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AND MATERI ALS s The present invention relates to assay
met hods and materials for detecting negheiss@fidhesr
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such as a sanple froma cell culture. Taxonom cally,
the lack of cell walls has been used to separate

Mol licutes 1o fromother bacteria in a class nanmed

Mol licutes (Razin et at 1995). The nenbers of this
class are summarised in the followng table 1 _ Table
1: Major Characteristics and TaxononBr of the C ass

Mol licutes. Cassificatiq | % G+C of
Habi t at S ¥VIBTRBOIKD ﬁ@&@ﬁ@ﬁﬁfﬁ@ﬁ%@#ﬁb_ rl Mycopl asm
-tales Famly 1: Nrcoplasmatccac 102 580-1, 350 2340
Humans, animals Genus 1: Alycnplsm 6 760- 1 170 27-30

Humans, —ani nal A RDhS fe@id efor | detecting
The prasspl %eﬁn%fégtegg VT npl asnnf aceue 5

~men 1589%&15%%%1 1%% s AREIET hat pbatmmnatksm tast samphg %Eﬂ A%<

Insects pl ants GCenus 17:

gglcgﬁgﬁkﬁ@nul y |1: Spi ropI asmaf aceae 33 780-2, 220
Sam]ghfh?} Insects, plants Genus |: Spirep(asnm Order II1:
Achol eplumtales Famly 1: Achol epl asnnt aceae

Taxonomically, the lack of cell walls has been used to separate Mollicutes

from other bacteria in a class named Mollicutes (Razin et al 1998). The

members of this class are summarised in the following table 1.

Table 1: Major Characteristics and Taxonomy of the Class Mollicutes.

(Nassification No. Genome Mol % G+C of | Habitat
a
Species | Size (kb) genome
Order 1: Mycoplasmatales
Family 1: Mycoplasmataceas ) -
G 1: Afpeoplasina 162 580-1,350 23-40 Humans, aninals
enus 1z My -
G 1: Ureaplasma 6 760-1,170 27-30 Humans, apimals
enus 11:
Order Y1: Entoplosmatales -
Family 1: Emoplasmatacese -
G 1: Entemoplasma 5 794-1,140 27-29 Insects, plants
enus 1: : -
Genus 11: Mesoplasma 12 §70-1,100 27-30 Tnsects, plants
enus I1: .
Fomily 11:Spiraplusmatecenc - i
Genus 1: Spircplasma 33 786-2,220 24-31 insects, plants
. ]
Order 111: Acholeplusmatales: .
Family I: Ac]mlcp!ﬂsnuf!aceae ‘ N ‘ 1
A s Acholeplasu : 13 - 1,500-1,650 26-36 . .Ammnls, same plants,
Genus: Acholep o
Order 1V: 4naeroplasinatales
Tamily: Anaeroplasmataceac - .
G 1 d:mgmpfésma 4 1,500 - 1,650 29-34 Bovine/ovine rumen
enus Iz - ‘
G 1 \stcropl"lsm'l 1 1,500 40 Bovine/ovine rumen
enus 11 A s |
defined (1999)
U}ilj C_mf . §40-1,185 23-29 Inscets, plants
ryopiasnia
I IS T
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Genus: Achol eplasma 13 1, 500-1, 650 26-36 Aninmals, sone

I V. Anaeroplasmtal es Fam | y:
Anacnpl asnm 4 1, 500-1, 650
29-34 Bovine/ovine rumen ] 1,500 40 Bovi ne/ &¥ITHAEB2004/0016¢7
rumen Genus Il: Asteroplasntm Undefined (1999)
640- 1, 185 23-29 Insects, plants Ph]naplasma 15 WO
2@[9%60 c§f6[5(§ PCT/ GE2() 04700] U7 2 In the context of the
present appl Y ReiRsAsent ARPH cativr! MiC@h 3R, '{aérﬂ'amt.en ed
t o emdrace, e g‘%eergsthof the cl ass Mol I'i ch es," Abtitendsd
just M/copl asnzat aled, el%ﬁ%@?,ﬂmﬂf@mnpiﬁ&ﬂﬂvdoﬁlagb%m[q
comfoat, t ‘@nmediilaging” aigtﬂlfeogogj#l of, the Nollicutes. 5 >
' N Hat SR s thrarasittestiobs e

méasnas are W desprea
lteframmal s, reptiles, fish, arthropods and
pl ants. They are the small est and sinpl est

prokaryotes. They lack a rigid cell wall and are
they are

INT f t.i dogl ycan synthesis;
thg‘?‘@?g%lgaﬁg{eogﬁﬂgm?@ﬁlq BABIE idlsi 10 dsties oS UEMnAR. marnmal
peptiles,| kR & cﬂqt&tdagg\lyggu.fﬁ. Mycopl asma have nas,
g]eeg\iel oped by degenerate “ut 9N 49 Homsgraliespesd iy lest
Hutady dlas wilthlevdadlow il eyl ¢ent age guani ne an

cﬁrﬁsi.n.e contont of ONA LS. 1h 8 45 pakate @€ peptidoglycan
B Fqlﬁsﬂlegtfﬁéﬁhoﬁmeumtm&sitiv@to%ﬁ)‘i&%di um speci es.
z-ﬂlfﬂybiu%i cutes .have |ost, during the pfoceseclhes penicillin
evol (it POHO54rSs MM eapiarman lpaet defelbha b GRNRLE Gire :
fr o R p@Bitivh i hd Set NSy | | T ted 1s cod?,ng capaci F‘ﬁomﬁoﬂ
that has"di ct at ed THe "Abed POr melgsataagicttantyRY o@fhine and
qyidsne Mbstent of DNA je. o . ©

e. the Lacto? acillus, Bacillus, Streptococcus and

plants, insects Oder

two Clostridium species. The Mollicutes have lost, during the process of
evolution, a substantial part of their genetic information. It ig this linku't i
coding capacity that has dictated the need for a parasitic way of life. M )
Species are facultative anaerobes, but some are obligate, and hené:e t(l)lset

sunilarities in their metabolism to anaerobic bacteria

~ More than 180 Mollicute species have been 1dentified éf which 20 distinct
nc

A/J 0 ]CZSI 1 5

have been isolated from cel] culture. There are six species that account for
95% of all mycoplasma infections; these are i/ orale, M. aroini };1

. , M. 117
Jermentans, M. salivarum, M. hyorhinis and A laidlawii, The ma;or cjause:
Ioi mfection is cross contamination from other cell lines troduced into
aboratori :

‘ ct.one?. Also an unwanted source of exogenous mycoplasma can be
fougd In tissue culture reagents, such ag Serum products. Mycop]
unlike bacterial, contamination rarely produces turhid gréwth or jl_bas'ma’

| . obvi
cell damage. Viable mycoplasma can be recovered from work surfhzzj

o

bacteria-retaining filters. At their maximum population phase there cap b
_ an be

8
. as many-as 10° mycoplasma/ml of Supernatant, at a ratio of 5:1 with th
. ’ - €




species are facultative anaerobes, but sone are
obligate, and hence the simlarities in their
met abol i smto anaerobic bacteria. Mre than:gBQsmotos7
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distinct 20 Allycoplasnza and Achol epl asnza speci es
from human, bovine and swi ne have been isolated from
cell culture. There are six species that account for

959 | A ‘erfectd dasptabhesencgngafiops n the
1105i8%§-3&%5%1“ar§i B%@l% A’ fernzentazzs, Ai ]ialiv%rumd
et HY@Ehzimis aendies, albaiagsamtiod. omkevafdt SERASE Mo
Infection is cross contam nati on fromother Gellmhiings
moot pbitducedhishies B ILASHRRERE 85¢ S8 an unwant ed
source of exogenous nycoplasma can be found in tissue
cellsciolqulftiee-r eagent s, such as serum products. Mycopl asnma,

unl i ke bacterial, contam nation rarely produces turbid
growm h or obvious cell damage. Viable copl asma can

, 0 r&@) f,[c0RT \WiteKn s ulfr@ce sverye PP gt Ay g Vitro
My Q%E’%%ﬁ%at%?on, aand mycopl asma can al so . pass.t.hr oul%l}egt%d
cultRCTBE @il elopl ot gl thic REFISNISAID PREF T X GTUT-

popul ati on phase there can he s_any_a : d
culaTyosp| (aﬁi;]ﬁaﬁ]ﬁllbéij Bl GBI &7 %W?f}: ga%%aﬁloié#gg‘?lis%ﬁltaﬁ

t he PCT/ G B2004/.001647 4/ Q114666 Lcoell sas
morpholgess dpgttain nggiraplgvégg\%vg Qst oH%et ect abl gﬁ]S '

. concentratj. inpkhe ieulddr eedredbumort hegrodnetivherpt
VITUADEH i‘%l?]gg?g So’ntnﬂol the cell surface. It is a no

t.
mvc\%‘ﬁi %ﬁna@seﬂz‘ﬂnﬂ@e theli Ay qaplsphaBparserA dRE5Sy nh@}@)@?ysms ,
- in manmalian cells in culture. Mycoplasma are
proearabng natlcakdsanicniedionbetl! BUEEY- property of an in

vitro culture_ They will deplete culture nutrients,
in particular arginine_ Infected eukaryotic cells

exhi bit  aberr.ant_gr - e5eit torelabekicsmandten
A mEOHEPRIGE YEE TR lf|SsoIPaogl“fC(rzj[g]@tgprc}perti es have been

covkPL§aLelc A%, il saikanse debemicnantiy vitvedieedl ndihede

tretion or introduction of mycoplaspmal enzynes suc

resiéSn POogPhelihipase sandAEPAEYs [0 heas yongh NBPHAL RULCHA
nucl eases into the host cell m.Jlieu. .

sterilication filters means that they can evade typical precautions of cell

culture technique. As a result of the negative impact of having these

contaminations going undetected, it has become evident that continuous

screening is essential for any cell culture laboratory.

There are a number of sindies that have shown that at least 10%-15% of
cells in culture may be contaminated with mycoplasma. (Rottem and Barile
1993, McGarity and Kotani 1985)_ Most cell biologists recognise the need
to perform routine testmg fbr mycoplasma, however due to the cost and

inaccuracies of the corrently available tests, this has so far remained an

um‘e‘alised 1deal.

The only accurate method available for the detection of viable mycoplasma
;s culture of the micro-organisms. However, the difficulty associated with

their in vitro culture has proved problematic due to the complex media




A major problemw th mycoplasma is that their
contamnation is often 15 covert, and unli ke _

Wwoattenésal detection, cannot be easily visualised.
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Their resistance to antibiotics and ability tHCpHEg01647
t hrough nonnal bacterial stedilisation filters nmeans
that they can evade typical precautions of cell

c echni.que- As a result of the negative inpact
o? éi‘%\[ﬁ%néo% e cidbwilion MRetions gbilvgsundeatest B alsh be
20 screening 1s %

hasndes i t hat continuous !
Dﬁ@ﬁ@@? go;é %ﬁ%ggﬁ seng Vp&pgﬁjlpgb@s( WtioKgid tTherableatorddes;

essenti al

a ofatst wepas i 02l 25
nusimle ofaldt webassthabchave; %Qé@uts%glﬁé? Lwe Ecgfsjgge weeks by

cells in culturé m

0% 15% of
:@]@ébf dgHad statbien vandsRalfiecuk@93eqbGRLILY (304 oy

Most cel |l biol ogists recogni

tani_ 1985)..
; 4 ]oesﬂér ‘P%E‘i}ﬁ Perit tmeutteest thegediby tony @ﬁﬁﬁ@éﬁ%mmﬁémby

qdHEvt d, inaccuraci es of the currently
ava3lf ¥ ar{lg_;% t1 @%? 'ES’ %?lﬁcflgcﬂb ob§ Q#Stlfﬂ@ﬁﬁihnédlsmg a Dienes stain

Mryeallased édede nly accurate nethod avail able
for the detecti oncogﬁg/el(aag%ﬁe cBP d@rrlgmt@@ﬂl%ﬂ@;uﬁthrmost

Shyopéasmic oo dugani SHtrosNe v ; ifficulty . .
gggpgi at eg%(\:/vi th t%hei r OiSn Vi t@gg%%?t%‘@ %55”6?%{1@&9 “fried
o b FERE fRCH U oveng enloaideticx fRdi tg&P, 4656, .

r%)EZé_?M 001647 . 4 required for t e’y\éa cu “?‘f%a § Gilomes
(R gy bR Raratmsaohesninonpt iy .
teadh S ljhive method, as it is said to be
abl e?t%ﬂa?vel?g%%l‘j gtgé?%%& &8 %rbg@t@r@ﬁﬁr% medbowellese strh®s

Tegeubteeltaketédveutord i i.ghl y_skill ed
statf with very s pec 1 f?ﬁsfﬁﬁ?@ggﬁgaﬁaﬁ%magmm latter
hekidn 16 theidentideativn ahd dhe:cRE ture the
GELES, e a sufficient number \Ahecy_eﬁgfh?jﬁcéyiaﬁ]&aﬁpecms that
3ront W CHI &S H(Reficbeant Batitg OSHediweg fo (o e
8RS 4l fure '}%‘3&‘?1 asma can be cultured on adar ahd™.
inbroth culture, wtHNYsHe weesdmsmathpsodest Nde o
crMmanosieafyie b Al characteristic flied

egg' appeargﬁgg&egﬁgﬁmﬁégg %)(%]c?eiﬁ YR®IEGar
al t hough sone colonies 1 o may not grow conpletely

Cﬁ}%b(%dt%%dgim-rper e are sone str ai ns that cannot be
pler means of detecting mycoplasma in samples is the assay

of DNA using a fluorochrome. One of the most cormmonly used is 4° 4-
diamine-2-phenylindole dihydrochloride (DAPI), but Hoecsht staining’is
constdered to be the method of choice. Cell culture samples are taken, fixed
and stained with Hoechst 33258 (bisbenzamide) and examined under UV
epifluorescence (Battaglia et al 1994, Raab 1999). If there aré mycoplasma
gssociated with the cells, then the cell nuclej will appear surrounded by
.ﬂuorescing structures in the cytoplasm. Negative cells are represented by
Just the nuclear staining of the cellular DNA. Accurate interpretation of
results from DNA staming requires an cxperienced eye, it also needs

specialist equipment i.e. a fluorescence INICroscope.

Mycoplasma detection by PCR is a commonly used test by external service

laboratories, and is also performed in those laboratories that have the
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readi |y grown using standard agar or broth culture

nmedi a. These strains require cell-assisted culture

for their isolation and identification.(§Q$Bbghhﬁﬂg7
e

‘ ection of
copl asma species that . adsorb to host cell surfaces

(Rotten and Barile 1993)7. However, due to the 15

conplicated nature of the culturing procedures, these

tests are nost..co Y, dAne Avcomennh asTR ttieshinggl
approgeriid e@upEEBY a{rgreipggs gﬁj&%g@of tlhgcg?dn'pl er nmeans of

det ect i ni op| jiRsraanphescl amaws@ﬁ@aglete@ﬁw@r@f
to CORRGTH ﬁeﬁqﬁgoﬁg@ﬁﬁgyn?ﬁ One of the nost cm&gﬁl.gseus%qrés
soveif g dhgmbne) Mpbenyhiveanpléy iy 6 cht or' e’
severdhy C)1 Eut Hoecsht staining is consi iecrtgo 1{09 be the
that ABLRedifefl whoide be@aklyseh MY A% Sl S84 @ taken;

fixed and stained w th Hoechst 258 th-Riishenz aghabgs
the eaadltﬁbgarbﬂn@l@gu@@EFlDET\geteé]ﬁ%ﬁjl%ﬁor@%cgﬁ%e (lBat t“agigﬁiba et

al 1994, Raab .1999). hf therextehes eopidsma
pz'eS%-sg&“ﬁft"@d"W?lﬁa?%é Oglet{ﬁns, then the cell nuclei will

appear surrounded by 25 fluorescing strictures in the

cytoplasm Negative cells are represented b ' e
The R};@gﬁﬁ{smﬁt@m iHIg Sef fivheReeht (f-asb bﬁéﬁ?) r&@@& Pé‘t %Jdﬁ%reﬁﬂ
~ - interpretation of results from DNA stalning,requies
systedf, exferdannoteddieyeguipt BFYFRe S Spect'al i st

equi pnent i.e. a flugresc LELRSEOREo B8 surface of
digoMecopl-dSiE, @é@e‘@?i%‘ﬁﬂb?q@gfﬁss%ﬁcommnl y used tesdtméby

external .service  laboLatories, anddicsxstsomperbsransd
wellp g h%s@jl?lé'ﬁlglﬁatpc}?#eeg&trahat have thﬁm E%/ Gc%zuug{ro ﬁéﬁ?

1 ALO 2004/ 6RG1 SyroQRAr opth atteanequiypreF GIUFh S
COmYEYG: | ﬁ[%éyg%gjl asrrgJ PCP. |dts anneal to consen td
visnhBYidangnof stahearayelolf ‘apkede geadsfre, al | owi ng the

etection of several species (Raab 1999). Most

commercially available PCR kits-require that the

anplified products.be anal )ﬁ?@ ggav qsg aflsed on the
LifeeTechumehor é@ﬁs&e‘iﬁim%‘?%ﬂ?%e resu 1tEi ng bandi ng patterns

‘determining the ¢ 1Nat i Pg 16 peeiesnlypmesent]. amonnts
acﬁ%ﬁ&v@@éﬁa‘\ﬂS&?aW g ﬁ?bﬁﬂgp bandi ng patterns is
i 3400 S o o FRRc Mk RSeTecr POROBE) SAS FORYRSCHE falb
(it 8} g réfies on a different toxic products (6
methylpurine deoxiriboside (6-MPDR) mto two 10t P
methylpurine and 6-methylpurine riboside). The assay requires addifion o

the contaminated cell line to an indicator cell line grown in a 24 well tissue

culture plate. The 6-MPDR substrate is added and after 3-4 days of

additional growth, a crystal Vi{}kﬁt stain is added rto test fqr viability of the
indicator cells, in that mycoplasma positivity results in production of these
toxic agenis. Although it has beeﬁ_repoﬁed to detect 1 mycoplasma cell per -
200,000 target cell, if the medium conditions are a.tdjusted to favour th?
growth of mycoplasma (Whitdker et al 1987), the main disadvantage of this
system is that it 15 Jabour intensive and time cONSUITINg.

Tt is possible to detect mycoplasma antigens using  mInuUN0AsSsays,
employing antibodies raised 'against mycoplasma antigens. For example, the

detection of Mpﬁeumo;-:,iae in clinical samples (Daxboeck et af 2003) Use




system and cannot distinguish between species. This
it includes o0 digoxigerlin-dUTP, and the PCR

wproeduatsd S captured onto the surface of wells in a
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mcrotitre plate coated with PCT/GB2004/001647
anti - di goxi geni n- per oxi dase gonjugate. The col oured
product with tetranethyl benziduac (TMB) is visualised
uz)lén ?@fé&angﬁr% ELill/ISA pl ate reader. 15 Life
T éstipasicd elietvsped sphgeMUBRRECHT Il ..Dased

osi ne phosphor yldgqég!ﬁ”%%?rgr? Hmber

t dnit f . aden
?%S n%ﬁ‘%rrﬂ%%él{alx)lrs ?ﬁab%ngcgtﬁt dor (dxarmgtle dDE)XKnla'EB@ﬁjiésa'@US)

o _ Thi ts 6
cebby st M BB o e

pradibet of (Breopkishl tﬁgﬂ@ﬁ,@ﬂ%} - | pur - uj e
ri boside). The assay requir gﬁzgg‘gwﬁbﬁnwkjg?ﬁfﬂ%e
contanminated cell line to an indicator cell Iine grown

I R 2?1 WEHC‘ tissue culture plate. The 6- MPDR
suSt PLER Kaowg fsdavniakara Sringndndafy 34 (alf)magq;&ﬁﬁgf%l seed
or

(035 y iolet..stain is added to test
v i\%%?%??yeﬁggr%i%@ag%%ﬂ Pt fra etpeuntiof expertisay AP, ABBR are

irt-bpdd; st SN | o Lo |
Posit-bpedific esA)st .S’N'Oﬁg gﬁg%e‘éﬁ&h(gg@%{ IS¢l ?ng gt géilﬂi?}ito detect

agents. Although it n

iy Yespilamnaspetids inegendBn]200, 000 target cell, if the
medi um conditions are adjusted to favour the growth

of nycoplasma (Whitaker et al 1987), the main
R0 0 L B e ool et
e R L T e
mak hever e oni.ci.e in clinica
B STt o oe,
- » r[r%érm eyfernally

spegi.es identifjication. There are a nu
%@%@ﬁf &P Py avSi Pk ey delortabiarmbie:el BE sy i based
drabefatign | | . enzynme |inked i munosor bent™
assays (ELﬁ fcz)l}laﬁﬁgg Eef%‘&’tejdoﬁubby addimgnvetheofampie apn
“nyupl Gt AtcARE CRRLLARS P8R80 heal L ©

and phosphoenol pyravate; adenylate kinage; glycerol kinase myokinase; or

a combination of creative kinase and creative phosphate), which converts
?

the ADP to ATP and detecting ATP using a bioluminescent reaction.

The disclosure of UK patent No. 2,357,336 is incorporated herein iﬂcllldiné

for the purpose of possible amendment.

The pr inventi vide furthes |
© present mvention seeks to provide further means for detecting
(=

mycoplasmas in samples, such ag samples from cell cultures

According to a first aspect the invention provides a method of detecting the

presence of contaminating mycoplasma in a test sample comprising:

i) providing a test sample;




Most of the known assays take a mninmum of 24 hours to
conpl ete, need expensive equipnent and a significant
amount of expertise. Also, they are stpaimspegidiic

wo wisnassays. None are generic, that is, have the ability to
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detect nycopl asma species in general. 10 UK patent

No. 2 357 336 B describes an assay which can be used
to detect nycoplasnas in cell cultures. The assay is
bﬁsd O% {Ht}]ae ﬂ?ﬁ%rfﬁéhé‘@ﬂlg hat actiytpplBasahgceiate kihase
0 |61P tice The enzyme ATPase in large a unas. 1he,
ATPaseg agt icuiamat Inyewpimdhadedorviifs 28t 4! B

cel lular or externally 15 added ATP t.o_ Iﬂ’g&ﬁ .
the AbRugehdatibbtef MeRESEDER SQQQB%}“P%A%%% on
detection of ADP and this is carried out by adding to
the samBl e an enzyme contai ning reagent (containing a

conhi nat i.on_of ki qaseninand vpthosphgdmoaha on the
py{lﬁ\/d @?1?%%ﬁ§ﬁé{tgxﬁfé}?nase; gl ycerol kinase, ..

nyol dnase st Mftectidn aodbi maespneT od FEAEFYEL e (Bhg
creative phosphate), which converts 20 the ADP to ATP
and detecting ATP using a biolum nescent reaction. The

di scl osur e of . pat ent - 2 fARAwiap StebSptricorqiorfatred
Prefprabby, Ahe inﬁﬂlﬁ%ﬁldﬁigﬁgg %%Pﬁntl% t|gur pose1 %f 1|€)ossi bl e |
n nt .. . Fhe present invention seeks to provide
SteP%ﬂﬁ:t“ﬂg%&ﬁesgeﬁgu%)br detecting nycoplasmas in sanples,
such as sanples fromcell cultures. According to a

first aspect the invention i et hp@sef activi
detien)t pHYEe acﬁFaé‘%eﬁ‘@éS%f a@%@ a?nﬁﬁgtﬁlia% rrycgpl as rr;;tiyn

a test: sanple CoMRLLSENG: 13@of ineBuesd di ngcarrtegsnding
sanpl e};ﬂ?ﬁﬁ% ‘B2 ﬁlla%%?llll('m WD 2004/ 094656 7

(i) deteching,pndher nmeasuring the activity (B) of
acetate lcir ’ '

Cl nas and/ or carbamte | an%se tbntet Pg.nﬁlgelgst
sagpbje conpdng diechoawiy itesied Bed/AgTERRITCat’i Ve Bt ™1
presence of, £ AN DLENGeeR) asme:

wherein the test sample is identified as contaminated with mycoplasma 1n

step (iif) if the activity (B) detected and/or measured in the test sample 1n

step (if) 18 greater than that of the conirol sample (A} in siep (1ia), that 1s,

0 £ s g an one.
theatio 5 18 greater th

Tn a second aspect the invention provides a method wherein detecting and/or

v i arbamate kinase in the test
measuring the activity (B) of acetate Ikinase and/or car

! i mi i arbamate kinase activity
sample in step (1) and/or obtaining acetate kinase and/or car <

‘infonnation (A) in a corresponding control sample in step (iia) comprises

‘ . e
detecting and/or measuring the appearance and/or disappearance of one or more o

the substrates and/or one or mMoTe of the products of the following reactions:

(R}  acetyl phdsphate + ADp cciote Bmase goetate + ATP

arhamale kinase - - )
(Rify earbamoyl phosphate + AP GHbmale SR amymonia + cal_b.onat_e + ATP




and 5 (iii) identifying the test sanple as

contam nated with nmycoplasma on the basis of

wodebestésgn and/ or nmeasurenent of said activity in step
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(ii). Preferably, the nmethod further conpriSedCBReLH16L7

following steps performed aftger step (ii) but before
step (iii): 10 (iia) obtaining acetate |dnase and/ or

car e |dnase activity infonnation (A) detected
aﬁﬁe?%%%iﬁéaé@ rsdeqtmzmandor espomdhn gtep GRS Q) ool H-y
apfadidl) £ arlﬁngtthe act_|V|t¥ det ect ed and/ or

measur ed i‘n the PEEt MffipPEefermd )(,B)hevviA’hPtigaﬁje{e@teghgnd/Dr
coBhdt@bd Sl ent( Ahiti in the test sanple is -

i denti fi eg aé%o%éﬁ%g%%éﬁﬁ tH e B bis npsceat ®Pction.
(ii1) if the activity (B) detected and/or neasured in
the test sanple in step (ii) is greater than that of

crh% : _ L3 .
e CoRLEE satisies (Mve nbsmekddwR) and t: e 2P -
theilaLLg s greater than one In a saélcdonlgefggé;gz&oqlhénany
i nvent on ‘Eﬁqﬂgfs&%% HolEtMb genar teicteride pesibi g @g%@gmt .
mﬂﬁg&&)ngsﬁhﬁﬁﬁ-%&&tm& B) - of . acet at e ki nase and/ or &
car ba;rate [cinase | i the 88, WaHH, ecriuptastap, @hil)beetleg
aadicatarbbtlad AirdWiea et Lpa nd/ ar car bamat e ’
| ci nase activity 25 |ﬂr%1% %re?rgﬁi%%%ﬁf» %ﬁo"é"'@eﬁﬂéiptomdh ngd
el rb‘?etb‘;énp)lfe genust ep-oplhba)s. CONRI g%ﬁ? (%e ecting .
&%r/ggr _ qﬁasuri ng the appearance andfor dis&pp&aPefeesms,
SrBRE Gyt vard oxiderestictionatads pang/ gy ape qore
élfan%@%s 9{[}@1@8@&? of .the f%IéLOWi ng reactions: F%r‘;r ©energy
acefyl phosphat & #'ABPIaksER © kibighsenaagetate Thé%P fglen
(R

tBO exaitbamBlecfleisPBSE | a+ carbonate + ATP.
.car banoyl phosphq te E@Wﬁ\%% /99 g6%8d state, visible light

IPEHIBSR00RI08RAET 1iShiRE efgspdl; he det ecting and/ or
nmeasuring step conprises dec??cl%g}uﬁ%lgggﬁa?%?'

Beetle luciferases, particularly that from the firefly species, Photinus
pyralis, have served ag paradigms for understanding of biolm},ninesce.n'ce
since the earliest studies. The L.pyralis Tuciferase is ag enzyme which
appears to have no prosthetic groups or tightly bound meta] 1ons and has
550 anﬁgo acids and a molecular weight of about 60,000 daltons: the
enzyme has been available to the art in crystalline form for many y:ears
Studies of the molecular components in the mechanism of firefly Iuciferases;
ig producing bioluminescence have shown that the substrate of the enzymes
18 firefly luciferin, a polyheterocyclic Organic acid, D—(~)~2-(6’—hydroxy—2’—
b;:nzothiazolyl)A2~ﬂ11azoline—4-carboxylic acid (herein-after fefen'ed to as

14+ I : ' .
tuciferin®, unless otherwise indicated).

ATP can be detected using the following bioluminescent reaction

R o Luciferase
TP+ Luciferin + O, F—* Oxyluciferin tAMP + PP, + CO, + light
g o (emission at 565 )




measuring ATP. Still nore preferably, the ATP is
detected and/or neasured by a light-emtting

reaction, especially a biolumnescent reaaqiGpmitbi1ci7

wo edpieght -em tti ng systens have been known and i sol at ed
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frommany |um nescent oyganisns, including certain
bacteria, protozoa, coelenterates, nolluscs, fish,
mllipedes, flies, fungi, worns, crustaceans, and

The% Lb@Sioht E@éﬂsmuls aideprlyheldisd &f Med 18t conecieney 2nd

ofinus, Plioturis, and Luciola and click beetles of

ﬁlngﬁﬂuﬁlﬁﬂmpphmmusﬂnﬂﬁlnany of these organisns, 10
enzymatically catal yzed oxi doreducti ons take place in
mhich the free energy change is utilised to excite a

le to a y o TheRteWReRentheions of
LUC@?(@F’? & %?%Bﬁ?%eggsgﬁ éﬁe%%zsﬁ%ﬁﬁl Surns to the gr ound

t i phet | ght AP @Bﬁhtﬂsfedﬂeié'd‘wd; witht theeh | qeMety
A*Tplgsaasf:eellt?léldang Elbol dm nescence". 15 Beetl e luciferas

pr qﬁ?{fﬂdﬂ@ upartey ehpanef r Gimet hEIfﬁﬁqéfhl?lf%l@Té a8 oPnh bt &121?]1'3'3
pyralis, have served as aﬁé% for undglé agla}all(ﬁgﬂg
spedaﬁolfwma@scﬁnnexaz@p}feéle@hﬁén‘\e radpcsst
P.pyralis luciferase is an.enz d Qess
light g@@elﬁ*@dpbbs%% ‘“éé é‘\lﬂ&%p}%u%FOStﬁ%}%ﬂb%hﬁ@cp @ﬁﬁc i ons
(Eg has 550 am no acids and a . nol ecul ar wei ght of
thargh - 60, 000 daltons; the 20 enzyme has been avail abl e
to the art in crystalllne formfor many years.

Stddi es of the nol ecul ar conponents in_th chani smf
Cryﬁ[fallfﬂer B\ fprdspcicheras esolated girentlic frynoisl (igihed'EaHe e©

ave shown that the substrate of .the enz
becifld:sr eﬂDNHSJcmﬁeimg] gl Eﬁé‘ﬁ?ﬁr@ft g:rvga]clyqu ;}g/eragﬁ 5 C(%%]U ing

D-(-)-2-(& h - four lucif
am@@nz‘@tfﬁ%aﬁlﬁl i‘l“)l%'rgst%oézgﬁ%%hﬁ ﬁleg%liyﬁlec acid o erage

her elnp af 1.9y EhEed 18k dsetl2P the Uedifienia'of linhessra
sorgtier éa I%pﬁrﬁ% gl d(/(-3\'IlP can %E detected using the
(rd ) S B9 18Li0buE: BESCant, sleacdeoWet o abi fl884s élagulantp

Luci ferin + G2 Oxyluciferin_+AWVP + g N‘?Zl; ]]icqpl

al., | iggot Woedi sishbn 1889568 PR PEIPE £ppBarier | Hu RS
No 200}S:Lallilgi)df;;enattvaﬂable Further, the cDNAs enceding luciferases of
any other beetle species, which make luciferases, are readily obtainable by
the skilled using known techniques (de Wet ef al., 1986, Wood et al., 1989).
With the cDNA encoding a beetle luciferase in hand, it is entirely
straichtforward to prepare large amounts of the luciferase in highly pure

)
form by isolation from bacteria (e.g. Ecoli), yeast, mammalian cells 1

cultare. or the like, which have been transformmed to express the cDNA. |

Further, the availability of cDNAs encoding beetle luciferases and the
ability to rapidly screen for cDNAs that encode enzymes which catalyze the
Tuciferase-luciferin reaction (see de Wet et al., 1986, supra, and Wood et al,,
supra) also allow the skilled person to prepare, and obtain in large amounts

in pure formn, mutant luciferases that retain activity in catalyzing pr odiction
of bioluminescence through the luciferase-taciferin reaction. Such a mutant

luciferase will have an amino acid sequencs that differs from the sequence




e e ——— T

intensity is linearly related to

9 The emtted |ight
is nmeasured using a

t he ATP concentrati on and

woORkanwmeret er. Luci ferase has been used as a nmeans of
SPGB0/ 647
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assayi ng mnute concentrations of s ATP; a

10- 16 nol ar ATP can be detectied with high quality

preparations of the enzyne. The Luciferase-luciferin
s highly specific for ATP. For exanpl e,

deo
n ' TP and nucl eosi de tri phosp

o W B BB BO RGBT the dromick elimtsnce, (e
damb8udisahat ed, i the .l ight organs of

b,eefbl‘r3 gtzél cwsg%%%%%%%gy ﬁﬂéf g g]rya@]gslu%‘ CIgeRFdial otsmenkarally
dBeceisey indl utionghe afmigsOtHEI-8, . Luciferase of
P&é ralis (firefl y?, the ?’ouyyﬁllcgcf%tgl?la gﬁvﬁtgoﬂ/r%@gldmg
SHOBIPSieEpnt el carlsingctiec kidifeideehcift e (bycH TS Suck

irefly) and the luciferase o

bl fy Uekata
["at e?%ﬁg&@%@g{é@@%ﬂ 1987, Masuda et al., 1989,
Wod et al., 1989, European Patent Application

IPmUbl ication No. O 353 464) are avail able. Further,

& CDNAbrefoceditAgr U6l f ny_ather_beetl e

é%{%gi e%’;@l éh)lbc hh make | E%g fﬁgﬁg@gg? the @%&gam gtter step (i) but
\& Loy tha hanpld 15l gekty8 isdakRomat i gues (de

et et al -, é9.86, Wod et al ., 198%) %‘Zc?%wgﬁg?}ﬁ%ﬁﬁwd

encodi ]r?geaa?eﬁ g 1ce lnlsgicostense rito thasdnplet S'léﬂ@nﬂgéﬂc&{@’ will

lﬁide@étgﬁ&ftﬁﬁv}“@;%%% prepare Ia{;)ge amounts of t '

luci ferase | P gRPYPP & Ctedo hdyaiigyl afimmhédsomdudmg

dppicetib@ ofesh@mikals Ok mapmal iap cells in

cul ture, or the | ?k%dehm%%lgﬁé%gae%s g@%ﬁqep #Hetlomebdds euch

agxpregsonhdc.cDNA. 25 Further, the availability of

cDNAs encoding beetle luciferases and the ability to

rapidly screen for cDNAs that encode enzyrnes which
uciferin reaction (see-de

saBlaat: e yluciferase-lucif ;
W eﬂ%g%g)luglﬁ 1%15 (H/Sgﬁplﬁaeﬂlghf&dv@éfd gt the suppia) walksQ

dafel-gamtf h;ﬁ'. é}ﬂhéﬂ Q’ pe 0.4 0_pE ar, and obtajn in
I\J{ arge amounts i %Ipuégg;bcﬁ m“'ﬁ)ﬁncg{) é\@‘“’isu PF dhashsist bt the
WYoRIaF e £eN imym brane dtivalwizich igRs MSELOMIO D wets of any
i

bgﬁ §rlu% ne cencg t hrough the luciferase-lu
AT *OHCh &iron @PseRnt Exemplary detergent treatment includes the

use of low concentrations (e.g. 0.25% v/v) of a detergent, such ag Triton
X100.

- The prefen'ed lysis method is one that is sufficient to lyse the mycoplasmal

25

30

-membrane, but would be ineffective against bacterial cells. Tn studieg

companng eukarytic cell lysis and bacterial lysis, it has been observed that

~non-ionic detergents (mainly polyethoxyethers) could be used to lyse

- Somatic cells without affecting microbial cells (Schramm and Wevens-va
: -van

Witzenberg 1989, Stanley 1989). It is the presence of the rigid cell wall that

makes bacteria less sensitive to detergent lysis, and more rigorous lysis
(=]

procedures are required to lyse bacter_ial cells. For efficient lysis anci total

protemn release, bacteria often require exposure to €nzymes such ag

repct iaﬁ# ﬂil | . :
Ry Prosavesis bestke uiaraetobng bemdrh %Bhﬁoﬂsa (White t




luciferase will have an am no acid sequence t hat
differs fromthe sequence WO 2004/ 094656
PCT/ GB2004/ 001(47 10 of a naturally ocwwmmnbmet,ke

WO 2004094iT f er ase at one or nore positions (Wite et al.
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1996, WD 01/31028 and V\b 00/ 24878) In the pr esent
di scl osure, the term"luciferase" conprehends not

ly the Iucif t rallv. i L
ysorute i eniheerlant (o bph AL i ok phsehes
provi di ng s bj ol um %%?&ﬁgqsspywﬁ%m&g the

detenggal PEs e USRS T eact | on such naturally

occurring luciferases. is nost preferred that in
the nethod of the |nvent|on after step (i) but

How@@&oraeccﬁ&%ﬂﬂa'tﬂoh withebsaemm eml]spltqd@a@ duntsg HOU'H. 1375k
mycopl asma and 10 thereb | ease thewfrl C%IOHJI,_@{
baa@wm%nalgo Ivlt’atﬂdet\hbelsa'mﬂ’l@m BRF |Cé Fie PR A PRETS ¢

under st and t hat can be eff b vgéé I Yarf
microsopgdsh hﬁﬁftlbﬁ@“ﬂ’gﬂ %iéfﬂl F%:actafnoﬁ og&%ﬁﬂd é ich as

detergenlts and mechani cal nmethods such " as sonl cati on
discastled sSUYERATHRT ageousl y, the lysis is effected by

treating the sanple with a detergent, or other lysis
met hod, which allows for the lysis of the Mcoplasm

Unh?? lbacf@ﬁ ?E%Pmé{na\/\'ﬁﬂln Rdoehrangh aff.éoeM Eﬁét% elll.Sf edndpr

ia which nay be present. Exenp ){
ﬁltexd%tttﬁﬂ%ﬁﬂ&nt(%‘feﬁﬁmt aindc Mindly's 1PRE), @@é oF 1[30\190551 Hle  to.

concentrations (e.g. 025%v/v) qf a deterge s
distifriitlobetw2en XIeGierFhang ray &t :ﬁ pev ][aﬁlgarﬁﬂ ouc‘clfi? b2

that is sufficient to lyse the rrycopl ast nal rrerrbrane
addibon ofve diligrtE® §iRef f ect i ve agai nst bacterial cells. In

studi es conparing eukarytic cell lysis and bacteri al
lysis, it has been observed that 25 non-ionic

det. BhdeRel sfehboxyetiver b teduadirbe 1636653
Henfe H?Ejg%gﬁng(é%gﬁice 1I S wi t hout affecting. m cr obi al cel lﬁ'

ﬂmﬁ%}p hr aERand ey ens siean (1)Wthe|¢@E?5@ 19@(81@6 3%%%%/ Wi
It is the presence O{], ‘?@d tcea 3\@%1 axtng)
appmaﬂﬁ’easﬂ]bmfttbtr itest [saeple Bngfalpy &0 f‘?}nag 3 ﬁgﬁt ysi's

by pr;gélﬁg rrI[ O(r)L?g llyactenaqetammg filter, it is not tmportant to lyse

mycoplasma selectively, 1.e. without lysing bacteria.

Tn a preferred embodiment, ADP is added to the test sample prior to the

detecting and/or measuring step (ii). Bowever, the assay can algo utilise

endogenous ADP.

Tn a preferred embodiment, a mycoplasma substrate reagent 15 added to the
test sample pror to the detecting and/or measuring step (1), the
mycoplasma sﬁbsh"ate reagent comprising: acetyl phosphate or a precursor.

thereof andfor carbamoyl phosphate or a precursor thereof.

By “a precursor thereof” we include one or more compounds from which
acetyl phosphate and/or carbamoyl phosphate can be generated. Exemplary

reactions are ouflined below:




procedures are required to |l yse bacterial cells. For
efficient lysis and total 30 protein release, bacteria

WO ELe B Ui 1
biwéoipsqui re exposure to enzynes such as PCT/GBZ({{%/()(HGH
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PCT/ CB2004/ 001 (47 MO 2004/094656 11 |ysozyrne
breach the cell wall (Pellegifni el 1-11 199)). The
nost preferred detergent nycoplasma |ysis conditions
are shown hereinafter. However, a contam nation with
bacteria will produce turbid grounh, and s bacteria
afig al g@rvistdy ehwm:eaﬂsacv%ze L 0g-.a.cell culture under
pggse c_on}%lrast m crosc p%ce%ﬁé%‘gs {€terial cultures
cth beciutloct dd aguhdre o yrEiRer, ditseal, raj gh
away Unlike bacteria, nycoplasma will pa%gg?ﬁloﬁ%(ﬁspgm +
0. 45M T1f used for to filter sterilisation '
(Baseman and Tully 1997), and it is possible to
2{1}8“ ngui sh between a bacterial and nycopl asnal

aveRyi inatcadnof hddinghaddigl pREGIHaOR Ghe Anfd ] brati o
step. Hence, in preferred Enbadi nent a5 {$O@H?3Weﬁ{ﬁ?%te :
t'Ra2¢ 8 s PG appHantiidp agmedirsds stth aughtd bagt eri al
filter in step (i). O course, skilled persons wl|

appreciate that if the test sanple is treated to
assjng_ it through a

; 1- | b
IRERME ORI c&%ﬁp}ecpgr%%ﬁﬁlqtg%ﬁgtcopwp@id ampretuos dry sech

bacteri"a-retai ning
iy coiph disgangdengebhisebthe i ' si.ng bacteri a.
20 In a prefered enbodiﬁenr?%opwg%g%%%&e If-he test
sanple prior to the detecting and/or neasuring step

;Tng) H9vvev r, the assay can also utilise endogenous

e N &’%@E@ér el heb saetre mhosphaiy aagl @Smlé%dbﬁid%hgte
LEAQE eétﬁ‘s&gdt%gre%g't he . 23 test sanple prior to th
detecti ng and/© L0 ARG 42 dBe crmple pier tnyiepiglinsimvthe
Sldsddsabe the oM iSLng.acet yl .phosphate or a

pr ecur sor t%%%(ﬁaggylgsf&cﬁ}g)rl%sgﬁw%e E&S Hat¥ Bwceplasma
pergeumsdron tebe efuridByoiahdaggeu Lheneof: . e i ncl ude
Oﬁg or ngre con‘poﬁldsoﬁ_}rom mhigﬁ%ﬁips%ﬁgég%{mep%i%r% th
AGHeteSc b amsys phobphanecten Kirasgenead/at b AAAPLALY,

enzymes.

Altematively, a more specific assay can be produced by only using one of
the above substrates or precursors thereof. Such an assay will be specific
for mycoplasma which only use one of the enzymes acetate kinase or
carbamate kinase. The following table 2 cites some examples of the
members of the Mollicutes family (parasitise mammalian hosts) that wutilise
acetate kinase preferentially, garbamate kinase preferentially, or both. In
addition to those listed below there are a number of reptile, insect and plant
infecting mycoplasmas where bioqhemical Investigations have identified the

use of these same pathways (Kirchoff et o/ 1997, Forsyth et al 1996 Taylor

et al 1996 and Tully et al 1994),




reactions are outlined bel ow. WO 2004/ 094656
PCT/ GB2004/ 001647 12 (i) acetyl CoA PhsPh tmmsa vase
acetyl phosphate (ri) citrulline + ai mom/eBaNE A7
wo 2004@dPhn' noy t msfense carbai noyl phosphate + onithine 5
Hence, instead of addi ngiacetyl phosphate to the
mycopl asma substrate reagent, one could include a
precursor, such as acetyl-CoA Simlarly, instead
TaKRIDaRgy caheapbatiey emecopduta dBgoRSprABHIoPT ﬁéué’lﬂme
10 ‘as citfulline and ammonia to the mycopl asna
utigsigin at e reagent It |s nost preferred that both

vl nh

3% efe emr (("E%E Atlwpﬂdsphat Enzvaitef1oksed
J—féﬁﬁecur SOI' S ["Fl‘éT"E'O‘f— ar

— Le—-agae cela mms ,. amate Einase
. skeRis (1 1) GILTQDSbeFemﬂWéLWBGéIDB’f“BPﬁ]é ANt T EI S

generTc asgaynfior nycopljasm |Cs:barnatr: kinase

——enables—a]
Mora \ .
—www%ﬁﬂw SRR AS RS nase .
Miubitase el tREFTOYIYB HCEUBE{ T Al es| by neans of their—
SR ¢Tnasé andkonc vas bamat e ki nase CHPRRRESIS
|~ Alternatiy

2 ! }F? mmé g%ﬂ : I Z zisay can herpmneduced
n one ]8 substrates—of
t

J\rf.ab;jniiom y us tate kan se
TMAGUr SOr $ t her eGhuwosSlrobretig assay Wil | be“§pédi
_Lgp—n?#eeerU Tt ‘a%nﬂ—w@rmg}l%uﬁse one pf the ﬁemty@sse

HE e _kinase or carbamat-eteinase— Thefoltaw o
iinablga? ci tegnmolEs B BREFEETEr e Eaﬁ%%%r]%nﬂéf LT M—
mﬁi};rs—c—crre fam Ty pafasitise manmpl i an Hesesjrehat
utilise 3

melaI_e—Lel—Ha%?—gref—erenr CRARRANRLL
Machhmvadse preferential 1R " of both. 1n| 25 addition to

- d9EG. 5y sTed bel owitgheresiare a nunper of “FEBEFERS
| SInME Ty'sis copl asmas @ﬂﬂﬁﬁﬁtulinase

MIsigShem cal i nvest| cTatl ans_have identifi-e seof
c,ﬁta{aima

4 41ese sang pat hm@@o%p@jﬂp@ﬂgﬁf et al 1907 F8r eyt
]\imaooemia5ndn Ayt or  (BlooRlera396: and Tully et ZAetakd9uie, 30

G 1 Acetate lanase
M.myeoides Glucose fermenting

A penetrans Arginine lysis and glucose fermentation Carbamate kinase/Acetate kinase
M pene

= 17 7 -
M pi Arginine lysis and glucose fermentation | Carbamate kinase/Acetate kinase
M prrum

A incognilis Arcimine lysis and glucose fermentation Carbamats kinase/Acctate kinase
M.incog g g

-

Most preferably, n all of the methods of all aspecis of the invention, the
s “corresponding control sample” is the test sample prior to a mycoplasina
lysis treatment and/or additton of a mycoplasma substrate and/or a time
interval (e.g. more than apploumately 30 minutes). In this preferred
embodiment both of the activity measurements are carried out on the same
sample, the test sample. A first activity measurement (A) is taken either
10 before or éoncunent with a mycoplasma lysis step then, after addition of a
mycoplasma substrate and/or @ time interval {e.g. more than approximately
30 minutes), a second activity measurement (B) is taken. If the value of L

ig greater than, one the test sample is 1dentified as contaminated with

mycoplasma.

15




PCT/ G 6 2004 /110 1 617 MLO 2004/ 094656 13 Table 2:
ATP Ceneration by nycopl asnma t hrough gl ucose or

WO apifthisie  Utilisation. Species Pt eferenti Alp AT 200.4/001647

10

Generation Pathway Enzvnes Utilised M hvorhinis
G ucose fententation and Arglihne |ysis Acetate
| dnase/ Car banat e ki nase ALorale Arginine Jysis
ha dnase AL%nnentans Arginine ]Jysis and

g?%lc o(gz‘S E’f%%gr’lﬁe R0l BB ARl 1 g@mpéﬁkﬁﬁg 2k GuttANAHG 1>
-could Qildd. me 4 ¥ anate | dnase Al salivmvm
Marginii Ar g%ﬁjﬁﬁﬁé{%ﬁ%e@ BN FatBUTOA agimde mbut this is lesg
@releosd. f enmenti ng Acetate | dnase U menl ~, ticum
G ucose fernenting Acetate | dnase M pneunoni ae
Arginine lysis and glucose fernentation Carbamate

Acet at e | dnase ALnycoi des 3 ucose fem enting
o Bl t!&EaCﬂilﬁWiaangﬂexrfgm e dhoshis G damBte
E?cbﬁﬁlsnﬁn@&{t&m ss Ar@l%i ni ntgl | ysi s Carbamat e T
| guRFHEOF yeFEotafadeing thiinaskide PCR

nase ALhmm pi's
nase d ucose .

tegtiug hDINA G BRI etate, | dn
(U380 Rak BLER %ﬁ?@é‘gﬁ éﬂ(f’qlﬁ% ehslescribed herein.

11'|;ﬁ(rre_nti ng Ac@cze)éat e | =ast
» 1B gPfe sGh dunset, hent@ptd t nase ,Ad
%ﬁ'@%ﬁ@%}'@ 5 cg;; %ni ne@;tsstgsil aﬁ%&é‘fmﬂ&?@@ Je%?fﬁﬂfeat‘f*’%@eaﬂ a
I By Adettanis!ldihesameAnaty i ni_ne .
ntati on Car bgﬁr?éit&gﬁi@ﬁgﬂ Hnbiined in

. | f
S AU Pt e R gasanhple g mienastysi 5 e,

i nase
foghceseohRERME N B r barmt I nase/ Acet at e | dnase
Most pref er abl y(?{ti%ngﬂg}?f‘onof I@Hﬁ“ﬁ@@ﬁ%ﬁ‘s il appreaiapeias 4
ngycaphas i ueetrit @nindtee coRiiieR" i ng control

S (ige" is the test sa(r)'rpllelggrc?%?)eggg 1%?’0%154‘%§Wf1mown
n?f%g -t ABeTtofadtable @ethioti are Rbid W EPRLas IR ,
199?S%ﬂ%eq1989{19r aftun_e _ ‘ “oitem and Barile
1999, € ne ol testing kits and services ig given in Raab et 4f

The test sample and/or control sample can be a cell sample, such as a cell

culture sample, especially a culture of mammalian cells. Some examples

are listed in the following table 3.
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interval (e-g. nore than approximtely 30 mnutes)- In
this preferred enbodinent both of the activity
urenents are caned out on the sanme reanpbBipipie-t?
sanmple. Afirst activity nmeasurement (A) is taken

either 10 before of concurrent with a nycoplasma lysis

step then, after addition of a nycoplasna substrate

and/or atime interval (e.g. nore than approxi mately
TabR%- N BTy chlseednaliaites ikat hews beemgustedppsing the

taken. |f t%e value of AA is greater than. one the
assat esdthednpl e is identified as contanunated with

nycopl asma. 15 WO 200-4/ 091656 PCT/ G520 04/ 00 164 7

14 Skilled persons will appreciate that the

ceon NaSQT F€spondng,Gapt rol sanpl e”  coubied gosibEumber
==pre

det er m ned negati ve control sanple, 4Qhs IS
1562 | ess 6@@F“&1¥@&.B%3§}Dﬁﬁm§n “enbodi ment E%tAthLg(C:%_nltn !r)f)l
uaz7 sanpl e thas- neptyts howoto be free fr &M CryT8pItdsma
cont am_nat i.on. l.t.abl e met hods for rdeicagstimss! i ncl ude
HL-6lbcR téglf”f‘nn%?m)ﬁﬁ%k%l uor escent st ai ni Qﬂ;ggcf_ﬁl%ur e
Cem-Tret hodsinasn A driBelethErdtH> ™ thus, ‘1" one enbodi ment ,
@Y " CONE.eepRndimgieant rol sanpl e" WeEGEARSHHAND] e
whi ch cont ai ns S%bSt antially the samg mtghi@bz as that
CHO cont ai rfed*F A9 tHE test sanple, but which _unlike
cos-t he t estmisaiiplee Cetha¥/4psen™©sHdwn t o EQAFFé%O*f]P@Tn
Vero mycopl agra, g%gglgggkggalt;mlgpcdﬁkl |l ed pasarssamion:
appreci ate that a nycoplasma uncontani-nateehgpndition
MRCzan be HHewWfeBY-"82 vari ety of known methods. A nunber
HUVQ’E Sui trakheuauhdaodsn Briebdlie\iedned by AR eI HH82 Bari | e
1993, ile._an | i &sting fatswardcsernices is
BSMGi ven }Aﬁunﬁﬁa 5 at ﬁaem%‘Q%E%Q. The test  sanpl g and/ or
NEEKONt r ol NosmahPheendgidene! i EBt 9 S anpl e, “8UCH as a cel |
viceGul tur egsanBles sespaeinabt y a cul t ur eEOACHEMTEIFan

AOSIV(E:CSL: 2 Sigﬁngn%)égmsS(Ec’CeIl?r e listed in ¢thgfaeldom ng

A549 Fuman Lung Carcinema Cells ECACC 86012504
HepG2 Human Hepatocyte Carcinoma ECACC 85011430
FM3A Mouse Mammary Carcinoma ECACC 87100804
PCi12 Eat Adrenal Pheoclrorocytoma 7 ECACC 88022401
ARPE-18 Humap Retinal Pigment Epithelial Cells ATCC CRL-2302

RT112 Human Bladder Carcinoma ECACC 83061106

Where ECACC represents the European Collection of Animal Cell Culture, ATCC represents the

. e ey o TN : i o
American Tissue Culture Collection, and Cambrex represents Cambrex Bio Science Wolkingham,

UK.

Also, it would be possible to test mammalian primary cell types, plus all

those cells held by tissue banks, for example the ATCC and ECACC.

It is notable that the assays of the invention can be utilised to detect
mycoplasma contamination in cultures of both adherent celis (e.g. H.e:sz,
A549, CHO and COS cells) and cells which culture 1n suspfzn-sion (e g
Jurkats, U937, K562 and HL-60 Cells.)
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WO yeigicthe  assay method. Cell Name Cell fs'BRrgpasoymnies
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Suppl i er/ Deposit Nunber 5 10562 Human Chroni

Msel ogenous Leukaem a ECACC 8P121407 U937

HmanHi sti ocytic L}anphona ECACC 57010802 HL-60

HumanPr onmyel ocvti ¢ ECACC 88112501 Cem7 Human Acute

T- L\ m phobl asti ¢ Leukaem a ATCC CCL- 119 Jurkat Human

Preeb La E 042803 10 %HO Chi nese Hanster

Ovary E%gﬁg@%o@g‘g@% 1§ é?lﬁq'féﬁc { ahkyreGapbeataSiatich

tizapstaonEd YecACenB 7024392 ican G een. Monkey

e ity T e o A AT ot it i

EEAQDS8ibl® kOPdrfortrh NEC dda ram thdmbidsbical o Vel hel I, al

Cel | s ECACC 89110702 15 BSI v1C Human O%ﬁgiogpg@h o‘iﬁ#’ﬁs-

Muscl e Cells Canbrex CC-2576 NHEK Normal Hunan

ERrid ratinocytes nmbrex CC-2503 MCF-7 Human

Br gg@%%%é SHRARORE & 15589 firapethode sktheAamtiton. For

S 1@, Mis GhanGe!l | d -CC-2571 . A549 Human Lung

Car i norma Cel I's %Egég gg%%%% 2% Hﬁgbcégarihﬁ‘ﬁﬁﬁﬂ for testing

$9eppleo oyt eelCareimamentECARE 89QiLE A:Mouse Mana!

tg%r ci noma ECACC 87100804 ~PC12 Rg? %%é”rlléér%e‘h& and typically
86 CRPEWREyt srmakdaces 6302240k, sARPEs 1@ 3@%{?8%%? alie

% n% Epi theljal Cells ATCC CRL-2302 RI1
‘%fg‘ge W@l i BECACHUSS 6BRRIBECTRE Ather BxBGAGE of some

‘ : Col | ect.i f Ani mal Cell
AR e MR bR AP SR bl iy b Teste

at may be tested in this manner
are shown in table 4.

‘Table 4: Tissue culfure media and supplements that may be tested

using the assay system.

Culture Media Sera Growth Facto_rs ’ Other Tissue Cultuﬁ
Reagents
RPMI Foetal Calf Epidermal growth factor Trypsin
DMEM Newborn Calf Transforming growth Insulin
factor
Eagle’s MEM Horse Granulocyte-colony Transferrin

stimulating factor

Glasgow MEM Human Granulocyte-macrophage C.ollagen

CSF
Ham’s F12 Porcine Nerve growth factor Fibronectin
VDM Chicken _ ' Vitronectin
Medium 199 | Rabbit . ' Antino acid supplemnts
McCoy’s 5A Sheep Gelatin '
Hybridoma 1 Albumins
CHO media Pancreatin
Embryo Culture Media Bovine pitaitary extract
Williams Medium E .
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- (iv)Foetaipatag t11$@ﬁgé}a%@r lbgsfg\&ult'p 518 reREAGS s

bar- Acs, for exanple the7 ATCC and ECACC. It is notable
that the assays of the invention can be utilised to
detect nycoplasna contam nation in cultures. of both
adherent cells (e.g_ Hep&, 3s A549, CHO and COS
cells) and cells which.gulture,] Rensi-of -(Bedence

A thitdinkpdcs of B83TVERBED PER 8%_? é]ﬁee%éﬁloga)%% ’2‘002/%94656
PCTI GB2004/ 001647 , 1 Laht Yoll heirsadrppe-t o be
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cul ture supernatant which has
previ ously been centrifuged to renove cellul ar

material. However, it is also possible to performthe

@ acéﬁligﬁdrhggeﬂh%tﬁﬁﬁpmce of cells or cellular debris.

S
sanpl es can al so be tested using.t hods
(i) of wiheut BI&NEI mlm.eﬁagﬁno‘é‘%(aﬁ%%‘?élﬁ (t%l'% ﬂi&:‘hsﬁgg%s Igﬁ g ?[E&el
“invention are particul ar o E'Q%ghgng@mh@s
of actality) ftpe:@ﬂfﬂ’@égﬁéh?st?%’t%’h&gg& |“S63181rélecul ture medi c%
and typically —those ¢ LAt @nkdrebtageninvad@P and/or
matest Fat ?@ﬁ%a géﬁglggﬁé}nk e. ge. foetal calf 10 serum,
trypsin hegUlahiur e suppl enents, etc. Exanples
of %gﬁﬁ%ﬁpﬁgﬁh%n ylasﬂédd'fredi a and suppl errentsﬁh t ma)é
...be od in AP Samdlondicht apEpshoRAATIREREBI 14, T
(1i1) oflyﬁ%ﬁ 4 .
4: "Trssue culture nmedia and suppl enents that nay be
te%bﬁ@spoiéiﬂgsdqmgoﬁ Remaksay system Culture Media Sera

or Trypsin M
Newborn Cal f Transfotmn ro RAvedfet®k in th
(v) EaglaitdynENh ¢33 éa@gﬁ] a¥ gBﬁ%‘Yﬂ&%‘Fg @Hhrrlg?]sé%r rin e

o £ 1 e.
event that the ratio 4 15 greater than on

As mentioned in connection with the earlier aspects of the invention, 1t 18
most preferred  that Mycoplasma lysis treatment and/or addition of

mycoplasina substrate and/or a ime interval occurs before step (ii).

As mentioned in connection with the earlier aspects of the invention, 1t 18
most preferred that the “corresponding control sample” 1s the test sample
except that it has not been subjected to My_coplasma lysis treat_ment and/or

addition of mycoplasma subsirate and/or lefi for a time intérval (e.g. mo;e

than approximately 30 minutes).

In other words, both measurements are taken from the ’_Eest sample. Thus, m
a preferred embodiment, the control ATP and/or light output measuremfent
is taken following addition 10 he sample of the mycoplasma detection
reagent containing the detergent and luciferase/luciferin plus AMP, _a'nd the

test ATP and/or light output measurement is taken following addition of




stinmulating factor. d asgowvEM Human
G anul ocyt e- macr ophage Col | agen CSF Hami's F12 Porci ne

WO pkpetege owt h factor Fibronectin [11VIDM Chi ‘i’%@r[bmout#mnm

16

20

25

30

Vitronectin Medium 199 Rabbit Am no acid supplemmts
McCoy' s 5A Sheep Gel atin Hybtd doma Al bumins CHO nedi a

Pancreatin Enbryo Culture Media B ovine pitui tary ea
E 1~10 20114/ 094656 PCT/ G

t Wl |j.anms Medi.u

F%g%gé?ti%f%‘llifnaﬁ%a%l‘ﬁm PAR&pBERATS dfteredid. | nventi on

provi des a nethod of detecting the presence of

rsr%/copl asma in a test sanple, conposing the foll ow ng
dpsrih (@speraivibeiAgedide oS i bl i) Wi thout

%d %gg an exogenous regglegtm(g&g%fgbg%t‘)r@toégssf]g_% reating a

C&RagBtuTe de i reittope nycopiaventcodBn A Ropdflaat | B8Pl 4

asuring ATP in the test sanple using a
ﬁ%%?@iﬁsﬂ%%s EONETHRHEH iSH $Whes tvailn anpeATPaned @k ofl deghby

as A o] iii) obtaining an ATP
g%opggasﬁf_gh?ﬁ% %%? Cgllkr%lgg u ?@%@ﬁt 4 HmPleofiom the culture for
0oicHRROMOE R a k@] ot d onparing the ATP
and/§r _{;/]Lght out putﬂnggggﬁeﬁngrﬁéqéfﬁbe , Vﬁﬁ%lg:‘{;vlf necessary,
Pepung yispradees vrs br sarpligna&su g ' dwth . .
lasma in the event that %lheq?g%ﬁﬁg%ﬁ} Ciigmagen is

c
W%ﬂ%‘; mthemamplat i oned in connection with the
earlier aspects of the invention, it is nost
prefen-ed that Mycoplasma |ysis treatnent and/or

Ial@@t Loin®T antibiotics used in cell culture are ineffective acaingt
L=
mycoplasina. There are some agents that show inhibitory activity, these

nclude  gentamicin sulfate, kanamycin sulfate and tylosin tartrate

(www.unc.ec'{u/c'{epts/tcf/mycoplasma.htm). There are a  mmber of
comupercial lreatment prochucts, including Mycoplasma Removal Agent
(ICN-Flow), a derivative of the quinolone family of antibiotics, also a non-
antibiotic treatment from Minerva Biolabs (Berlin, Germany), Mynox®.
The US company Invivogen supply Plasmocin™, which  has two
bactericidal components, one that acts on protein synthesis and the other
that inhibits DNA replication. The antibiotics tetracycline and ciprofloxacin

are  reported to have success rates of Jless than  80-85%

{ www.unc.edu/depts/tc/mycoplasma.htm). It ig therefore  extremely

difficult to completely irradicate mycoplasma from cultures, once

contamination has taken hold.

Most of the effective antibiotics are quinolone derivatives, and the
effeqtiveness of different antibiotics varies according to the mycoplasma
species being tested. Duffy et al 2000, investigated M prewmoniae,
M. hominis, M fermentans, M. genitalium and Uwrealyticum viability a;:g.ainst

the quinolone gemifloxacin, and compared with a number of antibiotics
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mycopl asma substrate and/or a tine interval occurs
before step (ii). ao As nentioned in connection wth
earlier aspects of the invention, itdrsGBHHEpIIcLT
erred that the "conresponding control sanple” is
the test sanple except iPhat it has not been subjected
to Mycoplasma lysis treatnment and/or addition of
mycopl asma substrate and/or |eft fog%@ time_int erval
inch((tﬁﬁg-teﬂﬁ&ygbiintegafhﬁmm@m rmtdelt%ﬂl% q’ﬁt kP€§]§'- %fgéc t
ot her words, bo nmeasur enent s .are ken, fro S Ac6S
showahpheiabThusgspPasesa Wﬁ@réﬂeﬁé%o&}oﬁﬁeﬁ% t“l%!eH cont rol
ATP and/ or ] i ght,k out put r Bbmel Sndakenhat show
perfhun¢wicHE 40T tiiegﬁchn ehgﬁ %Zﬁp?ﬂégeofmte hgp mycopl aﬁ_ma_
detection_ r NtE 9RtRGNIsRgot loé tHetteMdepdncandhis 15 a
1-351$t@,l&0,5fT&%ﬁgﬁ]@gg?ﬁ@ﬁlﬁ pl ug AMP, and the S%test A}ggs of
LR QM ButompRcued i Azl angkien Mot O,
fre B R ant PeTI CB2004/ 001647 18 .
Speéﬁpsﬂé}??@ﬁltf ;mpolni rirthse Sa‘@i@ﬁvifoty Rt s'or’s H%p i
thereof). A fourth aspect of t i y OV fese@n
ydaplasir b pRGLES ST PR SERHGY A SO FUAN T Brets
renove nycopl asme contam bDati-Qn £aimhhi$idiganinialeatnmng
Proﬁlessﬁ'wg%ﬁl%SB%%?%%S%%EQG&%II culture with a? -
ent .to renmy esdTOVVRIle aht aspartedrmiccess of anfi-
(Tag}%g-g‘t\égggﬁﬁ@ ggfgfi?}lg a ?arrpl e fromthe culture fﬁr
o %@%ﬁ%@ﬁﬁt@ﬁemﬁ@m}mﬂ@k& e g BEY Pelphoft er
Yy nventi on; if nécessary, | repeﬁti ngqéff Er oceegsreﬁagre%f
ol TRDerdporteshairftioh afjcdieasAdy CERPAK B N6
detected in the sanple. 1 L peantibiotics
frecisnhytoplasala Wil Ettg?@t are O%) ﬁg‘??‘ &é 1?%& g%a%st

nmycopl asma. There are sonme agents that show inhibitory
activity, these include gentamcin sulfate,

| canamyGi t @80 ds taehesh noft dre fatemtion will now be
E}*fﬁﬁ\ff urwhlgmed%#%ée%t gla?lcf/nyiéopi. asma. htn) _ Thf_re are a .
des@ﬂgp@ﬁ@tﬁfr@ﬁ&mmﬁ&h@hca:lom}raeml‘@ﬁgu@ﬁ TS nel udi ng
Mycopl asma Renoval Agent (ICN-Flow), a derivative of
t he quinolone famly of antibiotics, also a non-

Ficure 1: The kinetics of ATP generation in the presence of A4 hyorhinis

contamination.

Fioure 2: A Compafrison hetween the PCR kit from Stratagene and a
o :

preferred emhodiment of the invention rat1os.

Fiouie 3: Treatment of contarmminated cell limes with Mycoplasma Removal
= " - .

Agent according to a preferred embodiment of the invention.
e - .

Fioure 4: Ratio data with cells, supernatants and supernatants filtered
o * K

fhrouch a 0.45pm (F1), 0.22um (F2) and 0.1pm (F3) filters.

Figure 5: Effect of supemnatant dilution.
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one that acts on protein synthesis and the
that inhibits DNA replicati ol The antibiotics
tetracycline and ciprofloxacin are reported to have

S e | ess than 80-85%
(mgéﬁ% %fj F’dfé%ifgm @F/@Pg@ﬁﬁ%ﬁﬁé thetegl .aghtnst She different
theredese extrenely difficult to conplet el y

irradi cate nycoplasma from cul tures, once a
contani nati on has taken hold. 25 Most of the effective
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1111 zo77?| 7is, Mfernenztazs, Mgenitaliznn and
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ey rfel o>ty RS n r.of
anti biotics FI’1C'@I3‘][1 %1632( 1OY §{? éﬁﬁiﬁg’v iemfﬁwﬂﬁy@fﬂle assay.

2004/1194858 19 including tetracycline, clindanycin
nd ot hzg UI noI ones- The results showed variable
Sr?s (e copapariesn ofi dikfuent aobirikl 02 AGHD
perfonned better than tetracycline. There are some
speci es that show resistance to tetracyclines, due to
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occurrence, and iIs coO

PESOnGes mympa@mﬁe@qﬁeﬁ%ﬁt 0 ce of
o | asma- For exanpl e, nycop éggn%féeﬁ%%vélg{ 11 hyorhinis

( %‘P%ﬂ@@l/ﬁ aMédkar votic cell culture have different

profiles fromthe sal ve species isolated froma human

or ani mal source (Tayl or-Robinson and Bebear 1997).
opl asma
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reat nents appears
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Example 1: Assay method of the invention

The principle of the preferred assay method is to supply the appropriate
substrates for mycoplasmal enzymes. If mycoplasma contamination is
present, there is a conversion of ADP to ATP which can then be measured,

preferably by the 11101ferase~lu01fer1n reaction,

Mycoplasma Detection Reagent is added and, after approximately

5 minutes, an initial light output reading (A) is taken, the Myceplasma

Substrate (MS) is added and any enzymatic activity is allowed to progress
: i o

for approximately 10 minutes, at which point a second light reading (B) is
o

taken.




Exanpl es whi ch enbody vari ous aspects of the invention
will now be 15 described with reference to the
acconmpanyi ng figures in which: Figure 1pCTHEdiHienits

WO 20HNGESATP generation in the presence of Mhyorh.inis
contam nati on 20 Figurez2: A Conparison between the
PCR kit from Stratagene and a preferred enbodi nent of
the invention ratios. Figure 3: Treatnent_ of

£ tn G0N, Al athat ebhtaniinesomitam Ry spioashwaritoal Wildant
according to a pr eferredq\ﬁ?n‘oodi ment. gf t he hnv?q,tl_;: ¥
high@bwhieguomparecRat Ty BEt AcoRs ok IEVING P hArant § an

supernatants filtered through.a 0.45m (Fl 0..22
than (IF2) 1fahe cQrbm ﬁl&‘i)gﬂfli\’ﬁt(é?l%@mg}%ﬁ?téd 3‘.3’ %ﬁ?&ﬁa%’%%r the
supernatant dilution. . 30.\\D 2004/ 09465 licht
the r620G4/4aD be 1(mogPIET G & D GRodeonaR dukiietep L
CFUs/wel I, tested against..the differen Lhakes of
5 siondli duons uPaaly SR 3%18%@:}%‘“3?4@&e@ﬁﬁ%ﬁsﬁ?&?‘ég ed

agai nst_ t he di fferent, K ladmh P UhLta8aination is
the 1RRUAT: &Fﬂ%?aﬂtyhg‘el]fl%ﬁoﬂa{égﬁ??%%k %%sahow sensitivity of

the assay. Fiqure 9: i W) SuticCOPRY.i son of
mucl g gederdpin %u&%ﬁ%@@%%%é%?%ﬁlb?os Figure 10: The eff ect
of Triton-X100 concentrations on the detection of
mycopl asma enzyme activities in K562 cells infected
A p]%g&g]edvg Qp i1 sz % ilvihlioandnimszs el Mpoplagngilgeestion:
ows the effect of increasing &mn-,lloo T F
10 Reag@ﬁqa:npm; mmSphﬂmaKﬂg%}baﬂfgﬂc tem Mt B SWEHH At ©
orhirlis conpared to.iRQcr blv
MDR1arth{i60d vee pSTR G0PSY 3%4%%9'0}%\%?&2%5% Ta;qﬁ gt proferably
prov(ic%édcgs! lly)ophﬂised preparations. E

All mycoplasma generate ATP through either the acetate kinase pathway or
15 the carbamate kinase pathway. The Mycoplasma Substrate of the invention
contains substrates for one or both of these enzymatic reactions. ADP 15 a
requirement for both enzymes, and is preferably supplied in excess in the

Mycoplasma Detection Reagent of the invention to drive the generation of

| ATP formation.

20
 The MDR is added to a sample of culture supernatant that has previously
been centrifuged to remove cellular material, although it is possible to
perform the assay in the presence of cells. A]tematively or additionally, the
test sample can be passed ﬂ'_n'ough a bacﬁerial filter.
25

The MDR contaius substrates for luciferase, luciferin and other co-factors
phus AMP and ADP. The Mycoplasma Substrate (MS) contains carbammoyl
phosphate and/or acetyl phosphate or precursors thereof, 1*equirf:‘d for

detection of the carbamate and/or acetate lanase activities.

30
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| f nycopl asna contamination is present, there
conversion of ADP to ATP whi2€h can then be rreasured,
preferabl y by the luciferase-luciferin reaction. 25

% Iasrra Det ecti on Reagent is added and, after
roRT R Fample Sommetes00ainto whtchal 00kl @iftre@tsthed
Mycopl asma  Substrate (M

g i s taken,
|s a g dg’g?a "HHW“é‘H%Pf 16”153?5 thettyrst lonahometit feading (A)
1 QEJegS S (o] pr &9 m nutes,. at whi ch poi nt
a secondthllggﬁ%‘%rgeat i ng %B)Ig’lén & 3P ke Cﬁ the fwther ratio

QAT @RI 4318 t4rnin¥ 2004/ 094656 21 If there is
mycopl asmal contanmi nation then the second reading (B)

will be higher when conpared to the first reading

,h%e giving aratio of greater than 1. If the culture
RS i J\I@ﬂémo}ﬁ dbd natvedtifty MweOREES Bed &b eglvegt{?c?ate
ue

nmost often | ess than one

i 1
C{Oﬂﬁi lﬁlﬁ‘ﬁfﬁé‘s@eﬁF? ‘I’{eﬁ(ll)ftrl—"‘”@‘;l Kiidrant, déday» hisisg I yfesRemaay ety
t he

netics of

i t th
Jr (7Ee anff L %mm eg@gﬂs fpadgtgﬂ %? TRl ﬂlﬁknvwnphwnﬂasnja

reaction.
c@@tm@mlﬁ@ﬁg_on |s much greater than 1, for exanple
Figure 1 shows a ratio of 114. A preferred assay kit

of the inventi on conprises a Mycoplasma Detection io0
TR agent . Mycopl asma Assay Buffer (MAB) for

cré*er@rqux athaarﬁ @@mpm thedt e 1) dopEASTRISUPSSIAERa by
refer ably provided as

)
P%p I asvedgqjﬁ]r"b?) Ett fgS AT pheiwren gaer atecATRn

ohb LAY Qf&t@dﬂ&%f Hﬁo@%ﬁﬁ?ﬁ %}\Eé @@Bpat .gqm}gg gg %ggtggpégrgére

car bamat e ki nase
ther};msrtrmﬁCRomnc&Qm BN %HH%H@ o ot h of

these enzymat, o roaat i ene ) Wﬁﬁ rdt%s SFRorE thag one.
Example 2: use of the methods of the invention in a process for

removing mycopiasma contamination from a cell culture

The inventors hav : S .
ave also shown that we can detect a reduction ig ratios £ as

cells are treated with an exemplary Mycoplasma Removal Agent (ICN-

Flow), a derivative of the quinolone tamily of antibiotics.

The manufacturers (ICN-Flow) recommend treatment for 7 daysrof cells in
guarantine to ensure complete removal of cbntaminatiﬁv mycoplasma.
However, the ratio data obtamed using the assay methods of the mventlon .
showed that 7 days was not sufficient. This was evident from the fact that
the ratios remained greater than one. Also after removal of freatment, and
continued culture the ratios mncreased, and the cultures were again pesitive
after PCR testing (Stratagene kit). These data are shown in Figure 3, where

three different cell lines were found to be contaminated with M hyorhinis
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mychp¢éHigni s, Mfermentans, M orate, and Al
genitaliunz and to detect a nunber of unknown

mycopl asna cont am nations. 10 Til;lhg i nven gé}%ﬁgave

y r eghitiiel of wateritlofidetselot 4361 & nw&&é by

Em%%g,g%and have shown that there is a correlation
between ratios greater than one and detection of

Thenzlc\:zgg‘lto?ss r}g.i.re e JNES 1S ShauRe | @i frs2puhaieugh a
mumber of bacterial retarding filters continued to show positive ratios which

is indicative of the presence-of vizble mycoplasma. This is shown 1n Figure

4.

Mycoplasma can form Colonieé as large as 600pm m diameter, but can also
exist i their life cycle as single cells as small as 0.15pm. Due to their
small size mycoplasma can. pass through the 0.45pm and 0.22pm ﬂ}ters
commonly used to “stenilise” tissne culture reagents. Figure 4 also conﬁrms
that the aséay can be performed in the presence of cells, but that there is. a
 reduced sensitivity of detection. Hence, it 1s preferred that the assay
methods of the invention are performed ‘on samples which are substantiaﬂy
cell free. This can easily bé_ achieved by centrifugation of cell cultures. and

' ratl ough a bacterzal
sampling of the supemmatant and, optionaily, filtration throug

filter.




the positive PCR bands on the gel correlate with

rati os of more than one. 15 Exanple 2: use of the

Wo -6 . . .
A IB8S of the invention in a process for rpgqg:\#é&gmm(m

10

15

nmycopl asma contam nation froma cell culture.
i nventors have al so shown tha we can detect a
reduction in ratios » as 20 cells are treated wth an
; ry. Mycopl asnma, Renoval Agent (ICN- Flow), a
gerl Véfel %relgl(‘/}fls a0 riteedrasiysy of antibiotics. The
manuf acturers (I CN-Fl ow) reconmmend treatnent for 7
Sdgrzhof cells in quarantine to ensure conplete
awnofn FURLRA Bakid®, "HEAR 25 Hovwever, the
ratio data obtained using the érgz’g?ﬁlﬁeﬂpc‘?@tﬁtst%@ws the
PAVEAYIG R Showesayshan tiatday sl 088SANAtorSYf £oGhE N dTgt.ﬂ%m
¥‘@ﬁer g{lg nt fSr.ﬁthe fact that the ratios renaine
Jroatarit [ah sflesive WHoueraticr oy Al Depertdengion®it spad .
gantikpugd It he. rati os. i ncreased, and the
cul t uyrq es \A@?e agé%itén gars i ¥ catpanalpcruzpsies non different
Scoplasgen EMEidttes)TRgsgdala; ar wn in Figure 3,
er erﬂg}ﬁoméﬁr ee di ff)ergntesge_ |t ipﬁ)gsgi?)\%ﬁ;[% ‘%ﬂgﬂﬁdsaﬁltpi@e out
5 dtion tdnddwilbalbh Rasy aBGTH 47
211111/ 091656 V-U e the K362§};1nd ugé%g%ggﬁ%gg%&@ Ofég%ﬂy
QU PG hel tevisesiple.he A549 cel|'s are an adher ent
cell type; these data therefore confines that the

assay can be wused on both adherent and suspension

Eehhple/PeSariltoscl hown i Le.re 2 where the
Cl-10 and COS geqsfltggglgsea%a m@n‘%&ﬁo&ﬁlln?%ﬁ%@ﬂ
cor"lonly 5 used in cell culture |aboratories.

3 al so shows that the treatnent with MRA for

i gure.
Tli:]@ 4857y wRethodosel7 thanthvehiEos etwil] CHbEUNSEHYAS the e
eﬁégéﬂ ¢ en{_ﬁto r$rrp\_/e the contam nating mycopl s e 1Y

Sl e SR o cartyrmaia endracatats iditaer subgrexchuge form

omAQDPJ asm Lnyentors have al so shown that culture

super hat an%n?}% it l%%/ﬁl‘rl%ﬁ R4 Chinerplte baquesirabes thereor
Ir et@ndimnaidd tersy ' LAt L oS

' etan I Vga ﬁ.h.?éhecé)cﬁﬁlﬂ@%ﬁg atcgtﬁhﬁ\éy &P amoyl phosphates or
precursors thereof will be present endogenously together with sufficient
cellular ADP, derived from the cell culture, to prime the reaction towards
the formation of ATP. Alternatively, ADP can be generated by other
externally added or cellular enzymes i.e. adenylate kinase utilising ATP and

AMP.

Itis possible to avoid direct addition of these subsirates and have the systermn
gg};erate them itself. The use of acetate and ﬁmmonia along with ATP will
cal}Se the acetate kinase and carbamate kinase enzymes to generate acetyl
phosphate and carbamoyl phosphate that can then be used by the same

enzymes to generate ATP from ADP:
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15 is indicative of the presenceof viable nycoplasna.
This is shown in Figure 4. Mycoplasma can form
colonies as large as 600min dianeter, ratrEeowidiMsio-?
intheir life cycle as single cells as small as
0.15m Due to their 202small size nycoplasma can pass
through the 0.45m and 0.22m filters com nonly used to
"sterilise" tissue culture reagents. Figure 4 also
confirmse that the assay can be perforned in the
presence of cells, but that there is. a reduced
sensitivity.@f.rgetection. Hence, it is preferred that
Acethithe /apsay—-nethods—ofAtdid nhgelifs A dr e perforned on
sanpl es which are substantially 25 cell free. Tlus can
easily be achieved by centrifugation of cell cultures
and sanpling of the,supgrphatant and, optionally,
filtration t 1_a _bacterial Cafaldost phodPh2004ADF4656
Amw@gjpi ?ﬂWEég% t 617 24 Exanpl 3@4}5} C\g‘gﬁsitivity of
preferred assays As shown in Figures 5 and 8, dilution
of the supernatants_ shows the - sensiti Vify-» .
The awsaybsiratps chald @54 DECHHC PSR st r?é?ltgg‘smb |
cul ture supern id b o@hue ' €br
carlihaity Of 0B SYHGRE BPHAIBaal T EoatR R ?%Fg‘f’ﬁ?d
acetat e ki [hanehel enayimsthian odidd eeemed by
€Rmﬁ§§&ﬁ1@Eégﬁgﬁgﬁﬁ?%ﬁ?gg? species, it is possible to
myc%:da%‘ﬁﬁi $aEphes eutsynfhesishercetPhepliispliicorrndarigebapry
alfso vary according to the nunber of colony formng
phosthiatesreipectinelyt est sanpl e. 10 Exanple S: variations of
the assay nethods of the invention The assay mnet hods
of the invention will work wi thout the externa
expgenouz@gﬂﬂ%%%&gfo:f carbagate and agetatﬁ kLnaSﬁ
ubstrat é€s i n e for sl car banmoyl phosphate
aﬂﬁéﬁgﬂﬁéetyl phosphat e %Fc%géghrsors thereof. In a

contam nated culture sanple the acetyl and carbanoyl

phosphat es or |
ornithine carbamey! transferase o

cizrulline + ammonia > carbamovl phosphate + ornithine

The following figures show the differences between the biochemical
o .

activities of M.fermentans, which generates ATP preferentially through the

carbamate ldnase pathway, but will also utilise the acetate kinase pathway. |

Figure 6 shows the effect of adding the substrates for the enzyme pathways

individually, and then mna combined reagent.

.Whilé M fermentans utﬂisés' ‘both pathWays, M.orale utilises only the

carbamate kinase pathway, and as shown in Figure 7, positive ralios are
only observed in the single carbamate reagent or the combined reagent.

Figure 8 shows the detection limiis are as low as 14 CFU/well with M orale.

Thé inventors have investigated a mycoplasma that preferentially utilises’

the acelate kinase pathway, namely M hyorhinis. The data are shown in

Figure 9.
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ogether with sufficient «cellular ADP, derived from
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formati on of ATP. Alternatively, ADP can be generate

by other 20 externally addedtor cellular enzynes i.e.
adenyl ate | ciuase utilising ATP and AMP. It is
possible to avoid direct addition of these substrates
and have the system generate themitself. The use of
auet atwengid o i th ATP will_ 25 cause the
acetate Idnase a%l ?egg?g%gnéged&fqﬁgec%mzlilﬁﬁésﬂeotﬂbie 3) and
ghoenahet aced v tphednhahe and | gos hate that
can then be used by the sane cﬁ%?ﬁe@%PBB @F@?%ﬁt‘é akfipity
{9 dRMPASPYDECTIGrBIR00d QD6 £17: PodtRe2 Mk HR94656, 25 0t
acef%iat% ﬁbéﬁ%ﬂmethate + ATP <----mimme e

f&% YE B E " &yhapy, é}é\mﬂidhﬁtr?aﬂggrfgs éﬁml' dii]titﬁe paliys
AreC A € aSd Al Fiddma i el o Car banoyl phosphate
AL a0l i alia il C&ﬁ%@sb@%m@r@tc IR ttomugh

 Apdeoue $abSHhRVIatbh! i}ﬁrgg,a ir) 21%%1#:5@@3&%‘3%%31]13933@1@@ ora’

gl ucose 1fer rrgnt ation an
wscescanphereh§ of heladdiiy ehoafhas et 5

citrul Line that could begusg_jd by clgg ggnrrgjlere@ﬁ’z%%é@
R9mGhenesiyenaderyaf thhosntive ehidh ATRaIRMe fo determine
Bh gfna e _respecti i/ela/. phosph otransaceti dase 15 '
ac‘g@y ! %OIRY_CQ asmal contanunants 1m giestion are frenaaeirythp which

RBOIRA 24 JA1 06 apm d t,ansferase citnilline +
a|‘nnon|qiacgga_t$_wl§g_s_€_l?£_&1}‘%_g§’_ _ﬁ}@_ _gg‘llb_ama_e_ ij%'ﬁﬁ ﬂ)&ﬂm}’, or both.
Ehasrphalnaaremgaﬁﬂidm@mﬁc%? fhgidpl | owi ng figures show
the differences between ﬁe bi ochemical activities of-
M er naent ans, which generates ATP preferentially

I e S A
are not those that are
commonly found as contaminants of cell culture, with the possible
exception of certain E.coli species that are handled i laboratories,
principally for molecular biology puiposes. However, activity -Wl'ﬂl this
orgamsin, is only seen at very high inoculum concentrations where there is
turbid growth and the resulting tarbidity of the sample is readily observed
by eye. Hence, the methods of the invention can be varied to include an
initial screening step for bacterial contamination, if necessary. This can be
achieved by a variety of meﬂmdé, but is preferably carried out by passing

the sample through a standard bacterial filter (Baseman and Tuily 1997)

Example 6: Preferred Reagent Components for use in the Iﬁycoplasma

assay methods and kits of the invention
1. Mycoplasma Detection Reagent (MDR) per 100ml

» Magnesium acetate 214.5mg (10mM)
* Inorganic pyrophosphate 178 4pg (4pM)




Figure 6 shows the effect of adding the substrates for
the enzyme pathways individually, and then in a
combi ned reagent. 25 Wil e Menneita.ns rET/IGEes BOEHT

WO 200§ fiways, Morale utilises only the carbamate ldnase

10

pat hway, and as shown in~figure 7, positive ratios are
only observed in the single carbamate reagent or the
conbi ned reagent. Figure 8 shows the detection limts
ar s | GmEFY webhmal (Ohi &by al e. 30 The
Tnjgeoﬁﬁ%‘?%%igl\s;aéﬂl nvesti gat ed a copl asma t hat
preferential 1y utilisedOndh@o@pdtate kinase pat hway,
nanel 'y ryorhinis. The data are shown in Figure 9.
S: 1.YB:-2094/ 094656 PCTRGOa20dHLOEL(,.{7 26 The
i nventors have tested over 15 different cell |ines
esgaidiblse (BY)and shown t haPHfone of the cells have
sufficient background enzymati.gc tivity to inpact
WpokDPhe ratios and gi ve0RMEE WY tives. The
inventors, w thout 5 w shjng_ bound by theory,
thi Akt he reason for t si'#;]gg%‘%ﬁl?&\)[ he pat hways are
anaerobic, and all mammalian cell cultures wll
generate ATP through oxidative phosphoryl ation.
o Hen b ' ! jupifesphateplord &y Lucigen.
4Rg§éﬁ¢ 30 Et% {éérlgg?a{oe?regglﬁgﬁg%etyl phosph%ie orya ,
A RELEGW S5 Ahher-eakifosndissdnenpfooddde save agaan ftablfolichi
e invention which will allow one to determine io
outphethe D-hhefenyadmieasmal contami nants in question are
roma group which wuses the acetate kinase pathway,
t he carbamate ki nase pathway, or both. This may have
useful di agnostic l.iLcathons. The only-bacteria that
2. MV@}Q%S@}%S%&%Q@S?B% ?@?%93 are not those that are
15 commonly found as contam nants of cell culture,
with the possible exception of certain E.coli species
t-hakcapﬁ;?lﬁﬁ%@d in | abgr 23 mgi(ésyM) principally for
mol ecufar biol ogy purposes. However, n?\%’ti\/i ty with
thi §arhamoyl phosphate 45.87mg (3mM)

Mycoplasma Substrate (Ms ) Precursors

Examples of reactions generating acetyl or carbamoyl phosphate:

phosphotransacetylase

i. acetyl-CoA + inorgank phosphate » acetyl plfsgilic@

- Preferred concentratioﬁ Tanges:
e écetyl—CoA 0.1mM to 100mM

Inorganic phosphate 0.1mM to 100mM -
(e.g. potassium phosphate)

ornithine carbamoyl iransferase

i, citralline + ammonium bicarbonate . .y carbamoyl ph_osphate
. ' ' -+ orpithine

Preferred concentration Tanges:
citrulline 1mM to 100mM

ammonium bicarbonate 1M 1o 200mM |
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organism is only seen at very high inocul um
concentrations where there is turbid growh and the
WO 2pedidé ng turbidity of the sample is readlthQhﬁﬁhyﬁﬂq7
20 by eye. Hence, the nmethods of the invention can
varied to include an initiz screening step for
bacterial contanination, if necessary. This can be
achieved by a variety of nethods, but is preferably
carried out by passing the samphﬁeﬂhn@ggh a standard
1pia Esaskitimalor friokdseiung Basemen- AN Fak-hy—1 9972} 1 Fﬁég@ml e

6: Preferred Reagent Conponents for use |
rrycopl asma assay nethods and .kits of the mventf%#’

na_Det ection Reagent (MDR) per 100ni

1.
Magnesi uﬁg%gccﬁnﬁ?%n% M EMESE10rnM) | norgani ¢
pyr ophos plR4€i@ta ees- s diup, CMPOPISW@ZHOM 1064 o 500

24104/ 094658 27 Bovi ne serum al bumi n 16QmEn KLk 6%nns
D-Luci fenn 10ng (360d\4) L-Luciferui 250g (8.9M
Luci ferase (RY) 859 5 ADP 250.g9 (5M AMP 69. 44ng

(21mMM) RY is the nane given éo t he .reconbi nant
HGRAPUEATHISE ure of D and

u rase suppl:.ed_by Lnci
‘k ’E‘E@ T G H%]gl Weabmsitnd o grvearnorbasicabpkodgtghy
10 output than D-luciferin alone. 2. Mycoplasma + App
Substrate (Ms) per 100nmL Acetyl phosphate 552) 3ny
(31np|}eﬂ§ed6@ﬁ@@wionr}llaﬁ ?atpe 45. 87ny (ngvb | f
copl as recursors anmpl es o
PLact Gl BBl

reactions erati ng ac or car banoyl- o :
phosphot réﬁ?;cet yl ase 0.1mM to 100mM

Suppliers

Sigma-Aldrich Company Ltd.
Fancy Road

Poole

Dorset

BH12 4QH

United Kingdom

3. Mycoplasma Assay Buffer (MAB) per 100ml

e HEPES 1.1915g (50mM)

* EDTA : 74.44mg (2mM)
» Triton X-100 2501 (0.25%)
e pH7.50 |




i. acetyl-CoA + inorganic phosphate r acetyl phosphate
+ CoA 25 Preferred concentration ranges: acetyl-CoA
11nM to 100rnl A Inorgani c phosphat e OpdtiptouLO@eavi

wo 1“”*’?‘@“’@ pot assi um phosphate) jo or7ithine carbanovi
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ransferase ii. citrullines+ amoni um bi carbonate 0
car banoyl phosphate + omthine 35 Preferred
concentration ranges: citnilline 1InMto 100mM St
R atign&eM b Z00Npdhénks\WDoR00sEL0IN656 ¢
Pr%@?%&%p%%%ﬁ(ﬁGM 78 acetate idnase iii. (sodium or
MiRepaSHialE}aaariiAbEs an ATt ofaldetipvepesphate + ADP s
Preferred concentrati on ranges: acetate (e.g. sodium

or potassium 1mMto 500mM - ATP 0. 1nM tolODr um 10
preCafddarmmtenttationasegeyincATR + anunoni um bi car bonate -~
car banoyl phosphate + ADP Preferred concentration

ranges: 15 amoni um bi carbonate 1nMto 200m yf ATP

O 1AnglPt 1?11\/% to T%ml\/l preferably 1 to 100uM, more pref erably SpivlL

e AMP 1M to 100mM, preferably 0.1mmM to 10mM, more preferably
ImM.

» Acetyl phosphate 1pM to 100mM, preferably 0.1mM fo 20mM,
more preferably 3mM. Concentrations above 10 reduce the light
output, but the assay still performs.

 Carbamoy! phosphate 1uM to 160mM, preferably 0.1mM tq.?_GmIVI,

more preferably 3mM.

Example 7: Effects of Detergents on Mycoplasma Assay

Disruption of the viable mycopiasma cell membrane to allow for the release
of the enzymes into the sample 18 a preferred embodiment of the assay
method of the invention. This allows for binding of the substrates and
generation of ATP. However, positive ratios indicating mycoplasma
contamination can be obfa:'med in the absence of any lysis treatment. The
implication is that these enzymes can be released by viable mycoplasma

The other possibility is that some non-viable organisms have released their

contents through natural lysis.

The addition of even low concentrations of the non-ionic detergent Tnton-

X100, greatly increases the sensitivity of the assay by ensuring maximal
- 3

release of the carbamate and acetate kinases into the sample.

The mim of the following experiments was {o determine the concentrations

of Triton-X100 in the Hepes EDTA buffer on the ratios seen with




Suppliers 20 Sigma-Aldrich Conpany Ltd- Fancy Road
Pool e Dorset 25 BH12 4(H United Ki ngdom 3.

WO 2Mgvplsasma Assay Buffer (MAB) per 100m 3%@“@5’%@4/;01(“
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1.1915g (50n EDTA 74.44nmg (2mM)  Triton X-100 2
(0.25% pH 7.50 35 7 PCTAC 92004/ 0016A NNO

2004/ 0(4656 C) Preferred concentration ranges of
nents for use in the nycoplasma assay nethods

Co
HRADRAFRA0 opamingish K 562 Ped eculade offvent srgkh@hs were
1 to | 00OmMM preferably 1

%%t‘%@w% ]éi’”bfr%]?ACE{’RéB 5 LM AWP 1 Mto 100nM

preferablyOlrthoIOnlM nore preferably 2nmM
Acetyl phosphate | uMto 100nM preferably 0.1lmM to
Bk 101havwy d’leﬂrieﬁﬁpaﬁihﬂe?’tb[lﬁéte. P”I%%S L€ o

0 reduge the |I% out put, but the ssay 's
PRy & @ detergent lysis step. It also shows a drop in the light output
with concentrations greater than 4-5%, this is due to adverse effects of ihe
detergent on the luciferase enzyme/reaction. However, it is still possible to

detect positive activity with concentrations as high as 20% (v/v).

The inventors have also shown that the concentrations of Triton-X100 used
in the above experiments did nof vesult in any detectable carbamate or

acetate kinase activity from the &.coli strain IM109 cells.

The above results confirm that there are no positive ratios with the bacteria]
cell number used. Increasing the Triton-X100 concentration to levels that
have been reported to lyse bacterial cells (1-2%), still did not result ig

posttive ratios above 1.

Generally biological detergents are commonly used to disrupt the bipolar
membranes of lipids in order to release and then solubilise membrane bound
proteins. Non-ionic detergents are non-denaturing  and peﬁnit the
Solubilizaﬁon of membranes without mterfering with biological activity.
They have principally been used for the study of protein confonnations and
for the separation of hydrophilic protems from membrane Spanning

hydn ophoblc protems Amionic and cationic detergents result in greater

modification of protein structure and are more effective at dismupting protein

aggregation. Zwitterionic detergents are also lmv—denatunnﬂ but are
iw k] .

effective at disruption of protein aggregates.

These different groups of detergents have been studied with a number of




Car banoyl phosphate 1 uMto 100mM preferably 0-1n-N4
to 20n)-M nore preferably 3mM is Exanple 7: Effects
of Detergents on Mycopl asma Assay Di sruptdogsofiiheit?

WO 20003h) e mycopl asma cel | nenbrane to allow for the
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rel ease of the enzynes into the sanple is a preferred
enbodi nent of the assay nethod of the invention- This
al lows for binding of the substrates and 20 generation
airOEn AT s Houewebifidesit ivee, mat idsadendidatesey cripedpiodsiva
contam nation can be obtained in the absence of any
conlewsi o Hotleatinepotic TEprakany iEa®icdh I S-t hat t hese
enzymes can be rel eased by viable nycoplasma The
ot her possibility is that some non-viabl e organi sns
have rel eased thei s . contentfe (EQUAYE RAfU RNt iy 6hs thab
For fiyfe PEdeis gﬁsa@fs O?\ﬁé% Hﬁ%\%{lggr%%ntcﬁgt "ons of 1 he
nony.L.oni: t opshiANneXtohe gridatlbysimbramasdsthe
Cauﬁeﬁedléelﬁgﬁ?%git% of The assay by ensuring maxi nal _
Inetﬁgéﬁ(?g@z@{egtthﬁt gerbaneickt@ndcapetate JubAuEES. PAIBETHE
sanp

e. 30 The aim of the foll ow xper i nment to
no dtetierni redvhé ot opeErtse AT §HY- o Hr%gliﬂ?%%-l {]%Drsli tﬁﬁéﬂlﬁ
Hepes- EDTA buffer on the.ratios. seencw.t A/
chogo1 4y 091 656S POtATS 6‘34%%‘1@1273‘3%%6%&%\3% g%r\r@u@nate and/or
cont am nat. 56 1 Ted WO RNAR A ¥R ble
acefaify ?%é)c’gg?ll( lgci{ig%r/]ihgﬁﬁllH%tﬁ%lﬁL orale. Fi gﬁ;;e 10
shous, i {1 S RO s REe 1ol vERt @thyoysephaswall little or
toué%gly\gﬁgéﬁ?ﬁr?aﬁ% s dabsence of yg.detergen_t | ysis step.
no |kt séh aemsiaatidt omay nbe heotenght coutapumatss ©f the oell
concentrations greater than 4-5% this is due to

- coltachedraseplet f ect s of the detergent on the luciferase

enzyne/reaction. However, it is still possible to
detect positive activity with concentrations as high

20% .0 The iRy SREWrt il
i e seobnt 1 AEEORE B0 T Lon. & 106 teen T i Shoue

ren R B B e o the £ col | strain
Al 09 cells.

The key difference between bacteria and mycoplasma is the lack of cell

wall, and it is the bacterial cell wall that makes bacteria more difficult to

lyse. There are a number of fairly brutal methods that can bring about total

lysis, these include pressure (French Press) and sonication. Other enzyme

digest methods include lysozyme followed by the addition of detergents.

However, mycoplasma can be Iysed with concentrations of Triton X-100 at

arommnd 1-2%.

Low concentrations of other non-ionic detergents, such as Brj ®35 (0.4%)
(Sigma-Aldrich Company Ltd.) and B-PER (1%) (Perbio Science UK Ltd.),
do not have adverse effects on the luciferase enzyme, an_d are capable of
dismpting' the mycoplasmal membrane, without adversely affectipg the
hiciferase reaction. The concentrations of these detergents can be taken up

to 10% without Ioss of sensitivity of mycoplasmal detection..




The above results confirmthat there arc no positive
ratios with the bacterial 1is cell nunber used.

WO dmergesi ng the Triton- X100 concentration tonfil%-‘gWM/omm
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that have been reported to |yse bacterial ce

(1-2%, still did not resulg2in positive ratios above

1. Generally biological detergents are commonly used

to disrupt the bipolar 20 nmenbranes of lipids in

order to release and then sol ubilise nenbrane bound
Non-ioni c detergents are non-denatui ng and

ot.eins,.
?&P%ﬁl?m@ﬂag THrULRFTS 5841 6h dstectrshiprtamebsasict bt lysis step to

anRtenf el i i.ol ogi cal _activity., They have
pr Ii-‘-ﬁjétl Tgp;lal Cg@eaﬁfhuag é]gelpgjran?h @ﬂé‘?’%"ﬂa pddigpotaefi a gentle lysis
sepf(0Rmst ranenand of B HEHE - kR of hydrophilic
proteins from nembrane s anﬁlﬁﬁgi%ﬁ%{jd%ﬁgﬁfﬁ € sensitivity
theirpzay Api whéas ign the atyoopl S et @H RNk Soff Bkt Jé’lrt]O 0
r%Qraeater. nodi fication of protein structure and ar ©
PROBEHEEFPyve at disrupting protein aggregation.
ZW tterionic detergents are al so | owdenaturing, but
are effective at disruption of protein aggregates. 30
1 f..detaergents have been studied
Wi tﬁ%ﬁ*ﬁ%ﬁg@gﬁ?ﬁ?ﬁﬁ?@e l_lquzgt}ve_ 1%’515-0 mycoplasma, while
)

HagiHaBaN0d! AOLEHZE YPbZAGHUIQHHESE 03 kondi i £ {oggtégg&{;'émn.

types to efficiently lyse, and release an

1y
10HiE (sitoients shavid entthisoH obatvbr, euitratdhl SeRBbuld physicall
I&%@kar otic organjsns. For the preferred Assays o¥ ?ahé/
FvVent Encqqﬁ%m_ﬁwmg;@@?% iagd g fci)rsthegetdf&tny %em-gem
baAUsSs I e_jycopl.as menbrane and -
al Powsr relz é[ggsteé 0 tt(?jﬁerEOt ﬁ‘éﬁﬁﬁo@h@rgﬁ%%@m%a@u@ or the

acieeoy Dﬁdaﬁ[ﬁn{g@@fdnd%tdﬁdE@&aﬁgq\gﬁ%l{e&t es. As there is no
detergent renoval or neutrali'sation step, it is

therefore inportant that the chosen system does not
W activity of the carbamate and/ or

Lntenfere wth the

Eé\% %alt{eg{kl)h‘e{g’el,e‘{;ﬁ“tcﬁétqﬂtﬁ%i ferase/ |l uciferin/ATP
reaction. It is also preferable ro to use a system
that selectively causes the |lysis of nycoplasma, wth

LI00t1%8 (Fuffietereféeto te,@ﬂ?bacteri a that may be potenti al
contani nates of the cel

1. LT27-217 Mycoplasma Detection Reagent, Lyophilised. 2 x 600 pi

vials. _
2. L'T27-218 Mycoplasma Assay Buffer. 1x 10 ml bottle.
3. LT27-221 Mycoplasma Substrate. Lyophiliséd. 2 x 600 pl vials.

LT67-218 (Sufficient for 25 tests)

1. LT27-217 Mycoplasma Détection Reagent. Lyophilised. 5 x 600 pl
vials. . ' |
2. LT27—21_8 Mycoplasma Assay Buffer. 1x 10 m] bottle.

3. LT27-221 Mycoplasma Subsirate. Lyophilised. 5 x 600 ul Vi'ai‘s‘.




cul tures/sanpl es. The presence of a filtration step
through 0.451-imfilters, however, should is renove

_ contam nating |arger micro-organi smECTRHEREY! 10
WO 20064141 L (:f

10

20

erence betul een bacteria and nycoplasma is the
lack of cell wall, and3dt is the bacterial cell wall
that nmakes bacteria nore difficult to |yse. There are
a nunmber of fairly brutal methods that can bring about
LTt 8 (R@rkysi for tesesi ncl ude pressure (French Press)
. and sonl cation_ O her enzynme digest nethods include
| ysozyne foll ovved by the addition of detergents.
Hovvever cop ntiratlijong
L of Liervan Yo choasin Dafsn HoEa pytpaanee
concentrations of other non-ionic detergents, such as
“alBr|J(r)35 (0.4% (Sigma-Aldrich Conpany Ltd.) -and

B- PER7(b (/1+/-Berabine /Seheiadiad ¢ 1L £8 )l bods- not have
" adverse effects on the luciferase

enzy and ar.e
3. capabtyexf M)d:lop}aﬂmﬂlsﬁé'stlﬁ@ %11 %‘?Eia Peﬁelrgb]?‘gﬁéﬂ
W t hout adversely affecting the |luciferase reaction.
The concentrations of these detergents n be t up
PrefQrb@r ézﬂﬁéxmcbhqmsmlwéﬂbf}dw W‘%f?és 8? %ﬁ?b‘h\ﬁl 6"J(?erlgl
detection. WD 2004/ 094656 PCT/ G82004/ 001647 32
Contam nati ng nycopl asna can be detected in the

absence of he nycopl asi nal
1. Newpphgea Q%\?}é%}ﬁegﬁegﬁelﬂ}%@ ]?élgr%ogtl e lysis step
(0.25% Triton X- 100 I n Hepes- EDTA l%uffer) I ncreases
tthiﬁﬁdh?sidm‘aoemte s of Ehé SamsEy rel easing the
rry;ip‘g m%ﬁpﬁé@ﬁ@te@)f 1Ult4@ﬁ€{anl\1{ht o the reaction

ste W@ rpgferably cause
8 el RSEPGEETS %P&@g le having little or
RO Iéﬂjm:{ﬁanon bact eri aI 813 concentrations of

m)sg IReferid? 0 ionic deﬂeﬂgérﬁ@@li%})ul d do this.
Kheration st @ vvoul d physically renove any

¢o %C%(eh%st%l(h{g )bacterl an Q yfor the use of any

det é’ent but preferaﬁ t do not i nhi bit

ei tABfP't he | ucif erase ﬁ&a{&% activity of

car bamat e | anase and acetate Ianase

Mycoplasma Substrate (M5} per 100ml

12

» Acetyl phosphate 55.23mg (3mM)
e Carbamoyl phosphate 45.87mg (3mM)

. Mycoplasma Assay Buffer (MAB) per 100ml

tsd

i « HEPES' 1.1915g (50mM)
e EDTA’ 74 44mg (2mM)
e Triton X-100" 2501l (0.25%)
e pH7.50

35

Preferred conceniration ranges:

40 « ADP 1uM to 100mM

e AMP 1uM to 100mM
s Acetyl phosphate 1hM to 100mM, pr eferably, mM to 1DmM
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15 Exanple 8: preferred kit contents LT07-118

WO @ffl cient for 10 tests) 1. LT27-217 Mycopl asna
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35

40

"8d¢¥on Reagent, Lyophilised. 2 x 600 A PEOGRIIG)ScL

2. LT27-218 Mycopl asma Assay Buffer. 1 x 10 nl|
bottle. 3. LT27-221 Mycopl ashm Substrate. Lyophilised.
2 X 600 Al vials. LT0O7-218 (Sufficient for 25 tests)
25 1. L 27-2]I Mycop Iasnl a Detection Reagent.

Ly Sphf-AHiEaR Qsléléﬁel Il @0mM L T27- 218 Mycopl asma
Assay Buffer. 1 x 10 in] bottle. 3. LT27-221

Mycopl asma Substrate. Lyophilised. 5 x 600 it vials.
sC820 4/ 041 1G47 )Al0 2004/ 0114656 LTO7-318

S&p

(Sufficient for 100 tests) 1. LT27-216 Mycopl asma

?t ection Reagent. Lyophilised. 1 x 10 mMl vial. 5 2.
3

T27- «%ﬁ‘l%éo pl asma Assay Buffer. 1 x 20 ml bottle.
TP epPaska-tSubst rat e- Lyophilised. 1 x 10 nil

Kangy Roas ef erred reagent conpositions i-or lilts and
Bretlhods of the invention 10 1. Mycopl asma Detection
Iheagent (h4DR) per 100m Magnesi um acetate' 214. 5ny

gﬁg)ﬁrt{b I norgani c pyrophosphat e' 178.4g (4M 15
(f serum al bum n* 160nmg (0-16% D- Luci f enn2
L- Luci ferin2 250g (8.9M Luci f erase

(RY) 3 85g

2.

Resem BV
Goudenregenstraat §4
NL-4131 BE Vanen
Netherlands

3.

Lucigen Ltd

Porton Down Science Park
Porton, Salisbury
Wiltshire SP4 0JQ

UK.

The preferred emb0d1me11t of the invention provides a selectlve blochemlcal
test that exploits the activity of certain mycoplasmal enzymes The
presence of these enzymes provides a rapid screening procedure, allowing
sensitive detection of contaminating mycoplasma in a test sample. The
viable mycoplasma are lysed and the enzymes react with the Mycoplasma

Substrate catalysing the conversation of ADP to ATP.

By measuring the level of ATP in a sample both before (A) and after (B) the

addition of the Mycoplasma Substrate, a ratio -2 % can be obtained which is
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30

ADP'" 250-5g (5M 20 AMP' 69.441ng (2mvl) 2-
M/copl asma Substrate (M5) per 1001nl 25 Acetyl
zphate 55 23nig (3mV) Car banoyl phagphBRiEH/OIi64T
3. Mycopl asma Assay Buffer (MAB) per
100m 30 HEPES' 1-191585(50mV) EDTA" 74.44nmg (2mV)
Triton X-100" 2501 (0.25% pH7.50 35 Preferred -
concentration ranges 40 ADP 1Mto 100mM AMP 1M toO
mdja&wertm th gﬁﬁs}iﬁcamlos’tpﬁ&at@ of myaprioom 114 eyt W&E? Fre
mvi to 10rnM WO 2004/ 094656. PCT/ GBZOOﬁ/ OB )%&41111
1not §&rsbm'rﬂ;el sepbiod ptﬁaﬁ@o Fha s 1% BCTFEMAVFY 85 p AF P er's

1. gma- Al dri an <Lt . Fancy: R ok &; %H
1eaqg@ﬁ15@f 1113@9@@5 @ﬁ eé d%k@ng%%% MEKic Qadstha | in iHe
Mycoplasma Substrate Reagent, ieads to elevated ATP levels. This mcrease

in ATP can be detected using the following bioluminescent reaction.

Luciferase
ATP + Luciferin+ O3 ————» Oxyluciferin + ADP +PP; -+ CO, + hight
Mat++ (emission at 565nm) -

The emitted light intensity is imearly related to the ATP concentration and
is measured using a luminometer. The assay is preferably conducted at

ambient room temperature {18-22°C), the optimal temperature for luciferase

activity.
Simple test protocol of the invention

Add detection reagent (MDR) to sample

v
Wait {(e.g. 5 mins)

v

Measure luminescence (Reading A)

|

v
Add mycoplasma substrate (MS) to sample

Whait {e.g. 10 mins)

Measure luminescence (Reading B)

If £1g greater than one = mycoplasma contamninated sample.

If 4 is oneor less = mycoplasma free sample.



15 2. Resem BV Gbudenregenstraat 84 NL-4131 BE

Vanen 20 Netherlands 3. 25 Lucigen Ltd Porton Down

WO 28piire¢ Park Porton, Salisbury WItshire @RcEB8R0164
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U K 30 The preferred enbodi ment of the invention
provi des a sel ective biochemical test that exploits
the activity of certain nycoplasnmal enzynmes. The

presence of these enzynes provides a rapid screening

procedure, allow ng 35 sensitive detection of

OuMia L AL ﬂlgtﬁ%gopl asma in a test sanple. The viable
mycopl asma are Tysed and the enzynes react with the
Mycopl asma  Substrate catal ysing the conversati on of

ADP to ATP. By neasuring the level of ATP in a sanple
1p 6t prefutet dat e antirabupemi@it bbeentie,addi E&@B‘ﬁédﬁhe
ichis

%o%% Substrg}e, a ratio can be obt a ne
P » BaPEE4RTough i autearloBUE T 0850 perictirsiat e of
akés, presence or absence of nycoplasma. |f these
enZynmes are not present, the second readi ng shows no
Thedtieasetaidy @l thBeefhirst L) reaction of -
r%copl asmal enzyneém\f/m&jtllweelfé%%tig}wgggglin?i A5S%bstrates in
19Rpl ofpdopt aspamStds ty aken Redgempibeads to el evat ed
Tlﬁgreve s- This increase s in ATFP can be detected -

cPR@sIg|detsniting: tohpdriMIaByent reacti on.
Wait 5 minutes
Read luminescence (A)
Add Mycoplasma Substrate (MS)
Wait 10 minutes.

Read luminescence (B).
Reagent reconstitution and storage

Ensure that you follow the correct reagent reconstitution applicable to the
relevant kit (10, 25 or 100 assay points).

This procedure usually requires ét least 15 minutes equilibration time.

The Mycoplasma Detection Reagent (MDR) and Mycoplasma Substrate
(MS) are preferably supplied as lyophilised pellets. These are recohstituted
i Mycoplasma Assay Buffer (MAB) to produce the working solutions for

use 1n the aséay.
For 10 tests (KIT LT07-118):

1. Preparation of Mycoplaslna Detection Reagent

Add 600pl of Mycoplasma Assay Buffer into a viai containing— “the

Iyophilised Mycoplasma Detection Reagent.

Replace the cap and mix gently,




Luciferase ATP + Luciferin + 0, Oxyluciferin + ADP
+PP 3 + C2 + |li nt My-+ (em ssion at 565nm 10 The
emtted light intensity is linearly rel afj@fctg@ab it AFP

wo 2004geaTent rati on and is neasured using a | ununoneter _
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The assay is preferably ,%)nduct ed at anbient room
tenperature (18-22C), the optinal tenperature for
luciferase activity. 15 Sinple test protocol of the

i nvention Add detectd on:reagent,; (MRhetQ-sanml.e 20
Allgygitpe yeasgnt 18 CHY ﬁ’)latl?/efggg‘? (il%?um nescence (Reading A)

Add nycopl asma substrate (M5) to sanple 25 Wait (e.g.

10 rains) Measure |um nescence (Reading B) 30 If -F,

5 s g;ﬁﬁgﬁrontdfamy@cﬁlﬁaﬁmﬁubpﬂr@t@ma cont ani nat ed sanpl e.

" If 1s’one or less = nycoplaspga free sanple. :

Ad@O@mmgéﬁaﬁymﬁmoé&moﬁW% 3gto cﬁn‘%ne@o&}%)%% the
method It is pr%&?réred that the culture supernatant be

lyopkifised Migaplapiy2 Yécells 5 and, optionally, passed

through a bact.er] filter prior to performng the
RBI&%%@'.% c‘ﬁﬁ@”ﬁ? D‘Ggﬁﬁgi ns all the required reagents to

&Ry Sbratel 10015 efinatdst atreomupeIpREAtant. | S
Al \S‘}{(t{égq‘{;gg&?tﬁg%ganplre. Add Mycopl asnma detection reagent
(MODR) to Wait 5 mnutes

3. Mycoplasma Assay Buffer

This is preferably provided ready for use. Store at 2-8°C when not in use.

For 25 tests (KIT LT07-218)

1. Preparation of Mycoplasma Detection Reagent
Add 600u]l of Mvycoplasma Assay Buffer into a vial containing the
lyophilised Mycoplasma Detection Reagent.

Replace the cap and mix gently.

Allow the teagent to equilibrate for 15 minutes at room temperature.

i

2. Preparation of Mycoplasma Substrate

Add 600pl of Mycoplasma Assay Buffer into a vial containing the

lydphi]ised Mycoplasma Substrate.

" Replace the cap and mix gently.

ATlow the reagent to equilibrate for 15 minutes at room tersperature.

3. Mycoplasma Assay Buffer

This is preferably provided ready for use. Store at 2-8 \Afilﬁnlllot in use.

For 100 tests (KIT LT07-318)

1. Preparation of Mycoplasma De.te'cfrio_n Reagent




Read | um nescence (A) Add Mycopl asma Substrate (M5)

Wait 10 m nutes. Read | um nescence (B). 15 Reagent

WO BBH6T6 t uti on and storage Ensure that you POT R NG 6o
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correct reagent reconstitution applicable to the
rel evant kit (10, 25 or 100 Z#ssay points). 20 This

procedure usually requires at least 15 m nutes
time. The Mycopl asma Det ecti on Reagent

equi | 1 (gr tion

(‘%) Hﬁ %ﬁ\éﬁpﬁglﬁﬁmsﬁ t&s:lsajlat Buff(eﬂvﬁmoarae vereterallive the
il ised. ts. T N

1yoRlilgd lﬁﬁlgaﬂoﬂ?ﬂ{ﬂ;\}?gﬁﬁﬁﬁ h?égaé%iay But f or e( MAB) to

reconstit
Et@ﬂh&ﬂaébﬁpﬁ@ak,%i%gg utions for wuse in the assay.
ZSngr 10 tests (KI°T LT07-1:18): 1. Preparation of
Hesrrag &etie eigndibrRea@ent Aee: copl asma
Assay Buffer in?’(t)1 a vial contai nifﬁgg%%ogﬁt%p@%&e_
| yophi li sed Mycopl asna Detecti on Reagent. Repl ace the
PCT/ C B 20414/ 001647 MO

ap a 1 X.-gently.
%’004/ B’Fg‘g}é%rgu 5 Of Nlireow 2¥Ba PEAYEHE to equilibrate for
2. .Preparation of

ABdn . [
b e S A S woD P b o asiah swwaying the

Mycopl asnma
Bopheised Mycovlaingh SeBgkaEni ng the 5 |yophilised
Mycopl asma Substrate. Replace the cap and m x gently.

Iagplace tweapeagdenix pentbqui | i brate for 15 ninutes at
copl asma Assay Buffer

Aﬁomther_rger ature. 3. >
0w the reagent to equilibrate Tor 15 minutes at Toom temperature

3. Mycoplasma Assay Buffer

This is preferably provided ready for use. Store at 2-8 when not in use
Eguipment

1. Instrumentation
The kit requires the use of a luminometer. The parameters of the
luminometer should be assessed and the conditions below used to produce

the correct programming of the machine,

The preferred assay of the invention has been designed for use with
cuvette/tube luminometers. For use with plate luminometers please see

below.

Cuvette/tube [uminometers:

Read time I second (integrated).

2. Additional equipment and consumables

a. 10 m} sterile pipettes

b. Luminometer cuvettes
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1o This is preferably provided ready for use. Store at

2-8C when not in use. For 25 tests (KIT LTO7-218) 1.

Preparation of Mycopl asma Det ecti on Reagedit/GB3Hadd¢47
il of Mycopl asma Assay Buffer into a vial

contai ning the Lyophilised Mycopl asma Detection

Reagent. Replace the cap and m x gently. Allowthe

reagent to equilibrate for 15 mnutes at room

© LCTRB Y SRR TEanalan of Mcop se

of Mycopl asma Assay Buffer into a
d Vi abesanicaiifueg the |yophilised M/copl asma Substrate.
Repl ace the cap and m x gently. Allow the reagent to
equilibrate for 15 mnutes at roomtenperature. 25 3.
Mycopl asma Assay Buffer This is preferably provided
Prefestdylcf@FO0SY. Store at 2-8 when not in use. For 100
tests (KIT LTO7-318) 30 1. Preparation of Mycopl asna
Det ecti on Reagent WO 20064/ 094656 PCT/ 6B2004/ 001647 3
picAdd, 10nT of Mi¢ QR asmrAssediuBufshenldi htotakien bgfore any
SSntarning the | yophi I'i sed Mycopl asma Det ecti on
furiReAgeRtssifRept@c e.of hypeiapsaed- m x gently. Allow the
reagent to equilibrate for 15 mnutes at room
tenperature. s 2. Preparation of Mycopl asma Substrate

Add 6001 _of Mycopl.asma ; ' I a vial
1. corftarhplhGaeRE! L{JVB ﬁﬂ?ﬂ%@%ﬁggﬁtﬁfg@dﬁgh%%bst rate.
, Replace the 6aP\ARdHstndeMibdtion Reagent and Mycoplasma

Substrate in Mycoplasma Assay Buffer. Leave for 15 minutes at

room femperature to ensure complete rehydration.

3 Transfer 2 ml of cell cnlture or culture supernatant into a centmifuge

tube and pellet any cells at 1500 mpm (200 x g) for 5> minutes.

4 Transfer 100pl of cleared supernatant into  a luminometer
cuvette/tube.
5 Proeram the huminometer to take a 1 second integrated reading (this

is usually the default setting on most cuvele luminometers).

6 Add 100pl of Mycopiasma Detection Reagent to each sample and
wait 5 minutes.

7. Place cuvette in luminometer and imtiate the programme
(Reading A). |

8 Add 100pl of Mycoplasma Substrate to each sample and wait
10 muutes.

9. Place cuvette in luminometer and initiate the programme
(Reading B).

10, Calculate ration = Reading B/Reading A.




10 Allow the reagent to equilibrate for 15 mnutes at
roomtenperature. 3. Mcoplasnma Assay Buffer This is

WO poebecsabl y provided ready for use. Store at p@
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not in use. |s Equipnent 1. Instrunentation Tf%g%i?)f?‘”ﬁ”

requires the use of a |lum napeter. The paraneters of
the |Lm nonetez- should be assessed and the

ondi ti ons bel ow used to produce 20 the correct
Z’FfS@?”éFﬁﬁCﬁTgOfcifESw]ﬁﬁe machi ne. The preferred assay of the
i nvention has been designed for use with cuvette/tube
[ uniinoneters. For use with plate |um noneters pl ease

$8e rapelgwm ;I&( ube | Urni nonmeters:  Read tine

| second (i%at%%lg‘}péﬂtl g((gj . a%l_ijna dhfSt ‘ili?ﬁép %&W@ﬁémrh@hd 2 cell
cohgannbbesmidled by y@pigiss i | € pipettes b.

Lum nonet er cuvettes ?;C'HG B 2 004/001(,17 |1 NO

2004/ 094656 39 c. Mcropipettes - 50-2001; 200-1000 |
Preferred test protocol 5 Please

h centrifuge.
Fh B E Bo b o lBtieby Mo atatiig: beTLAROD
heffr & f e r-ocessi steps, e.qg.
T yps iglnﬁt?ggtlflgﬁ eril Eégl?lﬂlje dPPt%gQaé%rﬂ%eqmng culboem for the
Tiresones atf un tone 2 nstitute the )
copl as rrasa%‘elﬁe%t&?on%ﬁg%%fgﬁt% 5 Ignaggll\)i}lé{?ﬂl Qslipgtine testing of
cslibstranlere.n RMequphaase ofstaveufibtiods |H¥H8 £9048: Wit

i Son ! i i
icate when a cell line becomes infected allowing prompt remedial action

to be taken. The test methods of the nvention can also be extended 1o
mcoming cell lines and the commonly used constituents of cormplete media

The mterpretation of the different tafios obtained, within each experimental
[4
situation, may vary according to the cell types and conditions used

2 [ —_ S -

Cells which are infected with mycoplasma will routinely produce ratios

greater than 1.




roomtenperatme to ensure conplete rehydration. 3.
Transfer 2 n of cell culture or culture supernatant
to a centrifuge tube and pellet any celtirssatonl®&0047
""0"""4’r"b"r‘r?"( 200 x g) for 5 mnutes. 15 4. Transfer 1001 of
cl eared. supernatant int@ja |um noneter cuvette/tube.
5 Programthe lum nnoneter to take a 1 second
integrated reading (this 1is usually the default
t,i NG oM, WRSHidRU\GL AR ak updsndiret alia)irafin gAcd andles obf
Wcop | asma Det ection Reagent to each sanple and 20
heMV@i{ afd miaptedscelMindl ace cuvette in |um noneter and
initiate the progran-une (Reading A). 8. Add |1001 of
Mycopl asma Substrate to each sanpl e and wait 10

mﬁé I ng B) d@g%%apcul ate

Fat+on—=Readimg B Reading A. 30 -} ------------ WO
Ian@GQF 656 PCT/|GL12004/ 001647 40! Interpretation of

%5 ts—The rati qqfqd?eadr ng Bto Rq&@ﬁmggA is used to
> geterm ne whet her a cell culture ils contam nated by

ssqycoplasma. 5 Thet speed and conveni éhcdgnaf f ered by the
"kits accordi ng tlo the invention ——pgans-that—it

pjoprovi des a uni qued. 2@t hod for screemPr@ﬂé‘(ﬂtures for

t he presence of m/PnnI asha-—AS—SsH

Hep@2t ed to routirel £&5ting of celld BWdEI}W%r‘@amYUDB
Frequent use of {the test methods of atnlaelfe'té%‘fﬁgh ﬁ:{bu‘f"q”

io indicate vvhen a cell line becone ecte
p+erpt—tet rredtattactTon
Healthy cells
HL6G 0.72 Negative
COS—7 {)46 Negaﬁve

Protocol for plate luminometers

1. Bi‘hlg all reagents up to room temperature before use.

D

Reconstitute the Mycoplasma Deatection Reagent and Mycoplasma
w Substrate in Mycoplasma Assay Buffer. Leave for 15 minutes at
room temperature to ensure complete rehydration. o

3. Transfer 2 ml of cell culture of cell culture supematant mto a

centrifige tube and pellet any cells at 1500rpm (200 x g) for 5

Dimtes.
15 4 Transfer 100pl of cleared supematant into a Juminescence
compatible plate.
5. Pfogram the luminometer to take 2 1 second integrated reading.

6. Add 100 of Mycoplasma Detection Reagent to cach sample and

wait 5 minutes.

€ 7 Place plate in 1u_111i110mete1‘ and inifiate the programine (Readingd).




to be taken. The test nethods of the invention can
al so be extended to incomng cell lines and the

wo 2pemmoRd y used constituents of conpl ete medipgycpl€noieyr
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interpretation of the different rati os obtained,

wi thin each experinmental 1%2situation, may vary
according to the cell types and conditions used.
However, the test gives ratios a of less than | with
Buni niAed d@0pdlafubsoplageil Subshiath t@pack rRbegiedniddy 10
myco L%%%% will routinely produce ratios {reater t%an
1. 26% G B20114/ 001647 W 2004/ 09465(' 41 Table
a. | at 00 - b.results: illustrating

O campl e R B B R PR S brqempimaess (Readie ).

10i ne OW@d@laais = REAAnCWIREMSLONS I nfected cells K562
123.26 Positive A549 4.10 Posftive U937 8.26

Positive Hep& 1.27* Borderline, quarantine and
ours Healthy cells HL60 0.72 Negative

retest in 24
Ogea8.Garg é‘d}degatfﬁk@ whepthsadling omypifathe feagenits.n Gt ers
: j reagents. up,t o roomtenperature before
h%"gé @Wél@ e}ggﬁs | ?‘ﬁf@?ﬁ%ﬂ’ﬁﬁ EFh IR dlt renycms derating
toafatbeMy BN R8s 1 (%ﬁﬁ? I opl.asma Assay
Buffg%/. cave f:grQ'ilS %E?%@dé?%i% ¥lnperature to
ensure conpl ete rehydration. 3. Transfer 2 m of cell

Tlclzul ture_of cell culture supernatant into a
¢ optimal working temperature for all reagents is 22°C. If reagents have

been refrigerated always allow time for them to reach T00m temperature

(18-22°C) before use.

The sensitivity of the assay does allow for detection of covert
contamination, and if the ratio ig marginally above 1 (for example up o 1.3)
it is recommended that the sample be retested. Any cultures maintained in
quarantine can be tested after a further 24-48 hours in culture to see if the

ratios have increased.
Summary

"Bhe assays of the invention can be performed in the presence or absence of
cells. Unlike known myqoplas111a detection systems, they allow for sampies

to be screened rapidly using cheap hand-held Iuminometer systems, and can |
give results Within 15 minutes to allow for'the appropriate handling of fhe

contaminated samples.

PCR and DAPI/Hoechst staining, will bind to all DNA, be it from viable or
non viable mycoplasma. Hence, if looking to treat and remove mycopla‘sina
you could still end up with false positives when using PCR/DNA staining

even though mycoplasma have been irradicated.




centrifuge tube and pellet any cells at 1500r pm (200 x
a) for 5 mnutes. 15 4. Transfer 100l of cleared
supernatant into a |um nescence conpati pte/quatecnidbis
WO 2004PHHoty am t he | umi noneter to take a | second integrated
readi ng. 6. Add 1001 of copl asma Det ecti on Reagent
to each sanple and wait m nutes. 20 7. Place plate
in lumnoneter and initiate the programre (Readi ngA).
WD 2004/ 094656 PCT/ GB2004/ 001647 42 8. Add |001 of
Mycopl asi na Substrate to each sanple and wait 10
ThEThEHég@ $an Aetell ap@iphateplaamauy héesrinewnangthost fugheas
rogranme (Reading B). 10. Calculate ratio = _
PCRa—.@@hmgdlaﬁ@asﬂn hgrwaenSidile and @8RevIaHEIRICHE A ERen when
handl i ng any of the reagents. Skin has high I evels of
ATP on its surface that can contam nate the reagents
| eading to falsely high readings. Latex gl oves avoid
this problem 10 The optimal working tenperature for
all reagents is 22C. If reagents have been
refrigerated always allow tine for themto reach room
tenperature (18-22C) before use. The sensitivity of
t he assay does allow for detection of covert 15
contamnation, and if the ratio is marginally above |
(for exanple up to 1.3) it is recommended that the
sanpl e be retested. Any cultures maintained in
quarantine can be tested after a further 24-48 hours -
in culture to see if the ratios have increased. 20
Summary The assays of the invention can be perforned
"in the presence or absence of cells. Unlilce known
nmycopl asma det ecti on systens, they allow for sanples

LA
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to be screened rapidly using cheap hand-hel d

| um noneter systens, and can 25 give results within 15
cont am nat ed sanpl es. PCR and DAPI/ Hoechst st ai ning,
will bind to all DNA, be it44romviable or non viable

mycopl asma. Hence, if looking to treat and renove
end up with fal se

opl asma, 30 you could still
%g%r%l?ﬁés when using PCR/ DNA staining even though
mycopl asma have been irradicated. PCT/C B2004/0016-47
MO 2%@4@56%311(1 Thet W§@9§§§&ﬁ&u‘f tbggfogﬁgi@% le t
nyc R MY &8 L 0gs . SUC 5 canno
di s%z_%ggwl e s R TSR 2ol 9k Siv aGee):
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2 presence of contam nating mycoplasma in a test sanple

go ri 5@gﬁn%%}ﬁ@g@m@ﬁtng a Lest sanpl e; (Bii)f
etecting and/ or neasuring the activity of acetate
Ki gm edetengorndar bapastBlnE dWgse R ﬁéy tﬁé‘s%c%%??pg&ase
and said activity being.indicatjve of t e-.of
cont aniuer ﬁ@'bﬁ?@b?pl%ﬂéaﬁg;m t%@ %ﬁtj Selillﬂgge)“ th eﬁ% }ecf? Pﬁ‘gﬂ?

the test. sanple. as nt an; ' GoR! @SB LN1a:
t he baS&S é}?rgqﬁeélveec?fﬁ]r’? ngr%éd%l %%e%eéa%%t{ﬂgﬁn}eént “of “sa%)d_ 1

10 activi 53’@ In
(iif) identifying the test sample as contaminated with mycoplasma

on the basis of detection and/or measurement of said activaty 1

step (i1).

i5 2. Amethod according to Claim 1 further comprisimg the following

Lea

steps performed after step (1i) but before step (111):

(iia) obtaining acetate kinase and/or carbamate kinase activity
information (A) detected and/or measured in a corresponding
20 control sample; and
(iib) comparing the activity detected and/or measured in the test
sanple (B) with that in the control sample (A);
ﬁ&)@ft’:iﬂ the test sample is identified as-contaminated with
mycoplasma 1n step (i11) if fhe activity (B} detected and/or

measured in the test sample in step (ii) is greater than that of the

P
L

confrol sample (A) in step (iia), that is, the ratio § 1s greater

than one.




step (ii). 15 2. A nethod according to Claim1 further

conprising the follow ng steps perfonned after step
wo 206d40)s8pit before step (iii): (iia) obtaining ace

I dnase‘yand/ or carbamate kinase activity %F{ﬂ%%ww

(A) detected and/or neasured in a correspondl ng 20

control sanple; and (nib) conparing the activity

detected and/or neasured in the test sanple (B) with

that in the control sanple (A); wherein the test
with mycopl asma

3sanp L@IﬂE? J0d ?@E]fu%#%g ing@;qgg}g: @ o ig)kthggp@ geledtimmndhdior 25

in step
rreasmsadumﬂ tiead: I s greater
t han tgjat ?the ﬁﬁ’ég/n@r@ E‘?S%%? ﬁm%%) ﬂg}dr@%%%@ﬁ#@%ﬂlase
t hat 11 Hhe testesanatle dn btep SHYEEBLEObtah]
s 2004/ 094656 PCT/ GBZOOE/q 0%1647 48 %@iga%el%&/as&andf‘”
cl ai HEQHM @d@iﬂﬁ%afpﬁ‘@tv mfomerteim{AJdh e clorrgy @m{{lg L ontral
of acetate kinase and/or

t
g?i%grraﬂ glﬁ %é’ 1a \éhn%’ﬁlé gé@?%%?ﬂdéonmemmo(ﬂhe)
d/ . d/ b
K N A Bl PR Sn Y wOtcot &5 gohanaie

Ki nartsn%l/actlw ty I

cont or @aEnpl ot oS Igmlq}; @g{gpfr det ecti ng

and/ or measuring the gjppea7 ance aﬁgﬁ‘ﬁmﬁé‘%ﬁ%r ance

of one or nore of the substrates and/or one or nore
€edaRld, QWM Ng reactions: 10 (R)

e ts of th
0 (Rgce thgﬂggﬁﬁﬁl@?r@ﬁg__e;ate cititedseTRcet ate + ATP
(R |) car banoyl phosphate + .ADP car bamat e ki nase

anmoni a + carbonate + ATP. 15 4. A process according

(Rtip amshagnsy| hoshiales wBirbetbidler  conprising the
step of reél Z)asn ng nycop?cr el | BHE1E ngﬁtcéﬂ%@laifmfo
theAsldhpl € by treatnent of the test sanple with a

mycopl asma | ysis agent that is

15 4, A process according to any one of c,lzums 1'to 3 further COMprising
the step of releasing myooplasma celtular contents into the sample by
treatment of the test sample with a mycoplasma lysis agent that is

performed after step (i) but before step (ii).

26 5. A method as claimed in Clajm 4 wherein the lysis agent is a
detergent.
6. A method as claimed in Claim 5 wherein the detergent lysis

treatment is not capable of lysing bacterial cells,

25 _

7. A method as claimed in any of claims 4 to 6 wherein theA
corresponding control sample is the same as fhe test sample prior to
mycoplasma lysis treatment.

30 8. A method as claimed in any of claims 2 to 4 wherein the

corresponding control sample is the same as the test sample but the
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performed after step (i) but before step (ii). 20 5. A
nmet hod as clainmed in Claim4 wherein the |lysis agent
is a detergent. 6. A nethod as clained in.Caima ..
‘apable
of lysing bacterial cellgg 25 7. A method as cl ai ned
in any of clains 4 to 6 wherein the corresponding
control sanple is the sanme as the test sanple prior to
ny ceipbasimecf] desedicreat st cn 8fhr8he Asretuhott astivatai ned
in any of clainms 2 to 4 wherein the _corresponding
contifoiasanpt earisdtchié 28iEhe tage thevebie!lwEmsl debut t he

WD 24104/ 094( 5( PCT/ GE2004/ 001 .GA7 49 .oht enti on. of
deté)é ﬁ‘#é%ééﬁ‘ E ?iﬂ%y

O

10.

- 11,

14.

15.

EH/ REATIOYE R @ F T hE PP
infq£pﬁ%ion is carried out after a tine interval
f ol T8 ng the obtention of detection/neasurenent
information for the control sanple. s 9. A nethod as
claimed in Caim8 wherein the tinme interval is at
| eas metag@paoxamtelnyCBOnnG mitesn thoimsk metivadis at least
according to any of clains 1 to 9 wherein the
dete@ptngateln 3dmensieSneasuri ng step conpri ses
detecting and/or neasuring ATP. 11. A nethod
according to Claire 10 wherein the ATP is detected

vherein the ATP s detected
S R e

r egeHiRMdadurify Biepl domiRee @btectiaachidad. méssurh gRtiirod
according to any of the preceding clains wherein ADP

is added to the test sanple prior to the detecting

and/ or neasuring step . 20 (ii).. .
A method according to Claim 10 wherem the ATP 1s detected and/or

measured by a light-enmiting reaction.

A method as claimed 1n Claim 11 where the light emitting reaction is

a biolumminescent reaction.

A method according to any of the preceding claims wherein ADP is

added to the test sampie prior to the detecting and/or measuring step

(i),

A meﬂlod according to any of the preceding claims wherein a

. mycoplasma substrate (MS) reagent is added to the test sample prior
to the detecting and/or measuring step (it), the M5 reagent
comprising: acetyl phosphate or a precursor thereof and/or-

carbarmoyl phosphate or a precursor thereof.

A method according to Claim 14 wherein the precursor of acetyl

phosphate is acetyl-CoA.




14. A nethod according to any of the preceding clains
wherein a nycopl asma substrate (MS) reagent is added
wo 2bbhest est sanple prior to the detecting d/.or _
measuring step (ii), the M8 reagent 25 conppﬁ%g?ﬁﬂf”’“‘”“’

acetyl phosphate or a precwilsor thereof and/or
car banoyl phosphate or a precursor thereof 15. A

et ho %ﬁ rding to Gajm1l4 wherein the precursor of
acet ﬁ P %%1 Bﬁ%%gmcstoa | l-dGS’h?I'egOﬂle-preeurser-efoarbalﬂ\@ri
2004109465k RCHA 41 50 16. A method
acco?gi ﬁlg to Cliaig% 45%\4A(12§1r7%inr1’]1’1qrﬁg, precursor of

car banoyl phosphate is citrulline and/or amoni a. 17.

1? met hod according to any of Clains 13 to 16 wherein
he GoRstiend scosatippdoianyalfIClaimans & i 6waleraf, tﬁgso&tﬁoﬁt

copl asma reagent has not been

sanple tp which a a
° adde%ﬁm}f%. S ALl o e on Hinigst enaply totvhdiied wycdpla@mé.

control sanple has been Shown

or  Odo@edh MBS e, !
to be f”Fee1 rgar%%ﬁg%ggg%%rm by a 10 separate nethod.

19. A nethod according to Caim 18 wherein the control
18zarrpjlée g%%é been shown to be free from nycopl asma by

ne oM aoboGRy td @t bNQlaiNA fol uek es :

stainin or nycopl asma cul ture method. S?QC‘%]@?WW the

et HEH VS SERIGRar haenahpvwr lededfragfiolaingt ukeseh by the
|

sanple is a cell-culture

10 t est s —_qand/or control
sanﬁ;leé%%gél.ﬁleﬂl%ﬂt hod according to Caim20 wherein the

)

20

30

cells inthe cell-culture 20 sanple are mammali an
cells, preferably adherent cells, such as Vero, MRC5,

19 HUVECTeBSMCacdNrBlife (MCFnfy 140 ‘ G2, , EMBA,
PCL2, ARPE-19, CHO and 06 ce#g%isefﬁgég%ﬁggﬁﬁé@é s
oeen shown to be free from mycoplasma by one or more of PCR

testing, DNA fluorescence stainin g, or mycoplasma culture method

20. A method as claimed in any preceding claim wherein the test sample

and/or control sample is a cell-culture sample.

21. A method according to Claim 20 wherein the cells i the cell-culture
sample are mammalian cells, preferably adherent cells, such as Vero,
MRC5, HUVEC, BSMC, NHEK, MCF-7, AoSMC, A549, HepGE,
FM3A, PCI12, ARPE-19, CHO and COS cells, and/or adherent

primary cells isolated from animal source,

22. A method according to Claim 20 wherein the mammalian cells in the
cell-culture sample grow in suspension, such as K562, 1J937 HL-60

Cem-7, and VJ'urkats plus primary cell types such as leukaemic blast

cells.

23_. A method as claimed in claim 20 where the cell culture is a culture of |

plant cells.




10

: ':;pri rfary ceI I's i'éo-llét ed frdm ani mal source. 25 22. A
nmet hod according to Caim20 wherein the mamml i an
cells inthe cell-culture sanple grow in suspension,
such as K562, W37, HL-60, Cem7, and Jurkat51FI u]s

AL YREStSMEhe RS diesRaani XS whast thecetl| switaoe

24'23.‘%1%% {ﬁé%lccgs ¢claimed in claim20 where the cell
cul 458e isSa Gnepld whizhat depheanirosepiogl] Bturo At A HetHod
according to any of Clainms 20 to 23 where the cell
Q| hibgtaetislaymptee dfscluba & thi ch is derived froma
cell culture but is itself substantially free of
cellular material. 5 25. A nethod according to any of
Cains | to 19 wherein thejfigst sapl@erandhorteacatmpole

35-sanﬁllgﬁtb8a§F%?lgﬂ5%{Oaél eﬂh-frlee reagent. 26. A method
as Cl%cﬁg%%t}og s%%l%@@sim@@fe celdreetdagtiee reagent is
]o%ryp5| n. 27. process for treating a cell culture
to renove nycoplasma contami nation conpri sing: -
treating a nycopl asma cont,)a,rri nat eﬂ ceﬁl cul tolér§-vxii th

s6an agesfhotl s cEowe mrdaER 2dedi B RHTESHF Hs RS RRE ¢t :
subsequently testing a sanple fromthe culture for
nycopP¥8ma  contami nation using a nethod as clained in
any preceding claim if necessary, repeating the
process one or nore tines until mnycopl asm
contan N b SReh cdRtcakbadol muidie sanpplsnEs. A

27mst gglog%gégelct iung the presence of nycoplasna.in g
t est o sarRl Rion GEAP$IsER greiahe g faohl ovp agmatcepsamEate cell

~providing a test sanple; (ii), detecting and/or . '
measwitiragvitthen ageiiviptrgment ABORCESKPY Qg}éc“ﬂﬂ%?r&a and
carbamate kinase in the test : e6ilsAg or
neashseaseAlyHeR g ﬁéa’ﬁléji‘? hg 5}1%11%%{93{%‘1?% lg&)'{lalql“?})tC Pl

2{1?'(5%%%?@%%?% L}rséﬁg?ﬁtlﬁ&ﬂoﬁ Qs @Rt ReR i3RnATReaathercliinghitt

necessary, Tepeating the process one or more times until mycoplasma
contamination is not detected i the sample.
28. A meﬂléd of detecting the presence of mycoplasma in a test sqmplé,
comprising the following steps:-

(i) providing a test sample;

(ii) detecting and/or measuring the activity of acetate kinase and/or carbamate kinase -

in the test sample by detecting or measuring ATP in the test sample using a
bioluminescent reaction fo obtain an ATP and/or light output measurement
without adding an exogenous regeant to convert ADP to ATP;

(iii)obtaining an ATP and/or light output measurement (B) from a
corresponding control sample;

(iv)comparing the ATP and/or light output measurement ratio

nee Ribs[o. cour 0UPUT Mepsatatal AIOB._outva SAMAE Jnd
ey fhfor. GEIY Cuchrr HeASISUGNY oM or SNPE

and
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wi t hout addi ng an exogenous regeant to convert ADP to
ATP; (iii)obtaining an ATP gnd/or |ight output

neasurenent (B) froma corresponding control sanple;
(iv)conparing the ATP and/or |ight output neasurenent

S e ok R YA
t ~&Verhht (el @ d 52 (v) identifying the test sanple

as contam nated with nycoplasnma in the event that the
ratio ~6aSgl k' 970E( atJrglc SAI~(dtE is greater than

one. 29. APRLRRL @ YoiPr ecedl g cl ai ns
S+r—paSBEng the

wh K .
tegtr elsgmtal nggﬁ&% o o (&Y PBact er i al

cells. 30. Use of acetyl phosphate or a precursor
thereof ; ~and/or carbanoyl phosphate or a precursor
istpabasfthanong. met hod of det ect | ng 10 contam nation of a
sanpl e by nycoplasma as defined in ains 14 - to29.
é A kit for use in the detection of mycopl asma

cont aft Fagthed Wléhlled:mnbfqﬁscédiﬁgchhierV‘dvﬁgrenll $he fdethod
acetyl lela%s hat e or recursor t her eof and/

car band gﬁogﬁl?af’% Pars1Re ghedatissrmplh dlhB:ﬁfc,h éu fﬂ)telAQfﬁch
at anrgm s to drive the enzymatic

reactions adtt&hﬁ%fﬁgectl on of ATP formation; 20 (iii)
one or nore agents for |ysing nycoplasnma. 32. A kit as
claimed in Caim3l, wherein the agents for |ysing

T copbas ﬁﬁa@@ﬁybphs@maa aet pre@eitor thereof: and/or carbamoyl

31. A kit for use in the detection of mycopl

32. - A kitas ¢laimed in Clalm 31, Wherem the

33.

34.

phosphate or a precursor thereof in a method of detecting
o

cqntamination of a sample by mycoplasma as defined in Claims 14
to 29.

asma contamination which
comprises the following: '

(1)  acetyl phosphate or a precursor thereof and/or carbamoy]
phosphate or a precursor thereof: -

(i) ADP atan amount in excess to drive the enzymatic reactiong
in the direction of ATP formation;

(1i1) one or more agents for lysing mycoplasma.

agents for lysing
mycoplasma compnses a detergent |

ALt as claimed in any one of CIalms 31 to 32 further compnsmg

means for detectmg and/01 measuring ATP byali crht—emlﬁmg

reaction.

Akitas clanned in Claim 33 wherein sald means compnse a

myco;a]asma detection reagent (MDR) whxch includes magnesium




25 33. Akit as clainmed in any one of Clainms. 31 to 32
further conprising neans for detecting and/or
nmeasuring ATP by a light-emtting reaction. 34. AKit
~as claimed in Caim33 wherein said neans conprise a
30 nycopl asma detection reagent (MDR) which includes
magnesi um 53 acetate, inorganic pyrophosphate, bovine
serum al bumin, luciferin |luciferase, ADP and AWMP. 35.
A kit aselieainnednic pysupiosphete ofovGicadenem albutndn, 3dcifdrds ei n

the reagepts ed in a lyophilised condition.
36. A aﬁ?lpc 3=c@é§ﬁWany one of Claims 31 to 35

which fi,rther conprises a nycoplasma assay buffer
(MAB) in which Iyophilised reagents can be
r edbnstA kitieedain®d in doykirts cdClabai3ied 34 whsked the36agents

wherein the huffer i.ntai ns_.a p$ of approxinmately
7.5. 3@?‘31?!(012‘8? e lypoliied ORGP m 33 or 34 fi u-t her

conprising a lum naneter, which is preferably a

hand- hel d | um noneter. 39. A 1dt as clained in any one
of 3&| aifnksit Blcldimed H dnyravket Chomp Bl $6 A whichiahar i al
filter. . ' :
prrer comprises a mycoplasma assay buffer (MAB) in which lyophilised

reagents can be reconstitnted.

37.  AXitasclaimed in Claim 36 wherein the buffer maintains a pH of
approximately 7.5.

38, AKitasclaimed in Claim 33 or 34 further comprising 2

luminometer, which is preferably a hand-held Iluminometer.

39.  Alitasclaimed in any one of claims 31 to 38 further comprising a
bacterial filtes.




