:{|}~e3eo+o(R 6dT17 JUN 2004 , PROBES AND PRI MERS FOR THE DETECTI ON OF
POL YPHOSPHATE ACCUI\/ULAmw mwmmm"w | N WASTEWATER TECHNI CALHE EHD gdzl S
invention relates to t tion of polyphosphate accumll a |r‘?
organisns that ' S are capale+ of biologically renoving phosphorus from
wast ewater. In particul agn t he |nvent|on relates to a nethod for rapidly

.assessing the presence MH'W uuﬁ" such .organisns in a wastewater
sanpl e; th&biudasybers b . of the phospho

ng
capacity of the wastewater ngogwnbi al com‘runi ty. INT /&I&WS E)OITES'[I C

wastewater is typically treated by an activated sl udge process designed to
renove nutrients such as carbon (C), niitrogen (I~ and phosphorus (P) from
the wastewater in order.to prevent gl obal eutrophication (Metcalf and Eddy,

.1991) . Thi s prRRUBES AND PROVERSFUR YHEDHTHMCIION'GH YODYPROSPRATOON gani snms to
t ake up such nutri ent ACOUMULATINGORGANISMSTIRWASTEWATERL | On i nto growi ng

.and dividing cells, or to volati rients. For instance, nitrate
can be reduced to 15 dinitrogen J&%@%@&i?&r’bat ed into the atnosphere
( Sevi our and Bl'la\(slqai'elntlonlxgﬁﬁ} to %@deﬁlmogt@dﬁl &'lﬁﬁlyp}wsphaﬁehecu&ﬁktm@aér@ﬂxs&ls ‘&lﬁge

. proce ee- di nen oner at es. about. 100 umi.n
di arretsSZr %%’_‘é’epé f°|f%§°§° c°§ﬁ i be S énﬁzfr ca'usf ?g‘gn YAV e alPeRPHHIRE ditaipasntion
gravity selitestors methasifor topitly ssseing dparaticoor mumbere sHwmeh orbﬁybﬁxvafa)wa%fe&atarr one to

failures go S ars.inr | action each
year in Aus? ngu *Lki{;kgénrg%mg he(frl%ggér ‘gxn‘gmﬁg?rﬁgoﬁusfﬁm?vé’gsﬁfﬁgcw Sf ahfeh‘&?gwf’tﬁ’i | ures:
1. Soli dsmgwpalmmtprobl ens where the biomass does not separate fromthe
treated water. Bul ki ng occurs whe W s bacteria form bridges

bet ween flocs precluding their se enent and conpaction. Overgrowth of the
bi oneks by hydRepissisi vesteivitenietypiotllydisated eranactiviaied ludge groseb ésstgnadeé gemofel oat ed
on the |igiedsSHE ACESvR! (EP d:t?c%g? (rﬁ) andapgxgspﬂgmsc gfﬁq{olgllz Q\Eia%ewa or er tot he

bi onass into one fraction and th I'nto t o&r probl em -
i s cal | ecPrr6anglARky! eytrophigation éMeE&‘?if)MS‘qulde{t £99ak t Thie process obblalogm@MMdnateﬁ

Parti cul aklypgnisl xafcfo@fgamaﬁs i @wgr gRR Inﬁemﬁmwﬁ%ﬂ' tBe WRGWIRS tf&"i?r%o%’ohamnc P! al

contimity are responsib upt ake and renoval
popul at i ofeving G?%ﬁ‘vﬁé‘ﬁd\ﬁ}lsa%@rY%tlhseﬁh%@ﬂ“ttheFPf Fnstanep, Ritetereay be rediced todr op 30

accor rf ngdmﬁtro&h@asraemvﬁgkate@fmtg’mfefa%ﬁﬁ@ét(%%d‘B?éakaﬁlew@@)h' eved by cheni cal’

precipitation g bi ol ogi cal mechanisnms in a process call ed enhanced
bi ol ogi cal phogﬁ‘ﬁ’(? rl&%“‘?"ésrrb‘\/éﬁle CRBPRS . sludse nsecsssc ZWnes dlepswttivserdisfensional EBPR

act vat echgglotid@es Qdoantooh&smtdiﬁndté?f TR0 odRRt BYRbShtedPbnl the ALt @d@te@&@xﬁ robic
zone where it .is >éPt6tmn Q?B the returned mcrobial bionass fromt

secondar yPYcFRHDs e Vet Apamdeoprocesses) mWZUO@PWPNSOM@%?OS@gf orm
t he so- cauuhaddsmfmakahds@nmmmre&lemmasbnlehdnbyeirush@dﬁaﬁdm T r@Wo @RmODI C
zone 23{2 reas i ongeéefagigg?nass is separated fromthe treated wastewater in the
secondary - Ta R yphosphate , accunul ati ng organi sns (PAGs)  (van
Loosdr echk. ﬁt Salids) sefiB8ibh paasbeense\hmat ihveblicynaw?ﬁc h&CkeinBaté lies &heé yr&ate m?atelimdf
excessi ve pho urs. i e .aerobi c zone. noval of a
portion of 5 t%ﬁl M&r oghs wrg[‘)én %Ir%%né%n WRATEA o Pafasy b§‘lwﬁ?fgé‘3°s PESHADE e { he
net renoval c;éttlﬁndnt Mcbﬂnmcmt@matcmth ofEquhwmas%y lgmﬁmdbenmm&badtdaﬁ | ast

30-40 years of t

successful Iy con ucthEtE}% p@og%gggéhgq ﬁgsﬁmes agogead ET’Q@"&? x°'1—E)t;/vever
despid’e this dbepkiphmandse onhéagiondyd b lE[BﬁRmm anpthéri omgganerm]‘uhlm isi capdadr t ant
as EBPR procesggggpdo fail intermttently. By the tine a wastewater

treat nent pl ant operator has detected an EBPR process 10 failure) which is
done by rfeni t dwksrRy apprppsiate| astivet thigrobinleqegenunity. t Paetiowiar papblatidns obmiTtnighnisniseadi ng
to this fail Ur\ﬁtthuJ. w?sltekaﬁ@giﬁlé?@o\(ﬁu T mnWVQQ%s}Q@r}élb eXbr laﬂxpl@ (1#1}% agoj reEnI and i n

" fact the PAGCs may have reached such l'eve that t ave no ability to
conpete in t hdf Hiees penulgionsofmn ieloy. 2 erainembert then PAGY Navreowbtmlbeleqn

. unamgoguousl y st i ed and the biochem cal pathways for P renoval are
unknown. Researchers have constructed bi ochem cal nodel s that accommbdate
the gross chemlEaFemovel of B feom, wasiewaisn Sap e @phievad by chmmirel presipiiatia<or ByConeau

et al.) ltﬁﬂ@ca\/‘ﬁ@&h&ﬁkmﬁin @procesd 8L enhhRRE Biolh3HA NBPRoAIP Rhol 41 (ESHR) Oftlel ONS
atterrptlﬂlg tch t} bol i c ?‘EIG nce of hacterial isaglates with

t he bioc ﬂ?&%ﬂ °§1’}% ayvatest shydgpmlant has dhe,infuent Wastedater GRS | v on
i sol at es anderdbitezogewhise s nlikédORitiCheretufiRa HikG6bidVBIsRAEsFrobl thé BtdhdGe Albrifientoe ‘
easily isolated from EBPR sl udges (Fuhs & Chen, 1975; Kerdachi & Heal ey)
1987; Wentzel et al., 1988) and sone isolates 20 show sone characteristics
that may be inportant to EBPR (Deinema et al.) 1985; Streichan et al.,

1990). However, evidence indicating that Acinetobacter may not be ‘
responsi bl e for EBPR | ncI udes pure cuI ture perfor mances not correl at| ng |
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deJirabIe to be able to rapidly determ ne the nunmbers of such f5gﬁﬂ%§ﬂ$ in
order to assess the hosphor us-r enmovi ng capacity of a microbia ty
nuch |ike an e¥ ﬂg % ning system shoul d the . EBPR process PEEAPHYSB1fai | .
SUMVARY COF THE INVENTICN S An object of the invention is to provi de

ol igonucl eotides tbat can be used to detecE pol yphosphat e accunul ati ng
organisnms in a sanple Further objections of the invention are to provide

methods of det gl ildQe-cdkd QH@J‘LM)&’ 'rﬁl%g&%@ Ii u%ytﬁén f%tvfs] o a‘&foﬁg Odnl g?eﬁ %aﬁ' ihs s

in a sanple. According to a first e 1 nven
provi ded an ol PigBHuct dterié ol Fegted dléﬁlS'e\‘,‘%‘?f ng the ﬁvpb}dp'hoép'iﬁalt é’olyphosx)hate

accunmul ati ng Ox@@milfify lofaBsufsAFROSE, (va%@ldés&écbt%)QUCI|99ﬂtdréj§lebtWélB@c¥£h B these
sequence of at |east 12 nucl eotides that is unique to 16S r

pol yphosphat e %Yété’ﬁsnﬁ’ldéi“ie?ﬂj' © BhqsRtate fpumu A‘(‘,"&(S’F‘Hfs Aythe geropicareoRinoxdtBhtpasiontof of
t he inventi ®n) tht prewing bismimss (weistel edtivas smldgeg f81KS indiinkidendyilionE froxf'z e wkitRater,

anplification of haos rrulatl or sald rimer
havi ng a sequence% %['n ?ea%e ¥I%§%neﬂc < las{tgg S YA 4 bfbgRL?ﬁ %fqgop of
 pol yphosphat e aBrateescta rmdrcasucesss fubly gendinet lRBPR Aovcesed (Hegtldy & S;ckekdqudl%«bbﬁdwwemt of
the invention, e bpeRbQVERH: e REPR Bty teqlram?ﬂﬁamﬁg%pkk%%&g& %o Of

16S r DNA of a pol ypho ate accunul ati ng organi sm sal ‘%&F@
conpri si ng: (ag‘léP‘e“Pi“F‘slty By thg Hrtie estrrvpigetregimentplanteoperaton hps dptestedant HRFR ordsessi ng

a sequencelsel amtre Ghich @smomg rﬁdnft@mg P QvelS, Aie@hahGeSin kHOMAsrobB SorinftPikadtis SEERNT
ol i gonucl eot i dgl af a§a§ 11) nu Ieo i des. hayj ng“f $e qtgence sel ected from
the ot her straRd ol lelegy hyeds éfP%ﬁﬁPfdfm 89 9 5t pehAQsmay Bave erded i de
sequence; wher aichloatletelsalt they bavefno sbihtd t6 tanpbte anitle Mmxeadhbcornivgion uabred%xi, tes
has a sequence DAy h h
or gani sms. Acc%é%éé tﬁ%tq)gé our% ogrs?}gld I Men ?Jd t? % e Ilg?\@ 3{1‘“3’?1 °rw?%va| %'g
.provi ded a ne¥HeRImoResgrsthers hivegomBuctsd iblogheaiicalamqslels Shahaseqpietiae &emmﬂlmxpahg
organi sm i s a saMRftions SbsevaBh Bﬁﬁk SONRE @hAdu ERE, 1§§639§nt&f1 erla)194 15 eat ' ng

cells in said sanpl %'\1,‘}0 fix cellular contents; (b) contacti ngcrsal fixed
cell's from step (a) WH'E A4 bPeRiTaane investipations airrarsies icmatshdbromerphaliy perfomgntsi ofi ons
whi ch al | ow sabadtefinl Csbhtei thlhtjﬂbbxb&bxiﬁal\bloah sug@Sstedl RNABPR ThisOhfva bdcdnBR@n&RY |

wherein said p an ol i gonu tide accordi to the

30 (c) renovi ngn 1?0 es 8 it d einés meto% éte;]??‘ega#]sestﬁ et P{é& 80YY all‘eSQaSl hsal%ieﬁ?oxaggtlgm tin g
sai d | abel ed pﬁ‘als@ m&‘lﬂmm bP75A©eccmmh8n§eaﬂeu, 1987, iWednlzelenrlg d P88 atd ofue tShbtes

i nventi on) @ heggy, 's&neoéhgx\ﬁétgﬁgcs%a?ﬁta}h Bna%h%g%k gﬁmﬂmPQ'a)’ pﬁgﬁ ROAE: er

accurul ati ng oLﬂganl smin a sanp sal Isin e steps S

obtai ni ng nucl EF®- Zoreves Fwﬁﬁneeelmhsaﬂeﬁ thay Arigeterejermay mt be r«mnﬂw EPBEE@ mclade& JUN

2004 PCT/ AUOQ fardxdultre pddforaids aatcbmtﬂyeluem&oga&l Hodes t169; tadoi W d.N153s)

HEhS
| abel ed or i mmphilised ucl eoti de .pr.o er co dltlons whi ¢ 'l ow
said probe to ﬁﬂlﬁfszcg%#gg’ %s‘e‘i?a*&“&*f*@ 15 ‘iafi" tAgipopecter are fRLRTESPH ”sgﬁ
probe is an ol engehunoinbag iociecoant FarEAPRYBOd, 1992 Cloetes& Sexpi) QLR 75YKEtipfer (e£y., 11996;
necessary, sse ny dig pr.ohe I r
necess: ané§5pge@éggeegﬁﬁn%dg Wiifler P4 OB laﬁgbeﬁggsc EoR” 805 E%p‘ia.gsoc&ee&’
Accor di ng to am§f°R’chP19é‘}‘ft9€Fdim¥é¢1talth9ﬂght¢?eﬂ ﬁlaﬁb@mqmnnterﬁh@rc‘&ani Boswvﬂﬁpmudlas

met hod of det eﬁ‘tcPdM'iat@s gfnl;sxmgwftﬁskemaecaml afgof) GURIKEKRN 1 59), | tRe raRRbAike Sai d
met hod conpris

th {ﬁ% ceIIs of the organi smto release-
genomi ¢ DNA; ( "’Sfﬁ?“a@ 'EQ' gelr?a de'Pf;/ ﬁ‘i“if‘“lﬁ?\%“ f Pffﬁ‘f“é‘f”é‘b(xf‘éﬁha’iﬁ*‘lf‘
priner pair actdf)dHewgeverothérhais nb lgenedll cbﬂseﬁmbmdmﬁ&macter(a&)e eRdifillds Bt;mm:g addifdeedDNA
of said organi i | hd JTEE to
or oduce ang@‘ ?Imfo:gbéaé (ZYQ%)' c%x?l: Jéle filg ?a?h tﬂ%&%ﬁ fxg%eta{r%maﬁ%.l\g severa d@e@eng?acgnl\kb‘
product. In otﬁé‘ﬁ’s é‘PHB‘bH? mﬁ@t e F%@MW@W@!@@‘\O@ h%h@pmbp%MGEQGWhods

of quantitati nﬂaﬁ&aeogétuawmalgﬁen&%eyp{ggsmm >cunul ating organisns in a
sanpl e. The inventi th rqvi des, a net ho identifyin

ol i gonucl eoti de pr ogéég {ﬁe ‘gbtlbg “f“ﬁ?“%aﬁ‘émﬂé‘fs%@f‘l’l&r@’oF“hﬁ'tf‘a“ﬁt‘? l%g‘iabﬁh%?hms

pol yphosphat e mmowuahtibatwastgwavar gaddsisabie. foBettiiént DiaagEhdnil bf(hdattdent TeyiteniIRANsNGS
Figure 1 is a phylogenetic tree constructed from near conplete 16S r DNA
sequences 20 derived froma variety of sludges and sequences from
publically accessi bl e databases. Figure 2 shows fluorescence in situ

hybri di zati on m crographs of m xed |iquors from sequencing batch reactors.
Figure 3 is an alignnment of 16S rDNA sequences. Figure 4 shows the

rel ati onship between sludge F content (% of dry mass) and %cells 25

bi nding all three PAO probes of Table 4 as a percentage of the

El 1B338- probe positive cells. BEST MODE AND OTHER MODES OF CARRYI NG QUT THE
| NVENTI ON The foll owi ng abbreviati ons are used hereafter: by ' base pair C
car bon




3.0| CH car bohydr at es EBPR enhanced bi ol ogi cal phosphorus renoval 1Fl E{J%&arre
i oni zati on det ggd Afugldas chromat ography FI SH fl uorescence in é:' txhﬁ/ p

hybri di zati on HRT hydraulic retention tine WD 01/ 46459 5 AU 004
PCT/ AU00O/ 01611 N nitrogen . , P phosphorus PAO pol yphosphate accunul ati ng
or gani sm PCR pol ynerase chain reaction 5 PBA pol yhydroxyal kanoat e Pns
non- sol ubl e phosphate Psol sol uble orthophosphate Pt total orthophosphate
r DNA ri bosonal diehle]to bREDIP tr exptdiyi determine theagmbend of @EtY bigadals B b St RNA

ri bosomal RNA h il . P San, Eranci sco Sout heast

Wat er* Pol | ut i o%&ﬁf?gﬁgﬁgﬁfgwgﬁﬁé% e% enviTOR” theRge @wﬂnﬁé"lﬂf?ﬁ’&“m

t enper at ur e To'BgFE¥bRPEEsbe#in todbiber at ure TSS total suspended sol ids VSS

vol atjl e suspended solids | The sunmagiv6F TERISVERFIgAUC! eot i des in DNA

conforns tocthe IUP%%:— IbUBt st ndard. 2Q descri bed i n Bi ochem cal Journal 219,

345-373 (1984). The Yetoect 80%’61“?“@‘&"’“ ahéP BQyife Aissnysieotiden thelopam bs need tg sdetect

"conprises" orpdpbespriesichgiulaging ongsisths e raedample.0 FAERObBectiRg of el ikhah@R 20 102

stated i nt eger,.of i L . to cl.ude, any ot her integer or

any ot her int eﬁ%éﬁﬁ?ﬂ%‘gggcﬁgg hiqugng%’%%e ol ?Ej\fs)&laeé%eggwg@é?ﬂ‘% A\ Agample.

interpretation of tKecordipemiojasfisteambpdiment of BeTivention; ihere icpmitided tan ofigoprbtide

publication Orpr&retf&r@h@ctﬁkﬁﬁdyﬂﬂ%@ﬁéc atc&{mu.ﬁaﬁ?é SRl H ﬂa&gle,i sgihglf'%topﬁ%legxedg ﬁa{viingt hon
an article or

by cross-rg erence. I—(ﬁgeg?er t he cross-referenci n% 0
publ i cati on’ doe¥Bi® Hrehitest hapuctentides, iy is paiags to JEHILNAaef Refyphosnhere accutwging
common gener al orgapisledge, The present inventors have utilized a | aboratory

scal e sequenci ng ba . BR) ..t o erate sludges enriched in

pol yphosphat e accu nusqlgg){ ‘{“%ggté Sggcgr(ndlsesm rlr%dlflﬁ}&%g?‘e Hwalt‘_f’fh\?@mdf ERgfdan pleagnuclegisier pNA
clone |ibrari esinfef émACRezeplification bhBNAsH L pivphosphated@nemldtisg predisnd o6l piiad: t he
characteri zed phGis; & SRUMENAES: LIS P, el [ ta th

bacteri al ngdi ??gsg%e 2. Prot eobac%%c‘ge?g%gg}% 1 a%\gttﬁce)l%?(g@g‘? %Rdg@(‘jﬂ’@ﬁ%es
are nost c oseﬁci}m’i”@f‘%ﬁ‘ﬁ@nﬁ’asﬂhodocycl us spp: and Propioni bacter pel ophil us.

The inventors have Atdofdiigab 0@lny ehddidcbnt dTde ikVBRIOR, 1REEls BIALIANG pﬁﬁ&;ngg BEBCR N

t he 16S r DNA - j equences can be used as, sequences .

ol i gonucl eot i ga](;anp E@%%’so\@érscr%MP?lypﬁ?fghﬂe ‘\9\?“5“%&‘?%&5’9‘“6‘3‘1 Primey pjy coppiping:
PCT/ AU0010161 ® pr obésst digoducleatidedt af laast b duclexsidésyhbnin g sSqfeicd Eeldet8d bk 6Hd 8Fandi OF
detecting PAGCs and theqREd MRiaSad0r PCR ' anplification of DNA of such
organi sns._ ., A 16S rRNA- or rDNA-directed oligonucl eotide probe or priner
of the firdk dWbodi tressendepligomupleotiiefeatidasrl 2tnpgleatids |ngvitens sequanesnsglbdedfonniho ut
12 to 50 nucl eoti degheréirdat 6f 8111 & DNANG U stiesin JRasl ﬁrsgoﬁig&#@%giheesg Jeéjc%';s'
Particularly preferred. oligonucl eqotides of the first enbodi nent are as

fol l ows: 5' - CCGTCATHAEE | et 2gd seson GPYCs Bat is unique

5' - GTTAGCTACGBCKSTRRAACES!phospine abdimentingngaaikie provi des probes or priners
for detecting organjsns.Glos -relate 10 PAGs. Wth such prinmers .

ni smat ches_ at t he 5*‘&@%‘5‘%%“?{’%‘ 661?? ner 3#% %@P?ﬁ“’g@?’f)F@W“ﬂedﬁr‘@fbéﬁ’ Pldgteing mer
for det ectPng celsghmrobmiosphatssetupulatisaraatisn & FRAERe, haid mbthe! choprsmpihages efjuence:

5' - AGGATTCCTGMAT GTHAdZGEHsTn saidhBfE toiickitilk Sonifiguences can be sel ected from
t he sequence ?tlgi gnnment presented in Figure 3. lere are a nunber of factors

to be considef8@d whioRReHEsgAi fxgd Sells s stam @) priihe debalel aligomctydtidy probe tubder

i nvention. These faohdifichsWhich NOWsd€ plabé & hybridlieSGitts FRIRNSRAGIN, i fhelt cell,
Specificity is the Jvlile;est nd forerrost ]desi n consideration for probes and
primers. It is achieved B p§°8f58??ﬁ@m’ée@lfﬁg‘?c&rﬁéﬁf°éﬁf“§ém@%é“to t he

| 6Sr RNA arf§ 0K©)16S reBdngrmhybritiagdpebe fomg said S vdlls;andio M smat ches

(non- canoni cal(d)basedeggtgnrgisg@)abelm%g_m% b@r gani sns nust have at |east one

m smatch to the probe or priner “sequenc 0 ensure that hybridization will
not According to a fifth embodiment of the invention, there is provided a method of detecting a

polyphosphate accumulating organism in a sample, said method comprising the steps of;

(a) obtaining nucleic acid from cells of said organism;



20‘ occur: The optimal position of mismatches in a hybridisati O%P%Fms in
the m ddl e of VJ(p‘ﬁugs%]gonucl eotide and the optinal position_of s in
a PCR primer is at (extension) end. All probes of tﬁ‘é" PROLHY
invention were designed for specificity using the ARB software package
(Sttunk et al., unpublished ). The followyng paraneters were subsequently
assessed ~ after the initial design in ARB. 25 Thernodynam c ’

consi derati on®) Theodu¢trg xﬁllbléxafal: & Boffst Qﬁl§ Qbeldd dr TR Sbitk
physi cal paraneters r‘P@the (PO selp(a9 ?Nh T ch |rs te1 sg‘% gi&ﬁ@e&g&%& 6% or e)

t her nodynani ¢ para %F%ndﬁ‘f’“st Wf«?rxg?lg?ﬂ’esa@rp’?h"ltﬁé‘ﬁ’b%dﬁé Ho 465 musleic agid motepdesat ur e
(Tm or dissoci ati ehertiesgidprolicts @ ofiFaljicldoti® sb@yting 10D B)irsckaivedimtde t he

conditions u bridiz of the oli onucleotldes
will occur, BTkg)e Accesnggaaf)s%?l teéapa%ﬁ%mihﬁen}a}éac{s?égﬁlmadﬁ?bé{%? Prgks ‘B‘F‘ﬂicﬁ’d pprigisad second -
enbodi ment? of(@} he id¢ieeting faigriabelad prelesinbleit addhybdd. t he ri bosome is an inportant
desi gn consi der at i QREFAGNS reai ons 6

within the ribosope ar@eg gi&té‘%%g%%&%?@%ehang%? ’h"g'?qc » pmv’%f%aem%(ga c?dil%gg%g
scenari o preVabPiRsPhels accymplating opganign ngstmndd, sist iaflend comprising he stepstofs | eads to
no detection.(a) V\Dl;@ﬂ;éébﬁ%ﬁhe?orgamzmgmegpggngﬂbﬁwoo 01611 Secondary

structure con® derations, %‘ﬁucl eoti des can have self conpl ementarity
resulting in @ t heFuehsd erI“‘&‘rr Rogte BNA Frorp st6g (3) With 1iprimer pajr acesding@alpeythird

struct ure¥ of the. erpbodhxenare an inportant design parameter when used wth

ion-channel n@)nbra S rimer acc ing to the second
enbodi nent of t he ?ﬁ ent$% rBPik fs?‘%ggﬁsg’bbé'scy golfcqurf'gacf“?gr gy Wﬁﬁ%ﬂ?’%ﬁtd)
typically has a | eF@iﬁltomFOdlﬁanmlﬁiﬁcmqn:bremmdﬂs A preferred length is 12 to

22 nucl eotidggy Q hggg%ﬁqul%at%gm&t pairs according to the third

enpodl ment of the invention e an oligonucleotide prinmer that wll

anneal to one straHdo®F ef“ﬁ@“f‘?ilfsg‘étthe inentinre iers asmprovided guedinds of qugmitatio eet | de

primer the VdulberafBeigdhodpBatd ARQuMINAE orgfR i TRILAL yTheSiLJeﬁtrqu xfthe; Prgvxﬁe%r get
ri mer

sequence. It 1(&}0\# IfJ bef’@% ECI ated that the second oli onuc eot

nmust anneal i i REepPyFlectide, prabes oiritadler é‘ﬁnﬁhE)fdetePF@nf pry guantitation ot
ol i gonucl eot |pdb'plmsphmeacc&eqatmgo@ammm ch occurs in the conpl enentary strand,
to yield a double stranded PCR The
anplification product is of ggﬁislfé% %*’W‘éf?#@i’r‘%’s ection. Typically, -
the first and secofiguelliigerniziogantticdese prismeted fromeseai poniphee uw@mA Edyenees €
separ at echoby d58veli Qork o $RRyR Suded ARl ShEHL Q.0 1,000 bps.

15 As indicated abovg) tryg)gets1 gglscco%‘?elEl e§gm§?‘%ﬁ£a®%5&%s‘md§ Nt of t he

i nvention can be uEgye QtSShﬂ%ﬂ?‘\ﬂ‘?S%"a‘Eq 'drfmpﬂiﬂwégattoe referpgrants PA@xedqupwreifremr ed
hybri di sat i oRedverzhgbsithaedctorsEl SH f or whi ch the specific oligonitcleotides
speci fi ed above ar tic larI t However, the probes can be used in
any other hybri di sgpp%%’sta% Hﬁgfslgg Q%?‘Arﬁeq‘ﬁé"eﬂi scussed below. ' A nethod
utilising probes aBigwe dislysttie xtelaeoushilpladnbdeﬁ)ﬂudg'ﬂ’ codeiti (et drmbfIPaddOylcbiR

enbodi ne I in situ

det ecti onrgsof bfnﬁgg ﬁhﬁﬁpﬁﬁﬁimh&%&%?&,&“?uﬁe WX%e °ggf gg%%ys'p?%&p‘fsft’ﬁ'%?eélécent | abel
such as fluoresce ﬁSTM%mwmﬁpwpﬁﬂA@Rﬂ@mm is given
in an article by Dglelgamqm@tab@gmngns;ggghhe,galﬁlml details of which are given in
the reference |isting. ccordance with the fifth enbodi nent of the

i nvention, probes of ttﬁe f P#&Plknhodi ment can be used in nmore gener al

hybri di sati on techni ques okarbda speci al i sed techni ques such as an

i on-channgl 25 biosen . §g§°%| Lgtcal ly, nucleic acid from a PAO can be

i mmobi i sed on an iner suppor Stch as a menbrane. After hybri di sati on of
the probe to the i nmpHiBPRs etharpadbiclpgicabphiosphorasremémgbri d i s detected by virtue
of the label. A parti ggh&chimcs t echni que nmakes use
of a slot blot manifold such as%ﬁgd%%gﬂwfé%ﬁé%%od descri bed by Stahl
et al. ( 1988). Probed I3 efuereicgesiarianbybridspationi sati on techni ques can be

| onger -than the typi GiRT | epgtulic @fentivptin® 30 50 nucl eotides In an ion
channel biosensor, a probe is attached to an ion-channel nenbrane

bi osensor. \Wen target 16S rDNA or rlZlI VA binds to the probe, the

i on-channel switch is triggered. The switching event results in a drop in
el ectrical conductance and.thereby indicates that target nucleic WO
01/46459 8 1 7 J U N Z004 PCT/ AU04/ 01611 acid is present. The mechani sm of

t he biosensor is described in detail in an article by Cornell et al.
(1997). The | abel of probes according to the invention can be any of the
| abel s known to those of skill in the art. For exanple, the | abel can be a

radi ol abel ) a reporter group or a hapten. 5 The nethod of the fifth
enbodi ment can al so be used to quantitate the nunber of PAOcells in a
sarrpl e. Wth the nmore gener aI hybri di sation techniques, this is done by

o I



n_’unbers as the drop in electrical conductance on triggering of t1h?3JUN 2004
swi tching evegio@i«@s @ quantitative measure. In the sixthpefbadbignt ofthe
invention, PCRis used to exponentially anmplify |6SrDNA sequences using

ol i gonucl eotide prinmers. An exanple of its use in detecting m croorgani sns
is |l 5 given in Burrell et al. ( 1998). Detection of the anplified DNA can
be by any of the nethods known to those of .skill in the art. For exanple,
the anplified DNA can.Nbe aitedgrsed. by agar ose gel el ectrophoresis foll owed
by staining to identify th h@gﬁnﬂa”d of the expected size. O her net hods
for .the detection of applification products include hybridisation,

especi al |y sol ution hyb#? dirshphosthate peshmgating prgiised, i nt er nal

ol i gonucl eoti de probe pomplpary&,@,taarcymﬂ@acam{ egion of DNA |ying between the 20
ends of thg anplified 8}1@ GRRBE’E Ry naI ol i gonucl eotide can be |abeled

usi ng any of the | abel @'%f skill in the art. For exanple,
the | abel can be a radPwi ahleh-scmrblea:hmmer ad| oactive | abel such as biotin.
Ni ck-translation can apg luH§§rgxoBh%aJh§t€ i nternal probes. Probes and(
prinmers according to t e |nvent| on c e prepared. by conventional

met hods. Label i ng can Be ddptal orthdphesphisteopri at e, during synthesis of the

ol i gonucl eotide consti {pNA NbodoRe DNHODe or 25 primer, or can be done
post-syntlﬂ sis. Methods_for the Iabellng of .prinmers is given in. standard
texts such’as SambrookREYF dpstricliondragpent jspghpalymamhissy i ners can be provi ded as
kits for use in the’ rreﬂhudéhbes‘omhthA nvention. A kit can include one probe
or prinmer and appropr| rea or carrying out the nethod.

Advant ageously, kits f g‘fﬁﬁ‘ﬁf’?‘ BB of target DNA include at' | east
one primer pair accor dSEﬁg tS@nlestdﬁauﬁieasmaermomtmcbntrolmmhe case of a
quantitative nethod) kg ® agyRMagaus! y include at |east one reference

st andar d. The nmet hods the 1 nvention all ow qui ck and conveni ent '
assessmentd of whet her Emsl URRlEs SrpeRisTevat er sanmpl e includes PAGCs and aI SO
al low quantitatioa of the |@VRlaBon¥mdersAfR Cells in sanples. WO 01146459 9
1 7 JUN 204 PCT' / AUOO 611 Thus) wastewater system managers can qui ckly
di agnose any probl ens ‘hotqlt ﬁ@ﬂévgeéﬁﬁsaleﬂé to PAO levels. Kits according to
the invention are partvsal &bﬂatﬂeuﬁ;ﬁﬁdbhsdliasthl s regard. To deveI op PAO

specific probes an [ eguen nf.or ionis re A panel
PAO 16S r DNA seque%?:%s eniEt([:fr cgf h & e°8 e 1‘%&%@%?‘3& ‘ﬁ s@ﬁ‘?’dnust
be const r &t e@scn&dﬁ&mh?rhaealgameml%ﬁqﬁéﬂdw)un| que to PAO 168 rDNA can be
sel ected. The sequepcgald,gRaEn I c & a particul arl

sui t abl e panel forthe |der?t| c%antd?’tgﬁﬁg%éhgcf%gn%giggunclgéﬁ%est & %85 e & axe!
general t echrisgflissinge é@owﬁetwswa?ﬁadwd@ﬁmmrﬁem integfrs b @oti topshutlé any ofbied | be
known t o t hosigtegekbd ah@éthdrintdghiS, udleds in thel6dhtekief DRLOMERCIRGR xﬁ@rﬁx@{ah&%q thehnis
exanple, in Sanbrpok et al. (1989). A non-limting exanple of the invention
follows. 10 E&&NPte 1 Devel opnent of Probes for Detecting Pol yphosphate
Accumul at2hg O ganil'mrmmcrbohthitsf eacalptﬁheatme ofl &%ielE iclosiChebvafiér is mad’ri:di)dﬂﬁ isfoUstges
were enriche hat e accunul atin ani.sns aration and
char act er i sa'?‘% %ﬁﬁ m?%kiégg nceI BREr B g?sls'e%er BB F A °l¢s?rlPH§§§tPn§ﬂ7§ e
devel opnent d$e¢¢SWWGb@spubm@thncmnsmehmgrm@ezn@maknomedgn‘ Sl udges Enri ched
Wi th Pol yphosphat erpcaueatird 65190 IRBHAGS P« IILAPRSLEIRARS B o

in Brisbane, Queensland, Australia (A
generat ed i n SSaFRieYudgesicariched lea?lmheﬁpbﬁtaaccw}senpeorsweg AOST pre hevegeapared Hi8d

medi a use3d f aDNARBndititds fhie tHeldenBothtd @88z NElidehR iR, B\h&dﬁihaf Q@ cHaRQkrized 165

eval uation ar f the sane as orted Bon

Briefly) a 1. 8N o°FFY %"FV%%%Z&% 8"“9&% E’H Eﬁiﬁ?f“"grs“ gg?é) 8\%@@3 6%@?%@0% n
anaer obi c/ aertiitle E§oRNS sequanted iro nwstf ddsele nélaal edRHoi@)agi spal anp Fagpphbets
renoval (EBP Joy The
SR L }’“ﬂgm@m%? L S YERLF R poﬁuf Bk ERe Slou °ésmai??6%%m

el ectrode, arffPAOy W%GE‘B’&QCFW éfyeqee apIsAUEhess |fcng>he¢nugethdapraeqs @bp@ner% Theh
aerobic and 0.5-h settling, was naintained. A hydraulic retention tine
(FiRT) of 12 h wasnaintained as 900 nL 2~ or 1 liter of nedia was fed in
the first 100 mn of the anaerobic period, and 900 nL or 1 liter of treated
supernatant was withdrawn in the last 5 nin of the settling stage. M xed

| i quor was wasted during the aeration period so that the solids retention
time (SRT) was 8 to 10 d. ' The P0O4-P concentration in the influent to the
A sludge was increased to 57 ng PO4-P/liter) while that in the GRC sl udge
was 28 ng/liter. The effluent P0O4-P concentration inthe A sludge was 30

al ways at or below the detection Iimt (0.05 rrg PO4-P/liter). At this
point, the P%of the mxed A culture was 1 S.1 % The performance of the
GRC react or fI uct uat ed over a 12 rmnth per| od and at regul ar stabl e

. - Az . N 1




J.O1 1 7 JUN ?pp~ PC T/ AUQD101611 Reactor B was al so operated as., gn SBR W|th
a working vol waRéssol |iter, a tenperature of 23. SoC t 20) &g}eﬁ_ﬁ—(
controlled in the range 7. 15-7. 25 by the addition of elther or a
40 g/liter Na2C03 solution. The 6-h cycle consisted of 1.83- h anaer obi c,
.3-h aerobic) 0.5-h) settle, and 0.67-h cgnprising draw, fill, and strip
with nitrogen gas. An HRT of 12 h was. naintained 5 by wi thdraw ng 500 nL
of the react oproleoat enisal id virlonghydAdiuiseiedthRudd A Uete RS PAGPIA M timels iMpLR500 -

m. fresh nutr eratl on of feed and effluent punps, alr and
nitrogen fl ow&ﬁgﬁ%?wngDNAMChB% rogr amabl e .control l er (Mddel CD-4,

Chrontrol Corp., San6SiRNyo, or MNA-difted ﬁiga'nuomxdmbmoabmﬁé ofifhe ﬂrsden(b3&%r@8f the
o s vast el 0, GREARE o TR, 4 0k g, 2ol D ool e

m xed reacfor contents Inme prior to th
sane cycl e THeleaidefo Grstiulprly preferred ¢1mam19¢tld¢sadthaﬁﬁ@,encbbdzmimz%as fAlewesr obi ¢

condi tons were mai n aehToXTOPAWEHGHETRIBDIAP0 W th N2 gas through a

porous diffuser. N2-stri en began approximtely 30 mn before
the addition of feed. é‘r%o 'gG %/'P%fé-"%\ere mai nt ai ned by bubbling -

ambi ent air through a mmuscdat@us&cm%e@@d N2 flow rates were
approxi mately 500 ﬂ_e AN ?erobldc and aerobl c conditions were verified by
conti nuous 15 measuremanE & UQIPRY BHPTPES PRBTRGY b S§RGtne wpaaisps lgesly related to
(MLO16- 0770, M&w BVinswh plimEe ingntiches et thEdi @dnf thiprimar st e@livied. QX yeeRdTet er
(Model DO 40, priveV¥ chart recorder (Model
288, Rustrak ‘Cor pgxﬁ%%&?h% F%E%gsﬁ%@%& Ie&a%kﬁ%%sﬁfsﬁ be fj%% VT EEEFbon feeds wer e
added separatel y. The TOGATAECT@AGATHICAARGE3 of (per liter) 259
NaH2P042H20 (Gflkr Bltatité debleBbel %2?1&3&5&1 h 26H20, '
14. 4 g 20 NgSOi? a eﬂ can e ook t elethnE%h%‘%eg presgr;tgd g\}l\l@% 10% HO )
0.20 nL trace ele eaé"cﬁ‘ﬂ’f“i B'r?ffa&tﬁﬂ t@ef?Psﬁ‘E’e 463%111913!‘119?18 anfipesbesr ace
el ement st utdc@nlingosihé B éeo fThése Blctosivihiow BOReAVHiIERRA3, 1 SO0 my ZnS047H20,
7S mg K, 300 ng CuSQASHR0 26H20, 150 ny Na2Mb042H20) and
1,679 ny NhSO4HZOOSIpFF1'%°' es 50@8}3{}? ‘%en&%%‘) d Forgmost dgsign gonsidepation A7 apebes e
carbon feed wigternddidachipval byoeleting & atmplimsitag beqiehCe tokhe[165 rRBACIE br 165BNLAr bON
25 feed consiggt gthep €00 sgm no_aci ds er liter
of nutrient fee %ggeT reairgg‘a‘g?lo?ﬁwas seg(ggh i ago%{cﬁl%asei}g ﬁmg aén&rar?el’ 8‘?‘??’? %y of
San Franci sc?Sqt{ss 43¢ miameteh topth¢ piabd erpri@snsenusheep Endure( tBEMYbridivatdn Wil nat
pur e- oxXygeEn aedut.V ahe dptihdl Ga&dAl ShisWbilnds $ X hpﬁﬁis ;F obRSk i e hdGle fd it Of
ub

whi ch functlo cz a a erobi ¢ sel ector. e P concentrations in
t he anaer obi é’ §°81‘ I8 gptigal P??HPE%&W‘W“&‘FS Ip H@CBrPéslefn‘&e‘ thsf3' (eRPRioD) ¢34ni sns

in the SEP. 30l drsiacéfale mesahtViseition Refel a4 fR € s;Q&ﬁa{yl usinld rtl?e@.li@?d?&@fe%a&k@e GRC,
and B) was sgg&ﬁl CI a| th sazsré EOW determ nation of the supernatant P and
acetate conc afi6ns (3o el am 4 ﬁaéat&eﬁeése‘f’?%F‘@se&}‘ﬂ“éé“r‘ﬁﬁdéﬁﬁéﬁ gy by
t he effluent dF*l&i@tné@B}tratl on, and by the sludge P% P and acetate
concentr aisi ons wer h eed.pre

weekly or 5b| weekl y’ﬁ:e?]!'%ler egtu&%%ﬂnd@ﬁgoéshe %ggrr‘%{%f‘%ndﬁw eprrug‘:’if:{)onsendem 78

st udi es wer e PRSiGRlLRe ARG tersS e RSt wtentcxﬁlwle@tledemneamrq héherefp@® @h}.:hub@ﬂﬁQwM 1

~ JUN 2p0 PGPhcALR&H &helplobe ea,ﬁmr suBk asGheRinB tehBLrRLN ATS) dﬂHfs&o@x@txdﬁQ&nd@h&&r(‘?&)e
cycle for de rm ng{ag éﬁt nat. ant ng(,:et ate and P concentrations) and

cel lular car ydr I )}tﬁyﬁ? {§i995| padep A¥RCl Bigay Pt AYridizgtiop ohhéheA and
GRC r eact or s pligeetdrotides fvidrocamal ysis were as reported by Bond et al. (1999a)

but procegures. enp orte e ’
Anal yses Phosphat eAcqygﬂcLllo‘?eﬂ]gkr%t Eopﬁos h cfor L?%ﬁsgrf) se%cgen%r?mﬂfﬁ ‘?“1"9‘3?%‘8“ '(PI'N
1821025, V\hata??&i‘i‘bﬂlmOé theaibesemels an mpam)nt desiignl eonsideeation fRpche er o), 1938)| Some memierisr ane

filtered (Pl #0142 rGeiRA th%cﬁb%msarc EaSdccebdithd San Mrs R it e ts&ﬁano
APHA et al., 1992),

vanado- nol ybdat e . COLO“ nmet r % Met hod 4S00-P C,

Total ort hopREEPHA R TW?“\RJ&\%" g‘&"f‘ ét"é@rs%ﬂ'ie*la"tdémd‘i%@%‘i%n met hod (Met hod

- 45Q0-P B, S; 10 APHA et al., 1992). Non-sol ubl e phosphate (Pns) was
calculated as (Pt - Psol) for sanples taken at the end of the aerobic
phase. Acetate. Acetate was analyzed on filtered (GFB or 0.45 p.rn nenbrane
filters) acidified sanples by flane ionization detector gas chromat ography
(FID &), using a J&W Sci entific DBFFAP 0.53 mmcapillary colum. Sanples
were acidified with concentrated H3P0O4 and stored at 1 S 40C prior to

anal ysis when 2 N.L sanples were injected. The carrier gas was N2 with a
flowrate of 15 nmLimn; H2 flowrate was 20 nLimn and the air flow rate
was 2S0 nmLJmn to the F1D. Oven tenperature began at 900C canped to || QC
at SOo C/ ma, renmained at 1100C for 30 s, and then canped to 1300C at
5000 m n. Injector tenperature was 2500C, the Fm was unheat ed.

PoI yhydr ogyal kanoat es. PHAs wer e det erm ned by a rmdl fi catl on of the GC
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CaL bohydrates (Clue. Total CH was by the anthzone net hod descri Betd JUN 2004
Jerkins et al.woboed3 with the follow ng nodifications) Sankdesuddeise
diluted to 1 nL in 15 nL test tubes and 30 frozen until analysis. Dilution
water was pre-frozen in the test tubes to rapidly stop netabolic activity.
Sol ubl e CH was neasured on Whatman GFB-fil fered sanpl es. Duplicate gl ucose
st andard sanpl es werse 1E1al yzed with each batch of sanples. Total suspended

solids (TSS) and volS&PPfazy Susiersfepsidepatiops Qlimmycleotidss cambave/SH compleménjarity

 Standard Met hogis:li§408thanting? Téiation @ SRaSEH itvths. ( Agggrr?tz\t&%gx/ma f%%? )I&b% are g%op
y

01/ 46459 12 M 0A4

of M xed Cul tui?hr legnﬁf}eggop cueéu?%suea ﬁ&&és?kja“f‘%&??‘t”ﬁ%e bjosenge® and B reactors
and from ot her reactAd?f@eV\@F@dmmtOIthﬁxe@dd smiodixrest ofirta ipreitoedikathe pRPAIE @6 filky
Bond et al .5 (1893&h Ry f e e was.do and
occasional ly, thjs ?r?tf(:gyl mfy(r:lg(sz)gl lg? Eﬁ%egbsﬁ?%aﬂ%?ecf Prefeﬁ”f"pg%%e ﬂd’%z
(Bond et al ., F8¥es o facilitate the process. Counts of a, (3 (including

(3-1 and ~i-2), andOyigdru@éotiadpitee pdid acobaink RPRAMEE E&x@odxn?eﬂfjof the invention comprise
Cyt ophaga- Fl avoba}ct er Eﬁ@%v\ere %et ey m ne as proportions of all Bacteria

(according to PrB5uEeResarmer, g Wit a“ﬁ?a to qago¥rands plathy dregly, spayencel erdyp [sepond
of . probes) f oroligbrmcléotigé pribape thatvieit] hgﬂeﬂrthbthEQ cdRplednty, Stk BShdt H‘Jeq@éncéiht :

L565R) e O 04 W 00 OGRS
Ei kel boom and 4p&pstEtim Pfdeﬂrfuétrgmycle@mt aqwnqugwmla-eocbys ih e cddvslénienes) slrlufaker
Stai i ng was a8 dacer r bt oo el SRR il arplt bt bog Y Bl e
Met hyl ene Bl ué aé?"é °S\ﬁ@F%‘°EaE¥WE¥i thsrfirgt al"kﬁl R%W%ls@ﬁﬁmﬂdﬁwqwms Istbopeeyi a

a char ged coumremevapmwmoe@tmbw Aapra&edlsepaamlwwo Péo‘él%EJ ed in Adobe
Phot oshop. ;41 SH pr both a Zeiss LSMb10 and on a

Zei ss AXi op ot . %?H]em%el sgveL’g\é)fe%acfffd'ﬂ%}‘?f%c‘th embpdimentof theinvagionFas be usedse
enpl oyed an Mybmmonmw BRleternRACse A p:pferrﬁiaﬁybﬁﬁaﬁaf e&}mmu&rsqsmnﬁmh@ﬁl%ea

Pl an- Neof | uar eo AN ] Sca e _was 3

per frame ;nd ’géﬁﬁs ﬁgsogédéw{@o’%/\gﬂe at%g‘?a} /&g ‘%’A Sh °Ea§%‘?’°vafs‘§ Pfﬁlfef‘ F %ﬁﬁ“‘t he
HeNe 543 nm | |aﬁ>é°‘¥\%§yh§1§1éﬁ10ﬁmhwmgﬁm@bediscaﬁeibslowe was 512x512 p| xel s.

| mges pr esent ed i A ddigdhSlishWRERs SRk&Rg wtwmmﬁ%hwg%gd Qﬂﬂ' arb% anrt‘

Adobe Phot QIEx 20 g‘?g e libraries. Bacteri al
were prepafed P By akibien be sAbebepitaledordn sk detectipmofde Pﬂobe‘lﬁN@Bdm étpreﬂrre)i
1999) and B s llabelges flavndcent 156 duth sRbRdcalll X uaaiRl d&&@ﬂs‘nsof\ﬁﬁ@@smm lg_[tflel @Qv&“d

grouped accor ri ctl engt h poI phism (

anal ysi s usi. ng“r}r%ftk%c%%%t'“ YA %6 {]gggéz%gﬁfaﬂ%‘d P%EF’F&"F ’él‘heéﬁtf"’?“ci% Cl ones
of RFLP-group repr beterdandewits thme'xﬁb epladiniead df;he&@eﬂnﬁm@eﬁemmagrswmbﬂaxhen‘iwf
and phyl ogenety: gal rrell 25 al 98) .
A sel ecti o of cgl’%o%m(?ﬂgég?r?%g\%g%gm tf&m@es i ms ecdahs%& hmq“eéﬁ“ﬁgasoal“ ‘%‘r‘%‘??éa
(Bl ackal | )2°19&ipfensoon Spesifieatio queleis eid ?sme Pép e@hb,e HrBRbHiBNAD s® (e pRSt snetsas a
per f or med i’isddze&wahéaemepm}ﬁ?@#ﬁﬁ ¥t tﬁ@ﬁ:bﬂ%ﬂo g{e %Jgobmsl@%)e i El | & é}bénd Ragugdices
were conpil ed usjn war e e Se I e

Aust r al Fg) EX¥ P{{“éj? {‘H%h@gnﬁi Paé‘tfugféh%}g‘ﬁ?egt h?aa%d%wgta?beauﬂt eakas/@ﬁeloéblslet blot
dat abases usi mgnifdisublesite guatialiverhdi@n dRBibes RSt A0 l98§)BLAST, Al tschul et

al., 1990) to dete gRpProxi, | ogenetic affiliations cl one
sequences were exairsnlmr)ledSe gﬁ“ﬁ%@&ﬁfﬁ%ﬂ %%N’E%A aphedtne rff”(‘l%)ﬁtﬂ’é‘ﬁué‘tgtha?lfuljt°
1999) to |3<9ent5P#‘3PleaWS chimeric sequences. The conpil ed sequences were :
al igned using fhe ARR ;sOENAY &o&%l‘aa%ot(esg L 165n ?dn—channgpue?nb Seh glds)e and

alignments were refined manual ogenetic trees were cons ﬁmby
carryi ng out (RSP (AgeHAGY PN ot éﬁ%‘eb’aﬁsa‘IOy%%mem thetigo-glasne} BAYAh ad ingmwént'@e
using the appsejhingletnt Qs inh drBLinARBEA beHidSBece b @heteBY UdicRESEat Mrgel NRIel €€

t opol ogy was 1 7 JUN 2~~4 WD 01/ 46459 PCT/ AU0O0O/ 01611 13 tested %

boot strap anal ysi s, using neighbour joining with the ICnmura 2- paraneter)
and parsinony analysis (version 4. (h2a of PAUP*; Swofford, 1999). Probe
Design, Synthesis and Use PAO specific probes were designed using the probe
design tool in the ARB software 5 package (Strunk et al., unpublished).

Based on conparative analysis of all sequences in the database) the program
sel'ected specific regions within the putative-PAO sequences which all owned
their discrimnation fromall other reference sequences. Sequences were
subsequently confirnmed for specificity using BLAST (Altschul et al., 1990).
The desi gned ol i gonucl eoti des were synt hesised and | abelled at the 5 -end

wi th the indocarbocyani ne dye CY3 by Genset (France). These fluorescently
10 | abel | ed probes were eval uated wi th parafornal dehyde fixed A sludge. The
fornanlde concentratlon for optlnun1probe strlngency was deternlned by

Y o o Y 1 o~ - v A7 £ T L




USL of- desi gned probes with other sludges. A range of sludges f oMy 004
| aborat ory scaiw® otlssfy 0Cesses and full-scale EBPR plants V‘%?AQJOB/%% d2
fixed and probed with the new y designed probes PA0462, PAO651 an A0846
after determining the formam de concentration for optinmm probe stringency.
Sl ot Bl ot Hybridisation Labeling of Probes8 Qi gonucleotide probes were

| abel ed wi th di goxi geni n-ddUTP, using 25 the Di goxigenin (D G

ol i gonucl eot i dweid3s presedd. Thdupéchamismloif the biageor i idesgritied irt deail IFRMUHREL By GEneB et of,

i nstructions ( ;wi nger Mannheim Mannheim GCermany). A standard 20 pl

| abel i ng reaction”involved the addition of 100 pnole of unlabeled

ol i gonucl eat i de t o The lahel p6pmbesaeprding toBibe lnvantionriamé artyroditisflabeln keowrltojthoke of 1
MM di goxi geni nailika @eT Rior é@&lpxét&rlableﬁaﬁjﬁe%%dldla%gl A’\@iio% rﬁ(JsuB offa %Jéé‘ vol une of

20 p,1).. The Iabellggfreactlon was | ncubat ed ‘and t hen
term nated by .the 3 meendof bafilgembodimens panzisy hrysedito @%@g@ﬁn@memf PAR calid 1
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were present. _ For exarrpl e, in the Loganhol ne sludge, a full -scalé AN d
sl udge pl ant WO Q545 Ag donestic wastewater with an infl uenPCHAHUSHIng ca.
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fully sequenced in preparation for probe design. In addition, partially sequenced clones belonging to

the B2 Proteobacteria from two previously reported EBPR and non-EBPR clone libraries (Bond et

10 al., 1995) and sludge clone SBRH147 from an unpublished library were fully sequenced.

It is to be noted that the relative proportions of phylogenetic groups in the A sludge clone
library (see Table 3) did not match those determined by FISH probing (see Table 5). The inventors
recognise that clone libraries may not provide quantitative data on the microbial community'
structure of the sample analysed. Indeed, this highlights the need for specific probes for PAQs.

15 Figure 1 shows a phylogenetic tree of the near complete sequenced B-2 Proteobacteria
clones from which the PAO probes were designed, and the specificity of the probes. The 16S rDNA
sequences were determined from sludges A, B, P, SBRH, SBRI, SBR2 and GC (Gold Coast,
Queensland, Australia). The other sequences were obtained from publically accessible databases.
Rubrivivax gelatinosus (D16213) was used as the outgroup in analyses but is not shown in the tree.

20  Evolutionary distance and parsimonious analyses were carried out in PAUP* employing 2000
bootstrap resamplings. Closed circles at nodes indicate >75% bootstrap support from both analyses;
open circles, 50-75% from both analyses; and half shaded circles are for analyses where one
algorithm gave >75% bootstrap support and the other 50-75%. The coding P+++ indicates the clone
came from a hyper-P removing sludge (ca. 15%P in the sludge); P++, a good P removing sludge;

25 P+, a fair P removing sludge; and P-, a non-P removing sludge. The specificity of the published p-2
Proteobacteria probe (BTWO023a) and those of probes designed in this work (PAO-probes and
Rc988) is shown by solid lines. Dashed lines against sequences indicate that the probe does not have
100% identity with that sequence. For example, RcO88 has one mismatch (at position 1009) with
SBRP112 sequence. In addition to specifically targeting the sequences indicated in the tree, the

30 probe BTWO23a also targets (with no mismatches) members of the B-3 Proteobacteria, y
Proteobacteria; lodobacter spp., Chromobacterium spp., Chromatium spp. and a Green-non-sulfur
division clone, OPB9. The scale indicates 0.02 nucleotide changes per nucleotide position.

Two main clusters of EBPR sludge clones were observed (SBRA220 cluster and GC4

cluster, Figure 1). However, only the SBRA220 cluster was comprised exclusively of clones from

10""
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empirically determined optimum stﬁngencies.

5 Near complete 16S rDNA sequences for the hyper-P removing sludge clones P+++
SBRA220, P+++ SBRA245A, P+++ SBRB34 and P+++ SBRP112 and other sequences are
presented as an alignment in Figure 3. The reverse complement of the PAO probes and the Rc988
probe derived from these sequences are highlighted in the figure.

Use of Designed Probes

10 A series of fixed sludges including the A sludge, the GRC sludge at different operational
periods, and the Loganholme sludge were evaluated with the designed PAO-probes of Table 4.
Figures 2A and 2B show confocal laser scanning micrographs of sludges dual probed with EUB338
(25 ng, fluorescein-labelled) and a mixture of all three PAO probes (Table 4, each 25 ng, CY3
labeled). Images were collected for fluorescein and CY3 channels, artificially coloured and

15 superimposed. Arrowed cells are the PAOs since they are dual labelled with EUB338 (grey-coloured
cells) and PAO probes (bright coloured cells that appear white in the image). Figure 2A shows a
mixed liquor from SBR A with operating data as given in Table 1. Figure 2B shows lightly sonicated
mixed liquor from an EBPR SBR (ca. 10%P in the sludge) operating at 3.5% NaCl in a study of
seafood processing wastewater,

20 Figure 2C is a bright field micrograph of GRC sludge as operated according to data in
Table 1. In Figure 2C, cells were methylene blue stained which stains for polyphosphate. The
arrowed cells in Figﬁrc 2C are those with polyphosphate and their cellular size, morphology and
arrangement match the bright cells in Figure 2A. The celis‘ indicated in Figure 2C with an arrow
having a diamond shaped tail do not contain polyphosphate. The length of the bar in Figure 2C is 6

25  um. _

The micrographs shown in Figures 2D and 2E are of a single cluster of cells from the SBR

A sludge that was first probed with the labelled PAO probes (Figures 2D) and then stained with

~methylene blue (Figure 2E). The arrowed cells in F igure 2D are the “bright cells” and were found to
correspond to the cells stained with methylene blue in Figure 2E which are again arrowed. Although

30  difficult to determine from the montone reproduction of the micrographs, cells that did not bind the
PAO probes were considerably darker and did not stain with the methylene blue. These cells are
again indicated with an arrow having a diamond shaped tail. The bar in Figure 2D represents 4 pm.

The Figures 2D and 2E results clearly show that the PAO probes are specific for

polyphosphate accumulating organisms.
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PAO-probes and depending upon EBPR performance, greater or fewer clusters were present. For
example, in the Loganholme sludge, a full-scale activated sludge plant treating domestic wastewater
with an influent containing ca. 10 mg PO~P/liter, moderate numbers of clusters were observed.
Large nu‘mbers of the clusters were observed in the hyper-P-removing systems like the A sludge
(Figure 2A). Light sonication of a laboratory-scale saline EBPR sludge was required for cell
counting and this explains why the PAO-probe binding cells in Figure 2B are not arranged in tyi)ical
clusters. Nevertheless, in the saline sludge as in all sludges, the three PAO-probes bound the same
cells as bound the 3-2 Proteobacteria probe.

Experiments were also conducted to assess whether there is.a correlation between the
proportion of PAO-probe binding cells in a sludge sample and the sludge P%. The experiments
comprised a FISH analysis conducted essentially as described above and a slot blot analysis. All
three PAO probes were used in the FISH analysis while PAO-65!1 was used for slot blot
hybridisation (see Table 4). The EUB338 probe was used as a measure of the total nuﬁber of
bacterial cells in the particular sample.

For the slot blot aﬁalysis, RNA transcripts were generated from several 16S rDNA clones
one of which was SBRA220 (see above), for use as standards. The 16S rDNA inserts in an M13
vector were PCR-amplified using vector primers flanking the insert or the universal bacterial primer,

1492R. Purified PCR products were used as templates for in vitro transciption using either T7 or

SP6 RNA polymerase as appropriate. Purified RNA transcripts were estimated to have a size ofi

approximately 1,500 bp, equivalent to 16S rRNA extracted from E. coli. The concentration of RNA
in transcript preparations was 320-660 ng/pl. |

As test samples, total RNA was extracted from activated sludge éamples by lysis of cells,
homogenation in the presence of highly denaturing guanidinuim isothiocyanate-containing buffer,
and application of ethanolic homogenate to an RNeasy mini spin column. The concentration of
RNA extracted from eéch of the samples was determined using the GeneQuant RNA/DNA
calculator and was found to range from 50 ng/ul to 400 ng/ul. _

Slot blot hybridisation was conducted as described above in section 1.1. RNA extracts
were obtained from experimental reactor sludges (see above) and full-scale activated sludge samples
collected from seven wastewater treatment facilities within south-east Queensland, Australia.

The FISH analysis was conducted on the GRC sludge at varying but stable P-removal
efficiencies, the A sludge (see above), and the Q, P and S sludges of Bond ef al. (Bond et al., 1999a;
Bond et al., 1999b; Bond et al., 1998). The results of the FISH and slot blot analyses are presented
in Figure 4A and Figure 4B, respectively. Large black triangles indicate results obtained using both

F
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methods while the grey triangles represent slot blot hybridisation results for the full-scale sludges.
The small triangles in Figure 4A are results for which there are no corresponding slot blot data. |
Figure 4 shows that there is a definite positive correlation between the proportion of PAO
probe-binding cells and the sludge P%. The FISH analysis gave a regression value of 0.937 while an
5  even high value of 0.979 was obtained with slot blot hybridisation. The FISH and slot blot
evaluations were nevertheless comparable. The slot blot analysis also demonstrated that such a
hybridisation technique can be used to accurately determine the proportion of PAOs in
environmental RNA samples.
1.3 Utility of the PAO-specific Probes

10 The PAO-probes, designed from a group of highly related clone sequences (greater than or
equal to 98% identical) affiliated with the p-2 Proteobacteria, bound the same cell clusters in the A
sludge, as bound the probe for B-2 Proteobacteria. The closest pure-cultured bacterial relatives to
the B-2 Proteobacteria clone sequences (Figure 1) are from Rhodocyclus (R. tenuis and R.
purpureus) and Propionibacter pelophilus. A clone sequence from an as-yet-unpublished Swiss

15 EBPR sludge (R6; Hesselmann et al., 1998) was in the group containing the full clone inserts from

' the A, P and B sludges (Figure 1). Nearly 80% of the microbial biomass in the hyper-P-removing A
sludge, bound the B Proteobacteria probe (BET42a) and all of these were B-Proteobacteria (Table
5) and PAO-probe positive, Thus, by using this concerted probing approach (see Figure 1), it was
demonstrated that the designed probes were highly specific for the dominant B-2 Proteobacteria in

20 the A sludge. In addition, the PAO-probe positive cells matched the morphology, size and
arrangement of those staining positive for polyphosphate by the methylene blue stain (Figure 2).
When used with other sludges, the PAO-probes and the B-2 Proteobacteria probe always bound the
same cells. One demonstration of the simultaneous use of the three PAO-probes with another sludge
is given in Figure 2. .

25 An indicative correlation between increasing P removal performance, as judged by P% in the
sludge, and levels of B Proteobacteria was observed when data for the P sludge (8.8%P; 45% B
Proteobacteria), the S sludge (12.3%P, 56% B Proteobacteria), and the A sludge (15.1%P, 80% B
Proteobacteria) were compared (see Table 5). Data for Q, P, and A sludges specifically narrowed
the B Proteobacteria to the -2 Proteobacteria (Table 5). When this correlation was more deeply

30 investigated with the specific PAO-probes on the GRC, Q, P, S and A sludges, the link between P%
in the sludge and numbers of PAO-probe binding cells was unequivocally demonstrated (Figure 4).
Clearly, the designed PAO-probes for particular B-2 Proteobacteria can be used to detect true PAO

in sludge samples.
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It will be appreciated by one of skill in the art that many different probes beyond those

exemplified above can be prepared without departing from the broad ambit and scope of the
invention.
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('b contacting said fixed cells from step () with a labelled oligonuoleotide probe under
30 conditions which allow said probe to hybridize with 168 rRNA within said fixed cell,
wherein said probe is an oligonuoleotide according to claim 1;
(©) removing unhybridized probe from said fixed cells; and
((4)) detecting said labelled probe-RINA hybrid.

T The method docording to claim 6, wherein said lebel is a radiolabel, a Teporter group or a
35  hapten, '
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10, The method according to claim 9, wherein said immobilisation is to an inert support,
11. The method according to claim 9, wherein gaid detection is by en ion channe! biosensor.

12, The method according to claim 9, comprising the firther step of quantitating the number of
cells of polyphosphate accumulating organism in sald sample,
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