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'SAMPLE' PROCESSING METHOD FOR MYCOBACTERIA.

FIELD OF THE INVENTION

The p’resent _invention relates to methods for releasing nucleic acids from

_rrucroorgamsms In particular the invention relates to such methods which are compatlble

\mth subsequent mampulanons of the nuclelc ac1ds for example nucleic acid amplification.

ra

BACKGROUND OF THE INVENTION

Mycobacterzum sp. are conventionally identified by rmcroblologlcal culture As these -
mlcroorgamsms are slow growmg and may exist in low numbers in cl1mca1 samples, such
culturmg techniques are time consummg and may requlre three to six weeks of culturing
before a result is avallable Mj/cobacterzum- Iuberculoszs (M.tb) is the causatlve agent of
tuberculos1s in humans and . 1s currently diagnosed using these conventional culturing

techmques To prepare for M.tb culture, sputum samples are processed by methods Wthh

- have been in use for about thu‘ty years (G. Kubica, et al. 1963. Am. Rev. Resp Dis. 87: 775-

779). These and other sample processing methods for M.tb culture have been deve_loped for
the purposes of ) redueing the viscosity of the sputum sample to facilitate handling, 2) killing
contaminating organisms (such as fungi and nthmycobacteﬁa)' to pre\}ent co-culturing with -

M. tuberculosis and confusion of the diagnosis, and 3) cohcehtrating the sample iﬁ_to a small

~ volume for seeding cultures. To accomplish these goals, conventional sample preparation

methods for Mjycobacteria sp. have traditionallj employed harsh conditions and caustic, toxic
or reactive reagents. Conventional sample processing procedures for mycobacterial culture

are reviewed by G. Kubica in The Mycobactena A Source Book. Part A. (Kubxca G. and

 Wayne, L. eds.) Marcel Dekker, N.Y. (1984)

A commonly used sample- processing meth_od for M.tb culture is the N-acetyléL-

- cysteine/sodium hydroxide method. This method uses NaOH,_ sodium citrate and N-acetyl L-

cysteine (NALC) to digest the sample, with recovery of the mycobacteria by centrifugation.

- The pellet is then resuspended in a small volume and used to inoculate the culture medium.



Similar methods have been developed in which sodium hydroxide is used alone, withl
neutralization of tﬁe pellet prior to resuspension and culturing. NaOH has also been used with
sodium lauryl sulfate (SLS) to process samples for culture, again with neutralization of the
pellet by addition of acid prior to inoculation of the culture ﬁ'tedium. ' The ZEPHIRAN-
trisodium phosphate method for sample processing'uses trisodium phdsthaté and ZEPI—I[RAN

(benzalkonium chloride) in a similar process..

Nucleic acid-based genetic methods for identiﬁg‘:ation of microorganisms have greatly
reduced the time and labor involved in clinical diagnosis. Such methods include, for exa.mple_,
'nuc':lelic aéid hybridization (e.g., Southern and slot blots), nuCleotide sequencing, nucleic acid |
cloning techniques, restrictioﬁ digestion of nucleic acids lan'd nucleic dcid_ampliﬁcation. In
particular, nucleic acid amplification has f)rovided means for rapid; §ensitiv_e and speciﬁc

| identification of microorganisrﬁs by arﬂpliﬁﬁation and detection of specific genés' or gene
fragments. However, sample processing for these nuclei§ acid analyses requires different
criteriai than sample processing for culturing: 1) nucleic acids must be released from the
microorganism in a form suitable fof_ the analysis, 2) nucleic écids must be _present in a
_compoéition with the appropriate cofnpo'nents, iorﬁc strength and pH for the analysis
reactions, and 3) inhibitors_ of the reactions, if present, must be removed. For nucleic acid
ampliﬁca‘tiqn, certain iﬁhibitors are known to be'preseni: in.the sample itse_lf, e.g., heme and
~ polysaccharides. In.additio.n, disinfection of the sample is of particular ,concém for Mtb
nucleic acid-based analyses, as such tests are generally ﬁof performed ina biosafety cabinet ih

clinical laboratories.

At the present time nucleic aci'd{based methods for diagnosis and ide'ntiﬁca't_ion of
mycobacteria do not completely replace bonventional culturing, as samples which are positive
by these methods are generally cultured to defermine drug sensitivity. In addition, at the
p_reseht time the results of nucleic acid analyses are often verified by culture. The need for'
both conventional culfuring and genetic analysis from a single sample has demonstrated that

conventional M.tb sample processing for culture is a source of inhibitors which interfere with



subsequent nucleic acid-based reactions, particularly amplification. ‘Conventional sample
processing for culture is therefore incompatible with many nucleic aéid analyses, especially
nucleic acid amplification. This incompatibility is believed to be due to the harsh cherriic_al
~ treatment (NaOH, benzalkonium chloride, éfc_:.), which may inhibit the enzymes ir_wolved in
ampliﬁcaﬁo‘n or render the nucleic acid unamplifiable by other means. Ethylenédiamin_e
tet;'aacetate (EDTA) and lytic enzymes. customarily used to release .nucleic acids from
frﬁcroorganisms are similarly inhibitory. The conventional ;ihenol/chloroform extraction

methods for removing inhibitors may leave traces of these reagents, which are also inhibitory.

In addition, residual chaotropes, . alcohol or silica, which aré conventionally used for

purification of nucleic acids may inhibit nucleic acid amplification reactions. The presence of

such inhibitors 'in_ samples processed by conventional methods has limited the volume of

processed sample which can be'arhpliﬁed. That is, to ensure sufficient dilution of inhibitors,

only small aliquots (usually fess than about 10 ﬁl) of such samples could previously be added
to an amplification reaction. Sarriple volumes above about 10 pl prod.uced erratic results or

ampliﬁcaﬁon failures. Even.' ampliﬁéation of leS_S than 10 pl of conventionally processed

| samples have produced erratic results in amplification reabtions due to the presence of

inhibitors introduced by "sample processing. In addition, Applicants have observed that

'_ TRITON and other detérgents inhibit solid _phase assays for detection of .ampliﬁed DNA.

The ideal sample processing method for nucleic acid amplification of M.tb therefore '.

has the following components: 1) removal of ampliﬁcation inhibitors, in .particular those . -

introduced by satﬁple prdcessing for culture, 2) release from the M.tb of a sufficient amount of
DNA fbf am‘pliﬁcétion, and 3) disinfeétion of the sample. 'Others' have attempted to remove
amplification inhibitors introduced by conventional M.tb sample processing for culture. Most
commonly, these methods involve washing the pellet obtained from sample ;ﬁr’ocessing for
culture, But sufficient washing to remove inhibitors risks loss of the M.tb organisms with
subsequent variability-'and inaccuracy in culturing results. V. Sritharin and R. Barker (1.991.

M. Cell. Probes 5:385-395.), A. J. H. Kolk, et al. (1992. J. Clin. Micro. 30:2567-2575.), R.

M. Shawar, et al..(1993. J. Clin. Micro. 3.1:6_1-65.), P. DélPortillo, et al. (1991. 7. Clin.
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Micro. 29:2163-2168.), and D. V. Cousins, et al. (1992. J. Clin. Micro. 30:255-258.) describe

centrifugation washing of a portion of an NALC pellet in specialized lysis buffers containing

detergent and/or ethylenediamine tetraacetate (EDTA) and/or Iytic enzymes. Shawar, et al.

used one washing/centrifugation step. While G. E. Buck, et al. (1992. J. Clin. Micro. -

30:1331-1334.) ﬁsed two microcentﬁfuge washes of NALC peIIets in phosphate-buffered
saline, this method Was described as having low efficiency and was abandoned. The low
- efficiency was probably due to inefficient lysis, 'w_hj.ch was apcomplishe’d by either 1) 1-12 hr
‘at 55°C in a lysis buffer confaining éniyrhes and TRITON,"Or 2)_ eight cyéles of freezing and
thawing. Kolk, et al. also .used two we.xs'hes, but the washes wege with lysis .' buﬁ’et'which

contained detergent and lysis was by exposure.to 60°c for 18 hr. These authors noted failures

in their PCR reactions - thereafter, and these samples were further treated with -

__pheno[/chlorofomi ektfaction._ - T. Victor, et al. (1992. J. Clin. M.icrd. 30:1514-1517.)

described a variation of the washing protocols in which a portion of an NALC pellet was

recentrifuged through a. 5uqrose solution. In addition to being time consurming and

‘inconvenient, this method resulted in a 100 fold decrease in sensitivity which would be

unacceptable for a diagnostic test.

Other praétitio_ners have attempted to remove amplification inhibitors from samples

' prbcessed for culture by classical extraction rﬁethods using phenol and/or chloroform. These

include Cousins, et al. and Del?ortillo,_ et al, supra, ds well as P. Shankar, et al. (1991.
Lancet 33:5-7), D. DeWit, et al. (1990. J. Clin. Micro. 28:2437-2441.), C. Pierre, et al.
' (1991. J. Clin, Micro. 29:712-717.), D. Thierry, et al. (1992. Mol. Cell. Probes 6:181-191.)

and A. Brisson-Noel, et al. (1989. Lancet Nov. 4:1069-1071). These methods may not

remove all inhibitors and traces of phenol and/or chloroform can contaminate the sample after

extraction and inhibit amplification. In addition, these reagents are caustic, flammable and

toxic. Commercially-available DNA purification kits (e_.g"., GENE CLEAN) have also been |

used to purify M.tb DNA from samples conventionally processed for culture (B. B. Plikaytis,
et al 1991. Mol. Ceil. Probes 5:215-219.; K. D. Eisenach, et al. _199.1. Am. Rev. Respir. Dis.

144:1160-1163.). This is a time-consuming and cumbersome process which involves many
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steps and employs a caustic chaotropic bmdmg buffer. Applicants have tested the

GENECLEAN method and have found that the sensitivity of subsequent PCR reactlons was

' reduced, most likely because the recovery of M.tb DNA by the GENECLEAN kit was less

than recotlery using the present method.

y Conventional nucleic acid-releasing protocols for mycobacteria have employed
enzymatic digestion (Kolk, et al., Cousins, et al., DelPortillo, et al. and Buck, et al., supra),
freeze—thaw treatment in detergent-contairﬁng: buffers (Buck, et al., supra), detergent
extraction (DeWit, et al., supra), sonication or sheanng in detergent and/or enzyme containing

buffers (Buck, et al. and Sawc et al., supra) or combmatlons of these techmques (Phkaytls et

. al. and Eisenach, et al, supra). As stated above the detergents enzymes and EDTA

| employed in these methods are’ potential inhibitors of subsequent nucleic-acid amplification

reactions. Heat has also previously been used to'induc.e lysis of myc_obacteria, but again these
methods employed lysis in buffers which contained EDTA, detergent and/or lytic enzymes

(Sritharin and Barker, Shawar, et al. and Buck, et al,, suprct) because it was believed that heat

alone would not be sufficient to promote efficient lysis. Additional reagents have therefore

been customarily used in conjunction with heat to promote efficient lysis.
- SUMMARY OF THE INVENTION

The present mventmn prov1des methods for processmg samples which may contain

'mycobactena which are compatlble with both conventlonal culturing techmques and nucleic

acid analysrs. It has unexpectedly been found that the harsh chemical treatment previously -
thought necessary to obtain efficient lysis'of the microorganisms can be eliminated withodt

loss of lysis efficiency, thereby eliminating reagents which may inhibit subsequent nucleic acid-

~ based reactions. Heating for at least 5 min. at about 95-120°C in water, saline or a buffer

compatible with the selected riucleic acid analysis not only provides highly efficient lysis of
mycobacteria (essentially 100%), but also disinfects the sample. It has further unexpectedly

been found that potentially inhibitory reagents used in conventional sample processing
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methods for culture (i.e., liquification and decontamination) can be successfully removed from

the processed pellet without significant loss of microorganisms by at least two washings with

saline, water or a buffer compatible with the nucleic acid analysis (i.e., without detergents,
enzymes, EDTA, etc.) and centrifugation at a spéed sufficient to produce a tight pellet which
minimizes loss of material during the washing steps. |

The inventive methods therefore allow culturing a_ﬁd nucleic acid analysis to be
performed on a sample without the need for separate sample. processing protocols. The
present methods are simpler, faster and more reproducib.l_e than previous methods and do not
require any épecialized equipment. Further, they employ inexbensive and readily available
reagenfs, ‘none of Whi_ch _requiré special handling.. As the samples are simultaneously
disinfected in the iysis prdcedure, bichazards are eliminated and the small sample size reduces
biological waste. - Unlike previous methods, in which thé volume of sample_ which couid be
analyzed was often limited by the presence of inhibitors, relatively large volumes of samples
processed by the inventivé methods (up to _75%lof amp_liﬁcation reaction volume) can be
amplified reproducibly aﬁd without iosé of éénsitivity. - The ability to amplify large volumeé

allows the practitioner to detect rare target sequences which may be missed when a small

“aliquot of a sample must be amplified to avoid in_térfer_e_nce from inhibitors.

DETAILED DESCRIPTION OF THE INVENTION

The instant invention provides methods for processing samples for detection and
identification of Mycobacteria sp. which are compatible with both culutre and nucleic acid-

based analysxs including. nucleic acid hybridization, restriction digestion, nucleottde

-sequencing, and nuclelc acid amplification. The present methods are compatible with a vanety

of nucleic acid-based reactions because, in contrast to previously known sample processing
methods, no toxic or inhibitory reagents are used for release of nucleic acids. Potentially toxic
or inhibitbry substances employed for liquification and decontamination of the sample, are

efficiently removed. The present methods are therefore compatible with any protocol for



analysis and detection of nucleic acid which is sensitive to inhibition by the detergents,

enzymes, chelators, chaotropes and solvents previously used for sample processing.

A sample, usually a clinical sample such as sputum, is first processed by conventional
procedures for liquiﬁcafion and decontamination (i.e., killing of | non—mycdbactgria) as
dedcribed above. Any of the known liquiﬁcation/decontamination procedures are suitable for
this step, including the NALC, ZEPHIRAN-trisodium phosphate, NaOH and SLS procedures
qu recoveﬁng mycobacteria from a sample, as reviewed by Kubica, 1984, supra. The NALC
procedure is preferred because it is bompatible with automated culturing instruments such as
the BACTEC instruments commércially available from Becton, Dickinson Diagnostic
Instrument Systems, Sparks, Maryland. For use with the BACTEC instrument, tﬁé sample is
mixed with an equal volume of liquification solution (2% NaOH, 1.45% sodium citrate, 0.5%
N-acetyl L-cysteiné) and inc(xbated for 15.-2_0 min.. at. roém temperature. Neutralizatién
solution (0.068 M sodiﬁm and potassium phosphafe) is then added to a volume of 50 ml and
the sample is centﬁﬁ;ged at 4°C for 15-20 min. at 4,000 xg. The supemafant is discarded.
. This process concentrates any organisms present in the sample into a small volume NALC
pellet (less than 1 ml). In conventional culturing methods, thc? NALC pellet is resuspended in

1.5-2 ml of an apprdpn'éte buffer or water for seeding solid or liquid gfthh_ media.

| Tb 'prepare the sample for nucleic acid éhalysis, the liquiﬁéd/decoritaminaited pellet is
then processed to release nucléic acids for detection and analysis. If only nucleic acid-based
procedures are to be performed, the entire pellet may be processed. It is preferred, however,
that only a portion of fhe pellet be processéd further, allowing both cultuf_ing and nucleic acid
analysis to be performed on a single sampie. In bne embodiment, the ﬂﬁal pellet_ frdm the
liquiﬁcation process may be split and a portion used for culture and a poﬁion processed for
nucleic acid analysis. Alternatively, the liquified sample may be split, with one portion béing
centrifuged and the pellet processed for culture and the other portion being centrifuged and
the pellet processed for nucleic acid analysis. | The liquified/decontaminated pellet for nucleic

acid analysis is then washed to remove inhibitory, caustic and toxic reagents which may
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interfere with the subsecjuent nucleic acid analysis. The wash solution may be saline, water or
a physiological buffer (e.g., phosphate or Tris buffer) and does not contain detergents,

enzymes, chelating agents (e.g., EDTA) or other reagents which may inhibit subsequent

" nucleic acid analysis and detection. Preferably, the wash solution is similar to the buffer used

in the subsequent nucleic acid analysis. For example, if the nucleic acid is to be hybridizéd to
a probe or sequenced, the wash solution may bé the hybridization or sequencing buffer. If the
nucleic acid is to be amplified, the wash solution may be a buffer app.ropriate for the selected
nucleic acid amplification reaction. SDA is preferred for amplification of nucleic acids
released according fo the invention, and 0.025 M potéséium phosphate, pH 7.6 is therefore a

preferred wash solution as this buffer is customarily employed in .SDA reactions.

_ In one embodiment, the pellet is washéd in a relatively large volume of wash solution,
for éxample, .up to about 20 ml. 'Aftef fnixing the pellét with the wash solution, the sample is
centrifuged at a minimum of about 4,000 xg to produce a tight pellet which is resistant to loss.
of material upon further handling. This is preferably ac_:cdmplisﬁed using a standard clinical
centrifuge, centrifuging the sample for at least 5 min. and preferably at leést 15 min. The _
supernatant is discarded a;nd_the pellet is resuspended in a sgcond volume (generally up to

about 20 ml) of wash solution. The sample is centrifuged a second time (at least 4,000 xg) to

form a pellet and the supernatant is discarded.

In a second embodiment, the wash solution volume is kept small for ease of sample

" handling. This has the advantage of reducing the volume of potentially' biohazardous material

which must be disposed of and allows the procedure to be easily performed in a biological -

safety cabinet. After mixing the liquified/decontaminated pellet with about 1 ml of the wash

solution, the sample is ceﬁtrifuged at a minimum of 12,000 xg to produce a tight pellet and
prevent loss of fnaiterial upon further handling. Centrifugation will generally be for at least 1

min., prefgrably at least 5 min. In a preferred embodiment, approximately ‘one quarter of the
pellet i§ transferred to a small tube and _mixe_d with the 1 ml of wash solution. " As the volume’

of the sample is srﬁall, centrifugation is preferably accomplished in a microcentrifuge for



convenience in the laboratory and to allow centrifugation in a biological safety cabinet or
hood. The supemnatant is discarded and 1 ml of wash solution is added a second time and
* mixed with the pellet. The sample is again centrifuged (at least 12,000 x g) to form a pellet

-and the supernatant is discarded.

For either the clinical centrifuge or the nncrocentnﬁ.lge method, two washes are the
minimum required for successful removal of inhibitors. Optxonally, additional washes may be
employed as long as the sample is centriﬁxged at a high enough speed to form a tight pellet

that is resistant to loss of material when the supernatant is removed.

After Wasfﬁng, any myco‘bact_eria which are present in the pellet are lysed as follows.
At least about 100 pl, pr'eferably. about 1 ml, of the appropriate buﬁ‘ex: fof the desired nucleic |
acid analysis (e.g., hybridization buffer, sequencing buffer, ampliﬁcatioo buffer) is edded to the
pellet and the sample is heated at about 95-120°C for a period of time sufﬁc1ent to cause lysis
of mycobacteria. Preferably, the sample is heated for at least 5 min,, preferably 15-30 min.,,
most preferably 30 min. Heating may be accomphs_hed by autoclaving, or placing the tube in a
boiling water bath or a forced air convection oven. The boiling water bath is the preferred
method, as lysis by tﬁis method appears fo be assoeiated v;rith improved repl_'oducibility in
subsequent SDA reactions. -Hee.ting.block-s, while fesulting in sufficient lysis for nucleic acid
analysis; t;lay not reliably produoe disinfection (i.e., _100% lysis) because of delayed or
inefficient heat transfer from the block to the sample. After heating, the sample may be used
directly in  the nucleic acxd analy31s or detectlon protocol or, optlonally, ﬁltered or centnfuged-_
to remove debris. The sample is preferably centrifuged briefly in a mlcrocentnﬁlge _

(approxlmately 10 sec.) to remove debns prior to nucleic acid amplification.

The released nucleic acid in the lysed sample may then be used in the selected nucleic
acid analysis or detection protocol without further treatment, as no toxic and inhibitory
reagents are introduced by the lysing protocol and the sample may be lysed in the buffer

appropriate for the analysis. Nucleic acids prepared according to the invention are compatible
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with any of the known nucleic acid analysis and detection protocols. These include, but are

not limited to, nucleic acid hybridizations (e.g., Southern blots, slot blots), restriction

digestion and cloning, nucleotide sequencing and nucleic acid ampliﬁcation.' Such protocols

are well known in the art and are reyiew_ed_ in Molecular Cloning: A Laboratory Manual,
Second Edition, by J. Sambrook, E. F. Fritsch and T. Maniatis, Cold ‘Spring Harbor
Laboratory Press, 1989. The present sample processing methods are particularly useful for
ampliﬁcatidn of nucleic abids because elimination of inhibitors enhances sensitivity of
diagnostic tests and allows the. practitioner to #mplify a_larger volume of the nucleic acid
preparation than wa§ previ.ously possible.. A target sequence \ivhich is extremely rare is
therefore more 'likely to. be. 'repr_ese'nt.ed' in the a_liqubt of _ sample' amplified, improving_ the

accﬁr’acy and reliability of the amplification result.

Certain steps of the present methods have been found to be particularly important to
its success. First, the liquified/decontaminated pellet must be washed at least twice with a
minimum of 1 ml of wash solution each time to effectively remo_vé the toxic and inhibitory

reagents used in the liquification. A single washing step is not sufficient for processing some

samples. Larger volumes of wash solution, if feasible, result in even more efficient removal of

these reagents. Second, the washed sample must be centrifuged so-as to form a pellet which |

will remain intact during removal of the supernatant and ré—washing. Third, it was not
previously known or appreciated in the art that efficient ﬁeat lysis could be accomplished
without the use of detergents,. enzymes or chelating agents. These reagents were preﬁo_usly
thought to ‘be essential- because heat alone was not' believed to be sufficient to lyse
_ mycobacteria. While certain previously known heat lysis protocols employ a relatively brief
-exposure to very high temiseréture, all add additional poteﬁtially inhibitory substances to
enhance lysis, as described above. In contrast, the present invention for the first time
demonstrates that heating at 95-120°C is sufficient by itself to produce essentially 100% lysis

of mycobacteria. This discovery further permits. the sample to be simultaneously lysed and

disinfected.
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The following experimental examples are provided to illustrate certain embodiments of '
the invention, but are not to be construed as limiting the invention and its equivalents as .

defined by the appended claims.
EXAMPLE 1

Two methods of liqﬁiﬁcation and different washing conditions using a clinical
ceritrifuge were tested for their ability to remove inhibitors to 'SDA'ampl'iﬁcation.. The two
quuiﬁcatiqn protocols were 1) the method recommended by BACTEC and 2) 0.5N sodium
hydroxide containing l'O.'lM sodium cifrat’e and 1% NALC as described by Kubica-, 1963,
supra. The BACTEC method uses half the concentrétion of NALC of method 2. For each
liquiﬁcatiori method, washing the pellet with twb or three 20 ml washg; prior to afr:pliﬁcation
. were compared. Five_tﬁberculosis (TB)-riégﬁtive sputum samples were podled; ‘Eight aiiqubts
“of 5 ml eaCh were pipetted into 50 ml disposable tubes. These were negative co_ntrols. The |
remaining 'pooléd sample vdlumc wﬁs split into two ‘approximately equal portions. A single
.TB-po.si_tive sputum sample was then Split into each of the- two TB-negative sathple.portions
to make two TB-positive pools ("A" and "B"). This allowed the creation of a relative.ly'
homogeneous TB-positive pooled sample with a low number of M.tb relative to a typical

-positive sample.

Pool A was liquified by addition of an equal volume of 2% NaOH/i.45% citrate/0.5%
NALC and vortexing for 1 min. The samplé was then aliquoted equally into eight 50 ml
~ disposable tubés. 'Four of the TB-negative samples were liquified in the same way. Aliquots a
were incubated for 20 min. at room temperature, then neutralized by addition of neﬁtralizing
buffer to a volume of 50 ml. ‘The aliquots were then centrifuged for 20 min. at 4,200 x gina
clinical centrifuge. The supernatant was diScarded and the pellets were washed by addition of |
20 ml of 25 mM KPd4 and centrifuging for 5 min. Either two or three -washes were |

performed in identical fashion, and the resulting washed pellet was i)ipefted into a 1.5 ml

disposable screw-cap tube.
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Pool B was liquified by addition of an equal volume of 0.5N NaOH/0.1M citrate/1%
NALC. Four of the TB-negative samples were liquified in the same way. The positive pool
was split into eight aliquots as above and incubated for 15. min. at room temperature.
Following incubation, each aliquot was brought to 50 ml with 25 mM KPOy4, pH 7.6, and.
centrifuged for 15 min. at 4,200 x g in a clinical centrifuge. The resulting pellets were washed |
two or three tifnes as for Pool A and the wdshéd pellets were also put into 1.5 ml fubes. All
aliduots from both pools and the negative samples were autoclaved for 15 min., rr_licrofuged
for about 1 min. to remove debris and the supernatants were subjected to SDA amplification
of the M.tb IS6110 seqﬁence éssentially as described by G T. Walker, et al. (1992. Nuc.
Acids'Res..2051691-'1696; 1992. Proc. Natl. Acad. Sci. 89:392-396). Twenty-five pl and 2.5
ul portions of each aliquot were amplified. The ampliﬁéation reactions further included a
. known axﬁount of an internal contrdl sequence, the amplification of which served as an internal
control for amplification efficiency. 'Twenty-ﬁ've thousand copies of the control sequence
molecule (SEQ ID NO 5) | |
5' ACTGAGATCCCCTAGCGACGATGTCT GAGGCAACTAGCAAAGCTGGTCGAGTACGCC 3
were added to each aliquot of sample with the SDA reaction _rmxture and were co-amplified
with the M.tb target sequence (SEQ ID NO:6)

5 ACTGAGATCCCCTATCCGTATGGTGGATAACGTCTITCAGGTCGAGTACGCC 3.

using a single set of amplification primers.

Amplification products were detected in the following chemiluminescent DNA probé'
assay. Oligonucleotide capture_probés were synthesized using a DNA synthesizer (Model
380B, Applied Biosystems, Foster City, CA) and BIOTIN-ON Phosphoramidite (Cldnetech,

Palo Alto, CA). This resulted in three biotin residues at the 5' tennidus of the capture probe.
| The capture probe for the control sequence (SEQ ID NO:1) was 5GCTTTGCTAGTTGCC- -
3 andl the capture probe for the Mtb IS6110 target sequence (SEQ ID NO:3) was 5-
CCTGAAAGACGTTAT-3'. The oligoncleotides were purified by reverse phase High
Pressure Liquid Chromatography (HPLC) (Brownlee Lab Aquapore RP 300 Column - 220 X
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4.6 mm, C8 column, 7 particle, 300 A pore size) with a UV monitor at 254 nm and a gradient |
of 14-44% Buffer B in Buffer A over one hour (Bu&‘er B: 0.1M triethylamine-acetate, pH 7
with 50% acetonitrile; Buffer A: 0.1M triethylamine-acetate, pH 7) and a flow rate of 1
 ml/min, . | |

* The oligodeoxynucleotide detector probes were synthesized using the Model 380B
DNA synthesizer and a 3'-amino-modifier-C3 column (Glenn Research, Sterling, VA). This
produced oligonucleotides with a 3' amine terminus for subsequent conjugation to alkaline
phosphatase. The detector probe for the control sequence (SEQ ID NO:2) was 5%

- TCAGACATCGTCGCT-aly-AP-3' (a12=anﬁno" link 2). The detector probe for the IS6110
target sequence (SEQl ID NO:4) was 5'-CCACCATACGGATAGT-am-AP-B'- (am=amino

modifier). Calf i_ntestiﬁe alkaline phosphatase (AP) (EIA grade, B9¢hxinger Mannheim,

Indianapolis, ID) was dialyzed overnight at 4°C againsf 50 mM potassium phosphate pH75 -
and subsequently centrifuged to.remove aggregates. Four ml of 10 mg/ml AP was combined
 with 40 ui of 50 mM Succinirrﬁdyi#-(p—maleimidbphenyl) butyrate (SMPB) (Piérce,
Roékford, IL) dissolved in N,N'-dimethylformamide (DMF) (Aldrich, Milwaukee, WI) and
allowed to react in the dark at room temperature for 30 min. The derivatizéd AP and excess
SMPB weré-separated usixig a NAP-25 column (Pharmacia) and 50 mM potassium phosphate
pH 7.5 (degassed and purged with Np). The absorbances of the NAP-25 column fractions
were read a't 260 and 280 nm and the void volume peak was pooled. The concentration of
deﬁvaﬁ;ed alkaline phosphatase was determined by absorbance at 280 nm using an extinction
éoeﬂicient of Om75 mVurﬁolé cm-l, The derivatized AP obtained was stbred on ice less than

two hours until conjugation to the derivatized oligodeoxynucleotides.

Fifty nmoles of ohgodeoxynucleotlde was diluted in 13.4 ul 1M potassmm phosphate
pH 7.2 and mixed with 26.8 ul of 50 mM n-succinimidyl-3-(2-pyridyldithio)propionate
(SPDP) (Pierce, Rockford, IL) diluted in DMF. This mixture was incubated in the dark fo'r 1
hr. at room temperature. Dithiothreitol (DTT) was diluted in 50 mM potassium phosphate pH

7.5 to a concentration of IM and added to the oligodeoxynucleotide/DMF mixture to a final
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.concentation of 0.1M and allowed to incubate for 15 min. at room temperature. Excess DTT
and SPDP were separated from the derivatized oligodeoxynucleotide by elution over a NAP-
25 column with 50 mM potassium phosphate pH 7.5 (degassed and purged with N217).- The
 derivatized oligodeoxynucleotide eluted in the void volume as judged by absorbance at 160
and 180 nm. The reduced oligodeoxynucleotide, in order to avoid oxidation, was reacted with
the derivatized AP within 10 min.  The derivatized oligodeoxynucleotide and derivatized AP
were incubated 1-4 hrs. at room temperature and then overnight at 4°C. The soiution was
quenched. using 1/100th volume of 50 mM beta-mercaptoethanol in 50 mM potassium
phosphéte pH 7.5.. The crude conjugate was concentrated according to the manufacturer's
instructions using CENTRIPREP 30 (Amicon) to approximately 2 ml using 20 mM Tris pH
7.5. The crude conjugafe was purified by HPLC using a DEAE-5PW column (7.5 - mm x 7.5
cm) and a gradient of 0 to 66% Buffer B in Buffer A (Buffer B: 20 mM Tris, IM NaCl pH
7.5; Buffer A: 20 mM Tris pH 7.5) and a flow rate of 1 mV/min. Absorbance waS mdnitored at
254 nm. The absorbance at Aggg and Apgg nm were taken using a spectrophotometer and
 the fractions with Ango/Aggg equal to 1 were pooled. The protein concentration of the

conjugated oligodeoxynucleotide was determined (BCA Protein Assay Kit, Pierce, Rockford,
IL). o |

* The activity of the alkaline phosphatase (AP) detector oligodeoxynucleotide probes
was determi'ned as follows. The conjugate was diluted to 5 pg/ml in 50 mM Tris-HC, 100
mM NaCl, 1 mM MgCly, 1 mg/ml BSA,.pH 7.5. The substrate, 4-nitrophenylphosphate
(pNPP), at a concentration of 5 mM, was prepared in 1 M diethanolamine, 1 mM MgClp, pH |
9‘8.‘ AP activity was assayed as _follows, at 25°C. The conjugate (5 pl) was pipetted into 2 ml
of the substrate soiution and the change in absorbance waslmonitored at 405 nm. Th.e initial
- rate was calculated from the linear region, and the reaction rate (umole product/minute) was
| calculated using the extinctioxl'l' coeffiéient of the product p-nitrophenol at 405 nm-as equal to
18500 M-lem-l. The spéciﬁc activity of the AP detector oligodeq_xynucieotide was
calculated in pmole/minute/mg. The AP detector probe was diluted to 2 pM in 20 mM Tris
pH 7.5, iM NaCl, 50 pg/ml sonicated salmon sperm DNA, 0.05% sodium azide, énd stored
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thereafter at 4°C. The 20 mM Tris, pH 7.5, IM NaCl buffer was autoclaved before addition

of the other components.

Coated microtiter plates for capture of the target/probe complexes were prepared as
follows. Biotinylated bovine serum albumin (biotin*BSA) (Piér(:e, Rockford, IL) was diluted
to 5 pug/ml in 0.3M giycine pH 9.6 (prepared using autoclaved water) and wés pipetted into
each well (ZOQ pl/well) of a MICROLITELI plate (Dynatech, Chantilly, VA). The plates were
incubated at 4°C ovemight'.and washed twice (375 pl/wash) using FTA hémagglu_tinaﬁqn
buffer (Becton Dickiﬁsbn Microbiology Systémsj pH 7.2 prepared using a_utof:_laved water.
Streptavidin (50 pg/ml) (BRL, Bethesda, MD) in hemagglutination buffer was added to the
biotin*BSA coated microtiter wells (100 pl/well). Plates were covered and incubated for 1 hr.
at 37°C. Unbound streptavidin was discarded by inversion and manual shaking. Blocking
“buffer (300 pl/well) (he,magglutiﬁation'buﬂ'er pH 7.2, 0.05% wiv bovine serum albumin) was
then added. The plates were covered and incubated 30 min. af 37°C. The blocking buffer was
discarded by inversion and manual shaking. Plates were washed twice with hémagglutination
buffer (375 pl/well), then once using hemagglutination buffer with 2% w/v t'rehaloée (B75
'I/Well) (Fluka, Ronkonkoma, NY). Plates were vigorously fapped dry manually and then dried
for approximqtely 4 hr. under vacuum at < 0.5 Torr at 25°C; sealed in 'mylaf pouches with

desiccant, and stored overnight at room temperature prior to use. The plates ‘were stored

thereafter at 2-8°C.

SDA reactions (50 pl) in microcentrifuge tubes were mixed with 5 pl of 1 mg/ml
carrier DNA (sheared by sonication) (salmon sperm, Sigma, St. Louié, MO). The samples
were heated for 5 min, at 95°C to denature DNA and allowed to cool at room tempera'ture for
5 min. Forty-five ul of hybridization mixture (0.5M sodium phosphate pH 7, 0.1% w/v bovine
serum albumin (Sigma, St. Louis, MO), 2 pmole.biotinylated capture oligodeoxynucleotide
probe, and 0.5-1 pmole AP detector oligodeoxynucleotide probe was added per sample for a
final volume of 100 pl. The samples were incubated for 5 min. at 37°C td hybridize DNA.

Individual samples were added to each coated microtiter plate wéll, covered, and incubated
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for 30 min. at 37°C. Three stringency washes (300 p.l/wéll) (10 mM sodium phosphate pH 7,
0.1% w/v bovine serum . albumin, 0.05% v/v NONIDET 40) were performed at room
temperature. Each wash was allowed to remain in the microtiter wells for 1 min. before
removing. LUMIPHOS 530 (100 pl) (Lumigen, Inc., Detroit, MI) substrate was added, and
the plates were covered and incubated for 30 min. at 37°C. Luminescence was read in
Reélative Light Units (RLU) on a microtiter plate luminometer (Labsystems, Research Triangle

Park, NC) at 37°C, using a 2 sec./well integration time.

~All treatments produced more amplified .target than could be detected by the
luminometer (i.e., over 20,000 RLUs). This demonstrated that the washing protocols
removed inhibitory compounds introduced during processing that would otherwise completely =
~ inhibit SDA. A comparison of the RLUs obtained from a standard curve of M.tb genomic
DNA amplifications indicated that 20,000 RLUs were equivalent to approxim'atelj 50 M.tb
genomes, indicating that at least 50 organisms were detected in each eample. Comparison of
the data obtained from amplification of 2.5 p.l versus 25 pl of ‘sample showed that the
amplification and detection of the IS6110 target sequence produCed chemiluminescent siénals |
that were etill beyond the dynamic range of the lurrlinometer.' Therefore, although the
inventive processing methods were highly successful, the efﬁciency of the wash could not be

quantitatively determined from the amplification of M.tb target.

~ However, when 2.5 pl of sarhple were ihtroduced into SDA, amplification and
detection of the internal control sequence produced a mean value of 5,609 RLUs (N=16,
SD=840) whereas 25 pl of sample gave 1,864 mean RLUs (N=28, SD=1206). This ihdieated
that the ampliﬁcatioh efficiency of reactions containing 25 pl of sample was reduced three fold
as compared to reactions containing 2.5 ul. | Throughout these experiments, analysis of the
internal control "signature" eequence proved to be a more reliable indicator of inter-sample
heterogeneity because it wae present at a constant number of copies per sample. It therefore
gave a better measure of SDA inhibition. In contrast, M.tb are subject to cldmping and were

not usually evenly distributed between aliquots.
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This experiment demonstrated the feasibility of the wash protocol because M.tb DNA
was successfully amplified from TB-positive samples. However, the SDA amplification Waﬁ
not optimal and therefore the wash protocol was further refined as described i.n the following
Examples. | |

EXAMPLE 2

The feasibility of using miCroéentriﬁlgation as.a means for, removing inhibitors from
liquiﬁéd sputum samples was assessed by amplification of M.tb genomic DNA spiked into
microcentrifuge-processed sampies. This would provide faster sample processing with smaller

wash volumes than the clinical centdfuge.wash method of Example 1.

Sample liquification was performed according to the protocol recommended. by

- BACTEC. Seven TB-negative clinical sputum samples were pooled in a 200 ml flask (total

- volume about 50 ml). This was mixed vigorously with an approximately equal volume of 2%

NaOH/1.45%- citrate/0.5% NALC and incubated for 20 min. at room témperature. The
sample was aliquoted into ten 50 ml disposable tubes. Each aliquot was brought to 50 ml with
neutralizing buffer, then centrifuged for 20 min. at 4,200xg. The resultihg NALC pellets were
pooled in order to make a. homogeneoﬁs sample frorﬁ which aliquots for microcentrifuge
washing could be tested. From this pooled NALC pellet the following aliquots were prepared:
I _Six 0.15 ml aliquots in 50 ml disposable tubes, and II. Twenty-four 0.15 ml aliquots in 1.5

ml disposable screw-cap microcentrifuge tubes. -

The Sample gfoﬁps were processed as follows. The aliquots in 50 ml tubes were
washed twice with 20 ml of 25 mM KPO4 in a clinical centrifuge as in Example 1. These
samples were positive controls, as Example 1 demonstrated that this method successﬁzlly
removes inhibitors. Aliquots in midrocentrifuge tubes were processed as follows:

A, Two washes in 1 ml 25 mM KPQy with microcentrifugation, 1 min. each.
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Three washes in 1 ml 25 mM KPOy4 with microcentrifugation, 1 min. each.
Two washes in 1 ml 25 mM KPQ4 with microcentrifugation, 5 min. each.

Three washes in 1 ml 25 mM KPOy4 with microcentrifugation, 5 min. each.

o o v

Two washes in 20 ml 25 mM KPOQy4 with clinical centrifugation, 5 min. each.

(i.e., as in Example 1).

After washing, the pellets were resuspended in 250 pl of KPOy, vortexed, autoclaved
and microfuged for 1 min. The _microcentriﬁlge-produced pellets were .tighter than the clinical
centrifuge pei_le_ts and were aspirated with a pipet tip to resuspend. The resulting supemétanté
were each spiked with 25 copies of M.tb genomic DNA and subjected to SDA with co-
amplification of an intemal control sequencé and chemiluminescent detection as in Example 1.
All of the samples containing. M.tb - genomic DNA - showed successful amplification,
demonstrating that microcentrifugation is a successful method for waéhing clinical samples to
remove amplification inhibifors and that the method is compatible with the BACTEC

liquification protocol.

The mean RLUs of IS6110 amplification were similar for the various sample

processing methods:

PROCESS _ RLUs SD

A 3,150 1,339
B 3,235 1,016
C 2,770 1,506
D 2,465 | 575

E 2,107 . 1,469

An F test (as according to Sokal, R. R. and Rohlf, F. J. 1965. Biometry, W. H.

~ Freeman, San Francisco) indicated the differences between these treatments were not
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significant. Therefore, using a microcentrifuge gave data equivalent to the clinical centrifuge

wash protocol, but with the advantage that it was a faster and less cumbersome method.

The mean RLUs of the amplified internal control sequence suggested that the use of

two microcentrifuge washes gave higher amplification than the other treatments:

Iy

PROCESS RLUs SD
A 1,756 | 1,025

B 736 _ 144
o 793 568

D 756 479

E 454 | 369

An F test (as according to Sokal and Rohlf, supra) indicated that there was a

significant difference between the treatments at the p=0.05 level.

This experiment indicated the feasibility of the method' but showed high variability
between samples. As high variability may have resulted in the lack of significant differences in
1S6110 amplification with the various treatments, further experiments were run to validate the
use of microfuge washes with TB-positive clinical samples and reduce the variability. These

experiments are described below.
EXAMPLE 3

Example 2 was repeated using TB-positive clinical sputum samples to determine if
microcentriﬁxgétion could be a replacement or alternative for clinical centrifugation for sample
washing. This would allow smaller volumes of wash solution to be used, with shorter

processing times. A TB-positive and a pooled TB-negative clinical sputum sample were
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processed through the neutralization and first concentration step of the BACTEC protocol by
clinical centrifugation. Samples were then washed by either the standard procotol (further

clinical centrifugation) or microcentrifugation.

Oné TB-positive and ten TB-negative samples were liquified separately, neutralized
and ‘centrifuged in a clinical centrifuge at 4,20.0 rpm at 4°C for 20 min. The supernatants were
discarded and the negative sample pellets were resuspended and combined (total volume about -
5 ml). Two 250 pl aliquots were fransferred to 50 ml tubes and four 250 ul aliqﬁots were
" transferred to 2 ml screw-cap tubes. The remaining negative péﬂgt was added to the pellet

obtained from processing of the positive sample and it was divided in 250 pl aliquots into four
50 ml tubes aﬁd eight 2 ml screw-cap tubes. KPOq (25 mM, pH 7.6) was added to the 50 ml
"tubes (negative and positive) to a total volume of 20 ml. - The samples were mixed and
pelleted in a clinical centrifuge for S min. at 4°C. The supernatant was decanted and the wash
was repeated with another 20 ml of buffer. These pellets were resuspended in the remaining

sample fluid, transferred to 2 ml screw-cap tubes, and capped.

To the 2 ml samples (positive and negative), 1 ml of 25 mM KPOy4, pH 7.6 was added.
The tubes were mixed and the samples pelleted by microcentrifugation for 5 min. at room
temperature. The supernatants were removed with a micropipette. The wash was repeated
once on one set of two negatives and one set of two poéitives and repeated twice on the
remaining tubes. The pellets were finally resuspended in 350 pl of KPOy4 buffer. The clinical
centrifuge sémples were similarly adjusted to 350 pl using KPOy4 buffer. The tubes were then
autoclaved, vortexed briefly and microcentrifuged for 1 min. Supernatants were collected for
SDA ampliﬁcation. Two tubes containing buffer to be spiked with M.tb genomic DﬁA prior

to SDA (positive controls) were also included.

All samples processed by the microcentrifuge method were amplifiable by SDA.
Numerous samples amplified to levels above what the luminometer can detect, indicating that

sample inhibitors had been removed by the processing method. The results were quite
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variable, with IS6110 results varying between 3,490 and over 20,000 RLUs. Washing by
microcentrifuge gave lower levels of ampliﬁcation of the control sequence than washing by
clinical centrifuge; two microfuge washes produced 2,703 (+/- 1,101) RLUs, three washes
produded 1,196 (+/- 581) RLUs and two clinical centrifuge washes produced 5,867 (+/-
1,642) RLUs. These findings and those given in Example 2 suggested that
microcentrifugation wa.shes should preferably be limited to 1 min., as 5 min. washes appeared
less effective at removing SDA inhibition than washing in the clinical centrifuge. This also
implied that longer microcentrifugations gathered more inhibitors in the washed pellets.

W

EXAMPLE 4

Samples were processed from liquified samples to determine if this was a feasible |
alternative to splitting the processéd pellets. Seven TB-negative sputum samples were mixed_
and split into two pools - a TB-négative pool and a TB-positive pool into which was mixed a
single TB-positive sample. Both sample pools were liquified by the BACTEC—re;oMgnded
protocol by addition of an equal volume of 2% NaOH/1.45% sodiurh citrate/0.5% NALC, as
in Example 1. After 20 min. at room temperature, each pool was aliquoted as follows. Two
aliquots of 10 ml each were centrifuged for 20 min. in a clinical centrifuge at 4,000 x g. The
resulting pe;llets were washed twice in 20 ml 25 mM KPQ4 with 5 min. centrifugation in a
clinical centrifuge. Four aliquots of 1 ml each were centrifuged in 2 ml microfuge tubes for 5
min. at 13,000 x g in a microcentrifuge. The résulting pellets were washed by two or three

successive 1 ml washes in 25 mM KPOy4 by microcentrifugation for 1 min. at 13,000 x g._

The final pellets for all samples were resuspended in 300 pul KPOy4, then autoclaved.
The final samples were microcentrifuged briefly to remove debris and the supématants Were
subjected té SDA and detection in the chemiluminescent probe assay. The assay signals for all .
of the TB-positive samples were over 20,000 RLU, cOnﬁming that they are positive and that
the method successfully removed inhibitors. Negative samples produced the appropriate level

of signal, corresponding to less than one M.tb genome. This confirmed that splitting the
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sample during liquification, followed by microcentrifugation, is a useful alternative to splitting
the NALC pellet. This procedure simplifies parallel processing of a sample for both culture
and nucleic acid analysis.

EXAMPLE 5

This experiment demonstrated that the present invention can also be used to process

* small volumes of raw sputum directly for SDA. This was designated the "micro processing"

method. Micro processing of a small aliquot of the sample saves a significant amount of

sample processing time as compared to the conventional method of processing of the whole

sample. In addition, micro processing allows the remainder of the sample to be stored for

later re-testing or culturing, whereas a whole sample processed by the conventional method

must be cultured immediately to avoid loss of M.tb viability.

For micro processing, 0.5 m! aliquots of raw sputum were transferred to 2 ml
microfuge tubes usihg a 1 ml pipettor. The diéposable plastic pipet tips were cut to widen the
bore and bevel the edge in order to facilitate transfer of the viscous samples. Five aliquots
were taken from each of two TB-positive samples (determined by culture) and two TB-
negative sémples. The remainder of the samples (approximately 5 ml)-was used for the clinical
centrifuge Sample processing procedure. These were liquified, concentrated and washed
according to the clinical centrifuge sample processing methods described in Examples 3 and 4.

The NALC pellets processed by the clinical centrifuge method were split into 5 aliquots.

The aliquots for micro processing were liquified by addition of 0.5 ml of 2% NaOH,
1.45% sodium citrate and 0.5% N-acetyl L-cysteine, then mixed vigorously on a vortex mixer.
The samples were microfuged for 5 min. The resulting pellets were given two successive

washes with 1 ml 25 mM KPO4 by 1 min. microcentrifugation. The final washed pellets of

both sample processing methods were resuspended in 200 pl of the phosphate buffer and lysed



23

by autoclaving. SDA was performed on the samples with co-amplification of 25,000 copies of

the internal control sequence as previously described.

The results of amplification confirmed that the micro processing méthod 'Ihad
advantages for the preparation of amplification-compatible samples. In addition to the
significantly shortened processing time and ability to do the sample processing in a bioiogical
safety cabinet, M.tb DNA amplified from the_positivé micro processed samples gave higher

. levels of signal than positive samples processed by the clinical centrifuge method:

-

PROCESS ~__TB RLUs SD
BACTEC pellet wash B 4897  33sS
BACTEC pellet wash - ; w1
Micro processed + 14,624 5,451

Micro processed ' - ' 317 | - 108

Likewise, amplification of the internal control sequence from micro processed samples

gave higher RLUs than the clinical centrifuge processing method_:

PROCESS ~ RLUs = SD
BACTEC pellet wash 301 184
(TB +and -) |
Micro processed _ 1,282 849
(TB +and -)

The micro processing method therefore appeared to be a useful method for preparing

SDA-compatible samples when culturing was not also required.
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EXAMPLE 6

The following is a preferred embodiment of the ' method of the
invention for use when both nucleic acid analysis and culturing of a single sample are desired.
Time and handling wefe minimized by using rﬁicrocentrifuge washes. SDA variability was
minimized by: 1) reducing wash time to 1 min.; 2) lysing/disinfecting samples in a boiling

water bath, and 3) increasing the final volume of the processed sample to 1 ml..

-Three sputum samples, judged TB-positive by acid fast staihing and microbiological
culture, é‘nd three TB-negative sputum samples were processed through the liquification,
neutralization and concentration steps of the BACTEC _protocol by clinical centriﬁ.lgation;
Each processed pellet was split into four fﬂiquots which were transferred into 2 ml microfuge
" tubes. Each aliquot received 1 ml of 25 mM KPQOy4, was mixed on a vortex mixer, and was |
microfuged for 1 min. Supernatants were discarded and the wash was repeated. The final
washed pellets were each resuspended in 1 ml of 25 mM KPO4. M.tb in the samples was
lysed by submerging the samples in a boiling water bath for 30 min. Twenty-five ul of each
sample were then subjected to co-amplification of the_ internal control sequence and M.tb
1S6110 target DNA by SDA. Amplification products were detected in the chemiluminescence
assay previously described. Increasing the final sample volume tb 1 m! and using a boiling
wéter batl; insfead of autoclaving appeared to contribute to improved reproducibility in the

amplification reaction.

The assay signals from positive samples ranged from 13,447 to 20,000 RLUs, the limit
of the luminometeﬁ Negative samples p.r.oduced mean RLUs of 361 (+/- 432), equal'to zero
on the standard curve. This indicated that the TB-positive samples could be | clearly
differentiated from the negative samples. The RLU values of the internal control sequence

indicated that the samples were not inhibitory and that variability between the samples was

low:
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INTERNAL CONTROL SEQUENCE

SAMPLE # B MEAN RLUs SD %CV
7960 negative 5,072 : 640 - 13
9646 negative 5,415 386 7
9815 negative 5,414 1,186 22

" 147 - positive 4830 110 7
205 positive | 4,118 43.1 3
522 positive 4,224 565 3

Control Buffer+IS6110 4,511 1,056 . 23

These data indicated that the wash protocol rendered the samplés completely
noninhibitory to SDA, thereby allowing efficient amplification of the M.tb DNA. Tt also

demenstrated that the processing technique was highly reproducible.
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SEQUENCE LISTING

{1) GENERAL INFORMATION:

(i) APPLICANT: BECTON, DICKINSON AND COMPANY

(A) NAME: BECTON, DICKINSON AND COMPANY
(B) STREET: 1 Becton Drive

(C) CITY: Franklin Lakes

(D) STATE: NJ

(E) COUNTRY: US

(F) ZIp: 07417

(ii) TITLE OF INVENTION: SAMPLE PROCESSING METHOD FOR
MYCOBACTERIA

- (1ii) NUMBER OF SEQUENCES: 6

{iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy dlsk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(v) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER:
(B) FILING DATE:

{2) INFORMATION FOR SEQ ID NO:1l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE
{A) NAME/KEY: misc feature
{B) LOCATION: 1
(D) OTHER INFORMATION: /standard name= "5' Biotin label“
/label= 5'!'-BBB-

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GCTTTGCTAG TTGCC

(2} INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 15 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
() NAME/KEY: misc feature
{(B) LOCATION: 15
(D) OTHER INFORMATION: /standard name= "3' amine
conjugated to alkaline phosphatase"
/label= -al2-AP-3!

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
TCAGACATCG TCGCT : 1s
(2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
() LENGTH: 15 base pairs -
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE: '
(A) NAME/KEY: misc_feature
(B) LOCATION: 1
(D) OTHER INFORMATION: /standard name= "5' Biotin label"”
/label= S'-BBB-

-~

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CCTGAAAGAC GTTAT 15
(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
(C) STRANRDEDNESS: single
{D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/XEY: misc_feature
(B) LOCATION: 16
(D) OTHER INFORMATION: /phenotype= "3' AMINE CONJUGATED TO
ALKALINE PHOSPHATASE"
/label= -am-AP-3!

{xi) SEQUENCE. DESCRIPTION: SEQ ID NO:4:
CCACCATACG GATAGT 16
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(p) LENGTH: 57 base pairs
(B} TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
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ACTGAGATCC CCTAGCGACG ATGTCTGAGG CAACTAGCAA AGCTGGTCGA GTACGCC 57
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S2 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
» (vi) ORIGINAIL SOURCE:
{(n) ORGANISM: Mycobacterium tuberculosis .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

ACTGAGATCC CCTATCCGTA TGGTGGATAA CGTCTTTCAG GTCGAGTACG CC 52

-
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CLAIMS

1. A method for processing Mycobacterium tuberculosis which is compatible with nucleic acid
analysis consisting esseritially of
a) liquifying a sputum sample;
b) centrifuging the liql‘liﬁed sample to form a l_iquiﬁed pellet;
c) washing the liquified pellet at least twice with a wash solution censisting essentially
of saline, water, a physiological buffer or a buffer compatlble with the nuclexc acid
analysis, and centrifuging between washes at a speed sufficient to form a washed pellet
which is resistant to loss of material during washing, and;
d) - resuspending the washed pellet in a solution consisting essentially of saline, water,
a physiological buffer or a buffer compatible with the nucleic acid analysis and lysing the

Mycobacterium tuberculosis, if present, by heating at 95-120°C for about 5-30 min.

‘2. The method according to Claim 1 wherein the washed pellet is resuspended in KPOg4 buffer

and the target nucleic acid sequence is amplified by Strand Displacement Amplification.

3. The method according to Claim 2 wherein the pellet is washed with about 20 ml of wash

solution and centrifuged at a minimum of about 4,000 xg for at least 5 min.

4. The method according to Claim 2 wherein the target nucleic acid sequence amplified is

IS6110.

5. The method according to Claim 1 wherein the pellet is washed with at least 1 ml of wash

solution and centrifuged at a minimum of about 12,000 xg for at least 1 min.
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6. A method for processing Mycobacterium tuberculosis which is compatible with nucleic acid
analysis consisting essentially of:
a) 1iqﬁifying a sputum sample;
b) centrifuging the liquified sample to form a liqﬁiﬁed pellet;
) washing the first pellet at least twice in saline, water, a physiological buffer or a
buffer compatible with nucleic acid analysis, centrifuging between washes at at least

12,000 xg to form a washed pellet which is resistant to loss of material during washing,

and;
d) resﬁspending the washed pellet in at least 1 ml of saline, water, a physiological
buffer or a buffer compatible with nucleic acid analysis and lysing the Mycobacterium

tuberculosis, if present, by heating in a boiling water bath for about 5-30 min.

7. The method according to Claim 6 wherein a target nucleic acid sequence released by lysis of

the Mycobacteriun: tuberculosis is amplified.

8. The method according to Claim 7 wherein the washed pellet is resuspended in KPQ4 buffer

and the target nucleic acid sequence is amplified by Strand Displacement Amplification.

9. The method according to Claim 8 wherein an aliquot of about 0.5 ml of the sample is washed

and lysed after liquification and a remaining portion of the sample is cultured after

liquification.

10. The method according to Claim 8 wherein a first portion of the liquified pellet is washed and

lysed after liquification and a second portion of the liquiﬁéd pellet is cultured after

liquification.
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