21 June 2006 1 METHODS AND KI TS FOR QUANTI TATI VE DETECTI ON OF SPECI'FI C

.M CROORGANI SM5 AND NUCLEI C ACI D SEQUENCES FI ELD OF THE INVEN}IgN 20&?|s

i dvention relates to a nmethod for the qualitative and quant t4HR _

eval uation and detection of mcroorganisns or nucleic acid sequences in a
sanple. In particular, this. applicationrelates to the quantitative _
evaluation and 10 detection of mcroorganisms and nucleic acid sequences in

an envi ronnment aprTHHl oalp RAEE fxs‘dié”db AR DRTERAG opP gﬁﬁg&c cal

sanpl e. BACKGROUND COF THE INVENTI 15 There are |ncrea3|ng ealth
concerns wi.th respect MIRQIRCIAGHEANR MBICLELG 6D GRQUENGES ot her

consunmebles w th mcroscopic pathogens such as bacteria, viruses andi-I
parasites. A i %: gqji nedical or veterinary 20 products, as we as
consumabl es &ﬁ%{e‘r‘% B%Id I tested for mcrobiol ogi cal :
contani nasion. This necessitates the sanpling of these p][ ?ducts ars] wel | 5 as
testing the [r o0 di ng .envi.r 25 Th di erent chem ca
bi ol ogi cal an ;/igllv(%%lor%t (c)l(?rsEE orr S e TS %@r‘ﬂqa c:cgt%l Fgé‘ﬁd_sms
For - exanpl equﬁamlé:al:ndmsmdiaatst@rmam‘d kim@;ep:tamnbfrmt:hnd&d z@fanlciatse@thﬁ ;)n
for m crobiol readi seen tha
nost of the escr e&%h@(ﬁfég%%gqﬂmgbon gus anggll %% lr?éllr’%-qu ‘I?]é'shl ghly -
trai ned pers@prdicatigsr gplatesaga lvdse quanitédathiaee evailnlay ibeemndevel oped
for. epigemuiteditGdn R RAEDor A i snsS Gnd ?1%%‘*’182% %cn.glu@%tqhte?ltc'e\ée in

detection systemfqr m croorgani Sns IS poor.
NERRRERERR RN o ﬁF’i‘ﬂllrﬂn"]enlqam medicply,| veteningry,| agragedgeral and

biotechnological sample.

BACKGROUND OF THE INVENTION

15 ' _ )
There are increasing public health concerns with respect
to the contamination of food, water and other consumables
with microscopic pathogens such as bacterié, viruses and’
parasites. Accordingly, most medical or veterinary

20 products, as well as consumables like food and water are
tested for microbiological contamination. This
necessitates the sampling of these products as well as

testing the surrounding environment.

25 There are many different chemical, bioclogical and physical
methods for the identification of microorganisms. For
example, Table 1 describes some of the present methods of
detection for microbiological contamination; however, it
can be readily seen that most of the described methods are-

30 laborious and slow and require highly trained personnel.
Moreover, as these methods have mainly been developed for,”

- epidemioclogical purposes, their usefulness as a

quantitative detection system for microorganisms is poor.’
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"21 June 2006 2 Table 1. Method Brief Description,
advant'ages/ di sadvant ages Phospholipid fatty Only broad grougi
m*croorgani snms acid profile nmay be determned fromthe stru driae P06
spectfic fatty acids. Requires highly trained personnel. Tine of analysis
is 5-10 hours. Protein and enzynme Sol ubilgzation, el ectrophoresis and
profiles conparison of mcrobial proteins or enzynes enhanced by specific
col our- produci ng substrates (chronpgens). Only broad groups of
m croorgani sns _may be determned fromthe structure of specific fatty
aci ds. Requi¥dalehlghly trained personnel. Tinme of analysis is 5-10 hours.
| dentification of Rapld (0 5-1 hour) detection of specific specific
bi opol yner " by moderm Rimds— bi opolyITErs Dy Of  masS-SPectToneters.  Requilr es
mass- spect rd‘f‘%tt}?‘?fi expensi ve equi P, 108 Pi-el i mi nary concentratidn

of m crobi g cells. Requires hl@@Nﬁn&h@em%alsaavﬂﬁﬂ@geaﬂ of specific

substr at es wel | T m (o4 Ires hl y tral ned ersonnel .
Tine of ara‘f}i&?@“qﬂsll%lé Fau B LRI Bron g bse ot T SRR o
antigeni c |daidtpresilappl i cabl mafyonoet et edetierid drond t$ey @ArIENie onljy.

Requi res prleli m nary concentratijqg qbi el | Requ res. hi ghly
trai ned perjsonnel. Applicable f'()rorf % eCfEi f%t€§ actds. lﬂeqUIre§
highly trained personnel. Time of

UI

analysis 1is 5-10 hours.

Protein and enzyme | Solubilization, electrophoresis and
. profiles comparison of microbial proteins or
enzymes enhanced by specific colour-
producing substrates (chromogens).
Only broad groups of microorganisms
may be determined from the structure
of specific fatty acids. Requires
highly trained personnel. Time of

analysis is 5-10 hours.

Identification of Rapid (0.5-1 hour) detection of

specific specific biopolymers by modern kinds
biopolymers by of mass-spectrometers. Requires
mass-spectrometry expensive equipment. Requires

preliminary concentration of microbial
. cells. Requires highly trained
consumption of specific substrates in
the wells of microplate. Requires
highly trained personnel. Time of
analysis is 2-3 days.

Serotyping Rapid detection of specific antigenic
structures; applicable for the
detection of serovariants only.
Requires preliminary concentration of
microbial cells. Requires highly
trained personnel. Applicable for

limited epidermiological analysis

only.




limted epiderm ol ogical analysis only. 21 June 2006 3 Analysis of
Sequenci ng of parts of DNA, specific chronpsonal DNA Spl'ttb?gunezoos
(restriction) of DNA  anplification of specific sequence by~ polynerase-
ehai'n-reaction (PCR), electrophoresis of DNA and its parts. Requires
"highly trai ned personnel. Hybridisation DBA Hybridisation (specific

bi ndi ng) or nsingle strand of DNA/RNA and sequence of

synthetic o]l Aganysh gobede (probede derhdl ¥ tpam&;% Shamse sfedDogs n
nmol ecul ar tjechni ques have_been |e % t he. use of signal

oyed or exa
intensity inCarAuererelabiNg nybni GG ’gp':?cﬁ’s)t iHatd R ot al nucllei c
acid present in a sanple is knovwamplﬂﬂlddlﬁm roeft hﬁ_dﬁlﬂcsmmi@ﬂﬁédwe
cont ai ning RNA or single- stranced DNA i s hybridised with a R)
ol i gonucl eof i de or pol ynucl eot i| @ FEEE i GHL! §ioe€cqrfllocrél 1RFR)
conplenentary to the nucl eoti de |sdeumneophardsa d ¢ehtONA echdl Ol tenpanars i e§ a

det ect abl e [chem cal group. The s étyet E?lig!geprtq_aaq_qlggrpg :Brﬁle

m cr obi ol 0g 1152 pn 1 L,Cl }
with fluoresdghrifiabatied BNPsgo;J ytbeuitd ide tprasb elsspeks. fdanwavigrdingi | e t hege

techni ques hgyer@ye5CBSOEE Of HdtSiedl oA tankld id dih Rl ey tllere
are di sadvant ages ocl ated wifth these nmet"hods whi ch reduce their
suitabilityl For exanple, these SRR Fe L @rymtﬁ@ttw@lwws@mﬁw&%anm e
preparation steps to overcone thepdyuehl.ens associated with the detectign
of a sequence or m croorgani sm tTiar may De at a | OW COncentration.

Mor eover, the sequence or m croorgani smmy be masked by

. In recent times, the use of modern molecular techniques

ry DN IN
T\

have been employed. For example, the use of signal
intensity in a nucleic acid hybridisation assay to
5 estimate total nucleic acid present in a sample is known.
-In these methods, a sample mixture containing RNA or
single-stranded DNA is hybridised with an oligonucleotide
or polynucleotide probe which is specifically
" complementary to the nucleotide sequence to be identified

10 and carries a detectable chemical group.

The most suitable approach for rapid microbiological
analysis relies on the hybridisation of whole-cell rRNA
: with fluorescent-labelled oligonucleotide prcobes.
® 15
However, while these techniques have overcome some of the
problems identified in Table 1, there are disadvantages
associated with these methods which reduce their
suitability. For example, these techniques require time
20 consuming sample preparation steps to ovexcome the
problems associated with the detection bf‘a sequence or
microorganism that may be at a low concentration.
Moreover, the.sequence or microorganism may be masked by
associated protein in a complex biological sample such as
25 faeces; microbial sludge and the like. This would also
exacerbate problems associated with non-specific binding

and high variability of data obtained by measurement of



associ ated protein in a conplex biological sanple such as 25 faeces,

m crobial sludge and the like. This would al so exacerbate p?QQI%gEO
associated with non-specific binding and high variability o 5ta &g%ained
by ‘measurenment of 21 June 2006 4 the intensity of fluorescence in

M croscopi ¢ i mages, when fluorescent-|abtlled probes are used.

Accordingly, there is still a need for a sinple, efficient 5 and reliable
met hod for tdte qusidnd Bty vef del esiearende hmcnborgscdshe bmages| ewbenci d

sequences in sanpl e. onsequence, esent invention attenpts to
over come orfﬁhoﬁégéﬁnEf?%ﬁg%f% t%ﬁg%?%b?éégg%gébciated with the prior art
nmet hods. 10 The maj or advant ages of the present invention over existing

methods | s Ll e AN LAGEL Ve det EL T 2ol RECA TS Enpl €1 COEGRRLSHE and
nucl ei ¢ aci d sequen 1s perforned in the bulk of the Sanple and is
nmeasur edSas artd nslnbiermeckod nferetlhe nanant beat hve| fekepksnesofo

sequences  Gf; dAUSF S ey | Bue ROt higla sseqnasaey candi bhepse. As
Quantitative and qualitative detection as provided in the resent-

i nvention i 2 STRFATRRFFy R RPFESRhJI BRI HOE 2B FBRERI BN Y RECBHTSsi cal
and chem calghejerpgesei 4V16visbe thanprebldhner eésveiatbé whyknthen may be
used for the guantitative and qualitative detection of selected groups of
m cr oor gani Se*OF %EEKW??QQﬁ%CIeiC aci d sequences in a heterogeneous
sanpl e soch as faeces, sludge and the like. O 25 SUWARY OF THE | NVENTI ON

quant 1t i ve BRSO R AR TIE S oF oed R Er el o R A e Em or nucl ei ¢
‘i d sequencexistinganptlkods chapehat nghe heuagnepsabive (dstaqaliiag 06 the
nple, a laQE%éffhc microorganisms and nucleic acid sequences is
performed in the bulk of the sample and is measured as the
15 difference in the binding of labelled probes to sequences

of interest under low and high stringency conditions.

Quantitative and qualitative detection as provided in the
present invention is statistically reliable and does not
20 depend on the physical and chemical heterogeneity of the
sample. Therefore, the invention may be used for the
quantitative and qualitative detection of selected groups
of microorganisms or specific nucleic acid sequences in a
heterogeneous sample such as faeces, sludge and the like.

. 25

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a method
for quantitative and/or qualitative detection of a

30 microorganism or nucleic acid sequence in a sample,
comprising the steps of: )

(a) adding to the sample, a labelled
oligonucleotide probe that specifically binds to a target
gequence,

35 ' (b) determining the level of binding of the
labelled probe with the target sequence under low

stringency conditions,



ol i gonucl eoti de probe that specifically binds to a target sequence 35 (b)
determ ning the level of binding of the |abelled probe with % 2§ﬂf
sequence under |low stringency conditions, .21 June 2006 5 ( ni ng
the l'evel of binding of the |abelled oligonucleotide probe mnth t he target
sequence under high stringency conditiors, (d) determning the |evel of
specific binding 5 as the difference between the |evel of binding
determned in step (C()c)anctiétt@nﬂxm/ﬁig afhedilnslidlg cﬁtettﬁrﬁdmgi on shep (b).

In a second a |nve |on JProvides a od r antltatlve
and/ or quah%éﬁgiké%éf ?QHF %ngﬁéhﬁ éﬁﬁgéhﬁ'QﬂEQ% ??P%%quence
ina first smdﬂle,hlgmrmnrmg@dme:cmdapﬂaﬁs (a) adding to the first sarrpl e

a label led ol igonucl egy) deyqr f}ﬁ tﬁ{?aecl eGlacgde % éjls 19 &ﬁ%{

sequence under high st |ngency condi ons, 0 a secon
| abel | edSandis e abidl fexkrgte deetindsottilte lm“{ﬂiespﬁ mn@p@idéwmyn@ nd to

the target lgsan%e dey cpit(rmi LI Y iGRNHT | NS rh e del LT ng the
| evel of blnggng #ﬂ " 5%% %} gonuc é%tlde prﬁ%e in s%E%p(a), (d)
deternining tMe 1 evel of binding of the Iabelled oligonucleotide probe in

step (b), (e) determning the Ievel of specific binding as the difference

bet ween the | evels of binding deternmined. 25 in steps (c) , Wherein
Che Lovel oflibfecaaid TRERE 1 & e AT e DG o T by S

det er m ped id’txatrhﬁxtaebsefm@ncb/rm: p:_ﬁ.%]ﬂmzﬂ:nﬁfe i tadeed i ced cﬂﬁ |q:10nucl eot| de
probe. 30 In ac1.lohc|>rrc_:PanaiSé)ect nuc ER Veargztii ququ\ﬂcdeeslna rrett q:fsg)a{mple,
comprising the steps of:
' (a) adding to the first sample a labelled
oligonucleotide probe that specifically binds to a target
15 sequence under high stringency conditions,

(b) adding to a second sample labelled and.
unlabelled oligonucleotide probes that specifically bind
to the target sequence under high stringency conditions,

(c) determining the level of binding of the

20 labelled oligonucleotide probe in step (a),

(d) determining the level of binding of the
labelled oligonucleotide probe in step (b),

(e) determining the level of specific binding

. as the difference between the levels of binding determined
® 25 in steps (c) and (d),

wherein the level of specific binding is the

difference between the levels determined in the absence

and presence of unlabelled oligonucleotide prcbe.

30 In a third aspect, the invention provides a method for
qguantitative and/or qualitative detection of a
microorganism or nucleic acid sequence in a first sample,
comprising the steps of:

(a) adding to the first sample a labelled

35 oligonuéleotide probe that can specifically binds to a

target seguence under high stringency tConditions,

(b) adding to a second sample labelled non-



"“guantitative and/or qualitative detection of a microorgani smor nucleic
acid Sequence in a first sanple, conprising the steps of:; (313 ,5 to
the -first sanple a | abelled 35 oligonucleotide probe that can"specifically
binds to a target sequence under high stringency conditions, (b) adding to
a second sanple | abelled non 21 June 2006 6 sense oligonucl eotide probe
that cannot specifically bind to the tgarget sequence under high stringency
conditions, (c) determning the |level of binding of the |abelled

. ol igonucl eqt | e in,st a) _under, high. 5 stringenc nditions, (d)
deterninin%gbgg 523§PH3F1§P§89%9£5?Q?héha#a%%$?%ﬁl?Rﬁh gﬁ% Sﬁﬂﬁgcleotide
probe in stepthk) tandet shigyknser indenchighnsiitimyesncy edonidd eionda)i ng t he
| evel of specific binpding t L Ef e he. | evel s of
bi ndi ng det er m ned ?gsstggégfgfn%ﬁg ?h% ?éﬁﬁgr%ffﬁ¥ﬁ§§b \ﬂﬁ %)especific
bi ndi ng i slakellgdf pdigavuchectiéda phebéeir| steet &l wedemndiagh hi gh and

IOM/st@jnggegxnggﬁg%tEgﬁgitiénggeferably, the unl abel | ed ol i gonucl eoti de
probe is present at a greater concentration than the correspondi ng

‘| abel | ed ol i gonucl eoffllie PrEBEMiIRBRE bhefbewel yof thinding okl the

ol i gonucl ephbda 1BEORBNL-§eREESBNEgBhuLBaSE 188 PR it RS fmerudcﬂ:
concentratbon than the concentration of the corresponding abelled:
ol i gonucl eBtBle ShréBEeneKCPRALEEERS ol i gonucl eoti de probe may be | abel | ed

with any suitable | abpl Beewpminihfetrhétledsl teblghediOnic 35 ddiHg i N9
LSRR, el B PR e ABE ERURIT S B L R e
| ophycocyanstep6- dad barglf I(dbr escei n
wherein the level of specific binding is the
difference between the levels determinéd undexr high and
low stringency conditions.
15 X
Preferably, the unlabelled oligonucleotide probe is
present at a greater concentration than the corresponding
labelled oligonucleotide probe. More preferably, the
unlabelled oligonuclebtide probe is present at least three
20 times higher in concentration than the concentration of

the corresponding labelled oligonucleotide probe.

The labelled oligonucleotide probe may be labelled with

i.“

any suitable label known in the art. Suitable, non-

25 limiting examples of useful labels include fluorochrowes,
eg. fluorescein isothiocyanate (FITC), rhodamine, Texas
Red, phycoerythrin, allophycocyanin, 6-carboxyfluorescein
(6-FAM), 2*, 7'-dimethoxy-4',5'-dichloto-6-
carboxyfluorescein (JOE}, 6-carboxy-X-rhodamine {ROX), 6-

30 carboxy-2',4',7',4,7-hexéchlorofluorescein (HEX), 5~
carboxyfluorescein (5-FAM) or N,N,N', N'-tetramethyl-6-
carboxyrhodamine (TAMRA)}, tetrachlorofluorescein (TET),
radioactive labels, eg. *?P, 3°S, ®H; as well as others.
The label may be a two stage system, where the amplified

35 DNA is conjugated to biotin, haptens, or the like having a
high affinity binding partner, eg. avidin, specific
antibodies, etc.,'where the binding partner is conjugated



¢(6-FAN), 2', 7' -dinmethoxy-4',5" -dichloro-6- carboxyfluorescein (JOE)

G- carboxy- X-r hodami ne (ROX), 6 30 - June 2006

car boxy-21, 41, 71, 4, 7- hexachl or of | uorescei n (HEX), 5- carboxy%ﬁuorescein
(5-FAM or N,N, N ,N -tetranethyl-6- carboxyrhodam ne (TAVRA),
‘t-etrachl orof | uorescein (TET), radioactive |abels, eg. 32P, 35S, 3H, as
well as others. The |abel may be a twg, stage system where the anplified
35 DNA is conjugated to biotin, haptens, or the like having a high
affinity bjndin art . avidi,n, specific .antibadies, etc., where the
bi ndi ng pa#? n%r&?ge%'b%ﬁj%af%&egi %hée 12&5% WAY P, CPIMGRLSde ECa BB, The

| abel mayber coofngaf ethé oobigonuwrl dutt ildeofprdbesnl | gAmeinzativéd ypr ehes.

Al ternativ e _ j eqf i.de. pr.ob used i.n.t he.

hybri di sat &h 4f ?%]Bg‘?‘ll‘%‘gi,e‘g%i‘gé; g &%Seéf PRl HibpihiedE sop . 5
hybri di satisnlabeliled. $oed®rid|incorporadise|thies labeledintaViRheor TET. |t
wll be a ; PIntHes illed in the art that 10 'nunerous
oIigon%%I2%¥§%£a%§o esncéﬁ fﬁﬁéiilised in the nmethod of the invention.
Preferably, the oligonucleotide probe is Eub338, Arc915 or Nsnil56. 15 Most
pref er abl YPré@@r%lll?_,onHﬁé epibde £ WAty SR orD TEGCT CCCTCOCGTAGERAGT- 3,
5' - GTGCTCCCCCGCCAATTCCT- 3", = 5" - TATTAGCACATCTTTCGAT- 3" or a conbination of
these 20 probes. In a fourth aspect, the invention provides a nethod

accordi ng te wilbepetdepiéébited appithdte HKiNd edBReCitHf archenhgvention,

further conprising the step of adding.a 25 .|abelled .nonsense
ol i goﬁ'@cl e’&‘t"i“%’éo‘bgo l?%“‘f‘ﬁlee %’rf%r é’,l%t?ﬂﬁat"@rh%?ai”&lﬂﬁﬁ%néé‘ &Pegonucl eot i de
robe doesmethodi ofl the imeentaigqret sequence, but binds non-specifically to
el l

Preferably, the oligonucleotide probe is Eub338, Arc9l5 or

Nsml56.
15
Most preferably, the oligonucleotide probe is either
5 -GCTGCCTCCCGTAGGAGT -3,
5! -GTGCTCCCCCGCCAATTCCT-3",
5'-TATTAGCACATCTTTCGAT-3' or a combination of these
20 probes.
In a fourth aspect, the invention provides a method
according to either the first, second or third aspect of
!' the invention, further comprising the step of adding a

25 .labelled nonsense oligonucléotide probe to the sample,
wherein said nonsense oligonucleotide probe does not bind
to the target sequence, but binds non-specifically to cell
components. The level of non-specific binding of the
nonsense oligonucleotide probe is subtracted from the

30 1level of specific binding.

Preferably, the nonsense oligonucleotide probe is added in
step (b) of the first, second or third.aspect of the
invention.

35
More preferably, the nonsense oligonucleotide probe is
added in step (b) of the second or third aspect.of the



=conponents. The | evel of non-specific binding of the nonsense

Ql i gonucl eoti de probe is subtracted fromthe 30 |evel of spgphmg?gyémhng.
Preferably, the nonsense oligonucl eotide probe is added in step ( of the
firrst, second or third aspect of the invention. 35 More preferably, the
nonsense ol i gonucl eotide probe is added in step (b) of the second or third
aspect of the 21 June 2006 8 inventign. Preferably, the nonsense

ol i gonucl eotide probe is labelled wth the sanme fluorochronme as the

\Y

ﬁt 5€be 5 that specifically binds to the target sequence.

oIigonucIegﬁ%%
. More preferably he nonsense ol igonucl eotide probe is ns- Eub and ns-Arc.

10 Most preferably, the nonsense probe is either 5'-CGACGGAGGECATCCTCA- 3’
and/ or S'P%@§g¥g£¥§K}}§§IT =3 a1 3 MU ddi8 fe |0 t cri bed
herein may be used to 15 identi S;éa%lyl%gt}{cch C _a(ﬁédtp?%c quﬁér%""%%%&% NA, or
genoni ¢ DNithj Eher aame ablyorpghwqure RMNA Hie @dhiganaadeet ider ®xraheef er abl vy,

the nugl ei gnhaei Spbsi RNea1 By 99 HBY o AR %ﬁg@g stegﬁém@.ei c acid is rRNA
Most preferably,” the nucleic acid is 16Sr . 20 'The sanples to be tested
may be pretreated before analysis by any technique known in the art. For

exanpl e tmcﬁé"hﬂ)ﬁef@f:aﬁhﬁ, St | forgEh e dildorfhlieldt idies it 3 naiich as
par af or mal dehyde, and_treated with organic solvents., 25 surfactants, or
lytic enzyWeR apd BAMMCe the permeability of the cell walls so as to
facilitate the passage of probe(s) into the organisn(s). The cells of the

Sampl § o°aMuo 88 BHLELLSE #N S KGN AL L AVhS N 1 yagt i on,
P 5 -CGACGGAGGGCATCCTCA-3' and/or
5 ' -CACGAGGGGGCGGTTAAGGA-3 ' .

_ While the detection method described herein may be used to

15 identify any nucleic acid including cDNA, RNA, or genomic
DNA, it preferably detects RNA or genomic DNA. More
preferably; the nucleic acid is RNA. Even more
preferably, the nucleic acid is rRNA. Most preferably,
the nucleic acid is 16S rRNA.

20
The samples to be tested may be pretreated before analysis
by any technique known in the art. For example the cells

‘ of the sample can be killed with disinfectant such as
, paraformaldehyde, and treated with organic solvents,

25 surfactants, or lytic enzymes to enhance the permeability
of the cell walls so as to facilitate the passage of
probe(s) into the organism(g). The cells of the'sample can
be purified and concentrated by centrifugation,.
filtration, sedimentation, flotation, electrophoresis and

30 other methods.

In a fifth aspect, the invention provides a method
according to the first, second, third or fourth aspect of
the invention camprising the further step of determining
35 -the level of label in the supernatant or filtrate of the
sample, and subtracting the level of label in the
supernatant from the level of gpecific binding of the



filtration, sedinmentation, flotation, electrophoresis and 30 other

rRethods. In a fifth aspect, the invention provides a nethod 0 &B gto
the first, second, third or fourth aspect of the invention %%ﬁgﬁéélng t he
further step of determning 35 the | evel of |abel in the supernatant or
fsiltrate of the sanple, and subtracting 2he | evel of label in the
supernatant fromthe |l evel of specific binding of the 21 June 2006 9

| abel | ed ol i gaputl eat blegpnabteoPi@éepabby, the solid residues in the
sanple are renoved by centrifugation or filtration and the fluorescence, 5
| um nescence or radioactivity in the supernatant or filtrate is neasured.
Persons ski | bpedfenabhg, athewsblidppestdaeée ifhathéhsampieharguesmdived osed

herein may b useg CaF&S%%%XHeogffligr§998+tan&OEhgxgggg%e n%

envi ronnent a eérinary, - agrrcultural ec Pogfca
sanpl e. SPrelemabe§¢enhe sanpkdipgctivht@nienvhe oavparabhtsotros. Mre

preferably, Eﬁft gg@lgﬁiﬁfggggégblc sludge. 15 It will further be
e

appr eci at ed ose ski inthe art that the t echni ques di scl osed
herein nmay be used for. the detection of a plurality of mcroorganisnms and

nucleic aci ﬂe§§8H§n§E§ll@dalﬁaﬁﬁéeargowﬂEf SppbL¥iatBetAkEr eargani sns
i nclude: (a) compn rep reseEtatlves of the croflgra of the intestine,

rumen, oral E%GFF?quﬁﬁddﬁﬁﬁ fgedubRTain BRY| RBLUEEEr PR, 2B¥cF¥P6i 8és spp. ,
C ostridioum sapple, Baek! exnamppp, , ahaehobachhénsasppmedndalli ke organi snms; 25

(b) indicator Cr oor gani sns ich,are ecti of wat er
quality, such® gé TEEg riéﬁFéc8£?Pra1c8F| o$§%CRné? 9og§%t§%p§EeCIostridium
"iFL and | i kerefegablgpsthécampteodsgénownsni adviaohngnseill sbertel.ity or

erisk More preferably, the sample is anaerobic sludge.

15 It will further be appreciated by those skilled in the art
that the techniques disclosed herein may be used for the
detection of a plurality of microorganisms and nucleic

acid sequences in a sample.

20 Preferably, the microorganisms include:
(a) common representatives of the microflora of the
intestine, rumen, oral cavity, and vagina such as
bifidobacteria, Bactercides spp., Clostridium spp.,
Bacillus spp., Lactobacillus spp. and like organisms;
’ 25 (b) indicator microorganisms, which are used in the
' detection of water -quality, such as Escherichia coli,
coliforms, enterobacteria, Clostridium spp. and like
organisms;
(¢) microorganisms indicating soil fertility or the risk
30 of biodeterioration or corrosion of soil materials such as
heterotrophs, nitrifying bacteria, sulfagé—reducing
bacteria, sulfur-oxidising bacteria and like organisms;
and
(d) microorganisms utilised in environmental engineering
35 systemé such as methogens, eubacteria, nitrifying
bacteria, iron-reducing and sulfate-reducing bacteria,

filamentous bacteria, phosphate-accumulating bacteria and



30 of biodeterioration or corrosion of soil materials such as

heterotrophs, nitrifying bacteria, sulfate-reducing bacterig1June2006

sul fur-oxidising bacteria and |ike organisnms; and (d) m cro0Organi sSns

uti lised in environnental engineering 35 systens such as nethogens,
“eubacteria, nitrifying bacteria, iron-ré8ucing and sul f ate-reducing
bacteria, filanmentous bacteria, phosphate-accunulating bacteria and 21
June 2006 10ike kergamgpamsns. For the purposes of this specification it
will be clearly understood that the word "conprising” nmeans "including but
5 not limted to", and that the word "conprises"” has a correspondi ng

meani ng. DETH1 BEheDESORIFEE O Ot THE $p@ENTI N 10N Thie Wi hétbeecbearhe

present 1nve dé%@c%ﬁo%’ﬁ t WHESFora scEL M 58 | Rhgat edncEoaYRR bRl
mol ecul ar biology, .cellular biology, and reconbi nant DNA techni ques wthin
the skil P ofnathel Hpktedued” + caitdi thats Ehe werd kemprizest heagkd! | ed

wor ker, and @ab.e-Eaibiad hedhdndgn the 15 literature. See, e.g., Sambrook
and Russell "Mbl ecul ar oni ng:~ A Laboratory Manual" (2001); Coning: A
Practical Approach,” Volunes | and Il (D.N. dover, ed., 1985);

A i gonucl eotpehen Symbd hesseR1¥MIN @i THE eINVENPSBAY; Nucl eic Acid
Hybridi sation" (B.D. Hanmes & S.J. Higgins, 20 eds., 1985); B. Perbal, "A
Practical Guide to Mdlecular doning" (1984), and Sanbrook, et al.,
"Mol ecullar (lomipwgct Ao abbrehieryrdbental In¥a9sddn dwplbes, Enlessal ., 1989=
1999, "Curre o] | ec r. B " { Shi,ng, New
York). . 25 ER%%@?%%eiﬁﬁﬁﬁzﬁ?ﬁhg?ﬁ%ﬁ?ﬁgﬁég e§g$$%§§?af§y?éiﬁﬁgérstood

' ﬂat this i mehtyibarikiobegyi mr@dreernipbngat t PH¥A| bechpb@eesaVsthaB net hods

scribed, -as,d hese) 1BYr Vahy - att . | Ssuch techniques are well known to
the skilled worker, and are explained fully in the

15 literature. See, e.g., Sambrook and Russell “Molecular
Cloning: A Laboratory Manual” (2001); Cloning: A
Practical Approach,” Volumes I and II (D.N. Glovér, ed.,
1985); Oligonucleotide Synthesis” (M.J. Gait, ed., 1984);
Nucleic Acid Hybridisation” (B.D. Hames & S.J. Higgins,
20 eds., 1985); B. Perbal, “A Practical Guide to Molecular
Cloning” (1984), and Sambrook, et al., “Molecular Cloning;
A Laboratory Manual” (1989). Ausubel, F. et al., 1989=
1999, “Current Protocols in Molecular Biology” (Green
: Publishing, New York).
o 25 '
Before the present methods are described, it is understoqd
that this invention is not limited to the particular
" materials and methods described, as these may vary. It is
also to be understood that the terminology used herein is
30 for the purpose of describing particular embodiments only,
and is not intended to limit the scope of the present
invention which will be limited only by the appended
claims. It must be noted that as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
35  include plural reference unless the context clearly
diciates otherwise. Thus, for example, a reference to “a

microorganism” includeg one or more microorganismg, and a



"also to be understood that the term nol ogy used herein is 30 for the

purpose of describing particular enbodinments only, and is ngt,int dto
limt the scope of the present invention which will be limted only by the
appended clainms. It nust be noted that as used herein and in the appended
elains, the singular forns "a", "an", andl"the" 35 include plural

reference unless the context clearly dictates otherw se. Thus, for

exanpl e, a refferemee e "a a Mueargatdishisdqsdrges onea are feErence to

m croorgani sns, and a 21 June 2006 1 refer ence ttché'r a chIL.OeiIg agi d
sequence” | SM% P& APHESIB R I FE SRR SR YUIVATENT2 t her eof
known to thosseskidilldded nrt hardst archd ed dratth Unl@ske siefdained

ot herwi se, all teghnical,,a j«entq fjcyter. - i . sanme
meani ngs as OE&%%H%? ’u%c}elr rs1:tqeo'%g{lbé)}’hona{er&%)fs'%rlorg;n cﬁjl ﬁ%%/hgiﬁ%] I?Sng?xlge%‘?%t o]
whi ch th$s hawenttihen seslcompanings augormsnlaterder st eed betPRRIseSi ni | ar

or equi val e'atrdi%%fw%%&%esm ipd fiar ald) b misedi Ave B A6 | 1561 Sfigé est
. the present Tnventi'on, the preferred materials and nmethods 10 %e now

descri bed. Althewsgh any vt aeitlo it Hestretrsi i PhreTheyabatpose of

describing aRf Wicxd RN 1 GRidedn &S bPraiat als, precygbdd soangesect ors
which are reported in the 15 publications and ick‘in‘i%hf be used in

conj unct i on W& PTRIFNE WGP NGHT RF HeF e 5 192t bt € oY r TP e an
adm ssi pp t hate trhey idesentiled i s not entitled to antedate such discl osure
by virtue of prior invention. 20 In describing the present invention, the
followng termnology is used in accordance with the definitions set out
il ow. ABBRBIATHENS ca@ 2B tH ened sveren i arsi ¢it ey bfedi g on  TAVRA

rboxytetr%ﬂﬁ&m@erJEKngéyﬁbing and disclosing the cell lines,
protocols, reagents and vectors which are reported in the
15 publications and which might be used in conjunction with
the invention. Nothing herein is to be construed as an
admission that the invention is not entitled to antedate

such disclosure by virtue of prior invention.

20 In describing the present invention, the following
terminology is used in accordance with the definitions set

out below.

. ABBREVIATIONS
® 25
FISH Fluorescence in situ hybridisation
- TAMRA Carboxytetramethyl rhodamine
TET tetrachlorofluorescein
PCT Polymerase chain reaction
30 DNA deoxyribonucleic acid
RNA ribonucleic acid )
rRNA ribosomal ribonucleic acid
Tm melting temperature

35 DETAILED DESCRIPTION OF THE INVENTION

In one preferred embodiment of the invention, a sample is



"TET tetrachl orof | uorescein PCT Pol ynmerase chain reaction 30 DNA

deoxyri bonucleic acid RNA ribonucleic acid rRNA ri bosomal ri ﬁﬁFC'ﬁﬁﬁiaCid
Tmnelting tenperature 35 DETAI LED DESCRI PTI ON OF THE | NVENT T e
preferred enbodi ment of the invention, a sanple is 21 June 2006 ‘12 taken
from a source containing mcroorgani sns @p target nucleic acid sequences.
Wil e the source may include an environnental, veterinary, agricultural,

bi ot echnol ogifaln Yodedi SRl SOWHaildids npir&f&azag}%lryimeapb&&@éﬁgge from

5 a waste water treatnent plant. This sanfple 1s then tested for t
presence of TGk RYehisgavanres er Hinie s GaHEIR 13| rekudmyan

M Cr 0SCOPi C QA HMAENtA ! aXari ety Y af@li&ltﬁ(?{:dmr,o.%i%é?cm{&ﬁgjﬁaw thin
the 10 categories algae, bacteri a, funqg, rotozoa, Viruses an ubvi r al

agents or t ¥ M9ECad (IBUGHE - tHe T &S LymidesoiRiti sthydos f ound
i n sources deselddeedradenw & redtofertx iRl L hass Iningiregain e atdigk dédd

anaer obi ¢ sl ud such as net hanogens, eubacteria or nitrifying bacteria.
15 I'n one pféﬁgh%rﬁvweeﬁrﬁ(f %H&f@%‘%lst“h-e sanple is pre-treated
before testing by fixing with parafornmal dehyde. There are ot her

pretreat nmen that..can . J el udj | XI . ]
support or ;%lel nrlaesrlfg pg‘nls%n%ﬁhlg&gn%g{g%&és%q agﬁgca%?épﬁla(?}e% el, é"q
formal i n andn Hexdnaniaaller yslatashtmastosaarhicd Lugaitifie witdumehe wi t h

or gani €y o SOl VgIR - iMN FAGAN Ha¥edid Cf&(%ﬂ”‘%ﬁrét%%ma%dé& AR
perneabi ity of cell wall's and facilitate t'he passagce of . probes into the
organi sns. ISPRVAG PR R IRt 1k - t e quatep Uiy prsfersils 1. v

‘"'d Berry, Ricdd¥r@didlsm is those found in sources described above.
For example those microorganisms found in anaerobic sludge
such as methanogens, eubacteria or nitrifying bacteria.

15
In one particularly preferred embodiment, the sample is
pre-treated before testing by fixing with
paraformaldehyde. There are other pretreatments that can
be used including fixing the sample on a solid support or
20 in suspension using an agent such as paraformaldehyde,

formalin and the like.

Other pretreatment methods include treatment with organic
solvents, surfactants, or lytic enzymes to enhance the
.' 25 permeability of cell walls and facilitate the passage of.
probes into the organisms. Lysing buffers are known in
the art. EP 199,439; Potts, T.V. and Berry, Em. Internat.
~J. Sys. Bacter., 33:765-771 (1983); Bonta, Y., et al., J.
Dent. Res., 64:793-798 (1985). Generally, these buffers
30 are between pH 7.0 and 8.0, and contain both chelating
agents and surfactants. Typically, a lysing solution is a
buffered detergent solution having a divalent metal
chelator or a buffered chaotrophic salt solution
containing a detergent (such as SDS), a reducing agent and
35 a divalent metal chelator (EDTA). The use of enzymes such
as N-acetyl-muramidase (lysozyme) or proteases ’‘such as

Protease K) will facilitate lysis and offer high quality.



J. Sys. Bacter., 33:765-771 (1983); Bonta, Y., et al., J. Dent. Res.,
64:798-798 (1985). Cenerally, these buffers 30 are betvveen p ]rp 9&%8 0,
and contain both chelating agents and surfactants. Typically, S ySi ng
solution is a buffered detergent solution having a dival ent netal

chel ator or a.buffered chaotrophic salt 88l ution containing a detergent
(such as SDS), a reducing agent and 35 a divalent netal chelator (EDTA).

The use of ergHIBSs SUCThe aseTNtaCEE Y&héTLEa&ﬁ@I@S@arﬁ|l¥<§0§l/@6)p@f1@i@ae§§65
such as Protease K % facilitate lysis dlooffer hi gh &uall % 21 June
2006 13 resttient 1P% % ‘é%ﬁ%’r 'ca o At 5 puP P BRI BRbLon
concent r at edf Iyt ateidn | feladt vophdiddiatdrod, otdesh mest labdon, . .flotation,

el ectrophoresis and other nmethods. 5 In order to detect and quantify the

target mcroorganism or nucleic acid sequence, oligonucleotide probes that
are suf bi cibntédydennpd edeteelr yand quantabiy e-lestarded niucteprgantsd are

utilised to t t

condi tions. %2{1%%%@ %%[Cgl%e Lpél? gra@ &g\gg{eoge%é;yé{‘%oﬁﬁg e%(% a7 d and
ri bonucl eic %Leﬁ@cnﬁlaﬂyw@n@lem@?wyﬂ@ thej akpee e eoipee-suehatied DNA,
CDNA, TRNA, & dhe &&fﬁlsérchleccpeﬁ}s&nl&i%é |kl ddi & hapf‘éfe%lbi)éalﬁ)ﬂdi@f' ate

that 15 oligonucleotjdes for use as hybridisation probes na r epar ed
by any suit @b nEt hoRE R CRAYYLRF i fTReatFexm u%l?lh?lﬁ‘é’rqi B%E%F?l ng

DNA (r)]r by ijrtdidé@qslymmlselc%%wmﬁmlﬁlb@hm@wml@@wd;eﬁ are tl@@ﬂrl y
synt hesi sed _usi ng various, t ni que organic.c
those descr it&d by ]r\laerahgsné‘% @len @?prrﬁ rgvfﬁ)‘? % . %DN]&Q? Br own,
: al ., Met hand&Enzdysrol iké8: 109- 151 (1979); Caruther, et al., Mth. Enzym)l
4:287-313 (1985). The general approach to selecting a suitable
hybrldl sation probe or prinmer is well known; see Keller, et al., DNA 25
Probes, pp. THe ISexSwcktbhl el eby, thogmt will appreciate that

15 oligonucleotides for use as hybridisation probes may be
prepared by any suitable method, such as by purification
of a naturally-occurring DNA or by in vitro syéthesis.
For example, oligonucleotides are readily synthesised
using various techniques in organic chemistry, such as

20 those described by Narang, et al., Meth. Enzymol. 68:90-98
(1979) ; Brown, et al., Meth. Enzymol. 68:109-151 (1979);
Caruther, et al., Meth. Enzymol. 154:287-313 (1985). The
general approach to selecting a suitable hybridisation

. probe or primer is well known; see Keller, et al., DNA
.' 25 Probes, pp. 11-18 (Stockton Press, 1989).

Fortunately, many of the criteria for selection of
oligonucleotides suitable for use as probes in the
invention are the same as the criteria for selecting

30 oligonucleotides for performing the polymerase chain
reaction ("PCR"). Thus, selection of oliéonucleotides for
use as probes can begin with a software program for
selecting oligonucleotide primers for PCR. A number of
such programs are available commercially and on-line,

35 includihg programs found at the web sites maintained by:
chemie.uni-:arburg.de; genome.wi.mit.edu;

alces.nmed.umn.edu; and gcg.com.



JFortunately, many of the criteria for selection of oligonucleotides
suitable for use as probes in the invention are the sane as tpe c&hkﬁrla
for selecting 30 oligonucleotides for performng the polyner e Chaln
reaction ("PCR'). Thus, selection of oligonucleotides for use a5 probes
can begin with a software programfor sekecting oligonucleotide priners
for PCR A nunber of such prograns are avail able commercially and on-1Ii ne,
35 including prograns found at the web sites nmaintai ned by:

chem e. uni - aar burg. de; genone. mt.edu; alces.nmed. um. edu; d com
21 June 200&robe Idfe(?dérdé‘ﬁfgr?lcsé)nbﬁ REHOTNGG R Hehual 4 %@m&%&% t he

programs f o eRhefld %P@%wdﬁmrge,pm qﬁam&ss,grpﬁm O:a?éélygn beghnsaliyh the
sel ection OP seed" of tar clejc acjd seq&gqges or genes. That
is, a groupb@BJtnérd"é't hn ige °§’e r?cesseoer gse%te WsTTY sel ected to
be diff es entnudleichesan famquermresi der ajdrms .as t o whet her they contain
sequences useabl e 10 as probes. Conveniently, genes or seqguences known to
be different can be selected sinply by selecting genes from the known

m cr oor gani Shat brsar ieegrduy afkdgiget trhecledh 388 AreQWITASS ;PHbes- ar e

f df r en h
often use g%f,oe %%dten u%geg{aeeadwbﬁéma@@e drspessd i Mebden Wbt e the

Nsml56 prob detectlng bacteria of the Nitrosonpnas
group, resp@@tnaﬂéi%rat@m ap 4@ vifetduae T has IR o | INTURNGRS 13kl eet

the segyences QoHde gmé{fer{dlr}st g@@g r&.d ddldicSamncikh Banes as f or
selecting PCR prinmers. For exanp st an g?texts teach with gﬁﬁ(gect to

PCR that ty@giddlersiy mas hé?regeﬂfFCt"erzss ¥ R ST AT Be 50 to
' &% G and CtHyMafdvr Ol croRkgahigh llllﬂﬂixsle@.t dFor estsampl £CR1Rs ot ocol s,

poader ¢ Pr o3 3.0 S0 40900l RAIE S (1Ea LI gvedladgni s ot al.
bacteria and Archaea, respectively, while the Nsml56 probe
15 is often used for detecting bacteria of the Nitrosomonas

group, respectively.

Once a set of genes has been selected as a seed set, the
sequences of the genes are first examined in the same
20 manner as for selecting PCR primers. For example,
standard texts teach with respect to PCR that typical
primers are 15 to 28 nucleotides in length and have 50 to
60% G and C composition. See, e. g., Innis, et al. eds.,
PCR Protocols, Academic Press. San Diego (1990) at page 9
‘. 25 (the entirety of Innis et al. is hereby incorporated by
reference). Further, Innis et al. teach that
complementarity within primer pairs should be avoided as
- this promotes the formation of primer-dimer artefacts, as
should palindromic sequences within primers. All of these
30 considerations can be used in designing probes for use in

the invention.

Oligonucleotides can be tested for self-complementarity

and for complementarity among themselves using annealing
35 tests described by Hillier and Green (PCR Methods and

Applications. 1. 124-128 (1991)), with slight

modifications. For tests of self complementarity, a



~reference). Further, Innis et al. teach that conplenentarity within primer

pairs’ shoul d be avoided as this pronotes the fornation of ' -HAeer
artefacts, as should palindrom c sequences within priners. p%fl?[ﬁ{)ef%%‘ease 30

rconsi derations can be used in designing probes for use in the invention.

" @ igonucl eotides can be tested for self-conplenentarity and for
conplenentarity anong thensel ves using_annealing 35 tests described by
Hllier and G een (PCR Methods and AppPﬁcatronsn 1. 124-128 (1991)), wth
slight nodifications. For tests of self conplenentarity, a 21 June 2006
15 sequence&efidenie $n the35' okd eht av¥bentat icwnpissr exbmparted hel tlsartee sequence

inthe 3 Lind s8hERLE! iRNeng0s ESTS: s GATRIRIIPN didd e iRty { WO
different oligonucleotides, the two sequences are placed 1 n 0pposing
ori ent at i ofmBlepaREarity ohetyveep| ke ddi fferpns okig@uakdanidad.on and the

other in tBRe3twbOg8quehéEBt 2t OF) acddei’ UPEIERRy VL GAMH G 1 n every
register of comparison wusing a scoring matrix containing val ues of 10
conpl erent AFPRy 18y everispRiacef Mucte®? i ibaEietatiamand egi ster of

conpari sontheéhethesr enotheath base' pakienttiiu)i son i s determ ned. The
scores of contiguous base pairs wth positive conparison values are
summed. The nmaximum score of all such contiguous segnents, taken over 15

al | regist®he séquenpasi apa behpeeedtiwe seanenaenlstadetel rdagsatiword ot al
"ol igo-oligQ: _annealin core... Conplementarity at the 3" ends of the
oligonucleggﬁaé ag%ﬁﬁﬁ%ﬁ sgﬁgglﬁ.%%r ?%Rﬂ%ﬁl%?#%ﬁ%y?%hﬁluence on PCR-
i nducéd ol tgunliementadet i fer é¢vermtpair dheneflerad;ideesyabalaxi mrorscor e of
N contlggggg §8§5§9&§ Sgaéi& fi@ghfrﬁﬁer§58§%(3f(§ éﬂtﬂgﬂé.pair .
| i gonucl eoti de” Sequence, taken over ‘all registers 5?'conpar|son, is
‘separ at el ycgeparifandigsdetepembned| | gohe| depxr e mdaldang isnenes Baee | ower t he

score, pairs with positive comparison values are summed. The
maximum score of all such contiguous segments, taken over
15 all registers of comparison between the sequences,
determines the total “oligo-o0ligo” anmnealing score.
Complementarity at the 3' ends of the oligonucleotide
sequences has a particularly large influence on PCR-
induced oligonucleotide-dimer formation. Therefore, the
20 maximum score of all contiguous segments that include the
position of either oligonucleotide seéuence, taken over
all registers of comparison, is separately determined as
_ the 3' oligo-oligo annealing score. The lower the score,
. the more desirable the oligonucleotide for use as a probe.
’ 25 All other factors being 'equal, the oligonucleotides are
ranked for use as probes in order of their score, from
lowest to highest.

Once an initial group of oligonucleotides for potential

30 use of probes has been generated, either manually or by
use of a program for selecting PCR primers, and has met
the criteria set forth above, they can be further tested
to select a group of oligonucleotides particularly
suitable for use in the invention. First, it is desirable

35 that the oligonucleotides selected for the probes have
melting temperatures within a few degrees of one another.



«t he nore desirable the oligonucleotide for use as a probe. 25 Al'l" ot her
factors being equal, the oligonucleotides are ranked for as Q%ﬂﬁﬁs I n
ogrder of their score, from |owest to highest. Once an |n|t| i %ﬂ

-ol'i gonucl eoti des for potential 30 use of probes has been generated, either
ranual Iy or by wuse of a programfor selecting PCR prinmers, and has net

the criteria set forth above, they can Qg further tested to select a group
of oligonucl eotides particularly suitati% for use in the invention. First,

it is desirable 35,that the oligonucleotides selected for the probes have
mel ting terpdfat dfedswPrRigrablenthalr e oligeruakeerides shaveine 2006 16

Thus, it imepeehgr &bh@eﬁrﬁ@hrbbewﬁathﬂﬁnusbﬁet peeOMBIR: JdRIdHLY] Lepperatures
wi t hi n about 8C of .one O%ESE’Eﬁnd gnre preferable. that the nelting

t enper at ur B9¥GePRRERTAPLE 6E761 MeaEhngt hePPexRenras e prEERimbI y, the 5
oI|gonucleabod656§homfdeaaheothﬂrjrmE¢énWMﬂﬁﬁlprﬁfeMdH1y1 alout 4C of each
ot her. [ | n atures e within about 2C
of each oth1998F§CiQO¥FdEptgﬁsgééug ﬁaT f%l?% Eﬁ???%?ﬁ?r?% %&Egﬁqlsets of
ol i gonucl eabputs4iihi ch eaech atherhe mdterpmﬁelmblq,ame nell® iy ch al | of
the Tha areekibBhRubaOlyidy B G2ERIR MRbur . JUPICAId N NYRYET, e Tis of

t he ollgonuc ot consi deration w nor e
gr oups, mnWhlleééhegrggsuﬁoﬁbBEtlhglafdnffgoubmlEmnmbkslmm$¢t57mfwhlch are

close to eaifigehne&eoyiaé@ WheERSm g 19%{&'@8&%96 el d N84 O0ngl Y

related Tns_will frequentl &F at Ures can:
calcuﬂé{edwbéthaQHeoﬁeﬁpésFmSnéFghﬁbﬁhlmnﬁﬁg Qﬂiﬂégréf eachaptheyd. Nbl

iol. 86: 8¥Bical83d,(hOWeIprastRBdiIhEef SEhahb] ¥ghulVEHM ides Qindily 20
Nucl ei ¢ Aci ds 6412 %1990 and the thernndynan1c par anmeters

‘for DNA neﬁ?ﬁ?ﬂgﬁﬁﬁﬁHBBUVlginFéPﬁE FohR bi¥P 7% PRYE X BiRS| vl et al .

(Proc. Natkach group consisting of oligonucleotides with Tms which
are close to each other. These groups of oligonucleotides
15 with closely related Tms will frequently be employed.

Melting temperatures can be calculated using the nearest-
neighbour model of Borer, et al. (J. Mol. Biol. 86: B43-
853 (1974)) as modified slightly by Rychlik, et al. .
"20 (Nucleic Acids Res. 1B: 6409-6412 (1990)) and the

thermodynamic parameters for DNA nearest neighbour
interactions determined by Breslauer, et al. (Proe. Natl.
Acad. Sci. USA. 83: 3746-3750 (1986)): T ("-AH/ (AS+Rx In

® (c/4))-273.15 + 16.6 x log [K (+)] where AH is the

g 25 enthalpy of helix formation, AS is the entropy of helix
formation (including helix initiation), R is the molar gas
constant (1.987 cal/degree Celsius/mol), and c is the
oligo concentration. These calculations are also an
integral part of most common PCR oligo primer selection

30 programs, including one or more of those discussed above.

Second, once a group of potential probes has been selected
(either by a program or manually), the potential probes
should be prioritised by similarity analysis for

35 oligonucleotides that are similar to many (5-5000) cDNAs,
allowing for a mismatch of 1-5 nucleotides. Similarity

analysis is a standard method in the art and is routinely



Acad. Sci. USA. 83: 3746-3750 (1986)): T (II-AH (AS+tRx In (c/4))-273.15 +
16.6 x log -[K (+)] where AH is the 25 enthal py of helix for Ei(gboqﬁfis
the entropy of helix formation (including. helix initiation?f-¥9|s e

sl ar gas constant (1.-987 cal/degree Celsius/nol), and c is the oligo
‘eoncentration. These calculations are al$® an integral part of nost common
PCR oligo priner selection 30 prograns, including one or nore of those

di scussed a?)%ﬁ'orn'é%cm’ngo%(iﬁr R OTRHRGN RAlRNY alvainehas has ,
'sel ected el t her % a program or. manual l y), the potent.i alﬂgr“ S ...Shoul d
be prioriti SeFhypssitha FaaiF d0gaks Al IpEmests &%agféﬁhéq%&'i tHGS Ty e

simlar to g, SR B¥Amaded|dvemilng fed by tes Mt g efatlidnal

nucl eotides.. Simlarity _apalysis is a _standard neHhod i th%:art and is

routinely 2EDRMEWESs ©F H%ﬂa”p&”f‘%rcr?éh iR oS dfer a1 wi del y

avai | abl ® prRgiraadeds ftorasiddie rBasirc H.erat/ BAAShne it isearssiciTool , or

"BLAST" program_whi.ch.is vai ) gbl e o Dy j.on nstitutes

of Health aft ocgg?“l?e %céal%egﬁgﬁs dt ,Js%re 5 F%ém%%bglagengs fl?lgk;ﬂdrp' Prod

ncbi . nl m ni Nagpdv/ARIaASEciIO (EA)s Gy  248Mod it (TRAdarFATERr ¥ee Metdar son

and Li pnman. 1] ACs i S S, 12%44- 2448 (1988) and Pearson,
B g¥s Ti600) ad Ly

Meth Enzym BLITZ. 10 Third, each of the potenti al
probes is preferably hybridized to a synthetic nucleic acid target to

determpg  ifhiiftg diesRIBYSE AhAdRuaiE 1angers i zatdwny: Al though the
sequences which ultimately becdone probes 15 origipate as seq%ques.

conpl enent afyyRIE H 29t ¢ et 3h UG EFE FEFH e SO

ﬁl ected to jye fthelisHesl ftciaes.e thmyend hykeidigabient o detect the

esence of virtually any nucleic acid sequence or gene. Mreover, a |large
nunber of nucl eic acid sequences or 20 genes can serve as the "seed"
sequences. Adadraligiglghe tdwyuences which ultimately become probes

15 originate as sequences complementary to a limited set of
the nucleic acid sequences or genes selected to be the
“seed” sequences, they end by being able to detect the
presence of virtually any nucleic acid sequence or gene.
Moredver, a large number of nucleic acid sequences or

20 genes can serve as the “seed” sequences. Accordingly, the

- particular sequences or genes selected to be seed
sequences are not critical to the practice of the
invention. Moreover, it is anticipated that numerous
oligonucleotides will work in the methods of the

. 25 invention.

Once the practitioner understands the concept of the
invention as taught herein, a large number of probe sets
can be selected by routine methods to function in the

30 methods taught herein. Thus, practice of.the invention is

not limited to the selection of any one particular set of

probes.

The optimum hybridisation conditions to use in the methods
35 of the invention will vary depending on the particular set
of probes chosen by the practitioner. Accordingly, once a

probe set is selected, the hybridisation conditions to be



.particul ar sequences or genes selected to be seed sequences are not
critical to the practice of the invention. Moreover, ﬁ%SICI %ed
that numerous ol i gonucleotides will work in the nethods of t fg%
invention. Once the practitioner understands the concept of the " invention
as taught herein, a |l arge nunber of probegsets can be selected by routine
met hods to function in the 30 net hods taught herein. Thus, practice of the
i nvention i I e i10 set of
pr obes. The%LoS rw ekﬂ]yctbrl di's C%]%Eonsgegéon |ltl| gﬁlg;et %ryusﬂéw?inﬁiltenh%%od 35 of
the invention mnll vary depending on the particular set of probes chosen

by the practifii Onelto ACGRAH A N UHRrfentIQPYUHRE dupiSel &eted, the
hybri di sation con itions to be 21 June 2006 18 used with that probe set

wi il have t FYRdaeiermithal. detﬁﬁ‘%”t?é?tlé?%%?atqod}?qcéi%rmfeﬁtyé?ﬂ‘%ﬁ%
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t he probe se It|pIe imes to a group of dissimlar nucleic acids. The

condi ti ons %ﬂn%ﬂ? e hybridisations are made |ess stringent for

each. successive hybridisation, until 10 conditions are reached under

whi ch nenber, of th Qbe set__hyhr. it on of the

nucl ei ¢ acids;, aor%ﬁ\ﬁ%t%nsdll’}rt%erlt ﬁ’g‘ cgi/(saq ensaq{&drgén &1&&?&({3&% above

background IHBBtqﬂrmng&nu|ﬁnr(ﬂnuhtsunﬁeﬂﬂi%ﬂahxhnidkﬂﬁﬁiqnﬂ)umﬁal

determ p Ya R JHARNE Wifilch membles 46t &/l natdign usual Iy
I@alﬂ@ Itééréﬂfde nucl ei c aCC| ds to which ther%%obe set

connences b se ectl
will be hqutdllg&rlci%wﬁ et 19y, sqbﬁéamrcllaét PEEAFE AN 1o EhRCKIEF  ease

ﬁq di scussi gpidde drixtwiel o md4ideiirivdlas (e i rRQEanm) e eike aci ds as

al t hough ot her nucl ejc
agéve background. The hybridisation conditions to be used

need only be determined once for any particular probe set.
15
The determination usually commences by selecting the
sample nucleic acids to which the probe set will be
hybridised. Typically, the nucleic acids will be rRNAs
(for ease of discussion, the text below will refer to the
20 sample nucleic acids as rRNAs, although other nucleic
acids can be used). It is desirable that the rRNAs be
' chosen to be dissimilar so that the ability of the probes
to detect a variety of rRNAs can be confirmed.

-" 25 Conveniently, the rRNAs can be chosen from the UniGene
collection of libraries so that each one is known to be
from a different gene. The number of c¢DNAs used should
not be so great as to be unwieldy, but large enough so
that the practitioner can observe differences in binding

30 affinity. Usually, between about 25 and about 100 cDNAs
is sufficient for these determinations. }he number of
cDNAs need not exceed 1000.

Typically, the cDNAs are “spotted” on a surface in an
35 ordered fashion, to form an array with the ¢DNAs; in known
positions. One member of the probe set is selected (this

" can be done at random or in an order chosen for the



acids can be used). It is desirable that the rRNAs be chosen to be
dissimlar so that the ability of the probes to detect a Vaﬁi?ﬁ Q§
can be confirned. 25 Conveniently, the rRNAs can be chosen fronit ni Gen
coltection of libraries so that each one is known to be froma different
"gene. The nunber of cDNAs used should na@ig be so great. as to be unw el dy,
but | arge enough so that the practitioner can observe differences in

bi ndi ng 30 I

sufficient ?‘%}A feeslleord%#gblr rr%/on%‘?i ohs. he nurr%lgr ar@«?l@ﬂ%ﬁm&rgé Qﬁ@? exceed
1000. Typi cathg prdiee cBrermieed spdie Balnent emperdtieees ncan 88 or der ed
fashion, to dOrMAAEAY-N 4 ddhes oRNAS, aﬁd‘ai‘d‘%a@?&ﬁé'l@&‘éed@ﬁ E'H%ger

of the probe set Is selected (this can be done random or 1 n an or
chosen for tRRF¥IS R ROV GRIRLT et CEdenreatestbd@st he el ting

t enper at gr e @¥m ﬁlhelrrgqhee BN nepi_»eﬁéeiébng t e eFIBTAIN ESoR APh PN the

estimated or c Iculate andard e |ons based on the purine and
pyri m di ne éb'?f%iﬁi"fai% %’f%l‘f‘?fie I Aoty B Gprisray thePErobee a

Preferably, gdeitcNA domtipatbred ddeprgpride aasighedl vwbrésémim@eﬂow t he
array to praqvi,de ositive contraband to rovrde resenting
10000 hybri drdmi e ol SE AR A i AR BTt EROSE e

CDNAs. 10 Thetipmobd¥NAse initially hybridised to the cDNAs under fairly

stringepf conditions to provi de a starting point at which hybridisation is

not expected to a significant ree except to the rRNAs from which the
probe was 1@?@@9%8%@&14@1& hybridisest i o sHte orPNAS condett ed at

out 5C bel o tidiht RRIAatilgs oo theopiaber sl {Ae Hybrd disation
d) t he probe to r3ﬁe cDNAd;gjis then determned. Since it is_ unlikely ti
the probe wiyhich hybridisation is not expected to a significant

degree except to the rRNAs from which the probe was
15 derived. Typically, the first hybridisation is conducted
at about 5°C below the melting temperature of the probe,
and the hybridisation of the probe to the cDNAs is then
determined. Since it is unlikely that the probe will
closely match the sequence of any of the genes (except for
20 the rRNAs from which it was derived and related c¢cDNAs that
have identical stretches of sequence), it is expected that
it will not hybridise to a significant degree to even one
of the cDNAs in the array during this first hybridisation,
: except for the rRNAs from which it was derived.
. 25
The hybridisation is then repeated, but with the annealing
temperature reduced by 2 to 5°C. and the hybridisation to
the rRNAs; at the new temperature determined. The cycle
of reducing temperature and determining hybridisation
30 continues until the probe has been found to hybridise to
between 5-40% (optimally, about 25%) of tLe cDNAs present,
with a range of intensities. The same procedure is then
followed for the next probe, and so on, until optimal
hybridisation conditions have been determined for all the

35 probes.

" If the probes have been selected carefully, the conditions



closely match the sequence of any of the genes (except for 20 the rRNAs
fromwhich it was derived and related cDNAs that have ident 59%Ln<§5§@é ches
of sequence), it is expected that it will not hybridise to a srgnificant
degree to even one of the cDNAs in the array during this first

" hybridisation, except for the rRNAs fropowhich it was derived. 25 The
hybridi sation is then repeated, but with the annealing tenperature reduced

by 2 to 5C mpd xhycﬁf)ﬂ;ciqulaslatﬂﬁkfd)iséﬁeor{ RWAsi1dtpd her diead § eppesiidalr e

determ ned. The cycle reduci ng tenperature and determ ning

hybri di sati &¢ IPteshtabaes Winth 1Te3ReHr die s Be&f fdihd to hybridise to
bet ween 5- 4Q0pi(HUd B dtidedOWveddAf ofhd hep s deseiions Wdh €hé ange of

intensities. The same procedure js then fallo for the next proppe, and
so on, unti PEERSSEATS MM i I GH c%?ﬂiatﬁor%é/\ﬁg}/ee R Yet B n¥ for all
the 35 grohgriallly the ghohesdateatbatie sateniald aaidftddys foe coaditions
21 June 2006 0 for, their, optimal_hybridisation shoul d ¢l osel y. mat ched.
As noted ab&FERET ﬁ”r]e]sp%eabjtl t]cfltt%etwl%%l? dttkhreee ol §gdhtc e%fetlar eés)fsae%//le%&i;f t he
opti mal condidd diie fprobdwe fprlobes s> rerch digmdiviadud brgeddp ofan hize pr obes,
it wll 5 u Y t t pt.i : I3t pr obes
will fall i ﬁ‘#@%&ﬁ%@ﬁ‘é?ﬁ? o%%él&e}%ér)’i Oé@ﬁ%‘%%?%éeo%rr% és fal ling
into each i ndithigudihgyranpirardcdakskreddnig way tHel damernies Prewi ded

that thesproheg,e Widt I EEOUP-&f ©ed@Peldig-1n a way which pernits them
10 to be distinguished fromeach other. In the practice of the invention, a

test nucleic acid (such as a sanple) is hybridised to at |east three
nbers of 1@ ofe Prawel @ caciks {suatt 8sn a Prohs seigleidckatdng 15 a

e Y ML PR SRS, Lo R AT S Yad Al {iSRLe MHEMSLSs
of a set of nucleic acids (such as a probe set), including
15 a member having some percentage of complementarity to the
test nucleic acid,. a member with a lesser percentage of
complementarity to the test nucleic acid than does the
first member of the set, and a third with a still lower
degree of complementarity. The hybridisations are
20 commenced at the higher end of the temperature range (for
example, at 10°C below the calculated Tm), and repeated at
successively lower temperature until satisfactory low
stringency conditions are reached. One of skill knows
when satisfactory low stringency conditions are reached
." 25 when the three nucleic acids bind to the test nucleic acid
with a degree of intensity proportional to their
respective degrees of complementarity to the test nucleic
acid and above background. That is, the member of the set
with the highest degree of complementarity binds with the
30 greatest intensity, the member with the intermediate
degree of complementarity binds with an'ihtensity below
that of the most complementary member of the set but
higher than that of a less complementary member, and the
least complementary member binds with less intensity than
35 either of these two members. The lowest intensity binding
should still be distinguishable as above back,round so

that the practitioner can confirm all three



conplementarity to the test nueleic acid than does the first nenber of the
set, and a third with a still |lower degree of conplenentar|5¥ a
hybrldlsatlons are 20 commenced at the higher end of the tenpera ure range
(for' exanple, at 10C below the calculated Tnm), and repeated at
'successively |ower tenperature until satRkdfactory | ow stringency conditions
are reached. One of skill knows when satisfactory |ow stringency

condi tions e daaceh Zish ehddbdiiea NUN L Ce €T BgcPbDd 4oifhe test

nucleic acid wth a degree of intensity proportional to their respective
degrees of conplenentarity to the test nucleic acid and above background.
That is, thauEmeletirdiiee Ie3th ditindiecHe ghest 1 teoiee @urmc_lsrpu@@”e@f arity

binds with t] reate intensity, the menber with the interne

degree of co%ﬁ er?é% arfit em%%%%ﬁt Ca]hucf‘:ﬁtae%sc?rf?/ %%I%]W ?‘Fl%tf e GﬁJeC nost
conpl eneht araeivniidre afDNAef sBt wWhutch réagﬂerpztdsm waatdefiwed essThis

conpl enent ar. :R§g§ ZQQ th |ess
intensity tﬁxr 8l th d# Qﬁe nj%)ers %?$@ﬂ@§ aé&@%ns y bi ndi ng
shoul d stil leasth mrgbmguﬁrﬁwaﬂmle@ mm Immﬂ e gigmal herom
practitioner,dalt eRMHIdR A idtw ee 21 June 2006 21 ol igonucl eotides have

bound to the test nucleic acid. It is desirable both during the testing and
during use of the final probe set to include as one of the test nucleic 5

aci fls fhfe C iR Efrdlrmbdmd@ ataﬁéf'fc?ho@ca\/ﬁﬂébr%ﬂ/%nﬁ'ﬁﬁlﬁt &y des ? ltootSI ti vef
control for ybri di sati or robe,, an rm itation o
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t° cond

varying parane aT's tain non- |ngen i ons and the hi gh and | ow
stringency stringent conditions and the high and low strlngency

15 conditions employed in the present invention.

1. The nucleic acids of interest and the probes can
be incubated overnight at 42°C, in 6x SSC (that is, 0.9M
NaCl, 0.1M NaCitrate). 5x Denhardt’s (that is, 0.1 % each
20 Ficoll, polyvinylpyrrolidone, and bovine serum albumin).
and 0.1 % sodium dodecyl sulphate (SDS). The hybridised
nucleic acids and probes are then washed 2 to 3 times with
6xXSSC and 0.1% SDS for 30 minutes each time at room
; temperature. Finally, they are washed again for 20 min,
" 25 at about 9 to 25°C, at about 10 to 25°C, at about 11 to
25°C, or at about 12 to about 25°C below the calculated Tm
of the oligonucleotide, in 6xSSC, and 0. 1% SDS. The
actual temperature used will take into account the salt
and formamide concentrations, and can be tested
30 empirically by the method described above to determine if
a satisfactory signal is obtained from the desired
hybridisation while permitting discrimination of that

signal from any background which may also be present.

35 2. . Exemplary formamide conditions. Preh&bridisation
and hybridisation are conducted at room temperature

(considered to be from about 66 F to about 73 F) in a



15 conditions enployed in the present invention. 1. The nucl eic acids of
tnterest and the probes can be incubated overnlght at 42C Q@June gg (t hat
is, 0.9M Nad, 0.1M NaGCtrate). 5x Denhardt's (that is, o each 6

Fi coll, polyvinylpyrrolidone, and bovine serun1a|bunin). and 0.1 % sodi um
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1% of Denhar extran su ate and 1% S. he wash
conduct ed i n? 0S@kisBrCtery o6 Byl a%s %%%n@dt%r%éh%td%b{@dlo to 25C. at
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packaround i SReTRY® 150 Do prbtaht - dhel Y et d. PRy, Ret.
Comm 23: 641 (1966);

15 3. Modified Church’s Procedure. Prehybridization
and hybridization are conducted at 45 C, in a solution of
0.25mM sodium phosphate, pH 7.2, and 0.1% SDS. The wash
is conducted in the same solution at about 9 to 25°C, at
about 10 to 25°C, at about 11 to 25°C. or at about 12 to

20 about 25°C below the calculated Tm. The actual temperature
used will take into account the salt and formamide
concentrations, and can be tested empirically by the
method described above to determine if a satisfactory
signal is obtained from the desired hybridisation while

" 25 permitting discrimination of that signal from any
background which may also be present. See, e. g.. Churxch
and Gilbert. Proc. Natl. Acad. Sci. (USA) 81: 1991 (1984).

4. TMAC conditions. Prehybridisation and

30 hybridisation are conducted at 45°C. in a solution of 3M
tetramethylammonium chloride (“TMAC”), O.imM sodium
phosphate, pH 6.8,1 mM EDTA, 5x Denhardt’s, and 0.6% SDS.
The wash ig conducted in a solution containing 3M TMAC, 50
mM Tris-Cl, pH 8, and 0.2% SDS at about 9 to 25°C, at about

35 10 to 25°C, at about 11 to 25°C, or at about 12 to about
25°C below the calculated Tm. The actual temperature used

will take into account the salt and formamide



"“G |lespie and Spigel man. J. Ml . Biol., 12: 829 (-1965). 15 3. Mdified
church's Procedure. Prehybridization and hybridization are ggﬁ@ﬁgﬁﬁg%at 45
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account th sal}nI %d LthEnlde 21 June concentraf I'oAs,” and can be
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perm tidng discrimnation of that signal fromany 5 background which may
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‘engt h of PhesohBgofiuskédlli da, the detiwelli appacebste! that  nudbEbus Aci ds
res. 16 4837:A03016h858hn BO REEECER PleSkbhbihlelDs SFT L1, appreci ate

and other parameters, such as salt concentration and the
presence or absence of organic compounds such as formamide

15 or DMSO, can be used to achieve non-stringent conditions
for use in the present invention. The effects of changing
these parameters are well known in the art. The effect on
T, 1, of changes in the concentration of fornamide, for
example, is reduced to the following equation: T, = 81.5

20 +16.6 {(log Na') +0.41 (% G+C)- (600/0oligo length) -0.63 (%
formamide). Reductions in Tm due to TMAC and the effects
-of changing salt concentrations are also well known.

" ' Changing the temperature is, however, a preferred method
25 of changing the stringency of hybridisation due to its
simplicity and ease of control.

Once the labelled probes.and/or unlabelled probes are
- subjected to low stringency conditions, these conditions
30 are then converted to high stringency conditions so that
the level of binding can be determined.

‘The term “stringent conditions” as used herein for
hybridisation or annealing of nucleic acid molecules

35 according to this invention are those that (1) émploy low
ionic strength and high temperature for washing, for
example, 0.015M NaCl/0.0015M sodium citrate/0.1% sodium



permutations can be made in the conbination of tenperature and other
paraneters, such as salt concentration and the presence or ?ﬁencsogg
organi ¢ conpounds such as formam de 15 or DVMBO, can be used ? achieve
non-stringent conditions for use in the present invention. The effects of
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15 invention.

Typically, the probes will be from about 12 to about 30

nucleotides in length.

20 The present invention also contemplates probes that are

150 nucleic acid residues long or longer.

The person skilled in the art will appreciate that the
: probes of the present invention include oligonucleotide
. 25 probes, single-stranded probes, double-stranded probes and
 RNA probes. These probes can be synthesised or are known

probes available from a source.

In one particular preferred embodiment, the Eub338, Arc9lS5
30 or Nsml56 probes are used.

Oligomeric probes of the present invention are labelled to

render them readily detectable. In one preferred

embodiment, the oligonucleotide probes are labelled with
35 TAMRA and TET. It will be appreciated that detectable

_abels may be any species or moiety that may be detected

either visually or with the aid of an instrument.



:Exenplary probes include oligoners that are at |east about 10 nucleic
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i ndi catThg means ‘such as radi ometer, radi ospectrometer, t]uoroneter,

f I uor escencevitdpeatmmastedrectainiendrstaziesdant jetrdel s twidretkothd 10
e like. dj Me%qt & RRbas vy Aligpheleheldebribdd may also

nodet ect a uorescent derivatives, with biotin anal oques, and the

like. Qi goklledaldedbrobéeans off fftachment to a protein. ‘Nucleic

acids cross-linked to radicactive or fluorescent histone
15 sgingle-stranded binding protein may also be used. Those of
ordinary skill in the art will recognise that there. are
other suitable methods for detecting oligomeric probes and
other suitable detectable labels that are available for

use in the practice of the present invention.

20
Once hybridisation occurs, and the products of
hybridisation are removed by centrifugation or filtration
from the hybridisation system, the remaining
_ radiocactivity, fluorescence, or luminescence is quantified
" 25 Dby corresponding means such as a radiometer,

radiospectrometer, fluorometer, fluorescence spectrometer,
luminometer, luminescence spectrometer, and the like.
Other methods may be used to quantify the labelled probes
including the fluorescent microscopy, autoradiography,
30 electrophoresis and the like. )
Although the invention has been described with reference
to presently preferred embodiments, it should be
understood that various modifications can be made without
35 departihg from the spirit of the invention. Moreover, the
following examples are offc.red by way of illustration only

and are not intended to limit the invention in any manner.
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Tecogni se that there, are other suitable nmethods for detecting oligoneric
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ere
/ concentration of dry matter was determined by the standard
method for suspended solids of the sludge (American Public
‘Health Association, 1998) was 20.3 * 0.4 mg of dry

15 matter/ml {(mean + s.4.).

Two 16S rRNA-targeted oligonucleotide probes were used to
analyse the methanogenic micrabial communities. The
probes were synthesised with an aminolinker at the S5'-end
20 and purified by HPLC (Synthegen, TX, U.S.A.). The Eub338
probe of sequence 5'-GCTGCCTCCCGTAGGAGT-3', is often used
for the detection of Bacteria because it is specific for
: most organisms in this domain, -This probe is also known
. as name S-D-Nbact-0338-a-A-18, was labelled with
' " 25 carboxytetramethyl rhodamine (TAMRA).. The Arc915 probe of
sequence 5'-GTGCTCCCCCGCCAATTCCT-3' which is also known .as
S-D-Arch-0915-a-A-20 is the most commonly used probe to
detect the cells of Archaea, namely, methanogens, 'in the
anaerobic digester. This probe was labelled with
30 tetrachlorofluorescein (TET). |

To ensure that the probes and hybridisation procedure
maintained the binding specificity of the selected probes
with the 168 rRNA of Bacteria or Archaea, contrel probes
35 were used. One kind of control involved the use of an
unlabelled ul-Eub338 probe, which had the same sequence as
the Eub338 probe. Similarly, the ul-Arc915 probe was an



rsaline (PBS) imediately after sanpling.. The concentration of dry nmatter
was determ ned by the standard method for suspended solids 9% t he &%%dge
(Amrerican Public Health Association, 1998) was 20.3 0.4 ny ﬂ
‘matter/m (nean s.d.). Two 16S rRNA—targeted ol i gonucl eoti de probes wer e
used to analyse the methanogenic nicrobial comunities. The probes were
synt hesi sed with an am nol i nker at the2§ -end 20 and purified by HPLC
(Synthegen X, U S A ) The Eub338 probe of sequence

for the detection of Bacteria

CCngAfngr is often used
because i tUpsa ¥ergion gk the ArFLR REPh s Thembancentiratioshe i s
al so knovafaﬁnl]abalBeH% plbebé - 3 36he-HybiSi.d e icabeld et Mt Rrab 10-

carboxytet r hoda The Arc915 probe of sequence
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procedur e theai hazgatd tﬁ‘blbl vias ngndeatsikerntitto) epfsures tdel eq:teexifﬁfcdlm@s Wit h
the 16S r aC h ed. One kind
of controﬁyﬁ @ vedB?ﬁa§n§e A¥E @ﬁfb abéﬁﬁlégquﬁﬁ%igél ﬂ% whi ch had
the sanme sepgekEicasing ﬁbem%%%n%?d?fe arsigfdesd pf t'hela!nel/lled)pﬁ"oheobe was
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concentration of unlabelied probe in the hybridisation solution was 10-
25- f ol® | arger than the concentration of the corresponding |abelled probe.

‘t Vas usezdneboneﬁttppe 6@rraeﬁﬂ;f¢1/ fobdRiddid Wiy ahd hedndarigdi-sat i on of the
abel | ed probgwl ,glathet Sjsl ertaken to. elnsurethe
speci fi ci t§°8f- pr eSbPﬁ‘a a*i’f "‘H’tg’er‘;?"r‘dsﬁ‘f@ FilverRghrongpeci fi c,
I n the pressnckeochain pxokss lmit uittsatmq‘qu @ldd not target rRNA.
The following “nonsense” probes were used in this study:
15 TAMRA-labelled ns-Eub with the -sequence 5'-
CGACGGAGGGCATCCTCA-3' and TET-labelled ns-Axrc with the
sequence 5'-CACGAGGGGGCGGTTAAGGA-3'. The sequences of the
nonsense probes were not -matched to any bacterial 16s
rRNA. The binding of these probes by the microbial
20 biomass may be considered as the non-specific binding of

the probes with the cell components.

_ The emission fluorescence spectra or synchronous
" fluorescence spectra were measured with a Luminescence
. 25 Spectrometer LS-50B (Perkin-Elmer, UK) to determine £hé
concentration of the probe after hybridisation in the
experiment and in the control. The emission fluorescence
spectrum of the TAMRA-labelled Eub338 probe was measured
from 575 to 600 nm at an excitation wavelength of 561 nmuo;
30 maximum emission was at 583 nm. Optical slits were set at
10 nm for excitation and emission wavelengths..
Synchronous fluorescence spectrometry was performed by the
synchronised changing of the excitation and emissgsion
wavelengths with 20 nm intervals. The excitation
35 wavelength was increased from 440 to 620 nm with a scan
speed of 240 nm/min. Correspondingly, the wavelength of
the monochromator of the emitted light was increased



no or weak binding will occur, and FISH will be absent. 10 Anot her type
of control probe used was the "nonsense" probe. This probe was), I gsbéed
wirth the sanme fluorochrome as the main probe, but its sequence not
target rRNA. The follow ng "nonsense" probes were used in this study: 15
“TAVRA- | abel l ed ns-Eub with the sequence 38- CGACGGAGGGCATCCTCA-3' and
TET-1 abel l ed ns-Arc with the sequence 5' - CACGAGGGGGCGGTTAAGGA-3'. The
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to 620 AR Widdhdescat i SPese Gie %Mm rbol%iﬁPQﬁ'ﬂiH‘ﬂUthé he wavel engt h
of the npnochromator of the emtted Il(g ‘Eflr‘,ﬁaf i ncreased 21 June 2006 28

synchr onous|SPHTHH B BHE N B¢ - emi ssion- optical slits

re set at 10 nm Maxi mal em ssion for the |abelled probes observed
ring synchronous scanni ng wer ml Cgfbsz nrgf(é{]%%_g) TwET-I aéo | ed érc915
probe and 579-58F EHHT ¢ o:f’ t ¥ AR pthF D" T8  t hi s
mostly at 60°C, though the temperature was changed from
15 10°C to 70°C in some experiments. The final concentration
of formamide in the hybridisation solution was 50% v/v.
Final concentrations of the fluorescence-labelled pf;bes
in the hybridisation solution were 27 pmol/ml for the
Eub338 probe and 18 pmol/ml for the Arc91lS5 probe. A 10 pl
20 aliquot of the probe sclution was added to the mixture of
0.5 ml of fixed anaerobic sludge, 0.5 ml of hybridisation
buffer (0.9 M NaCl, 0.01% sodium dodecyl sulphate, 20 mM
Tris-HCl, pH 7.2) and 1.0 ml of formamide. The mixture in
2 ml polypropylene tubes was placed in a hybridisation
'. 25 incubator (LabLine Instruments Inc. IL, U.S.A.) with
rotation speed 6 rev/min for 4 h at different
temperatures. After the incubation the suspension was
centrifuged at 11,000 x g for 15 min in an Eppendorf 5415C
centrifuge. The supernatant was used for the measurement
30 of the concentration of non-hybridised probes
(fluorescence in the experiﬁent) by emission fluorescence
scanning. To determine the fluorescence of the probe
before hybridisation two controls were made. In the
control A, 0.5 ml of the suspension of the fixed anaerobic
35 sludge was mixed with 0.5 ml of hybridisation buffer and
1.0 ml of formamide. This mixture w.s incubated and

treated as described above. However, the solution of the



difference in em ssion wavel engths the probes may be neasured individually
or simultaneously in a mxture. The height of the peak quorﬁgcen §

em ssion linearly correlated (coefficient of correlation wa % %?th
the 10 concentration of the probe in solution, within the concentration
range 1 to 100 pnol/m . Fluorescence in gbtu hybridisation (FISH) was
performed nostly at 60C t hough the tenperature was changed from 15 10C

to 70Cin s & i fipalg 1%%\; i orgam de in the
hybri di satlg b?<ut| on was 50% v/v. Fina coa{nl?;enkl?ér‘l%%ons of the
f 1 uor escencdjusEgGaNgs dasuyeNarHe. hyBrigli et eml stasitPfe wePe 27 pnol / n

for the Eulg3@uoleanthel & frmmid rsfféubét{r&ldﬁ§9%pé1@b£reﬁe>19réc@@d

al i quot of the probe solution was added to the mxture of 0.5 of fixed

anaer obi ¢ s/EFRge PIOWRSH BT IR GRE SRTGRE IR 127 (W@W%@]‘Vl’@hoﬁ%sodl um
dodecyl sul @1&&13% Ao sclirice HChornH&J. A arsbuntedl fof dios neal fle. The

mxture in r op e tube in a hybrjdisation,
Mhoubator | ( EABEREEGES HiedtdExtaact it Siseghded o ke chbasity 6
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concent r at i @Yugt igare- hybri di sed probes (fluorescence in the experinent) by
em ssi opgfluorescence scanning. To determ ne the fluorescence of the probe
bef ore hybr|d| sation two controls were nade. In the control A 0.5 m of
the suspensi on of the @Od&en dirddr @b tF@bXs| udge was fhxed with 0.5 ml  of
bridisation buffer and 1.0 m of formam de. This m xture v..s incubated
d treated_ as described above. However sol ut.i on, of the 1 June 2006
29 probe wadhsdfed ith FRGHE trféﬁtaﬁﬂnt%édﬁ' (HePPG | 1R radetdsation

measur enment sommtsocornerﬁdrelmsmdaﬂ aontrol A), pmol/ml; Fea and Fe is

15 the fluorescence of the probe in control A and experiment,
correspondingly, in the units .of fluorescence
spectrometer; Fqos is fluorescence in control B; X is final
concentration of the sludge in the incubation sample, mg
of dry matter/ml.

20
The binding of the probes with the anaerobic siludge was
analysed in triplicate under different temperatures. The
binding of the Eub338 probe with the biomass was minimal
between 10°C and 40°C, 0.10 t 0.02 pmol/mg of dry matter

1' 25 - (mean * s.d.), and had a maximum between 60°C and 70°C,

0.16 = 0.04 pmol/mg of dry matter (mean * s.d.). The
binding of Arxrc915 probe was minimal between 10°C and 30°C,
0.06 £ 0.01 pmol/mg of dry matter (mean * s.d.), and had a
maximum between 40°C and 60°C, 0.10 * 0.02 pmol/mg of dry

30 matter (mean * s.d.). The mean values shown above are
statistically significantly different from one another.
The curves of the dissociation between the probe and the
cellular matter were similar but not the same as the
dissociation curves for the hybrids of the

35 oligonuéleotides with rRNA. This difference is most
probably due to significant non-specific binding of the

probe with the cells under temperature, which is lower



account for the effect of substances, which are extracted from bionass
during the incubation and interfere with the 5 probe quores%(frj&g 260t rol
B:accounted for the self- fluorescence of these extracted substances. The
quantity of bound probe (Q was calculated fromthe fluorescence in
‘eontrol A, control B, and in experinent 3p the following equation: 10 Q=C
(FcA-Fe) /| (FcA-FcB) X (1) where Cis the concentration of the probe in

hybr'd'Sat'O@haﬁoéHé'@fs%@é?éélgﬁs%g&erSQQ%éOkT ). Pild don FfedngifFe is

15 the fluorescence of robe in control and experi nent,
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i ncubation sa of dry matter/m . 20 The binding of the probes with
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nad o maxi MRt wels BBe5AGS 08 Coprhgbopiife i fhefRe BBoetule) 0
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of the 35 ol igohficiebt 1BBEPHFER PRNANS TRPETBFPPRT LRGP a%ﬁe pP5B3aBIy due

significant non-specific binding of the probe with the cells under
perature, Tﬁglggtig égmeﬁez%lnglng 09 nonsense probe ns-Arc and
labelled specific probe Arc91l5 at low temperature (10°C-
15 30°C) was close to 1.0 but dropped to 0.5-0.6 at 60°C-70°C
due to increased binding of labelled specific probe. This
additionally proves that the binding of Arc915 at low
temperature is non-specific because the binding of
labelled nonsense probe can only be non-specific. The
20 non-specific binding of labelled nonsense probe ns-Arc

depended slightly on temperature.

The quantity of the probe specifically bound (hybridised)
_ with the anaerobic biomass may be evaluated alsoc from the
" 25 - dissociation curve. The binding of the probe at a
temperature between 10°C and 30°C was considered to be non-
specific binding. This may be due to binding of the
fluorochrome or the oligonucleotide sequence with the cell
surface, plasma membrane, or intracellular components.

30 FISH involves temperature-dependent binding, and it is
well known that its binding is maximal when hybridisation
is performed at temperatures greater than T4, at 60°C-70°C
in our experiments. Thérefore, the maximum binding, shown
in Fig. 3, may be considered to be the sum of non-specific

35 and spécific binding. In such a case, the specific
binding (hybridisatior., may be determined as the

difference between the total and the non-specific binding.



30 than the dissociation tenperature (Td). This non-specific binding

invol ves the binding of the probe with cell conponents and EQ% deag tter
of anaerobic sludge. 5 The binding of |abelled Arc915 probe W rA"e % obi c
sl udge under the presence of correspondi ng unl abell ed probe was | ow at
'60C- 70C but was not changed at 10C-30C. Bhis proves that the binding of

| abel | ed Arc915 probe at 60C- 70C is nostly specific binding but the

bi ndi ft | Y b
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due to bi ndidyy ohatber f@notbchth%3©rprhbeo¢m@o©u@4b@t@hep@@hﬁmgcefmjth

the cel kg sua{fC@at@égsg@rngﬂg §93919r fggéacellular conponents. 30 FI SH

i nvol ves tenper at ur e- dependent nding, and it is well known that its
bi nding is maxi mal when hybridisation is perfornmed at tenperatures greater

- dan Td, at PRC E%‘dlﬁ 8B 1 EXPEI bAEAbSseHET BESKE, i & hgoRBEbAURT DENI Ny,
in Fh% e conslder dto % %he sum of non-specific 5 and
+%€ e

specific bi 10gn sﬁEﬁ BaEiRe® t%ﬁe e b nﬂ?ﬂ@e?ﬁ?bPFGPEa?F . may
be determ netalbsllde spetiienseobet seehow heetyodpdt and (he%namyﬁpemeblc

blnd|n915 - close to 1.0 but dropped to 0.53-0.61 at 60°C-70°C. It may
be interpreted that specific binding of labelled probe was
39%-47% of total binding.

Other method for the evaluation of specific binding

20 between oligonucleotide and cell rRNAs in the anaerobic
sludge involves the inhibition of the specific binding of
a labelled oligonucleotide by the same, but unlabelled
oligonucleotide. The binding of the labelled probes
hybridised at 60°C in our experiments was significantly

‘ 25 inhibited when the concentration of unlabelled probe in

the hybridisation solution was greater than the
concentration of corresponding labelled probe. The
binding of the labelled probe when present at a higher
concentration than the unlabelled probe was considered to

30 be due to non-specific binding. Therefore, specific
binding (hybridisation) is represented byfthe difference
between the total probe binding and its binding in the
presence of an unlabelled probe. The specific binding of
oligonucleotide probes with the anaerobic sludge was 47%

35 of the maximal binding of the Eub338 probe, and 50% of the
maximal binding of Arc915 probe. The values deteriined by

this method were higher than ones determined by the first



" 21 June 2006 31 The average val ue of the specific binding of the Eub338
probe.with the anaerobic biomass was [(0.16- 0.10)/0. 16] 100% f)i% 02;0 he
total binding, and simlarly the average val ue of the speci? ol ki I'ng of
.the Arc915 5 probe with the anaerobic sludge was [ (0. 10- '
0.06)/0.10] 1009%40% of total binding. Thegzvalues of specific binding
(hybridisation) of the probes as determned fromnelting curves were
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our experinents was significantly 25 inhibited when the concentration of

unl abel | ed probe in the hybridisation solution was greater than the
concent r at i Gxanfpleorr.espondiusgitidtedlived dertsisgiothef Iswdaipwia tand | abel | ed
probe whgn BreSant gl dlahe GPNLANAIO R (R el abe adiprabe was
considered to e queto non-specitic binding. Therefore, specific
bi ndi ng (hybriiagiasest)i on) is represented by the difference between the total
iobe bi nding and-its binding in the presence of an unl abelled probe. The

ecific binding of oligonucleotide probes wth the anaerobi.c sludge was
47% 35 of t FeORBAnARtad AR 5 qfﬂécpé}t}?s“@dp ,9eaﬁr’c?’?§‘0%°gfl% &

from a 10-litre pilot nitrifying reactor, which was used

15 for the simultaneous bioremoval of ammonium and organic
" matter from wastewater (Kim & Kim 1999). Some samples of

the activated sludge were taken for microbioclogical

analysis, and other samples were fixed in 50% ethanol

(v/v, final concentration) immediately after the sampling.
20 To determine the concentration of suspended biomass, 1.5

ml of the sample was centrifuged in an Eppendorf tube at

11,000 x g for 10 min in an Eppendorf 5415C centrifuge and

dried at 60°C until it reached a constant weight.

." 25 To check the data obtained by the invented method by the
traditional microbiological methods, the samples were
diluted by a factor of either 107 or 107°. 0.1 ml of the
suspension was spread onto a solid medium for the growth
and enumeration of the colonies of ammonium- and nitrite-

30 oxidising bacteria. The solid medium used to cultivate
the ammonium-oxidising bacteria contained the following
ingredients per litre of distilled water: 0.5 g (NH,) S04,
0.04 g MgSOs-7H,0, 0.04 g CaCly-2H;0, 0.2 g KH,PO,, 20 g
Noble Agar (Difco), and 0.1 ml solution of metals ™“44”",

35 The medium was adjusted to pH 8.0 with 10N NaCH. The
composition of the solution of metals “44” per 100 ml of
distilled water was as follows: 1.1 g ZnS0O,*7H0, 0.25 g



- maxi mal binding of Arc915 probe. The val ues determ ned by this nethod were
hi gher than ones determ ned by the first 21 June 2006 32 %{1 e(:i'olg%.',

anal ysis of dissociation curves), as follows: 47% agai nst 3 b338
«and 50% agai nst 40% for Arc915, respectively. The values of specific

bi nding (hybridisation) of the |abelled probes determ ned by 5 conpetitive
I nhi bition of FISH by the unl abell ed p58 were 0.080.01 pnol/ng of dry
matter for the Eub338 probe and 0.040°01 pnol/ng of dry matter for the
Arc915 probe. Exanple 2. Quantitative detection of eubacteria and 10
nitrifyi ngEBBRt ef i 10 i 9 ¥rIPw I8 sPulfed (aB8PBLIH RN cPoBRaB  bi onass)

Experi ment@b. ﬁ@;ﬂﬂ' 88,0/ @cé2 V@tw&mbvdﬂmzwerana%l ot adjulited #olq-litre
pilot nitrif react or, *‘Ch vvasHised 15 f e simul t aneous

bi or enoval ¥H h iBafQund sPGamRecHAREEA ??Fﬁﬁvﬁﬁ? Gt WPTEKi m & Ki m 1999) .
Sorrr: sanpl ﬂs%%a%é@emcﬁmaad@ﬂc sén}gldw’g/\&be tggkaaﬁfser ltmoc M/@Eﬂc@ Q@Iflﬁ:itla

anal ysis, an ot er s were fixed i 0 et hano v/ v a
concentr at FORFE1RG r%?@"@hé‘?n{”ﬁégs Ili*‘r 3o d tb‘?rﬁ%‘fhe
concent r at medioh vsms@etmlechhtmmss,t}ie Entrmmsf -dizhisd isnigy coavetseriant i f uged
I n an. Epp | pendoys 15

centri fuge&g]grg{c‘ich 'géj %ﬁ%tf%%@‘g]g? Ilglllép %%ﬁég rlDaextr:]ons lgegt t\n/ve(? %ﬁ To
check the datarobl ap n@dKiE§O1,he? . iﬁﬁ\gaﬁ‘ﬂhaometm_cﬁj DyKARO4. t Padi Gi BRAL,

m cr obi ol ogi §a,% ﬁ§§n§0-dﬁ{20t hg . §a§phg§lwebe01d I@é@g M, f%)t %rgl%fbl%! t her

10-4 or 10-5 ensi on wasqﬁprea onto ‘a nmedi um f or
the gAéwt hAgaﬁd(léhm}awm Q)fzt‘ﬁle A WRi @y f mghks uThH4" -nd Merite 30

‘XI di sing PRGERTABed ThELSP| dHsHES | WiEh-&ISBtkda el theE}?e dd¥ at 28°C

nmoni um oxi di si ng bacteria contg@gdthefollowng i ngredients per litre
“of distil | EQrvak efeant stye (Weeho Seatory Runf NEBEGHE DG - W, 04 g CaCl22H20,
0.2 g KH2ZPO4, 20 g Noble Agar (Difco), and 0.1 m sol utlon of netals "44".

Two 16S rRNA-targeted oligonucleotide probes were used to

15 compare the nitrifying community in the aerobic sludge and
in the biomass of a nitrifying reactor. The probes were
synthesised with an aminolinker at the 5'-end and purified
by HPLC. The Nsml56 probé was supplieq from Synthegen,
TX, U.S.A., and the Eub338 probe was supplied from MWG-

20 Biotech AG, Germany. The sequence of the Eub338 probe is
51 -GCTGCCTCCCGTAGGAGT -3, 1is used to detect most
eubacteria. It is also known under the name S-D-Nbact-
0338-a-A-18. According to the manufacturer’s data, the

. melting temperature for this probe is 60.5°C. The probe

‘25 was labelled with rhodamine. The Nsml56¢ probe was used
for hybridisation with the cells of the Nitrosomonas group
of the ammonium-bxidising bacteria, namely Nitrosomonas
europea, Nitrosomonas eutropha, and Nitrosococcus mobilis.
It has the sequence S'-TATTAGCACATCTTTCGAT, and is- also

30 known as S-G-Nsm-0156-a-A-19. The solutions of probes

were stored frozen at -18°C.

The FISH was performed at temperatures, from 20°C to 80°C;
the optimél temperature was between 46 and 53°C. The final

35 concentration of formamide in the hybridiéation solution
was 40% v/v. The final concentrations of the probes in
the hybridisation solution were as follows: 27 pwol /ml



.35 The nedi um was adjusted to pH 8.0 with ION NaOH. The conposition of the
solution of netals "44" per 100 nl of distilled water was as;fold oy 1.1
g:ZnSH4. 7H2O, 0.25 g 21 June 2006 33 EDTA, 0.15 g NhSCﬂ.?HZg, gf%g

LuSH. 5H20, 0.02 g Co: (N®B) 2.6H20, 0.02 g Na2B407 -10H20, and a pH
adjusted to 4 with 10 M H2S04. The inocuwlsated Petri di shes were incubated
in the dark at 28C for at |east two weeks before 5 counting the

col ony-f or mi d,gg?mtgné% %Moi/mihﬁsrﬁgét a ?ﬁ?' phasedohOe kb Y8hS ahe

nitrite-oxi ng bacteri cont al ne |l ow ng I ngredients per litre
of distillethearyeridisagiamoeglubigngwikipphe @lstkjrkzﬂﬁoaheopgoaem\log
0.2 ¢g NUSCM—J@?@)aQ PoP1dREL, 29. Béog/ﬁacﬁgbngCthOQQpﬁBDyﬂllﬁsﬁgaB

(Difco), and O solution of  netals "44", The inocu]ated Petrl di shes

wer e |ncubaf3@e|%1$%% garkenrtrapecnyt of EPeIEbSTa?ﬁowﬁEeﬁg BEf 8FeYEBunt i ng
the c.f.ug. FM@iéﬁEme%M\1asgﬁledf0th90§umbeetwde @éﬁbfsfugéé ased1t 00015

conpare the nitr ing community in the a slud in the bionass
of a nitrifyfry #%%c%grml%hénp?ébggpﬁﬁsgrg g%%%%sFig ?ﬁean ani nol i nker
at the 5 -end and purified by HPLC. The Nsnil56 probe was supplied from

B ot ch AG Tag ranbtC iR BEqbig: B1a PF Bt 2AE 5E8 PERELpE ok BELHKE 4.

5' - GCTGCCTCCOBIaGEAGTL 35, mlsOﬁséhetbldgaéetSﬂﬁB@nSEGBaéﬂeﬁl§01P§1P§ afso

known uq%er fﬁgﬂfge E>Qb§§# loégﬁc@n@régloﬁcéPrQDQQWVQ Lha
manuf act ur er % aﬂﬁéererature or this prohe is 60.5C. The

probe 25 wain¢abeteddfart B hhéﬁa ¢RE FﬁﬁﬁGBaEPBBE -waBlhs&d for

ab 'nfjh f}f‘f) ;( %gﬁalﬁgg%gﬂ | gnef shbﬁeﬁb%bﬁsﬁaﬁnﬂﬁd}b@u&d at &he for 0.5

eut ropha, and hFPgBSSEBEEﬁguﬂﬁgrlﬁéd &r%o%ggn ﬁaggngg Saablel’ 23°FRA%

5' - TATTAGCAGAJpdAT&EAt . anthiis ab3atidf kaswnsad SeGthau@éSﬁha-A—l9. The

SO|UtIOQ% Ofcgggggéragggg 8%0Eﬁd LE y%@ié&sé&8§%5bes by emission
scanning or synchronous scanning fluorescence

- spectrometry.

To determine the fluorescence of the probe before

20 hybridisation {(in the control), 1.5 ml of the biomass
suspension in a solution of formamide (final concentration
was 40% w/v) was incubated and treated as described above,
but the solution of the probe was added to the supernatant
before the fluorescence measurement. It was made to take

‘. 25 into account the effect of the substances extracted from

the biomass on the fluorescence of the probe. The
quantity of the hybridised probe was calculated as the
difference between the concentrations of the probe before
(in the control) and after hybridisation (in the

30 experiment).

- To determine the concentration of the probe in solution
before and after hybridisation, emission scanning or
synchronous fluorescence spectrometry was performed with a

35 Luminescence Spectrometer LS-50B (Perkin-Elmexr). The
fluorescence emission scanning of the Eub338 probe was

made from 575 to 600 nm with an excitation wavelength of



.The FI SH was perforned at tenperatures. from20C to 80C, the optinal

f enper.ature was between 46 and 53C.. The final 35 concentratz' 90n9f2006
formami de in the hybridisation solution was 40%v/v. The fi naIEl
concentrations of the probes in the hybridisation solution were-as
"follows: 27 pnol/m 21 June 2006 34 Eub888 and 4 pnol/m Nsnml56. The fi nal
concentrations in the hybridisation solution with the m xture of the

probés wer s foll e Q%)sg :qﬂpci I\gn]%& he fi nal
concentrati%r?qoﬁr@hgqﬁfotnkgess vva.sn{% ér%r&gi%ﬁ%é?y wel g inr;grﬁ] 1. mm;({)_f t he
sanpl e was G@vet rfifuayss cancEl, QUESs bory SHNIeGiaf idhealEphehdeFebs415C
centrifuge. FiRg,SOldd]QN s T8 QUG HonPTs dN& dTigddiNngn OFi 4 OheS was
added to 1.5 m_ of the bionmass suspension in a solution of 10 forpam de at
a final con@Xftitatism oRvERIIER ffd 49 gt G dhe pghmy et epion

t enper at §ir essa Aldaidedrddissiad irgh, the Lispensl gl as weredlbpiefl 8ér 4C for
0.5 h, then.centrifuged, and, 1.5 nm. of water added taqg the
super nat ant .tPFhiSF SRS Bh AL TP B HASHEIHE 15 tFAtT on of the

unhybri di sed lprotess:dne ee rassi tromesoan was) perr oyt dno ushassgimg nche
fluorescence  spectronetry. To, determ tEE]I r t obe
before 20 hfﬁ?cll |asctz§’t°?10ﬁ’;l l-j(c?lne“flh’c‘gesdlcoonnt‘“;r’gcsilg)el,e : leéﬁotgffﬁ(g{: eg‘f\ggnlasgf fs)cgjspe'nsi on
in a sol uti om.of Ther rev ide t(ifam atavdreywitly atdsoninareasEdo ey IRG tdcubat ed

and tregged 4% dgpoidied, ah0uP.apdlit IS AP/ Clustdify fixgbe ves added To

t he super nat ant efore t luorescence neasurenment. |t~ was made to take
25 into accEymChUnars &qaiinge SHtesRIC NG Yacttdif WO LD dfass on

e fluor esgepcendodHmd¥ b e auaBidny 1afgHthardly bideh&esepr obe was
| cul ated as the dlfferegce betweentﬁt' he concentrati ons of the probe

before (i n AETESRTRY drPart® 3D, | ol S i TS BPRPE i nent ) .

emission optical slits were 5 nm. The maximum emissions
15 for the labelled probes were as follows: 496-500 nm for
Nsml56 and 556-558 nm for Eub338. The height of the peaks
of the fluorescence emission linearly correlated
(coefficient of correlation was 0.99) with the

concentration of the probes in the hybridisation solution.

20
The binding of all the probes with the biomass of
activated sludge was analysed in triplicate by emission
scanning fluorescence spectrometry. There was minimal
; binding of the probes at temperatures lower 40°C, but when
‘. 25 the temperature was increased to 60°C the binding was

increased step-wise. This pattern of binding was similar
for the curve of the hybridisation of the oligonuclectide
and reflects the melting of hybrids at temperatures that
are higher than the melting temperature Tn. The T, for all
30 probes were between 20°C and 60°C. The binding of the
Eub338 probe with the suspended nitrifyiné bicmass at
temperatures lower than T, was 0.40 £ 0.03 pmol/mg of dry
biomass of activated sludge. At 1.08 = 0.04 pmol/mg of dry
biomass after the step-wise increase, the temperature was
35 higher Ta.. Similar values for the binding of the NsmlSé
procbe were 0.019 £ 0.002 pmol/mg of dry biomass of
activated sludge and 0.035 + 0.04 pmol/mg of dry biomass,



.To determ ne the concentration of the probe in solution before and after
hybridi sati on, em ssion scanning or synchronous fl uor escence §r91$ %&%ret ry
was performed with a 35 Lum nescence Spectroneter LS-50B (Perfi ).
-The fluorescence em ssion scanni ng of the Eub338 probe was rrade from 575
"to 600 nmwi th an excitation wavel ength ®» 21 June 2006 35 561 nm and the
maxi mum em ssi on was obtained at 583 nm The fl uorescence em ssion
scanni ng of r%@?e@%@v@@ yRrobe fluorescence was performed from 500 to 550 nm
with an excitation wavel ength of 490 nm and the maxi numenission 5 was
obtained at 519 nm The optical slits were |Oohmfor the excitation and

eni ssi on wayel eral s ceSyhehmupedilfuer em@rie@ gFeaiHeo mtdnesyas perfor ned
by changing the  excitation and eni ssion vva hs vmt(%f%%%rq% q{ 20
am The excFEAtRdR REFEMBRGOR AT enBPGEsed r GASIEOI Vi

scan spesd @fcoaéﬁmnvem dufr ith@ e - @wmlfnmm(ﬁmj\mﬁ\g:hd:or respondi ngl Y,
t he wavel en

h o nochorreter the enm S | reased
synchronous?); \QPS%C 68tt1 St?rﬁamanﬁhgl 5555 on laarr%)(fl g’% s?%o &’ S%al
slits were Boem ndle srigxnlrﬁlmaem]ssldawnm dnormatlhlé:allabeig ed m@mm@ as
fol lows: 49639R0NINGOLaNATI0 A8 2303 B pLyELDSHe Jﬁécbf%ght of

t he peaks uores ence ‘em Ssi on ?l near y correl at ed (coeffticient

of correl at Pdndiag 0198). Whenh hvke idisaddmy hatsiessr thre Bl the

hybri disati g el oF rrQ)ThR @@ﬁ&@fonaltlerﬂﬁ&aw&% tHdth ddubi omass
of activated ‘sl udge was anal ysed in tr| Qﬁa%?’%&% en ssi on canni ng

f1 uor escencébsFEEPFonetity 1 STHEQY SR IR e ahBYs at
Grmer at ur e&h'e@lV\QheArQ@mﬂélﬂat\Mi@ ik Zéndwe T.enpacathee hysidienedsad itso 60C

T 0Ll s IS 380 AR S, T petiier o, Bl o, s | &
Therefore, the binding of the probe at a temperature lower
15 than T, may be conventionally considered as the non-
specific binding of a probe with cell components. The
values of T, were within the range of 40°C to 60°C, so the
binding of the probe at a temperature lower than 40°C was
conventionally considered as a non-specific one. It was
20 conventionally considered that the same value of non-
specific binding was at a temperature higher than T,, but
the additional binding at this temperature was specific
binding of the oligonucleotide probe (hybridisation). To
E calculate this specific binding (level of hybridisation),
. 25 the value of the non-specific binding at a temperature
lower than T, was subtracted from the value of the total

binding at a temperature higher than Tu.

The non-specific binding of the oligonucleotide probes
30 with the biomass was 37% of the total binding of the
Eub338 probe and 54% of the total bindiﬁg-of the Nsml56
probe. The specific binding of the probes was as follows:
0.68 + 0.04 pwmol of the Eub338 probe/mg of dry biomass and
0.016 * 0.002 pmol of the Nsml56 probe/mg of dry biomass of
35 the activated sludge. The ratio of the specific binding
of the Nsml56 probe was 2.3:1.



.and reflects the nmelting of hybrids at tenperatures that are higher than
the melting tenperature Tm The Tmfor all 30 probes were bet @&g&@and
60C. The binding of the Eub338 probe with the suspended nitrifying bl omass
at' tenperatures |ower than Tmwas 0.40 0.03 pnol/ng of dry biomass of
activated sludge. At 1.08 0.04 pnol/ng @f dry biomass after the step-w se
increase, the tenperature was 35 higher Tm Simlar values for the binding

O bt SR UALE 8,010, 0,002 SIP L y Bypmesnol activated

respectivel )Spedtaoa\ﬂé:lnmt evatshelﬂﬁjh tspe@afﬂltr%lm rﬁglf@ﬂtﬁfée@#%b%%SH certain
assunptions mrhe(frgﬁge x‘c?bé’@s qonsiderad gl ddami Q£ OFRShys Qhay he
in

non-specific bin of the oligonucleotide core and fluorescent | abel of
t he probes %é’ss%t | G (R AUE e FRF 3 S 96 il P Bt Q et et hir e

\# thg the rtqtiég%w‘ac%%@hﬂa) a&Qﬁb anﬁmd \fgﬁwoilhﬁ§lﬂ@:cﬁa@te]bidldirﬁlgtlﬁé e. the
ybri di sati on bet t he probe sequence 0

t enper at ure?%w\%égﬁ}lt’?%fyﬁrﬁ)}quaﬁ% kﬁ%ﬁ% “flﬁ%lttulf% @?‘? dl;lglz}gf?%n i's
absent V\helaﬂmmdnﬁlﬁﬁar;mdhee; |m§bet$e)mas'lard mtsﬂmmmmmtu onis
maxi m sed when th te jeratur t re, the
bi ndi ng of t érﬁ'c E}'ferrrg% a ure O%A%ré}a%%q{]béé% %&Eﬁgﬁﬁﬁ&?
convent i onaldmd:\.mgjéraeu:eaaa,h@rrrbmltsqﬂé'@fqmdﬂlsmm@%ﬁt%rmobé Weh cel
COMPONeq s. %ﬁtﬂél@‘iﬂgr&%é n the fc?a[lge? &Ee4&§o&ﬁ> BRGraspe t he

bi ndi ng™ of tshe pro e at a ature lower than 40C was conventionally
-consi dered ds a Tenxsd@ foflc Q}”Ffé specifekc dpindimee &MW/S%%%.%?% t hat
e sane valug of gwan- specific binding was at a tenperature higher than

but the addi ti'on'al binding at this tenperature was specific binding
of the oligonucleotide probe (hybridisation). To calculate this specific
bi ndi ng (I eveiblef thybmindlsatdedn) ,FISH with the mixtures of three probes

15 measured by synchronous fluorescence spectrometry (average

.value + standard deviation are shown).

Value Probe
Eub338 Nsml56
Total binding 0.75+0.08 0.04%0.01
pmol/mg of

biomass.
Specific binding 0.47+0.05 0.02+0.00
%, pmol/mg of

. biomass.
Ratio of specific - 47 :2
bindings.

2 gpecific binding of the probe was calculated as the
20 difference between the total binding ‘and the binding at a

temperature lower than Tn.

The content of the ammonium-oxidising bacteria was (55%7) x
10° c.f.u./mg of dry biomass, and the content of the

25 nitrite;oxidising bacteria was (23%+2) x 10° c.f.u./mg of
dry biomass. The ratio of the number of ammonium- and

nitrite-oxidising bacteria in the biomass was 2.4:1.



.25 the value of the non-specific binding at a tenperature |ower than Tm
was subtracted fromthe value of the total binding at a tenggiakg%ﬁ)hlgher
than T.. The non-specific binding of the oligonucleotide pro

-t he bi omass was 37% of the total binding of the Eub338 probe and 54% of
the total binding of the Nsml56 probe. 3Be specific binding of the probes
was as follows: 0.68 0.04 pnol of the Eub338 probe/ng of dry bionass and
0.016 0.002 pnol of the NsnlS6 probe/ng of dry bionmass of 35 the activated
sludge. The ratio of the specific_ binding of the Nspl56 probe was_2.3:1.

21 June 2006he3remist ﬁiearmqr@cbrﬁﬁtcﬂj% tfs%/rﬁ:waﬂﬂwstbé@anﬁu%mrtf ot c’hce

spect r omet r . e 44584 ém%@it t&iéﬂhﬁ@}ﬁ&é& WH €5 and thle SiRs@s pr obes.
M xi ng the Eub338 and Ns robes be used o si mul .t aneously
characteri s@'ocrh@’ﬁaé‘ml@'béi tsatt‘h"ée &9 DA i oxi di si ng

bacteri asi n nidthardpenaed rpén‘ﬂcfme’tg vhii teRsts . cmem xted a odnd he Eub338
and Nsnil56 probes na sed tao, si neous cler .ratio

bet ween t he W5 c?/fmég‘#?ﬁﬁl urtY r"Ji-I %the é/ttee%%;r?a%ﬁ Hrlntt? %BZ%I(E) i di sing
bacteria i nktaim:ekaasu@pmitbadnvénuéc}/l}wqdalamhmtm deas mlef@hm in
Table 1. The nat i f Nedl &h s 2.0:1.
Tabl e 1. V\hé*flth H %qﬁ%ﬁ%ﬁﬂé t(ri‘lr%llr}(rjleés}%]? d%}l{’ée‘% pr 0312% ﬁggﬁeﬁgur ed by
synchr onous nfandT desvernde speldiironetey ghvidietfe bacliemria st ahldard devi ati on
are shoyg) . Q/alite FAIhe o Uhd A dardats ol alebi dithay 19y7159g16)8q@a9ﬂ9y01

mol / of lﬁomass Speci fic binding 0.470.05 0.020.00 nol /
P o fluorescencpe spect:rometex9 but it can also be 3etgrm3l.ne

. simple portable fluorometer.



biomass. Ratio of specific 47 :2 bindings. a specific binding of the
probe was calculated as the 20 difference between the total JonendD®g and t he
binding at a tenperature |lower thamr32-,. The content of the
ammoni um oxi di sing bacteria was (557) x 106 c.f.u./ng of dry bionmass, and
the content of the 25 nitrite-oxidising bacteria was (232) x 106 c.f.u./nyg
of dry brepeassaiMbepERINONG! THREINVEREION T ARBTAS | POLLONS:
nitrite-oxidising bacteria in the bionmass was 2.4:1. 21 June 2006 38 The
tests denonstrated the sinplicity and short time of the analysis perforned
by the invented kits raschoet frodsquarkor t axang| apd feangud bitiasi et ect i on of
anaer obi c,5 ne ogen j t L d; . anaer obi c
chanber . %ﬁ%% %?gﬁigg %e¥§§¥$§%é%§9§ﬁt¥$f9€ﬁ%efgg%%g§i%s%%é?ﬁg Thvent ed
kits &nd aesawpiewasopprisinadthei shepssohe hours but traditional detection

requires a nonth for) thegguhgi vat £Qa Q&rpjﬁi‘@?eabﬁ%éﬂé‘d The 10
quantification in the tests was perforned_by high quality fluorescence

spect r omePbigpHucl eobifc aPEePB et ok ePREAREL B L i RPRES pb? t AbFRTF¢ior onet er
21 June ZQQQuenéngHE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A
met hod for quantitatiyve gnd/or.qualitgti e get ctiog.of afnigroorganisn1or
nucl ei ¢ acid sequent®) i ndeEEEMERHNT T %o%ﬁY? i i PHRALRLERT o€ (&) “addi ng
to the sababellad| pbebeedithl thenuatgeti deqpenbe thdérspeeifically binds to

a target equence b rmning the level of binding of the 10
| abel | ed %?6%%9%P?K %ﬂédggééﬁ?’sequence under | ow
(¢) determining the level of binding of the

. labelled probe with the target sequence under high
stringency conditions,
15 (d) determining the level of specific binding
as the difference between the level determined in step c

and the level determined in step b.

2. A method according to claim 1, wherein the
20 sample is an environmental, veterinary, agricultural,

aquacultural, biotechnological or medical sample.

3. A method according to any one of claims 1 to 2,
wherein the sample is anaerobic sludge.
25
. 4. A method according to any one of claims 1 to 3,

wherein the sample is human or animal feces.

5. A method according to any one of claims 1 to 4,
30 wherein the microorganism is selected from the group
consisting of algae, archaeae, bacteria, fungi, protozoa,

viruses or subviral agents.

6. A method according to any one of claims 1 to 5,

35 wherein the microorganism is bacteria.

7. A method according to any one of claims 1 to 6,

wherein the microorganism is a methanogen, a eubacteria



Stringency conditions, (c) determning the |evel of binding of the
Jabelled probe with the target sequence under high stringendaye 2008l ti ons,
.15 (d) determining the | evel of speci4d< binding as the difference between
the level determined in step ¢ and the level determned in step b. 2. A
et hod according to claim1, wherein the 20 sanple is an environnental,
veteri nargr A04i € tyid , bad@kacal] tural , bi ot echnol ogi cal or nedica

sanple. 3. A nmethod according to any one of clains 1 to 2, wherein the
sanple is anaerobic sludge. 25 4. A nethod according to any one of clains 1
to 3, werei n the Psamqﬁkead saduomhig Eniamt drecesf Gaikardt ad 7accor di ng
to any ong of #Pe s ag’PdVﬁ%eeé@eéhf rBI&{o&rmsmls selected from
t he group con3|s |ng 0 } aeae bacterla fungi, protozoa,

virus&s or subviral agents. 6 A nmet hod according to any one of clains 1 to
5, 35 wherein the ' t C ng to an
one of cI ains 1 topg]n%t\%ﬁ%rel nc'%%ldl%r%bgtﬁ%gﬂ arﬁnsemﬁsregar}e%%hginq;%? a Y
eubact er ivheneipndheonecleyn apid drteetsd nf badiRr iZEn®NLi A B hod

accor di ng-finn AR PfcRi s 1 to 7, wherein the nucleic acid detected
is DNA or RNA. 5 9. A net hod accordlng to any one of clains 1 to 8§,

wherein the nucleic acid detected is cDNA, genom c DNA, rRNA, nRNA or

t RNA1010 11®D. A net rodneatdont didugpidi ranyt @renyoford afireclhines 9, taMeerein said

nucl ei c achere nrs%'\iAd n&éLleiA‘c ngéfgdigc%lg! ng to any one of clains 1 to 10,

. 11. A method according to any one of claims 1 to 10,

_ wherein said nucleic acid is 16S RNA.

15
12. A method according to any one of claims i to 11,
wherein the oligonucleotide probe is labelled with a
fluorochrome, enzyme, chemiluminescent, paramagnetic or
radiocactive label.

20
13. A method according to any one of claims 1 to 12,
wherein the oligonucleotide is labelled with TAMRA or TET.

14. A method according to any one of claims 1 to 13,
25 wherein the oligonucleotide probe is Eub338, Arc9ls,
'\. Nsml56 or a combination of these probes.
15. A method according to any one of claims 1 to 14,

further comprising the step of adding a labelled nonsense
30 oligonucleotide to the sample, wherein the level of non-
specific binding of the nonsense oligonucleotide probe is

subtracted from the level of specific binding.

16. A method according to claim 15, wherein the

35 nonsense oligonucleotide probe is ns-Eub and/or ns-Arc.

17. A method according to any one of claims 1 to 16,

comprising the further step of determining the level of



Wherein said nucleic acid is 16S RNA. 15 12. A nethod according to any one
of clains 1 to 11, wherein the oligonucleotide probe is babehd 2006M th a
fluorochrone, enzyne, chenilum nescertl- paranagnetic or radioactive |abel.
20 13. A nethod according to any one of clains 1 to 12, wherein the

ol igonucleotide is |abelled with TAVRA or TET. 14. A nethod according to
any one afad®iif thé sigern@fanhies®ithd r@rﬁﬂi@prmui @l]:i)td&.cﬂf:ﬂ'@ is Eub338,

Arc915, il tlo of these e cording to
any one df echa‘?‘ﬁ%l 1°f0im‘33lenfl l?1":er "b%efﬁﬂ bt'g sti}é% oefv Ojgao hg a

| abel | ed gmersiefise bdxbd gmmdteo]tamlled tdsﬂelgmtpilsaowm eprobdie | evel of
non specific binding of the nonsense oligonucl eotide probe is subtracted
fromthe |l evel of specific binding. 16. A nethod according to claim15,
wherein the 35 nonsense oligonucl eotide probe is ns-Eub and/or ns-Arc.
17. A method according to any one of clainms 1 to 16, conprising the
further step of determning the |evel of 21 June 2006 -41 |abel in the
supernat ant of the sanple, and subtracting the level of label in the
supernatant fromthe | evel of specific binding of the |abelled

ol i gonucl eoti de probe.



