Am Rev. Resp. Dis. 133 (1986)

30 @[err] with 1 ng/n 1065- 1068 Iysozyrre in 15%_}& , 50 mvI
Tris-HCO, 50 nM EDTA; then 10 @[err] with 0.1 ng/m pro_KPO 2 hr @
[err] with 1% SDS: [err] Patel et al ' 15" —ip~T

petrol eum J.Gn Mcro: (1986) ' chl or of or m buffer
(3:1:1) 132:541-551 with vortéx¥ng and m xi ng; then d‘blmShepﬁ Beentneplaced ,
then 2-4 hrs @ [err] with 10 ng/ Ml nagarase; then 2-4 hr :
mg/ M | ysozynme, then 12-36 hr @[err] with 1% SDS and 3rrg/

@12 hr intervals. Pao, et al 30" @]Jerr] vm'th

Tubepableet 0: 27-36. | ySOZy3ven light petpietn! 0Se, 0. 1M GE fficra? ”M Tri's- HOl
theﬂa@sé)% SDS in O 1M Trélﬁo rmbuffer (3:1:1) 132:541-551

with vortexing and mixing;
_ then centrifugation; then 2-4

hrs @ 37°C with 10 mg/ml

nagarase; then 2-4 hr @ 50°C

with 50 mg/ml lysozyme; then

12-36 hr @ 37°C with 1%

SDS and 3mg/ml pronase added

@ 12 hr intervals.

Pao, et al 30' @ 37°C with 2 mg/ml Tubercle 69:27-36.
lysozyme in 25% sucrose, 0.1
M EDTA, 50 mM Tris-HCI; then
0.1% SDS in 0.IM Tris-HC],

0.1 M NaCl.
Visuvanathan 1 hr @ 70°C; then 18 hr @ J. Micro. Methods
et al (1989) 37°C with about 12.5 mg/ml 10:59-64.
subtilisin; then 5 hr @ 50°C
with about.31 mg/ml lysozyme;

then 12 hr with about 2% SDS
and 3 mg/ml pronase; then 8 hr

with fresh 3 mg/ml pronase.
Sritharin and Barker NALC pellets suspended in 10mM  Mol. Cell. Probes
(1991) Tris-HCI, pH8.0, ImM EDTA 5:385-395
and 1% Triton X-100 and boiled
for 30 min.
‘Kolketal NALC pellets subjected to J. Clin. Micro.
(1992) digestion buffer of 5% Tween 30: 2567-2575

20 and 10mg/ml proteinase K
and boiled for 15 min.

Victor et al. NALC pellets centrifuged and J. Clin. Micro.
(1992) ~ vortexed 30:1514-1517



0.1 MNadl . Visuvanathan R 1 hr @[err] then 18 hr @ J.
M cfro. "Met hods et al (1989) [err] with about 12.5 ng/ni

10: 59-64. subtilisin; then 5 hr @[err] with about.3 | ngy/ mBA yne; then

12 hr with about 2% SDS and 3 rrg/m pronase; then 8 hr with 3 3 mg/m
pronase. Sritharin.and Barker NALC pel |l ets suspended in I_’E& t Mol

Cell. Probes (1991) . Tris-HO, pH8.0, 1nmM EDTA

5:385-395 and 1% Triton X-100 and boiged for 30 m n. Kol k et @his Sheet Has Been Replaced
NALC pel l ets subjected to -J. din. Mcro. (1992) |
di gestion buffer of 5% Tween. . 30: 2567-2575 20 and 10ng/ m - prf““l&ﬂ!ﬂmull l

and @ia{#ifj effddl 15 mn. ViQpape ;ﬁz‘let@'subjectedto lzrfﬂ NALJCCﬂﬁ'M%fé ce

M cro. (1992) xed
30: 1619517 ! b‘;)ffrerfm’“}’l Tris )Eei ghave v S5l NALC
pel l ets subj ect ed to Iy5|% ?H““WI 8 P4 993) buf f er .
of 10nMM Tris HO, boiled for IB‘B EDTA and 1% Triton X-100 and. boi |l ed
for 30 mn. Pli kayt | s et al. NALC pel I ets suspended in buffer Am
Rev. Riikaytisret abi s. NALC pellets suspended in buffer ~ Am. Rev. Respir. Dis.
(1991) containing 20mg/ml lysozyme; 144:1160-1163

0.5M NaOH and 1% SDS added
and boiled for §'min.

Cousins et al. NALC peliets heated at 75°C for J. Clin. Micro.
(1992) . 45 min. and lysed with 2mg/ml 30:255-258
lysozyme, 1% SDS and
100ug/ml proteinase K
Del Portillo et al. sputum diluted in H,O and boiled  J. Clin. Micro.
(1991) for 10 min., then incubated at 29:2163-2168
37°C in 2 mg/ml lysozyme, and 1%
SDS and 250ug/uL proteinase K
added before incubating at 65°C
for 20 min.
Buck et al. " NALC pellets of clinical samples  J. Clin. Micro.
(1992) . centrifuged at 16,000 x g for 10 30:1331-1334

min., then sonicated for 30 min.,
and boiled for 10 min.

Savic et al. - samples liquified and pelleted by J. Inf. Dis.
(1992) sputolysin procedure; pellets 166:1177-1180
boiled for 10 min., mixed with

glass beads, incubated with 40ug
proteinase K and 0.5% Tween 20
at 37°C for 30 min and sonicated at

60°C for 20 min.
Shankar et al. ‘sample centrifuged and pellet Lancet
subjected to 0.1N NaOH, IM 33:5-7

NaCl and 0.5% SDS, then heated
at 95°C for 15 min.



(1991) - - containing 20nmg/ m | ysozyne; . 144:1160- 1163 0. 5M

NaCH and 1% SDS added and boiled for 5 m.n. Cousins et al. . NALC - .
pel'lets heated at [err] for J. din.-Mcro. (1992) - e 45
mn. and lysed with 2ng/m  30: 255- 258 | ysozyme, 1% SDS and.

proteinase K Del Portillo et al. sputumdiluted in [err]P boiled J.
Adin. Mcro. (1991) -for 10. m n., then incubated at '

29:2163-2168 [err] in 2 nmg/m | ysozy-nQ and 1% SDS and 250ug/UC protei nase
K added before incubating at [err] for 20 m n. Buck et al.
pellets of clinical sanples J. Cdin. Mcro. (1992)
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Cen”PxfeHg%Ejagat 16, 000 x g :’lesjlﬂ lﬁedﬁgdﬁgiféﬂed]@?"l M} Etin. MI&B. SON “MHW lll[“
boiled for 1 4$anpl es

and pdP¥ed by 3. Inf QB %‘% iférs 29:712-787

sput ol ysi.n
procedure; peliets 166: 1T7‘?’aief8‘6‘ lb@ NP 2M0 nin., mixed with gl ass
beads, incubated with 40ubagt M%s@ﬁ@tﬁﬂcd‘(’%% Tween 20 at [err] for 30
m n and sonicated at [errJSm#n- 20 min. Shankar et al. sample . .
centrifuged and pellet Lancet subjected to 0.1N NaCH, IM 33:5-7 Nad
and OTHgprpBSal. t hen heat edsame as Pierre et al 1991 above Mol. Cell. Probes '

(1992) 6:181-191
Brisson-Noel et al. same as Pierre ei al. 1989 above Lancet, Nov. 4
(1989) ) 1069-1071
DeWit et al. pleural fluid mixed with J. Clin. Micro.
(1990) polyethylene glycol (PEG), centri-  28:2437-2441

fuged and pellet extracted for 3
hours at 37°C with 10% SDS,

buffered phenol.
Sjoborg et al. samples liquified and pelleted by J. Clin. Micro.
(1990) sputolysin procedure; pellet sus- 28:2200-2204

pended in 50mM Tris, boiled for
5 min. and sonicated with glass
beads at 50°C for 15 min.

Legend: SDS, sodium dodecyl sulfate; CTAB, cetyl trimethyl ammonium bromide; pro
K, proteinase K; Tris-HCI, Tris(hydroxymethyl) aminomethane hydrochloride;
EDTA, ethylene diamine tetraacetic acid.



at [ert] for 15 min.

SDS procedur e,

Pierre et al
6: 181-191 Bri sson- Noel
Lancet, Nov. 4 (1989)
1069- 1071 DeWt et al.
Mcro. (1990

buf f ered phenol .

J. din. Mcro. (1990)

28;2200- 2204 pended in 50"
glass beads at [err] for

CTAB, cetyl trimethyl

et al.

Sj oborg et al.

anmoni um brom de

din.

Mcro.

~This is the replacenent sheet [err] Pierre et al -
sanples’fiquified and pel | eted by J.
then pellets

NaCl and 0.5% SDS at [err] for
1991 above -

(1991)

©29:712-717 incubated with O 2M
15 min. Thierry et al. %
Mol . Cell. Probes (1992) _ .
sanme as Pierre et al. 1989—ab0ve—'———-—

-10- .
pl eur al

15 THn

Tri s(hydroxynet hyl ) am nomet hane hydrochl ori de;

Author/Sample

deKloet/yeast

Monsen et al/
streptococct
(1983)

Chassy/gram+
Gluffrida
bacteria (1980)

Gross- /mammalian
Bellard et al

Gﬁrﬁberg/blood
et al cell
(1989) nucleii

Moreno/blood
et al
(1989)

Birnboim &/E.coli
Doly (1979)

Klein /E.coli
et al (1980)

Method

1' @ 32°C with 20U/mi
Iyticase

5-60' @ 37°C with 0.1
mg/ml mutanolysin in 5 mM
EDTA, 0.5% Triton X-100

60' @ 37°C with 1.2 mg

lysozyme per 1.0 mg
bacterial cells

12 hr @ 37°C with 50
mg/ml pro K.

2hr@37°C with 1
mg/mi pro K in 10 mM
Tris-HCL, 10 mM Na(Cl,
10 mM EDTA

1 hr @ 50°C with 200
ug pro K in 0.4 M Tris-
HCl, 0.1 MEDTA, 1% SDS

30' @ 0°C with 2 mg/ml
lysozyme; then 5' @ 0°C
with 0.2N NaOH, 1% SDS

15' @ 20°C with 1 mg/ml
lysozyme in 10 mM Tris-
HCL

fluid mxed with: This Sheet

as laced
( ) pol yet hyl ene gl ycol (PEG, cen mﬂ ﬁmmﬂ
28: 2437- 2441 fuged and pel | et extrgagygfor 3 hours at [err] wi
sanples liquified and pelleted by

g&w procedur e;

g -’“ﬂ
pro K, prote| nase K, Tris-Hd,

pel |l et sus-
.. and soni cated with '

" sodi um dodecyl - sul f at-e;-

Reference

J. Micro Meth. 2:189-196

FEMS Micro. letters
16:19-24.

Appl. Env. Microbiol.
39(1):153-158.

Eur. J: Biochem. 1
36:32-38

Nuqleic Acids Res.
17(20):8390

Nucleic Acids Res.
17(20):8393

Nucleic Acids Res.
7(6):1513-1523

Plasmid 3:88-91



" EDTA, ethyl ene dianine tetraacetic acid. TABLE |11 Exanpl es of Published

Lysi s ‘Protocol s for Nonnycobacterial Cells Author/Sanple Met hod
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16:19-24. (1983) . EDTA, 0.5% Triton X-100 Chassy/gramt+ .

@[err] with 1.2 ngy - Appl . Hv- M crobi ol . Gufflda

| ysozyme per 1.0 ny 39(1):153-158. bacteria (196Q35hee”_}g§§;e %ced
cells Goss- /mammalian 12 hr @[err] with 50
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take place by means of Mycobacteria identifying agents. Identifying agents refers to those agents
suitable for identifying Mycobacteria which include nucleic acid probes including
deoxyribonucleic acid and ribonucleic acid, and the like.

The use of probes, for example, for identifying the presence of a particular
Mycobad:erium can be employed in a one step identification method. For example, once a
sample is obtained, heat is applied to the sample, followed by the addition of an identifying
agent. If the sample is a sputum sample, the sample is first digested with liquifying agents like
N-Acetyl-L-Cysteine (NALC) and sodium-hydroxide. The presence of Mycobacteria can then
be detepted by a variety of means, depending on the marker (e.g., signal to be detecte;d)
chosen for use with the identifying agent. The means for identification of the presence of
Mycobacteria is uSuaﬂy dictated by the identifying agent employed. For example, nucleic acid
probes (e.g., specific for a Mycobacteria species) are typically labeled with 1251, 32p,
fluorescent dyes, chemiluminescent or colorimetric enzymes and the like. The marker is then .
detected, which détection is an indication that the particular Mycobacteria is present. Other
-means for detection include Southern Blot analysis, electrophoretic gel visualization, and the.
like. The detection can take place with or without prior amplification, depending on the
sample and circumstance.

The process of the invention can be employed once the Mycobacteria have been obtained
in the form of a sample such as sputum, or an isolated form. Mycobacteria are isolated from a

variety of sources including feces, sputum, urine, serum, tissue, other body fluids or obtained from



with 0.2N NaOH, 1% SDS Klein IE. coli - 15" @[err] with 1 ng/m :
Plasm ¢ 3:88-91 et al (1980) | ysozyne in 10 nM Tris- HCI. This is
the replacement sheet [err] Subsequent use of cellular conpoagﬁaﬁ.ﬂ I ber at ed
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subjected to heat in the range of about 60°C to about 100°C. The heat range for a particular

organism is readily obtainable by titrating heat within this range against release of desired target
molecule from the organism. The heat will Iyse the organism with subsequent release of
intracellular components. The only limitation on the use of heating is that the particular -,
intracellular component of interest not be susceptible to destruction by the heat. Therefére,
intracellular components that are not destroyed by the heat employed to release the components
may be obtained by using the process of the invention, A variety of means for héating with the
process of the invention are available. Heating means include water baths, microwaves,
convecﬁon ovens, forced hot air ovens, and the like.

The process of the invention is particularly beneficial for obtaining DNA or RNA from an
organism. The process of the invention allows DNA and RNA to be liberated from organisms in
single stranded form. Generally, lysis procedures for obtaining DNA provide the DNA in double
stranded form, which form is then subjected to extra steps to obtain single stranded DNA for
subsequent use. Thus, the process of the invention provides DNA and RNA in a readily useable
form for subsequent use, eliminating the perceived need to use caustic chemical reagents such as

sodium hydroxide to obtain single stranded nucleic acid. Most detection and amplification



| i ke. The detection can take place with or without prior anplification,
dependi'mg on the sanple and circunstance. The process of the invention can
be enpl oyed once the Mycobacteria have been obtained i-n the formof a
sanpl e such as sputum or an-isolated form Mycobacteria ar EATENE o from
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are typically cultured, which is very tinme consum ng, reachl
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processi ng methods then usually pelléted by centrifugation and put into a
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probes, and the selection of a medium or substance in which the sample is prepared.

The heating time required for obtaining intracellular components ranges from about two
minutes to about twenty minutes. The amount of heat and time of heat is readily found by
sampling a portion of the mycobacteria to be lysed and examining for signs of lysis (e.g. ,*detection
of intracellular components), depending on the source from which the intracellular components is
to be obtained.

In the most basic embodiment of the invention a sarﬁple (clinical sample or cultured
samplej containing the intracellular componenté desired is heated to obtain readily useable
components. The organism to be lysed can be in HyO, but also can be in suitable buffers such as

- Tris-buffered saline (50mM Tris-HCl, 150mM NaCl, pH8.0), phosphate-buffered saline (S0mM
sodium phosphate, 150mM NaCl, pHS.0), polymerase chain reaction buffer (10mM Tris-HC],
pHS8.8, S0mM KCl, 1.5mM MgCly), React6 (buffer name React6 is registered by Bethesda
Research Labs) (50mM Tris-HCI, pH7.1, 50mM NacCl, 50mM KCl, 6mM MgCly), sodium
phosphate (pH 5.0 to 12.0), Trizma 9.0 (sigma: Trishydroxyaminomethylamine), and detergents

such as 0.5% Tween 20 and 0.5% Nonidet P-40. Optionally the heated sample can be



The process of the'invention is particularly beneficial-for obtaining DNA
or ‘RNA*from an organi sm The process of the invention allows DNA and RNA to
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anpl i dentrifugedln makingatailabi e thr\sapéradthat, antl pelid xR phiBequizint ased Di spl acenent
Amplification (SDA), (Walker G T. et al. Proc. Natl. Acad Sci USA 89, 392
(1992)), . pOhcertbe sample islicated cabséquant(BERY the (tGRelldahcomiponents kan iaclude | i ch,

Ed. (Stockton Press, New York, NY“1989)), ttanscription-based anptification

- syst camplifiegtjon, deteetion, ppd the likea BurtigsistepspvoBngiths sel¢asedmypcellulagat i on
anplification reaction (LAR), (Genom cs 4:560 (1989) g | igase based

anp! | Jompenewss inglide sybsequest purifizatien gbthe tesiredapgippnentin donepmply ityrical e

(Infect.. Dis. 162, 13 (199 . Jhe goal- -of any sanpl e preparation is to

re ndeﬂ”ﬁﬁ@@ﬁ%@%@é@m@%{éf&gp gﬁéd saseple wsluge eTaaRiciractiqns sueh asn 4 goal
i s obtai by. t aki i nto_account the way sanpl es e prepared, the
spect EROERIGHRr P Setcis B SORCABtRALSmAGH o sk auitheh St s SHSNPtim or
substcﬂ o si n which the sanple is prepared. The heating tinme required for
obtaining intracellular conponents ranges from about two m nutes to about

twenty m nilesoceki6F t wg%ti% prﬁl&ﬁj:e% gﬁ‘%\gﬁlﬁf [;/@Z%h%%@xgg )e(lgtmulrﬁ‘ieé ound by

sanpling a portion of t mycobacteri a _ ning for signs
of | ysibiggichl sampled GloRFIputiiin Xbcds idsAE Bldod! %ruxﬁ?éﬁﬂ&ﬂ@ ks Jcan gé%é‘djw‘g on the
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rmlst ﬁ)ﬁ%ﬁcﬁlg&ﬁb ffefoi andfin tHessane\s@miple@buld beadenkified Withrai M@dobacieia e or
culture '

identifying agent. Thus the method comprises a simplified means for detecting Mycobacteria in a

clinical, biological, food or environmental sample. “

_ A typical protocol for lysing Mycobacteria with heat comprises centrifugation oti a sample
of Mycobacteria for a brief amount of time (e.g., about five minutes) aﬁd discarding the resultant
supernatant. The pellet of Mycobacteria can then be reconstituted in a buffered mixture. If
required, any suitable buffer will work. After a brief incubation period with a lysis effective
amount of heat, the desired intracellular components can be isolated. Conventional methods for
isolating DNA include phenol:chloroform extractions, glass binding with subsequent elution, and

-the like. Examples of conventional protocols for isolating DNA are found in references such asT.
Maniatis et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Lab) (1982) and
Boom et al., J. Clin. Micro 28:495 (1990).

As stated above, the lysis effective amount of heat can be provided from a variety of
sources including water baths, microwaves, convection ovens and forced hot air ovens. However,

there are a number of advantages associated with the use of forced hot air ovens including the
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nmeans ecting Mycobacteria in a clinical biological, foo

envi rppésainé RéatSPini Ratiy bisélt fth aligRiddseaéedr | ysing Mycobacteria with heat
conprises centrifugation of a sanple of Mycobacteria for a brief anmount of
time (e.g.Incohmast, if thecheslingblock is dne(idi withoutialguidiaterfacs) earuxclange totheant .
The pellet of Mycobacteria can then be reconstituted in a buffered m xture.
| f  sample is slower than with a forced hot air oven, and reproducibility is poor because of a cooler
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area above the heating block which prevents consistent achievement of consistent temperatures
for the samples. Similarly, convection ovens maintain a clean, dry exterior sample tube sugface,
but display slow heat transfer resulting in long delays before samples reach a desired tem;)erature.
The forced hot air heating of samples eliminates or significantly reduces the foregoing
undesirable characteristics of other heating methods by i)roviding rapid production of desired
sample temperature, excellent reproducibility of results, and a clean, dry sample tube surface to
reduce cross contaﬂﬁmtion between samples. The quality of temperature control with forced hot
air heating is attributable to rapid movement of air around the entirety of the sample tubes.
Forced hot air heating can be achieved with any commercially available forced hot air oven
which can achieve a temperature range from ambient to about 150°C and can preferabiy go from
ambient temperature to a desired temperature of about 100°C to 105°C in about two minutes.
The velocity of the air moving through the oven is about 3 meters/second to about 6
meters/second. The pattern of the air flow within the oven should be such that all sample tubes

are efficiently heated to desired temperature consistently and uniformly. In coxmnércially available
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In all of the above-described heating methods, the Mycobacterial sample is held m,‘a closed
tube or other container during heating. Thus, the vapor pressure in the tube or containe;'r
increases with increasing heat in accordance with tﬁe relationship between pressure, absolute
temperature and volume set forth in Charles Law. A simple manner in which to determine the
pressure inside the tube or container is by reference to readify available tables such as those
presentéd in the Handbook of Chemistry and Physics published by the Chemical Rubber Company

| ("CRC").

Important Mycobacteria that can be lysed by practicing the present invention include M.

avium, M. gordonae, M. tuberculosis, M. kansasii, M. fortuitum, M.chelonae, M. bovis, M.

scrofulaceum, M. paratuberculosis, M. marinum, M. simiae, M. szulgai, M. intracellulare, M.

xenopi, M. ulcerans, M. leprae, M. lepraemurium, M. smegmatis, M. flavescens M terrae, M.

nonchromogenicum, M. malmoense, M. asiaticum, M. vaccae, M. gastri, M. tﬁviale, M.

haemophilum, M. africanum, M. thermoresistable, and M. phlei. Several of the Mycobacteria are




undesirabl e characteristics of other heating methods by providing rapid
productron of desired sanple tenperature, excellent reproducibility of
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hel d thig d8curhé®.eAs would be apparent to skilled artisans, various changes and modifications are

possible and are contemplated within the scope of the invention described.

Example 1

Purpose:

Initial demonstration of effect of heat alone for M., tuberculosis lysis.

Procedure

3ml pellets of Mycobacteria tuberculosis cultures were prepared by culture in 7H10 media

in a BACTEC system (Becton Dickinson, Towson, MD).

The sample was reconstituted in 0.5 ml H70 then placed in a boiling water bath for 15

minutes.

The lysed sample underwent 2 phenol/chlorofc;nn extractions then 2 chloroform/isoamy!
alcohol extractions. These were followed by ethanol precipitation overnight at -20°C. Sample

was reconstituted in 150 pl Hy0. PCR mixes were set up, each using 50u1 of the lysate product



tube or other container during heati ng "Thus, the vapor pressure in the
tube or''container increases wth increasing heat i.n accordance with the

rel ati onshi p between pressure, absolute tenperature and vol U : forth in
Charl es Law. A si rrple manner in which to determ ne the press
tube or container is by reference to readily avail abl e tabte$
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pract Ja=n Qf the present invention provides a rapid and sinple lysis
proce%u#e—for Mycobacteria that provides DNA, RNA and cel | ul ar conponents
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and nodifications are
blot showed that DNA had been liberated from the Mycobacteria and had hybridized to the

radioactive probe.

Example 2

Procedure

3m1 pellets of BACTEC Mycobacteria tuberculosis eultures were prepared in substantial
accordance with the teachings of Example 1. The sample was reconstituted in 0.5 ml H30 then
- sonicated at 60°C for 15 minutes. The lysed sample underwent 2 phenol/chloroform extractions
 then 2 chloroform/isoamyl alcohol extractions. These were followed by ethanol precipitation
overnight at -20°C. Sample was reconstituted in 150 pl HyO. PCR mixes were set up, each
using 50411 of the lysate product and then cycled. 10ul of the PCR product was run on acrylamide
gels (10%). 50ul of the original sample was used for slot blot hybridization analysis.



possi bl e and are contenplated wi'thin the scope of the inventi-on described.
"Exanpl e 1 Purpose: Initial denonstration of effect of heat alone for- M
tubercul osis Iysis. Procedure 3m pellets of Mycobacteria tupangNpsis
cultures were prepared by culture in 7HLO media in a BACTEC @yﬁ]pﬁm(Becton
Di cki nson, - Towson, M) .. The sanpl e was reconstituted in 0.5 m [err] then

pl aced in a boiling water bath for *#nnutes The lysed SHTTW‘EW _
0

phenchhI oroformextractions then 2 T roformisoarnyl al cohol
extractions. These were fol | owed by ethanol precipitation oV Re 'aced
[err] Sanmple was reconstituted in 150 [err]| H20. PCR mixes

each using 50[err] of the |ysate product [err] and then c

of thBesulfs product was run on acrylam de gels-(10%. 50[err]| of the

N Lo ARl Pl st Bmpbd beiedions tRuer a2l e oo " |
St i natgE Gt BRI AL pe acﬁ#%ﬁ@z?ﬁﬁi%ﬁffﬁ%%q?ﬁéfﬁs e o
. or auonisisgtef ot ik Sy 5BaF AR phA e fo BREHRRARE oyl kbRl T

WCObg&h@Jﬂoﬁ 1R dhR d1oRY Pl b RIDNA Fbf théfll Qs dui&siPr Obe. Exanple 2

Pr ocedure

Example 3

Procedure

3ml pellets of BACTEC Mycobacteria tuberculosis cultures were prepared in substantial

accordance with the teachings of Example 1.

The sample was reconstituted in 0.5 ml HO plus 25 pl worth of glass beads. Tkte’sample
was then placed in a boiling water bath for 15 minutes with beads.

The lysed sample underwent 2 phenol/chloroform extractions then 2 chloroform/isoamyl
alcohol extractions. These were followed by ethanol precipitation overnight at -20°C. Sample
was reconstituted in 150 ul Hp0. PCR mixes were set up, e.ach using 50p1 of the lysate product
and then.cycled. 101 of the PCR product was run on acrylamide gels (10%). Sdu.l of the original

sample was used for slot blot hybridization analysis.

Resuits:
The ethidium stained gel of the PCR product indicated that heating in the presence of glass
beads released sufficient target DNA to allow it to be amplified by PCR and detected on the gel

and the level of amplification appeared to be the same as that done in the absence of glass beads.



3m pellets of BACTEC Mycobacteria tuberculosis cultures were prepared in
subst anti al accordance with the teachings of Exanple 1. The sanple was
reconstituted in 0.5 m H20 then sonicated at [err] for 15 mnutes. The

| ysed sanpl e underwent 2 phenol chl orof orm extracti ons then _

chl orof ornfisoanyl al cohol extractions. These were fol | owed 308 hanol

precipitation overnight at [err] Sarrple was reconstituted in 150 [err] -
[err] PCR mi xes were set up,” each usppg [err] of the Iysat‘ﬂusmhedﬂestBeamﬂe laced '
then cycled. [err] of the PCR product was run on acryl am de 5
[err] of the original sanple was used for slot blot hybri d|

19 [err] Results: The ethidiums

- the Hﬁi@aﬁf&&ﬁi&%raﬂnﬂﬂ"tﬁ@ﬁl@fjshh%ﬁ gﬁgﬂb%%‘%&&d&e&hé Pd!dmé@ve%ﬁe ﬁident tar get

DNA to all ow to beanplifie tected on the gel
aut OnRétbfasd et Reatineft ;hhpgla@mwwhla 8t reftasd iduBl DN Al tzBslddrectidier thamm@ct ive

probe and therefore sonication treatnent al oné released no DNA fromthe M
t uberremhingd Sountta iR teads. PAGdif6h6£thd Bbads &¥ds @bfisiddre BRIt Ge i vanlbpebey toa
tubercul osis cultures were prepared in substantial accordance with the )
t eachheypoceas oEDNraleate. The sanple was reconstituted in 0.5 nl H20 plus 25
[err] worth of gl ass beads. The sanple was then placed in a boili ng wat er
bath for 15 mnutes with beads. The |ysed sanpl e underwent 2

phenol / chl or of orm extracti ons the@:xgmgﬁ profornisoanyl al cohol
extractions. These were foll owed ol precipitation overnight at
[err] Sanple was reconstituted in 150 [err] H20. PCR m xes were set up,
eachwaéﬂ; Jderr] of the lysate product and then cycled. 10[err] of the PCR
pr oddct a5 run on acrylamde gels (10%. [err] of the original sanple was

used for shftpdibQbf BACTEDL IAibBR@RAYGtRosis cultures. were prepared in substantial

accordance with the teachings of Example 1.

The sample was reconstituted in 0.5 ml of HyO plus ~ 25 ul worth of glass beads. Sample
was sonicated with the beads at 60°C for 15 minutes. |

The lysed sample underwent 2 phenol/chloroform extractions then 2 chloroform/isoamyl
alcohol extractions. These were followed by ethaﬁol precipitation overnight at 20°C. Sample
was reconstituted in 150 pl H20. PCR mixes were set up, each using 50pl of the lysate product
and then cycled. [0l of PCR product was run on acrylamide gels (10%). 50ul of the origihal

sample was used for slot blot hybridization analysis.

Regults:

| ~ The ethidium stained gel of the PCR product indic;ted that sonication with glass beads
released target DNA which was amplified by PCR and detected on the gel. However, the level of
amplified target observed was less than for the previous successful treatments in Examples 1 and
3. The autoradiogram of the blot showed that no DNA hybridized to the radioactive probe and
therefore sonication plus glass beads did not release enough DNA to be detected or the DNA

remained bound to the beads.



‘Results: The ethidiumstained gel of the PCR product indicated that heating
I n the presence of gl ass beads rel eased sufficient target DNA to allow it

to be anplified by PCR and detected on the gel and the | evelp
anplification appeared to be the sane as that done in . the al f gl ass
beads. - This is the replacenent sheet -20- '] The

aut or adi ogram of the bl ot showed that no. DNA hybri di zed {0 the radivactive—

probe and therefore heat treatnment pl2ds gl ass beads did naqf.rel ease enough = -
DNA to be detected or the DNA renmmi ned bound to the beads. CRR d
beads was considered to not be .advantageous to the process ’fmﬂ;ﬁ . -
Exampl e 4 Procedure 3m pellets ofE%IeEgl Mycobacteri a tube :
cultures were prepared in substantial "accordance with the teachings of - .
Exa Jhe sanple was reconstituted in 0.5 m of [err] plus.~25 [err]
V\orm!g?é%'fgass beads. Sanpl e was sonicated with the beads at [err] for.15

m nutes. The |ysed sanpl e underwent 2 phenol/chl orof ormextractions then 2

chl or of or r{ j i I Ea\VN g?ﬁpl

pr eci pi taﬁ%ﬁﬁ%i\%ér%%&hﬁfgp o &E gl rc;m?ﬁ %?l\é%éﬁg%ﬁﬂ 6%5‘5&1 @éﬁfg% err]
H20. PCR nj.x&daie GitlsBkaihle 1€ach using [err] of the lysate product and then
cycl ed. [errfﬂof PCR product was run on acryl amde gels (10%. 50[err] of

the origi npde aAPR Wad@RiaiSRE J001l 8 B5ORhGH pliteRin CERRPROBEARSihY Gibs wHRds Ul t S:
The et hidium stai ned gel of the PCR product indicated that sonication with

gl asswinpdRated a8 for 45 gEhutedthe w300l AddBionalHjO vasladied BEBctatle.det ect ed on
the gel. However, the |l evel of
The lysed sample underwent 4 phenol/chloroform extractions then 2 chloroform/isoamyl
alcohol extractions. These were followed by ethangl ﬁrecipitation overnight at -20°C. Samples
were reconstituted in 150 ul HyO. PCR mixes were set up, each using 50u! of the lysate product
and then cycled. 10ul of the PCR product was run on acrylamide gels (10%). 50ul of the original

sample was used for slot blot hybridization analysis.

Results:
The ethidium stained gei of the PCR product indicated that the Gen-Probe lysis method
did release sufficient target DNA to allow it to be amplified by PCR and detected on the gel and
the level of amplification appeared to be similar to be levels observed in Examples 1 and 3. The
autoradiogram of the blot showed that DNA hybridized to the radioactive probe indicating that
enough DNA was released to be detected. While Gen-Probe was successful, two extra
- phenol/chloroform extractions were required to clear the sample (i.e. remove contaminants from

the lysis solution) before it was subjected to analysis.



arrpllified t’airgét observed was | ess than for t he previ ous successf ul
treatnents in Exanples 1 and 3. The autoradi ogram of the bl ot showed that

no DNA hybridized to the radioactive probe and therefore sonp ' pl us
gl ass beads did not rel ease enough DNA to be detected or theP_ Temai ned
‘bound to the beads. This is the replacenent sheet -21- :

[err] Exanple 5 Procedure 3m pellets of BACTEC Mycobact eriia er cul oéi-s
cultures were prepared in substantial22accordance with Exanple 1. The sanple

was diluted i'nto 200[err] of H20 then placed in GEN PROBE ThisSh&gHisWg, pM. Ch
was sonicated at 60[err] for .15 minutes then [err] additioﬁ ee‘éi-'

to.the tube. The |lysed sanple undeExd#niple ¢ phenol / chl or of or WE

then 2 chloroformisoanyl alcohol extractions. These were fo -

et hangl,.Bif&l Pi tation overnight at [err] Sanples were reconstituted in 150
[err] . PCR m xes were set up, each using [err] of the |lysate product
and then cycled. [err] of the PCR product.was run on acrylam de gels (10%:

: 1 H X _ ! Azati e
L] O S SF G0l AT o3 VB 00 Sl A DAL €3 o o v
Gen- H’{?@ﬁnd HoinnRbRadn doal dligb&é%réﬂﬁééd% Oftm AHARE1G0A t O allowit to be
anpliffed by PCR and detected on the gel and the [evel of anplification

appeasanitis/Bipefiniént) A EatPride reRiRH 30956 VRIPCR bifké il s Incabsted for e,
aut or adi ogram of the bl ot showed that DNA hybridized to the radi oactive
pr obes,i vodamhl3 minutdsadt 10001 gRolloWAng heating | thembdurdes corttaitinp ddyeebactitd | e
Gen- Probe was successful, two extra phenol/chl orof ormextractions were
r equi tuberctlosis wese cantrifugedfolr § nginutes inrsemivverentrifiigen(l 2000 x g) andrthe pellets and

supernatants were subjected to PCR amplification using primers specific for the IS6110

Mycobacteria tuberculosis insertion element according to the following thermocycling protocol:

94°C 3 min denature, then 94°C 1 min denature, 62°C 1 min anneal, 72°C 1 min extension for 30
cycles, then 72°C 7 min extension, and 4°C soak. The amplified products were analyzed on

ethidium-stained polyacrylamide gels. *

>

Results:

It was found that all of the heating ti_mes produced lysis as shown by production of
amplified target; including the 0 time (i.e., no boiling) control. Though initially surprising, this is
consistént because the first temperature cycling of the PCR reaction consisted of heating to 94°C
for 3 minutes which appeared to suffice for Mycobacteria tuberculosis lysis as evidenced by

- amplified target. Witﬁ increased period of heating from 1 to 15 minutes there was a reduction in
the signal of amplified target in the pellets, which is consistent with the idea that the heat
produced lysis of the organisms and therefore they were not pelleted by centrifugation.

It was concluded that the 94°C heating produced during the thermocycling reaction was

adequate to release amplifiable target DNA from the Mycobacteria tuberculosis and that increased



the lysis solution) before it was subjected to anal ysi sS. 0 22 - :
[err] Exdnple 6 Procedure: 10 [err] of 106/m BACTEC cul tured M/cobacterla

tubercul osis was placed in | m of sterile H20 andfromthls n
10[err] aliquots were placed in 0.6 m tubes (=100 organlsms/ ) f~ment ) .
Each tube received 100 [err] of I X PCR buffer and was incubﬂg oF—0—15

5, 10, and 15 minutes.at [err] Follow ng heating, the m xtures containing
Mycobacteria tubercul osis were centrif3ged for 5 ninutes inh SheetHasBeenRe
m crocentrifuge (12,000 x g) and the pellets and supernatant "MH
subjected to PCR anpl.ification using priners specific for th

Mycobacteria tuberculosis insertion elenment according to the foll ow ng

t her mingubhtiorgwith d00Dprior te thd redctivnrprdéured incecasédlysis pEMykoliacteria denat ur e,
[err] 1 min anneal, [err] | mn extension for 30 cycles, then [err] 7 mn
ext enditberculesisl [err] soak. The anplified products were anal yzed on

et hi di um st-ai ned pol yacryl am de gels. Results: It was found that all of the
heating times produced |ysis as shown by production of anplified target;
including the O tine (i.e., no boi Iﬁﬁg_,)glecpntrol . Though initially
surprising, this is consistent because e first tenperature cycling of the
PCR reaction consisted of heating to [err] -for 3 m nutes which appeared to
suf fi qgoflucdW cobacteria tuberculosis |ysis as evidenced by anplified
target. i ncreased period of heating froml to 15 mnutes there was a
reduction ipurtheeevidéhde bugdlestedtat DiatindaBhg Btodubed Mftirngahé Bebmotyiiigireadtion
consistent with the idea that the heat produced |lysis of the organisnms and
t her efvadseadedueye werelastaimplifiable taget IYNACToh Mytgbidtein tubércilasis cOne hustized t hat
the [err] heating produced during the thernocycling reaction was adequate
to relMpzbactornd tublerdlosistoagamismsRinke buodirdctly idvly e BER mixture and sebjectédBCR and

that increased . .
cycling as described above. A positive control, consisting of 100 copies of plasmid SK4.3 which

contains the 156110 sequence was run concurrently with a negative control which consisted of

H70.

Results:

The amplified targets were analyzed on an ethidium-stained polyacrylamide gel. The
positive control containing the 156110 sequence showed an amplified target while the intact
organisms also showed an amplified target but which was about 10 fold stronger in intensity than
the positive control which was consistent with the published observation that each Mycobacteria
tuberculosis organism contains about 10 copies of the 156110 target sequence.

| This experiment corroborated the previous conclusion that the 94°C héating produced
during the thermocycling reaction was adequate to release amplifiable target DNA from the

Mycobacteria tuberculosis.




-23- ' ' [err] |ncubat|on with [err] prlor to the .
reacti'on produced i ncreased | ysis of Mycobacteria tubercul osis. Exanple 7
Procedure: Further evidence suggested that [err] heating pr gRduri ng
the thernocycling reaction was adequate to release anplifia goA;—r‘get DNA
from M/cobacteria tubercul osis. One hundred M/cobacteria tuberculosis

organi sms were put directly into a PCR m xture and subj

descri bed above. A positive control - 280nsi st | ng of 100 copies of plasmd
SK4. 3 whi ch contains the 1S61 10 sequence was .run concurr et < Re laced !
negative control which consisted of [err] Results: The anpl _
were anal yzed on an et hi di um st ai nBganiglé-gacryl am de gel . T

control containing the 1S6 110 sequence showed an anplified target Whl I e
the intact organisns. al so showed an anplified target but which was about 10
fold eyeger in intensity than the positive control which was consistent
with the published observation that each Mycobacteria tubercul osis organism
cont Aidentifa bompatiifle bufferethat) fwhech myl:&ﬁabtetﬁ ataligedd in adoiingovatdittiath mther i nent
corroborated the previous conclusion that the [err] heating produced during
t he tpresemog;wdlli ng reacti on was adequate to release anplifiable target DNA

fromthe cobacteria tubercul osis. - [err]
. Lyse and release their DNA.

B. Allow this DNA to be amplified.
MATERIALS

BACTEC M. tuberculosis Culture Bottle ( ~106 orgs/ml)

BACTEC M. Fortuitum Culture ( ~108 orgs/ml)

NaCl (Fisher #5271-500 Lot #896394) | %
Na Phosphate (Fisher #5381 Lot #742308) |
Nag Phosphate (Fisher #5377 Lot #78758)

10 X TBS pH 8.1 (+2% Azide)

Acetone (Fisher A1'8-0(_)0 Lot #902245)

10% SDS solution (BRL #5553JA Lot #ARU602)
NP-40 (Sigma #N-6507 Lot #36F-0198)

Tween 20 (BioRad Cat #170-0531 Control #M1419)
Achromopeptidase (Sigma #A-7550 Lot #127F - 68391)

Trizma 9.0 (100 mM Tris 9.0 + 10mM NaCl)

10 X PCR Buffer (100mM Tris pH 8.8, 500mM KCl, 15mM MgCl,)
10 X REACT 6 (1 X 50mM NaCl, Tris, KCl + 6 mM MgCly)



Exanpl e 8 Purpose ‘Identify corrpati'bl e buffers that, when nycobacteri'a are

heat'ed 'it a boiling water bath in their presence, wiTl: A Lyse and rel ease
their DNA. B. Allow this DNA to be anplified. MATERI ALS BACTEC M .
tubercul osis Culture Bottle ([err] orgs/m) BACTEC M Fortui ture (

[err] orgs/m) NaCl (Fisher #5271-500 Lot #896394) Na Phosph&30%2F sher

#5381 Lot #742308) Na3 Phosphate (Fisher #5377 Lot #78758) 10 X ITBS pH 8. 1

(+2% Azi de) Acetone (Fisher A18-000 Lg§-#902245) 10% SDS sql y}f i ﬂs( ele? enlaced |
#5553JA Lot #ARU602) NP-40 (Sigma #N-6507 Lot #36F-0198)
_Cat #170-0531 Control #ML419) -Achronopepti dase (Sigma #A-75 Il

Bu | S

68391) Trizma 9.0 (100 MM Tris 9.0 + 10mM NaCl) 10 X PCR
pH 8. PRGCEDIYREC! . 15mM [err]) 10 X REACT 6 (1 X 50mM Nad, Tris, KO. + 6
mM [err]) -25- [err] PROCEDURE. : :

Fourteen 1.5ml screw capped tubes were lined up. To each one, the pellet from 2ml of M.,

tuberculosis culture was added. This was also performed with a culture of M. F ortuitum.

. The following solutions were prepared in sterile HyO:

L. Sterile HyO
2 100mM NaCl o
3. 1 X TBS (50mM Tris-HCl, 150mM NaCl pH 8)
4, 1 X PBS (50mM Naj Phosphate, 150mM NaCl pH 8)
5. | 1 X PCR Buffer
6. 1 X React 6 (S0mM Tris-HCI pH12, NaCl, KCl + 6mM MgCly)
7. Trizma 9.0
8. Trizma 9.0 + Achromopeptidase =
0. 10 % Acetone {
10. 0.5% Tween 20
11. 0.5% NP-40
12, 0.5% SDS
13l. Sodium phosphate (SOmM pH 12)
14. | Sodium phosphate (50mM pH 5)

3001 ofa solution was added to its appropriate mycobacteria pellet (1 Tb., 1 Fortuitum
each) and incubated at 100°C after vortexing for 30 minutes, except #8. #8 received 300 pl
trizma 9.0 plus 36ul of a 5 mg/ml solution of Achromopeptidase (50 units). This was incubated

at 50°C for 30 minutes, then at 100°C for 30 minutes.



Fourteen 1.5m screw capped tubes were |ined up. To each one, t he pel | et )
fram 2M" ’of M tuberculosis culture was added. This was al so performed with

aculture of M Fortuitum The follow ng solutions were prepalg. sterile
H20: 1. Sterile H20 2. 100mM-NaCl 3. : 1XTBS(50 17 s=Hd , -
150mM NaC | pH 8) 4. 1 X PBS (50mM Na2 Phosphat e, 150N

1 X PCR Buffer 6. - 1 X React 6 (50MM Tri s HO pH12, Nadl, KCI + 6mMv
[err]) 7. Trizma 9.0 8. Tri zmed%o- 0 Achrom)pept [ da eetHasBie@ aced
Acet one 10. . 0.5% Tween 20 11. 0.5% NP-40 12.

Sodi um phosphate (50nM pH 12) 14. Sodi um _phosphat e (50n1\/|

of a solution was added to its appropriate nmycobacteria pell et

For t ui Alisaraplesnvererphenaichlosoform axtriated, jthenf chinrofoomtestracted, fand tiz Qﬂlanot es
except #8. #8 recejived 300 [err] trizma 9.0.plus 36[err] of . a 5 nmy/m
sol ut i precipitated aYesRBRept | dase (50 units). This was i ncubated at [err] for 30

m nutes, then gt [err] for 30 .m nutes, This is the replacenent sheet
[err] -26 -Sampleswere reconstituted into 30ul of sterile water then 15ul of sample plus Sul-of

Type II tracking dye was electrophoressed on 1% Agarose gel in 1 X TAE and v15uahzed_ after

ethidium bromide staining.

5ul of each sample (Tb only) was placed into PCR mixes, containing 0.25uM of M.Tb. 21

and 22 primers, as well as 2.5 units amplitaq polymerase. Samples were cycled as follows:

94°C 3 minutes Denature

94°C 1 minute Denature )

62° 1 minute Anneal ) 30cycles
72°C 1 minute Extension ) .
72°C | 7 minutes I;;xtension

4°C - Soak

10% of each PCR product was electrophoressed on 10% acrylamide gels and ethidium

bromide stained.

RESULTS

The agarose gel results indicate that the M. Fortuitum samples, which have 100 times
more organisms, release more (quantity wise, not percentage wise) DNA than Mycobacteria

tuberculosis. For Mycobacteria tuberculosis, DNA is seen in achromopeptidase/boiled, the

Tween 20/boiled sample, and 0.5% SDS.



Al'l- sanpl es were phenol chl or of or m ext racted t hen chl orof orm extracted,. and
t hen ‘et hanol. precipitated overnight. Sanples were reconstituted into

30[err] of sterile water, then [err] of sanple plus- [err] of
tracking dye was el ectrophoressed on 1% Agarose gel in | X TA
visualized after ethidiumbronide staining. [err]. of eaeh
was placed into PCR m xes, containing 0.25uM of MTh 21 and 22 pr| rrers as

TN

well as 2.5 units arrplitaq pol ymer asé7 -Sanpl es were

[err] - .. - 3 mnutes Denat ur e’ [err] I

m nute _ Denature ) 620 _ . 1 mn

Anneal ) 30 cycles [err] _ 1 mnu t ensi on

) [err]  The PCR results show7that allsobsions cause Mg__@@ggh;hg_c{gmg@) DNA to be

Soak 10% of each PCR product was el ectrophoressed on 10% acryl am de gets
and atlaaseil upemboiing execept SMSowhiREB P g forinbigiing € el resul ts indicate that
the M Fortuitum sanpl es, which have 100 tines nore organi sns, release nore
(quantity wi se, not percentage wi se) DNA than Mycobacteria t uber cul osi s.

For Q&iﬁﬁ&i@éﬂst ubercul osis DNA is seen in achronopepti dasetboil ed, the

Twee anpl e, and 0. 5% SDS. -27- : [err] The PCR

results shqw that, al | l,utd on use cob er ber cul .0si,s to be

rel eased B@Bﬁq&"g%?*r‘%"ﬁg‘h t(ejkgc%ﬂﬁﬁe gﬁgﬁ\}&"l‘?%gﬁl\%{%ﬁﬁﬁg%ﬁr %Mi‘iﬁlr#%ﬂ?ﬁ 1S

CONCLe¢h P¥Rn boiled in such amounts that PCR can detect it. The agarose gel shows that the buffers
liberate small-sized DNA from M. Fortuitum, but not enough organisms were present of M.

tuberculosis to allow much DNA to be seen on the gel.

EXAMPLE 9

Lysis of Mycobacteria by Forced Hot Air Heating at 100°C
A, Materials and Methods

The following mycobacteria species were used in this Example:

Organism Source/Strain

M. avium ' ATCC 25291

M. chelonei “Trudeau Society- 1542
M. fortuitum Trudeau Society 1529
M. gordonae Trudeau Society 1318
M. intracellulare ATCC 13950

M. kansasii Trudeau Society 1201
M. thermoresistible CAP Survey *

M. tuberculosis Trudeau Society 201
M. xenopii Trudeau Society 1482

*CAP = College of American Pathologists



This data shows that 13 of the 14 solutions-tested will liberate
Mycobacteria tubercul osis DNA when boiled in such amounts that PCR can
detect it. The agarose gel shows that the buffers liberate sr’rBII-S|zed DNA
fromM Fortuitum but not enough organi sns were present of M PAIENE | osi s
to all ow nuch DNA to be seen on the gel. EXAMPLE 9 Lysis of W&S’H&cterla by
Forced Hot Air Heating at [err] A Mat eri al s and I\/ét_hods The -
nmycobacteria speci-es were used in thlsziExarrpI e: Organi sm

Source/ Strain M avium - ATCC 25 et B
Trudeau Society 1542 M fortuitum
1529 M gordonae _ . Trudeau Soci ety 1

intracel lul are . ' - ATCC 13950 M kansasi i-

Trudeau Society 1201 M thernoresistible CAP Survey + M
t uber cul osi all organisms were grown on Lowéfistéledense® (LI siin2Qhd id Bacteo 2B vials
Trudeau Soci ety 1482 +CAP= Col | ege of Anmerican Pat hol ogi sts Al

or gani @BectoreDizkipsonbDiagnostio\dastameint Systerag (Tofsdn, MDA The aontentratBaafec 12B
vials (Becton Dickinson Diagnostic Instrument Systens, Towson, MD). The
concenorgaisws was adiugted ke the varsusdiFaiaad staodartieby dispearsing MeRBismalemes witkiar ds
by di spersing organismclunps wt hﬂgﬂass tissue grinders and diluting with

a 25n1\/3¥§§ﬁ%§§3¢ Sﬁﬁ%mﬁ'ﬁmﬁn&mérﬁ pvtagsmmrpaesg teybufer, PRk7-8r gani sns in

the killin f the anp deterni ned by, cult
T ngab thty o? the orgaml?r(ns i the k\gv?ing phase of the Example vl\Jras &Ietemgned by culturing

0.2ml of the suspensions in Bactec 12B vials with PANTA solution (Becton Dickinson) for at
least six weeks at 37°C. All positive Bactec signals were confirmed by acid fast stains (Kinyoun's
and Auramine O) and gram stain. Vials with questionable results were sﬁbcultured onto blood
agar and LJ slants. Growth on LJ slants incubated at 37°C in CO7 was also used as an adjunct to
the Bactec system for certain experiments. Organism concentration was determined by the pour
plate method with Middlebrook 7TH10 agar (Difco, Detroit, MI). -

Clinical samples were processed by the n-acetyl cysteine-NaOH method (Remel, Lenexa,
KS) and resuspended in 1ml of 0.2% bovine albumin (Remel). The resulting suspension is

referred to as a "NALC pellet" below.

1. '&ea_tin_g of Mycobacteria
First, 1.5 and 4.5 ml volumes of McFarland 2 suspensions of all 6rganisms listed in Table
- 1 except M. bovis were heated at 100°C in a boiling water bath, and samples were taken at 0, 5,
10, 15 and 30 minutes. In three separate experiments, no mycobacteria species grew after being

heated at 100°C for at least 5 minutes.



0.2m of the suspensions in Bactec 12B vials w th PANTA solution (Bect.on
Di cki nson) for at |east six weeks at [err] Al positive Bactec signals were
confirmed by acid fast stains (Kinyoun's and Auram ne 0) and gram st ain.
Vials with questionable results were subcultured onto bl ood ZHSFENEd LJ
slants. G.owth on LJ slants incubated at [err] in [err]l-was #3302used as_an
adjunct to the Bactec systemfor certain experinents. O ganism
concentration was determined by the poyr plate nethod wirhisiédmh BRA Reacdd 110
agar (Difco, Detroit, M). dinical sanples were process tyl
cyst-ei ne-NaOH net hod (Renel, Lenexa, KS) and res__uspe‘ndedimmmngﬂnm :
LC

bovi ne al bumin (Renel).. The resulting suspension is referre

pellet" be Hea | NEkaf C | ' 3.5 5 umes -
of MFarl a%gl\%evérﬂg B%Esu o%fjs? 0 éatrYM o%?%%ﬂafssicf%a@ﬁfvﬁﬂi% b?élm; E%Fbg b%thég(ﬂgelgp%

bovi s hgﬂfn &ﬁaﬁxﬁ&u@&zeleerﬁiéatédhs?n%b&’fdr dAhelPifbven2iThe réifls HMRhERH R ML L aken
at 0, 5, 10,715 apd 30 nutes. 1n three separate experiments, no _
Ny CobaftoReh Vefdi@EtREl BIRY GFihEHoilg) WakeBAh AR ARItvE 2h87 REathRASALE

m nut es. [err] However, due to 1nherent safety problens associated with
a boi lpkigs ABinadlinieall sSamples evep€héatedinahe foficedHoe bir aee & 1007E foredferminatesusi ng a
forced heat air oven. The results with the forced hot air oven were

i dent iNomk of thesdbeataf NARE peiletsiwage paditive dfiet 5. webksincibagosi ti ve and 7 negative
NALC pellets fromclinical sanples were heated in the forced hot air oven
at [err] for 30 mnutes. None of these heated NALC pellets were positive
after 6 weeks incubation. 2. PCR Anplification PCR anplification of M

t uber @ul osiPER Amplification. af t er heat killing was performed according to
standard protocol  (Saiki, RK et al, Science 230 1350 (1985)) using priners’
speci fic fSCR #mplificatiomofMd: ubsrulasisitarge N4 @@sg%&ﬁh@&ww&%%@eﬁ S6110 M

tuber %gclzo?’ 1|n§ tg s(,)tgma?'é protocol (Saiki, R K. et al., Science 230, 1350 (1985)) using primers

specific for the region between nucleotides 956 and 1029 of the IS6110 M. tuberculosis complex
insertion element as described in Thierry, D.C. et al., Mol. Cell. Probes 6, 181 (1992). PCR
amplifications of mycobacterial genus DNA used primers specific for a sequence within the 65K

gene as described by Shinnick, T.M. et al,, Infec. Immun., 56, 446 (1988). Briefly, each reaction

contained 50ul of PCR buffer mix comprised of 20mM Tris-HC1, pH 8.8, 100mM KC1, 4.5mM
MgCl,, 1.0mM deoxynucleotide triphosphates, 20mM 2-mercaptoethanol with freshly added

primers (50pM) and Taq polymerase (2.5 units; Cetus Perkiﬁ-Elmer, Branchburg, NJ). This was

added from a premixed stock solution into a 0.5ml microfuge tube containing S0ul of sample and

overlain with approximately 50ul of mineral oil (Sigma, St. Louis, MO.).

a. Temperature cycling protocols:

For amplification of IS6110 the PCR mixture was incubated in a model 480 temperature
cycler (Cetus Perkin-Elmer) set for one 3 minute denaturation cycle at 94°C, and thirty cycles
consisting of 1 minute denaturation at 94°C, 1 minute annealing at 62°C, 1 minute extension at 72

°C. This was followed by a 7 minute extension step at 72°C.



I nsertion el enent -as described in Thierry, D.C. et al M. Cell. Probes 6,
181 (1992). PCR anplifications of nycobacterial genus DNA used priners
specific for a sequence wi thin the 65K gene as described by Shinnick, T.M
et al., Infec. Imun 56, 446 (1988). Briefly, each reacti on BARENThed
50[err] of PCR buffer mix conprised.of 20nM Tris-HJ, -3
4. 5mM [err] 1.0nmM deoxynucl.eotide triphosphates, 20mM 2- ner capt oet hanol
with freshly added prinmers [err] and3fpq pol ynerase (2. STHiyShtet HasBRErBeplaced
Per ki n- El mer, Branchburg, NJ): This was added from a prem | -
solution into a 0.5m mcrofuge tube containing 50[err] o“' ! .
overlain with approximately 50[err] of mneral oil (Sigms, . \ ) .

a. - TerPRERlifédioR f i USKARIcR 6Al Derrbitied HRInidde 0 (P oBlold (Coas PR

m xture was i ncubated in tenperature cycle Cet us

Per ki perindBlmerSt forne 3tindte defldth@itids BRdI4 4595 CNarfd W efityevardytles bonsistiely
thirty cycles consisting of 1 mnute denaturation at 94[err], 1 mnute .
anneabf N nithutt dedaurdtion MILCEK fMfe Mhealing/at S0eC) 3 midutGexanidnalt 70¥@dThis a 7
m nute extension step at, 72C. This is the replacenent sheet [err] 30
Apl i wvasfilloaad by at7heinGleléxtensige stepas 72%.f ormed in a nodel 480 tenperature
cycler (Cetus Perkin-Elnmer) set for one 3 mnute denaturation cycle at '
[err] and twenty seven cycles consisting of 1.5 mnute denaturation at
[err] 1 mnute _ annealing at 2 mnute extension at [err] This was

fol | ofved blRetecty RER Amplifigd DNAstep at [err] b. Det ection of PCR
oducts were vjsualized by_ el

Qg}o ly:afc'fr 5 ?aECN@é’Fr@:% WS V_z:,sualmé&y\ﬁlep}mhqsi%ﬁ M%Zaﬁyéggg%ﬁ - 9 ped
densi YOG Rrniia, BHEGR TR RufEed b Sami ot Ok s G br o e

stai ngs%ay or By densitometry of Polaroid photographs (type 57 film) of the ethidium bromide stained

gels on a SciScan 5000 scanning densitometer (U.S. Biochemical, Cleveland, OH).

3. SDA Amplification -

Isothermal amplification of mycobacterial DNA after heat killing by SDA was péfformed
by the method of Walker et al., Proc. Natl. Acad. Sci. USA 89, 392 (1992) and Nuc. Acids Res.

20, 1695 (1992) using an 1S6110 DNA target for M. tuberculosis and a 16s rDNA for the.
Mycobacterium species. 25ul of sample were mixed with Zi)ul of solution 1 (described below) in
a 0.5ml microfuge tube, then denatured in a boiling water bath for 2.5 minutes. After cooling to
41°C in a heat block (USA/Scientific Thermolok Dry Bath, Ocala, FL), Sl of solution 2
- (described below) was added. The tubes were incubated at 41°C for 2 hours after which the SDA
reaction was terminated by incubating for 2 minutes in a 95°C heating bath. SDA products were
detected by a chemiluminescent solid phase sandwich assay. To control for the effects of

inhibitors synthetic target sequences were added to each reaction vial.



gel s on a Sci Scan 5000 scanni ng -densitoneter (U S. Biochemcal, Ceveland,
OH): 3.7+ SDA Anplification lsothermal anplificaticon of rrycobact erial DNA
after heat killing by SDA was perforned by the method of Wl ker.et a, Proc.
Nat' |. Acad. Sci. USA 89, 392 (1992) and Nuc. Acids Res. 20, PAZENE 1992)
using an 1S6110 DNA target for M _tuberculosis and a 16s r DNB-3082 t he

Mycobact eri um speci es.. 25[err] of sanple were nixed %
solution 1 (described below) in a 0..5y- mcrofuge tube, then denatu a
boiling water bath for-2.5 mnutes. After cooling to 4'm{1_@rhggt§a§§1

bl ock (USA/ Scientific Thernol ok Dry Bath, Ocala, FL), Feﬂn 2 |
(described bel ow) was. added. The tubes were incubated aU!,I ,MH hour's
af t er, whi cﬁ@lm@ﬁ%gﬁgﬁt ion was termnated by incubati es in
a [err] heati ng A products were detected by a chem | um nescent

sol i d phase sangytufin 2SEAYMMIPIRCIRNLT DImg/Rl béike Rhik Glbamid, 225 thidr6l! S

synthetic target sequences were added to each reaction vial. -31 - [err]

a. | S6 90,95 mNPKPOu.co1 5 mivh déoxdyhiiclevtidé triphdsghatds WGTR, dDTRAGITR)| 0.5mM ne
serum al bum n,. 22.5 glycerol, 90.75mM [err] O0.5nM deoxynucl eoti de "

t ri phosphadeexadetGsine SH[EFthiokkipkidsphate &di\i23e aivhdbeaoh iofithe four primers

5 -([err]-thio]triphosphate and 1250 nM of each of the four prinmers B 1,
B2, S1, anB1,932,8, end §2 avhiahtre publishedhin\Wialken G. Toeral €1994) A Cheylumipescent
Chem | um nescent DNA probe test based upon strand di spl acenent

anpl i fi cat PHW\ prgbe sgst Bﬁsé@p%ﬁrwétdlﬁv&a@emﬁémhﬁ@wpﬂe

addoa | aat APBIETIOPEFShAGR 250 PR OF BHABKER [eazw&?@&%*” HERRE Wt et 1 ¢

gg(r:l';]r ?L agte _ g%vagfcartegﬁly a%ggd las tlé?iglo tpreacllpltagclajxll3 l)% lelagi’ OnZ%(S(F cép'?é:slo ed 'n

synthetic control sequence of the same Walker et al. publication were included in each
reaction.

Solution 2. HinclI restriction endonuclease and exo-Klenow fragment of
Polymerase I were diluted with H3O to the réspective épeciﬁc activities of 150 and 3 units

x

per Sul.

b. 16S amplification
Solution 1. = 0.25mg/ml bovine serum albumin, 30% Dimethly sulfoxide (DMSO),

81.25mM KPO4, 1.25mM deoxynucleotide triphosphates (dGTP, dTTP, dCTP), 0.5SmM
deoxyadenosine 5‘-[a-thio]ﬁiphosphate and 1250nM of each of the four primers B1, B2,
Sl, S2 and 250ng of uitrapure human placental DNA (Sigma) in H»0. 500 copies of the
synthetic control sequence were included in each reaction. As with the IS6110
amplification discussed above, the primers and control sequence used in this 165
amplification are published in the Walker et al. reference.

Solution 2. = HinclI restriction endonuclease and exo-Klenow fragment of



Solution 2. [err] restriction endonucl ease and exo-Kl enow fragnent of

Pol ymerase | "were diluted with [err] to the respective specific activities.

of 150 and 3 units per [err]. b. 16S anplification Solutiaq ,] 25mg/ m

bovine serum al bum n, 30% Di nethly sul foxi de (DVSO), 81. 25n1\/|] QIENT; 25rr1_\/|

deoxynucl eotide triphosphates (dGIP, dTTP, dCTP), 0.5 }
-[err]-thi o]trlphosphate ‘and 1250nM of- each of the four r| mers Bl BZ S

1 S2 and 250ng of ultrapure human pl-@&2ental DNA (Signma
of the synthetic control sequence were included in each re
the 1S6110 anplification di scussed above, the priners and ce

used in this 16S anplification are publ i shed in the Wal ker et al.

reference. Fslymerassl weredilhedrith H5O o Eld @ipeativtospecitic acitvinesbfa50 alid 8 naits
fragment of This is the replacenent sheet 32 - - Date: '
Pol yner ase per\igt as fibr khet IS 1 10 arhplifieatidn 4md thipmesiempecthieveasspided fd £ acti viti es
of 150 and 3 units per [err] as for .the 1S61 10 anplification and nmagnesi um
acet at e wascondetdthtion ofi6dmNCent rati on of 65mMM B. Assay detection of
anplified DNA. 1. | S61 10 PCR and SDA anplified M tuberculosis 1S6 110
DNA was detected by solution phase hybridization of a bioti nyl at ed DNA
probe disclosed in the V\al K et aI publication and an al kal i ne

phospr'%ct as cAssay detectionof ag g:0be di sclosed in the Wal ker et L.

publicatio |f|c to the |nternal sequence of the anplification
producf1 Mlas r DNA

PCR and SDA amplified M. tuberculosis I1S6110 DNA was detected by solution phase

hybridization of a biotinylated DNA probe disclosed in the Walker et al. publication and an
alkaline phosphatase;conjugated detector probe disclosed in the Walker et al. publication specific

to the internal sequence of the amplification products.

2. 16S tDNA
_ SDA amplified mycobacterial 16S DNA was detected with a biotinylated capture probe
and two alkaline-phosphatase conjugated detector probes, while the amplified internal control was
captured by a dlfferent set of capture and detector probes All of these capture and detector
probes are dlsclosed in the Walker et al. publication.
Hybridization was performed for 45 minutes at 37°C in a streptavidin-coated microtiter
plate (Microlite 1, Dynatech, Chantilly, VA) containing 100mM Tris-HC1, pH 7.0, 1.8 M NaCl,
'0.2% acetylated bovine serum albumin, 0.1mM ZnCl,, 0.1% NaNj;. The plates were then washed
three times (300 pl/wash) with 100 mM Tris-HCI, pH 7.5, 250mM NaCl, 0.1% bovine serum
albumin and 0.1% NaN3 to remove unbound biotinylated probe. A chemiluminescent alkaline
phosphatase substrate, Lumi-Phos 530 (Lumigen, Southfield, MI), was added to the wells and
incubated for 30 minutes at 37°C. The reactions were then read in a luminometer (Labsystems

Luminoscan, Finland).



SDA anplified nycobacterjal 16S DNA was det ect ed with a biotinylated
capturé probe and two al kal i ne- phosphat ase conj ugat éd detector probes,
while the anplified internal control was captured by a different set of
capture and detector probes. Al of these capture .and det ect oPAZENE®s are
di sclosed in the Walker et al. publication. Hybridization wasPgE&72or ned for
45 minutes at [err] in a streptavidin-coated mcrotiter plate (Mcrolite 1,

Dynat ech, Chantilly, VA) containing 10§ Tris-HCl, pH-7-6—4-8—MNat—
0. 2% acetyl ated bovi ne serum al bumn, 0.1nM ZnCl 2, 0.1% NaN3 The I at es

were then washed three tinmes (300 [err]) with 100 nmivi THhigS Has
250mM Nadl , 0.1% bovine serum al bumn and 0.1% NaN3 to r
bi oti nyl at ed probe. A cheniluni nescent al kaline phosphat

Lum - Phos 530 (Lum gen, Southfield, M), was added to the wells and

i ncubated fREsuk@ M nNutes at [err].. The reactions were then read in a

| um nonet er (Labsystens Lumi noscan, Finland). 33 [err] C. Resul ts
Genomi ¢ DNAGehaticDNA Sempthe Samblek bethbfhe&t Klldd s garisngRassibjecsed toubj ected to
anplification using PCR and SDA as described above. The anplification of
genom amplifivaitrowsing PCRalnd DA 44 deseribed\dbbed. OThecannlification dfegehgraicsDNA shbwee

mycobacteria species by exposure to [err] tenperature for 30 mnutes in a
f or cedinibablesilH apd &M below gtidence thetlfiss oftheseaayoohacterdrespecieghly exposure to 100°C

temperature for 30 minutes in a forced hot air oven.



TABLE |11 PCR OF DNA FROM HEAT- LYSED MYCOBACTERI A SPECI ES SPECI ES

RDUs* "M+ t uber cul 03| s " 239.7 M intracellulare

161.7 M avi um ' 177.0 M chel onei

78.1 M thernoresistible 92.5 M fortuitum PATENT
192.7 M kansasi i - ' 149.5 M gor donae P-3072

40.4 M xenopi -~ 203.9 Negative control

4.7 *RDU = rel ative den5|ty unit =3%-- [err] TABEE- - '
HEAT- LYSED MYCOBACTERI A SPECI ES GENUS , ' | NTERNAL CONTROL
SPECI ES _ RLUs* ' This Shee laced

t ubercul osi s -+ 13058 _ WWH :
intracel lul are 14027 : _ :
8724 g 1028 M chel onei 1306

1544 ' TABLE III

PCR OF DNA FROM HEAT—LYSED MYCOBACTERIA SPECIES

SPECIES - RDUs*
M. tuberculosis 239.7
M. intracellulare 161.7
M. avium : 177.0
M. chelonet ) 78.1
M. thermoresistible 92.5
M. fortuitum 192.7
M. kansasit 149 5
M._lgordonae 40.4
M. xenopi 203.9
Negative control | 4.7

*RDU = relative density unit



M ‘ther mor esi str bl e © 1706 _ - 2247 M fortuitum
3033: 1083 M kansasi i ~ . 13947

942 M gordonae 6992 ' BA xenopi’
689 1413 Negative control

3275 *RLU = relative light unit Anplification of genonic DNAlf:‘r3 the 7
positive clinical sanples by PCR and SDA was al so observed. However,

results of anplification of the 7 negdive clinical sa ?§h B&Q la%g(ent

with the negative control. Heating of nycobacteria in a oven
not only resulted in lysis of the mycobacteria but also
killing. -36 - [err] EXAMPLE 10 Lysis of Mycobacteri a

Heating at ‘[err] and 1050C Four nyclW3GEdYi al "species, M tubercul 0Si s
avium M chel onae and I\/l |ntraceIIuI are were cultured |n err] Media 7H9
f or- Mycobact er i 2DATRE INAFRGM ER MYCGOBAGTERIANPELIES | ogryt hii ¢
phase as indicated by GI (growth |ndex) Therefore, the cells were

consi dered viable, and there was_|l ess liklihood of lications from
nycobacterial DNA bei ng rel easeSENWmM cel | s sponta R I

breakdown a$RECIEH§ath. Sanpl es oRLHSY four nycobacterial RbbSies were

subjected to heating in a forced hot air oven at: (1) [err] for 5, 10, 15
and 30 m nuigetibetcalos®y s; and (2)3dserr] f_or 5, 10, 15 andig&d m nute '

M. intracellulare 14027 . 1439
M. avium 8724 1028
M. chelonei 1306 1544
M. thermoresistible 1706 2247
M. fortuitum - 3033 1083
M. kansasit 13947 942
M. gordonae 6992 3150 ke
M. xenopi . 689 1413
Negative control 27 _ 3275

*RLU = relative light unit

Amplification of genomic DNA from the 7 positive clinical samples by PCR and SDA was
also observed. However, results of amplification of the 7 negative clinical samples were
consistent with the negative control.
Heating of mycobacteria in a forced hot air oven not only resulted in lysis of the

mycobacteria but also non-viability or killing.



intervals.” Target DNA for either 1S6 110 or Genus detection rel eased from

| ysed nycobacteria-was then anplified using the SDA net hods described in
Exanpl e 10. As shown in Table 2 bel ow,- anplifiable target f L S61 10
and Cenus detection was released fromall sanples at both E&rﬁ%i%fes
regardl ess of exposure tinme. Although sanple nunber 20 appear et A% have | ow
anplification, -this result was due to cenplications of the sanple during

anplification, not during cell lysis a¥1indicated by the-suppressed—ecent+ot

sequence (signature). This is the replacenent sheet - 37 - [err] TABLE 2.
Amplification of Mycobacterial DNA After Lysis at [err] MﬂShﬁmBﬁmyﬁi"e#

Speci es Tenp. -Tine G | S61 10 - Cenus S
tuberculosis 95C 5 70 7 ENAMPLE 10 75105 7
10701

" ) 95C 10 74200 58006

95C 15 77380 Lysis ofMydebacteria by Fofed Hot : 95C
30 77005 92741 - 13695 5 | OOC 5
145 - 75987 69625 Air Heating ag95°C and 105°C 100C 10!

73237 78294 11218 7 " 100C 15’

73023 75464 10455 8 " | OGOC 30 ‘

ggISi Fglg'g%gco%ctedal sge%?e?é, I?_/I tuberculos%:/gjggviumigi. chglgrcr.:ae an‘ré M. %' Z.((:)ellulare 13
88090

were culturzeagugl3 Bactec™ Media 7H9 for Mycobacteria. The cells were harvested just after
entering logrythmic phase as indicated by GI (growth index). Therefore, the cells were
considered viable, and there was less liklihood of complications from.mycobacterial DNA being
released from cells spontaneously due to cell breakdown after death.

- Samples of all four mycobacterial species were subjected to heating in a forced hot air
oven at: (1) 95°C for 5, 10, 15 and 30 minute intervals; and (2) 105°C for 5, 10, 15 and 30 minute
intervals. |

Target DNA for either IS6110 or Genus detection released from lysed mycobactéria was
then amplified using the SDA methods described in Example 10. As shown in Table 2 belov:i,
amplifiable target DNA for IS6110 and Genus detection was released from all samples at both
temperatures regardless of exposure time. Although sample' number 20 appeared to have low
amplification, this resu.lt was due to complications of the sample during amplification, not during

cell lysis as indicated by the suppressed control sequence (signature).



11

95C 15’ o111 85086 - 1849 12
. 95C 30" = 11 90384 1603 13 "
100C % 133 96 91375 1350 14 PATENT 10C
10' 29 - 88899 2008 15 ' pag7;z | 0OC
15' . - 19 . 85065 2194 16 H 30
62 181745 _ 1375 17 - chel onae 9
41447 3598 18 " _37- 95C 10 Qoaced
19953 4279 19 | 95C 15 Trjs Sheet Hs Beeg Kol
46995 3309 20 " 95C " “\‘“\“‘“ m ‘\
1144 108 22 " 10C 5 47
21246 3483 22  TABLE2100C 10
15795 3157 23. 100C 15' - , 16562
5124 24 Amp ﬂﬂa@ﬁo@anycobactenai DN#o4 17235
2737 25 I ntracel ful ar ae 95C & 85 8 57191
5967 26 AﬂE[CL sisk®'95°C and 105°C 13 79016
8331 27 " 95C  15' 15 7@ d3fhure 8023
28 o lo#  Species  95femp.3Mme GI  IS6L1Gn Genus 80282—&‘4—“‘ 7436
. 3g mpeE . err] 29 I nt racel I gl arae 7’1&%: 5" 775427 20
86008 96(Berd@losis 95C 5 70 . 8006 10733 :
59088 3478 +31 95C 10' " 7429@00 15 900335
78192 6858 432 o5C¢ 15 " 773800C 3080744 9L
67761 i 4163 ,OONTROL§sc 30 77005 92741
7518
3 . 73237 78294
6 " 100C. 10 10455
: 73023 75464
7 " 100C 15 72620 7993
! ; 100C 30’ 69722
] - 13 89191 4073
9 avium ¢ 5 ™0 10 88090 2598
0 " 95C 10 1849 4
1 . 95C 15 111 85086 e
1 1603
iz ) 95C 30 11 90384
| 1350
5 , 100C 5 133 96 91375 b
14 ' 100C 19 2194
15 100C 15 51745 1375
16 " 100C 30' 62
, 41447 3598
17 chelonae 95C 5 201 90 19953 4279
18 " 95¢ 10 ! 3309
, 98 46995
" 95C 30 12
20
3483
’1 N 100C &' 473 15 21246 3157
22 ) l00C 10 5124
: 16 16562
24 " 100C 30' 124
| 57191 5967
25 intracellularae 95C 5 85 8 79016 3331
6 " 95C 10 13 8023
-2 \ 95C 15" 15 72134 yoy
27 7



SDA GENOM C TARGETS | S6110 GENUS S| GNATURE 0

14 . 77 ' 7002 10 . 2982 761
11939 20 ' 6800 368 9902 4

17514 1503 13128 ASSAY LEVEL OF ATOM MCOL ARCGET*
1S6110 GENUS | SIGNATURE 0 - - $53072

262 _ 43 LOW - 1198 _ 1841 :
2613 MED : 3979 7385. TThi2 BReet-fizSHeen Replaced -
13779 20475 30486 *LOW -~ . = 50 and
2000 for Signature MED = - 2000 for 1S61 10 and

Si gnature H CGH = ~ 8000 for 1S6110 and 32000 for Signature 39

[err] Alidough “ﬁﬁrd leﬁé}%é qp eag. beerhglesc_r 'obed' Wi t keh@spect fggzgpecific
nodi fic 4’0ns, t he 5@ ail's g rqgf are not 5o be co éjed as 3I417§n'tati ons,

for it |. be appargnt th g ari_ous equiv nts, C%%E%S and ggﬁl fications
may be rdsorted to w thout d8karlP] ng from spirit scopé ereof, and

it is unferstood that such 188ti ¥A ent embodiments a¥@78b be i #dPhided

t herein.:

CONTROLS
SDA
GENOMIC TARGETS  IS6110 GENUS . SIGNATURE
0 14 77 7002
10 | 2982 761 | 11939
20 6800 368 9902
40 17514 1503 13128
| ASSAY
LEVEL OF ATOM
MOLES OF TARGET*  IS6110 GENUS SIGNATURE
0 19 262 43
LOW 1198 1841 2613
MED 3979 7335 11273
HIGH 13779 20475 30486

500 for IS6110 and 2000 for Signature

*LOW =
MED = 2000 for IS6110 and 8000 for Signature
HIGH = 8000 for 1S6110 and 32000 for Signature



[err] -40- " CLAIMS What is cl ai med |s' 1. A process for lysis of -
M/cobacteri aceae wherein said | ysi s conprises exposing the ‘Mycobacteriumto

a lysis effective anount of heat in the absence of | ysogenic . PATEN and

ot her physical |ysogenic conditions, and wherein said |lysis epr ve
anount ~of heat is provided as forced hot air. 2.. Them i
wherein the Mycobaeteriumis rendered noni nf ect.i ous. 3 rocess of
claim1 in which the Mycobacteriaceae 3% sel ect ed from? le ng
of M aviumM intracellulare. M gordonae. M -tuberculo

fortuitum M chel onae, M bovis M scrofulaceum M p

phlei. M marinumM sinmiae, M scrofulaceum M szul gai | ep rae

xenopi Although the invastion has bren d@gﬂbﬁérmth 1¢speit tof spacific mdgicamnSt @ﬁwda@ﬂs M

nonchr onogeni cun. M mal noense asiaticumM vaccae M  gastrj,

triviathereof awm renstrusd aSahmit%@n& fonit wilhes arpacest thah parious r?ﬂmmﬂe%tﬁﬁeu mat is.

4, The proc claim3. in which the Micobact |s M t.uber cul 0sj _
5. w@ ﬁ%caélpaff FEEbS FEsaRed1o W%@M%‘é‘%ﬁ §?tiné < SPIF) 4\PRPe ereot T

process f im3 wh ch t % cteria is M  a anum 7. The

pr oces%“dg‘f‘ S PWO\?dlt Fllﬁq‘{‘ﬁ’i E@B‘i@?@tﬂa‘f fo °I\W°l‘i“;ﬁdrt§%r§ﬁ % ul arae. 8. The
process of. claim3 in which the Mycobacteriais M avium 9. The process
of claim3 in which the Mycobacteria is M |eprae. 10. The process of .

claim3 in which the Mycobacteria is M chelona. 11. The process of claim
3 in which the Mycobacteria is M paratubercul osis.



41 [ERR] 12. The process of .claim|l which further conprises isolation of
cel l.ut-an corrponents 13. The process of claim 12 #h which the cellular
conponent isolated is DNA. 14: The process of claim 12 in which the

cel lular component isolated is RNA. 15. The process of claiPATENE ch
further conprises anplification of nycobacteria nucleic aci dP-3682  The
procéss of claim15 in which the nucleic acid is DNA. 17. The process of
claim15 in which the nucleic acid iLagRNA. 18. The proce |

whi ch further conprises the isolation of 19. The.npr cess of cI aimb5
whi ch further conprises the isolation of DNA. 20. The agédm 6
whi ch further conprises the isolation of DNA 21. The I ,I im?7
| m 8 -
clai m 1
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Mycobacterium to a lysis effective amount of heat in the absence of lysogenic agents and
other physical lysogenic conditions, and wherein said lysis effective amount of heat is
provided as forced hot air.

2..  The process of claim 1 wherein the Mycobacterium is rendered noninfectious.

3.  The process of claim 1 in which the Mycobacteriaceae is selected from the group consisting

of M. avium, M. intracellulare, M. gordonae, M. tuberculosis, M. kansasii, M. fortuitum,

M. chelonae, M. bovis, M. scrofulaceum, M. paratuberculosis, M. phlei, M, M arinum, M.
sxmlae M. scrofulaceum, M. szulgai, M. leprae, M. xenopi, M. ulcerans, M. legra urium,

M. flavescens, M. terrae, M. nonchromogenicum, M. malmoense, M. asiaticum, M. vaccae,

ri, M. triviale, M. haemophilum, M. africanum, M. thermoresistable, and M.

lr;

smegmatis.

The process of claim 3 in which the Mycobacteria is M. tuberculosis.
The process of claim 3 in which the Mycobacteria is M. bovis. |

The process of claim 3 in which the Mycobacteria is M. africanum,
The process of claim 3 in which the Mycobacteria is M. intracellularae.

The process of claim 3 in which the Mycobacteria is M. avium.
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The process of claim 3 in which the Mycobacteria is M. leprae.

10. The process of claim 3 in which the Mycobacteria is M. chelonae.

11.  The process of claim 3 in which the Mycobacteria is M. paratuberculosis.
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The process of claim 1 which further comprises isolation of cellular components.

The process of claim 12 in which the cellular component isolated is DNA.

The process of claim 12 in which the cellular component isolated is RNA.

The process of claim 1 which further comprises amplification of mycobacteria nucleic acid.
The process of claim 15 in which the nucleic acid is DNA.

The process of claim 15 in which the nucleic acid is RNA.

The process of claim 4 which further comprises the isolation of DNA.

The process of claim 5 which further comprises the isolation of DNA.

The process of claim 6 which further comprises the isolation of DNA.

The process of claim 7 which further comprises the isolation of DNA.

The process of claim 8 which further comprises the isolation of DNA. ¥ |

The process of claim 1 which further comprises the addition of a Mycobacteria identifying

agent.

The process of claim 23 in which the Mycobacteria identifying agent is a nucleic acid probe.

The process of claim 24 in which the nucleic acid prolse is deoxyribonucleic acid.

The process of claim 24 in which the nucleic acid probe is ribonucleic acid.
The process of claim 1 in which the Mycobacteria is obtained from a source selected from

the group consisting of feces, sputum, blood, tissue, urine, and other body fluids.



