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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 bacteria, 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, biological 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
epidemiological purposes, their usefulness as a

quantitative detection system for microorganisms is poor.

L
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*G00002* 21 June 2006 2 Table 1. MethodBrief Description,

advant ages/ di sadvant ages Phospholipid fattyOnly broad groups Afy,ne 2006

m croorgani sns acid profilemy be determ ned fromthe structure of specific
fatty acids. Requires highly trained personnel. Tine of analysis is 5-10
hours. Protein and enzyneSol ubilization, €&l ectrophoresis and

profil esconpari son of mcrobial proteins or enzynmes enhanced by specific
col our- produci ng substrates (chronogens). Only broad groups of

m cr oor gani sns Tay be determned fromthe structure of specific fatty

aci ds. Requi F881fi ghly trained personnel. Tine of analysis is 5-10 hours.

| dentification of Rapid (0.5-1 hour) detection of specificspecific

bi opol yners{b ern Ki nds bi op| ne byof . mass-spectroneters. Require
nass-spectr)Mé?gggxpensive equipgé%%§£2%%¥c¥%%tl§n
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prelimnaryjconcentration of mcropighe&ekis. rieayi 4€8381 ghk¥quires

highly trained personnel. Time of

U7

analysis is 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.
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-In these methods,

m Croorgani smtha

In recent times,

have been employed.

[
[
t may be at a | ow concentration.

the use of modern molecular techniques

For example, the use of signal

intensity in a nucleic acid hybridisation assay to

estimate total nucleic acid present in a sample is known.

a

single-stranded DNA

sample mixture containing RNA or

is hybridised with an oligonucleotide

or polynucleotide probe which is specifically

complementary to the nucleotide sequence to be identified

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 probes.

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

consuming sample preparation steps to overcome the

problems associated

with the detection of 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

faeces, microbial sludge and the like.

exacerbate problems

This would also

associated with non-specific binding

and high variability of data obtained by measurement of



Mor eover, the sequence or mcroorgani smnmay be masked by associ ated
protein in a conplex biological sanple such as 25 faeces, m croRiwalopgskudge

and the like. This would also exacerbate problens associated with
non-specific binding and high variability of data obtai ned by neasurenent
of 21 June 2006 4 the intensity of f1 uore&cence in m croscopi ¢ i mages, when
fluorescent -1 abel |l ed probes are used. Accordingly, there is still a need
for a sinpl echef fintkent ty5odndluereabkeacsethodlffsOsSCRE i§udnricest i waen

det ection of cfl,61 08030 HBAN AUGkBLEAEHA Seguences in a sample. As a
consequence, e present invention attenpts to overcone or at |east

all eviate the problens associated with the prior art nethods. 10 The mgj or

advant ages of LBedRhEIGN thRventisortaver a exkst ifdg Beihafd d,s diffalcithe

guantitative detection’of ecific n%proor ni_sns_and nucleic acid

_ s
sequencesd i saNFerPiRbd S HtREIGIR G1S AELhMERL 1XFd 9 SrtdSht & as the 15
di fference i mitheokbadikgsobr abellldd prddeschueseguerices sefmpilet.er dst

under | ow and hi gh stringen condi ti ons. titati ual.j | ve
detection asapF83§88&ePﬁ fh%%eppég fe i nven ?gﬁ%i%Eg%ggﬁgfﬁg%?*§£%%%¥%ble
and does not 020 attefendtonlilleyipinesitbal pact lehsmassodiatedgeidi thheof t he

sanpl e. Ther Eg%%,aEQem%@%%@%ion may be used for the quantitative and
qualitative détection of selected groups of nicroorganisns or specific

nucl ei c B&id sequences in a heterogeneous sanple such as faeces, sludge
and the | ike.rg® 3Ry e e d MYENHONdds e iinsieraSeciovdme present
invention provides a nmethod for quantitative and@pr q h}t%ylve tection
of a 30 nicr 6FGFEANSTELhRE disc thEitd theq FREE iR V?a% &1t sing the
steps of: specific 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 gquantitative 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
sequence,

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

stringency conditions,



(-a) a?dingltob;hg sanple, a |abelled oligonucleotide probe that
specifically binds to a target sequence, 35 (b) determ nin of

bi nding of the |Iabelled probe with the targeg lequence undg#ﬁpgg%QN@B
stringency conditions, 21 June 2006 5 (c) determning the |evel of binding
of the Ilabelled oligonucleotide probe wi Bh the target sequence under high
stringency conditions, (d) determning the |l evel of specific binding 5 as
the difference between (the Ketermihiibhndhrgldetér mitndéd ndimgstodp the) and t he

| evel of bindi eterm.ned | I nsays n ct,, iavention
provi des a_n&?ﬁ%&ngrqug%&ﬁggfﬁ%ggfvégéaglgﬁeaug %tgﬁgég%d%féégfgﬁpof a
m cr oor gani smndembdlodi stagndgeseyueneditnponsiirst sanple, conprising the

steps of: (a) adding thshedfeitre%i%@ﬁ%l end habehl e¢ sQldganechnctdidey probe
that specifically binds to a target 5 sequence under high stringenc
conditions, @) taedidid ferenceebshesanshe Lenel od Riadiny gsdamayne

ol i gonucl eot isde Abas)t hald shrcitkhveal b BiRdinko deltertdigel isequence under
hi gh stringency conditions, (c) determning the |level of binding of the 20
| abel | ed ol i d&Hucl eotide probe in step (a), (d) determining the |evel of

bi nding of the |abelled oligonucleotide probe in step (b), (e) determ ning

bi nli g det e R =S8 [ ELafe” CAF SR o WO ne. TBvel ot Speci fi ¢

bi ndi ng is t hmardiifdaerienc endtore enatli¢ dtavel segecsi@med ian t he absence

and presencen%%f%gfagﬂﬂéﬁjéyiﬁ%&ﬂ%ﬁk@%&ﬁﬁﬁs@hﬁg%ce in a first sample,
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 (4),

wherein the level of specific binding is the

difference between the levels determined in the absence

and presence of unlabelled oligonucleotide probe.

30 In a third aspect, the invention provides a method for
quantitative 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 oligonubleotide probe that can specifically binds to a
target sequence under high stringency conditions,

(b) adding to a second sample labelled non-
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30 In a third aspect, the invention provides a nethod for quantitative
and/or qualitative detection of a mcroorganismor nucleic agignhseauence
inafirst sanple, conprising the steps of: (a) adding to the first sanple
- a-labelled 35 oligonucleotide probe that can specifically binds to a
target sequence under high stringency conditions, (b) adding to a second
sanpl e | abelled non 21 June 2006 6 sensg ol i gonucl eoti de probe that cannot
specifically bind to the target sequence under high stringency conditions,

(c) determning the. | evel, of Dbindi of_.L.he | ] Lk I iyde probe
in step (a)°UN rgiﬁ%ﬁpu%}%ﬁ%ﬁéﬁ)r%%%%u5¥_?tthgg%(3§gggkgg%?2?nggﬁﬁe Igvel
of binding o the tieapet |seiumrcs anstenighn sErdogeaeYpFrepeitacstep (b)

under high stri ngen_c?’c)Corlﬁjééé%ir(gf)tk@etl@v'glniorfgbtilf'ﬁiln%V%lf ehespecific
binding 10 as the difference between the |evels of binding determned in
steps (c) ahdbebledypbierruerot e Psibes dacistied drAdiRgersPiAE  difference

bet ween o heg{ eyl sndgt esmanetornder high and |ow stringency conditions. 15
Preferably, the Unla

el | ed_ol i gonucl eoti d rqbe is . pr.esent a greater
concentration than t hEkorfesportiHy qk};fbéqp" &d 3’6 I“@oﬂfdghﬁr oge. Mor e
preferably, 15Be116al abel selso| 6 DDRuIRkEnid iRlepalede S prseepnt(bat undast t hree
20 tinmes hi heﬁ ig concentration than the concentration of the
cor r espondi 1IN aBeF FBESBTY g6RUTH a0t de probe. The | abel | ed ol i gonucl eoti de
‘probe may be | abel | ed(@l t hdebaymsninabtlee | Jabedl kafowpeai frilge bdmdingui t abl e,

T or ek bR ATELEEe L Bt yoh ) el heron Tessce

in steps (c) and (d},
wherein the level of specific binding is the
difference between the levels determinéd under high and
low stringency conditions.
15 .

Preferably, the unlabelled oligonucleotide probe is
present at a greater concentration than the corresponding
labelled oligonucleotide probe. More preferably, the
unlabelled oligonucleotide 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
any suitable label known in the art. Suitable, non-

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

30 carboxy—2‘,4',7',4,7—hexachlorofluorescein (HEX), 5-
carboxyfluorescein (5-FAM) or N,N,N',N'-tetramethyl-6-
carboxyrhodamine (TAMRA), tetrachlorofluorescein (TET),
radioactive labels, eg. *?P, *°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

SUBSTITUTE SHEET



'Red, phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAM, 2',

7' -di met hoxy-4',5' -di chl oro-6- carboxyfluorescein (JOE), 21 June 2006

6- car boxy- X-r hodam ne (ROX), 6 30

carboxy-2',4',7" ,4,7-hexachl orof | uorescein (HEX), 5- carboxyfl uorescein
(5-FAM or N,N, N, N -tetramet hyl -6- carboxyrhodam ne ( TAVRA)
tetrachl orof | uorescein (TET), radioactive |abels, eg. 32p, 3SS, 3H, as
wel |l as others. The |abel may be a two stage system where the anplified
35 DNA is conjugated tao biotin, haptens, .or. the Like havin hi gh
affinity bi R ﬂgd%'é??ﬁ‘%t?fe PPy diT:%‘,e 3&&’&% ey Lt FB’&&P@?,%egt £9, fiere the
bi ndi ng parbhebots 6DpnfiugadrihGURIHOH e PiebEs2]1 Admer26@6vélyo &he
detectabl e | abel . _The. | abel . be | . . .t he
oIigonucIeoPPag 8Fo%gégoﬁw?%§$g%$%éﬁ§£&#%gﬁ£%%éﬁ“gﬁgopgggﬁgégggEP e probes
used in.theibhybabeltadi oso as tabaldaporsteadheo liapedr gotat hehe | abel into

the 5 hy, rigkggghgg?gggﬁsﬁ%?gég@ferably, the label is either TAMRA or TET_

It will Dbe preci a ose skilled in the art that 10 nunerous
ol i gonucl eoti de probes can be utilised in the nethod of the invention.

Preferably, pihe«phi,g9nNuche0i hger PIHhS: dise EWRIAG A @345 or  Nsmil56. 15 Most
preferably, the oligonucleotide probe is either 5'-GCTGCCTCCCGTAGGAGT- 3",

5' - GTGCTCCCCCGCCAATTCCT- 3", 5'- TATTAGCACATCTTTCGAT-3' or a conbi nation of
these 20 preb@sill Beaappuethadspeasy , tlidwe i shadDdA s das ahaet hod
according to either tge firs% sg&gnd Qr thu{d as%}§lf§edpﬁpthgyention
furt her L€ onBHIEFRYSt RETIPRECHECEHET iF %5 GHbAT o Honsshad

ol i gonucl eometdofdr ofiethe fheestiguhe,

Preferably, the oligonucleotide probe is Eub338, Arc915 or
Nsml56.
15
Most preferably, the oligonucleotide probe is either
5' -GCTGCCTCCCGTAGGAGT-3"',
5' -GTGCTCCCCCGCCAATTCCT-3 "',
S' -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 oligonucleotide 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 level 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

SUBSTITUTE SHEET



‘wher ei n sai d nonsense ol i gonucl eoti de probe does not bind to the target
sequence, but binds non-specifically to cell conmponents. The4l gyelo08k
non-speci fi ¢ binding of the nonsense oligonucl eotide probe is subtracted
fromthe 30 level of specific binding. Preferably, the nonsense .

ol i gonucl eoti de probe is added in step (b) of the first, second or third
aspect of the invention. 35 Mre prefergably, the nonsense oligonucl eotide
probe is added in step (b) of the second or third aspect of the SUBSTI TUTE
SHEET 21 Jugg 910@ invention. Preferably, the nonsense oligonucl eotide
probe is |la Y¥ed "With the same fluorochrome as the ol i gonucl eoti de probe
5 that specifically binds to the target sequence. Mre preferably, the

nonsense ol pgopEhSPy ] d@heprm?sér%@%ééggb‘m@o@adér probd w%stla%qﬁ%aabl Y,
t he nonsense probe i's either CCTCA-3' and
5' - CACGAGGCI&M"T%A@@S luggpqhrange afettde P&ﬁ%’é‘?ﬁ&&oﬁé%r PEé’H’eher ein may

be used g0 tB&ti ggatifycalyy BiGld cAAHE: idaglgedi RgqteNAe .RNA, or genonic
DNA, it preferably detects RNA or genomic DNA. Mre preferably, the nucleic
acid is RNA. Even nore preferably, the nucleic acid is rRNA Most
pref er abl y, Mot&epnetéealsl geithe sndribfenrddNAal i20nilkd esaiiglee privbebd st est-ed may
be pretreatEd befgre q&aly5|s by any techni que known in the art. For
exanpl e the cel?s of the’ sanple can be killed wi'th disinfectant such as
par af or mal dehyde, and treated with organic solvents, 25 surfactants, or

lytic engymagstopenbapss: | hecperimaliddd Yorobe is either
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(s). 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 comprising 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 specific binding of the

SUBSTITUTE SHEET



of the cell walls so as to facilitate the passage of probe(s) into the
organi sn(s). The cells of the sanple can be purified and congepiealped by
centrifugation, filtration, sedinentation, flotation, electrophoresis and
30 other nmethods. In a fifth aspect, the invention provides a nethod
according to the first, second, third or flourth aspect of the invention
conprising the further step of determning 35 the |level of |label in the
super nat ant arafdltdate ieforture ectarmia eyrcared subtracting the | evel of | abel
in the supernatant fromthe |evel of specific binding of the SUBSTI TUTE
SHEET 21 June 2006 9 | abelled oligonucl eotide probe. Preferably, the solid
residues in the fSamily arthe emovied rapi dmst riirf (gt isndre fa1e rEanevednd t he
fl uorescence, e e or [ i\ ' or
filtrate is r?égséuérﬁegﬁi%ggsgoiﬁosrpsﬁl Ay ltvdﬁfe%af%d? %ﬂ?lﬂ%iﬁﬁe’that t he
t echni que§ dilspigwmardngeiar rRdinadised oh dhy-he FRRFETRF e, for
exanpl e, an gnvjidoentdlyedmaispl . veterinary, agricultural or

bi ot echnol ogi cal sanple. Preferably, the sanple is froman environnental
source. More preferably, the sanple is anaerobic sludge. 15 It w |

further be appiesdas atkbyl ddose wid ldrad Wil lt hpprdeidtatehidre tleehni ques
di scl osed herelg ma beé$sq: for,the .detectlon(ﬁeéiéguralhg

of
i croor gani s of JSRRHESEY % WHhI S Y &b y, the
M Cr oor gani snmsampicd Udesr (eamoimpran eprasenteriteds, afeddweali crofl ora of the

[ntestine, rUiBi, QLA Cal e, AN AU Gl Jid ddobaghsrd 8.
Bact er oi des spp-, oSt T i um spp., | BaC|]Ius spp., Lactobacillus spp. and
li ke organi smereRsralh)y i nche RBWPKE clro drifdhi FheE THH UHRR 2 LisBTFE t he

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, Bacteroides 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;

(c) 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



detectLon of_matg; quality, such as Escherichia coli, coliforns,

ent er obacteri a, ostridiumspp. and |ike organisns c) m ne
indicating soil fertility or the risk 30 of glodeterlgr;tlo%hgg g%pPESIOH
of soil materials such as heterotrophs, nitrifying bacteria,

sul fate-reduci ng bacteria, sulfur- OX|d|s1%g bacteria and |i ke organi sns;
and (d) mcroorganisns utilised in environnental engineering 35 systens
such as net had&es preabacter.ia, nitrifying bacteria, iron-reducing and

sul fate-reduci ng bacteria, filanentous bacteria, phosphate-accunul ating
bacteria and 21 June 2.006 10 like organisns. For the purposes of this
speci fi cati ofoirt tivel puposlesalfy thisdepsicadd ceffdrn: He world eorfraasing”

means "incl uding Ryl H t'?l%tt 't'h@ teddt 0co g?'i‘q.stl g Hé%n\épr‘(incqmrﬂgﬁ_%t has

a correspondi meani n LED DESCRI THE 1.NVENTI ON 10

practi ce of tnI‘Pg pAgdE |tm7enPF’§n EERS &Y€, YQHPes SOMRIHESA s& G5 dt cat ed,
conventlonaldaﬂﬁggﬂdﬂaﬁ@gﬂmaahangpelIular bi ol ogy, and reconbi nant DNA
techniques within the skill of the art. Such techniques are well known to

the skilled worker, and are explained fully in the 15 literature. See,
e.g., Sanbr o@gm@@m@dRIMImwmmHEﬂImm@ION Labor at ory Manual "
(2001); doning: A Practical Approach,” Volumes I and Il (D.N d over,
ed. 1985); digonucl eotide Synthesis" (MJ. Gait, ed., 1984); Nucleic
Aci d Hybro di sitd graqtB.de. dfarms &rSsiantl—lllgvg'lemlstlozo e@uasloyswas)lesﬁ ‘Per bal ,

oA Practi cal Qe o Mlaeulan, CoRidaednldB o) Aad Sabraciy et al
Mol ecul ar Aoni oratory Manual " (1989 Ausubel F. et al., 1989:

11999, " Qur r erfte 1RrEgT 6119 L8 VD 136U [ ERCBIY MGG EFRBEBISS T g New
Yor k) . the skill of the art. Such 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. Glover, 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).

25
Before the present methods are described, it is understood
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
dic.ates otherwise. Thus, for example, a reference to “a

microorganism” includes one or more microorganisms, and a



25 Before the present nmethods are described, it is understood that this
invention is not limted to the particular materials and methogse 2006
described, as these may vary. It is also to be understood that the

term nol ogy used herein is 30 for the purfose of describing particul ar
enbodi ments only, and is not intended to }}nit the scope of the present

i nvention which will be limted only by the appended clains. It nust be
noted that asgefisednber ebon“aadnualelie appendeduehaierts ist ke reiflegunare ftor ms
"a", "an", and "the" 35 include plural r I _I t
clearly dicOl&t 8% BPR&r frSe S This ,a%fjoFqélgfg%l%g?%al&%g%?}(ﬁrl%gloﬁ%nk?

m cr oor gani snhokrckudésd ednénotthepeetni endosgadiontrd,. afleszl dpfiaezD06 11
reference 1o 4,8, [yeLel 6190k ASRURNCEnd $odcreheiencartl (AR et
sequences and equi valrénts 't hereof known to those ski-lled in the art, and
so forth.5 Unheye dbki setie sEReiRgse asalconresii sadeasdoed &t o afer ns
used herein 5,/haug L hekIaTe iFERMNNGS ta% C WHTRR ¥ HiRdamSleond dY HNoRfs .
ordinary skill 1nthe art to which this inyention helongs. Althaugh any
material s an@lEBONGEs 2EVnTRACTIA 1EqGRFaMEN %o SEl é‘rdg’§cﬁqb’eld’ in can
be used to practheseodesestibedhéiepledserian eentsietn td e urtafeer red trestter i al s
and net hods 0 are now descrihed. ALl publicatio t i e
cited for thé ep@trﬁﬁ’?él\gofmarggl&li%’n D& SiESErSS) ﬁ‘;att ea&g%q%%éqﬁr(eeg%ﬂ
protocol 50 reagemow dectoradtesr.s which are reported in the 15 publications
and which m ght be used in conjunction with the invention. Nothing herein
is to be construed as an adm ssion that the invention is not entitled to
antedate su@ildipsdlds@tdang wientdensd meredn mrentGised 019 Fhfescri bi ng
the present i onf tdaesdaldio Rta taigr1RYieEy the wsad inragcor dance

with the definifions set out below, , .
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



ABBREVI ATI ONS 25 FI SH Fl uorescence in situ hybridisation TAVRA

Car boxyt etramet hyl rhodam ne TET tetrachl orof | uorescein PCTzﬁthggbgge
chain reaction 30 DNA deoxyribonucleic acid RNA ribonucleic acid rR

ri bosomal ribonucleic acid Tmnelting tenperature 35 DETAI LED DESCRI PTI ON
OF THE I NVENTION I n one preferred enbodi meéht of the invention, a sanple is
21 June 2006 12 taken from a source containing mcroorgani snms or target

nucl ei ¢ aci degrauences: aV\Ebh%cbh@oﬁeaﬁﬁen@amlb@@buganaamsea\ﬂ ItQIir@%Iﬂt al ,
veterinary, agricultural, biotechnolo sour.ce

preferably aRHELEBFC 2SI Fd§EWEBAES - a &é&?g ﬁgFeFOPfgﬁtW§¥tlBF3HFe i s
sanple IS thenvheshmﬂntbar tee eprieaenceagi-iauitaredr, ganosmchiled ogecal

e oo gan! S R LaTe 2RIk GEOIEORLE LBLARA! SN 0L bAXOUINERY Lol At ed

macr oscopi ¢ SFgRRCETN CRiCR the To egori es bacteria
protozoa.SV|auwestanwatgmbvmﬁatm&génpéa@t th@hnﬁkéamaﬂ?héﬁgﬁhephéested

preferable  F.oroacopnismics Lhosenheundibansayces described above.  For
exanpl e those m croofrgani snms found 1 n anaérobic sludge such as

nmet hanogens, eubacteria or nitrifying bacteria. 15 In one particularly

preferred enmhedi reRty, “Hl%r%%'a@ll's&” phelubeat @ﬁybﬁlﬁ.@ﬁ:@sb%tllcn@lﬁlénfllsm ng
with paraformal dehyde., There are other pretreatnents that ¢ used

i ncl udi ng fi PFnGrRECEEFELd Yoredas6r gag Bﬁ&PPlﬁrOfﬁapﬁs§b¥ﬁgﬁ§Fo%hﬁélng an
agent such agapatiaeldeydebactettal,i fuand ,t beokbkea, Ovieuspsetneat ment

methods include tregtment Wth Q43RG Although, the preferable

microorganism 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



sol vents, surfactants, or | ytic enzynmes to enhance the 25 perneability of
cell walls and facilitate the passage of probes into the orggm sesgokysi Ng

buffers are known in the art. EP 199, 439; Potts, T.V. and Berry,
Internat. J. Sys. Bacter., 33:765-771 (1983); Bonta, Y., et al.

Em
J. Dent .

Res., 64:793-798 (1985). Generally, theselbuffers 30 are between pH 7.0 and

8.0, and contain both chelating agents and surfactants. Typically,

a |l ysing

solution is &es@&&%eredh@et%ﬂg%nbfsmhutbamphavba@ &eﬁaﬁﬁdﬂpuﬁmﬂﬁﬁd and

chel ator or a. buff otro hi ¢ sal sol utd, Qnt ai nj
(such as SDSfO™ESH g ﬁg Yo &Rt Cand 1 éoglvglgﬁra%eta

Sestatst

tEllﬁ_lent

The use of eﬁﬂyma$1smchel&stNaph@r¢Bamuaaﬂ1@a@er(m¥$mzyhe) or proteases
"such as Protease K) will facilitate lysis and offer high quality 21 June

2006 13 results. The cells of the sanple can be also purified and

concent r a ed Iiny ogwtenr itcugettio, arid ranitdiy $&6i memoRt g, CroIIHE N,
el ectrophor egj;s n%raqeq@%rcﬂaefs%%%m% ! %19@@%ct1%o@qa%ctpr@uésqme fard he

t ar get m croorgani sm aqr nucleic aCIC’l sequence, ol 1 go ucl e%ﬁl

are suffici evihicdemyilenmsrmdemestery &oofdedeborics

r.obes that

it Gr e

utilised to hyrd Giree udiarielcd, twelfyefxalaﬂl;seurm@rreths gl‘pmtfremgﬂ@cymder
condi tions. lﬁ1 term.,"nucl ei c acj.d" refer g to Q?P rlbonuc

9 ST N9 <0 rh?,ns

ri bonucl ei c

O HEE, B AG A

CDNA, 1 RNA, umuﬂddxyﬁuﬂcmudlhacpemsmhamHnmemnwmhduezadldmﬂd aﬂkﬂ&hamne

that 15 o!igg?ucleﬁhlggs fq{%1 e a3 @% hdi %g&ggg_ ResS
od,” ‘suc

by any suita

%S By pariTication a ndt ur a

separ ed

pTy Sceurri ng

DNA or by inana rdvesyiritkeesi s.  For exanpl e, ollgonucleotldes are readily

synt hesi sed

t hose descri bed by Nara

et al., Meth
15

20

25

30

35

usi ng various techniques in organic chem stry, such as 20
n et al., Meth. Enz%nnl
Tl']gnmon @gtlﬂd@dlg:p (ti)g?gi)rt wi appreciate that

oligonucleotides for use as hybridisation probes may be
prepared by any suitable method, such as by pu;ification
of a naturally-occurring DNA or by in vitro synthesis.
For example, oligonucleotides are readily synthesised
using various techniques in organic chemistry, such as
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
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
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,
includihg programs found at the web sites maintained by:
chemie.uni-.arburg.de; genome.wi.mit.edu;

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

68: 90- 98 (1979) Br own,



Caruther, et al., Meth. Enzynol . 154:287-313 (1985). The general approach
to selecting a suitable hybridisation probe or primer is well), knowgsssee
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 inventidn are the sane as the criteria
for selecting 30 oligonucleotides for perform ng the polynerase chain
reaction ("PCR'). Thus, selection of oligonucleotides for use as probes

can begin with saof tware program for sel ecti.ng _oligqQnucl eqfi ri.ners
for PCR A nﬁﬁﬁgfe gFSlgﬁcﬁaBr %&Féhé%?&@%f“ﬁgbﬁ‘sné‘@ r'ci% ygglr{g %%?I i ne,
35 i ncl udi ngppragaass fbeuselactiheg BeR prtiesnwmi prabeeddsign typically
chem e. uni -. arburg. de; ,genaone. wi_. m.t . edy; _ al » +UNTE ; d gcg.com
21 June 2006%f5l goﬁ’étée??lgensggﬁcg}l% %g Ber %r%?ég%%é:n?gl f\c%%g,&%nmﬂh t he
prograns 3 or nselledti agiBCRegriemees, opr gisgiedesi gn typically begins with the
selection of a "seed" set of target 5 nucleic acid sequences or genes. That

is, a group of target nucleic acid sequences or genes, usually selected to
be different Theg diSesénIreur ©dnsirdsekt Pk 18d Gt ¢ A tIREUEIREP &nt ai n

sequences usgablee , 10sa%10K0RRS e cCRAV R BNl I £ FgefRes ,0ri &S e down 0
be different can be sel ected si lé % s%l ec%%%% ﬁes from the krijolwn

ni cr oor gani sHOPERASERES OTFGS é)?a%e hejr, khey, Y SAEETE i obfes e

of ten used f e gebbelsi.ng Cdmeidicna 13nd gAnelsaes;, seesieectds/ dnownitid éd he
Nsnil56 probe 151s often used far detect.l i f, 1 nas
group, respegﬁ%\f&rﬁntoﬁz@g S&CS %Sgﬁ%&%?%&g?es%%& éc}egaés}lléagseeg set,
the sequenceheoknohe gemecagenfisnstl ibramiesd | FAathexal 20 Yhghner as for

;gftc;i g Pc%uﬁfz%ﬂa%d R AR Bes ShANET @ tRACuMddE maspect to
a I cCa
ypbacteria 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. BAll 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



‘prinmers are 15 to 28 nucleotides in length and have 50 to
conposition. See, e. g., Innis, et al. eds., PCR Protoco
Press. San Diego (1990) at page 9 25 (the entirety of Inn
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ol i gonuc? eot!F88§, 15t henewbs sléjcﬁ‘f’e‘?’f?:e]s“ drhe g1 'ad& 3 'n BPFEGaTg By iadst .atl ons 5

(that is, omgel §tﬁéQCQﬁ thethe 0 40 Griaitiaitat)i.on and
3" to 5 orientation). The sequences are conpared in ever
conparison wusing a scoring matrix containing values of 1

the other in the
y register of
0 conplenentarity

for every pahe skqnantestade sympoted HorevesaChraghgitstrerofofcangrpardaon, the

score of eagh; BﬁSSOSI Fin§ORREY | 2 %ok ca r?gc{are SSU}e S¢

base pairs W |ve conparison va umred. T
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he maxi mum score

of all s@ch coo\ptlegaousrsegrrécnrsevwekemameqf 1Bicligotyiglyl styarlaf. cdiguari son

petween the SeRULBGERLerdBE CLONDERI LR, tidlscdld o Qldap"
Conpl ementarity at

bAJGH i,Ng score.

ends of the ollgonucleotlde sequences has a

parti cul ar| FOrRPGASPRf LaefeeBRIPER. | TRRICKPIRT ghrrdciqumigibase
formation. Pheref @ieh pB8itive comparison values are summed. The

maximum score of all such contiguous segments,

taken over

15 all registers of comparison between the seguences,

determines the total “oligo-oligo” annealing 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 sequence, 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.

SUBSTITUTE SHEET



*20 maxi mum score of all contiguous segnents that include the position of
ei ther oligonucl eotide sequence, taken over all registers Oﬁl%ﬂﬁg%bbﬁ

is separately determned as the 3" oligo-oligo annealing score over
the score, the nore desirable the oligonucleotide for use as a probe. 25
Al'l other factors being equal, the oligonucleotides are ranked for use as
probes in order of their score, from |quest to highest. Oice an initial
group of oligonucleotides for potential 30 use of probes has been

gener at ed, program for se|ecting PCR

t her nanuall use of
primers, anEhHﬁs ﬁﬁtlStHE ?F?gi? that ?Qﬁt?ﬁ%ﬂﬁﬂ&?1QQE%QQ§NPQ%?further
tested to sellechgatgmpupadhresigbrhih edbduiessPabii onkeathnythewi, t ahle for

use in the |nvent|o st,. il IS desj rabI 35 that the.oli ucl eot i des
sel ected fol*°thePp gﬁ bagvtéha%'reﬁ? ng- tlrrp%r at Ut e e’%aw’ﬁﬁ P "\gqi%ldbgr ees of
one anot her abSUBSIFfCI'UiﬁE SHEE o tde1].un V200 foke "ﬂmienabllys phef er abl e t hat
the oli nu i f one

99 gh%%hﬁ%ieﬁ Yﬁeg”‘éh&?ﬂ& ﬂ%ﬂ@%@% n rﬁ’)&erat s r&

anot her, e mnthln

era
about 6C of ababk 6?‘Ee‘?f T=Eh e pr éﬁcatamrffem@lsuolthgométem des shoul d

have mel ti ngeh@@&atawgeﬁlmtBénmalbwtaﬂ&l@fz%_a@f ehker ocMast. prx%f erably,
the nelting hé nper at ur es mﬁlebe W hlg}ﬁ out. 2C of each ot her. wll-
t

of ten occur “iat OfEePsOgrpri Eipt 1o bHt L@kt dio QﬂqiﬁﬂuﬁﬁQRHQQes whi ch
meet al | th@l(it_;bﬁhc(lébt@ﬂbé ahflchnmd&c Whl Chtled | oted her iveriad earwd tilti n 2C or

4C of h th T f I | eotid
undgr © nS|h étﬁ&1y§FCEh8|E@?g%§¥ﬁ&{ﬁglﬁr‘ﬁ%fﬁTdﬁguﬁg éafﬁﬁc ggﬁh S?oup
consi sting G&pabagdyuchewbvdes whé hTasso fint lad orugnnﬂmmﬁbﬁxﬁesuﬂndﬁﬂun
These 9r°“p%o% Qlelr%g%' %?Ethd8§u§§ew 10 chgsst ymcheé igijéh Js Wl

frequently b eratures can aiedlu5|ng t he
near est - each group con31st1ng 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: 843-
853 (1974)) as modified slightly by Rychlik, et al.

20 (Nucleic Acids Res. 18: 6409-6412 (1990)) and the
thermodynamic parameters for DNA nearest neighbour
interactions determined by Breslauer, et al. (Proc. 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

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

SUBSTITUTE SHEET



nei ghbour nodel of Borer, et al. (J. Mdl. Biol. 86: 843- 853 (1974)) as
nmodi fied slightly by Rychlik, et al. 20 (Nucleic Acids Res. 18:;6409p6412
(1990)) and the thernodynam c paraneters for DNA nearest neigﬁ%our
interactions determ ned by Breslauer, et al. (Proc. Natl. Acad. Sci. USA
83: 3746-3750 (1986)): T ("-AH (AS+Rx Int7(c/4))-273.15 + 16.6 x log [K
(+)] where AHis the 25 enthal py of helix formation, AS is the entropy of
hel i x fornmapieRotinral udiing. ahel bx Eaivtirali anfielR beathebisl arogasms,

constant (1.987 cal/degree Cel siusl ., _and c_ s _the i go_cQ ration.
These caIcuI§PF8n§SaFE%aP§8lﬁnioFﬁ}gghégnBSPF 8FaﬁS§tT8§%ﬁD§rPCB£§??go
primer sel echiregraf, pwhgrands madeudivaglebéeobynbhe of Sho¥etdisedssed

above. Secon nce.a grQup _Q (o] ti O h n_selected (either
by a progran&@?gﬁEHESFlﬁg,%Fﬁétgo%gﬁth %Foggéd gﬁ%ﬁﬁ% gg’pggoritised by
simlarity adakwyniioadedr £35mohichanndheotihdeovyBaRSEre StherapuUcd many
(5-5000) cDNAs | .owt f.ar IS (o] P u ot j4 Sipplarity
anal ysis is Brs??é’%h‘g’r %ﬁgt“ﬁ%dlz?‘ﬁ%thﬁgqgrgtg ‘afﬁgéir gogogtb ?ntéﬁ%ﬁ‘éﬁssm TUTE SHEET
21 June 2006N&Tlpachdr fed UESRY B8Ry 8R44evérll (WP88)yaFarrasreTpr ¥§tins,

such as the %%%iryﬁn Laeal ¢AlisgnmentoSeanehriagk,. or "BLAST" program which
is made availabl'e by the U. S. National Institutes of Health and can be

used online at, or 5 downl oaded from nchi.nl mnih.gov/BLAST. O her such
progr ans; ¢ nchudedFASEAL EFeehePeartean iand piopran i sPpae feMabll yAcad Sci (USA)

85: 2444-244 1988) and Pear son th , e (199 e Bl TZ.
10 Third, eagﬁggﬂ%ﬁﬁg%pgfeﬁtngtgfgggsnfgﬂégg}éggglgérﬁgﬁr%gigééétola
synt heti ¢ nudlfeiit adisghleysgen roedetegenraage PLi hydirdglizpgs ign -adequat e
range of hybridi zation. Al though the sequences which ultimately becone

probes 15 originate as sequences conplenentary to_a |limted set of
Although the sequences which ultimately become probes

15 originate as sequences complementary to a limited set of
the nucleic acid sequences or genes selected to be the
vseed” 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 ofqthe 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 practiticaer. Accordingly, once a

probe set is selected, the hybridisation conditions to be




the nucleic acid sequences or genes selected to be the "seed" sequences,
they end by being able to detect the presence of virtually agy Ruchesc
aci d sequence or gene. Mdreover, a |large nunber of nucleic a0|3 sequences
or 20 genes can serve as the "seed" sequences. Accordingly, the particular
sequences or genes selected to be seed seEyuences are not critical to the
practice of the invention. Mreover, it is anticipated that nunerous

ol i gonucl eot hgsg Wikh WoRk bobhe saet QQQ% afvtheo 85 haverkiiged.Once the
practitioner erstands the concept of the invention as taught herein, a

| arge nunber of probe sets can be selected by routine nethods to functlon

:n thed30 WEEMQS ldb@'ég'hltlnl&?ﬁ@hn 1sTe@swen&@ﬁ|tu9edohet bmpllm\zelauuqnh| s not
imted to the selection_of any one particul ar The 0o tlwum
hybrld|satloﬁyEéﬁ&iﬁV0n§hFod&§8rﬂﬁnﬁﬁéoﬁefﬁ088n tSF Pﬁe%V R

vary depepdln@eoprbhe @@ttnmuhapleet1mbsptobasgcbupenfbﬁlshanpﬂaat|t|c |er
Accordingly, %pe set is selected, the hybridisation conditions to
be 21 June Zﬁﬁg fécu e& Wi't h t hat probe set will have to be determ ned.

This determ nation is conveniently done enpirically. Typically, the

det erm nat i 0gyeS ?1@1%%%% Y P L i @%%&B&@&gaﬁl%% Bt kRl times to

a group of di'ssim nucl ei ¢ acids. The conditions under which the
hybri di sat i oRessr StrddeentedoTs EAChgENCCRSF 1¥8c RYStddadsetderhy pritdilsat i on,

until 10; §ondidhaRs odlse arRAGRatheadehqehi czhlfmrrb@mbe@fs bhte tmreolperob@et
hybri di se to a substanti al i on of the nucl

propO%% Q0 o g %%fh I 1t
di ffering | eWélts NIPLHIRESRs ity AR tars 1 adp BYEPRA &QPOS d &
hybri di sati oaca@rgi aindnsvittt: e ffeed ngnéededsl pfbandenenmynmlmm@xfeor any

particul ar p%%% %ackground 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 cDNAs 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 cDNAs; in known
positions. One member of the probe set is selected (this

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



The determ nation usually comrences by selecting the sanple nucleic acids
to which the probe set will be hybridised. Typically, the nuglgine 2@ekds
will be rRNAs (for ease of discussion, the text beloww Il refer to the 20
sanpl e nucl eic acids as rRNAs, although other nucleic acids can be used).
It is desirable that the rRNAs be choseni®o be dissimlar so that the
ability of the probes to detect a variety of rRNAs can be confirnmed. 25

Conveni ently rfa%%ltBH%%rG@nc SveRaserehr amd ke UnicGeneg %@n{p%cxtait%é)fof
libraries so that each one is known to be froma different gene. The

nunber of cDRAS BEE®SsHEGEEMIREE -he M8 LgRSalt cTPEE tHEShe® BE but | arge

enough so thatitheepr aet ichilengktedn bgbsehvdadid kefendend rbaty'emﬁd&g 632
affinity. Usuall, bet ween (E]‘H%Ut 25 and abaqut 1QO0 c¢DNAs i.s i cient for
these det er mMPRELISNERITRY TIPS OT®) 1588 bt S xises S Typical |y,

t he cDNAss ar eo'h@pdtsttete_l;" thie prebefac@refeaably,otder edNAaSicon whicH dartra an

array wth the in pPQsi ki - e set is
sel ected (t hifs © ((:earvi’age ggﬁé’%at lrsa(r‘;t.L or%th(;&%%l &Qgﬁhgfgt}% hoseg)erfog{ﬁfehe 21 June
2006 19 practiosi¢iee sonsmabaingnte) pawdt idee anslicingg trepyesENiiadofl0dthe
probe deter %&%@mw%'atllw keMReLaklr 6% CRRANRS £ 223 HgBLRA-1Qf1 LAl i Ated by

st andard equati ons based he purine ‘and pyrim diné conposition of the
nucl eot i des B &6HpEPEPFg the probe. Preferably, the cDNA from which the
probe wagpderived is included in the array to provide a positive

contraband to provide a signal, repres 100%_ hybri di ion fo assist
in quantitatifg RYGESE &6 gRd tig lé’tﬁ’éﬁtb&%ﬁﬁse % Z\@\egs‘“ét Tnitially
“hybridi sed t(fatlhﬂyCBN&inlg@dﬁr cohalitliynst rtlongﬁm\rlmndal tdtens ity pradvitddeata
starting pOIn%th H@Ef& 1@%%&%%?%%t%%% %%p%%%e%%%%?%e%fg%f%f%éHHfiCant
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 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 t%e 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



degree except to the rRNAs from which the probe was 15 derived. Typically,
the first hybridisation is conducted at about 5C bel ow the ngl{in8%006
tenperature of the probe, and the hybridisation of the probe to the cDNAs
i-s then determned. Since it is unlikely that the probe will «closely

mat ch the sequence of any of the genes (&{cept for 20 the rRNAs from which
it was derived and related cDNAs that have identical stretches of

sequence), 'fofstﬁéﬂﬁcéﬁgﬂng@t hybbidikhtneh Bybuildi be tdoaediygnbtibadt
degree to even one in the ﬁ?mﬁ% d¥r|ngaégls first

hybri di sati ofS n%R%@p?bPS? W E r RREBeFFo Eh 1t ° derived. 25 The
hybrldlSatlOaligohb@mebemaabedevbut1ﬂﬁthethptamaéabongltﬁenpefatuteereduced
by 2 to 5C and t he h ridis ti ; w t at ur e
det er mi ned. BhePEHcRE B?Qrégﬁ ﬁﬁa?efoeraﬁg$§§aﬁggdé?§P%§hi%gng%ﬂa

hybri di s& i ons3@ltgnbentibs uasblthhe phebephasabeeanfotadneo fpybiingi se to

bet ween 5- 40@6%88tia?hayfaﬁgoﬂhth%% ogrtPﬁrgguﬁgo?%gsenhybrWBEgaglgggge of

intensities € sane procedure 1s r the next probe and
so on, until fopt thel prhpsei drdainenisbadrarbnénfavédaénggerer fRRe®Sf or al

the 35 prob §rr£gdtBﬁtpggbgﬁehéﬁﬁebﬁﬁﬂeseb@@b@@eﬁatﬁﬁﬁ|Ehe bB@b@@ndlthﬂS
21 June 2006 20 for their optinmal ¥ﬁﬁgd|sat|on shoub ge clos%l t ched.
As not ed aboVétﬁﬂﬂhtP@sEééPPtér?hé £dt BB 3oVRYoHTEFEoPEIBS FSel8R™M f t he

opti mal 1gondibi pasdfieeihheispedabesoar eanat otentical for all of the probes,
it will 5 usually be the case that the optimal conditions for the probes
will fall into two or three groups. Hybridisations for the probes falling
into each indhviHeaprgroupecaf bae ¢avenedoout aateshensakeici meidprovi ded

that th hi t h
loato bg g[gt .eﬁa%}.wé‘ eg“fsr gﬁ]l%gmi% pg%ﬁa@%khe@ol O a18a%cWRHeR P Glctibes ot hem

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 backyround so

that the practitioner can confirm all three



lL.n the practice of the invention, a test nucleic acid (such as a sanple)
is hybridised to at least three nenbers of a set of nuclei CZEiCjqu Jdopdch as
a probe set), including 15 a nenber having sone percentage of
conplenmentarity to the test nucleic acid,.a nenber with a | esser
percentage of conplenentarity to the te§ﬂ-nuc|eic acid than does the

first menber of the set, and a third with a still |ower degree of

CO”D'enentarblygoﬁb@lBME&BQESE&V@nﬁoah@ 26 epaneseednatlthe hicgder end of
the tenperature range (for exanple, at 10C below the cal culated Tm, and

repeated at successively |lower tenperature until satisfactory |ow
stringency condiki aesiaakleebobrddubhagothskikktkngwandwdemrisgt uskactfory

| ow stringencx condLyl 9038 gcteaehel T6apnel bhie Har achucke! caaids bind

to the test egree of rntensity proportional to their
respecti\e degiéestbe cDNBIéwemtahupy eachhprobst wagcleiré vedei d TRd¢ above

backgr ound. g?g i %335 V\F?%'EEE% gbnthe1Sebr Wobs h?%rhuq@%%tlo%eqw of

conpl enment ar e 30 greatest intensi er. with the
|nterned|ateeaéégpééb@ﬁ ééﬁppéﬁ@hFérHP?HEFHG§1ﬂPtH aﬁhﬁnFéﬁ y 58w  t hat
of the nost geppheppRL-any sBRABAE.0f the set but higher than that of a less
conpl enentary nenber, and the |east conplenentary nenber binds with | ess
intensity than 35 either of these two menbers. The |owest intensity binding
shoul d stg | | The Qb&ubwgugsbableoa$ abawelbkaclkdr acnd ssaringeat t he

practitioner_can.confirmall three 21 ne 6,21 qli u es have
bound to thehyg§ﬁ%ﬁ58Fé98 SOPG P s §ES|ra%3eb%oP%e uggn%5?he testing and
“during use obrobke tpnahcﬂeobeaseﬁStofln@t@d@sas aAd vt refte e dourucl eic 5

aci ds the CD%; @E gggae%%hvg&y%g%érg%%% tHhich aREOVSARS a positive

control for tion each probe, and permts quantitation of
t he signal fﬁ@ﬁﬂnéﬁﬁérCﬁ@@ﬂﬁdp§§tﬁ@ﬁsthe igh and low stringency

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.SM
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
6xSSC and 0.1% 8SDS 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 th; desired
hybridisation while permitting discrimination of that

signal from any background which may also be present.

35 2. ' Exemplary formamide conditions. Prehybridisation
aud hybridisation are conducted at room temperature

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



10 The follow ng are four exanples of non-stringent hybridisation

condi tions which can be used to hybridise probes to nucleic -A¢jds Rbs
interest, illustrating four different ways of varying paranmeters to obtain
non- stringent conditions and the high and | ow stringency 15 conditions
enpl oyed in the present invention. 1. Thé&2nucleic acids of interest and the
probes can be incubated overnight at 42C, in 6x SSC (that is, 0.9M Nad,
0.1M NaCItraE@lut@&ntﬁahgbGEdSSC%haE ESrm@mid&beaﬁhSQO FReo#, Tris (pH
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bel ow t hes cabcrulaat etlolim 1of tphebemtg@ﬁﬁ@lle@l@dethﬁ? cakssateddlo: 1BHSDS.

The actual ggqes&akahg ga%ﬁf@ hg ha&ﬁlunkgkécgﬁeetaEBeuﬁeltheaaaltornanlde

concentrations, and ca tested 30 enpirically I; t he net hod descri bed
above to det endi ferinamiges sPNSPAEESLYO8FgnaRd §a8b 8i hedtefom t he desired

hybr'd'SatIO@mWHkE%aQQPWbQItﬂQ %b%ﬁbd”ﬁ@@bk@ﬁedfabb&é tslgéabrhﬁﬁﬁlaﬁy
background whi ch rmam ge condi ti ons.

so _be present. gg gxg qLm
Pr ehybri di safi §ﬁt1§fP&tW¥r cdeDadi §F 8PE2&8R Iife'(ﬁl room t&nper at ur e
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sol ution corrposed 5Q0% of _for 2 S 1% of
Denhardt's, TOHGE &&QT Y. ﬁ%%bugﬁd;‘@gf% nggwgﬂf‘b b gﬁelggﬁ)éonduct ed in
0. 2x SSC, 0. E%e=SDS8,. @t Deohrrdtt.o BA6Chyst. BBsut Coomt 0235C64at (AB64Y 711 to
25C, 5 or atcﬁqgghp da@%q AxGrbelowthe @@bqulaaqd £0g Yh@ssactual

t enperature use e I'nto account the sal and for nani de
concentrations, and can be tested

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, €. g.. Church
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.EmM sodium
phosphate, pH 6.8,1 mM EDTA, 5% Denhardt’s, and 0.6% SDS.
The wash is 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



‘enpirically by the method descri bed above to determne if a satisfactory
signal is obtained fromthe desired 10 hybridi sati on while penmhkixags
discrimnation of that signal from any background which may al so be
present. See. e. ¢., Denhardt. Biophys. Res. Comm 23: 641 (1966);

G llespie and Spigelman. J. Mol. Biol., 12: 829 (1965). 15 3. Modified
Church's Procedure. Prehybridization agd hybridization are conducted at 45
C, in a solution of 0.25nmM sodi um phosphate, pH 7.2, and 0. 1% SDS. The
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- described a to determne it a satrsfactory Signal s obtained fromthe
desired hybpegidstiog dasceiminpbiant of nghat seignahafron afyt hat si gnal

from anys backgeouidaiheBnTRKyhi8obEePpesEshe See, e g Church and
Gl bert. Proc. t1. Acad. Sci. (USA) 81: 1991 (1984). 4. TMAC conditions.

Prehybri di sati on and 30 hybridisation are conducted at 45C. in a solution

of 3M tetrapethilsamernod) ehkothdeufatVbe’ of BmliM BAGZEdNHN PRRSPhat e, pH
6.8,1 nNIED}é, 5X nhardt' s, and.0. 6%, SDS. gf‘ma h,is_conducted in a
sol uti on conRItneI3MPEVREIIBBUCERPFIAS: PS % gneq inolaep_pehi about 9
to 25C, at allayt N8&l1ll0Akrdda5Resat 16bow632114660250(988) . at about 12 to about
25C bel the calculated Tm The actual tenperature used wll take into
account "the salt and fornam de 21 June 2Q06 23 concentrations, and can be
tested enpi Megslong o tshaellmenholiedestrwbell abpveciatdetkani mem¢fous

sati sfact Orézeﬁiufi’&%'ioh% ehhahpethaik Ot Pﬁ deShbeHa LY ORI gksé‘é&\ﬁé‘ﬁﬂig
permtting discrimnation of that signa ?ron1any 5 backgr ound Ich may
al so be preg@st 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 formamide, for
example, is reduced to the following equation: T, = 81.5
20 +16.6 (log Na') +0.41 (% G+C)- (600/oligo 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) employ low
ionic strength and high temperature for washing, for
example, 0.015M NaCl/0.0015M sodium citrate/0.1% sodium

SUBSTITUTE SHEET



Iln this nmethod, the calculation of Tmis based on the |ength of the

ol i gonucl eotide, as defined in Jacobs el al., Nucl. Acids Res.; 182006
4637- 4650 (1988). 10 Persons of skill in the art will appreciate that
numerous pernutations can be made in the conbination of tenperature and
ot her paraneters, such as salt concentrat2é4n and the presence or absence
of organi c conpounds such as formam de 15 or DMSO, can be used to achieve

non- st ri ngenty et iseNFadfor(dise iat tshecpresent) i avgnbioaurlhg ef fects of
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stringency Copfirrons S&diMAiod hasdrvaltRf RRGMGpeam brdetseg/med., The
term"stringent conditions” as used herein for hybridisatjon or annealing
of nuclei ¢ adi-dFDSeuEds 39 % &BtdaTy U9 Hatkies aitn\?l@n'tji'owlﬁl“ew?ﬁ 88 fhat (1)
enpl oy |ow is@nrccist vepgkhsgudahbgh.tienpesature for washing, for exanple,
0. 015M Nadl / 0. 0015M sodi um ci trat e/ 0. 1% sodi um SUBSTI TUTE SHEET 21 June
2006 24 dodecyl sulfate (SDS) at 50C, or (2) enploy during hybridisation a
denat uri ng agxempsualy asderaramideldd orl igexems ¢ha0%rey dlt/ Uslast alamuti de

wi th 0.1% bovige, SAUE ANIY Aot BitP el LUPUNGRIPHAA I4Rne/HOM
or more contiguous residues of DNA of the present

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, Arc9l5
30 or Nsml56 probes are used. i

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.



S citrate at 42C. Another exanple is use of 50% formam de, 5 X SSC (0.75M
NaCl, 0.75M sodiumcitrate), 50mM sodium phosphate (pH 6. 8) ,510;,1%00$@gi um
pyrophosphate, 5 X Denhardt's solution, sonicated sal non sperm DNA

(-:50g/ ), 0.1% SDS, and 10% dextran sulfate at 42C, with washes at 10 42C
in 0.2 X SSC and 0. 1% SDS. Exenplary prokss include oligonmers that are at

| east about 10 nucleic residues |long and that are selected fromany 10 or

nore contigu |, dyg h e 1 1y, th
e i TR R A T - T S

present |nveﬁiuoneatsotcbﬁbeh§Ia@e% PP obBRr t PR TRALR, 150 nued ei ok acid

residues | ongor kgrgeramThemer samrakianhiednen1the .ar Biviclin-appreadieat e t hat
the probes o the present invention |nclug ollgongcleo e, 25 bes,
si ngl e- st r angealpPbbess @adnnPe- sEFARBRHR hFALEREAnHNA RRIA %&gb8¥ gﬁg

g;gbes f%ﬁ F@eéMHi @ébsgg ﬁicﬂrerkﬁ@M@tlcﬁpbeﬁemyaalahhé énepmatsaurce. In
particul ar rred e I men 1 3 56
probes are u@@ﬁgsCiFBGnEPFg? g%bes%%? ?ﬂ%nggge%¥§P%%e% |o§eg%8§?§%elled to

render thenlaeadrlyyﬁeﬁémeabhen | nsone pnéfeatritdg wadndi FEARL, ashe

0||gonUC|EOt'd8 PS% a%%dkgggggfgoMEEQ 35fi@%@@mégngEElubEe@hEthe

appr eci at ed tRat 8e ect a sfmy bé any species or noiety that may
be detect ed spethepmetsualﬂymenomﬁtﬁrtheuaiﬂeéﬁeaﬁelﬁ@??ﬁﬁ@ﬁ?teﬁl 3tfe 2006

25 Commoy Q#y Uﬁ@dlgFEeCt@?ESOE@Q?Eét§H@FF§Qb8§C&5% 2286 bkl uapesceat | abel s
such as,” for exa IC, FAM TET,. T NRA and

2p,
the |ike. Bi®ith- neménpéateﬁﬁébéetﬁ&é@r8§ﬁeﬁé fRELYPELYEEd PAED C4F RNA

by such 5 teﬁhﬁﬁ@@@ésasaﬂHCKhbraﬂ&eatDQﬂgoﬁhéMbﬁahdanﬂrebéﬁnmbycalgeans
and t he I|ke The Ie?ellgd Rrobes tg

be labe eans o meng to a protein. Nucleic
acids cross-linked to radioactive or fluorescent histone

15 single-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 1is guantified

25 by 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.

S

Although the invention has been described with reference
to presently preferred embcdiments, it should be
understood that various modifications can be made without
35 departiﬁg from the spirit of the invention. Moreover, the
following examples are off.red by way of illustration only

and are not intended to limit the invention in any manner.



‘after hybridisation, using indicating neans such as a radioneter,

radi ospectroneter, fluoroneter, fluorescence spectroneter, IymReEMbLEr,

| um nescence spectroneter, and 10 the |ike. A igonucl eotide probes may al so
be |l abelled wth inmunodetectable fluorescent derivatives, with biotin
anal ogues, and the like. digonucleotide probes may also be |abelled by
means of attachnent to a protein. Nuclej acids cross-linked to

radi oactive or fluorescent histone 15 s?ggle-stranded bi ndi ng protein may
al so be used. Those of ordinary skill in the art w |l recognise that

there, are Adlhpatenttabfelikendenre orefpianasngifiaddiraaia Péves and

ot her SU|tagkﬁrgggggtggbgrbgpgtédthat are available for use in the
practice of the preSent invention. 20 Once hybridi sation occurs, and the

products of hybridisation are renoved by centrifugation or f||tration
fromthe hybkbﬁbgatnon sysbeant i bet i esredet arer i srad odetdbariyp drddior escence,

or Iuninescencg uantified 25 bé ﬁwégspondlng nmeans such as a
r adi onet2r, "SFRaPGIHEEt FBnBP_FTOPLGoP f1 uor escence spectroneter

| um nonmeter, |um nescence spectroneter, and the like. Oher methods may be

used to quan h‘fﬁ h8g, ggge!rsg B 9B6Sge | MELUA D h%% H¥ 15l Copy,

autoradlogra oresis and t I nvention
has been de@ageb@drwunhmneﬁeﬂéﬁéewaﬁbew@@%énﬁi@a%WQﬁQnHkﬁﬁﬁenbﬂaﬁhents it

shoul d be  ypgerst %%@hbﬁabfvﬁ"lbﬁuﬁlﬂﬁéi&h%ééQﬁlée&arttb@ é@tmg 35

departing fromthe spirit of the |nvent|$ Mor eov &yﬁéﬁ W ng

exanpl ex0ar €iged ded 38y Ohapasrirrraldsly %nlBﬂwV“ﬂﬁﬁﬂxé tended to

limt the l%\éqrmeor(plB@)aﬂy\m@aaaeélyzafdeﬁesa@@ma@ AlThepat ent and

literature references cite rein re e rat e le 1.

Quantit at i v&ETEEREERSH O Og gfé’r gt ﬁﬁ wSEPEERR N nEE TP U bard AP
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.d.).

Two 16S rRNA-targeted oligonucleotide probes were used to
analyse the methanogenic microbial communities. The
probes were synthesised with an aminolinker at the 5'-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 16S rRNA of Bacteria or Archaea, control 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

SUBSTITUTE SHEET



"5 et hanogens in anaerobi c sludge. Sanples of anaerobic sludge were taken
fromthe nmesophilic digester in nmunicipal wastewater treat nﬂg%ﬁbs The
normal nethod of FISH fixation was used: the sanples were 10 i xed 1 n 3% of
par af or mal dehyde i n phosphate buffered saline (PBS) imrediately after
sanpling. The concentration of dry matter was determ ned by the standard
met hod for suspended solids of the sludgge (Anmerican Public Health

Associ ation, 1998) was 20.3 0.4 ng of dry 15 matter/m (nmean s.d.). Two

16S rRNA—targeted ollgonucjeotlge rQbes were used tﬁ anal yse the
met hanogeni & %?E?%%?%IV%HﬁHﬂhﬁf'éggafﬁ€9lﬁr858§emerg §yﬁPH€§P§§atﬁPPh an
aninolinkeroﬁtuhh@béﬂlémubﬁﬁbéﬂﬁh[nné1HymiiﬂﬁsHEh6n(Spmnhegenwa§X10U S.A).

The Eub338 b f d f
e Hu %E g?f%ac?é??a % q%mz onceﬁg%ggg ?ﬁtﬁé tggduse or

the detecti eCause ito0s speci anrs in
this domai nlalbhl tegrpbebes al%owthMMﬂié@rn§¢E089DCNm9@tl©338 a-A-18, was

| abel | ed; wi inh%éle%n%yt@ﬁé ar%l%lgmqﬁm&e thywe&llzaep%salai%obe of

sequence 5' - is al so known as
S-D- Arch- OQEBeatﬁrQGtrs Tlhésrf'b%% WHiRsAkseruded epsype the geeedfichEycel |l s

of Archaea, oﬁag%rzse PEhASRgIENss dWid hes BRReQR ¢ndi Baskehg TBi s probe was
| abel led with 30 tetrachl orofluorescein (TET). To ensurep%ﬁit t he robes

and hybri di SREF&RIPr otBdLRe PRRFHRCH Rfd Ah&EX5GETH RF Spee Ffiypé“f’ £he
sel ected prabesr wehk bhedifp wRNA edcBacteid #1GH Aidhadea, abeehtql probes
35 were used. One kind of control involved the use of an wunl abell ed

ul - Eub343 probe, which had the sanme sequence as the Eub338 probe.
Simlarly, dhetberArgfdSoprobetveb @rISUBSHITURE SHEET n2hslemse 2006 27

unlabe!led é?ﬁﬁ%on 9B1Lh r€£&9&§spi&ﬁéiléﬁ“%f%ﬁ“ﬁﬁ@'EQMeOQlu%Eo%%E%Q%"ed

probe in th ri disation solution wa
as the main probe, but 1ts sequence did 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-Arc 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 the
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 nm;

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 emission
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

SUBSTITUTE SHEET



25-fold larger than the concentration of the corresponding |abelled probe.
It was used for strong conpetitive 5 inhibition of the hybridj;spiLopogf the
| abel | ed probe with the target. This was undertaken to ensure the
specificity of probe binding. If this is true and the binding is specific,
in the presence of an excess of unlabell &$ probe no or weak binding wll
occur, and FISH wll|l be absent. 10 Another type of control probe used was

the "nonsensgyn-REGRBusTHI rBROBEOVRS Eabehhed wikEhthbeosagndf knossebrone
as the main probe, _but ils sequence did not target

_ , rRNA. . The fgllom&gg
"nonsense" pPBbéSahefbiti8elerR BRFsakt LAyRM15 HARER2L aBBLPEYCHs LRI “RFt h
t he sequence]bbe1 CEACSAGEECANSETCAd 3duabtg TEfnthbehbad nsaAndnyi werehe
sequence 5' - CACGA T -3 , _The. sequen of the o] n pr obes
wer e not natéﬁé65§§ ﬁﬁy%85c£€?iiﬁ%i%%beiﬁﬁijk?ﬁg?%iﬁﬁ?%ﬁ 8 Btﬁzgeggpobes by
the m crabi ahm2@obi ohasSANAL)-bebebhsddBubd3@sprbbenonDepetpf Fbibi ndi ng of
the probes wijtbeLbe cel i,CoRpaneBhsy ThecaLas! Phel bUBEESCRAGE SPECT I Of
synchr onous uoréscence spectra were nmeasured wth a Lum néscence 25
Spect r onet er me8s80B4( PaAkVAIERABY, OUKPiNB1HBNEPHPHE LHe2 BdXEEARErat FOR of

the probe af g5 JRybpirdisat beBki R1LBeesBXABE BRALs@BH LAnkhelgontrol . The
em ssi on quoreg

cence _ spectrumof the TANRAEIabeIIed Eub%?? gtoﬁg ggs
measured fr6REEPEaE696000RMEAEI8AeRE FRFFBA2HATRI ¥AGt A - 8P/ 581 “Ant"80
Maxi mm g1 sgbaBeWRsadt oh83 fNEheOplrbbal 18l bbiuvkon, setithtin t@enm for

excitation and em ssion wavel engt g iﬁnchrog?u? fl uorescence spectronetry
was per f or re@CBGeRhEatdPRc FABARSs &d “ehaREi RECof "the excitation and eni ssion
*wavel engths with 20 nmintervals. The excitation 35 wavel ength was

i ncreased fr 440 to 620 .nm_ .t h > AL d 0,897 pLp-¢ d
CorrespondingﬁyPrFﬁgeﬁg$eﬁ€n5 ﬁhop§bﬁﬁggﬁggg§ réﬁgﬁgf 8? t he eﬁf??ed | i ght
was i ncr easethoSUBETETUPE SHEETough 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% y/v.
Final concentrations of the fluorescence-labelled probes
in the hybridisation solution were 27 pmol/ml for the
Eub338 probe and 18 pmol/ml for the Arc9l5 probe. A 10 pl

20 aliquot of the probe solution 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 experihent) 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



21 June 2006 28 synchronously from 460 to 640 nm Excitation and eni ssion
optical slits were set at 10 nm Maximal emi ssion for the |akefl.edgggobes
observed during synchronous scanning were 541-542 nmfor the TET-Iabelled
Arc915 probe and 579-580 5 nmfor the TAMRA-|abel |l ed Eub338 probe. Due to
this difference in em ssion wavel engt hs 2t%he probes may be neasured
individually or simultaneously in a mxture. The height of the peak

fl UoreS_Cence%%éSdlé)@ dhasarl ¥roconeekapednbeqnt fbekepk ehecorrel ation was
0.99) with the 10 concentration of the f%Obe in solution in the
F

t
concent r at i oh! FRFRRECANED 1BBSPRBIFHT : b7 eSBRhER iWa§iPﬁ§%y Pi di sati on
(FI SH was pgeéolnedsonosheyedfe60Coft Babgbahbest erhecht are wasrehanded
from15 10C to 70C in soqg ex&er%ﬂents. Thg.final con eg%ragigg hogh
for mam de i ntTPR PHBPREF sALF DT sbiGt 1 3R RAS 1 8B0a U v I B ASF Sc8AEBNEFSt i ons
of the flsuorgsslenceliabestencpr obeésntirolt Reabygbundedatponthel seilén were 27
prol/m for e _Eu pr.oeb rc9 p A 10 |
20 al i quot O#P¥%%e%$%%§esé?u??%%gmégtggggégl%agﬁggﬁgigbre%g? agggt#ﬁYOf
fi xed anaer obf cheimdgerobes5(@ washgatrdishedofroButher fLDCYERERACE, 10. 01%

sodi um dodecyl,sHbPhat ecorBrdM pTrh8aHGE, eRpeFiddinandylefemEo0fl olahgam de.
The m xture 1n 2 m pol ypropyl ene tubes was placed in a hybridisation 25

i ncubat or (L&BERRECRhAstruments Inc. IL, U.S.A ) with rotation speed 6
revimnifoor 4 h at different tenperatures. After the incubation the

suspension was centrifu a 00 for 15 mn,in an Eppendorf 5415C
centrifuge. The supern ?gﬁﬁmﬁgs}&ggﬂ'FEWQQhe neasureﬁ%gt 30 of the
concentration of non-hybridi sed probes (fluorescence in the experinent) by
em ssion fluorescence nni.n 21 er ien h oL es pr obe
before hybriHﬁ%ﬁ?ignl?mgﬁgoﬁ?Pg?ggaggggﬁagg.gP% gﬁébgcéﬁt§§PE%§9%§§@§P of

t he suspensi snletithebéfsed BRSHr bhccontrol 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; F. 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 sludge 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 * 0.02 pmol/mg of dry matter

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 Arc915 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



35 sludge was mxed with 0.5 m of hybridisation buffer and 1.0 ml of
formam de. This mxture v..:s incubated and treated as descrjbgd, gge
However, the solution of the 21 June 2006 29 probe was added into t
supernat ant before the fluorescence neasurenment. This control was nade to
account for the effect of substances, whith are extracted from bionass
during the incubation and interfere wwth the 5 probe fluorescence. Control

B accounted f@gnt lﬁ@les@Ilfssofcllla%@‘hc%ﬁ@e&btm@semgxtra@h@s abhskpBeesicThe

gquantity of hound pr.obe al cul ate omth qu resc ce |n
control A c&if PgBlna'&%%% g%ﬁ % Spy tﬁ S & iﬂl 10 Q=C
(FcA-Fe) |/ (cchpbaBhtX @hd wher ele@d maﬂ:ltercmfcamaleactoﬂoam: (sflutdge probe in
hybri di sati on solution before FISH (in control A), pnol/m; FcA and Fe is
15 the fluorescence of the probe in control A and experi nent,

corr espongli nghg, biimdtimeg @ﬁiﬂghaﬁlaﬂ dacdd Se prebes padty emeteaiob ike B liuglge
f1 uorescence h@]e%orﬁw%l%s deS off' Frre %&a&%&agﬁgb%futgf@ep%ﬂégwgﬁ the

i ncubation sa ry mat ter robes with
t he anaer obi dOSVI @(ﬂgéo\/\ﬁs7oaﬁlab‘-yt‘sé@$ rﬂct‘? ighanga® athded’ |3f0f°€r en

tenperatures Thes Ripd %eOfbltrmn%Ulé%3§aWtel%d\MAtﬂ&9t1@e d?i@a%ft \mcm ni mal
bet ween 10C and 40C, 0.10 0.02 nnl/ng of drg nﬁb , and
81ng. BYtp

had a maxi murh%b6t hEeMOBBEY afREFHEIC HIAging arQ?nﬁﬁfér (mean
s.d.). The Qlawmgdofpp@b@@h& aroobe’ ves 18 mmn@@mam@%me 0. 06

0.2t BT 81 0 K S0 IR0 12 ) 1R T UL 40 anc
shown above are statlstlcally S|gn|f|cantly different from one anot her.
The ratio of the binding of nonsense probe ns-Arc and
labelled specific probe Arc915 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 also 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.



The curves of the dissociation between the probe and the cellular matter
were simlar but not the same as the dissociation curves fortfigeMoBEi ds
of the 35 oligonucleotides with rRNA. This difference is nost probably due
tso significant non-specific binding of the probe with the cells under
tenperature, which is lower 21 June 2006 3D than the dissociation
tenperature (Td). This non-specific binding involves the binding of the

probe with celfe GRIRORENLS RNt heedepd JTatehioliagaeokite shiwiges 5 The
bi ndi ng of | abelled Arc915 probe w th_ anaerobic sl[;zgge under the presence

of corr espon&rR§euilidbe thed 3FREFe M Es PIogRsSE: Y86C-1A8Cat was not changed
at 10C 30C. Thii®) /pr.aeds tovat=3tshte dfi ntieng oakll abeldied , Ancdll s ipridlze-1at 60C-
70C i s nostly.specific binding t .t he bindi.ng,of t.his |, abe| robe at
10C-30C i s a)éﬁ‘c?n-aé’ﬁer&gfel ¢ agﬁlee Sdc &iise Splet(niq‘Ls:L Cngtlnfiﬁgﬁgbiot ed h%y%trlﬁgg'qsp

cor r esponsli ngpratleabaltlhed her ereertips o atlivcigef walse [Hiondidong of nonsense probe
ns-Arc and |a | ed €GifasC. A0 r 5 s te r I 15 300
was close to 015?)63%'13&0%0?& t4f)br°0?§- l(%.o%%(]%t 5 %181‘;1 C u% ?’tgliiu%(# é%ged

bi ndi ng of | apeididd ospdaicting photeidisiadioaddiofi §hal PYopesvés that the

bi ndi ng of ALILE1Bhd O rInf MRAMAHY & urSRORHREV . folszoheaaps@1t/igy Ricndi ng
of | abelled nonsense probe can onI3y be non-specific. The 20 non-specific
bi ndi ng of | & et teen s sy P3RS RrOPSI&pEnh fed 450 Gt W‘Ogr{mg ot

t enper at upe. dile ntadd thprofcHhenyoalse pseged.fi cal |y bound (hybri di sed)

wi th the anaerobic biomass may be eval uated also fromthe 25 dissociation
curve. The binding of the probe at a tenperature between 10C and 30C was
consi der ed t aHee omtirgped fliabdlilrdi mpnsEnise paybee iduedre sgewifmig of t he

f 1 uorochrone ,qr. 4,0, o LapnuE Sl idde Sravanca i L el prddatsa plasm

menbrane, or 1'ntracel | ul'ar conponents. i nvo
t enper at ur e- depreidest spawdifif; puedd aty dow temperature (10°C-30°C) was

15 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 Dbetween 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 byhthe 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 Arc9lS5 probe. The values deteriined by

this method were higher than ones determined by the first



wel | known that its binding is maxi mal when hybridisation is perforned at
tenperatures greater than Td, at 60C 70C in our experinents.,;Therefgge.

t he maxi num bi ndi ng, shown in Fig. 3, may be considered to be the ‘sum of
non-specific 35 and specific binding. In such a case, the specific binding
(hybridisatior_; may be determned as the&2 difference between the total and
the non-specific binding. 21 June 2006 31 The average val ue of the specific

bi nding of thectEdh338.cprobaaMthst Be anasbebkheibhorassewas he0. 16-

0.10)/0. 16] 100%=38% of the total bindi , iml . the, |
of t%e speLifP&%BWﬁd?ﬂagogg?ﬁggﬁréé%SkggngEg3§}PhnaLégénﬁggégggrggg g6 wa

udge was
L(Oaio- ?hogfbg-AQ&9190%E§@%?QEiVQQ§L birhdi ngludbeofakpesidfic dpadihgc

i ndi ng ybr,idjsat,.on) .of \t obes, a et erp ne rom.neliting curves
ver e 0.060.0fh¥ Fﬂﬁﬁagﬁon&r9%n§FFe?aF8§1?ﬁepE8§§§888E8%§H§§8 5Y040. 01
pnol / ng o 1l@odpythatter ihadbtihéoAr c818IfHoby. tiikeubilabehdedf pirabel | ed
nonsense probe_is.nQn-speci fj .ndien T i f erhi,AdkLN

nonsense proggrgng'nggéﬁﬁeghééégbfgg %%gbggggg%oap?eﬁ%grg?h?gb(%6§§§0C3
was 15 cl oseand 0.04Bat 0dr pppeédmgoch. §3yomatitar 60T ¥he. ArecokRybrpee.

interpreted that specific binding of |abelled probe was 39% 47% of t ot al
bi nding. O her nethod for the eval uation of specifi bigdin 20 between
ol i gonucl eot ES8"RAE cel | rRQR@HFHt?ﬁévﬁnQEFSSE&OHSP dge FﬁggFﬁésaPﬁe

i nhibitiohn ohitherspee baetbirndi ng attisatabekladgel i(genvblieotideoby afthe
same, but unlabelle ol i gonucl eoti de. The binding of the | abelled probes
hybri di sed atl8885PrH our experinents was significantly 25 inhibited when
the concentration of unlabelled probe in the hybridisation solution was

greater { hanclpe, spaneent LA an.ob-oactesnend a9 haRclbed Begecclhe

bi ndi ng of thé probe when present at a
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 microbiological
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 (NHy)2SO,,
0.04 g MgSO,-7H,0, 0.04 g CaCl,-2H0, 0.2 g KHPO,, 20 g
Noble Agar (Difco), and 0.1 ml solution of metals "“44".

35 The medium was adjusted to pH 8.0 with 10N NaOH. The
composition of the solution of metals "“44” per 100 ml of

distilled water was as follows: 1.1 g ZnSO4:7HO, 0.25 g



"concentration than the unl abel | ed probe was considered to 30 be due to
non-speci fic binding. Therefore, specific binding (hybridisaf 096
represented by the difference between the total probe binding and its
binding in the presence of an unl abelled probe. The specific binding of
ol i gonucl eoti de probes with the anaerobic sludge was 47% 35 of the nmaxi mal
- bi ndi ng of the Eub338 probe, and 50% of ,the maximal binding of Arc915
probe. The val ues determ ned by this nefthod were higher than ones
determned by the first 21 June 2006 32 nethod (i.e., analysis of
di ssoci at i oRPThir v&sh> AMNFRy|75RE: Q?@éd%a?%%?*é%@@foP*%ﬁbéSS, and 50%
?ﬁaLnst 40% o {100,)Ar 6816, ¢ espestnadl,y,- 1doyakudsaopHspagubtedbitsdiang
ybridisatio abel | ed probe etermined. by, 5 conpetitive
b b ¢ 1 on O 88 9 )Eadi 0 S o P8RS ER (30 LS 4t (%ol g o dry
matter for iheulkabS38impriie damd & RRICOLopnek/ hgast dwp waeker beborehe
Arc915 ob I . i ggiv i f. quba i 10
nitri fy?“{lg §3%F§?IF§ ﬁlga%%% eE S H&ggﬁ%%e:% oﬁq'cé)'r‘nl'?r'ob?[ta %llggss)
Experi ment anediavpl esedf taceulal eat e | Wiy ariderid cwitiskitsddng fhastherirO-litre

pilot nitrifyhpgih€ACERE . e ShiNGSi i dlend Orpdha iyl dangys 1biLy emoval
of ammonium and organic nmatter fromwastewater (Kim & Kim 1999). Sone
sanmpl es of Weh&Tacliva¥ HHSPudde st EHeBRen ot HrikeFEBk ol Bg? cAI KNGmal ysi s,
and g_t her | sar.rgl §SMYEO £ fﬁzx)le_doi.a égs@renhaoobl_ Qvéa%u‘imb,cqncgrmb&u%eon)
imedi ately _after _the sanpling. o determ ne the congcentratjon o
suspended bfERhssP? .C%i g?“%f the™h PP a1 %Egﬁ‘ferrﬁllfgecﬁn{]‘ ar#ki:eppendorf
tube at 11i866ukXagedlopPed i ndhsheis awe g poncddsdt sl 1iHC dentddfluge aafc dri ed

at 60C until._it_reach cO t L aht.o a8 il eck. t dat a obt ai ned by
t he i nvent egoﬁe?kog(g%%gt ﬁ\ég ?%%.}glgtkl)%\ﬁ% M ero ]ir?ﬁ gég}ecl;ﬁ’ nethods, the
sanples were diluted by a factor of either 10-4 or 10-5. 0.1 m of the

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 probe was supplied 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', is used to detect wmost
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-oxidising bacteria, namely Nitrosomonas
europea, Nitrosomonas eutropha, and Nitrosococcus mobilis.
It has the sequence 5'-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 optimal temperature was between 46 and 53°C. The final
35 concentration of formamide in the hybridisation solution

was 40% v/v. The final concentrations of the probes in

the hybridisation solution were as follows: 27 pwol /ml
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suspensi on was spread onto a solid nmediumfor the growth and enuneration
of the colonies of amonium and nitrite 30 oxidising bacterig. JuFE%O%@' id
medi um used to cultivate the amoni um oxi di sing bacteria contained the
frollowing ingredients per litre of distilled water: 0.5 g (NH4)2SO4, 0.04
g MgS™4 7H20, 0.04 g CaCl2 2H2O, 0.2 g ¥2PO4, 20 g Noble Agar (Difco),
and 0.1 m solution of netals "44". 35 The nedi um was adjusted to pH 8.0
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33 EDTA, 0.1% "‘%7,%10@ &P t®9§oh“glt§‘H§gl Figdure & %6‘5% S0.02
I% {\lc'a.ZBalQ?.h 1%2@ a@ncfoﬂbllaivl’sgdlmtgﬁ@lg@lMEm%@ hgldM9H2>$®4 /rilhersmiaal at ed
etri dishes cubated.in the 28C faor at stt eks
before 5 couﬁ\t(r\],l3 glﬂ‘?g SO TRy S %;1 th§ EIOmagS) Wathd 3}3 & r%rvceYum used
to cultivat ewtehgml/hrrh .1 e-los dl]SIdfg tiheec tsamipd € eeust ieméd itflvgyefdoldtovli Ing 00

i ngredi ents er |l e r.e L. 0.5 g KHRPO4, 0.5 ¢
K2HPO4, 0.3 9‘ 51191{ ?/gtf’s %Qfg%td%rf %45\1&% Iélégg%ffglg%a‘qz-zmo, 20 ¢
Nobl e 10 Agar (D|fco) and "2 nl solution of metals "44". The inocul ated
Petri di ShesT‘l\{%r%dlrﬂ&‘iQﬁut osk ivhd hﬁléigNAb@ ABehd dixdtudeLaT drdbieaks

bef ore counti n the c.f.u. Two 16Sr targeted ol onucl eot| de probes

were used to?ad dc&?pzi'reLS He 9 s AP PERSLE Wigh®fe and
in the b}@”ﬁ%m‘amd@ tad fw|Mﬂe@Hrwent§+&1mmbESC4\MF]@/wmesI sed with
an am nol i nke purifie HPL The 6 _probe was
suppl i ed froﬂ1”§9"&|’ta1)f q—Sdéé S %5"\?&5%%@0% serguppl i ed

from MAG 20 Ny(btxedls/éﬁldﬁer nmw sUHpe rsE e NeeEs amddiuat@abw 45colferi .5

::EEIA sed det acter] t SO
knovvn under ftHe %rpr\\aC§?ﬁljjﬁ\]lbfstlcctéeCie f%gi Ee?@ ccor ng to % ed td Sthaé
manuf act ur er 'ssipgatr@tarite MBS mpltidmeey atagr alsfest tohime asvgise tﬂ? 60. 5C. The

probe 15 concentration of the unhybridised probes 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-Elmer). The
fluorescence emission scanning of the Eub338 probe was

made from 575 to 600 nm with an excitation wavelength of



25 was | abelled with rhodam ne. The Nsnil56 probe was used for
hybridisation with the cells of the Nitrosomonas group of thg jyne 2006
anmoni um oxi di sing bacteria, namely N trosonobnas europea, N trosononas
eutropha, and N trosococcus nmobilis. It has the sequence

5' - TATTAGCACATCTTTCGAT, and is also .30 kRtown as S-G Nsm 0156-a-A-19. The
solutions of probes were stored frozen at -18C. The FI SH was perforned at

tenper at uressq{ram 2064t Ph80Faxikhif ORLEEBLNt RABCEBEHE Be¥RaLDERYERR 46 and
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emission optical slits were 5 nm. The maximum emissions
15 for the labelled probes were as follows: 496-500 nm for
Nsml156 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 biomass at
temperatures lower than Tp, 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 Tm. Similar values for the binding of the Nsml5é6
probe were 0.J19 * 0.002 pmol/mg of dry biomass of
activated sludge and 0.035 + 0.04 pmol/mg of dry biomass,




but the solution of the probe was added to the supernatant before the
fluorescence neasurenent. It was made to take 25 into account ige e%@ﬁft of
t he substances extracted from the biomass on the quorescenc%

probe. The quantity of the hybridi sed probe was cal cul ated as the

di fference between the concentrations of 3ée probe before (in the control)
and after hybridisation (in the 30 experinent). To determ ne the
concentrati oreebethevpnehe in solution before and after hybridisation,

em ssion scanning or synchronous fluorescence spectronetry was perforned
with a 35 Lum nescence Spectroneter LS-50B (Perkin-Elnmer). The
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obt ai ned at tica Its were nm fo hé "excit ation and
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by changi ng wmehlﬁxehéatraageaag Q@P@S&@nawel RGN M tdhd N éﬁe’éﬁ%@f 20
nm The exci atlon velengh E gcreased from380 to 10 5 nmwth a
scan speed o ?ﬂénﬂ mifi-d ana héd18¢ReRPORBEYSERaRRENEL OB PBSpONdi ngl vy,

t he wavel®engshgakncthefmpRNANOOBEE! debehbeoant shperaktugbt wasti Betaased

h ly fr 400 600 T (tafion.and t |
/e were 5t Any CTRE ok i BACER! DR E16nForY PRAET Ga5 o hr BBBRHCr o as

foll ows: 496wE60 hbhef bempiizptEfeand B8BoH58, nvdortHw h3@8r i Theahedghi s of
the peaks Ofméﬁﬁmiégarﬁﬁéﬁ”Eﬁ eEEﬁ%E?QtLEQe§E|¥%E§hE§% hedne(CRRRL! ¢ ent of
correlation was . e centration o
hybrldlsatloﬁ gg@é@pgn 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
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 T,.

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 bindingqof the Nsmls56
probe. The specific binding of the probes was as follows:
0.68 £ 0.04 pmol 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.



20 The binding of all the probes with the biomss of activated sludge was
analysed in triplicate by em ssion scanning fluorescence spegt g 18-%‘3’5({)0\6
There was mininmal binding of the probes at tenperatures |ower 4 u
when 25 the tenperature was increased to 60C t he bi ndi ng was i ncreased
step-wi se. This pattern of binding was sisvlar for the curve of the
hybri di sation of the oligonucleotide and reflects the nelting of hybrids
at tenperat un@stihial teaihe ikjughersian-drit dTRldain?d e MRl &nlde The Tm
for all 30 probes were between 20C and 60C. The b| ndi ng of the Eub338 probe
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D hi gher | TrPESHAERRES, ST AR TS O 1o iSRS L

0.019 0.902 thepletivg cafe rdray albido ras® ndfim -axtiidd ati e ﬁamﬁ@:mdrﬁtﬂ% O 04
prrol /19 of AL BL0MRSS 2L 18 2900,30 4 eshR! iEl-cTo eyaluat e e
non-specific b certain assunpti Sns’ et
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significantly depen on maintaining a tenperature wWthin the range of . 20C

to 80C. Howe?&r 115Hé‘95|5’é‘&tﬁréafb| ﬁ](jt(rlt€ OP‘HéllWlﬁlﬁ PESHEGR Het iden t he
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steps. It |slkno tha .t he h ridi satlfon l[bs sent V\/nenl\{she te erature
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slightly highes Qha)nl'l.'m Therefore, the binding of the probe at a
tenperature | ower 15 than Tm may be conventionally considered as the non-

specific binding of a probe with cell conponents. The
Table 1. Whole-cell 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 0.0210.00
¢, pmol/mg of
biomass.
Ratio of specific 47 :2
bindings.

@ gspecific binding of the probe was calculated as the

20 difference between the total binding and the binding at a

temperature lower than Ty.

The content of the ammonium-oxidising bacteria was (55x7) 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.
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val ues of Tmwere within the range of 40C to 60C, so the binding of the
probe at a tenperature |ower than 40C was conventionally conglgeregvgf a
non-specific one. It was 20 conventionally considered that th e ue
of non- specific binding was at a tenperature higher than Tm but the
additional binding at this tenperature wa88specific binding of the

ol i gonucl eoti de probe (hybridisation). To calculate this specific binding
(level of hybridisation), 25 the value of the non-specific binding at a

tenperature ower than, Tmwas subtiracted fromthe value of the total
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~ammoni um  oxi di si_ng bacterra, ntrite-oxidising a A FTHHE
suspended ni SAMPlien@pBitaddss flNexragmtte#rare shown in Table 1. The ratio of
the specific binding of the Nsnil56 probe was 2.0:1. Table 1. Whol e-cell
FISH with the m xtures of three probes 15 nmeasured by synchronous

fl uorescence spectronetry (average



val ue standard deviation are shown). Val ue Probe Eub338 Nsnil56 Tot al

bi ndi ng 0.750.08 0.040.01 pnol/ny of_bjomass. Specific pinding 0.470, 05
0.020.00 a, pnol/nmg of bionmass. Ratio of specific 47 :ZQéﬂgﬁﬁﬁﬂ%if%%
specific binding of the probe was cal cul ated as the 20 difference e(t)vveen

content - of FRCLATER: Rhr ExrIFCrRE Bk FORVAER (B8 FOREOWBEC. ¢ L. /g of
dry biomass, and the content of the 25 nitrite-oxidising bacteria was (232)

x 106 c.f.y./ng of r | e, e ratio. of the, nunber. of amoni um and
NiTrite. oxt Hi si ng bazgt%?&égl n (?%eg nHACie g PR 2006 38 The
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stringency conditions,

(c) 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



. A nethod for quantitative and/or qualitative detection of a

m croorgani smor nucleic acid sequencgynh 5 a sanple, conRr|S|n eet
of (a) adding to the sanple, a |abelled ollgonucleotlde J% QG
specifically binds to a target sequence, (b) determ ning the é q %

bi ndi ng of 4 e wth the target sequence under |ow
stringency %ondatl igpf+% %Eﬁ?nlng the I evel of binding of the

| abel I ed probe with the target sequence under high strlngency condi tions,

15 (d) detgrm ning t 5‘_,9% [ erence between
the(l )evel édaet erm neﬁﬁ#tﬁ/{d e an Cﬂ% LC? rgfj %g?erm ne Is 2. A
met hod acdﬁ%@@t@%l%?ﬁ@cvﬁf@@ldﬁﬁwe@ol%aDMeorsRm enV| ronrrent al ,
veterisary, agricultural, aquacultural, biotechnol ogical or nedical

sanple. 3._ A nethod accordlc{tg to any one of clains 1 to 2, wherein the

sanpl e i s “naer obi ¢ 5| FLPTUNeh the) AIRE By Ctjcﬁleﬁ*f%/ brieoof, clainms 1

to 3, mwmre:tmetmmcelescmnmmtmwllém gedormeé hoga accor di ng
to any ons. J%t 30 wherein the mcroorganismis sel ected from
t he group COI’ISI l"‘E‘dlng of al'gae, archaeae, bacteria, fungi, protozoa,
viruses or subviral agents. 6. A method according to any one of clainms 1 to

5. 3gowharcin the B GANGANURISE RARPLLR oo AfmiAdacoqiding to any

one of clalns 1 to 6, wherein the m~croorgdni Smi anogen,
eubact er i FRSHRIRSH Kt e Isheatid dis WA 2006 or a nitrifying bact eri a.
8. A nethod according to any one of clainms 1 to 7,

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 1 to 11,
wherein the oligonucleotide probe is labelled with a
fluorochrome, enzyme, chemiluminescent, paramagnetic or
radioactive 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, Arc915,

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 the nucleic acid detected is DNA or RNA. 5 9. A net hod according to
any one of clains 1 to 8 wherein the fuclelc acid detech q

genonlc DNA, rRNA nRNA or tRNA. 10 1 A met hod accor di NEP'E %§Q§§8t0f
claims 1 to 9, wherein said nucleic acid is rRNA. 11. A neth Qﬁr@
to any On§5§8?§|a| 1 to 10, wherein said nucleic acid is 16S RNA. 15 12.

A met hod e SRR AN L Af nEhe s3Rte, ap@reubtraeting
ol i gonucl ettie dleembb:ef i Babe@belh ethev §lip&rnd t a1t OERSRMERe eI‘éxygF of

chenilunl efic.or ,rad pactive | abe 20 . A et hod
accordi ng to any onelggﬁgfé%%s St aqéﬂf)éQﬁ§¥99P? e?ﬁ+%%h%5?%%tlde is

| abel led with TAMRA or TET. 14. A nethod according to any one of clains 1
to 13, 25 wherein the oligonucleotide probe is Eub338, Arc915, Nsnml56 or a
conbi nati on of these probes. 15. A nmethod according to any one of clains 1
to 14, further conprising the step of adding a | abell ed nonsense 30

ol i gonucl eotide to the sanple, wherein the | evel of non- specific binding
of the nonsense oligonucleotide probe is subtracted fromthe | evel of
specific binding. 16. A nethod according to claim15, wherein the 35
nonsense ol i gonucl eoti de probe is ns-Eub and/or ns-Arc. 17. A nethod
according to any one of clains 1 to 16, conprising the further step of
determ ning the | evel of -41- Replacenent Sheet 21 June 2006 | abel in the
supernat ant of the sanple, and subtracting the level of label in the
supernatant fromthe |l evel of specific binding of the |abelled

ol i gonucl eoti de probe.




