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- 1 - BIOLUMINESCENT ASSAYS UTILISING SECRETED
LUCIFERASES Field of the Invention The present invention relates
generally to reagents and compositions for use in reactions catalysed by
luciferase enzymes, and in particular for use in luciferase-based reporter 5
gene assays. The invention also provides methods and compositions for,
inter alia, increasing the sensitivity and/or improving the kinetics of
luciferase-catalysed reactions. Background of the Invention Reporter
gene assaf3H EEN I ARPAN SR G SEGRERER HHEURRASES
permitting an understanding of what controls the expression of a gene of
interest e.g., DNA 10 sequences, transcription factors, RNA sequences,
RNA-binding proteins, signal transduction pathways and specific stimuli.

In particular, reporter assayF it b thaethivetioify nucleic acid regions

important in gene regulation. Such regions may serve as potential targets

for thefee ptesénteinvention ielates tgentraliynto reagersntiand ofdmposilions for use in
reggﬁﬁﬁ'?%gta@%?;ﬁgfuaﬁgyé é?‘?z?n?ﬁo § Hﬁi&lﬁﬂgﬁ&gw%ﬁfﬁﬂased reporter

ability to modify gene expression. 15Typically reporter assays are used to
gete ﬁﬁwya-gﬂﬁeérwﬁmméhse@wideﬁrra@é@m@@qé%miMﬁ faraife6aatdicreasing the

sSHeNIHRMASSATRIIATY tRCtanditing ciaR QL AH1REd8MRIALY elements.

Alternatively, such assays are used to study the response to various

stimuli or agents of a prmoter or requlatory element. In some

applications, the reporteg%1 k@l’?ﬁ%augig?]% FHX%@E%Q or transfected

cells, nirodyced | [sm.t I er funpction n viv .

Furthor B8 ooty accaleo S AL e T LI 3F e Bression
peraituetioimgeistanding whrheaseniiisshecHpregipiotte Bgnwy bfterest e.g., DNA
seRNBRIBLS HnDATRR A SROARIE RBFRITESSINCHINGIGVErRIAALE Qutalifansduction

promoter sequences or other transcriptional regulatory elements, nucleic =~
PRSI SPRE o8 HTHl APEPETIFHRT FRBPFISh Py B RIS SROO I TYg e acid
re@Rn8 iRPOTENENE JeaUIsi paiet. renscrpiins hasen s awpstRRMaIgR. i@ therapeutic
S BT e R e TR e BT e e
topxntensryefe thain dbittyelimodify gene expression.

Typically reporter assays are used to identify a gene promoter region or specific
elements within a promoter, such as transcription factor hinding sites or other regulatory elements.
Alternatively, such assays are used to siudy the response to various stimuli or agents of a
promoter or regulatory element. In some applications, the reporter constructs used in the assay,
or transfected cells, are introduced into an organism to study promoter function in vivo. Further,
reporter assays can be used to study or measure signal transduction pathways upstream of a
specific promoter.

By way of example, in the case of reporter assays designed to investigate putative
promoter sequences or other transcriptional regulatory elements, nucieic acids to be interrogated
are cloned into reporter plasmids in a location so as to permit the regulation of transcription of a
downstream reporter gene, and thus expression of a reporter protein encoded by the reporter
gene. The reporter protein should be distinguishable from endogenous proteins present in the cell
in which the reporter plasmid is transfected for ease of detection, and preferably expression of the
reporter protein should be readily quantifiable. The reporter protein is quantified-in an appropriate
assay and often expressed relative to the level of a control reporter driven by a ubiquitous
promoter such as for example the promoter SV40. The control reporter must be distinguishable
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in which the reporter plasmid is transfected for ease of detection, and
preferably expression of the reporter protein should be readily
quantifiable. The reporter protein is quantified in an appropriate assay and
often expressed relative to the level of a control reporter driven by a
ubiquitous 30 promoter such as for exgmple the promoter SV40. The
control reporter must be distinguishable - 2 - from the test reporter and is
generally contained on a separate vector that is co-transfected with the
test vector and used to control for transfection efficien%/. Such assaé]s ar

fothedtesheneTE RIS GRAeEUSoRIaNGR Qi SSATGAIEINF LB PR R HRO e wih
OB REigsnd yasiety ehliflersntapRitaliefkitacyesaseagRpe aesbysed on the

Involve measuring a change 5 in gene exprea&g&c\;ver time or after

preqaiarithatsels &3 Pe arpodRng!igHR) AGHH? 91%Sis of particular

' t in d ing. Following the additi | '

 meabU Y B HEET AHEAIRTRAE FESERE D o oo ol st nance
in généaskmessloangestinemafssidditavels am@mnérdmgdiglardumfm@m\ﬁ&ta his is of
p%ﬁé@%ﬂ{rﬁp@é Irrllg'ec%q t(ﬁﬁj& A& uc&&@Wi\@&%‘%ﬁ%ﬁ%ﬂ“%fmﬁé’gj%,th)%tecting a

cant Is the*combined use of m - and protein- 1

melssrabkizinangdem enelsinfiiie repestespirieitomay brpteiakethandsdisipda8 changes in
GW%(@&& I63PRGSEnASIIRsSIIRCRINECP oRslENY UB Bgimoimrilieasom such

,093, the disclosure of which is incorporated herein b .
cneinsisneaecenty iR e uPeEn PSS 1 SREPRD S s G sy Protin-
de%\/a?dir?émgl MBH@?mﬁ iﬂﬁffé:ﬁf!’;bbﬁ@;@@éﬁ#ﬂ@c ?%m?gﬂr?m$%@mmnmdﬁnmmmnse, as

eing chloramphenicol transferase idase (p-ga o
dangebed canesPeRding vy P@éﬁgrgggéat'on N_‘hcﬁé@ﬁe{% 't emoggsct%sdre of which is
in wilyiarspdbyeslersacqrotein for in vitro assay systems. Luciferases

are enzymes capable of bioluminescence and are found naturally ina
range daooganEoten rgetemansayialistenairibl serpaisislstavalahlecitisiag Lifferent
QAR RIGAIBRIEINGO Mo sRUNSAHIN SN ERARRABSIAIadak (CAT) B
ose which utiliSe coelenterazine as a substrate. The 20 most widely
galanjorigens Eanhplluasesprntorpiains anitiisifalasierase, an intracellular
enzyme. Additional examples of luciferases u?tji_Li%in Iucil;frin,inc ude those

derived-$eSRRasenisr Wﬁemﬁgé%‘?m@édﬁ@ra{?g ;QiOEENE olliy o, gpay systems.
LiigtseadswasmszanesDiasapk (s bhehissderfos endrameiimdM@turally in a range of
2007/019634). Luciferases, ytilising coelenterazine are typical i :
O ar ARG AL BSORB SO o L o A e o trose
whietugtllee Reifetia hscifeuhstats A8dittoacethithrytiiseeconlerteaarintaar gifthsyate. The

in jts native state i ret Z I Ci r"ﬁ?a*‘c'

H}%S(Ls‘g'@ meM%zr‘Pﬁ{Sf’Z %%ﬁg{gl,g\ﬁaf:&%a gilger %gﬁﬁfﬁgﬂ%ﬁ%%sigraciliroéggliés)rfjgnzyme'

Aﬂdéinnahwamnpb&xbjHﬂaﬁemﬁﬂﬁ@h@@ﬁh@@ﬁé%ﬂ%ﬁ%ﬁﬁ@? from other members of
(RiasE; i Rdisierasexample, i

CHIE B BT A MBS e e

VW tRASHD EBDontisiciersaR ruidishg coelenterazine are typically

organisms such as the soft coral Renilla or the copepod Gaussia. Renilla luciferase is

om~ marine

intracellular, whereas Gaussia luciferase in its native state is a secreted enzyme. Other secreted
luciferases include those from Metridia longa, Vargula hilgendorfii, Oplophorus gracilirostris,

Pleuromamma xiphias and other members of Metridinidae.

Luciferase-based assay systems may employ more than one luciferase, typically of
different origin and each utilising a different substrate, enabling both test and control reporter to be
measured in the same assay. The ability to measure the signals emitted by multiple luciferases in
a single sample provides obvious benefits, including the ability to measure multiple parameters in
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30 measured in the same assay. The ability to measure the signals
emitted by multiple luciferases in a single sample provides obvious
benefits, including the ability to measure multiple parametersin -3 -a
single experiment. Typically, two different reporter genes, differing in both
the type of luciferase encoded and the regulatory element of interest
controlling expression of each luciferase are inserted into a single cell line.
By way of example, a putative promoter element is cloned upstream of a
firefly 5 luciferase reporter gene such that it drives its expression. This

asiagimmmnerinentichyaisaliiniue diranteepoder ganes diiegnithbata dieriype of luciferase
eRiBEI AP e TiRQ e RemEAL U RESE SRR SR BY 48:h Iucn‘er?se are

promater. First luciferin is added to activate the firefly luciterase, activity o
ingterbipioraetingleredldiifed, and then a "quench and activate” reagent is

added. This reagent co tains ound that enches" the luciferin
signal Elxd‘"éﬁ%og g’c@epéﬁﬁ% ZBFPé“RSeé %ﬁﬁ‘é‘m% $9NRe igstream of a firefly
Ukifeifzse sepottes gmtwﬁmbﬂhahntbrl\mmwemmmem hihelddrmithiegrak3isathGlansfected
a te The level of |, .
R SRR AR SRR Pl PR 7 ven by the
SHfoperneignsfat ducitsiicie rrdged tisactivatestip disafly, ld@bmdiraythrﬁythéthis reporter is
mRsRarat GhEPNRnthe gHaiy %H‘%ﬁ’g@”pf ggt'igrhﬂ&%t %npég Phontains a

the cells. The co-transfected cont asmi luci erase riven

cHyrauadithsle ﬁﬂ%ﬁ%r@d}ﬁ%@@h@%&?@@%ﬁdﬁm@f@mLm@l@ntﬁr@émed@ fagtivate the

Rﬁﬂﬁléell)tﬁé'@%e&h@%’éﬁ*ﬂt@'@ﬂ%l@fﬁqg‘tﬁ&”ﬂ%ﬁﬁéﬂ"a'fHé'%%gé%WéhGiﬁ Luciferase
g@@ortlonal to the am unt of firefly luciferase plasmid taken up by the

S Ritefraiv Qcﬁ“ al'fpfﬁt%ﬂy, the Renllla luciferase may be used to
control roth such sceII er ceéGW bl|ltéand

genera ranscrlp lre \fﬁ? ] W%{? gpﬁg AR Q,U}?é?ﬁg?tlé{lty, but also
Ofpﬁaﬂeiﬂ@omreﬁmm oﬂmmmnmdaﬂmwtepbewrt@ammeahmﬁeﬁ@mme qualty of the

tw«%ﬁ@ﬁﬁ I pﬁ‘l%ifl)%ﬁal € 7 tHaCBls. Tt@ RlEmalivemeths r%féjlfmld Renilla

€ sighals 0 two or more luciferases in a single sa
'uejf@éﬁapmwangwcsmtab@ ﬂ@!@tﬂmﬂ@blaﬁihaé)ﬁ&a@motﬂdhsumezbb toreast for these

vaisigesnbReg s lvefsrases ﬂk@l@é}%&ﬂ&&%é@éﬂ&%ﬁ&f%ﬁﬁd&m@'@ fﬂ}e‘ amount of

WhICh emit “%ﬂé@éﬂ ifferent wavelengths. However, in this case o

firgfbejuciiorase t@*@éﬁ&r&tféfiﬁé?Q!!ﬁfeMﬂmtyﬁ%ﬂ@rawé”ﬂﬁi@lléatag Renilsluciferase
m@%&@%@%%ﬁﬂﬂbﬁ@@ﬂ@%@%ﬁe@ﬁﬁ as cell RuMBEH aRIE RLAMPAY/S general

dual-luciferase. assa tem that allows the test element (e.g. promoter)
SR LA 1 Rt Lo R ASHar e S)Eanha SrEs YL KRR S ompound
apslieficies thie sigjsed et rtsitly mromo e e/tds spagiticdd diféssenempplications,

including the use of weak promoters or difficult to transfect cells. Signal

streng#igliinaéys meipodtfon distinguésivonthel signaistef tive oaomes m):imahes in a single
rql o
SR SIS K BN FEO g ottt

Iugf@m {@gﬁ@%tmﬁa@@ﬁ@mgdwqug@@nbm%emt light at dlfferent wavelengths.

However, in this case optical filters are required to separate the different signals and this leads to
a reduced quantifiable signal per luciferase.

It is desirable to employ a dual-luciferase assay system that allows the test element (e.qg.
promoter) to be linked to a highly sensitive luciferase system, such that it provides sufficient signal
intensity over a wide range of different applications, including the use of weak promoters or
difficult to transfect cells. Signal strength is far less important for the control reporter because; a)
the control is not essential to the experiment and; b) a strong control promoter, such as SV40,
RSV, EFtalpha or CMV can be selectively chosen to ensure that sufficient signal is generated. In
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- 4 - other words, a luciferase that generates only a weak signal (per

molecule of luciferase protein or luciferase gene) can be selectively

combined with a strong control promoter to ensure that a detectable signal

is generated. Users do not have this flexibility in terms of choosing test
promoters. 5In this context the commergially available Dual-Glo Luciferase
Assay (Promega) has the disadvantage of utilizing the more sensitive

Renilla luciferase for the control reporter and the less sensitive firefly

luciferase for the test reporter. Further, the system requires that firefly
ofighupidsnRcasiireasitral aaneraismaniraiweplasisnaldrenmatssule ol lucfesayrotein or
\RyEHaEE GBRYY &eb stibzRRiNesrbHeL Rt e lerlsy %ﬁ_ﬁ&f‘g’{%%\’&bﬁd’%ﬂsum that a

lower Fen,sitlvity than firefly luciferase. Furthermore, it is not possible to
dRiReiRR SIgR3h iMIGDEIAIGE fe HSES Wt B0k RdeuBus ety HRIMSedluRkopsing test

peofidrer loss of sensitivity. Additionally, most commonly used
luminometers are not compatible with protocols requiring discrimination of

multiplénviy etextexttise comiferaisty easiablashayClpdterieabe pastgyRwiagakhas the

- [ 15 lucifer ically employ two
i i QoA ST T e e R
serfitvariefty lysiéetage denithartestirportete dauthetifbeasysidaiciticaiing that firefly signal is
mekBseq|Rpt measurement. An assay buffer containing the luciferase
substrate and any cofactors is then added, after which, a measurement of

luciferape aghivitirifalRari ASRARUARBISALIN AYRE @%im%'ﬁ%gﬁ%{)(hﬁﬁzes three

bwighir steconds of the additi?n of the a,s_sat/pgplgfer SOo-ca o
PEIGIHGHST35ES NAABYE SUTMBHYRS BeRsty-taneletyidupisseridriihgymore, it is not
possiblp 'tglmedswagenitsiividie lasiaysbuiftothaidkespdhfitdehbion adsiiabie a further

for d period of time, Flash reactions provide the highest signal, ,
loé%regr%%%ﬁ%ﬁglhy' uﬁ?@{ggra syéc%ﬂsc}) PR e%s)? A '@ﬂ@%ﬁ@aﬂ&%d@ O?o%pgtlble with
potesalsirRgtirgeksosierratioityf Bldive emvtiengtame particularly advantageous

in applications where, for example, the user does not have a suitable

luminoktEHerageRABpL asRathSYSieatorE) padiauiarathane sidiste ing eommesehigrace!lular

IuUW@Pé%@P%%W%ﬁB@P%iﬁﬁﬁié’f’é?é"ﬁ?ﬂ%lﬁ%ﬁc?ﬁﬁré’r?%§§$?%ﬁﬁ&‘?irﬂ'f’eq sis buffer is
a%%{?gt between injection and measurement. Glow reagents for Coleoptera

s el Bt dree iy iz aadh s trisest dHcierese afeniitfingigubsequent

m&agznfa@flnt Wh@@}timlﬁfésfenmﬁfgmtnm?&g,ﬁhfbet*rl‘aﬁ@ éF][dgaHﬁltlzofactors is then
as also pee wn 10 exien ow o enila

e RE Ut & TSHRBETL S T M b oSBTy b mce

imeadietety (reavitivn sswomdest dires aalditidrits, techssayduffettisticiid$ash” reaction), or

ide improv itivity in luciferase reactions: that is, a
oSO R o SR S SRR R By e
thed dgemtheTiight isigitap aialre for retedendedvberiediiof timporideasjereacissayravide the

OFOVi | Juciferase imt f 5_integest f .
Ot SR AIIE ol st AR S g o
highsstsenaitvitiis JPiviereastians @Aty ahnslventaget. i spilicetiens where, for

eXSRFIELERY 868PBolRITEARRE SSMEIH NIUIME IS iRTIEERIRTSectors) rea?ily available

miniaturi&}atiowf reporter assays by reducing the minimum number o
i

OTENISYBE R THHEIRY SRIRRIG GRDlisARas a%wrseh%%em%?&@uwires a delay

batvleen injetititngaad sayasyreinons Bioludbaged@sieiliizengts e MeBIas8Y@ardbe produced
b)mr?c Sd%%sg“tgl%g such as CoA or DTT in the reagent composition (see, for example, US
5,650,289 and US 6,641,641). DTT has also been shown to extend the glow of Renilla luciferases

(US 6,171,809).

There are a number of disadvantages associated with existing buffers and reagents for
luciferase reporter assays.
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10 in co-pending United States Patent Application No. 101658,093, the

steady-state luciferase signal is reduced. Thus, reagents that provide

higher signal strength would be particularly advantageous for reporter

assay systems utilizing destabilizing elements. Also in the context of

improving the signal strength or sensitigty of a luciferase signal, an assay

reagent with reduced background luminescence would improve

performance by 15 increasing the signal to noise ratio, providing the

reduction in background is not associated with a reduction in the true

luciferal8eP8igiFler. therecisitingemh&an spgsaisqtrastivonisgIReRiiAM ek kit iAcluding
itk Hsel e ianmdoplier fprovhesereliniPingbbiRalkasfhetwees a signal

wells. A s%nﬁl that decai{fﬁgrapld Woﬁlﬁid minimize this unwanted artefact
SRt i SbiE T Qs SRR BRE L ST ing '§8QRhal This is of particular
refesnTeteTarélthe 26hoitidiz gelighiseapizipovidedl opkeibaciacelnsf dittadsaul the cells of

. With,. current luciferase assay systems some level of light emission
mpéléglt’st}érlg)r%mgf?erwmeégsu?enn?gr’)é,eévgﬁ%{ﬂg{%% eoglﬂ] Wcﬁ?lhevzmﬂa%wm where the
celmglintereThitestiifficulistortrassfestisahdupa nithsthaspoadnteotoof frasbased sensitivity
i . . ciqq | : iaction.
e e oK P Rdmber of
colieipgyiaaianislda signM stenatbdhal srnci Edishlyenaasumthe contexts a
quenching 25 reagent could be added to terminate the luciferase signal.

HowevEieR SEIFRSRTFRKRG ST Rl eRsiARbE RaRibreoMEs et ase described
inpipipetidivg SeirdvetatdsPatdatengpibatole Nant) /68 093! afierstolsysie Mciftrase signal

. further limjtati f t lugi is t f dif t
R PP B R T e SR B 1 B Al eripgeoss
fod esporio e alssdnosystampeautitibimpdestaiivisy 2e@natdifferences in emission

wavelength have been utilized to separate signals generated by two or
three difRsrénthricHaierd o6 impcaingdithensignaksirenah o sanaltivity thicadigiferase signal,

afr Ay TRIgRNt fit YeliEas e grichE NBRIR:RSSRY Wﬁfﬁ"%&gﬁﬁbﬁﬁrmame by

measuring four or more differentluciferases and therefore e

ingreaRjag<hsr sisnlde Rebie raligePEAVIdig 1o sxdvstinn thdagkareusdrspiet apsociated with a

redoeleis i ignresaneagiiement of multiple different luciferases, it is
necessary to have a reagent system capable of supporting the activity of

the diffEx@stindunétacaisesr fuarntigingoicinallescersequrntiavalClatsioemand suffer from

R N o s 0 A1 (GG aB G, mnimize i
Uwaﬁtﬁsﬁaﬁﬁmﬂ Wigl@lﬂtﬁﬁ_e@r%h_lg duifeubsmweatotieassrGuanimbagditiore: parameters that
uﬂﬁ?éﬁ%?@.r;ﬁgﬁoﬂrﬁsﬁl&étgyér‘rwé% PlRLE SRR MR T RIRCR Y55 Rtems some

determining the amount o
level of light emission persists long after measurement, even with the use of so-called ‘flash’

reagents. This signal serves no useful purpose as the intent of flash reactions is to measure light
emission immediately after injection of assay buffer. Moreover, the persisting signal can interfere
with subsequent measurements of luminescence or fluorescence. In some contexts a quenching
reagent could be added to terminate the luciferase signal. However, a self-terminating signal that
does not require this additional pippetting step would provide a simpler and more preferable
system.

A further limitation of current luciferase assays is the number of different luciferases that
can be distinguished and measured in a single sample. As described above, quenching reagents
and differences in emission wavelength have been utilized to separate signals generated by two
or three different luciferases. An additional means of separating the signal from different
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10 activity of a luciferase enzyme in a sample, The present invention is
predicated, in part, on the inventors' surprising finding that thiols and
reducing agents such as DTT markedly shorten the period of
luminescence generated from luciferases that are secreted in their native
form. Additionally, the inventors have syrprisingly determined that
inactivation of such naturally secreted luciferases by reducing agents is
time-dependent. The delay in inactivation provides a window of 15
opportunity for measuring luminescence (for example in flash reactions)

lysiesatesivyd raRabim assantisigal canable ehmesawineriaibetmeoindiffaient luciferases
afaRiRfthe Qﬁﬁ@ﬁ?@é\w@kﬁ@@ﬂb§?&5§Hyﬂé\’d{ﬁ&8ﬂgﬁr$‘ﬁ§@r9 hagR 3808ample. To

el%ﬁer baclf?%round signal) and a faster rate of luminescent signal decay for

er raj : sig
PetiRi iBRRYS SREAHEFMEN: i rHilPCC AR SR UGS RS a8y Al I Sb S faeREValehave a
reagsal systimaciplidiasf sushoeidgans aoimpositienaiféRhhRdmassENFurther, to enable

8 7 B S A T v
reegont aygitivdtiatraigwinmniipatiogenthe dimb tteifaasageactitowetieut irtjiying subsequent

Iu@%@s@?@ﬁﬁ@ﬁ@lso apparent. For example, luciferases can be used to
label antibodies (e.g. for immunocytochemistry) or to label proteins (e.g.

for BRET assays). The ability to experimentally and selectively switch on

and/or off certain 25 luciferRuaanNaefdbhe InveBtivrerent luciferase

labels tq be used.in a single sample. In the case of BRET assays, blue
bt o RS B SR A SR AL R B ol 155 Bgairing e amount or
aglivdyes celuciefaseneazjuer ésesatmplateThd rpessse ipvondiontis. prbdicatedsentart, on the

- ) dstinau S late T
R T ST e R S ARt rsbepen te
pefisshpé. lummnesornca eaerateds iiostriue{epedatibauifersaméigddrbeeir native form.
AGERMSRL RO thARFRAVALYE %ﬁ'@iﬁ@)"&%@t‘%@dﬁéﬁ @éﬂﬂgeﬁ%sﬁ’smﬁ{mémﬁsecreted

first luciferase, in its native form,’i$ a secrefe u?: erase.
lugifgeassahyriegkoing Aasnts dsrimesdepsagard mipasEimibinary\atiempinyisesyaméndow of
otV a6 viBaSIrNgG IUGIFRRBARBNALT SeMEEURG fbshueisranRg iPﬁBraﬂ) loss of

inactive conforma{.ion. 5Trbe first luciferase may be a non-secrete
a

lumiBERAE IpRRbr o NSitAmRRAmERte ObdherdarsRlien renable réien OFPRsaiesy of higher

sdnsitetastrongyr fitdisphecelenterdaine eiypuhsigiel) Bhe AreblbIGirasRiminescent
i substrate and he of marine ori

SR R RS AR S TR S, e
metimdatopiasandrepgenivenidsitispp., Cypridina spp., or Oplophorus spp., or
ol oo L RIS ol ol R B cance

muidigiRsasRciecd- AT ditivle dusifairsied BESAVE:) Soatmevethpds davarephlications primarily
in CYSH8aE1BRerSasEYS, SURNIES AN 1P (R-cRTboXyEIYY %%ﬁ@%ﬁ{c %t%)? “example,

e reducing agent may be OTT. In an embodiment, the luMinescen

luGiiBrRsP SAR R 4l3as) tenlatsisantibarios da 4 fercimsmirersytachemistighor to label proteins
(egmiopBREENiSsA)3)thehee astive stk il I diEsldeRiER 3RRCMEY BRilor off certain
luafged smt#ltaneol@lé/ \ tr; trﬂtj @ducmé% ag?ent (i) the reactive substra_te of
RS fIRREPTE &l JeiansR el 19 Be0Re R 3 TRER SeBRlesifhike case
ofgBREfateshdys, tHiuBrdighickenitivg itucieasegear@rinefaredidiionpd theed to activate
[ t, Qr (iii). the reducing agent may he added to the sample |
SRS e T e O TSP Al RS e, provices 2
meagR 0 ghistisgaisil diymBrififste7 Diniridecases ifometgudiftb lpatdriedenfttiaty luciferases,
théreipRIRRANAG RiRd B tpe reducing agent

A first aspect of the invention provides a method for measuring the luminescent signal
generated by one or more luciferases in a sample, the method comprising incubating the sample
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In an embodiment, at least one of the luciferases is expressed from a
recombinant reporter gene. The luminescent signal may be measured as
part of a reporter gene assay. The sample may comprise at least one
intracellular luciferase. In an embodiment the intracellular luciferase may
be derived from a Coleoptera or a Dipteya species. 25Where the sample
comprises at least one intracellular luciferase, the reducing agent may
added to the sample prior to addition of the reactive substrate of the
intracellular luciferase such that the first luciferase is inactivated prior to

WieasadMeEPBraiRis ahirdyesiesitih o brarakieed Byl mieditiag aBanio inactivate a
fitstaiferasse, Wherdir aealis alchesiier asRanan PR At i aled Br dheredvsing

agent. The period of light emission from the intracellular luciferase may be
extendhel inyctivatiedofcing b6 Rokbsd heaficranidspeprhdus itaRaRARY catalytic

ili dif t trates. | le, -8 - the first
o T S A B SR e
lucifergaeqniay, i {15% IHsifesin ﬁ&]-%%ﬂ&%y?{f?dif?éd%’m 0 RS IASE secreted in
and the mtrace(i ular luciterase may both utilise coelenterazine as a
its0plitedasm. The finsbluciiaipse mayubtise ceiclentprezinerad eesititstigiel|ulhe first luciferase

A IRIASESIHS MRS LA FIANaR %@@Tﬁéﬁﬁ@%ﬁﬁfn@h?ﬁé!"iﬁc%ﬁé@& marine origin

intracellular luciferases may be produced at different wavelengths.

M&Y B A58 B HEAHREn BB pFRHERSE R 8RBl MetvriasiingGriidina spp., or

Chblopiesssp. StgRd gfRataledytRdusiternse in a sample, wherein the
luciferase, in its native form, is a secreted luciferase, the method

compfistngd(ejupageotingyremprsple tvishgowaciive wdustgigeitthay be selected
iferase: 10 cting. le.with a. reducing.ag time

Y R SNBTREP ) AITYRISOR R Ecarar

cysteamine, sodium sulphite and tris(2-carboxyethyl)phosphine (TCEP). The reducing agent may

be DTT.

In an embodiment, the luminescent signal generated by the first luciferase is measured.
In such embodiments, (i) the reactive substrate of the first luciferase may be added
simultaneously with the reducing agent, (ii) the reactive substrate of the first luciferase may be
added to the sample and the luminescent signal generated by the first luciferase is measured prior
to addition of the reducing agent, or (iii) the reducing agent may be added to the sample prior to
the reactive substrate of the first luciferase and the luminescent signal generated by the first
luciferase is measured before the first luciferase is inactivated by the reducing agent.

In an embodiment, at least one of the luciferases is expressed from a recombinant
reporter gene. The luminescent signal may be measured as part of a reporter gene assay.

The sample may comprise at least one intraceliular luciferase. In an embodiment the
infracellular luciferase may be derived from a Coleoptera or a Diptera species.

Where the sample comprises at least one intracellular luciferase, the reducing agent may
added to the sample prior to addition of the reactive substrate of the intracellular luciferase such
that the first luciferase is inactivated prior to measurement of the luminescent signal generated by
the intracellular luciferase. The intracellular luciferase may be activated by the reducing agent.
The period of light emission from the intracellular luciferase may be extended by the reducing
agent. The first and second luciferases may utilise the same or different substrates. For example,



10

15

20

25

30

(c)measuring the luminescent signal generated by the luciferase before
the luciferase is inactivated by the reducing agent. The luciferase
may be a non-secreted modified form of a luciferase that is secreted in its
15native form. The sample may be contacted with the reactive
substrate prior to the reducing agent or gontacted simultaneously with the
reactive substrate and the reducing agent. A third aspect of the
invention provides a method for measuring the luminescent signal
enerated by a luciferase in a sample, wherein the luciferase, in its native

therfirstibiciierdesanay Wilive caslenieeninetA @ cubsibaisinbd (hy duesdulag lusiferase may

wisepleifefithas seapkvatsURYeaienelieelltrifasashd (i EAKUIRLIR rase may both
I minescept signal er@rfﬁted by the luciferase; and (c) subsequently
“ﬁi&%ﬁ&%’ﬁa ?F?é@%ﬁ'ﬁ%@ i actereducing agent that time dependently

inacti iferase. 25A fourth aspect qof the invention provides a ,
ool A s e e o B e et sonals
ganssainol Y (b dweior therguisifeceliidariludtisnaseivmdy be pisdacsacredifidrent wavelengths.

luciferase, the method comprising; (a)contacting the sample with a . .
reducif§esgachesragtiibedaynioe atpyinesctingtbertfes messeriagdhe luminescent signal

qeRéRIcanIpatingitisssampleaiie awRASHURSIBRIFAE, 9 thenbriteraseiidecreted
c)measuyrin tpe luminescent signal generated by the luciferase betore
llfﬂ r@sg,_#}e nget od comprising:
(a) contacting the sample with a reactive substrate of the luciferase;
(b) contacting the sample with a reducing agent that time dependently inactivates the
luciferase; and
(c) measuring the luminescent signal generated by the luciferase before the

luciferase is inactivated by the reducing agent.

The luciferase may be a non-secreted modified form of a luciferase that is secreted in its

native form.

The sample may be contacted with the reactive substrate prior to the reducing agent or
contacted simultaneously with the reactive substrate and the reducing agent.

A third aspect of the invention provides a method for measuring the luminescent signal
generated by a luciferase in a sample, wherein the luciferase, in its native form, is a secreted
luciferase, the method comprising:

(a) contacting the sample with a reactive substrate of the luciferase;

(b) measuring the luminescent signal generated by the luciferase; and

(c) subsequently contacting the sample with a reducing agent that time dependently

inactivates the luciferase.

A fourth aspect of the invention provides a method for measuring the luminescent signal
generated by a luciferase in a sample, wherein the luciferase, in its native form, is a secreted
luciferase, the method comprising:

(a) contacting the sample with a reducing agent that time dependently inactivates the

luciferase;

(b) contacting the sample with a reactive substrate of the luciferase: and

(c) measuring the luminescent signal generated by the luciferase before the
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luciferase is inactivated by the reducing agent. A fifth aspect of the
invention provides a method for measuring the luminescent signal
generated by a first and second luciferase in a sample, wherein the first
luciferase, in its native form, is a secreted luciferase and the second
luciferase is an intracellular luciferase,¢ghe method 5comprising: (a)
contacting the sample with a reactive substrate of the first luciferase; (b)
measuring the luminescent signal generated by the first luciferase; (c)
contacting the sample with a reducing agent that time dependently

inactivates tHefrataiinariisated bYd)e spHHENA gIPRE: sample with a reactive
substrate of the second luciferase; and (e)measuring the lumjnescent .
Siondh G SRRy TR LA PR Ao heUhoE ey WA pe  dgscent signe
gepeented & \stefist(aydisesugh (cfaush ithatstmeple minersinehe dighblctenerareds native
by the second luciferase is measur i '
o S T 2 S 8 R (s e et
coogrising out after steps (a) and (c), such that the sample is contacted with

the r@ucin%@;@ﬁ@@%ﬁp@%@FQS&&QE&%&H&%@%@?&H@&%@%:

generdted by ase. The sample may be contacted with

the rédlucindnaganing i knieesspRLaign: sermalRrtiRy the ishuslerashbstrate
of thedjrst Iugiieian- ROSasEvaRASHatHae dRVERHPR eMidRgetiatadrhtes the

for measuring the |Juminescent signal generated by a second luciferase in
a sample ccfl‘??bpi'glﬁéaaeﬁrst and second luciferase, wherein the first
lucifef@se, irdtsaottiyhdempis withaeidivd salfsiralsaf drecstbenddusiiochse; and

of (a§ bont=EREIHE RN IE oA SolE Agant Ter e q Eaenty

inaCtigﬁb%s(H?%@dBfngWiB%@@@é steps (a) through (c) such that the luminescent signal
generated by the second luciferase is measured prior to measurement of the luminescent signal
generated by the first luciferase.

Step (b) may be carried out after steps (a) and (c), such that the sample is contacted with
the reducing agent prior to measurement of the luminescent signal generated by the first

luciferase.

The sample may be contacted with the reducing agent prior to, or simultaneously with, the
reactive substrate of the first luciferase.

A sixth aspect of the invention provides a method for measuring the luminescent signal
generated by a second luciferase in a sample comprising a first and second luciferase, wherein
the first luciferase, in its native form, is a secreted luciferase, and the second luciferase is an
intracellular luciferase, the method comprising the steps of:

(a) contacting the sample with a reducing agent that time dependently inactivates the

first luciferase;

(b) contacting the sample with a reactive substrate of the second luciferase; and

(c) measuring the luminescent signal generated by the second luciferase.

The sample may further comprise a third luciferase. The third luciferase may be an
intracellular luciferase. The luminescent signals generated by the second and third luciferases
may be produced at different wavelengths. The second luciferase may be derived from a
Coleoptera species and the third luciferase derived from a Diptera species.
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(b) contacting the sample with a reactive substrate of the second

luciferase; and (c) measuring the luminescent signal generated by the

second luciferase. The sample may further comprise a third luciferase.

The third luciferase may be an intracellular luciferase, The luminescent

signals generated by the second and tlta'rd luciferases 30 may be

produced at different wavelengths. The second luciferase may be derived

from a Coleoptera species and the third luciferase derived from a Diptera

species. - 10 - A seventh aspect of the invention provides a method

for inActivatihgasphotioé thséntleatipmpitevidaseenteihied foranastiyatiag aubnirage that, in
. the.methaod ¢ ISl ti inj i fHhi
D R e G G
lugderasefvatheciediaing 8getis secreted in its Snative form.  The inactivation

of the luciferase may comprise inhibiting Qr gholishing the catalytic activity , . -

of thel N HEVRSESaEN e OB A L e OB L IPTRGELRL s Sobeta n s
n&QBigrmation. An eighth aspect of the invention provides a method

for increasing the rate of decay of the luminescent signal generated by a

lucifeTaseitbetvatioitsafidtivefoferass maecomptbtubitdviisg, ahabatshieghbg catalytic

omprising contacti tain if i in
SR R S

measky iQu‘érﬂﬂ%&ﬁ@&%ﬁﬂ?ﬁb&iﬂ&%@%@éaé%mmﬁrf&ré@@xﬁ isipsasdaday of the
a sample,"the method comprising incubating the ,sam|?le with a r%?gﬂ@’ﬁfgwse the

luginsseentsignak JaecratarhusersiemsR alal) ds 0alG LTBA§ES
mERSPESVisIRM @ BoRRTRINENRRpT ity nsiliicer averwittr situirg figent.

!ucifergse into an inactive 15conformation, wherein the first luciferase is, in
its nafivierfiarapecsectasanttemsedes a mabodfaspeastudhgberivpingesent signal

rovides a method for determining th ivi .

RIS & R LT el e S e SR ReCb A fre sample
wilin effesctive substrate(sf of fbelatierasgthtionze BRalyIRSpRITR RERORTE ceVRsition that
p%\ﬁdﬁéséh“BHﬁF&ﬁﬁérﬁ%ﬁ%‘%ﬁﬁP PGS MMIBSSRESt SiaRpIiBESseamP!8 inactive

conformation, wherein the first luciferase is, in its native form, a secreted luciferase.

A tenth aspect of the invention provides a method for determining the amount or activity of
two or more luciferases in a sample, the method comprising:

(a) adding to the sample an effective amount of a reducing agent that time
dependently inactivates the first luciferase;

(b) measuring the luminescent signal in the sample;

(c) waiting for a period of time to allow the luminescent signal of the first luciferase to
decline;

(d) measuring the luminescent signal in the sample; and

(e) calculating the luminescent signal of each luciferase based on the results of (b)
and (d) and the differing rates of decay in each luminescent signal.

An eleventh aspect of the invention provides a method for determining the amount or
activity of a first and second luciferase in a sample, the method comprising
(a) contacting the sample with reactive substrates for the first and second luciferases
and a reducing agent that time dependently inactivates the first luciferase but
does not inactivate the second luciferase;
(b) measuring the luminescent signal before the first luciferase is inactivated by the
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(c) waiting for a period of time to allow the luminescent signal of the first
luciferase to decline; (d) measuring the luminescent signal in the sample;
and (e) calculating the luminescent signal of each luciferase based on the
results of (b) 25and (d) and the differing rates of decay in each
luminescent signal. An eleventh aspect of the invention provides a
method for determining the amount or activity of a first and second
luciferase in a sample, the method comprising (a) contacting the sample
with reactive substrates for the first and second luciferases and a reducing
agent that tifedus#geasashitly inactivates the first luciferase but 30does not

nactiggle hmeasRng holRiRasAbmRPaiing: S 'l’tiﬁ’fk!?é’s"é:fs’rﬁa%‘@/é?éd and

before the first luciferase is inactivated by the reduug y agent; (
8

meast¥ing tHeidriip etz solgeiad) inbr QH@ fstoGalpd ﬁm@cﬁdwltles of
and (d) usingdéteiditraceisiatrg i dRhasmbie} taamicylatRethamnraunts or

activities of each luciferase relative to each other or relative to other
samphetvelith au;mdﬁﬂbatpemlemﬁldnqomweeﬁlampﬂmddﬂsiaemﬂn@dtﬁeramount or activity

ofjaeﬁ%lirg,l{a E&&ﬂg lﬁmdg 0L Or.ac ctlv ea n];'ef%t gr&d second luciferase in a

sample, the met comprlsmg a)contactlng L nQpIe with a reactive
substtalte forcontaghing |theiferaple amth sareahatirgsabsinatatfat thedirst luciferase and a

dependent'yréaaaﬂgaéﬁe%ﬁﬂ?a IRt URIEFRSRD HARRRE M RGUNATE 388 but does not

second luciferase;
inactivate the second luciferase;

b) measuring the luminescent signal before the first luciferase is inactivated:

) contacting the sample with a reactive substrate for the second luciferase;

) measuring the luminescent signal after the first luciferase is inactivated; and

) using the data collected in (b) and (c) to calculate the amounts or activities of
each luciferase relative to each other or relative to other samples.

A thirteenth aspect of the invention provides a method for determining the amount or
activity of one or more luciferases in a sample, the method comprising incubating the sample with
a reactive substrate(s) of the luciferase(s) to be analysed and a reducing agent to inactivate a first
luciferase, wherein the first luciferase, in its native form, is a secreted luciferase.

According to aspects and embodiments of the invention the sample may be subjected to a
cell lysis step prior to measurement of luminescent signal. The sample may be subjected to a cell
lysis step prior to addition of the luciferase substrate(s). The sample may be subjected to a cell
lysis step prior to addition of the reducing agent. The reducing agent may be present in cell lysis
buffer.

According to aspects and embodiments of the invention the luminescent signal may be
measured using conditioned medium in which the cells expressing a luciferase(s) have been
cultured.

Also disclosed herein is a reagent composition for use in determining the amount or
activity of luciferase in a sample, wherein the reagent composition permits generation of an
enhanced luminescent signal and/or an increased rate of luminescent signal decay from the
luciferase. Typically, in the presence of the luciferase, the reagent composition provides an
environment suitable to facilitate conversion of the luciferase into an inactive conformation.
Typically the conversion occurs in a timeframe such that the luminescent signal can be measured
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10(b)measuring the luminescent signal before the first luciferase is

inactivated; (c) contacting the sample with a reactive substrate for the

second luciferase; (d) measuring the luminescent signal after the first

luciferase is inactivated; and (e) using the data collected in (b) and (c) to

calculate the amounts or activities of (::'riuih luciferase relative to each other

or relative to other samples. 15A thirteenth aspect of the invention

provides a method for determining the amount or activity of one or more

luciferases in a sample, the method comprising incubating the sample with
pEOFda cRibconrytiate (3ytalhiethe sitarestiyr rstiocarsalger it featuning seconds,

aBER™ & Mavalenad I LNGIeraSH MU &IRLHE TFgh Ifﬁ%ifﬁff?aﬁgni'af%e luminescent

native form, is a secreted |uciferase. According to aspects an
S@Hﬂboﬁﬂﬁ*@”@*&ﬁﬁ?@’ﬂﬁ%@hﬁcﬂﬁ%@%ﬁﬂ@ﬁ@ be subjected to a 20 cell

lysis stm@d@emé@ﬁa@wmeéﬁgéfnh&wm%eﬂwgg@ﬂnm@rm{m%ﬁmm and/or

subjected tg a cell lysis step prior to, addition of the luciferase substrate(s).
a%twa&s ﬁ%@%§ LS @ufﬁ@ﬁ@d Y.’%‘%{%Il'qyélg RE5BRRrAb Badirdaratandie reagent
coenositivg pueieshededeminghageriuitibie lﬂﬁfwm&dﬁv@%iohllafﬁiéUMrase into an
. rdj ects.a mbodiments of the invention the luminescent ..
B S S AR e s
MoK rapidioenvereioifefastys ) utioradectorac inaativel conformstiom disaosiiz beneiintenance

o;saqas%agcfﬁvé %m&rﬁﬁﬁmﬂ fﬂft&ﬁ&tﬁé@%ﬁ%ﬁ&@%%%‘g%%ﬁéf?w%%elﬁf MY R rease the

uciferase in a sample, wherein the reagen osition permits
oyrsabratidl of leifeiaprifce sauintrlusibersesimtieaiaportian oh ticifesse thabadbpts the

inkEBesaRsHhisnl dRpRuIfOmdhR M CERBSS oY RiTAeeD tRARESERCuitable
of the luciferase, the reagent composnlonszlrogwdes an environment

{98189 Fa CHREALYCHR AIRSIE tstie uEarion phibeducilearan bereby facilitating the
admmmimeﬂymaﬂmghaﬁ@nwEﬁi?f&(ﬁi@éW_ﬂ@aﬁiﬁh?ﬁ?&l%@@#&@é@%&@@rdingly,
lumir t g | can.be measured - - prior to said conversion.

I8 RS, L LGB Clo S 1P e 0 SR E7 i P AsEBFRIS! he agent
(taigentt-Bgentintypicallycdemisasssabwmnt thik or Fooexsmglontie adtkr Me/psigtioner at 10
' ' . ically the conversion.is progressive over

o e R R e
the amblgntdiasiorsd Bessitivity ditlisifsmbeassayisgriel amotiedrend/im Hotvity of one or

mBF@Sﬁ&Fé"raQéé,h%Bf“kiifeééﬁﬁriémgt@a%ﬁg Bﬂénf%c%ﬁt%ﬂnceﬁ%\ggf?&%ﬁé?% the reagent

environment suitable to facilitate conversion of'the luciferase into an
CoRReaTancBrYdRsaRBrENYRNBIN SYdable i fanibiateperwgeippyothet feagjeone of the

lueisReSIHR ufasHERE SoatBRaERdgRPId conversion of active luciferase to an
inactiv%lconforlmat' n or adoption or maintenance of a less active

conforfSRiGHseR RIBIS Griidaitisea 2SRy iRgho AMRMHE Andiprachdlye one or

mte luciferases, the kit comprising at least one reagent composition wherein the reagent
composition provides a redox environment suitable to promote unfolding of at least one of the
luciferases into an inactive conformation.

Also disclosed herein is a reagent composition for use in determining the amount or
activity of luciferase in a sample, the reagent composition comprising at least one reducing agent.

Also disclosed herein is a reagent composition for use in determining the amount or
activity of luciferase in a sample, the reagent composition comprising at least one reducing agent
or combination of oxidising and reducing agents. Typically the agent(s) result in the reduction of
the luciferase thereby facilitating the adoption of an inactive conformation by the luciferase.

In accordance with the above, the reagent composition may further comprise one or
more additional components. Such additional components may be selected from, for example,
divalent metal chelators, antioxidants, protease inhibitors, salts. detergents, or additional buffer
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10 overall activity of luciferase in a sample by increasing the proportion of
luciferase that adopts the inactive conformation. Typically, the reagent
composition comprises at least one suitable reducing agent. Typically the
agent(s) results in reduction of the luciferase thereby facilitating the
adoption, in a time dependent manner, .of an inactive conformation by the
luciferase. Accordingly, the ratio of signal intensity in the presence of the
agent versus in the absence of the agent 15 (+agent/-agent) typically

decreases over time. For example, the ratio is typically lower at 10
CRfRARestshathadivalenidneiahrbeldlontaatirer eirample batsetsaipbanfoiRith CDTA and

HaeAugiesRs 8mbodirishe ﬂ@@?ﬁ@ﬂ hesainiRiaditdnise | F?e@éﬁlaé@ ragcgfﬁ‘éen’cratlon of

amount and/or actmtﬁ)go one or more luciferases, the kit com rising at

biweem ARCHEARMHRRG ARRHS] éa}Mthé}%rﬂaa?@tr@awﬂt@arﬁw@mmfpﬁ&ym&aﬂ assay

reEy@ G pUaE Tk ﬁU&ﬂbi@eﬁ%dmhﬂﬁ%&F@Wyﬁf senefabdeasicenaifiifN@e assay buffer
|so disclosed herein is a

20luc erases into t|ve confor %Hé}
e A e 9B AGSB BRePuTering agent may,
fducaﬁeraﬂasbmérlat elepepnsnmg mde;ami@mmff@age‘hb Q@ﬁg@ﬁslwﬁp\o&ﬁfrﬁlmay further
r r dox e V|ronme able.to promo
o N R S e I BB o8 oo e Grazive.
Imsm%wle&mé@mﬁmhe subsizajens costaptesitione for aiserivathetahataningBy way of

el AE K RIARIN S HEHRIRREHBr S PRIRPIS: Etrté%? osegm acf‘BH 81nmore than

com%rlsmg at least one reducmg agent. erein |

ahadeid coRiB Rt RYE GuM.imeist aﬂm@m@%m dreacahay aﬁuM more than

amﬁg@gmm@@qﬁg@@d@qm@gent composition comprising at least one
reduci r combination of oxidising and reducin ents. Typically
b T st

the ag 4% IHMERSeRY oPionpReane Rigdrdradher Sﬁadﬂlt%ﬁﬂ’i@wed and
dd@meﬂ@hear cb‘aakgtmw@t@mmmnabom kg thindtesiferiasaddition 89 substrate. More

I T T T A

aé@t@nteﬂa‘fubﬂralf@r\mbkmrqhmtdiommm“eﬁérdheladdr‘mrau&lwbdm& or within about 5
nﬁf&@%ﬂ%ﬁ@ ﬁgr?@]lt&&%%g ﬁﬁfaﬂg g rﬁln%%fe% égrkal dec,me  rapidly from

components ivalent metal ¢ rmay OI’ examp e selec

WitdfrR EysacdsTaltes sdditiomat subsifra@etm@mﬁﬁbatystmmmom&t% of the initial
sn@ﬁ&'@?ﬂh‘d%@@t@ﬁ nABRSHraF %Sﬂeﬁ%ﬂmf?ﬁ‘t@f\l\%m ot S E&@Mf@?gddltlon of

about 15mM. The reagent composition may be in t an ass

sBs{eais iR ARaut oﬁd@@wﬁmm@%aé@m f?t%f%@ﬂﬂwia%mlmﬂes after the

adwordinghstrths éﬁﬁmrmﬁé@fénﬁﬁme%ﬁﬁﬁhé%wbﬁ%?ﬁ%@?@'
nt. The huffering agent may, for

compo a bufferin e

examp E'?# ?beég"b 1% T%ggﬂa(imﬁi@?n'l‘fﬂ e YR BetRieamRgstR smount or
am’rh\zaiiy fufthlmlfemmpnrseaasiamrfhramesubsthat&ea'dmtsubmb@émdﬂﬂaabnﬁﬁf ises DTT and

r elent azme In articular empodiment the
o e L BB o] T B example, the
coelenfkii:azilﬁdqsedjbﬁmnseatmeﬁm fmaipﬂammnegdm mawmnceawmloﬂmferase in
h lgoﬁ{\ﬁ]% fao b

ag%ﬁel%hgr% iﬁ%ﬁeﬁu m@:e %mqﬁ%s g\%fn mﬁéﬁ%ﬁﬁe a rgBOIYll\ﬂ reagent
compaSiting BseornIfRimaE e eighalfiinssenad tfjghhentbcwesawtb aspects; and (b)

d@@gmdwgg,ﬁmgsg%g}ﬁqh@s@ﬁ\?febackground levels within about 15
minutes af Sﬁélon of substrate. More typically the signal declines to

less théﬁca ¢ie W?WQﬂﬁW@WQTWﬁHW&M%WéQ@tQF increasing the

signal:noise ratio of a luciferase reaction, the method comprising contacting the luciferase with an
effective amount of a reagent composition that comprises a substrate for the luciferase plus a
suitable redox environment. Typically, the reagent composition comprises at least one reducing
agent or combination of oxidising and reducing agents.
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15 addition of substrate, within about 10 minutes after the addition of
substrate, or within about 5 minutes after the addition of substrate.
Typically the bioluminescent signal declines rapidly from within a few
seconds after addition of substrate, to a level that is less than about 0,1%
of the initial signal within about 60 min_u#gsi after addition of substrate,
within about 30 minutes after addition of substrate, within about 15
minutes after addition of substrate, within about 10 minutes after the
20addition of substrate, or within about 5 minutes after the addition of

substraftso discloged ersings adnediedrpldnarpesige hectarsb siensi ebiheskiolaminescent
sitpiggoinaiagdns amershRr aelivisy B MetfRtPesIHaRABRS MY e RS se with an

reagent composition comprises DTT and coelenterazine, wherein the
AL ik 8.8 RSB ARSI, BGE 18 PGB RTOB HepEsHidesaa redox
elmmhméh : msmmmi@mmam@gv?gon of tﬁ@uwtﬁér@lééum@f@ﬁ@dWQ%fgmﬁaf;&ﬁ,
the met ising;.(a) addi the sample gn effective amount of a _
reagen{N cl%;rﬁq §§§%§nha&':ﬁ)%d?n@%%%aﬁ?ro%fegpﬁ'@%?we%ﬂ A Ypf tHoiferase in
aovaseleritie sshockspaintsity: dBtprtiittindicdlsrexesssnridietasesdb)pliing a reagent
isclo erein i ogk far r ing.th ckground.signalor, .. ..
O oot S, TR el SR R U ecitaing
CRRYRISISRY domtieiirigsthéntocae riasetivith sials @R fleftmeationoant ofth detecting the
br@@@ﬁ@b@@mwﬁﬁmé%&migaﬁ@imggeﬁe for the luciferase plus a

Suitable ed(?x environment. Typicallf/, the reagent composition comprises
t’lg?‘?e A

at leas RERTEMBESR I BretivbiRkdRirBinBg disingaun aceriviiigwo luciferases

iregeatple; thd method Adderidisglosed herein is a method of increasing the
of.the bioluminescen generated by a luciferase

rate of as:(éaye ] ﬁgnzﬂ : _ .
enzymeHAETHRINEHRG AMAIALY ashiRcohg Hit WethiassdR antprdancsruitijee eighth
onferduiasEch (agsting donapesitbor, timbeoaifvthiae @mgesicenteigRaitbie first luciferase

rQvj anredox. envj suitable to facilitate, copversion of th
e & R SRR RS ese: and (0
MeREWHE for Yeiaeasriiteiona ganesetad by tetsdopraf lwiffesese in a sample,

the metfhacgomRFising: ié?%_lﬁ%\ﬁﬂf%l&%sﬂ?d(ﬂ%%?ﬂiﬂQtiBf»CHF{ﬁés‘Sfing@nt or activity of

adding a reagent composition comprising a substrate of the luciterase

more (e tan i dlsrasskinG semniethrynashrdeeraprisingribe irnrsifiesefiatepatr) and (d) or

iRl b sdte SicRARRIGRAtIMeRRE . (C) detecting the bioluminescent signal
generated by the actjve lucjferase. 10Also disclosed herein is a method

t
for detéRRinfIfGaRer ahftTh S rPaBIRRGPARS IdeieaPindess thea ampHRp O tHastivity of two
lunifethees Goangarigiieg the mett@tdriaprsing gallRIaRy M s aebivinn @Facditetamount of

T TG R e LA i Ererna s gona fom tre
teulsifarasaspdating diérentdiie of decayrul thelistiatsdant dignsfopesth luciferase; (b)
MR SRe ARGiREAcLRt ‘#H'}ﬂe”%%rjn‘;éif]e‘ggéi%%u hg'8 %%ﬁgecigéfh?@?é’ Bow the

I
. a
second luciferase. he above'm also”applic

lupineseat siasal of the ﬂrﬁid«um_fgmsada\deylbem)rmmmngdhejmmemirs'@nal in the
, %d@rﬁm%dg% AR SRRRIEPE-f HIERF R PRI HSTERs of (b)

(gl lone for each additional luciferase.
and {d) and the differing rates of decay in each luminescent signal.

Also disclosed herein is a method for determining the amount or activity of a luciferase
in a sample, the method comprising (a) contacting the sample with a reagent composition that
comprises both a reactive substrate of the luciferase and an agent that time dependently reduces
or inactivates the catalytic activity of the luciferase; and (b) measuring the luminescent signal
before the catalytic activity of the luciferase is reduced or inactivated by the agent.

Also disclosed herein is a method for determining the amount or activity of a first and
second luciferase in a sample, the methad comprising (a) contacting the sample with a first
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Also disclosed herein is a method for determining the amount or activity of
two 20 luciferases in a sample, the method comprising: (a) adding to the
sample an effective amount of reagent composition, the composition being
suitable for generating a luminescent signal from the two luciferases but
with a different rate of decay of the Iu_rq@pgscent signal for each luciferase;
(b) measuring the luminescent signal in the sample; (c) waiting for a
period of time to allow the luminescent signal of the first luciferase to
decline; (d) measuring the luminescent signal in the 253amPIe; and (e

. . )
reaghedeingpshien dnatrrempsnes RypilistRteen thedifet ase $reand luriferrseea0atan agent

thgq l{%%@gem dRGEiifRTingiAEs tRE BRSRYCAERE biuReiInesreIkgiamat does not
losed he

Also disclos rein is a method for determlnir]fg the amount or activity of
redueR Re fRasdiate ha sl iereiviieb ihe sRepRI MY fPrasEo bBRAR HRE Eh&r%i@escem
sigw'al} @ﬁﬁéﬁ@géfém@%itﬂﬁﬁﬁmbCf%@l@tiﬁ?s@fihe’ﬂd@@bﬂﬂ?&ﬁb&ﬁ?@ tzfdiagent; ()

uciferase and an agen e de ently. reduces rinactivates
RSB 6 RGP Bt 190U M ST oML TR TRE HGTRTRES v of
inaiginateb efote tertasaty/(i) asitythe dbthedliecifar asgb)isne () dedatsulate the amounts or

inactivated by the agent. .. iscl rein. d for
o e A Ry B e PR BB AL e
sampleAlshedisvisaschecsingisisimge todcion eteimgning barapranien ekt of ggirst and
s?'ar .?gﬁme?é?é@ﬂﬁ’%“?é’m AL FRMRIRGS &ﬁHﬁﬁH@ﬁ)@Bﬁ%tﬁgﬁtﬁé‘?aﬁ%@@ﬂth a first

0
ciferases and an agent that time dependently reduces or inactivates the

reagestl dempesitien dhaheomeiserifesaediat fabde ity balRrassrand @ agentibat time

&R ABHYIs OF thachReaRduciayas actir HERS REI L BTEr e BORSSS Mot reduce
signal béfore the catalytic activity of the flr_?t qu{zlirlﬁse is redu

. ed or :
or RS B A G R eSS e e g ARBrgt sona
beRialyiis egtiviiy bl fosthedifer agsfdmsedsiceduoednarcivatieatda thethe agent; (c)
agent; and (d) using.the data cpllected in (b) and (¢)_to calculate t
oSEUIA: 0T L e 0 PR FRTRGUD AL TMRLY S Flniy r e
sedtver keifepdes. (d) madsoridisdhesiaaihesesntisignenetitescifercatstgienastivijytiob the first
amount. or activit ' lyci | ;
BTG SRR I AoBe N
catattate thprsesiais absativitiesopftaachriiilasms delatiin doaprely ettt ialative to other

S?ﬁﬂggdently reduces or inactivates the catalytic activity of the first
uciferase but does not reduce or inactivate the catalytic activity of the

second luciferase; (b), measuring the, luminescent signal before the

catalytic activity of therﬁ'E?Tﬁ& ?3'%'}83@3&6’% HFated by the

agent; (c) contacting the s le with t iti ;
compiRs E R I L B B S A eAa By i
réfemeimedoding stgomparfiingtiewiagslytic activity of the first luciferase is

reduced or inactivated by the agent; and (e) using the data collected in (b)

and Fig-td shawsidhe inetitmelibiclupingssonsedbretalive ligbirepisdRiiAmyeTgme for a
n6RSB.AIRAT QRISIRLINRIGRINGT FrRMRRENEY I8 PAafRERIMRAIHIBNDIENITNES different

reducing agents.

Fig. 2 shows the kinetics of bioluminescence in relative light units (RLU) over time for a
non-secreted Gaussia luciferase in the presence of varying concentrations of DTT. Data is
provided over two time courses, up to 180 seconds (A) and up to 33 minutes (B).

Fig. 3 shows the effect of DTT (50mM) on the bioluminescent signal from secreted and
non-secreted Gaussia luciferase.



10

15

20

25

20Embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings.  Fig. 1

shows the kinetics of bioluminescence in relative light units (RLU) over

time for a non-secreted Gaussia luciferase in the presence of varying
concentrations of three different reducing agents. 25Fig. 2 shows the

kinetics of bioluminescence in relative Tight units (RLU) over time for a
non-secreted Gaussia luciferase in the presence of varying concentrations

of OTT. Data is provided over two time courses, up to 180 seconds (A)

and Fig.td SBowsrtheckin@ics of Bigludisanarcehia aeletiteolightrmilsoig) exer time for

R%@Fig&w&g’gg&qﬁgmg%@gfs BhSRFAEEd and non-secreted Gaussia

erase. - ows the kinetics of bioluminescence in
relatpyg gt MNtHERIGH BvRSHM M fesunenida ddetirraopd) Breripeciace9fa non-
50mMDTT., Fig. 5 shows the I%}te issi,or‘j infcounts er secc_)nd Vetridia
SRETPES) AP B3 o Hoh. SREPRE (U AR Le) ()L SEERled et
ISRvussialucipaserde) Heinadesiatsd iViwipliesenheciferagageu @jrations of DTT.

S creted.a/l tridiﬁl/iggiferafe in the presence of varying concentrations of
D T S LHR’ (ENTH £5120 minutes. Fig. 6 shows the light

R B O TR PR (R Qe O ror

sereetush beloiadngifieeeranentPatiol BeTeatielag Sgusta: lusTargDN dhthpresence of

VO SorHRkioRT BB indtaRAGIUm A sylfite: (hRBABIWYILDTE); (B) with sodium
cysteamine; (F) with TCEP; and (G) with B-mercaptoethanol. Data (hs ,
SR D & Wb AHRRBUTAD B At B0Ch TUhel T t8HSp hanghigData i

ploRBaY e EfferiuelsPA b oy dheupie)dniniasieeiD+gBR! from non-secreted

Gaussia luciferase when OTT is added during the glow phase of a

previiysty shotateik refiectioh DTy o8 $ieobiciunivlestentsigealdeoRheyyseoieted Gaussia
dyal-lucifera ssay.in cells i - i
e o R T s B PR it

befo HoRohiGaRe R MG RSy BuiRlifaase 2igaqlimeAsWafessing a
immﬁﬁ?gﬁy%\&seg%ﬂon of Ggﬁgg{?a luciferase assay buffer?lS' = égr%ﬂl , |
nafesssipied Oavaniuteafemes andiaowelly dusieseeiudirasiniSagastid, mmediately
bt RIdatitR 3 diossal ficrEmas sayHubiamn:, i =sigal measieadmimediately after
second after addition of firefly lucj era135¢ assay buffer. . -
addition of Gaussia luciferase assay buiter; 15 = signal measured 15 minutes after addition of
Gaussia luciferase assay buffer (just prior to addition of firefly assay buffer); FF = signal measured

1 second after addition of firefly luciferase assay buffer.

Fig. 9 shows luciferase activity (RLU) from cells expressing either a destabilized firefly
luciferase under the control of cyclic AMP responsive element (CRE-FF) or a destabilized,
intracellular Gaussia luciferase driven by multiple tandem NFkB-binding sites (NFkB-Ga) or both,
in the presence of tumour necrosis factor (TNF) or forskolin. (A) Luciferase activity in the
presence of Gaussia assay buffer. (B) Luciferase activity in the presence of firefly assay buffer.

Fig. 10A shows luciferase activity (RLU) in cell lysates containing a non-secreted Gaussia
luciferase (Ga), Renilla luciferase (Rn) or both luciferases in a mixed lysate (Ga&Rn) at 0 seconds
(t=0) and 1200 seconds (t=1200). Fig. 10B shows a comparison of measured (calculated) and
expected activity for the non-secreted Gaussia luciferase from Fig. 10A, determined as described

in Example 10.
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20Fig. 9 shows luciferase activity (RLU) from cells expressing either a
destabilized firefly luciferase under the control of cyclic AMP responsive
element (CRE-FF) or a destabilized, intracellular Gaussia luciferase driven
by multiple tandem NFkB-binding sites (NFkB-Ga) or both, in the
presence of tumour necrosis factor (TNF or forskolin. (A) Luciferase
activity in the presence of Gaussia assay buffer. (B) Luciferase activity in
the presence of firefly assay buffer. 25Fig. 10A shows luciferase activity
(RL )% in cell lysates containing a non-secreted Gaussia luciferase (Ga),

Pen/Figlutirehays kiiferasemstiviin¢Rbih de dh condifiengdymadiiGagirel) isdle of cells
@@f@@ﬁh@ Cr)anenlCARserRACBETEAR e l0ishaws %&@'Zﬂ%ﬁ'?\%ﬂ secreted

e red (calcul ).and ex ected activity for the non-secreted
R LR ER REoh LR R o AP TOR o ARS HS EN AT ST Bleret) using
Iysb?bufferh'ﬁ@ltémlllr@ﬁ@ws |Lf3i§er ali‘lﬁamm\/'mﬂ%ch@b\bl %h@%&%@%lﬁ@@ﬁlm? point without
e ofc riven Gaussia luciferase
R R R TR AT i bl Foral i e eaprossed =
mnyoydeeREmﬂa}d()é\yay‘mir@) using lysis buffer without DTT, (B and D)

u5|nggly5|s buffer containing OTT. Figs. 11A and 11B show data from a
singlEigini& sbavisniitb ciliest gbxpeyatinenneatrations af dFigen Ickgmodnt Udminescent

sTPANANENEaE) el HIBRRPIBIHSHY RSFSHARadNEiRRFalgtive to

-doxycycline. Fig. 12 shows the effect of varying concentrations of

DTT Rig ﬂIaGk@K@lbmﬂJMﬁBé@ﬁ@@@hémﬂé\ﬁ%) REQ )(EonarlaRin NERReDE(D Gaussia

lu ?m a.non S|a luciferase, g .13 shows bioluminescent
Signarin enzzﬁ)? {Trél gggﬁ ARHRPETRGR %fetE?e?kgaa@%ﬁggf& Wleshrassabufler, in
the @edenvielasbagnbe: e dwingayacts BUE, 0CHRosigR@Itapasiant Bam,

assay buffer, in the presence or absence of reducing agents OTT, TCEP

or p- ﬁﬁaré‘&pt@éfﬁwbﬂﬁme‘(@eﬂ@) (RLUFig cai Iysateesofuamioe searize @éhkb)aﬂmlferase in
f
ffﬂ“fﬁ%ffﬁﬁ?fﬁ%‘%%?@ﬁ%ours AR BTaT A e presence o
Vf%”éb??@@ \9&%@ restisad g gribingd: reduced glutathione. 15Fig. 15
\%sg Ii ws actiyi RLU) in_cell lysates of a non-secreted Gaussia
Iu0| 1

.ﬁ’\%@ﬁ SN RIEEdn ool neates S eunanrissrated gessiuksiferase in

fre8T 3y bitenr assepbufenswiet asrynifiperatone (RAS RE7TRERS (HREHS I assay
conce

the of var trations of a 3:2 ratio of
S A R TRE o b RS e g arations of 2 32
r@@vﬁr@i}@hdmxldmedsﬁuiethuaon and the claims which follow, unless the
context requires

Detailed Description of the Invention

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises’ or "comprising", will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of integers or steps.

The articles "a” and “an” are used herein to refer to one or to more than one (ie., to at
least one) of the grammatical object of the article. By way of example, “an element’ means one
element or more than one element.

As used herein in the context of the conversion of a luciferase enzyme from one
conformation to another, the term “facilitates” means that an agent enables, produces, permits or
promotes such conversion. Thus, facilitation of the conversion of luciferase into an inactive
conformation may be passive or active, and direct or indirect. For example, the agent may
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otherwise, the word "comprise", and variations such as "comprises" or
"comprising”, will be understood to imply the inclusion of a stated integer

or step or group of integers or steps but not the exclusion of any other

integer or step or group of integers or steps. The articles "a" and

"an" are used herein to refer to one or to more than one (i.e., to at 25 least

one) of the grammatical object of the article, By way of example, "an

element” means one element or more than one element. As used herein

in the context of the conversion of a luciferase enzyme from one

RSHRS meHitahleLaYiEmEsn tiowhishotaiamriatel thedusifeiaatinin agmattive conformation

nRapkiespReed Rﬁ%aﬁ@l?‘“%%@ﬁprﬂ%‘?t@?e%% ﬁ%ﬂggﬁrﬁﬁgmgﬂ%? ofRGUIYBR duce or

of the conversion of luciferase into an inacfive 3 ‘mation may be
denealre Heh @B VaRRItireAh 9RYiteRt: TreiitaleantoRyeEeTgE At wsligrasel gnzyme is
typicaVjdmeatisatitabliienfsirammornifiis sh wesye Feian O td el e dekR38ME absence

(grl}n'é] ctia{e conformation may take place. Alternatively, the agent may
irec '

ent,. - :
or indirectly promote or otherwise produce or generate such a

conversjan. a that "facilitates” conversion of a luciferase enzyme is
typiqally%nf&?ap%%%bfdtﬁef% m(c)??évg |'8|r}en{ec?%rl§vé?si®ﬁr @H\Q@Ji@%@l or other
aprdiigation pf eucerseneazgned imachiguing an acivelinsstivaetetnotiverformation. Further

reREHENEY SN TeFaEn 7 NecieidiRaf i dingh e s mesification ol fo mean either

uciferase enzyme in achieving an active/inactive state or conformati

the) AHIPTRIOR BPmARCHYR Slalfofr sPRIoBAiaRde ARt aatataiger conformation, or the

conuéeionafion i ferilyi A 6 MERNBIRESHIE SN A LRGN e state or
state or.conformation t%%y%?ct;ye %?te or conformation, or the 10
|

RBIUBAL b Soae Ile-Ere SoPiomBIiioR: Hoelusies evihic s fesenadmsto elure (for

e!mpia:mstptqmt@maﬂy)rﬁdamd bintiib iin@%lﬂ&éﬁd:v\mmfﬁﬁﬁ&@fé@m%b)ﬂity of the
t the structure (for exa tertiary or quaternary)

o e B SR R oA R T Enatong sk oon adion o

sebstiatee to catalyse a reaction and thereby generate a bioluminescent

signal upon addition of substrate. 15The term "enhanced" as used herein

in the c }ﬂﬁéﬁ%ﬁm{@fﬂﬁ@ﬂﬁﬁ$iH_é%i_:éﬁleiﬁ@h&]ﬁiﬂ@g@ityfcﬂigbﬁuwmmammhsigm intensity
ofRhaEIRes:O MBaRS ashidnHdaiate QY %Ué‘lﬂé'ﬁ%wedy@Qﬂ?ﬁti@ﬁnﬁﬁa@intansity or
ce of an dgent or

Ssi al:noise,ratig%r,elative to that achieved in the abse

BB SHIRASRINA iR 3rMHRSt iR dbe abwsnaecehapoadsBh b Eageptiepmposition

andfoiSinmttariyesbrctesina tareasem GaehAGCaY igi#ﬁﬂdﬁ%@@ﬁﬁ@%&%@d rate of
s increased relafive to that 20

iolumi t Si | that j
T T
aptievethde leaabsenpesifidneofidbet priceagént confpdsitied dmreinithadelidtence of a

coff Sgﬂgﬁ&mg " _Iudes within its meaning a sufficient amount of a
rezégent compc}ﬁ{ll[)%o provide the desired effect, The exact amount

requireﬂsv\dHé@h\érfémnﬂh@a@ﬁ&%%%ﬁggﬁiﬁw%81'&&8&%&& L’f%hrr?ésaﬁpn% a sufficient

nature of the sample to be analyzead,
amount of a reagent composition to provide the desired effect. The exact amount required will

vary from case to case depending on factors such as the nature of the sample to be analyzed, the
luciferase enzyme used and whether the luciferase is intracellular or secreted, and the constitution
of the reagent or composition used. Thus, it is not possible to specify an exact “effective amount”,
However, for any given case, an appropriate “effective amount” may be determined by one of
ordinary skill in the art using only routine experimentation. ‘

As used herein the term “non-secreted luciferase” means a luciferase that is not
exported or secreted from a cell into the extraceliular environment. Thus “non-secreted” includes
a luciferase retained in the cell in any form, and thus the luciferase may be cytoplasmic or
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25 luciferase enzyme used and whether the luciferase is intracellular or
secreted, and the constitution of the reagent or composition used. Thus, it
is not possible to specify an exact "effective amount". However, for any
given case, an appropriate "effective amount” may be determined by one
of ordinary skill in the art using only ro @ne experimentation. As used
herein the term "non-secreted Iumferase means a luciferase that is not 30
exported or secreted from a cell into the extracellular environment. Thus
"non-secreted” includes a luciferase retained in the cell in any form, and

membrene-hssifeiniask yaigaky, elftopmistatexsiusivaly. wherpBrpiterase suigisied to herein
aﬂ@fﬁ@gyn&t@&’:f&gd“%rﬁ)ﬁ'H%ﬁﬁ&‘aé@!'ﬂ%ﬁ@s&%‘t@&%%%éﬁ’xf@tﬁﬂ tpidsssiEtion and

as being a "non-secreted" form of a luciferase that is secreted in its native
ahsaRceR §%‘2§@?@@|Eﬁfeé?1@ aarRtie eflisecretion refers to eukaryotic cells. As

dh ted | f I h
native SSTURER TEGUL ROl T P HURaoN SRR A APt dugl T natve
fonto laee%r@rabﬁdimlareloelamnﬂh|6H1|e|enmmywmpmssedlommmy>¢heoethdmhnlcahon The
eéﬁterﬂ@ 3?61 an sm geﬁ) “1‘%‘? ernaItPo thceie é%&n (ﬁ%&ﬁ@ﬁ‘ 'o?mheT ﬂgnltlty of the

|nc es WI'[ Inits scope € me in hICh
oegqmms&n@tthextnm:%Melmsaﬁemgtduﬁeﬂemtmitﬁosqorﬂﬁaﬁﬂealmdh@ﬁutﬂlewheh a cell

%S\Jé LR a%@‘fér% eﬁlt{]r%‘ﬁ)ﬁ*wbe Qfgﬁ’évséﬁohﬁéh‘fdéofﬁeﬁ%ﬁﬁatﬁeor marine

erase usua y re5|des hould also be 10 noted that encompassed
epyirgnERatin Wity e raavinet dud expesies islialimse iy iesigfiH aheuld also be

n@é@ﬁnéh@ﬁ@%ﬁésg&eﬁy'Pfé%?ﬂ@ébr@t&ﬂ@ffeﬁé&éh é@%ﬂ&h@%dﬁfeﬂ“ﬂﬁiﬂ@@bmbmant

orms may or may not be secreted. Thus, the term "secr é.? ciferase"

f@ﬁam@@gevt.a%.Hq%gr@ss;s@r%rw%r%ﬁéah fgRATebisenL ardpaned F&%E@V/Qé may not

besedrbeeimibe tesrerintsacetsdaidisdssapelutetoniin adlscﬂmas@wtkweted“ forms
gg 1{% ression, and in its native form, is retained within the cell or
0 ﬂCFﬁE ﬁ@sr%tsfher than secreted into the extracellular medium, It

should R elgihah cRcomRRRALRIE IR0 AGEILIR! LIRIARSE. that upon

are various mo recom mant orm ereof as ed herein,

exm%nmmrré@oﬁumﬁm de mtﬂmbwmrﬂe m&;wrd‘reﬂmymhﬁamemﬁm than secreted
iR eedk Rt SnddRE M sﬂBEﬂéCB’e“H!ﬁédUtﬁgfeéﬁ(?@m@%é@%%/‘tﬁg‘t@rrﬁﬁs'mtracellular

scope exported or secreted forms of intracellular luciterases. 20Thus, as

lugiferpsed smvanioue g fist And desariinanhiamisihaerenl s dassiiees RgratRy Wherein such
r@?ﬂ@tﬂ?i@ﬁoﬁm@ﬁ%&%ﬁé%)ﬁ C?@'rfr%aﬁ@t F@ﬁ‘\élh’%@é&ﬁﬁb@ﬁ lsrmmfbfn@ﬁmmaceuular
of a luciferase that js secreted in ative ereas a agc uar
PSRRI I R BT ot SR e

used herein the terms 'inacti ate |na(;t|vat|on apd varia: e

used eg HerefR M menaan here[lﬂe contéerx Sof l?l’?g.c ?\%\ ‘f%dn o) r%J’Iu)‘]cjﬁi’e(r§z?tsme%6 Or{a% distinct
meahingsg Adeort;stuatede leciiertgatcnamtibeyps thes Iaato@dé@ch@rdetéﬁﬁuné@ase that is

% 0% AMRUALRE I\‘B?Fr'tn%%?égssﬁqnﬂtt%%glﬁf%t’eFﬂléﬁerr‘ﬁgé‘?se%@rtﬁ?{qlﬁhﬁé’cellular (not

us, Inactivation may be complete in that 100% reduction in activity may
S&?&I&dbnttﬂﬂﬁtweéd%ot be the case. Partial inactivation such that some

residual activity is retained is also contemplated. =
As used herein the terms "inactivate', “inactivation” and variations thereof as used

herein mean, in the context of inactivation of a luciferase by a reducing agent, that the catalytic
activity of the luciferase as determined by the amount of luminescent signal generated is reduced
or abolished. Thus, inactivation may be complete in that 100% reduction in activity may result, but
this need not be the case. Partial inactivation such that some residual activity is retained is also

contemplated.

As used herein with reference to luciferase enzymes, the term “substrate” means the
reactive substrate molecule upon which the luciferase acts, excluding any additional cofactors that
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30As used herein with reference to luciferase enzymes, the term
"substrate” means the reactive substrate molecule upon which the
luciferase acts, excluding any additional cofactors that - 20 - may be
beneficial to, or required for, binding of the luciferase to the substrate
and/or catalysis. For example, Iucifer_a§§ catalysed reactions may require
or benefit from cofactors such as magnesium, CoA and ATP, however in
the context of the present invention such cofactors are not considered to
fall within the scope of the term "substrate”. Luciferase "substrates"

maychedeefefigiabiarnipleqmireddrerhinding ebibr ieierarselortbe avbsialpaadieraatalysis.
F(SEE%PJ@%”H@éﬂ@l&%@tieﬁtéfyé‘eée%éaadﬁyqﬁlw igfRie torthR b Haiecofactors such as
-luci d

rin and Its analogues, which molecules are substrates for

mRgRSHBES AT oMWRIPER AR SRNIRXERE st rasallh Y dign SHEh efagtors are not

chRRiRsIapdJRiliparostRpe Brthe eantexitakiie priassiatdsy esubetnatbe! include for
term luciferin does not encompass_coelenterazine, EﬂCh re%Er S

Bl HRREREE ST REA o ) GG b ST relen the tem

| (it ias it setitesitstdioDn et an Gituasipgues, Mbisidiso knulexsnese)strates for
As used herein the teym "sample'’-me lg, Hcludi :

AR SR G SO MDA frofls YA ICHET 3 raonc

wonganisimsthextertettuldr thaichresedtniediation vibéclterellSleiiesisudeadiot encompass

c&'&@ﬁ&j&ﬁ%‘; mm&@@@m% S SHSRERIGH QRN Rk flagR(Slnct class of

enzyme. isclosed herein, the inventors have described for the
luttiferasm & tthk astbesesieriigd &iel BariasGavisa AdiVieldieifosrepgiple)

enzymes that are, in their native form, secreted. Indeed, contrary to th
y eludr r%lyno?htmﬁed to cells,

effect disuPoeAGRINReleETy SAMAIE a0 SRR MG,
ofgaRariayasteblie eldritey asesmpuhensiof tetisgiovrgaraatiorexracelipte duidpand media

U RaS g L O R e B AL o R erse(s

eargnecreted in their native form. That is, reducing agents markedly
shorten the period of luminescence generated from luciferases that are
secreted in their native state, Additionally, the inventors have surprisingly
determined that inactivation of naturally secreted luciferases by rEdi!fICip(% ,
effect Of reducing

agents Adscsed BelRNNtA MR, Ve dasrsbsd fon e iisEiRRE e
af¥ROsH Wishinmitp draUimitas inihaesyhitisreosiuinieddiveeiori atecreted. Indeed,

CBHARO il EVES O 1R PR Ao RS oF (0 HTafgh Gecpter>

dhrven Gasiferees atoreilteagloatechbtion ¢y asiendet imttappessenca ohbrd), the inventors
s : . o bv redug _

"EHE SR L8 e b o e e P S re  eSiect on

reifdeasies) thatae kshietgdciattigiti natveviogn. nTpet ianggdueing agesisriveisidi shorten the

p?ﬁc??s PR ciéﬂgaeﬁéﬁ ‘?éYeaftf?&ﬁQU&Pé'Pé@&thﬁa[‘?a%egﬁérév% Neheir native state.

uciferase, such that flash measurements are not impeded. The change in
Aeditimatiatibe ineptesavecsurisingledaigsranssh toabingotyaiien of gl ipecreted
IERRSIR QhhRy UGHREARRS hbrHestr IRMEQAKYMatRNR! e cRpaERN!.

may comprise the destruction of one or mare dlsulphcj e briiﬁés\é{.\g%}gaes intracellular
irer

luciferaldihaduishing dp he doitRdseudbeone e RS IRIRC LN
|RITEMHS Bawbieadepise docr reasig drviranmentled Gkatiirast estoeing Suetts in terms

R e A e M T B
epainophcatanbdes@dpdieitated by reducing agents, which alter the protein conformation and/or
break critical disulfide bonds thereby reducing or abolishing catalytic activity. Importantly, this
conversion does not begin immediately after combining the reagents with the luciferase, such that
flash measurements are not impeded. The change in conformation may comprise a change in

protein folding and/or a change in redox state of the luciferase. Further, the conformational
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5 to other (non-luciferase) assays that utilize luminescence or

fluorescence as a read-out, or simply the reduction in light leakage that

occurs from a previously measured well into a currently measured well.

Embodiments of the invention find application in any luciferase-based

reaction where it is desirable to detern 'r11e_ or quantify the amount and/or

activity of the luciferase enzyme. For 10 example, embodiments of the

invention are particularly, but not exclusively, applicable for use in reporter

gene assay systems utilising destabilizing elements so as to provide a .
chapge respeniersiag hedigsireionighong aaMsticsigihitl;hetgaseimibedisiierase protein.
AURRANSRHOB RARIAEAR 2 ARAYRRLMAE R Y RAERIREIRA n a number

iven luciferase, such as a luciferase that is, in its native form, a secreted

of rbieumetencesis REeGiBuBEtaReTishIdeolorRKARINE, i deesRimuthivefierasg assays,

ihuitpRRSESIaHARAN S RaiNaH SIS ten Ak QIR KN Ratche A @an be applied
luciferase enzyme in ueséll%[:. For example a cellfma:%/ be known to c simol

elieE DO ESveyD L tH AR TR P IS FBRTGR EdFRlld o simoly

tieomaplitiog i pightrieskegdidkaencontingrdhe dupiéeiasy, otpematly weleirdoivelpurrently
linked to a promoter, enhancer or other regulatory sequence, but it may

n}?gg%rg W%k/vn that the Iuciferase enzyme is expressgd. Therefore included
within tﬁﬁt%c?cﬂﬂgn & Qﬁﬁ?@'ﬁb”‘ﬂﬁ‘%@ﬁ%l‘?m@%!ﬂéﬁ%&%& 2E:H06n where it

sample to be analysed Is suspected to ‘express a particular luciferase.

igrfleiahleioideiepoine op ALY dhe BewY ARl GiMBHAAdheinciferase enzyme. For
Rbdisays it iwe pieRisisadipaRRRIGRHANME BXbRsASFabBIEIIEr use in

whereln the amount and/gr activity of one or more luciferase enzymes are ,
r@@%@f&@f&ﬁﬁ%@oﬁwﬁ@ﬂﬁéwhﬁw&siﬁ%@%'éi?srsdé@?ﬂé%faé%@e%[%ﬁ% ¥é§%¢téqsponse in
adyiEonimMigneRRaRstrends. alakeiineatvdineisatiheinsationd sampletaibdenalysed
linked to, for 25 example,.an antibody or nucleic acid prohe. Thus the ..

R LAY B GRLA AU UPIT o BB BUAE BP T pf 1 e fom,
seiselebdifermssEnthis hees netbeftheaodsthalf onekample; shosesskifiad ie thechniguill appreciate

agent, very hi iolumi t.Si ; Ar a
D e L
cetimbye e kipda oitbossess y(arthtay iR bicrnsfBe ¥ith BensryREsSTaReconstruct

cg%ﬁj@r@l)ﬂgt?%smﬁe@xﬂes é\%@ﬂ%lﬁé‘%fe@é’é’, B&i@ln‘éﬁsnéﬂgf'&%[?fIﬁl{&a@e&‘bromoter,

on such as an assay buffer gor example together with a

enhansrasE Sieseadplyloreausanay I Bumey e BR 4BAlBdNsEIBR lucTomse enzyme is

REIESEEIN T cFEBEASNEIGRSRMATH ANS S B tie Prssivianeativitare embodiments where
embodijments of the invention najé/ comprise at | asf one reducing agent,

ﬂfﬁﬁ%’ﬁﬂiﬁ?tﬁ)&ﬂ[’@ Sg ‘féHﬁR“?ﬁtﬁ &ipre S.EW ‘ﬁ%ﬁ%}ﬁfgré'ﬁge, oxidation -
reduc“ﬁr? %ﬁ&@-}b@ezg “(9 e‘? gi%é:sr%%r? ngsr%/grdag ¥ S‘s&hb%'agﬁehﬂgﬁ?f c}ﬁatﬂncdﬂnents of the

number, u ransfef orelectrons: The term “oxida ypically
imedefisrtalsmfif iagmisationiin ofickarsayssysteros whentie thedoosrd Ratiketastidly of one or

Q{g@ﬁ[}%@%&@g Lg% g%e%%zx% ﬂ@l@ﬁ‘ﬁ%’da BECLARRIL) fﬂéiﬂﬁﬁ%sﬁt%'ﬁyc’d% used as a

num again ectron n "oxidising agent™ Is sometimes referres

repeiisEin edpirsmensseyriranadpbetib AUbEisgton epsanAREve SaYrEfrdieked to, for
SLABIANAISRERD O RICIEC UL RPbEIAYHRS FHRARFESSREAAD Beneesy Sfreporter or
ways. [n addition’to "decrease in oxidation number" or "gain of electrons",
Jetecfabisiebaln also often be considered as a "gain in 10 hydrogen". For

cotone. g5 HSOHYL GRS o RSQFoR AP B oA, T S 2gent, vry
tigrc biotlianiy esloavi elgres steetiyte lyemeanaterl disulpmizterdlyrsd geletslvaiterase in the first few

hydr s when, thiqls. e il ;

RS IR S S B S A iesen

slonadisihe radusing agentiniants' asided>aldisees mEy isstneosiuenitdhaveagest composition
| r : . ive\ i

S8 S e e ) e vt

FedepehrsteelsWhe reductant or reducing agent loses electrons and is

oxidised and the oxidant or oxidising agent gains electrons and is

reduced. One or more reducing agents may be present in a reagent

composition or in a corresponding reaction mixture in which that reagent is

used, in order to provide an overall "reducing” or "reductive" environment
iNn that reanant or reaction mMivtiire
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20The reducing agent may promote reduction of the luciferase thereby
promoting or otherwise facilitating the conversion of the luciferase from a

more active conformation or form to a less active conformation or form.

Those skilled in the art will appreciate that a variety of reducing agents are
suitable for the purposes of the presen&glventlon and are contemplated

herein. For example, the reducing agent 25 may be a disulphide bond
converting agent that contributes to the generation of an electrochemical
potential in the reagent composition such that disulphide bonds are
reducegaedini@s, @AIST coramaPRIP RS efoN ciRsr dBeaprotdancB Wil gabodiments of the

IRERTOR Bal @ FRHLE NG A0 TaaY Ocpg k%ﬁ&pélm%quag%g%dﬂﬂng agent.

directly or’indirectly, disulphide bonds in the ucn‘erase protein. For
exammpies Jepsal @édgédbﬁmdﬁpmmms(r@fié?ﬂ@édﬂbﬁ@éﬁe @H@ré@f@%dt@y a change

S e e NS 5 BTG  Bo e o or
lrradasﬂslwmmﬂdtmistaesbmwmhme(qmm dedtron@3WiierEaSite tetn2teduction” refers to

A%cf asteﬁjox%H “%? ér%é%grf) %%ibﬁﬁ é?oeor{/ %Eﬁﬁﬂ%% né%('ﬁ]s?rlllgjd e%&'tlgrs%metlmes
refs(edctarias xgieigtipiospisipier (BOER) radisdiigcagard’ soshmetithésgfeuitdp as an
e@é‘il‘b\@i@n&yﬁ\?dﬂé’taoﬁqq%ﬂesﬁmﬁé’n&qﬁoﬂﬁ%ﬁ}ém'%yéj HRIQRAIGH to "decrease in

ydrogen + platinum catalyst; 5 8-mercaptoethanol; )
%@ﬁ@*&é\ﬁtﬁ@hﬂénﬂﬁ% ?éﬁméaé@@i@%lop%|@J§9é?it%ﬂd9@o@n3'dered as a "gain in

htgdaeimaisisianbRNE AREN BB JBIROMS IRIBGEHENRRES £N8 kBN a ketone or

iea gent may be immobilised on a solid support, for example a polymer

Va7 IR SRR IARNASAHSBHiA Pa@aafﬁ@ ?%%Qﬁ‘iﬁé"ﬁ?h%ﬁﬁ%eé&ve'y, and a

dﬁmﬁﬁﬁdlmﬂofgulﬁs rtwduryung@ﬁé, \m@El%dao@n eaopleloSatsdieinhadens the ability
t I der vatlve

% Protein Sc%e C )
O Ry Y el I i o ALl 2 JoBerution acens’
"ofidarisast Maemmbsmcesrmm e fhe Bbilityl fd Gednda, RRensvhsEDasdvire said to

b%ir/?&%lwoaﬁ'a'\gre]rg%ﬁawtozﬁo'w @99&\% 38%&31% 40& %%réo?gﬂlcally ina

Reagent compositions for use®in accordance with the invent

redey RiRsSShCNRTEtIiRR S diaTi BgRI! doreelaetraRseandvii axidissdding the oxidant or
oRERIRS Y& Gk RRCFUANRE RYNR28. TS Hbore reducing agents may be present in a

reagent composition or in a corresponding reaction mixture in which that reagent is used, in order
to provide an overall "reducing” or "reductive” environment in that reagent or reaction mixture.

The reducing agent may promote reduction of the luciferase thereby promoting or
otherwise facilitating the conversion of the luciferase from a more active conformation or form to a
less active conformation or form.

Those skilled in the art will appreciate that a variety of reducing agents are suitable for the
purposes of the present invention and are contemplated herein. For example, the reducing agent
may be a disulphide bond converting agent that contributes to the generation of an
electrochemical potential in the reagent composition such that disulphide bonds are reduced to
thiols, thus denaturing the luciferase protein. By way of example, the reducing agent may be an
agent capable of reducing, directly or indirectly, disulphide bonds in the luciferase protein. For
example, thiols, as reducing components of redox buffers, are known to affect the rates of thiol-
disulphide interchange reactions involved in protein folding and denaturation.

A general equation describing the reduction of thiols is shown in equation 1.0:
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15 the art. The identity of such additional components will depend largely
on the luciferase enzyme used in the assay and the circumstances and
purpose of the assay. One such typical additional component for a
reagent composition of the invention is the substrate for the luciferase. By
way of example only, reagent compositippns may further comprise
components suitable for or beneficial in‘the reaction catalysed by the
luciferase and/or the lysis of cells expressing the luciferase. For 20
example, the composition may comprise one or more divalent metal
chelatdro@leh 25 ED2eAdBIARIERBTA), antioxidantsQsuch as ascorbic
cid), prot?ase inhibitors (such as oxalic acid), salts, detergents (typically
ERIRNTCY! Gl GRS FAPHSo 8 b Aer eomaiednts sutptssiol (DTT)

e e i o
B i B hidiaces st duhopie: e » painum catayst
feoepeagitaharmbe gmpicamobthyamneartiasledptimastange. imiairms ofilifle:  N-

iti to be added, is. within,th bilities of the . -

B e RSB oot i

Qs 3aSPlsLiFuPROdim 90 S fer rokamapsfmporti dAng exardlscigaagmntabilised reducing

DAGYIR %%Bi!%@dwéébsm%ﬂé%%&gg%ﬂ %@@%%&d\“e
[ secrete aussmp

; e of.a redyci
intracellular Gaussia luciferase or stan umfgragg,cmg agent,

WaIrB St o derumiveldiisiddiide Pratainifeienen 2005 pACK U Rvels.

That the inclusign of a reducing agent shortens the period of
Iuminescyé)r@iyf%ﬁwrﬁ&%%ge%@ URiEasRd & papneamialosehriseRsiabewt 500 pM, 1
MR A2, itnld, contrdr20ind &d mppsitem taoheveraoaefiesh®l, DITAN 300 mv,

[ luciferases such as firefly and Pen//la luciferases.
4 S@Fcfgé&é%eﬁr@h are methods for utilizing this unexpected effect of

reducin t ed.luciferas indeed the differential effect .
of theség g%ggfrﬂs%grﬂ %ﬁ eéﬁ%n l!lICI efera{gegggg@ﬁ vav}lll ag%z?lr'%e ?&Jfﬁ?y R0 include
NiKRAtSIaYGiHenaL Maveeisiad il deleadlypnpsetiatbd ane lasvettabns fyrthose skilled in

tHResFermARGIEHAH-H16] i ' ' h
S ol o B AP R Bl so enzyme

USRI @Miﬁ@dréﬁé’@?ﬂ@ﬁ?@%@(ﬂ%%ﬂ?ﬁ@@ﬁ&@sﬁ%@mi@@'ﬁbﬁUCh typical additional
covaveiengona FéugdmeBAposTICHIG: AREAIRES 108 S08sHaR PG dNRterase. By way of

elté%ifefrasrﬁla nalﬂ can also be distf'n uished on a temporal basis; i.e. e

UG W o T SN CODROTHRAS T HERRISOPRESR comeeishis wiitabla fouageficial in

the ieadion cetsystdelnrhéHectiataeardnplified biereinayasrisdial weliksiferase. For
secreted luciferases fol in order to

BB T O TGS  eom
CRiénoa& G, ritliowdantr (sdiishesdbrbiaetivdfyposttasesiahitsited (seifesssaalic acid),
! perdvt il i
S g G B A TR e easniguch s
HEBRR ihiie BB ghtirobiesielivAdaitionallyriaiegnisamaasifinifietiiresineimtibe may have

a Ruian @ 480a0mM Eidalydpaman! auiRcrad Spuaien IDANIITRL cxact
intepsit dfesplte its ability to substantially or completely inactivate the =
an%?@‘?'aé@ \GITRPE SOMBAsItoR iohe cswloved Ry GARICHIBR aifturesteriesd pyterms of

theesgiition eluovnpsiéatls) ©f ibedaers Rrkitivmansiosb Ml RKE RRRIARNNed in the art

background luminescence (in effect a higher signal:noise ratio) and a
prolongédesaiplified herein, various modified luciferase assay buffer compositions, for

example including a reducing agent, provide very high initial signal strength when used with a
modified infracellular Gaussia luciferase or standard secreted Gaussia luciferase, followed by a
very rapid decline in luminescense to background levels. That the inclusion of a reducing agent
shortens the period of luminescense from a secreted luciferase is particularly surprising given that
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20life of the assay reagent. (Assay buffers of the prior art have a limited
shelf life after the addition of substrate, presumably due to auto-oxidation.)
Thus, methods of the present invention provide higher sensitivity of
detection coupled with short signal duration. This is demonstrated to be
the case in luciferases that are secreteglin their wild-type state, regardless
of whether they are utilised in that wild-type secreted format or are 25
modified to become non-secreted. That the same agents (reducing
agents) provide a longer signal duration from intracellular luciferases such

Itds crekily lndeet appogivderite smpotnoetieaitltb UsenitssaliBnidciisnaaagesuch as
gﬂ%@hﬁ%u‘a@%@gnals based on differences in their kinetics of light
emi

ssion A reagent composition for use in accordance with the
inventigisanagdHahe Qmﬁﬁ@%mﬁﬁz@fgrﬂ%%ﬁé)@@ﬁ@dse@ut@h@ducmg agents on

Sg&g@ors %%l{éeé%g\ge@%% Weﬁ]cé ﬁ?éggé?rﬁﬁator%éﬁﬁ %%t éH(Elfg{ases to
aavgmag_emratmﬁbafbbdﬂwmmwn@lﬁhdmgb’lhamilabtmih&ﬁevMbpmenfrdﬁmewl methods for
p§ gllrfq?ﬂér;ﬁ?l I?UCI }gs%p & |ateh%h eraSﬁ&%%%ﬁﬁ?@ﬁe%grsgﬂal eqr%r]?/rated by

alre pI‘OVI ereln ese are not exhaustive'but ar
diffamatunﬁmmgwabe@mdmﬂguahml gaHhe rusey Gedliatieitng ieagents or based on

dﬁ%%ﬁ&%“iﬂ”&%sﬁgi %@@W” R gYéQ&qu%H{BH QbLBRBCHETARE first time that

protein, enhance scent signal mtens% educed background

lusifarase signaligen Alsaderdistingiisedancadenaprspldasley b7 thatarrraitaspioes in their
kiIRa! of i ghpe'?ﬂ'%ﬁ?\e”Wi%lﬁfmlH@V%nﬁ@'Boﬂﬁ@ Bﬂh@'ﬁﬁﬂeﬁ@&[ﬁt@@b@ﬂiphﬂed herein

generate the luciferase can be limited hort phase th
SaBeR: Websel ﬁ&%%@mq&%ﬁﬁfﬁfﬁ%&aﬁf%tﬁéo‘f‘ﬁf@ai [?awﬁa@ié S o adopt

teqr sofReplRfdhcabionluMminescenésignmé qarrézmctingltegbmslmnhw RBbuéduces or
15 minutes after add ion ?

es or | ss an abou tra
B T R e WALl s S A e a e
sﬁmerids:léadattﬂsmm@tbe swdhddvabfroppdtunityuespegsuninutbs, emﬂvﬁyn@ﬁﬂbs luciferase
i or f |
ARG MR SRS RO e pon o o i
REidassout Jousst ﬂﬁé iedialieiginnitss signabissensit espieoiieeiialsubstantall or
cﬁlﬂ Bely inacliPfdYe IR SLRRNRIB ANG (65 ReliFRY agent may be a

onstituent of the same reagent composition or may be separate

(lnC'Ud'Vl@ldﬁ%%t'liéﬂ@ﬁﬁsQﬁ@fﬁéﬁﬁ?@é@@rﬂ%@h@@mm&ﬂﬂﬁ@) sresénthalsiiiey include a
can be added inde endent %Fn[ﬁ yciferase ubstra

and the
el S Hep e Goh S0 RRe COIPRE o ged sher
nw@rsttr@memeb@aﬂo(edsuy me?@cﬁammﬂocaan@ llmétifes skt kfettaéter the addition
Zefg 2 @ther or atb > Sam 0 me. as addltlon of the reducing agent. In one
%fﬁ RETHE LS FafeAE TBEE zme or a derivative thereof. By
way Otl'ﬁ&(é"“m@lﬁoép E) ﬂﬁU@ﬁtBﬁ RINRIME SRk Py RBIBEGR P Bupled with
in a concentration o an about 51iM, more than about 10pM, more
shearsighal tuBoNmois mémémtgd)@ bF e e ihludieipses thatairasracted in their
vHRE|PRISIRE e BRIRAINEHRIRVBIR KRRMRISEh PSH AR PetRBcAiteaNsmat or are

95include, but are not limited to m-, v-, e- and f-coelenterazine.
modified to become non-secreted. That the same agents (reducing agents) provide a longer

signal duration from intracellular luciferases such as Renilla luciferase, presents an opportunity to
use these agents to better distinguish luciferase signals based on differences in their kinetics of
light emission.

A reagent composition for use in accordance with the invention may further comprise
one or more chelators. Suitable chelators include but are not limited to divalent metal chelators
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Typically luciferase-based reporter assay systems employ two buffers, a

lysis buffer and an assay buffer (collectively referred to herein as "assay
reagents"), The lysis buffer typically comprises components for lysing the

cells containing the luciferase to be assayed while the assay buffer

typically contains, inter alia, the substrajg and any required cofactors for

the luciferase 30reaction. -26 - Reducing agents for use in

accordance with methods of the present invention may be constituents of
luciferase assay buffers. Advantageously, assay buffers in accordance
SWithahdop %5@?%09@Eﬁeé@@%@rﬁoﬁ%@%%Ft@ﬁbéﬁ@tﬁ%ﬁﬂig’ﬁﬁ concentration
of PeisRien avb@n MEeshd e yseiipn with luciferases that are secreted in

their wild-type or native state. Alternatively, reducing agents 5 for use in
accordalhosevsit e ét i sriofithep prectate that wheierexeay by camsttoestissitients are
SIS R SR B b Ry AL BRRS,

t may be advantageous to ,
Incorporate a reducing agent INto a celtlla\?séetgﬂ\‘f@rugv{gﬁ “r% 3P ggr%oand constituients
thﬁb@h@@ﬁn@b@ﬁﬁ@t@@@ﬁ&iﬁ@% hidiferasesiex ireatkiaiiby anteding/betbinluciferase
pRAEHUSHRIASS SoRGRIRIGL AT ﬁQﬁ%ﬂ%ﬁéﬁH&%E@@o r?ocgﬂfﬂ prolonged reagent
luciferase actmti; may be measured normally in a sample of the

shelfifigigndar J gidiekiminesessigigenkly lysed in a 10 reagent

comprising a reducing, agent, and then activity of the intracellular ,
Iucifera@é%ﬂéﬂ‘%%?gﬁl.gfrﬂ'@ peeation:i e piRlvDiRssRerb siapal N aleg by the luciferase

cporioiimifeieloratebdtigifasashanbayipe nthacaliblroat Y@t eMNdmg-Bediton of the
ssibly in the endoplasmic reticulum prior fo.migratiqn to t ell

AR B SPASE FEST AISSIR B s v ot 3

niimutesaiiléss theifekast 15auiautss Hier calitippatttirosibstrate. rAinthee lnf way of example
c Yo ' i ' ffer itha .

o S ROy AR MATP Y 3 M S 10

myRiERSthae ANNiGeR efistnbiesuBB dtjnieasyomhsinaigdsakaniniiatoderivibe luciferase-

canlysHemRABRI he IRHRRFIERNUSHRBS BetweeMNLRENALY %J%erf??‘ér%sf‘uﬂ’é% initial signal

agents maﬁbe constituents of a combined lysis and assay buffe

a _ ??fntﬂ/aﬁ _i%l%fgﬁfi@%éms?tion is required to lyse cells, potentially

O e A I Ul AP O o,

resigtietcomprsiton mmeemimm(btmwihgzg@mmiﬁmm@ irte?]@m leémpositions)
S ressing,the luciferase. Rather the assa .

ST S A S 08 L S o

aﬂ@%@@kﬂﬂﬁe‘%@ﬂ@laﬁs oﬁthe_rgama)re@mtigtnimesﬂm thﬁfend_ashaatmtaﬂyﬂmdadded to the

séﬁ%@'@@ntﬁﬁﬁ@%ﬁ&ﬁ?ﬁﬂ&%ﬁJ@r HiRér O Q’Fﬁu%rgﬁﬂgﬁﬁﬁ'étgstgﬂﬂﬁgp&eiﬁeducing

invention may typic e 25 aqueous solutions, or alternatively may

ageifd dn @R IkPdinantibeyeisiaieds vopkniwazierieoasdenvatisniiesal. By way of
ekBRBRNHROBEOREIANRH THEHYGS R BIRaP B PSR Shel BsicERRARSISH Shore than

a@(lpllglgn ituents pre-mixed or as a combination of constituents to be mixed

1§84 Hig @RS BBS HoRn Rhayiblo detai ety abrai liglegr more than
abystteaufor Betslasesoaiadbioniol Herenase MenminkIR a5 aeideibkiRE Mare art and

. be reconstitut issplved, diluted or otherwise treated either 30
& Ué%?%%ﬁ}%’ﬂ‘%ﬁ@ﬂﬁ?; 'u‘éh‘ih%ﬂ%?&oﬂ?ﬂiﬁ@éiﬁ%n is capable of
performi ired | i f the invention.and reagen
COMpOSi or@zégratgigs%%ggc%g%h%%sw %Wé@%r%s'sgrrﬁp Iio (EVYW i%%ﬁ%rﬁeaﬁ/sg%u%er and
apsstenbldies weleetvriingfanedindereinnd/ asaayiviggentay Tefésiselifiea typically
compfises components for lysing the cells containing the luciferase to be assayed while the assay
buffer typically contains, infer alia, the substrate and any required cofactors for the luciferase

reaction.
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sample. The luciferase may be a naturally occurring enzyme or a modified
or recombinant enzyme. A naturally occurring luciferase may be derived
from any one of a number of bioluminescent organisms, typically from the
light organ thereof Such organisms include but are not limited to
bioluminescent bacteria, protozoa, caejgnterates, molluscs, fish, flies,
crustaceans 5 and beetles. Conventionally, luciferases may be
categorised according to the substrate utilised by the enzyme. One group
of luciferases such as those of fireflies and, Iick@gﬁgﬁﬁ utilise luciferin, A

second GBIGHGPURIIR Iy e @H%@WS%tﬁﬂﬁ 1% RyEsHfHwention may be
chetimtCaussiaraRdaBiey uffusnmdvatititeacicassaabinttery/ mrgederdance with the

PR EH O RIS A BT ot VS PRURE 1 B TSt AT W orianctor
Mﬂclﬁe'rfmase&mab@jl@memme _ﬂasiavékiktmm@enaﬁve m&nﬂtamdﬁvahdreducing agents
JERSEN Qé&egﬁété%%z‘?ﬁtﬁgﬁ%l%ﬂ%@%%%ﬂﬂlﬁ@@nﬂéﬁ/}%ﬁ‘ GitRGEstituents of cell lysis

intracellular or secreted luciterases. Firefly and Ron///aluciferases are
bisffeesceBupyroiesanituitanayie aietegeo s de Ssernace slisisg caspidnto a cel

l;}élsitﬁu‘ﬁélrdea% HateieRiveifcLritranRg WS BRHISaidRRIRs 8® R8s by a cel,

een shown to yield a bioluminescent signal strength higher than that 15

wheri s diGiRrReds TR Rletankbe pheHaraRsnaS: RRERRIR] sirasssactivity may
b HheisERY AtpRdICifesasesplaaianalsondiened iosdig elcbrirangaiganal lysed in a

BT U B A RO A D AR B AR MACAGT e measurs.
Thepretert lnvifeteshava foondehatatiardnperiicn oheereetge hictieraseasitjdresitiacellular at
t h . . - - t - . | . H

o PN R T Rt L BT LG e co

meabigpe fotsaeibtion)y Tissereeit dniasttementiel e kiviniraseag lusserapebecause
t H%ﬁéﬁﬁﬁe’@@%ﬁ%@rlﬁ&mfec’&tgé%%&r%ﬁﬁ H?)ﬁ-ggc%féfglﬂafé)aﬁé.th&él using a lysis buffer

loluminescent organism. Alternatively the luciferase may be obtained

with sreduging agasi g seariesh dfesasedonziainacaiglanl itinadivainsavahiial all light
eRfon BiERAURHP ARAIARSIAMBRA 1B Blfyarasi s EOriRgeAGiH Rciferase.
luciferase, The luciferase may be a recombinant enzyme such as a
variant gitegiesivelyy eddcingaberadlynagbacongtitusifisreisecdiybiney pdieaadshay buffer

ST A SE SRR S A S T L L RE 2 B T G i the
matiameiukhich dhgoeaiit deestutturédaandendiatey the: lisifepasmcmialyeact aeectiyut It will also
. e illa Altariag . . |
R R M N 20 AOUREE L O e
uanegessrnoionyseethmiiells auprssinghbaluditsrase poairsptie@ssey heifiee eemprising a
réaeéihﬁaéefe%%%ﬁg%aagwréaly%'iwe%ﬁa%nﬁymmﬁec@hsc%rﬁuured 50 as 1o

system oOf - 28 - choice, Such modulation may be an increase or decrease

s e disrespdalalwsd mARitepending on the requirements of the

particular application in whjch the luciferase, and the reagent ,
compo i EEHTLFARIRURRISh Sre G e CFARI Yt SIS RA R Ry el be
adesiuabée|tdions) difyalteenbiiedigrang by thediidroddotifomofsocke as lyapidlised.  Whether
destabilising elements to destabilise the.5 protein. Lucifer . containin s
R o N e Reer e, Rt e e e S RS g amorsin
albvomstitenty preatixia ofsath arcondifeatise sfvehistitarnisoo dommaixed yder to use. The

r%eﬁéﬂ?%ﬁp%#%mﬁ@; éedgeg%ﬁré’?:lﬂwﬁ%ﬂ %gg?lmﬁeirﬂ%qﬁepo%é%inatio of luciferase

quences (amino sequences enric the amino acids proiine

a[rouny @ns¥arcastiviiyoesy, Baiirks (syenstiuied shisrever)) diiesqeiepiberuisedimatgd either
cREHIRERCS B IRIRtSIRARSY BARUAN HBR|UaP SHE pefshHRIEBesTBE function.

enhanced 10 sensitivity attained with embodiments of the present

inventianegiedp astigid anheatbraniia geagshfaonpesiithsdstadlikedccordance with the
luciferases given the lo%/e%

! r steady state expression levels of.such . .
OGP KB BSOS B R AR Z7BTARIY o eny lucferase in a
contemplated herein. Suitable methods are described, for example, in
co-pending United States Patent Application No. US 10/658,093 (the
disclosure of which is incorporated herein by reference in its entirety).

Expression 15 of the luciferase may also be modified by, for example, the
addition of ceariencec <irich ac nolvv(A) taile trancerintional ar tranc<latinnal
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20optimisation for different species are well known to those skilled in the

art. Further modifications that may be made to luciferase polypeptide

or polynucleotide sequences are also well known to those skilled in the

art. For example, restriction enzyme cleavage sites may be introduced

into the polynucleotide, or the Iucifera§§.}aplypeptide may be fused or
conjugated with a second polypeptide of different function such as a

selectable marker 25(e.g. antibiotic resistance). Those skilled in the art

could readily predict using well known techniques such as computer

saitRie lindetiisderaseifdnysbe wimitralhe prerididaenzynee pablenaslified on recombinant

eREFREIaNCE YA SEBNPRY NP4 RS HEUEHIBE MATIERRAUGRS P8 number of
b%% be made to a secreted luciferase the render the luciferase

Inesrent areepismRalpital o taa dehtman hersefe i vaaNsmsveude but are
ntgnimi8Q typhizalivicestent Sacysie retsasidunsciakiosmndisot_h e bridoesistaceans

in,th t ] f ti ft tein. Th teine residues .

L AT T T
thectohzympieOne goup ohhkicifempesasutiegsribdictefiflefiesrand i bletetautiis@ Quciferin.
- di hi . lucifer typi show reduced activity when .

A e SRR e T e Rl e o
Flt‘ﬁémm@@maslﬂi%@fé@a@iﬁ@ﬁ@ﬁnd’@"gd&ju%@@mﬁﬁms@ dffterent evistitzieoThe reagent
cHRAPERAbAS SRR B L YA RIRRGS 6 Qﬁﬂ%‘éﬁléw’u@wm'ﬁlé%r% ing, either luciferin or

accordance with the present invention. 5When using secreted luciferases
cpelpniprrgne poRertsisiy s, a sample of the cell culture medium, rather than

a cell lysate, is typically taken for measurement of Juciferase activity. o
Whilstﬁ]@arﬂ?i%%%ugn% EERROL RTINS @ Siajreltenitahlsutertemyith either

irﬂracelrllhar samer@teﬂswcﬁiaaseﬁed: Itadiif %MS?@??IGEI Usfiérapsy @Wiﬁt@f@mﬁhﬁhﬁheir natural
ications. An particular, the. secreted luciferase can accumulate, in t .

R S R I TR sl e s of
p@é’gy@rnimﬁne‘trea ihbasi mwiwh.mwyjefd)ajb.ie.lumitmdm!gm stesgth higher than that
a#ﬁ%f&@é%tﬁmﬁéﬁﬂ%bm&@%@ngﬁg e 'Qﬁ'élgs?"%rﬂ@&t%a%’e%EQ.medﬁ%‘ér secreted

imitation. One particular modified luciterase desc herein‘is’a
lugilsenses v skia haseshewninonrikh siena sigmalriirength Noreexamalesigeiziia longa

eSS TryBiekfiethn RISIMIRRIIRA AN SRARISH METREASH: ARGRABA with at

modified [uciferase described herein is a modified Metridia luciferase in
legtlienedsecrered ivlsased M-BormsiSHINSIMaNiSe eceagent compositions of the invention

are used in conjunction with at least one secreted luciferase and at least one non-secreted

luciferase

Suitable luciferases are readily obtainable by those skilled in the art using known
techniques. The luciferase may be directly obtained from the light organ(s) of the bioluminescent
organism. Alternatively the luciferase may be obtained from cultured cells, for example bacteria,
yeast, insect cells or mammalian cells which have been transformed with nucleic acids encoding
the luciferase.

The luciferase may be a recombinant enzyme such as a variant or derivative of a
naturally occurring luciferase. By way of example, a naturally secreted Iuciferase may be
modified using standard molecular biological techniques by removal of signal sequences and/or
fusion to an intracellular polypeptide such that the enzyme is no longer secreted but remains
intracellular. Alternatively, or in addition, a number of other modifications well known to those in
the art may be made, for example, to alter one or more amino acids in the luciferase polypeptide
sequence to modulate expression and/or solubility of the enzyme in a cell culture system of
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15 deleted thereby generating a non-secreted luciferase. Other secreted
luciferases can be similarly modified for intracellular expression,
particularly in eukaryotes, using a variety of methods well known to those
skilled in the art. In accordance with the present invention, luciferase
activity can be detected and measured-y_ any one of a number of
methods well known to those skilled in the art, including but 20 not limited
to using a luminometer, a scintillation counter, a photometer such as a
Eﬂgtomultlgller photometer or photoemulsion film. Dual- and

ineHuSHERa ettt MaYsRy SN INCTegse ok itRAEaRRdR DiRIeeTRENd/or solubility,
dapERIAY BN th'ré"gim@rréﬂétﬁg"dﬁw{étﬁéﬂ@@l'aﬂ%bll@éti@}ﬁerﬁﬂﬂu@v\/me Iumferase and the

background sj; nd a faster rate Iumr
P SR 55 TR A0 AR 76 ORI e B TSRy B desirabe to
nevdiitehiel syferesashynttes rideatichasiromositinos démmmmagwmmevrmnmeétauhse the

rticul r Ilcatlon in dual multi-luciferase reporter ass
1 el ases contamn %bllrsrrég en% ave. ‘?’mr{f1 nea@ﬁ@talf -lives and are
Crete u0| erases uch-as aussr Iuc erase provr e a

emmasmmesdememgdrasetmlegatstﬂan tusiferatigsnwhichedoenet!| crrmtmt:eualraelements
§H%Eﬁ’ @rﬁrn"(!@ @]n?%n%ﬁﬁ@l‘dt}e WELRIaRR %Xaﬂtf”&'ggd%@ﬁﬁ?ﬁ'@es enriched

lucife se or |n rsecreted u0|ferase as not previo 3/
mwééhesm&aqwécprolm , gluipmisaasid dBpliserinnts) sertshthrscm@n a sequence

LI B LSFHEERTEE PRIRSH AN SRR 1E1YRAYRSAEBRMNENIPIBIRRIL! The enhanced
millions of compaounds, dual-luciferase assays can provide consjderable

seavfivds Atialeed Hiy ?i'ﬂ#’@dE’tﬁ?iﬁétfefaeuﬁ?fﬁé%HHY&[&'QWSr@ﬁ&&t‘ﬁ%@wdve‘”wg%us for
usepritatelystehiitbe mtterdse@cgrﬁengtﬁeremteetea@yayaemseamas@@tyI@es of such

nd/ erfor dual- I cife, h _
R Al RS kSRR AR svebe
ntbthcmaslldmedasedb@;p‘nessemﬁmIirp@tpmttbmgsiémtelduﬁaidsrrP%térAﬁpte:ation No. US

i srractig? @@@ﬁ;@?&é%? SR ﬁﬁglﬂ%g %F%dsﬁe?e%ﬁt}grﬁy reree WPA%’HEE‘ lgﬁression

rorm a single r Se assay Ini ge Initi

ob e biciierepranaprisoibeavadified kiltcexesmiatihistadiitaniceguences such as poly(A)
tﬁgmm%@ﬁﬁloﬁg'%m%ﬁsﬁlyﬂ‘épémme’@@ B B Ul E@é&ﬁ?&@é in the encoding

Inc udlngg a control reporter, performed on a smaller 10 number of
r

palitisiaaliderisguanee ioE ARAISRYIRS HRVRSHOR BARRIBI G SHaRRIS, 12 PRIEHa1sgpression

oRliaCHRPaLS AT 1R SNREREPRINRRATANS REHIGstRRL iFEReRIEra S @bpRIbeotide may
teSttggﬁsort r and control reporter In an embodi ent of the invention

08 GRS DR RICHEVER 88 FRSRRIGi ARRIGSGRPS 1 SPc uSade adaplaion and

optinitsdtionf @radifcastaydticacro in@ewnitb tiwedrskiationtie arduciferase that
in its "wild-type state" (hereinafter "native form") is not cytoplasmic. Native
form in Buithepmedificatienssthattivay aimradalifte thcieyasaspalypspiidenachptigaucleotide

Bﬁ?)@ﬁ@%@ ‘?h RYVwe ‘Iﬁ&kﬁ% & sk ShMhe r%f'qué?r&ar\ﬂp%(%strlcuon enzyme

eference to the normal site or ation at whic € mature

clgeyRg Siea riort hodtodieedyitie r@&cﬁ@dﬁﬁ‘ﬂﬁ'@ﬁtﬂ@r@m@dﬁ@tfﬂ@w@ﬂg{@@@dﬁ may be
fii5és B XA Y RRRI RSty DepftR %P&?ﬂ’@r@ﬁ’l"ﬁ]ﬁ‘éf%ﬁ'@@oﬁeﬁscﬁ%)e@a% marker

environment or microenvironment that is not reducing; or is at least less
(puiaptiRipiriesistansising) than the cytoplasm The cellular compartment

D A RS SR S et
cbmﬁﬁmsmdeﬁmg)ehswat@féraseﬁwhe:htmeﬁrularlatgleamémhbtqatastseam accordance with
tﬁ@?mgﬁm?'as well as predict the modifications that may be made to a secreted luciferase the
render the luciferase non-secreted. For example, luciferases that are secreted in their native form
typically comprise cysteine residues that form disulphide bridges in the mature active
conformation of the protein. The cysteine residues may be arranged in spacing patterns that are
repeated within the amino acid sequence such that they can be predicted to form intramolecular
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Typically, though, the luciferase in its active native form is extracellular;
more typically it is secreted. It may be secreted into an extracellular or
other environment within the organism, 95 provided that environment into
which it is secreted or in which it normally undergoes its catalytic activity is
not a reducing environment in companson to the cytoplasm of eukaryotic
cells, such as mammalian cells. More typically, the luciferase in its native
form is secreted into the external environment. Even more typically, the

luciferase i rive m an a t retes lucif t
O e P B L ST Dy
Theeisusacskitgdiishe mw&mtadﬁarmahmubémMMehane or more of

luciferase |cal utilize,co suhs ; ;
g SRS & A SRR AR M S sy for use i
aderifancaswithtenpresesirianddorm. Suitably, the luciferase may be modified

to remove one or more of such characteristics, Such luciferases are well

knownWheAIHRE é@%@@éﬂiﬁé‘@rmﬁh in vitro feREreE @SRy fuBiferarls 7 the cell culture

midRigANN R RS e Ws”éténlét%/ﬂ efkéﬁ'TdWﬁ@é%m@Fﬁ@ﬁ“qumﬂé@é@e activity. Whilst
dSYﬁ dergo the light-emjtting re |on | environmen

BiRsRYR dhsRBIS APRICRIGNS, g‘s%%%f&aema éOPéHl?c?ﬁa‘%&%'? ), secreted
lu€eeisds Bréheun ébpto@ﬁélt@fﬁmﬁhecépp&@mffyphadiaﬁ;tiu@duttléesesetad itsiferase can

oGO T PR, S R B a0 e eS8 Ean not be
mwnmswuat@ngmmsnmutmmaymmumwaimmsmsth@@ kisiférestiss{iadierebls eontaining
?Fi ngn%lr\ @?ﬁ’selrmft%l%ﬂt obH%ep%?ﬁPﬁaWWﬂé@qnﬁérégé described

rase or rent wavelength. 10In accordance with an

h@mbtsonmmdxf@ﬂtﬁeuwewﬁraé&m&}ytr@amr@@lmawﬁa{\yf@rﬁﬁrﬂ@@igﬁau@phde is
deflé?éd% @@s GeQattg SR isdiaiansss dalnrdmbRysiRie asdRlRvaRscribed

redoX potential of the natural microenvironment in WhIQh he first

hqw&@s@%fr@éanﬂyma&g%é%sﬁénc%{héﬂsytteea&.ﬁwﬂe Al isrmies Sianal peptide i

déﬁf@dcm@eggxl@éﬁéwgl@afgw%ébmma@wmm@r@@mmammmwmm similarly
the second lu ase undergoes jts catalytic acti 15and/or

R YR A LTS W AR R RS e%&ﬂ%%wa“é@a fhods wel
kritsvaadahose aldlindtin thdygpically extracellular, whereas the natural
microenvironment in which the second luciferase undergoes its catalytic
activitylis dnccadainglawjtarititogresent inye)tinn tHesiferasiecatbviys Goie Hestietected and

m%é%éﬁfé@%? 1 PRSI n WIS Pl¥o 86 RN MG &S RS SRS L SR SO luding but

not limited to using a luminometer, a scintillation counter, a photometer such as a photomultiplier
photometer or photoemulsion film.

Dual- and Multi-luciferase reporter assays

In providing, inter alia, for the generation of higher sensitivity (stronger flash phase and
lower background signal) and a faster rate of luminescent signal decay in the case of secreted
luciferases than is achievable using currently available systems, methods and compositions of the
present invention find particular application in dual- and multi-luciferase reporter assays. Secreted
luciferases, such as Gaussia luciferase provide a higher bioluminescence signal strength than
normally non-secreted, intracellular luciferases. However, a dual- or multi-luciferase assay
utilizing Gaussia luciferase, or indeed any other secreted luciferase, has not previously been
described.
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(d) The effect of a reducing agent or a reducing redox environment on the
first luciferase is inactivation, at least to a greater degree than with respect
to the second luciferase, and/or; (e) The activity of the first luciferase
is dependent on the formation of intramolecular 25disulphide bridges
whereas the activity of the second lucifgyase is not, and/or; (f) The first
luciferase contains cysteine residues that are critical for formation of its
secondary/tertiary structure, and/or; (g) The predicted structure of the
properly folded first luciferase comprises multiple disulphide prid

S .

betweef d@éiﬁ@ﬁ@@ﬂés%ﬁé@a@'ﬂ@etw@@m%@H@&ﬂ?@%’?‘%hg@gﬁoﬁq involve
ségazm&mﬁlai@@@s mmr@L@r c?}rt é@mgbmgzil,nqm||niemégfuwfa§3@;@a¢a1ybmq?@e¢nsiderab|e
-32 -, n some embodiments, itional luciferasgs are also utililjze

SR SEEL R RO R CIFH A Io0 BPEHALCo e hend,
sipiglglemaiemissalypredtiyaitalitydess exponslimentd/sr ainples tdiperibintisarddual-luciferase
subsequent luciferases are of the t cribed. 0 ;
R R OB ST BB v e o e
usecprameisegouiniferifare® v dndsen ftreiteitive proegsiss suaiasdigh roughput drug
SR BfRAIRES ey BY AR ISARI 2 IO IRGHRIARRASRMIY in large

e second ase may be derived from Coleoptera and the thir

initiatrarage ohihy tsst aeEmmelar o Rideniaaiect a sholdis sfeansidaigisomeruidseThis may
bBIREY RS HP iR Ny HeR R aseat IRIMEPR ssdeepihed heleimed @ik smaller

Double-luciferese assay usif%g two different substrates and one or tw
e

RSN SAERIRS oSS 1S PIREERRE A IRYRIA AR WGHETRSS Rso syglor tat allows the

uSeCetRcbEaadnRBOiesaGeh (BBt fSpuiasionly oifesisielt heportttizes control reporter.
coelenterazine as a substrate and the second luciferase is a terrestrial
luciferase deambodifenthtthe eedetion, Ripteshoneifbifesioyiferasesi(the dirst luciferase) in

lGie i ' ini ) Ui iSFIESh o e n
e ARG sl SRR HR Mo ST BIREAR R i v i

typs aletr’r(berginatigrexelnplioadils aetewaplasmicvitiative forasaribimeenemeans in the
ubS RSB IRTsAT FBRATHER i ERRSIASHY dundeiien BisesatnetRitesanAkk%e form *

or stored fOr about 5 minutes or more to allow the Gaussia signal to

mipkeayelpretesdpadieia e or Rqaliareahhishdimmai ey bibsdvqitprase undergos
it aRIEOrietsraMaufeO A 20rHE Riierienrgraghanblidhysealysperate (undergo

measured again. The first reading is a measure of Gaussja luciferase . =~
0 ORGP Sl i BTHEAT I LR BPRAER, W Rbdiing: or is a
leastivéiys redudnganored axidisingthhbme thd ayteplienprdse nddiiwamtmmpprimaatesithin the
a method for. determining the amount or activi first an c .
SRR (R DAL SR DR o 8 NSRS RG 3E e, sotr
awvitie netalyticadsmains) tefdhfo lutifertisstraaychs sitwated auitbe axtigcatiten videl atihg plasma
at time dependently inactivates the first luciferase but 25does not

inactivate the second luciferase;
Typically, though, the luciferase in its active native form is extracellular; more typically it

is secreted. It may be secreted into an extracellular or other environment within the organism,
provided that environment into which it is secreted or in which it normally undergoes its catalytic
activity is not a reducing environment in comparison to the cytoplasm of eukaryotic cells, such as
mammalian cells. More typically, the luciferase in its native form is secreted into the external
environment. Even more typically, the luciferase is derived from an aquatic organism that
secretes luciferase into its water environment. Most typically, the luciferase is derived from a
marine organism that secretes luciferase into the sea-water. Such luciferases typically utilize
coelenterazine as a substrate. The abovementioned characterisics of the first luciferase apply to
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(b) measuring the luminescent signal before the first luciferase is
inactivated by the reducing agent; (c) measuring the luminescent signal
after the first luciferase is inactivated; and (d) using the data collected in
(b) and (c) to calculate the amounts or activities of 30each luciferase
relative to each other or relative to othgr samples. - 33 - Also
contemplated is a method for determining the amount or activity of a first
and second luciferase in a sample, the method comprising (a)

tacting t , le wit i bstrate for the first lyciferase and
] 50 TN o SR T MRS AL 47 SRS derBle one o
matleessaci thaactsriteshSwhdosidasedarasa!l kibymieteuaings iescribed herein.

luminescent signal before the first luciferase is inactivated; (c) contacting
the sarfiiesenohdalueifertse is Uriveitie s dudifesase doaidinuitsfortive forravould normally
Sui ine: : _ the firsk lyci - v _ .

P o o T Wi oF MR nat i
re@sjciaetioniegtdeasb BrEhrRdbBERs s eridicBabtianchab efdheoliret ltifRears dirdeally, the
lucTeraRies iiiciReRe IR RRCS AlnE RIciBlaieate RENShSRABI8RsEiXKilled in

Triple-luciferase assay using two different substrates and two different
theaéga))tdﬂﬂ‘\é@ derived from an aquatic organism or a terrestrial organism. It may use the
same substrate as the first luciferase or a different substrate. It may emit light of the same

wavelength as the first luciferase or of a different wavelength.

In accordance with an embodiment of the invention, exemplary features that may
distinguish the first luciferase from the second luciferase as defined above are as follows:

(a) The redox potential of the natural microenvironment in which the first luciferase normally
undergoes its catalytic activity is typically more reductive and less oxidative than that
natural microenvironment in which the second luciferase undergoes its catalytic activity,
and/or;

(b) The natural microenvironment in which the first luciferase normally undergoes its catalytic
activity is typically extracellular, whereas the natural microenvironment in which the
second luciferase undergoes its catalytic activity is intracellular, and/or;

(c) In their native forms the first luciferase is secreted, whereas the second luciferase is not

secreted, and/or;

(d) The effect of a reducing agent or a reducing redox environment on the first luciferase is
inactivation, at least to a greater degree than with respect to the second luciferase,
and/or;

(e) The activity of the first luciferase is dependent on the formation of intramolecular
disulphide bridges whereas the activity of the second luciferase is not, and/or;

() The first luciferase contains cysteine residues that are critical for formation of its
secondary/tertiary structure, and/or;

(g) The predicted structure of the properly folded first luciferase comprises multiple disulphide
bridges between cysteine residues whereas the predicted structure of the second
luciferase does not, or at least not in the region of the catalytic domain.
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In one embodiment, the first luciferase is a secreted marine luciferase

(e.g. Gaussia luciferase) that utilizes coelenterazine as a substrate and

emits blue light and the second and third 15 luciferases are terrestrial

luciferases that utilize luciferin as a substrate and emit green and red light,

respectively; for example, red and greeyp Phrixothrix luciferases and/or

those available from TOY B-net (Japan). To a sample containing both

luciferases is first added a coelenterazinecontaining assay buffer with a

reducing agent as described and e lified in cor(ﬂj{ with. the

present/THRAEPRIBH: E%H?@%@Q@W@H?@&?ﬁ?@@ ﬁr?rfﬁ%f ?é?;;&%'é} ifhat %hree four, five

ofestid erfbndlibiendee 2@ ﬁwaml@dﬁiﬁﬁmgléIBMestGwﬁbéﬂy ialtioasembodiments, at
re to aIIo Gau55|a s eca referably to I .

SR e e e e s S

tcdeM'blP)asrﬁdem@d@exdramdelmjht gheissidiipledusifaraseageiay usmig fighérstadifferent

3&%%@&!@%2@%%%9 Wa%rﬁm %%%u%mﬁgfﬂf%%ﬁgi@gﬁ@dm a triple

e with some luminometers, whereas ot

Iu@iqcase gesnyelheseaoad Jusdarrsatman briylesed iiameOrlompinsa angs 19y thik uciferase
g sRAtRPBiEMRS and two different assay buffers: In an

embodiment of the invention the multi-luciferase assay as described in (i)
above resanipsestinalivpaRrasto uithalidcitonaseplatee thatthsliprsdutifevintion are
as léerrate but which emits orange light; e.g. the Rol luciferase

dﬁ%{ 18P TOY B-net. During the second measurement apprépriate

T AR SR S P psier

Pentupig; 'b%%fgmﬁilﬁ%%?ytﬁésﬂ?g Tnaiderery subsizates aRdWR HEeEeNt Gaussia

assay buffers -34 - In an embodiment of the invention the

'Wfﬂma):if@ta%@%s%ﬂﬁlﬁﬁt@f@%ﬁ RScRiISURRralsovE harRecandiintRyase & frdgrrestrial

Ieifdfesase gomernalienbistilue HipkiPuicie@sey Mlasnes lueHsinse HsiiBstrate. To a
natlve form, Most such Iuc:|fera es ué(!?ge coelenterazlne a%a Substrat

SARBISFETUR PR DGR o S RSEAASEDNG GhsaQpfe with
rédeasy ree s ieterbed sath @@d]ﬁmlha emirtighie withichetipadstnisinvention. Light

ST SRR e e A PR O BTN AR Se R At o minutes
onmaate tAalthisthigr@attseidzignssia Mgagalptmgmmmﬁlsz&rh thduciieriendintaining assay

lanal| fl |
e e e e
ageiay hsuififst IRAGIDEnisl doBeaRIEHofi @@Lﬁé’@bﬁéﬁﬁﬁ? antivie @ndathe sepprriseading is
nﬁ@ggh@q)qlﬁ%w B@Rtb%@?!é%@@lt}o measured again using filters to

distinguish the green, orange and red signals and separate them from any
remainipcabibigiee it ieramisetie Tﬂit@séﬁ?iﬁv&ﬁ@ﬁmoh@@@?é fﬁ@(’ﬂd@pﬂbtai@termining

hin tf la lucifer der t
e A e e o %‘i&@ﬂﬁé&%@%@ﬁﬁ A Tg%da?@awaeg
r.neasijd after acfﬁ“otﬁeosfatn%e Wil eac %ﬁgﬁr 38 ! %Snd luciferases

filters separa ue emission rom er CO OUI’S
the blue filteranthy atsuding w@edhthahénmsﬂep@aieuﬂm@mveﬁs the first luciferase but

Multi- Iumferaagegmmaﬁg{g tnggéggﬁarﬁeﬁe?g&strates combined in a single

assay buffer In accordance with an embodiment of the invention,
assayhay egiingsdumRnesserisignshbeiors i lslvalesssest naaipied by the
two assay bufigiigiieg@imbined into a single buffer comprising
coelenterazine, luciferin, a reducm agent, M nally ATP and

Con B IS B AR AR L AR KRgiagted and
signalgy) The bbu@ signedtis colRatidrer(by sintlging kisleufiltertio eolite othetivities of
wavelengths) ferab out 5 Lnu es r more
included befoergmg)% ?%%gﬁ?\&%% &ﬁ(’lﬁ €88 E?‘é‘\’ﬁ r%t S%Prgefﬁmse
any cross-talk from the Gaussia signal, which is very strong in the initial

stages only. (vi) Double-luciferase assay using one secreted and one
non-secreted luciferase
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25In one embodiment, the first luciferase is a secreted marine luciferase
(e.g. Gauss/a) in its secreted form and the second luciferase is an
intracellular marine luciferase (e.g. Raniila). Cells expressing both
luciferases are cultured and a sample of the conditioned medium is
removed for measurement of the secrgt%j_(Gaussia) luciferase. The cells
are lysed in a reagent comprising a reducing agent and later measured for
the intracellular (Rent/la) luciferase. With standard 30 reagents, light
emitted from the cell lysate would comprise an indistinguishable

combindtith YiRIARIERVE & iresihasbiar tHelaraining luzissiows anadidy of a first and
%@bﬁ@ﬂ&ff@@ééﬁﬁiaéldﬁiﬁﬁfﬁﬁér‘?@ﬂo‘&%rﬁﬁ%ﬂw%‘ 35 - produced but not yet

secreted. By including a reducing agent in the lysis buffer, the Gaussia

:uciferm)e :s inenttivﬂﬁgdlmmﬁblatwgifhta%mgﬁﬁih@nsiﬂoa@@aéﬂfﬁeOﬁrE%an#@rase and a
uciferase lev . Alsq contemplate the present invention are

further metho%saqu %893}1%@1#1]@%5%%%“@%[ 55 st drGiRsase but does not
different luciféragiiystintize sacopidudifecase;embodiment the 5 method

compriges Copiaetingyt | C sition that _
comprzs re e R BR L EE ractvate
determfhing tReNEABAMeIample aiflitaeast teybstiate for difeasanditngferase;

points(@nd usiesstipdiptaGaliesisst éﬁbﬁé}'%ﬂﬁetfi}%tm%‘r‘éﬁé iefﬁgﬁswb%? and

of each |uciferase relative to each other or relative to other sam

wherelfthe d45iBg difoAataIResiedici Rnss(Bmedrigie heoameitiragicsctviies of

with regard ta:tble lkiffetiss RidibtesaigsimmittigAR RN ATS.

reducin ent that inactivates, in a time-dependent manner, at least one
hoiase re?altlw E\&%?ﬁﬁasﬂ?ﬁ%@”ﬁﬁﬂ\@rte By differences in

of the Iucnlerages.

A S N e ey UG

luciferases to distin he signal o W

|UCifer@ﬁﬁ%n@%ﬁ?ﬁ?ﬁl&ﬂftﬁ@efiigtvfﬁ%é?gs@rfgvcjtdﬁf‘egﬁé%rd)\{% ir*ﬂqﬁaf:e?a%% (eg. Gaussia

bioluminescence in luciferase reactions and offer advantages over

lusitBrase hatuitizescoaenisraiisas e iding anderdtsbiiedizhiendshe second and third

luoifertives erdnériisiridenraientiaammes |(kaisrases Lplyinhay é‘rﬂﬁi\é‘?een and red
”g?ﬁm are se&:rﬁé)ed. Re ucmé; 5} ents may be used in luciferase assays

S SRARGYE YhT /AR SR A geasng Alallyiugiemsesrradisdiges available from
T idtimey {datiae)iniendicampleckimisininglacts 6 o8BS RIS A86R S BB nterazine-

itS.: ing to the invention. The present inyentjon proyides kits for _
A D A R B e LY e
ff@g@ﬁﬁ@ﬁbmv@"&itbn.abbbmmfmmsrmmmmmedmet}e(sormri Ineygind ki@ then the

sab e URaiar, SuBHacoMONE SLMAS BIYREAANARETS A0S G decay,

packaﬁed in a Convenient form to faci 8
Peipablk tg naatizes of Y bt eaniaipingitspey dutenitisti enas alseriaclfidorMg, CoA and

ATRINS BRI aRASRIRSSASIoR URHRIFEE SYRSURISS MBR to distinguish the red and
green signals.  Simultaneous measurement of red and green light is possible with some
luminometers, whereas others require sequential measurement,

(iii) Quadruple-luciferase assay using two different substrates and two different assay buffers:

In an embodiment of the invention the multi-luciferase assay as described in (ii) above
may further include as a fourth luciferase, one that utilizes luciferin as a substrate but which emits
orange light; e.g. the Rol luciferase available from TOYOQ B-net. During the second measurement
appropriate filters are used to separate the green, orange and red signals; for example as
described for the Multicolor-Luc Assay system (TOYO B-net).

(iv) Pentuple-luciferase assay using two different substrates and two different assay buffers
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25 reducing agents may be in the same or different containers and in the
same or different reagent compositions. Typically, the luciferase substrate
is provided in a separate container to the assay reagent (minus substrate)
in order to prolong shelf life, but is intended to be mixed with the assay
reagent prior to use. Multiple reagent ggmpositions, or various
constituents of reagent compositions may be combined, for example in
aqueous solution or lyophilised, in a single 30 container or in multiple
containers. Kits of the invention typically also comprise controls and

standalierersbedinenhef toaaninaianiheipulilueiemssassoy asAssebr ip (i) above

fu:%?é‘r%%@i‘ﬁg with dhe iRysatobre tiRRiAiBYNEdlgHaBt siansiesslsswill kaeiferase in its
known to those skilled in the art. - 36 - In SO?\,%JE diments

: . \r . b .
i B NG R SAREE &5 AR P A ARG G O
foﬁémﬁﬂla% %@ﬁﬂ/@%@ﬁ@iﬁs@gtbmid@ Kikeftrsimpaswrenherey SatiliGaossisend-Benilla emit light,
example, by providing the reducin t : :
SRR TR BERE R 0 ST e O o FoTe S st pior o
ad@irgeR iﬁegmbad@amag'ﬂhtww akditiend mkssarfunemtisoradapldtdhiatimg the Gaussia
.users working,with stable cell i t . i ,
SR N S A, P EETIE RIS M Camariad Ronil
signela e theniGuatedidouertenalecad dashed B R i/ DA(RR)q The second assay

bdﬁggfﬁﬁ?ﬁcllurhéqu fh SR OpHRRHF RIS TRA BHaeAtVS)SMEie rYAE EREUgEmission
agent to Inactivate the Gaussia luciferase prior to me‘gs?l;{llﬁrja the ot

s SEB L HeTh B REUSENG 36t KPS BSLASP AR AP SEpfiee e

fr%ﬁjﬁﬁl%ﬁnﬂﬂ%i&@ggmﬁ Rhéih%ﬁi@éiﬂiﬂ@ %édhﬁim:jmhﬁ@ assaooitaifer quenching
Jucing agent, measurin nescence gnd t dding th
agerl g Al HETE 438 MiowRr Qttﬁémqlﬁ%ﬁ‘?é%%a?%{ﬁé'&%@) filrrs]? ad?iing

to the sample the assay buffer without redu ifi i
15glow i‘?ﬁ?é“f%@iﬁ%@%&?%"é‘ﬂf' 1 lregbgng% gg@ﬁ%%%ﬁ%?%%%ﬁgf the second
asnthiffngised appomigenttendormepasaidrig hivinwissisndeonelis &g colours. In this

lucifer iS4 ' T in.thi ificati
o O s e any matter i is
(J; AlfueTeRENe %Qé’a;my}@ AR DR lHEDIRE 2GS 6IMMEIEH G QB buffer

. Ission or any form of suggestion that that prior publication (or

'nforma}ﬁlfﬁc@?ﬂdﬁﬁébfww i) @hiboaivennattiefimvestipartae$ahe mambeoperformed as

general knowledge in the field of endeavour to which _thi ificagion
A el LSRR AR e RO e vt
cthfisthouingenneaiie chaiiepics vebichgtagent, Mg badcoptismaly AP iangh{oA. Four
fil o e!lrgnlljtég t@&%‘é?&?& tﬁé Hﬂlee,'@\r[eee'ﬁt,%%ngé%a red signals. The blue signal is measured
first (using blue filter to exclude other wavelengths) and preferably a delay of about 5 minutes or
more is included before measurement of the other colours in order to minimise any cross-talk from

the Gaussia signal, which is very strong in the initial stages only.
(vi) Double-luciferase assay using one secreted and one non-secreted luciferase

In one embodiment, the first luciferase is a secreted marine luciferase (e.g. Gaussia) in
its secreted form and the second luciferase is an intracellular marine luciferase (e.g. Renilla). Cells
expressing both luciferases are cultured and a sample of the conditioned medium is removed for
measurement of the secreted (Gaussia) luciferase. The cells are lysed in a reagent comprising a
reducing agent and later measured for the intracellular (Renilla) luciferase. With standard
reagents, light emitted from the cell lysate would comprise an indistinguishable combination of
light derived from both the Renilla luciferase and the subset of Gaussia luciferase that has been
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Examples PART I: Reducing Agents Shorten Kinetics of Light Emission
from Luciferases that are Secreted in their Native State 5Example 1

HelLa cells stably expressing non-secreted and destabilized Gaussia
luciferase were plated onto 96-well plates and incubated overnight. The
non-secreted luciferase is a modified Gussia luciferase in which the 14
amino acid N-terminal signal peptide has been deleted, The destabilised
luciferase is an enzyme containing a destabilising element such that it has

a 10 shortened half-life, and.is.expressed at lower steady-state level than ,
AR DU A 8] o8 It B A dseenS 2B B oRasighe Ceussia
liniferbeetiisrinattvadiedrsveh shad fight/ ewdiseimh iha meksLingsefRami20 itifyrsiss tevkse
comprising 25mM lIris pH 8.1, 150mM NaBr, 1mM EDTA, 63.4uM sodium
oxalateAsoL semigmpiaisdlyitlite PEseHlyReRsioiGEw 3yrthercimetheds fetidigiermining the

aMBEIGRSRY B W NBURRE Belenf Al dnieEiom IS0 SaBnas@ent the
buffer comprising 25mM lIris pH 8.1; 1mM EDTA, 2mM Ascorbate and

MESIAG BSMPEES) Contenting dhee S3EwE Willtrar Taven sRmesiiam dat reriRsisgy reactive
saggntey wﬂ@ﬂ%@%@m&&%@ m&;ﬁrﬁg&?dadmm a@@?tﬁogmﬁf lg%ﬁﬁérﬁ{féd at two or
4mN),. 10 20mM or 30mM);, 13-mercaptoethan , 20mM,
T TS LGB IY it (BB B P FAE IRELIE BPABE o acities of
eautidyeifiecisn relaiher toneatts ainer shealativie t& ighet Samplist Whéreiathbe sedation relies on

d @rteﬁge%hb%i\yégnzR]éeﬂﬁcﬁrq]%‘%gggsmﬁtﬁu%%%@%ﬁéﬁé@%ﬂg@&%@@h&semission in the

uminescent signa overt | conce
perssaeecd mraduciigsagrit Hntdthsbinaieadera imadlertsdeniarasnengelsast one of the

IJHESLeSOTRE MEMI VR f@rﬁﬂ%%ﬂé@ﬂ%%@@ﬁﬁ%n@ﬁ? iE%G@BH&Hng'IiBEt emission of

luciferase substrate used was significantly” higher than that norm
thenhsmtyrsaerirsigsal aensratan oY Ingfersesriactislingpishdmeiaeal ol Jnlﬁqst two of the
difeRMNRMessehave determined that this higher concentration produced 25

beneficial effects in terms of bioluminescence generated by Gaussia

luciferase. Example 2 Similar experiments were performed as described in

Example 1, however using a broader range of concentrations of OTT in

the assMgthodfeof( Htarimetia0Pmiitle Rusoale fkinetios/@E3hidhdepesceemst in |uciferase

r%%ﬁ%%@@%%ﬁéﬂﬂ&e@oﬁ@ e 6%?! ﬁ%?%@o?%hﬂ@ﬁéﬁ%‘drﬁﬁd@%at reducing
agents inactivate, in a time-dependent manner, luciferases that, in their native form, are secreted.
Reducing agents may be used in luciferase assays according to the invention, in preparing assay
reagents and test kits according to the invention, and in standards and controls for assays and kits
according to the invention. The present invention provides kits for carrying out assays of
luciferase activity, such kits containing reducing agents for use in accordance with the invention as
described herein. Kits of the invention comprise, in one or more physical containers and typically
packaged in a convenient form to facilitate use in luciferase assays, suitable quantities of reagent
compositions or constituents thereof for carrying out luciferase assays. Luciferase substrates and
reducing agents may be in the same or different containers and in the same or different reagent
compositions. Typically, the luciferase substrate is provided in a separate container to the assay
reagent (minus substrate) in order to prolong shelf life, but is intended to be mixed with the assay
reagent prior to use. Multiple reagent compositions, or various constituents of reagent
compositions may be combined, for example in aqueous solution or lyophilised, in a single
container or in multiple containers. Kits of the invention typically also comprise controls and
standards to ensure the reliability and accuracy of assays carried out in accordance with the
invention. Suitable controls and standards will be known to those skilled in the art.
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longer time-course (Fig 2B). As observed in the experiments described in
Example 1, the rate of decay in luminescent signal was directly related to

the concentration of OTT. This effect was seen up to the maximum
concentration of 500mM (Fig. 2A). In the longer time-course (Fig. 28) the

signal dropped to approximately backgsgund levels (-100 RLU) within 10
minutes of initiation at all 5 concentrations. This represents a decrease in

light intensity of 1,000 to 10,000 times. Importantly, the observation that

DTT shortens the period of light emission from Gauss's lucifefase is . .
contrarﬁf‘tﬁofﬂ%ﬁ@ﬁgW@ﬂtﬁdreﬂgﬁ%%ﬁ'ﬂﬁa?'me&@ggé*@i@laﬁ‘?ﬂr eyt {e invention
afshesideteapteparueiterasermandiRin/ki fociigases vaQEtiianpled For example, by

iR e R G

aleo InvaUaiiRg 1 MRAHICne SR BAUERR WETPRS6 TS WESu) above

achieved by tranhsiently trans elac a reporter plasmi

encoding thé wildithgsexamplesid Witiyersses protdng aith slablesehdngsethat express a
conditioneq Jnsmedidntids BES IRIRFad R 25RAINBEHIEH RN B eIt sE8Man select

OTT or no OTT) was injected into wells containing 20ul of the conditioned

medium. ReRETWRTESWIM NS EaUssiaelR aIg RAMPE MEARB IO BarERiaciferase.

time zero (se@ & igtic?)cbBER RGNl BiohufFMgIOfdt\ itgpamsiato inactivate
luciferase $nat' e sec[yet?d and madified non- ecrﬁ]tei@ﬁ'eld a very rapid
decline in IRCAHRREBARIARHPRIHO DRI i ORE RS8R Ster. 20

E e 4 _ . Simi i ; - : .
pertorma ARGHE AR e SR AR W fFatore
the intrageldet, | ioeras oS AoBREY ARREINMEHR g, measuring

injection’of assay buffer (with 50 mM OTT or no DTT) into wells containing

20u1 of 25H8¥ABSGRBC8NBNG tiprigddingn therdeHeeinar 296RS {ReiRAriKatBr Th7iqast one
on the kinetiggepidigBigmission from Gaussia luciferase, OTT actually

prolongs the light emission from Ron//la luciferase. Example 5 -39 -

Secreted) Migstidddihgcitetiassample dataissag buffer Glthotechdacidg agent, waiting until a
non-secreted Metridia.luciferase was created in an analogou y o
non-secrotdit SISt T AHUF s, ALY g0 B M Sheasaeh by Bicgantaning
using primeegdtitiag dgdeteatideridasuticyauniinesaends biferc AE@i¢Hecasisrisaoiivated.
signal) and the stop codon. The PCR product was ligated into a pRR23.1
plasmid (GeneStream, 5 AU) to create a non-secreted but destabilized

Metridia luciferase. One da.y after transfection conditioned medjum

was remBoSaaBNsd s s SRagTGR N AR SRYapiP YNGR (e ffgrmation derived from
il Sfesoassmetes e ek dascibast, andxmaendt Kigiets{2an Briafowledgment or

o e e A BT By ot o
kmalicatetter dovosneat wftiseabBbifionigeBralndvieqyd in the field of endeavour to which this

specification relates.

The present invention will now be described with reference to the following specific
examples, which should not be construed as in any way limiting the scope of the invention.
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10 7.75; 1mM EDTA: 2mM Ascorbic acid and 26uM coelenterazine.

Figs 5A to 5D show that non-secreted and secreted Metridia luciferases
and non-secreted and secreted Gaussia luciferases respond in the same
way with a very rapid decline in light emission when DTT is included in the
assay buffer. In addition, as shown in §jgs. 5A to 5D there is a 4
concentration-dependent effect of OTT in shortening the period of light
emission from all 15four luciferases. Example 6 Experiments were
performed as described in Example 5 for the non-secreted Gaussia and
Metridia luciferases, except that the reducing agents used were:

dithioerythritol (DTE) (Figs 20 6A %]x%r?@é odium sulfite (Fig 6B);
cysteamine (Fig 6C and 6E); TCE ig E ; and pmercaptoethanol (Fig

PRRT INRARIEAG ,igge% §nGiteh RIVERLS SPRlgRSERISS O FoRTDEETerdeY @at are

agents also provide a rapid decline in light €mission from Gaussia and

Metridia luciferases. Exanﬁﬁérﬁ%béhWM‘ée&fﬁ%rising non-secreted
Gaussia luciferase were prepared as desl%}bed in Example 1. 60ul of
assay buffer comprising 25mM Iris%q'w ; 1ImM EDTA; 2mM Ascorbic

acid angd 26 ulM coelenterazine was added to 1 aliquo lysat
ot to PR AR e Ser e A MR LR fifce were
platateosts i86-glelvpfztesendiiteubstedniveataighttintbez epo)sadieteddugBiasis a modified

GQ&&?&’IE RS Afidels TiSARSRLEWIRHNIRR é@%aﬁ?&bﬁa@é%&edé@ﬁa&e@ed The
u conce

assay buffer except that it contained the indicated concentration of DTT
degtalviireddusierasmadinan eapyme enighinendisissiilisimmelarent Fisha et has a

sieRered fidlemdngnnipclignatiiesasnadsesrmshtiananthaxmienecshadsnde of the
percentage of the light units at time zero (Fig. 7).
destabilising element.

Following the overnight incubation, medium was removed and the cells lysed in 20ul
lysis buffer comprising 25mM Tris pH 8.1, 150mM NaBr, 1mM EDTA, 63.4uM sodium oxalate,
0.1% NP40 substitute, 5% glycerol (GSv3). Luciferase activity was measured in a kinetic assay
following injection of 60ul of an assay buffer comprising 25mM Tris pH 8.1, 1mM EDTA, 2mM
Ascorbate and 26uM Cz (STD), or the same assay buffer but also containing a reducing agent.
Various concentrations of three reducing agents were used: DTT (4mM, 10mM, 20mM or 50mM);
pB-mercaptoethanol (10mM, 20mM, 50mM, or 100mM); and TCEP (500uM or 5mM). The results
of two indepe'ndent experiments are shown in Figs 1A and 1B. It can be seen that each of the
reducing agents caused a more rapid decay in luminescent signal over time (at all concentrations
tested) than was observed in the absence of reducing agent. The effect was strongest at higher
concentrations of a given reducing agent. The concentration of luciferase substrate used was
significantly higher than that normally employed for coelenterazine-utlizing luciferases
(approximately 5 uM). The inventors have determined that this higher concentration produced
beneficial effects in terms of bioluminescence generated by Gaussia luciferase.

Example 2

Similar experiments were performed as described in Example 1, however using a
broader range of concentrations of DTT in the assay buffer (50mM to 500mM). Results from two
independent experiments are shown in Fig. 2, representing a short time-course (Fig 2A) and a
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The data show that when DTT is added during the glow phase of a
previously initiated reaction the same desirable rapid decline in light
emission is observed as when reducing agents 5 are added at the point of
initiation of the reaction, This demonstrates that non-secreted Gaussia
luciferase activity can be measured ing@gtandard reaction such as a glow
reaction and then subsequently terminated by addition of reducing agent.
Alternatively, luciferase activity can be measured immediately after

PR nUe iy G AR L0 T ot L RS adghe e of
dervefirskufee sesc sige dl G/af threntiectiaieddd the cedaciratongd iXTde Mids sffedbsas seen

BB B R SACTERNABIIENN o o v

sigsial grafpereinteppudsraaiely backamadderciuirdfaiid)) vatiain pimges of initiation at all
chiRkAt SRSl S RREINY léoﬁé@réé%"ﬁlﬁq@ffe%%ﬂgtgeéﬁaf?ﬁﬁ?% 10,000 times.

Gaussia luciferase and a destabilized firefly luciferase were plated onto

lysoianiipIhes dbserviatiomabel BY&rshonenydbrureipds e figbl &nigsignniom Gaussia

|esbrabeser dontiary L ef the hepistbuiffer meacsinee incherasaplantiukistirefly and other
emission was measured f@r [bsfec in a luminometer at the following times:
'E[%f& file/n

Qﬂlﬁﬂ@afaﬂa NS Sfa§§§ay buffer (LB = background signal in
absence of substrate); immediately after addition of Gaussia assay buffer
(Ga) comprising 25mM Tris pH 8.1; 1ImM EDTA, 2mM Ascorbate, 23.6uM
Cz and 50mM DTT,; 15 mins after a 9&%9,57&5 Ga assay buffer (15 mins);
and subsequently at 1 sec after addition of 60ul of a firefly assay buffer

(FF) cogmplisignémitis! fierd beropre® BN dMaiBEa4n SREMAIOT Wit tAd @d¥bption that
EDTA, 0.58mM ATP, 0.3mM CoA, 0.52mM Luciferin, 1Img/m1 BSA,

\ ) 25 .
thenefReE RDSARNTE ERE SIS LaIRgsERRP S YRR SsquRTRS igated for the wild-type
sbipdtti Gagssiatisifferabehallsierwas makissetasy ifaad@ash eastiotingutsthiedlls with a

R GHER L RS e AR L B 0 R e i Garctoned

neefckiu fir 84l ynsdlatpe nT bdl avesynbefisuvatn eitttep Bthe MR T eigndlT Thuss injected into wells
[ l-lugi - 9 enthy,, ..

o TS o, s e e M R i fomaiing

chinprIessle tingaethdseetith|3pf Mdtifsie eantrenihatraptiidmes pFherGaussia luciferase
(RanEilinadh YRS Ia mGR PR HRIaSR AT ER Bcin HIMGh I RREEBn when DTT
'NFkB-binding sites (NFkBGa). Transfected célls were plated onto 96-well
ipingEded v thecnsardwiernight. Quadruplicate 5 wells were treated with

10uM (final concentration) forskolin or 10ng/m1 TNF-alpha (TNF) or left
untreated (control). Four hours later, the medium was removed and the
luminescence from each luciferase as n}ggsured using the protocol

described in Example 8. Fig. 9A'S BWs'the luminescent signal after

additiOg@;@%ﬁéM??%ﬁEﬁé&%gmgﬁ@13\99%: rb%rf&'?’n@ QWA mﬁsexception

signal tion o er. It s evident from 10 the resu

thabththEefaaslisicarsiartly gisessed dinialiacebulanfipeibe distfeligssal nkinglic assay was

pErRPRIRRES MicEIdResT a8y g MR R FALSSA | Fe» iy Edntaining 20ul of
essentially no signal in the firefly assay buffer (lsee Fll»g' B). Thus, the .
\$a15- 14Si Pé(@b"?ﬂ:éghédﬁsdlé?&w%@ﬁ@ﬁé@i@ge& QBB A oefs of light emission
foIg GdBsHFHENRIRa OTE MteHPprwidigsBeNonbHisens irdn R DutRPase.
forskolin and the ORE 15 respond strongly to forskolin but not TNF. As
expected, therefore, NFKkB-Ga (alone) was induced strongly by TNF but
not forskolin (Fig. 9A), whereas ORE-FF (alone) was induced strongly by
forskolin but not TNF (Fig. 9B). Impbxam@¢ Ghe same result was seen in
cells co-transfected with both constructs, demonstrating the success and

validitfelaselisiara fansiel asigcted with expression plasmids encoding either Gaussia
or Metridia luciferases in either their native secreted form or a modified non-secreted form.
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20PART llI: Reducing agents can be used to conduct a multi-reporter
assay using different luciferases with the same substrate. Example 10
Flasks of HelLa cells were transiently transfected with expression plasmids
encoding either non-secreted Gaussia luciferase or standard intracellular
Ron//la luciferase. 24 hours later, 25.sgparate stock lysates were
prepared from each flask and also from a control flask of nontransfected
HelLa cells using the lysis buffer described in Example 1. Lysates were

S L R A SO e s

wabOudatednirtram sfetdgoli§Rvgy do Iﬁu]s@atmis@atumﬁahaﬁferaées T0e bdﬁ‘mgrr%egion was

oo B SRR S TR e BB 8 sncon
signableat & a@amoﬂgmowasmedeﬂ Waﬁzhgated mm)ga Méﬁquttmb(&anesneam
AT RSP RS ER BV ol Rl hids-fgpected, the Gaussia

luminescent signal was initially very strong but decayed to background

Ievelsfwtmeattee Wd@@&]dﬁb@@ﬂ%&hﬁn@@éﬁ%&l@éﬁfﬁ%%&%@qgmferases
ani“ gved a lower |t|1€é(sq§nal that dea r%/ed far les fi between th1e two read 20 ) of
nﬁ‘%ﬁeﬁf & YeGniee 58 (EXRIBR 5! defliguots (20ul) o

cofiticecthen@launs sia lyscite rese Iaesbyege‘mcmtfemadm/ﬂlyerdRmmb@ays following

relatiy n|t z& L)) at the. secand hIS re curat .
R R I TRt S R e i s
7.1Rehiil E&Tférﬁehﬂ B&Wb\@r&@diﬂlﬂdlé@l\fheelammbwmd is a combination of

signals from both Gaussia and Renilla luciferases. However, the signal

generbigs oy ol skovothatifensreieiad k%‘@é&@fﬁiﬂde@@&dfﬁjwé@ﬁﬁ@ﬁtlaéd non-
sedfitial RaniladudiersssigetdiesndiR e MmO faF WRASIBRAIA decline in

time-zero. ﬂaP?L rm|ne the initial Pen///a luciferase signal, the

lights GRVASIOBHPRR Y Ry SAslded (g assay dulfehalh %Sdétawa@hﬂw iBfegss 5A to 5D

theteisay dontigihitaton<ioen deprreRerti @ tqaiierrsenihp el ieaby. ot eamsion from all
o %%tant 'k" was calculated where k = (initial Rn signal) / (Rn signal at

W egaeg The initial Rn signal was then calculated as (Rn signal at

1200 secs) x k and 15the initial Gaussia luciferase signal was calculated

by subtracting that value from the initial combined (Ga&Rn) signal.

Fig. 10B compares these calculatg}éfﬁﬂféag of Gaussia luciferase activity

in the combined samples (calculated) to the actual values of Gaussia

lucifenaramnettditicrRensirrlddasapRieseanBlaingd i eisame RMesthsel Gaussia

o RS o W s Tl e o

6A (enp e dycainahcaiifiba(Fid \6B) ey steasiveryFignott and t@ﬁydsmmlqalg/ 6F); and B-
tr n tIS Sl aau

e EE PRT RAE S RS R S AR HEIETERE i

agej’éswbemmveimme\sieshnﬂeﬂmﬁ ehissios fostiGaessipandrivemiciddugftases.

light emission. Unlike other dual-luciferase assays previously described,
which rely on the use of quenching

Example 7

Cell lysates comprising non-secreted Gaussia luciferase were prepared as described in
Example 1. 60ul of assay buffer compﬁsing 25mM Tris pH 7.75; 1mM EDTA; 2mM Ascorbic acid
and 26 uM coelenterazine was added to 20ul aliquots of lysate and left to incubate at room
temperature for 40 minutes, such that the reaction entered its glow phase. After 40 minutes (time
zero) a further 60ul of assay buffer was added. This assay buffer was the same as the initial
assay buffer except that it contained the indicated concentration of DTT and no coelenterazine.
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25 reagents or luciferases with different emission wavelengths, the

method described herein, utilizes differences between the luciferases in

terms of the kinetics of light emission. To the inventors' knowledge, the

use of temporal differences in light emission to distinguish different

luciferase signals has not previously bggen reported. The separation of the

two signals was greatly enhanced in the current example by including a

reducing agent such as DTT. This was made possible 30based on the

surprising finding that whereas OTT stabilizes the signal from intracellular
Thedikiaeésisnarasieasking Britine spuseifeiayios iRHiamalitaIsPCpsTRsSaYy buffer
i pRLAROS HekbntAB oRmRissiP IR ieiterases that are normally

secreted in their wild-type state, such as Gaussia luciferase. Example 11

5TheTRygateshenntempnateDTthés pagsibiitingf thedyia pbéer ade asssqusly initiated

based on the use of one secreted.and one.| ifer
R LG o L AN SOUCLERl o O PSS MR BE B 8 png coen
areeitiedral tonpoiisiofgritistise ofdbeddetiteratly demansialas fishten-secreted Gaussia

omprising.the. in ifer ' , i
RIS YRR s s o0 by jacssons vor

subpeqitcll temoineioarbysadhiien absismeveq Vealel tHeTRasRargity can be
mi&GRh ARiedialls seersigtdvsiimersaring Hasneeemesmanieiyquivalent to its use in

considering that 'secreted luciferases are produced.intracellulagly an ust
{tﬁél S gév seconds

flaghvieaglivsgANh e abaM siaNTRanE ARGRY I RNhRBISRPR WS,

aRiEHiBIBRY BXRE Teaeaky rRystligshiateslis thapsessinprioveted Bansisiause any
luciferase contain large amounts of the luciferase, even after removal of
deffeasgit RRALSIERIAnd repeated washing of the cells. Clearly, at least a
portion of the resulting 15 lysate signal is derived from recently translated
luciferase molecules that have not yet traversed the ER and been

te i this s ebraavtalfmtcRpvrdromssalidelsing different
P%%ﬁgfaie%é@uagéwﬁg%ﬁa\% gﬁiggecome stuck ingide the Egi)r héqve
lusiferasascrdtl differentsBSEAE®e bound to the extracellular side of the cell

membrane. Regardless of the sou(r)ge of t i$ninterfering luciferase signal,
the inventors reasoned that it could & Hfiated by including reducing

t in 20the lysis, buffer. . t thi ' Il ;
co trar Lo R P TR oA GHEC oferase
andtzedesipbiiized ifireynibiiierion . Ene Mated prtyvidfewalopletreitand d pvernight.
I\%E%%CW#Q %rﬁ&%ﬁ%ﬁdﬁféf@ﬁ?ﬁsa&hﬁ%mSffﬂm}}%fs%?féifj@e%&ibed in Examﬁle 1. Light
0 Ible ellul e

Xycycline-repress expression of intrac ar Renilla luciferase. T
eitioneas imeapaRstion&reag i, aHemnemelRs Al Jglpuing Jipsmiediately before
G6lsTinsesaneaieiers additigrale dieh pliehel oredibenaaihanmatiately after

or without 2 ugh] doxycyline. At 2, '6 and 24 hrs, later, sampl
SO R AR RS (GRS AR Y PGB T ATy scoroate
2@%@11@:99?%%@@%&% Nﬁtif éﬂeff@adn%mcrsm@mgﬂemsmm)ﬁand subsequently
150mM NaBr, 1mM. EDTA, 63.4uM sodjium oxalate, 0.1% NP40 — .
oL e, ) R e AW Dl B o2l M BT G
MRS THtEBel DTRG0 raicE0aIA |y 68e MR S mBOCads ) a2mfd rLiuctiésradmg/ml BSA.

ctivity, following addition ul of : M hESthat b
TR IO B OIetr e o A B iy Moo et can be
measured in a flash reaction but which decays to background levels within approximately 15 mins

without intervention or the need to add quenching reagents. Subsequent addition of a firefly
reagent allows measurement of the firefly signal, thus completing a dual-luciferase assay.

Example 9
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-44 - Figs. 11A and 11B show data from samples without doxycycline
at the 2 hour time-point. Using standard lysis buffer (Fig. 11A), a strong
signal was detected in the lysate of cells expressing only the secreted
Gaussia (Ga) luciferase. Indeed, this signal was even higher than in
lysates of cells expressing only the narygecreted Ron//la (Rn) luciferase.
Clearly, the secreted 5 Gaussia luciferase is not confined to the
conditioned medium. In contrast, when DTT was included in the Iysis

buffer (Fig. 11B), no signal was detected in the lysate of cells expressi
only GaAssdi£tiRnassEanRaHyHensBaRch i ciier b RO s ARG containing 2

d@ﬁﬁmﬁmhﬁ’@wynmerfé@@@tamaemaed&mr&r@saﬁnmmeth@m@mememw or a

R PSRN e LR UL CP BRI ST GTAL HEEB TG sfes (VB

Gancii mmafﬁxytahcbllﬁ%@r@blﬂitaj syd;dae@ﬁ wdaﬂtfia‘tmrajlmmbatmdmt@wgbt Quadruplicate

0
R S R R A i o
L@dreatedémw JthEoRGTaMrs |e|fenetrasmadmm|m5em@@§ @oéuthmhémwmgr@e from each
IRIRIGE Wa%trﬁeéésfé&/ugﬁ%wpmn@gfam thespseted Gaussia (Ga)

uciferase and the non-secreted Rani/la (Rn) luciferase should show a

decline Fi%tmlé‘_ho@\%”th@%mﬁéﬁé@ﬁ byigraptathe @@mmhoafe@éu@wassay buffer (see

%%lfﬁﬁ%@ alésﬁ:aé:‘;ycgtés ndeea‘;i %/é%e t ‘n Fi Plglgczof:?(g ﬁﬁh re§pres ﬂﬁ&'ﬁ F% S frorm

tlibTrEs(H:tEgthéﬂﬁé ftrﬁly:l@aféyaa@gN%skﬂmtmltye‘[mdrmtméb@rsﬂgrgaw mftﬁee@awsm assay

|fe ase TIV: ucin ents
R <ok S5 Cabes RS SR SRR e SR g g fety s
uuﬁ&ra(seelrsgeﬁﬁie%m the de@émmase methoid ileiferasy eﬁecévguab jeap@rting the two

gjgg@rase assays as follows, Cells were plated in equal aliquots onto a
well plate and incubated overnight. Medium was removed and cells

lysed im¢QReleRh R YR RdliR Tt easiipa ﬁr?amtwlblﬁ%vmwmnd the CRE
acC

later, light emission was measured using a Victor 3 25

rﬁmﬂ%ﬁﬁr@f@w(teé%hoﬁrr%y%%d.éwpse@péfﬁfﬁ%ﬁté\l%?eﬁaéﬂ%‘ﬁbwaa'"duced
oagyay dufepeaippfiss@diRSmY) JAls witBdb, CRECEM sordenigsaadnesd strongly by

te he indicated c ncentratlon DTI (se .
R DTN RSP L LS LR Yt LA LGy rected it
ttecdngeatio ndeFiocsraiinfutb eraseswvars] vetisintfithérn adicligsete ssshpse
data represent the background signal of the 30 assay. Fig 12B shows the

data after subtraction of the pre-read (measurement before addition of

assa buffer). Thus, these data represent the background signal
2ART e Regusiagagenfscanbe uasdwﬁegé%amfﬂwmerrm%ﬁm different

OTT in the assay buffer pigrdEReAWBItHE ISdhfe dipsedfaan 50% in the
overall background signal (Fig. 12A) and a reduction of more than 80% in

the background signal generated b¥shmples@y buffer (Fig. 12B).

Flasks of HelLa cells were transiently transfected with expression plasmids encoding
either non-secreted Gaussia luciferase or standard intracellular Renilla luciferase. 24 hours later,
separate stock lysates were prepared from each flask and also from a control flask of non-
transfected Hela cells using the lysis buffer described in Example 1. Lysates were loaded onto a
96-well plate in quadruplicate as either 10ul Gaussia luciferase plus 10ul non-transfected (Ga),
10ul Renilla luciferase plus 10ul non-transfected (Rn) or 10ul Gaussia luciferase plus 10ul Renilla
luciferase (Ga&Rn). Luciferase activity was measured immediately after addition of the assay
buffer described in Example 8 and then measured again 1200 seconds later.
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Fig. 12C shows that 50mM DTT does not reduce the true luciferase signal
generated in 5 flash reactions with HeLa cell lysate containing
non-secreted Gaussia luciferase. Thus, the inclusion of 50mM OTT in the
assay buffer reduces background signal (Figs 12A & 12B) and markedly
shortens the kinetics of light emission (sge other examples) but does not
compromise the intensity of the true flash signal from Gaussia luciferase.
10PART V: Reducing agents prevent or limit the decline in assay buffer
activity. Example 13 A stock lysate of Gaussia |uciferase w

preparkis Py fivya tasribfsleicA R AR AN B IS M Uachsgtpocted. he
CardrsimineismssonatwtRensly wrfetelrsbuiarddneE xapapkgrautDelenfbefore the

lysate was lpaded ontg each well of a 96 we|l plate and light emission, w
seRek (5 WheTSen (e ey ﬁw%%@ﬁﬁ@fﬁvfféj&?%f Yo B oL Jeoaved
fdpusier rswiesctilbesldnréaxemTiee| (B@ED)ysattnGadRre absagdbarffétdumtiate level of
d(:omprising the amount and type of reducing agent as shown in Fig. 13.

idruplicate samples were measured for each group using freshly

preparg@gej%v@ Sl 1BRASSH RATRrSUHRIRILED He'gsldndhg fafdtight units

4C for s and the protocol repeated. I;géelS shows the signal intensit

(Ridihgittne sesonchrosdy thisrending sy GeriEalR TBapE el &ignikd Heliprasg and can be

SRS IR SRS TIRE S hrrd et amen %?§S§§‘.rq$ié-iméhfé@bi§m§1ﬁation of

reducing agent the activity of the assay buff TD li b ,
ST 6% B PR RaE KR IRV Ao BRI HE QNI LRTEER gy Caussl

ldagérlaiméle_ 'dtﬁxmét@fnmﬁéﬂc?ylwmtgnym@mmReai/taﬂﬁ@ﬁasrmammmmtemgmbmed,
abolished all eyidence of ass uffer,deqr ion, 25 I La .
R B SRR A TSt Lo R N 5 1ER e AT it U Renitaonly
(Ridrtigshia _mzamakediqsmtstemdar@&miﬂqiﬂwéﬁaa’m_bfcdﬂgayeinl hgl’é giidgsio fiem Renilla
FREIGYS p%ﬁ@aw,ﬁe%%% f%r%%ﬁﬁr@%§'.Jaﬁﬁiﬁé@%é\%twgy(i\wﬁ_Rn signal) / (Rn
measured'using frésh assay buffer containing the amounts and ratio of

signiliettPetheeoxidEednifiakRinsignel wasdhes ¢aleutaipdias (Rnsigra Ay 10fepss) x k and
ierfit eELa Qe Y SR ALE0agn AP MR EalkRtEar wm%ﬁag{ih@%’aﬁgawﬂom the initial

measure replicate samples. Fig. 14 shows that in - 46 -
combined (Ga&Rn) signal.

Fig. 10B compares these calculated values of Gaussia luciferase activity in the
combined samples (calculated) to the actual values of Gaussia luciferase activity measured in
samples containing the same amount of Gaussia luciferase but without any Renilla luciferase
present (expected; i.e. (Ga) in Fig 10A). The difference between measured (expected) and
calculated values was very small and not statistically significant, demonstrating that it is possible
to perform a dual-luciferase assay comprising a single assay buffer, even when there is no
difference between the luciferases in terms of the substrate type or wavelength of light emission.
Unlike other dual-luciferase assays previously described, which rely on the use of quenching
reagents or luciferases with different emission wavelengths, the method described herein, utilizes
differences between the luciferases in terms of the kinetics of light emission. To the inventors’
knowledge, the use of temporal differences in light emission to distinguish different luciferase
signals has not previously been reported. The separation of the two signals was greatly enhanced
in the current example by including a reducing agent such as DTT. This was made possible
based on the surprising finding that whereas DTT stabilizes the signal from intracellular
luciferases such as Renilla and firefly luciferases, it dramatically shortens the duration of light
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the absence of glutathione, the activity of the assay buffer declined by
about 32%. This decline was completely blocked by the presence of 5SmM
glutathione, including reduced glutathione alone, oxidised glutathione
alone and each ratio of the two combined. The baseline activity of the
fresh buffers, however, showed that glufgthione, and particularly oxidised
glutathione, reduces the 5assay buffer activity, albeit with the
advantageous effect of providing stability. Example 15 HeLa cells

res stabili ed non-secreted Gaussia luciferase were plated in
R o o R Se UL AT AN S Biac ST Bl L 26 Gaussia

ligsesabeffer was used for all 10 samples. Luciferase activity was measured
using fresh assay buffer containing the total amounts of glutathione (3:2
ratio of reduced: oxidized) indicated in Fig. 15. The assay buffers were
then stored at room temperature for 7 hrs or at 4C for 22 hrs and used
again to measure replicate sample&EX@ple 3%hows that in the absence of
glutathiong, the actw%ﬁof the assay buffer declined by about 50%. This

declin& &4 LA RORRMRIREd bR ssibIty sk arihial droipraeraseaukasaa oe the use of

oattlseugtedrandibﬁetm*acwmlf RAEIaSLINGBIS SiessihPMR RBTEIRES BAn be used as a

h termedjate effect jn t f both protection f
B S PSP ReSenaion AP TeEelr bt

058 of actvity Ova
(Qﬁkﬂpéldmg th@lahravallum)pmiam)that thie mmﬁdh@@ﬂmifb@@d@ei@@@arated by their

her th ifi .
e T R IR e Ll M

thad ihgiyraieaisdresciteiaatanls saeteted atierasalsod tivhuskesnat! ofittkely tmsijering that
sé@%ﬁ@&%ﬁ@ﬁ%sﬁﬁnérﬂlﬁ@rﬂﬂ%ﬁ% )‘F C?ﬁﬁe‘finﬁgtofr gfcﬁﬁg%m this > endoplasmic

ecification individuall F(}/ or collectively, any and com ons

r%ﬁwwc@%% ) PR PRl edad@m!e%rmr@gam@xpmmama@d haheehoexpressing
séorcto BN INNdrHBEn@stan g ahdBMe aak NYCRISR! BeNeafter remoy ?] of the

c ﬂleeraﬁsgis in a sample, the method comprisin incubating the sample wit

VLA RIRIIT i s @%fvi’ﬁ%hl%?ér@% Isto YeaHhaR) ders ﬁcﬂ)%[tﬁih%th@ resulting

lysafe sigueiria derede faoﬁ'rsbd:tlsmtf)? tmelawhiﬁliféréb@ ﬂfﬁgcﬂé@*ﬂ%ﬁlﬁ@ﬁe‘ﬂdﬁ/et traversed
I et U|rase2 e method o im1

t aggr?a{gléba%ﬁong%%ﬁe fﬁéj (I, S0 af ?é'gg%ﬂ?ﬁflﬁ ?rB(B Ge{Hgmferase

n@mwdl@thang @ﬂm@mmawlﬂnﬁdertb@E%mtlhgvml&hmmm infohave become

béﬂﬁ‘@Wﬁw&%ﬁr‘%@@Fﬁ P of c¢48 Egﬁﬂaﬂp%%'aﬁég]a%fe%s WPRISIING Teshis interfering

luciferase is a non-secreted mo ormo
luciferase signal, the inventors reasoned that it could be eliminated by including reducing agent in

the lysis buffer.

To test this hypothesis, Hela cells were co-transfected with plasmids TRE-Rn and CMV-
Ga (wild type, secreted), either alone or in combination. The latter provides constitutive
expression of secreted Gaussia luciferase, whilst the former provides a doxycycline-repressible
expression of intracellular Renilla luciferase. The cells were incubated overnight, the medium was
removed and the cells rinsed once before addition of a fresh aliquot of medium either with or
without 2 ug/ml doxycyline. At 2, 6 and 24 hrs later, samples of conditioned medium were taken.
The cells were rinsed in fresh medium before being lysed using lysis buffer comprising 25mM Tris
pH 8.1, 150mM NaBr, 1mM EDTA, 63.4uM sodium oxalate, 0.1% NP40 substitute, 5% glycerol;
either with or without 50mM DTT. 20ul aliquots of conditioned medium and cell lysate were then
assayed for luciferase activity following addition of 60ul of assay buffer comprising 25mM Tris pH
7.75; TmM EDTA; 2mM Ascorbic acid and 26uM coelenterazine.
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10a luciferase that is secreted in its native form. 4. The method of any

one of claims 1 to 3 wherein the first luciferase utilises coelenterazine as a

substrate. 5. The method of claim 4 wherein the first luciferase utilises

coelenterazine as a substrate and is of marine origin. 15 6. The method of

claim 5 wherein the luciferase of maringorigin is derived from Gaussia

spp., Pleuromamma spp., Mehidia spp., Cypridina spp., or Oplophorus

spp., or is a variant or derivative thereof. 7.The method of any one of

claims_1 to 6 wherein the reducing agent comprises a thigl group, . ,
Iﬂgegéﬁp}g time-point.

8.The HgstHd4 ard{Bowdalaifiom samplas mihan fexvreelingial
UERlgciesdepmijsie aueep FRfsising Hlsdihiotiyeitolte tkatithinetyshisdal of cells

DTE), 13- toet | [ dj hit d . .
RS RO TS e B3 oS SR SPCANFRTNgher han i
{thetee diicilty @gesstisyNTY . the ndineccretitb Ranfllar(RoniecéérakemEigarty Othe secreted

- ; . he DEfitst ot .
O PR S S I Yl S, o1
inbledidsin theiflysissaiferaHige d 18 ntsiged wely defastatan éwuysaty abestis exprgssing only
SHRALON, QS e WHN@I8IRbcol it is therefore possible to distinguish the non-secreted

Renilla \uciferase from the secreted Gaussia luciferase, as evidenced by the lysate-only signal
with Renilla and the medium-only signal with Gaussia.

To further demonstrate the functionality and utility of this system, data from all time-points
was expressed as +doxycycline relative to —doxycycline (Figs. 11C and 11D). It should be noted
that the Renilla luciferase was linked to a TRE promoter such that only the Renilla luciferase
would decrease over time. Thus a system that correctly distinguishes between the secreted
Gaussia (Ga) luciferase and the non-secreted Renilla (Rn) luciferase should show a decline in the
cell lysate values but not the conditioned medium values. This effect is indeed evident in Fig.
11D, which represents the data obtained using lysis buffer with DTT. In contrast, using lysis buffer
without DTT (Fig. 11C) it is clearly not possible to separate the signals of the two luciferases.

PART IV: Reducing agents provide lower background signals.
Example 12

Non-transfected HelLa cells and Hela cells expressing non-secreted Gaussia luciferase
were subjected to luciferase assays as follows. Cells were plated in equal aliquots onto a 96-well
plate and incubated overnight. Medium was removed and cells lysed in 20ul of the lysis buffer
described in Example 1. Forty minutes later, light emission was measured using a Wallac Victor 3
luminometer (Perkin Elmer) immediately before and after injection of 60ul of assay buffer
comprised 25mM Tris pH 8.1, 23.6uM coelenterazine, TmM EDTA, 2mM ascorbate plus the
indicated concentration of DTT (see Fig. 8).

Fig 12A shows raw data expressed as relative light units (RLU) after injection. Since no
luciferase was present in the cell lysates, these data represent the background signal of the
assay. Fig 12B shows the data after subtraction of the pre-read (measurement before addition of
assay buffer). Thus, these data represent the background signal generated by the assay buffer.
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13.The method of claim 10 wherein the reducing agent is added to the
sample prior to the reactive substrate of the first luciferase and the
luminescent signal generated by the first luciferase is measured before
the first luciferase is inactivated by the reducing agent. 514.The method of
any one of claims 1 to 13 wherein at]gast one of the luciferases is
expressed from a recombinant reporter gene. 15. The method of any one
of claims 1 to 14 wherein the luminescent signal is measured as part of a
reporter gene assay. .16. The method of agrcn\/if one of claims 1 to 1

Thesteralh SRR FIE SiomBHIEE BrheAS5BH BT RHRYSH AP e ReHg5morg fhan 50%
in THeeomeeihostrirelaitsibRaniFereinAhenihtraeklbtitar i aitesatseni SQberives tackground

, | ies. 18..The d of clai h i
S SERe LR Ay VI T 2 ictorn sceniog 15 16 The
thod. of laj i i i .
me Oﬁgm@@ysﬂ&ﬁs%éi §Qﬁ§ﬂrﬁr§?ﬁ6§svﬁf}?{eedﬁb&ﬂé%é'%gt %@s@rg&%l ular%ted in

tothe s ple prior to a e reactive substrate o e Intrace

flaghcifeactioasudh tHeltareelifsatrcirentaleing neaciritlad frasissé ivsiizaremdrus, the
inGidR BWIBMARaSTE Some! genpiRies RutbesintaeRitarslneiferser2A &2492B) and

The method of any one of claims 16 to 19 wherein the intracellular

migleatibr sBerians o AiBRlisooh U RIsRRIHSCERINT HEMPRE) Piiflazs gphrgmpromise

th@MeeRiiiaime HetnaddsiynareimiBauseEaiirtdight emission from the
intracellular luciferase is extended by the reducing agent. 22. The method

of any one of claims 16 to 21 wherein the first luciferase utilises
coelenterazine as a substrate and the intracellular luciferase utilises
lucif®AREY a Reduningageptsmiventhetlinit iegschneinrerayiufer aptivity.
wherein the first luciferase and the intracellular luciferase both utilise
coelenterazine as a substrate. ~ Example 13

A stock lysate of Gaussia luciferase was prepared by lysing a flask of HeLa cells stably
expressing non-secreted Gaussia luciferase with the lysis buffer described in Example 1. 20ul of
lysate was loaded onto each well of a 96 well plate and light emission was measured in flash
reactions following injection of either standard assay buffer as described in Example 1 (STD) or
the same assay buffer further comprising the amount and type of reducing agent as shown in Fig.
13. Quadruplicate samples were measured for each group using freshly prepared assay buffer.
The assay buffers were then stored in the dark at 4°C for 22 hrs and the protocol repeated.

Fig. 13 shows the signal intensity using this aged assay buffer as a percentage of the
signal intensity obtained from the same assay buffer when it was fresh. In the absence of
reducing agent the activity of the assay buffer (STD) declined by more than 60% during storage.
All reducing agents were effective at reducing this decline and of particular note, the presence of
50mM DTT completely abolished all evidence of assay buffer degradation.

Example 14

Hela cells expressing a destabilised, non-secreted Gaussia luciferase were plated in
equal aliquots onto 96-well plates and incubated overnight. The same lysis buffer was used for all
samples. Luciferase activity was measured using fresh assay buffer containing the amounts and
ratio of reduced and oxidised glutathione indicated in Fig. 14. The assay buffers were then stored
at room temperature for 4 hrs and used again to measure replicate samples. Fig. 14 shows that in



10

15

20

25

24.The method of any one of claims 16 to 23 wherein the sample
comprises two or more intracellular luciferases. -49 - intracellular
luciferases are produced at different wavelengths. 26. A method for
measuring the luminescent signal generated by a luciferase in a sample,
wherein the luciferase, in its native formgis a secreted luciferase, the
method comprising: (a)contacting the sample with a reactive substrate of
the luciferase; 5(b)contacting the sample with a reducing agent that time
dep endent%Y inactivates the luciferase; and (c g)measurl the luminescent

et LA a1V ARG e S5 RT ARSI AR ik s decine
Whedsahiskg Aasked t%l7thé' bﬂaﬁ@é@@dsﬂfm@mm@nyhﬁmm@@mw@gaﬁeth;aoﬁe alone,

e L R T e

bnvﬁﬂra;hbomeuvehewbettlthm glutmtmortdﬂeamﬁ pa:mlzylalgentqd@@d Theathietiepdeduces the
lai ith th

b R s P AR S i

the luminescent signal generated by a luciferase in a sample, wherein the
luciferase, in its native form, is a secreted luciferase, the method

comprising: Example 15

Hela cells expressing a destabilised, non-secreted Gaussia luciferase were plated in
equal aliquots onto 96-well plates and incubated overnight. The same lysis buffer was used for all
samples. Luciferase activity was measured using fresh assay buffer containing the total amounts
of glutathione (3:2 ratio of reduced: oxidized) indicated in Fig. 15. The assay buffers were then
stored at room temperature for 7 hrs or at 4°C for 22 hrs and used again to measure replicate
samples. Fig. 15 shows that in the absence of glutathione, the activity of the assay buffer
declined by about 50%. This decline was completely blocked by the presence of SmM
glutathione, although initial activity was reduced in this buffer. Lower amounts of glutathione
showed an intermediate effect in terms of both protection from loss of activity over time and level

of initial reduction in activity.

Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other than those specifically described. It is to be understood that
the invention includes all such variations and modifications. The invention also includes all of the
steps, features, compositions and compounds referred to or indicated in this specification
individually or collectively, and any and all combinations of any two or more of said steps or

features.
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(a) contacting the sample with a reactive substrate of the luciferase; (b)
measuring the luminescent signal generated by the luciferase; and (c)
subsequently contacting the sample with a reducing agent that time
dependently 20inactivates the luciferase. 31. A method for measuring the
luminescent signal generated by a lucifgrase in a sample, wherein the
luciferase, in its native form, is a secreted luciferase, the method
comprising: (a)contacting the sample with a reducing agent that time
dependently inactivates the luciferase; 25(b)contacting the sample with a
GRipsve substrate of the luciferase; and (c)measuring the luminescent

I d by the luciferase before the luciferase is inactivate ,
e o R LS RS G 1 AR F B0 U s B AN SR grases n 2

sgmlp@ratﬁ@l bwtaddrmm@eyomwﬂﬁ@r&@esan@bammea Vietivian Hubsiraé( s) of the
uciferase, in its n tive form, is a secreted Jucifefase a
R b e T D R R AT LR B Sgprei the
I(cijecasetantingative fnmde wéthieteddadifivassubstrate of the first luciferase;

(b) measuring the luminescent signal generated by the first luciferase; (c)
onta&h?gﬂﬂ‘g@e@ﬁﬁﬁéfﬂvitl’ﬂ%ef@ﬂdh@dgaﬁ@\@ﬂﬁfﬂiﬁtthﬁﬁésbbp@ﬁ@ﬁﬁﬁ@inp“ses inhibiting

oNAIRRIRBHIB R IRk ARG the luciferase andlor converting the luciferase into an inactive

conformation.

3. The method of claim 1 or 2 wherein the first luciferase is a non-secreted modified form of

a luciferase that is secreted in its native form.

4, The method of any one of claims 1 to 3 wherein the first luciferase utilises coelenterazine

as a substrate.

5. The method of claim 4 wherein the first luciferase utilises coelenterazine as a substrate

and is of marine origin.

6. The method of claim 5 wherein the luciferase of marine origin is derived from Gaussia
spp., Pleuromamma spp., Metridia spp., Cypridina spp., or Oplophorus spp., or is a variant or
derivative thereof.

7. The method of any one of claims 1 to 6 wherein the reducing agent comprises a thiol
group.
8. The method of any one of claims 1 to 7 wherein the reducing agent is selected from the

group consisting of dithiothreitol (DTT), dithioerythreitol (DTE), B-mercaptoethanol, cysteamine,
sodium sulphite and tris(2-carboxyethyl)phosphine (TCEP).

9. The method of claim 8 wherein the reducing agent is DTT.

10. The method of any one of claims 1 to 9 wherein the luminescent signal generated by the
first luciferase is measured.

1. The method of claim 10 wherein the reactive substrate of the first luciferase is added
simultaneously with the reducing agent.

12. The method of claim 10 wherein the reactive substrate of the first luciferase is added to
the sample and the luminescent signal generated by the first luciferase is measured prior to
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5(d)contacting the sample with a reactive substrate of the second
luciferase; and (e)measuring the luminescent signal generated by the
second luciferase. 33.The method of claim 32 wherein steps (d) and (e)
precede steps (a) through (c) such that the luminescent signal generated
by the second luciferase is measured %ior to measurement of the
luminescent signal generated by the Tirst luciferase. 10 34.The method of
claim 32 or 33 wherein step (b) is carried out after steps (a) and (c), such
that the sample is contacted with the reducing agent prior to measurement
adofitibreciiLthel nesbicigt agiental generated by the first luciferase. 35.The method
of claim 34 wherein the sample is contacted with the reducingéafgent prior

130, or BimmreHIsd st 19, WierpinbmedihsaaenbisAadRrio fesrepaals pior to the

38t Dpe e eRswinerbe nmirassrrRbsiaNay a nensigd dhy tedinnndiferase
luciferase in a sample comprising a first @gg}ﬁ?egaoqu Iucifer?se, wherein

iseagsed Raferralbe Mistikciiplase s dhaciale RRPIER and the

second luciferase js an intracellular lucife he me rsi :
Ereps BE (53 oAb 16 ShADIC v o SeUHD A EAruap s cases is
eﬂﬁ;medi&nﬂyairmmtﬁﬂest thpoBtefigstduciferase; (b) contacting the sample

with a reactive substrate of the second luciferase; and (c) measuring the

15umin@beenitgrafiagi naeaabelaiisii dostbyharanisrhsanespenh gignadi supgsured as
pﬁg]tgqgspgﬁ&l@g‘ﬂg a%%at)? 36 wherein the sample further comprises a third
ucirerase,

16.  The method of any one of claims 1 to 15 wherein the sample comprises at least one

intracellular luciferase.

17.  The method of claim 16 wherein the intracellular luciferase is derived from a Coleoptera

species.

18.  The method of claim 16 wherein the intracellular luciferase is derived from a Diptera

species.

19.  The method of any one of claims 16 to 18 wherein the reducing agent is added to the
sample prior to addition of the reactive substrate of the intracellular luciferase such that the first
luciferase is inactivated prior to measurement of the luminescent signal generated by the
intracellular luciferase.

20.  The method of any one of claims 16 to 19 wherein the intracellular luciferase is activated
by the reducing agent.

21. The method of any one of claims 16 to 20 wherein the period of light emission from the
intracellular luciferase is extended by the reducing agent.

22, The method of any one of claims 16 to 21 wherein the first luciferase utilises
coelenterazine as a substrate and the intracellular luciferase utilises luciferin as a substrate.

23.  The method of any one of claims 16 to 21 wherein the first luciferase and the intracellular
luciferase both utilise coelenterazine as a substrate.

24.  The method of any one of claims 16 to 23 wherein the sample comprises two or more
intracellular luciferases.

25.  The method of claim 24 wherein the luminescent signals generated by the two or more
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2538.The method of claim 37 wherein the third luciferase is an
intracellular luciferase. 39. The method of claim 37 or 38 wherein the
luminescent signals generated by the second and third luciferases are
produced at different wavelengths. 40. The method of claim 39 wherein
the second luciferase is derived from : goleoptera species and the third
luciferase is derived from a Diptera spemes 30 41.The method of any one
of claims 1 to 40 wherein the sample is subjected to a cell lysis - 51 - step
prior to measurement of luminescent signal. 42. The method of claim 41

”\Wf@‘@iﬁrﬂlﬂi@f@é%I@@ﬂlﬂgf@@téﬂdlﬁe@&@ﬂawg@@p prior to addition of the
Iumferase strate(s . 43. The method of claim 41 wherein the sample

s sunjeltbom g daresHiadsis, Imiesseshaanmb e errist & Heffaganin a sample,

wﬁére’ﬁhﬁenuefmdepfmltalmt% @rréasvéfs@tﬁéfeah@:ﬁ@ﬁé@élm@mmd%@ﬁﬁﬁﬁﬁ@ N
cell Iy buffer

hod. of 44 wh
it i A e SRS

cells éxpressamgaatingiferseegie) hitve bdaingulganethat timéGlopenuethitydntativates the
inactivating g, lugi ta%asg,]ahat in its native form, is a secreted luciferase, the

10method comprising contacting a sample containing the luciferase with a
reductfly agetrasyingrtike metiersesnt|siana coanesatsn the theiflucifeese abefore the

non-secreteq,godificd imw%@gz%f@@(ﬁ%ﬁ@agg@n{secreted in its native

form. 48. The method of claim 46 or 47 wheéerein the inactivation of the

27ucifern@em@mar'@fe@dmhitﬁtiwaermwlmﬁ@éi@u@aémwﬁ%&ﬁ&réwyrﬁﬁoﬁh@d form of a

luciferase,and/or convertin luciferase
lucl#%rasgﬁat Is secrete % its nafive 1%

28, The method of claim 26 or 27 wherein the sample is contacted with the reactive substrate
prior to the reducing agent.

29.  The method claim 26 or 27 wherein the sample is contacted simultaneously with the
reactive substrate and the reducing agent.

30. A method for measuring the luminescent signal generated by a luciferase in a sample,
wherein the luciferase, in its native form, is a secreted luciferase, the method comprising:
(a) contacting the sample with a reactive substrate of the luciferase;
(b) measuring the luminescent signal generated by the luciferase; and
(c) subsequently contacting the sample with a reducing agent that time dependently
inactivates the luciferase.

31, A method for measuring the luminescent signal generated by a luciferase in a sample,
wherein the luciferase, in its native form, is a secreted luciferase, the method comprising:
(a) contacting the sample with a reducing agent that time dependently inactivates the
luciferase;
(b) contacting the sample with a reactive substrate of the luciferase; and
(c) measuring the luminescent signal generated by the luciferase before the
luciferase is inactivated by the reducing agent.

32. A method for measuring the luminescent signal generated by a first and second luciferase
in a sample, wherein the first luciferase, in its native form, is a secreted luciferase and the second
luciferase is an intracellular luciferase, the method comprising:
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15into an inactive conformation. 49. A method for increasing the rate of
decay of the luminescent signal generated by a luciferase that, in its
native form, is a secreted luciferase, the method comprising contacting
sample containing the luciferase with a reducing agent. 50. A method for
determining the amount or activity ofsone or more luciferases in a sample,
20 the method comprising incubating the sample with a reactive
substrate(s) of the luciferase(s) to be analysed and a reducing agent to

nagivate & st uollerase, Whsreln s ISt NA L A R ORI om. i
(b) measuring the luminescent signal generated by the first luciferase;
(c) contacting the sample with a reducing agent that time dependently inactivates the
first luciferase;
(d) contacting the sample with a reactive substrate of the second luciferase; and
(e) measuring the luminescent signal generated by the second luciferase.

33.  The method of claim 32 wherein steps (d) and (e) precede steps (a) through (c) such that
the luminescent signal generated by the second luciferase is measured prior to measurement of

the luminescent signal generated by the first luciferase.

34, The method of claim 32 or 33 wherein step (b) is carried out after steps (a) and (c), such
that the sample is contacted with the reducing agent prior to measurement of the luminescent
signal generated by the first luciferase.

35.  The method of claim 34 wherein the sample is contacted with the reducing agent prior to,
or simultaneously with, the reactive substrate of the first luciferase.

36. A method for measuring the luminescent signal generated by a second luciferase in a
sample comprising a first and second luciferase, wherein the first luciferase, in its native form is a
secreted luciferase, and the second luciferase is an intracellular luciferase, the method comprising
the steps of:

(a) contacting the sample with a reducing agent that time dependently inactivates the

first luciferase;
(b) contacting the sample with a reactive substrate of the second luciferase; and
() measuring the luminescent signal generated by the second luciferase.

37. The method of any one of claims 32 to 36 wherein the sample further comprises a third
luciferase.

38. The method of claim 37 wherein the third luciferase is an intraceliular luciferase.

39.  The method of claim 37 or 38 wherein the luminescent signals generated by the second
and third luciferases are produced at different wavelengths.

40.  The method of claim 39 wherein the second luciferase is derived from a Coleoptera
species and the third luciferase is derived from a Diptera species.

41.  The method of any one of claims 1 to 40 wherein the sample is subjected to a cell lysis
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step prior to measurement of luminescent signal.

42. The method of claim 41 wherein the sample is subjected to a cell lysis step prior to
addition of the luciferase substrate(s).
43. The method of claim 41 wherein the sample is subjected to a cell lysis step prior to

addition of the reducing agent.
44. The method of claim 41 or 42 wherein the reducing agent is present in cell lysis buffer.

45. The method of any one of claims 1 to 44 wherein a luminescent signal is measured using

conditioned medium in which the cells expressing a luciferase(s) have been cultured.

46. A method for inactivating a luciferase that, in its native form, is a secreted luciferase, the

method comprising contacting a sample containing the luciferase with a reducing agent.

47. The method of claim 46 wherein the luciferase is a non-secreted modified form of a

luciferase that is secreted in its native form.

48. The method of claim 46 or 47 wherein the inactivation of the luciferase comprises
inhibiting or abolishing the catalytic activity of the luciferase and/or converting the luciferase

into an inactive conformation.

49. A method for increasing the rate of decay of the luminescent signal generated by a
luciferase that, in its native form, is a secreted luciferase, the method comprising contacting

sample containing the luciferase with a reducing agent.

50. A method for determining the amount or activity of one or more luciferases in a sample,
the method comprising incubating the sample with a reactive substrate(s) of the luciferase(s)
to be analysed and a reducing agent to inactivate a first luciferase, wherein the first luciferase,

1n its native form, is a secreted luciferase.



