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METHOD FOR LUMINESCENCE MEASUREMENTS

FIELD OF INVENTION

The present invention pertains to a method of assaying the concent-
ration of a light-emitting compound through luminescence and, more particularly,
10 a method of assaying the concentration of a light-emitting compound through

electrogenerated chemiluminescence.

BACKGROUND OF THE INVENTION

‘Ihere is an expanding need for specific, sensitive, rapid and cost
effective methods of detecting and quantifying chemical, biological and biochemi-
cal substances such as antibodies, hormones, viruses, enzymes, metabolites, nar-
cotics, poisons, drugs, microorganisms and nucleic acids. The required sensitivity
and specificity are obtained by using binding reactions, ¢.g., antigen-antibody
reactions where the presence of the complex of diagnostic value i.e., analyte, is
indicated by means of a detectable label attached to one or more of the comple-
xing materials. An example of commercially useful labeling compounds are those
capable of generating a luminescence based on the photochemical, chemical or
electrochemical excitation methods.

The analytical methods based on luminescence in its various modi-
fications are generally known for their sensitivity, but each have their own short-
comings at very low concentrations of the emitting species. The sensitivity of
fluorescence is limited by Raleigh and Raman scattering phenomena as well as
fluorescent impurities which increase the non-specific background emission.
Phosphorescence is mainly restricted to solid state and the emission from those
very few compounds which have room temperature phosphorescence in solution is
generally extremely sensitive to oxygen, which hampers their practical applica-
tions. The methods based on conventional fluorescence and phosphorescence use
an excitation by light and need an appropriate light source and optics. The met-
hods based on chemiluminescence do not need excitation optics and the instru-

mentation is generally very simple. However, chemiluminescence methods are
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often subjects to serious chemical interference. The method based on an instru-
mentally simple electrochemical excitation (i.e., electrogenerated chemilumines-
cence or ECL) utilizes an excitation by an electrical pulse applied to an electrode
which provides a low detection limit.

ECL of inorganic and organic compounds in electrolyte solutions is
well known in the art. For instance, the anodic ECL of luminol at the platinum
electrode in an aqueous electrolyte has been studied since 1929 (for instance, N,
Harvey, J. Phys. Chem. 33 (1929) 1456; K. Haapakka and J. Kankare, Anal.
Chim. Acta 138 (1982) 263), an anodic ECL of Ru(bpy),** in the presence of
oxalate in an aqueous electrolyte and a cathodic ECL of Ru(bpy);** in the presen-
ce of peroxydisulfate in an acetonitrile/water mixture have been reported by Bard
er al. (D. Ege, W. Becker and A. Bard, Anal. Chem. 56 (1984) 2413), a cathodic
ECL of numerous inorganic ions (K. Haapakka, J. Kankare and S. Kulmala,
Anal. Chim. Acta 171 (1985) 259) and numerous organic compounds (K. Haapak-
ka, J. Kankare and O. Puhakka, Anal. Chim. Acta 207 (1988) 195) at an oxide-
covered aluminium electrode in aqueous electrolytes containing an appropriate
oxidizing agent have been reported, where the short-lived ECL is measured during
the electric pulse applied to the electrodes. A variety of terbium(Ill) complexes
are capable of initiating a long-lived terbium(lII)-specific cathodic ECL at an
oxide-covered aluminium electrode in an aqueous electrolyte containing peroxy-
disulfate, which makes possible to eliminate the short-lived background ECL by
using a time-resolved ECL detection thus creating the basis for extreme trace
analysis (J. Kankare, K. Fildén, S. Kulmala and K. Haapakka, Anal. Chim. Acta
256 (1992) 17; J. Kankare, A. Karppi and H. Takalo, Anal. Chim. Acta 295
(1994) 27). Binding assays of the analytes of interest based on the measurement
of ECL at the electrode surface have been proposed: for instance, A. Bard e: al.
(D. Ege, W. Becker and A. Bard, Anal. Chem. 56 (1984) 2413 and WO
86/02734) have suggested ruthenium(IIl)- and osmium(IIl)-containing ECL labels;
J. Kankare and K. Haapakka (GB 2217007 B, US 5,308,754), J. Kankare, K.
Haapakka, S. Kulmala, V. Nantd, J. Eskola and H. Takalo, Anal. Chim. Acta
266 (1992) 205 and M. Billadeau er al. (WO 96/41177) have suggested the use of
Ln(III)-containing ECL labels (Ln(Ill) = Dy(Ill), Eu(Ill), Sm{II), Tb(IID)) in the
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binding assays based on the time-resolved ECL. Numerous sample cell configura-
tions and methods of measurement for the ECL detection have been proposed
where the ECL is generated either at the surface of the electrode (for instance in
EP 65 8760 Al and WO 96/28538) or at the surface of magnetic beads collected
onto the surface of the electrode (for instance in WO 92/14139; WO 92/14138, JP
08190801 A2 and WO 96/15440). The ECL detectors have been applied in High
Pressure Liquid Chromatography (for instance, D. Skotty, W. Lee and T. Nie-
man, Anal. Chem. 68 (1996) 1530) and in Capillary Electrophoresis (for instance,
G. Forbes, T. Nieman and J. Sweedler, Anal. Chim. Acta 347 (1997) 289).

Jones (EP 962 773) has studied known ECL reactions on bipolar
electrodes. In said publication the electrochemical reaction takes place on very
small conducting carbon particles, wherefore high voltage gradients, which are
unrealistic in practice, are required to obtain a sufficient voltage drop across the
conducting carbon particles. Janes does not disclose conductors combined of elect-
rochemically inert materials and insulated metals or semi-metals or their mixtures,
which provide one of the unique aspects of the present invention, contributing to
the enablement of multi-component analysis and internal standardization, as shown
below. In multi-component analysis, which is one of the preferred embodiments of
the present invention, a special buffer for each label and for each conductor ma-
terial is also needed, as shown below.

Typically for ECL, the luminescent compound must be in the close
proximity of the electrode surface. Especially as to the ECL immunoassays, the
ECL label, which contains luminescent compound attached to antibody or antigen,
is bound to the electrode surface, e.g., by the direct immunoreaction where one of
the immunoreagents is immobilized on the electrode surface (J. Kankare and K.
Haapakka, GB 2217007 B, US 5,308,754), or indirectly by utilizing non-conduc-
ting magnetic beads coated with immunoreagents, which after the immunoreaction
has occurred, are collected at the electrode surface by a magnetic field. The ad-
vantage of using these magnetic beads is a considerably more efficient binding
reaction as compared to that, e.g., in the antibody-coated planar electrode surface.
However, use of magnetic beads in ECL assays are not without disadvantages: (i)

the excitation efficiency is often low because of an excitation distance of around
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25 A or less from the electrode surface is required (see, e.g., WO 92/14139): (ii)
the efficiency of detecting the emitted light from the proximity of the electrode
surface is hindered by the light-shielding bead layer and (iii) the magnetic beads
detach from the electrode surface during the short excitation pulse thereby inhibi-
5 ling excitation efficiency.
While magnetic beads do provide an improvement over conven-
tional ECL methods, there is still a need in the art for ECL assays that exhibit
further increased sensitivity and enable multi-component analysis and/or internal
standardization. Accordingly, it is an object of the present invention to provide an
10 ECL method having increased sensitivity and, advantageously, the ability to assay
the concentration of multiple analytes of interest.
The discussion of the background to the invention herein is included to explain
the context of the invention. This is not to be taken as an admission that any of the
material referred to was published, known or part of the common general knowledge in

15 Australia as at the priority date of any of the claims.
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SUMMARY OF THE INVENTION

According to the present invention there is provided a method of generating

luminescence of a luminescent compound for quantification of said luminescent
compound, which comprises:

providing an electrolyte having therein (i) a pair of current-delivering electrodes,
(i1) at least two electrically conductive materials positioned between the electrodes but
not in electronic contact with the electrodes, wherein said electrically conductive
materials are selected from the group consisting of conductors of differing shapes, sizes
and electrically conductive materials, thus providing correspondingly differing
threshold excitation potentials, and (iii) said luminescent compound being in electronic
contact with said electrically conductive material; and

applying an electric current to said electrodes thereby inducing said luminescent
compound to luminesce.

An electric current is then applied to the electrodes to induce the luminescent
compound in electronic contact with the electrically conductive material to luminesce.
The luminescence (i.e., emitted-light) is measured to ascertain the concentration of the
luminescent compound.

Examples of the electrically conductive material include, but are not limited to,
electrochemically inert materials and insulated metals, alloys or semi-metals or
combinations thereof. Representative electrochemically inert materials are glassy
carbon, gold, platinum, or mixtures thereof. Representative insulated metals or semi-
metals are aluminum, hafnium, magnesium, silicon, tantalum, titanium, zirconium, or
mixtures thereof. Preferably the insulating material is an oxide or polymeric coating.
In one embodiment the electrically conductive material is a porous membrane covered
with a thin layer of the electrochemically inert material or the insulated metal or semi-

metal.

YAMardhKI NO DELETE MRIB5737-00A.coc
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The electrolyte is a non-aqueous or aqueous electrolyte. The lu-
minescent compound is attached to the surface of the electrically conductive mate-
rial or alternatively is bound to an analyte of interest (e.g., a nucleic acid or ami-
no acid sequence). In one embodiment, luminescence is measured after a delay
from the end of a electrical pulse being applied to the current-delivering electro-
des. In other embodiments, luminescence is induced using at least two different
electrochemiluminescent compounds, at least two different types of electrically
conductive materials or at least two different analytes of interest.

Advantageously, the method of the present invention provides an
ECL assay with increased sensitivity. Other advantages include the ability to
assay the concentration of multiple analytes of interest and to provide internal
standardization. These and other advantages will become apparent from the desc-

ription set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of the contactless electrogenerated

luminescence apparatus with a single electrically conductive material.

Figure 2 is a plot graph of luminescence as a function of luminol
concentration measured by contactless electrogenerated luminescence.

Figure 3 is a plot graph of luminescence as a function of Ru(bpy)**
concentration measured by contactless electrogenerated luminescence.

Figure 4 is a plot graph of luminescence as function of ter-
bium(ITI) concentration measured by delayed contactless electrogenerated lumines-
cence.

Figure 5 is a plot graph of luminescence as a function of human
Thyroid-Stimulating-Hormone (h7SH) concentration measured by the delayed
contactless electrogenerated luminescence.

Figure 6 is a plot graph of To(III) (@) and Ru(bpy); 2* (O) concent-
rations in a sample mixture measured by contactless and delayed contactless elect-

rogenerated luminescence, respectively.
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Figure 7 is a composite electroluminogram of Ru(bpy), ** illustra-
ting the effect on luminescence by varying the diameter of spherical Au-conduc-

tors: 2.0 mm (-.-); 2.5 mm (........); 3.5 mm (---); and 6.0 mm (—).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a unique method for measuring the
concentration of a luminescent compound with increased sensitivity. This method
as further described below is hereinafter referred to as Contactless Electrogenera-
ted Luminescence or COEL.

In accordance with the present invention, an electrolyte containing a
luminescent compound is provided having immersed therein a pair of current-
delivering electrodes. An electrically conductive material is positioned between
the current-delivering elcctrodes, but not in electronic contact with the electrodes.
Electronic contact in this context means both phylsical contact and being within the
requisite excitation distance to induce luminescence of a luminescent compound,
which is preferably 25A or less. An electric current is generated between the
electrodes inducing the luminescent compound within electronic contact of the
electrically conductive material to luminesce. Thus, contrary to previous ECL
methods, light emission can be generated without the luminescent compound being
in electronic contact with the current delivering electrodes. The luminescence
(i.e., light-emission) is measured following conventional techniques 10 ascertain
the concentration of luminescent compound.

The electrically conductive material (hereinafter the “conductor”) is
any electrically conductive material that does not detrimentally react with the
electrolyte. The conductor should have a conductivity equal to, preferably greater
than, the conductivity of the electrolyte. While wishing not to be bound by theo-
ry, it is believed that a faradaic current is generated through the conductor by
causing a voltage drop in the electrolyte when a current is generated between the
current-delivering electrodes. This method of generating a faradaic current is also
known as bipolar electrolysis as set forth in Eardley, D. Handley and S. Andrew,
Electrochim. Acta 18 (1973) 839; F. Goodridge, C. King and A. Wright, Elect-
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rochim. Acta 22 (1977) 347, M. Fleischmann, J. Ghoroghchian and S. Pons, J.
Phys. Chem. 89 (1985) 5530.

Preferably, the conductor is made from an electrically conductive
material used for electrodes in ECL assays. For example, the conductor can be an
electrochemically inert material such as glassy carbon, gold, platinum, stainless
steel or a combination thereof. The conductor can also be an insulated metal,
alloy, semi-metal or any combination thereof. Specific cxamples of metals or
semi-metals include, but are not limited to, aluminum, hafnium, magnesium,
silicon, tantalum, titanium, zirconium, or any combination thereof. In this context,
insulated means that the metal, alloy or semi-metal is insulated (i.e., covered)
with an protective coating such as an oxide or polymer coating. The coating can
range from 1 to 100 nanometers, as with oxide-covered electrodes used in known
ECL assays.

As will be apparent to those skilled in the art, the choice of mate-
rial for the conductor is dependent on the type of ECL reaction used to generate
Iuminescence. For example, if an anodic ECL reaction will be used to initiate lu-
minescence an electrochemically inert material is selected. On the other hand, if
a cathodic ECL reaction will be used to initiate luminescence an insulated metal,
alloy or semi-metal is selected.

The conductors of the present invention can also contain additional
non-conductive components to alter the physical properties of the conductor. For
example, the conductor can have a polymeric core to decrease the density of the
conductor to allow it to be suspended in the electrolyte. Likewise, the conductor
can have a core formed from a magnetic metal or alloy to aid in collection of the
conductor. Known magnetic metals and alloys can be used, such as those listed in
the Handbook of Chemistry and Physics, 70th ed., CRC press, which is incorpo-
rated herein by reference.

In accordance with the present invention, the conductor can have
any shape or size. For example, the conductor can have a spherical or elliptical
shape. Electrically conductive materials shaped as spheres are readily available
from commercial sources such as AbbotBall Company, located in Connecticut,

USA. The spherical conductors can range in size from 10 um to 10 mm. Like-

-10-
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wise, the conductor can be a porous matrix having thereon the electrochemically
inert material, or the insulated metal or semi-metal.

Optionally, the electrolyte can contain conductors of differing sha-
pes, sizes and electrically conductive materials to provide alternating threshold
potentials for inducing luminescence. For example, as will be apparent to those
skilled in the art following the teachings of the invention, conductors formed from
differing materials, such as gold and aluminum, will have different threshold po-
tentials for initiating luminescence of a luminescent compound (i.e., an ECL moi-
ety) in electronic contact with the conductor. Likewise, conductors having diffe-
ring sizes will also exhibit different threshold potentials for initiating luminescence
of ECL moiety. This unique aspect of the invention allows for multiple ECL
reactions to conducted in the same electrolyte, which in turn facilitates internal
standardization and the assay of multiple analytes of interest.

The electrolyte is any electrolyte used for ECL reactions. In accor-
dance with the present invention the electrolyte can be an aqueous or non-aqueous
electrolyte. The choice of the electrolyte is partially determined by factors such as
the analyte to be detected and the ECL moiety to be used. For example, if the
concentration of a biomolecules (e.g., nucleic acid or protein) is to be ascertained,
a buffered aqueous electrolyte is selected. Such parameters can easily be deter-
mined by one skilled in the art.

In accordance with invention, the ECL moiety is any luminescent
moiety used for ECL assays. Accordingly, the ECL moieties are preferably metal
chelates. Examples of metal chelates to be used include, but are not limited to,
chelates of transition or rare earth metals such as ruthenium, terbium, osmium,
thenium, iridium, rhodium, platinum, indium, palladium, molybdenum, techne-
tium, copper, chromium, tungsten, or combinations thereof. Two especially pre-
ferred chelates are ruthenium and terbium chelates.

The current delivering electrodes are made from any electrically
conductive materials used for electrodes in ECL reactions. Accordingly, the
electrodes can be formed from the same electrically conductive materials used to
form the conductors as described above. In one embodiment of the invention, the

electrodes and the conductor are of the same material. In another embodiment,

11-
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the current delivering electrodes are made from electrically conductive materials
on which no ECL emission is possible to minimize background emission. Prefera-
bly, the electrodes are spaced distally from each other.

An electric current is generated by applying an appropriate voltage
to the current-delivering electrodes for a predefined time frame, which results in a
partial current flow through the conductor causing the ECL moiety in electronic
contact with the conductor to luminesce. The requisite voltage (i.e., threshold
potential) to induce luminescence is dependent on the interfacial potential at the
conductor-electrolyte interface and the portion of the faradaic current flowing
through the interface. As will be apparent to those skilled in art of bipolar elect-
rolysis, current flow through the conductor is dependent on the following factors:
(1) the conductivity of the electrolyte solution, (2) the electrically conductive
material used for the conductor, (3) the longest dimension of the conductor orien-
ted along the current flow lines, (4) the free space of the current path in the elect-
rolyte solution around the conductor, (5) the character of the electrode process
occurring at the interface, and (6) the interfacial resistance between the conductor
and the solution. Thus, varying paramelers such as the size, shape, orientation,
location or material of the conductor will affect the requisite voltage to be applied
to the current-delivering electrodes to induce luminescence. These parameters can
easily ascertained by one skilled in the art following the teachings of the present
invention.

The resulting light intensity is measured on the wavelength and/or
time-resolved basis for a period necessary to achieve the required signal-to-noise
ratio, and used for the quantification of the luminescent compound. The light
detector is any light-detecting device, such as a photomultiplier or a photodiode
with an optical filter or monochromator. Optionally, the light-detecting device
can be connected with an amplifier where the electrical signal from the light de-
tector is amplified. The concentration of the ECL moiety is determined by stan-
dard analysis techniques known in the art.

In a preferred embodiment, the method of the present invention is
used to measure an analyte of interest. As with other known ECL assays, the

ECL moiety is used as a labeling agent to quantify the concentration of an analyte

12-
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of interest. The ECL moiety may be bound as a labeling agent to the analyte of
interest or to a reagent used to ascertain the presence of the analyte (e.g., an
antigen or antibody in immunoassays). Accordingly, the method of the present
invention is particulary suitable for use with analytical methods having low detec-
tion limit requirements. Examples of such analytical methods include, but are not
limited to, binding assays such as immunoassays, nucleic acid hybridization as-
says, releasing assays, back titration assays and detection systems used in chro-
matography, capillary electrophoresis and flow injection analysis.

For example, the method of the present invention is used as an
immunoassay to determine the concentration of an antigen or multiple antigens.
The antigen is quantified by incubating a conductor or multiple conductors having
immobilized thereon a primary antibody with the antigen-containing sample and
subsequently with a secondary antibody bound to an ECL moiety. After incubati-
on for a sufficient amount of time, the conductor or conductors are washed in
which unbound labeled antibodies are washed away. The conductor or conductors
are subsequently placed in a cell between current-delivering electrodes, in which
luminescence is induced and measured in accordance with the present invention.

Various modifications of the above-described immunoassay can be
used. For example, using time-resolved or spectral discrimination two or more
labeled compounds can be simultaneously detected. The above-described double
labeling can be extended to noncompetitive assays where the secondary antibody is
labeled with different ECL moieties to achieve the internal standardization of the
assay. Alternatively, two or more different labeling compounds can be used thus
requiring different electrolytes for the generation of luminescence. By changing
the electrolyte, different labeling compounds and analytes on the same or different
conductors can be quantified one after another.

Likewise, variations in the size or material of the conductors allows
for the simultaneous measurement of different luminescent compounds and deter-
mining the concentration of different analytes in a sample. For example, two
conductors of different sizes may be coated with different primary antibodies.
The conductors are then incubated with a mixture containing two different anti-

gens to be quantified and two secondary antibodies Iabeled with the same ECL

13-
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moiety. After a sufficient amount of time, the conductors are washed to remove

the unbound secondary antibodies. The conductors are then placed in a cell where
luminescence is induced by gradually increasing the voltage applied to the current-
delivering electrodes. As the voltage is gradually increased, light is emitted at the
5  larger conductor first since it has a Jower threshold potential than its smaller coun-
terpart. Once the voliage drop in the electrolyte solution is high enough, light then
begins to emit at the smaller conduclor. Other modifications of the method of the

present invention can be easily ascertained by those skilled in the art.

Throughout the description and claims of the specification the word “comprise”

and variations of the word, such as “comprising” and “comprises”, is not intended to

exclude other additives, components, integers Or SI€ps.

EXAMPLES

$Teens The following non-limiting examples illustrate the use of contactless
electropenerated Juminescence (COEL). Figure 1 shows a generalized diagram of
" the apparatus to be used in accordance with the invention. Referring to Figure 1,

a cell (10) is provided having cell walls (12) enclosing an electrolyte (14). The
electrolyte (14) has immersed therein a pair of current-delivering electrodes (16,
18) and a conductor (20) position between the electrodes, but not in electronic
contact with the electrodes. Connected to the electrodes (16, 18) is a current
source (22) that is also connected to a recording device (24), which in turn is
connected to a light detector (26) to detect the light (hv) emitted at the conductor.

The cell used in the following examples was a polytetrafluoroethy-

lene cell having the dimensions: L= 16 mm, W= 7 mm, D= 9 mm. The cur-
rent-delivering electrodes were made of stainless steel wire having a diameter of 2
mm. The electrodes were spaced 11 mm apart from each other. The current
source was a home-made coulostatic pulse generator capable of generating square
pulses of 60 volts (V) and 0.4 milliseconds (ms). The light detector was a Hama-
matsu photomultiplier, Model No. R3550. The detected signal was amplified with
a Stanford Research preamplifier, Model No. SR455. The amplified signal was
counted with a Stanford Research photon counter, Model No. SR400. The photon
counter was connected to a PC-computer for controlling the measuring system and
data storage.

Although electric current is the primary factor for the voltage drop

at the conductors and thus for the generation of Juminescence, due to the instru-

14-
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mental reasons only the voltage applied to the current-delivering electrodes is

mentioned in the Examples 1 to 6.

Example |
Contactless Electrogenerated Luminescence With Luminol

Sample solutions were prepared from the following components:
5.0 x 10? borate buffer adjusted to pH 7.8, 7.1 x 102 M sodium azide and va-
rying amounts of luminot @.e., 5-amino-2,3-dihydro-1,4-phthalazinedione). The
contactless electrogenerated luminescence (COEL) was initiated at the surface of a
spherical 6.3-mm diameter aluminum conductor (Al-conductor) (AbbotBall Com-
pany) as follows: excitation pulses of 0.4 ms duration and 60 V amplitude with
the intermittent 10 ms zero level were applied to the current-delivering electrodes
resulting in an approximately 50 mA peak current in the sample solution. The
resulting light emission (i.e., COEL response) from the Al-conductor was detec-
ted by the photomultiplier. The integrated COEL response from the 500 excitation
pulses as a function of luminol concentration in the sample solutions are presented
in Table 1 and Figure 2. The background COEL response (i.e., the response
without the Al-conductor in the sample cell) was around 50 times lower than the

analogous background COEL response in Table 1.
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Table 1
COEL response as a function of luminol concentration
(Luminol}/mol 1" COEL/au
0 7563
1.0 x 10 7490
1.0 x 10" 15839
1.0 x 10° ' 58352
1.0 x 10°® 363900
1.0 x 107 2381000
Example 2

Contactless Electrogenerated Luminescence With Ru(bpy),”*

Sample solutions were prepared from the following components:
1.12 x 10" M potassium dihydrogen phosphate and 8.80 x 107 M dipotassium
hydrogen phosphate buffer at pH 7.2, 1.0 x 10" M tripropylamine, 7.1 x 102 M
sodium azide and varying amounts of tris(2,2'-bipyridyl)ruthenium(II) (Ru(b-
py);**). The contactless electrogenerated luminescence (COEL) was initiated at the
surface of a spherical 5.0-mm diameter gold conductor (Au-conductor) (i.e., a .
glass ball covered with a vacuum evaporated gold layer) as follows: excitation
pulses of 0.4 ms duration and 6.0 V amplitude with the intermittent 10 ms zero
level were applied to the current-delivering electrodes resulting in an approximate-
ly 50 mA peak current in the said sample solution. The resulting light emission
(i.e., the COEL response) from the Au-conductor was detected by the photomulti-
plier. The integrated COEL response from the 500 excitation pulses as a function
of Ru(bpy)* concentration in the sample solution are presented in Table 2 and
Figure 3. The background COEL response (i.e., the response without the Au-
conductor in the sample celf) was around 50 times lower than the analogous back-

ground COEL response in Table 2.

-16-




10

15

20

25

WO 01/13095 PCT/F100/00693

~14-
Table 2
COEL response as a function of Ru(bpy),** concentration
{Ru(bpy);**}/mol 1! COEL/au
0 853
1.0 x 10° 11025
1.0 x 107 131540
1.0 x 10° 942059
1.0 x 107 6715220
Exampie 3

Contactless Electrogenerated Luminescence with Terbium(IID)-1

Sample solutions were prepared from the following components:
5.0 x 102 M borate buffer adjusted to pH 7.8, 7.1 x 107 M sodium azide and
varying amounts of Tb(III)-I chelate where 1 is 2,6-bis[N,N-bis(carboxymethyl)a-
minomethyl}-4-benzoylphenol. COEL was initiated at the surface of a spherical
6.3-mm diameter Al-conductor (AbbotBall Company) as follows: excitation pulses
of 0.4 ms; duration and 60 V amplitude with the intermittent 100 ms zero level
were applied to the current-delivering electrodes resulting in an approximately 50
mA current in said sample solutions. The resulting light emission from the Al--
conductor was detected by the photomultiplier during the 0.08 - 8.0 ms interval
from the end of the 0.4-ms excitation pulse (i.e., a delayed COEL or, abbre-
viated, a DCOEL response). The integrated DCOEL response from the 500 exci-
tation pulses as a function of terbium(I1I) concentration in the sample solutions are
presented in Table 3 and Figure 4. The background DCOEL response (i.e., the
response without the Al-conductor in the sample cell) was around 5000 times

fower than the analogous background DCOEL response in Tabie 3.
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Table 3
DCOEL response as a function of terbium(I1D)-1 concentration
[Tb(II)-1]/mol 17 DCOEL/au
0 10054
1.0 x 10° 46499
1.0 x 10* 337576
1.0 x 107 4001260
Example 4

Immunoassay of Human Thyroid Stimulating Hormone
(hTSH) by the Contactless Electrogenerated Luminescence

A. Preparation of Labeling Compound
A terbium(ill) complex with 4-(3-isothiocyanatobenzoyl)-2,6-bisfN,-

N-bis(carboxymethyl)aminomethyl]phenol was used as the labeling compound and
was synthesized as set forth in J. Kankare et al., Anal. Chim. Acta, 266:205
(1992), which is incorporated herein by reference.

B. Labelling of ani-hTSH 1gG
A 60-fold excess of 4-(3-isothiocyanatobenzoyl)-2,6-bis[NN-bis(car-

boxymethyl)aminomethyl]phenol terbium(IIl) complex was allowed to react over-
night with ansi-hTSH 1gG (Oy Medix Biochemica Ab, Kauniainen, Finland) at pH
9.5. The labeled antibody was separated from the excess free terbium(ill) comp-
lex on a column filled with Sephadex G-50 (1.0 x 5.5 cm) and Sepharose 6 B (1.0
X 5.2 cm) by using 1.0 x 10" M sodium carbonate buffer at pH 9.3, containing 9
g 1" of sodium chloride and 0.05 % sodium azide as the eluting agent.

C. Coating of the Aluminum-conductors

The 6.3-mm diameter Al-conductors (AbbotBall Company) were
coated with anti-hTSH 1gG by a physical adsorption with 5.0 x 107 M Tris-HCI
buffer at pH 7.5, containing 9 g 1" sodium chloride and 0.05 % sodium azide.
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The reaction mixture was left overnight at ambient temperature. After coating,
the Al-conductors were washed with a solution containing 9 g 1" sodium chloride,
0.01% sodium azide 0.2 g 1" Tween, and saturated with 0.1 % BSA (bovine

serum albumin) for overnight and stored wet at 4°C.

D. Immunoassay of hTSH

A 100-pi aliquot of an appropriate standard containing 0, 1, 10, 100
or 1000 pU ml? of kTSH (Orion Diagnostica, Espoo, Finland) was added into a
300-p! test tube followed by 14.5 ul of terbium(l1l)-labeled ani-hTSH solution
where 23.4 ug ml" of the terbium(II])-labeled ansi-hTSH was dissolved in 5.064
ml of 5.0 x 102 M TRIS-H,SO, buffer at pH 7.8 containing additionally 9 g 17
sodium chloride, 5 g 17 BSA, 0.5 g 1" sodium azide, 0.5 g 1" bovine y-globulin,
0.1 g 1" Tween 20, 7.9 mg 1" DTPA (diethylenetriaminpentaacetic acid). The
coated and washed Al-conductor was placed in the aforementioned test tube.
After one-hour incubation by continuously shaking, the Al-conductor was washed
wice for 2 minutes with 400 ul 5.0 x 10 M TRIS-HC! buffer at pH 7.4 con-
taining additionally 0.05 % sodium azide, 0.2 % BSA, 0.1% Tween. The Al-con-
ductor was then transferred to the COEL cell containing 5.0 x 102 M
H,BO,-H,SO, buffer at pH 7.8 and 1.0 x 10? M sodium azide. The DCOEL res-
ponse was measured following the procedure of Example 3 and the results are

presented in Table 4 and Figure 5.

Table 4
Immunoassay of ATSH by the contactless electrogenerated luminescence
KTSH/pU mi™ DCOEL/au
0 471
1 650
10 1070
100 4380
1000 13620
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Example 5

Multicomponent Analysis
By Contactless Electrogenerated Luminescence

Sample solutions were prepared from the following components:
5.0 x 107 M borate buffer adjusted to pH 7.8, 3.0 x 10* M peroxydisulfate and
1.0 x 10° M Tween (polyoxyethylene(20) sorbitan monolaurate) and varying
amounts of Ru(bpy);?* and Tb(III)-| chelate. COEL was initiated at the surface of
a spherical 6.3-mm diameter Al-conductor (AbbotBall Company) as follows: exci-
tation pulses of 0.4 ms duration and 60 V amplitude with the intermittent 100 ms
zero level were applied to the current-delivering electrodes resulting in an appro-
xiniaiely 50 mA current in the said sampie solution. The resulting light emission
from the Al-conductor was detected by the photomultiplier during the excitation
pulse (i.e., a COEL response) and during the 0.08 - 8.0 ms interval from the end
of the 0.4-ms excitation pulse (i.e., a delayed COEL or DCOEL response). The
integrated COEL and DCOEL responses from the 500 excitation pulses are pre-
sented in Table 5 and Figure 6: the DCOEL response can be used for the quantifi-
cation of Tb(IID)-1 in these sample mixtures because the COEL of Ru(bpy);** was
100 short-lived to reach the 0.08 - 8.0 ms detection window, while the listed
COEL response (i.., the observed COEL response subtracted by the COEL res-
ponse of Tb(II1)-1 which, in turn, is estimated from its measured DCOEL respon-
s¢) can be used for the quantification of Ru(bpy),’*.
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Table 5
COEL and DCOEL response as a function
of combined Tb(III)-1 and Ru(bpy),** concentrations
[Tb(1ID)-1 + [Ru(bpy),*)/mol’ COEL of Ru{bpy),**/au DCOEL of Tb(1lI)-1/au
1.0x 10* + 1.0 x 10¢ 335772 36377
1.0x 107 + 1.0 x 10°® 382782 317303
1.0x 10 + 1.0 x 10°® 1383670 2933600
1.0x 107 + 1.0 x 107 34376 377757
1.0x 107 + 1.0 x 10° 382782 317303
1.0x 107 + 1.0x 10° 1697352 395255
Example 6

Size-selective Contactless Electrogenerated Luminescence

A sample solution was prepared from the following components:
1.12 x 10" M potassium dihydrogen phosphate and 8.80 x 10° M dipotassium
hydrogen phosphate buffer at pH 7.2, 1.0 x 10" M wripropylamine, 7.1 x 107 M
sodium azide and 1.0 x 108 M tris(2,2'bipyridylyruthenium(Il) (Ru(bpy);**).
COEL was separately initiated at the surface of spherical gold conductors (Au-
conductors) with the diameters listed in Table 6 (i.e., a glass ball covered with a
vacuum evaporated gold layer) by applying a DC excitation voltage from 0 V to
20 V 1o the current-delivering electrodes at a sweep rate of 0.25 V s in the
sample solution. The resulting COEL responses of Ru(bpy),** from the different
Au-conductors was detected by the photomultiplier and are displayed in Figure 7
(2.0 mm (-.-), 2.5 mm (.......}, 3.5 mm (---) and 6.0 mm (—)). The peak vol-
tages and intensities of the COEL of Ru(bpy);** using the different Au-conduc-

tors are listed in Table 6.
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Table 6
Peak voltages and peak intensities of the Ru(bpy)y’* COEL
in the electroluminograms obtained using different Au-conductors
Diameter of Au-conduc- Peak Voltage/V COEL of Ru(bpy),?* /au
5 tor/mm
2.0 14.0 4600
2.5 10.5 10600
3.5 8.9 46300
6.0 5.7 157000

10
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of generating luminescence of a luminescent compound for
quantification of said luminescent compound, which comprises:

providing an electrolyte having therein (i) a pair of current-delivering electrodes,
(ii) at least two electrically conductive materials positioned between the electrodes but
not in electronic contact with the electrodes, wherein said electrically conductive
materials are selected from the group consisting of conductors of differing shapes, sizes
and electrically conductive materials, thus providing correspondingly differing
threshold excitation potentials, and (iii) said iuminescent compound being in electronic
contact with said electrically conductive material; and

applying an electric current to said electrodes thereby inducing said luminescent

compound to luminesce.
2. The method according to claim 1, wherein said method further comprises
measuring said luminescence to quantify the concentration of said luminescent

compound.

3. The method according to claim 1, wherein said electrically conductive material

is electrochemically inert material.

4. The method according to claim 3, wherein said electrochemically inert material

is glassy carbon, gold, platinum, or mixtures thereof.

5. The method according to claim 1, wherein said electrically conductive material

is an insulated metal or semi-metal.

6. The method according to claim 5, wherein said insulated metal or semi-metal is

insulated with an oxide or polymeric coating.

7. The method according to claim 5, wherein said metal or semi-metal is
aluminum, hafnium, magnesium, silicon, tantalum, titanium, zirconium, or mixtures

thereof.
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8. The method according to claim 1, wherein said electrically conductive material
is a porous membrane covered with a thin layer of an electrochemically inert material or

an insulated metal or semi-metal.

9. The method according to claim 1, wherein said electrically conductive material
is a combination of an electrochemically inert material and an insulated metal or semi-

metal.

10.  The method according to claim 1, wherein said electrically conductive material

further comprises a magnetic material.

11.  The method according to claim 1, wherein said electrolyte is an aqueous

electrolyte.

12.  The method according to claim 1, wherein said electrolyte is a non-aqueous

electrolyte.

13. The method according to claim 1, wherein said luminescent compound is

attached to the surface of said electrically conductive material.

14, The method according to claim 1, wherein said luminescent compound is bound

to an analyte of interest.
15.  The method according to claim 1, wherein said luminescence is measured after a
delay from the end of said electric current being applied to said current-delivering

electrodes.

16. The method according to claim 14, wherein said luminescence results from at

least two different luminescent compounds.

17. A method according to claim 14, wherein said luminescence is formed at the

surface of at least two different types of electrically conductive materials.
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18. A method according to claim 17, wherein said luminescence on the surfaces of
said different electrically conductive materials is initiated and measured at different

current levels passing through the current-delivery electrodes.

19. A method according to claim 16, wherein measurements of two or more
chemiluminescent compounds on different conductors are used for internal

standardization.
20. The method according to claim 17, wherein measurements of two or more
luminescent compounds on different conductcrs are used for determining the

concentration of two or more analytes.

21.  The method according to claim 14, wherein said analyte of interest is a nucleic

acid sequence.

22, The method according to claim 14, wherein said analyte is an amino acid

sequence.

23. A method according to any one of the preceding claims substantially as

hereinbefore described with reference to any of the figures and/or examples.
DATED: 6 September 2004

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for: e . .
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Figure 2
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Figure 6
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