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Title: Luciferase detection assay system The invention
relates to nethods and kits for detecting enzyne

wacbtiviziagi usi ng bi ol um nescence. | n parti cul ar PCTANL2006/000246

relates to a novel assay systemw th increased |ight
production for a sensitive and conveni ent detection of
| uci ferase activity. Biolum nescence is a naturally
occurring phenonmenon that has been utilized for a
nunber of applications, particularly in nolecular

bi ol ogy where the enzynme associated wth it have been

ed a ' ryer | Ql. um nescence is nearly
T#?Féal %&%%gééeggégeeggégsg%y r%ééf%ﬁé{rn Typically there is
no endogenous | um nescent activity in manmalian cells,

while the experinmental ly introduced biolum nescence is

near | y Thetarendinsoredatesdagnethpds and ktmfir deje¢bing enzyme

Whi.l e _nuner.ous _species exhi bj.t -biol,um nescence nly a
agtayiLy PoB e RN RRIACERNR- A BeaticwPr i aelatas by 8 iy el dpdaysystem

wittesRre U] %'_Htr SoMctibh @5 & dendikalangl) convehiditai@ection of
Renilla luciterase and Aequorin have had nmuch utility.

lweifedisesadivithe nol ecul ar conponents in the mechani sm

of firefly luciferases produci ng biol um nescence ha
Shoun ¢ HAHEEeERE: o Do TN GREYRE RHEBp SR hat Bas been
utitied & N nud R FIPLELLEYES, | FarBiLaBRE &l dlecular biology where
D-(-)-2-(6"-hydroxy-
th elgymze bhs@zatied| Wit bt hhvabedn need as geheity kémpordersd

ereinafter.referred taqg as "luciferin"). Firefl )
B§ UPHBRPSEERCe LS Beqtly aﬁeearl&er Be RpAFAFHS %ﬁﬂ%erc i&a@%ﬁhem 18
' [ . if.eckn i I
ub RS 05 iblbscedlt B infhintish BUONPRAS e
etperimehtalht irdnoddcedimobaninexyd et as gearly inbtdntanbeus, sensitive

o TR Bt SRl BhoSRbAL 0 ATE LD L
A O DAL O BB ORISR
(Protthizseslyrodlish luaifeeasd, Renilla luciferase and Aequorin have had much
utility. Studies of the molecular components in the mechanism of firefly
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
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
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.
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oxygen to yield AWMP, carbon dioxide and oxyl uciferin.
The oxyluciferin is generated in an electronically
wexaistie3st at e. Upon transition to the ground BCamNE2006800246
oxyluciferin emts |light.The reaction schene of the
reaction hereinafter referreg to a
luciferin-luciferase reaction' is as follows:
| uci ferase Luciferin + ATP + 2 . oxyluciferin + AWMP +
PPi + CO2 + |light Mg 2+ Luciferase has many
characteristics that nake it ideal for a reporter
enzyneThetreaciton sihieme of thut rajepiondereinaiterypierred to a
. post-translational. nodifi.cation, making it inmediately
lugijeripdHrdeyase 15a6HeR ﬂ%??éﬁi‘?o"i’% addi tion, the
| um nescence is very bright, having very high quantum
efficiency as conpared to many other bio- and
chem | um nescent rketferases. Wien |ight em ssion is

initiated by the addition of |ucifgerase ,i.nto . .
Lcafaerm R 1k e conrarnPhg ﬂ%bf“}%émn(gél\gﬁ b BRit CO2 + light

di val ent cation su as Mh2+), and luciferin, where

all conponents are riear or at saturating

concentrations, one observes a rapid increase in |ight

intensity followed by a_rapid decrease in the, first
f ew seddakvdlerase bas manysharagersiics Zﬁﬁ%ﬂlqlqeglglldeal for a reporter

intensjty that. ) | Sqhapi o
et XL AT A ARLAUBLER Ay R iR HORREAR i tion,
m RERUG lind BRIy GvailhbRsRr cpaveithtionaln Afdazhi, thype

assays using fi reflgf luciferase result in §,f,l ash of
luhiighscenshiis Mexebright, hapiag yewy high aeanigun efiiiengy as compared

R AR SR Al 20 o

probl enygagnilicidreammtionak ixitl4dd bgsthiehal ditior ofiludfssasainto a

which a signal, if present, can be detected. Means for
reextien dinxgutdeontaining I Bf Mighie(ariaghetheir ghialeph cafgan such as
Mln + I, Eﬁaﬁﬁgif&?ria%h&?‘evﬁl %gI%%orelgg&;r alu)é r?é)éjrgol}t 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
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
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

various inhibitors of the enzyme, which were reported to prevent the flash
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One approach, which achi eved sone popularity, to
sol ving the problem of the kinetics of the

wouaaief1erasn- | uci f erase reacti on and the associ aPEWNL2006/000246
difficulty of precisely measuring light emtted during
the flash, was to use varioug inhibitors of the
enzynme, which were reported to prevent the flashfrom
occurring or to prolong light production. One such

frafeRbul8ng b €6 dlrelon N Pred hieti@l. Ohé sath hgeghis @asenate.
tends to prolonghthe |I§ht em ssi on period. The
A@enn‘esalmvex;ﬁ flash engbih@,n ye@ﬁs ’Q(Héfql‘i’%f"h% llghtaﬁmilgswn period.

d b
§RRshie Bt BUBAERLERRt fre hPRPALhAE AadtB8Byle vndeirable, in

pé}’#fcuféﬂ WREn 3hRroeRe. pléﬂés&ﬂdhbﬂrﬁmeﬁtb Q:apﬁbllef rah 8BGO strips
I's not desirable froman environnental point of view

areSiedt bnidditias, theoiseiof emperintpiv pot desizabietiien Fwmr

rgrol ongggag t he Iiiéht signal in a luciferin-luciferase
JLEm POURE PhEe¥se of inhibitors, such as anal ogs
of D-l| uygsfeftbRt 4 R340 Bk&RES rb oée‘sgi‘hle%h&m%r Iﬁfo%hgmg the
seconds to a few m nutes. The cofactor coenzynme A

liglGodAgnabin béemfampdmmédase) asfalycdeasedran P veg of wfhibitgts, such
atnabes ogPbe i S Brpnys RELARE sbRL o pe gy o few

m?ﬁ]u ?19 532, report that, when CoA is added to a
re

[y luciferin -firefly luciferase reaction
rri xt ur €Thé bdaetdrscoenzﬁﬁé Ac(CaY) hdrebéar rémrtqnh’akafféct the

ght |ntenS|ty but ne cen con
pfmtgmsf) highyepmagsion1n Fhﬁs &9&59 fWFénraSresfe&C Br ?‘#@h‘aﬂ% 3l
h r
BRehi ot BiRO B e L 20 (Bl on PO Mgy when
C6RAs hﬁd@dltﬁ al fifefBhlseifesin - filsfRdueifer 0283 ctidh naixsare, there is no
di scl oses the addition of coenzyne A (CoA) in

effedp fheagerial pealypelightyméarsty Bt Ml@%ﬁ%%wﬂzﬁantmue ata
h]é?leF I]j%ij 3 tglgra l um 't”%%ﬁ%ﬂ&f %ﬁ]’} ?)%ﬂlgﬁal t]/-(m}f‘e { S&?bgg%dd%d Airth

out pu mal nt al ne
ell £28kVE Qh@@ﬁpﬂﬁﬁ thé totad$ighe emitiRddk ieedatdrdh the eesence of CoA

thsalﬂ Inhzzg ra lseggenp[?g ??g%er(l:tog tZérS}S bll";thaléoodlscloses the addition of
coenzyme A (CoA) in the assay reagent to yield greater enzyme turnover and
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
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, B-mercaptoethanol (8-
ME), or other reducing agents.
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the stability of luciferases during preparation and

storage of the enzynes. U S. Pat. No. 4,833,075
wdizemliesBss that dithiothreitol (DTT) will mai nPa@rmL2006/000246

luciferase activity at a level of 50%in an aged

Photinus pyralis luciferase golution which, wthout

the DIT, would have only 10%resi dual enzymatic

activity conpared to a freshly prepared | uciferase

sol uti ans Pdiént B&1L8,092 debchibds édmdposisivnisarl indhodsaen
bacterlal luci ferase has been inactivated by disulfide
mﬂmamg durptjorobdetevtable rhytaveetnission efia bycifgintnaiprase

DTT Rs.Q8t h noI n
M i I L e
ATt hpdsofRtorsneqaastTer hirefedidadtantof aslevies iahliged with a

photon em ssion of a luciferin-luciferase reaction. To

coofmmsﬁeml copipaningadennsing monpphesnhadeng wadicat peasieager (DTT)
Og t ATP @W,F&)f actors required for luciferase

anG# ""r &ﬂ%i‘g?% nixed with.a conposition
cont ai niyg gaa%@lﬁm%lzsoezam@gefm@%a@ttﬁe c8mbRsd £ ake of CoA and DTT
scavenger TT) a chel ating agent (EDTA

) -
inpidtearenctipB E@,XZBQB pesptwtelsr inflatencéret heokinietisd ofi$ke bimfe@m-

a DIT in_.the posi t.ively influenc
e et oD B e AP e gt by g Perpigattor
Whg!}{ 5o%lJf%heforgﬂﬁa1l 1O sishANBlobsbriied, Wi 4dsBBsaRieAt 6D to 500

ter which of the original light signal is
sea@bads.ved, was assessed at 300 to 500 seconds. It is an

obj ect of the present invention to provide an
alternative luciferase detection assay systemw th

o Sengit PaCAeT LT O Bt PErTa o (e Prands s mR live

heffayaee. déSuction skt yysted with 1hqmovéd> unrgﬂt el driid extgadéd-glow
is met by g{rrform ng.the luciferin-luciferase reaction
light emessioriarfeastivedeisphion of Hrelbnluairaasarenaries enzyme.

e o ASDLER L S 5 P
t};‘eom{fbﬁmn@cifeﬁa%aﬁelaegoﬁ e t‘ﬁ@;mé@nc@ lof @h@@]blﬁate 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
thereof, in the presence of luciferin and ATP and any required cofactor (e.g.
Mg2+ or Mn?") 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 measuring the light signal.

As is shown herein, the combined presence of ammonium and
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 light produced in the luciferin-

luciferase reaction which render assaying for luciferase simple and sensitive.
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thereof, in the presence of luciferin and ATP and any

required cofactor (e.g. Mg2+ or Mh2+) to allow the
wqgenmwriatison of a |light signal, wherein said i neqbai2as6/000246

is perfornmed in a reaction m xture conpri sing

phosphate and ammoni umions o0 enhance said |ight

signal, and neasuring the light signal. As is shown

herei n, the conbi ned presence of ammoni um and

, Fof’ BRSRRA, Gvith thEendtRRas b@Redti RitdisRthd Bledsnirblenditg, the assays

I ght "si'gnal which is stable for a relatively, Iong i
do pet requioé spesiel prochdires, stieh gf rapkl sangRle wpeiign, or special

rangi ng from 30 nm nut to 8.ho ' .
e 30 B ER e 2e B LTS L (REII Shitod
in Pﬁ@iéé ASt1d JHPSSRNBRE SnAdc iRy ifl- RRifbf8se0feaktifht. Indeed, using

production and the total |ight produced in the )
thé uoditheds and congiokicamsenlaie of dre preseht inveadionadk igpasgible

for luciferase sj .and sensitive. For,exanpl e.. ywth
thehdeTiethoushor CEUIAL O ERs HrLoaneoRsan ol fhomost
lak%sr%,@%ﬁe IR NPtef BP0 nRRTrBneBEO CAAWESmpIiied idSassays

rapi d Sanple 1 nj°eéction, or special equipnent, such as
re§eRM Shleastiasn bnind fldgtet wrosluce d imedsoiferinHacifexgise reaction.

emtted in_the rapid flash of,.conventional . d technol
Thigsignafisantly expardsappligatiqnpisu 2YS 19 §F17Ce ARY technology

thed v lsLd | fo%ieQf Ro®$RR% luminomet

by TRGURE PR e TR ST Plo K ofic? bl RoRIERARS luminometers
b ddhivd @hihBlatiodrbanterstorathear éevkeeftymeasitiag light n

nmost | aboratories for other types of nmeasurenents, can
prbduelpgn.oyed i n assays requiring nmeasurenent of |ight

produced in a kuciferi ' i} i £

51 gni £ Feaniprb Y BhiagE iy Phfb 56 SRR il Boeeen
inSEhEHS 8 At dchnglogisthinetiasichidigtalngliarge mfmbaeof samples

assays in |aboratories that do not have |um noneters. .
caloiite preplaaeed is erinrdplatesiaowl asanedder bielsrae agefrekhis is

esphgoEgay B bqtdiatfh PSR tan GRRLIE L ARYBMANHE samples
ing??éh @Hfodghﬂlﬁes&eéﬁﬁigr@rs)! AfplRhgioak. a | arge number

Sanpl es” can be prepared in mcroplates and assayed .
for | udidcerding tadhe vnventianjthejrgaction mixture contains relatively

high concentrations of both phosphate and ammonium ions. Generally
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
intensity (i.e. the initial light burst upon combining enzyme and substrates)
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
concentration of 125 mM, 150 mM, 200 mM, 500 mM or 1 M can be used. As
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especi al Iy useful in both batch w se and conti nuous
processing of the sanples in H gh Throughput Screening

wobils)12e3pl i cations. According to the inventi oRCTMNL2006/000246
reaction m xture contains relatively high

concentrations of both phos@wate and anmoni um i ons.
Cenerally speaking, it is observed that the higher the
phosphat e concentration the higher the total |ight

exe‘fﬁ%]}ilﬂe@in RE M8 béloluphbEpiasR doteehtrationd ki Hoof.aM
['T'ght yreld or total |um nescence refers to the area
phoespderte theze costed, whirhegietddrgpodhiesdlisdottetne of tlhinitial light

_unjts_a functi .fine. lt.Js, det i ned .th
sigpanrniabe s yopof B ight Pnet a5 145 DRRBEA B tled

. . q . t . H
eSS RIGHER.EN B BRI ot gy
andéhieyetenT lin theialic firasphaterievacdfoimal drarign, aheis denoted

reaction mxture is. f bl t. 10 )
POdfeflay %bmﬂhgtnulp@é?ﬂgé,e%ge% rﬁ%%égﬁﬁgg’i%a% %Plg?i\l/l"’il 5 clh

. no er e, S&
ingfRha Rt PhERE aR Pl phRleyd 12 PR N A MR NE. Sitale
SOLgm‘,{le bf ﬂﬂ?{%@;ﬁ{aﬁcb entladd phAsghanpheili @TbH0y) bind ifxsmips, esich as
el ow, phosphate concentrations_up_to 4 hosphat e
alliedr ealtear earthylkal spits|of ?@@’ooép Fﬁ%‘@@%ﬁgﬂgr ns |Oof
the initial Iight signal and the duration of the |ight

signal. The term "phosphate” as used herein refers a

ThRGLYA! @ F1ohdimdbnT agluséd hemiairsfdrs Go of cativer ghtbhepiemensl
atom and four oxygen. In the ionic form jt carries a
forngulpoNRal, veherege R camdessentiaHpthecrpoaran. Preferged R groups

I S b AR kSl
sub&naahleYe A8 hedrdyl, ant h 58 UTHEE $o@f Rproaph atlech

I ncl ude p%]osphor ic acid ( Pﬁ) and its salts, such as
coaldiahie Bml nisragenedomhcaal kathe saneoralifferydy. Amppgp ions
caﬁ%&%ﬁ%&&o}g&%%&@; %ﬁ@ Lﬁ'lgﬁjgr %l?}p Iéoﬁ%%oﬁ'rsig %alﬁgf)l%i ot 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)2S504,
NHH>PO, and (NHy)2HPO4+. NHHPO4 and (NH4)2HPO, are very suitable
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
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

ethanolamine is assumed to provide the aqueous reaction mixture with 1M of
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formula NR +, wherein R can essentially be any group.

Preferred R groups include aliphatic groups |ike
woOiawsar1331 br anched hydrocarbons, optionally PCT/NL2006/000246

substituted e.g. by a hydroxyl, and hydrogens. The

four R groups which coordinate the nitrogen atom can

be the sane or different. Amoni umions can be

supplied to the reaction m xture by any conpound

arsARARNA 6hs PTRYS, 4h8 GoRcdiBdation 6 aininGiivag iBeiis the reaction
solution. In one enbodi nent, amoniumions_ are

mpqtumNtEsexegaydeméo be idanticad fiote conceriretion ehthescomprynd

a £)2504,  NHAHPPOA and { N4 N HRPOA and

ety abpet o bR sa e B SR MRS
both phpsphat §1ipRhANanARedBhle aboatTTRNsAITE bate shengtin with

a fqrt her” enbodi nment, ammoni umions can be provided by
plb’stinihe edngerpfids4, 2 are slightdy aﬁoagg&hﬁ@esd%awmpéna- The

. of ammonia. (NH3). One, t or three alkyl. .

mfs‘éeasse@?\aﬁé:gm#eg@?? v&#ﬂ%wpa% to" Fv%k’%?‘.r‘%?f@, thgroater

stﬁﬁﬁ&ﬁ%@@ﬁ %&yleﬁﬁhio?ﬁ&'mQHhﬁﬁss forl e | REY.NHiK@ompared with
anmohi a, the ammoni a derivatives, the anines, are weak

t}ié?irﬁfl_on'fhh?iomie A+ This empatausabditytamses fspmahierrdectzpn:

alkaline if o I Xes an ine with water, . .the,l on

At ATTRHOIGUBR EANDABEA RereSu S Bt 43 SIRlqER R NOn of the

p(%?ﬂ% gﬁhgﬁ% £#0 WBt8Radish fh B éﬂﬁlﬁlﬁﬁi(ﬁﬁum ion. Aromatic
ccording’to the present invention, a fina

a0t mivich wafkel bised, hvainb lpddh's erowsnd sy lifebhisean be

provi de the aqueous, reaction xture wi.th | .
exaflainpednnursSonasce talgsalisateor f&)@dppstn%%&&@ﬂanﬁﬁm%ﬁhe
ions .in the reaction mxture is regarded to be
aWﬁ%%??géwsﬁgnthe concentration of the conpound
(buf Aglis cleat Frodh §ho aBOWY, €Be Plresomtiniemibwdiscloset ltkat the

reaction mxture. Regular aliphatic am nes have, about .
carhbinsdrmrebenes e phasghnte sind poprEDEIM JoR%HE F}Hfhab’éléfms-u‘ﬂferase

re4a’cti%rr]1dm%{t%rg’ le'rﬁ'&h!:é’s t‘chtertgpaqﬁqlmblﬁggc%rfcg P 20ERNRe dERStion
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
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
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 luciferase (from the sample). It has been reported that the
enzyme characteristics of firefly luciferase differ between assays set up for
ATP- and luciferase detection, respectively. See for example Ye et al. in “A

Practical Guide to Industrial Uses of ATP-Luminescence in Rapid
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increase in basicity conpared with ammoni a can be

attributed to the greater stability of an
wabkbosliamsoni um i on, as for exanple, RC NH +, ceapaiieae6/000246

with the ammoniumion, NBU+. This greater stability

arises fromthe el ectrondonagi ng effect of alkyl

groups and the resulting partial derealization of the

positive charge fromnitrogen onto carbon in the
MRESHLREFO Bublished in Aeembtyu Caanedmodrgy himttedehkefield). The

bases, with pKb's around 9-13. This cap g xplalne

PPl

dighinetenfErstmelthvetarelinagion; qfran@mopnymwe hedp aeRs g the
t
e B TR, YN A BB RBSp HEP T itosed i the

oses

pr@é’ém:' ineenBbA LB GRrRlikpRosdaRIderod differstitlonzyans i n
the luciferin-luciferase reaction n xture enhances the
chtamtieﬂerllstlm Heseeneabediment, & methpskoiddedayepon vepgyises

Al iRtSEeter TaTs TR p et b AR Gt BhfbfiR B bamele in
th@ﬁ& reSDSRI QM cifdriR a5MS4iE BkdRE (RIRLiVE 6 LidifRavd)i ﬁm'rmnd a
uci ferase detection system also enploys. t

bivaleint eatmnltu cilfosr tleegereaatioom! al lighinsigmal, aghegpin Hée total light

L TR b 850 BT 417
re%gﬂph &L QR &ﬁlﬁrﬁﬁfgg&m%@ﬁﬁhi i®s Hid I lenst ROeENhgh&phate

ons, give rise to a lower total |um nescence than
10Ws talmdm:mnroﬂmnemnqummd inids@srofg thei hg}pihﬁgphbtl’e"eﬁﬂf@bbh the

Colé’ir‘:‘fﬁ%%; ]g;s%y Afb 6@% %%ngrpg %%ﬁa%%gsgye%%t%ﬁ ﬁ%\ﬁ‘E %e&lst 0.05
m}t\E‘ CQJF!E&% Lot Rl t@f 1 1, Fr O 0BRAERE Bhb $a6ES BNOIN-BmM ATP.

eras tion assay m xture, conprising |large
quanty 4 nestholl oftRe (Iwntprathasasayne nmagaap)fefanaib]a provenated at
amount of luciferase (fromthe s le). It has b

theepldrafébe trﬁ%\‘tthlh BUEHEpn® haGhPEE m%%s Retweepd 3 and 9.
{%gli!ll%%lg e}g(b %?ttﬂ@ Gthifte §§"é§?f§iﬁt§g%e§&v tﬁ@ﬁes?@@ ?H of the

I'on, respecti or exanpl e

reélctidh. mi}{turé\ et lﬁ‘s’ibwcﬂétﬂ goine dxﬁmiﬂbﬁ bAhmises andl their pKb
ATP- Lumi nescence in _Rapi dM crobjol o publ i shed in
valges. Byingayimbedmsiary alkyhi eealkapp qud'fu Shrﬁ% ethylamine,

diethylamine, eth_anolamme and diethanolamine, appear particularly useful in
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(2-hydroxyethyl)imino]-
tris(hydroxymethyl)methane). Furthermore, heterocyclic amines may be used.
In a heterocyclic amine, a five- or six-atom ring contains one or more nitrogen

atoms. An example is imidazole.



di stinct effects of the conbination of ammoni um and

phosphate ions on the luciferase -detection system and
woOheocAZB3det ecti on system as di scl osed in the PCES®N06/000246

invention are very likely related to the different

enzynme characteristics. In oge enbodi nent, a nethod of

the invention conprises detecting luciferase activity

in a sanple, conprising i ncubating the sanple in the

Jenfife bfrbf a1t %ﬁﬁ%§§ alnfii®legt i ve to
uglferas%ut?ﬁ gg%l val ent cation to allow the
generatiom of a 11 gnt Signal, whereirn the total Tight

yield of said |ight signal is enhanced by perfarm

the 3%®8hation in a rég%$E5% i xt ur e conpr|5|k$ Bia

amyofinmini ons and at | @88 20 niphosphate ior 4and3.26
nq?ﬂ! and neasuring the light signal.

Prefer g% ie concenteplipgn of ATP in the 336 10.64
| uci f egiyiinkineci f er ase asSEYCHIMHUre is at | east1%0. 06.81

mM  prief 5@@1&15& | east(@HLORMIELf or exanpl e 3nl8& hd0.82

range @f-Wiglumind MVATP. (OHy)-NEBL hod of the i dvieht ilgi3
the am;ﬁbhme&dnel s pref efzb|,MHpr ot onat ed at t He4pH 186

g gture, which typically ranges between
g é |s means %ﬁi&gﬁé&&gKb of the amHe ig 73
prefer Befow t he de f the reactl
m xt ur ﬂ%ﬁ?% 1 bel ow 2 exanpl es 0592%11858
and thei r pKb val ues. Pr, y and secondary al kyl - or
al kanopiasidies, such as éthylﬁﬁﬁhe, di et hyl anid®) 10.75
et gaﬂgﬂﬁl and di et ha ne, appear particularly
useful _I'n nethod of t ention. However, 4Ggrtaid
tertiaggmgﬁl like tr %gi ne can al so bgzgsq 75
Ani_ne Sggrmgufferq are arl\/ useful in

pra%ﬂnmﬂmQHFMeSpresent | five t|on Exanples of
am ne- ldmed buffers incky Fe+H t ri s( hydr ox§Aét hyt§s
am nonet hane and Bi s- Tri %(b#s(2- hydroxyet hyl )i m no] -

tris(hydroxynethyl)ne t hane). Eurt hernore,

hetero ycI| Jhes may n het er oc iC

am ne, 2 r Si x- a?ggn rlntlg?I S one g"rélzrrorﬁe08
nltrogen

4-chloreaniling Cl—@»l\]}h 985 415
d-nitroaniline OZN—Q—-NHQ 13.0 1.0

Heterocyclic Aromatic Amines

N

. /3

imidazole N 705 685
|
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atons. An exanple is imdazole.Table 1 : The

structure, pKb and pKa of various amnesStill further,
weoweidet1ierisoni ¢ conpounds can be used to provi dePCHAL2006/000246

| uci ferase reaction mxture with amoni umions. By

definition, a zwitterion (fr the German "zwei ",

meaning "two") is an ion that contains both positively

and negatively charged ions in the sanme nolecule. A

S0 qBetatiferase

Y AR LR b seomudso bR cangitr,
reaston heixtafe wih 4mnicmiin ioospBy nefinighnce zwiterion (from the

carboxyl and am.no functions a resent .in am
ColonaR ' FVRLs BAATNS LITE | 1‘&}@&&3@ %@ﬁﬁlstkl?t?é’é’éﬂl‘ﬁli’ pnd
; | DGy Rfttert b b
LR i A0 P L R st e
coatp AMNwhivhcamtam Hethe ticiwlic aiit ebasmgﬁombm Amiho esidsaare

to the salt, so the pr.edom nant ruc re of, an,an.no .
tymaged eRemaHES ShPWHEBHIGHE CORPPUBAST: an% thgarhgegl and amino

fugxg gpge I%goxy %Bsag%ﬂlo%tﬁe%f e@g&lﬁl?ﬁ% ﬁ%@fh react
wit®nd Z@tother a6 YRe 4Smeal axt, iydeldifd ané‘mt@rgabsqit 1, eddsh aontains
proton to the amno group, and the noJecule .is
betbstihel apabgxylnte ganANDABR 2B ORHIDFEGHE ff;l@PVOEh"QP@ gguilibrium
t {
L, o PR AT P

z@ft@éﬁ@ﬁ%%@rudtﬁb@ Horrexaftpla, itirendontsinsunithrsehadic aimino group
has an amoni umion functi onab}%r oup. This is_the

(NHin) agdee wudi¢ carbaxyd gzowe (€POIH); (et these age bopionized in

neutral , uncharged, formof the 018
ARt M e 26 ﬁamgﬁa%‘a? 2 of) B R bl group, and the
md IWNENE i OPosiEife] ﬁ{d ?@d at 6RFRAdNH ha, :hiﬂ@ljl cBKeed at ti® other.
conj ugat ed aci he am no group above the pH of the

Tt svbetameally amdﬁ@$czis’aoneﬁtet ¢arhonylhic acid fanetipn of the gyitterion

as this ures that th am ne |et r ot onat ed.
el TA B e P BHeLY s Bk i oo
fl RIS g&&?p bnisng (B ddiBEL QDA G AR HE ZSvittdABh §aRd lallSd 6f the

sonme exenplary comnmon zw tterionic buffers which nmay
nbetiadeohdharebé, formseithe iamviewotdcod, byTheotongengitbe angino group).

however naot
According to the invention, zwitterionic compounds having a pKa of the

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

limited to the use of those zwitterionic buffers listed below.



l[imted to the use of those zwitterionic buffers

| i sted bel ow Table 2 :

werooscizaze and Nanme pKa at MW 20 usef ul

range o H2NCCl -t | MH( CH2) 2SQ3H 6. 88 ( -

- 7.4

acid o 6.62 (-

N-(2-acetam do)-2- 0.0
; ADA H2NCCH2

W tterionic Buffers Buffer
pH O0C ¢OK/@L2006/000246
i ACES 182.2 6.4
) am noet hanesuf oni c
Cqg 2H)2 190.2 6.4 -

7.4 0.011) N-(2-acetam do)i m nodi acetic acid H G3SCH

2CH2 N(CH 2 €02 H 2 7.17 (-
N, N- bi s( 2- hydr oxyet hyl )-2- 213.3 6.6 -

BES

7.6 0.016)

["ami noet hane sUl T ODhbleAs] Bwhkbet soneNBARGR ) 8. 35 (-
46327888 N N-brs—2-

Biein a 3t 20 | useful pH
B ffeir e 0. 0&@ruEhitle M KEnRSOaH 10, k u b
3- (cydl ohexyl anmino) -1- 221.3 9.7 |- 11. 1 (9B range
pr opanesul f oni COaCI d CHNHCHa)2|OH ™" {" 9.55 (- |CHES
2- (cygl ohexyl }agmcolez)\lecllg)ZQgM 19.0{-_10.1 0.60dd)-

. ) 4-74

Pe@égne sul f onig ].@Y cetam1do) 5. 182.2 0.020) 6.4-7

aminoethanesufonic acid
Il .
ADA HoNCCHN(CH, CO,HY 1902 8620 | g4 74
S 0.011)
N-(2-acetamido)iminodiacetic acid
HO, 80H, CHN(CH, G 05 Mg 17
BES N,N-bis(2-hydroxyethyl)-2- 213.3 A7 ¢ 6.6 - 7.6
! vy 0.016)
aminoethanesulfonic acid
o HQ, CCHa M{CH:CO5H), 8.35 (-
Bicine | N N bis(2-hydroxyethyDglycine | 1052 0018 | 788
GgHy 1 MHCH,)g505H 0.4
CAPS 3-(cyclohexylamino)-1- 221.3 10. 9.7-11.1
pno) (0.032)
propanesulfonic acid
gy NHICH 1805 H
. CHES 2-(cyclohexylamino)-1- 207.1 9.85 (- 9.0-10.1
no 0.011)
ethanesulfonic acid
HOH,CH,C N—(CH,}>505H
—N 2
HEPES p— 238.3 3'8154(' 7.0-8.0
4-(2-hydroxyethyl)piperazine-1- .014)
ethanesulfonic acid
HEPPS HOH, CH, C—N MN—(CH, )3 S05H
EPPS p— 252.3 18.0 (-0.011)} 7.6-8.6
( ) 4-(2-hydroxyethyl)piperazine-1-
propanesulfonic acid
N—{CH,},80;H 6.15
MES — 213.3 0'011(' 5.8-6.5
2-morpholinoethanesulfonic acid 011)
monohydrate
N—(CH,)380;H
MOPS \ / 209.83 1 7.2 (-0.011] 6.5-7.9
3-morpholinopropanesulfonic acid
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HOH CH2C-N N- (CH2 2SO3H ' HEPES 238.3 7.55 (- 7.0 -

8.0 4-(2-bydroxyethyl)piperazine- 1- 0.014) ethane
weubdeanixsiaci d HOH CH2CG-N N ( CH2) SSO3H i HEPPSPCERPH)06/000246
4- (2- hydroxyet hyl ) pi perazine-1- 252.3 18.0 (-0.011) !

7.6 - 8.6 propanesul fonic ac ﬁi QJIJM (CHz)2SG3H ' MES

213.3 6.15 (- 5.8 - 6.5 2- nn?phollnoethanesulfonlc

acid 0.011) nonohydrate O N-(CH 3SGBH MOPS 209.3 7.2

Wﬁ#ﬁ*ﬁg@ﬁmpmﬂ—mpgﬁmmm drn
a met hod yefsit ag-Liven qL_Q{a_-;sz@Q@gHre ction/m xture pH

' 1IIy ranges b\e__wéen rabBy82oet wee
Pg¥§f§ np'{(ﬁiegaboﬂe)wbmny 6.4-7.2

conbi anI?e(]fﬁgm(?fl %AFPC} 'etth@n%%lﬁlrféléléq‘r and anmoni um solr ces

can be used in_a 135 erase reactilon mXture of the

i nventi on. MSIEEHAN GRS ur ce for a gilven ion may
TEY bheNussdhydeskanstigdhettal]-ensg 243.3 | 8.4 (0.018) |  7.7-9.1
phosphat e, a{WBP: guIfEse aved e found tq be

....... pﬁrmt1 'U{"af‘kfﬂﬁg(%%'m . __M__Mm
t
WS, ISR T o0 L5, GPD! nakd 33 B0y - 80

i s neyt r al aménpehanepimneridc acild. The concentratl on
of amoni um | BIXsLEICHHBERODXIE | f er asd reactjl 0 m xt ure of

'Ik?fn%r Veﬁt['tﬁgglgﬂ?ﬁg;%gthyﬁrﬁ%%m raif®n o eaét 26-8.8

etter ine

| -

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 can 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 (NHg").
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60 mM ammoniumions is preferred. Very good |ight

yi el ds can be observed at a concentration of nore than
weQWenizammoni um i ons, even better at nore thaRCR2O@20061000246

amoni um i ons, for exanple 250 mM Tris or ethanol am ne

or 500 nmM amoni um (NH +) .A{g:ordi ng to the invention,

the concentration of phosphate i ons and amoni um i ons

in the reaction m xture can be the sane or they can be

di f f er epberdife 99 €he R khe thEcaRRGRsH bEphedpIRfe ions and
amoni umions is higher than the concentration of

anpinospinatiens amshe kepciiont haxtueeisatibesiie sampeor they can be
concentrati f_. [ [ is | th th C g

oGt bt SAER SAEdbare-RoRe o Sy Wy npisber

thlamal éfﬂﬁbér%.lﬁtiéfx gf g@@%@gﬁsﬁe' iBn&NGESPotPbr bhhoahasnahahe

ons, tfor exanp a 1.1-fold excess,
copeehensibhyfammeadtm jods isf lodr dhendbe concintastian 5f phosphate

1.7, 1.8 aqr. even 2-fold . f i) [ .
iong.hfp BpeaEfic B\ép%% avgtmlgl)éﬁg gosi}sse%lﬁl Ra’f?gg’gflﬁ%gn’f‘@écggﬁs af ﬁlsaed

Si TY 1 i iUy b ' i
ol . BE SR8 ¥l ATRR MO PRG ss oRREALRy REtehst 1.4
fol@&;&)ess,i sné:%aag '1.6;15;%, 1v8 theverphdeihatoese ohammorstinoionst As

at | east mM and/or with an ammpni.um i on .
exconpchnd belooh Very 8900 Bt RPpGECS B Byis agggurce of
Tabl es_4. (.C t of
At s el SR b ReE Wb e Togres of
p1REPERALY BT Akl wardleutndvithos phasghate coheertobtibn lof ghleast 60

yield of the luciferase reaction. Al so here, amonium
mM asdérrev sheweamneniags ioscace pRediomatiati lsas! Pl mdri(gee Table

t |t  of cal L zi h i > i ni
Dacmer sRedid iGhaHshaf: FE dedbefisaigd e
coMcbAtRRRRBRARoIAGIHe (PabPlE 4. & arfmatuns@ablé 5) and@hosphate

_prerequisite that the final pH of the aqueous reaction
omrihe tatat tight pldléof slod biojfebyse rrachinnpAlimmiered apipepige dons are

i ons, . For exanple, .the.invert.ion al so C -
R T TR R
soqﬁtiﬁﬁ‘%téiﬁmé’ﬂ?e Yintdhibsn DRIt (TR, 2ehMIamAng kal i ne

agent Ich 1's not a
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
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,

acidic agents other than those contributing phosphate ions can be used to set

the pH at a desired value.

In one embodiment, the combination of Tris buffer and phosphoric acid
is used. For example, a two-fold detection buffer comprising 125 mM Tris
neutralized with 63 mM HsPO4 provides sufficient phosphate and ammonium

ions to the reaction mixture to positively affect the magnitude and kinetics of
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source of ammoniumions, |ike NaOH, KOH and the |iKke.

In a simlar fashion, acidic agents other than those
woamieriziait i ng phosphate ions can be used to sePCTha2i6/000246

at a desired value. In one enbodi ment, the conbi nation

of Tris buffer and phosphorig¢gsacid is used. For

exanple, a two-fold detection buffer conprising 125 nM

Tris neutralized with 63 nM H3PO4 provi des sufficient
tRheshate-pnd @E&B{% {HY TAY Bl rgIshBAES bdtbefitpaltibefurbher

p03|tivg!§ af%ect the nagnitudelgﬁh?kinet[cs of t he
enhayites shgneffect I(srer das iFaguiteh. Vers satidiastorpicsphlis avere

concentration.further enhances this effect e also .
oG b3 ORGP P SERRRIAYE PRt J5E, PEfpanied

1 1900V SdibBakoMPri sing at least 250 nM Tri s,
Waﬂglc%tn%gﬁfe% \?\I/Ilt hﬁ%t E)I aelast 125 nmM phosphate. O her

us ef Othaondsfabtdmbmiaitioak udd ude moenarahdidial kamdhathesend

and phosphorjc acid. In._one aspect, the |lucjferase .
Ph@%l&’(qub‘fna%?-x TLPRe BERASH heugilaiass HhAtHen AEGHYEI CRDyises

/511264 i {REE Y ith ot §BLPH=7.0

o RGP ARG ELAE Rl PRI R 1Y oBPTCH B ERDT=T.0 (see
Foamerd)ses a stabilizer for luciferase. Suitable

exanpl es of stabili zer e manmal i an serum gl bym.n, a
ThageasBumiHXEHE I%H?f%@Ebegf‘?P FOmpRESes Sty llwg%ﬂéﬂé@ﬁ?ﬁe-
al bumni ' . red. ki ;
S DBl S RUBIBT Flp Dy RIRN R BbBRILL £ Botalramin

ah@tad ovh@htin OThé hige bEBE¥Ine Bepixt albamibuBSAYris préferred. The

reaction m xture preferably conprises a sequestering
aEpait orfiskéolbamweﬁéwlaﬂlm be detem datte Ca&Uéaqt@é%’ﬁ&fﬁ on the total

t hyl | ycol - bi.s(2- ami ngeth ) -t et -
vy e AphERon shikphi Tulfty A ORHEL BLAE R Erably
cOGbHist SR B uediReiesesnld sthykgpdiamsngenanadliy acid (EDTA),

present in an amount of 0.1 to 25 mM Methaods for
etletlene ghyol-btsi(L emaiveethytlethier) tatnaspeticracid €EeiA) or cyclohexane-

1%— Qgp?{rjg%%t,%ggp%igc(@ EgﬂfT&)C %Tlte asie alug é’te%&'épé’é‘e%cé s gg H& It}ﬂly

present in an amount of 0.1 to 25 mM.

Methods for detecting luciferase activity known in the art typically
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 experieﬁce auto-oxidation in solution and, as a
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

to or even surpassed the light production in the presence of thiols.. Herewith,
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exanpl e US Patent 5, 650,289). Whereas thiols
reportedly contribute to the stability of |uciferase

wanaaem3ove the kinetics of Iight producti on, PCEy.2006/000246
have several drawbacks. Formulations containing thiols
have a pungent odour. Furthegﬁnre t hi ol s experience
auto -oxidation in solution as a consequence, are
not stable for long tines. The present i nventors

th]léqgé £G5S gkgvﬁg Q&L tdth(ﬁ{dettgét% %c'é]éjéctllﬂt? ina san?ple

eras reac Ion mXxture are n eér necessar

coRgi Hisia B eh b eg dhe h@mph@tmthmpmsanee pfhﬁ:eﬂatm IAfI‘R/vaﬁd a
found that the overall g production in the a élsence
digalemficatignyes. Me 198 %n%s‘é halowIUharaRNT aHOR OhS lrghtgignal,

wiFth S84 euBalihds Bl SRbadnth RIRPARI BlfD SoMPSising

0O Oor even pro

pEd’@hﬁt@&ﬁﬂ%@n&bnﬁﬁmeﬁs in kg ﬁéﬂfahhe@b@eh@él@ﬁﬁ tleidl-containing
provi des a nethod of detecting luciferase activity in

canpanpl, @ndcmﬁpsmgnﬁ@he Al signed- The egamﬂS@ni intthe relative
esen | uci ferin,_ ATP and. a dival ent at,
i 8 kbbb S et bR EaE R o &
extg@RBhs oi“’@ﬁﬁfleﬂae%ﬁ'aﬂy tRieY Bethbeind Ssirér 49DMaY g[l@ta&hlone and/or
reaction mxture conprising phosphat e and ammoni um

CDAnE adiledhie thel maction abiseve Infong amhbedinmit Hiareagtion

fg&ou . asggrﬁgggél% It hge%’%g:g ﬁrl gfor zgzssenrll'];lally free of thiol-

chHb@tlm(fso M Y ROwEAIRNE thisa gﬁﬁﬂ)‘le tObk Bdh ol tlﬁ<‘§1ferase

no exogenous ‘or suppl enentary thi ol conpound, such
addiVity gbnitritdies teacarchountGok thid-cadgedinds, ¢ lgethiekef ®Mu1ar

m xtur I n one enbodj nent,. the yeaction m.xture_and
T FEAR DA ST TARGP B £RS FrasBy ek, i f Ryeforred

eﬁﬂbS& n%?tt I@k@ Eﬁ@éﬂ%@dﬁ‘&f%o 1(11% & etﬁg%\f%.'été?ﬁﬁig IdcliBtad® activity in

e assayed erase activit
a @aﬁnﬂe biohgsrisihgciacabating shetatiploin tlm‘rpmsndse oflwiferin and

Atk arbiveloph 62 peady PORNHHBA BTETATn 21 B it sighal, whorein the
toggggkﬁ%m of Q dI E%t?c EI?QI R \fla(?x%éd %X%trfb‘}ﬂuﬂ the 1nc1ébat10n

ucifera |V|ty|n resin

il Acuhaidmhahikhigresamlitsing anh@opiwadbae aall ghosphetd fondrdht no
ATP and a bivalent cation to allqw the generation of a
exqggimous jog suppleppenrtary thipd compound (i.e. no thiol-compounds of non-

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

reaction mixture. However, the use of an odourless, non-thiol reducing agent is
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total light yield of said |ight signal is enhanced by

performng the incubation in a reaction m xture
woan@rizsi3ng amoni um i ons and phosphate i ons bBCTM®2006/000246

exogenous or supplenmentary thiol conmpound (i.e. no

t hi ol - conpounds of noncellulgg origin), and measuring

the light signal. Preferably, the reaction mxture

conprises at least 20 mM nore preferably nore than 60

pr@érréd kleorlé?&mﬂléoa wifi8r-s8hible 32 anftOhospBindrhd @fai SMeN

1 or M phosphat e i ons, optlonally i n conbi nation
compdumi su@aas Tﬁrs (Bivaohoxsreshphphosplhine hedsachianide (haRP) may

by W PO HRLEAPRED fong FOSFOR QSoe BTt cont

1nVQHﬁﬁ‘§ 23 ﬁﬂehhfieﬁ Jtﬁep @uRQBEdreHﬁ@tngt NP B8 %‘in% sultable for

invention is not limted to assay conditions w
ugehindluciferipduniferas®Téactgbn naithien euam ds dhicGoKate rsuzl\fm‘g;e and

th ! d t .k the art
ibiimiis G BBATon IR S PO, D He £t O GRE gt & Ly
p1esEnf Qﬂag?&%{tlo?s(f‘l t&‘?ﬁ -hfi ol reducing agent

ispreferre or ‘exanple, a water-soluble, organic
phosphi ne -containing conpound such as Tris

(2- car boxyet hyl ) phosphi ne hydrochl ori de (TCEP) may
used? p%rééy %xp@mbz‘rzmceﬁ Anentieretorboye, F%f%ﬁf&mwure may

cog%gup Sl él?l\{set %stﬁk(ﬁloalle %& tnrl%lglf@flﬁelrucﬁgi‘a{s%qlegctlon

I'hg agen
nﬁy@hﬁgrln | uci ferase reaction m xture, such as
thiosulfate, sulfite and dithionite isee Exanpl e 3 and
Fi guh anaphod o ghe emmtrfgl afews the sepsitivgamgd ¢omyenipntidetection

f.0..1to fro
o BB i0h ¢ RatBIGeh soRDIE ol Deis 4R fIGER e of
cdiﬁﬂﬁ%m%‘l@%ifé‘f&é@%c%@h MesemPEeéhrl Pe a suspension, an extract or
| uciferin-luciferase reaction m xtures. A nethod of

lyshte ofnedlst fosrexammpasellhéhathsve beeen arevidethwabh antucleic acid

e%?ﬁ%lwﬁeg@sec e iaé(?r{ eepgg%u S#)j gwfﬁi{%ﬁ Sucf%él asgg) isolated
dirHENY 8loRs ehetikbhY bl dans o fSMRles, EANAREe ReoTie® Bt fe@Rse oY several

beee)jztler s;;tcwosr (including, among others, the luciferase of P. pyralis (firefly), the
four luciferase isozymes of P. plagiophthalamus (click beetle), the luciferase of
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.
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
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| ysate of cells, for exanple cells that have been
provided with a nucleic acid encoding |uciferase.

waeywndihe availability of crystalline | uciferPased.2006/000246
isolated directly fromthe |ight organs of beetles,
cDNA' s encodi ng | uciferases g% several beetle species
(i ncluding, anong others, the luciferase of P. pyralis
(firefly), the four luciferase isozynes of P.

mBh AN RN /A @5’031‘&11%@?{1 l6loy thRfe THih&cBRE Hatlis
cruciata (rirefly) and the u0|gerase of L.

piodiueedl Tlsddecarddbr example ddderbed i6dUS . PBeot 6,387,6b6- 737
(1987); Masuda et al.,, Gene 77, 265-270 (1989); Wod .
et afireflpdnafrraseogan bogelizbly qxpygesed fepmyayrollsggyressign

9 ’ A = o of

VB RRLE 5 i SRk ofoPERRHS & ERGOAPOI PN SR

rdoedaliiby. ohiidiraabkepdrvert daglsykieats pes sarrentlyrumekofdahn best
techni ques (de Wet et al. Meth. Enzynol. 133, 3-14

neu-HSey; ramd dne; seasitivespesheds tomeayexs. s QPaseyion. ATk assay

. gnconpassed; i, s t.he I.on . L

is R 8 Bl of Bt BEka R Lty lfien LotFLl-EERER |

t18RGEALELE AuleGol DNACKEUldtDTP lNREHisEs, gehids imAations within

non-naturally occurring luciferase with an_ increased
thede slempnts §s well ascresperspstthexieacelulay and jntragelblar signals.

useful nutants,are lLuciferase i . Co .
el B AT F SRt R BETAlY e nyantiom dg ppplisd: o
qhRELEHANSSSREE 6f hkbrdse iNa@4s 6sel adhesertar endyane.
exanpl e described in US Patent 6,387,675. Firefly

The diaker sisps farthecuseaifithp lyciéorpre separter gene/sirstenpsare as
' t d i . di it f [
riERE ) o B8 o8RG DEUT e ORE LR PaPRsD

t1 RGP FIH8Y 1SR TN AL 0B b vPNiRifladd Wk i88dion; 3)
non-toxic, rapid and sensitive nethods to neasure gene

opbipn el boeparihenadsall extrdvhs edd e nidrsudement obhunferase
| uci ferase activity which correlates with )
agtE 6P 9PIoB P 1L DRARH P e BE o dPE dRFRiT, e daiter
ofBiLaELR0R: 1 Sk OPREUR SARBS. BFbYH bhAPHaES RAARAmonium
0 extrace ar and 1ntracellular sighals. In a
tphefredgecithecsteedlliight yiddnet hod of the invention is

applied to quantify the activity of |uci ferzﬁe ,tfhat IS . .
usedAgFith gl regetiohs famperature affects the rate of luciferase activity.

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
quickly degrades.

Under conditions of 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

rather narrow substrate concentration ranges which exceed the Km value. At
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The basic steps for the use of the luciferase reporter

gene systemare as follows: 1) construction of an
wappieaprizat e | uci ferase reporter vector; 2) PCT/NL2006/000246

transfection of the plasmd DNA into cells to allow

| uci ferase expression; 3) opjdonally preparation of

cell extracts and 4) neasurenent of |uciferase

activity evidenced by a |ight signal. According to the

n L at ter . 1S, f i :
Lo B AT e S A b LR iR e TRk 4 romain
attthet el &1 edtegltd yitelbds ofsinvd thilaldt ighet Adisconcentrations

tenperature affects the rate of |ucifer Se ac 'vitg..
thainyeddighicd wish gelncseassgthyhao lﬁ&bﬁfféFeagé & ayf hpge exist two

bet we - 22 | . r I
sofesan b a0 ) G Gl RAR: AROBAGTREIALH Elch s Bded o the

sad8sRYanSHPhEEneRE aald voridBlerssneuet dfardeieneus cellular ATP
ﬁrﬁerMﬂy allowed to equilibrate to rqoomtenperature
w

whobteaientrasted su she lugigrasgrarmple. gihe ahsoliptedinalconcentration
t t bove . 3Q,C. i 7. S i .
SR St RS F R i St dsB i M 2 PR TP in

th%fa&ége&%cﬁgﬁ’mix&tﬁké enllbeapdinyBR+ rel ative to the
anmounty of luciferase to be detected, the initial peak

hei ghie mmaininegeactéen cafnator|anghiuhsiraiatcomnsments of the

reactiaon is ti.gnak tog .t he anount jof f ipnal
st Briv T e Or iy e s Pefic g s, oihn?
cOMRUBMELIoRSCPhEy RBhY té Rav@hReider ahh8Wostisbrall€es than that of

concentration ranges which exceed the Kmval ue.
ARP| dMvegnediiBndons an¢ paeferatdy presgitt isrinssmonnpgedrt least 0.5 mM.

hei ghts are reached emgin at that .| [, f
Usiit Qo PorPoaetin Aer i be ‘Brcity it ippioed ot exceed 50
mg\@.nfﬁnﬁfo@{ b?}ﬂﬁtfoﬁ@, 4 ?i'ntal BlciterghtorRdhstatich bNGHLaBEM and
Ut  so Is the rate of decay. There exist two sources
Mef+ &iRenbrdtinids & s nh)sateenedrneptkmown Tiroralativelydow s

added to the_sanpl dth k '
BB SO A GETB e L S A PG T B G Giont to alter

e A A
01 ERSlisAS SBle 0088 M@BhandCH+ fred. wasivVBhiHersnfor cells is
recommended if cell lysates are prepared. Luciferin is preferably present in an
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
with the same sample when measured by different instruments 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

sample measurements to a given instrument. Additionally, a purified
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the assay reaction mxture will be optimal. The

remai ni ng reaction cofactor and substrate conponents
wofhodshe1system primarily M2+ (or Mi2+) and | BCT/MNER200G/000246

al so have optimal concentrations. They tend to have a

wi der range of these val ues an that of ATP.

Magnesi umions are preferably present in an anount of

at least 0.5 mM Usually, the concentration O M2+ in

lu&@@rgﬁg @ﬁdﬁ%d@&é& o n@@@s%a@iﬂ* rENGREH: Btk BMct %Qﬁoﬁﬁ?cséf

condi t1 ons inal luciferin concentration of O.
ludif&rasd/paodisddg sy tnalmsmw(htelm sime the spScﬁMa&twﬂryedrthe

opti mum erelatlv ylowconc tions of Mg2+ in
eX@é‘Pf’rseéQF?lgq?%e nay g r‘é?m)ﬁhPMff??‘if‘@hfgr?ﬁ al ter
reaction rates and firefly luciferin is not a natural

conponent found in other organisns. The use O Mg2+ and _
Ca2+¥drrthe mesdurbnifehe g (]ﬁeijer@iegd)msljr)sexmessmh]mﬂﬁ'dréta‘e activity in

cel | Iysates are prepared. Luciferinis refer
a presbechpf the Byveatonng syFPeRtiREhC gi%ausgﬁa egl morﬁsﬁlucﬁeme
K I e
ol SLANE SR PEIE o At B MR Ao sopaate
1y§férsﬁ:§£ af Bl @ qaivedb 1P outl Jy sisadfule callpuihief uetfertasei Heeeba&e
a

standard curve can be utilized. Since neasured |evels
aqges&bh tpiothemeannenerisiof the apeetiambitex (substiadescolastors,

i ght. _unijt sqQlute v .
sgatp e RBt PP Tl Pk b R R Juciforindyforase
re%@ﬂ@n%@ﬁﬂhke wiese. T Edal ki ¥ gahfsf Aeaiin-ionsd deterpéstsdiieh as
to variations in equipment design and calibration. A

Tenstol P NPag,t Txitan™ 1tODf ThesitUt pnedriyeeend@fdar d, when
recanstituted to,the fact rer n
i 1| e P p Sl Pyl Spp RS s b Se con
odtgt! £5 3R 1WeABIdde)s filbeserkAQWTrsRaellliekpasdsivd Tuciferase.

reference val ues may be used to normalize arbltrarﬁ
Thtd mmv&oemmaappmhes fdnoe)etrgq:twcanof heiferareneither through

A di tiopal gun{x ? andad %@goes no
a1 el VPR ReT 48

dlgéggéﬁﬁﬁ e@%ﬁnﬁre@ﬁﬂ:ﬁ%r? o %ﬁi Jn%th&l 683 ten s Resh fof efficient

activit the expressed luciterase may differ from
Iucifergperdxtisdidnuend epdaml assay sensitivity.
A cell lysate comprises cellular components that are no longer organized into a
recognizable intact cellular architecture. Cell lysates may have soluble and
insoluble components, either of which may be removed before using the lysate.
Lysates may be prepared 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
by 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

cooling along with five 5 — 10 second sonication bursts is normally adequate for
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For the measurenent of (heterol ogously) expressed

luciferase activity in a nethod of the invention, a
weoeusansi3on of cells suspected to contain | uci PETAIL006/000246

can sinply be added to a reaction buffer conprising a

| ysis agent. No separate Iysb(ﬁ step is thus required.

Upon lysis of the cells, the Tuciferase becones

accessi ble to other conponents of the reaction buffer

1y£ﬁq}9ﬁhrrﬁhﬁ§aa1qe&@ata9é Sna @R Prassh-Bes PRat & it108sultiple
and the I ke f

) such that the luciferin-luciferase
cychads ialsv wadely akdizetldoeluciiepasmbsdaysi ‘Thadeadyaatage of this
non-ionjc detergents.such as Tergitol (t NP- 9,
meehapigpt W%@E&%ﬁq e dpsifrass agwim(ﬂtﬁ poggyd tofhe cellular
e X a . |
R

cetkdicaghigon themieds.! s expressing |uciferase. There are
two nai n_appr.oaches for extraction of ]Juciferase, .
ei t Haignifigastdmnreremant and spnyerisreart Hstrfrukaggetic cells can

begguté %g?({l gg%@;%ﬁ%ﬂ%ﬁ?ﬁﬁgﬂ%gﬁﬁm%%ﬁt@&%ﬁtsa h as 1% Triton™

o) I'S 1 nportant or

X (0, Giredtly brbihhedsasbulsikizhtiohiof fueifidasp fiotmbelhslaayomponents.
sensitivity. A cell lysate conprises cellular

Dgertpbetteryeconery and lnsiferargactiviiyasiimadption By getergent, as

recogni intact..cel lul ar .archi-iec : .
Bt £y e o ol if RESH BN SimB gz thaw lysis.
OghéNedticic WldCAv itRY-idd8c BeFREEkshehbeussfub dridikaryotic cell

| ysate. Lysates may be fprepared by any_ neans,

lyisrchndiitend hestianilete lugifsragstacsivitsany ebodindenic detergents,
hEPHER deUF R o pP L ke ALY SR PR Bl Snealy <Pt is ateo
rd Ui i ¥p@hni&@ls shzyRe SRABALEAlydiy Bdapebys AefieTeRMKosphate,

such as zwtterionic and nonionic detergents, or
Temineoot phokgthertgdufferspd] fdsto 8 dane byelasred for o)

L B BB SR
IR APPSRl e et
cldationtofleys. MihpmhOnt™ dam tatumpresy theactiBGaypf e.g. proteases
that might adversely affect the luciferase and chelation of heavy metal ions
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 affecting
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.



10

15

20

25

30

cooling along with five 5 - 10 second soni cation
bursts is normally adequate forlysis with m ni mal
wouaisf1erase i nactivation. Freeze-thaw | ysi s w POT/NL2006/000246
multiple cycles is also widely utilized for |uciferase
assays. The di sadvantage of §fiis mechanical lysis
method is that luciferase tends to stay bound to the
cel lular debris pellet after centrifugation. An
adv i A8y laSpbdteoftRs kn@intidt ANARIERCGH AP e@kbnt for the
di sruption cﬂem cals. Significant i n‘gr ovenent and _
datechianpEhwifevfisd ggiwtowhaelkenyptises phpsphagamndeammonium
. achieved by chem cal lysis. Using non-ionig.deterge .
oG B PRSP FERETHERY AP GLEOP BCOA LA TES upod dilion
ingd kHD ké%&ﬁ}d RAixflre pR6Hii8E 886 ab&iPBY Folall UbRdenEAIRANEH S.
e to better recovery and luciferase activity
plsdspitab@tind by otet@rigestPrefisrred ¢tommsnirad6d f adsdy geeatsis
light output is ssi bl.e over si e freeze-t
copyRTIse aplqfet @dpﬁ@ﬁﬁeﬂmezﬁom BF sm‘%lyc?zﬁ%?sgtgﬁl%sm&\@n
PRSP nop Chr R AL \asE 2p) AFpRpIREERES: Mtior at least 20
miétheigenten ibovweueferabbner rhkty 100 M imdstipréferalsly at least 250
activity, A proper buffering systemis also, required
miM, agpnoRERAgRenAHEPeahe 9FRSEL, thedumauyahions\ipgthe assay
Tri sz pho v LLLCI r .
refigeRt 87 BT dp e iy sosBRRRRR AN ot il 1PFa Bccess, or
15t20ibid ¥xcethOr adeh higherafxcBSsl Paaferdédl absnydreagentd gk those

enzyme function; chelating agents |ike EDTA or EGTA
cantelgneflnisisithanplgmisge dlwdg@r maratipshpbesphage (NgDi=HRE4

2+ .-10ns .t 0, suppress .the activit f e IS

neRarizr SRec BharRRNG &t 2 it Rl Bl B EiBhations
ofth@haddigm 9hd peRvyhaRtRurta B aybeCisaiBys Wl Bkémplary assay

luciferase activity. Due to the nature of bacterial
rgatgpsito oy hosehtescribed ¢ bine Bixatutles belews al one for

bacterial lysis proves inadequate. Additional

di sruption of the bacterial-cell walls generally

r eqUIrL£3,s 847 ¥EBtdnt n#i\ihOin HBENARISAh (bXShi 2fRBSs shlution) or

order to be successful. The conbination of 1% Triton
inXa 561 d doxin v Imighmiponyisoaystit udam e videsdtfegrhdspbiate and

W t hout affeiptigeg |d.lCi ferase activity or stabili tiy. .
ANBRSRATR 1o dAPETER] RERAYIISARERISHOTMRI 1§ A% 8|Source of ammonium

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
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

Tris-phosphate buffer pH 7, D-luciferin, ATP, Mg2+*, EDTA,Ca2t , thiosulfate
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debris remain unextractable. A possible alternative is

the use of unclarified bacterial |ysate wthout
woemierizfazgat i on, whi ch nay i ncrease sensitivit pCDANL2006/000246

| ower reproducibility because of non-honpbgeneous

di stribution of enzyne in thg extract. Anot her aspect

of the invention relates to % assay reagent for the

detection of luciferase activity which conprises

al) 8%@1%%1@@&#%%”&&%% PR ﬁelﬁa 'Ajp%.l ﬁysk'iﬁé"(gﬁmhé@i/t REl be

ina concentra whi ch upon [utton into

alfleas tpiropars ke ariats o€ she hesajesiagedt fasnahg as both ammonium
concentrations of phosphate and ammoni um i ons.

ap} phesphate (epn ashpresea) assay reagents conprise at

oy s AR T8 2018 daf il L o

bé@RBe dRElfcrin atad foant t3henivbrymmblain t}wsbsqmrcefoémm yThe
at |l east 100 mM nost preferably at |east 250

stahﬂ:tﬁu ofrinpidern inrthg abseree oldD AL rdtaws EW%%?#MH bykgne
t
Py e L R A g L

1. 5- R1Bfrevillcaxeaskit@br ayen hilgkitiracy eetisity Rissh gy foednstance a

assay reagents are those contalnlng Tris, ethanolan1ne
el eportamassalnbleospraid kNIRRT Rt AT RIS TR HHed

dt tral
I R T —
368 ARifVBhLe s@%%%e%[dmﬁ%ﬁf}?’cds@@ﬂﬁfﬁté (AT®), tdhﬂ&@tors such as

described I n the Exanpl es bel ow. The assiié rea ent nmay
Mx2+ ion Mn# qlredutlcmgmgeatguChnS@quSfyhmM toan @rsqqapcgof

olid form which qun reconstitution provides the
%&Eﬁ%@@- RHOM 195 ons. Preferred assay reagents

Co”ppi“éfg a?ﬁ t Kit©B rls%@'giﬁééé@y'x‘@ageﬁt fRMpRWed above. Other
sel ect e group consisting of amonium salts,

uséfud mmﬁlporzemts tineludaiaclyssnipdierd prefedaldy rohortiomnsletergent.

t her eof er preferred assay r ents co
U PR TG I IR LRI ATl e
é?%r%%é? ¥ FAGEN Er@a@iﬁgﬂlg%? HRPRBLEAR Qdiebs ¥REhUmber of handling

stances, suc
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
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
solution may comprise other useful ingredients, such as additional (buffer)
salts, chelating agents, cell lysing agent, bivalent cations (Mg2*; Mn?"),
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

buffer can then be added to a sample to be analysed for luciferase activity.
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stabilizer, chelating agent, reducing agent and/or
cell lysing agent. In one enbodi nent, the invention
wonreesi1des1an assay reagent conprising all the PCT/NL2006/000246
conponents necessary for a luciferin-luciferase
reaction to occur, except fopgthe luciferase. This
type of "all-but-one" assay reagent can sinply be
contacted with a source of luciferase, e.g. a
Aﬁy %@%Hébﬁaslﬂtate QidSa @ xR as 6 douetdLmaationb® abbl@inazebe
I'Tght signal. An exanple of an "all-but-one" assay

usegligetite bnﬁﬁmsos},e’@oa Tfr agpphﬁs @Hae@, bag ﬂmenplqnmrowdes a kit
Rlum erin, ATP tth?L and a
wheHER e ATBeRT B P Ee i Vi RO TR e

(d&)%twﬁolahhnw Shidosuad! s%lﬁﬁoﬂ ﬁ@gﬁéf@rafﬁiﬁheﬁ@fdlﬁjéuswﬁh HsPO..
he assay reagent as ong as ammoni um and

phos@ﬂzat of fheninvantiopmesgaiso domprigr @fcell dpeingsobuionr kit may
assay reagent do ot..conprise DIT becau
e TR R O T DB SEFRRE Vi ape aied s 2
p(%fftﬁ%— IPH%?OP{,@PH&J&"X aolfucifé Jeesrtbﬁdéurﬂ Ligeabsence of

are an all-but-one assay reagent
Wil fa @eﬁiﬁd‘ aspeet]tai Kitlofiihe Sﬂnﬂirftidn écﬁnpﬂbssoa ;ﬁrewedﬂerwbd substrate
manizg e & DygRE SRS BPicody Daided o 105 Mo qgecdried substrate

mg%{%i I yelﬁoe[q’ ] o-uéeegg%f’eggset &et@@ﬁ' 60 E@%@aﬂtu@‘h@ FEe-dried

assay as provi ereln. uc conmponent s

stlstlatdemiztitiré esmpeise s AJP, dueifélhincivdettiiogulfatesThs tsubtirate
(ATP), cofactors such as. Mg2+ or M2+, a reducing

magane maE fugbes samprse thetpsefub camponerismav R in the art, such

B AP e TR R R AP el AR RERR sl e poter

sél%ﬁfoﬁ' colﬁiﬁm@%r&lﬁﬂﬁﬁﬁﬁml pobysieata, HyiergeifctBNysing agent), Mg2,
referably a non-ionic detergent. Preferably, the kit

E&T@oﬂeﬁt@(hélﬁthS%oget her in a niniml nunber of
separate contai ners. Prem xi ng of conponents reduces

t he nunber of handling steps perfornmed by the user of
ThBSn¥éition ik ﬂﬁﬁtﬁf@@(ﬂiﬁzf@ﬁt]ﬂxéﬁﬁlésrbé%khl on provides a

luci ferase.detection kit conprising a first container

with a substrate

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
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

comprising Tris (0.5 M), phosphate (0.25 M) and various reducing agents.



10

15

20

25

m xture conprising luciferin, ATP and a reduci ng agent
and a second container with a buffer solution
woanprizsi3ng at | east phosphate and anmoni um i ORETALAVE/000246
bi val ent cation. The buffer solution may furthernore
conprise further useful subs&gnces, such as a
stabilizer, chelating agent and/or cell |ysing agent
O course, either or both the substrate m xture and
uf ' - ' hB&ktrHE6hY n the reaction
F#ﬁgﬁgbi%ﬁ%gﬁﬁtﬁ%%ﬂggngﬁa??ﬁgﬂgﬁgfgugfir) salts,
mikielratonng aatientiinetied of 4 Jehnpsegremtyeabiion fie fporeid)ons ATP-
(Mg2+; Mn2+) | stabilizers an [ In.a preferred
deipian st il ¢ peed ot f@ﬁ éhmﬁ% e e dapigtities of
e t ,-NC .8 1 H X t
B B 0 R By a8 systom with
sthatisthhyuptegiiueifeat €610xka0-5 mi/l 218, 3xk0-¥dhabé exdeksd 1tiomM)
a sanple to be analysed for luciferase activity. Any of
e phosphate and amoni umion sources nentioned above
may be used in the buffer solution. In a specific

aspect, the invention provides a kit wherein the
amoniumion in buffer solution is provided by Tris or

L PO B B R g o
11 92 §O AR dySE sBe18§ bf FligiSleBdASOh UB. Olhe Micktalndeach reaction

furthernore conprise épprified) | uci ferase enzyne .
kinkstids cvame wathy defferant Trisoghesphate im erceptratiprpwap slesermined

b%vlirg% Et%{pglsmtgﬁgg f dggﬁ%%g@g@%t%%g@lg § Lifni&(rétlzegls RYS teXpl.aesse din
Ng%? @8 (M0EdHRs)Piida BuldtidiLss S splhia®d iomhéditehsrdtohe

to the freeze-dried substrate mxture to yield a
ready-to-use luciferase detection reagent. The
Figwezé-Bifecdiphosp hateconcsntratiooonpiheskalf-Afp (calculated after 10

e Bk A PRGN B B
a(@ﬁa{y{ ?]y%%@ﬁs&lﬁ’ FMErethi £ Bnf48 e heRNEBGE fhd tighd1abdded fok@he

e light-signal . The buffer solution conprises
lamimescente frhdsplyaodialilef ibs gutial veddd. | ysi ng agent),
My2+, EDTA, Ca2+ and (NEU) 2SO4.

EXAMPLES

Example 1: Effect of different concentrations of ammonium and phosphate

ions.

This example demonstrates the effect of different concentrations of Tris and

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
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The invention is illustrated by the Exanpl es bel ow

LEGENDS Figure 1: Light-output tine course of the
wouceisf1ierasn- | uci ferase reaction at different PCT/NL2006/000246

concentrations of ammoniumions (Tris) and phosphate

ions. Figure 2: Light-output Bi me course of the

luciferin-luciferase reacti o% at different

concentrations of ethanol am ne and phosphate (panel A)

sdMitiBH¥BALH AL AR00 RI8B PRI AtP 2R ls@c_k Jol §46:€ wiks used to make a

Light-output time course of the luciferin-|uciferase
rareeodfi ameay eapgérsis rgnmiprisng, 0:eSpddtivebinos Bhitle O¢ih, D52'W), 0.138,

o 8891 EBate D DI S BpinsiiatS epasetrafion if these assay
re{ag%ﬁ%ée%s N XIY5S, 9.@75?9.%?9@.0%?96@32?onnaand 0.085 M

scence€ reaction in (panel’ A ah ATPdetection
physitene wespestirdly. anounts of ATP (5 nM and | arger

iti f lucif /1 ~ 83x | O .
Elpaes @yt ehodieader Jontlts DA Ted apdioq ) ke ith small
for o g
BB AP A8 MO b B e
pBaihdty Biniesc added fredts noindr hiendERmifidahtieffédrasthe above

assay systens of Figures 4A en 4B. The integral ?f )
reppzted phetihate copeanteationr Fechwssaydiopgepkas supplemented with

Tr i s= pho te.ion. ' ' .
DR B TR R AR EEMIBE P el By S, fftion of 250  of
a lfEENE PSR di sto X Blasivad 30 mMeATCo 8nh M DLOfifeein) 19D mM
as a function of phosphate ion _concentration. Figure 6
thioshifatet adjistsbepbdEd. CuitbehM NaQl) tm22h@ nhaf fsqayrreagent.
(calgulated after 10..m nut f inc e} f_t , +
o FeloRte rashopBish thidoRee R R LML ot d B (DPBS )
cSYRheRE 05 l@%m i RshAdseSh #B.016NEN BEA). TheifesaddrhpI¥B were
needed for the lum nescence to decay to half of its
preparedlbyviscoestiEMP L ED Ekiaag leciferags fiacd00il watdrelbat

recs% &ggts% &tiic%] %’vaosfth%rrfr{ﬁm’cgé]1 1%6%‘0?(1{1 83§ Ea)ﬁa}ﬁ:"g 150 pl of the
reconstituted luciferase to 15 ml PBS (8.1 mM NaHzPOy4, 1.5 mM KH2POy, 2.7
mM KCI and 137 mM NaCl) containing 5 mM MgCls, 5 mM CaCls, 5§ mM
EDTA, 0.4 % Thesit (a non-ionic detergent) and 0.1 % bovine serum albumin
(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 ul of each assay reagent
(Tris-phosphate dilution with D-luciferin, ATP and thiosulfate) was added to a
well of a white 96-wells microplate after which 100 ul 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

counter. The measurement was repeated after 5 and 10 minutes. Hereafter the
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ions. This exanpl e denonstrates the effect of

different concentrations of Tris and phosphate on the
woeondeaermance of a luciferin-luciferase reacti ORCT/AL2006/000246

stock solution of 4.0 MIris (source of ammoni um i ons)

was neutralized wth phosphog(jéc acid (HsPO4) until a

pH of 7.0 was reached. This ock buffersolution

contai ned 2.0 M of phosphate. The stock sol ution was

Sy PO A6 RO RSP S e o
mbh 34, BeigvébrDihe dMctessive Teasphas phiat thecnimeplatatw ankeépt
hese, sesa raagerts MR ke oS 0Bt acout

res [ Yy cked for its pHto
pebrese%%é S%E?I)’V\%él Eggjﬁﬁé?%%gmﬁg%@%ng’? “anounts of H3IPO4

( sevEmal THs @ncanablons Pe4tisalite&it) réaktibaededurdheere: 1.0,

phosphat e ani ons added in this nmanner had no

0.8i 995t P2 0163 O:0Hn Ot HhiS amd PH08NMo Mhed hinsphphacencentrations

wEPORBODERL b 0 B8R, LORP oS BF k8o jons
red¥eltifelpdBiddd MgB! D2RRiMATin0ATP, theshlfate hapaduedesiseck

solution (30 niMATP, 3 MM D-luciferin, 100 nV
cartenalioas éndbip wsaeiibn mipkes Oewe t2hd MMNASPIM o1 52801, 5 mM

f say reagent. Luciferase was |yophilized in
a&ﬂgéﬁcﬁ'@@’ §g§5’§§g&?{g’h My and Ca (D PBS++) contai ning
0.05 g/m trehal ose and 0.016 g/m BSA). Luciferase

sanpl es were prepared by reconstituting |yophilized _
Figwee fleillastrates 200 effectwdtincreaFing Twsghosphateotancenbratmss in

TR -
t}géz}%igi %gﬁaﬂ“ﬁ&%ﬁ e the ot I@Ct] 3;2151315(1& ré%&‘l%gol)od? counts) of

ng 5 nM 2, 5 nM EDTA,
edehesictiohanixdnrée oind ardetwidserthp candeOwerdpaeitkeded dyum

irg PR T i LG o B2 TS FRoCBHO PR L BSBRtes. Those
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.

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
relative to the values obtained using 0.5 M Tris / 0.25 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. Therefore, a method of the

invention is not limited to the use of suboptimal or.optimal ion concentrations.
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To neasure the | um nescence kinetics of the luciferin

-luciferase reaction for each Tris -phosphate
woampania3ati on, 100 ml of each assay reagent PCT/NL2006/000246
(Tri s-phosphate dilution with DI uci ferin, ATP and
thiosul fate) was added to anP§ of a white 96-wells
m croplate after which 100 sanpl e sol uti on was
added. The m cropl ate was shaken for 10 seconds at
1100 rpmon a mcropl ateshaker and then i medi ately
placed in a TopCount(r)-NXT Mcroplate Scintillation
HRabld 8mlnghteriebd 6fsheduciféréns esul ti ng | uni nescent
Tudhérsiedradctien asefgivteeniofmedijatel y after | oading

THR ahar @an&@né&etmwﬁer The neasurenent was
ﬁ@gﬁqh. fer 5 and 10 minutes.| Hereafter thesigna

T S mnuteintervalstoa
re[ﬂ};;%ﬁ[ﬁir%%{ g}jﬁeen t he successi ve
ntﬂ— kept constantly in the

couhper at 22085 The en1t Ilght was quantified as
couhbs per se@é%d (chs), 168bfht ti me 3 seconds per
welbl25 Fi nal To.l85condgent r126i®ns in the di fferent
regqgipon |m xt@pes werle: 1.03,4 0.5, 0.25, 0.125, 0.063,
0.§363 0./016 @pd10. 008 hAthe phiosphat e concentrations
5 0. 8 0.031, 0.016, 0.008 and

3,
S re$ gctively. Fi nal M2+,
ijosul % e and | uciferase

| xtures were 2.5 mV
150 MM 1.5 M 5 nMand 14 pg/m, respectively.
Figure 1 illustrates the effect of increasing Tris
- phosphate concentrations in the luciferin-luciferase
reaction mxture on the initial height and the decay
of the light signal. To conpare the total light yield
Egexprle ks &ffegs of Atfferennss)rces obammersam jors. m xt ure t he
areas under the curves were calculated by integrating
t he equations of the curves between 0 and 420 m nutes.

[ t:he

B o e A
eﬂ)@lﬁiléﬁﬁné of awaneniubh @hbelshﬁlﬂe&s afsetl he peovidghe Yeifa in -

luciferase reaction with ammonium ions.

H
o—ﬁ
o

;«
D
). 7] —_—

0.

Stock solutions of 4.0 M ethanolamine (Ho2NCH2CH20H) and 3.0 M
ammonium-phosphate (NH4)2HPO4) were neutralized with phosphoric acid

(HsPO4) until pH 7.0 was reached. Dilutions were made in the same manner as

described in example 1. Furthermore, 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 aqueous,
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cal cul ations are summarized in Table 3. Figure 1 and

Tabl e 3 show that increasing the amoni umions and
wohowmphatse i ons in |uciferase-detection reacti 8AT/NL2006/000246

m xture result in both an increase of the initial

light signal as well as total,,JJight yield up to a

final concentration of 0.5 M2§r| s / 0.25 Mphosphat e.

Above these concentrations the | ni tial light signal

- e

8L il SE TN of Ak il Kbl T e goagenoration
oMiinsodiuth Z2mshiphibepeatiton nnidtwetis rggehivkid ttoﬁ&s&lentlcal to that of

concentrations are above the optinmal concentrations.
thssquyce (0f S IMPBHHTT AP 3 the use of supra-optinal

conc n Lh

resuf't Eﬁég%l%p(?fo@?%‘a y| eq%mmgﬁﬁg%%ggf@g&?%%égv&h&
aﬂﬁﬁ&nﬂm@@/a@mmspmwmhm che aNaephs aéstetsthelhnenedrane (NH4Y)

a method of the invention is not limted to the

of
cesafrathens mﬂ@pﬁnaﬂamlxt@he seote &l rlafi Qs Ofébpelzf?u% 063, 0.031

Iﬂgﬂtﬂr%h@ 8Pd%:h]e§e g}%uf{c' f gé)rlhg%rlfec reesr a%?l ]Sf?l?)%' Q.%aé.% 0.17,
ofogU 004, [OTGZFLnfl B"(HSJPM%E&S ﬂalaﬂé"In Yhehidal MaciMn mixture. Each
(109counts) 1.0 123.8 0.5 0.25 137.3 0.25 0.125

taszed @ndmoasI0- pd&&pha@ dilation 319, @3tag®dsa emediamonpapof 28 mM
l\ngg (9, &\?’ morp%oﬁn%rgpgne%%?foglcog(ﬁd)d'd' 4

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
Table 4 (ethanolamine-phosphate dilutions) and Table 5 (for 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
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

concentrations the light yield decreases.



Exanple 2 : Effect of different sources of ammonium

ions. This exanpl e denonstrates the advant ageous
wehbwaess3on | ight yield if ethanol am ne or amMmBaTNIR006/000246

phosphate is used to provide the luciferinluciferase

reaction wi th amoni umions. o§tock solutions of 4.0 M

et hanol am ne (H2ZNCH2CH20OH) and 3. 0 M ammoni um

-phosphate ((NEU) 2HPO ) were neutralized with

PRRRPHONI i 6h§idld FeeRé)ueMdrinPH 7. 0 |was reached. _

l%lféﬂa%sr ‘@tﬁo deridbtidg of@Me manner as described in
A l?ap&r gh{ %ﬁ & | met hods dand ot her

etElem ca ?

the assay mixture and to test
(LQ-HQenW "Qll erFl A—a l el 'Far| n| uci fer ase

(R ad-ight Yaeld |t n i
exarrpﬂ%ainﬂg]ﬁ IISp gw%ﬂlegsn ne d&cent ra?i gﬁgei ﬁst Ih(re]

assay re 1.0, O. OcomBts). 063, 0.031, 0.016
and 0108 M and 0.&5 0.25, 0.926, 0.|/063, 0.031,
0.0160.%. 008 and 0g0t M phospkatse, rjespectively.

Accor@lbgg to the pggssnt iinveRykon, 4 final

conc%nﬁgtl on lof | hancl am I's assuned to provide
the ra{‘)qg us, neutra O%?aCt' n?ggure wi th I M of

|ons Thu he conce atign of amoni um
|ons Y he reacti lqlﬁl xtyre i egar ded to be

|dentq Qkﬁ to that @008he sourc‘é96f anmoni umions. In

t he @aB@8 of (NH ) BB, t hd ammbhbum salt provi des both
t he ammoni um and phosphate ions. In the dilutions
tested, the amoni um (NEW) concentrations in the
final mxture were 2.0, 1.0, 0.5, 0.25, 0.125, 0.063,
0.031 and 0.016 M and these dilutions contained

0. 085, 0.043,
n the final reaction
rﬁﬁ m phosphat e dilution al so
RBHpQPLAm anglnla PSB L of 28 nM NOPS

¢aneoptrationfran Kigwee Bl f oni ¢ adid). Figure 2 shows
ommenilm] dthdmﬁeﬂlj TIiight|Yighd |signal in a
| uci €d)i nl udi f er 48D r eag(ilOfcounxtsirie conpri si ng
di ff er@nt anount sp af et hanolgngne -

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

0.031 0.021 43.7

0.016 0.011 31.8

Example 3: Effect of different tvpes of reducing agents.

This example demonstrates the effect of various types of reducing agents used
to protect the reactive sulfhydryl group of luciferase from oxidation. This can
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)).
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phosphate (panel A) or ammoni um - phosphate (panel B)

Quantification of the reaction kinetics through
weoeundeaces3ar ea cal cul ati on under the curves i s BODMNL2006/000246

Tabl e 4 (et hanol am ne -phosphate dilutions) and Tabl e

5 (for amoni unphosphat e dilgéions). As with

Tri s- phosphate, increnenting“the ethanol am ne

- phosphat e concentration gives rise to a better |ight

i.el d .onl 0 ] |
Vit priboeRptetil e S ARRA, Bt fulgkonet o
cohB&inifa G iedhci@Saddns ih A cifetincledifbraget repbul comgmising
conpared to the reaction mxture

i.th O
amvprdransl and phosphatedons (3p H\ésTp}Fx%w\émd 0%%’?8h9$@hat€hese
tyatj L ' t
i e R e e T e
whfe PR M ApTRAhUA BIGi RSN 458-0f), Aitbseihatiob(I¥DTY dlse8-
increased light yield. At higher concentratjo % the ..
ceibgy ety ph ppbin GEST Bx o enhinee (SpsSrp ararodivn-
t.y. f duci ts . o Thi I
ke rpasdTor e O RE SN et B B B A BRI e
hPdRcaHridd &t ercwpvECEy f hydryl group of [uciferase

rom oxi dation. This can be inportant for a_sustai ned
act i 4i3.§ MiTrishel 8ynhwsphakd siogk splugion Bas dhlwed te ¢

o babeeti abba I VA Ttk BB RLET SN g 50 M for
h@gg%rgb?ﬁo@eééw sddRicOAEER a SRR N NIffGORha M dWbRA diluting 100

i'ng agent 1n a lTuciferin-luciferase reaction
ut ofpadistetmcanmagénta sinck (HbphftMaiSeMs) 10860 M Firissphesphate
0.25 M ph hat e).. ti t ai.ni 100
U e L R D
SR LD SRy RRRERR o1 A St e, GG D uciein
pEDUiU Mhictfefsel faahgles Mad SAshtiganidns asuxemsentsiwere performed as

(Na2SQ3). The_ TCEP stock sol utiqgn was_ prepared, b .
deperelesd alpaye: H»‘élerfy%ﬁlc?@ﬁp@ﬂr%w%&g fhe -1P|gja)g?nh“§ the graction

mickSrd whs 8 MRPESPHRTe TS KRB A% NRSSO) hid 6% kM or
NagS204.

The time course of the light signal (Figure 3) and the resulting light
yvield of each reaction (Table 6) show that the presence of a reducing 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.



concentration of 1.2 MTris / 0.62 M phosphate (or

1.11 M/ 0.56

M for Na2S2W4

)

For each reduci ng agent

wa 20st1iecsi on buffer was made by diluting 100 nPCoiNLeewm00246

reduci ng agent's stock (10 m for
Tri s- phosphate buffer sol uti

in 800 n
Na2S2q 4)

Na2S2M4)
(890 m for

The detection buffer was conpleted by adding 100 m or
a freshly made solution with 30 mVATP, 3 mM

el é;bf

light signal

yoeie ety

Ry FASHIER for Na2S2

(I:rfmre '2\ and

TA018%: " oigHt yiRill 6f3helUCI Tef ase sanpl es and |i ght
13&1%? @%&ggg%gcyﬁgp gerfor nmed as descri bed above.
|na COR [ he reduci ng agent in the

for DIT, TCEP, Na2S203 and
4. The time course of the
the resulting light yield

ofRedukingact
r edigengt agen

i odaghtNield)
t i(h0%doetsdct

show t hat the presence of a
on mixture to protect the

lugyfsy.ase fr
i n b3Y' el

t he abi i
and as n
| uc Pa-1 uc
ef f ECCERf dif

om oxiig@aui on r
d. Fuﬁé er nore
ty of hi oni
on-th} ?%reduc
i ferad §ssay

f er enfl2&Amoni u

esults in a large increase
the .results denonstrate
e, thiosulfate, sulfite
ng agents in a

Fxanple 4 @ Differential

m phosphate ion

1

concaphg ati ons on tdEe9d |l uci ferin-luci ferase reaction in
an ATP-detection versus a luciferase -detection assay
This exanpl e denonstrates that increasing the
anount s of annnnrunrlons and phosphate ions in the
eon mxture h |fferent
o jamei L ase
Dfd%ﬁs&&ion versus
reagent m Xt ures were prepared 8 mxtures (for the
a Mdfassadptartionaissed. a | arge anmount of [ uciferase,
smal | amount of ATP and increasing Tris-phosphate
concentrations and 8 m xtures (for the luciferase
ﬁfssc%é@rﬁ L @Gt 2a 8BSt ﬁf@é’ﬁlngfthé‘gp ?&h’c%rg?l amAAKITh ions
ucif'erase ‘and I ncreasi ng anbunts
add pbhopplestehiahe in Fhahicifeeachiciferagextasceion mixture has a different

AH‘]

a

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 luciferase 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.



concentrations of each conponent are shown in Table 7.
To reduce variances that m ght be introduced by snall
woampaniazat i ons di fferences between t he reagenPeT/NaR2606/000246
reagents were made fromthe sanme stock sol utions where
possi bl e. A "luciferase sanpl e" was prepared by
reconstituting a | yophilized4 uciferase control sanple
(PerkinElmer Inc.) in HO and diluting this in
Dul becco's PBS with CaMy (DTBS + % to a 1.0x10-7 q/l
A Tlucifé s semuplimiaspreparedAnprecanptibating & lpf%blgw@é peaferase

ol R0 ST 00 AT s s
wigf%\/l@}he PR {hox MeR30T @/ltlneifbusrobetmnce Kinetics

uciferin - luciferase reacti on when assa%jn
Arf ATREamled ws mipaeashbyrdilytipgas prrenstiswieddyorp bt 4263 ATP

stk oA T X W0 GRALE R Feicg i boRAP e 5 ATR
Sogﬁgﬂﬁzgcmas added. Likewi se, in the same mcroplate

tion kinetics when assayi'ng for luciferase
Toneieastsativr Binimespinpe tiineigest kel lugifesiachluciferase reaction

wheRIRAGFS0B (1 ABF. L0004 PEFaQ TERH b Someapyfich peaent
RIS P AR PR AR &7 PeAtinicr Inc)

antheo@al bEtATReaph it ewaa s didetelikevaby, ipl Beeshne nrcroplate the
YR e PRI -
TN TR (RO S g 00
Mz sl e
sucBasmierapbateny anelralken fos 10 secopilape apdcner i6kHakEr and

BB e B R RISV M

inPme 8ERBRSp1AeEd e bl Top Count®-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 minutes. 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 seconds 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 106 counts, was
calculated and plotted in Figure 5 as a function of the phosphate

concentration.



Figure 4A illustrates the effect of increasing

Tri s- phosphate concentrations on the reaction kinetics
woOnodehe138TP det ection setting, and figure 4B sROWNLR6DS/000246

effect for the luciferase detection. To further

illustrate the difference bggween the ATP and the

| uci ferase detection systens, the total |um nescence

of each curve, i.e. the integral under that curve

between 1 and 420 m nutes and expressed in 106 counts,

was cal cul ated and plotted in e 5 as nctlo
Flmetaqumélpﬂwm @h@aﬁ#é@rheft‘é[@% ﬁ)ipgﬁh?f@ fém§ﬁ’6%§ nd the

bet h a
AT P55 PP B, a0 o
to BQH' itk ARSoen efintitesefoaynt ATRalfd afscifarase aksay. Initial
value (in mnutes), for an ATP an? a Iuclferase assay.
lurhinescence wes pesesend aftwad Ozainates oF MY ni nut es of
i ncubati on. The ATP- and | uciferase-detection assays
clearly performdifferently with respect to the
Th'en&'f? aghi JuAReTRRE detdiRaN Rk es tleasly perfhien deffetently with
mxture. In an ATP assay, wherein the ratjio |uciferase
respedlTRo tlse ﬂturéaadgtammpdglmﬁdloéﬁhywewnﬁl1@!’?@? reagtion mixture.

h hate ion c ntrati,0 nm
Inlﬂg’nﬂgﬁ s%%ﬁEeW?’% 3 ﬁwa} ]E%Iiaﬁgr asrféP tégélg{&t od jowazds the
entzyﬁel HEHerAss phoﬁ?l?at%%h Qoh&erbhfibes 1ﬁ1ﬁhﬂﬂd$a]AﬁBnnbkt@nce

esence of up't mM Tri s- phosphat e enhances tot%
Whufaa@aa@ehmefefm asﬁy, whenciartbedupierase -Subh rabaporbited

B T e

l'uci ferase activity in a sanple, conprising
lugﬁédﬁ£bp%g the sanple 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 perform ng the incubation
in a reaction mxture conprising ammoni umions and at

| east 20 nmiphosphate ions, and neasuring the |ight
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2. Method according to clai

m 1, wherein said

phosphate concentration is nore than 60 nM 3. Met hod
weaceewridiazg to claim 1l or 2, wherein the phosphaCe/NLO6E/000246

are pr

ovi ded by H3PO4, E PO or

HPO4 2

PO43 or a

conmbi nation thereof. 4. Methgd according to any one of
the preceding clains, wherein said anmoniumion is

provi d

ed by an amoni um sal t,

an amne or a

Tabld ¥t €loneBhratioarIeach companentrii PA0iudveddidrenfixture per well

Met hod according to an
forither ATR- snluriteraemilelec

am ne-

(tris(hydroxynet hyl ) am nonet hane) or
hydroxyethyl)imno-tris(hydroxynet hyl ) met hane)

¥ one of the
19R 4s8apr ovi

based buffer, preferably Tri

precedi ng cl ai ns,
ded by an
S
Bis-Tris (bis(2-
6

Met hod accopgdhfhifaRios!Rbdth forintdin ik rEadtioRahitt @i ne

isap

rimary or secondary amne, p

referably an an ne

sel ect
nonoet
di et hy

ed from t he\Tressy consi st i nd

(e AR

according

of Luciferase assay

nono e(tS taﬁlfe?éﬂg?%cﬁ&gmixture 8)

any one

Chaprieded

i ng cl ai nonghereém t he ammo

niumion Concentration

CONCeETt

60 MV
Trejelesr d

HEbRe re
Met hod

BS'@vherei
Nagk0gen

noforpon
PO43-

NaCl

CaCls
MgClz

KCl1
D-luciferin
ATP

Luciferase

ratitom s at feast 20 nV p
nore preferably nore than 1
ng to any oﬁégéf the preced
action m xtuseaN@H ranges bet
according tQ.any one of the
1 sai d i noublP el

pusl y added 0¥ m3Uppl enent ary,

Ndog BB 923 4T 1o |GbYt 2 i .0me
69 mM
0.45 mM
0.25 mM
1.3 mM
0.6 mM
5.0x10° M
5.0 mg/l
pH 7.0

referably at Teast
00 MM 8. Meth

i ng clains, ﬁﬂggbin
ween 5 and 9.PmM
preceding clad

nis perfornmed in the absence of

t hi ol - cont ait®i"g
96 , o0l @b erdbjl yo
105 | 55

0 mM
4 mM*

5
2056 3015110} 7
69 mM
0.45 mM
0.25 mM
1.3 mM
0.5 mM
1.5x103 M
5.0x10-5 mg/l
pH 7.0

* Corrected for phosphate ions present in PBS* used for sample preparation
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performed in the absence of DIT. 10. Method accordi ng
to any one of the preceding clains, wherein said

woeamtizm31m xture furthernore conprises a reduCDANL2006/000246

agent. 11. Method according to claim 10, wherein said
reduci ng agent is a nonthiolggonpound, preferably a
conpound sel ected fromthe group consisting of tris
(2- car boxyet hyl ) phosphi ne hydrochl ori de (TCEP),
thiosulfate, sulfite and dpidingnite. 12. An assay
reagent for the detection of Tuciferase activity
corrpri si ng phosphate and anmoniumions. 13. A kit for

tecting lLyuciferase .acti vi.t £isin . .
Engentt TechiuphicRgBranitties pEPT iy T Pl Hithmrisine
14. Kit agfohdiing the sahﬁﬂenﬂ%he\wsée@ice oi@xhé‘ifeii&bﬁhﬂ%’ﬁP and a
m xture is in a ['yophilised form 15. Kit accordin
claim 13 bivaleht dativphieraltonphe generadiaredd a light ﬁ@n Wherem
agent. cor di I 15, wher
cel | lysi F@e%gﬁﬁghgylﬁﬂggéﬁqﬁ @aﬁlﬁh%]s]ﬁ ?\aélﬁ%@hy performing
17. Kit aggorglpg:iba 1?Wréﬁ%ﬁoﬁfmﬁitﬁké@orﬁﬁlitsi:hglﬁmmomum ions
further conprising uci ferase standard of
t he conbi aatliadiendt aﬂmeIpéabephan@ iamspmidimeasnsingahe light
enhance the total light yield of a
| uci ferinsig@élferase reaction in a | uciferase

d%t ect ilﬁ@tl?&ﬂsgmecmcding to claim 1, wherein said phosphate concentration

is more than 60 mM

3. Method according to claim 1 or 2, wherein the phosphate ions are
provided by HsPOu, H2POy or HPO42, PO4% or a combination
thereof.

4. Method according to any one of the preceding claims, wherein said

ammonium ion is provided by an ammonium salt, an amine or a
zwitterionic compound, or a combination thereof.

5. Method according to any one of the preceding claims, wherein said
ammonium ion is provided by an amine-based buffer, preferably
Tris (tris(hydroxymethyl)aminomethane) or Bis-Tris (bis(2-
hydroxyethyl)imino-tris(hydroxymethyl)methane).

6. Method according to claim 4 or 5, wherein said amine is a primary or
secondary amine, preferably an amine selected from the group
consisting of monoethanolamine, diethanolamine,
monoethylamine and diethylamine.

7. Method according to any one of the preceding claims, wherein the
ammonium ion concentration is at least 20 mM, preferably at
least 60 mM, more preferably more than 100 mM.

8. Method according to any one of the preceding claims, wherein the

reaction mixture pH ranges between 5 and 9.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

36

Method according to any one of the preceding claims, wherein said
incubation is performed in the absence of exogenously added or
supplementary thiol-containing compound, such as DTT,
glutathione or CoA, preferably wherein the incubation is
performed in the absence of DTT.

Method according to any one of the preceding claims, wherein said
reaction mixture furthermore comprises a reducing agent.

Method according to claim 10, wherein said reducing agent is a non-
thiol compound, preferably a compound selected from the group
consisting of tris (2-carboxyethyl)phosphine hydrochloride
(TCEP), thiosulfate, sulfite and dithionite.

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

A kit for detecting luciferase activity, comprising an assay reagent
according to claim 12 and a substrate mixture.

Kit according to claim 13, wherein said substrate mixture is in a
lyophilised form.

Kit according to claim 13 or 14, further comprising a cell lysing
agent.

Kit according to claim 15, wherein said cell lysing agent is present in
said assay reagent.

Kit according to any one of claims 13 to 16, further comprising a
luciferase standard.

Use of the combination of phosphate and ammonium ions to enhance
the total light yield of a luciferin-luciferase reaction in a

luciferase detection system.



