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The present invention relates generally to the field of detecting microorganisms, and more

10  particularly to the detection of bacteria. Also provided by the invention are improved methods of
detecting microorganisms that are highly sensitive, are applicable to non-purified samples, and
have numerous applications, together with assay kits, which rely upon the presence of ligase

and/or phosphatase as an indicator of bacterial viability.
BACKGROUND OF THE INVENTION

15  Measuring the presence and levels of certain molecules which are associated with cell viability is
important in a number of contexts. For example, measuring levels of ATP is useful in

mammalian cells for growth analysis and toxicology purposes.

Culture approaches can be used to detect small numbers of bacteria but such techniques require
several days to complete, especially when attempting to detect small numbers of bacteria and

20  also when detecting slower growing microorganisms.

Alternatively, tests may be carried out based upon measuring the presence of a molecule which
can be linked to the presence in the sample of a contaminant cell or organism. The most
commonly detected molecule is Adenosine Triphosphate (ATP). Detection of DNA and RNA
has also been proposed, although the correlation between the presence of DNA and RNA and
25  wviability is not clear-cut due to the variable persistence of nucleic acids in cells post death (Keer

& Birch, Journal of Microbiological Methods 53 (2003) 175-183). Detection of adenylate kinase



commonl y detected nol ecul e i s Adenosi ne Tri phosphate (ATP). Detection of
DNA and RNA has al so been proposed, although the correl ation between the
presence WO 2DNA3esd RNA and 25viability is not clear-cuPCaiEs2010/0836e0
vari abl e persistence of nucleic acids in cells post death (Keer & Birch,
Journal of M crobiological Methods 53 (2003) 175-183). Detection of
adenyl at e ki nase WD 2011/ 130584PCT/ US2011/ 032600 as an i ndi cat or of

viability.has al so.been proposed (Squirrell r ph -~ Leslie RL, Geen
b A e bR B ypaet Koid! u MR ML eET kL rgiea o
corr elja: Ancomhpdrise88f ARPALE a8QHMSkinkt BiALdRhNRAGRARSE s 8dfrclation with agar

Chem | um nescence Progress and Current Applications. Edited by: Stanley RA

Kri ckaldtg counsthmn BidlemingsagnSosrst Chrooiunainescrded o266, Cysrany dpp hedtipng

oD USSR ORI DA TR S R U SR B g et

which chiplificdemathdd fog dbteahinBigaS P CALRIiNvoeesalé Gatdf®iol@hilcs@ntermhe. methed

net hod may be used to neasure relatively | ow concentrations of ATP. Kits
usef ulusgsghe ddiPedoppidgnarpf thsireagtipn 81 whﬁChi@hmléms& lucidgasagagal e pxigetaen abl e
from :he: ri ] 0St. . i . W er of
or obl ana ey, TR EARS: ABERATHLGR SHRl R SEL Rl fia RER AL KR JJHIPE
det ectfoodetaftingiACTiPolnigd bidluihioedcynceiane tdremprircatigneeilaic AdiR Rachm Non Horieobi al
sources can be a problem This probl %m has been solved to a certain degree
by usd1Bnosties 918, (GRISE i Blovsutiap ABOHRIREPTISMS FHIM WEREABEEFI al sources of

AR, 14&Em e@é’én?& gge iOMOFS AGRIMEHE S micRHEA D&dlilﬂ&{h%; in'tlle Sr@EnREoFEEN

that a nunber o obl ems exist wth respect to the conventional art 15of
m cr oélRifbmatonemicrimalopdiees tam Heur prhblemadtirsgssblsmdias peandobred, to detani on of
| i gase

has b , h d Lbed i bl i shed patent
appi | GREF bW Torb0 et Snr e hea rebpadey PP R RICT AT v <ol osed

a et hpglidiap 19848hBd AR ighlle presence and/or amount of m croorgani sns
and/or their intracellular material present in a sanple characterized in
that the anpbunt of adenylate kinase in the sanple is estimated by mxing it
with adenaligly iteqphHmsehathet 20uhiBOR) protderes axisi wigh tdspechtmthatonfentden egti ne

triphosphat ATP) produce t he .sanple fr this ADP, and relating the
0N ! BRCRSBUEE b attica ket st aEaTueh BrotioHErorelagr e bifiase ‘and
Lo M GrORRERRLETE RBHIR ik B%lishb@bét@&t%?bﬁ&a@i"onfWDﬂr%@JO()zMB%ﬁblﬁ‘shE@? _
conversion of ADP to ATP is carried out in the presence of magnesi umions
at a risharrcbrdenttheriipgiselasddiconethod far detdripimingibicrradscoesrandfagiameunt of ADP t o

ATP. The anount of g)? nes.i um rFsent[enia§ referabla{
e

. rnlgroor%amsmrs and, CII' 1NTra u a1r ma EL%sent 111‘1 d Sa. npelg Lén%l]ragtg i%eﬁ%tgtﬁaq ree IS
sufficiéent 0 provi one nole of nmagnesiumfor o e such’ t hat

al | ofaniduat MAdenfhe kinLs inhY shtplRssatinak@tbWhlxingi widaslensune dTpgiReEitEm i on.
In published patent application WY 2009/ 007719 ubl i shed January 15, 2009,
erfi t (APPHEIpETITRE te uEREe CREANITSVE PBASER e TPHErRusg D DEPE TENA

Gi si cued g "M b ARARS b IRE P, oo BRAREARRor LAGRER  afthfire
m cr oigae ksdnol mictodganings anld/@abdsinatec] kit s ialhwiedrein the conversion of ADP
to ATP is carried out in the presence of magnesium ions at a molar concentration sufficient to
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25  that there is sufficient to provide one mole of magnesium for one mole of ADP such that all of

the ADP molecules may be associated with at least one magnesium ion.

In published patent application WO/2009/007719, published January 15, 2009, entitled
DETECTION OF MICRO-ORGANISMS BASED ON THEIR NAD-DEPENDENT DNA
LIGASE ACTIVITY ligases, in particular NAD- dependent ligases, are disclosed as a useful

30 indicator of the presence of a (viable) microorganism in a sample. Ligases are enzymes which
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SUMMARY OF THE INVENTION

In contrast to the conventional methods described above, in one aspect the present invention is
20  directed to the detection of enzymes such as polymerases, in preferred embodiments DNA or
RNA polymerases, as a useful indicator of the presence of a (viable) microorganism or microbe
in a sample, in particular a sample that is, for example, a crude microbial lysate or unpurified
blood or blood culture. The association discovered in accordance with the present invention
between enzyme, e.g., polymerase, activity and viability of microorganisms or microbes enables
25  the detection of activity of these enzymes to be used as an indicator of viable microbial cells, in

particular of bacterial origin, in the sample.

Similarly, the invention provides, in a preferred embodiment, methods for detecting a DNA or
RNA polymerase as an indicator of the presence of a microorganism in a sample. Such a method

can comprise:
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10  and kits described in published patent application W0O/2009/007719, published January 15, 2009,
entitled DETECTION OF MICRO-ORGANISMS BASED ON THEIR NAD-DEPENDENT

DNA LIGASE ACTIVITY, which published application identifies ligases, in particular NAD-

dependent ligases, as a useful indicator of the presence of a (viable) microorganism or microbe.

The entire disclosure contained in said WO/2009/007719 is hereby incorporated by reference and
15  made a part of this application.

The present invention accordingly provides improvements to the methods, and compositions and
kits based thereon as disclosed in WO/2009/007719, of detecting an enzyme selected from the
group consisting of NAD-dependent ligase, or a phosphatase, or a mixture of the foregoing, as an

indicator of the presence of a microorganism in a sample, which improved methods comprise:

20  (a) contacting the sample with a nucleic acid molecule which acts as a substrate for enzyme

activity in the sample, while not allowing interfering signals from DNA polymerase,

(b) incubating the thus contacted sample under conditions suitable for enzyme activity; and

(¢) determining the presence (and/or the amount) of an enzyme modified nucleic acid molecule
resulting from the action of the selected enzyme or mixture on the substrate nucleic acid

25  molecule to indicate the presence of the microorganism.
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15  Figure 3 is a graphical representations showing Non-Ligate-able, Polymerase favorable

substrates are sensitive and specific in Microbe Spiked Blood Culture derived crude cell lysates.
DETAILED DESCRIPTION OF THE INVENTION

Thus, from the foregoing description it can be appreciated that the methods of the present
invention are useful for identifying all microorganisms in which an enzyme, such as a suitable

20  polymerase, is (or has been) expressed. In certain embodiments, the methods of the invention
are applied to the detection of viable microorganisms and thus may be considered as a method
for detecting a viable microorganism in a sample. In particular, in a preferred embodiment the
methods of the invention may be useful for identifying bacteria or microorganisms in which the
nucleic acid polymerase gene and its translated active protein polymerase is essential for

25  viability. However, microorganisms, such as bacteria, recently rendered non-viable (for example
through treatment with an anti-bacterial) may retain detectable polymerase activity until the

enzyme is degraded.
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i nyent iar%nlezsstl so potentially enables differentiating bacteria fromfungi. In
an exﬁnppe ‘of an enbodi nent of the invention, the followi ng may be used in
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anpl i fcioﬁt%sit,cmes present invention provides other viable microbe cell derived enzymes, useful rather
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20  sensitivity signal generator such as amplification by techniques such as PCR and the like. This
feature of the invention also potentially enables differentiating bacteria from fungi. In an

example of an embodiment of the invention, the following may be used in this regard:

a. Kinases add PO4 which could be used to enable a ligase or stop a polymerase
25 b. Phosphates can be used to remove a PO4 and enable Polymerases
c. DNA & RNA Polymerases can be used to extend substrates to enable downstream
traditional PCR or isothermal amplifications
d. Isothermal amplifications can be run off of endonuclease enzyme activities

e. Ribosomes



d. Isothermal anplifications can be run off of endonucl ease enzyne
activities e. R bosomes WO 2011/ 130584PCT/ US2011/ 032600 f. m RNA
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k. Proteases

l. DNases
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n. UDGlycosolases
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In a preferred embodiment of the present invention, it has been discovered that measurement of

DNA polymerase activity, in accordance with the invention, enables the determination of cell

viability from microbe crude lysates. This may be verified using more selective modified oligo
15  substrates in combination with very selective “hot starts” (as well known in the art) and

controlling for RT, 37, 60C activities.

In one embodiment of the invention, the invention has application to blood product screening,
especially of platelets as in this application any microbe growth is cause for discarding of
product, and differentiation of bacteria from fungus is not necessary. In a further embodiment of

20 the invention, phosphatases may be employed and are likely another excellent candidate enzyme
to enable polymerase activity, as they remove either a 5° or 3’ phosphate leaving an —OH- and
thus could enable any polymerase by the removal of a designed 5° Taq included, or ligase
(remove 3°). In addition, phosphatases are robust and may help to differentiate yeast and
bacteria via optimization of pH. It will therefore be appreciated that any suitable enzyme that

25  will enable polymerase as contemplated by the teachings herein may be useful in the practice of

the present invention.

In the practice of the present invention, detection of microorganisms may include recently viable
microorganisms, up until the point where DNA polymerase has been degraded, as appropriate. If
a distinction between viable and recently viable microorganisms is required, a simple time course

30  or comparison of polymerase activity between two or more time points, under appropriate
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her ei rr]nererlg rfemteﬁt SﬁLéJ rlnaI t (flca(ta'e R]f’l tﬁlrnclgr&gg%l%lgrenﬁ%{r?e \%gglt ff gpgl%éré)sﬁsac 1V1;[>7 i ncI ude

practice prese I nven

r egentdiminidhal hte(amaeerr @@feqwmqg)s thisiai Mdidatd thet e ldetecwﬂ ateviPNfasPRbiNEr ase has
been degrade as_appropriate. If a distinction between viable and recently

vi abl aonty swblanicssaszanismie qliiip HEe CQUESE MgRsIreMAR PPIPRSE MY beesResipr i son of

2011/ 13085 eI ISR SRR fRAE tellhe PR DL Al TRREARREAT 1o

whet hef ofiek ypsmolm;eee detdpidst y)dtermma&ﬂmds per dibaisdadn ddiaifihoreshds spocefic tine. In
a preferred, e iment, if the pol ynerase act|V|t is found to peré?gt for,

or i nd¥dfsgedey lmelaﬁ% Oéﬁ’ceéﬂiﬁ@élloﬁetlh? BUCTEPTERRISELS 2| a%télflumr Hehesen descr
(GBMaLgthd RethbEs dfthd @Entmy;; {%}3 enchl g%})gﬁ%aya;@vfﬁahﬁnté@ar MBFec lar

i croorgani sms are viab se a m ni shes at (a) |ater
time MICI'[Ibl(QIng (2(0I0i1}s40féy 1Qﬁabl-ﬂaﬁ)eThmhactd:rhemdsetaewteﬁdbeambsdphtll}c wagorf r om

recentl 1 croprgani sms. This time course neasurenent approach may
be esﬁ% F@l{héQQHa’ﬁﬁgﬁlﬁﬂﬁiled toward antibiotic susceptibility testing
(AST) and as well as determination of other appropriate therapies.

Det ecty F@‘Fé"fl{?@% BheexdbhY %?é%g%ti il AabRLY ddRE&tdlnchule %Rf&a!nﬁﬂl& iPh AR 'itr igd

enbodlnen i nventio e mcroorganismis a bacterium as herein
d es cr idesichbld© tast d‘ortthe prestrive @$ a oficiolhezanisue mt parhicutanya bx@termme ‘Yesghakdmyple

Ilcab et al | ecul M croblolo

31! féwns S el RroRgsd cride RfPbe [y gBRY faTRe WS aagicet %@%%Bﬁ. Ilic
bact eliddbd erﬂoc@@'ﬁere or ComBAIR EmpldsuithBlc FO UM tvitas a%@ﬁsﬁf&@ g0t claipnt i on
is defined to include any sanple in which it is desirable to test for the

pr es ervempbfs maayviler cunpragibswgragmornfaed baniplas orapropesatemis timreafhorsphatreacsatigdl e
15can caqnsi St of a.cli |caII PFOVId%p cruq nlchobe Iysat? or. may
osrn i< pro% Ucts sy aT %er(s)(%/na care products including shampoos,’conditioncrs,
conpr i%6&%%
rnmsturlzers etc., all of which are tested for microbial contamination as a matter of routine. The
20  sample may comprise tissue or cells and may comprise sputum or or a platelet sample. In
addition, the methods and kits of the invention may be used to monitor contamination of
surfaces, such as for example in locations where food is being prepared. In a preferred
embodiment, contamination is indicated by the presence of polymerase activity. The
contamination may be from any microbial source, in particular bacterial contamination.
25  Furthermore, the invention is also useful in monitoring environmental conditions such as water
supplies, wastewater, marine environments etc. The invention is also useful in monitoring

bacterial growth in fermentation procedures and in air sampling where bacteria or spore content

can be assessed in hospital, industrial facilities or in biodefense applications.

The methods of the invention rely on the fact that if there are one or more (viable) micro-

30  organisms, in particular bacteria, present in the sample, enzyme activity, preferably DNA
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bl ood or blood culture, or conprise a sanple suitable for an in vitro assay
system for exanple. Sanples nmay al so conprise beverage or food sanples or
pr epar at iwo0teessaef , or pharnaceuti cal or cosnetic pro®aEIS26100B2606
personal care products including shanpoos, conditioners, noisturizers etc.,
all of which are tested for mcrobial contam nation as a matter of routine.
The 20 sanple nay conprise tissue or cells and nay conprise sputumor or a
pIateIe} sa ition, ipe nmet hods and e invention may be

of
used t8 3?%9’1’ d?‘Ffltéldht“ét&%HQf?SS%t © AfYPgcan thi, eé'é‘PH’TBP“ % SNSRI | ons
wher e fedioh %o B&ldRde RhePaR R ctabld MicRiEi&d MRthcBrRA SBREqueRtftbadskNahton is
i ndi cated by t (a£resence of polymerase activity. The contam nation nmay be
from anyelmuektﬂoa metnguleenaybﬁ quchﬁmwa@blem@ns swhteaheeatafton. 25
Furth ent|o Q usgfu tor| envi ronment a
cond ronioet iy e 22slsTmain R e drp e B PiOEA S EA AT S8bls e
i ngentyn@&r tbg. al so useful in nonitoring bacterlal gromh in fernmentation
procedures and in air sanpling where bacteria or spore content can be
assessed in hospital, industrial facilities or in biodefense applications.
The rnithtuedﬁtlmfmtctoergamwentsmhpmew ipthetshapleathera wWak be 1o ¢nrgme (age one or nore

(vi abl e Q.or.gani sns rticul ria anpl e,
e zy POy g R BRI R B b5 T 9eREahER Bibieis Bkat ligher ase
acti vitkYsendhdcl. be present. The enzyme can thus, under appropriate

conditions, catalyse a reaction to generate a noveI detectabl e nucleic acid

mol ecul e (|n a subsequent process). The novel nucleic acid nolecule may be
det ectldg ngthedsyof she prageneinvestres) wavide aigniferet taclnict adiestagebdds it legegiayt

it B0 B oV Chod FRIRHRETBERha enfrl by HRELAT Mo

sanpl &f tihgeeninkvbnth, GRceRZYAR:14i€ afld ,mcnéduymnm)coa@mame th Yhd digdah@ndagpl e
and thus the novel detectable nucleic acid nolecule will not be generated.

The métRBdisncoflse pesipresiem!s shapkhbs pirdpecdviira tBe giethpile aistcatrisdimit.cal
advantages due in Iarge part 10 to the fact that a novel nucleic acid
nol ec art .of . the net hod neth ds of t. € pr esent

T oot AE IR HeR0aR BreR e 10t P R pichly fsa S TE iR Piythovifl P

si gnaldetcafish éitsth@- eﬁ@@ﬁﬁ (.2 Dol Bh&esd) Pedstnt UL tiel ARPISINPt fmbgyrahadgiced when
the methods are carried out. Furthernore, the nmethods provided by the

i 40 entpostibleschatigram deslsi The senstivey m@a@erwpdtﬁoaethaét%éhat everpbagthisalenly me
(e.9g.. ﬁ%%%&ﬁ&&%o‘? oft etmofécﬁ ?ﬁﬂlseea 01 s%%ﬁgﬁl%%}, g ‘E“? possi bly
I Vi eri VECF ¥ e

even attogram evel’s RSt yIs rom at every

bact ersu@dble ecbﬂdlttomtanlnl& dltBQUBaRd@pﬁfacm;whﬁhrmtsemmgeeene angfdvwhepigath can
catalyse nultiple events under suitable conditions. Unlike direct PCR
appr o ZERRRCT GFH 08 Hsaasklitiang} sjens Qsrgagshtsdo defgrtadiosenaalar mesgrnger RNA. &ha | or use

addi Ui, 808k PUGRALAN h GRAFOLS (eI HRLBEbE L RAROMiexdr TP (SRS BWyn o he

approa escri ere|n targets t e dete coples of the
eazynmnp@eammymnnnna 20 sinple assay format. As stated herein, the first
step in a nethod according to the invention conprises contacting t he

As stated herein, the first step in a method according to the invention comprises contacting the
sample with a nucleic acid molecule which acts as a substrate for the enzyme, for example

polymerase, activity in the sample.

Suitable substrate nucleic acid molecules for use in the invention are described in more detail
25  below. The nucleic acid molecules may incorporate synthetic nucleotide analogues as

appropriate or may be RNA or DNA based for example, or mixtures thereof. They may be

labelled, such as using a fluorescent label, or FRET pair, in certain embodiments to facilitate

detection. Suitable detection methods are described herein.

9



sanple with a nucleic acid nolecul e which acts as a substrate for the
enzyne, for exanple polynerase, activity in the sanple. Suitable substrate
nucl ei ¢ awoRonwI3essdl es for use in the invention are des®cThsdo11032600 e
detail 25 below. The nucleic acid nol ecul es may incorporate synthetic

nucl eoti de anal ogues as appropriate or may be RNA or DNA based for exanple,
or m xtures thereof. They may be | abell ed, such as using a fluorescent

| abel ,,,or FRET pair, in certai nbodi nents ta facilitate detection.

i t abBelgier it TR TReCHEEn b o HES 61 Bt haydiin aEdend nétufal O et

2011/ 130 B4Rt UR2Q:bAbI0 3260 rattiCd ®itéctafté Rucléis adi@fhdlediidBy Benctiéh bncl ude
any natural nucleic acid and natural or synthetic anal ogues that are
capablpelyoicrggendudeblaguelcidecklonalstdchmey b¢ eorapesdd oblfecenaaply donlde aet i on of
pol yner ase,.  Sui e.huel el c acid nol ec may be conposed of, for
exanpﬁgg(ﬁ%ﬁﬁﬁﬁégﬁb§9%g@%§% Yandey® e§?§®§ouble or single-stranded RNA. 5
Though the nucleic acid substrate nay conprise a blunt-ended .
doygbl e[‘h%h%lﬁﬂfé%c@%c'f@hﬁﬁ&'&t@ malyofpri8R 8dinfBMdc doubRestlaR¥&NDNANmbREuBUC] ei ¢
acid substrate for the polynerase conprises two doubl e stranded DNA

mol ecuh es cmbodimenteitpt eventier the overivansyl whelrde fphbspiamerage owmppriss tvde ends

to be j oj ned. specific..embodiment, the conpl tary .overhang.is

bot vech T3] 8 FAGES Gt T e R TR R SR I T B hbC EoURE o
the nuateiohed6indd SUPSIS pbEific @APOHBRS!, 1t ContiimBmbvkeank idbedwsinCkand
containing a 5 phosphate. Synthesized nucleic acid nolecules are
comerl®i gichys 3wa51bapg Rainth wemtcputivg gabodiment dhe pycldic acid spbpiratgl cogprises

phasp . IS ' I.aal . age: 0% of the
P9 B S At AUREV RGN ooliTinIRS hARRhGE AR AU RIS o de R O | 06
wi t h @obimgpialbpinatieblgraad pan bamadpecirad witlps efreimatd’ phdsphitogriup aahclicde

i nventi on, resent |j anpl e, i 15wi | | catal yse and a
o g}?)é/ié))fvm N

i f polynerase is Mt in the san
novel Thihasithe §elinagaﬁﬁfi@@eﬂgé that {08 Kﬂpqirtgq nwgela Acigvaegulessedin hegis
be f i t , detailed h i
e OWH?QV&Qk?Q?ﬁqQlg&ﬂ&f%ﬁﬁ%ﬁﬁg?%Pﬁ%égﬂ%@quen process, as detaile erein

(such as PCR exanpl e trate nucleic acid nol ecul e may,
in fact, conprise two or nore nucleic acid nol ecul es as appropriate. This
appl i el @peddlbl pryfetred thdodigddnads thanthviition, dfpolyiecrasevie pidsaitin 2@ shimplegitt ai n
enbodi nents, the nucleic acid substrate conprises two doubl e stranded

ndé| eivdllgatalyserande a%g nielels asidiyplecyle (iaprparatiapn exeal apyel sveicAsigy!l bet i s

to be pRIEEhiah egh bh@kedleoPOVR hid8eRf astdtuilel BSRMH (sLEVEBER P CAN be
used to dif éren%}ate Tigaéﬂ rSﬁ?%o ne?agg(%yltaﬁﬁﬁg g sangfe suspect ed
of corkampiehg both and testing for both polynmerase and |igase in parallel
in separate reaction vessels, then subtracting the signals , thus 25in fact

determining the true |jgase levels found in the sanple. This can, be
repr esTé]Hﬁ,ége &bs{rﬁ@ npelp}cmq@o@aﬁgﬁladnl_n fact, comprise two or more nucleic acid

molecules as appropriate. This applies generally to the methods and kits of the invention.

20  In certain embodiments, the nucleic acid substrate comprises two double stranded nucleic acid

molecules with single-stranded complementary overhangs.

It is to be appreciated that the novel methods of the present invention can be used to differentiate

ligase from polymerase by taking a sample suspected of containing both and testing for both

polymerase and ligase in parallel in separate reaction vessels, then subtracting the signals , thus
25  in fact determining the true ligase levels found in the sample. This can be represented by the

following equation:
[ polymerase signal — ligase signal (polymerase + ligase) = true ligase signal]
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[ polynmerase signal - |igase signal (polynmerase + ligase) = true |ligase
signal] WD 2011/ 130584PCT/ US2011/ 032600 It also is to be appreciated that
in any ervodonersvossaf the present invention, the action ®CTASRUMOEBEEES ON
nucleic acids is well known and thus it can be seen that many different
types of nucleic acid substrates can be selected for use and will have the
advant ages of utilization in the novel nethods of the invention, as herein
descrl d..Pr fe abl t nucl ei.c aci strate.is resent pn excess,
and | s e B POtFrYied S ihpbesm GadBaed T RhEinyEninte Reditmhol he sanp e.
Thi s ip3ly@Rerhd¥ B8 haflbicta@ M Gall kAbwh hEthiu®n AN 8E s®ini tRit iy dIBtRRCSpeRECause
a novel "polymerized nucleic acid nolecule is detected, only the presence of
t hi s morlesuiced $ubstlr¢t@s csaalrh@I selercted dersmsarnd il baverthe advantages @frutdmah@dm the wor k
effectivel IS hot det.ri mental netho s of vention if
ot her "Rucmitho ‘%c G4 “HV%H (e 7 e grEiBRe: ﬁrﬁfeﬁ%’ Lt eelcsacclﬂ S ¢ he
bast empréchtoinRecdsd), et pirtiduler inflaQ@amBlIMERlcERowRE tﬁdmﬁher‘émlil&ﬁésdﬁﬁpl@h may be
found in the sanple to be tested for exanple. The present invention can be
mor e Iy i agémpeiaeé iechyiceledigimsierove prineait s1dthngs nigecerspras! pelyerpad nent al
wor k cl of the
pr cf erpodain e R I LHAREE ol biScc e ! ABjectleiPune Vil SRkl g
speC|ﬂbmmbhymamﬁnmh%bdem\&ﬁkhﬁ%anwhtTmasno@nbnd@ndmdmthahehh&mdmuéﬁmlon be

limted to such enbodi nmen le 1. Discovery of ga e |ndependent
e harhSHIOT HaSkeraR s mmé\ulgwgtpr%s@%@nm Sa) &ohd BRelc AP IRTED ol i

| 179aS &1 Rktel Br HoBASEMARG S HPRS! g&lesgultcgs RERhGRIY & RLAGi b 'sa %@% Be (R4l gase
substrate specific PCR prinmerS in the preserice/ absence of PCR was
noni t exedpki a SYBR green (gPCR) and the resultant 20 reactions were
subjected to gel analysis (B). Three different DNA substrates (A) were

i ncubated with E. coli |igase se and sub ted to PCR contalnlng
Si - Ext/ARIrERNHBY @Hiop SAn ?P}?é?@%iyrﬁi%%@eg%ééé%fﬁ@é% ﬁ@é logting pegmmesotnas

moni t Qi &H}{étﬁ?ltmk%emlf&i' 1ﬁlal:é/0rdaﬁ1\6@'\leﬁ’1qgg 1%@ nge \xﬂlﬁlgg@talﬁ%E fidol ogy
(Zeus ienti e resu tant reactions were
subj eqﬂrédrrt:@ergbdmmnaﬂs yéile rSent mctrt@ashang beamdentrsbedfand speenfidally &k eoplefidiNA
substr was i nc ith three different commercially
ST | EBYE B po Rl rht s euiS BabBhedly SebEmBRuB T hRCR anal yers. The
results of these experinents are illustrated graphically in Figure 1.

Exanplg atnp1d@N Did Qo (?qﬁgﬁgﬁ!l}g?%{)@%ﬁt RV (Jﬁmle substrates were found to

be sen5|t|ve and speci erived crude cell |ysates:

Three different DNA substrates (A) were incubated with E. coli ligase or no ligase and subjected
to PCR containing full length DNA ligase substrate specific PCR primers in the
presence/absence of UNG. PCR was monitored via SYBR green (qQPCR) and the resultant

20  reactions were subjected to gel analysis (B). Three different DNA substrates (A) were incubated
with E. coli ligase or no ligase and subjected to PCR containing S1-Extension detection primers
in the presence/absence of UNG. PCR was monitored via the commercially —available Zeus-
Probe (qPCR) methodology (Zeus Scientific, Inc., Raritan, NJ) and the resultant reactions were
subjected to gel analysis (C). Decreasing amounts of a non-ligatable DNA substrate (S1/AS

25  only) was incubated with three different commercially available DNA polymerases and
subjected to Zeus-Probe qPCR analysis. The results of these experiments are illustrated

graphically in Figure 1.

Example 2. Non-Ligate-able, Polymerase favorable substrates were found to be sensitive

and specific in microbe derived crude cell lysates:
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WO 2011/ 130584PCT/ US2011/ 032600 Decreasi ng amounts m crobes were
beadm || -1 ysed and i ncubated with a DNA substrate (S1/AS only) in the
presence WO 2DNA3pssHyner ase buffer and dNTP's at 37 C f oPC3WSa91n/03368) . The
| ysates were then subjected to Zeus-Probe gPCR contai ning Sl-extension
specific priners. The results are displayed graphically in Figure 2. 5
Exanpl e 3. Non-Ligate-able, Polynerase favorable substrates were found to

be sensitive and specific in Cro Spj ked Bl.o | t derive e
ool T IS dRnuRR Tkt fedo R EnSBLaiaraEs it P St s Fiabod
br ot h.on)8n MHeGrERES HEHRA R r bRE ANEDP&Cht 35UL f@ﬁi(?ﬁ’liﬁ.QAP. The

beadm I I'-1ysis and i ncubated with a DNA substrate (S1/AS 10 only) in the

pr esengatesfvedNhepolly peedeZdmiiPrelre @R ddifERnsgl 1 -SderBidnosped@fic primery. Ahe The

| ysat es re t.hen subjected.to. Zeus- Probe gqPCR contai ning Sl -extension
sheci PRl Pl gavesHERay i3 B 2 opl ayed or aphi cal |y In Figure 3.
Accordingly, in yet another aspect the present invention inproves upon the
i ngentExampde3cri bed and clainmed in WO 2009/ 007719. |In accordance with the

present invention, it has been 15di scovered that the putative DNA |igase

specific substrate in accordance with the disclosure of said WY 2009/007719
yi el dNapbigate-ablgnBolymerans fayenable sybsirates averpifouns) tprhersgnsitiye apd, spacificinDNnA

R O

sanpl es. For exanple, in the devel opnent of the present invention,

sept i CrittAsingAMoastswsicBed WereSPIRRH entBrOpRbablood brsth Musmidtbbeavght by
WO 2009/ 007719 were input into the assay protocols as taught therein as

cr ude SHPEHwBly desqverods sbgesteddatbardmitiglysis apgmeabriediih @ IYNApNRStse (ritdases.
| ' Li yi | hso : d h
220 Sk ARG Skad & PRAIHTs 65 P shy BRSSP fbr Wi MHOTTRED 11

bet weaysatR YvddNtheR QLB ERREZANPrEN IR 86Raid gl VIegktshsiihadpSeifivheiherautt i ng
non-1|igase-purified sanples, which froma practical standpoint include al

cl i ni éafultssecadipitleyed gpanhecalllyae Higgee 3.sol ating |igase is neither a practica
nor routine procedure as disclosed in this reference, when attenpting to

RN TR ERER T T G e T e

and claimed in WO/2009/007719. In accordance with the present invention, it has been

15  discovered that the putative DNA ligase specific substrate in accordance with the disclosure of
said WO/2009/007719 yields robust signals from either purified DNA polymerase or purified
DNA ligase, such that the methods set forth therein are not rendered DNA ligase specific when
applied to the intended sample type, such as septicemia samples. For example, in the
development of the present invention, septicemia samples using the sample preparation methods

20  taught by WO/2009/007719 were input into the assay protocols as taught therein as crude
microbe cell lysates containing a high abundance of DNA polymerases. DNA polymerase(s) are
abundant in all living cells. It was found that the assays as disclosed in W0O/2009/007719 are
incapable of discriminating between any DNA polymerase and DNA ligase derived signals,
when inputting non-ligase-purified samples, which from a practical standpoint include all clinical

25  sample inputs, because isolating ligase is neither a practical nor routine procedure as disclosed in
this reference, when attempting to obtain results from clinical samples. Rather, experiments
conducted in accordance with what is taught by this reference were found to produce an
assay signal contaminated by DNA polymerase, not a DNA ligase specific signal, which is

clearly the desired result in accordance with this reference.
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assay signal contam nated by DNA polynerase, not a DNA |igase specific
signal, which is clearly the desired result in accordance with this

ref er encewoO 203/130582/ 130584PCT/ US2011/ 032600 These fi ndi rg3/usesiaodisedl above
are contrary to the ability of a system produced in accordance with the
teachi ngs of WY 2009/ 007719, to specifically detect DNA Iigase fromviable
cells. It further precludes the intended ability of the disclosed assay of

this reference to differentiate viable cell-derived NAD, dependent, bacteri al
| bas R e Garaiiiahe™s iRt fade Wity 8Ef M et R e dRes comman
to al lwiwi @b ke%cﬁiﬁlgi §f W@ZWIPI_W 1980 %écﬁﬁéa@lgtde@cﬁﬁNfN s@f¥nl 1igRs %@Llé. ntsuc h
an assay system Having thus identitied this critical problem which is

cl ear Ifyrthaipmeclusdep dreadtchged diilsty oé fhar dipadescd assappf duheferkmgvia dififerentidte pr esent
i nvent i Qn. provi des i prove t.s which enahl e cific ligase signals to be
det ect B TURHERE P £ Ed T gRSs Silipse Lo mSTh Saheridint i BeBse YT s,

by 5pr el yihdrghed htctioRdhdiv®, alISHEISE béllitad Dot bbgiffatRBitedBorhanelipakt B such
described, that do not 10 aIIOM/interferinq@signals from DNA pol ynerases to
P

be detag@bwy systpia. plaiethuy idoeiiqdghistcrsednselem) whichipdrabsunanieipgied by
t hogs: i L ' . .. of. i
ol coty RSt TRAT R0 RA e kBB BEREAR (R rPELER IR A, GREKTE

or a nmpadific Bgdsheigaells tabe detettod froat mam-@frificddigpscemapts, afchas ke aaegdni sm i n

a sanple, the nethods conprising: 15 (a). contacting the sanple with a
nucl eil¥aksi by POV RN AtCHRITE: S&E%tgtufaé? SHbRErE & #eaqmae‘g?a%%%e&twdy 1% the
sagp! %HQW‘]hﬂeﬁngl?%ﬂgﬁde%&%Nﬁtlﬁﬁ%fﬂaM t§b@A8kSedr 0m DNA pol yner ase, (b)

i ncubating t contacted 'sahpl e under conditions suitable for enzyne
activity; and (c) determning the presence (and/or the anount) of an
enzy me hegadskhteidvdantioh ehaecfaed dsaploeiial enpresed inkthgd$, madcdbhposidrsand ¢its t he

sel ected enzyne qr. m xture on the substrate nucleic acid 20 | ecule to

i ndi c&@éedttﬁ%fe%@é Splceting an Heyme Splgele ﬁrrstﬁ?? SIRPLONSIplENg qﬁa%l?g%p Hbds of

the i ' e [ i fV : i [ g ' an
R D D L S B L A
been) assampés gednethodsecoprpefsargr ed enbodi nent of the invention the first step
in the inproved nethod disclosed 25 herein conprises contacting the sanple
W th 2 nucl ei.c acid nplecul e which acts as a. substrate for NAD dependent

| il§as da)fontagting thegampe wishp nacleigrridanglgeule MhisRiash a8 RsePtels 196 cang®al s from

DNA activity in the sample, while not allowing interfering signals from DNA polymerase,
(b) incubating the thus contacted sample under conditions suitable for enzyme activity; and

(¢) determining the presence (and/or the amount) of an enzyme modified nucleic acid molecule
resulting from the action of the selected enzyme or mixture on the substrate nucleic acid

20  molecule to indicate the presence of the microorganism.

Thus, the improved methods of the invention are useful for identifying all microorganisms in
which an NAD-dependent ligase, or a phosphatase, or mixtures thereof, are (or have been)

expressed.

In a preferred embodiment of the invention the first step in the improved method disclosed
25  herein comprises contacting the sample with a nucleic acid molecule which acts as a substrate for

NAD-dependent ligase activity in the sample, while not allowing interfering signals from DNA
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WO 2011/ 130584PCT/ US2011/ 032600 pol ynmerase. Any suitable enzyne nodified,
or ligatable, nolecule which can be specifically detected, once |igated,
may be utwbDi2aadi3dis4t he net hods of the invention. The sulpstrist@osmbei c aci d
nol ecul es for use in the nmethods, and inclusion in the kits, of the present
i nvention, nmust be of sequence and structure such that the NAD -dependent

| i gase can act 5 on the nolecule to produce a detectable enzyne nodified or

|'i gated, (novel ) nucleic acid mol.ecule,. and such that .it does no | | owi ng

| o PEPHIGHGT SHAFSHICHEERR 0L i PELE oy e G cr Y B ch IR EE aratctbat | n
the deugbRRNEGRL 1RhtcHNBaPbEIEINdiINVRThERs diithvRSchifned that the elimnation
of the polynerase chain reaction (PCR) Tag- DNA pol ynerase derived

background was not a viable solution to the |ack of specificity that has
been flhwendbitntd helduadiéntolsubstforatse id thedesthgds, asl dclssioo setheikits, of the
WO 2009/ 007719, . as it

was determ ned to be separ etection system
i ssue HER RBatanrayd bF(ﬁB?eq“&H‘EFr aé@ssga%éep%_ﬁ#&t @eal_ﬁ%ﬁ-gepeﬂ%néﬁs%ss Bl de
the seaRRe fAbidiR HHRRIEBE a die&hOs Uhsm ANl R i¥atcd hdvBB nRERRSRIJ case for
experinments leading up to the present invention it was specifically set as

a goalmalecult,@oit sedh th@Ndgrs iInphaltarsiag anderferingysighiatsrem DY Ipptyorerasddi t i ve t hat
does 15 not interfere with ligase. In order to acconplish this, it was

not ed .t hat . DNA pal rase ave wel | -dqcunented enzynme functi,ons that need
to be THBd barmEgrEdfE B %sg.eve opment 3? t -nr%senbmena@y%\faégeteaé%tm y (b)

3" -5’ eXARMMHORRDT e AT MEhYe chain reh@onIPCR) G4QINCA §REEn@Ede] detil¥d BRkBlouh@her ent
esterase activity It” has been determined in accordance with the present

i nventwasmot hatabkusotudiohdo thedatk aftspenficitethat kesibdembiuad uinehs curamg glibsateor use
i n.the novel ,met hods ent.invention, jch are syitable in

0Bt REREY BnarBpaE RO 0BE TR b iralis ek ATed Fo b SRt b oS ¢ ne
et hodgue thaV\Wod RIORAE &Y Bd & dr8RYd idpetatid@andidtth@E@rd1Otside Metsedpd &¥ thé Prsent
following: 251. Modified nucleotides that inhibit the polymerase trom any

act i vidisg ONDC2011/ 130584PCT/ US2011/ 032600 2. Di deoxynucl eoti des ddCTP, ddGIP
that stop the polynerase upon first base addition and sequester -neutralize

'ts agtl ol dtayih bR prbOAP &S WD RO Flalith 38 B RASent RS A Ras
specifically set as a goal to block all DNA polymerase activity with a inhibitor additive that does
15  not interfere with ligase. In order to accomplish this, it was noted that DNA polymerases have

well-documented enzyme functions that need to be neutralized/controlled:
(a) 5’-3’ DNA polymerase activity
(b) 3’-5’exonuclease activity
(c) 5’-3’exonuclease activity
20  (d) inherent esterase activity

It has been determined in accordance with the present invention that suitable substrate nucleic
acid molecule strategies for use in the novel methods of the present invention, which are suitable
in substitution for those substrate molecules disclosed as being used in the methods of

WO0/2009/007719, may include, but are not limited to, the following:

25 1. Modified nucleotides that inhibit the polymerase from any activity

14



3. Dideoxyoligonucl eotides that prevent AS oligo from being extended 54. 51
oligos with polynerase inhibition nodified bases incorporated to bl ock

t heir actwoizdy/eossehi s DNA substrate 5. DNA pol ynerase $p&aistéia/oasve bodi es
that inhibit this activity - these are well known in the art of PCR 6.

Apt aner oligo inhibitory conplexes. 107. DNA substrate hybridization
strategies that elimnate polynerase extended substrates from bei ng

detected L n _dgwnstream. l.ificati uch as PCR- by shaqrteni ng, AS on the
2RI et e e G S S MR
8. DNA SUbSta'h@ts@qlfé){tléf Ltk oms &hival %ﬁl@f'fighiéaénjcglsip%d&ﬁee ﬁ@bﬁ/dmﬁl@ﬁ? from

bi ndi ng and extendi ng by shortening AS on 3' side but do not effect |igase
159. Rel ati v\Ffte kinetics combined with pol ymerase extension |ength

bal d i . f li ) ) - 'odid iti full
Panar ned op " DRkRLoR borll R Ses A0 prElint RS g, by B ngRIPRL! L0, {1

Pre- PCR 53 31 dthes phat®lgadmeatinhibaibndRdd fiedpageb alcrpoei®yal bledk ASr usiig
optimal UNG (standard UNG enzyne) conditions 13. Conplete renoval of AS
usi ng Ther nosttAisIIENAUNEPSEB) . " Wil enabl e heat treatment of UNG to

o MLt oS INATLAO 8 TRl A5, PR, ISt Ao ke
UNG Rnase caht seaf RERt prior to PCR 2515. Need to get dideoxy 3' AS
6. Aptamer oligo inhibitory complexes.

10 7. DNA substrate hybridization strategies that eliminate polymerase extended substrates
from being detected in downstream amplifications such as PCR- by shortening AS on
the 5’ side combined with a true “Hot Start,” as such term is known in the art

8. DNA substrate hybridization strategies that eliminate polymerase from binding and
extending by shortening AS on 3’ side but do not effect ligase

15 9. Relative rate kinetics combined with polymerase extension length balanced in favor of
ligase.

10. Per-PCR S1 3'-dideoxy competition (full length, or a 13mer that is the complementary
to the 3' of the AS)
11. Pre-PCR S1 3' Phosphate competition
20 12. Complete removal of AS using optimal UNG (standard UNG enzyme) conditions
13. Complete removal of AS using Thermostable UNG (NEB). Will enable heat treatment
of UNG to eliminate contaminating ligase/polymerase, PCR mm must have dTTP
14. Make an AS that has deoxyuridine (UNG removal) and the rest RNA bases to allow
UNG/Rnase co-treatment prior to PCR
25 15. Need to get dideoxy 3' AS
16. Shorten the 3' end of the AS to reduce Taq docking at higher temps (i.e. 65 deg)
17. AS covalently attached to a solid support during ligation/extension step
18. 3’-dideoxy S2 reverse complement (full length, or maybe just a 13mer that is the
complementary to the S1 Pol extension)
30 19. For background reduction — “Hot Start” strategies, as well known in the art — 100%

elimination of unwanted oligo or extended oligo hybridizations.

15



16. Shorten the 3' end of the AS to reduce Taq docki ng at higher tenps
(i.e. 65 deg) 17. AS covalently attached to a solid support during

| i gat i on/wRRensi3eis4st ep 18. 3' -di deoxy S2 reverse conpl eCEAIS2€IOBI600 engt h,
or maybe just a 13mer that is the conplenmentary to the 51 Pol extension)
3019. For background reduction - "Hot Start" strategies, as well known in
the art - 100% elimnation of unwanted oligo or extended oligo

hybri di zati ons. 11/ 130584PCT/ US2011/ 032600 a. .True Physi cal - not easy
b do as al | Borl MEFIRNEEr 1Y S4VAIS €0 Bo AL FoR Y TSR MR B RS B about 90
degrees C, and nugbeRaNELS @Hdam@@é%msac,ta%mph@be&&H@%@Mﬁ%@iho@ebout 65
degrees C, the problem being that the transfer process creates a

t enper at ur e dr opemppiiatic ghahoud 6 degiowi @ebic poblenNoging tay the trdosfccpmeess, e. g.,

drop in 2mM MgC1_(..1 EDTA. pr.ot ect ed), .priners.. dNTPs or other essenti al
conponents. c. ch a%gsn%eﬁlr?gau&gt roﬁ’&’?}tm?hskﬁlfﬂﬁc%gaﬁmld?d'has been shown that the

i mgrovements of Néecharant Stzﬂ’t’s@@lgi,@?odﬁi@mnm vigel (. za¥ BpTishgotuted),i t uti on
of the suitable substrate nucleic acid nol ecul es descri bed herein for those
10descri bed i n \IRgegNFsRretharesseatial gogwongttt-eci at ed t hat the present

i nvention is not he. | 1m In scope by the specific enbodi nents
descri bed hergi ncﬁﬁ??]?})gg#,rrﬂ\[/%%?%ﬂ{js nodi fications of the invention in

addition to those described herein will beconme apparent to those skilled in

t he arAltHolu8itthas béar BE R NBat dRSEirHtdnhts dflthe presdht MEhifibi€ adnl ¥NBaladed biynt ended
to fall within the scope of the present invention. Moreover, all

enbodithesbstiyter pf he quirdlesubstizte neglpisiagiskmelcedendespiibsddioyein fghesccabl e and
c i i |.. at.her j i . A ropri at e.
a0 1F et NP RATT0, i R B B Rk RS B S PRI L%
f undanimtedl in pedpedyphespeaifit dneadiheagsdatribdichgueiaskdtcd, nusnisinasdificagioaaphibl e
of being. applied to optimze all variations of denaturant-en ed- crude

| ysat éhq BesRiion ip |a§31&0% fq thesdfseidhes er%m%fﬁ%@év@mp@epmt sl S@Qieé ytheast i ous

bi ol O%&@%e&%&%&fﬁg%@ﬁ@bﬁ%n(z&ﬂ ShAHh58 ficRttns AR intehBid ©%afi Kith @8 gcol}%quhe

fluid, an
present invention. Moreover, all embodiments described herein are considered to be broadly

15  applicable and combinable with any and all other consistent embodiments, as appropriate.

It will be appreciated by those of ordinary skill in the art that the broad fundamental principles
and teachings of the present invention are capable of being applied to optimize all variations of
denaturant-enabled-crude lysate (bead mills & ultrasonics)-direct-probe/SYBR-PCR analysis of
various biological tissue samples (including, but not limited to, blood, body fluid, and soft

20  tissues) for not only microorganisms or microbes as specifically described above, but also for

various pathogens, such as any bacteria, fungi, virus, parasites, etc.

Although specific references are made herein to PCR, It is further to be appreciated that the
improvements of the present invention are not limited to PCR or similar methodologies.
Amplification assays contemplated for use in the present invention include, but are not limited
25  to, other well-known nucleic-acid based techniques such as DNA amplification assays, PCR
assays incorporating thermostable polymerases, and isothermal amplifications methods. It is to
be appreciated that one skilled in the art may conceive of various suitable amplification methods
that will be useful in the practice of the present invention, and that therefore the invention is not

intended to be limited thereby.
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20 tissues) for not only m croorgani sns or mcrobes as specifically

descri bed above, but also for various pathogens, such as any bacteri a,
fungi, viwogilp@arisgites, etc. Al though specific referen®€3/se@ 1082660 her ei n
to PCR, It is further to be appreciated that the inprovenents of the
present invention are not limted to PCR or simlar nethodol ogies.
Amplification assays contenplated for use in the present invention include,

but are not |limted .25 to, .other well-knqwn nucl ei c-.aci d based techni ques
ouch: J0isBRA @ hE R FUARH St SEgHcent Bessup0dt e el oRary AR SnEHE ab o
pol y Mg @28 8res 8¢ plos &b eniIlvind PN Af disaob@RS EXeMPRADS sildh dpplidRioReirRRRIcECT at ed

that one skilled in the art may conceive of various suitable anplification
met hodst argarot Winited prethasceihuelving fodk vpterseioty biftenroresnp masskeea/mediearesiapd/or and

that therefore the ipvention.is not, intended to be |limted.therehy.
2011/ 130guoeo S a1 HrEhuteah. 18 g hEPLEHE dhd el S Bkt B on
I ngentr@iitoh @& BRIk ©8picoRSatives aMe @blod bl theehadsn hiy 106 pehes taBe apslRkaesses
invoIvinﬁ DNA di agnosti cs. Exanpl es of such applications include but are
€

not | itorek eefls Althoysh bpgigialwrhyare suemphifadap thagxample, opepbeidgiarsskill in the

medi ¢ L Gi t H.ng. | V] i e food
mdustry TR 180 o AN ol RS BEDACE A LR LA b 100° o

pr eserivativesan dibebsredcddolr thé idehaficaioanifisobstdnass thhecapati@optimémbandeandfapl | ed
to all cells. t hough bacterial_cells are exenplified in the exanple, one
of or dilh aerlls, %-gf’f'ractqrﬁgfq%@- Bhqidgnfiicatian P@n%éls%‘ﬁ%fﬁaqt%@dzﬁt%’é@ﬂeﬁ apfRgw a

i pyent,y ; i : : . A t: 1 O al so
L R R S Al R S I G
and/ oranfiphtientel | s, e.g. bacterial cells. The identification of new

di sinfectants and/or antibiotics are now a 10priority since multidrug

resi stance_organi sns have fl ourished d spread in health institutions and
pat i edt Wi furthgs b PG thy t%aa}ﬁﬂm* of s iniraiopria ¢ Hgden 3R hten A0t | on,
success#ﬂ?%%gﬁhgﬁé??gyﬁﬁghﬁﬁ%§%§MPf Sﬁﬁ?g?% é?g%?ngﬁg?%ﬁ&gﬁ?? ﬁgpP?UC

wi t howtithoathawng © sppahdme icnkurtg theceltsgunidvenitted fos gervdhwli samgink@ncagr owt h. I n

sone i nstances, 15organi s an t ake s.to eks t.a culture, a thus it
ST o BRI T R S B S YR G aR St e R, "o
to ki lchn@ighth Substdnk€hil KdeRAbRAN KA NFells) IkeQhRESorkdSInd AR Dthed BlstAcEs, 06 @ARI SIS
wll not growin cell culture, therefore making it difficult to determ ne

i f a oogtsarcelwes gef et laultueh therefaysphakingyit diécwlbtcedeteratitmide sobstarice
inventjon.can saye timne and resources f i.dent.ification of novel
R e e R T ey

met hodgenti€icMich ¢Ttholvel ditiefccAMBrht R ahtthibtigl r ease of use. For exanple, using
t hese net hods, |arge anmounts of sanples can easily be tested for the
presence of viable cells, e.g. bacteria. For exanple, sanples may be tested
f 3P t Hefysthesedhwatage opiicanvélanéthodsiageodingtte theinygntioniinthattcascedluserdralsr anes.
I n anat her, enbodj nment , .environnent al sanpl es may . t.est f.or the presence
of v SBrEPieres gegne Ry RO SR of BRI ST Rty s ERef e Bl ne Lo
25col hemlieekiks @ theickia O Fobekapiild, Sardplch haRbs tesldieforBichReben@ceqottinfigily 0 t he
invention can further be used for testing of treated waste water both
bef or divahactafig githigpetgel membranes. In another embodiment, environmental samples may be
tested for the presence of viable cells, e.g. bacteria. These samples may be, for example,
25  collected from soil or be parts of plants. The methods according to the invention can further be

used for testing of treated waste water both before and after release.

The methods according to the invention may further be used for testing medicinal samples, ¢.g.,
stool samples, blood cultures, sputum, tissue samples (also cuts), wound material, urine, and

samples from the respiratory tract, implants and catheter surfaces.
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The net hods according to the invention may further be used for testing
nmedi ci nal sanples, e.g., stool sanples, blood cultures, sputum tissue
sanpl es (WD=011¢13038%, wound material, urine, and sanpl esPCTasRen®32600
respiratory tract, inplants and catheter surfaces. WO

2011/ 130584PCT/ US2011/ 032600 Anot her field of application of the nethods
according to the invention can be the control of foodstuffs. In other
enbodi nent d sa s e.obtained frommlk or m.lk

CyogqurAnonish GeldiSt e aRE uEam Byt ko b e HaeRn DR e e Hg! St or

bever @Q&%tlﬂffseﬁp&ﬁgee?nbd@lﬁﬁénts Qﬁ'éjfdobl is@8Ples aRRabRdiNe PO WeiliSorOhilRBAlduBisoduct s.
The nmet hod of the invention can determ ne 5if preservatives in the food or

ant i mi(gegyivi, aheese, sacotedheessf bﬁt@@wn@mﬁm&)p@rml@mwmt, |b©mramélepmeéem ed cell
gr owt h A f A hgf gf e el dro%uc(‘jtfs l I C guctt CélF néer‘%%o(f or}qﬁ%ﬁl%gr%oqll Od éitepermlne .

i nvent| on Jut“he CO0sS produ

oi Bt g ser@eftﬁ@é’rﬁh the lchtQit dtraﬁﬁmlctrubl@meatﬁ@ﬂltlﬂﬂf@mﬁ(suﬂf Ssastettigatiohnhaddi ti on,
the nethods of the invention can i entlfy potentially viable menbers of a

mi cr otpreyented cebainiythyA fithes disldoefi apalicason @of de mefbad @woailn%&f@?w@n%l 8s for
pact oty s MR REMQATLER oo E Bt A8 di Al Heb S LI s s

or pl abetionydiaps, &be nDre colonles that are counted, the nore bacterla are
estimated to be in the original sanple. Problens, however, arise from

sonmetinmes long incubation times (in the range of daeéé) maki ng_this method
unsui tlﬁﬂd@tlf’lbrth? meiogls ahide anentien earyidenfify §0tellrh@1bewi maRpReekaf amcreial j zi ng

Sugj b RO ol 18144 ALIRN noNAat LI NG R TRl Gl aRBG Elihiddat can be

anal'ysi©s usi ng ven I on or tect
pot entsygtmy.i Tabditibhiallyi mexalfglag]altﬁcueﬁalr@rﬂﬂmmyﬁtab cbderolf)erfdmle'd mnag culoRatt@npri se,
for eﬁ npl e: B. ert#$S|s tos |r a, S. paratry A and B, C
di pht BaFqdppragcheser glte C@mtsoa £ a}%ﬁ? O@es”%@ FECAARS, th@legf‘echtealﬁar%t her gas
gangr eueybag tt(?f)é f th@on%ﬁ&l@aﬁfb‘les ’Pr(%lerﬁg %Bbv%ﬁr PariGrdRk&:R6HE loﬁ% ir?gﬁ’éédo%

meni ngitidis, N gonorrheae, Henophilus influenzae, Actinonyc ,
Nor cartohea)(in tAc ranet ob dayse makBgahils Inmtlaaieur{smt@le; chaxmdljz wsl actihtassd)s, These

Bact er oi e. d..,. Bact eroj des |I|s Bl ast omycosi s, Bordetella,
Bdrr el dt{ k%‘i‘ﬁeq’ﬁg?lp& lileathGPg‘H%gtF"%ﬂT Fucel | a, Canpyl obact er, Chl anydi a,
Cocci di oi des, Corynebacterium {e.g., Cor ynebact eri um di pt heri ae) E. coli

{e.g. 1Ndf1r-‘1tirﬁ[tf2h§(;’e§g R 61 FactGRd t'ha?d%ﬂ b@@ﬁlﬁ Q@{B%{a &'u%mEKlr&@'eﬂQod Ehiner obact er

(e.g. Enter er aerogenes), Ente acter| ceae si el
Sal morietengion er . detSaporonel] Iviaabilyplm 2 sGaplrosiak Itz wothed bf ihdiisvenSen campase,

Yer5| a, Sh | a Er othrlx i |lus.

R T uchEgerie Bl LonERSromcb SRBh & e S R orietRbShi 1 a)
Lept ogptiliRunt S h&Hithchs - Ufesert hdd SthE A ARARLGHAOBRAER) B. MEQAR a8 MRstis, P

Mycobact eri um (e. g. I\/ycobact erium | eprae and Mycobacteri um t uber cui osi s),

Vi2Br i enylewcila, NeWsdymurmmmwtlélsaM)goneaha@u Hgmebhidwdallu@rzee.é\psinoPgessdermnas

(e.g. Nol?ga%glas) HERoBhe er%acolfac%ae ac1l?lsaa(1:1 raS1s) Bacteroides {e.g., Bacteroides

fragilis), Blastomycosis, Bordetella, Borrelia {e.g., Borrelia burgdorferi), Brucella,
Campylobacter, Chlamydia, Coccidioides, Corynebacterium {e.g., Corynebacterium diptheriae),
E. coli {e.g., Enterotoxigenic E. coli and Enterohemorrhagic E. coli), Enterobacter (e.g. Enter
25  obacter acrogenes), Enterobacteriaceae (Klebsiella, Salmonella (e.g., Salmonella typhi,
Salmonella enteritidis, Serratia, Yersinia, Shigella), Erysipelothrix, Haemophilus (e.g.,
Haemophilus influenza type B), Helicobacter, Legionella (e.g., Legionella pneumophila),
Leptospira, Listeria (e.g., Listeria monocytogenes), Mycoplasma, Mycobacterium (e.g.,
Mycobacterium leprae and Mycobacterium tuberculosis), Vibrio (e.g. , Vibrio cholerae),

30  Pasteurellacea, Proteus, Pseudomonas (e.g., Pseudomonas acruginosa), Rickettsiaceae,
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WO 2011/ 130584PCT/ US2011/ 032600 Spi rochetes (e.g., Treponema spp.,
Leptospira spp., Borrelia spp.), Shigella spp., Meningiococcus,

Pneunococw 00830384 | St rept ococcus (e.g., StreptococcusPEmASREINI030@Nd

G oups A3 B, and C Streptococci), Ureaplasnas. Treponerma pollidum

St aphyl ococcus aureus, Pasteurella haenolytica, Corynebacterium diptheriae
t oxoi d, Meni ngococcal polysaccharide, 5 Bordetella pertusis, Streptococcus

pneu iLae, Costridiumtetanj toxoid, and cobact.eri um bovis. The above
ot RRPHRU B (TR PRy LE PUSErRP: DRI Ry - NG LA s meant to
limt M&ﬁn%iﬂé’cﬁ:@ﬁd,?ﬁeﬁrﬁo&fé&&%’n’d@ﬂl Stfbfp%d%@é&s@&g.t, BEbptBERASH Rk Rlgani sms. A
parti cul ar preferred enbodi nent of the present invention utilizes PCR

Gener &iroppsoseduansisC SoeptPaRrRear Braaglagings.iTienonsma patlidung Staphplegocrosaymg.| i s,

et al . .and, U S. Pat. . . 4. 683,202. 1.0(Mullis t.al.). ver timal
o e n e, Por R Ak horb B Finifosbes RTS8

enpi r iBoaddtyllOigir@kid] SreshteocOBstpndahesiavy (10stEaBLcRni foRbidvaiEMsesFaR frim
enpl oyed by artisans in the field. A nunber of paraneters influence the
succedeVvist The ¢hoye dision intpgdsd do beaerady 8lusHnide anddyinorpesns dumeany fellimitipe

ext engj g 2! ] concentration of priners,
t enpl Z ‘%gflggﬁgéd%%égé%? E@ﬁ%@@g%‘ﬁlfﬁg%%%@%‘é?%%ﬁg the tenplate nucleic acid

is denatured 15by heating to at |east about 95C for 1 to 10 minutes prior

t o t hey patiyien A pR fEreRiCdnh YAim AR RIF eel predeat Mveicdititiyed BSR 0Geasml prot&ridson ar e
execut ed using denaturation at a range of 90C to 96C for 0.05 to 1 m nute,
annealPhCRaratapghipe Vay- fiak NaddiSad 9f (bhullig et 4lg ang 8.-$.dtat. N@9.483-202ni nut es,

a e j t 0, .1 ) i \M T F i.mal final
c9§| eﬁ/ﬁlﬁlﬁéggalgh%g‘glglrreté’n?p,ﬁ%l %% foglglctfé?'ghse%a%r gaoc ﬁtﬁ gﬁ’%méﬁ%b&%i%’hnag@ tenpl ate
nucl eigenaeilgempically déte@binetpsit ¢saaatednditideommitereaimard doeirsonlarthplbydd byyo 0. 5
nm dNTP, of ,eaﬁh ki nd, aqjd 0.5to 5 unjts of comTercfEL)aIIy-aval | abl e t her mal

st abl @MiRES PNy Agldadewmbar obpyrampisH 1BHUTIGE theowgests PhERCEERATONEH)EPse
L ans Gid Bldeom RpEARRL LMK e REHon e WILC LR MEYRI REAE ADRChIRIGRGE T 11 st
C ed c nol ecul es, whic

coverts RNA ecules to single stran , are then
enpl oyedheas t¢rhgates rmpl aleexyrbonsdbselgs didneratlyl ihtitgaplaemucieid dved paoleyatercds e
chain reaction. 25 Isol atjon. o i.s well known in the art. In carrying
odp RivpeRing fa Favabour 13 Sott o Lad Tyiands ey eret FisteRe v eact ) on
sanpl Q&@fréﬁﬁlaieﬁ}ezd-% g8dlcd Wn| Ficatdifare $xO@@dd WanaddabRehtiohhea FaRe bir 90°d s
then maintained at a suitable tenperature (e.g. 30-45C) for a sufficient

: . : )
anmountto 86°G ford.Q51t0-160inuian amsling of agemeeratuac rangingim v riplat (lef 6108 to Re
schedul .ed cycl.es, of. a jof4 . catl take ce. One,of ordinary skill] in the
art ooty SRieRiof FPed B Ror Ao L e UM RY 3Gt o
must  RentodlRdht ! OPOR catib® hia9 dohtait abdad NIeddSmplatERIgiobsidf 2 uMheg rel ative
20  upstream and downstream primers, and 0.05 to 0.5 mm dNTP of each kind, and 0.5 to 5 units of

commercially available thermal stable DNA polymerases.

A variation of the conventional PCR is reverse transcription PCR reaction (RT-PCR), in which a
reverse transcriptase first coverts RNA molecules to single stranded cDNA molecules, which are
then employed as the template for subsequent amplification in the polymerase chain reaction.

25  Isolation of RNA is well known in the art. In carrying out RT-PCR, the reverse transcriptase is
generally added to the reaction sample after the target nucleic acid is heat denatured. The
reaction is then maintained at a suitable temperature (e.g. 30-45°C) for a sufficient amount of
time (10-60 minutes) to generate the cDNA template before the scheduled cycles of
amplification take place. One of ordinary skill in the art will appreciate that if a quantitative

30  result is desired, caution must be taken to use a method that maintains or controls for the relative
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WO 2011/ 130584PCT/ US2011/ 032600 copi es of the anplified nucleic acid.

Met hods of "quantitative" anplification are well known to those of skill in
the art. worosxanske, quantitative PCR can involve sinmuPCIASoU3/0§2600-
anplifying a known quantity of a control sequence using the sane priners.
This provides an internal standard that may be used to calibrate the PCR
reaction. 5 Another alternative of PCRis quantitative PCR (gPCR). gPCR can

be run eti t echni qu yin inter honol ogqus contr ol
Chat _dppeepotEampisss phdReare: Shd oyl " RudReior e MR
HowevV Qosc RO BkiAQARRL i t:theeaﬁq;t&lqﬂsﬁm@um chtniv¥R e BERIIRYoRlp&-be used.
Conbi nati on of real-tinme, kinetic PCR detection together with an interna

homo! egwlidyise aknewn ghatity afie bentesil seduensreeing the deneptingrsalbisgehvddesthe t ar get

sequences dvant Prl for PCR, RT-PCR and/or gPCR are
sel ectnét maftat (grdr eﬁf%lﬁgggf’lse Stgg atebtac{)é Sacv\tﬁl ch will only anplify a DNA

region which is selected for that specific organism Alternatively, priners

ar ¢ selpeedinbeit JHIR WahGaEe POR (GPOR). IGPCR G8Ye R bPtokPhitI Ch i's

common for all organisnms. Priner selectlon and construction 1s generally
known t¢qlnnmes employing ageniernal horoﬂleg@m qmtroli that dfatsan siae frioacthe eangetdly at he

sequencet.o 5 to 35
el eotrl e ERslaof HoweGE BrEigiit n R sheinle sEEMEEN:SP

nucl eqttsedi@mbﬂimloarmlréawtnes Eﬁl@ﬁ@B@thé@éctlﬁﬁifbgbﬂleﬁﬁ?ﬁhlaﬁluﬁérnlalihcﬁﬁkﬂbgbﬁs”at el y
50 nucl eotides in Ien% . 9., a forward and reverse priner, both of 20
nucl esenEalghatigan bp giom tam@ky Jetretad dongsiletthrotasgel seemercss can E%Wataé@p%y at

| east 10 nucl eotides). Mich Ionger sequences can be anplified. One priner

] ed t y d at. t i
t 30be et R 8RR PP YRR aPGRIY AP RER By Bliohr'S: wubaanedt vb*g regi on
in th&vﬂl%l}sérﬁlﬂ% aqjNAheg@M«htot«hg@elacta@ﬂhltm spddifineiedniBNAALSmRliedlyr ed usi ng
t he convention ere the top strand is shown with golarltgﬂln the 5 to 3

di r ectrioieys arpiyelceted nddevidihybrdize sndamaliprg sestion of BN whishds ¢ammonfardilzes
to th d | f DNA.
0 %ﬁ%atnqs?lﬁ PﬁInet‘ LE%J?@A ﬁ'ﬁ' t ﬁ&tﬂuﬁﬁ&n effgg %@ﬂcxxxﬁ 1 &h@grt Bgaﬁé%ﬁ%ﬁ 0 .

The ot Fner o 8 eal r ve the right

end ofprinkee iy legatedatt cachendofrhe fsd:c@xénceTtbe)eaﬁqﬁ@eermahcptlrxtelnﬁwrltemﬁmﬁybe| mer is
such that it is_conplenmentary in s%guence to, is the reverse

cdapl SFbrReNdP ta 33 BYciepiadss it lengthrangingye taretqtéedtletgt%trpahwweq Hetod®a.  The
[ ever SicR ﬁdt@%thﬂey Anystzs% udee b %ct@@e @rﬁﬁlhf?écdlw Di¥hatd?$Ro RLEIRBERs $ipoul d

al so be c osen subj ect t a nu tlons PCR priners should
be | odengtnGugha fomwetfdeanahbv;erﬁe(pﬂmer;%bbth ofPe otwld@tsies i ]eaglttht Wwhodedocationnm te

T et e 0. B o STBAE B PRI
pr ef enably iN@YRd PP F6 SRR piGHicr " GARtEMEated at the left end of the region to be amplified.
20  The forward primer is identical in sequence to a region in the top strand of the DNA (when a
double- stranded DNA is pictured using the convention where the top strand is shown with
polarity in the 5' to 3' direction). The sequence of the forward primer is such that it hybridizes to
the strand of the DNA which is complementary to the top strand of DNA. The other primer is
called the "reverse primer" and is located at the right end of the region to be amplified. The
25  sequence of the reverse primer is such that it is complementary in sequence to, i.e., it is the
reverse complement of a sequence in, a region in the top strand of the DNA. The reverse primer
hybridizes to the top end of the DNA. PCR primers should also be chosen subject to a number of
other conditions. PCR primers should be long enough (preferably 10 to 30 nucleotides in length)
to minimize hybridization to greater than one region in the template. Primers with long runs of a

30 single base should be avoided, if possible. Primers should preferably have a percent G+C content

20



WO 2011/ 130584PCT/ US2011/ 032600 of between 40 and 60% If possible, the
percent G+C content of the 3' end of the prinmer should be higher than the
per cent G¥Q20un3esst of the 5° end of the prinmer. Primer®CThsadid/osasno cont ai n
sequences that can hybridize to another sequence within the prinmer (i.e.,
pal i ndronmes). Two prinmers used in the same PCR reaction should not be able
to hybridize to one another. Although 5 PCR priners are preferably chosen

subj ect..to the re ati.ons, above, it is not necessary . that th rinmers
cont oot enagar B Hapm R eR R ik Soway LdRes SBRbY ame: Fould

chanc e Qfighét aladitp I8 GHeStlntcht o PER sPEATEtRe bidkr. PRI PEsHARR It Qo 1 T Y
DNA within a glven sequence can be chosen using one of a nunber of conputer

pr ogr apguenpestthatrean Aybiidiablocanothge bequearsraithin ghvougacrdt.£.npglindrdags).akveo 10
optirmum for anplificati of .a given sequenc i €. such progr choose
o1 oLt p S s e vk e Ryt R R E Y S5 S Mstize SERE R ATRSFEC e
mayg MPARpEGeitshee pieReiblpoRdseh Yuthéct RECReptdomhsndatibNeato B tiselot fic@gagm i s t he
Genetics Conputer G oup (GCG recentug becane Accel&%gg anal ysi s package

whi ch th shespringens icpformg to Hepeeandgipnss Otherprppisipay, workebw hago i LRy s shinss

pri mro?@%ﬂn?%@@de%s j;scl osed bel ow can be made in a nunber of ways. One 15
way to e ese oli1gonucleotides is to synthesize themusing a

comerci ally- avail abl e nucleic acid synthesizer. A variety of such

synt hegir fiime®h@tcan 88 dsddsto WRIpli FKDBMNWitRint 1E1$€n Sé’ghéﬂoé@aﬁ Be thgchlbing bHE| ei ¢
acid may al so be detected by hybridization nethods. In these nethods,

| abel &di amysiber of eormptargyodams tabarerayaitabie Syeh BrograprihePd Prgmera it 8¢ or
unlab | C1:RGI |.t er nat.j d
a0y e opBthuftfor Sy REL oS 26 syl Bt Probrard MBOE iy S kR S UEL
pr obesondiyibnd ditzditbomr, piat bthds cardéions sitdt asgdndximiZalic fxatig@latity M RCRO Ar r ay
Anal ysi s, Marc Schena, John W]l ey and Sons, Hopoken N.J. 2003. Methods of
det ectPrHFrHuPNe FRMBEFHRIOERA! iShlq éa&et% Sopwputes orgun &6&@ reqeBlly BSGIRSI e,

radi olakelsy gﬁ%«ﬁgg{)%g&mﬁm D% RARIBALARNGE of PRI, PhOSPhO! Mmager (For

detecting a ng 25 radi oactive phosphate incorporation).

Fl uorescent nmarkers may be detected and quantified using a photodetector to
det ectThenligbmdtldatighprifeesand. probdatiscldNed b8ol43n 86makdelin anumkargiivaiyy. One
apparatus). Enzymatic |abels are typically detected by providing the enzyne
wilg h azvaé/daérﬂ%kaﬁléesaﬁag%ﬁkeapﬁms f%%’nﬁ’@élé? thsm w%%eem@%ﬁ}kyeavw%i%e acti on

of the,eRzyIs QRH0E S UDSEAS &F sullR L A JIRF &idh@hfI 1S to those skilled
2011/ THERE IR RAdieyBer sl & sut s AT oy si npllywx?}ll\s@f}g‘fvflz? ng t he col ored

| abel .inthe asne enbodi nent, the anplified nucleic

Nucleic acid may also be detected by hybridization methods. In these methods, labeled nucleic
acid may be added to a substrate containing labeled or unlabeled nucleic acid probes.

20  Alternatively, unlabeled or unlabeled nucleic acid may be added to a substrate containing labeled
nucleic acid probes. Hybridization methods are disclosed in, for example, Micro Array Analysis,

Marc Schena, John Wiley and Sons, Hoboken N.J. 2003.

Methods of detecting nucleic acids can include the use of a label. For example, radiolabels may
be detected using photographic film or a phosphoimager (for detecting and quantifying

25  radioactive phosphate incorporation). Fluorescent markers may be detected and quantified using
a photodetector to detect emitted light (see U.S. Pat. No. 5,143,854 for an exemplary apparatus).
Enzymatic labels are typically detected by providing the enzyme with a substrate and measuring

the reaction product produced by the action of the enzyme on the substrate. Colorimetric labels
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acid nol ecules are visualized by directly staining the anplified products
with a nucleic acid-intercalating dye. As is apparent to one skilled in the
art, exerpbany/dyiss i ncl ude but not limted to SYBR gre@aT/ISYBROBicoE, DAPI,
propi di um i odi ne, and ethi di um brom de. The anount of 5l um nescent dyes
intercalated into the anplified DNA nolecules is directly proportional to
the anobunt of the anplified products, which can be conveniently quantified

[ ti det ect i devi di : f act Lo
st ot SO by st men e B 6RO Tahspria 46 e PRoYBITE BLPUR R ki of
amD! | oS ok dtciss AbAIMANEBHNFSUALIEAL LR uclicysel oot ed

intercal ating dye. Alternatively, |ab i gonucl eoti de hybridization
pr obesnt¢esalyting Ay rAesis epnarary te pahekdl lelinheaart fexemplegcdyss indsdmanoet bmiedy

o SYERR L R AR ARS! SOMARRY loti, ARFbiaBY bRfnid? et RE"

anpl i fi (o) esire eci frcanplitication one
segueng@mckRBf &5s MitatchMeddhtottheamp Rfi QUDSIA meRtiltyistiictly pRpbednalnayhde
verified by sequencing or denonstrating that the anplified products have

t he pregwvet @dhe prplifiediprogiets ucipeasdiectonyerd edbrqusniived eiiRges eoEnpera ern, or
hybri gj.ze} déJi‘cees%SéJrSﬁg tih@ﬂ&ﬂgﬂ%‘%&' ?r%ftﬂuﬂt?or?seﬁlbﬁﬂﬁt?& ofsadGn Rli';p%mtis gel
I nvention al so conpri se IT1S. or exanpl e, t'he It can conprise a
subst rebdceoplantds of angplEicdyeddices fatodediby stainie dndrviauatizationyofoic dcheetegel ect ed
|l owing interfering signals

i xt i t h | il 't I
fe P éﬁmm%cagf@&ﬁ{/%s%?e}‘nmﬁe@g%nﬁﬁﬁ %ﬁgéﬂglqggﬁe ﬁmrt%%aﬁlpﬁgrqh% (S&rBio&ess ey
t ) . l
syps T@?%&F URdEls fﬁfb‘?&'céﬂt%k%n%eteﬂpﬂgg é%ﬁ%fgﬁ%@ rpﬁgtgés\éh& xoloﬂﬁlf@tram%aﬁ shor

speci ally determning the pres anount) o ucleic acid
mol ecuhay reasad td dage@@miptitimatione Waetd dasiroed, atdpecife bhmptiBchtmnaf e gamomiext ur e on
t he substrate nucleic acid | ecul e . .an_indi catjon t he presence of
ipges i P o ety e e S AT AT S R
for copgiabtdeigtng toMehli fERNOERAavt AR Jri¥ieRl sBB, exhftit the hRAMAY nornal |y
sterile body fFUIdS for the Eresence of ‘absence of microorganisns therein

and t ocgprigongbgestiannatari.er hybadiao i the cpaedt eloncdrancleeiderseqianter: mat i on, as
well as primers useful for anplifying nucleic 25acid nol ecul e correspondi ng
tqo _organi sns specifically or. generally, buffers and reagent or isolating
A, S8 T ERBORY B AP TRt PR Hr SHEIcoHe et SaitBiey | abel eq
ol i gonealafRid 8Rucl¥Biasil MB&IIEFA RSB &F tRYISIIEIEd Szl fle DR AHRNESINGRE QMY a

pol ypepti de corresponding to organi sns of interest. The kit can al so

cont ai(whde sotralloslingimtfesing sigaals drone DN pelynicrase ), sunpiteon menns flordagutiseing
assay et and, companed. L 0, & L ER LS RG0! QLG o AR SEHREN gt 30 of the
kit can P endiosed i thiH RV Vi dual  'cOrtar Aet and " al"t ¥ °t he vari ous

cont aispedicatigiickeminify & %1@43%@3&5@14@6‘5 he/22{d1i() @82 eIl dehl MoRcle AGuRingackage,

along with instructions for interpreting the results of the assays

pePf orffasd thesicten phide gplected enzyme or mixture on the substrate nucleic acid moleculé (as an
indication of the presence of the microorganism). Such a kit can also comprise other reagents
suitable for conducting the novel methods of the invention, for screening normally sterile body
fluids for the presence of absence of microorganisms therein and to provide diagnostic,
prognostic patient management information, as well as primers useful for amplifying nucleic

25  acid molecule corresponding to organisms specifically or generally, buffers and reagents for

isolating DNA, and reagents for PCR. The kit can further include detectably labeled
oligonucleotide, which hybridizes to a nucleic acid sequence encoding a polypeptide
corresponding to organisms of interest. The kit can also contain a control sample or a series of

control samples which can be assayed and compared to a test sample contained. Each component

30 of the kit can be enclosed within an individual container and all of the various containers can be
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It is also to be appreciated that the nethods provided by the invention
further conprise conducting a conplete or partial mcroorgani smgenone and
or transcwpprormsossequence anal ysis 5utilizing the princippras2@ana3zee@chi ngs
provi ded herein, and wherein the conplete or partial m croorgani smgenone
and or transcriptome sequence analysis can be perforned sinultaneously, in
concert, or in parallel using a single sanple preparation as herein
descrihed. It |s also to be.apprecj.ated that the novel hods herei n of
et AUERE potelsh i PRl TR TRty Ao i b S 4T Heeb onof
agent $e¥biflePididg thk &itobi al and or anti-pol ynerase activity, 10 useful in

t he managenent of patients. The contents of all references, patents and

publ i shed patent applications cited throughout this application, are
i ncor posatsedo he nppmcibted tieft greemetbodsoprohided byrthear vammion disrther cemphisd ndi vi dual

publication, patent or patent. application was specifically and indivi.dually
ndi o SOBiH BE BEOTRST Hobayni6y oF e P LARBTe B R Gapsr BGER 5 BRSNS
descr iyglii- B8 thasiResBs HMBR LIRS ped @RS SN OfndUNEeEis RN dce Bl Yargiad no
unnecessary limtations should be inferred therefromas nodifications wll
be obvhigworgasisnhgaenskand|os dranseripreencsequernce analysiprarabe patfargsiion t hat any of
the information provided herein is.prior art or releyvant to th resently
ol ai ot HOERET e SOty orap paile itk 4 Spef el el i PpRE )

r ef er englesltd e Hpriat@d that A6 nbid] @sEhie fhicRedl o OihB @iveh&6n cadl protide igrite@l and
scientific terns used herein have the same neani ng as conmonly under st ood
by ondliaghogicaneastie adidefection phageaistwithoanthinggiobin and; aspahtrobmasdicas YLy,

AHBhOqgghhﬂﬁhghﬁﬁag%g%géfﬁﬁgﬁﬁyhas been described in detail, the specific

exanples hereln ar way of specific illustration of enbodinents
of the invention and for purposes of clarity of understanding. It wll be

readi ITheRPRRHB I all feftRASS, Pitets BhdRisBdd pdterit Appliatiafid cited Rhlolghtut Bfis 25 t he
teachings of this invention as set forth herein, that nmany changes and

gndi f ia_ealtha?ﬁ@, aigincpeporerbhereintyesierensp duthawpms cxtsnsasdesachiipdibidil hout
oore/ TyDRhRTbeS oF By lyaeBle TARE: She MR B Ml B ewed 5 Yoea 1

connedgihdodporudct by sefeenté.c embodi nents thereof, it will be understood that it
is capable of further nodifications and this application is intended to
cover any variations, uses, or adaptations of the invention follow ng, in
géher dihe forggoipeidaieilpd descptiqrhkasibeegiven frretrgriast pLedsEptandate adpard iy es from

the pru%ﬁg&gsag} ﬁ&ktgé&{seshg‘éld%% qﬁfe}%& mepef%%%)%m8aiﬁcations will be obvious to those

skilled in the art. It is not an admission that any of the information provided herein is prior art or
relevant to the presently claimed inventions, or that any publication specifically or implicitly

referenced is prior art.

20  Unless defined otherwise, all technical and scientific terms used herein have the same meaning

as commonly understood by one of ordinary skill in the art to which this invention belongs.

Although the present invention has been described in detail, the specific examples herein are
provided by way of specific illustration of embodiments of the invention and for purposes of
clarity of understanding. It will be readily apparent to those of ordinary skill in the art, in light of
25  the teachings of this invention as set forth herein, that many changes and modifications may be
made to these embodiments thus described without departing from the spirit or scope of the

invention.
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5 customary practice within the art to which the invention pertains and as
may be applied to the essential features herei nbefore set forth and as
fol |l ows iwotha/sespe of the appended clains. WO PCT/US2011/032600

2011/ 130584PCT/ US2011/ 032600 1. A nethod for detecting polynerase activity
as an indicator of the presence of a mcro- organismin a sanple, which

nmet hod conprises (a) contacting the sanple with a nucleic acid nDIecuIe
whi ch s.,as a trate for merase activity in.t

noubaP i e R e heueR b e bR AR ariar Lo e SHbodir e Snmerep bt wil

pol ymekaserdebll Yiat Yiis 8dpble(dFurBiR® Gdddi Fakibis Qﬁittﬁfsrﬁ?ﬁh&gloh ReinRhaseR@veand/ or
the anmpunt) of a nucleic acid nolecule resultin romthe action of the

m cr o@ny awh@mnpolsywr adaptasions héthgmm@mlam éollwmgm gensiral, the Ipgiocipkes of Her eby t o

:/\,hnglr g%vee Lgn a ﬁl ?ne s(l)lfch eépatrt}rlilnée(r:sr np'r?ssrg sc-ligqurerr:%s;[, cgogrlrge v(?zghl.%llk%lom 30I’%0 d of
cl ai mcﬁstomgrlﬁ’aaldehatm qrecwmamlstmh@eﬁ\%@hsﬂ péiBaids e\hdaé@h@ymeCJp@ﬁécgﬁﬂhs min
the sanple. 4.The nmethod of claim1l, wherein the nlcroorganlsn1detected is

an i nteaentigh f@‘l‘t@@ﬁ gasindgfare settrf@rﬂwmﬁp%efollgwwﬁhﬁé@%& dte appgndpdslaiggier ei n t he
intact m croorgani smdetected is one in which the nucleic acid pol ynerase
gene and its translated active protein polynerase is essential for
viability of the m croorgani sm
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6. The nethod of claim 1, wherein the polynerase substrate is immobilized.

7. The method of claim 11, wherein the sanple in which the mcroorganismis
detect ed WO 21130388l |y sterile body fluid. 8. The net hodPof/usk@ils2bpo wher ei n
the sanple is prepared using a differential cell |lysis sanple preparation
met hod, thereby allow ng only viable m croorgani smderived pol ynerase
activity to nodify the polynerase specific substrate. WO

2011/ 130584PCT/ US2011/ 032600, 9. The.nethod .of. claim 1, wherei.n the sanple
in whilch tﬁeﬂmheﬁﬁa%%%?ﬁ%@ﬁwwgss&%w%s PriBYSF GO B MEPRIGE ¢ Iy sat es
or pufgrfdn@sh il fanffl @G HiOmethodQomphgesiet hod of claim 9, wherein the nethod
further conprises conducting a conplete or partial mcroorgani smgenone and
or transcriptone sequence analysis. 11. The nethod of claim 10, wherein

t he cdaypdoataeting thearipkl with & nodeiganidsnolgernombichndtsors atsubsisita foppolymesasquence
anal ysi s .can Fe erfornmed sinultaneously, in concert, or in parallel using
a si ngFeVEaRY %S%?I&frar ation. 12. The nethod of claim 10, wherein the
conplete or partial mcroorgani smgenone and or transcri ptome seguence

anal ygi,s: : ] ' I I Lhe.

O agm e L o L PP 8 o
anti-polynerase activity useful in the managenent of patients. 13. An
assay (&) dpceifiogity deedindiing @ageticaceiGal/or themnidigt roftahmdicaf acidynoticulelradultngl
through 12, faor screening normally sterile body fluids faor the presence of
absend®nptheActon Bf (G AT RABIEPHYAAESE ON PrecybdBtediusiioatid 8}01?51‘1@‘@ bye
patie ]@& i nf | A net hod of detecting an enzyne

sel ec'?(té1 r%ﬁgﬁggsaé%uog&%isc?ésbtr%%%f NAD- dependent |igase or phosphat ase
or a mxture thereof as an indicator of the presence of a mcroorganismin
a sanple, WWhcaheth®i dfadaiaONprlics&s thepolyra@aais lthg ot DNAS@RINA polyinferasenucl ei ¢
acid nol ecul e which acts as a substrate for enzyne activity of the selected
enzyne or nmixture in the sanple, while not allowing interfering signals
from BNA pdihgrmesthedof qlom |.idieban thegmicheorganisn denetad tsedvigbigphierogrggarsm in
condi ttf'leosna%lp%n table for enzyme activity; and

4. The method of claim 1, wherein the microorganism detected is an intact microorganism

in the sample.

5. The method of claim 4, wherein the intact microorganism detected is one in which the
nucleic acid polymerase gene and its translated active protein polymerase is essential for

viability of the microorganism.
6. The method of claim 1, wherein the polymerase substrate is immobilized.

7. The method of claim 1, wherein the sample in which the microorganism is detected is a

normally sterile body fluid.

8. The method of claim 1, wherein the sample is prepared using a differential cell lysis
sample preparation method, thereby allowing only viable microorganism derived polymerase

activity to modify the polymerase specific substrate.



WO 2011/ 130584PCT/ US2011/ 032600 (c) specifically determ ning the presence
(and/ or the anount) of an enzynme nodified nucleic acid nolecule resulting
from t he wotnom3efs4t he sel ected enzynme or m xture on thecCsaisgamasmonuc| ei c
acid nolecule, thereby to indicate the presence of the mcroorganism 15.
The met hod of claim 14, wherein the m croorganismis one in which the

sel ected enzyne or mxture is (or has been) expressed. 16. The nethod of
claim14 or claim 15, wherein the sanple is prepared using a differential
cell lysis sanple preparation nethod, thereby allow ng only viable

m croorgani smderived |igase and/ or phosphatase activity to nodify the

|1 gase speeifiG.RaPSEdIAREL, wﬁ'e?elg 1nKbﬂlcl?ﬂ°E%lcFoo?%anRﬂ{ fsQfechfég déin assay

for detectlng an enzyne s€l ecte ron1t e group consisting of D- dependent
| i gasergurghtepltatdesell dysats ot panfiel deldrasobnas an i ndi cat or of the presence
of a mcroorganismin a sanple, said kit conprising (a) a substrate
contalnlng a nuclejic.acid nolecule for acgtivi e sel.ected enzyne or

ty th
mi xt url@- i n Theenethempleclaign?: veherein thy methpd guthst @9%@%@&@0@%&& & complefera
pol ymeh ﬁﬁ?mlcr691)§aﬁ1§ﬁ1%§fyﬁ19?g@@ﬁéns&ﬂﬁtoh@%@%h@Qnag%?s sanpl e and substrate

under “condi tions suita zynme activity; (c) Means for
specifically determ ning the presence (and/or the anmount) of a nucleic acid

mol eculle r a3uglrhdthed &ff daind 1 vartdi®the@oniphte sehaEilancRIDZFHMEND Eerdind dhderon t he
substrate nucleic acid nplecule, as an indication of the presence of the
mcr Oélfaggpmpigqﬁle sequence analysis can be performed simultaneously, in concert, or in parallel using

a single sample preparation.

12.  The method of claim 10, wherein the complete or partial microorganism genome and or
transcriptome sequence analysis of the microorganisms further comprises a method for the
diagnostic measure and detection of agents with anti-microbial and or anti-polymerase activity

useful in the management of patients.

13.  An assay kit comprised of reagents useful in the method of any of claims 1 through 12,
for screening normally sterile body fluids for the presence of absence of microorganisms therein

and to provide diagnostic, prognostic patient management information.

14. A method of detecting an enzyme selected from the group consisting of NAD-dependent
ligase or phosphatase or a mixture thereof as an indicator of the presence of a microorganism in a

sample, which method comprises:

(a) contacting the sample with a nucleic acid molecule which acts as a substrate for enzyme
activity of the selected enzyme or mixture in the sample, while not allowing interfering signals

from DNA polymerase;

(b) incubating the thus contacted sample under conditions suitable for enzyme activity; and
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(c) specifically determining the presence (and/or the amount) of an enzyme modified nucleic
acid molecule resulting from the action of the selected enzyme or mixture on the substrate

nucleic acid molecule, thereby to indicate the presence of the microorganism.

15.  The method of claim 14, wherein the microorganism is one in which the selected enzyme

or mixture is (or has been) expressed.

16.  The method of claim 14 or claim 15, wherein the sample is prepared using a differential
cell lysis sample preparation method, thereby allowing only viable microorganism derived ligase

and/or_phosphatase activity to modify the ligase specific substrate.

17.  An assay kit capable of performing an assay for detecting an enzyme selected from the
group consisting of NAD-dependent ligase or phosphatase or a mixture thercof as an indicator of
the presence of a microorganism in a sample, said kit comprising:

(a) a substrate containing a nucleic acid molecule for activity of the selected enzyme or

mixture in the sample, while not allowing interfering signals from DNA polymerase;

(b) Incubation means for incubating the sample and substrate under conditions suitable for

enzyme activity; and

(©) Means for specifically determining the presence (and/or the amount) of a nucleic acid
molecule resulting from the action of the selected enzyme or mixture on the substrate nucleic

acid molecule, as an indication of the presence of the microorganism.



