1 METHOD FOR THE SPECI FI C DETECTI ON OF LOW ABUNDANCE RNA SPECIES IN A

Bl OLOG CAL SAMPLE FI ELD OF THE | NVENTI ON [ 001] The present invention rel ates
to a netwoamdsasikit for the detection of | ow abundanceCRER2@pmes0es i n a
bi ol ogi cal sanple and to a nethod and a kit for the detection of a

nycopl asma contam nation in a biologidal sanple. BACKGROUND OF THE

| NVENTI ON [ 002] Anong t he nost wi de-spread and successful nethods for the
detection and anal ysis of RNA nolecules is the so-called RT/PCR (reverse
transcri ption/ ch‘Pm ynmerase chain reacti o;qu.aul n this nethod, RNA nol ecul es

are transcr MEHQPRFORDNE $BFEeHICLIERRC V& OV ABMNDPANEERNARI ) and are
then detected and/or an [0O03] Early researchers
inthis field have useda%?%ﬁg%@m?ﬁd}ﬁoﬁgégﬁg virus RT or Mol oney mu
rifle leukema virus RI for reverse transcription. However, a significant
problemin using RNA as a tenplate for cDNA synthesis was the inability of
these nmesophilic viral RTs to synthesize cDNA t hrough stable RNA secondary
structures. To circunvent tHHIELPrQDITEIE INVBMNTION transcri ption can be
performnmed at increased reaction tenperatures which can resol ve secondary
RNA structures, and additionally increase the specificity of priner

ext ensi on[oolifTise prGBAT iRGeitith rekedio & ARItNGS bAD bkiteBZ HeREtéQonTsielse
transcription, |1 ke The rpus thermophil us DNA pol ynerase (Tth pal) which is

active at aB“'F@‘r‘ﬁ@r%Wdrsé’eﬁﬁﬁiiw'ﬁfogﬂ?d:.sa['m]apﬂ\l%\?emeﬂl%a%é kg for

t her nost ajyeqR8&0west afrﬁycd;ﬂ‘élﬁﬁ6oﬁtra?rﬂ§é’ddnﬁh'a0cﬂolébﬁﬁl {fhgeat es new pr obl ens.
In particular, when trying to detect and/or anal yze | ow abundance RNA
species in a biological sanple, the thernostable enzyne for reverse
transcription can cataly ) Bl ecific reaction products
during subsequent RT/ PCRééPeps.@QE{gsérs esgg\élggiﬂ?ﬁt he case in 2 sanples
that have a | arge background of total RNA, and results in a substanti al

i ncrease . m o) t e t vel . above
what can B92ATehG The st FHEShEeT Bhalditck SATino s Br 1! HotectBh

bi ophar maasdianalgbis f RN hsoledide isr thensoecdlled R E/PO R kleeanse dtdnsbeptibn/ng and
RT/ PCR steps subsequent tqQ reyerse tran i pti on have to be .perfqorned at
ol evat ed PUNPEFAEMADN tagtion i thismethd, RN/AMIqeGHiEs arpfanserBsdite i s

of t en i NPEPRAI hdlecaled byl $ psleads BEASEHPtats (D) #Md revihen detsdtéd @ntifor

i ndustri al An application wherein sensitive detection of |ow

scal es. [ 005

abundanceawe@p@t?%&b dRethRds: | ar ge background of total RNA, is of
particular relevance is the detection of a nycoplasna contam nation in a
bi ol ogi cal sanple. [006] I\/y_cog_l asmas are bacterial mcroorganisns wth one
of the snif0BEariesaarchersdrdbisHiald have sispd sitbpn avian ayelgtilastosip yirus

mycopl as r , qgaﬁq SIPATRS : le to

i nfect t%ﬁ%@?@%ﬁﬁ%’é‘%&ggﬁ%ﬁ‘@ﬁ%@ |s§§%ggrsgf varc gﬁtﬁ%mgievvzér\%tr?
,Ixyﬁolol ais nsignifipantt problear ]Ery usipgciRB4. a$ a templatecton dANA plya@e?isawgs the .

chol ep e 8 r nt. n ry an
cont i naocaBtpf ot inRes MeseBHE Pl RYS I8 shrrE R ABIR aiRPef e BV 20

i ndust r i asedoabarastarctess. Tw aliradvent thiseprobleed, opverse taandcriptiodusdn be of
cell-derived biological and pharmgceutical prpducts. Thus, in ite of all
pr event | VESTTRIGIES 86 MGLpsery BIP Dy EAPARITS PRGN FBL SN SEERTIAY ne
propagat i RNAagEudIaied] g, additkPBlR SEeSSN tiRaTispatificity 60piimarextdngidre a
frequently occurring probl ?m 007] The anal ytical protocols recq nded for
nycopl as e dsavies Be bk of th © GHPYMEIPU s asR BgREIRtIoPy SReict s
include thgeHRR Qﬁefhfdg)hhéﬁgéNAPlﬂoyhﬁ@ragé‘d(ﬂﬁdw?_tQ/hicﬁehsl adtie besas. The
broth/agar culture nethod is ainmed at the detection of cultivable

mycopl asn@Mmpggriktesoritpimef YAeCi ndi cator cell line is used to detect
fasti di ous non-cul tivabl e nycopl asma species. Al though the conbination of

these two nethods enables efficient nycoplasma detection, the overall
testi ng pli0@dlthweerathe wwepehtheunpstableoenzymesafod revarse ¢ranscrintiog 1% mi ni num

of 28 day, ve j , 2 i opl asna
cpeci es. (eerdBh TRACProRkRS, o BikhirdoBHTHERaRb o35 BbK 4G Fe TNE P L

t esti ng naiunddacd RNA spaciebdén anpibldgicahtsamplafthathémiostalde danzyme foarti cul ar
of nycopl asma dfri ved ri bosonal IRNA tgave rec?nt I%f been de.ﬁel %Ipeg. These

met hods HEYESEefPAPHIPYAD AR A EtalNFS NP IRRYATPR, WolPR-SPERLF \i5acten

sensi ti Vipredusts Ngrirgl Subsetlieht IRT/PORVGYESs. THIS iSeéS?jétciaﬂlﬂ thentasedfincurrently
avai | abl e nethods is still above what is necessary in the quality control
of bi opharnmaceutical products, especially when working with sanpl es that
have a | arge background of total RNA or other nacronol ecul es.

[ 009] Therefore, a need exists in the field to inprove current RT/PCR

met hods to allow for inproved detection limts of | ow abundance RNA species

o NAMNT o - b



[012] I n one aspect, the present invention relates to a nethod for the
detection of | ow abundance target RNA species in a biological sanple,
conpri si NYO2AW/0S#Ps of : (a) reverse transcription of RRATERRWIOIIAL usi ng a
reverse transcriptase (RT); (b) inactivation of the RT; and (c) detection
of the target cDNA by pol ynerase chai 8 reaction (PCR). 4 containing or
suspected of containing biologically relevant macronol ecules, |ike e.g.
sanpl es originating fromvarious stages of the production process of

bi ophar maceutj cal produ vacci nes or. reconbi nant proteins, cel

culture sawapﬁatta@ﬁ@ave@efaré? 5@3&%@%@1 fotal BNAGaNd resyitziinge sebstaptHment al
sanpl es, rneraasssofqné dinitadfidage dtib R 1Bf the td?g'@mmrtoaéw@#ar%@ve vma!f%anhol e

bl ood, serum plasna, urine, |iquor or Snears, any other sanples of

bi ol ogi cabe dergssanarfar ameieh@ﬁh%angmuopntml @frm@pfcasma&eu%caém@oé%s pect ed
of contai BNent ¢Hié] d m nventi on,
t he bi ol ogl gcgrlc samr:# ﬁa%reg% rge ﬂ]gq?%ﬁﬁdko c%%lft%ﬁg(rgugg ontttant'!t)s

[ 015] The teyerae’teandcoiption bevmtmbemsrfoa'eedustadlehehemtamperaewr@s angl reder

organel |l e 0 r L. n

parti cul aﬁctﬁ%ﬁt %‘qu;@?nsgﬁ&t@p %’f’eevrsg?”gngﬁg%ﬁ%f)n?# g%n%n&jﬁ s%d gﬂehgéus[ her eof .
[016] | n asspevillywhaheworkihgeintmdlistiaiscalest he present invention, the

bi ol ogi cal sanple has a | arge background of total RNA. [017] The term | ar ge
background of total RNA" as used herein relates to a situation wherein the

target RNRBOSPAREESIRAtioAwHessiA sbAgiiveddetedBbie6tlb® dbund8Acd RN sgddfedrol ecul es,
preferably as | ess than one nolecule in 106 total RNA nplecules, nore

pr ef er abl 9ftels in & dargp hackaound et iptal R0l PBP&F'CRHA RlavaRee ds thand rost

pr ef er abl dgRiaf nol ecul es. [018]1In a
preferr edaeet%%tcl)ddr}eén?nb&g?pltgﬂga;Braggagﬂr‘fthgtlmrlrsgﬁlgiglr\ t hgarﬁgkr%get RNA is present in
an amount of |ess than 10000 copies per nl of sanple, preferably less than
1000 copi I e I a per m

of sarp| cltosiedladhias MY CactfCnib BRI Ente \ARE o2t 1R, SOBK !

[ 019] Accokntiwrg genoraep rablee ta eellffepjloaiermwmle)fnqshmmpa@emasu mmﬁtumﬂy t he

o Thet or RATEES BbRBShs Shine Hr dpdiTdte Mt AvEst 1fiF Bafllithdsfi bRe = Mo
e ﬁn‘;“m?'“im* Yﬁ'gg?' ﬁemf"' M?‘ém??@?{?dm“gﬂé’?s”?éﬂ e el tin

I TI | V |
oyt e Abopfiime "o PAcRbSbb e, > AR HES, BRabEnt B EgH & on of he

enzyme t hgdntaminaBisR WTSpithenf ahd onfiRlio® @Bldhkes anddFepiBsertti & dehiousnzyne
that is resgona ble for priner el onglatl on s jnactive at anbjent

t enper at PP forsresearaPapRe industialiighorataries: laveived de the Aevelorsias that is
per f or TTEdaﬁ’é RRJdu%@&%’ Bf ORISR HGIob%EPSH@?)HéﬁnQEeL&@&I PoHOBE/ Phigd ghC aci d
conpl ex. a preferred enpodinent o resent Invention, the

met hod ofsnmeenfm"@sevnntwamasum uw&llmmni@mdtsrm the tnspcassof cell e e
transcrl ,ﬁ@\bﬁm R f hg target
CDNA usin HOP ﬁ%g‘s%‘?e%%%@ﬂ. ’fuytéﬂggsrgta ekoﬁtgﬁﬂ 109 caﬂmdé‘sy[_%%;é aﬁd IS
preferablfyeqlantly)loneldrmglprcﬂ)lem.. 15 cycles at hotstart condl tions, nore
preferably for 5 to 11 cycles at hotstart conditions, and nost preferably
for five or for ten cycles at hotstart conditions. [022] Accordingly, in
anot her g9p&FTthe adwytmaeﬁmmCulmneenmnwndeﬂl fat mycbpiasmmteitmg dfaelltihes det ecti on

of - (s o aepines BRI AU, TEDHSS CRienipPD g lahd ® ' °PS

transcri nha@eto& Be)l liné bést@rﬂmd Bﬂoﬂﬂé ﬁblﬂﬁj@@l‘é@h@lsmﬁn)émaﬁ@déi&tléh r eaction
(PCR) wusi ng the RT of step ( i nactivation of

det ect i orPidiultivable @N@%'awthW"q WS'PEWEW&”t"HQt'S Hé@‘é t%SFF?CF?T (i.

RNA'depe@%lom&cﬂdtmb%s%y@ﬂ%s%sﬁ@b%@%ﬁﬁ@udﬂ the dIMbiASRANGENt DNA
pol yner ase) achtK are well” known in the art and include e.g. Them us

t her nophithese mnﬁﬁi W&ﬁ&%@eﬁ vﬁme;;mrwcom@n@)ﬁateph@msthamy@ralmsamg a certain
enzyne e#’t}hp ef aqgré: Rsi&! |a%'o}|¥u§ra¢1da{lr§9-deﬁlshmmo rﬁlﬂl d;hﬁ &g In the

case of rever e transcriptase activity is p I\/h2+ i ons
and DNA pﬁﬁyyhﬂ%awvactthenetgm&ty avgaembeoab non-cultivable mycoplasma spemes

that are not amenable to this approach.



[024] I n a preferred enbodi nent of the present invention, the RT used in the
nmet hod of the present invention is Thernus thernophilus DNA pol ynerase (Tth
pol ). | n \&O201W4¢s19pr ef erred enbodi nent, the Tth pol i sPpTFRAWS@O8071
reconbinantly 6 (r Tth-pol). [025]1n another preferred enbodi nent of the
present invention, the RT is inactivaBed in the nethod of the present

i nvention, preferably by a nmethod selected fromthe group, consisting of
heat treatnment, treatnment with phenol, treatnent with proteinase K, and
treatment_with a chaotrog{@g gent 026 Heat treatnent according to the

present i [098INGSH msoplasEras tesing imRihed ?%%’c?i‘érr‘\e RMRfiFRsioRoRf BHGIRIRg the R
to 80 to J0Q¢ lnﬁfﬁﬁflé’rbéfymgébp?&rﬁé’ dbA0&d riBBESmAr RNAT RileY rdcenfip BeefUr at i on
of the heat treatnent 90 mnutes, preferably 30 to m nut es,
mor e pr ef devainpeds OTheseumethodsnhaye eepat aflyantages avithe espeBbA® rA9sts. heat

t reat ment 5%31? r At t to 95C
for 60 m nrl%i a'l Pgﬂ%a{g?rnem& h pt?'ﬁ?elmn&awségeﬁ g@o‘?’é ?%tgﬂ‘t t(Ijlprﬁthe%}-present
i nvent i oncwoanblmaaestablemeattidds lsmullcabosle whafl® necessargfin meoqmllnas@trolt o the

reacti on g xt f ni t of nost

pr ef er abl tgo rp'?cg?te?ﬁ)gf ae"ﬁ Rec'%?}' ‘ﬂp H’og‘?'% H@E Sragnpg?l%g'sg RV r eat ment
is 30 to ®argé batiegoumd of txlIRNA 4bother rfacromoiteslesor nost preferably 60
mnutes. In an especially preferred enbodi nent, treatnent with proteinase K
conprises the addition of 5 units of proteinase K for 60 mnutes. [028]In a

pref er r edpoegPrdirélrs, 2heédexiRiCHERE fighy eNimBove Idifre RTPPCRagéthvased in the
nmet hod of the present invention by treatnment with a chaotropi ¢ agent.

Tr eat ment towAlioW afof WP defpding” iote refi IRy @bundanes dshiht SkeRikhtM on
conpri sespt ﬁléﬁg&fﬁbee of a chaotropic agent to the reaction mxture
containing the RT in an anount and for a tinme that is sufficient to
inactivate the RT. Anmounts and tinmes of a particular chaotropic agent are
wel I kno r t oQf

mvent | on PRT Soffibn (o7 0% TRbt DRBLRN 16 AFRARTRY 18 chBedRERET g of
urea, i td:hanau:tpezemlndhat:lalraad a guanidiniumsalt. In a nost preferred
enbodi nent, the chaotropic agent is a guanidiniumsalt. 7 chaotropic agent
a step of renoving the chaotropic agent fromthe reaction m xture. Methods
to renove the chaotropi c SUNMMARYOOFTHE INGMENITOONM xture are well known in
the art and include for exanple the purification of the nucleic acids
contained in the reaction m xture usi ng DNA-bi nding spin columms. [030] The

detecti ogoaﬂ)t i3€arf abjget ot orbyedtGiR/drition|ts prédlie afl impedsdd Mefod foR a

preferre odi nent” of the present_invention, the polynmerase chain

react i on thecegtection i law pbynganga KNP csremies HR}e?lth'B'f‘?gl‘@' SR~ % ne PCR.
[031] The ;s iEliar, SRk~ piekBn{ fientitn ur%?éieb%egéldrﬁllemo% LAd2RYkiMabN ke t hat i s
based on the polynerase chain reaction é lows to anplify and

si mul tanedﬁjgmpnq@falﬁw alyurwatnsed%wécﬁp@msnmae @qulca[l @az]nleh furghess éris ed
enbodi ne r t: m a
mycopl as%n&ﬁ%igbﬁ%@n%?ﬁ?y%gﬁx?ﬂ%éﬂamg tys}ﬁ &lﬁéggllw%e‘gﬁggﬁ? g\ég‘gjyé lr‘(rgnb er of
t he cl assfoiilel detettan ofta mbicopiasroa esntahenatenena sdpeplel asma, Ur eapl asmmg,
Mesopl asma, Ent onopl asma, Spiropl asnma, Achol epl asma, Asterol epl asma, and
Thernopl asma. In a nore preferred enbodi nent of the present invention, the
nycopl asma i s sel ectBHTALED DESCGRIPTIONCHMIHE INVENTION hol epl asma

| aidlawii, Myco plasma gallisepticum Mco plasma hyorhinis, M/copl asma
hom ni s, Mycopl asma fernentans, Mycopl asma synovi ae, and Mycopl asma oral e.
[033] I n Fof2nh bae a%rp@f;tertrﬁeaﬁre%@homveﬁmn pdflateB o ar MetHdd fohwenNteteation he tar get
RNA is 168 ribosomal RNA (16S rRNA). [03411n anot her aspect, .the é)resent

i nvent i orPfriewaaRindagee tﬂ'@?h&i“’i‘ SPetife a& Biofqgingl é@"éP'm%BlP%&!’h%

cont am nadibof: N @ bi ol ogi cal sanpl e, corrprl sing the steps of: (a)
extraction of total RNA fromthe sanp (b) reverse transcription of RNA

i nto cDNAaLsireyerae frapserinsion of W inte g@élA(tﬁrr)g a feyerserfrnseripdaseotRof  cDNA

derived f ri-posomal RNA (16S rRNA) by pol ynerase chain
reaction %gﬁ%'ggﬁgﬁgﬁhé%?— all{ﬁstep (b); (d) inactivation of the RT by

addi tion (of aletdrsionofhectargatitDNA by polymerase chain reaction (PCR).

[013]The term “biological sample” as used herein relates to any sample



8 (e) renoval of the chaotropic agent fromthe reaction m xture; and (f)
detection of cDNA derived from mycoplasma 16S r RNA by pol ynerase chain
react i on WPCR0/058385] Means for the extraction of total RNAVEPRGFHBS0SENDI e
are well known in the art and include extraction wth phenol/chl orof orm and
precipitation with isopropanol. [036]1"n a preferred enbodi ment of the
present invention, the nnycoplasma contam nation to be detected is a
contam nation of not nore than about 10 cfu/m nycoplasma in the sanple.

[037] Pri for - ol f as wel |
as pr i mer g A GehBYEN 3 cohERTES bRloE e R SIS (S, R
by PCR ar e gwedampieswaniginating eframnt vaifidi@8stagea ¢fr diec preduckiobopiiocess aff t he
present i .veﬁti on hhei re%{erse transcription og). FéNA i ntt% cc[;)I\lﬁc%i ng a R of
the met hoBOPBRMAEUHE! SPF'EHS oF 9 RS AR L B PRAE S e h A Bl e i s
per f or medsupetaatahB) séalr tiysapes]i telbnextrdcls39fdod anokhvronmaftelr sachpiedyodi ment

of the present invention, the R used in th%ﬁHEtlﬂ%g F?g t he detection of a
mycopl asn®ABBI§E AHginating frqm, the SymAn0F animal begy. W (?h'?lpag' REbol yrer ase
(Tth pol) plabmadufing tilk@br BF SRaFS GngTBIREH sERRbles bR Biolddicdl Drigifamd @dyced
reconbi nantly (r Tth-pol). [040]In"a further preferred enbodi ment of the
present i pthehempositioithah aeataisi of ingeshectasdeef coptainiad BNAod for the
detection of a nmycoplasna contamnation in a sanple is selected fromthe
group, consisting of urea, lithiumperchlorate and a guanidiniumsalt. In a
nost pr ef Mdfd apteferrertcambodimerd iefidhe ppasenhijwentions the dirlegica!Hampleal t . 9
real -tinmg e present invention relates to a
kit for t%%Cg&rgégléé%gro*ﬁc?§@@%@baﬁ§:§ﬁ@{g’ngg{}get RNA species in a biological
sanple, conprising at |least a RT and neans for the inactivation of the RT.

Means for 1 i nactiyvation of the R _m r.otei nase K or a chaotropic
agent. THOTRTTAG B RIuEF cBippptus e ted el SRl S pBpél
transcri ppiotdins, Ppéptivies, hsmbranesielisias,i pucloit s¢es;i ihi patibhlas nonatargetr RNAs,
calibrator RNA calibrator DNA, sujtable %F@? s, buffers, reagents,

reacti on ROASPESIESsaRHhaOPBINalARSPEEadTeRs e f urt her aspect, the present
invention relates to a kit for the detection of a nycoplasna contam nation
in a biological sanple, conprising at |east a reconbi nant The rnus

t hennophi I008]IDNenotharyprefeites emppdimant)of theinregant invantieps theobiojagical ever se
transcri ptl @g{p&g%ﬁ? itable prinmers for the
anplifi Ca%élrgﬂeg'{as%%@de“ (ra r%%?%' asma 16S rRNA, a chaotropi c agent

for the inactivation of the rTth-pol, means for renoving the chaotropic

agent fr r t ] i » for ect f,CDNA .
derived 19||E6l 3%0%3&%'%&9%%&%%9?5%! @% ggég%gtq? érigfnpg%‘@%etgnas for
renovi ng sitvatiohavtereipi the agryet RN iH erédent asrdss thaspone oodlecals .in THE kit may
further conpprd e.g. neans for,.extractjng total ,RNA fr le, carrier
RuAs, cal PHIER BRECUEST PEYSBl PRUess Hinanie gisiedn RGP &N cagent s,
L eacL i onlmetyﬁlaieae][rﬁor@nw%féra@mssnmtemanwbgafs;nfowcumim a0’ fgak RNA RNA rrﬁy
e phenol, chl orof orm and i sopropanpl, .or buffers contaj i ame. The
present iWV@ﬁ’t“eénaWImoﬁeprPfﬁrgméraﬁ ‘elsﬁstﬁ?rét%ﬁ '?‘HFePH‘? Woﬂ&o&g%%ml es
wi t hout apyidelfdist ation thereto. EXAMPLES Ceneral procedure: [044] The

met hod starts with the centrifugation of the biological sanple of interest
foll owed by the extraction of total RNA fromthe sanple pellet. RNA is then

reverse t@q?ﬁﬁrﬁ ?Qegreaoerﬁﬁmﬁmaﬁi ¢ tﬁ@éi%?g%iqrgqmen-ﬁ&‘ﬁr%tér@%frﬂmfﬂ'iiéus DNA

pol yner as -pol) In the presence + at hofstart “conditions. After
10 chel atprerenfin\a amenat afiissitban 000 Tepiasheer M B samplss rrefentbPCR
anplificatl 0 far Y, S Of¥H LJ (prinme
PCR) . Thggé%&grneg% |§¥fﬁ%§?’te ﬁénr% c{?rsgﬁg)géér'ﬁé% ?%Tfeargglgjéné%l{hna@ @%)Bn %@%léng buf f er
t o i nact i pextral dffsample, randohostRuefefaldntassthan 1 B capispiper cdlofisamplsed ki t
results in purified PCR products of the prinme PCR which are then
co-anplified with a DNA standard (calibrator DNA) in a duplex real-tinme PCR
(EOOEt PCEBMQ]ANC?Mm@td ¥ plreferrad @%cﬁirﬁéﬁk%fdt&é@&éééﬁé&tv@hticﬁwl e Caverbe agded at
t he begi nning .of RNA exiracti to stan ize and cqntrol the ocedure
fr om & he CATHCHRIoMh Of ERA/MReHONA 57188 i o QoCBMG R FIatacd CHRIS AT | o1 eps
wer e per fgreg@st iendioflis g@ﬁﬁ@:’iﬂémuﬁdéb@i%tst& gbndtfiodsie sanpl e were centrifuged
at 4C for 10 min at 1000 rpm The pellet was resuspended in 1 ml RNABeeTM
(Tel -Test Inc., TX), 5 p.I of 1 ng/mM yeast tRNA were added and the sanple
incubated for 20 mn in a centrifuge at 70C and 1000 rpm Afterwards, 110
pi chl orof orm were added and the phases separated by centrifugation for 5
mn at 13000 rpm RNA was precipitated by addition of 500°p.| isopropanol
to the resulting upper phase and the sanples were kept on dry ice for 5
mn. The RNA pellet was collected by centrifugation for 15 mn at 13000

N AN A ™AANZ 1 /L1 o o N Y e



[047]Prime PCR. 40 p.I PCR mx (4 pl 10x chelating buffer (Applied

Bi osystens, Austria), 5 pl 25 MM wd 2, 2.5 pl 10 p.N. 4 forward priner, 2
p.1 10 PAVOUHWYGSES1Bri mer and 26.5 p.1 bdH20) which was BEEERRVANBITD 85C
5C were added to the reaction m xture_obtained fromthe reverse
transcription. PCR was 11 conducted accor di ng to the follow ng protocol: 2
mn at 80C, 2 mn at 95C, 5x (10 sec at 95C, 30 sec at 62C, 30 sec at 72Q).
[ 048] I nactivation of RT. After the prime PCR, 50 pi of the still hot

[Tor 1. 11 (AT ] haBGR odifots o ftad BRI iBMIeClq ety opfibCT T 1

Q agen, Gahemiy}he sradtion xagturd lseheatetl| te orvadrovedhe Imating terapefatigaiafk mi ni

spin colu i agen,, Ger man in a2 al | ion tube and centrifuged for
TP at BRoBERARrcefeAd SePe b e Be e Badhe e RS Lo

FF3)| a_c]tced in_re%pf)?(_ﬁﬁi@ feppfiget ég\géﬁ&ﬂ,ormrd&iﬁégéfgﬁwgé’lﬂ%&(tﬁ@éﬂ:io@bib%r_f .
urification Kit; Q agen, CGermany) were added and, the sanple centrifuge
for 1 mi nP'%!{PeELQ@O_S%W REVR attwgz%mqtsaprew%w Wa%"t'(‘i?@faﬁyd%g"%d t he
spi n col ugmseaiurd fadRdtiom Sep @Rt 0lgerformed bubsr fabovd tHen MkItiAg000 rpm
The spin colum was then placed in a fresh 1.5 nml reaction tube, 50 gl 10
mM I ris (isreratureettbepigmel/nysleic Acid ORMPEXt ed by centrifugation for 1 min
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for nycopl asmB®A&% rRNA. The results summarized in Table 1 show Ct val ues
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the real-time PCR. Table 1: Detection of Mycoplasma synoviae in sanples

originating fromthe Sanple # 1 manufacturing M synoviae [cfu/nl] 100
process ol02R¥Enzyawsnthat have both RT (i.e. RNA-dependent DNA polymerase) and

DNA polymerase (i.e. DNA-dependent DNA polymerase) activity are well known
in the art and include e.g. Thermus thermophilus DNA polymerase (Tth pol).
The conditions under which a certain enzyme exhibits a certain activity are also
well known in the art. In the case of Tth pol, reverse transcriptase activity is

promoted by Mn?* ions and DNA polymerase activity by Mg?®* ions.

[024]In a preferred embodiment of the present invention, the RT used in the
method of the present invention is Thermus thermophilus DNA polymerase (Tth

pol). In a further preferred embodiment, the Tth pol is produced recombinantly
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(rTth-pol).

[025]In another preferred embodiment of the present invention, the RT is
inactivated in the method of the present invention, preferably by a method
selected from the group, consisting of heat treatment, treatment with phenol,

treatment with proteinase K, and treatment with a chaotropic agent.

[026]Heat treatment according to the present invention comprises heating the
reaction mixture containing the RT to 80 to 100°C, preferably to 90 to 100°C,
more preferably to 95°C. Duration of the heat treatment is 15 to 90 minutes,
preferably 30 to 75 minutes, more preferably 60 minutes. In an especially
preferred embodiment, heat treatment comprises heating the reaction mixture

containing the RT to 95°C for 60 minutes.

[027]Treatment with proteinase K according to the present invention comprises
the addition of 1 to 10 units of proteinase K to the reaction mixture, more
preferably 2 to 5 units of proteinase K, or most preferably 5 units of proteinase
K. Duration of the proteinase K treatment is 30 to 90 minutes, preferably 45 to
75 minutes, or most preferably 60 minutes. In an especially preferred
embodiment, treatment with proteinase K comprises the addition of 5 units of

proteinase K for 60 minutes.

[028]In a preferred embodiment of the present invention, the RT is inactivated
in the method of the present invention by treatment with a chaotropic agent.
Treatment with a chaotropic agent according to the present invention comprises
the addition of a chaotropic agent to the reaction mixture containing the RT in
an amount and for a time that is sufficient to inactivate the RT. Amounts and
times of a particular chaotropic agent are well known in the art. In a more
preferred embodiment of the present invention, the chaotropic agent is selected
from the group, consisting of urea, lithium perchlorate and a guanidinium salt. In

a most preferred embodiment, the chaotropic agent is a guanidinium salt.

[029]In a further preferred embodiment of the present invention, the method of

the present invention further comprises after inactivation of the RT using a
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chaotropic agent a step of removing the chaotropic agent from the reaction
mixture. Methods to remove the chaotropic agent from the reaction mixture are
well known in the art and include for example the purification of the nucleic

acids contained in the reaction mixture using DNA-binding spin columns.

[030]The detection of the target cDNA by PCR is also called “boost PCR". In a
preferred embodiment of the present invention, the polymerase chain reaction

(PCR) in the method of the present invention is a real-time PCR.

[031]The term. “real-time PCR” as used herein relate to any method that is
based on the polymerase chain reaction (PCR) and allows to amplify and

simultaneously quantify a targeted DNA molecule.

[032]In a preferred embodiment of the present invention, the target RNA is
derived from a mycoplasma. The term “mycoplasma” as used herein relates to
any member of the class Mollicutes which includes the genera Mycoplasma,
Ureaplasma, Mesoplasma, Entomoplasma, Spiroplasma, Acholeplasma,
Astero/éplasma, and Thermoplasma. In a more preferred embodiment of the
present invention, the mycoplasma is selected from the group, consisting of
Acholeplasma laidlawii, Mycoplasma gallisepticum, Mycoplasma hyorhinis,
Mycoplasma hominis, Mycoplasma fermentans, Mycoplasma synoviae, and

Mycoplasma orale.

[033]In a further preferred embodiment of the present invention, the target RNA
is 16S ribosomal RNA (16S rRNA).

[034]In another aspect, the present invention relates to a method for the

detection of a mycoplasma contamination in a biological sample, comprising the

steps of:

(a) extraction of total RNA from the sample;

(b) reverse transcription of RNA into cDNA using a reverse transcriptase (RT);

(c) amplification of cDNA derived from mycoplasma 16S ribosomal RNA (16S
rRNA) by polymerase chain reaction (PCR) using the RT of step (b);

(d) inactivation of the RT by addition of a chaotropic agent;
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(e) removal of the chaotropic agent from the reaction mixture; and
(f) detection of cDNA derived from mycoplasma 16S rRNA by polymerase
chain reaction (PCR). -

[035]Means for the extraction of total RNA from a sample are well known in the
art and include extraction with phenol/chloroform and precipitation with

isopropanol.

[036]In a preferred embodiment of the present invention, the mycoplasma
contamination to be detected is a contamination of not more than about 10

cfu/ml mycoplasma in the sample.

[037]Primers for the reverse transcription of mycoplasma 16S rRNA, as well as
primers for the amplification of cDNA derived from mycoplasma 16S rRNA by

PCR are well known in the art.

[038]In a preferred embodiment of the present invention, the reverse
transcription of RNA into cDNA using a RT of the method for the detection of a

mycoplasma contamination in a sample is performed under hotstart conditions.

[039]in another preferred embodiment of the present invention, the RT used in
the method for the detection of a mycoplasma contamination in a sample is
Thermus thermophilus DNA polymerase (Tth pol). In a further preferred
embodiment, the Tth pol is produced recombinantly (rTth-pol).

[040]In a further preferred embodiment of the present invention, the chaotropic
agent used in the method for the detection of a mycoplasma contamination in a
sample is selected from the group, consisting of urea, lithium perchlorate and a
guanidinium salt. In a most preferred embodiment, the chaotropic agent is a

guanidinium salt.

[041]in one further preferred embodiment of the present invention, the PCR in

the method for the detection of mycoplasma contamination in a sample is a



34.42 40.00 12, 36.11 40.00 13 100 29.56 40.00 14 100 29.43 40.00 15

10
WO 2010/054819 PCT/EP2009/008071

real-time PCR.

[042]in another aspect, the present invention relates to a kit for the detection of
low abundance target RNA spécies in a biological sample, comprising at least a
RT and means for the inactivation of the RT. Means for the inactivation of the
RT may be proteinase K or a chaotropic agent. The kit may further comprise
e.g. primers for the reverse transcription, primers for the detection of specific
cDNAs, carrier RNAs, calibrator RNA, calibrator DNA, suitable enzymes,

buffers, reagents, reaction containers and consumables.

[043]in a further aspect, the present invention relates to a kit for the detection of
a mycoplasma contamination in a biological sample, comprising at least a
recombinant Thermus thermophilus DNA polymerase (rTth-pol), suitable
primers for the reverse transcription of mycoplasma 16S rRNA, suitable primers
for the amplification of cDNA derived from mycoplasma 16S rRNA, a chaotropic
agent for the inactivation of the rTth-pol, means for removing the chaotropic
agent from the reactio_n mixture, and primers for the detection of cDNA derived
from mycoplasma 16S rRNA by PCR, e.g. real-time PCR. Means for removing
the chaotropic agent may be DNA-binding spin columns. The kit may further
comprise e.g. means for extracting total RNA from a sample, carrier RNAs,
calibrator RNA, calibrator DNA, suitable enzymes, buffers, reagents, reaction
containers and/or consumables. Means for extracting total RNA may be phenol,
chloroform and isopropanol, or buffers containing the same.

The present invention will be further illustrated in the following examples without

any limitation thereto.
EXAMPLES

General procedure:

[044]The method starts with the centrifugation of the biological sample of
interest followed by the extraction of total RNA from the sample pellet. RNA is
then reverse transcribed into cDNA using recombinant Thermus thermophilus
DNA polymerase (rTth-pol) in the presence of Mn?* at hotstart conditions. After
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chelation of Mn?* and addition of Mg?*, the rTth-pol performs PCR amplification
for 5 cycles or for 10 cycles at hotstart conditions (prime PCR). The PCR
reaction is then transferred to a guanidine containing buffer to inactivate the
rTth-pol. Purification with a spin-column based kit results in purified PCR
products of the prime PCR which are then co-amplified with a DNA standard
(calibrator DNA) in a duplex real-time PCR (boost PCR). Alternatively, a RNA
standard (calibrator RNA) can be added at the beginning of RNA extraction to

standardize and control the procedure from the beginning.

Experimental procedures:

[045]RNA extraction. All steps were performed in 2 ml reaction tubes. 2 ml of
the sample were centrifuged at 4°C for 10 min at 1000 rpm. The pellet was
resuspended in 1 ml RNA-Bee™ (Tel-Test.Inc., TX), 5 ul of 1 mg/ml yeast tRNA
were added and the sample incubated for 20 min in a centrifuge at 70°C and
1000 rpm. Afterwards, 110 ul chloroform were added and the phases separated
by centrifugation for 5 min at 13000 rpm. RNA was precipitated by addition of
500 ul isopropanol to the resulting upper phase and the samples were kept on
dry ice for 5 min. The RNA pellet was collected by centrifugation for 15 min at
13000 rpm, washed with 500 ul 70% EtOH, and the sample was centrifuged for
10 min at 13000 rpm. The supernatant was discarded and the RNA pellet was
dissolved in 250 pl bidest. HO (bdH0).

[046]Reverse transcription. 6 ul RT mix (1 pl 10x reverse transcription buffer
(Applied Biosystems, Austria), 1 pl 10 mM MnClz, 0.5 pl 10 uM reverse primer,
0.8 ul 2.5 mM of each dNTP, 2.2 ul (5.5 U) rTth-pol and 0.5 ul bdH,0) were
added to 4 pl RNA extract. Reverse transcription was performed for 2 min at
80°C, 5 min at 62°C, 10 min at 70°C and 2 min at 80°C.

[047])Prime PCR. 40 ul PCR mix (4 pl 10x chelating buffer (Applied Biosystems,
Austria), 5 pl 25 mM MgCl,, 2.5 pl 10 puM forward primer, 2 pl 10 pM reverse
primer and 26.5 ul bdH,0) which was pre-heated to 85°C £ 5°C were added to

the reaction mixture obtained from the reverse transcription. PCR was
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was discarded and the spin column centrifuged in a fresh collection tube for 1
min at 13000 rpm. The spin column was then placed in a fresh 1.5 ml reaction
tube, 50 pl 10 mM Tris (pH 8'0), were added and the DNA eluted by

centrifugation for 1 min at 13000 rpm.

[049]Boost PCR. 10 pl of the eluted DNA were put in an optical tube, and 5 pl of
calibrator DNA as a control and 35 ul TMPCR mix (1x TagMan Buffer A
(Applied Biosystems, Austria), 5 mM MgCl,, 200 nM of each primer, 100 nM of
each probe, 200 uM of each dNTP, 9% glycerol (wt/vol), 0.05% gelatin (wt/vol),
0.01% Tween 20 (wt/vol), 2.5 U AmpliTag Gold Polymerase (Applied
Biosystems, Austria)) were added. Real-time PCR was performed according to
the following protocol: 10 min at 95°C, 40x (15 sec at 95°C, 1 min at 62°C).

Example 1: Detection of Mycoplasma synoviae in samples originating from the

manufacturing process of a vaccine

[060]Samples originating from the manufacturing process of a vaccine were
spiked with varying amounts of Mycoplasma synoviae and processed according
to the above experimental procedures. To demonstrate the beneficial effect of
RT inactivation (samples 1 to 6), control samples were included wherein RT
was not inactivated (samples 7 to 12), or wherein no RT was added at all

(samples 13 to 18). After RNA extraction, reverse transcription, prime PCR and
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RT inactivation, samples were analyzed for the presence of cDNA by real-time
PCR. Before this boost PCR, a defined amount of calibrator DNA was added to
the reaction mixture. This calibrator DNA was amplified together with the target
nucleic acids using a different set of primers. Signals from calibrator and target
DNA were differentiated by using different labeled probes. The primers for
prime and boost PCR were specific for mycoplasma 16S rRNA. The results
summarized in Table 1 show Ct values from the real-time PCR, i.e. the number
of cycles needed to detect a specific PCR product. Lower Ct values mean more
ready detection, whereas Ct values of 40 indicate that no product was

detectable over the whole run of the real-time PCR.

Table 1: Detection of Mycoplasma synoviae in samples originating from the

manufacturing process of a vaccine

Sample M. synoviae RT RT Ct Ct

# [cfu/ml] present inactivated (calibrator) (target)

1 100 + + 20.88 30.82
2 100 + + 29.67 30.71
3 10 + + 29.68 33.16
4 10 + + 29.71 35.42
5 - + + 29.85 40.00
6 - + + 29.95 40.00

14 100 - - 20.43 40.00
15 10 - - 29.39 40.00
16 10 - - 29.40 40.00
17 - - - 29.31 40.00
18 - - - 20.37 40.00

[051]The results in Table 1 clearly show that while the presence of active RT

+ +
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(samples 7 to 12) does not allow for the detection of even 100 cfu/ml
Mycoplasma synoviae, inactivation of the RT allows for the detection of even as
littte as 10 cfu/ml. The increase of Ct values for the calibrator DNA in the
samples without RT inactivation shows that without inactivation, the RT is able
to catalyze reactions that lead to unspecific reaction products that interfere with
the generation of specific products of calibrator and target DNA during boost
PCR. This interpretation is supported by the fact that in the samples where no
RT has been added at all (samples 13 to 18), the Ct values for the calibrator
DNA are again at the same level as in the samples where RT was inactivated

(samples 1 to 6).

Example 2:; Detection of Mycoplasma fermentans in samples originating from

the manufacturing process of a vaccine

[052]The same samples as in-Example 1 were spiked with varying amounts of
Mycoplasma fermentans and processed according to the above experimental
procedures. To demonstrate the beneficial effect of RT inactivation (samples 1
to 6), control samples were included wherein RT was not inactivated (samples 7
to 12). After RNA extraction, reverse transcription, prime PCR and RT
inactivation, samples were analyzed for the presence of cDNA by real-time
PCR. Before this boost PCR, a defined amount of calibrator DNA was added to
the reaction mixture. The primers for prime and boost PCR were again specific
for mycoplasma 16S rRNA. The results summarized in Table. 2 show Ct values

from the real-time PCR.

Table 2: Detection of Mycoplasma fermentans in samples originating from

the manufacturing process of a vaccine
Sample M. fermentans RT RT Ct Ct

# [cfu/ml] present inactivated (calibrator) (target)

1

2 100 + + 29.46 30.44
3 10 + + 29.30 33.46
4 10 + + 2947 34.72
5 - + + 2967 40.00
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[053]The results in Table 2 confirm that, while the presence of active RT
(samples 7 to 12) does not allow for the detection of even 100 cfu/ml
Mycoplasma fermentans, inactivation of the RT allows for the detection of even
as little as 10 cfu/ml. The increase of Ct values for the calibrator DNA in the
samples without RT inactivation again confirms that without inactivation, the RT
is able to catalyze reactions that lead to unspecific reaction products that
interfere with the genération of specific products of calibrator and target DNA
during boost PCR.

Example 3: Detection of Mycoplasma fermentans in samples _originating from

the manufacturing process of a recombinant protein

[054]Samples originating from the manufacturing process of a recombinant
protein were spiked with varying amounts of Mycoplasma fermentans and
processed according to the above experimental procedures. The- beneficial
effect of RT inactivation is shown in table 3, samples 1 to 6. As for the samples
derived from the manufacturing process of a vaccine, the procedure also allows
the detection of as little as 10 cfu/ml Mycoplasma fermentans spiked into a

suspension of cells used to manufacture a recombinant protein.

Table 3: Detection of Mycoplasma fermentans in samples originating from

the manufacturing process of a recombinant protein

Sample WM. fermentans RT RT Ct Ct

# [efu/mi] present inactivated  (calibrator) (target)

2 100 + + 28.56 27.15
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CLAIMS

1. A method for the detection of low abundance target RNA species in a |
biological sample, comprising the steps of:
(a) reverse transcription of RNA into cDNA using a reverse transcriptase
(RT);
(b) inactivation of the RT; and
(c) detection of the target cDNA by polymerase chain reaction (PCR).

2. The method of claim 1, wherein the biological sample has a large

background of cellular components.

3. The method of claim 1, wherein the biological sample has a large
background of total RNA.

4. The method of claim 1, wherein step (a) is performed under hotstart

conditions.

5. The method of claim 1, further comprising after step (a) the step of

amplifying the target cDNA using the RT of step (a).

6. The method of claim 1, wherein the RT is a recombinant Thermus

thermophilus DNA polymerase (rTth-pol).

7. The method of claim 1, wherein the RT is inactivated in step (b) by a method
selected from the group, consisting of heat treatment, treatment with phenol,

treatment with proteinase K, and treatment with a chaotropic agent.

8. The method of claim 7, wherein the RT is inactivated by treatment with a

chaotropic agent.

9. The method of claim 8, further comprising after step (b) the step of removing

the chaotropic agent from the reaction mixture.
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of RNA i WO 2010/084818i ng a reverse transcriptase (R); (bPCraxeo®esoron of
the RT; and (c) detection of the targgt cDNA by pol ynerase chain reaction
(PCR). 2. The nethod of claim1, wherein the biological sanple has a | arge
background of cellular conponents. 3. The nethod of claim1l, wherein the
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m xt ure. erernt chaot ropi ¢ age
sel ected fr ¢ahis baegktime PQRsi sting of urea, lithiumperchlorate, and a
guanidiniumsalt. 11.The nethod of claim 10, wherein the chaotropic agent
is a guanidiniumsalt. 12. The nethod of claim 1, wherein the pol ynerase
chai n rea¢3.mhe GREMNDd obf 2l (GC)wherei rteal targete RIRER is 1derividte frashhad of
claim1l1, wherein the target RNA is derived froma nycopl asna. 14. The net hod
of clai m 13MYARBIBEM?-t he nycopl asma i s sel ected fromthe group, consisting
of Achol epl asma laidlawi, Mycoplasma gaffisepticum Mycopl asma hyorhinis,
Myco pl asnma_hom ni s, I\/z%opl asma fernent ans, copl asma synovi ae, and Myco
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in a biologi ca‘1 sanpl e, “conprising the steps of:
Mycoplasma hyorhinis, Mycoplasma hominis, Mycoplasma fermentans,

Mycoplasma synoviae, and Mycoplasma orale.
15. The method of claim ‘13, wherein the target RNA is 16S ribosomal RNA.

16.A method for the detection of a mycoplasma contamination in a biological
sample, comprising the steps of:

(a) extraction of total RNA from the biological sample;

(b) reverse transcription of RNA into cDNA using a reverse transcriptase
(RT);

(¢) amplification of cDNA derived from mycoplasma 16S ribosomal RNA
(16S rRNA) by polymerase chain reaction (PCR) using the RT of
step (b), _

(d) inactivation of the RT by addition of a chaotropic agent;

(e) removal of the chaotropic agent from the reaction mixture; and

(f) detection of cDNA derived from mycoplasma 16S rRNA by
polymerase chain reaction (PCR).

17.The method of claim 16, wherein step (b) is performed under hotstart

conditions.
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22.A kit for the detection of low abundance target RNA species in a large
background of total RNA, comprising at least a reverse transcriptase (RT)

and means for the inactivation of the RT.

23.A kit for the detection of a mycoplasma contamination in a biological sample,
comprising at least a recombinant Thermus thermophilus DNA polymerase
(rTth-pol), suitable primers for the reverse transcription of mycoplasma 16S
rRNA, suitable primers for the amplification of cDNA derived from
mycoplasma 16S ribosomal RNA (16S rRNA), a chaotropic agent for the
inactivation of the rTth-pol, means for removing the chaotropic agent from
the reaction mixture, and primers for the detection of cDNA derived from

mycoplasma 16S rRNA by real-time PCR.



