WD 20061121331 PCT/ NL2006/ 000246 Title: Luciferase detection assay system
The invention relates to nethods and kits for detecting enzyne activity
usi ng biolum nescence. In particular, it relates to a novel assay system
with increased Iight production for a sensitive and conveni ent detection of
| uci ferase activity. 5 Biolum nescence is a naturally occurring phenonenon
that has be®f204t1E13¥Yed for a nunber of applications, pafQly 000246

nol ecul ar bi ol ogy where the enzyne associated with it have been used as
genetic reporters. Biolumnescence is nearly ideal for use as a genetic

mar ker. Typically there is no endogenous |um nescent activity in manmalian
cells, while the 10 experinentally introduced bi ol um nescence is nearly

i nst ant aneous, sensitive and quantitative. Wil e numerous species exhibit
bi ol um nescence, only a relative few have been characterized and cloned. O
t hese, onl yTHEle:ef | \auc{fPrasetdategignyashy systeuci f erase, Renilla |uciferase and
Aequorin have had much wutility. Studies of the nolecular conponents in the
mechani smof firefly 15 |uciferases produci ng bi ol um nescence have shown

that the substrate g, 1?1%@{1%3@?81%& % thbfiehl unkugtd Bk id@tec@in%%n)ﬁg}ﬁfeer ocyclic

organic acid, D-(-)-2- OoXYy-
2' - benzot hi actoviyy hsiaZ-Hibivaziokseecd-logrdraxylarcit aclade{ trea @onalf dssny spfteny ed t o

as "luciferin"). Firefly luciferase is a .nononeric 61 kD enzyne that
cat al yses tF{étril ééf%ﬁﬁgi’@)r(%ﬁf%éuq%{ﬁ’éi fg’é?isﬁnﬁlﬁl‘)‘%a PQY@BGBPSEQKCE‘?“ ich yields
light at 56§, sENRtividyr st step involves the activation of the carboxylate

group of luciferin by acylation with the al pha-phosphate of ATP in the
presenced of magnesibinldmingsradede alnatifalyydccadeny bateometbn the IEs demat | on

adenyl at e | G4 ERIGRDURDR" AbREEMPAF PSS TR GGR T b JOBied HNPOOGHPEIANE i oxi de
and oxyl uci fief bRy n]D8s QUMEE Wil {thalve beORRGERREGehtti@b G ronically
excited state. Upon transition to the ground state thé oxyluciferin emts
li ght. WO 2806lt2a88tnRCE Na2B0BleaDD246e as a genetic marker. Typically there is
no endogenous luminescent activity in mammalian cells, while the
10  experimentally introduced bioluminescence is nearly instantaneous, sensitive
and quantitative. While numerous species exhibit bioluminescence, only a
relative few have been characterized and cloned. Of these, only Firefly
(Photinus pyralis) luciferase, Renilla luciferase and Aequorin have had much
utility. Studies of the molecular components in the mechanism of firefly
15  luciferases producing bioluminescence have shown that the substrate of the
enzyme is firefly luciferin, a polyheterocyclic organic acid, D-(—)-2-(6’-hydroxy-
2’-benzothiazolyl)-A2-thiazoline-4-carboxylic acid (hereinafter referred to as
“luciferin”).
Firefly luciferase is a monomeric 61 kD enzyme that catalyses the
20  oxidation of luciferin in a two-step process, which yields light at 560 nm. The
first step involves the activation of the carboxylate group of luciferin by
acylation with the alpha-phosphate of ATP in the presence of magnesium to
produce luciferyl adenylate with the elimination of inorganic pyrophosphate
(PPi). In the second step, the luciferyl adenylate is oxidized with molecular
25  oxygen to yield AMP, carbon dioxide and oxyluciferin. The oxyluciferin is
generated in an electronically excited state. Upon transition to the ground

state the oxyluciferin emits light.



2 The reaction scheme of the reaction hereinafter referred to a
“luciferin-luciferase reaction' is as follows: 5 luciferase Luciferin + ATP
+ 02 > oxyluciferin + AMP + PPi + Q02 + |ight M 2+ Luciferase has many
characteristics that nake it ideal for a reporter 10 enzyne. Its activity

i s not dependent on any post-translational nodification, making it

i medi at elWP&VP4i1Hdbl e for quantitation. In addition, tHETYRMHEEEence is
very bright, having very high quantum efficiency as conpared to nany other
bi o- and chem | um nescent reactions. Vlhen light emssion is initiated by the
addition of luciferase into a 15 reaction m xture containing ATP, M2+ (or
an ot her divalent cation such as WM2+), and luciferin, where all conponents
are near or at saturating concentrations, one observes a rapid increase in
light intensity f.gl | owed by ' : i:0,.khe fd.r w seconds to a
| ow | evel of sustrglilehﬁecf1 ¢ Hogr?? Relfl%t% glﬁ}%‘i %é%ﬁlﬁlg?i %ﬁné%lgatgg%éfﬁ%%?sqo his rapid
decrease ffcifdigh-ladiRrde FRREbHAL aBdslldfs:been thought to be due to product

i nhibition. These conventional "flash" type assays using firefly luciferase
result in a flash of light, which decays rapidly wth the addition of
substrﬁt es to the enzyne. Eswcg%gééey in automated (e.g. robotic) assay
procedures, this is a najor problemas it dramatically reduces the tine

wi ndow i N Rifelina ATPNaD, | f—presept, oerylubdedetteAlVEY+ MRian €0k or 1ight
extending the duration of the |ight” signal'in the luciferase assay have been
eagerly sought. One approach,MEAﬁi ch achi eved sone popularity, to solving the
probl em of the kinetics of the luciferin-luciferase reaction and the
associated difficulty of precisely neasuring light emtted during the
flash, was to useLdéiferaré bus niany diatractsrieficd themtenalyers, idehl foh aweperteepor t ed

to prevent the flash WD 2006/ 121331 PCT/ NL20061000246 .
10  enzyme. Its activity is not dependent on any post-translational modification,

making it immediately available for quantitation. In addition, the
luminescence is very bright, having very high quantum efficiency as compared
to many other bio- and chemiluminescent reactions.
When light emission is initiated by the addition of luciferase into a
15 reaction mixture containing ATP, Mg+ (or an other divalent cation such as
Mn?2+), and luciferin, where all components are near or at saturating
concentrations, one observes a rapid increase in light intensity followed by a
rapid decrease in the first few seconds to a low level of sustained light
intensity that may last hours. This rapid decrease in the rate of reaction has
20  been thought to be due to product inhibition. These conventional “flash” type
assays using firefly luciferase result in a flash of light, which decays rapidly
with the addition of substrates to the enzyme. Especially in automated (e.g.
robotic) assay procedures, this is a major problem as it dramatically reduces
the time window in which a signal, if present, can be detected. Means for
25  extending the duration of the light signal in the luciferase assay have been
eagerly sought.
One approach, which achieved some popularity, to solving the
problem of the kinetics of the luciferin-luciferase reaction and the associated
difficulty of precisely measuring light emitted during the flash, was to use

30 various inhibitors of the enzyme, which were reported to prevent the flash



fromoccurring or to prolong light production. One such agent is arsenate.
Arsenate |lowers flash height and tends to prolong the |ight em ssion period.
The decrease of the intensity of the light signal is considerable
undesirable“,in articular when microtiter plates or instrunments capabl e of
readi ng out "SFIPLIBE are used. In addition, the use of BFEXRHEIG6N 0t
desirable froman environnental point of viemL US Patent 4,246,340 |ikew se

proposes a nethod for prolonging the Ilight signal in a luciferin-luciferase
assay based on the use of inhibitors such as analogs of D-luciferin. This
prol ongs the |ight signal conds to.a few 10 m nutes. The cofactor
coenzyme A Y%’A‘jCCH%n%@éﬁOP ‘g E ht progueden. ﬂ%suﬁéﬁg%‘?‘tﬂsc?fsqliﬂéﬁt em ssi on

in the |uci I t
Bi ophyS| ca %\g%égﬁt%/gﬁiérg;%%ﬁgﬂ&?ﬁ drﬂntenéé t glﬁgr)%%(lg}rl% 11§ Eéa ncﬁel%;oA i's added

to a fireflYhedeeheard nf therien"célysmyuﬁ' theﬂlghé sigmat i @TllS[deX'B.bﬂleel,ndehH‘Elblel, mno 15
effect on the initia eak of inte Slt but 1 nescence . conti nue
S oy anePsrtits beB St chen B euot et i R o sar R P LB 2 onE SR | Con

added. Ajrthye gledaln aﬁﬁi’t?or?fiﬁmsé Behrskhgtet 19tn%k dbbighblegPrhlgd is greater in
the presence of CoA than i'n its absence. US Patent 5,283,179 al so discl oses

the additi omuﬁomenizeglmnﬁt ¢fGoy. i n the assay reagent to yield greater
enzyme turnover t hu | um nescence in it This resulted
in an increased |i g(ﬁﬁ%p(?ﬁ?lﬁhg Zgéﬁgb%ih@wﬁﬁ NORPFES Wﬁ%‘{]?qréégltongﬁl%g@onds | t
has been repgn{ &gnhNA! a Bh RS M EBYAE s SPIRUINGS tiEORdd blidhEitRs, fldR
stability of luciferases during preparation and storage of the enzynes. U

S. Pat. Noas4an8B3s0fD-Hicsferins dbistiratonds the bight eignel foBTFconils ko adéwmt ai n
Iuciferiie 25 aftiwty at a level of 50%in an aged Photinus pyralis
| uci f er ase §6PHtS°n which, without the DIT, would have only 10% resi dual

enzymatic activity pospaned: cbéhAnld £30bX) H&@Q@érepeﬂo@@dfi%raq&@tﬂ@ ution. U S
Pat. No. 4,614,712 describes that, when bacterial "hiciferase has been

i nact i vat edpb&tem sfilightdemissionain the luc@zyiimlﬁcwa/maytlmyﬁm@h etstored by
addition of BB Is BB SRARLISLI AN WP ARy p 2512t e Lo ehg Aggnt s
CoA is added to a firefly luciferin-firefly luciferase reaction mixture, there is no
156 effect on the initial peak of light intensity but luminescence will continue at a
higher level for a time period that is proportional to the total CoA added. Airth
et al. have shown that the total light emitted is greater in the presence of CoA
than in its absence. US Patent 5,283,179 also discloses the addition of
coenzyme A (CoA) in the assay reagent to yield greater enzyme turnover and
20 thus greater luminescence intensity. This resulted in an increased light output
that is maintained for at least 60 seconds,
It has been reported that other sulfhydryl compounds contribute to
the stability of luciferases during preparation and storage of the enzymes. U.S.
Pat. No. 4,833,075 discloses that dithiothreitol (DTT) will maintain luciferase
25 activity at a level of 50% in an aged Photinus pyralis luciferase solution which,
without the DTT, would have only 10% residual enzymatic activity compared
to a freshly prepared luciferase solution. U.S. Pat. No. 4,614,712 describes
that, when bacterial luciferase has been inactivated by disulfide formation,
enzyme activity may be restored by addition of DTT, B8-mercaptoethanol (8-
30 ME), or other reducing agents.



WO 2006/ 121331 PC 1/ NL2006/ 000246 4 US Patent 5,618,682 descri bes
conpositions and nethods for increasing the duration of detectable photon
em ssion of a luciferin-luciferase reaction. To that end, the reaction

m xture containing luciferase, luciferin, ATP, and cofactors required for

| uci f er asgoeabkAabissi ¢ activity is mxed wwth a 5 conposgdiyQinosQibasni ng
adenosi ne nonophosphate, a radical scavenger (DTT) and a chel ating agent
(EDTA). US patent 5,650,289 reports that the conbined use of CoA and DIT in
the reaction mxture positively influences the kinetics of the luciferin-

| uci ferase reaction. The half-life of the light signal, i.e. the tinme period

after 10 whi ch 50% Phtdohie,®18, 68 Néédsclibghtormpeditibn andhsethved forwas assessed at
300 to 500 seconds. It is an object of the present invention to provide an
al t er nat iipereaping ferdigatignid fetastrhis phgtoayerpission afle fusHeavdycifersse yviel d and

ext ended- gl | em Ssi . Sensi tive: e 1. Ffirefly

| uci ferasr%arg}(,alv%r(l)':foeérﬂag%%13%2?.l é@uaggpflgg%g%&do%% as %@gfﬁi%)%ugﬁ 1f;eh% t hi s goal

is nmet byAPEried sdfagtors heplivel foedndifdraed st aivdity Bmmixvedtwieh pr esence of
phosphat e ani ons and anmoni um cations. The inventjon therefore relates to a
met hodP f CORRASERQY FRPtAINIBE REPRLENAEIDPPROsHNGte, S EaRiral scaBegardPAd)i ncubat i ng

t he sanpl r art f, in the presence of luciferin and ATP and
any requi%le%gggég?zl?l rag%gl.tgﬁgq%g?' or Mh2+) to allow the generation of a

| i ght signal, whé&r®pateaisidedneadedponts thias tixecdmabired use & Goaahd @1 xt ur e
conpri sing phosphate and amoniumjonps to _enhance said |ight signal, and
measur i ngmtq%@ TGN §41§HHP.POR§W|@§V q C?ﬁe‘f}\ﬁnk}?lepﬁ%ogg}?b]iuﬁ]gﬁrlw esence of
anmoni um 18 ih1h-Di SEREN] M Bt U & Kb LS pBrist @AY | i ght

si gnal i fledRe ROARIA T Rull B, el L, e e pBad ot i fe of
t he |1@ht whichriEl% ohtlgi oggfoad iehBlignbhistebsetypdt wa8 asserssd @aiB0bao &6Ri eved. An
advant age of qtlhe present invention is that it provides inprovenents in the
ki netics ¥OP!Yht production and the total |ight produced in the luciferin-

It is an object of the present invention to provide an alternative
luciferase detection assay system with improved light yield and extended-glow
15 light emission for sensitive detection of firefly luciferase reporter enzyme.
Surprisingly, it has been found that this goal is met by performing
the luciferin-luciferase reaction in the presence of phosphate anions and
ammonium cations. The invention therefore relates to a method for detecting
luciferase activity in a sample, comprising incubating the sample, or a part
20  thereof, in the presence of luciferin and ATP and any required cofactor (e.g.
Mg2*+ or Mn2*) to allow the generation of a light signal, wherein said incubation
is performed in a reaction mixture comprising phosphate and ammonium ions
to enhance said light signal, and measuriﬁg the light signal.
As is shown herein, the combined presence of ammonium and
25 phosphate in the reaction mixture yields a strong light signal which is stable
for a relatively long period of time. A half-life of the light signal ranging from
30 minutes up to 8 hours can be achieved.
An advantage of the present invention is that it provides improvements
in the kinetics of light production and the total 1igh1,: produced in the luciferin-

30  luciferase reaction which render assaying for luciferase simple and sensitive.



30 luciferase reaction which render assaying for luciferase sinple and
sensitive. WD 2006/ 121331 PCP/ NL2006/ 000246 5 For exanple, with the nethods
or test kits of the present invention, the assays do not require special
procedur es, waumbs/as3api d sanpl e injection, or special %8&&&%@@%m&ﬁ#Ch as
sophi sticated | um noneters, to nmeasure the light emtted 1n the rapid flash
of conventional luciferin-luciferase re%ptions. | ndeed, using 5 the nethods
and conpositions or kits of the present “invention, it is possible that

devi ces, such as scintillation counters, that are already available in nost

| abor at or i emy,f QanfllBekithHRE S QhoBRes B IRBLS the P RAt BIRNAYVAI (A R8FAYS
requiring nmeasurenent of light produced in a luciferin-luciferase reaction.

Thi s si gni fdocaeitieyuiar sands! pyvoeierssi eurhofs wedh samplyjedios oeapesizand

technol ogy 10.by facilitati se qf the assays in | aboratories that do not
nave | un noroieree 5ueh a8 shadstfefrin S G Rer LR tobF SpedRtes 1 o
neasuring gk rapldOfiakH ofidnvARS AN uatianldgRrOfe 1A01i1RE NRdse@ud@st Kits
of the present invention is that due to the sustained high signal a |arge

nunber &f sdepheiods sndzampesisionpar &itsiol the prefshhieerdivg, assaypssibieor

| uci ferase actiyvit This is. cially. useful. in both batgh w.se and
cont 1 nuous Bebdsets s Sh Be B DIRERRTRHE  Arf ol e R e
appl i cati ongboAG6QESfRDLhE: Eypes bMRAkhRM ertthecareRs bin@ byt h Weeayiont ai ns
relatively high concentrations of both phosphate and anmoni um i ons.

General | y 2Gqypaak megsuiament ghleht peedudedtinehlacHpyhducifenasp iexgiioat e
concent rat | i L Bl gher o Lhert ot al b ahp el dof 1t e Luck ferl byl f er ase
reaction. The°t"6t'd ig%? %|¥1dﬂﬂbr PoCal "1 U e Lo nce Fef el S*T0° e area

under tive Ch ERilIRPILESERII ABe ke ysdetgedratdre sl thgbtowdt havasuaiddmekion of
time. It is determned, by the peak intensity (i.e, the injtial |ight burst
upon conbi nidgdehaymeciniidagom seyeesyr gibepdaviche i apeasaringiight t he intensity
decr eases %%%%Lcﬁ peak intensity is achieved. The total phosphate
concentration in the reaction mxture is

Another advantage of the methods or test kits of the present
invention is that due to the sustained high signal a large number of samples
15  can be prepared in microplates and assayed for luciferase activity, This is
especially useful in both batch wise and continuous processing of the samples
in High Throughput Screening (HTS) applications.
According to the invention, the reaction mixture contains relatively
high concentrations of both phosphate and ammonium ions. Generally
20  speaking, it is observed that the higher the phosphate concentration the higher
the total light yield of the luciferin-luciferase reaction. The total light yield or
total luminescence refers to the area under the curve representing the
detectable light units as a function of time. It is determined by the peak
intensityv (i.e. the initial light burst upon combining enzyme and substrates)
25  and the rate at which the intensity decreases after the peak intensity is
achieved.
The total phosphate concentration in the reaction mixture is
preferably at least 10 mM, preferably at least 25 mM, more preferably at least
60 mM, most preferably at least 100 mM. For example, a phosphate
30  concentration of 1256 mM, 150 mM, 200 mM, 500 mM or 1 M can be used. As



preferably at least 10 M preferably at |least 25 mM nore preferably at

| east 60 mM nost preferably at | east 100 MM For exanple, a phosphate 30
concentration of 125 mM 150 mM 200 mM 500 mMor 1 Mcan be used. As WO
2006/ 121331 PCT/ NL2006/ 000246 6 exenplified in the Exanpl es bel ow,
phosphat e WsbHWe€m13Ht i ons up to 1.4 M phosphate were tested2omshbehs yi el ded
good results in terns of the initial light signal and the duration of the

| ight signal. The term "phosphate" asgused herein refers a. poly-atomc ion
or radical consisting of one phosphorus atom5 and four oxygen. In the ionic
form it carries a -3 formal charge, and is denoted P043- . In a

bi ochen eabmgdifieting tha Hxaeeplghiodpiaprodpbaté sosehtitatonsivg wal.4éd i norgani c

phosphat e. 1 norgani c phosphate is generally denoted P. Suitable _sources of
phosphat @O GeY Pedepiear I Nzlcﬁilld@ﬂ@egjfe%% %&@r@équ&eélﬂéwll tal kal |

salts or s?%@%{%!}mﬂl ﬂﬁ%ldu&%ﬁbh%f aie f@{lbgéignﬂ?%g'teﬁﬂdpgﬁs%%te” 0uddip term

"amoni um as use erein refers'to a cation the genera formul a
NR4+, whéreeéin fRfaan pdgeiiialidnyobedirat cgnoisfing Bf ehephesblRrgs atigps i ncl ude

aliphgtic roups like |linpear or branched hydrocarbons, optionally

Subst Pt utad f@uﬁpxw%lﬁﬁg% S forahdt W&’Hﬁé@e% ormpRLC e RO %@Fﬁgotmi ch 15
coor di nat her.nitr : - i ent: ni um i ons

can be Sl}fg%%i égp%lé)ﬁ?(ﬂ%%lg%%tg}oﬁgﬁﬁbggépgoﬁy aﬁgé%gin%)cggﬂgﬂtéséﬁﬁ e of providing
a NR 4 + ihorganic phospiaéadsosganid plossphhte trgenerblbyl deested BanBwinaklm | ons ar e

provi ded by one o0 re ammoni u NHA+) sal uch as (NH4) 2SH4, NHAH2PO4
and ( NM)SQHWQ.Ofﬂ 13%83? mﬂb%pj}qp@@cgf Q&@eﬁ)é aé{‘}]l ]g%ﬁé]és’gﬁ‘cgiaﬁce t hese
salts proa‘é%&’lg,sQRE Br BRASPNRLE 3Rk 8PPOFS | WabD 2880 @FNPOL,UM cations.  In a
further enbodi ment, anmoniumions can be provided by protonated am nes. An

am néli s an organic derivative of ammonia (NH3). One, two or three alkyl

gr oups repl ace the.hydrogens of ammoni.a to give prjinary, econdary or
tertiary atfi fram %?ﬁé‘&‘f‘%{\}%’i‘ yas ‘E?E’l%eheiﬁ’r?o?ﬁf%r,s flor?gca&m;gﬁ: téle%naéfﬁi vatives, the
am nes,  a6EnWRAKRMASABere i RTaARABSH 1B} bAAHE Q¥Su S Trdtdr8as RAfroups

include aliphatic groups like linear or branched hydrocarbons, optionally

substituted e.g. by a hydroxyl, and hydrogens. The four R groups which

15  coordinate the nitrogen atom can be the same or different. Ammonium ions
can be supplied to the reaction mixture by any compound capable of providing
a NR4 * ion in an aqueous solution. In one embodiment, ammonium ions are
provided by one or more ammonium (NH4") salts, such as (NH4)2SOy4,
NH:HPOs and (NH4)2HPO4. NH4H2PO4 and (NH4)2HPO4 are very suitable

20  since these salts provide both phosphate anions as well as ammonium cations.
In a further embodiment, ammonium ions can be provided by protonated
amines. An amine is an organic derivative of ammonia (NHs). One, two or
three alkyl groups may replace the hydrogens of ammonia to give primary,
secondary or tertiary amines, respectively. Like ammonia, the ammonia

25 derivatives, the amines, are weak bases. This means that aqueous solutions of
amines are alkaline if one mixes an amine with water, the lone pair on
nitrogen can abstract a proton from water generating an ammonium ion and a
hydroxide ion.

According to the present invention, a final concentration of 1 M

30 ethanolamine is assumed to provide the aqueous reaction mixture with 1M of



amnes are alkaline if one mxes an amne with water, the |l one pair on
nitrogen can abstract a proton fromwater generating an anmoniumion and a
hydr oxi de i on. According to the present invention, a final concentration of

1. M 30 ethgploggnriss;i s assuned to provide the aqueous r i mxture with
1M of WD 20061121331 PCTYNL2006/ 000246 i ammoni umions?#ﬁﬁg%{”ﬁa@ﬁﬁ

concentration of ammpniumions in the re7acti on mxture is regarded to be
identical to the concentration of the conpound (buffer, salt etc.) source
of ammoniumions in the reaction m xture. Regul ar aliphatic am nes have

about the sapknhaas ShEePLE thWebitenBrafith oF anfinbRfut 808eirOfhe3eabtiodnd are
slightly stronger bases than ammonia, The increase in basicity conpared

wi t h anmoni sisture beregardedae belidentichkbtogheabacentsaamn bf the @mpmvnal kyl ammoni um
ion, as for .exanpl PNH3 , . conpared with .the ammoni.umion, NH f-. This
greater st a@q)%fetrysaii; nggéo .Bwf‘t%ggflb‘fé{lrl%ﬂ'f‘-ma%‘r‘?aﬁe?ﬁ%méﬁl_ﬁ?{leof al kyl groups
and the resulting paddilat aBshAG@hhER Ve Ubohbehd 9aRePaké YRGB, §aLH rom
nitrogen onto carbon 1 n the al kyl ammoniumion. Aromatic amnes are nuch

weaker basesKbiintthprbnge af duhdrglarg slightly stwmebe bassgpihainrrdmopia. ddenance

del ocal i sation of .the Logye doai r gl eﬁ%rons i.nt o thetra or’(ggltticC a-s%/)atrem As is
clear from PRECHENS2SIRE HHraREaT H BRTIGHE GrRAecEEL T oy he B9 %D nbi ned
presence of sphgsRhAts ARGAANBAIINGONS fhnetdifpley RITERINHS s &Feasgith

reaction mxture enhances the total l'um nescence of a luciferase detection
system |t the awmopminot v, NFeé. Ehig srextanptadilityheriedsnirom| the)elediepmn-t hi s

beneficial .effect @n tot light vyield is net_ observ i.h a.systemfor ATP
detect  on wirehis gBfn vl Plis ol s e he SRRt DRuRPLOR e

| uci ferin-| %J%iﬁ% aherZ0frb@aeitiogsn ohtb @béd bh @56 a¥yli@ni Afige BAPAIm &ffic

| uci ferase (as assay reagent) _and the |ow anount of ATP (present in the

sanpl e) in ésnbbhard wachivienlieabgees, yildneKbk esowrd 1-13-Desphdee ions, give
ISR SEL IS R T e ORI
aromatic n-system.
As is clear from the above, the present invention discloses that the
15 combined presence of phosphate and ammonium ions in the luciferin-luciferase
reaction mixture enhances the total luminescence of a luciferase detection
system. It is to be noted (see e.g. Example 4 herein below) that this beneficial
effect on total light yield is not observed in a system for ATP detection which,
as in a luciferase detection system, also employs the luciferin-luciferase
20  reaction. In an ATP assay the large amount of luciferase (as assay reagent)
and the low amount of ATP (present in the sample) in combination with large
quantities of Tris-phosphate ions, give rise to a lower total luminescence than
with no or lower quantities of Tris-phosphate present in the assay mixture. In
contrast, increasing the amount of Tris-phosphate ion concentrations enhanced
25 the light output of the luminescence reaction in a luciferase detection assay
mixture, comprising large quantities of ATP (being an assay reagent) and a
low amount of Iuciferase (from the sample). It has been reported that the
enzgyme characteristics of firefly luciferase differ between assays set up for
ATP- and luciferase detection, respectively. See for example Ye et al. in “A

30  Practical Guide to Industrial Uses of ATP-Luminescence in Rapid



contrast, increasing the amount of Tris-phosphate ion concentrations
enhanced 25 the |ight output of the |um nescence reaction in a luciferase
detection assay mxture, conprising large quantities of ATP (being an assay
reagent) and a |ow anmount of luciferase (fromthe sanple). It has been
reported woabodnessienzyne characteristics of firefly | gerNes@s6odid fer

bet ween assays set up for ATP- and luciferase detection, respectively. See
for exanple Ye et al. in "A 30 Practigcal CGuide to Industrial Uses of

ATP- Lum nescence in Rapid WO 2006/ 121331 YCT/ NL2006/ 000246 8 M cr obi ol ogy™
publ i shed in 1997 by Cara Technology Limted, Lingfi.eld). The distinct

ef fect s dffidrbeiob@ybipnblislhed of 129fhon Cam a‘adnpﬂo@phﬁﬁﬂeﬁ ohs ghisld) "€he

| uci f er ase- det ec%}l on stem and .t he ATP-det ect i tem as disclosed in the
present | HyaRe, GFeC Y PSropTIRRIgN PERRIARITE & DReRrEie I e S

char act erj |u]§ LGSo. -deBe RS g,%z%PeQﬂ'aEﬁrﬁle P@I‘P"EE&@%H Péﬂ%?a hOWERIJ:0R i PHP! | S€s

detecting erase actrvity in a sanple, conprising incubating the sanple
in the phesancaveftibuaié eeryrﬂﬂarlﬂ re]at@i(me’dfe differettiorneyb® | uci f erase) of ATP

and a _bivalent catiqgn to aII at i of a light signal, wherein
the total® %r@?ﬁems %8%Tee§%]i) Fﬁe& glﬁ%é f@‘eéﬁﬁ%f& prﬁg?? orming the
I ncubat i oftbftify hRifePRG!d Qi mtyga?mﬁm%mﬁh@ﬁlgqmmuﬁg 'tHé‘§a1ﬁBﬁeﬁ1t | east 20

nmM phosphate 10ns and anmoni'um i ons, mmeasuring the light signal.
Pr ef er abl gh,e preeencearidesifarat nod amfexAé'a% (lredatlhe tb badifeensa)/of &0H endse assay

Fange of Bvalens SaRpAFPALPR bt AERRER OO RO IR S TR PO (R s
pref erabl yop &té&n@h%ﬁt @fgnai% éd]ﬁm‘%bﬁ 8l pel®rmeRs thOhdibitidhen avhi ch typically
ranges between pH . his means that the pKb of the amne is

pr ef et@bl seababmmmh@ed@mplwnglanuﬁomm 1qnszeatd ahleasix2Q M phalsbate bel ow
Al Kyl - or S RARGTATORER The A A B el M ey PAveRe: Y eifanl am ne. and
di et hanol @H:B8trafiBRSRA TR tieuh@itbMndsafdthsd Bssdd BistRtdadaiobatth@obnventi on.
However, certain tertiary amnes |like triethylamne can also be used.
mM, preferably at least 0.1 mM, for example in the range of 0.5 -5 mM ATP.
In a method of the invention, the amine used is preferably protonated at
15 the pH of the reaction mixture, which typically ranges between pH 5 and 9.
This means that the pKb of the amine 1s preferably below the desired pH of the
reaction mixture. Table 1 below lists some examples of amines and their pKb
values. Primary and secondary alkyl- or alkanolamines, such as ethylamine,
diethylamine, ethanolamine and diethanolamine, appear particularly useful in
20  a method of the invention. However, certain tertiary amines like triethylamine
can also be used.
Amine-based buffers are particularly useful in practicing the present
invention. Examples of amine-based buffers include Tris (tris (hydroxymethyl)
aminomethane and Bis-Tris(bis(z-hydroxyethyl)im_ino]—
25  tristhydroxymethyl)methane). Furthermore, heterocyclic amines may be used.
Ina heterocyclic amine, a five- or six-atom ring contains one or more nitrogen

atoms. An example 1s imidazole.



Am ne- based buffers are particularly useful in practicing the present

i nvention. Exanples of am ne-based buffers include Tris (tris(hydroxynethyl)
am nonet hane and Bi s-Tri s(bi s(2-hydroxyethyl)imino] 25

t ri s( hydr oxywetobyi2)sset hane) . Furthernore, heterocyclic apt-pRe2008¥0Rg used.
In a heterocyclic amne, a five- or six-atomring contains one or nore
nitrogen atons. An exanple is imdazol WO 2006/ 121331 PCT/ NL2006/ 000246

9 Table 1 : The structure, pKb and pKa various am nes Am ne Structure tKh
pKa Amonia NH3 4.71 9.26 Primary Qutunes nethyl am ne CH3NTI 2 3.36 10. 64

et hyl ari ne CHACHNR, 34810, B b3 QLR ATACAIR) 20N 3 18 10.82
ter!-butylamne (CHa)3CNH2 3.17 10.83 cycl oheylam ne C6H11NH2 3. 34 10. 66

Secondary Anines dinetltyllam ne (CH3)ZNH 3. 27 10.73 di et iyl am ne
( CH3CH2) 2NH 3.02%@%98 pi peridin 3.25 10.75 Tertigty Amines
triunet hyl am nc ) 3N 4. 19 9.81ggggggthylanine (CHSCH§$§i'$Eg?25 10. 75
Aromati c Anmijnesfamphiane 1 0" - NH2M8E37 4.63 4- et hyl afth4l i n@2TH3 NH2 8. 92
5.08 ~ r” 4-cliangagisthihie CL NE2 9.85 4.15 |
methylamine CH;INHz 336 10.64
ethylamine CH-CH,NE, 319 10.81
isopropylamine (CHz),CHNH;, 3.1§ 10.82
feri-butylamine (CHR):CNF 3.17 1083
cycloheylamine CeHy1NH; 334 10.66
Secondary Amines
dimethylamine {CHz)pNH 327 10773
diethylamine {(CHaCH)INH 302 1098
/)
piperidine ;L\T—H 325 10775
Tertiary Amines 4
trimethylarune (CHziIN 418 981
triethylamine (CHACHy)aN 325 10.75
Aromatic Amines =
aniline {’\ —NHy 937 463
4-methylaninlin o 8.92 508
methylaninline CE&—nﬂkL*j? NH;
4-chloroantline ol \ —NHs 985 415
/\‘
4-nitroaniline ON—  —NH; 130 1.0
T\
Heterocyelic Aromatic Amines
pyndine {\ N 795 525
;{"’
N
. /3
imidazole N 705 6.85
|
H




4-iutioanilute O2N NH2 13.0 1.0 Heterocyclic Aromatic Am nes pyridine CS
7.75 5.25 N IZlI uviudazale N 7.05 6.95 WD 2006/ 121331 PCT/ NL2006/ 000246 10
Still further, zwitterionic conpounds can be used to provide the |uciferase
reaction mxture with anmoniumions. By definition, a zwitterion (fromthe
German "zyej. ing "two") is an ion that contains both positively and
negati vel %ﬁ%’%ﬁ@i ons in the same nol ecule. A zwitterCOARYI/ BB or ned by
5 conpounds whi ch contain both, acidic and basic groups. Am no acids are
typi cal exanples of zwitterionic conpdénds. Since both carboxyl and am no
functions are present in amno acids, these two functional groups tend to
react wth_each other in the sane way, l)j/i eldijng an "internal salt", which
contai ns Shék hrthes, BRHENS cEnRATRYS CaHDaHShHbROTiecte [YAL9%a88t i on. The

equi 100§y cdul B3y fitPoblifortBhlion 2 RERERHONAAAL BB AR of an

amno acid Is t zw tterionic structure. For ex Ci ne contai ns
both a baSieemam noreg, mq:ani@le@@o")aischraimna:d:jadbmtam&mIpogtimq}y@ﬁﬁf]—b; when

these are both ionized in aqueous solution,, the acid group |os a proton
to the anPR&Grdy ﬁ,ha PRE D IR E0e qulf%c"g%s‘} EryieyoR ﬁ%? gsgo%etgﬁﬁ end and

negati yel y,6086 48d walicH E%tfgflﬂﬁéth, A did i %@ci% gm{ﬂsakhﬁna%f&scaré ol ution, the

carboxylic acid function of the zwitterion protonated, thus formng a
cationi ¢ s$ypioeh axaenmias of zWwiseramiansropowmds. Smcef hatbtcadimadyl gndumindhi s is the
conjugate .acid of the zw tterion d.al sq of.  the neutral charged, form
of the. anfFtHERA e Bt BARE RG e i 18 Ogr Byl BAEERT HGLg e

i nventi on g5 IE5IHRAIA tROIRAURES, RAVARNG £ AKeerdhl 518", shiewbbMaatied acid of
the am no group above the pH of thé luciferine-luciferase reaction mxture
are pr ef ebpddtheasabhikglasnguoasndrat ameorsinimentisi Bingtipy. The ettoddradn Anot her

SEE T L NN A L
zwitterionic structure. For example, glycine contains both a basic amino group
(NH2) and an acidic carboxyl group (COOH); when these are both ionized in
aqueous solution, the acid group loses a proton to the amino group, and the
molecule 1s positively charged at one end and negatively charged at the other.

15  In a substantially acidic solution, the carboxylic acid function of the zwitterion
is protonated, thus forming a cationic structure which has an ammonium ion -
functional group. This is the conjugate acid of the zwitterion (and also of the
neutral, uncharged, form of the amino acid, by protonating the amino group).
According to the invention, zwitterionic compounds having a pKa of the

20  conjugated acid of the amino group above the pH of the luciferine-luciferase
reaction mixture are preferred, as this ensures that the amine moiety is
protonated.

Another class of useful zwitterionic compounds is represented by the
zwitterionic buffers. Table 2 lists some exemplary common zwitterionic buffers

25 which may be used in the present invention. The invention is however not

limited to the use of those zwitterionic buffers listed below.



25 which may be used in the present

i nventi on.

The invention i s however

l[imted to the use of those zwitterionic buffers |isted bel ow WO
2006/ 121331 PCT/ N1. 2006/ 000246 11 Table 2: Zwitterionic Buffers Buffer

Structure and Nane
CCH2NH( CH2) P20/ Bt
tunnn oet hanesu ont acid G 62(

0011)
N, N-bis 2-ii

HO2 CCH2N( CH2CC2Fg2 8 j - - - - - ~- ~

Ka at 20 ruseful pH C (D

Q)

range |
( ACES 182.2 6.4 - 7.4 N-(2-acet anPHyN-2006/0002450)
DADA H 2NGHzH f CH2C0zHJ2 190.2 6.4-7.4
N- (2 acetami do)iininodiacetic acid HChS(H2CH2N(C 2002H) 2 7 17 BES
drox eth 1)-2 6 6- 7 6 213.3 f ML6) ami noet hanesul fonic acid
Bicine 163.2 7.8-8,8

o H2

not

iC

3-morpholinopropanesulfonic acid

N, N- bi s( 2- hydroxyethyl)egC|ne r 0-018) - bl za 3 104 ) 9.7 - 11.1 CAPS
3-(c rc7. ohexyt—am-nroy—1t—2243-140,032-H-{ sexy so—H-propanesul-f-o1
aci d Gej nNH{ CH2) 2603H J’I’able 2. Zwitterionic ‘Buffer
) pKa at 20 | useful pH
| Buff(il: Structure and Name MW | ¢ C (DIPC) range
I
H, MCCH, NHICH, ), S0sH 6.88 (-
ACES 2.2 47
N-(2-acetamido)-2- 18 0.020) 6.4-74
aminoethanesufonic acid
Il , ;
ADA HaNCCHN(CH, G0, 190.2 ggfﬁ 6.4-17.4
N-(2-acetamido)iminodiacetic acid '
H 0, 80H, CHpNCH, GO MY
BES N, N-bis(2-hydroxyethyl)-2- | 2133 170 1 66 76
. Py 0.016)
aminoethanesulfonic acid
| L Hozcmgp‘MCHgmgH:lg 835 (_
Bicine N,N-bis(2-hydroxyethyl)glycine 163.2 0.018) 7.8-88
“““““ CghHy {HH(CH,}4504H
CAPS 3-(cyclohexylamino)-1- 221.3 10.4 9.7-11.1
Qo) (0.032)
propanesulfonic acid
g oty NHICH: 15805 H
i CHES 2-(cyclohexylamino)-1- 207.1 9.95 ( 9.0-10.1
L | 0.011)
ethanesulfonic acid
HOH,CHy Gt N (CHp80sH |
HEPES ‘ 238.3 07354( 7.0 -8.0
4-(2-hydroxyethyl)piperazine-1- .014)
ethanesulfonic acid
HEPPS HOHpCH,C—HN  M—(CHy)SOH
EPPS o 252.3 8.0 (-0.011)| 7.6- 8.6
( ) 4-(2-hydroxyethyl)piperazine-1-
propanesulfonic acid
d N (GHy), 805H |
N— 2
MES Nt 213.3 g'éfl(' 5.8-6.5
2-morpholinoethanesulfonic acid .011)
i monohydrate
| / |
qQ N—{CH,J3S03H |
| MOPS AR 209.3 | 7.2 (0011, 65-7.9
|




__ 955 CHFS 2 (cyl ohexYlam no)-1- 207.1 0.011) 9.0 -
aci d HO 2CH2C- NI

209.3 7.2 0.011 6.5 -

L--

‘ J N(C ~Jzs4H 7 55 ( ~ HEPES 238.3 7.0 -
4- (2- hydr oxyet hyl ) pi perazi ne-1- 0.014)
HoHzet - zc-N~i - (cj-~t~sa;H ~ ---~
(EPPS) 4(2- hz\éd_rox e
213.3 6. 18P- %¥§¥%!
N- (CH2) 3SO3H MOPS i

acid WD 2006/ 121331 PCT/ NL2006/ 000246 1212

10.1 ethanesul fonic

8.0

et hanesul fonic acid
HEPPS 252.3 18.0 (-0.011)1 7.6- 8.6
t hyl ) pi perazi ne-1 propanesul fonic acid _
5 2-mor phol i noet hanesul foni e aci d 0P 8YY 200Nty dr at e 0\
7.9 3-norpholinopropanesul fonic
HO38(H2G) 2-N rrni

ON- (CHO2SOH MES

4c~- ) 29QBH

PI PES 302.4 6.82(- 0.009) 6.4-7.2 piperazine-1;4-bis(2-ethanesulfonic

acid) | )953H S N tris((hYodrox ymth31)nethy1]-3- 243 3 SA (0.018) TAP [
7.7 9.1 opanesul fonic acid
HORSIH G, H—(CHS0sH 6.52 (.
PIPES | ‘ ) | 3024 0'009) 6.4-7.2
piperazine-1,4-bis(2-ethanesulfonic .
acid)
O, Ca CNH(CHL3s 80:H
TAPS | N-[tris(hydroxymethyl)methyl}-3- | 243.3 | 8.4 (0.018) 7.7-9.1
aminopropanesulfonic acid
(HOH, 0l CHH(CH5),80,H
TES N-[tris(hydroxymethyl)methyl]-2- | 229.3 | 7.5 (-0.020), 7.0-8.0
aminoethanesulfonic acid
(O, 0 CNHGH, COH o 15
Tricine | N-[tris(hydroxymethyDmethyl}- | 179.2 0 '321() 7.6-8.8
glycine -

10

15

. | |

B

In a method of the invention, the reaction mixture pH typically ranges
between 5 and 9, preferably between 6.5 and 8.2.

As will be clear from the above, many combinations of phosphate sources
and ammonium sources éan be used in a luciferase reaction mixture of the
invention. More than one source for a given ion may also be used. Certain
combinations of phosphate/ammonium sources were found to be particularly
useful. Of specific interest for use in the present invention is the combination
of an amine-based ionic buffer, like Tris or Bis-Tris, which is neutralized with
phosphoric acid.

The concentration of ammonium ions in the luciferase reaction mixture
of the invention can vary. A concentration of at least 20 mM, better more than
60 mM ammonium ions is preferred. Very good light yields can be observed at
a concentration of more than 100 mM ammonium ions, even better at more
than 200 mM ammonium ions, for example 250 mM Tris or ethanolamine or

500 mM ammonium (NH4Y).




amnopr r 7.0-8.0 H2U TES N-[tris(hydroxymet y]l)mthYl]-2- 229.3 17
(-0.020) am noet hanesul fonic acid I-. [-. “~HaHzC;,j CNHCHZCO2H Tri ci ne
N-[tris(hydroxynethyl)nethyl]- 179.2 8.15 7.6 - 8.8 | gly tine 0.021) In a
nmet hod of the invention, the reaction mxture pH typically ranges 5 between
5 and 9, pre&;(egoff}m% Qetween 6.5 and 8.2. As will be clear fromthe abov

many combi nati ons of> phosphate sources and ammoni um sourpgegﬂ-@%?ﬁm??@%sed in
a luciferase reaction mxture of the invention. More than one source for a
given ion may al so be used. Certain corBi nati ons of phosphat e/ ammoni um
sources were found to be particularly 10 useful. O specific interest for

use in the present |nventi s.the confi nation f a m ne-based ipnic
buffer, like Tris ot¢Bf ?‘P§L9We€ﬁ‘ops Wﬁ?ﬁrig‘an\ﬂfpﬁ SYRErAE aci d.

The concent At O ugf 10%@71}? Rhs M d P03 m&thf@cdﬂlsé E}?éf &3fe beasdy o W xture  of
the invention can vary. A concentration of | east 20 mM™ better nore than

15 60 nmM anddfiram. |Iur®sle|esnlmdement gtie cwcreyltlgxtom ofi ghmopiwhdencmrhibkenbser ved
at a concentrati.on of n, 1 n|u i ons,, even ter at nore
Ehan 500 PGP BHaTion g PEISHHEALE ‘S50 PR THHeE b RARDITA ne or 500
M ammong U%&Mtﬁaﬂo%f%&g&%ﬁgﬂé%lnspg[é\b@lzﬂ%{ ﬁ@%ﬂ@ent%%l&ggpﬁﬁb%att@ t he

i nventi on, t he concentrati on of phosphat e ions and amoniumi1onsin
reaction mi xctlwr én aapepificehped ammnomitingyneg are beesedt frf excem of the one

eroodl et e ORI TSLLon oL PRI UM LTS L2 MLADE L P0LAPE o
fold excess, such as 1.5, 1.7, 1.8 or even 2-fold excess of ammonium ions. As
exemplified below, very good results can be obtained using Tris as source of

10 ammonium ions in excess (e.g. 2-fold) of phosphoric acid (as source of
phosphate ions), in particular with a phosphate concentration of at least 60
mM and/or with an ammonium ion concentration of at least 120 mM (see Table
3). See Tables 4 and 5 which demonstrate the effect of increasing
concentrations ethanolamine (Table 4) or ammonium (Table 5) and phosphate

15  on the total light yield of the luciferase reaction. Also here, ammonium lons are
present in echess of phosphate ions. This is the result of neutralizing the
solution containing the ammonium ions (Tris, ethanolamine,
ammoniumphosphate) with phosphoric acid to pH 7.0. Of course, it is not a
prerequisite that the final pH of the aqueous reaction mix is controlled solely

20 by the ammonium and phosphate ions. For example, the invention also
encompasses a reaction mixture comprising phosphate ions in excess of
ammonium ions which is neutralized by an alkaline agent which is not a
source of ammonium ions, like NaOH, KOH and the like. In a similar fashion,
acldic agents other than those contributing phosphate ions can be used to set

25 - the pH at a desired value.

In one embodiment, the combination of Tris buffer and phosphoric acid
1s used. For example, a two-fold detection buffer comprising 125 mM Tris
neutralized with 63 mM HzPO4 provides sufficient phosphate and ammonium

30  1ons to the reaction mixture to positively affect the magnitude and kinetics of



5 concentration of ammobniumions is |ower than the concentration of
phosphate ions. In a specific aspect, anmoniumions are present in excess
of the phosphate ions, for exanple at least a 1.1-fold excess, preferably
at least 1.4- fold excess, such as 1.5, 1.7, 1.8 or even 2-fold excess of
ammoni umwoners/1A831 exenpl i fi ed bel ow, very good resul teCuamRobeocobisai ned
using Tris as source of 10 ammoniumions in excess (e.g. 2-fold) of
phosphoric acid (as source of phosphage ions), in particular with a
phosphat e concentration of at |east 60 mM and/ or with an ammoni um’i on
concentration of at least 120 nM (see Table 3). See Tables 4 and 5 which
dem)nst r ahe ligle stdifadcinebading tleatrisgndaondesphatd onseetrhtionifarthae (Tabl e 4)
anmoni um ( Tabl e 5) phosphate 15_on the total t yield of the
I UCI fer as%‘rﬁf’é’éé% F}Hﬁ @F%g éséqﬂ i}i REY 8’?’1§SfI§ché’rﬂ}5F W WE¥ excess of
phosphat eodQlid i Sodchiohi Eitltioh Rlsifg Ut ielsh 260 nieris %cwﬁtp%ﬂ jont ai ni ng
the amoniumions (Iris, ano am'ne, ~amoni unphospha te osphorl c
acid to pkhthQt léllbtcmﬁrmé/lphbsplmmot a prerequisite that the final pll of

t he aqueous re ion contrall ed solely 20 t he. anmoni um and

phosphat e i onsg‘ilﬁéﬁméﬂ]é Fﬁ}m% R3S IRG'BAE PR db%@‘@ﬁﬁlﬁg’é%esé‘rﬁdeactl on

m xture C h%kl%cf}t‘?ﬁ%%ta% LQNgh lﬂcﬁé‘ﬁ%é%éﬁtmlﬁﬂ{m&kél% ;nBPl%eé./m' chis
neutral i z y an a ine a eni is-not a source of amonium i ons,

| i ke NaOHthid@blaamichetdemttdlied wibh ahssphdraracidshapproximeiedy o Hrgeh{seot her than

those coniri bué&gg phosphate ions can be used to set 25 the pH at a desired
val ue. | nt e odi nent, the conbination of Tris buffer and phosphoric acid

is used. fpg 1@3%%91' lﬁlxt%ré gﬁaeféfybqiy dRbREMpPTRed Uit EhilEOMR 181G add> M Tri s
neutralized wth rovi des sufficient phosphate and anmmoni um 30

ions 1® t Saltablamamplm wf mablhzelqow mam@hayhfai fenim aHvimiag ailactdéb@md ki net i cs
of WO 2006/ 121331..PCT/V12006/ 000246 14 th i nal nc sing the
Tris and/ 6’?&6&%’ R, eWrOgngefSaF‘Pﬂ %’%ﬁzﬁé‘églﬁ%eéelé?‘i eﬁ}f (see al so
Figure 1) am¥ahy oﬁﬁtabﬁiz%gvﬂﬂltwlcﬁﬁii BRI 1 R1%0BARUIAGEN bRsE 588K tRF M xture
conprising at least 250 mM Tri s, acconpani ed

weight of the reaction mixture. Further, the reaction mixture preferably

comprises a sequestering agent like ethylenediaminetetraacetic acid (EDTA),

15 ethylene glycol-bis(2-aminoethylether)-tetraacetic acid (EGTA) or cyclohexane-
1,2-diaminetetraacetic acid (CDTA). The sequestering agent is generally

present in an amount of 0.1 to 25 mM.

Methods for detecting luciferase activity known in the art typically

20  comprise thiol- containing compounds, such as DTT and/or CoA (see for
example US Patent 5,650,289). Whereas thiols reportedly contribute to the
stability of luciferase and improve the kinetics of light production, they have
several drawbacks. Formulations containing thiols have a pungent odour.
Furthermore, thiols experiehce auto-oxidation in solution and, as a

25  consequence, are not stable for long times. The present inventors unexpectedly
observed that thiol-compounds in a luciferase reaction mixture are no longer
necessary if both ammonium and phosphate ions are present. It was found
that the overall light production in the absence of thiols but in the presence of
ammonium ions (e.g. provided by a Tris buffer) and phosphate ions was similar

30  to or even surpassed the light production in the presence of thiols.. Herewith,



with at | east 125 mM phosphate. 5 O her useful conbinations include nono-
and di - al kanol am nes and phosphoric acid. In one aspect, the luciferase
reaction m xture conprises ethanolam ne neutralized with phosphoric acid to
appr oxi mat elw pbérd1£31(see Figure 2). The reaction m xtuperRi.ahesRklsy al so
conprises a stabilizer for luciferase. 10 Suitable exanples of stabilizers
are mammal i an serum al bum n, a I actal bum n and an oval bum n. The use of

bovi ne serum al bumin (BSA) is preferred. 15The anmount of stabilizer will
typically be below |w% cal cul ated based on the total weight of the

t h
gggﬁels? gr |m néﬁe;{gngfﬁflfpﬁ&)@&h flgrrlt%cg‘gam n%t g@ﬁ%g\é@{l c agélgtd %ﬁ&%%ngf s:ts h;ll ene
gl ycol - bi s( aomml@mgtlhytht@ttheg }hd @tmlalmﬁtthe pacdeticé ETRfepin, AEH obexane-

1,2-diam netetraacetic acid (CDOTA). The sequestering agent is generally
present in &iadsRhsatiosres. Mg o°?2 Ihﬁ)ltol\?étoﬁ‘bﬂée gger P’é@f?hb?lf“ﬁtﬁnﬁér ase

Compounts, | SURh RSB aRa B R Y pER TR ik Gee eIPBLEE G2 250).
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i nprove the kinetics of |ight prod ctjan, y have  seyer r awbacks.
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experi ence. aule @ dahl ghohRuatl AR andic 3d: 25uEANSEIMENRE. are not

stable for long tines i'nvent or s unexpect served t hat
t hi ol - conpoeresenons ar bugpleercateary Bacl dontpounx such as BTY glwngeione aedessary i f

bot h ammnl and sph i ons are present. S nd that t he overall
light produ |A®h9t1 adh@ tg‘ﬁsléﬁﬁtémbtnlt‘wl%t elpf% gmﬁéenﬁr WCFEEUSRE  ammoni um

ions (e3g. m&vtﬁ%éoa{ssaytea% 3{1 rhRE tm%tt@loahg%%@%%sg@f&ﬁwﬁeé biddigr 30 to

or even surpassed the |1 ght ction in the presence of iols.. Herewth,
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origin, or from a separate lysis solution to the reaction mixture. In a preferred
embodiment, the invention provides a method of detecting luciferase activity in
15  a sample, comprising incubating the sample in the presence of luciferin and
ATP and a bivalent cation to allow the generation of a light signal, wherein the
total light yield of said light signal is enhanced by performing the incubation
in a reaction mixture comprising ammonium ions and phosphate ions but no
exogenous or supplementary thiol compound (i.e. no thiel-compounds of non-
20  cellular origin), and measuring the light signal. Preferably, the reaction
mixture comprises at least 20 mM, more preferably more than 60 mM, like
100, 150, 200, 250, 350, 400, 500 mM or even 1 or 1.5 M phosphate ions,
optionally in combination with at least 60 mM or preferably at least more than

100 mM ammonium ions.

Whereas the teaching of the invention makes the inclusion of thiol-compounds
unnecessary,it is to be noted that the present invention is not limited to assay
conditions without thiol-compounds. DTT, glutathione and/or CoA, or any

other commonly used assay component known in the art, can be present in the

30  reaction mixture. However, the use of an odourless, non-thiol reducing agent is



di val ent cation (e.g. My-- or Mi--) to allow the generation of a |ight
signal, wherein said incubation is perfornmed in a reaction m xture
conprising 5 phosphate and ammoniumions in the relative absence of a
thiol -containing conpound, and neasuring the light signal. The expression

"in the ngbadosMeizspbsence of a thiol-containi ng conpouse/NniBodi®anl t o
indicate that no exogenous or supplenentary thiol conpound, such as DTT,
gl ut at hi one and/or CoA, is added to i@e reaction mxture. In one

enbodi ment, the reaction 10 m xture and assay reagent of the invention is
free or essentially free of thiol- conpounds. It may however occur that a

sanpl e t%@%@&ﬁ%@@ﬁ&m& tacwia@r&%@uu@-caﬂgyhicxpmﬁhfﬂe%tn%m%gce anount s of
t hi ol - conpounds, e.g. thiols of lular = origin, or froma Separate lysis

sol ution dom}iormedrseelahtalscill‘ﬂ&r{%tarbexydthy Ao esphere bridroehooiienEPY heyi nvent i on

provi des ,a net.hod | uci fer,ase, activit 15 a arrpl e,

conpri si M§ F7EUBSR Wr%éiﬁ h?@éﬁ%ﬂ& ]?ﬁﬂpﬁeosfﬁ%é%ve@éwﬁf ll\?‘ﬁé“f}%% n and ATP and a
bi val ent ;gathidfhs hRodhé M6 Hae RAAbIORdAEiIng ddettd a$bhaind! suitihes &rn t he

total light yield of said Iight signal is enhanced by performng the

i ncubdt i ouse 1nduaf¢rela¢1ﬁ¢lfﬂ1 asd yeagtien aupuies svneh asriivaswinteomslfidgmdnghosphat e

!tﬁlnil i rfg‘glhlﬂaéo ?ee 831329{31 y?ﬁ%w@% 4)yF}l? le%ucén %%1&r1|‘s%§p]tcﬁgyl i ght signal.

Preferablp&»esémnraqagﬁaquofm.attarl@@Mrprlses at |east 201nM nore preferably
nore than 60 MM |ike 100, 150, 200, 250, 350, 400, 500 mMMor even 1 or 1.5

M phosphate ions, optionally in conbination with at |east 60 mM or

preferably at no reas the teaching
of the invent Aﬁ? ﬁg‘ﬁé%hﬂ%%‘ﬂ?sﬁ%’? %essl%mé?n% Vg]t%hr?plgﬁﬁégn ml}‘F\%ce%sgry it is
t o bejgnot @athiedll L@l BSBHces AEEE hR udedl indticiféin 1eefdras@ssayioncondi ti ons
wi t hout thiol-conmpounds..DIT, glutathione and/or CoA, or any other commonly

used assalywc,f@lmﬁ)nent known in the art, can be present in the 30 reaction

210)6 E;J g_g 1331 P\g? /t%{fﬂ(g 8%@}60]8%5%208 %gg&rls $RS se 9074 Bh8 o heAUS DT A980, TS WO

of luciferase activity in a sample. A sample may comprise cells (suspected of)
comprising luciferase activity. A sample can be a suspension, an extract or !
15 lysate of cells, for example cells that have been provided with a nucleic acid ]
encoding luciferase. Beyond the availability of crystalline luciferases isolated
directly from the light organs of beetles, cDNA’s encoding luciferases of several
beetle species (including, among others, the luciferase of P. pyralis (firefly), the |
four luciferase isozymes of P. plagiophthalamus (click beetle), the luciferase of ‘
20 L. cruciata (firefly) and the luciferase of L. lateralis)(de Wet et al., Molec. Cell.
Biol. 7, 725-737 (1987); Masuda et al., Gene 77, 265-270 (1989); Wood et al.,
Science 244, 700-702 (1989); EP 0 353 464) are available. Further, the cDNA’s
encoding luciferases of any other beetle species, which make luciferases, are
readily obtainable by the skilled person using known techniques (de Wet et al.
26 Meth. Enzymol. 133, 3-14 (1986); Wood et al., Science 244, 700-702 (1989). Also
encompassed is the detection of mutant luciferase activity, for example
luciferase that is genetically engineered to improve its properties, such as a
non-naturally occurring luciferase with an increased pH stability or increased

thermal stability. Other useful mutants are luciferases which include



preferred. For exanple, a water-soluble, organic phosphine -containing
conpound such as Tris (2-carboxyethyl)phosphi ne hydrochl oride (TCEP) may be
used (see WO03/044223) in a method of the invention. The present inventors
al so identi Woemogizhsn suitabl e reduci ng agents as bei ng suriabogodods 5 use
in lucifexin-luciferase reaction mxture, such as thiosulfate, sulfite and
dithionite (see Exanple 3 and Figure 4). _The reducing agent is typically
present in an amount of 0.1 to 10 nM rt fromthe substances nenti oned
above, the reaction mxture nmay 10 contain all usual substances which are

used in |ucifpey fl&tid%ﬁ'&l“ﬁ ﬁ%%ué@&%héﬁ’%b m”c!o’&h“ﬂh%e 16‘:ﬂlﬁééﬁgﬁcé3{hatt|?§ i nventi on

allows the sensitive and conveni ent detection [uciferase activity in a
sanple. A samphﬁmda?heﬂnpmﬂbeemnhpb}ksumb@bneHEbEmmnt6ﬁﬁﬂﬁ§ﬁng | uci f erase

activity. A sanple g¢an he a suspensi o an extract or 15 lysate.of cells,
for exampl e cel | EeHRIHEFEEERh DIV axweéﬁe(ﬁffﬂmaé‘e%usa PSS odi ng
| uci ferase. @@%ﬁngnm?a%@éﬂs&plokbﬁ rﬁélngfﬁy%tx%k”fte@lﬂ Heldi&S AsRSe! SOl ated

directly fromt | i ght organs of et es s encodi ng 1uciferases of
sever al 5bee9$@atmecLe@ﬂﬂaﬂ@1qmmugasamnﬂgmamh@mscunheﬂwucmﬂémhsbe@f P.
pyralis (firefl t he ur lucifer pl agi opQt hal am us
U2l ok beet FEf ke tidior e eoattie S0t i BehaREe frier Rt una sy

luci ferase @f phsed &t ﬁ{@(ﬁétﬁétﬁéiﬁomtcﬁ@ﬁas@|act1viv9Ivﬂﬁch CohblatePhv@h: 7, 725-737
(1987); Masuda et al., Gene 77, 265-270 (1989); Wod et al. Sci ence 244,

700- 702 ( 198931180@1:1@113’6@ mezl)IAameeulat\t@nm elbinentsHur ghes, mubatieBNAIESIn encodi ng
| uci f er ases er beet| e speci e ifer

Feadi |y obt ARHREETB Y RamoRias e gers shetier i ot tEeni GTESeBefuer et
al . 25 Npth. Enzymglprefedded SmbdditdB6 imhOdE oLthcdinyentdoh @NgSp1Zdko 700- 702
(1989). Al'so enconpassed is the detection of nutant |uciferase activity,

for exanplequﬁmtﬁjéh@sélwhgpfh@ﬁgﬁweﬁh@aﬁhweé@guﬁé@%@ﬁembﬂﬂmprove its
wi th an increased

oroper e T A B I B R S B LR, T
l'uci f er ases fyildwd) 1) REhstdacNR S0Q04HZbEBAtPRELDEZAAEHOROZ4Ectol; R)
transfection of the plasmid DNA into cells to allow luciferase expression; 3)

15  optionally preparation of cell extracts and 4) measurement of luciferase
activity evidenced by a light signal. According to the invention, the latter
measurement is performed in the presence of both phosphate and ammonium
to increase the overall light yield.

As with all reactions, temperature affects the rate of luciferase activity.

20  An accepted range for optimal luciferase assay is between 20 - 25°C. Ambient
room temperature falls within this range and is convenient for performing the
assay. Samples and all buffers are therefore preferably allowed to equilibrate
to room temperature to obtain consistent and reproducible results. At
temperatures above 30°C, the light emission shifts to red and the enzyme

25 quickly degrades.

Under conditions Qf excess ATP, luciferin and Mg?* relative to the
amounty of luciferase to be detected, the initial peak height and integrated
total light output from a reaction is proportional to the amount of functional
luciferase enzyme. The light production optimum however occurs only in

30  rather narrow substrate concentration ranges which exceed the Km value. At



nodi fications which cause a change in color in the |um nescence that is
produced. These are for exanple described in US Patent 6,387,675, Firefly

| uci ferase can be reliably expressed fromvarious expression vectors and in
a diversity of organisns as a reporter in studies of gene 5 regul ation.

Luci f er asWoreppaetidt assay systens are currently one ofprdheLiesboo24s0n-1t oXi C,
rapi d and sensitive nethods to neasure gene expression. The assay is based
on the detection of luciferase activi which correlates with transcription
due to DNA regulatory elenents in genes, nutations within those elenents as
wel | as responses to extracellular and intracellular signals. 10 In a

pr ef er r edogEP AdIPN@Ncen B ab@hB Atk fentiBSioh PeER e htk BraPPAdnRd difdl redvA@nt i fy the
activity of luciferase that is used as reporter enzyne. The basic steps for

the use oit tﬂnlaélelvalzfofr@xé@@derdewrtqdérofgmwwlgtaérhlah@r 3P doprémpmstions

of the. pl Spd PR Rt Chu iR Tuf FRRLGRlea T e eyl ot "

opt i onal | hupscRRAMALT ol fifeeid lygathr it Iencwng aﬂ:bounm&uéleﬁ@mdem‘ td i f erase
activity evidenced by a light signal. According to the invention, the latter

meas urlenetiapls apdrthe rurgdroni @%Vﬂlé]é]@r?é%o%’ft dordoptrapetalamdTRmoni um to
| ncrease \hﬂl%hq%l &8 %%{Juracf%ﬁl tﬂeq{lgf rab FQM:&) ?h& a{bg’élﬁftb i) %1 c&%@ﬂ% fofre

affects thée ra Srase act i ccepte opti mal

| uci fer aswﬂhbéwnewhbetmmmamﬁ‘or ahct aés*abi @Atitidieo M3 eppansl ATP 1fnal s within
this range and is convenient for performng the assay. Sanples and al
buf fers aie ashey éﬁaeféorpnaﬁt@%ram@l b&l Bt o equilibrate to room tenperature

to obtain consia! anla Ak FEREOAUGLS LERUM B AhobBmEIAliiSS above 30C

the light em ssion i e enzymne ur ckly egrades Under
condln)0nﬁmaﬁnﬁgﬁﬁﬁ@ﬂﬁmﬂgﬂKucNhéﬂunﬁhhMﬁh@h aEba@Nveph@uﬂhe anounty of
| uci ferase to be detected, the_ initial peak hej ght and int egrat ed total

li ght outfogeeRtEakpas-r tiend tp Sage sppider saage elidhere valisaihasthatslt i onal
| uci f er asgrangy) 111%1?131%96{}% Ef%gé‘rﬁg r?%se‘i’l@tlh% ﬁ%ﬁ%’@f a 818%%’1‘5 Emy N 30
ranges Whic

rather narrow SUDSETaté cone t rati excee m val ue.
Usually, the concentration of Mg2+* in the reaction mixture does not exceed 50

mM. For most conditions, a final luciferin concentration of 0.5 - 1.0 mM and

15 Mg?" concentrations of 1 - 5 mM are near optimum. The relatively low
concentrations of Mg?* in cell extracts are generally insufficient to alter
reaction rates and firefly luciferin is not a natural component found in other
organisms. The use of Mg?" and Ca?* free wash buffers for cells is
recommended if cell lysates are prepared. Luciferin is preferably present in an

20 amount of between 0.01 and 3 mM, more preferably between 0.05 and 1.0 mM.

When relative experimental luciferase activities are to be correlated to

an absolute value, a purified luciferase standard curve can be utilized. Since
measured levels of activity are normally stated in RLUs, or relative light units,
an absolute value is not being determined. RLU values can vary significantly

256 with the same sample when measured by different ingstruments due to
variations in equipment design and calibration. A specific activity certified
luciferase standard, when reconstituted to the manufacturer’s specifications,
will result in a signal derived from a known luciferase quantity. These known
specific activity reference values may be used to normalize arbitrary RLU

30 sample measurements to a given instrument. Additionally, a purified



WD 2006/ 121331 PCT/ NL2006/ 000216 18 | ower ATP concentrations, |ight

em ssion peak heights are reached and remain at that |evel for extended
periods of time while at higher ATP concentrations the initial |ight burst
is increased but so is the rate of decay. There exist two sources of ATP in
| uci f er ase VPI8#682138he known anmount which is added to theCBNEWAGH0e24and t he
unknown and vari abl e anount of endogenous cellular ATP which is
co-extracted in the luciferase sanple. e absolute final concentration

wi |l be somewhat uncertain, For npost assay conditions, 0.5 - 2.5 mMATP in

t he assay reaction mxture will be optimal. The remaining reaction cofactor
and subst r dteifemspeteniasd dbes het nd@ssarsly enprageniire dxachgihoufodiof Mh2' ) and

luci ferin, ,al so have ti.mal, caoncentrations. . They .tend.to have a w der
range of_tﬁ@gﬁer\?s? deel Rt oo AT S b FOLS PO ASHIBRE dpiiah erably
Present i N ARl cifhrad) w8 On ST pubsial Liitohdl concentrati on of Mg2+

in the reaction mxture does not exce For nost conditions, a final
| uciferin concentration of 0.5 - 1.0 mMand 15 My2+ concentrations of 1 - 5

mM are near opti The rel ativel ow concentratigns aof 2+.in cell
xt 1 act S ar e ger b anF JAGEFRPR) SfboloREren) PudErTedi Py iae AUV HY PR |y
luciferin i$m@hodofHeUndbnGONROARPenbRHM cblls AiHRELedGBAL HBucithgsdise of
My2+ and Ca2+ free wash buffers for cells is recomended if cell |ysates

are prepar echn $iogily ee iadded tpaetectall ufferewentrising arly2e agrotii¥o efpayateneen
0.01 and 3 m\q nor e referablg et ween Oft%g aﬂd t}xq ng/la% bV\hen relative
experi nent ally.S S!fé?}}g%r S8 TREETTT 1 T BYY P Vo BECChr eI BTed "t PE b ol ut e

val ue, a pugdcbigielth GbR&T @96 cHeARIST theGHEME L BAIOE(sUbbirh#@dcofobtdee Measured

| evel s of activity are normally stated in RLUs, or relative light units, an
absol ut¥ vatmednunsndpherphdes wmgi aed thelike)saichdbat tire Wgifprigrlgaifénasant | y

25 with the same saml en asured by djfferent. instruments dye to
vari ati ons TS BRREpOREe HECT by dnel lEa P At B O opRa PR Pty
certified fTugifenase.sandardX. WETHeaonehd TWRA™ 0t he manufacturer's
specifications, wll result in a signal derived froma known |uciferase
quantity. These Irswgther embodiment, the sample comprises a cell lysate or cell

extract, i.e. the luciferase is first extracted from cells expressing luciferase.

15  There are two main approaches for extraction of luciferase, either through
mechanical or chemical methods. Both methods have advantages and
disadvantages and evaluation of the method used is important for efficient
luciferase extraction and optimal assay sensitivity.

A cell lysate comprises cellular components that are no longer organized into a

20  recognizable intact celh_ﬂar architecture. Cell lysates may have soluble and
insoluble components, either of which may be removed before using the lysate,
Lysates may be prep’ared by any means, including mechanical disruption using
sonication, a dounce, mortar and pestle, freeze-thaw cycling, or any other
device or process that destroys the physical integrity of cells; or chemical lysis

256 Dby detergents such as zwitterionic and nonionic detergents, or cationic
detergents The most commonly used mechanical lysis method for cell
disruption is sonication. Due to large amounts of energy coupled into the
sample, heating can develop. Luciferase is heat labile; therefore the sonication

method should take this into account by using short sonication cycles. Sample

30  cooling along with five 5 — 10 second sonication bursts is normally adequate for



specific activity reference values may be used to normalize arbitrary RLU 30
sanpl e neasurenents to a given instrunent. Additionally, a purified WO

2006/ 121331 PCT/ NL2006/ 000246 19 luciferase standard does not necessarily
represent the exact amount of |uciferase produced by transfected cells,
since the specific activity of the expressed luciferase may differ fromthe
purified YOGMEPHdEk. 5 For the neasurenent of (heteroI%ﬁBﬂk%@Wm@%ﬁressed

| uci ferase activity in a nethod of the invention, a suspension of cells
suspected to contain luciferase can 8 nply be added to a reaction buffer
conprising a lysis agent. No separate |lysis step is thus required. Upon
lysis of the cells, the_ luciferase becones accessible to other conponents
of the relxetsiwnhpuminel fundfssaseapastivatiigmdivesze-theyw Histowitlnmnatdrlshosphat e
ions, and the .like) sueh {. he. l.dciferin-| ug eact. can take

pl ace. Ty?ﬁcﬂeglls Iagsmvgldéé?eﬁpg‘%%% {(‘aor-ﬁbuﬁl?eﬁgéﬁ %Ssgléfc’ gﬁééeg{sgagﬁ%ﬂaggso“ lcraér gitol T™M

NP-9, TrifheridMi¥a196is idbgsidtid bhaicicifveen Tdh2lto dtay boahles tesabadilaent, the
sanpl e conprises a cell lysate or cell extract, i.e. the luciferase is

first extichricpelatatiercentridgptiensAngqdvariqeerashe lacknftpréranee figm naj n
appr oaches r : I f luciferase, either through mechanical or
chem ?)gl ?ﬁ%{ %Sldlgpﬁ%@#%faﬁbds have advantages and di sadvant ages and

eval uati on of $igaifitahbdtpusethds andpontanientoof Biisi fieahbrydticidBrase
extraction and optinmal assay sensitivity. A cell Iysat conprises_cel | ul ar
conponent B¢ apRieved BY sBemind brsio L HRE PeB-IPRHC Sleterasn Srsél?gg?ﬁ Yapiatomt'act

cel lul ar argiy X : i e
componont 5100 ERGHN, Fnbilr suMBR BSOS 10AKEOLUR SIRDE: pBPOMIRS®  ysates
may be prBpartedebyr asyovoranad luaferadh agivigcstanubdaiondhs deiptpomt, usi ng

soni cation, a dounce, nortar _and pestle, freeze-thaw cycling, or_any other
devi c&) or MichAsss 2pHald areater gt oHEP WHy Hresible; aven sinple Beezeaihest i€ cheni cal

R R e e e S A
di srupti olysisasdtérchto siim uldie lhofelragegectantyuad weblf Anivangyeieoggited i nto the
however, generally inhibit luciferase activity. A proper buffering system is also
required in optimizing enzyme activity. Lysis reagents with Tris-phosphate,
15  Tricine or phosphate buffers, pH 7.5 to 8.0, are preferred for maximal
luciferase stability. The addition of DT'T can aid in preserving enzyme
function; chelating agents like EDTA or EGTA are preferably included for
chelation of e.g. Mg2* and CaZ* -ions to suppress the activity of e.g. proteases
that might adversely affect the luciferase and chelation of heavy metal ions
20 which may inhibit luciferase activity. Due to the nature of bacterial physiology,
the inclusion of detergents alone for bacterial lysis proves inadequate.
Additional disruption of the bacterial cell walls generally requires enzymatic
and or mechanical lysis steps in order to be successful. The combination of 1%
Triton X-100 and 1 mg/ml lysozyme can be used for lysis without iaffecting
25 luciferase activity or stability. Moderate amounts of luciferase bound to cell
debris remain unextractable. A possible alternative is the use of unclarified
bacterial lysate without centrifugation, which may increase sensitivity but
lower reproducibility because of non-homogeneous distribution of enzyme in

the extract.



sanpl e, heating can devel op. Luciferase is heat labile; therefore the

soni cation nethod should take this into account by using short sonication
cycles. Sanple 30 cooling along with five 5 - 1.0 second sonication bursts
i s normal | ywadeeuais1for WO 2006/ 121331 PCT/ NL2006/ 00024pcT1/2D2004/600546W t h

m nimal |uciferase inactivation. Freeze-thaw lysis with nultiple cycles is
also widely utilized for luciferase assays. The di sadvantage of this
mechani cal lysis nmethod is that luciferaSe tends to stay bound to the
cellular debris pellet after centrifugation. An advantage is the |ack of

interference fromothetabpedios thpinventichesliagad . arSheiyfleaamit fodpkhovenment and
conveni ence of lysis of eukaryotic cells can be achieved by chem cal |ysis.

Usi ng non- i 8elieetice plugaiptasesifsiyiysvhivh Tempsistaphyspioge agflagempnaihances
solubilization @f.Jluciferase. fr | | ul 0 nts,.. bu hetter
recovery anHH¥Uc?¥%$%%%?%%%?§i §y§§|h%ﬁ%?%%%“ﬁgggéﬁé§ﬁ%ﬂ%ngégﬁB%ﬁﬂch as a

25-fol d greaitgrthé reAvticRUhptiure Brdods thlealeoited fHialpbrechteeiastdfaw | ysi s.
O her cationic and zwitterionic detergents can be useful for eukaryotic cel
lysis and t ehesrhate epfhammeniyre igns: Hselepiet (goripnintod) assangpaianés det er gent s,

novever . SCRSABHRY gL NLPUb AMELSLERE SELLY Sty 1 OBEE UL 10 SvSTem 1S

Tri s- phosphghesphbe, Thbsi e fambphasiphat £50mi ehespiite Torbs 4101/8: & leakte20
preferred for maximal |luciferase stabilitﬁ. The addition of DIT can aid in
preservi ng ERdyaRRmOpIHEiPwH Prefseatly gk deasydRP oM peostproferiblrat keask 850
preferably inglude . t i.on..of . %99' tf -l uppress

t he activit%ﬁgﬁHgmgFﬁgﬁ6?%%2%2“*%&%@Eﬁ@%ﬁtﬂg%%%rseléﬁﬁépggg@ﬁ%é&ﬁ'ciferase

and cheligt i egaitheayyedwmt ah ek@as o2Phydpihate foRy, forkixhirpld Uai-fobt as@sadii vity.

Due to the nature of bacterialéﬁh si ol ogy,_the inclusion of detergents
16}

al one for bactélrfald pxeeps opprvrelichanaugsatRreferredipesayngreenisrarptthes of the
bact eri al | | _requ ' {cal Iysi
oreps i or Gl dSaRh Shotyh MRS ABIAATRN EhodiB @ INPRENRTLES' 1 ° °

mg/ M | ysozywatadine deitls pHodpdioric\ssidstomddtieaitp Hf Hewb varg o2erl doni lfipsases
activity or stability. derat e anounts of |uciferase Qﬁund fo cel
of ammonium and phosphate sources may be used as well. Exemplary assay

15 reagents are those described in the Examples below.

The assay reagent may be in a liquid form (e.g. an aqueous solution) or
in a solid form which upon reconstitution provides the phosphate and
ammonium ions. Preferred assay reagents comprise as a source of ammonium

20 ions a compound selected from the group consisting of ammonium salts, an
amine, a zwitterionic compound, and combinations thereof. Other preferred
assay reagents comprise as a source of phosphate phosphoric acid or a salt
thereof. An assay reagent may also comprise other useful substances, such as a
stabilizer, chelating agent, reducing agent and/or cell lysing agent. In one

25  embodiment, the invention provides an assay reagent comprising all the
components necessary for a luciferin-luciferase reaction to occur, except for the
luciferase. This type of “all-but-one” assay reagent can simply be contacted
with a source of luciferase, e.g. a suspension of cells expressing luciferase, to
obtain a light signal. An example of an “all-but-one” assay reagent comprises a

30  Tris-phosphate buffer pH 7, D-luciferin, ATP, Mg2t, EDTA,Ca2* , thiosulfate



debris remain unextractable. A possible alternative is the use of
unclarified bacterial |lysate without centrifugation, which may increase
sensitivity but |ower reproducibility because of non-honbgeneous
distribution of enzynme in the extract. WO 2006/121331 PCT/ NL2006/ 000246 21
Anot her aspect of the invention relates to an assay reagent for the

det ect i on"OPM(Ié1¥Er ase activity which conprises phospﬂ‘gP@L%l‘Wﬁ("%QFrﬁoni um
ions. Said assay reagent maybe in a concentrated form which upon dilution
into the reaction m xture provides th&2desired final concentrations of 5
phosphat e and ammoni umions. Preferred (concentrated) assay reagents
conprise at | east 40 nmM phosphate, nore preferably at |east 100 nM
phosphat eandrastongioafedetst gendgtto Lesgsthe 2sls. fvppreossihalied inothe amaridibeat | east 20
mM anmoni um i,0ns referably. t : t f er.abl : st 250
M amoni AR RSP %agﬁgrgl lfa;%}t’:s %@%écﬁs%%?%%%%laﬁéﬁgﬁgﬁ?% lﬁémglgﬂgay 10
reagent apfd phesaiiec ishExees8soit. phosphate ions, for exanple 1.1-fold
excess, or .5-2.0-fold excess or even higher excess. Preferred assay
reagents are thosereferedsimbetinrent sthe septininagenh doemertoronaisnPirh phosphat e
(NH4) 2HPO neutralized w 0 " ' r.al ver, other
Cond] nat 1 Grccp e diaBRRah b fRECR, i h bR ARhEEbe BTy TRCCE

Exenpl ar y sg$slaty ocfJuti€age i shanbsdnde seDIEsdidvaeth prepbheafoadiiphiesndel ow. The
assay reagent nmay be in a liquid formﬁe. .. an aqueous solution) or in a
sol i d for APSAYi TeRSeRIoT thet BWdICientlyi long § W&fﬁ% s the phosphate and ammmoni um

lons. Pr eferfeglsgspgwidzpqgsﬁaéf&mrm?aqueﬁ ﬁsgaeﬁsﬁ%%s iiim.20 4 ons a
conpound sel ecte romthe group consisting of amonhi umsalts, an. anmine, a
ZW tteri ogkge captptainGsapnthereib smdtliio canpriesseaimpdienes reqeial teed assay
reagents cor}pri se as, a source of phosphat,&gogospho i @ICi d or a salt

T

theredf. AA a%@luﬁéa)g@éﬁtaCﬁHWaaS%‘/ BB APV BHeeR- b ceppePaRttes, such as
a  stabi|izahae AGLAIKBOAN AuERALS] B ARENLe AREDPIofEhLrsl RN D agent. 11
one 25 enbodi nent, e 1 nvention provides an assay reagent conprising all

t he Mg?* or Mn2*, a reducing agent such as sodium thiosulfate and a source of

phosphate and ammonium ions.
Preferably, the kit comprises an assay reagent mentioned above. Other

15  useful kit components include a lysis buffer, preferably a non-ionic detergent.
Preferably, the kit components are put together in a minimal number of
separate containers. Premixing of components reduces the number of handling
steps performed by the user of the kit. In one embodiment, the invention
provides a luciferase detection kit comprising a first container with a substrate

20  mixture comprising luciferin, ATP and a reducing agent and a second
container with a buffer solution comprising at least phosphate and ammonium
ions and a bivalent cation. The buffer solution may furthermore comprise
further useful substances, such as a stabilizer, chelating agent and/or cell
lysing agent Of course, either or both the substrate mixture and the buffer

25  solution may comprise other useful ingredients‘, such as additional (buffer)
salts, chelating agents, cell lysing agent, bivalent cations (M.gz““; Mn?2+),
stabilizers and the like. In a preferred embodiment, a kit comprises a
lyophilised substrate mixture that can be reconstituted with the buffer
solution to yield a ready-to-use detection buffer. The freshly prepared detection

30  buffer can then be added to a sample to be analysed for luciferase activity.



conponents necessary for a luciferin-luciferase reaction to occur, except
for the luciferase. This type of "all-but-one" assay reagent can sinply be
contacted wth a source of luciferase, e.g. a suspension of cells
expressing luciferase, to obtain a light signal. An exanple of an

"al | - but - on¥O 28843133} eagent conprises a 30 Tri s- phosphat REBYEDEG00PHE 7
D-luciferin, ATP, Mt+, EDTA Ca2+, thiosulfate WO 2006/ 1.21331.

PCT/ NL2006/ 000246 22 and a non-ionic dggergent to lyse the cells. A person
skilled in the art will be able to prepare many variants of the assay
reagent, as Iong as both ammoni um and phosphate ions are present. In a
preferred efrbpol Henphosphetagsdymreagiem icowsirerstmebipnddsabdyFTmas bbecause

luci ferin was found.to.be re stable i.n the ahsence of DIT...The,.stability
of 1 uci T er i ROk 5 AR RRReE: B sher dine P tp oA En e &FPYGT SdiE  assay

reagent w twharasthe ahenéhivm @adinshekd-Jodteon Blpgevideaydeds bs a kit for use
in aluciferase activity assay, for instance a__gene reporter assay, wherein

said kit cotfletbarolewpinimd duileyselvsigntis prgersdly seniralized i BsBOact i vity
assay as: provi ded,herein.. h Kit, nts. el L lyuci f er bstrate
(Iucifer?n), 0058%% @ﬁ;81?§%@§T1%%'égggggﬂéﬂé%aggﬂﬁ%gggsgpﬁﬁﬁ2éﬁa§n§§ducing

agent such Agtbaeh ol (hatifie@Ndcefrudlcgeydl wiplhhsphalceus@ddisammoni um
ions. Preferably, the kit conprises an assay reagent nentioned above.  her
15 useful kpPesiEBerporent & tioenake alugisrasesipndard Grgeer ably a non-ionic

deter gent. Preberabltahhe ik SORROISNl SRl Supulc L pHRLISRALR Ry

<
nunber of separé%b ners. onent's reduces nunber

of handl i ngmistepsindes boftsresbltjion Rehits &f todfe 4diR dkibtthe fivcopelrritadisirans , the
invention provides a _luciferase detection kit conprising a first container
with a tdbsEysiwezo vinldemeadedeper Snafrpsrcietestion ropenanbhafreerudieg agent
and a secon nt aj i u r i ¢ Sl phosphat e
and amont onione AT A TE! BRI ERTRLE P A SRRE
f urt her nor engerpeisey flrthéhermpsesf sthes ubsfind BeeSon&Lte knas nainsihrkirk | ek,
chel ati ng agent and/or cetl _ . .

as AMP which further enhances the half-life of the light-signal. The buffer

solution comprises ammonium, phosphate, detergent (cell lysing agent), Mg2+,

15  EDTA, Ca?" and (NH4)2S0O4.
The 1nvention is illustrated by the Examples below.
LEGENDS

Figure 1: Light-output time course of the luciferin-luciferase reaction at

different concentrations of ammonium ions (Tris) and phosphate ions.

Figure 2: Light-output time course of the luciferin-luciferase reaction at
25  different concentrations of ethanolamine and phosphate (panel A) or

ammonium and phosphate (panel B).

Figure 3: Light-output time course of the luciferin-luciferase reaction
comprsing Tris (0.5 M), phosphate (0.25 M) and various reducing agents.
30 ’



| ysing agent O course, either or both the substrate m xture and the buffer
25 solution may conprise other useful ingredients, such as additional
(buffer) salts, chelating agents, cell |ysing agent, bivalent cations
(My2+; Mnh2+) stabilizers and the like. In a preferred enbodinent, a kit
comprises_a |yophilised substrate m xture that can be reconstituted with

t he buffeV“’%%%Hﬁf%n to yield a ready-to-use detecti onPEUE0GRE freshly
prepared detection 30 buffer can then be added to a sanple to be anal ysed
for luciferase activity. WO 2006/121324 PCT/ N L2006/ 000246 23 Any of the
phosphat e and ammoni um i on sources nenti oned above may be wused in the
buffer solution. In a specific aspect, the invention provides a kit wherein
t he ammmonifugiiech: Effeeiuatfditerent Ttrisophasphpheosangeatpiions i thy reaction

(di) ot hangl.am ne i fer sel uti ' ) abl. rali M th H3PO4.
5 A kit o?ll"%ﬁ@ér%i e Cﬁ8ﬂ%‘§°ﬁf’§|033‘“%‘88%?#?%9%?{&?@9%é?‘%’géls% Eﬁf?@r?’“ A kit may
f ur t her nodet«oigRrdyseng puth finatl)arhaiith of ATP GEnayiirandhiigler caanbieicdsEd as a
positive control or tgo prepare_a luciferase standard curve, In a specific
aspect, alwgiferage (%@g(lnw%ﬁﬁl%?ﬂ\@&mﬁf’%@lsﬁ)aa ycaieraseqdiqtegtion Betem Withni xt ur e

and a Quff i i I 5 2 5 - dr.i strate 10
mixt ar 8 1 ST ERaBEhRR AN 8 Rl AEHES 010 P RARES AR 50
freeze-drisfP substrate m xture conprises ATP, luciferin and thiosulfate. The
substrate mxture may further conprise other useful conponents known in the
art, such as AMP which further enhances the half-life of the |ight-signal
The buffer solution conprises anmoni um phosphate, detergent (cell |ysing
agent), 2T, 15 EDTA, Cas'_ and (NI -14)2SO4. The invention is_illustrated
by the Exanpresd:piatahlishi pefhpioash lymingssence yeaghen fithut TEiard course of the
luciferin I I di e 0 t] ni um i ons
(Tri sy andvdRisaf 286y GAELhOR Bland AL BhAE, SRPEAREIAJRE MaBlHPY C
| uci f @ni nHinetidseriase witadiffepentaTris-phosphate ion concentration was determined

between 1 and 420 minutes. The resulting total luminescence is expressed in

MegaCounts (108 counts) as a function of phosphate ion concentration.

Figure 6: Effect of phosphate concentration on the half-life (calculated after 10
minutes of incubation) of the luminescence reaction of the ATP and luciferase
15  assay systems of Figures 4A en 4B. The half-life is the time needed for the

luminescence to decay to half of its initial value.

EXAMPLES
20

Example 1: Effect of different concentrations of ammonium and phosphate

ions.

This example demonstrates the effect of different concentrations of Tris and

256 phosphate on the performance of a luciferin-luciferase reaction.

A stock solution of 4.0 M Tris (source of ammonium ions) was neutralized with

phosphoric acid (HsPO4) until a pH of 7.0 was reached. This stock buffer




25 different concentrations. of ethanol am ne and phosphate (panel A) or

ammoni um and phosphate (panel B). Figure 3: Light-output tinme course of the
luciferin-lucif'erase reaction conprising Tris (0.5 M, phosphate (0.25 M
and various reducing agents. 30 WD 2006/121331 PCT1NL2006/ 000246 24 Figure
4 : Effect &f g‘ifferint Tri s-phosphate concentrations in_the reaction

m xture on Y25 5H3ki netics of a |uminescence reaction PAVTRAREIOAS an ATP-
detection systemwi th snmall amounts of ATP (5 nM and | arger quantities of

| uciferase (5 nmg/l z 8,3x10-8 M or (Pasl B) a luciferase -detection system
with 5 small anmounts of |uciferase (5.0x10-5 ng/1 8, 3x10-13 M and excess

(1.5 MW ATP. Figure 5: Total |ight yield of each | um nescence reaction of
the ATP andsolptienfeptadacd2dh)l efyrhosphatsr The gincksolpianwag useh ko medkedr al  of

each reacti 0.kj i L:t:h di, ., ¥ bsyph h i
concentrati g%h%\?aosﬁé’gt%e?%%?gﬁé Xﬁ%ﬁﬁé@ﬁ’ Jlefsggécﬁ%% Z:h!zha'lta ég'.%%’l'ﬁ’téﬁP ’eg'gﬁ%i ng total
| um nescence.069, expresses 017 M VegaChu phesih06 contenitsjtiasiatfasnabsagn of

phosphat e ion concentration. 6: Effect of phosphate concentration on

F f
the hal .|| Fendeant bapdt bd. ahiGr n6- 13 AR6Ss 0084 AUBANCORPSBALL he

| um nescgncegy, i ot ATP and luciferase 15 assay systens of Fi gures
4A en 4B. Tﬁegﬁgﬁdﬁﬁ%g C|ts‘net fie time needed for the |uninescence to decay to

hal f of it s Haohtreagentaltarecheck¥AERES) AGoBeanhplaadkyadhdjastedokitlishiadl ent

concentrations of a nium and phosphate _ions. This, exa denonstrat es
the effect GRS éggg?oéé??é’éﬁfflrpéto BrisMoisHp4 golgrgn) 5519}9%& e on the

v of oo gt M SLARS L SPrLA O ok ent sl B O M
until a pH ofpottél phssphede betkcenTthitmns Eack abuyf @mgent was supplemented with
10 D-luciferin, ATP and sodium-thiosulfate (Na2S203) by the addition of 250 pl of
a freshly prepared stock solution (30 mM ATP, 3 mM D-luciferin, 100 mM
thiosulfate adjusted to pH=7.0 with 1 M NaOH) to 2250 pl of assay reagent.

Luciferase was lyophilized in Dulbecco’s-PBS with Mg and Ca (D’PBS*t)
containing 0.05 g/ml tréhalose and 0.016 g/ml BSA). Luciferase samples were

15  prepared by reconstituting lyophilized luciferase in 200 pl water. The
resulting solution was then diluted 100-fold by adding 150 pl of the
reconstituted lueiferase to 15 ml PBS (8.1 mM NaH2POg4, 1.5 mM KHoPOy, 2.7
mM KCl and 137 mM NaCl) containing 5 mM MgCls, 5 mM CaClz, 5 mM
EDTA, 0.4 % Thesit (a non-ionic detergent) and 0.1 % bovine serum albumin

20 (BSA). This yielded the “luciferase sample” solution which contained 27 ng/ml
of luciferase.

To measure the luminescence kinetics of the luciferin — luciferase
reaction for each Tris-phosphate concentration, 100 pl of each assay reagent
(Tris-phosphate dilution with D-luciferin, ATP and thiosulfate) was added to a

25 well of a white 96-wells microplate after which 100 pl sample solution was
added. The microplate was shaken for 10 seconds at 1100 rpm on a microplate-
shaker and then immediately placed in a TopCount®NXT Microplate
Scintillation and Luminescence Counter. The resulting luminescent light
signal was measured immediately after loading the microplate into the

80  counter. The measurement was repeated after 5 and 10 minutes. Hereafter the



WO 2006/ 121331 PCT/ NL20061000246 25 solution contained 2.0 M of phosphate.
The stock solution was used to nmake a range of assay reagents conpri sing,
respectively, 2.2, 1.1, 0.55, 0.275, 0.138, 0.069, 0.034 and 0.017 M Tris.
The phosphate concentration in these assay reagents was 1.1, 0.55, 0.275,
0.138, 0.069, 0.034, 0.017 and 0.085 M5 phosphate, respectively. Each
reagent WAO WHURKEd for its pH to be 7.0 and was adj usPEHNRIKOWA |

anounts of H3P04 (several | of a 2 M H3P04 solution) if needed. The
phosphat e ani ons added in this manner o9gad no significant effect on the above
reported phosphate concentration. Each assay reagent was supplenented with
10 D-luciferin, ATP and sodi umthiosul fate (Na2S203) by the addition of 250
| of a fsigshl yapmwaue@ﬁ simeakedp Muth bhn(iﬁ@terﬁmtm@,lstbmwalrtimé pe42th, 100 nM

t hi | fat ted to 2250, | t.
Lol T or noBpats) BeBiear U alenReaeetRns tiemaRns i St Tt eas sy

cont ai ni ng, 9191 Bhe tdahet 86 22N Qi IEhBPA qubHtitib@haseus@np! es were
15 prepared by reconstituting |yophilized luciferase in 200 | water. The

resul t i ngpsosaspidicnsscouns tingt Bgeends@or wsilld by addi ng 150 1 of the

reconstituted Juc rase 1 H2PO4, 1.5 n1VI PO4, 2.7
RGP and 137 MHN‘E@C)OH(?%WF%EHP%& %E?r{iﬁ?é Ereafgl%%%ﬁs gL DTA, 0.4 %
Thesi t (aor!p@ ds00i 1©5detesge), a0de6Gnd PodN. %&ﬁ{démlat@wﬂcellagtl6ﬁ§A) Thi s
yi el ded the |l uciferase sanple" solution which contained 27 ng/m  of

| uci f er aswerd8.5y00el 25 6. Qﬁ?pnﬂr@éslc@r@d@, kPpBandd. 994 Mhphoardistetins -

| uci ferase reactio Tr. s ncentrati.on, 100 0 of each
assay real@WECtIYe E“’ﬁﬁf&@%ﬁaﬁé“&‘ﬁ” ’\/ﬁ]r1 "%é)t%@flfié}lflfﬁelaﬂ%P and

thiosul f at:&icewﬁsatﬁﬂ@eﬁ the r@ac%ﬁmvmb&tu@és WerW B 56n D6-190IN8, TEGHIPI5ak81 af t er
which 100 gl sanple solution was added. The nicropl ate was shaken for 10

second8 aendlddg/phresreatineler opl at e- shaker and then i mediately placed in a
TopCount (r)-NXT Mcroplate Scintillation and Lum nescence Counter. The
resulting |lum nescent |ight '

Figure 1 illustrates the effect of increasing Tris-phosphate concentrations in
the luciferin-luciferase reaction mixture on the initial height and the decay of
the light signal. To compare the total light yield (expressed as 10° counts) of

15  each reaction mixture the areas under the curves were calculated by
integrating the equations of the curves between 0 and 420 minutes. These
equations of the curves were obtained using the option ‘trend line with
equation’ of Microsoft Excel® software. The results of these light yield
calculations are summarized in Table 3.

20 Figure 1 and Table 3 show that increasing the ammonium ions and
phosphate ions in luciferase-detection reaction mixture result in both an
increase of the initial light signal as well as total light yield up to a final
concentration of 0.5 M Tris / 0.25 M phosphate. Above these concentrations the
initial light signal and, to a smaller extent, the total light yield decreased

25  relative to the values obtained using 0.5 M Tris/ 0.256 M phosphate, indicating
that these concentrations are above the optimal concentrations. As is clear
from Table 3, the use of supra-optimal concentrations of ammonium and
phosphate ions still result in improved light yield when compared to low or
very low ammonium/phosphate concentrations. Therefdre, a method of the

30 invention is not limited to the use of suboptimal or.optimal ion concentrations.
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mnute intervals to a total
measur ement ¥ OAY 1 HE opl at e was kept

emtted |ight was quantified as counts

| oading the mcroplate into the 30
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well. 5
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t hi osul f at ergn LIT TGET sin the reaction mxtures were 2.5
mv 150 M T %ﬁﬁf %bﬁsﬁ hf8f 1ﬁ5ﬁ$§ﬁl espectively. Figure 1 illustrates
the effect *P?E(;PBQE' %ﬁconcentrations in the

luciferin-1u FF%?% q@%ﬁ YRUGR the initial height and the decay of
the light s Hian xgyrg pare_the total light yield (expressed as 109 counts)
of 15 each|rddwislon | iPlrosphatek | 2ight Yieldel the curves were cal cul ated by
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cal cul ations aqﬁ2§unnari4¢gggn Table1§3820 Figure 1 and Table 3 show t hat
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t he use of supra-optinal
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concentrations. As is clear from Table

concentrati ons of anmmobni um and

Example 2: Effect of different sources of ammonium iQns.

This example demonstrates the advantageous effects on light yield if
ethanolamine or ammonium phosphate is used to provide the luciferin-

luciferase reaction with ammonium ions.

Stock solutions of 4.0 M ethanolamine (HeINCH2CH20H) and 3.0 M
ammonium-phosphate (NH4)2HPO4) were neutralized with phosphoric acid
(H3POy) until pH 7.0 was reached. Dilutions were made in the same manner as
described in example 1. Purthermore, all methods and other chemicals used to
create the assay mixture and to test this for its light yield in a luciferin-
luciferase reaction, were standardized and thus the same as in example 1.
Final ethanolamine concentrations in the assay were 1.0, 0.5, 0.25, 0.125,
0.063, 0.031, 0.016 and 0.008 M, and 0.5, 0.25, 0.125, 0.063, 0.031, 0.016, 0.008
and 0.004 M phosphate, respectively. According to the present invention, a

final concentration of 1M ethanolamine is assumed to provide the agueous,



phosphate ions still result in inproved |ight yield when conpared to | ow or
very | ow ammoni um phosphate concentrations. Therefore, a nethod of the 30
invention is not limted to the use of suboptinmal or. optiml ion
concentrations. WO 2006/121331 PCT/ NL20061000246 27 Table 3: Light yield of
the luciferin- luciferase reaction as function of Tris and phosphate
concent r atO B Pi ure 1 [Tris] [Phosphate] [ Li ghPCYNERHE/ORRES ()
(109counts) 1.0 0.5 123.8 0.5 0.25 137.3 0.25 0.125 126.8 0.125 0.063
103.4 0.063 0.031 80.4 0.031 0.016 6880 0.016 0.008 52.9 0.0081 0.004 I
44. 4 5 Exanple 2: Effect of different sources of ammoniumions. This
exanpl e denonstrates the advantageous effects on light yield if

et hanol anineytusd reastin wixpe spHal ¥ ifsnumedivmn 1@111&;\1‘1@@ threcdngentration- 10

| uci ferase,reacti.on mnth m ions St ock s ti,on

et hanol amPhASCRONGRE LESCR) PAAA A R r T L eIt e ek Habeh) ver e
neutrali zaﬁe%ﬁﬁeQ,IfgggﬁgﬁhﬁnaﬁiSd (.H3P04) until pH 7.0 was reached.
Dilutions were nade in the sane manner as 15 described in exanple 1.

Furtherrmore, alh th%ﬂmﬁd@f QHd B, tieheminealis st pr@yides kafhdhehe assay
L b b e A e DL L el 520
concentrations in the final mixture were 2.0,‘1.0, 0.5, 0.25, 0.125, 0.063, 0.031
and 0.016 M and these dilutions contained respectively 1.4, 0.70, 0.35, 0.17,
0.085, 0.043, 0.021 and 0.011 M phosphate in the final reaction mixture. Each
tested ammonium-phosphate dilution also contained a small amount of 28 mM
10 MOPS (3-(N-morpholino)propanesulfonic acid).

Figure 2 shows the results of measuring the light signal in a luciferin-
luciferase reaction mixture comprising different amounts of ethanolamine-
phosphate (panel A) or ammonium-phosphate (panel B). Quantification of the
reaction kinetics through surface area calculation under the curves is shown in

15  Table 4 (ethanolamine-phosphate dilutions) and Table 5 (fdr ammonium-
phosphate dilutions). '

As with Tris-phosphate, incrementing the ethanolamine-phosphate
concentration gives rise to a better light yield, but only up to 0.5 M
ethanolamine with 0.25 M phosphate. At 1.0 M ethanolamine with 0.5 M

20 phosphate the reaction results in a reduced light yield when compared to the
reaction mixture with 0.5 M ethanolamine with 0.25 M phosphate. Apparently,
these concentrations are above optimum but nevertheless useful.

Increasing ammonium-phosphate combinations up to 500 mM ammonium and
350 mM of phosphate also causes increased light yield. At higher

25  concentrations the light yield decreases.

30



Fi nal et hanol am ne concentrations in the assay were 1.0, 0.5, 0.25, 0.125,
0,063, 0.031, 0.016 and 0.008 M and 0.5, 0.25, 0.125, 0.063, 0.031, 0.016,
0.008 20 and 0.004 M phosphate, respectively. According to the present

i nvention, vao 2dobnalszconcentrati on of 1M et hanol am ne i s mIsuUTedh/m@4Or ovi de
t he aqueous, WO 2006/121331 PCT/ NL2006/ 000246 28 neutral reaction m xture
with 1M of ammoni umions. Thus, the con? ntration of amoniumions in the
reaction mxture is regarded to be identical to that of the source of
amoniumions. In the case of (NH4)2HPO4, the ammonium salt provides both

t he 5 ammoniTahknd pieisphndld dfvhs ludifdrie- di l utions tested, the amoni um
(NH4)  conceaniciflrhe$ehBtibhtad F@étighdrure were 2.0, 1.0, 0.5, 0.25, 0.125,

0.063, 0.03 dilutions contained respectively 1.4,
0.70, O0.35, %tlﬁ@iﬁﬁgég‘ frﬁ;%%‘i%gf%z 21 and 0.011 M phosphate in the final
reaction m Each ested - anmont rr sphate dilution al so contained. a
smal | amunt[mhazl&lﬂmlﬁa] MIPRoéBhAde]N % !)él )r opanesul fonic acid). Figure
ig S|gndl in-a luciferin- luciferase

2 shows the resul ¢v) of rreasur:}'_pjg)the
reaction mijxture conprising different! afBUAL et hanol am ne- phosphate
(panel A) or ammohi%um phosphat 8- panell B)9.9@3Jant|fication of the reaction
ki netics through 8urface area @€a8bcul ati oAd2di¥der [t he curves is shown in 15
Tabl e 4 (ethanol ankhe- phosphateladi | ut)i ond)lsand Table 5 (for amoni um
phosphate djluti @mg)s As w t holggss- phosphad 2, i ncrenenting the

et hanol am ne- phogpiiat e cd)ncer@tgggtl on gi vaspQri se to a better light yield,
but only upl to 0g9 et hanol e with Os@5 M phosphate. At 1.0 M

et hanolamine with 0.5 M 20 ph sda"éate the I ctiagn results in a reduced |ight
yi el d when orrparoe to the “Elf on |m xt g wi tth 0.5 M ethanolam ne with
0. 25 M phosphate~-Apparently 49%% concentrations are above opti mnum but
nevert hel ess useful. IncreaS| ‘ng amoni um phosphate conbi nations up to 500 nM
anmoni um and 350 m\/l of phosphate al so causes increased |ight yield. At

hi gher

Table 5: Light yield of the luciferin-
luciferase reaction as function of
ammonium and phosphate
concentration from Figure 2B
[Ammonium] | [Phosphate] | Light Yield
(M) (M) (10°counts)
2.0 14 44.6
1.0 0.7 80.7
0.5 0.35 113.1
0.25 ' 0.175 88.9
0.125 0.088. 83.2
0.063 0.043 69.3
0.0381 0.021 43.7
0.016 0.011 31.8

Example 3: Effect of different types of reducing asents.

This example demonstrates the effect of various types of reducing agents used
to protect the reactive sulfthydryl group of luciferase from oxidation, This can
10 be important for a sustained activity of the enzyme. (DeLuca et al.

Biochemistry 3:935 (1964); and Lee et al., Biochemistry 8:130-136(1969)).



25 concentrations the light yield decreases. 30 WO 2006/ 121331

PCT/ NL2006/ 000246 29 Table 4: Light yield of the luciferin- luciferase
reaction as function of ethanol am ne and phosphate concentration from
Figure 2A [Ethanolanine] [ Phosphate] Light Yield (M (M (10 counts) 1.0
0.5 99.0 5 0.25 124.8 0.25 0.125 115.4 0.125 0.063 96.2 0.063 0.031
70.0 O. os‘foc% %8188 2 0.016 0.008 49.6 0.008 0.004 4RCEHNLIOFEWR4s 5: Li ght
~yield of the luciferin- luciferase reaction as function of ammoni um and
phosphate concentration from Figure 2Bg [ Ammoni un] [ Phosphate] Light Yield
(M (M 109counts) 2.0 1.4 44.6 1.0 0.7 80.7 0.5 0.35 113.1 0.25 0.175
88.9 0.125 0,088, 83.2

Various protective agents were compared against a control sample not
containing a reducing agent in a luciferin-luciferase reaction comprising
ammonium and phosphate ions (0.5 M Tris and 0.25 M phosphate).
Stock solutions containing 100 mM of the following reducing agents
5  were prepared: sodium-dithionite (Na2S204), dithiothreitol (DTT), Tris(2-
carboxyethyl) phosphine (TCEP), sodium-thiosulfate (Na2S203) and sodium-
sulfite (Na2S03). The TCEP stock solution was prepared by dissolving the
hydrochloride salt (TCEP-HCI).
A 3.5 M Tris / 1.8 M phosphate stock solution was diluted to a
10  concentration of 1.2 M Tris / 0.62 M phosphate (or 1.11 M / 0.56 M for
NagS204). For each reducing agent a detection buffer was made by diluting 100
nl of each reducing agent’s stock (10 pl for NasS204) in 800 pl Tris-phosphate
buffer solution (890 pl for NagS204). The detection buffer was completed by
adding 100 ul of a freshly made solution with 30 mM ATP, 3 mM D-luciferin,
15  pH 7.0. Luciferase samples and light signal measurements were performed as
described above. The final concentration of the reducing agent in the reaction
mixture was 5 mM for DTT, TCEP, NaS203 and NazSOg and 0.5 mM for
NagS204.
The time course of the light signal (Figure 3) and the resulting light
20  yield of each reaction (Table 6) show that the presence of a feducing agent in
the reaction mixture to protect the luciferase from oxidation results in a large
increase in light yield. Furthermore, the results demonstrate the suitability of
dithionite, thiosulfate, sulfite and TCEP as non-thiol reducing agents in a

luciferin-luciferase assay.
25

30



0.063 0.043 69.3 0.031 0.021 43.7 0.016 0.011 31.8_ 5 Exanmple 3: Effect
of different types of reducing agents. This exanpl e denonstrates the effect
of various types of reducing agents used to protect the reactive sulfhydryl
group of luciferase from oxidation. This can 10 be inportant for a

sust ai ned aPCiAYWIBE the enzyme. (DeLuca et al. Bi ochenPSYN2086/98%i6( 1964) ;
and Lee et at, Biochem stry 8:130-136(1969)). WD 2006/ 121331

PCT/ NL2006/ 000246 30 Vari ous protectivelagents were conpared agai nst a
control sanple not containing a reducing agent in a luciferin-luciferase
reacti on conprising —ammnium and phosphate ions (0.5 MTris and 0.25 M
phosphat e) .| Brlokex6:Joieltti ield e6hbei ni ng|100 mM of the fol | owi ng reduci ng
agents 5 wdneiferépdneiferaseliremetdonmisoni t e (Na2S204), dithiothreitol

(DTT), ' Tri s(2matioiof weirhyds reodwsimy ne | ( TCEP), sodi umt hi osul fate (Nag- S203)
and sodi um| sgd:itstfeoNEZEERY 3 The TCEP|stock sol uti on was prepared by

di ssol ving |the hydrochl ori de salt (TCEP,HCI). A 3.5 MTris/ 1.8 M
phosphat e sffoc on to a 10 concentration of 1.2 MTris /
0.62 NI phosphglg_e ef%g ?tY%%Mfor Na2S204). For each reduci ng agent
a detecti on—buf S uttng 100 | of each reducing agent's stock
(10 | for NaZSZ&%S% 4] 80C Tr]r?@ hosprate buffer solution (890 | for
Na2S204) . The ddeerson buffer 144 conpl eted by adding 100 | of a freshly
made sol utijon wi DABO nM|ATP, BWM D-luciferin, 15 pH 7.0. Luciferase

sanpl es and |i ghla,SOgnal |neasurdments were perfornmed as described above.
The final cloncentegpi on af thejgeduci ng agent in the reaction mxture was 5
mM for DIT,| TCEP, 1\u;l'azSZ(]?) anngJ%ZSCB and 0.5 mM for Na2S204. The tine
course of tt llgm stgnmat—(Fgure—3)—and the resulting |ight

Example 4: Differential effect of different ammonium/phosphate ion

concentrations on the luciferin-luciferase reaction in an ATP-detection versus

a luciferase-detection assay.

This example demonstrates that increasing the amounts of ammonium ions
and phosphate ions in the luciferin-luciferase reaction mixture has a different
effect on an ATP-detection system than on a luciferase-detection system.

For this experiment 16 different reagent mixtures were prepared; 8
mixtures (for the ATP assay) contained a large amount of luciferase, a small
amount of ATP and increasing Tris-phosphate concentrations and 8 mixtures
(for the luéiferése assay)contained a large amount of ATP, a small amount of
luciferase and increasing amounts of Tris-phosphate. Final reaction mixture
concentrations of each component are shown in Table 7. To reduce variances
that might be introduced by small concentrations differences between the
reagents, all reagents were made from the same stock solutions where

possible.



20 yield of each reaction ('fable 6) show that the presence of a reducing
agent in the reaction mxture to protect. the luciferase from oxi dation
results in a large increase in light yield. Furthernore, the results
denonstrate the suitability of dithionite, thiosulfate, sulfite and TCEP as
non-thi ol reducing agents in a luciferin-luciferase assay. 25 30 WO

2006/ 12133Y%I36€\é/]ﬁl%?606/ 000246 31 Table 6: Light yiel dPOF/NLHE6/000246

luci ferin-luciferase reaction as function of various reducing agents from
Figure 3 Reducing 1 Light Yield Agent_(109counts) _ Na2S204 128.4 Na2S2(3
147.7 DTT 167,5 Na2SC3 136.8 TCEP 12271 none 65.9 Exanple 4: Differenti al
effect of different amoni um phosphate ion concentrations on the

luciferin-g gl%ffgfa%é SahfAet J;vgg R?‘@ 2384 Y Pe A8LB640 11088 VG5 SMiPize @ luciferase

| uci f erase-det ection assay. exanpl e denonstratées that increasing the
amount s ofcoatnsbaimpld @reskirdtichepios phatleOi ambdilnting éhisuoilelbeccolsutBBer ase

2T uct o d5kh GeYME CoRBE) e m L Wk ] oS RO O™e different reagent
e YL SApLSRBnd o i A eodTeserl patiginad e | o
concentr atsitmm&amlr(d’ei:‘sl,{imﬂElmseménc.) in D’PBS*++resulting in a 1.0x10-8 mM ATP

solution. . '

To measure the luminescence kinetics of the luciferin - luciferase reaction

when assaying for ATP, 100 ul of each Tris-phosphate concentration reagent

with luciferase was pipetted into a 96-wells CulturPlate™ (PerkinElmer Inc.)

and 100 ul of “ATP sample” was added. Likewise, in the same microplate the

- reaction kinetics when assaying for luciferase were measured by pipetting 100

ul of each Tris-phosphate concentration reagent with ATP, and adding 100 ul

of “luciferase sample”.

The microplate was shaken for 10 seconds on a microplate-shaker and
sealed with TopSeal-A™ (PerkinElmer Inc.). Thereafter the plate was
immediately placed in a TopCount®-NTX to measure the emitted light. The
luminescent light signal was immediately measured, meaning about 1 minute
after mixing reagent and sample, and after 5 and 10 minutesi Hereafter the
signal was measured repeatedly with 15 minute intervals to a total time of 420
minutes. Between the successive measurements the microplate was kept
constantly in the counter at 22°C. The emitted light was quantified as counts
per second (cps), count time 3 seéonds per well.

Figure 4A illustrates the effect of increasing Tris-phosphate
concentrations on the reaction kinetics in the ATP detection setting, and figure
4B shows the effect for the luciferase detection. '

To further illustrate the difference between the ATP and the luciferase
detection systems, the total luminescence of each curve, i.e. the integral under
that curve between 1 and 420 minutes and expressed in 108 counts, was
calculated and plotted in Figure 5 as a function of the phosphate

concentration.



e

(for the luciferase assay)contained a | arge amount of ATP, a small amount of
| uci ferase and i ncreasing anounts of Tris-phosphate. Final reaction m xture
concentrations of each conponent are shown in Table 7. To reduce vari ances
that m ght be introduced by small concentrations differences between the
reagents, al'P¥P¥4gets were made fromthe sanme stock sol Bti/anmoninere

possi bl e. WD 2006/ 121331 PCT/ NL2006/ 000246 32 A "luciferase sanple" was
prepared by reconstituting a |lyophilize&d |uciferase control sanple
(PerkinElmer Inc.) in H20 and diluting this in Dul becco's PBS with Ca/ My
(D PBS++) to a 1, IO 1 g/l luciferase solution. An "ATP sanple" was
prepared by diluting a reconstituted |yophilized ATP standard (PerkinEl mer
Inc.) in D W j W3 - i sure the

| um nescengg&gien%%}?o&g %}%er&t%%%ghr%gl}% g%(%%e-ﬁ I{Ht%@g%rea@g&%%gﬁ%ﬁgd&ﬁgn assayi ng
for ATP, 1l0@lfllifofof elachinlineseqirosiphahe timonaentadatbr ohe heagmatencdaitd detajci f er ase
was pipetted into a.96-wells CulturPl ateTM (Perkj nEl ner Inc.) nd 100 1 of
"ATP sanpl &0 haHdtsigdayl valpg Spimmutes), flasak® gaccs gm%@%%sayf MR on

Ki netics \Ahﬁg- j i . hy pipetting 100 wul of
each Tri s-pl) oélp g%ée(r}g%%:génstelrs%ﬁ %fﬁ&?g(gglentt%\%%?%?%%?mghd adding 100 1 of
"l'uci ferase sanple”". The mcroplate was shaken for 10 seconds on a

m cropl at e-shaker and. sealed wi th Top Seal - ATM ( Per ki nEl nmer L‘R& ).
WX t o neasure

Ther eaf t er N b ated lrateraspiaipeien §sssyasleariypesiorgpddiprently
the emtte | M neseentivl L O i i at asur ed,
meani ng abglejétﬂe%p%q ?]h-l.li;{]l Zlcréa 'Eﬂ e%1 m XI gléﬂnr/lggtgsgﬁ%&gg S\é\gr%%‘% g%%gfr?g “34’%%#@5 and 10
m nut est Héneaf AEP ashey, whgral theas tielasiisede r dddatsediftetitdhaids thienut e
intervals to a total tinme of 420 mnutes. Between the successive
measur ementt$7YRE MedrsFIrErNamasateeisn CoReTAMNS MNP b SURISECAce22C.  The
emtted |i %Be%é!% 1AY30EH 18D 288y MHALSIn tRETuSREARY. (GES)atiFRUR A & 3
seconds per well.

towards ATP, the presence of up to 100 mM Tris-phosphate enhances total

luminescence.



Figure 4A illustrates the effect of increasing Tris-phosphate
concentrations on the reaction kinetics in the ATP detection setting,
figure 4B shows the effect for the luciferase detection. To further
illustrate the difference between the ATP and the luciferase detection
systens, the total |um nescence of each curve, i.e. the integral under that
curve bet WO 21420 mi nutes and expressed in 106 cobRAI/AL2086800246a] cul at ed
and plotted in Figure 5 as a function of the phosphate concentration. WO
2006/ 121331 PCT/ NL2000/ 000246 33 Figud4 6 shows the rel ati onship between
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In an ATP assay, wherein

1 a

Tri s- phosphate—onm—concentrations, Thibit Fummescence.—Whereas
| uci f erase assay, %@erQWHEFHémWh@?PEWB@%mSHﬂ%ﬁ“ﬁ%¥?ﬁnpgxgﬁ?fted t owar ds
fﬁﬁinéggenEZ?U%B 286&7EZEEST?%%#%kEEBBGVBSBQzglESZ“¥;%FE&? UE%‘oﬁ’centratlon of
each conponent in 2000 difeeprssshommiziuee perl wel | (© dffigrent rractmmmixigpes)
| uci f er asendgELCTli ON asSay ColedkePL T at i on of| conponent&nkdasLial reaction
m xt ur e AFRP-assay—F-Luciferase—assay—{(8—di-fHHerent—reacti-on—-mxtures){8—
di fferent reactian mixtures) Chemical Concentra.ti n Cbncentratlon
Tr ehal oséT@hElo@' /1 2.5 g/1 25¢gh 2.5 g/l

HEPES 5 mM 5 mM

BSA 0.5 g/l 0.5 ¢l

Na238203 1.5 mM 1.5 mM

Tris 390 [195( 97 (49 { 19 0mM |390(195{ 97 19110 5 | OmM

PO 205 1105} 55 |30 |15 | 10| 7 |4mM*|205]105| 55 | 80 | 156 | 10 | 7 |4 mM*

NaCl 69 mM 69 mM

CaCl 0.456 mM 0.45 mM

MgClz 0.256 mM 0.25 mM

KCi1 1.3 mM 1.3 mM

D-luciferin 0.5 mM 0.5 mM

ATP 5.0x10° M 1.6x10° M

Luciferase 5.0 mg/l 5.0x10-5 mg/l

pH7.0 ] pH 7.0
* Corrected for phosphate ions present in PBS* used for sample preparation




HEPES 5 MM 5 MM BSA 0.5 g/l 0.5 g/1 Na2S2% 1.5 mM 1.5 mM Tris 390 195 97
49 19 10 5 0 MM 390 195 97 49 19 10 5" 0 mM PO E3 205 105 55 30 15 10 7 4
mv 205 105 55 30 15 10 7 4 mvr NaCl 69 m 14 69 nmCaCl z 0.45 nM 0.45 nmM
MgC12 0.25 MM 0.25 MM KO 1.3 mMm 1.3 mM D-luciferin 0.5 nM 0.5 nM ATP
5.0x10- M 1.5x1P3 M Luciferase 5.0 ng/l 5.0x10-5 ng/l pH 7.0 pH 7.0
Corrected for phosphate ions present in PBS** used for sanple preparation 35
Clainms 1. A nethod of detecting luciferasc activity in a sanple, conprising,
in conbination, the steps of: incubating the sanple in the presence of

| uci ferin, cfd\ff"lﬂ‘sand a bivalent cation to allow the generation of a |ight

si gnal , V\/nerel n the step of incubating is perfornmed in the absence of one of
an exogenously added and a suppl enentary thiol-containing conpound: wherein
a total ligdht yi‘emgthed of ﬁ%eqﬂmgmolfgna@%@rw%mequawéeeambprwwb@qwm@aﬂphéh%@tw
of incubatiggg in a reaction mxture conprising amoni umions and at | east
20 mM phosphate ions; and neasuring the light signal. 2. The nethod
according to cl aiaybatingvihe samme ilh‘élewm;srphaztféudifohn chht emt & diviabnt tasiomoe ellavhér

60 nmM 3. t | i m-any, one.o edi_ng _cl.ai s

wherein th &En?{a‘[n%hog%g g?lg & aﬁj \{/}%rem th% C?g d)f chba?mg i pel_g)ﬁeﬁp Eﬁe]b%{fﬁrg:e IQE’B%; qf’ an

PO43" and &xognmbmsnaaddwartdhmueplémen#aryT}hel dmtahmcg c@mpomdi ng to any one of t he

precedi ng cl ai ns,, wherein the. i i ons .ar r ne of

Bmoni U sal ¢, S e 42 B R BB otmer CARY PR RaT PO e barine
in a reaction mixture comprising ammonium ions and at least 20 mM phosphate ions; and

measuring the light signal.

2. The method according to claim 1, wherein the phosphate ion concentration is more than 60
mM.
3. The method according to claim any one of the preceding claims, wherein the phosphate ions

are provided by one of H3PO4, EKPO,/, HPO4*", PO4*" and a combination thereof.

4. The method according to any one of the preceding claims, wherein the ammonium ions are
provided by one of an ammonium salt, an amine, a zwitterionic compound, and a combination

thereof.

5. The method according to any one of the preceding claims, wherein the ammonium ions are
provided by an amine-based buffer, comprising one of Tris (tris(hydroxymethyl)aminomethane) and

Bis-Tris (bis(2- hydroxyethyl)imino-tris(hydroxymethyl)methane).

6. The method according to one of claims 4 and 5, wherein the amine is one of a primary amine
and a secondary amine, selected from the group consisting of monoethanolamine, diethanolamine,

monoethylamine and diethylamine.

7. The method according to any one of the preceding claims, wherein the ammonium ions have

a concentration of at least one of 20 mM, at least 60 mM, and at least 100 mM.



thereof. 5. The nmethod according to any one of the preceding clains, wherein
the anmmoniumions are provided by an am ne-based buffer, conprising one of
Tris (tris(hydroxymethyl)am nonet hane) and Bis-Tris (bis(2-

hydr oxyet hyl )i mi no-tri s(hydroxynet hyl ) met hane). 6. The nethod according to
one of clainms 4 and 5, wherein the anmine is one of a primary amne and a
secondary am ne, selected fromthe group consisting of nonoet hanol am ne,

di et hanol am ne, nonoet hyl ami ne and di et hybani ne. 7. The nmet hod according to
any one of the preceding clainms, wherein the anmoni umions have a
concentration of at |east one of 20 at | east 60 and at | east 100 nM
36 8. The®nethdbe 5‘6@83 A5 1ROy cBnel e Prasedipg @é@&{%ereunéhw,actmwéw plhe
reacti on miagbbd Rofddh sfaaddges between 5 and 9. 9. The method according to any
one of the preceding clains, wherein the exogenously added conpound and the
suppl ement ary thiol -contai ni ng conpound conprises one of DIT, gl utathione
and Co, A (10. : I - of .t edi i

aherein the reants B ot Lr P e e Bk ap En P
met hod accoedpevgd pod bk aipplch@ntaphidioticontsihiag cedpming goragresat onesof O glutathidrel and
conpound %%Iected fromthe group consisting of tris
(2-carboxyetéyl)phosphine hydrochl oride (TCEP), thiosulfate, sulfite and
dithionite. 12. An assay reagent for the detection of luciferase activity
conpri sing .phosphat e .igns and anmoni um.i ons, and essentjally free of .

t hi ol -conpdﬁ-ndsﬁlpié*.eth?ﬁea%?rﬁlngtto PO SaBELAE M5S0l TRPasEnger bF pyction mixure
conprisingﬂ@ﬂma&ﬁgygaaag@mﬁﬁggaqrding to claim12 and a substrate m xture.
14. The kit according to claim 13, wherein the substrate mxture is in a

| yophilised form 15. The kit according to one of claim 13 and 14, further
conpri sing ja celhe h¥&oA%hA96RE 1o LRim -Il-B,ewlﬁérEinatH@Pé’dg&iﬂg ak&h ¢ 2B ol ‘é@xﬁ{)&fnﬂ
the cell lysing agent is present In the assay reagent.  17. The kit
accor di ng tseecery fione thf ceduni pwsk8ng oof 16is Curattvsyetimdppeipbinaghwlréchbrifler@SEP),
standard. 18 glﬁh%%g%“f%qgggation of phosphate ions and anmoniumions in
sol ution to enhance the ot a Tight yield of a luciferin-luciferase
reaction in a luciferase detection system

12. An assay reagent for the detection of luciferase activity comprising phosphate ions and

ammonium ions, and essentially free of thiol-compounds.

13. The kit it for detecting luciferase activity, comprising an assay reagent according to claim 12

and a substrate mixture.

14. The kit according to claim 13, wherein the substrate mixture is in a lyophilised form.

15. The kit according to one of claim 13 and 14, further comprising a cell lysing agent.

16. The kit according to claim 15, wherein the cell lysing agent is present in the assay reagent.

17. The kit according to any one of claims 13 to 16, further comprising a luciferase standard.

18. Use of the combination of phosphate ions and ammonium ions in solution to enhance the

total light yield of a luciferin-luciferase reaction in a luciferase detection system.





