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-1 - LUCIFERASE SIGNAL ENHANCNG COMPOSITIONS Field of the
Invention The present invention relates generally to reagents and
compsitions for use in reactions catalysed by luciferase enzymes, for
example in luciferase-based gene reporter assays 5 and applications in
which luciferase enzymes are utilised as a detectable and/or quantifiable
label bound to a molecule such as antibodies for immunocytochemical
assays or enzyme-linked immunosorbent assays (ELISA). The invention
also provides methods and compositiong for, inter alia, increasing the
sensitivity and/or improving the kinetics of luciferase-catalysed reactions.
Background of the Invention 10Reporter gene assays represent an
important tool inldiEiEeERAGENSISHAls E:diH ANCNGGQRMRBOSEITHQANSNg
of what controls the expression of a gene of interest e.g., DNA sequences,
transcription factors, RNA sequences, RNA-binding proteins, signal
transduction pathways and specific stimuli. In particular, reporter assays

can be used to identify nucleipef sESH VMGt In gene regulation.
Such regions and/or the factors that bind or modulate them 15 may serve

as poteriiel teregets fovdhtprapelatés igteeraitien wapatyeamehssitons for use in
seases. Reporter assays can. also to
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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 pathwBaskgawaadhaffthedaviéintipemoter. 25By way
of example, in the case of reporter assays designed to investigate putative

prqmote‘?@@‘@érﬁl@é@ esRyrerapaseotigtioiearani|dnoryne udiestsf rgsokeiexpression,
BIARIFD 2R IDNBErOLANR YeuHANESh RIS fﬁé)%%%%ﬁﬁgﬁf% gér?el%%%s‘ctoe.g., DNA
onofd -2 - downst P

as to permit the regulation ui transcripti ream reporter

ROHENSEd FROSCEROR: JarttisofRiNie semteanpest R Arhinsingd Rigteins rsjgopletransduction

GineayEhd 2PeERy BrAteinIsharsliae AstgHSHRBIEH 98 RRIRIRRMT nucleic acid
lgrotelnfsré)gr%sé?nt in the ce|l in which the reporter plasmid is tranfected tor

glon%y iB9e9RdsHEALionn pHUaR FreioaR AN dHAS Es IR InBt Bt pismBdipte them
eyresblypeitiiueeTfor tepraparioiotsiRisonua i ieshimatit GRRS@RBF human

diseases. Reporter assays can also be used to screen drugs for their ability to modify gene
expression.

Typically reporter assays are used to identify a gene promoter region or specific
elements within a promoter, such as transcription factor binding sites or other regulatory elements.
Alternatively, such assays are used to study the response of a promoter or regulatory element to

various stimuli or agents. 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, nucleic acids to be interrogated
are cloned into reporter piasmids in a location so as to permit the regulation of franscription of a
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5 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 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 efficiency. Such assays are
based on the premise that cells take up proportionally equal amounts of
both vectors. 10A variety of different applications for gene reporter assays
involve measuring a change in gene expgession over time or after addition-
of a compound, such as a drug, ligand, hormone etc. This is of particular
importance in drug screening. Following the addition of the drug, detecting
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rotein-destab'lizip elements in the reporter vector to improve the < .
g‘?’?&'?ﬁ%@[ﬁi‘?ﬂlb B e i5ALY GHaeiiabianSeranotise AEiel 9 yaatiSed in an appropriate
Agsplicatibofyn. O68RDMatine Bisskosves of M;"&B?ﬂré‘ﬁ P@ﬁ&f@l‘)fﬁﬁféﬁ”@?rg'rﬂ:biquimus
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romthe tebigiepritr ardnspgeneraty temsifehse é@ép’é)a@aiaamm@c@wéd | hsfected with
i h : various flyprescent proteins an
B e L e B ey BT ol Fom iy psed on the
HeBisasthal cslls fekasipLniepritiasally ansabamputds of Aptablectts.
bioluminescence and are found naturally in a range of 25 organisms. In

commerCiXAteik didifrsentaprficafionsey, Janeraenesias aavAYseitiviendasying a change
ingemeveRishssibissd friferisnas RS HrdeansbRas sy ich A i ?Iigat?% hormone

i b . Th t wide| loyed example o
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tetsttingse satitisiatge 2 acite inldnelk. detimsheponearphssh ofdy WeRIgy& ah8Miluted as
R R R UG (T Sy ———
ey 2nplicalinne derendyrowdmby rise naser(typidkytisatis edorhbinie rassesf mBNA- and
protein-destabilizing elements in the reporter vector to improve the speed and magnitude of
response, as described in co-pending US Patent Application No. 10/658,093, the disclosure of
which is incorporated herein by reference.

Various reporter gene assay systems are commercially available utilising different
detectable reporter proteins, the most common being chloramphenicol transferase (CAT), B
galactosidase (B-gal), secreted alkaline phosphatase, and various fluorescent proteins and
luciferases.

Luciferase is the most commonly used reporter protein for in vitro assay systems.
Luciferases are enzymes capable of bioluminescence and are found naturally in a range of
organisms. In commercially available assay systems, luciferases can be divided into those which
utilise D-luciferin as a substrate and those which utilise coelenterazine as a substrate. The most

| widely employed example of the former is firefly luciferase, an intracellular enzyme. Additional

examples of luciferases utilising D-luciferin include other members of Coleoptera, such as click
beetles and railroad worms. Luciferases may also be distinguished on the basis of whether the
organism from which they are derived is terrestrial or aquatic (typically marine). Luciferases
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utilising coelenterazine as a substrate are typically derived from marine
animals such as the soft coral Ron/lie or the copepod Gauss a, whereas
D-luciferin-utilising luciferases are typically derived from terrestrial
animals. A further means of distinguishing iuciferases is on the basis of
whether they are secreted or non-secreted in their native state; i.e. in the
organism from which they are 5 derived. Luciferases derived from
terrestrial organisms are typically non-secreted (intracellular) , whilst those
derived from marine organisms may be-skeereted or non-secreted
(intracellular). For example, Rentlla luciferase is intracellular, whereas
Gaussia luciferase in its native state is a secreted enzyme. The secretion
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advantage of providing the highest sensitivity. Glow reactions are

particularly advantageous in applications where, for example, the user

does not have a suitable luminometer (equipped with injectors) readily

available or in some high throughput screening applications where

batch-processing requires a delay between injection and 15

measurement. Secreted luciferases are measured in samples of the

conditioned medium surrounding the test cells. As such, lysis buffers are
not 1iced with cecreted hiciferaceac Thare are a ntimhber of
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improved sensitivity in luciferase reactions; that is, a signal strength of
greater intensity than is achievable with existing reagents. This is of
particular relevance where the reporter gene assayed provides only low
levels of luciferase in the cells of interest, for example, where the promoter
being studied has only low activity, and/or where the cells of interest are

_difficult to 25 transfect/transduce with the reporter vector. Increased

sensitivity would also facilitate the miniaturization of reporter assays by

reducing the minimum number of cellsrg¢quired to yield a signal strength

that can be reliably measured. -5 - signal is reduced. Thus reagents that
provide higher signal strength would be particularly advantageous for

reporter as systems, utilizing destabilizing .elements, Furthermore,
T PR L RV R B e b A Proatmen
iAo dTapgtied, toohsiatelis afiedistbotb eitestierthes iglopegiitdsone stibeificed
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leiE{RSIRPPRENRS S erties that are distinct from the more typically used
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o AR el B A B BT conp s
rovides reahtdoredpyelsdofdusiftkesedndeseetinaf indrest, for example, where the promoter
being studied has only low activity, and/or where the cells of interest are difficult to
transfect/transduce with the reporter vector. Increased sensitivity would aiso facilitate the
miniaturization of reporter assays by reducing the minimum number of cells required fo yield a

signal strength that can be reliably measured.

When utilizing assay systems including destabilizing elements such as those described
in co-pending United States Patent Application No. US 10/658,093, the steady-state luciferase
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are suitable for use with such luciferases when used alone or in
combination with a different class of luciferase. In a first aspect, the
present invention provides a reagent composition for use in determining
the amount and/or activity of luciferase in a sample, wherein the reagent
composition 5 permits generation of an enhanced luminescent signal, a
reduced rate of luminescent signal decay from the luciferase and/or
improved stability of luciferase activity over time in cell lysates. Typically,
in the presence of the luciferase, the reggent composition provides an
environment suitable to facilitate conversion of the iuciferase into an active
conformation. The luciferase may be secreted or non- secreted and may .

S?ng”t derived Jr le ﬁgngs t|s ?gecrﬁt %roglnr%rlt t}]e(?mfa}}ét e epamcmaﬂy
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less than 1% or a zwitterionic detergent, at least one oxidising agent or
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metal chelator may, for 25 example, be selected from EDTA, CIDTA and

EGTA. In one embodiment, the divalent metal chelator is EDTA, present

at a concentration of at leaSu@mmavy eftkelaunentigrbetween about 1

mM and 30 mM, more typically between about 4 mM and about 15 mM.

The det@F@eﬁtﬂW BenieitiiRvAee Jeaaent ﬁ@ém%ﬂ!ﬂ?% 30 -itficcomprising  such

GRipsaents Tioe detaraertimpietasabho @l d sl APBLa NEXAROEIGHENRR sample.

about 1%, In one embodiment, the 30 detergent Q)Pé be present at a

T oessakiMeOTBILANERET RERYites MIAASR LIRS B9 6R9eRtFapRositions and for

determining the amount or activity of a luciferase enzyme in a sample The present invention is
predicated, in part, on the inventors’ surprising findings that various modifications of reagent
compositions can have profound impact on the activity of certain classes of luciferase enzymes
and on the development of novel reagent compositions which permit, inter alia, the generation of
higher sensitivity (stronger flash phase), a reduced rate of luminescent signal decay (a more
stable glow phase), reduced lysis time and/or assay time, and improved stability of enzymatic
activity or potential over time than is achievable using currently available compositions.

In particular, the inventors have discovered that luciferases that are secreted in their
native form have properties that are distinct from the more typically used intracellular luciferases
and as such have quite distinct requirements with respect to reagent compositions. Moreover,
when these normally secreted luciferases are expressed intracellularly, the inventors discovered
that they become unsuitable for use with any currently available reagent compositions. The
inventors subsequently identified the key features and components required to make reagents that
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ere . mbjinant luciferase is a non- , aflal _
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P bmeasrt())(\a/ @%ﬂ%@ﬂ%ﬁ%@&ﬁ%ﬂ%@ﬂ%,'%%%%%@Wﬂ%uﬁ@%ﬂ?r@i@anple, luciferin
P S8lfiderazine. In one embodiment, the luciferase utilises coelenterazine as substrate and is of
marine origin. The luciferase of marine origin may be derived, for example, from Gaussia spp.,

Pleuromamma spp., Metridia Spp., Cypridina spp. or Oplophorus spp. The luciferase may be a
variant or derivative of a naturally occurring luciferase.

20 The reagent composition may comprise one or more chelators, bromide anions, a non-
onic detergent at a concentration of less than 1% or a zwitterionic detergent, at least one
oxidising agent or combination of oxidising and reducing agents, and/or have a pH of above about
8.

Typically the chelator is a divalent metal chelator. The divalent metal chelator may, for

25 example, be selected from EDTA, CDTA and EGTA. In one embodiment, the divalent metal
chelator is EDTA, present at a concentration of at least 0.1mM, more preferably between about 1
mM and 30 mM, more typically between about 4 mM and about 15 mM.

The detergent may be a zwitterionic or more preferably a non-ionic, detergent. The
detergent is preferably at a final concentration of less than about 1%. In one embodiment, the

30  detergent may be present at a concentration of between about 0.05% and about 0.2% when first
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5 Typically the bromide anion is present at a concentration of at least
about 1 mM, generally between about 1 mM and about 500 mM. The
reagent composition may further comprise one or more chelators, a
non-ionic detergent at a concentration of less than 1% or a zwitterionic
detergent, at least one oxidising agent or combination of oxidising and
reducing agents, and/or have a pH of above about 8. 10The reagent
composition may further comprise the luciferase substrate. In a fourth
aspect the present invention provides amethod for determining the
amount and/or activity of luciferase in a cell or sample of cells, the method
comprising (a) providing cells expressing luciferase and wherein the

era redom nantl tally. present in an |na | stat
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variant of a luciferase that is secreted in its native form. |n a fifth as

THRICAE B (RFRIAGI BRI o RS AP G HREO oA b?ﬁé‘ é%‘?&%rf mM generally
between about 1 mM and about 500 mM.

In a second aspect the present invention provides a reagent composition for determining
the amount and/or activity of a recombinant luciferase in a sample, the reagent composition
comprising one or more chelators, wherein the recombinant luciferase is a non-secreted variant of
a luciferase that is secreted in its native form.

The chelator may be a divalent metal chelator. The chelator may, for example, be
selected from EDTA, CDTA and EGTA. In one embodiment, the divalent metal chelator is EDTA,
present at a concentration of at least 0.1mM, more preferably between about 1 mM and 30 mM,
more typically between about 4 mM and about 15 mM.

The reagent composition may further comprise bromide anions, a non-ionic detergent at
a concentration of less than 1% or a zwitterionic detergent, at least one oxidising agent or
combination of oxidising and reducing agents, and/or have a pH of above about 8.

The reagent composition may further comprise the luciferase substrate.

In a third aspect the present invention provides a reagent composition for determining
the amount and/or activity of a recombinant luciferase in a sample, the reagent composition
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and/or activity of a recombinant luciferase in a cell or sample of cells, the
method comprising: 5(a) lysing the cell or cells; (b) contacting the cell
lysate with an effective amount of a reagent composition comprising a
chelator; (c) adding a substrate of the luciferase enzyme, and
optionally cofactors required for bioluminescent activity of the luciferase,
such as CoA, ATP and magnesium; and 10(d) detecting bioluminescence
in the sample; wherein the recombinant luciferase is a non-secreted
variant of a luciferase that is secreted ingts native form. The reagent
composition may comprise a detergent, such that steps (a) and (b) may
be combined in a single step. In certain embodiments, the reagent

compasition comprises th luyireidOW QubSt Stith. thdt Jte and,
GETRHERS (ST aRASs: e AR P SR8 PR UGB R o oSN AR R ant of 2
lacﬂ‘emmdbaimeérareyl oris odtiveeffirst to the third aspects. In a sixth

aspect present invention provides a method for increasing the
biolumindsdanmiigraniaeraasteel frgvideddifehadierancfyone, ahmoreethaide salts. The

OMBE AR ?PA{}%Q%&E’P&'H&W%@@GN BQ@B@%&Q@&B%%%P\%”&%%W bromide.

reagent composition that provides an environment that enables or
PrieatitdBecSRifsi R tisePigentl k@ iAeAcaRTAEEN b Ritéeatt ot rinBidngenerally

KBRS oSt FRdBs B BE eNment. Typically, the redyeift WI | 1pUSitkil
| WI lipiieS one or more of a bromide salt, a nonionic detergent at a

concentraosagklessothasiion, rﬁaqliﬂﬁlaat mﬁt@ie@elmtafr pistekhsixataa non-ionic
e?nc%ngﬁﬂtlon of attl st 1f:|n qu\ one OXJ% nt or cotn?bl atio idi
SO & SRR g §% %?s nd & pH6F' SERI9STIE 5t east g oxidising
agend ntlccmtprmﬂothd pxesing mdeerttmnngagerdesawdiudthwapr iofcaeavsi ngptd.
bioluminescent signal generated by a luciferase enzyme, the method

comprisifg ©egeat aemrertinicnay e eligeraprissrbedvelentieuibefate or

more divalent metal chelators. The divalent metal chelator may, for

exampld? BEUEIEARRECH IS REGSTA, Ineestion RRYIERS BANGthomh b I?HHWﬁ@rwe amount

dhgor édﬂ\ntyiN&h@ﬁér%@ﬁﬁ'a@b‘&'@i@ér@ﬁ@ﬂe@ll@ﬁﬁ@ﬂf&@d&mbﬁﬁﬁ@faﬂon of at

L‘;nga?l j%“v' né%re ferab&ﬁﬁtwiﬁgﬁ%b% eremekrﬁ B 0 prédominantly or

totally present in an inactive state or conformation;

(b} incubating the cells with an effective amount of a reagent composition capable of
converting the luciferase from an inactive state or conformation to an active state or conformation;

(c) adding a substrate of the luciferase enzyme, and optionally cofactors required for
bioluminescent activity of the luciferase, such as CoA, ATP and magnesium; and

(d) detecting the bioluminescent signal generated by the active luciferase.

Typically, the composition for converting the luciferase from an inactive state or
conformation to an active state or conformation provides a chelator and/or a redox environment
suitable for conversion of the luciferase into an active conformation. The redox environment may
be suitable for or enable oxidation of the luciferase. Additionally, the reagent composiﬁon may
comprise one or more of bromide anions, a non-ionic detergent at a concentration of less than 1%
or a zwitterionic detergent, at least one oxidising agent or combination of oxidising and reducing
agents, and have a pH of above about 8.

The reagent composition may be a composition of any one of the first to the third
aspects. The reagent composition may further comprise the luciferase substrate.
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In an eighth aspect the present invention provides a method for increasing
the bioluminescent signal generated by a luciferase enzyme, the method
comprising contacting the 5luciferase with an effective amount of bromide
anions, typically in the form of a bromide salt. In a ninth aspect the
present invention provides a method of reducing the rate of decay of the
bioluminescent signal generated by a luciferase enzyme, the method
comprising contacting the luciferase with an effective amount of a reagent
composition wherein the reagent compdsiion provides an environment
suitable to facilitate conversion of the luciferase into an active state or 10
conformation, such as a suitable redox environment, Typically the
biolumingseggfsianalis Rrelanged diing o phase RECIENNASEYSIRL: variant of
minutes after addition of substrate. In"a tenth aspect the present
lieienage thalris\aerusted indithealivsf fasalucing the rate of decay of the
bioluminescent signal gfgerated by a luciferase enzyme, the method

comprisih@ &thepest Nesrissariciueaian piavidereaomaine bndetaiminiagine amount
SHupIpERISiIYT 61 Fivalat dnelalsisiatos camys §§ﬁ\ﬁé%&, BR ARIREESHHMAEINg:

EDTA, TA and EGTA. In one embodiment, the divalent metal chelator
is EDTA2HIE08 e8! 8ctiEntration of at least 0.1mM, more preferably

betweebplontadtingVitandshOlysdte mitiieaty piffadtivdeinean abeutehgeM andposition
C%rt%]oqts i15 mh/l.e!pran eleventh aspect the present invention provides a
moknoadst Fedd! ing the rate of 20 decay of the bioluminescent signal

generatell &diad cisebaisaiee ofz thedydifesaneethoyinep At isiptignetin tataotorthequired for

' i fi upt of bramide-tynigally. i form of a
RiRSE AR SRCHEER S H oL SR RE M o
aspects (fhdletasisgdteuginesseaealiiibasangrase that is a non-secreted

variant QhardiC s a8tk AASRERBISSE 1 1S AHINE P WBhant of A'fiRiferase that is

provided are methods for reducing the time required to achieve optimal or
seapirdindiadiative ¥ Bvity. Without being limited by any one theory or mode

actiity 1) S PO B CBLRUEE SO et DS ErRAAIGP) mey be
caswinetirite aasinhlen siepy e thstatidity evitmaiyenatichactbabent oipodi@noeenprises the
8576240 & bl APt s prisseninvention pravidas a ki farse in

assaying the amount and/or ‘actuvity Olag uciterase, {he |tgcom8rlsmg at

least 0%&%@@%9%8&%&3%{&2%@9 USSR Dt %RL}F‘Br‘PéiHPEihé’%HSSthe third
an environment suitable to facilitate conversion of the luciferase into an
38BR&E. conformation. The reagent composition may be a composition

of any one of the first to the third aspects. The luciferase may be a

recomblh&rfifciRASR OsanidseRton sEevides PVaRIaRH Y DHRIANS LS tighinescent
sigelejerbimdtsbyativeifrase. enzyme, the method comprising contacting the luciferase with an

effective amount of a reagent composition that provides an environment that enables or promotes
conversion of the luciferase into an active state or conformation such as a suitable redox
environment. Typically, the reagent composition comprises one or more of a bromide salt, a non-
ionic detergent at a concentration of less than 1%, a divalent metal chelator, preferably at a
concentration of at least 1mM, at least one oxidising agent or combination of oxidising and

reducing agents, and a pH of above about 8.

In a seventh aspect the present invention provides a method for increasing the
bioluminescent signal generated by a luciferase enzyme, the method comprising contacting the
luciferase with an effective amount of one or more divalent metal chelators. The divalent metal
chelator may, for example, be selected from EDTA, CDTA and EGTA. In one embodiment, the
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10In a thirteenth aspect the present invention provides a kit for use in
assaying the amount and/or activity of a luciferase, the kit comprising
bromide ions and a luciferase substrate. The iuciferase may be a
recombinant luciferase that is a non-secreted variant of a luciferase that is
secreted in its native form. In accordance with any one of the above
aspects or embodiments, the reagent 15 composition may further
comprise an antioxidant. Optionally the composition further comprises
BSA, protease inhibitors, glycerol, ureajgr.a luciferase substrate. In
accordance with any one of the above aspects or embodiments, the
reagent composition may be in the form of a buffer for lysing cells

ompyising the lycifer Accordingly, the lysis buffer may further
R L B R L S8 e L gL T e Prefrably
hetee=asboohibithtand Be hidffecrefpiatyt metyecfoateow hpld,dnd dosi Haplds

or a phosphate buffer. The lysis buffer may be in the form of a combined

cell Iysisl)‘FILﬁﬂft_ﬁiQB@ @aytbtbﬁepramb&n@rtﬁmglmom@mnp@ﬁmdmf@ﬁdgcreasing the
tﬁdﬁﬁhﬁﬁ’e‘é@éﬂpgﬁﬁa@g%&%’@(?@y’sé%ﬁ@%@%ﬁ%?ﬂ@%@ﬁﬂfdrb%mprising[ r%zgntacting the

Typically, in accordance with'the above aspécts and embodiments, th
gitsnssuthsan,atiecive amesnt of Peppide Abjere tipierlirdnahsdom eradvaiideselt
luciferase is determined as part of a 25 reporter gene assay. The reporter

gone sdb VA PERE R TS Phb AE R HOMAGS ALCElyod of MGG, LA oA of decey
dlhe bidhtesdscantsipedereraipddlianucicrsse enaietertmentrethtieanposing contacting

kAL ol RS S BASAT RIS, MNSIRIR I 1%, RLESERES LR composiion
uclrerase, the reagent - - composliton proviaes an environmen
pavidés caroefabitinatent svitabisitorfasfliiate Icasitersise afithealucifetase ftataroactive state or

CRYARBENIch as 2 SUBBCHRIASS MaYRG recombinant luciferase. The

recombinant luciterase may be a non-secreted form of a luciferase that is

secreteqypdiiyn e SiRIMIn AR & rl'g‘?%l@iﬁ sdfianr léRiPéé@ % ﬁﬁﬁ’@( several
e,nvironmygnt S)Sitable to facilitate folding of the uciferaggsl into an acﬁ?/e

RigHs ATt BRI SUBRIA: omposition may provide an environment
itabl facili di i f.the luci d i
from AL S BT\ TGP G B TR BT headge ofdecay
d@mﬁgbhﬁmab@gmﬁganemtewhy@mfdmm% tmemgx.d:.ﬁmamtsing.contacﬁng
t?(QT%ﬁé?gélé( IR ERY 'B?W%néi%@mqﬁ?tﬁ%ﬁgﬁ&r@g?ﬂé 8&%‘8@ chelator may, for
pid C | Ivé

acilitates a more rapid conversion of Inactive luciferase to an ac

@@ﬁl@mi@ﬁleﬂﬁ%m&ﬂmnﬁmﬁémﬂc@ﬁﬁﬁa nbese e daerdrihatidvalent metal
AR Y O R BAOH Qe B RIAYER BB RLEEY ARNAREE SRGPIF Bltween about 1

activity of luciferase in a sample by increasing the pro§ortlon of luciferase

rhe RMHagted¥pisinkeMesRRe4TIO MMRRG AREVETY ®Mn addition, the
environment may facilitate the maintenance of a 15 state of constant.
Sty B B AR 2SEA (16 RERSDI P T RS {BeARA T Sing the rate of
desaypté teerbialtiminesedrt sfgnahgéabtatativifyadlithierdoeitergae, Typmathodtistsmprising
is achieved by.reducing the time. taken for the luciferase in the sample ,
Croé]a?% t'qgs%a@%r'ﬁed?nseavc\’f%/i?ﬁ e e&we amoun{ o?%romlée, ?yplcarﬁy in tﬁe rF?)Pm otfoa bromide
salt.

Typically in accordance with the sixth to the eleventh aspects the luciferase is a
recombinant luciferase that is a non-secreted variant of a luciferase that is secreted in its native

form.

Also provided are methods for reducing the time required to achieve optimal or stable
luciferase activity. Without being limited by any one theory or mode of action, the reduce time
required to achieve optimal or stable luciferase activity may result from, or be associated with,
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The reagent composition may comprise a zwitterionic or more preferably a
non-ionic, detergent. The detergent is preferably at a final concentration of
less than about 1%. In one 20 embodiment, the detergent may be present
at a concentration of between about 0.05% and about 0.2% when first
contacted with the sample or cell. The detergent may be selected from, for
example, Triton X-100, NP101 or NP40. in a particular embodiment the
detergent is NP40. Alternatively or in addition, the reagent
composition may comprise at least one $titable oxidising agent or a
combination of oxidising and reducing agents. The agent(s) may comprise
a 25 thiol group. Typically the agent(s) results in oxidation of the

| ; ilitating the tion of an.actiye conformation by the
I B S P e AR el st over
Bliffer combination such as a mixture of oxidised and reduced glutathione.
Alternatively or in addition, the reagent composition may have a pH of
above aBbitE!iRerest Benrissenhiuentiorpievidss.a Bif fr wnsrén ggsiadily the amount

bedeactialyost B idcierds8; &he MBcomprisitd '8t rl@é’&%ﬁe%%ﬂ?%?ﬁbgléﬂi}ﬂn wherein the

further comprise one qr more chelators such as divalent'metal chelators.
FRGCHEALIB L, PR 2 SRRl by p e coorsion e ierase o
an activecoivockiatiant, the chelator is EDTA. Typically the chelator is present

at a concentration of at least 0.1mM, more preferably between about 1

mM andT86 raagentemnpgsitatyragthe encabhpositbh ofMrgnshabubd FisiNb the third

JdedieaonRt pempRst f : ' romide anions, generally.
ir?}?the form of at Ieagt?%%rlg%ém}i%ée&ggﬂ? @1@%%)%1%@%&' %59%%%%}%%%@”,( of a
WErasrthabiaraereiedrnitenalivefesium bromide or rubidium bromide.

Typicall 8:g(fp,bromide anion is present at a concentration of at least about

1'mM, UIRPRIARBEF HEARSEMhVeINarameYidesn hior usgTmassaying the amount
anuntichviglspa Rietesde, Menathnebiring eiermin iBestheameIsrh ey |yt of

luciferase in a sample, the method tomprising: (a) incubating the
sample Wiehlzniferéfeectivay deaunicombinastgeciseamhaition avpossirgetd lant of a

m ,régg%at is se@ét@%ﬂiﬂ%gﬁf ée%ir;ﬁrase substrate; and 13(c) detecting

bioluminescence in the samp " The substrate may be present in the

reagentgORRRSEHIRE Witkiem\(2aner &7 secaid %B&%s_i&or%%%gql %@/ 50 reagent

comprising cofactors required for bioluminescent activity o uciferase,

Qraesiorgay Atriben semprssnatitioxideetpPponal s theopunpsatjemdurther comprises
BOMPORHSNIMBKDS INasthAsGeRidRlbeslisksgmposition. 20Brief

Description of the Drawings
In accordance with any one of the above aspects or embodiments, the reagent

composition may be in the form of a buffer for lysing cells comprising the luciferase. Accordingly,
the lysis buffer may further comprise additional components such as, for example, glycerol and
protease inhibitors. The buffering agent may, for example, be Tris, Hepes or a phosphate buffer.
The lysis buffer may be in the form of a combined cell lysis/uciferase assay buffer and
accordingly, the composition may further comprise a luciferase substrate such as colenterazine.

Typically, in accordance with the above aspects and embodiments, the luciferase is
expressed from a reporter gene and the amount or activity of luciferase is determined as part of a
reporter gene assay. The reporter gene assay may be part of a multiple luciferase assay.

The invention also relates to a reagent composition for use in determining the amount
and/or activity of luciferase in a sample, wherein in the presence of the luciferase, the reagent
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Embodiments of the present invention will now be described, byway of
example only, with reference to the accompanying drawings. Fig. 1.
shows the effect of bromide ions on the activity of secreted Gaussia
luciferase expressed in HelLa cells. 25Fig. 2. shows the effect of NaBr on
the activity of non-secreted Gaussia luciferase expressed in HelLa cells.
The effect NaBr in the lysis buffer is compared to having NaBr in the

assay buffer. - 14 - Fig. 3. shows the effect of bromide ions on
non-secreted Gaussia luciferase activity for a range of concentrations of
bromide ion. Fig 4. shni.nis tila effect of brnmide and chloride inns an

non-socretod Metridia luniferascs activity for a range of concentrations of

SRR T T S s R s o
autive StatestecbBemrsdienluciferase and non-secreted Metridia luciferase

expressed in HelLa cells. Fig. 6. shows the effect ‘cif anions conipared
to catiori§gduaiarasaciay boa-seerdtisantucitsasduditeraserabineityusiferassimay be a

difEréredMoMBIRGUBHSG SE O MRS E R R TS iRvESkEing lysis times prior

to measuring non-secreted Gaussia luciferase activity. Figs. 8A and
88 showtiaeciest APt mersEreviRNg f-ab L eNGRABHPBStAfAo facilitate folding

chelator gn non-secreted Gaussia luciferase activity. Fig. 9. shows .

& i A G HEEt S BB PASHeNC T dEalagorRgHTln  Tay provide an
envhelimeatreiitable aossiailitatifedsaggreotion. of thegduckerisandnti®B sBpavation from
iﬁf)e%?ﬁ”sl%?rgt cl)rf}élha%&gre Cﬁl%{d%ngfA‘th%%gf‘ér%Qg mECs;LI:ﬁ‘ g ‘?’ng ealgt t’fgr?ac(:?lﬂate subsequent
non-secreted Metridia Iuciterase activity.

refolding of the luciferase into an active state.

Typically the environment provided by the reagent composition facilitates a more rapid
conversion of inactive luciferase to an active conformation or adoption or maintenance of a more
active conformation. Alternatively or in addition, the environment may enhance the overall activity
of luciferase in a sample by increasing the proportion of luciferase that adopts the most active
conformation. Alternatively or in addition, the environment may facilitate the maintenance of a
state of constant activity of the luciferase in the sample or reduce the time taken for the sample to
reach a state of constant activity of the luciferase. Typically, this is achieved by reducing the time
taken for the luciferase in the sample to reach its maximum activity.

The reagent composition may comprise a zwitterionic or more preferably a non-ionic,
detergent. The detergent is preferably at a final concentration of less than about 1%. In one
embodiment, the detergent may be present at a concentration of between about 0.05% and about
0.2% when first contacted with the sample or cell. The detergent may be selected from, for
example, Triton X-100, NP101 or NP40. In a particular embodiment the detergent is NP40.

Alternatively or in addition, the reagent compaosition may comprise at least one suitable
oxidising agent or a combination of oxidising and reducing agents. The agent(s) may comprise a
thiol group. Typically the agent(s) results in oxidation of the luciferase thereby facilitating the
adoption of an active conformation by the luciferase. In a particular embodiment, the composition
comprises a redox buffer combination such as a mixture of oxidised and reduced glutathione.

Alternatively or in addition, the reagent composition may have a pH of above about 8,
typically between about 8 and about 9, or more typically between about 8.4 and 8.8.
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Figs. 11A and 118 show the effect of EDTA as a chelator across a range
of concentrations on secreted Gaussia luciferase and secreted Metn'dia
luciferase activity. 20Fig .12. shows the effect of EDTA across a range of
concentrations on Firefly and Renilla luciferases. Figs. 13A, 138 and
13C show the effect of various detergents on non-secreted Gaussia
luciferase activity. Figs. 14A and 14B show the effect of various
detergents on non-secreted Gaussia 25 luciferase and non-secreted
Metridia luciferase activity Figs. 15Aand 15B show the effect of
various detergents on secreted Gaussia luciferase activity and secreted
Metridia luciferase activity. Figs. 16A and 168 show the effect of
deterg g?t concentration gQn non- gcreted Gaussia luciferase a Q‘:&&Vlty

g FeRGRIN EOMRPEHL ISy JUABRE SATRESE M FHBA™B S P&é&“&rﬁ? divalent
m@taksﬁeimm Glawsmimﬁaww axémme be skligsed &6m BB A KD BRABECTA. In

e 0T T A e
le@h&éthwrMptaieraUUcbﬁmse abmullﬂymM anBig0 20V smoredythiealffiertitveén about 4

Midising Rgentsyat various concentrations and ratios on non-secreted
r%aussm F’ﬁleerase activity. Fig. 21. shows the effect of oxidising

agents ghy %%Hﬁt%ﬂ%%&*'ﬁﬁ? RINAdEHRSH AL BRSNS %ﬁ%%r@%ﬂ?%ﬁhe form of

luciferase activity %e@ ows a comparison of the effect of

%Qﬁ?@lﬁ@%@@’ﬂi@%?@ﬁoﬂ- rerude et Sy Rl SXaMRiR SReuEERidg, potassium
Hvbeiidd iar leitiRmss ety trypicallyl 0 Bomiddshidn & heswnihe gtewieatration of at least

‘ﬂj 5{(}3/‘ %gfggl\g g@?erl :)S(thwr]; %%da{ggu?gsg}(nmlffer on non-secreted

The invention also relates to a method for determining the amount or activity of
luciferase in a sample, the method comprising:

(a) incubating the sample with an effective amount of a reagent composition according
to the invention;

(b) adding the luciferase substrate; and

(c) detecting bioluminescence in the sample.

The substrate may be present in the reagent composition of step (a) or in a second
composition, optionally also comprising cofactors required for bioluminescent activity of the
luciferase, such as CoA, ATP and magnesium. The pH of the second reagent composition may
be lower than the pH of the first composition.

Brief Description of the Drawings

Embodiments of the present invention will now be described, by way of example only, with
reference to the accompanying drawings.
Fig. 1. shows the effect of bromide ions on the activity of secreted Gaussia luciferase
expressed in Hela cells.
Fig. 2. shows the effect of NaBr on the activity of non-secreted Gaussia luciferase
expressed in Hela cells. The effect NaBr in the lysis buffer is compared to having NaBr in the

assay buffer.
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15Fig. 24. shows the effect of urea at various concentrations on

non-secreted Gaussia luciferase activity. Fig. 25. shows the effect of
combining NaBr, chelating agent, detergent and oxidising agent on

non-secreted Gaussia luciferase activity. Fig. 26. shows the effect

of combining NaCl or NaBr, chelating agent, detergent and 20 oxidising

agent on non-secreted Met fidia luciferase activity. Figs. 27A and 27B

show a comparison of commercially available assay kits with a reagent
composition according to an embodime of the present invention with

respect to on non-secreted Gaussia or Renillaluciferases. Fig. 28

shows a comparison of commercially available assay kits with a reagent

25 corkjipdiishoas i éifegitof aromitd dinanionfdduae Saotsajecifaaswitttivity for a
r%%sﬁ% tC ttj(r)lcs%prspci)vity.f ; mFief_sj,'s. 29A and 298 show a comparison of

co merciaﬁy 5 arillsaglg gséda))%ts with a reagent composition according to

an emPBigpdrshowsftbeefieciseironvide tioh chithide paanagpreborajet Mddtiria luciferase

16.- Figs. 30A and 30B show a comparison.qQf commercially available
ity for e 3 e o O bR B BB ermpodiuent of the

preserfigsvditiand B sempactdoseissitivftihareffetfet NaBlyisidhenysis buffer or assay

Pespiscpessiion st inedayenton ST udiont iis SRECSRUONANML uoferase
e claims which’follow, unless the context requires otherwise, the wor
¢xpraspeibiHelaloelisiations such as "comprise? or "comprising”, will be

under to implythe op of integer pr step. qr of
ntegordr e, e S SRS BB TR T MR hon-secrted
Gaossdidifeesgeactivityteiissall.  The articles "a" and "an" are used herein

t feg . o, t 3 . .
oramn 501 SIRAEHEYRATERE ol 1008 O S RIS pricr to measuring
me&mﬁéﬁwﬂﬁu@if@fa@m@wement. As used herein in the context

of the pRVRISION @ %*Bwffﬁéae?fé&% Bl ﬁ'berﬁfdggf%%gﬂrﬁ%ons as a chelator

another, the term "facilitates” means that the reagent'composition
ansssietetiGeussialupieiasstegivitich conversion, Thus, facilitation of the

converEigrOINICLASE RGN b ACE AR RTATHN R RSIFEME S on non-

active, and direct or indirect. For example, the reagent composition may
oeieibGresiiabrieraserastivi®nt in which conversion of the luciferase into
an acti

g@g%ﬂrmﬁi@mma&% Rsdh 6 e WAt (DeHBRACEDTA and EGTA as

composition may directly or indirectly promote or otherwise produce or
Jelpiaiaendinprsactaie Mefiita ngifergemechdditive or component of a rwdylit

that "faqJiatpps o a-ROIIRIA IETIGIaRES EYE 1B UPIHRIMANGIBA a range of
20provides for a more efficient conversion relative to a reagent that lacks
apreatiensen seretadizavssia luciferase and secreted Metridia luciferase activity.

Fig .12. shows the effect of EDTA across a range of concentrations on Firefly and Renilla
luciferases.

Figs. 13A, 13B and 13C show the effect of various detergents on non-secreted Gaussia
luciferase activity.

Figs. 14A and 14B show the effect of various detergents on non-secreted Gaussia
luciferase and non-secreted Metridia luciferase activity

Figs. 15A and 15B show the effect of various detergents on secreted Gaussia luciferase
activity and secreted Metridia luciferase activity.

Figs. 16A and 16B show the effect of detergent concentration on non-secreted Gaussia

luciferase activity.
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identical or substantially equivalent. As used herein, the term "conversion”
refers to the folding, disaggregation, re-folding or other modification of a
luciferase enzyme in achieving an active state or conformation. Further
reference to conversion of a luciferase into an active conformation is to be
taken to mean either 25 the conversion from an inactive state or
conformation to an active state or conformation, or the conversion from a
partially active or less active state or conformation to a more active state
or conformation. In this context the termi'sonformation"” refers to the
structure (for example tertiary or quaternary structure) adopted by the
enzyme and which correlates with the ability of the enzyme to catalyse a

reactioffigndlyesheraseta tifbsmotertegbsignatsmeiicdeiienitsybsaien-secreted
tzfllytic activity of the luciferase does not occur in the

Cf)aZssg rl]ueci%(r:atluée1 | 8§¥

apbsence of subsir éY'However, a luciferase that has been converted to a

more aEigse t8AL18BLo8C0EmAEBD witvib¢heamabl @ DhigeasAtR0 vREcreted Gaussia
\Hba?gpgs%cgcr}% once the substrate is added than would be possible in the
absence o1I 48eh conversion. This increased luminescence would typically

be evidgipt #9.a kst thactffzet biwHioh intessagittaGHesRONIEERISH Afdenon-secreted

yci . n active format is a separate process to the enablement of a
g%f?ﬁ%%%%?ﬁgv% %%,V S example, blocking a negative feedback mechanism

that effEigivlysheds desdifectadtonitisofthgehisiieradeous cosesnnans o atai ratios on non-

Eéi(%{e M&;aqﬁ%%én agﬁ(\?it resence of SU bstrate. The term "enhanced"
as used herein in the context of the bioluminescent signal intensity 10 of a

luciferddg. Rfe shewsrthartied of axidisiasegbnisiatitatives\ycarcgnipatidiatiaed\atios on non-
%@éd%ﬁﬂ@%ﬁ?’ﬁ%% E%tm t achieved in the absence of the reagent
orin '

composition an he preésence of a composition of the prior art.
Similarfyg12¢. iehowsre dovperisate Gtz efisctoiisrdisingraiesteoa ratesetreted Gaussia
Hefaysafhl gl ignal in. 1ce of the reagent composition
and/ors?rj t%%?gégﬁ?:{dq% zglg@(?r{%ﬁgg%?%?r? %&"@Xe prior art. 15As used here'

in the tEig8. 2ieani @3 sbomthineliedes’ widisingt agartamnatieeniysisoxfteioand/or assay

ﬁhﬁgﬁéﬁ%ﬂ%g@@l}&@gﬁa}quggggt?r}g%n to provide the desired effect.

The exact amount required may vary case to case depending on
factorsFigicPlasheisnitieuaiiest wicuszagl| satiobe canabntrationbetuniiesessted Gaussia
IBO7YH38 As6E and whether the luciferase is intracellular or secreted, and

the constitution of the reagent or composition used. Thus, it is not possible
to spefilg 2A. shaws the effect of combining NaBr, chelating agent, detergent and oxidising

agent on non-secreted Gaussia luciferase activity.

Fig. 26. shows the effect of combining NaCl or NaBr, chelating agent, detergent and
oxidising agent on non-secreted Metridia luciferase activity.

Figs. 27A and 27B show a comparison of commercially available assay kits with a
reagent composition according to an embodiment of the present invention with respect to on non-
secreted Gaussia or Renilla.luciferases.

Fig. 28 shows a comparison of commercially available assay kits with a reagent
composition according to an embodiment of the present invention with respect to sensitivity.

Figs. 29A and 29B show a comparison of commercially available assay kits with a
reagent composition according to an embodiment of the present invention with respect to
prolonged glow.
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20 "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 extraceilular environment. Thus
"non-secreted"” includes a luciferase retained in the cell in any form, and
thus the luciferase may be cytoplasmic or 25 membrane-associated.
Typically, although not exclusively, wharg-a luciferase is referred to herein
as being a "non-secreted" form of a luciferase that is secreted in its native
form, this secretion and absence of secretion refers to eukaryotic cells. -
18 - bengdiciahiangr 368U farchipaifsgrobineiaiimiale dwlbbls abstyakis with a

and/or catalysis. For example, luciferase catalysed reactions may require
67058 ATRET A ARG, 25 FIEGREAT P o, PR b T espect t0

ggr@imgytgma efdbeyesainidnvention such cofactors are not considered to
fall within the scope of the term "substrate”. Luciferase "substrates”
include for 5 example D-luciferin and coelenterazine. For the purposes of
the present applicatiDetadedrPescriptianefdheadnventiontrate
D-luciferin and its analogues, which molecules are substrates for

luciferadb®eaiavb i sipeoibiration /il dh T HRIBH LS (P Us ieT, Naiepntext requires
JRSiiRe aRd KRPAEhIETERS. e iarmdnsitactn doesorprisssompessprising', wil be
coelenterazine, which repr?fnts %ﬂiggrent Iu%'ferase subs];relte utsiliozrestiie s but not
yrgessinetieiBRhs I MBLFEPRl Al LeARH S HRHOL B! TR O SteP
teraiaRisioand ) Misdrigltagiaoesmplgloup of iMisgdisdostepsherein, the

inventors have developed reagent compositions enabling improved .
luciferaJbea aptistesr's}sidrias darmusesteiein tptefaDle entanteaasryihian one (ie., to at

I h ) t i 9 i b

LTSN 0 S M o e
elerdeihp el teeatsingelsmenkymatic activity or potential over time. 15

Such systems find application in any Iuciferase-b_asec{j re ct}on where it isf
desirabRStyeshdiFRIReD L SPRIRKHRE K SORYENEROP AR VIHPEISh&NZYme from one
dueibarRsEneRZ Mtthdr ofhexamplagnasoSitins ithatctherdeaysatwitimposition enables,
embodiments of the invention are partic Iarlgel but n%t exclués

%[B?)Lfﬁ,eébfg P&?’I}%t&ﬁr?ltcgn(jﬂ'?]v&ﬁﬂﬂr\m lbse cnp ion, of the ¢onv js;@%og ’Iuciferase into an

orter assay s
sotledingotinesierutiising dessabitziadielemne miesboadntirgniovive exanpie, the reagent

response in addition to hi j : | diti . .
RO SRR AR DSBS e oo
aohieraionfbematinounaniteife riasevity\ieropvely. nits < saael SeBRASHIRM &ray directly or

i}%ipe%tlfg{r?ﬁ?cﬁm[begr Ef%ﬁ?f?é"b%@ug%e%w LRrase Y PEIHSEdiRS AreRRRE additive or

In an unoassay or nucleic acid hybridisation assay and thus may be
sermeenes! racaneplchain aniliissy ShHHERIChaIMpRBES PRRIES tpically one that
HiGifesass Mayreefcanetfiricia@siodie ieaherbhatdaridneddantiout is otherwise

exemplified herein the inventors have elucidated unique properties of a

iggptical iefrbatantaliy SN enzyme: those that are secreted in their

native state. The performance of such lucifer in lucifer Doy
e Subo B BV AR eGP DAL Ho e A atedn o
offitinenpdefisetidrirofentioiferbse tirzymeris, abigavivgaroastva elatisyowsfeangiign. Furiner
when such luci es ar ified. s reti oy _

D R A e S T R R e ©ien e
theitenssrsinn ierkenipaciiaciae orenfpmatian 9eag aeip satews@afgnation, or the

@Q&sﬁﬁﬁ%ﬂ? SYRHRRR U070 JeNERRASLIENG SR SR8 Eetive state or

inventors have developed methods and r"ea%ent composition% that ,
eonipmealivs.u e thisIcRilexhie [SBterosieBnatisnifietiha Drliyrlyre (for example tertiary
Bickeirarrgaialitad)raasiteny the enzyme and which correlates with the ability of the

enzyme to catalyse a reaction and generate a bioluminescent signal upon addition of substrate.
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As disclosed herein the inventors have discovered that when a normally
secreted GI;$ in..arnea it, ennelifin4 fr.r in+rnne.11, rinr ewnrrtnninn anrl
nwnrnete.".1Si it as eukaryotic cells, 8.,201UM MI1 1QOU 10UUUU IV!

11111 CIUCU101. GAVIGODIUS 1 011U GA.1 HOO0CU1,0110 Lai the

activity of the modified luciferase within the live cells is substantially

reduced. Following lysis of the cells, the activity remains low but partially
recovers over time, albeit very slowly. This poses a number of problems

for the use of such modified luciferases]ihuciferase assays and in effect

has prevented their successful commercialisation. The reduced enzymatic
activity causes a 10 reduction in bioluminescent signal strength. Longer
fhedsatenimes (rigrdo.adding subsirate (o miiate Mo reaclin) IeYIde oy eye,
some improvement to signal strength but also lengthén the timerequired
aduciierasietbaiimassbesn bowertasr tthe parsactilvaatom bavertiaivoveitebe capable of

JORb e GRRG U AR WBSHIRA S AU IR T BGbie n the absence

€ continues to Increase, suc e entire assay becomes

qhakusaRvaiFientiftis depeatgd liminascescrvmpih Svisdivhy eYideddnas Baghsreaction,
WARRSHE 21 Ungt 3B QM PibNcHIe] ARBIPAR QR SSRB MR SA SaRIRaR BRbcess to the

that it is necessary for each sample to contain the same activity per unit of,

quRhemest Gird Rimiongsd@our i the Raawier Rckibh o beealivR lsrdPask cprbanism that

deiedtinfistebiliysahéhacoel) lys sie susithasesiipebipducttcreseiRttbdiyvtic activity in the
‘frevents thui§ﬁ th{ereby rendering the assay inaccurate. Whereas some
[?éﬁg?gggg %\Fdecreased activity over time in cell lysis buffer (e.g. due

to protegoe @eivitn, e meduiad, LI, (ﬂ{ezcgt)oﬁg%"f‘“%sn%{ﬁ%gscen}] ﬁi%'@l intensity

Iuciferases show substantial InCreases over time, representing an e
dieaviiifetrsadTsensvesabaneett ondicierndilical Rlitatvelises quentidatively, signal intensity

relGeE RS LY SARIUER: he SisEiRsed RRAEYEMRUHRARRIC IMIBEIR RS PMsence of a

inventors have for the first time identified components, additives or agents

PrERAHRh UdheiicRlitRiRitEEl. IfeaiRB sskesa AP iRl JRsaE ihéseddodndicate a rate

#THelRNQf FinHredbanmashties felanpbannoonally sag@ieddwetisiencarslor in the
regains aéﬁs actwﬂy,or‘ergz matic potential. As identified herein and in
pé%%?fﬁ’ ALARRPYLPRAL I BIh&iments of the invention, examples of

T e T T g
sutisienicamotistioh agsagenteompeisitics toqubitdethe Heghedaffieot adtivitgxact amount
AR A AR se to case depending on factors such as the nature of the sample to be
analyzed, the luciferase enzyme used and whether the luciferase is intraceliular 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 extracellular environment. Thus “non-secreted” includes
a luciferase retained in the cell in any form, and thus the luciferase may be cytoplasmic or
membrane-associated. Typically, although not exclusively, where a luciferase is referred to herein
as being a "non-secreted” form of a luciferase that is secreted in its native form, this secretion and

absence of secretion refers to eukaryotic cells.

As used herein with reference fo luciferase enzymes, the term “substrate’ means the
substrate molecule upon which the luciferase acts, excluding any additional cofactors that may be
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maintains a constant activity. This provides numerous benefits including
shorter assay time 30 (reduced time required in lysis buffer), higher
sensitivity (greater maximal signal) and improved - 20 - accuracy (signal
less dependent on lysis time on sample-to-sample variations in efficiency
of conversion to active form). It is also shown herein that the activity
of luciferases that are normally secreted, whether expressed in their
native secretable state or modified for intracellular expression, is
increased in 5 the presence of bromide i@s and decreased in the
presence of detergent. Reagent compositions of the present
invention provide improved kinetics of luciferasecatalysed reactions. In

h f t
O SR AR SR e o
m@rﬂplﬁ; fvifseasendattjbedingaatiulisiomayf sedpsteaier coenbiit dromledficidrsd such as
Hféﬂﬁgﬁ’ﬁﬁ BERSHPIe éﬂ%g%l’lﬁ? pgfl O Srgsg led g lg?q\lléucﬁ (%f s are not

for'example at least ab minu es a erini ur|

RISl t@.&lawm@ﬁ@wmlﬁ%@@mwstwy Lucﬁe@embuhﬂmlssﬁfmclude for
EfampRt B%Blfé?ﬁlt!ﬁhﬂsc%lgh?elﬁi’ﬁé‘“%l"mg:Etﬁ%?&‘Uf 'lhé"%j@ %’ﬂ}?}%@ﬂlcatllon the term

gon ribute to the improved kinetics include bromide salts

MelieHBr &Rt P St cybRvats: Briisilew saiimenslasies whishnoiepiles arysibstrates for

BSlﬁmwlwdrﬁdqude&ﬁﬁ&é'@él@é‘p@éaﬁﬂ%ﬁ%(ﬁfﬁly%‘ﬁél&%gﬂes and rallroad worms.
05| rﬂs can also nclude numerous additional components as will
TSR oo

ﬁeegﬁ%ﬁﬁ%a%lﬁll%%@k.w@mn@ﬁ@%@ts 2 affgient uofferase
Mfumérbbela distinc ciss oflifiedrasd (s(zis RLiffescqmrasioanRe Mt Gaussia and

(Fl@ Ange. H‘lﬁl@ a, bromide salt and/or reduced levels of detergent,
prow very d?l signal strength when used with a modified intracellular

Gaussiangr Mefsidia hederang: |ﬁ9i§ﬂf8?srer%\58 t@e?/égsﬁagg ?é)aéléﬁ jfera Oﬂ,? enabling

with commercially available Renilla or Gaussia y reagents.

imeroyeterisiasadrperisr systandsmpratetien ierciia ma@nm@m (stronger
feh bRaseMbiratlosttfald@r ARhEsSRPRRA 4IRS %S bR &R @trﬂﬁlbg\?ghase ), reduced

mtra;lr[ﬁllular luciferase in the form of a modified intracellular fo

KIS TG 18R 3858¢ diate ANFORPIRKE stiabiTis of shaumalimaciiith ipatMislpver time.
$ﬂdhesmemsl fimgd Wﬁtldh@ﬁ@ﬁ&ﬂ@l@%@%ﬁﬂ%ﬁ&%ﬁ'%é&l%‘ SRRSO Hetermine

ferase nt| endent on their secreted state =
ligr]ﬁ%ue STl %”gé’&ﬁﬁlll ils) Ei’fél(ﬂf RIRTE RIARSr6RRRVRE FPmRositions in
wnrdamwmmmlmthef thlaenlvayhoalgrmbamlalmyl amwmmm applicable for

her fth fi
Lot IR S S BTSRRI o

FemaICeipBKIgR S it copponsin mdxhlm‘om lugh\ﬁcgealh&jllength In addition, reagent
d%d?lll&%‘iﬁrﬂ‘ié'ﬁl?élltﬁl%mﬁﬁ ShpflasPRds ‘l|+§ j%rgél&%%l @in the amount

d rate of decay) of bioluminescent signal when pared w

%‘rqé%reﬁﬂtl)’%x/:?ﬂa{’&l% RO M8 SkidisEasoyRABINGSI SNty thebdetssingdsy Haemxample, the
licifeeep g asusat é@@g%ﬁrf@rﬁ%ﬁﬁlﬁ’lﬂﬁo%%é&f SRR ROPHIRRNSION assay and

he inv ntlon rovid
tﬁ us may e llnkerg?a/ %r example an antibody or nucleic acid probe. Thus the luciferase may be
a reporter or detectable label.

As disclosed and exemplified herein the inventors have elucidated unique properties of
a particular class of Iuciferase enzyme; those that are secreted in their native state. The
performance of such luciferases in luciferase assays can be substantially improved by using the
reagent compositions and methods of the present invention. Furthermore, the inventors have
discovered that when such luciferases are modified so as to prevent secretion and provide
intracellular expression in target cells, the activity of the modified luciferase is markedly reduced,
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5 an environment suitable for converting the luciferase from an inactive

state or conformation into an active state or conformation. The change in

conformation may comprise a change in protein folding and/or a change in

redox state of the luciferase. Further, the conformational change may

comprise the formation of one or more disulphide bridges in the luciferase

protein. A change in state or conformation of a luciferase enzyme may be

desired or required in a number of 10 circumstances. For example, the

luciferase may be expressed cytoplasmjoally as an inactive or partially

inactive protein. In such instances, the luciferase may be a modified

non-secreted form of a luciferase that is secreted in its native form. In

one embodiment, a reagent composition of the invention comprises at . ,

RO G G LT, K RAOERLFPERe SR AT FRRHIOR: PcRBdRfgmfon. In i

tnuteig theinvéntisivale devielepebhactivdoant résgtinircompositiviaetisatbnadle the use of
etwee out 1 mM and about 500.mM. In one embodiment the

B P e T BB o P B ety e

bromidexanipnyis oreRenh aha FRBFBRIALRN &g&&b‘?@gttﬁﬁ%ﬁén MMtV secreted

5 mM, 10 mM, 20 mM, 50 mM, 75 mM, 100 mM, 150 mM, 200 mM, 250

lueiferapsoshimadiiesbion MitapaiaraKaressiemgchexwRssebinaie st v s eultrsyptic cells,

RS BYigR AAMRIANGHLIE RN AbdeloeRBRHaHRR lefR4B R ollowing lysis
bout 1%. The non-ionic detergent may be present At n concentration of

fothe 2l HSARANSSRTAIRIR P SoRaH Y ee9 Yas6 P b e elefiiggetiowly. This poses
SoumiRsitbprediéhs fovertige biaygomidiied Reitasdnitdeiasgertal and in effect
TG RS RO P D ALY ey pauses 2
iedactiosin @E}hemmemaignairst'rbhgﬂ_jeéimgdae itu_mmati;ﬂmjirﬂeg (Iminirtmﬂd_ding sqbstrate to
fRARE e Taoonah FRIGE S IFRIENGR ¥ UNE Seelil n B allene e
rBOEed Enephlplata anidssayhélerieoiiie pissenjdnentery havedliscouedadhat fuen using

RRIBatbAaReS 1P AR Ok AE Modifed rmeneﬁiél&%ﬂﬁﬁw@gmaéébsuch that the

16
detergent is NP40. The zwitterionic detergent ma:

be CHA
RGP RSSERTS (BECFH A A1 AICrdBRAIepr bk o thalRIARerachily fishsed as a

BB O AHY ShboRsiracciRaseeiréRiRrpREERt N REGAHIBRNSIPTHAS is necessary for
invention, cells m%lt e lysed %&any one .or a ég - number of technigues

AER RTERI Gt {0 ChRelcHnifl lsifetan PrelsiicHAMSR b e case of
tesengedifiedbutikatbes thelldyisiss BiaiiyeoatiaieriidaieSanitaxaspeteto luciferase activity

srg\%% Sti 1, 0 ng%gc pressure roth%r%ﬁh%sical ress}&he. Thus rea en11 h
pcomp03| I6hs Ahd Ietnods of e HvN IS4 Rot | ?é%?%o%ﬂ@ﬁo gilerases show
frardestdcotiviynoverftived ihyei |6 befierdptgcduedo pintenss abivityy draimndifiey forms of

t 0 icalk .
e B e Rt Y RSO N At TR0 o ently new
twidteinpetnecmana dpusd mobidsst eitbrresiars v, ® su®esshly exmoigds or
8.8. A reagent composition of the invention may comprise at least one

oxidisin§5agisiostth FshmpBEBRb ey RIfedD¥RERgBaxe. fouHBeefirst time

iBeREBRiBEH PNt XidigiePRdaRANCIHS WD eRiRttSaAth BTN substantially

.E{o ort ns%f the agents is %S@a ly such t@at tl'g)aﬁeng\)/tjronmen enerated |

TAPHREe PSS iR Y (AIECIBR S PN IEa D MARIRD St BAMAtE Recreted luciferase

reganaitedoiintly thexytoatd pbtdrdiate hedgustifisthgdiet lantf¢raseordiee with particular

SATBRRIRTFIAY emprise.o.teflax puller comBinaion SN AS AN e jon

oﬁ%gm iSed and reduce glutaf?ﬁone. edoX peﬁ‘r)s%gt SR Sﬁésr’a (omide 1ons,

twiteiis wit neldtivelik aygitipt éilg. oo i)l esd dxidisinx ageple and/Balaleedoafbuffer. In the
ilb The. i 17 - B f

e S e D e RS P A RGPl st

MIREINS- R xpaga) ot/ cyBtindreydee ammrintisshentiife Kswidbigshrger assay time

(RAGGH mitersqvay O 5GrerHIGHES Shdiity raabionadiniA daiRl(SHENmproved

as a disulphide dimer) and a reduced form. The reduced and oxidised

thiols may be the same or different. In a general sense, oxidation -

reduction (redox) reactions are characterized by a
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20 change in oxidation number, usually by a transfer of electrons. The

term "oxidation" typically refers to an increase in oxidation state or number

(a loss of electrons). Whereas the term "reduction” refers to a decrease in

oxidation state or number (a gRin of Plectrons). An "oxidising agent” is

sometimes referred to as an electron acceptor, and a "reducing agent" is

sometimes referred to as a electron donor. Substances that have the

ability to oxidize other substances are 25 said to be "oxidative" and are

referred to as "oxidising agents", "oxidapjs" or "oxidisers". Substances

that have the ability to reduce other substances are said to be "reductive”

and are referred to as "reducing agents"”, "reductants”, or "reducers".

Typically in a redox process, the reductant or reducin ent loses _

RIS PR} £S5, SRERHSR TR 5 e B BRRI IR A igpens n effcency of

celeeismsianctive fedyced. One or more oxidizing agents and/or reducing

agents may be 30present in a reagent composition or in a corresponding

reactioritinigiserehiowwhécirttizat tbe getivitisof- RBiferasesl thiat anejeormatbycsemieiem whether
F‘e@éd ‘?ﬁ“ﬁ%@ﬂ%ﬁl&"é@%%%@t s} R’}@ﬁ?&lh @%&%@&1&5&"5 f@ increased in

tnat reagent or reaction mixture. ) he oxi I1ISINg agent 0 com Ihation
tog preraBRePENENtsd (Rm gnEiasteasesypinsratreRsa A tetarasnhe luciferase

thereby promoting or otherwise facilitating the adoption of an active (or 5

more aCtRASPRLFRTATRIIRDS B theePrassmtia¥ention provige drpeyrdripetiss af diciferase-
o@ﬁT@:ﬁéﬁ&%@&@ﬁﬁXlﬂi%aﬁm F@Q@@ﬂ@s@@&f@@?“%ﬁ@@ﬁé@@f@?fgﬂaﬁi@ﬂ Ring reagent
the lucliera ereb omoti erwise aClI a

CHRTRERARE o 10,0 ST O AT B 050" e LB o Jo e TR seconds
fohendmy adtlmmpmésmawaieaiw vacetyled withckspingoagehtscaserablidlinlarfinedvent signal
gooc%é?ogﬁiﬁ"%éh &r%ﬁ%}rﬁb\fg n %as?‘%joﬁﬁ rﬁ'ﬁh?g] %Ii?etﬁg th il mDﬁrcl)r{g] this “glow”

e am e oxXi agent roup convert
p@f@ndbwm\aiéé'eogthémanlw@y anVé}’ectrochemlcal potential in the
reagent composition such that sulfhydryl groups are oxidised to disulphide

bridgesYPRPSNENSIGtiRag BPBRIATISN oY dBArveatLNBYNLRAlRe Qiriprembination

mlswlwn@eaam@myr{&@nmet&@m%&ﬂ‘soai@h%m%éiﬂmﬂmérs high pH (at
indirectly %:nol or cysteine thiol géo sm 15 the luciferase protein. A
[

355 SR80 hefe R oBH OBIIABAIRERYDr el TR BN W?a%a?ﬂmeagd oxidized
ghaathonaticReadenxichaipgsitock retugiedrrgestunmaredxadibiogahasnbanetdoss will be

RS PR R R Bt may b an agent
Capab' of geghhsifich sl H'yv‘é’ﬁéﬂrg IOP[e&“b%llqgﬁ?ﬁﬁfﬂF EBIGh SRS 1Br example

the Iuc iferase protein. r example S, as reducing compaonents of

Irr@d@i;tgo@fbé@@lcta)sakeanf!/@wre@@caﬁé@tejn@w@gr@ﬁrm@wriagilpméugh signal strength
viRERTGERN R SARIAMS RYPheenl i RIRISHR: Tl iRgidlh B dReiRNs bH&FﬁﬁaVé@'@ the same

can act as nucleophile, central thiol, or a leaving group. The overall rate of

Iugitsrase isashiyibfommersiyIaYatebl Genilash GRUSHAIRIAIRAIENENt WIS the first

d@mtmﬁﬁﬁrthat i BRRIGHECIRHEN @e%cg%@&ah@cmdﬁl@ah%émmﬁed with the
“SH + Rj-SHR-S-S-R1 + 9H+ + 9-i.n 25

tion 1.0:
PO DR S o FSIAR 2 SISk e BBt g, modfie
ifpaceXalarptenpef coramysedidichREséorbige fuseitldesihhdts thdRide Jofor RB/ithout wishing

tcg%x'%'ostﬁ% %)rrﬂzzory, these data suggest that the high signal strength of secreted Iuciferases is
not entirely dependent on their secreted state nor is it due simply to accumulation of high
luciferase protein levels in the cell culture medium. Rather, the high signal strength appears to be
at least partially due to an inherent ability of these enzymes to efficiently catalyse a rapid oxidation
of substrate under appropriate conditions.
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- advpreirter icealamalegy, Do

One example of a suitable thiol for use in a redox buffer system is
glutathione which is present as a thiol and a disulphide dimer. The
glutathione redox buffer system uses the disulphide 5 GSSG to provide
oxidising equivalents and the monothiol GSH to generally catalyse
disulphide bond isomerisation. The folding efficiency of an effective
glutathione system generally has a solution potential similar to that of the
endoplasmic reticulum (Esolutron -2 -180 mV). As génerally described
above, the GSH component of the GSBIGSSG buffer system can be
replaced with other thiols. For example, the rate of in vitro folding of
disulphide-containing 10 proteins may be increased by utilising a

small-mol | ] ' i il ' ' i ,
N e

sheftyifoandpssiosgedleldsiomtadesion i catediisebeteanlilgeay of bioluminescent signal
¥ li'é)d‘\%i@’_ ﬁé‘é%ﬁ&sﬁ%lf%ﬁl REFALRRIAS N IR IS e BMdtBRtheory, it

eaving group ability of thiols is inversely correlated to the pKa of the thiol

isconriferad et (pageRt eoRMRSItioRt aosaisd o smieeiments 95 the diygntion gy provide

RigorenierkshraMediciaaléirrpisinsitpiterroR Mpanddive Htate dEdinBondion into an
J., G., Journal of Blot,echnologéﬁ, 2005, 11%}[27 . - 290; Gough, J.,

T8 BRI MR SR g Protem
orgHg @rehaligdnaisiexststeci thbtlcisrals& HFRANBr Rile RATiwtioRal change may
C%H;?r%é) thH f&'mqt%h%g&'n%no'_rl more disulphide bridges in the luciferase protein. A change in
state or conformation of a luciferase enzyme may be desired or required in a number of
circumstances. For example, the luciferase may be expressed cytoplasmically as an inactive or
partially inactive protein. In such instances, the luciferase may be a modified non-secreted form of

a luciferase that is secreted in its native form.

In one embodiment, a reagent composition of the invention comprises at least one
bromide anion or salt, for example sodium bromide, potassium bromide or rubidium bromide. The
concentration of bromide salt may be between about 1 mM and about 500 mM. In one
embodiment the concentration is between about 75 mM and about 225 mM. Typically the
bromide anion is present at a concentration of at least about 1 mM, 2 mM, 5 mM, 10 mM, 20 mM,
50 mM, 75 mM, 100 mM, 150 mM, 200 mM, 250 mM, 300 mM, 400 mM or 500 mM.

A reagent composition of the invention may comprise a non-ionic defergent at a
concentration of less than about 1%. The non-ionic detergent may be present at a concentration
of less than about 0.5%, 0.4%, 0.3%, 0.2%, 0.15% or 0.1%. A reagent composition of the
invention may comprise a zwitterionic detergent. In some embodiments, in particular in the case
of reactions and assays utilising Gaussia and Metridia luciferases which are inhibited by detergent
in a dose dependent manner, it is desirable to employ the minimum concentration of detergent
required to achieve cell lysis. Accordingly, in one embodiment the suitable concentration of
detergent is between about 0.05% and about 0.1%. The non-ionic detergent may be selected
from, for example, Triton X-100, NP101 or NP40. In a particular embodiment the detergent is
NP40. The zwitterionic detergent may be CHAPS.

However those skilled in the art will readily appreciate that where cell lysis is required or
desired in order to practice an embodiment of the invention, cells may be lysed by any one or a
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number of techniques well known in the art. Many of such techniques do not require the use of
detergents, but rather cell lysis may be achieved by, for example, sonication, osmotic pressure or
other physical pressure. Thus reagent compositions and methods of the invention are not limited

to any one particular means of cell lysis.

A reagent composition of the invention may have a pH of at least about 8, typically
between about 8 and about 10, between about 8 and about 9, or between about 8.4 and about
8.8. Suitably, the pH may be at least about 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7 or 8.8.

A reagent composition of the invention may comprise at least one oxidising agent or a
combination of oxidising and reducing agents. Where a combination of oxidising and reducing
agents is used, the relative proportions of the agents is typically such that the environment
generated in the presence of the luciferase is an oxidising environment when compared with the
cytosol of the cell expressing the luciferase. The composition may comprise a ‘redox buffer
combination’ such as a mixture of oxidised and reduced glutathione. Redox pairs that exist and
operate within normal eukayotic cells are disclosed, for example, in Table 7 of [Foyer, C.H. (2005);
The Plant Cell Vol 17:1866-1875). Examples of redox pairs include: OaH20; HyO2/OH
NAD(P)/NAD(P)H; TRXo/TRXred; Cysteine/cystine; cysteamine/cystamine and DHA/ASC. Redox
buffers may comprise a mixture of an oxidised form of a thiol (such as a disulphide dimer) and a
reduced form. The reduced and oxidised thiols may be the same or different.

In a general sense, oxidation — reduction (redox) reactions are characterized by a
change in oxidation number, usually by a transfer of electrons. The term "oxidation" typically
refers to an increase in oxidation state or number (a loss of electrons). Whereas the term
“reduction” refers fo a decrease in oxidation state or number (a gain of electrons). An "oxidising
agent" is sometimes referred to as an electron acceptor, and a "reducing agent' is sometimes
referred to as a electron donor. Substances that have the ability to oxidize other substances are
said to be "oxidative" and are referred to as "oxidising agents', "oxidants" or "oxidisers".
Substances that have the ability to reduce other substances are said to be “reductive" and are
referred to as "reducing agents”, "reductants”, or "reducers“. Typically in a redox process, the
reductant or reducing agent loses electrons and is oxidised and thé oxidant or oxidising agent
gains electrons and is reduced. One or more oxidizing agents and/or reducing agents may be

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

The oxidising agent or combination of oxidising and reducing agents may promote
oxidation of the luciferase thereby promoting or otherwise facilitating the adoption of an active (or

more active) conformation by the luciferase. -

The oxidising agent or combination of oxidising and reducing agents may promote
oxidation of the luciferase thereby promoting or otherwise facilitating the adoption of an active (or

more active) conformation by the luciferase.

Those skilled in the art will appreciate that a variety of oxidising agents are suitable for the
purposes of the present invention and are contemplated herein. For example, the oxidising agent
may be a sulthydryl group converting agent that contributes to the generation of an
electrochemical potential in the reagent composition such that sulfhydryl groups are oxidised to
disulphide bridges whilst the luciferase protein is not denatured. By way of example, the oxidising
agent may be an agent capable of oxidising, directly or indirectly, thiol or cysteine thiol groups in
the luciferase protein. As described herein reagent compositions of the invention may comprise a
combination of oxidising and reducing agents. The oxidising agent may be an agent capable of
oxidising, directly or indirectly, thiol or cysteine thiol groups in the luciferase protein, whilst the
reducing agent may be an agent capable of reducing, directly or indirectly, thiol or cysteine thiol
groups 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.
The redox buffer thiols can act as nucleophile, central thiol, or a leaving group. The overall rate of
protein folding can be modulated by variation of the thiol component of a redox buffer.

A general equation describing the oxidation of thiols is shown in equation 1.0:

R-SH + R!-SH — R-S-S-R! + 2H* + 2¢- 1.0

The oxidising and reducing agents may be different compounds, or alternatively may be
the oxidised and reduced forms of the same compound, e.g. the buffer may be comprised of a
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1 H H 000C2H40C2H40C2H40H 6.9 The thiol concentration for
aromatic thiols in redox buffer systems may vary considerably. The use of
other aromatic thiols, such as 2,2'[(4-mercaptophenyl)imino)bisethanol, in
oxidation and thiol disulphide interchange reactions is known [DeCollo, T.
V., J. Org. Chem., 2001, 66, 4244 5 - 42491 Dithiols may also be used
as a component of a redox buffer. In contrast to monothiols, dithiols can
form cyclic disulphides and thus form less stable mixed disulphides. The
addition of reduced dithiol ‘ -24 -
()-trans-1,2-bis(mercaptoacetamido)cyclohexane (BMC or Vectrase-P) to
a glutathione redox buffer may, for example, increase the rate and yield of

TRIHENG Qra iR Med(LOFSAYE EnH SRS N CRRISDY i?&ﬁﬁf‘gpﬁrﬁy, i \t(grcexample be

can catalyse native disulphide bond formation, both in vitro and inv
GARGE0AI B TP 5 1 Gotied (Rl of BVIC may

providegan intramolegular,clock for substrate-induced thiol-disulphide

exchan{BCFHATRERL R GUIBRAMRIAIPLESSeR S5HRY Rifteh systemuB slkiiaihigne which is
mﬁsettu%s aﬁMﬁmwdlﬁdim[bMIietaiqefﬂbéglt@mmt%ﬂd&rmﬁéﬂ s‘;a?camgme@me disulphide
i oth the oxjdation of thigls and the 15 isomerisation of non-native ,
R B S B Al s R SR D RS dsuphice
pba_rtdoif_sawdmimoﬁhhsfmgiwﬁfﬁn’rgnAy_suﬁtabl_eﬂepﬁmrghﬂmﬂ'ﬁmeesusdn‘n_a@enerally has a
R MRS EIRIMAL G AN S A R hes

a role in catalysing the unscrambling of non-native iSiiBhide bonds in

proteingsFacEraN) HebIRaH B ARSHY & 8AEMBER A RLPOBUIIESS buffer system can

Cys-Xaa-Xaa-Cys- sequence. Suitably, an enzymatic component of a
#@d(ﬁ?'ﬁﬁ?ﬁe?"’ﬁ%‘?ﬂ%ﬁ%‘iﬁ For example,” the rate of in vitro folding of disulphide-containing

proteins may be increased by utilising a small-molecule aromatic and aliphatic thiols. Monothiols
with lower thiol pKa such as N-methylmercaptoacetamide (NMA) or 4-mercaptobenzoic acid form
less stable disuiphides and can be used at higher concentrations to give faster folding rates than
glutathione. Generally, the leaving group ability of thiols is inversely correlated to the pKa of the
thiol [Gough, J., D., J. Am. Chem. Soc., 2002, 124, 3885 - 3892; Gough, J., D., Bioorganic &
Medicinal Chemistry Letters, 2005, 15, 777 — 781; Gough, J., G., Journal of Biotechnology, 2005,
115, 279 ~ 290; Gough, J., G., Journal of Biotechnology, 2006, 125, 39 - 47). Examples of
suitable small molecule aromatic thiols are shown below:

R
R1
RZ
SH
R R1 1R2 Thiol pKa
CH2COOH H H 6.6
CH20OH H H 6.5
COOH H H 6.95
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- 26 - the -Cys-Xaa-Xaa-Cys- sequence. Other enzymes that may be
used, for example, in a redox buffer system include: thioredoxin,
glutaredoxin and peroxiredoxin. The isomerising component may be a
mimic or an active fragment of an isomerase enzyme. Examples of active
dithiol peptide fragments include the Cys-Xaa-Xaa-Cys tetrapeptide 5 and
the CysXaaCys tripeptide, wherein Xaa refers to any amino acid residue
[Woycechowsky, K., J., Biochemistry, 2003, 42, 5387 - 5394]. For
example, the tripeptide CysGlyCys (C&X3)-has been shown to have a
disulphide reduction potential close to that of PDI. Another non-limiting
example of a reducing agent suitable for use in a redox buffer for protein

%%9 erisation and f Ig'ing, and which,is not a thiol derivative, is
r@?g-carboxyethylp osphine) (TCEEB) [Willis, M., S., Protein A 1“?[1110 A

QO%NT—ld‘I%@SéHlOUlql llaC, GVUQ, gt IL) The oxidizing ageps may be
a mild oxidizing ageint, suitable for joxidizing protein thiol groups, -

iparticularly cysteine thighgroups of ihe luciferase. The oxidizingggent

_may. itself contain disulphide bridges and may be an amino agid
iderivative. The reduciing@gent may jfself contain thiol groups grgizbe an
_amino acid derivative 150ther suifable oxidising-agents-and methods

ihclude: molecular gxdygen, metal i0EHEUSSNOMe/FeC13, nitri@gaxide,

halo na o o _hromine and indina)l _caodium narbortata

alal
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HLJUII IG 1AJI | IpICAHPCC, ammohR@a9Bes0fzHa@s KIdH04/CLED 4,

H2062,solventfree manganate, PVP-N204and

The thiol concentration for aromatic thiols in redox buffer systems may vary considerably.
The use of other aromatic thiols, such as 2,2-[(4-mercaptophenyl)imino]bisethanol, in oxidation
and thiol disulphide interchange reactions is known [DeCaollo, T. V., J. Org. Chem., 2001, 66, 4244
- 4249].

Dithiols may also be used as a component of a redox buffer. In contrast to monothiols,
dithiols can form cyclic disulphides and thus form less stable mixed disulphides. The addition of
reduced dithiol ()-trans-1,2-bis(mercaptoacetamido)cyclohexane (BMC or Vectrase-P) to a
glutathione redox buffer may, for example, increase the rate and yield of folding of a protein.
+ Moreover, using only covalent interactions, BMC can catalyse native disulphide bond formation,
both in vifro and in vivo. Without wishing to be bound by theory, the second thiol of BMC may
provide an intramolecular clock for substrate-induced thiol-disulphide exchange.

The oxidising agent may be an enzyme such as endoplasmic reticulum oxidoreductin 1
protein (Ero1p). Oxidative protein folding may involve both the oxidation of thiols and the
isomerisation of non-native disulphide bonds. Accordingly, isomerase enzymes may also be used
as part of a protein oxidising system. A suitable further component of an oxidative buffer is
therefore protein disulphide isomerase (PDI} which has a role in catalysing the unscrambling of
non-native disulphide bonds in proteins. Each PDI molecule has two active sites that contain the -
Cys-Xaa-Xaa-Cys- sequence. Suitably, an enzymatic component of a redox buffer may contain
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cesium fluoride-Celite 02 system, 2,6-dicarboxypyridinium chlorochromate
(2,6-DCPCC) 20 [Tajbakhsh, M., Tetrahedron Letters, 45, 2004, 1889 -
18931, dimethylsulphoxide [Shad, S., T., A., Tetrahedron Lett., 2003, 44,
6789; Sanz, R., Synthesis, 2002, 856; Karimi, B., Synthesis, 2002, 2513];
laser prepared copper nanoparticles have been demonstrated to oxidise
thiols to disulphides [Chen, T-Y., J. Phys. Chem. B, 2002, 106, 9717-
9722]; electrochemical methods for the formation of disulphides: Leite, S.,
L, S., Synth. Commun., 1990, 20, 393 agd Do, Q., T., 25 Tetrahedron
Letters, 1997, 38(19), 3383 - 3384]; manganese nodules [Panda, K., M.,
Journal of Colloid and Interface Science; 1998, 197, 236 - 241]; oxidation

they SOjeteaPAureesicsMnBRCE ethdrefayhe & e Gty LEBghPlex8PBR; in a redox
37, 3332 - 3338]; molecular bromine on hydrated silica gel support [Al,
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TetrahEurasoimetising, R0ndmt, BaY366% -n3MkObr caaraities Braditdnt of an isomerase
-dithiQbis(2-nit gy4e] id): hydrogen peroxide: N- <27 ¢ .
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chelators. Suitable chelators include but are not limited to divalent me
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Stisycbe2poeseftiat dnygas)centration but preferably at a concentration of
between about 0.1mM and about 50mM, typically at a concentration of
betwe&heatiidiziogLaghhtameyabmo at rBldrivdizing eagepicallijshicafeooxddinratppoiein thiol
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Colloid and Interface Science; 1998, 197, 236 — 241]; oxidation by soluble polymeric MnO;
[Herszage, J., Environ. Sci. Technol., 2003, 37, 3332 — 3338]; molecular bromine on hydrated
silica gel support [Ali, M., H., Tetrahedron Letters, 2002, 6271 — 6273]; oxidising polymers such as
monachloro poly(styrenehydantoin) beads in water [Akdag, A., Tetrahedron Letters, 2006, 47,
3509 - 3510]; diamide; DTNB (5,5 -dithiobis(2-nitrobenzoic acid); hydrogen peroxide; N-
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the luciferase substrate. For example, the bioluminescent signal can be
prolonged during a phase that begins between about 3 minutes and about
15 minutes after addition of the substrate. Further, by way of example
only, the bioluminescent signal generated by the luciferase may be - 28 -
such that starting from 10 minutes after initiation of the
luciferase-catalysed reaction, the bioluminescent signal decays with a
half-life of more than 20 minutes or more than 30 minutes. The
luciferase substrate may be a constituept of the reagent composition or
may be independent. Where the luciferase substrate is not a constituent of
the reagent composition, the 5 substrate may be added to the sample

R Ao room S e e SR DR T BT R RV. 8
@mﬁéﬂndwmérbmfmaﬁ AdgaiShiuti&Aadt 4852852923, fFerredoxin (reduced and
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typically compri ponents ' e cells ¢antainthg the
Ruesieecings f e Aesimjien %Wé'@&@%ﬁ%@'ﬁl@%@ﬁdﬁblcalIy contains, inter
alia, the substrate and any re%]% ired cofactors for the luciferase reaction.
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rovide shorter lysis times than |s SSi
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AHRE ARCONPTSIAN, T6TR 055 ARFeIStRlg or conformation.

Alternatively, reagent
Those skilled in the art will appreciate that where exemplary ranges or constituents are

provided herein, these are not exhaustive but are merely illustrative of ranges and constituents
that may be included in compositions of the invention in achieving rapid cell lysis or conversion of
the luciferase to a more active state or conformation, enhanced bioluminescent signal intensity
and/or prolongation of bioluminescent signal.

The findings, as exemplified herein, that bromide salts (including sodium bromide and
potassium bromide) enhance activity of Gaussia and Metridia luciferases (in their native secreted
form and as modified, intracellular enzymes) and that activity of both Gaussia luciferases and both
Metridia luciferases is inhibited in the presence of detergent in a concentration dependent manner
at detergent concentrations of less than 1% are particularly surprising in light of the previous
dogma in the art that Gaussia and Metridia luciferase activity is sodium dependent and/or
sensitive to cation concentration and is not inhibited by non-ionic detergents up to or above 2%.

Using reagent compositions of the invention, the bioluminescent signal generated by the
luciferase can be prolonged during a “glow” phase that begins some minutes following addition of
the luciferase substrate. For example, the bioluminescent signal can be prolonged during a phase .
that begins between about 3 minutes and about 15 minutes after addition of thé substrate.
Further, by way of example only, the bioluminescent signal generated by the luciferase. may be
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compositions of the invention may be in the form of a combined lysis and
assay buffer such that 20only a single buffer composition is required to
lyse cells, potentially directly within the medium in which the cells are
cultured, and initiate the luciferase-catalysed reaction. Reagent
compositions in accordance with the present invention may typically be
agueous solutions, or alternatively may be in solid or dry form such as
lyophilised. Whether aqueous or lyophilised, reagent compositions of the
invention may be provided either comppging 25 all constituents pre-mixed
or as a combination of constituents to be mixed prior to use. The reagent
composition may be used directly in an assay system for the .

determination of UCIf and/or. actiyit
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function. - 29 - Reagent compositions of the present invention are
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beetles Tt mmﬁy-ummmﬁsrmmp@aam@mw taeasuthng atd)yéiwbuffer and
asnubsstrat t'“jc qleﬁ}l e efer ?ere rgrou,psof ucelger%? f's eh s Oﬁgrt icall

ofﬁsre;ﬁ(es and ek BEEIES Ttis2 WCHE (B? if&Fy isecon dbof ypicatly
domif&ese@nmmémﬂymegdhemmgwmfm@meukm@ﬂmm be;aasssmi while the assay

uc#‘ @m ng@nyﬁgr%@,agyg Py ﬁb@ﬁa‘tg"é%ﬁ %ﬂ? ar ac%@%r he luciferase

ses, such as Vargula erase, use a‘different s strate The
re@glifsnt compositions of the present invention are appllcable to use with
luciferases using luciferin or coelenterazine or any other substrates.
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xample, a naturally secreted luciferase may be modified using

!T&%%‘ﬁ&&%?fﬁ%ﬂﬁ‘&.%at@ the luciferase-catalysed reaction.

Reagent compositions in accordance with the present invention may typically be
aqueous solutions; or alternatively may be in solid or dry form such as lyophilised. Whether
aqueous or lyophilised, reagent compositions of the invention may be provided either comprising
all constituents pre-mixed or as a combination of constituents to be mixed prior to use. The
reagent composition may be used directly in an assay system for the determination of luciferase
amount and/or activity, or may be reconstituted, dissolved, diluted or otherwise treated either
chemically or physically such that the composition is capable of performing the desired function.
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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 25 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 choice. Such modulation may be an increase or decrease in
expression and/or solubility, dependingpgn the requirements of the

particular application in which the luciferase, and the reagent

compositions of the invention are to be -30 - more destabilising elements

to destgbilise erases cont n|n des elements
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tHEASR,GRI ORI AriRY s ItiftksdR dURIER RS BRsA BY iRt M NGRS utilise luciferin

desta |I|sm%a protein is contemplated herein. Suitable methods are

Bé%fr%'@ti SESA FIPUR, RoYsirianss: BV Afelise e RaTnA EsRnites Renilla,
(Bé@sé@ Rtk (M&rﬂ@cmwypﬂﬂ/mmm§dmaﬁtm§ﬂt%d (blﬁéelﬂcﬁetases such as

refere ce |n its entlret%fge t e luciferase m

Ve Lo 1251 Weafn At PIRERTOL: § Eﬁ/ﬁﬁ%ﬂé invention
amamdmehlehmbse witniskifkoasab ealhgmweﬂnanweleatéaqﬂn@cantomthmagmmates

the encoding polynucleotide sequence for a particular expression system.

For examplésagedhepripesiinpscdision ibfaionaitesiaiaiy rndeadelte upe with either

lﬁttﬂmma;ér%%ﬂ%t@@%ﬁeté%%@eFﬂeﬂfamgﬁ%%ﬁ%ﬁ%%'%tlﬁ'@aﬂéwﬁﬁt their natural

optlmlsed for insect or human cells respectively @é)roaches for codon

SRR AR oI ANG (AR RS E BR A EISEL, RS W VAR Caussia
l@hﬁhﬁ@s@'ﬁﬂ'@ﬂﬂé‘rﬂb\ﬂaﬁﬁhterest dsurthgy b@@ﬂﬁ!@ﬂhﬂ@sylélé‘farﬁmbﬁté@@éiﬁ dRnal strength

uciferase polypepti ny ide se are o well nto
R e e P A rieard eSS, Oner
sme{dmelmnmmethmtalsbmwtwhuwlemlyietdmtm@ lstgﬁaretmgtblmeatmle Metridia
be fused or conjugated with a second polypeptide of different function

Ion luét:'sfearag((aéle(:table marker (e g. antibiotic resistance). Those skilled in

e LTS P ) VR . o
XarplRiahécni@sant invention finds partlcular appllcatlon in reactions and assays involving
modified, non-secreted forms of luciferases that are secreted in their native form. By way of
example, a naturally secreted luciferase may be modified using standard molecular biological
techniques by removal of signal sequences and/or fusion to an intracelfiular polypeptide such that
the enzyme is no longer secreted but remains intracellutar. 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 choice. Such modulation may be an increase or
decrease in expression and/or solubility, depending on the requirements of the particular
application in which the luciferase, and the reagent compositions of the invention are to be
employed. For example, it may be desirable to modify the luciferase by the introduction of one or
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25 the invention, 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 - 31 - Thus, those skilled

in the art will appreciate that homologoug luciferases sharing one or more

of these characteristics of naturally secreted luciferases are particularly

suitable for use in accordance with the present invention. Suitable

luciferases are readily obtainable by those skilled in the art using known 5
O HieRialisik HEEHEHSSIO Aesiabdise e PEtEinekH HsFRsER IpiRgaAgeibilising
dMriathi bk RRSESTHIOIHEMNAY . Mdemativalietoed usifRiRse staMystate levels than

A C N R e

RERDeeqgetived aifeaacid Wéqeen cesrey ivbedetdth lucHminsasids proliikedP), glutamic acid

R R TN SR U o AL B RSy g on signa
cidiegreagealighigdmeTapptitioed sengitivép ctiabtbdnwils ueegeahosfipasitions of the
ﬁ%@eﬁﬁﬂ@eﬁﬁé@a@%ﬁ%v‘fﬁfﬂﬁﬁ 8IS RPLABRIRPBLEIESINGE ferases given the

applications. In particular, the secreted luciferase accumulates in the cell

loprs ek slal NEsTRAI MNP E R B RTagen Ay sTEEbIs metioth i Gestabilising a

m&htqge@bm@wmm\l@ﬁgnsumesm%ag fsrassRfitbesIusiEi@eeh co-pending
adesla

[y P B e L
Hoeife taseeferentécih iechiretying pridsiineimtisalcignst peptidedhdemstibd by, for
there eneratin on-secreted lyciferase. A second modified ,

T AR LSOl oo s St T ARSETR o ot ranslafonai
elfﬂmnﬂrsomd?drNmmgrmﬂdsmeeé@trteeemwr@tpdwmyd@ma doaa particular
SRR i L A e A sl e
Gpdipicagden eag s theeli ifesien PoYRbectds|awirbtheptnised foningrettiguiiman cells

BSpRRERe B pfEREE T URASINagS AidhsiBresrndmRateN fUF'h@ifferent species are

application in reporter assay systems based on a luciferase, either

Wtk e those skietin tgrdeh utilises coelenterazine as a substrate or in
R R
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 luciferase polypeptide may be
fused or conjugated with a second polypeptide of different function such as a selectable marker
(é.g. antibiotic resistance).

Those skilled in the art could readily predict using well know techniques such as
computer modelling, those luciferases which are particularly amenable to use in accordance with
the invention, 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 fo form intramolecular
disulphide bonds. Such luciferases typically show reduced activity when expressed intracellularly.
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In accordance with the present invention, luciferase activity can be
detected and measured by any one of a number of methods well known to
those skilled in the art, including but not limited to using a luminometer, a
scintillation counter, a photometer such as a photomultiplier photometer or
photoemulsion film, or a charge-coupled device (CCD). - 32 -

Reagent compositions of the invention provide improved kinetics of
bioluminescence in luciferase reactions and offer advantages over the
prior art, As such these compositions ngiy-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

TR e PR e B B RTeTARRS o or more o
thesap osaantsigticac obrdain ey tbctbied niteiitiaseas ale spaitiedanp revitablétsfof use in
ét‘(%riﬁ'é(rﬁ%tmfﬁ Fggﬁﬁt i'm, Or more physical containers and typically

packaged In a convenient form to facilitate use in luciferase assays,

suitablegyanbtinsiel1LR058! RAMPSHIARDLr KPR RRIRANAISRS 19F using known

carrying out luciferase assays. Multiple reagent compositions, or various
teehaigHstiuRG L Sferasry By SsiHiRsiitidhianad Fure BedaRIaaT6) ek piRluminescent
@gamﬁt ] Mﬁ&t@ﬂﬁg&)@@bﬂéﬁ% ri:ﬁla?tﬁdﬁ&;‘@liwﬁ@iﬂ‘i{umﬁrﬁd %téul%,i%?%xample bacteria,
containers. Kijts of the inyentio [ also comprise controls and . :
bR 5 e I TR G 4Bl B e (1 OGBS Ml B s encoing

thelmifdasann+Inn inilnrifinneinnfrninn+nnrinrrin u,ll ka itnnwn fri 41-innn
nicillnd in aulavivatiLic VY11.1.1 Li IG 1l IVI11.1%/1 I.,...PURCIIJIG
W..011 When@shpl detitsted/ngiferaker Il v/ vitre tepotierCassayH, Ausaiinttecitheldll culture

Jéh%]ﬁ%f?gﬁae%éﬂ Qﬂéalﬁf%egt@!qegyﬂcéﬁﬁ@yep?&rn%eu?a&m SPIIHERALAGy. Whilst
derived from it), or to any matter which is known, is not, and should not b
dvaBPEE0Hf B SRMBARRIGAYERT (+hdPRpSSRITRSITIOMERA BPra bR same salat secreted

thasrasiey BrPHsRURPrERFRARSOTNALIRR HsiNatbAOM i) RirtamNniReasterderM ciferase

part of the common general knowlegﬁe in the field of endeavour to which

ARl iR Shlbure AR URT I at R FHARSAR Y JRPRiPIRSHEM O not be
iHoribrenfabiauniteipt anaaifiniuncieaeiad HoiVol MiseMditethddl YorbiehahY containing

A Dl R R e e co
fiakeimisoa nioxidieto BauBxatibaifertsmpest@BBRarb erino acid N-terminal signal peptide is
deleted thereby generating a non-secreted luciferase. A second modified luciferase described
herein is a modified Metridia luciferase in which the 17 amino acid N-terminal signal peptide is
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 particular embodiments, reagent compositions of the present invention find
application in reporter assay systems based on a luciferase, either intracellular or secreted, which
utilises coelenterazine as a substrate or in dual luciferase reporter assays in which at least one of
the luciferases utilises coelenterazine as a substrate and/or is secreted in its native form.

In accordance with the present invention, luciferase activity can be detected and
measured by any one of a number of methods well known to those skilled in the art, including but
not limited to using a luminometer, a scintillation counter, a photometer such as a photomultiplier
photometer or photoemulsion film, or a charge-coupled device (CCD).
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Firefly lurffnrPsn and Redla kirtifPrAQP Prnrirgt enrunnnlyll inifPrnsAs in

commercial luciferase-based reported systems. Although the secreted

Gaussia luciferase and secreted Mettidia luciferase provide higher

sensitivity than firefly or Reale luciferase, secreted -33 - luciferases

accumulate in the culture medium and therefore are not ideal for reporter

studies aimed at measuring temporal changes in gene expression.

To determine whether a mutant, non-secreted (and destabilized) version

of a naturally secreted luciferase could ppovide the combined benefits of

high signal strength and rapid 5 response rates, the inventors cloned the

Gaussia luciferase coding sequence into various RapidReporter plasmids

(NGeneSH%éa m%tus'” IEO ofS oﬁt qun te g[!@%c? k%n Cb%lummescence in
termina |gna and use t 2 'rBaining Gaussia luci era

loDiisrastordactonsined aff@r alventagealovetiing e agndestehttestuensepositions may be

PEAANGERE96 WO AT R RIRRIE TERhaf AP 28O0 s GRY tPrest kit

ciferase Is not secrete en exp resse in ma cells, T

prescdtirg 1o therdpentoar Rﬂga'ﬂoﬁa@fiﬂffés rﬁ%ﬁi@&%cf?é%é@r@}ﬂﬂ@ﬁ@ccordmg to the
RASHIBIE AT BRCSKHR RIASHTR: g%iﬂ@ﬁﬁ@%ﬂ&@ﬂ%@%ﬁ%%@é)@ﬂ%ferase activity, such -

mammalian cells transfected with plasmids expressing either the native

ey panng feRge %ﬂ@P@aﬁ%@wféW@aﬂ?B%W@btéﬁewamieﬁ%h%qas@w Kits of
tﬁé tﬁ'@ﬁlﬂ@ﬂ tftﬁwbﬁ%auﬁ&lﬁd uﬁﬁ@f@%;@‘l@ﬁ@ﬂ@f rgreanddyticaly’ mnage@mw?bnvement

rase") lysed in the p ce of g.varie

ﬁ'f{a j %ﬁ% I E/n n com osmons or
88}1[1 %sﬁfé %n‘t?%.& TSN o Y P9 t@éte? p
GAﬂsﬂﬁherlSlﬂiézﬁofdomﬂayhgrmeﬁerem@sm dmwdlmg)amewﬁm, or various

ﬁ)%#y gxgwgt?eggeﬁ,v%gﬁ{&% | l%% pc,r&?{ﬁ%éh%?m ggﬁﬁs‘)fsolutlon or

signal strength andrapi esp nse rates, the invento one

Immlnediucuem@ec@mm@e@fum@élﬁnl@ wrt@n@saamméﬁhmmvm@mmca"y also
mﬁg‘@&ﬂfﬂﬂs Léﬁ'@@t%@’% &If@ﬁ&% Eﬁ@?&%ﬁﬁﬁﬂaﬂ@eﬂu It 88dys carried out in

N-terminal S|gna peptl e and fused the remaining Metridia luciferase
AqondeRsaW S eAYanC-S e AMEPEoRNASE %wsbm&nwew@erse skilled in

wegrences encoding protein destabilizing elements. The modified Mettidia
luciferase is not secreted when expressed in mammalian cells. The
precise igaefteies indhlsospediitation ddlifiedpioiferbizatien prisfosmatisnrieried from

be, cyto Ias ic. In the ex enmensd r l
I AR R R LSl S G e R B A 305t o

As e(?ln d Wi S expressing €i &rhe native iferase
Qdmrmdtememerf@mwf agggeetivetbet Nhetmﬂm m:hﬁeaa@etoronmmatmmmza‘rom it) or

iR \‘B?Fr?ss hs'sa Sﬁﬁ‘fgﬁ 5B vour to which this

Iuc Iferase fwere ysed int f%we pres nce o?ﬁovan ty of lysis buffer
eeiinssRieRiREd bioluminescence measured. Using the
non-secreted Gaussia or Metridia luciferases with commercially availabl

buffers, THe BIBRGRiHUSRERN Wi marshergaTited Wg?yr?(gwrk?érf&ﬂf‘ﬁrf@w“”g specific
SRMPIeS Whiomipbuldeite rrse Rativdayia M easuirstnghips by aidar ¢rlinysision. ‘

Only after some hours of incubation in 30iysis buffer did the modified
iuciferase gain high activity. - 34 -
Examples
Partl: Luciferases

Example 1

Firefly luciferase and Renilla luciferase are the most commonly used luciferases in
commercial luciferase-based reported systems. Although the secreted Gaussia luciferase and
secreted Metridia luciferase provide higher sensitivity than firefly or Renilla luciferase, secreted
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Without wishing to be bound by theory, it is suggested that the
non-secreted Gaussia and Metridia luciferases adopt a less active
conformation intracellularly but can adopt an active conformation following
cell lysis, albeit slowly. The inventors then tested a variety of modifications
to the lysis buffer components in an attempt to develop a formulation
enabling shorter incubation 5 periods and in which the luminescent signal
comprises a stronger flash phase (higher sensitivity) and a more stable
glow phase (rate of decay of the signal3s reduced); in particular providing
an environment promoting the conversion of the iuciferase from an
inactive conformation to an active conformation following cell lysis. 10 Part
fB enefltas ngBrgm ! hb‘ %ﬂurex?nngé) ium _a. d tﬁéré‘fa re a%é\ %éra"f"?osr'enté/rter studies
rans Seteq it asm| expressing hal ve, STt Gaussia lucirerase
ainetl 24 thegsiarieg tﬁep@mmhamlgesjlmwdmrxmsmollected Wells of a 96-well
plate 15 were loaded with 20ul of conditioned medium and assayed for

luciferade deleUnip® yisbetingrotant. ompeasied, (Bugrdpiabiieingrsigunt a naturally
decteleld Sidibie thauralbRGidRdifateshimfeS - tknEiRS Wish ﬁr@w@@&%aénd rapid

a % of the light unjts obtained in the absence of salt F| Light

r%%l?ﬁl\fﬁ?ﬂafﬁ‘? WRENREh Slofiesh Rt aMHPRS I‘x‘fﬁ'@f?ﬁenﬁogm RGSH?PB% into various
WBMFW@FWKG@BS@WW@ theoRBiitlcgl gt atrded Biestiamino acid N-

A AR 2 o SRR AT BB B8 VA B ALl and C-
tenninkboedirgvenigiteMieatinciudeassegneovesicacatltrgepoati Iysstabitivida@elkbroénts. The

e e Ak P SBRESRE A 6 Fhe precise
intepee)laan lacatiso ravihe modiiadd wenase leneBeaiscaasitivay Waeaayiegjeaisy In the
é Sﬁ%ﬂ@&é@%ﬁ&%@@%ﬁ%ﬁﬁ%n&ﬁ%&l&%ﬁéfém%&t sTﬁHsPéip?eésﬁ&elther the

Cz plus NaBr at concentrations of (fromlefttor

BB GAEHA HTArEoT B WA o ERBI b P Eor T hamodied

@@ngc@%oaﬂ}ean@-s@ﬂémmg ‘TRALHRWE S RYTEOEERIRE "I HaiVPsed in the
t unit (RLU? e, F| -35 - The data. in FﬁgQ 2 show that the

B‘f& | REE 3‘% omnealione;anURlmIneSPERe (RRSYFdiso

applles the nan-secreted and d sta |I| ed Gaus &/I [ the data.
show that | el?se adr\)/ant@egﬁé%u% 5 meENC §cr)'?ns e elysi ﬂ% ?E‘I‘%e %"efs'O” of a

ruppmtymamm@wsmpmm gtssprwdaﬁtbe:@ebmamaemeﬁsroéhugmsngssl strength and
?@q;f ¥oh ﬁ@cfféqmm%ﬁrw&'fﬁé%&m@@qﬁ’&f@#%é’v&%‘hg RtERd o various

er Example
RapldReporter plasmids (GeneStream) using a PCR strategy that deleted the 17 amino acid N-

terminal signal peptide and fused the remaining Metridia luciferase cDNA to N-terminal and C-
terminal coding sequences that included sequences encoding protein destabilizing elements. The
modified Metridia luciferase is not secreted when expressed in mammalian cells. The precise
intracellular location of the modified luciferase enzyme is assumed to be cytoplasmic. In the
experiments described below, mammalian cells transfected with plasmids expressing either the
native Metridia luciferase (hereafter referred to as “secreted Metridia luciferase”) or the modified
Metridia luciferase (hereafter referred to as “non-secreted Metridia luciferase”) were lysed in the
presence of a variety of lysis buffer compositions and bioluminescence measured.

Using the non-secreted Gaussia or Metridia luciferases with commercially available
buffers, the bioluminescent signal strength was very low, particularly in samples in which
luciferase activity was measured shortly after cell lysis. Only after some hours of incubation in
lysis buffer did the modified luciferase gain high activity.
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HelLa cells stably expressing non-secreted and destabilized Gaussia
luciferase were plated onto 96-well plates and incubated overnight.
Medium was removed and the cells lysed in 10 20111 ntlyAiR hilffRr pAr
well. The Iris hurter rinmpriAm; 9S mM Trig pH R.1, 1 rnM FriTA; 0.1%
NP40; 63.4 uM Na-Oxalate; 5% Glycerol plus the concentration and type
of salt indicated in Fig. 3. Luciferase activity was assayed at 40 min after
addition of the lysis buffer(by injecting 60ul of an assay buffer comprising
25 mM Tris pH 8.1; 1 mM EDTA, 2 mMsAscorbate; 26 uM Cz. Results
were expressed as a % of the light units obtained in the absence of salt
(see Fig. 3). 15Both salts increased light output compared to no salt.

However NaBr provided a superior enhancement to. N d ;
enhano ML NRC SR AT RATE TS TR Hoh eiysecreted Gaussia
dnaanepidibititrasee| misphlaljeex potes it feithationdntraeatidadyl buigan adopt an active
destabilized Gaussi ong. 2 re ili il dificati

A DR B B R s et ot modtcatons
tovibelilysis Waiferanonaseninin wieatemplye deveiopoadperulaiey Kiigbing shopiat incubation

p%ggg)%"ﬁﬂ BRI ABRRRscant Bl dsriiisasla QrbHBAN AN, Shast Wilher sensitivity)

xalate; 5% Glycerol plus the concentration and type of salt indicated . .
andragnare bR Sl RiIAdE R OF desy gl dhersionabifTeuicety pRpaiipRproviding an

dRinRRACHRNIS FHRiItaRvekifidmas Insrsb Yrorentingchi wonfoasation to an active
buffer. The 25 assay buffer comprised 25 mivi iris pH 7.75; 2 mM

cRafasmaine. following &) WalSults were expressed as a % of the light units
obtained in the absence of salt (see Fig. 4). As was observed with
non-secreted and destabilized Gaussia luciferase in Example 4, NaBr
provided a superior enhancement to NaCl with non-secreted and
destabilized Metridia lucifPaetde. BérefitsiodBremidatAnin found to have
some concentration dependency. - 36 - Example 6 Luciferase assays
were performed as described in Exdkxpip®With either non-secreted and

destabilized Gaussia luciferase or non-secreted and destabilized Mettidia -
|uciferdsd.aTordse werritiansiedye temelretads Wit & RaGdp R GABNGcBalG, secreted

G @ﬁg@%’vﬁﬁm HIERAENHE Brioficn MARHSRANEIKREMEREFITE-well plate
and 5B). Within each experiment, the lysis buffer and assay L
were loaded with 20ul of conditioned medium and assayed for luciferase activity by injecting 60ul
of an assay buffer comprising 26uM Cz; pH 8.1 plus the salt as indicated in Fig. 1. Results were
expressed as a % of the light units obtained in the absence of salt (Fig. 1).

Light output with NaBr was higher than with either NaCl or no salt. It can be seen from

Fig. 1 that NaBr enhances the activity of secreted Gaussia luciferase.

Example 3

Hela cells stably expressing non-secreted and destabilized Gaussia luciferase were
plated onto 96-well plates and incubated overnight. Medium was removed and the cells Iysed in
30ul of lysis buffer per well. The lysis buffer (LB) comprised; 25 mM Tris pH 7.8; 0.1% NP40; 1
mM EDTA plus NaBr at concentrations of (from left to right) OmM, 150mM, OmM and 75mM.
Luciferase activity was assayed by injecting 30ul of an assay buffer (AB) comprising 25 mM Tris
pH 7.8; 40 uM Cz plus NaBr at concentrations of (from left to right) OmM, OmM, 150mM and
75mM. Thus, the final concentration of NaBr was 75mM in all samples, except the no salt

controls. Results were expressed as relative light units (RLU) (See Fig. 2).
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buffer differed only in the amount and type of salt added as indicated.
Replicate samples were analysed at 120 min after addition of the lysis
buffer (LB) by injecting 60 ul of assay buffer (AB). For both non-secreted
Gaussia and non-secreted Metridia luciferase the signal strength is then
lowest in the absence of salt. A higher signal strength was noted by
including salt in either 10 the lysis buffer or assay buffer. Furthermore, the
bromide salt was superior to the chloride salt for both luciferases, Of the
four treatment groups, the highest signalsstrength was seen when the
bromide was included in the lysis buffer suggesting that in some
circumstances it may be nrnternhla +n innit trin +1,n krnrn:A" inr. 1,. la..-
vius.n(Thd dath i Y SEHOW LA thé Hendfidiblefizst UﬂMBhWith& sepretyd affedia luciferase

SExample 7 ciferase a ere performed as described i :
B R PRl 5 T R EOR SBO i QPSR HEToover et show rt
ihi@i\aatdmﬂsabsmmﬂbemmmm%ts(bﬁﬁﬁbldﬁva@pbmad tvitladsaBuffer (AB). It
RbBr and KBr wer level of ancement en W
R ETING AL O ANy o AR L pepecialy wher
inohlider] $mlysis bofse data demonstrate that, contrary to the existing
literature, the anion and not the cation is important for achieving high
luciferase activity. Moreover, they provide further evidence for the
beneficial effect of bromide salts anfampnétrate that a variety of

different bromide salts can be used to achieve the desired effect (see Fig.

6). 25Hlehm ORI stably xiieassing axwasecivtert ndrfdestalilizes desusisetiditerase were
ing,t c

R S B e S TR s R A Gl et

Aubof 595 hofianaenoveirT batbsiacuiimsroemiyisesn2ieiHdsuk Serbmi EDTA; 0.1%
W@?’?E dRa %ia‘?ét@hg% %yéémﬁlﬁ’?fﬁ‘é%q(@ﬁﬂt%ﬂ IS SAARIRAEEin Fig. 3,

lysis buffer (see Fig
Luciferase activity was assayed at 40 min after addition of the lysis buffer(by injecting 60ul of an

asséy buffer comprising 25 mM Tris pH 8.1; 1 mM EDTA, 2 mM Ascorbate; 26 uM Cz. Results
were expressed as a % of the light units obtained in the absence of salt (see Fig. 3).

Both salts increased light output compared to no salt. However NaBr provided a superior
enhancement to NaCl and enhancement was found to have some concentration dependency.

Example 5

Hela cells stably expressing either non-secreted and destabilized Gaussia or non-
secreted and destabilized Metridia luciferase were plated onto 96-well plates and incubated
overnight. Medium was removed and the cells lysed in 20 ul of lysis buffer per well. The lysis
buffer comprised; 25 mM Tris pH 8.1; 0.1% NP40; 63.4 uM Na-Oxalate; 5% Glycerol plus the
concentration and type of salt indicated in Fig. 4. Replicate samples were assayed for luciferase
activity after 30 minutes following addition of the lysis buffer by injecting 60 ul of assay buffer. The
assay buffer comprised 256 mM Tris pH 7.75; 2 mM Ascorbate; 24 uM Cz.  Results were
expressed as a % of the light units obtained in the absence of salt (see Fig. 4).

As was observed with non-secreted and destabilized Gaussia luciferase in Example 4,
NaBr provided a superior enhancement to NaCl with non-secreted and destabilized Metridia

luciferase. The enhancement was found to have some concentration dependency.
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In the absence of salt and EDTA, a dramatic increase in luciferase activity
was evident between 20 and 90 min after the onset of cell lysis. A far
more stable (and therefore more desirable) level of luciferase activity was
achieved by addition of either EDTA or NaBr alone. However, an additive
beneficial effect was achieved by combining both components into the
lysis 5 buffer. It can be seen that addition of NaBr and EDTA enables the
use of reduced lysis times. Part Ill: Benefit of Chelators: Example 9
Luciferase assays were performed as dégcribed in Example 8, except
using lysis buffer 10 containing 150 mi'‘A NaFr and tha indicated
concentration of FNTA. Two axperiments are shown as separate graphs,
with results shown as relative light urixerfiplelf) (see Figs. 8A and 8B).

Within | | y,buffer was.used for all s les

and the R e AL Bap S IR B Al SIS Fon-seorted
Rep estebbized phayseisrdicifesasre drfoprastivitied fand risstebitied Glatrgikiduciferase. Two
JNTal| i e it] is,buffer, The benefit of .
oo S L A O Bl R AT himnoe ncounes
aenfsaetrh {65 Shdseerfigh. ShRpdebRIniithinseat i EXpSr imerrrine dfsisobinffer and assay

DA RIART N PRSI e e dcleBBE O BEl " RE s

in_|
buffer. Example 10 20Luciferase ays were performed as de c:hr‘fgt)éds Ianmples were

E&%lmgieagi_@(ﬂfépaﬁ%ﬁ ngdifienintiieadusistypéentidcbninisetiegioh wiotlaetatobuffer (AB).
and a 36t YRl Rk 55&%%!5%@2@%‘% € f%mallza%ﬁé%g Ee?s-[ al strength is

Erovide a concentration-dependent ect on signal intensi

e Ipwgsbin @ﬁaﬁbﬁﬁ@qszgﬂu&if&b_@gswgghy@vmwpemoﬁd@a indllding salt in either
ﬂmm%ﬁsﬁoa%%e&&ﬁsﬁ%ﬂ%ﬁ%&%ﬁﬂé‘%ﬁ%%%&?ﬂfssﬁb%ﬁﬁ'{d.!ﬁg.%ﬂi'&l e salt for

5, except the lysis buffer contained no salt and but contained the indicate

Bt lriteraspeAftha daus teningts erormspieaigirsfoiora abegihweae seen when the
BRIRE %aiﬁﬂﬁdbé;QrPfhjeZQé@i'Bdﬁéfs,sﬂ é@ﬂnﬁa@&ﬁeg%btgﬁc%ﬂé@%é@f may be

point were _exPressed as a % of the light'units’o In the absence of
ErRieable (adreitss o pipmide %gﬁliﬁsﬁgﬁﬁﬁﬁéﬂmoﬂﬂﬁmmmwmﬁe% - were
expressed as % of the light units obtained with the same lysis buffer at 30
min (see Fig 10B). The results show that EDTA, CDTA and EGTA provide
a concentration-dependent beneficid e dn signal intensity and

additioEaIl¥ reduce the effect if lysis time.
uctferase assays were performed as described in Example 4. All salts were present at

160 mM in lysis buffer.

The highest level of signal enhancement (>5-fold) was achieved with NaBr, RbBr and
KBr. A lower level of enhancement was seen with the corresponding Chloride salts and no
enhancement was seen with iodide salts. These data demonstrate that, contrary to the existing
literature, the anion and not the cation is important for achieving high luciferase activity.
Moreover, they provide further evidence for the beneficial effect of bromide salts and demonstrate
that a variety of different bromide salts can be used to achieve the desired effect (see Fig. 6).

Example 8

Luciferase assays were performed as described in Example 7, except using the indicated
concentrations of salt and EDTA in the lysis buffer. Replicate samples were assayed for luciferase
activity at 20, 30, 40 and 90 min after addition of lysis buffer. Results were expressed as a % of
the light units obtained after 20 min lysis in the same lysis buffer (see Fig. 7).
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5Example 12 Flasks of HelLa cells transiently expressing secreted
Gaussia or secreted Metridia luciferases were incubated overnight.
Aliquots of conditioned media were removed and diluted 1:10 into fresh
medium (RPMI + 10% fetal calf serum) with or without 5 mM EDTA. After
30 min, 80 ul aliquots were assayed for luciferase activity by injecting 20
1.11 medium containing 48 uM Cz. Results were 10 expressed as the %
of the light units obtained in the absence of EDTA (see Fig. 11A). A
second experiment was performed in theggsame manner except that the
incubation time was increased to 90 min and some samples received
assay buffer that additionally contained 5 mM EDTA (see Fig. 1 "I Eti) .

The datetishapéshes tiedearfiEDTAadditiemef Roriaens Neieebydittivity was evident
non-secreted Gaussia %5 and non-secreted Metridia luciferase (‘%’ee

heuerpied 8N 0L AN 31 dRREhiS tBeth i Rativey (EUReflRPelaigriBqspfore more
d@@réﬁ?@)@e}?&ifﬁfﬂﬁ_ﬁ@géﬁl Q@WQ:JWJS télﬂﬁ@_v@dabkaﬁhdﬂfo%rb:f@m(f@@eﬂéﬂhBr alone.
amples that recejved the chelator only in the assay buffer (see Fi : _
HBAEE gt e o L el 175 BRI Bl TN B GO BROTRUBI Bl te i
BiffssuUbsale senahabsdamumerNaEriaiEEOTAHAIRcEhstion oRadnesd iysis times.
appears that the benefit of chelator occurs at the level of the luciferase 20

protein prior to the enzymatic reaction, for example, by the chelator
assisting the luciferase prot@uiritlisBensfitaEChelatopsitive format. When
expressed intracellularly, it has bee shovxgg

S‘that the secreted luciferases
adopt a less active format! such tha ﬁ"i'g’B tive effect of chelator is

prono ith the intracellular versions that require refolding or. other . .
modifi e Ay Ve R S I TSSO B SHTE o bt
doetaifingal &fmdt NhBhetatdredndinaiéd remeandtality hEISDG. greviexpstimesatnare shown

esglri Il ing Firef nilla lugifer -
e S O S IS0 S SRR T IS R R T, B8, win
aanimevesiimant tthe saite AsseyhinfROwasafssadfsrialifempleatidihg [3sisdbifaniiffered only
. H , 0 - \a- - 0 | In |
AR £t G e, RBINBIS AUBES el e o B i eorted
Gassmakidiprageine sy Baftinity aflesaddiliaroyf lygisdiriigradhe bérefitsiyi mbER{TA vs. no
I ini ' trafe f '8
T LTl St R e bt e BN A Bmounts o
BRTdF indenmphrofihab sigranatenaithend e stabilly BOTRIYsEsas®ysigml. &EhEme in lysis
Its indicate that the addition of EDTA to Rentlla and firefly luciferases
oes not provide the same beneficial effect on signal intensity as is
observed with non-secreted Gaussia or Metridia luciferases. In fact, the
addition of EDTA clearly decrease%ﬁﬁéiygy of Firefly luciferase.

Luciferase assays were performed as described in Example 9, except using the indicated
type and concentration of chelator and a 30 min lysis period. The results show that both EDTA

and EGTA provide a concentration-dependent beneficial effect on signal intensity (see Fig. 9).

Example 11
Luciferase assays were performed with non-secreted and destabilized Metridia luciferase
as described in Example 5, except the lysis buffer contained no salt and but contained the
indicated type and concentration of chelators. Replicate luciferase assay were carried out after a
30 or 120 min lysis period. Results from the 30 min time point were expressed as a % of the light
units obtained in the absence of chelator (see Fig. 10A) and results from the 120 min time point
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10Part IV: Type and Concentration of Detergent: Example 14 HelLa
cells expressing destabilised, non-secreted Gaussia luciferase were
plated in equal aliquots onto 96-well plates and incubated overnight.
Three experiments are shown as separate graphs (Figs. 13A, 13B and
13C). Within each experiment, the same assay buffer was used for all 15
samples and the lysis buffer differed only in the type of detergent used
(0.1% in lysis buffer unless otherwise indicated). The anionic detergents,
SDS and DOC do not perform well with ggaussia luciferase, presumably
because they inhibit luciferase activity. The Zwitterionic detergent,
CHAPS, appeared not to lyse the cells at 0.1% and the same is probably

mf@mmse@asl%rmctd@r@menmwﬁum@@m tﬂ'zé’\@?r%o f}@@ﬁ%ﬁ&faﬁ é’dﬁrﬁm (see Fig 10B).
maini ter e all non-ionic 20 performed well, with

N 4@%@&%ﬁ ! %“Bvﬁf ﬁﬁﬁmﬁ@% iy Pesvider i oanseaptipeaiggendent beneficia
eﬁmemsm@xdmbﬂysm aonicRyetRid e alisstacor Hss-grereted Metridia
luciferases were plated in equal aliquots onto 96-well plates and incubated

overnight. Medium was 25 removed and the cells lysed in 2(_)u1_ of lysis
buffer. The detergent type and concgjaérﬁftj@rw_vas varied as.indicated.

d out.b ting 60ul of assay buffer
E o G S T S 5 BToe APHe oL N i oorases

Weve ingpimtedenesnate. stiquats of dheificsicthedyiisvbeifemalea sanginan15Pinto fresh

AR T 0 S Sn e S it el

were aseayedammamﬁeammw@cmszawmmtcéﬂtammgImethﬂ 52CRBSLIts were

L e PR R P, e AR L O BeauAi). 4 soond

@mymfaﬂa&pbmmndéasth&sweeemqn&me@baméht‘hé’/mowbﬁ)hgmeumlncreased to

A A A A 8 e

The data show that the benefits of addition of chelators noted with non-secreted Gaussia
and non-secreted Mefridia luciferase (see Examples 9, 10 and 11) do not apply to the (native)
secreted versions of the same luciferases. In particular, there is a lack of any enhancement in
samples that received the chelator only in the assay buffer (see Fig 1 1B). This suggests that the
effect of the chelator does not occur at the level of the substrate nor at the moment of initiation of
the reaction. Rather, it appears that the benefit of chelator occurs at the level of the luciferase
protein prior to the enzymatic reaction, for example, by the chelator ass&stlng the luciferase protein
in adopting a more active format.

When expressed intracellularly, it has been shown that the secreted luciferases adopt a
less active format such that the positive effect of chelator is pronounced with the intracellular
versions that require refolding or other modifications in order to adopt the high activity state of the
protein. This beneficial effect of chelator on luciferase activity has not previously been described.

Example 13
Hela cells expressing Firefly or Renilla luciferases were plated into 96-well plates and
incubated overnight. Medium was removed and the cells lysed in 20 ul of lysis buffer containing
25 mM Tris pH 8.1; 0.1% NP40; 63.4 uM Na-Oxalate; 5% Glycerol, 150 mM NaCl plus the
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enzymatic activity and that 0.1% CHAPS is insufficient to lyse the cells,
therefore different concentration ranges of these detergents were used in
the second experiment (see Fig 14B). The results show that the
detergents provide a concentration-dependent inhibition on signal
intensity. This effect was most evident with the anionic detergents SDS
and DOC. CHAPS, 10 a zwitterionic detergent, provided the highest
activity for non-secreted Metridia luciferase, notably, this detergent
required a higher concentration to effegively lyse the cells. The remaining
detergents, which are all non-ionic, performed well, with NP40 and Triton
X100 providing the highest signal intensity. Experiments with the
coatientictideter GEMAGT AB. (10t Rbslosit isahiphie Wand asswyisd duriioiferase activity at 30

TP S Fo e G S e AP CBBIRT by 30 i o

Rfslemég@si ‘51_6@'@111'36 Glgifbnﬁs:e_cuh&afnipgi_%miha amw‘atﬁiq%&emlgrﬁe %ﬁdpv%efgdzaos a % of
tes and In ed overnight. was removed and diluted 1:

tﬁ?ﬁﬁéﬁﬁ%@#ﬂ% @otﬂ?a?eﬂﬁg%%%zﬁ%??&é tration of detergent

indicafit iredtigsinticate thak{ thé3 adiition 30 BIMA SoRénile ndefiredly dutifet@sdsadoes not

R L Db PGt LA P B LERTHONE o DL LU DRy Gaussiaor

- Megitighlucifetssefitaimethat) tthe albidiéoceoDENSergenty decreddes tasudtiivitpnof Firefly

lubccd;ter}aeé(periments indicate that, as with non-secreted Gaussia and non-25
SECIated Metridia iuciferases there is a concentration-dependent inhibitory
effect of these detergents on the signal intensity derived from the secreted

forms of these Iucifegg&q& - §% a_mEf?gR éﬁt?‘azi on omﬁkég[rggrl]lts expressing

destabilised, non-secreted Gaussia Iuciferase were p in equal
aliguots onto 96-well plates and indeseampde ddernight. Two experiments are
shown as separate graphs (see Figs. 16A and 16B). Within each

experihfbatceieaxarassingsisytahilted \nas-semeldd GalBig dunifsessaneretidated in equal
. . "y 5 . ; :
S B e poperat

gD igsetPtndBRiame e, Abthingachinipsiivan,ifieesamseansay uffer was used for all
SRR UFRAIRN RIS E BBIEN DAY iR 1 e gé_?ﬁ’ @Jéﬁgé.‘%%ﬁﬁ%ﬁ%ﬁ“fer unless

concentration on the activity of non-secreted Gaussia luciferase
otherwise indicated). The anionic detergents, SDS and DOC do not perform well with Gaussia

luciferase, presumably because they inhibit luciferase activity. The Zwitterionic detergent,
CHAPS, appeared not to lyse the cells at 0.1% and the same is probably true for the non-ionic
detergents, Tween 20, Tween 80 and Brij. The remaining detergents, which are all non-ionic
performed well, with NP40 providing the highest signal intensity.

Example 15

Hela cells expressing destabilised, non-secreted Gaussia or non-secreted Metridia
luciferases were plated in equal aliquots onto 96-well plates and incubated overnight. Medium was
removed and the cells lysed in 20ul of lysis buffer. The detergent type and concentration was
varied as indicated. Luciferase assays were cartied out by injecting 60ul of assay buffer
compﬁsing 25 mM Tris pH 8.1; 1 mM EDTA, 2 mM Ascorbate; 24 uM Cz Two experiments are
shown, 'in the first the lysis buffer also contained 5% glycerol, 64uM sodium oxalate, 150mM NaBr,
25mM Tris pH 8.5, 5mM EDTA, 0.6mM reduced glutathione, 0.4mM oxidised glutathione, 75mM
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was determined as described in Example 17, except the experiment was

also performed with cells expressing the secreted Gaussia. For such cells,

the conditioned medium was used as a source of the secreted Gaussia

protein, to which the detergent was added in the indicated concentrations.

The results demonstrate that inhibition of luciferase activity by detergent

occurs with both secreted 15 and non-secreted Gaussia luciferase (see

Fig. 17). Part V: pH: Example 19 Luciferase assays were performed as

described in Example 9, except usingdysis buffer 20 with the indicated pH.

ED'TA was present at 1mM except where indicated. Four experiments are

shown as separate graphs (see Figs. 18A, 18B, 180 and 18D). Lysis times

uneear ¢v@)Canali fuse safer abtiityn@s 38saviedite s Conif: irathd saddddaxdermmdistates lysis buffer

amples.were as df ia luciferase activi 3 1 inute

AR £ DAL Tracd Hil RNt al G DeFri B rhGg) and te

Ipdiferade rmotinf Wathassgped intte PG ityirarRbshitssielylisyppédbel lasifier s eobtamdight units
er time.in lysj ffer_.The combination of high pH and high EDTA

%@g‘%@ﬁg@é@‘?ﬁﬁb ?B@g‘rﬂ&%af% %Q)HeLa cells expressing

destabihisedsuizn foaciate firs aupsimentn@aesEigrétsk) Meitritbd liheif@ré%eSDS blocks

were plated in equal.aliguots anto 96-well plate n%nc bated overnight. ..

SRTAE S S S BN, T S S AR aforent

dysisrinatier rogepris ée®3idieechia - weralased SR EHycardkxpsimevt (da@FigridB).

25mMJris e jindic H, L uciferase assays w rried out, at, 30, .. ...
min byT-ll;n?erc%Mg é&&qf g}t%i[g%yd %Tgfﬁgﬁt go?r%p‘?é%n%%%ﬁfgﬁﬂ% pﬁq%?&%t |9h|b|t|on on
sRymaVintersish Abés efecivias mdrbsidientwate thepnésie detesgérdsob o nd 2. CHAPS,

ek B e e LR PRI VRIS, notoy

thinddetiergeabiliguisédne higiferassasinfraiicovier tffvetivsipbyservibd \eélls.bdble remaining

-Senr Gauss| etridi {f ; trast, 4 -~
B R W A R G, prviong e
higbest igne! indansitial effect of high pH during cell lysis for these naturally

intrac -Jucife =N ) - Oxidist - -
Exomis 21 A BB UGRENY CHAS ek T AL RS oe wit anonic
detesgapl eatigniodetarIoTa hays aisiag iiipl@ysErionsmauttensiiso

contained the indicated concentrations of reduced (red) and oxidised 15

(ox) glutathione. Replicate samples were assayed for Gaussia luciferase

activity at 20 or 135 minutes after aEiattpHedtBysis buffer. These data
demonstrate that the presence within the lysis buffer of oxidised

glutatriigh@ CaVdexRIPESE RERAISA LGseiR OTosaelad Mekidia dysiasase were plated in
RHAIEAE ofE BERRER JRR Bk FloVtED BvermHiaR IR FEMER and diluted 1:10
maximum activity during the cell lysis step (see Fig. 20).
into fresh medium containing the type and concentration of detergent indicated in Figs. 15A and
15B. After 30 min, 8 Oul were removed, 20 ul of medium containing 48uM Cz added and the
samples assayed for luciferase (see Figs 15A and 15B) Results were expressed as the % of the
light units obtained in the absence of detergent.

The results from both experiments indicate that, as with non-secreted Gaussia and non-
secreted Metridia luciferases there is a concentration-dependent inhibitory effect of these

detergents on the signal intensity derived from the secreted forms of these luciferases.
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el 11 LAJ Example 22 Luciferase assays were performed as described
in Example 21, using the indicated total amounts of glutathione and ratio

of reduced:oxidized. Replicate samples were assayed for Gaussia activity
at 20 or 60 minutes after addition of lysis buffer. These data demonstrate
that at 25 all concentrations and ratios tested, the presence of glutathione

in lysis buffer increases the rate at which the luciferase acquires its
maximum activity during the cell lysis step. At the higher concentrations of
reduced glutathione, a somewhat reducgd-signal was seen at 60 minutes
(see Fig. 21). - 43 - Example 23 HelLa cells transiently expressing ,
either non-secreted Gaussia luciferase or non-secreted Metridia luciferase
were plated onto 96-well plates ancExgieterl overnight. Medium was
removed and the cells lysed in 20 ul of lysis buffer per well, comprising 25
mM Trﬁ&pdrlc&li,eﬁﬁs‘asim BB%aBiliswedlatm-éh&r%d&l I@éﬂsﬁé/w@’maemmeqblated in equal

ith r no o |l orac mb n n of 0. an/I reduced tathl ne an "
S BB e LR A R R Ao g PSS A" seprate
gmpferésse BigtivityAzdr8ior B Withm @ddntmcp&uhhymtstlwﬁmnémsswdxmg 6@sised for all
samé‘n A b ffer Cﬁe ri% n'\ﬂ\TG/LS Md ggq_ﬁg(?érens red'fjwa 8 en with 0.1%

g|u |one OXI 1S54 glut hlone NELGH
an aigh&txtl%eglhlﬁevheed withiegsesirgsatheu fts af thedeliggnt. thcﬂetamedhat luciferase

éﬁﬁ,@@?%ﬂ emo 9%{%@%;% ?%%E?grta%%ﬁ] g‘?éé%lfﬁﬁ?gf%@gfcz Igf SIzu)tathlone

in the lysis and assay buffer also increases the signal of both
non-secreted Gaussia and non-secF;J‘,'ﬁg zg |d|a luciferases. 15Example
24 Luciferase assays were per ormé’ as descrlbed in Example 22

exceptsing.a %PQ&%@HF@S%@W&I@F@J HO LA oL URINOBSskiA luciferase

mM reduced, 0.8 mM oxidised) in either the lysis bu ffer and/or assay

W@%Wh@ﬁ%ﬂeﬁw@@(weﬁm@sﬁr@@ﬁmﬁpﬁmﬁw@ r@lpm@e(&?é@ed with cells
XS 1SR BRI EFARRIBSIVEE éb?ﬁﬂ%ﬁgdee@@H%Q used as a source

luciferaSe activity at 15 or 60 20 minutes after addition of lysis buffer.

of Hieseeeialed diavisisprateinaiie sheslstnsecst Wastadeirske e ipsisaisdrranpritrations.
ﬂ@@ﬁ@d@h\ﬁﬁs‘tﬂé‘l‘érﬁﬁ%ﬁﬁﬁumﬁrﬁdﬁ RRIBUSNRARISY Betbigeht beclNWid Bisth secreted

period. Example 2
and non-secreted Gauss:a luciferase (see Fig. 17).

- PartV: pH:
Example 19

Luciferase assays were performed as described in Example 9, exéept using lysis buffer
with the indicated pH. EDTA was present at 1mM except where indicated. Four experiments are
shown as separate graphs (see Figs. 18A, 18B, 18C and 18D). Lysis times were 40 minutes for A
and B, 30 minutes for C; and in D, and replicate samples were assayed for Gaussia luciferase
activity at 30 or 120 minutes after addition of lysis buffer. These data demonstrate the benefit of
higher pH in terms of both signal intensity and the stability of the luciferase signal over time in lysis

buffer. The combination of high pH and high EDTA was particularly effective.

Example 20
HelLa cells expressing destabilised, non-secreted Gaussia or non-secreted Metridia

luciferases were plated in equal aliquots onto 96-well plates and incubated overnight. Medium was
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Luciferase assays were performed as described in Example 23 with the
glutathione in 25 both lysis buffer and assay buffer. Additionally, the lysis
buffer contained the indicated concentrations of urea. Replicate samples
were assayed for Gaussia luciferase activity at 15 or 60 minutes after
addition of lysis buffer and the 60 min data were expressed as a % of the
signal at 15 ruins. All lysis buffers showed an increase in signal during this
time. However, the increase - 44 - was less pronounced with 50-100 mM
urea suggesting that maximum activity.cgn.be reached sooner under
these conditions (see Fig. 24). Example 26 5Hela cells expressing
destabilised, non-secreted Gaussia luciferase were plated in equal

adrqoms avmtm@Geweaus@taﬁegoan@r s batee Tk 'BhffEh@oﬁﬁsﬁb%cﬁ@@QMM Na-oxalate,

les. Replicate samples were assayed for

r Wa or aél sa
SRRy NEB00 200 o 10 A R oh GRSy were cared ou
abGOamm@)B%eg{Mgeﬁohl @ﬂ@%@oﬂtﬂéﬁ @mb’#@n@ 257rNPFH3, JR OB DIRAT Ascorbate:
W& eé M Tr| é 1mM EDTAW or 25mM Tris pH 8.5, 5mM
S R0 AP G AR o8 A W) IR BR  Seprion 19)
irrpa (vﬁje\d!datamm)lvﬁrmés hilAe sdniéhy O b aydl bafide mﬁ&”ﬁ]@ﬁ&%'w terms of both
aftrelzarI qum SIE eﬁﬁ of‘)l!u) éfer achieved 100% activity within 2
oS SR 1 e 26RO Bk HBCAIT b QBESEAVD both non-
mmm!c@milM@gdWatﬁb)dmf%tﬁsmwerB)pl@tﬁ?w m%lﬁﬂllﬁlgkwﬁrﬁﬂgé? conducted using
te Incubated o ht. Medium was removed and the
A T e R b g DG o6 @biing co i
fox Hlese natarsbyNTR40cjulas! 2 Fanddetidaat ibesiatigated pH, the indicated salt
at 150 mM and, where indicated, 1 mM EDTA or 0.6mM reduced
glutathione and 0.4mM oxidised glutathione (GSH/GSSG) Replicate
samples were 20 assayed forPthWerG&idisih@tygfetnﬁo or 120 min after

addition of lysis buffer by injecting agiay buffer containing 25mM
Tris pH 7.75, 2 mM ascorbate, 24 EWP'RESults were expressed as the

<how et NS e e e AP il 8 R v e
RiEBviryThe Atsisi héﬁﬁﬂ\ﬁiﬁ@m@h@lﬂ&dﬁ% lndlnatﬁdlyzsrmematmsaﬁsedutm (el fa@a oxidised
(BRPORBRGHH SHRPMRE Samples were assayed for Gaussia luciferase activity at 20 or 135
minutes after addition of lysis buffer. These data demonstrate that the presence within the lysis
buffer of oxidised glutathione, and more preferably a mixture of reduced and oxidised glutathione,
increases the rate at which the luciferase acquires its maximum activity during the cell lysis step

(see Fig. 20).

Example 22

Luciferase assays were performed as described in Example 21, using the indicated total
amounts of glutathione and ratio of reduced:oxidized. Replicate samples were assayed for
Gaussia activity at 20 or 60 minutes after addition of lysis buffer. These data demonstrate that at
all concentrations and ratios tested, the presence of glutathione in lysis buffer increases the rate
at which the luciferase acquires its maximum activity during the cell lysis step. At the higher
concentrations of reduced glutathione, a somewhat reduced signal was seen at 60 minutes (see
Fig. 21).
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25 30 and 120 min in this treatment group. Treatment groups comprising

either a redox buffer (GSH/GSSG) or a chelator (EDTA) performed

considerably better as indicated by the smaller increase in activity beyond

30 min lysis. In each case, NaBr performed better than NaC1

demonstrating the additive benefit of combining bromide with redox buffer

or chelator. The benefits of a combination of bromide, redox buffer,

chelator and high pH can be clearly observed 30 as the increase in activity

between 30 and 120 min was less pronaiinced. -45 - Collectively,

these data demonstrate the cumulative benefit of combining multiple

different components of the invention. Additionally, this data shows that

the addition of bromide does not onlExample\vgssignal strength (see

Example 6 and Figs 5A and 5B), but also improves lysis time. 5 Part VII:

Compatiebn agllptiarsientEsxmesting @ither rteksecetbe Gamesangciferase or non-secreted
ZSEG ' [ iferases were plated into 96-well

D P S R e L R R S g emoves

ianddhalast Slysedr a8 f(ysiehfferperaiysimisifey 26 RkbMisgAB.1, 63.4 uM Na-

B§§§Q (M’%l§mﬁg%(%&%\&%W@I{h&%dmiﬁgn%%}% ?@?@%ﬁﬁ\ﬁ (P.gmM reduced

injecting 60 | of assay er comprising Ins p
albisney lenetRidmd oxdisad olutelbionsy| Reptivatnesampidd WEYE Agsapel for luciferase

ASRRjoAT To WA i xperiment some . .
wells we?(;:0 i@iﬁ&r%d %@ﬁué:f ?gs@ﬁ%l;t)i%@ %%Bfgmﬁp?yasﬁsa%%aw%&;iﬁ%mpnsmg 25

A ischting hddaihtpdeedratetiore simedlidined RiRtdthioneL 5 mM EDTA, 2 mM
ﬂ@&ﬁﬁ&é}?@%%ﬁ@éﬁ@%@?@@gﬁmi@g 0,60 t@'ﬁ&% ngz\faﬁﬁtraq:g% the absence

comprising 24 uM Cz in either RPM! or onto see

Qﬁﬁﬁﬁaﬁ@ﬁﬁ!@r é’!@?@ﬁiﬁé@é@@dw%%r second (CPS).  The results
in Fig. {é&\dad '@&%ﬁ?@ét&“?ﬁ‘ﬁ%ﬁﬁ@%}%ﬁ%@sﬂfg ﬁ?&%%ésﬁ?é@%ﬁig)ﬁg in the lysis and

effect as Promega's passive lysis buffer (PLB) for use wit

fscae e RisqdnsipRsas e 6ignm o beiy Rer-segreiei G PisBiafand senvsishreted Metridia
lemrReseted Gaussia luciferase. The data shown in Fig. 278 shows that

Rentlla luciferase gives the strongest signal with live cells. The data

combined indicates that Gaussia luciferase adopts a less active form at

when expressed intracellularly. Examalﬁ,ggéysHeLa cells expressing
destabilised, non-secreted Gaussia luciferase were plated in equal

aliquotsuerém®s anediplates pabineabaAldRMBENINEEARRIE192 283}

. _ ; Aidng a single
Iumfeprfse ass riormed with Promega’s dual luciferase assay kit

SRR P 21 AL AR KUAELHRRGd o A Ty Bcri i) in eitrer the
lsssbfiéfeanard digtal enfissiomenrasTiRAfiahdeinge 'mn%%'&arate graphs (see

lgRe illa) as ? er?; PA 2 = |uciferase assa¥ performed using Gaussia

198 %taﬂqs ég@ gRlicatg; samples were assayed for Gaussia luciferase activity at 15 or 60
minutes after addition of lysis buffer. These data demonstrate that the presence of glutathione in
lysis buffer but not assay buffer increases the signal attained after a short (15 min) lysis period.

Example 25

Luciferase assays were performed as described in Example 23 with the glutathione in
both lysis buffer and assay buffer. Additionally, the lysis buffer contained the indicated
concentrations of urea. Replicate samples were assayed for Gaussia luciferase activity at 15 or 60
minutes after addition of lysis buffer and the 60 min data were expressed as a % of the signal at

15 mins. Al lysis buffers showed an increase in signal during this time. However, the increase
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lysed in passive lysis buffer (Promega) since the NEB assay kit does not
include a lysis buffer; GeneStream = cells lysed and assayed according to
the current invention (lysis buffer = 0.1% NP40, 150mM NaBr, 5%
glycerol, 1mM EDTA, pH 8.1; assay buffer = 26uM coelenterazine, 1mM
EDTA, pH 8.1.). Using compositions of the current invention, the signal
intensity obtained was 5252-fold higher than with PA 1 and 345-fold
higher than with PA 2 (Fig. 28). Example 30 The method of Example
29 was followed except that the kineticgiot light emission were measured.
The data show that compared to a prior art "glow" buffer, the compositions
that are the 10subject of the present invention provide a more stable glow
wignasapcivghwdsats 800N sae figs sd§uesingl PREmaxkampleRity-ahae reached
cells ex re?hsiné; de§ abili?ed,lg]o%-zﬁjecreted Gaussia and non-secreted
W?fd’ljjdfé iGefrEPAgEqiR 3eslalﬁe eqgual aliquots onto 96-well plates

and incubated overnight. Medium was removed and the cells lysed in 20
ul of lysis buffer. Replicate samplesgzvere ﬁ ayed for luciferase activity at
20, 30, 40, 60, 90 or 120 min after ZAAMMBI 6% lysis buffer. The lysis buffers

used Wi, GSUSSHERTISIRAYE (35 LAAmRIe 2R FIOMRLE RGBS in cqual

lysis butter eneric sta ysIS containing
aiguets/ionite PEWRIT plkies Taitd indtbadd108smight ehiud. Saosliesteyshufipierasvesed for all

Jucifer, tivity_by.injecti fa cQniaii

SO SRR RO 1 LS 0 2 utes ater
aflditiathinfriysjsObu ffemsantatiiog %l glyeion 84l sexfiuby oxAlatew Bsi thd¥B40, 150mM NaBr

% of the I i ) . : o
R I e
dalateianeid Bulveexdisl glidalbioreriPnBd8reatstht Whejeas tihbysisontisy, achieved only

h in ki 0 ' : iti i

B e o LA e LB 2R SR witin 20
Bieifeesigigalhtensity for both non-secreted Gaussia luciferase and
non-secreted Metridia luciferase. In addition, the data in Fig 30B

demonstrates that reduced lysis time can be employed when using the
composition of the present invention cd¥ffBPéfo prior art compositions.

-47 - Ryl ¥ Wi eiletaRs RRsmih N RorPRANRS AR ISRECRERLBIARA in equal

invention Example 32 Luciferase-based gene reporter assay kits

Hiaueinpnty AP ellipkatastrod lrahstadienainiahy- Madierawaryieatpyed atd ingyeqls lysed in
Rrier RRR Bkt GSRaNiIRY YT PREWEELEAPEMEN BIaieD0.1% NP40, plus 25mM Tris
at the indicated pH, the indicated salt at 150 mM and, where indicated, 1 mM EDTA or 0.6mM
reduced glutathione and 0.4mM oxidised glutathione (GSH/GSSG) Replicate samples were
assayed for luciferse activity at 30 or 120 min after addition of lysis buffer by injecting 60ul of
assay buffer containing 25mM Tris pH 7.75, 2 mM ascorbate, 24 uM Cz. Results were expressed
as the % of the light units obtained at 30 min lysis (see Fig. 26).

The data show that with NaCl as the only additive, only a small portion of maximum
activity is aftained within the first 30 min of lysis. An increase of more than 1200% occurs between
30 and 120 min in this treatment group. Treatment groups comprising either a redox buffer
(GSH/GSSG) or a chelator (EDTA) performed considerably better as indicated by the smaller
increase in activity beyond 30 min lysis. In each case, NaBr performed better than NaCl
demonstrating the additive benefit of combining bromide with redox buffer or chelator. The
benefits of a combination of bromide, redox buffer, chelator and high pH can be clearly observed

as the increase in activity between 30 and 120 min was less pronounced.
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Lysis Buffer 0,1% NP40 150mM NaBr 5% glycerol 105mM EDTA 25mM
Tris pH 8.5 63.4uM sodium oxalate 0.6mM reduced glutathione 0.4mM
oxidized glutathione 15 Assay Buffer: 23.6uM coelenterazine 1mM EDTA
25mM Tris pH 7.75 200.6mM reduced glutathione 0.4mM oxidised
glutathione 2mM ascorbate 75mM urea 2.5 General Method:

-45 -

Collectively, these data demonstrate the cumulative benefit of combining multiple different
components of the invention. Additionally, this data shows that the addition of bromide does not

only improve signal strength (see Example 6 and Figs 5A and 5B), but also improves lysis time.

Part VII: Comparison to prior art:
Example 28

Hela cell expressing non-secreted Gaussia or Renilla luciferases were plated into 96-well
plates and incubated overnight Medium was removed and the cells lysed in 20 ui of
GeneStream’s v6 (as Example 26) lysis buffer or Promega’s passive lysis buffer (PLB) per well.
Luciferase activity was assayed by injecting 60 | of assay buffer comprising 25 mM Tris pH 7.75;
0.6 mM reduced glutathione, 0.4 mM oxidised glutathione, 1 mM EDTA, 2 mM Ascorbate, 24 uM
Cz (see Fig. 27A). During the same experiment some wells were measured for luciferase activity
without cell lysis by removing the medium and adding either 20 ul of fresh medium (RPMI) or
phosphate buffered saline (PBS) and injecting 60 ul of assay buffer comprising 24 uM Cz in either
RPMI or PBS onto the live cells (see Fig. 27B). Resuilts are expressed as counts per second
(CPS).

The results in Fig. 27A indicate that GeneStream’s v6 (GSv6) buffer is at least as effect
as Promega’s passive lysis buffer (PLB) for use with Renilla luciferase but is superior (10-fold
higher signal) to PLB for use with non-secreted Gaussia luciferase. The data shown in Fig. 27B
shows that Renilla luciferase gives the strongest signal with live cells. The data combined
indicates that Gaussia luciferase adopts a less active form at when expressed intracellularly.

Example 29

Hela cells expressing destabilised, non-secreted Gaussia luciferase were plated in equal
aliquots onto 96-well plates and incubated overnight (see Fig. 28). PA 1 = Iuciferase assay
performed with Promega’s dual luciferase assay kit according fo the manufacturer's instructions
(i.e. cells lysed in passive lysis buffer and light emission measured after adding “Stop & Glo”
(Renilla) assay buffer); PA 2 = luciferase assay performed using Gaussia assay kit (NEB), cells
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HelLa cells expressing a modified non-secreted Gaussia luciferase are
cultured in 96-well plates, lysed with lysis buffer (20ul) after removing any
medium and are assayed for luciferase activity using a Wallac Victor 3
luminometer (Perkin Elmer) in flash reactions following injection of assay
buffer (60ul). - 48 - 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 anggmodifications, The invention also
includes all of the steps, features, compositions and compounds referred
to or indicated in this specification Sindividually or collectively, and any

ysdckitt passhvin eI e YO o) ey ene INIIBLep XIPBERR S ERcladdrlysis buffer:
%en 1Ametqo for detectlr}# or quantifying the amount of a

rBESHRBTAGNT ICRIPAEE AN, RS5AYSH AtrR/TREdb B SHifsAbiRention (sjs buffer = 0.1%

omdmdmmmae@mmegwmgn mﬂg@m ﬁﬂ:@qnhﬁa? bﬁgﬁﬂnﬂ&mﬂi%@@ﬁ'@&zme 1mM
re of bromide, a chelator, an oxidising agent or
redoX 8%? ef antgsr'graa%?fg?%'iﬂnﬁ Bﬁrﬁré‘é(fg?ttﬁyﬁ@%‘v the S'%?%BWM@W“GC’ was

26-fakdrhighanitarewsih PArate O BABddid CilgHa 3ean AIPR; B, 28). (C)
detecting or quantifying bioluminescence in the sample; Whereln the
recombinant luciferase is a non-secreted variant or derivative of a
luciferase that is secreted in its natiBx4agpre 20The method of claim 1,
wherein step (b) occurs simultaneously with, or following step (a).
The method of Example 29 was followed except that the kinetics of light emission were

measured. The data show that compared to a prior art “glow” buffer, the compositions that are the
subject of the present invention provide a more stable glow signal and higher sensitivity (see Figs.
29A and 29B).

Example 31

Hela cells expressing destabilised, non-secreted Gaussia and non-secreted Metridia
luciferase were plated in equal aliquots onto 96-well plates and incubated overnight. Medium was
removed and the cells lysed in 20 ul of lysis buffer. Replicate samples were assayed for
luciferase activity at 20, 30, 40, 60, 90 or 120 min after addition of lysis buffer. The lysis buffers
used were GeneStream’s v3 and v6 (as Example 26), Promega's passive lysis buffer (PLB)and a
generic standard lysis buffer (STD-LB) containing 25 mM Tis pH 7.7; 1% Triton X100: 10%
glycerol. Replicate samples were assayed for luciferse activity by injecting 60ul of assay buffer
containing 25mM Tris pH 7.75; 1 mM EDTA, 2 mM ascorbate; 0.66 mM reduced glutathione, 0.4
mM oxidised glutathione, 24 uM Cz. Results were expressed as the % of the light units obtained
using v6 lysis buffer (see Fig. 30A data at 120 min lysis) and % of the light units obtained with the
same lysis buffer at 20 min (see Fig. 30B data at all lysis time points).

The data in Fig. 30A show that compared to prior art, the compositions that are the
subject of the present invention provide a higher and more stable signal intensity for both non-
secreted Gaussia luciferase and non-secreted Metridia luciferase. In addition, the data in Fig 30B
demonstrates that reduced lysis time can be employed when using the composition of the present

invention compared to prior art compositions.
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3.The method of claim 1 or claim 2, wherein the luciferase utilises
coelenterazine or an analogue or derivative thereof as a substrate. 4.The
method of any one of claims 1 to 3, wherein the luciferase is of marine
origin. 5.The method of any one of claims 1 to 4, wherein the luciferase in
its active state includes disulphide bonds between cysteine residues.
6.The method of any one of claims 1 to 5, wherein the luciferase lacks a
functional signal peptide thereby providing intracellular expression. 7.The
method of any one of claims 1 to 6, whejgin the method is part of a
reporter gene assay. 8.The method of any one of claims 1 to 7, wherein
the sample comprises one or more cells. 9.The method of claim 8,

whereg, (hoiGeNs A&, ¥9&' end repGrEEEs ?ftglé’d%ﬁiﬂb‘i@{ﬁé fhvention

further comprising a celi lysis s ep. 11.The method of any one of claims 1
to 10, further comprlsmg contacting §x@male gk with a non-ionic detergent.

12.The rnamg]e %pfdﬂém&s&agpk&éa&&*aﬁ{gqewsﬁvaatﬁﬁ%cymgmed in 2-

the sample with a ZWIt rionic detergent.
parts desngned for 20 ul lysis buffer and 60 ul assay buffer per well of a 96-well plate.

Lysis Buffer:
0.1% NP40

150mM NaBr

5% glycerol

5mM EDTA

25mM Tris pH 8.5

63.4uM sodium oxalate
0.6mM reduced glutathione
0.4mM oxidized glutathione

Assay Buffer:
23.6uM coelenterazine

1mM EDTA

25mM Tris pH 7.75

0.6mM reduced glutathione
0.4mM oxidised glutathione
2mM ascorbate

75mM urea

General Method:
Hela cells expressing a modified non-secreted Gaussia luciferase are cultured in 96-well plates,

lysed with lysis buffer (20ul) after removing any medium and are assayed for luciferase activity
using a Wallac Victor 3 luminometer (Perkin Elmer) in flash reactions following injection of assay
buffer (60ul).



- 50 - 13.The reagent composition for the detection or quantification of a
luciferase in a sample, wherein the reagent composition comprises
bromide and a luciferase substrate selected from coelenterazine or an
analogue or derivative thereof. 14.A reagent composition for the detection
or quantification of a luciferase in a sample thought to contain such a
luciferase, wherein the reagent composition comprises bromide and a
luciferase substrate; wherein the composition does not comprise a
luciferase. 15.The composition of claim. 4§ or claim 14, further comprising
a non-ionic detergent. 16.The composition of claim 13 or claim 14, further
comprising a zwitterionic detergent. 17.The composition of any one of
claims 13.t0 16 fﬂrr her compr@ili’r%% one or more of a chelator, an oxidisin

agent or PRSI cRd WiimePrainte il rdarentpmpeacibadsprn is Susceptile

tonypiatiitierant moyifzatons otaémtaahItosd Spedfiestyritiaerbedmidie is lvendarstood that
a.concent i

ratign of at least 1 mM. 19.The.cogmposition of any one.of
o R SR o, B A s a or e
Iséetpse deatiresy! compsSitoma MangOcompaithdsd fefettied detectindicated in this specification
N it : 0 ¢ i . ‘
Sl A A BT O B R DR 3 Seid steps or
dertMiRsition comprising bromide;



(b) contacting the sample with a substrate of the luciferase enzyme; and
(c) detecting or quantifying bioluminescence in the sample. 21.The
method of claim 20, further comprising contacting the sample with a
non-ionic detergent. 22.The method of claim 20 or claim 21, further
comprising contacting the sample with a zwitterionic detergent. 23.The
method of any one of claims 20 to 22, further comprising contacting the
sample with one or more of a chelato??an oxidising agent or redox buffer,
ir%nd a buffer with a pH greater than 8.0. 24.The method of any one of
Cfaims 20 to 23, wherein the bromide is present at a concentration of at
least 1 mM. 25.The method of any one of claims 20 to 24, wherein the
1. proiviRiiepieserieatinos anthtion Be Baed P EarRFuRRIIY lHalierassin a
sampi26thdenmrtioias mbasy@ne of claims 20 to 25, wherein the reagent

oD S R BT i
com@é%&wmgrm@@%bmraﬁ@/@f %ﬂﬁl@lﬂf:&%@é‘é’émmﬂtlgbr@%@mfeﬂ and a
buffer with a pH greater than 8.0;

Cla

(b) contacting the sample with a substrate of the luciferase enzyme; and
(c) detecting or quantifying bioluminescence in the sample;
wherein the recombinant luciferase is a non-secreted variant or derivative of a luciferase

that is secreted in its native form.

2. The method of claim 1, wherein step (b) occurs simultaneously with, or following
step (a).
3. The method of claim 1 or claim 2, wherein the luciferase utilises coelenterazine or

an analogue or derivative thereof as a substrate.
4. The method of any one of claims 1 to 3, wherein the luciferase is of marine origin.

5. The method of any one of claims 1 to 4, wherein the luciferase in its active state
includes disulphide bonds between cysteine residues.

6. The method of any one of claims 1 to 5, wherein the luciferase lacks a functional
signal peptide thereby providing intracellular expression.

7. The method of any one of claims 1 to 6, wherein the method is part of a reporter
gene assay.

8. The method of any one of claims 1 to 7, wherein the sample comprises one or more
cells.

9. The method of claim 8, wherein the cells are eukaryotic.

10. The method of claim 8 or claim 9, further comprising a cell lysis step.

11. The method of any one of claims 1 to 10, further comprising contacting the sample

with a non-ionic detergent.

12. The method of any one of claims 1 to 11, further comprising contacting the sample

with a zwitterionic detergent.



in a cell or sample of cells, wherein the activity of the luciferase is
dependent on the formation of disulphide bonds between cysteine
residues and, wherein the luciferase is expressed intracellularly such that
the activity of the luciferase within the cell or cells is substantially reduced;
the method comprising: (a) lysing the cell or cells; (b) contacting
the cell lysate with an effective amount of a reagent composition, wherein
the reagent composition provides an ¥hvironment suitable to facilitate

13. fo@ﬂg r%fathe uc(c:>'rfr(1e (32 cllm%ratrpl W&o tateroqr con¥%rarpon 3y Iu0|fe(re? eina
contactlnggt e samD cfe with a su ?rate ot the Fum}erase enzyme; an

sampig, d@l@fﬁlﬂ@*’ﬁlmﬁﬁﬁbg@@\@@éﬂm@@mﬁﬂé Digeieks i pekarbaieigse substrate

seleSRANAOREIL RABRIGRS AN ANEISGELbPERMER AtkERIGTor, an oxidising
agent or redox buffer, and a buffer with a pH greater than 8.0. 28.A

14. methaddenperfopositigrafgethe tepectienassaactiingtising:a lucifedase in a sample

thougﬁp{g%ﬁﬂ%%%%@ g %% % %é'%‘r’élé’}rf TROFEh tc@rﬁpgé%ﬂ‘?ﬁﬁ%%ég Bromide

ecreted cks a function sig na peptide such titis
and é)!b?é%@? ﬂ%@ﬁ%ﬁ&%iﬁ'%d&%ﬁ%‘ﬁ%&%’ does B?W@%@S\Pé'ﬁﬁg’iﬂHé'fﬁ&ﬁﬁty

qne luciferas tha¥ Iost uet? its |ntr mlulare ressmnb n?agetter%ent
e oV

15. cellshg 8ﬁ§ac?|n8 tﬁg W/ S\With'R 1r(‘ata yeinls sﬁ%a{ﬁ]& p esa
16. EMVIFRILBRNoSHILARLE JRfHARVE! §|8ff'n0mhﬁnlfﬁgif%@ﬁﬁr|§‘i%'Etsz@\ﬁﬂgﬁcm%etergent

c) contacting the lysate with a substrate’ of the luciferase enzyme; and

17. d) m&umdﬂnamlymlaﬁéwr@@n\%&ﬁ@ feemhqwa@f:@iams&@ wieeseifiore of a

chel 9G8R R oSition Compis é“raé‘nﬁ et%’tYerw ouns ot e
it o?opﬁg BF e (R asE Thied s h2tve form é%le%te rom

18. br%@@oﬁ&&‘?{'@@&f AR PEIUYNG ARRMPIST AR HRUERI 1S SRYETR Witbet at a

H greater than 8
concentration of at least 1 mM.

19. The composition of any one of claims 13 to 18, wherein the bromide is present at a

concentration of between 5 mM and 500 mM.

20. A method for the detection or quantification of a luciferase in a sample thought to
contain a luciferase, the method comprising:

(a) contacting the sample with a reagent composition comprising bromide;

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

(c) detecting or quantifying bioluminescence in the sample.

21. The method of claim 20, further comprising contacting the sample with a non-ionic

detergent.

22. The method of claim 20 or claim 21, further comprising contacting the sample with a

zwitterionic detergent.

23. The method of any one of claims 20 to 22, further comprising contacting the sample
with one or more of a chelator, an oxidising agent or redox buffer, and a buffer with a pH

greater than 8.0.

24. The method of any one of claims 20 to 23, wherein the bromide is present at a

concentration of at least 1 mM.

25. The method of any one of claims 20 to 24, wherein the bromide is present at a

concentration of between 5 mM and 500 mM.
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26. The method of any one of claims 20 to 25, wherein the reagent composition
comprising bromide also comprises the substrate, such that steps (a) and (b) are combined
into a single step.

27. The method for determining the amount and/or activity of a recombinant luciferase
in a cell or sample of cells, wherein the activity of the luciferase is dependent on the
formation of disulphide bonds between cysteine residues and, wherein the luciferase is
expressed intracellularly such that the activity of the luciferase within the cell or cells is
substantially reduced; the method comprising:

(a) lysing the cell or cells;

(b) contacting the cell lysate with an effective amount of a reagent composition,
wherein the reagent composition provides an environment suitable to facilitate folding of
the luciferase into an active state or conformation;

(c) contacting the sample with a substrate of the luciferase enzyme; and

(d) detecting bioluminescence in the sample;
wherein the reagent composition comprises one or more of bromide, a chelator, an

oxidising agent or redox buffer, and a buffer with a pH greater than 8.0.

28. A method for performing a gene reporter assay comprising:

a) expressing within a eukaryotic cell a reporter that is a modified form of a secreted
luciferase that lacks a function signal peptide such that it is expressed intracellularly in
eukaryotic cells;

b) recovering the activity of the luciferase that is lost due to its intracellular
expression by lysing the cells and contacting the lysate with a reagent composition that
provides an environment suitable for conversion of the luciferase into its active form;

c) contacting the lysate with a substrate of the luciferase enzyme; and

d) measuring the bioluminescence.

29. The method of claim 28, wherein the reagent composition comprises an effective
amount of an agent that facilitates folding of the luciferase into its active form, selected
from bromide, a chelator, an oxidising agent or redox buffer, and a buffer with a pH greater
than 8.0.



