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(54) Title: MULTIPLE ENZYME ASSAYS
(587) Abstract

The present invention discloses multiple enzyme assays which measure the activity of at least one endogenous enzyme in a single
aliquot and a method of measuring the activity of multiple enzymes in an aliquot of a sample extract, wherein at least one of the enzymes
is an endogenous enzyme. In one embodiment of the invention the activity of a first enzyme is quantified by measuring the light signal
produced by degradation of a first enzyme substrate by the first enzyme and the activity of the second enzyme is quantified by measuring the
light signal produced by the degradation of a second substrate. In the method of the present invention, both quantifications are performed on
the same aliquot of sample extract. Different embodiments of the present invention provide for the detection of more than one endogenous
enzyme and for the detection of at least one reporter enzyme and at least one endogenous enzyme. The present invention also discloses
kits for detecting the activity of multiple enzymes.




24703

20

"05 THU 10:28 FAX 81298255911 GRIFFITH HACK

TITLE OF THE INVENTION

MULTIPLE ENZYME ASSAYS

This appiication is a recular National application claiming pricrity from Provisiona!
Apphcation. TS, Application Sertal No. 60/112.339 filed December 15. 1998. The entirety

of that provisioral appiication i3 incorporated herein by reference.

BACKCROUND OF THE INVENTION

Ficld of the Invendion

This invention discloses multiple enzyme assays wiich measure the activity of at ieast

one eudogenous enzyme in a single aliguot of & sample er population of c=2lis and multiple

cnivmes in 4 singie aliguot of o sample provided thai at teast one of the enzan=z is an

cndogenous enzyme. The present jovention also discloses kits for detecting the activity of’

muluple enzymes.

Background of the Prier Art

A widc varicty of reporter geng assays ars used in both biomedicai and
pharmaceutical research for the siudy of gene regulation and identification of cellular factors

and cnemical compounds thai atfect gene expression. Alem and Cook, Anal Biochem, 1990,

188:245-54; Bronstein, et al., Anal Biochem.. 1994. 219:169-81. Reporier gene assays arc

useful tn the study of gene rezulalory elemenis because Teporter gene activity. i.c.. producticn
of the reporter protein, is direcilv propurtional to the transcoptionat acuviry of the regulalory
elements of the gen=. A reperter gene construet for use in these assays contalns one or more
gene reguiatory eiements which are of interest, the minimai sequence requirements for

transcription of a funcuenal mRN A, and the coding sequence for a reporter proicin, Alam,
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al.. Anal. Biochem.. 188:245-254, 1990. Analysis of constructs containing various deletions
within the regulatory region enables mapping of regulatory sequences necessary for
transcription and cell specific expression.

Introduction of a reporter gene construct into cells, followed by quantitation of the
expressed protein or its activity, provides an indirect measure of gene expression. For
example, the sensitive quantitation of reporter genc products is important for analysis of gene
expression, signal transduction pathways. identification of protein interactions, and drug
discovery. Further, quantitation of the reporter gene enables mapping of the gene promoter
and enhancer regions, analysis of gene expression mechanisms, and screening of chemical
and natural product libraries for effectors of gene expression.

Chemiluminescent reporter gene assays combine high sensitivity with broad dynamic
range, typically 6-7 orders of magnitude. Chemiluminescent 1,2-dioxetane substrates for
several reporter enzymes, including [3-galactosidase (f-Gal), B-glucuronidase and alkaline
phosphatase (AP) are used in highly sensitive assays. These chemiluminescent assays
provide superior alternatives to traditional colorimetric, fluorescent, and radioisotopic
detection methods. 1,2-dioxetane chemiluminescent substrates have also been used in a dual
assay for luciferase and [3-galactosidase reporter enzymes. Enzymatic cleavage of each
chemiluminescent substrate produces a destabilized dioxetane anion, which fragments and
emits light.

Sensitive chemiluminescent assays, not limited to reporter gene assays, have been
described using dioxetane substrates. Bronstein, U.S. Patent No. 4,978,614, incorporated
herein by reference. These dioxetane substrates emit visible light following enzyme induced
degradation. Enhancement of the chemiluminescent degradation of 1,2-dioxetanes by

enhancer substances comprising certain water soluble molecules, such as globular proteins or



10

15

20

WO 00/36098 PCT/US99/29550

svnthetic polvmers that have hydrophobic regions, has been descnbed. Vowia. et al.. U.S.
Patent No. 3,145,772, incorporated herein by reference. These dioxetane substrates arc also
used in reporter gene assays for alkaline phosphatase, 3-galactosidase, and -glucuronidasc.

See e.¢., Bronstein. et al., Anal. Biochem., 219:169-181, 1994, and citations therein. The use

of dioxetane substrates and enhancers in reporter gene assays has been descnbed in U.S.
Application No. 08/579.787, incorporated herein by reference. U.S. Application No.
08/579,787 describes assays in which the products of multiple reporter genes are sequentially
quantitated in the same aliquot of cell extract. Simple, rapid, and highly sensitive combined
multiple reporter gene assays which detect commonly used reporter genes are described
which do not use radioisotopes or require external light sources. These assays produce
enhanced levels of light and therefore increase the dynamic range and sensitivity of the assay
and enable the use of a wide variety of instruments.

1,2-dioxetane substrates have been incorporated into the GALACTO-LIGHT™,
GALACTO-LIGHT PLUS™ and GALACTO-STAR™ assay systems available from Tropix,
Inc., for quantitation of 3-galactosidase reporter enzyme activity and have been used with
mammalian cell cultures, tissue extracts, microinjected frog embryos, protozoan parasites,

yeast and bactenia. Jain, et al., Anal Biochem., 1991, 199:199-24; Bronstein, et al.

Bioluminescence and Chemiluminescence: Fundamental and Applied Aspects, (Campbell, et

al., eds) Chichester:Wiley, 1994, 20-3; Martin, et al., Bioluminescence and

Chemiluminescence: Molecular Reporting with Photons, (Hastings, et al., eds.),

Chichester:Wiley, 1997, 525-8; Bronstein et al., Clin. Chem., 1996, 42:1542-6. The GUS-

LIGHT™ system is used for B-glucuronidase reporter detection. Bronstein, et al.,

BioTechniques., 1994, 17:172-7. CSPD® substrate is utilized in the PHOSPHA-LIGHT™

assay system for quantitation of either secreted or non-secreted forms of the human placental
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alkaline phosphatase (PLAP) rcporter enzvme. Bronstein, et al.. Bioluminescence and

Chemiluminescence: Fundamental and Applied Aspects. (Campbell. et al.. eds.)

Chichester:Wiley. 1994, 20-3; Bronstein. et al., Clin. Chem.. 1996. 42:1542-6; Bronstein. et

al., BioTechniques, 1994, 17:172-7. The DUAL-LIGHT® system by Tropix. Inc. combines a
1,2-dioxetane with luciferin in a single-tube assay for 3-Gal and luciferase reporter enzymes.

Martin. et al., BioTechniques, 1996, 21:520-4; Bronstein, et al.. Bioluminescence and

Chemiluminescence: Molecular Reporting with Photons, (Hastings. et al., eds.)
Chichester:Wiley, 1997, 451-7.

Currently, multiple reporter gene assays are commonly used to provide controls for
efficiency of transfection. In such assays. cells are transfected with a mixture of two separate
plasmids, each having a different reporter gene. The expression of one reporter gene is
controlled by different regulatory regions being studied while the other reporter gene, acting
as a control, i1s generally constitutively expressed by a standard promoter or enhancer. The
activity of the experimental reporter enzyme is normalized to the activity of the control
reporter enzyme.

The measurement of multiple enzyme activities in a single assay provides several
capabilities. Transfection normalization can be performed by quantitation of both
experimental and control reporter enzymes. Pharmaceutical screening strategies benefit from
multiple reporters to distinguish the effect of a compound on a specific transcription factor
from a non-specific effect on gene expression, or for multiplex screening of several drug
targets. These advantages are described in co-pending U.S. Application No. 08/579,787,
filed December 28, 1995.

While reporter enzyme expression is useful for measuring gene regulation, it is also

desirable to have a mechanism to measure cell number, cell adhesion, cytotoxicity, and cell
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proliferation. Reporter enzymes may have limited usefulness for performing these
measurements because the promoter used for controlling such a reporter genc preferably acts
independent of the exogenous compounds added to the cells for testing gene expression. One
skilled in the art would need a gene construct that is expressed at a constant level by the cell
regardless of what i1s added to the test cells. For example, one would have to use a reporter
enzyme linked to a strong promoter that is not affected by the test compounds.

The measurement of both a reporter enzyme and endogenous cellular enzyme activity
provides assays for normalization of reporter enzyme activity to cellular proteins, or
potentially enabling simultaneous quantitation of the reporter activity and cell number, cell
proliferation, cell adhesion, or cytotoxicity. It would be desirable to have a method for
measuring cell number, cell proliferation, cell adhesion, and cell health that does not require
the use of a reporter enzyme to make such measurements.

Techniques for quantitating cell number to normalize or to measure cell proliferation,
growth inhibition, cell adhesion or cytotoxic effects are presently known and include various
methods for measurement of cellular enzyme activities, vital dye staining, and cellular
metabolism. The necessity of testing a separate portion of the sample for measurement of
reporter enzyme activity and for measurement of cell number decreases the precision of the
assay and may introduce experimental errors into the results. Therefore, a multiple enzyme
assay which 1s sequentially performed on the same aliquot of cell extract would simplify the
assay procedure and minimize expenmental errors. The use of multiple enzymes can
improve the efficiency and information content of high throughput screening for drug
discovery. It would be therefore useful to have a method for measuring these factors without

requiring the testing of more than one single aliquot of a sample.
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LS. Pateni No. 5.72434.320. 1o Sherf. =i a], describes a dua:-enzvme reporter svsiem
which measures two individual reporter enzyvmes produced by celis genctically mamnpuiaed
to sintultaneously express two dirferent TepOrler cRzvmes. Sherf. 21 al. describe the w2 of
dﬁal luciierase reporier enzyvnics and the use ol a quench and acivale reagent for measuring
the activity of thosc enzymes. However, Sherf ¢t al. fail 10 desciibe a method that measures
an endogenous cnzyvme.

Accordingly. itremauins a goal to thase of ordinary skill in the art 10 develop 2 method

for measuring multiple cnzymes, at least one of which 15 an endogenous enzyme. ¢.g., for

measunng cell number, cell projiferation. celi adhesion or cytotoxicity in an assay. ltiza
turther goal to those ordinanty skilled in the art 1o develop a mcthod that measures at icast

onc reporter enzynie and at least ons endogenous enzyme in a single aliguot of a sumpie.

SUMMARY OF THE INVENTION

Jt would be advantageous i at least preterred embodiments of the present invention
provide mullple cnzyme assays which mcasure the activity of at least one endogenous enzyme
in a single aliquot, thereby providing internal normalization for a cell number in a singlc
sample.

In a first aspect, the present invention provides an assay for measuring the activity of
multiple enzymes in a single aliquol of 4 sample comprising:

(1) quantifying the activity of an ¢cnzymc having the capability to degrade a substrate to
produce a light signal by measuring the light signal produced by the degradation of an ¢ngyme
substrate specific for said enzyme by said cnzyme;

(b) rtepeating step (a) tor each enzymc preseot in said aliquot that is to be measured;

wherein said enzymes are selected from the group consisting of reporter enzymes and
endogenous enzymes;

wherein at least one of said ¢nzymes is an endogenous enzyme; and
wherein the activity ol a first enzyme is decreased prior to quantifying the activity of a

sceond enzyme.

COMS ID No: SBMI-01177485 Received by IP Australia: Time (H:m) 10:43 Date (Y-M-d) 2005-03-24
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In some embodiments, the multiple enzymes are at lcast one enzymc and at least ane
endogenous enzyme and whersin at Jezst onc reporner cnzyme 1s an 2nzvine capabie Of
reactine with a dicxetane. The use of 1.2-diox2tane substrates provide sensitive, versatle.

and facile chemiluminescant assay systems for auantificanon of endogenous cellulza

anzymes.
Also disclosed herein is a method of measuring the uctivity of multiple cnzymes.

wherein al least one crizyme is an endopenons enzyme. in an
sHguot of weample. The method comprises quantifyvine the acuvity ¢Ua first enzvme by
measuring the light signal produced by dearadznon of @ first enzvme substrate by the first
cnzvmie. and then quanufvipg the acuvity of a second enzyme by measuring the lieht sivnal
produced by the degradauon of a sccond substrate by ihe second enzyme. ets. All
gquanlificauons are periormed or the same aliquoi of zumple cxtract.

The meczuremient of maltipie envyme activities in g $ingis 2533y providas advantages
Mezusurement of boih a reponer entyme and an cndegznous celiular enzvme aciivity is
advantageoue because it provides dssavs for normalization of reporter enzyme activity 10
cellular praiein, or patenually enabiing simultancous guantiiation of the re

parier 2ctivity and

celi number, c2if oroliferation. celd adhesion or cviotoxicity.

COMS ID No: SBMI-01177485 Received by IP Australia: Time (H:m) 10:43 Date (Y-M-d) 2005-03-24
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In a second aspcct, the present invention provides a kit when used in the lirst
aspect of the present invention for detecting the actvity of muitiple enzymes in a single
aliquot of a sample comprising:

' reagents for quantifying each enzymc;

substrates for each of said cnzymes; and

an aceclerator soJution containing a water soluble polymeric enhancer
moleculc;

wherein at Icast one of said multiple enzymes is an endogenous enzyme.

Tn a third aspecet, the present invention provides a Kit when used in the first
aspcct of the present inveniion for detecting the activity of multiple enzymcs 1n a single
aliquot of a sample, comprising:

reagents for quantifying cach of said multiple enzymes, and substrates for cach
of said multiple enzymes. wherein al least onc of said multiplc cnzymes is an

endogenous enzyme.

In some embodiments, the kit compriscs the reagents for quantifying each of
the enzymes, the substrates for each of the enzymes, whercin at least one of the
substrates 1s a dioxetanc, and optionally an accelerator solution containing a wuler

soluble palymenc enhancer molecuie.
The acuwvity ot the mulupic enzymes cen each be detected sequeatially or

simulianeously, depending on the insirumentation or delecticn device used.

BRIEF DESCRIPTION OF THE FIGURZES
Figure | provides graphical illustration of a dual 2nzyvme assay for luciferase (reporier
enzyme) and AP (cndogenous enzyme).
Figure 2 provides graphical iliustration of 2 dual enzvme assay for §-Gal (reporter

enzyme) and AP {endogenous cnzyvme).

COMS ID No: SBMI-01177485 Received by IP Australia: Time (H:m) 10:43 Date (Y-M-d) 2005-03-24
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Figurz 2 pravides graphical iilustration of a muliiple enzyme assay ior juciterase
1repOrier enzvmel. B-ga!actosid'ase treporter) and alkaiine phosphatase (endogenous enzymel.

Figure 4 provides gruphical illusiration of the kinctics of a dual cnzyme assay for
luciicrase {reporter enzvme) and B-glucosidase (endogenous enzyme),

Figure § provides graphical illustration of the detection range of u dual enzyme assay
for luciferase (reporter enzymie) and B-glucosidase (endogenous enzyme).

Ficure 6 provides graphical illusiranon of the kinetics of a dual enzyme assay for
PI.AP (reporter enzvme) and 8-elucosidase (encogenous enzyme).

Figure 7 provides graphical ilius:rati.on of the detaction range of a duz! enzvme assay

for PLAP (reponer enzyme) and B-glucosidese (endogsnous enzyms).

DETAILED DESCRIPTION OF THE INVENTION

In preferred embodiments, the present invention provides 2 chemiluminescent assay
which relies on the high sensitivity of 1,2-dioxctanes. ‘fhuse dioxetanes, developed by Tropix,

lnc.. are the subject of a wide variety of U.S. patents. Generally. dioxetangs are molecules

that have @ 4-membersd ting in which nwo ol the members are adjacent oxvgen atoms.

Dioxatanes can te thermally. chemicaily, or pbotochemically decompesed (o form carbonvi

products, ¢.2.. esters, kestones. or zidehydes. The decompesition reieases energy in the form
.

of hghi {1.e., luminescence). Speciiically, the dioxetane substrates cach conturn an ¢nzyvme-

cleavable group that can be cleaved by a corresponding enzyme. When cleaved. a negatively

"charged group (e.p2.. an oxygen 2nion) 1 lefi bonded to the dicxctane. This dioxztane anion

destabilizes the dioxetans which then decomposes to form a luminescent subsiancs thal

produces light. The light sigrna!l is detected as an indication of the presence and the amount of

(€M)

COMS 1D No: SBMI-01177485 Received by IP Australia: Time (H:m) 10:43 Date (Y-M-d) 2005-03-24

@o12



24703

10

‘05 THU 10:29 FAX 61298255911 GRIFFITH HACK

the anzyme. Thus. by measunne the intensity of the luminescence signal in whe presence of

excess substrare, the concentration of the corresponding enzvmis can be datermined.

Hivhiy seasitive chemiluminescent dotzction of reporter cnzymes has heen achioved

with 1.2-dioxetane substrarcs in assay formats that are amerable 10 use in both reseaich-scale

and automatable. high throughput pharmaceutica! screening platforms. The vse of 1.2
dioxetane substrates hus been coupled with luciferase reaction reagents jor dua) detection
assays, including multiple reporter enzymes and reporier/endogenous enzyme assays. See,
e.¢.. US. Application No. 08/579,787. Tne previouslv developed DUAL-LIGHT® assay
system is widely uscd for dual detection of Juciferase/B-galactosidase reporter activities.

The present invention relates 1o multiple enzyme detscuon assays that ¢nable tie
detection of mulliblc enzymes, €.2.. both reporter enzyme acuivity and endogenous ¢nzyme
activity, such as luciferase/AP, §-galactosiduse/AP. and luciferase/f-galactosiduse/ AP.
These mualtiple enzyme assays can optimize deleetion sensitivity for both enzyme aclivities and
urther sumplify assay performance. The acuvity ot the endogenous ¢enzymc is independent
of the factor that is manipulated or added 10 the cells to affaci the reporter enzyme activity.
Consequently, the activity of the endogenous enzyme provides a marker for cell number
which ts not linked to the reporter enzyme. This muitipls detection capability provides
simulianeous measurement of al least one promoter activity with a cetl quantitation read-out
normalization of cell number. cell growth or proliferation, cell adhesion, or cyiotoxicity that
is independent of the transcriptional activity of the reporter cnzvme. Such a measurement is
useful in any type of assay that uses reporter cnzymes. from basic laboratory studies of cell
function using rcboncr enzymes (o coroplicated assays used for drug screening.

The assays of the present invention allow the detection of multiple enzymes in a

single ahquot of sample (as used herein, sample may incjude whole cells or cell extracts, the

COMS ID No: SBMI-01177485 Received by IP Australia: Time (H:m) 10:43 Date (Y-M-d) 2005-03-24
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cells can be from mammals, yeast or bactenia). Multiple enzymes can be selected from any
combination of reporter and endogenous enzymes. as long as at least one enzyme 1s an
endogenous enzyme. For example, in one embodiment of the present invention. the first
enzymc is a reporter enzyme and the second enzyme is an endogenous enzvme. In another
embodiment, all of the enzymes are endogenous enzymes. In yet another embodiment, the
first and second enzymes are reporter enzymes and the third enzyme is an endogenous
enzyme. In a further embodiment, the first enzyme is an endogenous enzyme and the second
enzyme 1s a reporter enzyme. Other combinations apparent to one of ordinary skill in the art
can be used in the present assays and methods according to the teachings herein.

Enzymes that are useful in the present invention comprise any protein that is produced
from any gene that exhibits enzymatic activity and degrades a substrate to produce a light
signal. Examples of such enzymes include luciferase, alkaline phosphatase, -galactosidase,
f-glucuronidase, carboxylesterase, lipases, phospholipases, sulphatases, ureases, peptidases,
proteases and others. In preferred embodiments, at least one of the enzymes is a hydrolytic
enzyme. In embodiments that use more than one reporter enzyme, it is preferred that the
second reporter enzyme is the hydrolytic enzyme. In other embodiments, all of the enzymes
are hydrolytic enzymes. Examples of hydrolytic enzymes include alkaline and acid
phosphatases, esterases, decarboxylases, phospholipase D, B-xylosidase, 3-D-fucosidase,
thioglucosidase, $-D-galactosidase, «-D-galactosidase, a-D-glucosidase, B-D-glucosidase, -
D-glucuronidase, o-D-mannosidase, 3-D-mannosidase, f-D-fructofuranosidase, p-D-
glucosiduronase, and trypsin.

When alkaline phosphatase is used, it is preferable that the substrate comprises a
phosphate-containing dioxetane, such as 3-(2'-spiroadamantane)-4-methoxy-4-(3"-

phosphoryloxy)phenyl-1,2-dioxetane, disodium salt, or disodium 3-(4-methoxyspiro[1,2-

-10-
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dioxetane-3,2'(5'-chloro)-tricyclo-[3.3.1.17"]decan]-4-vl]phenyl phosphate. or disodium 2-
chloro-5-(4-methoxvspiro{1.2-dioxetanc-3.2'-(*'-chloro)-tricyclo{3.3.1.13.7]decan } -4-yl)-1-
phenyl phosphate or disodium 2-chloro-3-(*-methoxyspiro {1.2-dioxetane-3.2'"-
tricyclo[3.3.1.13,7])decan}-4-yl)-1-phenzyl phosphate, (AMPPD. CSPD, CDP-S1a»® and
ADP-Star™, respectively).

For assays that use [-galactosidase as an enzyme, the substrate preferably compnses a
dioxetane containing galactosidase-cleavable or galactopyranoside groups. The luminescence
In the assay results from the enzymatic cleavage of the sugar moiety from the dioxetane
substrate. Examples of such substrates include 3-(2'-spiroadamantane)-4-methoxy-4-(3"-f-
D-galactopyranosyl)phenyl-1,2-dioxetane (AMPGD), 3-(4-methoxyspiro[1,2-dioxetane-3.2'-
(5'-chloro)tricyclo[3.3.1.1>7])-decan]-4-yl-phenyl-B-D-galactopyranoside (Galacton®), 5-
chloro-3-(methoxyspiro[ 1,2-dioxetane-3,2'-(5'-chloro)tricyclo[3.3.1*")decan-4-yl-phenyl-B-
D-galactopyranoside (Galacton-Plus®), and 2-chloro-5-(4-methoxyspiro[ 1,2-dioxetane-
3,2'(5"-chloro)-tricyclo-[3.3.1.1%7]decan]-4-yl)phenyl B-D-galactopyranoside (Galacton-
Star®) and AMPGD.

In assays that use -glucuronidase as an enzyme, the substrate comprises a dioxetane
containing f-glucuronidase-cleavable groups such as a glucuronide, e.g., sodium 3-(4-
methoxyspiro { 1,2-dioxetane-3,2'-(5"-chloro)-tricyclo[3.3.1.1*"]decan}-4-yl)phenyl-B-D-
glucuronate (Glucuron™). In assays that use carboxyl esterase, the enzyme cleaves the ester
group of the dioxetane. In assays that use proteases and phospholipases, the enzymes cleave
a suitable enzyme-cleavable group bound to the dioxetane.

In assays that use B-glucosidase as an enzyme. the substrate comprises a dioxetane
containing B-glucosidase-cleavable groubs such as a glucosidase, e.g., sodium 3-(4-

methoxyspiro {1,2-dioxetane-3,2'-(5'-chloro)-tricyclo[3.3.1.1*”]decan} -4-yl)phenyl-B-D-

-11-
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glucuronate (Glucuron™). In assavs that use carboxyl esterase. the enzvme cleaves the ester
group of the dioxetane. In assays that use proteases and phospholipases, the enzymes cleave
a suitable enzyme-clcavable group bound to the dioxetane.

When a reporter enzyme is used. it is preferably selected from the group consisting of
luciferase, galactosidase, glucuronidase, alkaline phosphatase, carboxyl esterase, acid
phosphatase and glucosidasc. In more preferred assays, the reporter enzyme is luciferase, 8-
galactosidase, or alkaline phosphatase.

Preferably, the endogenous enzyme detected is produced by the cells in an amount
that is detectable by the specific chemiluminescent system and instrumentation that is used.
One of ordinary skill in the art can readilv select an appropriate endogenous enzyme.
Examples of useful endogenous enzymes include: alkaline phosphatase, acid phosphatase,
glucosidase, glucuronidase, galactosidase, proteases and esterases. Preferred endogenous
enzymes are alkaline phosphatase, glucosidase, glucuronidase, and galactosidase. The most
preferred endogenous enzyme is glucosidase.

It may be desirable to measure the activity of more than one endogenous enzyme in a
single aliquot of sample. The present invention can readily be used to make such
measurements. Examples of assays in which all of the enzymes measured are endogenous
enzymes include: alkaline phosphatase and esterase; acid phosphatase and alkaline
phosphatase; protease and alkaline phosphatase, and phospholipase and alkaline phosphatase.

In the present invention, substrates for enzymes, i.e., the reporter enzymes and
endogenous enzymes, comprise any luminescent substrate capable of producing a light signal.
Preferably, the substrates for each enzyme are different and at least one substrate is a
dioxetane that contains a substituted or unsubstituted adamantyl group, a Y group which may

be substituted or unsubstituted and an enzyme cleavable group. Examples of preferred
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dioxetanes comprise 3-(4-methoxyspiro [1.2-dioxetane-3,2"-(5'-chloro) tnicvclo [3.3.].1""']-
decan]-4-yl-phenyl-p-D-galactopyranoside (Galacton®), 5-chloro-3-(methoxyspiro[1.2-
dioxetane-3,2'-(5'chloro)tricyclo[3.3.1"7)decan-4-yl-phenyl-B-D-galactopyranoside
(Galacton-Plus®), disodium 6-(4-methoxyspiro-[1,2-dioxetane-3,2'-tricyclo[3.3.1.1*"]decan]-
4-yl)-2-phenylbenzothiazolyl-4-phosphate, disodium 2-chloro-5-(4-methoxyspiro {1.2-
dioxetane-3,2'-(5"-chloro)-tricyclo {3.3.1.1>"]decan}-4-yl)-1-phenyl phosphate (CDP-Star®),
sodium 3-(4-methoxyspiro{1.2-dioxetane-3,2'-(5'-chloro)-tricyclo[3.3.1.1*"]decan}-4-
yl)phenyl--D-glucuronate (Glucuron™), 3-(4-methoxyspiro {1,2-dioxetane-3,2'-(5'-chloro)-
tricyclo[3.3.1.1*”)decan}-4-yl)phenyl-B-D-glucopyranoside (Glucon™), 2-chloro-5-(4-
methoxyspiro { 1,2-dioxetane-3,2'(5'-chloro)-tricvclo-[3.3.1.1*"]decan)-4-yl)phenyl)-B-D-
galactopyranoside, (Galacton-Star), disodium 3-(4-methoxyspiro(1,2-dioxetane-3,2'(5'-
chloro)-tricyclo-[3.3.1.1*"]decan)-4-yl)phenyl phosphate (CSPD), disodium 3-chloro-5-(4-
methoxyspiro {1,2-dioxetane-3,2'(5'-chloro)-tricyclo-[3.3.1.1*")decan)-4-yl)- 1 -phenyl
phosphate (CDP), disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2"-tricyclo[3.3.1.1*”]Jdecan}-
4-yl)phenyl phosphate (AMPPD), CDP-Star®, and disodium 2-chloro-5-(4-
methoxyspiro{1,2-dioxetane-3,2'"-tricyclo[3.3.1.1*”]decan}-4-yl)-1-phenyl phosphate (ADP-
Star). These substrates are available from Tropix, Inc., Bedford, MA.

Preferably, the dioxetane-containing substrate has formula 1

X M
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wherein T is a substituted or unsubstituted cycloalkyl nng having between 6 and 12 |
carbon atoms, inclusive, in the ring or a polycycloalkyl group having 2 or more fused rnings.
each ring independently having between 5 and 12 carbon atoms, inclusive, wherein T 1s
bonded to the 4-membered dioxetane ring by a spiro linkage (¢.g., a chloroadamantyl or an
adamantyl group); Y is a fluorescent chromophore; X is hydrogen, a straight or branched
chain alkyl or heteroalkyl group having between 1 and 7 carbon atoms, inclusive, (e.g..
methoxy, trifluoromethoxy, hydroxyethyl, trifluoroethoxy or hydroxypropyl), an aryl group
having at least 1 nng (e.g., phenyl), a heteroaryl group having at least 1 ring (e.g., pyrrolyl or
pyrazolyl), a heteroalkyl group having between 2 and 7 carbon atoms, inclusive, in the nng,
(e.g., dioxetane), an aralkyl group having at least 1 ring (e.g., benzyl), an alkaryl group
having at least 1 ning (e.g., tolyl), or an enzyme-cleavable group (i.e., a group having a
moiety which can be cleaved by an enzyme to yield an electron-rich group bonded to the
dioxetane, e.g., phosphate, where a phosphorus-oxygen bond can be cleaved by an enzyme,
e.g., acid phosphatase or alkaline phosphatase, to yield a negatively charged oxygen bonded
to the dioxetane or OR); and Z is hydrogen, hydroxyl, or an enzyme-cleavable group (as
defined above), provided that at least one of X or Z must be an enzyme-cleavable group and
that the negatively charged group contains the group Y. The luminescent signal is detected as
an indication of the activity of the corresponding enzyme. By measuring the intensity of
luminescence, the activity of the corresponding enzyme can be determined.

When X is OR, moiety R is a straight or branched alkyl, aryl, cycloalkyl or arylalkyl
of 1-20 carbon atoms. R may include 1 or 2 heteroatoms which may be P, N, S or O. The
substituent R is halogenated. The degree of halogenation will vary depending on the
selection of substituents on the adamantyl group, on the aryl group, and on the desired

enzyme kinetics for the particular application envisioned. Most preferably, R is a trihaloalkyl
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moiety. Preferred groups include trihalo lower alkyls, including trifluoroethyl,
trifluoropropyl, heptafluoro butyrol, hexafluoro-2-propyl, a-trifluoromethvl benzyl. a-
trifluoromethyl ethyl, and difluorochloro butyl moieties. The carbon atoms of substituent R
may be partially or fully substituted with halogens. When R is aryl, the preferred groups
include a phenyl ring substituted with one or more chloro, fluoro, or trifluoromethyl groups,
e.g., 2,5-dichlorophenyl, 2, 4-difluorophenyl, 2,3,5-trifluorophenyl, 2-chloro-4-fluoro phenyl
or 3-trifluoromethyl phenyl. Fluorine and chlorine are particularly preferred substituents,
although bromine and iodine may be employed in special circumstances.

Group Y 1s a fluorescent chromophore or fluorophore bonded to the ecnzyme-cleavable
group Z. Y becomes luminescent upon the dioxetane decomposition caused by the enzyme
cleaving of group Z. When Z is cleaved, an electron-rich moiety i1s formed which destabilizes
the dioxetane, leading to i1ts decomposition. This decomposition produces two individual
carbonyl compounds, one of which contains group T, and the other of which contains groups
X and Y. The energy released from the decomposition causes compounds containing the X
and the Y groups to luminesce (if group X is hydrogen, an aldehyde is produced). Y
preferably is phenyl or aryl. The aryl moiety bears group Z, as in formula I, and additionally
1-3 electron active groups, such as chlorine or methoxy, as described in U.S. Patent No.
5,582,980.

Any chromophore can be used as Y. In general, it is desirable to use a chromophore
which maximizes the quantum yield in order to increase sensitivity. Therefore, Y usually
contains aromatic groups. Examples of suitable chromophores are further described in U.S.
Patent No. 4,978,614.

Group Z bonded is an enzyme cleavable group. Upon contact with an enzyme, group

Z 1s cleaved, thereby yielding an electron-rich moiety bonded to the chromophore Y. This
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etectron-rich moiety initiates the decomposition of the dioxetane into two individual carbony!
containing compounds, e.g.. into a ketone or an ester and an aldehyde if group X 1s hvdrogen.
Examples of electron-rich moieties include oxygen, sulfur, and amine or amino anions. The
most preferred moiety is an oxygen anion. Examples of suitable Z groups, and the enzymes
specific to these groups are given in Table 1 of U.S. Patent No. 4,978,614 incorporated here
by reference. Such enzymes include alkaline and acid phosphatases, esterases,
decarboxylases, phospholipase D, f-xylosidase, B-D-fucosidase, thioglucosidase, -D-
galactosidase, a-D-galactosidase, o.-D-glucosidase, 8-D-glucosidase, 3-D-glucuronidase. «-
D-mannosidase, 3-D-mannosidase, -D-fructofuranosidase, B-D-glucosiduronase, and
trypsin.

The dioxetanes of the present invention may also contain one or more solubilizing
substituents attached to any of groups T, Y and X. Solubilizing substituents arc substituents
which enhance the solubility of the dioxetane in aqueous solution. Examples of solubilizing
substituents include carboxylic acids, e.g., acetic acid; sulfonic acids, e.g., methanesulfonic
acid; and quaternary amino salts, e.g., ammonium bromide. The most preferred solubilizing
substituent is methane or ethanesulfonic acid.

Other dioxetanes useful in the practice of this invention are described in U.S. Patent
No. 5,089,630; U.S. Patent No. 5,112,960; U.S. Patent No. 5,538,847, and U.S. Patent No.
5,582,980, all of which are incorporated herein by reference and are available from Tropix,
Inc., Bedford, MA.

The order of adding the substrates of the assays of the present invention will vary
depending upon the enzymes used. In certain embodiments, the first reporter enzyme

substrate and the substrate of the endogenous enzyme are added simultaneously. In other
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smbodiments, the subsiraic of the endogsnous enzyme is added suosequent 1o the firs:
eporter enzyme substrate.

The activity of the first enzyme measured is decreased prior to quantifying
the activity of the second enzyme measurcd. Decreasing the activity of the first cazyme

-

) compriscs substantiailv inacuvaung the first enzyme or decreasing the amount of tha first

-

enzyme substrate.
In order 10 have an accurate assav. the light sigral produced by the degradation of the
first enzyme substrate must not interfere with the guantification of the hght signal produced

by the degradalion of the second enzyme substrate by the second enzvme. This s

L[]

¢ . . . o ~ ~ s

10 accompiished by decreasing the signal produced by the subsiraie for the first enzyme adter

.

. meuasuning the light signai produced by degradztion of thie first subsirate and prior to

:

: quanufving the acuvity of the second enzyvme.

: In other embodiments. the signal produced from the substrats tor the first 2ncymc s
decreased by decreasing the activity of the first enzyme, ¢.2.. by allowing the reaction

H

15 betwesn the first cnzyme and s substrate o0 procesd until the substrate for the first enzvme is

H

. substantially degraded. That is, the light signa! nreduced by degracdation of the firsi subsirate

o

: is allowed to decay pnor to activation or enhancement of the second enzyme, e.g., the

L4
endogenous enzyme.

:

* In other cmbodiments, the signal procuced dy he subsirate for the first enzyme is

20

decreased by decreasing the amount of the first substrate. The appropriate methed can be
choszn by onz skilled in the &t based upon the specilic cnzyme and substrale used.
However, in one such embodimeni. the subsmaie conceniration ig preferably decreased by
adding an additional umount of the ﬁrs;t cnzyme sufficient 10 degrade the residual first

subsirate remaining after quantification of the first reporter enzvme. For exumple. after
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measuring the dighi signai produced from the degradanon of the first substrats by the first
enzvme, ¢.2., alkaline phosphatase. an amount of alizaline phosphaizse iz added 1o the aliyuot
sufficient 1o degrade any residual subsirate and (o prevent any potzatially interferng ticht
signal. S:n:é the second substrate is unique (o the second enzvme. the presence of the Tirsi
enzyme in excess will not inteifere with the detection of the sccond hght signal. This s
useful wiren dioxctane substrates arc used for all the enzymes.

In a different embodiment, decreasing the amount of the {ivst substraie comprises
heating the aliquot to degrade the first substrate. Heat inactivation is preferably utijized in
embodiments in which the sccond substrate i1s added subsequent to inactivation of the [irst
substrats

.I Simultaneous measurement of sigmals can be
eifected using appropriatc insirumentation. such as the NorthStar™ instrument of the
assignes, disclosed in U.S. Patent Applicction Scrial No. 60/144,891. The samg is
incorporated herein by reference. '

fn one embodimant of the present invention which measures a reporter enzyme, e.g.,
luciferase, and an cndogenous enzyme. €.¢.. alkaline phosphatase, the luctferasc signal is first
measured after the addition of the substrate, lucifenn (Dual-Light® reagents) Following
decay of the luciferase signal, an endogenous enzyme (AP) deteciion buffer, cantaining the
substrate jor AP and an appropnate ennancer {CDP-Srar® substrate/Sapphure-I™ cnhancer
soluiion) is 2dded and endogenous AP-catalyzed light emission is measured. Maximum light
emission from AP reaction is reached within 15 minutes afisr reacent addivion. The results of
this assay are shown in Figure 1. Alternatively, if desired, the AP detection burfer can be
added carlier. for example, irnmediately after the lucifarase is measured in ordeér to diminish

the iuciferase signal (not shown).
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In another preferred embodiment of the present invention which measures a reporter
enzvme, e.g., 3-galactosidase. and an endogenous cnzyme. e.g.. alkaline phosphalase. the
substrate for the reporter enzyme is added (Galacton® substrate) to each well and incubated
for 15 min. An enhancer - (Sapphire-1I™) containing accelerator 1s then injected into each
well and the (3-galactosidase-catalyzed light emission is measured. Following the decay of
the B-galactosidase signal, the substrate for AP (CDP-S1ar®) is added and the endogenous
AP-catalyzed light emission is measured. The results of this assay are shown in Figure 2.

In certain embodiments of the assay of the present invention which measure the
activity of more than one reporter enzyme, €.g., two reporter enzymes and one endogenous
enzyme, the first and second reporter substrates are both present in the aliquot during
quantification of the activity of the first reporter enzyme. In these embodiments, the presence
of the second reporter enzyme, as well as its substrate, does not interfere with the activity of
the first reporter enzyme or measurement of the light signal produced by degradation of the

first substrate by the first reporter enzyme. In one preferred embodiment, light produced by

‘the degradation of the first substrate occurs at a pH at which the product of the degradation of

the second substrate does not produce light. In such an embodiment, the product of the
enzymatic reaction with the second substrate does not generate a measurable signal during the
first quantification because the environment of the aliquot inhibits light production by the
product of this second enzymatic reaction. For example, the measurement of light production
by the degradation of the first substrate preferably occurs at a neutral pH. The second
reporter enzyme acts on its substrate duning the time that the first reporter enzyme acts on its
substrate. However, at this pH, no significant production of light from the reaction of the
second reporter enzyme and its substrate occurs. It is preferable to allow a predetermined

period of time to elapse prior to increasing the pH and measuring light production of the
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sécond enzymatic reaction to allow the product of that reaction to accumulate, thereby
producing a more intense light signal.

In other embodiments, the presence of the second enzyme does not interfere with the
measurement of the light signal from the first enzymatic reaction because the substrate of the
second enzyme is absent from the aliquot during this measurement. In such embodiments,
the second enzyme is active but there is no substrate on which it can act. 1n one preferred
embodiment, the activity of thc second enzyme is induced by the addition of the second
substrate after decreasing the activity of the first reporter enzyme or after reduction in the
signal produced by the first enzymatic reaction. For example, in an assay using f3-
galactosidase as the first enzyme and alkaline phosphatase as the second enzyme, light
production as a result of the B-galactosidase reaction is optimized at a higher than neutral pH.
The increased pH simultaneously activates the second enzyme, alkaline phosphatase, which
could produce light which would interfere with the quantification of the activity of the first
enzyme. Therefore, in such an assay, it is preferred that the second substrate is added
subsequent to the first quantification and most preferably, after that light signal has abated.
This addition 1s readily accomplished and is especially easy when using a detection device as
1s commonly known in the art.

In preferred embodiments which measure the activity of more than one reporter
enzyme and an endogenous enzyme, the substrate for the endogenous enzyme is added
subsequent to the decay of light emission from the second reporter enzyme substrate.
Preferably, the substrate for the endogenous enzyme initiates light emission. Alternatively,
the substrate for the endogenous enzyme is added at a point prior to measurement of the
second reporter enzyme and the activity of the endogenous enzyme is increased by methods

set forth above, such as altering pH.
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In certain preferred embodiments of the present invention, a water soluble polvmenc
enhancer molecule is added to the light signal produced by enzymatic degradation of the
substrate. Preferred polymeric enhancers include bovine serum albumin, human serum
albumin, and polymeric quaternary onium salts. Examples of preferred polymeric quaternary
onium salts include polyvinylbenzyltrimethyl-amimonium chloride (TMQ). polvvinyl benzyl
tributyl ammonium chlonde (TBQ) (Sapphire-1I™), polyvinylbenzyl
benzyldimethylammonium chloride (BDMQ) (Sapphire-I™),
polyvinylbenzyltributylphosphonium chloride, and polyvinyl tnbutyl sulfonium chlonde.
Other polymeric enhancers include poly(benzyldimethylvinylbenzyl)ammonium chloride and
sodium fluorescein (Emerald™), poly(benzyltributyl)Jammonium chloride and sodium
fluorescein (Emerald II™). These enhancers are available from Tropix, Inc., Bedford, MA.

In other embodiments, an accelerator solution is added prior to quantifying the
activity of the second enzyme. Preferred accelerator solutions comprise a water soluble
polymeric enhancer molecule at a pH from about 8 to about 14 which is capable of activating
the signal production from the degradation of the substrate by the enzyme. In embodiments
using just one reporter enzyme and one endogenous enzyme, the accelerator solution
activates the signal produced by the degradation of the endogenous substrate by the
endogenous enzyme and inactivates the first reporter enzyme. In embodiments which have
more than one reporter enzyme, an accelerator solution is added prior to the quantification of
the second reporter enzyme, which activates the signal produced by the degradation of the
second reporter enzyme substrate and inactivates the first reporter enzyme.

When measuring certain endogenous enzymes it may be necessary to further treat the
cells. For example, when measuring endogenous enzymes that are present in the cell or

serum in large amounts, the background level may be too high to produce an accurate
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reading. In such a case. it 1s preferable to wash the cells prior to the assay. One of ordinary
skill in the an can readily determine which endogenous enzymes will require a wash. and will
be able to determine the appropriate wash solution. ¢.g., PBS. For example, in assays that
measure AP, the cells are washed once with PBS just prior to the assay.

In certain embodiments of the present invention, the presence of the first substrate
enhances the light signal produced by the degradation of the substrate for the second reporter
enzyme or the endogenous enzyme. This enhanced signal provides a more sensitive assay.
Although the inventors do not intend to be bound by theory, it is believed that the energy
produced by the degradation of the second substrate 1s transferred to the remaining first
substrale, thereby enhancing the intensity of the light signal produced. In one preferred
embodiment of this method, the first substrate is lucifenn. In this embodiment, the substrate
for the second enzyme is preferably a dioxetane substrate. It 1s believed that luciferin is a
very efficient energy acceptor and emits a light signal as a result of energy transfer from the
excited state generated from the dioxetane decomposition. This produces a greater signal
intensity.

Certain preferred embodiments of the present invention further comprise adding a
water soluble enhancer molecule which enhances the light signal produced from the
enzymatic degradation of the dioxetane substrates by the reporter enzymes or the endogenous
enzymes.

Certain water soluble naturally-occurring and synthetic substances, generally
macromolecular in nature, enhance the chemiluminescent signal intensity in part by providing
a hydrophobic environment. These substances, for example, water soluble globular proteins
that contain hydrophobic regions: mammalian serum albumins such as bovine serum albumin

(BSA) and human serum albumin (HSA), or water soluble polymeric quaternary onium salts:
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polyvinylbenzyltrimethyl ammonium chloride (TMQ), polyvinylbenzyltributyl ammonium
chloride (TBQ) (Sapphire-1I™), polvvinylbenzylbenzyldimethyl ammonium chlonde
(BDMQ) (Sapphire-I™), and polyvinvibenzyltributyl phosphonium chloride increase the
chemiluminescent signal intensity produced by the decomposition of enzymatically cleavable
1.2-dioxetanes in aqueous solutions. Copolymers, such as water soluble quaternary
ammonium-phosphonium, ammonium-sulfonium, and sulfonium-phosphonium polymers are
useful as enhancer molecules. Other preferred enhancers include
poly(benzyldimethylvinylbenzyl)ammonium chlonde, sodium fluorescein (Emerald™ ),
pqu(benzyltributyl)ammonium chlornide, and sodium fluorescein (Emerald II™).

By virtue of the presence of effective amounts of an enhancer substance or substances
the intensity of the light emitted in an aqueous medium is increased significantly as compared
to the intensity of light emitted in the absence of such enhancers. These compounds enhance
the intensity of the chemiluminescent signal from 1,2-dioxetanes by a factor of at least 10%,
but usually at least tenfold, and oftentimes by factors of at least 10 to 1,000.

Included among such enhancer substances are macromolecular globular protein, that
include hydrophobic regions, generally ones having molecular weights ranging from about
1000 to about 600,000 daltons, as determined by SDS gel electrophoresis. Such substances
include mammalian serum albumins such as BSA, HSA and the like; globular proteins such
as mammalian IgG, IgE, Protein A, avidins, and the like; and serum lipoproteins,
apolipoproteins, and the like.

Synthetic oligomeric or polymeric enhancer substances that can be used in practicing
this invention include water soluble polyvinylaryl quaternary onium salts, such as
polyvinylbenzyl quaternary ammoniuﬁl; sulfonium and phosphonium salts having the general

formula II:
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— (CH-CHy) 7~

Aryl
X (I

R, —E — R,

R,

where E+ can be P, Nor S.

In this formula each of R, R, and R, can be a straight or branched chain unsubstituted
alkyl group having from 1 to 20 carbon atoms, inclusive, e.g., benzyl, methyl, ethyl, n-butyl,
t-butyl, cetyl, or the like, a straight or branched chain alkyl group having from 1 to 20 carbon
atoms, inclusive, substituted with one or more hydroxzy, alkoxy, e.g., methoxy, ethoxy,
benzyloxy or polyoxethylethoxy, aryloxy, e.g., phenoxy, amino or substituted amino, e.g.,
methylamino, amino, e.g., acetamido or cholesteryloxycarbonylamido, or fluoroalkane or
fluoroaryl, e.g., heptafluorobutyl groups, an unsubstituted monocycloalkyl group having from
3 to 12 nng carbon atoms, inclusive, e.g., cyclohexyl or cyclooctyl, a substituted
monocycloalkyl group having from 3 to 12 ring carbon atoms, inclusive, substituted with one
or more alkyl, alkoxy or fused benzo groups, e.g., methoxycyclohexyl or 1,2,3,4-
tetrahydronaphthyl, a polycycloalkyl group having 2 or more fused rings, each having from 5
to 12 carbon atoms, inclusive, unsubstituted or substituted with one or more alkyl, alkoxy or
aryl groups, e.g., 1-adamantyl or 3-phenyl-1-adamantyl, an aryl, alkaryl or aralkyl group
having at least one ring and from 6 to 20 carbon atoms in total, unsubstituted or substituted

with one or more alkyl, aryl, or fluoroalkane or fluoroaryl groups, e.g., phenyl, naphthyl,
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pentafluorophenyl, ethyphenyl. benzyl. hvdroxybenzyl, phenylbenzyl or dehvdroabietyl: at
least two of R, R, and R,, together with the quaternary atom to which they are bonded. can
form a saturated or unsaturated, unsubstituted or substituted nitrogen-containing. nitrogen and
oxygen-containing, or nitrogen and sulfur-containing ring having from 3 to 5 carbon atoms,
inclusive, and 1 to 3 heteroatoms, inclusive, and which may be benzoanylated, e.g., 1-pyndyl,
1-(3 alky] or aralkyl)imidazolium, morpholino, piperidino or acylpiperidino, benzoxazole,
benzthiazole or benzamidazole.

The symbol X represents a counterion which can include. alone or in combination,
moieties such as a halide, i.e., fluonde, chloride, bromide or 10dide, sulfate, alkylsulfonate,
e.g., methylsulfonate, arylsulfonate, e.g., p-toluenesulfonate, substituted arylsulfonate, e.g.,
anilinonaphthylenesulfonate (various isomers), lucifer yellow CH and
diphenilanthracenesulfonate, perchlorate, alkanoate, e.g., acetate, arylcarboxylate, e.g.,
fluorescein or fluorescein derivatives, benzoheterocyclicarylcarboxylate, e.g., 7-
diethylamino-4-cyanocoumarin-3-carboxylate, or substituted monoaryloxyphosphate, e.g., a
3-(2'-spiroadamantane)-4-methoxy-(3"-phosphoryloxy)phenyl-1,2-dioxetane dianion or other
dianions indicated in Formula I, supra.

The symbol n represents a number such that the molecular weight of such
polyvinylbenzyl quaternary onium salts will range from about 800 to about 200,000, and
preferably from about 20,000 to about 70,000, as determined by intrinsic viscosity or LALLS
techniques.

Illustrative of such water soluble poly(vinylbenzyl quaternary ammonium salts) are
TMQ, BDMQ, and the like.

Water soluble acetals of a polyvinylalcohol and a formylbenzyl quaternary onium salt,

having the formula III:
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OHC ¥ R

A 4
X\" CH */R (111)

~’ N\

R,

wherein E+ can be P, N or S and each R is the same or a different aliphatic

substituent and X' is an anion, as disclosed and claimed in Bronstein-Bonte et al., U.S. Patent

No. 4,124,388. The individual vinylbenzyl quaternary onium salt monomers used to prepare
the polyvinylbenzyl quaternary onium salts of formula II above can also be copolymerized
with other vinylbenzyl quaternary onium salt monomers whose polymers are depicted in
formula II1, or with other ethylenicaly unsaturated monomers having no quaternary onium
functionality, to give polymers such as those disclosed and claimed in Land et al., U.S. Patent
No. 4,322,489, Bronstein-Bonte et al., U.S. Patent No. 4,340,522; Land et al., U.S. Patent No.

4,424.326; Bronstein-Bonte et al., U.S. Patent No. 4,503,138 and Bronstein-Bonte, U.S.

Patent No. 4,563,411. All of these polymers can also be used as enhancer substances in
practicing this invention. Preferably these quaternized polymers will have molecular weights
within the ranges given above for the polvvinylbenzyl quaternary ammonium salts of formula
[

Other water soluble oligomeric, homopolymeric, and copolymeric materials can be

used as enhancer substances in addition to or instead of the foregoing polymers and are

further described in U.S. Patent No. 5,145,772, and are available from Tropix, Inc., Bedford,
MA.
The amount of enhancer substance used varies depending on the particular enhancer

chosen and the amount and type of chemiluminescent compounds present. The necessary
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smount can be readily celcrmined by one ordinarily skilied in the art based upon the prasent
icachings. Furthermore. the disclosure contained within U.S. Patent No. 5.145.772 would
assist onc skilled in the art in pracucing this invenuon.
The enkancer molecule can be added at any point. 11 the first

substraie. but not the sccond substrate. 1s a dioxetane. the enhancer is preferablv added prior
10 or simultancous o the quantification of the first enzyme. If the second substrate. but not
ihe first substrate. i5 a dioxewne, the ernhancer can be added at any tme, but 1s praferably |
added subsequent to the guantification of ihe first enzyme and prior to or simultaneous to the
quantificauon of the second enzyme. If both the first and second substrates are dioxetanes.
the enhancer molecule is preferably added prior 1o any quantification or simultanzous to the
first quantification. Iu this last embodiment, one ¢nhaneer can be used (o enhance the light
signals produced by the decomiposition of both ¢nzyme suhstrates. Ahematively, a diffcrent
2nhancer is used for each enzvme substraie.

In some embodiments of the prezent inveniion, there ts an incubation period
subsequent to tha quantification of the ilight signal produccd by the substrate for the first
enzyme, in part, Lo allow the light signal produced by the first substrats 10 diminish. The
length of the incubation period will vary depending on the concentrution of the first reporter
enzyme and the nalf-bfe of the light signal produced by the substrate. If the first cnzyme is
present in high concentrations, it may interfere with the quantification of jow levels of the
subsequent enzymes. A longer incubation period will decrease the resiéual light signal from
Lhe substrate for the first reporter enzyme. Taking into account the teachings of the present

invention. the approgriate length of the incubation penod can readily be determinsd by one

ordinaniy skilled in the ari.
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The assays according to preferred embodiments of the present invention provide a
rapid, highly s¢nsitive, non-isotopic method for sequentially detecting multiple enzyme
activitics in a single aliquot of a sample. Specifically, the present invention also relates to an
assay for measuring the activity of multiple enzyies, at Ieast one of which 15 an endogenous
enzyme, in a single aliquot of a sumple. The assay comprises quantifying the activity of a first
enzyme having the capability to degrade a substrate lo produce a light signal by measuring the
light signal produced by degradation of a first cnzyme substrate by the first enzyme. and then
quantifying the activity of the second enzyme having the capability 1o degrade a substrate to
produce a light signal by mcusuring the light signal produccd hy the degradation of a second
subsirate by the endogenous enzyme, wherein both quantifications are performed on the same
aliquot of sample extraci. The activity of the first enzyme is decrcased prior to quantifying the
activity of the sccond enzyme. The intensity of the luminescent signal produced from the
substrates is a function vl the activity of the enzyme, i.e., the eftectiveness of the enzymg in
terms of its ability to degrade its subsirate and/or the ainount of ¢nzyme present.
In a preferred ecmbodiment, the ussay for measuring the aclivity of multiple enzymes
in an aliguot of @ siupic extract wherein the enzvmes dre ac least sne reponter gens produc:
and al lcast one endogenous enzyme comprises adding a first substiale, whick i3 the zubsirate
of a first reporter enzyme. and a sccond substrate, which is ihe subsirate of the cndoganous
enzvme, 1o an aliquot of the ceil extract. In this preferred empodiment. the fivst substrate 15
lucifenin. the second substrate compnses z dioxetance, and the cngogenous cnzvme is a
hydrolytic enzvime. Firsi, the activity of the (isst reporicr ¢nzvme is mcasured. Then, an
accelerator salution containing an enhancer molecule 1s added. The accelerator solulion

substanuzally inactivates the first reporter enzyme and sunuizancously increasss the

chemilominescent signal of the substrate of the endogenous erzyme. Next, the substrate tor
the endogenous enzvme 1 added and the activity of the endogenous enzyme is measured.

Prejerably, the first reponter enzyme is luciierase and the endogenous enzyme is szlected
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from the group copsisting of alkaline phesphatase. acid phosphatase. guiactesidase,

elecosidase. glucuronidase. protcase and esteraszs. A mnre nreferved cndogenous enzyvme

Pl

alkaline phosphatese.
The assays of the present invention may be particularly useful in measunng the
5 transcripuonal activity of cells transfectad with at leasi one repornter gene and allowing the
measurement of cell number. cell proliferation. cell adhesion or cviotoxicity b_v‘m::asu.ring a

icast one enzyme cndogenous Lo the cell.

Transfection of cells is accomplished by mcthods knowne in the art. See ¢.g.. Alam, [.

L]
edttce and Cook. J.K.. Anal. Bioch. 188: 2345-234 (1990). [n embodiments of the present invention
[ XX XJ :
L]
L] .
soeked) thai incasure at least three epzyimes. 1.¢.. at least two reporter enzymes and an endogscnous
*es
L] . . . . . . :
veeest enzyme, cclls ars co-transfected with a DNA mixturc of two sepurate piasmids, cach having a
° .
L] . -~ - N ‘. N - v
*e*%e different reporter gene. One piasmid has a reponter gene which is regulated by a known
L]
control promoier. This reporter gene acis as a controi. 1T he second plazmid has a sceond
.I..
) L] . . - . . . - -
ool reporicr gene which is controlied by the reguiatory region heing studied. Transcription of
.
ogoe v . . . P .. .
i, each reporicr gere is analyzed by measuning the activity of its product, i.¢., a “reporier
.l
XXX el IS T . . - \ L.
. . enczyme.. The aciivity of the second reporter enzyme is typically nommaiized to the activity
.I:.
rxxxl f._:-.' . . I NAC
ceen of e 1rst reporter cnzyme. fod. al 249,
o-. :
o0
o . . - - . .. .
In certaui assays of the present invention the activity of the second enzyme is
modulated pror to measuring the hight signal produced by the degradation of its subsiraie.
-

o’

The activity of the second enzyme is modulated by adding the substrat= for the endogenous
enzyme Or activating thz endogsnous enzyme. In certain embodiments. the activity of the
sccond enzyme is modulated by increasing the pH of the aliquot, as discusszd above.

In certuin preferred embodiments, the assay for measunng the actvirty of multiple

enzymes further comprises 2dding an enzyme detectien buffer subsequent to the
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auantification of the fisst repernier enzvme. Preterably the cnzyvme detecuion butfer comiprises
Whe substrate for the second enzvme and an anhancer. The enzyvme detection buffer may also
conlain an aecelerator solunon. fe. an erhancer in a high pil bufier. us described further

beiow.

In addition, the present invention provides an assay for measuring the activity of
multiple erzymes, whersin the cnzymes compnse more than (wo reporter gens products and
an endogencus enzyme in the same aliquot of sumple exrract. A number of factors determune
th2 volume of the aliquot of cell extract uzed. such as, the avatlability of the sample,
instrumentation, and availability of rcageni. Preferably. the voiume of the aliquot of cell
axtract will be determined on the basis of size of the apparatus or platc uscd to hold extract,
the apparaws for determining the signal. envitonmental conditions, and other parameters

{amihar 10 those of ardinary skill in the ar.

The assays of the present invention may be performed 1n any luminometer, but
preferably in luminomeiers that have automatic injecicrs, or other instrumeaniation which
eriubles the measurement of light emission. "Il assay can also be perfonmed in 2
luminometer equipped with a single injector  The assay can be pertormed using manual
injection 1f the hight signal of each sample 15 incasured after approximaiely the sanie ume
interval subscquent o the addition of the reagent to the samples. As aforesaid. the activity of
the enzymes can be detected sequentially, or ssmulitansously, depending on the

tnstrumentation used.

In one preferred embodiment, the assay comprises (iest quantifying the activity ot a
first reperter enzvme in an aliquet of the cell exiract by meazsunng the light stgnal producsd

by degradation of a first substrate and then decreasing the activity of the firs: reporter

enzyvme. Next. the activity of a second reporter enzyme in the afiquot of the cell extract is

6
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auantified by measering the light signal produced by degradation of a second substraie.

ereferably, the sccond cnzymc

5 o hvdrolviic enzymie capabie of reacting with a dioxeane.

The second enzvme can be any enzyme. but is preferably sclected from the following

enzvmes: P-galactosidase, B-ulucuronidase. alkaline pnesphatase, anc carboxyl csterase,

w

The most preferable embodiment is where the second enzyms comprises [§-zalaclosidasc.
The activity of an endogenous enzyme 0 the same aliquot of the cell 2xtract is then
quantified by mcasuning the light signal produced by degradation of the substraiz for the

endogznous enzvime. All quanufications are sequentially performed on the samc aliquot ol

XXX xxl
o . samplc extract.
X XX ]
.
eotel In another embodiment the first and second reponer substrates and endegenous
: 0.0: -
L] - oo = * e . .
ceeeet cnzvime substrate are different and at least one of the subsirates is 2 dicxetane. The present
L[4
oo OO . . . . . .
e s invention muy include assays that fuuther comprise inducing the signal produced by the
o .
degrzdation of the second reporter substrate by the secong reponter envyme and then inducing
: 0..‘
s e .
eee - the activity of the endoyenous enzyme.
T
..'::'. . . -
‘:' e In one embodiment of the assuy for measuring the activity of two reporter enzymes
e [ 4
e0oo .
s s and one endogenous enzyme, the substratz for a first reporier eizvine and a second substrate
[ 4
.::.O
[ Lo . - .. .- -
cees which is the subsiraie for a second reporter enzyme are added to an aiiquot of the cell extract.
L . . . . .
. e In a preterred embodiment, the first enzyme is a luciferase. the second enzymze is a hydrolytic
erzymie, the first substrate is luciferin, and the second substrate is a dioxetane. The reporter
20

cnzyme is preferably sclected from f3-galactosidase. f3-glucuronidase, alkaline phosphatase,
carpoxyi esterase, and luciferase. A more preferred reporier enzyme is lucierase.
n thig preferred embodirsent, the substraic for the first enzyme is addag at the same

time as the substrate for the second vnzyme and the chemiluminescent signal produced by the

substrate for the first reperter enzyme is measured by measuring the fight signal produced
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from luciferase-luciferin reaction while simultaneously adding the substrate for the second
enzyme. An accelerator solution which substanually inactivates the first reporter enzyme by
increasing the pH of the aliquot is then added. Then the increased pH of the aliquot activates
the light production from the accumulated product of the second reporter enzyme-second
substrate reaction. The accelerator solution includes an enhancer, such as
polyvinylbenzyltributyl ammonium chlonde, which, as stated above, enhances the light
signal produced by the decomposition of the dioxetane substrate for the second reporter
enzyme. The activity of the second reporter enzyme is then measured by reading the
chemiluminescent signal intensity in the same aliquot of the cell extract. In embodiments
where luciferin is used as the first substrate, the presence of this substrate further enhances
the light signal produced by the second substrate. In preferred embodiments, following the
decay of light emission from the second reporter enzyme, a 1,2-dioxetane substrate is added
to initiate light emission from the endogenous enzyme, e.g., alkaline phosphatase. In this
example, the substrate is CDP-Star® 1,2-dioxetane. This sequential detection protocol
enables the detection of three enzyme activities, including two reporter enzymes and one
endogenous enzyme, in a single tube/well assay of a single sample of cell extract.

Figure 3 demonstrates the sequential detection of luciferase, 3-galactosidase, and
alkaline phosphatase activities, with luciferin, Galacton®, and CDP-Star®, respectively. The
assay was performed with a mixture of Y2BAGa and NIH/3T3 cell extracts, which contains
f-galactosidase reporter enzyme and endogenous alkaline phosphatase activity, with added
purified luciferase, as described below in Example 3. The extract mixture and amount of
luciferase added were adjusted to generate similar light intensities for each enzyme.
Luciferase-catalyzed light emission is measured first, following the addition of both luciferin

substrate and Galacton™ substrate. f3-galactosidase-catalyzed cleavage of Galacton®
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substrate procecds during the decay of the luciferase signall and fight emission from the
orezkdown of the Gaiacton®: anion intermediate 1s triggered by the addition o an acceleraior.
a hreiy pH soluiion containing enhancer. Follow:ng sufficient dzcay ot the $-galaciosiduse
siwnal. COP-Star¥ ig udded. which initiates a glow light emission reactien cztaivzed by
alkaline phosphatase. Deteciton of luciterase followed immediately by endogenous alkaline
phosphiatase was also performed (Figure 1).

In embodimenis of the present invention using mor2 than one reporier enzyme. c.o..
two reporter enzymes, the presence of the second reporter enzyme in the aliguol must not
interlere with the acuvity of the first reponer enzyrne or measurems2nt of the light signal
produced by that {irst enzyme. In thesz embodiments, the assey further compriscs
increasing the enzymalic activity of the sccond reporter enzyme subsequent o quantilying the
activity of the first enzyme. This can be accomplished by methods known in the art
activate enzyms activity, In zsoccialiy preferred embodiments, the pH of the aliguot is
adjusted 1o create an cnvironment in which the second enzyme is active prior to the second
guantification. For sxample, in some embodiments, using alkaline phosphatase as the second
reporter 2nzyme, the pH of the aliquot is ratsed because the activity of alkaiine phosphatase is
increased zu. alkaline pH.

In some preferred embadiments, the signal nproduced frem the substrate for the firat
enzyme Is decreased by substanually inactivating the firsi reporter enzyme. Methods of
substami'aliy inac.tivating the first enzyvme are known in the art. Howaver, these methods
must not mterfere with the measuremenst of the zctivity of the second enzyme. For exzmple.
tn onc embodiment, the firsi cnzyme is substantally inactivatzd by altering the pH of the
ahquot. The pH can be altered by adding acics or bases to the aliguot, depending on the

enzyme, to provide 2n envircnment which is inhospitable to the {irst enzyme. Preferabiy the
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pH of the aliquot is increased. This increesed pH inzcuvates the irst enzyme. thereby
preventing it from further degrading its subsirate and producing a iight signal. s another
embodiment. the aliquot is heated 1o degrade the first enzyme. Alternanvely. speaific
inhibitors can he added to mmactivate the first enzyme. Examptes of inhinitors mciude
alcohols such as isopropanol or ethanol. surfactants such as cetyl tnmethyl ammonmum
bromide (CTAB} or substrate unalogs which bind 1o, and inactivaie lie enzyme.

As deseribed above, the assays of the present invention mcasure the aclivity of an
endogenous enzyme. They enable the nomalizauon oi cells in an assay by providing a
measurcment of cell number independent of the activity ¢f reporter enzvine or enzvmes
present in the sample. The present assays can alse enable the monitoring of cell proliferation,
which may be affectad by the tesi condiucns. also independent of the acuvity of reperer
enzymes. For cxample, whén certain compounds are addead to the ccelis that produce & non-
specific etfect, «.g., growth factor. are added 1o the cails, it is desirable to contirm that reguiar
ccll functions are occurring. as opposed to these that are comrolling the reporter censtruct.

The assays of the present invention can enable that confirmation.

ves N

-
<&

Finally. the cytotoxic effects of test conditions, i.2.. po‘temia’s drugs, chan
temperature or ph, etc. can be ¢valuated by the prescnt  assays. One measure of
cytotoxicity é:m be oblained by mcasuring the amourt ¢r changes in activity of endogenous
enzymes that are releascd from the celis into the culture medium. In addition, cytctoxicity
can potentially be determinad by measuring enzyme activity within cells as an indicater of
viable cells present. This provides a measure of cell lysis, which ts one measurement ot
cyiotoxicity. Such an assay can be performed using the assays  f the present invention

with the cells present in the medium.
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The present invention also provides kits for detecting the activity of mulupte snzvmes
in a single aliquot of a sample extract. provided that at least one of the en2vmes 1s an
endogenous enzvme. Such a kit compnscs the reagents {or auantifying each of thz enzvmes
and the substrates for cach of the enZYnics, wherein at least one of the substrates is preferably 2
dioxetane. The kit can also comprise an accelerator soiution containing a water solubie
polymeric enhancer molecule. Opuionally, the acceleraior solution comprises a watcr soluble
polymeric enhancer molecule at a pH from about § to about 14, 10 raise the pH. to decrease
the activity of the first cnzyme. and 1o 1ncrease the signal produced from the enzymate
degradation of the second substrate by the second enzyme (e.¢.. i a lhres enzyme assay). or
to decrease the activity of a first reporter enzyme and increase the signai produced by
degradation of the substrate of the endogenous enzyme (&.4., In 2 reporter‘endogenous
enzyme assay).

The-polymenc enhancer preferably comprises bovine serum albumin, human serum
albumin or polymeric quaiemary omuin saits. The polymenc quaternary onum salis
compnise polyvinylbenzyltrimethyl-ammonium chloride (TMQ).
polyvinylbenzyltnbutylammonium chloride (TBQ) (Sapphire-II™), polyvinylbenzyl
berizyldimethylammonium chionde (BDBMQ) (Sapphire™), or polyvinylbenzyltributy|
phosphonium chlonde, poiy(benzyldimetnylvinylbenzyliammonium chioride and sodium
fiuorescein (Emerald™), and poly(benzylinbutyhammonium chioride and sodium
fluorescein (Emerald ™). Preferred polymeric enhancers include polyvinylbenzyltrimethyl-
ammonium chlonde (TMQ), polyvinvibenzyltributyiammonium chlonide (TBQ) (Sapphire-
Ii™), polyvinylbenzyl benzyldimethvlammonium chloride (BDMQ) (Sapphire™), or

polyvinylbenzyliributy! phosphoniurn chloridz.

.

[}

[H4]
1
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The following examples are provided to illustrate the present inventuion and are not

intended in any way to limit the scope of the invention.

Examples

Reagents. Cell Lines and Instrumentation:

Assay reagents, including Lysis Solution, CDP-Srar®, Galacton® and Sapphire-I11T™
and polymeric enhancer, Phospha-Light™ Assay Buffer, Dual Light Buffer A and B, and
plasmid pCMV/B-Gal, are available from Tropix, Inc., Bedford, MA.

Cell lines include Y2BAGa (CRL-9560, ATCC. Rockville, MD), an NIH/3T3
derivative that constitutively expresses bacterial 3-galactosidase from a stably inserted

retroviral construct, cultured in DMEM/10% calf serum; and AP3T3b (O’Connor, K.L., et al.,

Biotechniques, 1994; 17: 502-9); NIH/3T3 (CRL-1658, ATCC) mouse embryonic
fibroblasts, cultured in DMEM/10% calf serum; a stably transfected Balbc/3T3 dernivative
that constitutively expresses non-secreted placental alkaline phosphatase, cultured in
DMEM/10% calf serum. All culture media and serum was obtained from Sigma (St. Louis,
MO). Plasmid pGL3, constitutively expresses luciferase reporter from an SV40
promoter/enhancer. SuperFect™ transfection reagent was obtained from QIAGEN (Valencia,
CA). Transfections were performed according to the supplied protocol.

Assays were performed in tissue culture-treated, clear-bottomed, opaque white 96-
well microplates (Cat. 3610, Corning Costar Corps, Action, MA). Light emission was
measured with either the TR717™ microplate luminometer (Tropix) or the Turner Model 20e
single tube luminometer (Tumer Designs, Mountain View, CA).

Example 1: Luciferase (Reporter)/AP (Endogenous) Assav Protocol:

pGL3-transfected NIH/3T3 cells were seeded in 96-well microplates and washed once

with PBS prior to assay. First, the luciferase signal was measured using Dual-Light®
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reagents. 25 ul of Dual-Light® Buffer A containing 0.1% Triton X-100 was then added to
each well, and 75 pl/well of Dual-Light® Buffer B was injected. Light emission was then
measured with a TR717 luminometer. Following the decay of the luciferase signal, 100 pul of
a CDP-Star® substrate/Sapphire-1I™ enhancer solution was added and endogenous AP-
catalyzed light emission was measured. Maximum light emission from the AP reaction was
reachcd within 15 minutes of the reagent addition. The results of the assay are shown in
Figure 1. It was noted that upon an earlier addition of AP detection buffer, (c.g., immediately
after luciferase was measured), the luciferase signal was diminished (this effect not shown).
Example 2: B-Galactosidase (Reporter)/AP (Endogenous) Assav Protocol:

pCMV/B-Gal-transfected NIH/3T3 cells were seeded in 2x10” cells/well in 96-well
microplates and washed once with PBS prior to assay. Next, 100 ul of a reaction buffer
containing HEPES, MgCl,, Triton X-100, and Galacton substrate was added to each well and
incubated for 15 min. 50 pl of a Sapphire-II™ enhancer-containing accelerator was then
injected into each well and the B-galactosidase-catalyzed light emission was measured with a
TR717 luminometer. Following the decay of the B-galactosidase signal, 50 pul of diluted
CDP-Star® substrate was added and the endogenous AP-catalyzed light emission was
measured. The results of the assay are shown in Figure 2.

Example 3: Triple enzyme Assay: Luciferase (Reporter)/

(Endogenous) Assay Protocol:

25 pl of Dual-Light® Buffer A was added to 10 ul of lysate and incubated for 30 sec.

Next, 100 pl of Dual-Light® Buffer B containing 1:100 Galacton® was added. After 4.5
min., 100 pl of Buffer C containing 0.3 mol/L diethanolamine/20% enhancer was added.
Finally, at 10 min., 100 pl of 1.2 mmol/L CDP-Star® in Buffer C was added. Light emission

was continuously measured throughout the assay with a Turner Model 20e luminometer.
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The extract was assaved sequentially for luciferase reporter, -Gal reporter. and

finally for endogenous alkaline phosphatase enzvme activities. Luciferase and 3-Gal
activities were measured with modified Dual-Light® assay reagents using the Galacton® 1.2-
dioxetane substrate for 3-Gal with a modified accelerator formulation. The addition of an
enhancer-containing accelerator initiated light emission from the 3-Gal-catalyzed
decomposition reaction with Galacton® substrate and quenched the luciferasc-catalyzed light
emission. Following the decay of light emission from the Galacton® substrate, the CDP-
Star® 1,2-dioxetane substrate was added to initiate light emission from thc alkaline
phosphatase. This sequential detection protocol enables the detection of three enzyme
activities, including two reporter enzymes aﬁd one endogenous enzyme, in a single tube/well
assay of a single sample of cell extract.

Example 4: Kinetics of Luciferase (Reporter)/B-Glucosidase (Endogenous) Assay:

NIH/3T3 mouse embryonic fibroblasts transfected with pGL3-Control, which
constitutively expresses luciferase reporter enzyme from an SV40 promoter/enhancer, were
seeded into clear-bottom/white-side tissue culture-treated 96-well microplates in
DMEM/10% CS (5 x 10° cells/well). Prior to the assay, the culture medium was removed
from the wells and the cells were washed once with 200 ul of PBS. All assay incubations
were performed at room temperature. A modified luciferase reaction buffer, containing
Triton X-100 and Glucon™ substrate was added (25 pl/well) and the plates were incubated
for 15 min. It is noted that during this incubation, the 3-glucosidase-catalyzed
deglycosylation of Glucon produces an intermediate that accumulates. At this pH, there is no
appreciable B-glucosidase activity. Next, the plates were placed in a TR717 microplate
luminometer and 75 pl/well of buffer containing luciferin was injected. Luciferase-catalyzed

light emission was measured for 1 sec. immediately after injection. The luciferase signal
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occurred as a “flash”, and decaved rapidly. After approximately 15 min., an accelerator
solution containing Sapphire-11™ enhancer was injected (100 pl/well) and light emission was
repeatedly measured (1 sec/well). The high pH accelerator solution triggered light emission
from the decomposition of the accumulated Glucon™ reaction product. The results of the
assay are shown in Figure 4. It was noted that the addition of an accelerator caused
quenching of any residual luciferase signal (not shown), and thus it is not necessary to wait
for the luciferase signal to completely decay.

Example 5: Detection range of Luciferase (Reporter)/B-Glucosidase (Endogenous)

Assay:

NIH/3T3 mouse embryonic fibroblasts transfected with pGL3-Control, which
constitutively expresses luciferase reporter enzyme from an SV40 promoter/enhancer, were
seeded into clear-bottom/white-side tissue culture-treated 96-well microplates in
DMEM/10% CS. Prior to the assay, the culture medium was removed from the wells and the
cells were washed once with 200 nl of PBS. All assay incubations were performed at room
temperature. A modified luciferase reaction buffer containing Triton X-100 and Glucon™
substrate was added (25 pl/well) and the plates were incubated for 15 min. Next, the plates
were placed in a TR717 microplate luminometer and 75 pl/well of buffer containing luciferin
was injected. Light emission was measured for 1 sec. immediately after injection. After
approximately 15 min., an accelerator solution containing Sapphire-1I™ enhancer was
injected (100 pl/well) and light emission was measured repeatedly (1 sec/well). Quantitation
of both luciferase reporter enzyme and endogenous f3-glucosidase activity was achieved with
a dynamic range spanning three orders of magnitude of cell number, from less than 100 to

50,000 transfected cells. The results of this assay are shown in Figure 5.
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Example 6: Kinetics of PLAP (Reporter)/B-Glucosidase (Endogenous) Assav:

AP3T3b cells, a stably transfected BALB/3T3 derivauve that constitutively cxpresses
non-secreted placental alkaline phosphatase. were seeded into clear-bottonmy/white-side tissue
culture-treated 96-well microplates in DMEM/10% CS (1.2 x 10" cells/well). Prior to
performing the assay, the culture medium was removed from the wells and the cells were
washed once with 200 nl of PBS. All incubations were performed at room temperature. A
B-glucosidase reaction buffer containing sodium phosphate, pH 5.5, MgSO,, L-
homoarginine, Triton X-100, and Glucon™ was added (50 pl/well) and the plates were
incubated for 15 min. An accelerator solution (100 pl/well) containing Sapphire-II™
enhancer was then injected and light emission was measured immediately for 1 sec/well in a
TR717 microplate luminometer. After approximately a 15 min delay, CDP-Sta»® was added
(50 ul/well) and PLAP-catalyzed light emission was repeatedly measured (1 sec/well). The
light signal from the endogenous B-glucosidase-catalyzed reaction was measured first. It is
noted that in this reaction, the enzymatic deglycosylation of the 1,2-dioxetane substrate
produces an anion intermediate that accumulates during the initial 15 min. incubation. The
addition of the accelerator solution triggers light emission from the decomposition of the
anion, and inactivates the B-glucosidase enzyme activity. The -glucosidase-catalyzed light
emission decayed within a few minutes. The light signal was almost completely decayed 40
min. following the addition of the accelerator, as seen in the reaction without CDP-Star®.
Finally, CDP-Srar® was added to initiate placental alkaline phosphatase-catalyzed light
emission. Glow light emission kinetics were obtained with the maximum intensity at
approximately 20 min. following substrate addition. The results of the assay are shown in

Figure 6.
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Example 7: Detection Rance of PLAP (Reporter)/3-Glucosidase (Endogenous) Assayv:

AP3T3b cells, a stably transfected BALB/3T3 derivauve that constitutively expresses
non-secreted placental alkaline phosphatase, were seeded into clear-bottom/white-side tissue
culture-treated 96-well microplates in DMEM/10% CS. Prior to performing the assay. the
culture medium was removed from the wells and the cells were washed once with 200 ul of
PBS. All incubations were performed at room temperature. A -glucosidase reaction buffer
containing sodium phosphate, pH 5.5, MgSO,, L-homoarginine, Triton X-100, and Glucon®
substrate was added (50 ul/well) and the plates were incubated for 15 min. An accelerator
solution (100 pl/well) containing Sapphire-II™ enhancer was then injected and light
emission was measured immediately for 1 sec/well in a TR717 microplate luminometer.
After approximately a 15 min. delay, a dilution of CDP-Star® substrate was added (50
ul/well), and PLAP-catalyzed light emission was measured (1 sec/well). Quantitation of both
PLAP reporter enzyme and endogenous [-glucosidase activity was achieved with a linear
range over two orders of magnitude, i.e., approximately 300-50,000 cells/well. The results of
the assay are shown in Figure 7. The detection sensitivity of each enzyme obtained with the
dual protocol is identical to that obtained when each is measured alone (by including only a
single substrate in the assay protocol). Thus, the sensitivity of PLAP detection is not affected
by residual signal from Glucon™.

All references cited herein are incorporated in their entirety.

The invention has been described generically and in detail with particular references
to the preferred embodiments thereof and with reference to specific examples. However, it
will be appreciated that modifications and improvements within the spirit and scope of this

invention may be made by those ordinarily skilled in the art upon considering the present
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disclosure. Unless excluded by the recitations of the claims set torth below. these vanatons

rermain within the scove of the invention.

11 1s to be undcrstood that a reference herein to a prior art document does nol
constitute an admission that the document forms part of the common general knowledge
in the art in Australia or in any other country.

In the claims which follow and in the preceding desenption of the invention,
except where the context requives otherwise due to express language or nceessary
implication. the word “comprise™ or variations such as “comprises™ or “comprising” is
used in an inclusive sense, 1.e. to specify the presence of the stated features but vot lo
preclude the presence or addition of further features in various embodiments of the

(nvention.
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THE CLAIMS DEFINTNG THE INVENTION ARE AS FOLLOWS:

1. An assay for measuring the activity of multiple enzymes in a single aliquot of a sample
comprisimy:

(a) quantifying the activity of an ¢cnzyme huving the capability o degrade @ substrate to
produce a light signal by mcasuring the light sigmal produced by the degradation of an enzyme
subsirate specific for said cnzyme by snd enzyme;

(b) tepeating step (a) for each enzyme present in said aliquot that is to be measured;

whercin said engymes are selected from the groap consisting of rcporter enzymes and
cndogenous enzymes;

wherein at Jeast onc of said ¢nzymes is an endogenous enzymge; and
wherein the activity of a first enzyme is decreased prior to quanufying the activity of a

second enzyme.
I Tow assay vecorcing ro Claun 1, wharzin gl deest one enzyine 3ubiirase 6 a

dioxerane.

The assay according i¢ Claim 2, whersin said dicxatane has the formula

wierein T is 2 substituled or unsubatitetzd cycloalkyl nag having berween & uad 12
carbon atoms of a polycycioalkyi aroup bonded to the 4-membered dicistane nng by 2 spire
linkage; Y 15 a fluorzzcent ¢ chmmo;ﬁor\.. X 15 hydrogen, a sirzight chatn o branched chat
allky) or heterealkyt wrovp, an arvl group, @ hetersany! grour, @ heterorikyl group. an araiiy!

croup, un alkarvi group, ur an cnzyme-cleavabiz group: Z ts hvdrogen, hvdroxyt, or an

crzyme-cleavatie group,
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provided that at least one of N oor 2 must 5¢ an enzvime-cicavable group:

whercin s2id ¢nzyme-cleavuble 2roup is cleaved hv an cnzyvme o thercby fomn o
negativelv charged group dbonded 1o the dioxetzne which decomposes 1o form a lununesciny
substance; and

1 wherein said negatively chareed group incivdes the group Y,

4. The assay oi Claim |, wherein at least one enzyme is a dydrolviic cnzvme.

5. The assay of Clairi 1, wherein said first enzyme activity is decreased by alienng

-
M the pri ot said aliquot.

(XX X ]

“ecee” 6. The assay of Claini |, wherein said first enzyme zctivity is decreased by heaung

L] L] :

T Cet
L] . .
R satd aliguot.
.....:
et 5 Theassay of Claim: 1. wherain said first 2mryme activity ie decraused by
. I
° )
inacuivating said first enzymie b udding an indubior.
: c..:
o o ), . - Rt . . N . . .
ees 33 g. ‘he assay of Claim 1. wherein said first cnzyme activity is decreased by aliowing
LL N J .
. :

L X XJ . . . - ~ . v . -
ce oo, the reaction berweesn said first enzyme and 2 first enzyrne substraie 10 proceed untii said first
S

eeee enzyme substrate is substantially desraded.

LXK

ecece . S . 4 . .
veut Y. The assay of Claim 1. wherein said {irst enzyme acuvity is decreased by
*te s
‘. e v pencin g the i AF A §iral - s .
o e decreasmg the amount 01 a {1rst 2nzvme substrate.
2C 10. The assay of Claim /- wherein said first enzyme activity is deercased by adding

au acceieraler sclution.
1. The assay of Claim 1, wherein the endogenous 2nzyme 15 seizcted from the group
consisting of alkaline phosphatase, acid phosphatase, glucosidase, glucuronidase,

galaclosidase. proteases and. esterases.
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12, The assay of Clainy 1L wherein 3 reponer enzyme is present and is selecizd from
the group consisting of luciferasc, ga]a:nc-siciascx vlucuronidase, alkabine phosphatase.
carboxvl esterase. acid phospratase and giucdsidasc.

13, Theassay of Claim 12, wheremn suid reporter enzyme 1s 3-gziactosicase or
alkaline phosphatase.

14, The assay of Claim 1. wherein an enhancer is added o enhance said iight siznal.

15, ne assay of Clain: '14, wherein said enhancer is selected from the 2roup
consisting of buvine serum albumin, human serum albumin and polymeric quatermary Galum
salts,

16. The assay of Claim 15, whc}cis! savd polvmeric cuatemary ontums suit is selacted
from tne group comsisting of polyvinyvibenzyltrimethyl ammonium chloride, polyvinyltenzyl
tributyl ammonium chloride, polyvvinylberzyi benzyldimethviammonium chioride.
polyvinvibenzyitnbutyl phosphootum chlonide, poivviny! tnbutyl sulfonium chloride,
poly(oenzyldimethylvinylbenzylanumonium chlonde, soditm fluorescein,

poly(benzyhtnbutylammonium chlonide, sodium: fluoresceii. qualernary ammoniume-
phosphonium polymers. ammoriurmi-suffoniuin polymers and sulfonium-pnosphonium
polymers.

17. The assay of Claimy 1, wherein a reporter enzyme and an endogenous enzyme are
ibe oniy tnzymes to b2 measured.

18.  The assay of Claim !7, wherein a reporter enzyme substrate and an end‘ogr:ncus
enzymiz substrate are added simultansously to said aliguot.
19.  The assay of Claim 17, wherein an ¢ndogenous enzyme substrate is added o said

aliquol prior to a reporter cnzyme substrate,

]
183
wmn

‘
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20.  The zasav of Ciaon 17, whzrcin an enzvme detecaon dulicr comprang an
eadonenous enzyms subsiraic and an snhancer iy odded e n2id aliguot subzequent o the
quantificzuon of (he reporter eniyme

21, The aszayv of Clamm |, wherzin a first reporter apzvme, 2 secund repoiter cnsyvine,

5 znd an cndoganous enzyme are (he only enrvmes (0 be meusured. wherein 2 (irst ripaaer
enzynie sehotrate and 3 second repLmer enzyme SUDSUAC arc present i said ajiguol durtny
the guantifizailon of said $irat repories eANYmE,

22, The assay of Claim 2 wherein the enzyimanc acivity of said second reporter

enzyvmc 1§ increzsed subsequent Lo guaniinang e acuvty of said frg

eeodeoo
veis) 23, The assay of Clanr 21, »bereamn the ight produced b
. L)
(XXX ] .
e L[] ,-_ M ‘. ~ae (O . ~ Wt
o o r2POFICT CNIYMe supatrate oecurs at a pH al which the product of the degradation 6f saio
.«
L]
o .
R cond reporisr enzyme substraie does not procuce light.
oe o8
e o L]
. T ] H . ¥ -4 - -~ = -~
o . 24, The azsay of Claim 1. wherein 2 Lirst reponter eniyiie, a 5eCond tepdlier 2nIvine,

znd an endogennus 2nzyme ars the only enrymes 10 be measured, wherain 2 szeond repenas

2AZVMC SUDSITAlc & abseat from said aliquot dunng the quantification of said first raporier

enzyms: ang the activity of 3aid second repoiier enzvme i« induced by the additon of =
second reporisy enzyrac substrate

25. The assay of Claim 24, wherein an engogenows 2nzyine substtuie 12 added

sudseguent 10 the quantificaton of said second repener snzvine,
20 26. A kit when used in the assay of any one of claims 1 Lo 25 und 32 10 38 for detecting the

acrivity of multiplc cnzytnes in a single aliquot of a sample compnising:

reagents Yor quuantifying Sach ¢nzvine;

suteirates for cach of caid enzymes; 2nd

an accelerzior solutien containing a water s0Judle polyuieric enhancer molecuit:

1A
thy
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wherein zi feast one of 3aid muluple ¢nzynes 13 an endogenous CRxyme.
27. The kit aczording to Clain 26. wherein at Jeast ong of said subsiraies is a
croactine.

28, The kit according to Claim 27, wherein said dioxetane has the formula |

@)

O

/ AN
T Y~—12Z

wherein T is a substituied or unsubstituted cycloalkyl ring havinuz between 6 and 12
carbon atorns or a polycycioalkyl group bonded to the 4-membered diox«tane nng by a spiro
linkage; Y is a fluorescent chromophore; X is hydrogen, a siraight chzin or branched chain
aikvi ot heteroalkyl group. an ary! group. a heteroarvi eroup. a heteroalicyl group, an aralky|
group, an alkaryl group, or an snzyme-cleavable group; Z is hvdragen, hydroxyi, or an
enzynme-cleavable grour;

provided that at least one of X or Z must be an enzyme-cleavatie group;

whercin the enzyme-cleavabie group is cieaved by an erizyme io thereby form a
negatively charged group bonded to the dioxetane witch decermpeses 1o form a luminsscing
substance; and

wherein said negatively charged group includes the group Y.

29. Thne kit accerding to Claim 26, whercin said polymeric enhancer is seiceted from
the group consisiipg cf bovine serum alburmin, human serum albumin and quaternary onium

salts.
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20. The kit according to Claim 29, wherein said quaternary onium salts
are selected from the group consisting of polyvinvlbenzylmmethyl-ammonium
chloride, polyvinylbenzyltributylanunonium chloride, polyvinylbenzyl
benzyldimethylammonium chlorde. polyvinylnenzvlinburyi phosphomium chionde,

S poly(bcnzyldimethylvinylbenzyl)ammonmum chlonde,
poly(benzyltnbutyl)ammonium chlerids and sodium fiuorescein.

31 The kit according to Claim: 26,wherein said polymeric cnhancer has a

pH of from atout § to about 14.

32, The assay according to Claim 1, wherein s2id sample is a preparatior:
10 of a cell lysate.
33. The assay according to Claim I,.wherein said sample compnises

whole cells in culture media.

34, The assay according to Clann 33, whercin said wioie

W

cells are washed pricr 10 assay.

35. The assay accoréing to Claim i, wherein said sample compriscs
whole cclls without culture mcdia.

36. The assay according io Claim 35, wherein said sample 1s washed

prior ic assay.
20 37, The assay of Claim 1, wherein the zctivity for cach enzyme measursd
is quantificd simultaneously.

3. The assay of Claim I, wherein the step of quantifying the activiry of
cacii enmve measured is pericnned sequentially for ¢ach snzyme measured.

39. A kit when used in the assay ot any one of claims 1 to 23 and 32 10 38 for detceting the

activity of multiple enzymes in a single aliquol ol 4 saruple, comprising:

o
™h

reagants for quantifying each of said multiple enzymes, and
substrates for cach of said multiple enzymes, wherein at leasi one of said multiple

enzymes is an endogenous enzyme.
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40. An assay for measuring the activity of multiple enzymes in a single aliquot of a

sample, substantially as herein described with reference to any one of Examples 1 to 7.

41. A kit according to claim 26 or 39, substantially as herein descmbed.
5
Dated this 23rd day of March 2005
APPLERA CORPORATION
By their Patent Attorueys
GRIFFITH HACK
10
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FIGURE 4
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FIGURE 7

Dual PLAP (Reporter) / 3-Glucosidase
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