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5 and precision of an ECL measurement using an apparatus
adapted to measure electrochemiluminescent phenomena.

BACKGROUND OF THE INVENTION

Electrochemiluminescent measurement techniques

10° derive from electrochemistry and chemiluminescent

| detection techniques. Electrochemistry (EC) deals
generally with the relation of electricity to chemical
changes and with the interconversion of chemical and
electrical energy. Chemiluminescence (CL) based assay or

15 detection téchniques include, for example, binding assay
techniques which generally comprise forming a mixture of
a sample containing an unknown amount of an analyte of |
interest to be determined with a known amount of a
reactant which is conjugated with a chemiluminescent

20 label. The mixture is incubated to allow the labeled
reactant to bind to the analyte. After incubation, the
mixture is separated into two fractions: a bound and an
unbound fraction. The bound fraction is labeled reactant
bound to analyte-énd the unbound fraction is the

25 remaining unbound reactant. The CL measurement is then
taken. One or both fractions are chémically caused to
luminesce, for example by the addition of an oxidant to
the fractions. The bound and unbound fractions of the
labeled reactant will emit different amounts of light.

30 The measured level of chemiluminescence at the specific
wavelength is indicative of the amount of the bound
and/or unbound fraction, respectively, and from such
measurements one skilled in the art can determine the
amount of analyte in the sample.

35
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5 exposed to a voltammetric working electrode, that is, an
electrode to which a voltage is applied and from which a
current for a redox reaction may be passed. The ECL
mixture does not react with the chemical environment
alone, as does the CL mixture, nor with an electric field

102 alone. as: in EC, but rather, electrochemiluminescence is
triggered by a voltage impressed on the working electrode
at a particular time and in a particular manner to
controllably cause the ECL moiety to emit light at the
electrochemiluminescent wavelength of interest. The

15 measurement of interest is not the current at the
electrode, as in EC, but rather is the intensity of the
light. The ECL operating conditions should be controlled
to enhance the accuracy and'precision of this
measurement. | '

20 The key to this control however, is
recognizing which operating conditions have an effect on
the ECL measurements, how these effects appear and how
the ECL measurement process may be controlled so as to
provide meaéﬁ}ement:results which are reproducible within

25 very strict. limits. The chemistry involved in the ECL
compounds:;, the analytes of interest and/or the buffer
solutions  im which they appear is highly complex. The
ECL. compounds must react with a precursor component so as
to emit: Iight. While the general nature of the chemical

30 changes and reactions which occur during the ECL
measurement process is currently believed to be known,
the specific nature is not known with sufficient accuracy
to permit the theoretical prediction of all factors which
contribute to. each measurement and to what extent they

35°
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to provide an apparatus whose operation is controllable

so that at least the initial conditions for each
measurement are exactly and precisely obtained. One

5 aspect of the control of the initial conditions relates
to the surface condition of the working electrode which
triggers the ECL reaction. EC techniques may include
cleaning and conditioning the surface of the working
electrode so as to improve its measurement of current.

- 10 It is the discovery of the present inventors
that techniques which improve the measurement of current
in conventional EC techniques are not necessarily
desirable or useful for ECL techniques. The initial
conditions for ECL measurements must meet different

15 c¢riteria. The analysis of results for cleaning by
conventional EC techniques are based on the current
response, where ECL techniques use the criteria of light
intensity to evaluate the results.

It is also a discovery of the present inventors

20 that the precision and detection limit of the ECL
measurements of light are very sensitive to the condition
and the redox (reduction/oxidation) state of the working
electrode surface and in what manner that redox state is
achieved and maintained. Conventional procedures for

25 cleaning and/or conditioning solid voltammetric working

" electrodes have involved, for ex;mple, flaming,
polishing, roughening the electrodes, usually followed by
an electrochemical pretreatment. These procedures, |
disadvantageously, have frequently required the working

30 electrode to be removed- from the cell and/or manually
cleaned. i

It is believed that non-reproducible results
during ECL measurements derive at least in part from the
non-reproducible changing surface redox state of the

35 working electrode due to variable conditions during and
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5° molecules may react with the working electrode during a
measurement and cause electrode fouling.

Another aspect of the control of the ECL
measurements is the relationship between the nature of
the analyte of interest, the manner in which the sample

102 is: introduced into the ECL measurement cell and the use
and operation of the working electrode therein.
Previously ECL measurements of samples with complex
biological or biochemical components, were performed only
with the sample at rest in a "beaker" or batch system.

15 In order to provide more rapid assay methods, continuous
or flow systems which need not be disassembled for

cleaning are needed.

OBJECTS AND SUMMARY QOF THE INVENTION
20 Accordingly, it is an object of the present

invention to provide a method and apparatus for improving
the control of electrochemiluminescent measurements which
avoid the above-described difficulties of the prior art.
It is another object of the present invention
25. to provide a method and apparatus for in-situ operation
- of. & working electrode of an-ECL cell which provides
improved precision in ECL measurements.
It is yet another object of the present
invention to provide a method and apparatus for in
30 -situ operation of a working electrode of an ECL cell in
which a redox state of the surface of the working
electrode formed during a conditioning procedure is
maintained until a measurement step beginé.
It is a further object of the present invention

3% +to provide a method and apparatus for measuring an assay
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It is yet a further object of the present
5 invention to provide a method in a flow-through ECL cell
in which a working electrode may be cleaned and
conditioned between measurements.
It is still a further object of the present
invention to provide a method and apparatus for
- 0 conducting assays of an analyte of interest combined with
an advantageous precursor component in which the
measurement may be enhanced under flowing conditions in a
flow-through ECL cell.
These and other objects, aspects and features
15 of the present invention will become clear from the
following detailed description of preferred embodiments
thereof taken in connection with the accoﬁpanying
drawings, throughout which like reference numerals denote
like elements and parts.

20
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side crbss-septional view of an
embodiment of apparatus according to the present
invention;

25 Fig. 2 is a block diagram of a voltage control
) connectable to the apparatﬁs of"?ig. 1;

Fig. 3 is a signal diagram illustrating
exemplary voltage signals applicable in accordance with
the present invention;

30 .Fig. 4 is a signal diagram of a voltage signal

applied in a first embodiment of a method according to
the present invention for a platinum/oxalate (Pt/oxalate)
environment;
' Fig. 5 is a signal diagram of a voltage applied
35 in a second embodiment of the method according to the
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is directed towards the

103 operation of a working electrode in an ECL cell in such a
manner that the measurements are improved both in
detection limit and in prééision.

The ECL technique developed by employees of the
assignee of the present application and under an

15 obligation of assignment thereto is a method of detecting
in a volume of a multicomponent, liquid sample an analyte
of interest present in the sample in relatively small
concentrations and which comprises: a) contacting a
sample with a reagent (i) capable of being induced to

20 repeatedly emit electromagnetic radiation upon exposure
to an amount of electrochemical energy from a suitable
source effective to induce the reagent to repeatedly emit
radiation and (ii) capable of combining with the analyte
of interest, the contact being effected under appropriate

25 conditions such that the analyte and the reagent combine;
b) exposing the resulting sample to an amount of
electrochemical energy from a suitable source effective
to induce the reagent to repeatedly emit radiation, the
exposure being effected under suitable condition so as to

30 induce the reagent to repeatedly emit electromagnetic
radiation; and c) detecting electromagnetic radiation so
emitted and thereby detecting the presence of the analyte
of interest in the sample.

" The methods provided in this ECL technique may

35 be performed in heterogeneous assays, i.e., assays in
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homogeneous assays, i.e., dssays in ich unbound labeled
reagent and bound labeled reagent are exposed to
electrochemical energy together. In homogeneous assays
the intensity of the electromagnetic radiation (light)
emitted by the bound labeled reagent is either greater
than or less than the intensity of electromagnetic
radiation (light) emitted by the unbound labeled reagent.
The presence or absence of the respective bound and
unbound components can be determined by measuring the
difference in intensity.

In one such ECL technique, any reagent which is
not combined with the analyte of interest is separated

from the sample which had been contacted with the reagent

.prior to exposure of the sample to electrochemical

energy. In another technique, prior to contacting the
sample with the reagent, the sample is treated so as to
immobilize the analyte of interest. Means for '
immobilizing analytes of interest are well known in the
art and include contacting the sample with a particular
surface. _

The ECL techhiques may be used in a variety of
detection and quantitative assay formats as are well
known in the art. In quantitative assays a known amount
of ECL reagent is used and the amount of
electrochemiluminescence measured is correlated to known
standards to calculate the amount of analyte present.

- Forward, reverse, competitive and sandwich assays can be

performed by methods well known to the skilled worker.
In competitive assays, for example, a method for
quantitatively determining the amount of an analyte of
interest in a volume of a multicomponent, liquid sample
is performed as follows. The sample is contacted with a
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5 complementary material, the contact being effected under
appropriate conditions such that the anaiyte of interest
and the reagent competitively bind to the complementary
material. The resulting sample is exposed to
electrochemical energy and the amount of radiation

107 emitted is: quantitatively determined, thereby
quantitatively determining the amount of the analyte of
interest present in the sample.

The analyte of interest may be, for example, a
whole cell, subcellular particle, virus, prion, viroid,

15 nucleic acid, protein, lipoprotein, lipopolysaccharide,
glycoprotein, peptide, hormone, pharmacological agent,
non-biological polymer, synthetic organic molecule,
organometallic molecule or an inorganic molecule present
in the sample. Moreover the analyte of interest may be a

20 whole cell, subcellular particle, virus, ‘prion, viroid or
nucleic acid present in the sample.

The sample may be derived from, for example, a
solid, emulsion, suspension, liquid or gas. Furthermore,
the sample may be derived from, for example, water, food,

25 blood, serum, plasma, uring, feces, _tissue, saliva, oils,

| organic solvents or air. MoreéGer, the sample may

comprise, for example, acetonitrile, dimethyl sulfoxide,
dimethyl formamide, N-methyl-pyrrolidinene or tert-butyl
alcohol. The sample may comprise a reducing agent or an

30 oxidizing agent.
The reagent which is contacted with the sample

may comprise, for example, an electrochemiluminescent
chemical moiety conjugated to a whole cell, subcellular

particle, virus, prion, viroid, lipid, fatty acid,

- —

35 nucleic acid, polysaccharide, protein, lipoprotein,
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asurenents%%LE'a% Hﬁﬂiéf%%ical polymer, synthetic organic
molecule, organometallic molecule, inorganic molecule,
biotin, avidin or streptavidin. In one example, the
5 agent is an electrochemiluminescent moiety conjugated to
an antibody, antigen, nucleic acid, hapten, ligand,
enzyme, biotin, avidin or streptavidin. The reagent may
be the analyte of interest conjugated to an
electrochemiluminescent chemical moiety or an analog of
10 the analyte of interest conjugated to an
electrochemiluminescent moiety.

The electrochemiluminescent chemical moiety may
comprise, for example, a metal-containing organic
compound wherein the metal is selected from the group

15 consisting of ruthenium, osmium, rhenium, irridium,
rhodium, platinum, palladium, molybdenum, technetium and
tungsten.

The above discussion illustrates the broad

applicability of ECL measurement techniques to many

20 different analytes of interest and the different methods
and assays for gualitatively and quantitatively
-detecting their presence in the multicomponent, liquid
sample. For:a fuller description of these ECL '
techniques, reference should be made to PCT Patent
25 Application No. US87/00987, assigned in common with the
present application. The teXt of this publication is
incorporated herein.
As noted above, these ECL techniques may
include the detection of a multiplicity, that is, two or
30 more, analytes of interest in the same sample. When the
ECL measurements are being gquantitatively performed, the
measurement should be precise and accurate. The

precision of the measurement refers to its repeatability,

35
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5 order to enhance the precision of such ECL measurements,
the present invention conditions the electrode supplying
the electrochemical energy in a highly repeatable manner
to produce a specific surface on the electrode. This
specific surface can be maintained, if appropriate, until

10. the measurement: begins. This means that if a particular
sample is supplied for measurement, the result will be
repeatable.

Each ECL measurement is taken by exposing the
sample to the electrode system of the apparatus, more

15 particularly to the voltammetric working electrode
thereof, and impressing a known voltage waveform on the
working electrode so as to trigger
electrochemiluminescence. This known voltage waveform is
frequently in the form of a voltage sweep from a first

20 voltage to a second voltage, back through first voltage
to a third voltage and then back again to the first
voltage. The nature of the ECL reaction is such that the
samples will chemically change in a thin layer adjacent
the working eiéctrode surface during the ECL measurement

25 process..

The qualitative nature of the chemical change
in. the sample is believed to be as follows. The
electrochemiluminescent moiety, termed a TAG in the
above-referenced and commonly assigned application, may

30 or may not be bound to an analyte, but in either case it
may be promoted to an excited state as a result of
chemical reactions triggered by the electrical energy
received from the working electrode. For example, a TAG
may be oxidized from a 2+ to a 3+ state in the following

35 reaction:
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layer of sample fluid immediately touching the electrode

surface.

5 The oxidized TAG (TAG 3+) will luminesce if it
can react with a strong reductant P° which is able to
reduce TAG 3+ back to TAG 2+, but in an electronically
excited state. This molecule is provided by mixing the
TAG in a buffer solution with a high concentration of a

10 precursor P, which maf advantageously be oxalate or
tripropylamine (TPA), as discussed in detail below. The
energy from the electrode causes first the oxidation of
the precursor P as follows:

P—srP + e (2)
- 15
Then the oxidized precursor P can rearrange
unimolecularly to give the strong reductant p°:
p"—»p° (3).
20 The reactions of equations (1), (2) and (3) all

occur during a portion of the measurement sweep when the
voltage at the working electrode reaches a triggering

value. Now the::’l‘AG3+ reacts chemically with the
reductant P° to yield TAG 2+: in an electronically
25 excited state denoted with an asterisk (*) as follows:
3+ o 24% - -

TAG”" + PY—=TAG + pD" (4)

where P_ is a modified precursor which is not reactive as

D %*
in equation (2). The excited TAG2+ now luminesce, that
30 is, it emits light as follows:

*
rac?t* —mac®t + he/a (5)

where h is Planck's constant, ¢ is the speed of light and
is the wavelength of the emitted light.
3-5 .
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5 In order to provide an accurate description of
the present invention, the precise meaning of some terms
as used below will now be defined. While these terms
have been used loosely to mean various things in the
'prior art, they are to be construed in the present

10> application as' now defined.

"CLEANING"

This term is used to define the physical,
electrochemical and/or chemical removal of any
undesirable chemical species contained in a sample which

15 had been introduced into the apparatus and which now
remains within the sample probe, tubing leading to the
ECL cell and the ECL cell itself, including but not
limited to the working electrode thereof. Proteins are
an example of such species which may cause electrode

20 fouling requiring electrode cleaning. Cleaning may
include the processing of the surfaces in the presence of
a cleaning solution.  Advantageous examples of such
cleaning solutions may include dilute acids, dilute bases
or any buffer solution with added constituents, for

75 example, detergents and salts, .present for the cleaning
purpose described above. Cleaning may also include the
controlled introduction of air mixed with the cleaning
solution, in which pulses of solution separated by pulses
of air are forced through the cell and across the working i

30 electrode. Furthermore, as in the embodiments of the

present invention described below, part of the cleaning S
process of at least the working electrode may include the i
application to the working electrode and counter ’
electrode of a desirable electrochemical voltage

35 .
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"CONDITIONING"
This term is used to define a general

5 contribution of a desirable electrochemical voltage
waveform during the simultaneous exposure of at least the
working electrode to a conditioning solution. This
conditioning solution may or may not be different from
the cleaning solution. Also, the conditioning procedure

10° serves as the method of preparing the working electrode
surface state for the sample measurement and incorporates
the means to provide reproducibility. When the ECL
measurement is a measurement of a TAG or TAGged conjugate
in accordance with the chemistry disclosed above, the

15 constituents of the conditioning solution are those which
provide the optimal subsequent measurement of the TAG or
TAGged conjugate of interest and the blank, that is,
TAG-free, measurement solution. An advantageous
conditioning solution may be the blank measurement

20 buffer.

- "MEASUREMENT"
This term refers to the detection and

subsequent quantitative or qualitative measurement of
electrochemiluminescence from a desired chemical, which
25 may be the analyte of interest. In accordance with the
- invention referred to above, this measurement may be of
any TAG or TAGged conjugate or a blank, TAG-free
measurement solution. Again, the measurement solution
may, or may not, be different from the cleaning and/or
30 conditioning solutions. Examples of the measurement
solution are the buffer constituents present in the
particular examples of ECL chemistries disclosed below.
The analytes of interest are generally presented in
measurement solutions selected for the purpose of
35 enhanciné the ECL TAG light output, diminishing the
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ity and providing general detergent wetting.

"ELECTROCHEMICAL CONTRIBUTIONS"
The electrochemical contributions to the

cleaning and/or conditioning aspects of the total
sampling cycle include any combinatidn of applied voltage
waveforms to the working electrode which have been
demonstrated to be advantageous for the particular
chemistry and measurement involved while the working
electrode is exposed to one or more selected solutions.
These waveforms include, without limitation, pulses,
sweeps, constant voltages or any combination of the
above. In these voltage waveforms, there are at least
three potentials of interest: an upper limit voltage, a
lower limit voltage and a preoperative or hold potential
voltage.

Embodiments are disclosed below for two
separate mechanical/chemical environments. These
environments are defined as follows.

"Pt/Oxalate Environment"”

This environment uses a platinum (Pt) working
electrode. The precursor is oxalate, which is a water
soluble salt of oxalic acid, advantageocusly a sodium or
potassxum salt. The oxalate is combined in an aqueous
buffered solution with a conditioner/surfactant.

"Au/TPA Environment" -

This environment uses a gold (Au) working
electrode. The precursor is tripropylamine (TPA) and is
provided in an agqueous buffered solution with a
conditioner/surfactant. ’

The present invention is not limited to these
two environments. For example, the platinum electrode
may be used in the TPA chemistry or the gold electrode
may be used in the oxalate chemistry, or different
electrode materials may be used. As another example, the

N
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Using the above definitions and in accordance

5 with an aspect of the present invention, a method for
in-situ operation of a working electrode of a cell
adapted to measure electrochemiluminescent phenomena
comprises the steps of (a) cleaning and conditioning the
working electrode by applying a variable voltage thereto

10 in the presence of at least one solution, (b) terminating
the step of cleaning and conditioning by varying the
variable voltage in a predetermined direction to reach a
predetermined preoperative potential, and (c¢) starting a
measurement step, in which the working electrode is

15 exposed to a sample solution, before varying the voltage
applied to the working electrode from the preoperative
potential.

In a development of this method, the
measurement step may start as soon as the variable

20 voltage reaches the preoperative potential to terminate
the step of cleaning and conditioning, or the step of
terminating may_pe followed by a step of continuously
hol&ing the working electrode at the preoperative
potential until the start of the measurement step. The

25 working electrode may also-be cantimuously exposed to
solution while being continuously held at the
preoperative potential. If the working electrode is
formed of a selected metal, the step of cleaning and
conditioning may terminate with the working electrode in

30 a redox state selected for the metal, such as an oxidized
state maintained by the preoperative potential until the
start of the measurement step, for example where the
working electrode is formed of platinum, or a reduced
state, for example where the working electrode is.formed

35 of gold. The redox state may also be selected for the
ot
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solution separated by pulses of air across the working
> electrode, and one solution may be a cleaning and
conditionihg solution.
The step of cleaning and conditioning may be
separated into a step of cleaning the working electrode

~ by applying a first variable voltage thereto in the

18- presence of a cleaning solution and a step of
conditioning the working electrode by applying a second
variable: voltage thereto in the presence of a
conditioning solution. The measurement step may include
at least one measurement sweep of a voltage applied to

15 the working electrode while the same is exposed to the
sample solution, with each measurement sweep being
adapted to trigger luminescence in the sample solution.
The measurement step may include two or more of such
measurement sweeps.

20 In accordance with this aspect of the present
invention, an apparatus for in-situ operation of a
working electrode of a cell adapted to measure
electrochemiluminescent phenomena comprises cell means
for conducting an electrochemiluminescent measurement and

25 adapted to receive a solution therein, working electrode

means associlated with the cell means and adapted to be

exposed to a solution within the cell means and fluid
transport means for providing a selected solution to the
cell means. The apparatus further comprises voltage

30 control means adapted to be connected to a voltage source
for supplying selected voltage signals to the working
electrode means during at least an electrochemical
cleaning operation during which the cell means has at
least a cleaning solution therein and a conditioning

33 operation. during which the cell means has at least a

conditioning solution therein, the voltage control means (
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means controlling the fluid transport means to provide a
sample solution to the cell means for a measurement step
before the voltage control means varies the voltage
signal applied to the working electrode means from the

preoperative potential.

10 In

continuously

this appératus the voltage
hold the working electrode

control means may

means at the

preoperative potential from the termination of the

conditioning operation until the start of the measurement

step.
15 The above-described aspect of the present
invention wherein the working electrode can be cleaned
and conditioned in-situ to provide controllable initial
conditions is closely related to another aspect of the
present invention taking advantage of the flow-through
20 construction. This aspect includes a method of
conducting an assay in a bioclogical matrix, which method
comprises the steps of (a) flowing a solution which
includes a sample of biological matrix and an
electrochemiluminescent moiety into a flow~through cell
(b)

(c) operating the

25 including a source of electrochemical energy,
exposing the source to the solufion,
source to expose the solution to an amount of
electrochemical energy so as to induce the moiety to emit
electromagnetic radiation, (d) detecting the intensity of
30 emitted electromagnetic radiation and (e) flowing the
solution out of the cell. Advantageously, the source
includes a working electrode. The assay may be a binding
assay or, more particuiarly, an immunoassay, and the ECL
moiety may be bound or free. |

35
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flowing a solution including a sample of the biological
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matrix and an electrochemiluminescent moiety into a
flow~through cell, (b) exposing the solution to an amount

[ R ¥

of electrochemical energy so as to induce the moiety to
10 emit electromagnetic radiation, (c) detecting the
intensity of emitted electromagnetic radiation and (d)
flowing the: solution out of the cell.
An advantageous method of conducting an assay
of a bioclogical matrix comprises the steps of (a) flowing
15  a solution into a flow-through cell, the solution
including an electrochemiluminescent moiety, a tertiary
alkyl amine component and a buffer component, the moiety
and the tertiary alkyl amine component being chemically
reactive in response to applied electrochemical energy to

20 make the moiety inducible for emitting eléctromagnetic
radiation, (b) inducing the moiety to emit
electromagnetic radiation, (c) detecting the intensity of
emitted electromagnetic radiation and (d) flowing the
solution out of the cell. The tertiary alkyl amine ‘

25 component.advaﬁtageouély may include tripropylamine, the
electrochemical energy may be applied by a gold or
platinum working electrode, and the solution may be
flowing. during the step of indacing ECL.

In accordance with another aspect of the

30 present. invention, a method of conducting measurements of
assay: samples of biological matrices including respective
electrochemiluminescent moieties comprises the steps of
(a) initializing a measurement cell, where the step of
initializing includes cleaning and conditioning a working

35 electrode of the cell by flowing a first solution into
the cell, exposing the working electrode to the first
solution and flowing the first solution ocut of the cell,
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pndi tions such that the anal yte qof interes
where the step o megsurgng anluéés flowing a second

solution including a first one of the samples into the
cell, exposing the working electrode to the second
5 solution, inducing the emission of electromagnetic
radiation in the sample by exposing the same to
electrochemical energy from the working electrode,
detecting the intensity of emitted electromagnetic
radiation and flowing the second solution out of this
10 cell, the steps of initializing and measuring being
repeatable in alternating fashion for conducting
successive measurements of successive ones of the sample.
In this method, the first solution may be the same as the
second solution or it may be different from the second
15 solution. ,
Turning now to the drawings and initially to
Fig. 1 thereof, an advantageous ECL apparatus 10 is
adapted to perform the methods according to the present
invention. It will become apparent from the discussion
20 below that the methods according to the present invention
are not limited to application in apparatus 10, but
rather may advantageously be employed in all types of ECL
apparatus utilizing a working electrode or.other |
triggering surface to provide electrochemical energy to
25 +trigger the analyte of interest into
i electrochemiluminescence. —HowéGer, apparatus 10 is a
flow-through cell, which provides distinct advantages for
all types of samples including binding assay samples.
Apparatus 10 includes an electrochemical cell
30 12, a light detection/measurement device 14, which may
advantageously be a photomultiplier tube (PMT),
photodiode, charge coupled device, photographic film or
emulsion or the like, and a pump 16, which is
advantageously a peristaltic pump, to provide for fluid
35 transport to, through and from cell 12. Alternatively, a
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PMT 14 to cell 12 during ECL measurement periods.

E
b

Shutter mechanism may be closed, for example, during
maintenance. Also included in apparatus 10 but not
illustrated in Fig. 1 is a lightproof housing intended to
mount the various components therein and to shield PMT 14
from any external light during the ECL measurements.

Celli IZ itself includes a first mounting block
20 through which passes an inlet tube 22 and an outlet
tube 24, which may be advantageously constructed of
stainless steel. Mounting block 20 has a first, outer
surface 26 and a second, inner surface 28 defining one
side of a sample-~holding volume 30 of cell 12 in which
cell 12 holds the cleaning and/or conditioning and/or
measurement solutions during corresponding operations of
apparatus 10. Inlet and outlet tubes 22, 24 pass through
mounting block 20 from outer surface 26 to inner surface
28 and open into sample-holding volume 30. A second
mounting block 32, advantageously constructed of
stainless steel also has a first, outer surface 34 and a
second, inner surface 36. Second mounting block 32 is
separated from first mounting block 20 by an annular
spacer 38, advantageously constructed of Teflon or other
non-contaminable material. fhus, outer surface 34 of
mounting block 30 defines part of the second side of the
sample-holding volume 30. Spacer 38 has an outer portion
40 and a central aperture 42 whose inner edge 44 defines
the side wall of sample-holding volume 30. Outer portion
40 seals the inner surface 28 of first mounting block 20
to outer surface 34 of second mounting block 32 to
preven£ any solution from passing out from sample-holding
volume' 30: between the two surfaces 28, 34. Mounting
block 32 further has a central aperture 46 in which a
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which is substantlally transparent at the wavelength of
electrochemiluminescent light emitted by the ECL moiety.
Window 48 is therefore advantageously formed of glass,
plastic, quartz or the like.

Inlet tube 22 intersects sample-holding volume
30 at a first end 50 thereof adjacent to spacer 38 and
outlet tube 24 intersects sample-holding volume 30 at a
second end 52 thereof, adjacent space 38. The
combination of inlet tube 22, sample-holding volume 30
and outlet tube 24 thereby provides a continuous flow
path for the narrow, substantially laminar flow of a
solution to, through and from cell 12.

Mounted on inner surface 28 of first mounting
block 20 is a working electrode system 54 which, in the
illustrated embodiment, includes first and second working
electrodes 56 and 58. In other embodiements, a single
working electrode may advantageously be provided, or only
electrode 56 may be a working electrode. Working
electrodes 56, 58 are where the electrochemical and ECL
reactions of interest take place. Working electrodes 56,
58 ére solid voltammetric electrodes and may therefore be
advantageously constructed of platinum, gold, carbons or
other materials which are effective for this purpose.
Wire connectors 60, 62 connected to working electrodes
56, 58, respectively, pass out through first mounting
block 20.

Connectors 60, 62 are both connected to a
first, "working electrode" terminal 64 of a voltage
control 66, illustrated in Fig. 2. Voltage control 66
advantageously operates in the manner of a potentiostat
to supply voltage signals to working electrodes 56, 58
and optionally to measure current flowing therefrom
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The potentiostat operation of voltage control
5 66 is further effected through a counter electrode 68
and, optionally but advantageously, a reference electrode
70. In the illustrated embodiment, mounting block 32 is
made of stainless steel and counter electrode 68 consists

Z
¥
4
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in exposed surfaces 72, 74 of mounting block 32. Counter

10¢ electrode 72, 74 and working electrodes 56, 58 provide
the: interface to impress the potential on the solution
within sample-holding volume 30 which energizes the
chemical reactions and triggers electrochemiluminescence
in the sample and/or provides energy for cleaning and

15 conditioning the surfaces of cell 12. During the ECL
measurement process, some electrochemical reactions take
place at counter electrode 72, 74 but they are not the
type to stimulate the emission of electrochemiluminesence
and therefore need not be considered. Counter electrode

20 72, 74 is connected by a wire connector 76 to a second,
"counter electrode" terminal 78 of voltage control 66.

Reference electrode 70 provides a reference
voltage to which the. voltage applied by the working
electrodes 56, 58 is referred, for example, +1.2 volts

25 wversus the reference. Reference electrode 70 is
advantageously located ih outilet tube 24 at a position 80
spaced from cell 12 and is connected through a wire
connector 82 to a third "reference electrode” terminal 84
of voltage control 66. In the three electrode mode,

30 current does not flow through reference electrode 70.
Reference electrode 70 may be used in a three electrode
mode of operation to provide a poised, known and stable
voltage and is therefore advantageously constructed of
silver/silver chloride (Ag/AgCl) or is a saturated

35° calomei electrode (SCE). Voltage control 66 méy be
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of operation, counter/reference electrode 58 is
5 electrically connected to voltage control terminals 78
and 84 on voltage control 66. In this case, voltage
control 66 operates essentially as a battery. Voltage
control 66 supplies voltage signals to working and
counter electrodes 56 and 58 and optionally measures the
. X0 current flowing through the respective electrodes.
Reference electrode 70 may alternatively be a so-called
"quasi~reference" electrode constructed of platinum,
gold, stainless steel or other material, which provides a
less stable voltage, yvet one that is measurable with
15 respect to the solution in contact. In both the two and
three electrode mode, the reference electrode 70 or 58
serves the purpose of providing a reference against which
the voltage applied to working electrodes 56 is measured.
The poised voltage reference is currently considered to
20 be more advantageous. Voltage control 66 in its
potentiostat operation controls the various electrodes by
providing a known voltage at working electrodes 56, 58
with resbect to.reference electrode 70 while measuring
the current flow between working electrodes 56, 58 and
25 counter electrode 72, 74. Potentiostats for this purpose
are well known, and the internal stfucture of voltage
control 66 may therefore correspond to any of the
conventional, commercially available petentiostats which
produce the above-reciting functions and so does not form
30 a part of the present invention per se. Indeed,
apparatus 10 may alternatively be constructed without an
internal voltage control 66, and may be adapted to be
connected to an external potentiostat which is separately
controlled for providing the required voltage signals to
35 electrodes 56, 58, 72, 74 and 70. These voltage signals,
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repeatable lnltlal conditions for the surfaces of working

electrodes 56, 58 and advantageously for the surfaces of
cell 12 as a whole, a feature which contributes

5 significantly to improved precision in ECL measurements. §

Pump 16 is advantageously positioned at outlet '%

tube 24 to "pull" solution from a sample volume in the 3

direction of arrow A into inlet tube 22. The solution

will flow through inlet tube 22, sample-holding volume 30
10: and cutIet tube 24 past reference electrode 70 and out in
the direction of arrow B. Alternatively, pump 16 may be
positioned at inlet tube 22 to "push" the solution
through apparatus 10. Advantageously, this same flow
path through inlet tube 22, sample-holding volume 30 and
15 outlet tube 24 is used for all solutions and fluids which
pass through cell 12, whereby each fluid performs a %
hydrodynamic cleaning action in forcing the previous ;
fluid out of cell 12. Pump 16 may be controlled to
suspend its operation to hold a particular solution in

20 <cell 12 for any period of time.

In accordance with an aspect of the present
invention, it has been found that the types of chemical/
mechanical environments defined above permit the
measurement of ECL phenomena in assay samples of"

.25 biological matrices using a flow~through cell, such as
cell 12, without destroying tﬁé advantageous results
available using the cleaning/conditioning routines
described below. Such assays include immunoassays in
which the analyte of interest is an antibody or antigen.

30 Other assays include, for example, binding assays such as
avidin-biotin (protein binding), lectin-carbohydrate,
receptor-ligand and nucleic acid hybridizations. The
sample itself need not be fully reacted, i.e., it need
not be at equilibrium. The compiex chemical/biological

35 nature of these assay samples would appear to be
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measurenents, the-present invention c@yHtions the el ectrode. supplying the

el ectrochem cal energy in a highly repeatabl e manner ¢ T iffic
Tl s pwsg il
-._-.'i B

surface on the electrode. This specific surface can b arn
appr opr | péeticnlaklyOprohe nEamavETemldsgiote ahl sngreaos AL a

par ti cul L e i prhied 4f QE?S re he result wll be
r epeat ab?é.ssgggggﬁcén%éagbﬁ e(r%é]'net%rtl S a%ennﬁéﬁ%a%oi?ﬂga?ﬁﬁ‘sa ple to the
2l ect r odéleystbrought keldpplucateyer more k- qrmsilyutakey apathefor
yol tammety Lo yREki ggqaele¢! 499€ present inventors have demonstrated

5 that ECL measurements with improved precision of such

assay samples are indeed possible in accordance with the
present invention, in that the present invention includes
the effective cleaning and conditioning operations which
make such assays of "dirty" samples viable in the

10 flow-through environment.

The flow-through construction permits working
electrodes to be impressed with a variable voltage or to
be continuously held at a preoperative potential while
being continuously exposed to one or more solutions, that

15 is, without exposing working electrodes 56, 58 (or
counter and reference electrodes 72, 74, 70) to air.
Exposure to air, which opens the circuit to the reference
electrode 70, permits unknown, random voltage
fluctuatiéns whiéh destroy the reproducibility of surface

20 conditions on working electrodes 56, 58 which the
advantageous cleaning/conditioning methods described
below are intended to achieve.

, Further, the ‘flow-through construction perﬁits
the rapid alternation between initializing steps, in

25 which electrode system 54 is cleaned and conditioned, and

~  measurement steps, in which one or more measurement
waveforms or sweeps trigger ECL.

In yet a further development, it has been found
that ECL measurements of binding assay and other samples

30 in the TPA solution with platinum working electrodes are
enhanced when the sample solution continues to flow past
workihg electrodes 56, 58 during the measurement step and
when an upper limit voltage, defined below, is
sufficiently high. The discovery that the light emission

35
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t hereof, and inpressing a known voltage waveform on the morkirE}qgggg?f%ﬁ%4

sol as to trigger electrochem | um nescence. This known vy

friequently in the formof a voltage sweep f_ré)érna first |2THIS\GHEEAJHAS BEEN
second voltage, bacK through first voltage t© a third Vol t agRERIDACADhen back
again to the first voltage. The nature of the ECL reactTom s suchtirat—t he

5

15

20

25

30

35
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sauples will ched eahlhceiange 4 Eidiig) J a¥fip Al ereghnbhe YoLkHAY
ellectrode surface during the ECL ]
nature of the Enéﬁpésﬁe%hé@@eﬁﬁ@ﬁﬁHéJEHﬂple is believed to be as foll ows.

The el ectrochem | um nescept-nfRiebw W& MG TAG | Nsbhe 8BovRer el pEeneed

and commonl y assigned application, nma
v

nmeasurenent 25 process... e quaPitative

oltage signals which ﬁgy be applied by voltage control
66 are illustrated in Fig. 3. These voltage signals may
include pulse signals, as illustrated in Section A of
Fig. 3, triangular sweep signals as illustrated in
Section B and truncated triangular signals as
illustrated in Section C. Other waveforms, including
constant. voltages, sawtooth signals and asymmetric
signals may also be used. As shown in Fig. 3, the
various types of pulse signals vary between an upper
limit voltage Vu and a lower limit voltage vy
Limitations on the magnitude of the applied upper and
lower limit voltages are advantageous, for éxample, in
preventing the evolution of oxygen bubbles from the
aqueous solution if the voltage becomes too positive with
respect to the reference electrode. Althdugh the three
types of signals illustrated in Fig. 3 all have the same
upper and lower limit voltages Vu’ Vl’ it will be
understood that the particular voltage signal may include
individual wave forms with different upper and lower
voltage limits. Furthermore, while in Fig. 3 the upper
voltage liﬁit V4 is shown as a positive voltage and the
lower voltage limit Vl is shown as a negative voltage,
both voltages in a particular application may be positive
or negative. Fig. 3 is intended merely to illustrate
different types of wave forms which may be applied to
working electrodes 56, 58 from voltage control 66. It
will be understood that the voltages illustrated in Fig.
3, as well as Figs. 4 and 5, are the voltages appearing
at working electrodes 56, 58 with respect to reference

electrode 70. All voitages given below are referenced to

Ag/AgCl.
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For exanple, a

be bound to an analyte, but in either

energy received fromthe working el ectrode.

TAG may be oxidized frema 2+ to a 3+ state in the f T %
L31- [err] This reaction is known to t%ke place only |Trh‘$r$®
sanpl e fluid i mediately touching the el ectrode surfgce.
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Fig. 4 illustrates an advantageous variable
voltage signal which may be applied to working electrodes
56, In this
embodiment, a single solution of oxalate is used for both

58 in the Pt/oxalate environment.

the cleaning and conditioning aspects.
As shown in Fig. 4, the voltage signal includes

an initial portion extending from time ty to time t

1
during a cleaning operation. This cleaning portion

includes two cycles of a pulse signal extending from -0.7
volts to +1.5 volts.

step from time tl to t,, the working electrodes 56,

Thereafter, during a conditioning
58,
are conditioned

~10:

together with other surfaces of cell 12,
by the application of a constant conditioning potential
of +1.5 volts.
moving the potential in a downward direction at time t

This conditioning step is terminated by
15 2
to reach a predetermined preoperative or hold potential,
This

preoperative potential, and hence the redox state, may

which in this embodiment is +1.1 volts.

then be held by voltage control 66 for any period of time

20 until a measurement step begins. From time t2 until t

when the measurement step then begins, the conditioning
fluid retained in cell 12 is replaced by introducing the
sample fluid. 1IA an asbect of the present invention,
however, the applied voltage from voltage control 66 is
not varied before the measurement step begins; It has
been found in accordance with the present invention that
by terminating the conditioning step by moving the
applied potential in a predetermined direction, here
downwardly, to reach a predetermined operative potential,
here +1.1 volts, and by thereafter not varying the

58 from that pre-operative

30
working electrodes 56,
potential until the measurement step begins, the ECL
measurement is more precise and provides more sensitive
detection of ECL phenomena. The measurement step may be

35 considered to begin at any time intermediate times t, and

I\

(i

i
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5 WO 89/105881e oxi di zed TAG (TAG 3+) will lumnesce if itpCousgsadiiM t hil
a strong reductant P which is able to reduce TAG 3+ back to TAG 2+, but in #%
an electronlcally excited state. This nolecule is provided by mxing the %
TAG in a buffer solution with a high concengration of a 1E

which may advant ageously be oxal ate or tripropylamne (TP }HﬂggHBEEHASQEmN ??
i njdetail below. The energy fromthe el ectrode causes first the 0X+ddmlon
of [ the precuEsorbEtaﬁa?Olnbgwseaquw bkb viham Tieedxi &l BegiRp eayr S8

rearrange uni Iecu ar ive the strong, reductant, P[er e
g time 3, w1¥ % actua recoéklng [} ata[taﬁlng piaLe
during a measurement window indicated between times ty
and t5
5 to trigger ECL.

when the applied voltage has a magnitude such as

A second embodiment of the method according to

the present invention is illustrated in Fig. 5, when. a
particular voltage signal applied during the
cleaning/conditioning/ measurement operations is adapted
107 fdr-the: Au/TPA environment. In this embodiment, the ?
cleaning, conditioning and measurement solutions are all -
different. Specifically, at time t6 the cleaning step
begins and a cleaning solution of sodium hydroxide (NaOH)
is introduced into cell 12. The voltage is held at a
15 constant value of 0 volts, until time t7, at which time a
single pulse of peak magnitude +2.0 volts is applied, and
then the voltage returns to -0.2 vqlts at time t8 and is
held there until time tig- At an intermediate time tg
between time ts and time th’ the cleaning solution is
20 removed by pump 16 and a conditioning solution is
provided to cell 12 to begin the conditioning operation.
This conditioning solution may advantageously be the
blank buffer “solution in which the analyte of interest is
provided to cell 12. At time tig7 approximately two
25 periods of a triangular waveform are applied for the
conditioning- step, begihnin&vin a downwards direction
towards -1.0. volts and then upward to a peak of +2 volts.
The conditioning step terminates by moving the applied
voltage downwardly to a preoperative potential of +0.4
30 volts at time tll' Working electrodes 56, 58 may
thereafter be held at the preoperative potential for
measurement sample introduction.until a time t12’ At
that time, the applied voltage is varied from the
preoperative potential in a downward direction to -1.0
35" volts and thereafter upwardly during the measurement

1This Sheet Has Been Replaced
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20 WO 89/10551 The reactions of equations (1), (2) and (a;cﬂlxjssgmqgm durin

a |portion of the neasurenent sweep when the voltage at kT -
ellectrode reaches a triggering value. Now the TAJ err] fr}ggc%'{gz h@% BéEN‘
wilth the reductant Plerr] to yield TAGgkerr]: in an glectrbkiiddEDy 25

eXcited state denoted with an asterisk (*) as follows: TAGerr] + P[€
TAGerr] + p [err] where P is a nodified precursor which is not reactive

ad in lquutﬁép pnif 2yhidhethecatedalAfeasurement W regam hdl.}}ﬁtng?'othé, it
mt { A +
(] whertteteenfuh HEaodanEFaR £10%; Flons o S0 dri4 ghi and | & the

wgvel engt h of the Enetéakdvei gwd. eBbodiments of the method
according to the invention are specific to their

5 particular chemical environments, and it will be
understood that the present invention is not limited to
these two specific examples. These two embodiments,
however, illustrate aspects of the present invention by
which it achieves its advantageous result. Both

10 embodiments include cleaning and conditioning steps for
achieving both cleaning and conditioning results.
Furthermore, both embodiments reach their respective
preoperative potentials by varying the applied voltage in
a predetermined direction to reach the preoperative

15 potential. While the two embodiments both have this
predetermined direction as the downward direction, other
embodiments of the present invention may vary the applied
voltage upwardly to reach the preoperative potential.

' The significance of this termination by varying

20 the applied voltage in a predetermined direction to reach
a predetermined preoperative potential following the
selected cleaning and conditioning steps is that the
surface of working eleétrodes 56, 58 will thereby be
placed in a reproducibly obtainable controlled étate,

25 defining initial conditions for the ECL measurement which
are controllably repeatable‘to iﬁpro;e the precision of
the system. PFurthermore, having reached this controlled
surface state of working electrodes 56, 58, this surface
state may thereafter be maintained for any period of time

30 until the measurement step begins. By holding the
applied voltage at the preoperative potential, it is
believed that the conditioned surface state of working
electrodes 56, 58 is thereby maintained without change.
It is believed that fluctuations or variations in the

35 voltages appearing at working electrodes 56, 58 in any
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12 - WRIBPAOSEE above qualitative description is believed POTHISSO1813t &Y
he quantitative nature and effect of these reactiong.on the ECL 2
easurenent is unknown. 5 In order to pr \mmssam;:a(pg\;grggm
escription of the*present invention, thgopreci se nmegni ng ofgong ter a
sed below wi |l now be defi ned. Vhlle these terns have-been useg- y
ean various things in the prior art, they are to be construed in the

resent 10prappl iecdt isyrstasn niow wiefd¢neal. precoperative position was not

controllably reached and maintained were a cause of the

variation in results and the consequent lack of precision
found in the prior art.

5 Thus, as illustrated in dashed lines in Fig. 4,
the measurement step need not necessarily begin at time
ts, but rather may begin at aﬁy earlier time t15
intermediate time t2 and time t3. Indeed, as illustrated
in dashed lines in Fig. 5, the method according to the

107 present: inventian does not require any holding time at
the preoperative potential if the measurement step begins
the instant the conditioning step is over, that is, the
instant when the preoperative potential is reached at the
end of the conditioning step by varying the voltage in

15 the predetermined direction. 1In the Pt/oxalate
environment, the surface condition of working electrodes
56, 58 at the termination of the conditioning step is
believed to be an oxidized condition. The predetermined
potential of +1.1 volts is believed to hold the surface

20 in this oxidized condition until the measurement step.

Correspondingly, in the Au/TPA environment, the
condition of the surface of working electrodes 56, 58, at
the termination of the conditioning step is believed to
be a reduced state and the preoperative potential +0.4

25 volts: is believed to hold the surface at that reduced

- e

state.

Voltages which are impressed upon the
electrodes can broadly range from -5 volts to +5 volts in
each of the cleaning, conditioning, and sample

30 measurement steps. Preferably the voltages vary from
~1.5 volts to +3 volts in each of those steps. It is
well within the skill of the art to determine the exact
values employed.

The time which elapses from start to finish of

35 each of the cleaning, conditioning, and sample
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'LiEANING This termis used to define the physical, electrochem cal and/or

chemyeego/aessaval of any undesirable chem cal species contp@mggsg/lﬁlﬁ“sarrpl e
which 15 had been introduced into the apparatus and whlc_

within the sanple probe,” tubing |eading to the ECL cdiqfya
{self, including but not limted to L@g working ele Irodeﬁgﬁuﬂggaf
oteins are an exanple of such species which may ca
pul i ng requiring el ectrode cl eaning. C eaning nmay i ncl ude the processi ng

the SLiﬁé@fr@ﬁem@n{: hgt@p@Sﬂayeb%aalgl QAP Gy Uld Gk cr SRV AR RGEouUs
anpl es of such c| eanpi ng sol uti ons i.nclude dilute acids, dilute bases

any bu¥? e$e¥erati BAHEeA 383e&°€8n§%ﬂ%%ﬂ§%¥¥ jtrin the range of

1l millisecond to 40 seconds. Again, one skilled in the

omgjn4

art can determine in any given system the optimum time
5 period for each of the respective steps.
Additional exémples of the methods according to
the present invention will now be presented with a
complete description of the particular
_ chemical/mechanical environments.
10:

) i
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5 exanp¥@8%MIS81 gents and salts,-present for the cleaning pREPOSSS9/01814

above. Cleaning nmay al so include the controlled introduction of
with the cleanlng solution, in which pulses of solution separated
of air ar’e forced through the ceBR-and across @rklng 30

Furthernore, as in the enbodi nents of the pre
bel ow, part of the cleaning process of at |eas
may include the application tEXBERL&aLki ng el

of a desirable el ectrocheppgatare ERYERINMENT
Methods and Materials
1) Solutions

5 a) Sample Measurement Buffer
Component Concentration Amount/Liter
NaH2P04—2H20 0.10M 15.599g
Oxalic Acid 0.04M 3.602¢g
NaOH 50% (add to adjust to
10¢ pH=4.0)
Triton X-100(TM) 1.0% 10.0mL (nonionic
' surfactant)
b) Cleaning/Conditioning Solution: same as (a)
c) Calibration solutions of TAG Ru(bpy)3C12
15 (MW=749g/mole) in the sample measurement buffer
were prepared from stock solutions of 1mM, luM,
and 1nM. Ru (bpy) is Tris (2,2' - bipyridyl)
ruthenium (;}).
2) Instrumentation
20 Three electrode cell operation
a) Flow-Through Cell:
Working Electrode - one or both Pt disks
Counter ‘Electrode - stainless steel faceplate
Reference Electrode - Ag/AgCl
25 Teflon Gasket (.030" thick)
Stainless SEeel/Plexfglas Faceplate
Inlet Tubing=.042" id polypropylene
Aspiration Rates 2mL/min
b) Potentiostat:
30 Princeton Applied Research Model 273
c) Luminometer: ‘
Berthold Biolumat LB9500 T (photon counting)
PMT=Hamamatsu R374 (low gain red sensitive
] tube)
35 PMT Voltage =+1375V
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hvef 1¥p/1985Pi ning a sel ected voltage signal with a sel cal
1viﬁ92nent. "CONDI TIONING' This termis used to define :pggﬁéﬁgﬁﬁ§?g

bt ri bution of a desirable el ectrochem cal voltage waveform during the
mul t aneous exposure of at |east the wrking el ectrode to.a-conditi-eni-ng
bl ution. This conditioning solution may’or may not be di fiH3 SHEET HoM B
eani ng solution. Also, the conditioning procedure 10 servesRiEd ACERB

2t hod of prepgti g e I f e t—the—sanpte
pasur ement ang .nc5§€§¥§?é§k?ﬁﬁgé@gﬁégg§W%$%v?§§°?§§§oaac.bF%ﬁPyg When t he
CL neasur enenéZoneng nasexdesent of a TAG or TAGged conjugate in accordance

th ghe chem gy diexHRRA AP0V Gpdfetion
The only change from the three electrode
cell operation was that only one of the Pt disks was
used as a working electrode while the other Pt disk

was used as a combination counter/reference

10 electrode.
3) ECL Measurement Cycle (three electrode cell
operation)
a) Cleaning/Conditioning Procedure:

1.0 mL Cleaning/Conditioning solution was
15 . aspirated into the flow-through ECL cell. With
| the solution stagnant, pulses between +1.5V and
-0.7V (vs. Ag/AgCl), were applied from the
potentiostat for 60 sec., with a pulse width of
3 sec at each potential. The applied potential
20 was then stepped to +1.5V and held there for 10
sec, and then stepped to the hold or
preoperative potential of +1.1V. This
preoperative potential may be held until the
measurement step begins, in accordance with the
25 ' preseht invention.
b) Sample Measurement Procedure:
With the applieq_potentia; held at +1.1Vv, 1.0mL
sample solution was ;;pirated into the
flow-through ECL cell. The flow of sample
10 solution was stopped for stagnant measurement.
A measurement sweep was then performed in which
the applied potential was swept from +1.1V to
+1.9V at 50 mV/sec to measure ECL.
4) ECL Measurement Cycle (two electrode cell operation)

35 Here the potentials were varied, reflecting the
change in the reference potential.
a) Cleaning/Conditioning Procedure:
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b constituents of the conditioning solution are those which provi

pt i mal subsequent neasurenent of the TAG or TAGged conJu _of interest

nd” the blank, that is, TAGfree, neasurenej_solution. Qgp&gﬁﬁp,~a~

bndi ti oni ng solutlon mdy be the bl ank neasurenent 20 buf{er %uﬁF ki
é'x‘ Wi

nis termrefers to the detection and subsequent quantita i
pal i tative measurenent 10 @QldaRGRRTIdJHE NEGENES éémﬁoﬁeéaéed “‘"“"

nem cal, which 25 may be the anaglyte of interest? |In accordance with the
wention referred to aBSPETatRds 1REEs FheenownRERUR BRY FRbler WAthed

bnj ugate or a bl ank, TAgef seg uEINIRRHarRO) Wi Ddes AGetReeh NE21BRSHREMENT

bl uti on
-2.2V (vs. Pt quasi reference/counter

5 electrode) were applied from the potentiostat

' for 60 sec, with a pulse width of 3 sec at each

potential. The applied potential was then
stepped to +2.2V and held there for 10 sec, and
then stepped to the preoperative potential of

10> +1.5¥.. Again, this preoperative potential may
be held until the measurement step begins.

b) Sample Measurement Procedure:
With the applied potential held at +1.5V, 1.0mL
_ sample solution was aspirated into the

15 flow-through ECL cell. The flow of sample
solution was stopped for stagnant measurement.
A measurement sweep was then performed in which
the applied potential was swept from +1.5V to
+2.5V at 50 mV/sec to measure ECL.

20 DATA - EXAMPLE I FOR PT/OXALATE ENVIRONMENT

1) The following is a comparison of data taken using

the method in accordance with the present invention
with data taken using a different method to
determine the effect of turning the potentiostat off

25 and exposing the cleaned/conditioned electrode to
air and water between_gleaning/conditioning and
sample measurement steps. The different method used
was an operation of the flow-through cell to
simulate a "beaker" or batch ECL method termed "OCC"

30 . for open circuit cleaning. In the method in
accordance with the present invention, the
preoperative potential was maintained until the
~measurement step began. This is termed "CCC" for
closed circuit cleaning.

35
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MYy O®Y/108¥1 Not, be different fromthe cl eaning and/ or I ng
soﬁﬁtions Exanpl es of the nmeasurement solution are the {h?ﬁﬁgg/@%ﬁgtltuents

present in the particular exanples of ECL chem stries d _bel ow. The
anal ytes of interest are generally pr sent ed in measul EMSSHERT yig $ BREN
sel ected for the purpose of 35 enhancih g the ECL TAG |Ightﬂgp£ﬁb§o
di m ni shing the -14- TAG free light output, aidin

reproduci bi | Ly ag%%g%ﬁéégh%& g r wettjing. 5_.
'ELECTROCHENP (ﬂgﬁéﬂ fﬁ%éaéﬁigrlmené Qas first

run in the two electrode mode. The data are as

follows.

Average
Solution ECL Counts Precision (% CV)

CCC 100nM TAG 7550 1.2% (n=6 data points)
OCC 100nM TAG 420 76.0% (n=6 data points)
$CV = (standard deviation/mean) x 100%

10 This data cléarly shows that the precision of
the CCC data is vastly improved relative to the precision
of the OCC data. This effect is a highly advantageous
feature of the present invention by which ECL
measurements are made truly repeatable.
b} Three Electrode Mode: In the three electrode
mode, the OCC method included turning the
potentiostat off, but the electrodes were not

15

exposed to air or water. Here the particular
TAG solution had a 100 nM concentration. The
20 data are as follows.
CCC TAG Counts OCC TAG Counts
12,200 5,750
12,300 - ' 3,050
12,000  ee——-
12,350 e

25 ‘ .
- 12,300  © T ameee

avg.=12,230 (1.1% CV) 4400

30
Once again, the CCC data displays excellent
precision. A % CV cannot be calculated for only two
points, but the two OCC points are wide apart.

2) The following is a comparison of data taken to
deterﬁine, for this particular environment, the

35
effect of having the sample measurement solution

This Sheet Has Been Replacec

susemrute sks=t I




< — < O) ol

m—_—— < -

WO 89/10551

lhile the working electrode is exposed to one or

ol tages or any conbi nation of

CT/US89/01814

he el ectrocheni cal contributions to the cl eani ng and/ or conditioning

Ispects of the total sanpling cycle include any conbinatian of applied

<ol Lt

ottage waveforms to the working el ectrodesghi ch have beqrmHl9 sigerunst p
o0 be advantageous*for the particular chem stry and neas
nmore sel

r errenggrd‘;rh\{fgqve%'\?
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15

20

25

30

35

3)

ower lint voltageoaafi® pigrper ath¥edatahalrd pet erflildwa/ol t age:
nbodi nents are disclosedeg&o§ngr(%ﬂ9min)

ECL Counts
0.0 (stagnant) 15,380
2.1 13,100
3.7 : 12,560
5.0 12,420

Using 100nM TAG in buffer, the flowing ECL counts
decreased somewhat and leveled off at 80% of the

stagnant ECL counts.

The following is a comparison of data taken to

determine the effect of performing a step of

cleaning and conditioning the electrode before each

measurement step vs. performing successive

measurement steps without cleaning or conditioning

in between. Two different measurement solutions

were tested under these two different conditions.

The electrode was cleaned/conditioned before the

first measurement step in all cases.

a)

b)

The measurement solution was the TAG in
buffer.

i)

without cleaning/conditioning (x 1000

counts)
7.50, 6.00, 5.00, 4.25, 3.70
average = 5.29 (28.5%-CV)

ii)

with cleaning/conditioning (x 1000

counts) :

7.45, 7.50, 7,60, 7.55, 7.50, 7.70
average = 7.55 (1.2% CV)

The measurement solution was the TAG in 2%
serum {GIBCO Labs)/98% buffer

i)

without cleaning/conditioning (x 1000

counts):

{Thi eet Has Been Replacec
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ql% separ ate nmechani cal / chem cal environnents. These environnments are

lef i werkoasossel | ows. "Pt/ Oxal ate Environment" This envi r OpEHH
Ia{?nun1(Pt) wor ki ng el ectrode. The precursor is oxal ate, &E?%ﬁﬁﬁgqa wat er

’5 soluble salt of-+oxalic acid, advantageously a sodi um or potassiumsalt.
[he oxalate is conbined in an aqueous_hyffered sol utionrprtra -

ondi tioner/surfactant. "Au/ TPA Environhent"” This envirbﬁhg%gHﬁgﬁﬁﬁglﬂﬁNd
Au) working 30 el ectrode. The precursor is tripropylanne (T¥R)-AGRD is

rovided in an aquepus, buf f-£5 edy s} ut(i})]pgowi th a conditioner/surtactant. The
resent invention ishot Timted to’these '
average = 1.55 (111% CV)

ii) with cleaning/conditioning (x 1000 counts):
3.92, 4.25
5 average = 4,09

o).

—) DY) TS

DT 0

In both cases, the measurements with cleaning
and conditioning display noticeably superior precision.
It is believed this is due to the controlled initial
I0 conditiohs established by the step of cleaning and
conditioning being substantially identical before each
measurement step.

15

20
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MO envir For exanple, the platinumelectrode 35 may be use

ne TPA chemi st?syﬂor the gold el ectrode may be used in the oxd@¥¥S89/01814
nem stry, or different electrode materials may be used. As anot her

anple, the -15- TPA chenistry may be broadened to i nclude any of the

° i e hin the
tertiary al kyl am nes. These and ot her enV|r6ﬁnents_are_ FE

s¢ope 01}/ theypresent i nvention. Using the above definiti Fﬂi{@@ﬁgﬂﬂ_’lHAS BEEN
' IS mEyided a

accordance with an aspect of the presenf invention, ther
met hod for in-situ operation of a mork|§§§EEZELEEde of a

measure el ectrochem | umi nescent phehuw/'ERA ENYIROR&swWr ng the intensity

of the Methods and Materials
1) Solutions
5 a) The TPA (tripropylamine) buffer composition was
as follows:
30.8qg KH,PO, .H,0

111.4qg Na2P04.7H20
19.1mL tripropyl amine
10 PH adjusted to 7.5 with NaOH (50%)
1.0 mL Triton X-100 (TM)
(nonionic surfactant)
1.0 mL. Tween 20 (TM) (nonionic
surfactant)
15 water added to make 2.0 liter
b) Calibration solution:
TPA buffer (see above)
TAG (as in Example I)
TAG-Antibody (TAG-ADb)
20 The antibody was goat anti mouse antibody
obtained from Kirkegaard & Perry Laboratories,
Inc. {KPL), 2 Cessna Court, Gaithersburg,.
MD 20879. The conjugation of antibody to TAG
was via an aldehyde functional group using
25 normal literature coupling procedures. The
conjugate TAG-Ab was purified.

c) Cleaning solution:
0.2M NaOH in HZO
0.5% Triton X-100
30 d) Sample measurement solution:

TPA buffer (100%)
5% hybridoma growth medium
TAG-Ab: Ru(bpy)3C12(MW=749g/mole) conjugated to
an antibody
35:

{This Sheet Has Been Replacec

(L]




el e%?rsgfr%togsﬁét Ic radiation (light) emtted by an el ect rogﬁzﬁy$m¥§é§cent

reagent capable of being induced to repeatedly emt el ectperagretic

radi ati on upon exposure to an amount of el ectrocheni cal drigH8\SHEEBHAS BEEN
sui tabl e source effectfve to induce THe reagent to repeatfedl y REFUACED
radi ation, conprising the steps of: (a) cl eaning and c mumo '

wor ki ng el ectrode Ry AVA ri.abl e;vol t her et o i, he presence of
at | east one sol uts?éorkl“,%%?ﬁ)%or‘]‘% gl%/ﬁ nteﬁi egdls‘érpdﬁgﬁ?% oF B géﬂpsﬁﬁgand
condi t i andnmoldy fiady ifiogms aifd Tearowebl £ Mod i fiped | Dubbpeedésemaingd direction
0 reac red I ratiye. lal; . (c) sfarting a
measur eR%ﬁpﬁ%feg%&a?gc%?gﬁogp%g‘a%uréllcﬁjgergﬁéf?é]t Z%nrécl:f i Brey ﬁgréﬁﬁct romagnetic
radi at | AMeplieghSpide 8,eWapdliargd el ¥ ietrin | 296 Aescefieeyeagent at a tine

pMhep th er m n EFQQREA] | p | adrs rgad een established
andgat gu??%%%éf ?r'e%'t dg vol tﬁe’ \a@'pl %ﬁ%%k?hgxggl’ect rode has
been vaPmé§hrelabi-ve Frges@y [f-e0 i V& pRéRebPecgnd R.

(1960) Virology 12, 155. Tissue Culture Standards

Committee, In Vitro 5:2, 93, and Iscove, N.N. and
Melchers, F., J. Experimental Medicine 147,923. 100% HGM
I0 contains 200 ml IMDM (JR Scientific lot C077201), 40 ml
h fetal bovine serum (batch 67, HI), 2 ml 5 x 10 M
2-mercaptoethanocl (batch 39}, 2 ml kanamycin sulfate

(10,000 mg/ml, lot 13N2672, 4 ml HAT (10 °M hypoxanthine,
3

4 x 107°M aminopterin, 1.6 x 10 -M thymidine; stock
15 GIBCO), 40 ml 1°MCM primary microphage conditioning
media(11/7/86, harvest 4). It is diluted to 1 part in 20

with buffer solution to prepare 5% HGM.

2) Instrumentation (three electrode cell operation
only)
20 a) Flow~Through Cell:

" Working Electrode - both Au disks
Counter Electrode - stainless steel faceplate
Reference Electrode ~ Ag/AgCl
Teflon Gasket (.030" thick)
25 Stainless Steel/Plexiglas Faceplate
- Inlet Tubing = .042" id polypropylene
Aspiration Rates 2ml/min
b) Potentiostat:
Oxford
30 c) Luminometer:
Berthold Biolumat LB9500 T (photon counting)
PMT=Hamamatsu R374 (low gain red sensitive
tube)
PMT Voltage=+1350V
35
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(d) mher%sg/lsoéﬁh wor ki ng el ectrode is continuously exposed PETAISIMPI&I4
sol ution containing said el ectrochem | um nescent reagent when the
measurenent step is started and throughout the duration of'§£F~ﬁeasu#enanL__
step and wherein the voltage applied to- s#& working el ecq ri6ee SHEET HABEREEN
relative to said preoperative potential throughout the durati on REPLABED
neasur enent step. Ig a devel.opnent of this nethod, the neasurenment sStep Ty
start as soon as tReSvEPFIERE PO FQﬂﬂ9ﬂ£PW?M¥?ﬁ%dﬁ%?%f¢9€ BBténtial to
term nate the steprappckeabnes ardord@uditioning, or the step of terminating
may be follom$ by_a.st.ep of cont i prking. el ectrode at

[ he preoperatifve peEer FapaL e : lstep. The
morklng el ectrode gggratsonbe contlnuously exposed to solutlon whi | e bei ng

,ontlnuougly hel d 8&egﬁgng/00nd1tlonlng/Sample Measurement Procedure:
The total cycle used in obtaining this data included

6 steps, each step using the same applied voltage
waveform. Each cycle had two conditioning steps
(with the solution flowing), one sample measurement

1073 step (with the measurement solution flowing or
stagmant) , two cleaning steps followed by one
conditioning step (with the conditioning solution
flowing). Each step used the following applied
voltage sweep at a constant 500mV/sec for the

15 electrochemical cycle:
+0.3V to -0.7V to +2.2V and back to +0.3V.
Sample volume was 1.0 ml.

DATA ~ Au/TPA ENVIRONMENT
1) ' The following data corresponds to the data in

20 Section 1 for Example I and was taken to determine
the effect of turning the potentiostat off between
cleaning/ conditioning and sample measurement steps.
Here the electrode was not exposed to air or water.
The preoperative potential was +0.4v oxidized.

25

30
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eopg$%§?vg potentlal I f the working electrode is fornmedpef/1%5s97)18¢4 €d
ptal, the step of cleaning and -16- conditioning may termnate wth the
)fking el ectrode in a redox state selected for the nmetal, such as an

i di zed state maintainéd by the preopef4n+ve potential until the start of
e neasurenent step, for exanple where the working electrode is fornmed of
atinum or a reduced state, for exanple where the working el ectrode is

ST o oETT

ormed of gol d. #fThe E&Gox state may al so be selected for t : '
sanpl e sol ution. Thesslerioh cl eani ngrand, ., v < THIS SHEET HAS BEEN
N REPLACED
i) TAG=-ADb 1720 — ;
1640
5 1720
1600
1670
1720 average = 1678
% CV = 3,0%
10 ii) Blank Buffer 62
62
60
63
60 average = 61.4
15 $ CV = 2.23%

20

25
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condltloﬁﬁng %gyllnclude passi ng pul ses of a cleaning solutléﬁn¥y§§?ﬁﬁﬁh*by
pul ses of air across the working el ectrode, and one solution nay be a

cl eaning and conditioning solution. The SLEQ‘Of cl eani ng and condi ti oni ng
may be separatedsinto-a step of cleaning t wor ki ng el ectrode by applying
a first variable voltage thereto in the presence of a cleaning solution and
a step of condlthgjng 6@@ wor ki ng el ectrode by appl yi ng second vari abl e
voltage thereto in the presence of a conditioning soluti
step may include at |eaSelehdoneasur enBAL Sauagsof a vol
wor ki ng el ectrode while;jhepgangni s expgggd to the sanplé

each nmeasurenment sweep elng ' T
1850

5 1680
1660
1680 average = 1704
'$ CV = 4.8%
ii) Blank Buffer 55
10 . 51
60
60
67
63 average = 59.3
15 $ CV = 9.6%

It will be seen that the % CV for the CCC
method measuring TAG-Ab is about 50% less than that for
the OCC method, while the blank buffer % CV CCC/OCC ratio
is even less.

20 To confirm these results, the tests were rerun.
The data were as follows.
a)  gec |
Solution ECL Counts
i) TAG-Ab 1527
25. 1527
- 1485 -~
1485
1515
1557
30 1539
1527
1527 average = 1521 (n = 9)
% CV = 1.5%

35
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- Wi 5 . . .
Hapt eg %%w%lgger | um nescence in the sanple sol ution. T'tg%rrrea%tfj/r@errent
Mide with

a
step may include two or more of such nmeasurenment sweeps.
this aspect of the present invention, there is provided an apparatus for
ih-situ operation of a working el ectrod@3of a cell adapted to neasure
el ectrochem | um nescent phenonena by nmeasuring the intensity of
el ectromagnetic radi atl on (light) emtted by an el ectrochem | um nescent
r eagent capabl e of Hdi) né liagdu gtk flex repeat edl y enit el ectromagnetic
radi ati on upon exposure to an anount el ectrochem cal energy froma
sbitabl e source effective to induce the reagent to repeatedly emt
radi ation conprising: (a) cell mean$i12) for conductg o "
el ect rochemi | um nescent radiation (I |5§ht) emtted by thi Ji$ SHEET HAS BEEN
el ecty ocheni | uni nescent reagent and a apt ed to recei vel a soREPLAGEDR her eijn:
55
- 55
55
55
- 10 59
52 average = 55 (n = 10)
$ CV = 3.3%
b) oCC
L -So_luw ECL Counts
5 i)  TAG-ab 1801
2470
2541
2368
2505
20 2028
1945
1408
1491
_ 1503
25 2
N 4-46 ?:rerage = 2046 (n = 11)
3 CV = 21.7%
30
This Sheet Has
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£17- (b)YORVEIR] el ectrode neans (54) associated with said ESVUSSHRE84Nd
adapted to be exposed to a solution within said cell neans; (c) fluid
t.ransport neans for providing sequentially, a cleaning solution, a
conditioning sol iion-and a sanpl e sol uti vA%to said cell neans: (d)

vol tage control means (66) connected to a voltage source for supplying

sel ected voltage signals to said working el ectrode nmeans throughout the
different tine periods Essockbirll RpEfedperation of the apparatus said

vol tage control means including step congpol means for termnating a

condi tioning operation by varying the apglied vol t age si great—+f—ta
predetermned direction to reach a predePérnined preoper dtiH@ SHEEE HASABEEN
sai d vol tage nmeans. bei ng capabl e of: (1)48upplying a firdt vol REJACGEDgnal

to said %prking el ectrode during an elecg5ochenical cl eaning operation

48
57
52
52
10 ' 50
50 average = 53 (n = 10)
%$ CV = 8.6%
The results here are even better than in the
first tests, demonstrating that the OCC method is not
15 protected against the random voltagé fluctuations which
destroy the advantageous initial conditions.
2) The following data correspond to the data in
Section 2 of Example I and were taken to determine
the effect of having the measurement solution
20 flowing or stagnant during the measurement step.
Here the TAG was Ru(phenanthroline), which is
Tris(disulfonated 4,7-diphenyl-~1l,l0~phenanthroline)
ruthenium (II). The applied voltage waveform was 5
pulse waveform with a lower limit voltage constant
25 . at -0.5V vs the Ag/AgCl reference. Separate
- measurements were” taken for different values of the
‘upper limit voltage between +1.35 to +2.55V.
The data are presented in Fig. 6. No enhancement is
seen for the Au/TPA environment when the solution is
30 flowing.

3) The following data were taken to determine the
effect of the choice of the precoperative potential
and the choice of direction of approach thereto on
the magnitude of the ECL data, and hence its

35 detection limit, i.e., the smallest concentration
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pperation by varying the applied voltage signal in a pred
lirection to reach a predeternined preoperative potential
ntroducti on ofhigk sappbe sSfectdNelinmegsurest. swmyudre |y varylng t he

ol tage signalpap éﬁgtieesgb@ewilaunqsela@@trrda%éaemr{w %ﬁ
reoperative pote wher ei n, subsequent to belgﬁfprOV|de I nto

ell, the saon%a§oF§t|§ﬁ°W1Plh56h§6bF@éFaB@'a

hi ch the integsttycaf 1§heoalsaatefc@aa%ewec ﬂeqca@vary (dxﬁmaed;arraﬁaed by
he el ectrochem | um nescent gt&nonen be .nmeasured. hi s agg

he Vol tage co??rbENenBRREPRY

t the

15

20

25

30

35
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Hur | WO 8Mi®¥B1sai d cel | nmeans contains the cleani ng sol ut PEAYUS89/P18IM
supplying a second voltage signal to said working el ectrode during
pl.ect rochem cal conditioning operation during which said cell neans

an

X

q ! A oo (e . . .
tont ai ns the condi#tioni'ng sol ution; (4B of term nating Ffw% Jﬁl}_\grétgﬁ

G

i

PRIt ep duri

S&t PR saalflhabotatw iku"’h URERF

approach is labeled "oxidized". Conversely, when

the preoperative potential is approached upwardly

from a lower voltage, the electrode surface is
considered to be relatively reduced, and so the
preoperative potential obtained by an upward
approach is labeled "reduced."”

For these tests, voltage waveforms of the type
illustrated in Fig. 5 were used. This exact
waveform was used for the oxidized preoperative
potential, while a waveform with an extra half cycle
of the conditioning sweep was used for the reduced
preoperative potential.

The following data also demonstrate that
different preoperative potentials may be required by
different sample'measurement solutions to obtain the
best results.

a) Here the measurement solution was the TAG
conjugated to an antibody (TAG-Ab) in 100%
buffer solution. The blank solution was 100%
buffer. The data were as presented in Table 1.

-
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reopenapigeeigzstential fromthe termnation of the conditi opicigyegwHegigon
ntil the start of the neasurenent step. The above-descri bed aspect of the
resent invention wherein the working el ectrode can be cl eaned and

onditioned in-sitti to provide control |l aklginitial conditions is closely

el ated to another aspect of the present invention taking age of the
| ow-t hrough constructi on. -18- Turning now to the draviTiS SMEET HAS BEEN
nitially to Table 1 REPLACED
Preop.Pot. TAG-ADb (S) Blank (B) S/B S-B
+0.44V : 8107 : 64 : 127 8043 :
5 oxidized : 2.5% : 4.7% : : :
+0.44V  : 2148 : 59 : 36 : 2089 :
reduced : 3.1% : 5.1% : : :
0.00V : 2215 : 50 : 44 : 2165 :
reduced 2 1.3% : 12% : : :
10 -0.70v  : 2688 . 53 : 51 : 2631 :
reduced : 1.9% : 7.5% : : :

In the (8), samples, and (B), blank, boxes the
upper data are the ECL counts and the lower data are the
¥CV. Under these conditions with the preoperative
potential optimized at +0.44V oxidized, the TAG-Ab

measurement (S) is approximately four times greater than

15

with any other tested preoperative potential.
Furthermore, the signal-to-blank ratio §/B is also 2-5
20 times greater. Thus, lqwer concentrations of the ECL
moiety can be effectively detected in accordance with the
present invention.

b) The preoperative potential selected for the

solution of TAG-Ab in 100% buffer is not

25 necessarily the best preoperative potential for
another solution.-~ To demonstrate this, the
same concentration of TAG-Ab was combined in
95% buffer solution and 5% HGM (hybridoma
growth medium). When the same tests were run
with this one change, the data were as

30
presented in Table 2.
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o

oz

é)rVOJSWtﬁﬂseof an advantageous ECL apparatus 10 is adapiqdusy, szgformthe
pt hods according to the present invention. It will becone apparent from

ne di scussi on bel ow that the nmethods according to the present invention

e not limted to appllcatlon i n appar-atus 10, but rather.

Hvant ageously be enployed in all types of ECL apparatus uf ﬂlHl&lSIH&Fa HAS BEEN
br ki ng el ectrode or other triggering surface to provide electrqngmwcg
nergy to trigger the analyte of intnas 2 nto el ectrocheni -
bwever, _apparatus 10 i w t hr ougn _cet | i ch prow des distinct
Hvant a g s A Sl n:ﬁl k‘\n(av“v)hndl ng Q&F]V Qarml %'SB

bpar at us0 144vncl udes ap2sbectrochen calgicel i 12,: a i ahg . 2109 :
=tect|omxn®azedenvnt d2vige 14, whichstag : : .

5 +0.44V  : 1984 : 109 : 18 : 1875 :
reduced : 0.8% : 2.8% : : :
0.00V : 1762 : 100 : 18 : 1662 :
reduced : 0.8% H 4.0% : :

-0.70v  : 2914 : 209 : 14 : 2705

To reduced : 1.2% : 5.3% : :

Since the concentration of TAG-Ab was
unchanged, it might have been expected that the detected
TAG-Ab signal S would be unchanged. However, now this
15 signal is reduced to approximately equal to the values

taken for the other preoperative potentials. Indeed, all
the values of S are approximately equal to the values in
Table 1 for the non-optimized preoperative potentials.

It is estimated that an optimized preoperative potential
for this second measurement solution would be about
+0.60V oxidized.

4) The following is data taken to demonstrate that a

20

. sample of a_biological matrix, here an immunoassay, -
can be effectively measured in an ECL flow-through

25 cell. Here the TAG was conjugated with anti-human

- IgG. Three measurements were made, each preceded by

a cleaning and conditioning step in accordance with

the present invention, for each of 6 concentrations

of the ECL moiety. The data are presented in Table

30 3.
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advant ageoWQ ?’3855#} photonul ti plier tube (PM),

devi ce, photographic filmor enulsion or the liKke,

aedvant ageously a peristaltic punp,
t hrough and from cel
punp may be used. A shutter
PMI 14 and is controll ably operated to op%? onIy SO far

Lo cell 12 during ECL neasur enentX3Eiii&id

f or exanpl e,

10

15

20

25

30

35

during

phot odi ode,

to prOV|de for fluid trans
12. Alternatively, a —48-19- positive d
mechani sm 18 i s provi ded between
as to expose PNW 14
be cl osed,

chDTEUS8U P18
and a punp 16, which is

bel |

i saégg,g SAS BEEN

FRNAEGam ma
Detection of Antl Human Igb (ng/mL

[Anti-HuIgG]ng/ml

Table 3

ECL COUNTS

AVGE

SD

ECV

1 2
0 1,692 1,
5 1,572 1,
20 1,392 1
100 1,140 1,
300 1,044 1,
1200 924

704

608

,416

128

050

906

3

1,716
1,608
1,404
1,134
1,032

912

1,704
1,596
1,404
1,134
1,042

914

12
21
12
é
9
9

1.0%

As may be seen, all the individual %CVs are

low, even though the biological matrix includes proteins
and other molecules which would be expected to adsorb to
the working electrode. The measurements may therefore be
taken successively without disassembling the apparatus
for manual cleaning.

Example III
Pt/TPA ENVIRONMENT
1) The following are data taken to compare the

effect of flowing the megsurement solution during the
measurement step vs. having it stagnant.

For this test, the solutions and
instrumentation were identical to those in Data Section
(2) in the Au/TPA environment except that the working
electrode disks were made of platinum. The same applied
voltage waveforms were used.

; The data are presented in Fig. 7. A dramatic
enhancement may be seen for measurements with an upper
limit voltage of +1.8V or more when the sample

3This Sheet Has Been Replace«
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e bty

ghiﬁgﬁ?%?%%? Al so included in apparatus 10 but not illugﬁéﬂpgg%hg§Fig. lis

housi ng i ntended to nount the various conp I n and
o shield PMI 14 from any external |ight during the ECL neasurenents. Cel
12 itself includes a first nmounting bl.ock 20 through which ' .
tube 22 and an outlet tube 24, which Tdy be advant ageous!y |JotS SHEET ¢ASOBEEN
5t ai nl ess steel. Mounting block 20 has a first, outer surface 26REHACED

Lor 1 PREGhr ElenE Botd b, 3 R o s8R i Bhoni g and) or

measur enshtgsahbit measugemendscor r espondi ng oper ati ons of

Although embodiments of the present invention
5 have been described in detail herein with reference to
the accompanying drawings, it will be apparent that the
.invention is not limited thereto, and that various
changes and modifications may be effected therein by one
skilled in the art without departing from the spirit and
10 scope of the invention as defined in the appended claims.

15

20

25 _ -

30 1This She;tHas BeenReplaceu
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-20 - VXBp%f/éQﬁi% “ “m El‘ ‘ci“i)l et tubes 22, 24 pass thr ®GHUSRI0I818g |
bl ock 20 fron1ou I nner surface 28 and open into

sanpl e- hol di ng vol une 30. 'A second nDuntlng bl ock 32, advant ageously
constructed of sthinléss steel also has~&%irst, outer surf
second, inner surface 36. Second nounting block 32 is sepaf FH8 SHEGMHAS: BREN
nount i ng blﬁﬁk 20 q¥ aﬁmgqnular spacer 38, advantageously g¢onst rlgtiedEDf

Tefl on or el Bl e material. Thus, outer sur 340t

mount i ng bl ock 30 deflnes pankthbdt hersaﬁ%d.tsj %é&faﬁﬂ%me hol di ng

vol une 30. Spacer haE g outer g % nd a central aperture 42
Wwhose i nner® ﬁAeﬁ%? hage a ap to measure
electrochemiluminescent phenomena, comprising the steps
5 of:

(a) cleaning and conditioning said working
electrode by applying a variable voltage thereto in the
presence of at least one solution;

(b) terminating said step of cleaning and.

10+ conditioning by varying said variable voltage in a
predetermined direction to reach a predetermined
preoperative potential; and.

(c) starting a measurement step, in which said
working electrode is exposed to a sample solution, before

15 wvarying the voltage applied to said working electrode
from said preoperative potential.

2. A method according to claim 1, wherein
said measurement step starts as soon as said variable
20 voltage reaches said preoperative potential to terminate
said step of cleaning and conditioning.

_ 3.. A method according to claim 1, wherein
said working electrode is formed of a selected metal,
25 said step of cleaning/conditioning terminating with said
= working electrode in a redox-state selected for said

metal.

4. A method according to claim 3, wherein
30 said redox state is an oxidized state maintained by said
preoperative potential until the start of said

measurement step.

5. A method according to claim 4, wherein
35 said working electrode is formed of platinum.
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t hayQigye1 053k | vol ume 30. Quter porti opctd SRR he i nner
surface 28 of mﬂiﬂ‘mﬂmm\l \“Fock 20 to outer surface 34 o se!():lzsr%g

mount i ng bl ock ctotpreveht "any solution from passing out from

sanpl e- hol di ng vol une-30 between the_gyo surfaces 28, 34. Munting bl ock 32

further has a central aperture 46 in which a -21- wi ndpETZs
’%ﬁﬂbH&%Bﬁﬂﬁ

THIS
d, GEPRADHED eri al

seal -fitted to define the rest of the second side of sanp] €

30 as a continuatign OfA%éeﬁoauaEe%a%g \%n@%tlﬂ@ 3 SJ
which is substantially transparent at thé wavel engt h ‘of
said redox state is reduced state.

7. A method according to claim 6, wherein
5 said working electrode is formed of gold.

8. A method according to claim 1, wherein
said step of cleaning and conditioning terminates with
said working electrode in a redox state selected for said
. 10 sample solution.

9. A method according to claim 1l; wherein
said said step of cleaning and conditioning includes
passing pulses of a cleaning solution separated by pulses
15 of air across said working electrode.

10. A method according to claim 1, wherein
said at least one solution is a cleaning and conditioning
solution.

20

11. A method according to claim 1, wherein
said step of cleaning and conditioning includes the step
of cleaning said-working electrode by applying a first
variable voltage thereto in the presence of a cleaning
25 solution and a step of conditioning said woxking
electrode by applying a seébnd variable voltage thereto
in the presence of a conditioning solution.

12. A method according to claim 1, wherein
30 said measurement step includes at least one measurement
sweep of a voltage applied to said working electrode

while the same is exposed to said sample solution, each
said measurement sweep being adapted to trigger
luminescence in said sample solution.

35
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herefore advanta gl ass, plastic, quartz ¢
nl et tube 22 inteksec | ding volume 30 at a fir$
adj acent to spacer 38 and 10 outl et t ube P27 ntersects sa .
olunme 30 at a second end 52 thereof, adjacent space 38. The comt 3
inl et tube 22, sanple Id| gV outl et tupe 24 thereby prOV|des*
& conti nuous flom/path h&e %&F&gﬁ'QQﬁgiQﬁanﬂ?%ﬁ+%n4%arth6ﬁFBf a 15
sol ution to, sihdomghsaﬂdménﬁﬁsttehd iheludemntecpiraniey &8rkagge 28 of first:
o
[

: WO e
b elect rochem I m Mnufm tted by the ECL noi et quNHﬁ%w)hﬂiﬂ .
St Sah ;

unting bl ock 2 a_working electrode system 54 which, in the :
|l ustrated %%%5%? Ptmgﬁsﬁggés first and second mnrklng :
5 14, A method according to claim 1, wherein

said step of terminating is followed by a step of
continuously holding said working electrode at said
preoperative potential until the start of said
measurement step.
107
I5. A method according to claim 2, wherein
said working electrode is continuously exposed to
solution while being continuously held at said
preoperative potential.
15
l6. An apparatus for in-situ operation of a
working electrode of a cell adapted to measure
electrochemiluminescent phenomena, comprising:

(a) cell means for conducting an

20 electrochemiluminescent measurement and adapted to
receive a solution therein;

(b) working electrode means associated with said

~cell means and adapted to be exposed to a solution within

said cell means;

25 (c) £fluid transport means for providing a selected
solution to said cell means;

(d} voltage control means adapted to be connected
to a voltage source for suppling selected voltage signals
to said working electrode means during at least an

30 electrochemical cleaning operation during which said cell
means has at least a cleaning solution therein and a
conditioning operation during which said cell means has
at least a conditioning solution therein, said voltage
control means terminating said conditioning operation by

35 varying the applied voltage signal in a predetermined
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o089/ 0fhd s enbodi enents, a si ngl ®QYUBBYMNI8E el ect r ode
may ‘advant almuiﬂmimmﬂ(ﬂiug or only electrode 56 may be a working
el pctrode. Wrki ng ekect es 56 58 are where the el ectrochem gal and ECL
repctions of interest take place. ¥#3king el ectrodes 56, 58 are ?ﬂg T
voltammetric el ectrodes and may therefore be 25 advant ageously ko yet’ eHAS:_
of | platinum gold, carbons or - other materials which are effective ﬁ@ LAVED]
t hj s gurposéonWtce me@Evied @reddteBRinednereedetratiweki ng el ect rodes 56,
gg, g@gggtté_ég_l , pass out through first nounti ng bl ock 20. 30 )
nnectors ‘62 are both connected to a first, "working el ectrode
tefmnal 64edf &aw@tQﬁﬁi(ﬂﬁnnﬁﬂbiﬁﬁg|PIQ&%deﬂeﬁlth Ei gamplevol t age contro
66 solution by said fluid transport means for a measurement
5 step before said voltage control means varies the voltage
signal applied to said working electrode from said
preoperative potential.
17. Apparatus according to claim 16, wherein
19- said voltage control means continuously holds said
working electrode as said preoperative potential from the
termination of said operation until the start of a
measurement step.
15 18. Apparatus according to claim 16, wherein
said working electrode is formed of a selected metal,
said conditioning operation terminating with said working
electrode in a redox state selected for said metal.
20 19. Apparatus according to claim 18, wherein
said redox state is an oxidized state maintained by said
preoperative potential until the start of said
measurement operation.
DS ~ 20. Apparatus according to claim 19, wherein
said working electrode is formed &f platinum.
21. Apparatus according to claim 18, wherein
said redox state is a reduced state maintained by said
30 preoperative potential until the start of said
measurement operation.
22. Apparatus according to claim 21, wherein
said electrode is formed of gold.
35
" i




advant a&vece)ﬁg/llgs%e“”lmummmmer of a potentiostat to SREPIUSS9HIIBIM)E

signals to working 8 35 and optionally to neasure current
f1owi ng therefrom 92- ddridg &n ECL neasurenent. Alternat jq

connectors 60, 62“may ‘be connected to sepa?4Te termnals of v WHE@&HBﬁhHAsmmEN
66 for individual operation. The potentiostat operation of vo-tagefﬁ@ntvx@

5 66 is further effected throqgr a counter el ectrode 68 andi=eptie
but advant ageously, a er éh 1 HROIAUCEANFhEN| PESSYT Afled

enbodi ment, pRWICUgi¢Al eedtrddk | Scomprising the steps of:
(a) flowing a solution which includes a sample of
said biological matrix and and ECL moiety into a
5 flow-through cell including a source of electrochemical
energy;
(b) exposing said source to said solution;
(c) operating said source to expose said solution
to an amount of electrochemical energy so as to induce
10 said moiety to repeatedly emit electromagnetic radiation;
(d) detecting the intensity of emitted
electromagnetic radiation; and
(e) flowing said solution out of said cell.

15 24. A method according to claim 23, wherein
said source includes a working electrode.

25. A method according to claim 24, further
comprising the step of repeating said steps (a)-(e) for
20 conducting a second assay in a second biological matrix.

26. A method of conducting an assay in a
_ biological matrix comprising the steps of:
(a) flowing a solution including a sample of said
25 biological matrix and and ECL moiety into a flow-through
' cell; - e -

(b) exposing said sample to an amount of
electrochemical energy so as to induce said moiety to
repeatedly emit electromagnetic radiation; '

30 {c) detecting the intensity of emitted
electromagnetic radiation; and

{(d) flowing said solution out of said cell.

35
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ad’&oc?/]sﬂéa?n !H m I mﬂ”munter el ectrode 68 consi sPETIUSENpA4d

ur f aces 72, ock 32. Counter 10 electrode 72, 74 and

br ki ng el ect r odes "58 Sprdvide the interface to i npress the potential on
he solution within sarrpl e- hol di ng voPame 30 whi ch energizes the chemi cal

pactions and triggers el ectrochem | um nescence in the sanp
ovi des energy for_cleaning and 15 conditioning the surfac ?f"gipgé%]" HAS BEEN
iring the ECL mea&{r errite %‘ée§§co§€ﬁ§9'ert@ctcll@éﬁ‘eﬂlﬁoalf\a£mg _______

ace atccﬁ@mifﬁn | eied r O€l8p 73 FépbHtihBeXadle shebst NG )ty IE“ mula "Te
e em SSsi o e ectroche%1 | um nesence and therefore nee not

bnsi der<& ‘i?o?ﬂrﬂ%rae?%‘é?‘? deS8ayY 730 ?45?§°Bénf‘?é@tléﬂll§3¢lanwtrl’eu%-onnector 76

b a second, "counter electrode" termnal 78 of voltage control 66.

”"”159152'*2‘”3

5 28. A method of conducting an assay in a
biological matrix, comprising the steps of:

(a) flowing a solution into a flow-through cell,
said solution including an electrochemiluminescent
moiety, a tertiary alkyl amine component and a buffer

10 component, said moiety and said tertiary alkyl amine
component being chemically reactive in response to
applied electrochemical energy to make said moiety
inducible for emitting electromagnetic radiation:;

(b) inducing said moiety to repeatedly emit

15 electromagnetic radiation;

(c) detecting the intensity of emitted
electromagnetic radiation; and

(d) flowing said solution out of said cell.

20 29. A method according to claim 28, wherein
said tertiary alkyl amine component includes
tripropylamine, said electrochemical energy is applied by
a platinum working electrode and said solution is flowing
ddring said step of inducing.

25

- 30. A method accordimg to claim 28, wherein
said solution is flowing during the step of inducing.

31. A method according to claim 28, further
30 comprising the step of repeating said steps (a)-(d) for
conducting a second assay_in a second biological matrix.

-32. A method of conducting measurements of
assay samples including respective
35
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Ref evrvgn%%/lg 5elctrode 70 provides a reference voltage to vai

Appl i ed by the working el ectrodes 56, 58 is referred, for xaﬁpIﬁEptﬂbgg 11
1 _

volts 25 versus the reference. Referencesged ectrode 70 i s advaRt-ageodSiymm—i
ocated in outlet “tube 24 at a position 80 spaced from cel |e42—and 1 s 3
connected through a wire connector 82 to a third "reference el ectrode” £
{erninal Sflettvotheméluminescedd maiatied hreemidimethiodecongeisdfgeurrent?
loes not f%é?vépé yg f[eference el ectrode 70. Reference el ectrode 70 may bj
used in a ree ef ectrode node of operation to provide a poised, known and;
s$tabl e voltage é&all i$nihdrdfciagadnamsapaousaswremdntctetlof silver/silver
ghloride (Ag/AgA) Ogakg 8t8p' Wralicd (121 A Ind §81A9UE1£80R,y VoI tage !
¢ontrol 66 may be :
5 and conditioning a working electrode of said cell by

Ho ks

flowing at least one first solution into said cell,
~exposing said working electrode to said first solution
and flowing said first solution out of said cell; and
(b) measuring electrochemiluminescence of a moiety;
10 said step of measuring including flowing at
least one second solution including a first one of said
samples into said cell, exposing said working electrode
to said second solution, inducing the emission of
electromagnetic radiation in said sample by exposing the
15 same to electrochemical energy from said working
electrode, detecting the intensity of emitted
electromagnetic radiation and flowing said second
solution out of said cell;
said steps of initializing and measuring being
20 repeatable in alternating fashion for conducting
successive measurements of successive ones of said
samples.

33. A method according to claim 32, wherein
25 said. first solution is the same as said second solution.

- -

34. A method according to claim 32, wherein
said first solution is different from said second
solution.

307
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method and apparatus (10) for conducting electrochemiluminescence (ECL) measurements which control the initial con-
....... elating 1o the surface state of a triggering working electrode (54) by reproducibly cresting and maintaining a favorable
s=:face ¢ondilion so as to enhsnce the precision and detection fimit of the measurements. Assays are performed with ECL detec-
" in a flow-through cell (12) envirorment and the precision and detection limit are enhanced by alternating initialization and

-asuiement Steps.
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of er ence electrode 70 may alternative

y be a so-called "RIEIISSpMiIgIL£NCE"

ectrode constructed of platinum gold, stainless steel or other material,
hi ch provides a | ess stable voltdde, yet one that is measurable with 15
pspect to the solutionin contact. In both the t and three el ectrode
bde, the reference el ectrode ? or 58 serves { %grpose of providing a
of erence agai nst which the vo ge appIB tp 7 el ecty g (565 -pﬁAS BEEN
asured. The poi sed vol tage reference is cynf gty Considerg o} L §ED
pr e advant ageous. Vol tl cont r ol g6 |95|ts b et at opgerati
bntrol s the various el ectrddes by/provif®i ng |é age at worKking
ectrodes 56, 58 wth respé§ refer NEQ § Il e measuring
ne current flow between wo %% 3
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5 counter electrode 72, 74. Potgmiostats for this purpose are well known,

Ind the internal structure of voltage control 66 nay therefore correspond

o any of the conventional, commercially avail abl e poterﬁr@g_,j;
roduce the above-reciting functions and so does not for o]
resent invention per se. |ndeed, apparatus 10 may alt g 1]
onstructed w thout an internal voltage control 66, and nay be adapted to
e connected to an external potentiostat which is separately controlled for
roviding the required voltage signals to 35 el ectrodes 56, 58, 72, 74 and
0. These voltage signals,
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sz-og%{ﬂf)?s@d in a specific manner as described bel ow, PREHUFBI/HSe4t abl e
hitial conditions for the surfaces of working el ectrodes 56, 58 and
Hvant ageously for the surfaces3d cell 12 as a whole, a feature which
pntri butes 5 sigtificantly to inproved precision in ECL neasurenents.

unp 16 i s advantageously positioned at outlet tube 24 to "p
oma sanple volune in the direction of arrow A into inlet E{j@%fﬁgg BEEN
d

plution will flow through inlet tube 22, sanple-holding vol une_3

ut | et tube 24 past reference electrode 70 and out in the direction of
row B. Alternatively, punp 16 may be positioned at inlet tube 22 to
pbush™ the sol ution through apparatus 10. Advantageously, this sane flow
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atﬁ“?ﬁ%ﬂﬁﬁﬂ-inlet tube 22, sanpl e-hol ding vol unme 30 andpdP/usysvdghqt ube 24
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I $ used for -all solutions and flz 95 whi ch pass through cell 12, whereby
each fluid performs a hydrodynam ¢ cl eaning action in forcing the previous
fluid out of cell 12.*Pdnp 16 may be controlled to suspend its operation to
hold a particular solution in 20 cell 12 for any period of tinme. In :
accordance with an aspect of the present invention, it has ,
t he types of chemical/ nmechanical environnents defined abo éwﬁﬁéﬁﬁfTﬁﬂﬁiBEEN
measur enent of ECL phenonena in assay sanples of 25 biol ogi cal RERUACEDS
using a flogg hrough cell, such as cell 12, w thout destroyThng tne
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WO 39/ 10551 PCT/US89/01814
descri bed bel ow. Such assays include i nmunoassays in which the anal yte of

interest is an antibody or anti §éh. 30 Oher assays include, for exanple,
bi'ndi ng assays such as avidin-biotin (protein binding),

| ecti n-carbohydr &€, gr eceptor-ligand and nucleic acid hyb IT@{RS@HEED%ASTBEEN
sanple itself nef nBt be fully reacted, i.e., it need noh be aREPLACED

equi | i brium Thelco®l ex cheni cal / bi ol ogi cal 35 nature of ese—assay
sanpl es woul d ap arCt . be -25- particularly prone to cause el ectrode
fouling to adsor = gto t he el ectrode and ot her surfaces.\A

FIG.
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| o t'hr Sugh cell, however, is not easily taken apart for clegwnﬁg, and yet
he present inventors have denonstrated 5 that ECL neasurenents wth
nproved precision of such assay sanples are indeed poss
Mth the present invention, in that the present inventio REEL WE%HTQHBEP
ffective cleaning and conditioning operations which nmak &u%g aﬁfa%s
dirty" sanples viable in the 10 flowthrough environnment 4 AUG 199

| ow-t hrough construction permts worki el ectrodes to belinpressed with g
ari abl e. voltaﬁe or. to bgg%pntlnuously held at a preopertive potential

< =~ —h

ﬁ-v- uuv

=

hile being c YSt EOBnEONPUREANGS | utj ong__that 15 g
W t hout exposi ESGENC ¥E§§UF Bd8nter and reference

| ectrodes 72préfy &f) 7k RiwenrIoN

The pfesent invention relates to electrochemi-

D<= < =

luminescent (ECL) phenomena and more particularly relates

to a system and methods which improve the detection limit
5 and precision of an ECL measurement using an apparatus

adapted to measure e%gctrochemiluminescent phenomena.

BACKGROUND OF THE INVENTION

Electrochemiluminescent measurement techniques
10 derive from electrochemistry and chemiluminescent
| detection techniques. Electrochemistry (EC) deals
generally with the relation of electricity to chemical
changes and with the interconversion of chemical and
electrical energy. Chemiluminescence (CL) based assay or
15 detection techniques include, for example, binding assay
techniques which generally comprise forming a mixture of
a sample containing an unknown amount of an analyte of
interest to be determined with a known amount of a
reactant which is conjugated with a chemiluminescent
20 label. The mixture is incubated to allow the labeled
reactant to bind to the analyte. After incubation, the
mixture is separated into two fractions: a bound and an
unbound fraction. - The bound fraction is labeled reactant
bound to analyte and the unbound fractlon is the
25 remaining unbound reactant. The CL measurement is then
- taken. One or both fractions are chémically caused to
luminesce, for example by the addition of an oxidant to
the fractions. The bound and unbound fractions of the
labeled reactant will emit different amounts of light.
30 The measured level of chemiluminescence at the specific
wavelength is indicative of the amount of the bound
and/or'unbound fraction, respectively, and from such
measurements one skilled in the art can determine the
amount of.analyte in the sample.
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Expﬁsur@ to air,

which opens the circuit to the reference el ectrode 70,
perm ts unknown, random voltage fluctuations which d

ol 17U

reproduci bility of surface 20 conditions on worKking eREELﬁGdigiﬁbSqBET
t he advant ageous cl eani ng/ condi ti oni ng net hods descrijbgd " HErow ar e
to achi eve.

alternation between initializing steps, in 25 which dl écttode” Syst em 54
cl eaned and conditioned, and neasurenment Steps, in wi ch-ene—er

Further, the flowthrough construction pariits 4t hegrops d

IT IIUI C

measur ement waveforns or sweeps trigger ECL. In yet g further devel opm

Whi ch
t énded

1 is

ent,

techniques provide a sensitive and controllable
measurement of the presence and amount of an analyte of
interest. 1In ECL techniques, the incubated sample is
exposed to a voltammetric working electrode, that is, an °
electrode to which a voltage is applied and from which a
current for a redox reaction may be passed. The ECL
mixture does not react with the chemical environment
alone, as does the CL mixture, nor with an electric field
alone. ass in EC, but-rather, electrochemiluminescence is
triggered by a voltage impressed on the working electrode
at a particular time and in a particular manner to
controllably cause the ECL moiety to emit light at the
electrochemiluminescent wavelength of interest.. The
measurement of interest is not the current at the =
electrode, as in EC, but rather is the intensity of the
light. The ECL operating conditions should be controlled
to enhance the accuracy and precision of this
measurement.

The key to this control, however, is
recognizing which operating conditions have an efféct on
the ECL measurements, how these effects appear and how
the ECL measurement process may be controlled so as to
provide measu}ement!results which are reproducible within
very strict. limits. The chemistry involved in the ECL
compounds:,. the analytes .of interest and/or the buffer
solutions i which they appear is highly complex. The
ECL compounds must react with a precursor component so as
to emit. Light. While the general nature of the chemical
changes and reactions which occur during the ECL
measurement process is currently believed to be known,
the specific nature is not known with sufficient accuracy
to permit the theoretical prediction of all factors which
contribute to each measurement and to what extent they

it has been found that ECL measurements of binding assay amd~otrtier sanpl es
B0 in the TPA sol uti onMidttdenRin iU WY dddit el REl) S A ion
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enkancedd when the sanple solution continues to fIOM/past%me WIS 'l~?§qqes
56, 58 during the neasurenent step and when an upper |ifh 2 Nﬁ%§T¢§ﬁ$5
below, is sufficiently high. The discovery that the |ight}em ssiaon 32
-26- was enhanced in a flow ng Pt/ TPA environment was bpth Jh@f%@t%@

n
startling. Turning now to Figs. 3-5, sone of the types ¢f{voltage siqnjl%
g. 3

- 10

whi ch may be applied by voltage control 5 66 are illustrated in Fi
These vol tage signal s may

-3~

Nevertheless,-it would be highly advantageous
to provide an apparatus whose operation is controllable
so that at least the initial conditions for each
measurement are exactly and precisely obtained. One
aspect of the control of the initial conditions relates
to the surface condition of the working electrode which
triggers the ECL reaction. EC techniques may include
cleaning and conditioning the surface of the working
electrode so as to improve its measurement of current.

It is the discovery of the present inventors
that techniques which improve the measurement of current
in conventional EC techniques are not necessarily
desirable or useful for ECL techniques. The initial
conditions for ECL measurements must meet different
criteria. The analysis of results for cleaning by
conventional EC techniques are based on the current
response, where ECL techniques use the criteria of light
intensity to evaluate the results.

It is also a discovery of the present inventors
that the precision and detection limit of the ECL
measurements of light are very sensitive to the condition
and the redox (reduétion/oxidation) state -of the working
electrode surface and in what manner that redox state is
achieved and maintained. Conventional procedures for
cleaning and/or conditioning so}id voltammetric working
electrodes have involved, for ex;mple, flaming,
polishing, roughening the electrodes, usually followed by
an electrochemical pretreatment. These procedures,
disadvantageously, have frequently required the working
electrode to be removed- from the cell and/or manually
cleaned. .

It is believed that non-reproducible results
during ECL measurements derive at least in part from the
non-reproducible changing surface redox.state of the
working electrode due to variable conditions during and



a)L_ (-

ol t ages,
hown in Fig.

agni t ude of
dvant ageous,

Q) 5O (A<

n Fig. 3 all

10.

15

20

25.

30

35

weep signals as illustrated in Section B and truncated t riagj
\Is illustrated in Section C. O her _wavefo |
sawt oot h signals and ag

imt voltage V[err]

nclude pul se signals, as illustrated in Section A of Fig. 3, triangular
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1di ng 1QFedhstantiil
dire T HAEBEEN ay al sq ke used. As
.js”ollysgbg %ﬁ%ingna 5 vary Retinve®rt QUG UpPer
-tre-agesvierr] . Li i ttati ons on the
15 lowers-imt voltagds are
in preventing the evolution of joxygen bubbl es

3, the various typ€
and a | ower i
t he applied upper and

for exanpl e,

romthe aqueous solution if the voltage becones too positive with respect
o the refererfdlawag dhe qqnwwwﬁgﬁnﬁﬁe

alipaad ngysenddftiongmal s i |l ustrated
gl ddiessamMidditionally, when ECL techniques are

performed on biological sample matrices, for example,
serum or plasma based samples, some of the biological
molecules may react with the working electrode during a
measurement and cause electrode fouling.

Another aspect of the control of the ECL
measurements is the relationship_between the nature of
the analyte of interest, the manner in
is: introduced into the ECL measurement
and- operation of the working electrode
Previously ECL measurements of samples

which the sample
cell and the use
therein.

with complex
biological or biochemical components, were perfbrmed only
with the sample at rest in a "beaker" or batch system.

- In order to provide more rapid assay methods, continuous

or flow systems which need not be disassembled for
cleaning are needed.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a method and apparatus for improving

the control of electrocﬁemiluminescent measurements which

avoid the above-described difficulties of the prior art.
It is another object of the present invention
to: provide a method and apparatus for in-situ operation
of. a. working electrode of an-ECL cell which provides
_improved precision in ECL measurements.
_ It is yet another object of the present
invention to provide a method and apparatus for in
-situ operation of a working electrode of an ECL cell in
which a redox state of the surface of the working
electrode formed during a conditioning procedure is
maintained until a measurement step begins.
It is a further object of the present invention
to provide a method and apparatus for measuring an assay

This Sheet Has Been Replaced
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PO *upper and lower limit voltages Verr], Vierr], it will beunderat.oed
hat the particul ar vol tage signal may |nclude |nd|V|duaI
Ji fferent upper and | ower volta ZH]g §HEF§T L;Egrggm nore, whil
upper voltage limt Vu is shownj SI }nge volit age and t
oltage limt V[err] is shown a ative’voltadge, both viol it ages” rn a“' :
particul ar application nmay be p03|t|ve or r}egatlve Fig. 3isjintended . .}
rely to illustrate different types of wave forns which ndy be applled to
wor ki ng el ectrodes 56, 58 fromvoltage control 66. It 30 wikl.-be--underst-ood:.

g
he25IQ

fhat the vol t agagplid lofstar Biedogcdi gaa«?nxa%y\/\ebhdaacfhgsthél and 5, are the
vol t ages appear. ng, at I’kl ? el ectro es mn s g {_ﬁspect to reference
el ectrode 70. uﬁal STages g PEnTPH B AT 8 ePen8 d-pp @ssay 1in

flow—throuqh ECL cell ‘
_ It is yet a further object of the present
5 invention to provide a method in a flow-through ECL cell
in which a working electrode may be cleaned and
conditioned between measurements.
It is still a further object of the present
invention to provide a method and apparatus for
10 conducting assays of an analyte of interest combined with
an advantageous precursor component in which the
measurement may be enhanced under flowing conditions in a
flow-through ECL cell.
These and other objects, aspects and features
15 of the present invention will become clear from the
following detailed description of preferred embodiments
thereof taken in connection with the accoﬁpanying
drawings, throughout which like reference numerals denote
like elements and parts.

20
BRIEF DESCRIPTION OF THE DRAWINGS
' Fig. 1 is a side cross~sectional view of an
embodiment of apparatus according to the present
invention;
25 Fig. 2 is a block diagram of a voltage control
" connectable to the apparatﬁe of Fig. 1;

Fig. 3 is a signal diagram illustrating
exemplary voltage signals applicable in accordance with
the present invention;.

30 .Fig. 4 is a signal diagram of a voltage signal

applied in a first embodiment of a method according to
the present invention for a platlnum/oxalate (Pt/oxalate)
environment;
Fig. 5 is a signal diagram of a voltage applied
35 in a second embodiment of the method according to the
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Ag/%gle 35 -27- Fig. 4 illustrates an advant ageous V@i IMONT SRR T
signal which may be applied toworking el'ectrodes 56, 58 &ﬁgggﬂﬁgyﬁggzﬁite
environnent. ‘In this enbodi ment, a single solution of oxalate is us$£%é r
both 5 the cleaning and conditioning aspects. As shown{ih ﬁ@.AUﬁ,

vol tage signal includes an initial portion extending from{ine tferr] t
time t[err] during a cleaning operation. Tg-s cleaning poriion

present invention for a gold electrode/tripropylamine
(Au/TPA) environment.

Fig. 6 is a plot of data from a Au/TPA
environment; and

5 - Pig. 7 is a plot of data from a Pt/TPA
environment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is directed towards the
10: operation of a working electrode in an ECL cell in such a
manner that the measurements are improved both in
detection limit and in precision.

The ECL technique developed by employees of the
assignee of the present application and under an
15 obligation of assignment thereto is a method of detecting
in a volume of a multicomponent, liquid sample an analyte
of interest present in the sample in relatively small
concentrations and which comprises: a) contacting a
sample with a reagent (i) capable of being induced to
20 repeatedly emit electromagnetic radiation upon exposure
to an amount of electrochemical energy from a suitable
source effective to induce the reagent to repeatedly emit
radiation and (ii) capable of combining with the analyte
of interest, the contact being effected under appropriate
25 ;onditions such that the analyte and the reagent cémbine;
b) exposing the resﬁltinq samg}e to an amount of
electrochemical energy from a suitable source effective
to induce the reagent to repeatedly emit radiation, the
exposure being effected under suitable condition so as to
3¢ induce the reagent to repeatedly emit electromagnetic
radiation; and c} detecting electromagnetic radiation so
emitted and thereby detecting the presence of the analyte
of interest in the sample. '
' The methods provided in this ECL technique may
3% Dbe performed in heterogeneous assays, i.e., assays in




i nckudes' two cycles of a pulse signal extending from-0.7 10 .volts to.+1 5

volts. Thereafter, during a conditioning step fromtine t] FT?hUQ Iﬁef;]ﬁgﬁ:
t he working el ectrodes 56, 58, together with other surfaces; e ~~fﬁf-
condi tioned by the application of a constant conditioning p tpn @ gf¢$%
volts. This conditioning step is termnated by 15 noving t eLp t ﬁP 1

a downward direction at tine t[err] to reach a predeterm ned preoperative. i
or hol d potential, which in this enbodinment is +1.1 volts. jThis '
or eoper ati ve potential, and hence the redox_state, may then a5
vol tage control 66 for any period of tinme 20 wuntil a measurenent step

pbegins. Fromtime t[err] until t[err] when the neasurenent step then

pegi ns, the .condittiichniunyofihdi tabekexd nedigentcdk| séfaratedpfameddund
ntroducing the jaheled reagent prior to exposure of the bound or unbound

label reagent to electrochemical energy, and in

homogeneous assays, i.e., assays in which unbound labeled

5 reagent and bound labeled reagent are exposed to
electrochemical energy together. In homogeneous assays
the intensity of the electromagnetic radiation (light)
emitted by the bound labeled reagent is either greater
than or less than the intensity of electromagnetic

10. radiation (light) emitted by the unbound labeled reagent.
The presence or absence of the respective bound and
unbound corponents can be determined by measuring the
difference in intensity.

In one such ECL technique, any reagent which is

15 not combined with the analyte of interest is separated
from the sample which had been contacted with the reagent
:prior to exposure of the sample to electrochemical
energy. In another technique, prior to contacting the
sample with the reagent, the sample is treated so as to

20 immobilize the analyte of interest. Means fdr
immobilizing analytes of interest are well known in the
art and include contacting the sample with a particular
surface.

The EéL techﬁiques may be used in a variety of

25 detection and gquantitative aséay formats as are well

- known in the art. In quantitative assays a known amount
of ECL reagent is used and the amount of
electrochemiluminescence measured is correlated to known
standards to calculate the amount of analyte present.

30 - Forward, reverse, competitive and sandwich assays can be
performed by methods well known to the skilled worker.
In competitive assays, for example, a method for
quantitatively determining the amount of an analyte of
interest in a volume of a multicomponent, liquid sample

35 is performed as follows. The sample is contacted with a




sanple fluid. In an aspect of the present invention, howevet;.-thé applied-
vol tage from voltage control 66 is 25 not varied before t he: neasurenent
.step begins. It has been found in accordance with the present:invention"

t hat by term nating the conditioning step by noving the apptledhpeventrab
n a predeterm ned direction, here dowwardly, to reach a predetern1ned
pper ati ve potential, 30 here +1.1 volts, and by thereafter| n6tvarying-th
wor ki ng el ectrodes 56 58 fromthat pre-operative potentialluntil the
Teasurenent step begins, the ECL neasurement is nore precise and provi des=
ore sensitive detection of ECL phenonena. _Jhe nmeasurenent step may be 35
considered to begin at any tinme internediate tinmes t2 and

known amount of an electrochemiluminescent reagent which
is capable of competing with the analyte of interest for
binding sites on a complementary material not normally
present in the sample and with a known amount of the

5 complementary material, the contact being effected under
appropriate conditions such that the anaiyte of interest
and the reagent'competitively bind to the complementary
material. The resulting sample is exposed to
electrochemical energy and the amount of radiation

107 emitted is: quantitatively determined, thereby
quantitatively determining the amount of the analyte of
interest present in the sample.

The analyte of interest may be, for example, a
whole cell, subcellular particle, virus, prion, viroid,

15 nucleic acid, protein, lipoprotein, lipopolysaccharide,
glycoprotein, peptide, hormone, pharmacological agent,
non-biological polymer, synthetic organic molecule,
organometallic molecule or an inorganic molecule present
in the sample. Moreover the analyte of interest may be a

20 whole cell, subcellular particle, wvirus, prion, viroid or
nucleic acid present in the sample.

The sample may be derived frdm, for example, a
solid, emulsion, suspension, liquid or gas. Furthermore,
the sample may be derived from, for example, water, food,

25 blood, serum, plasma, urine, feces, tissue, saliva, oils,
orgenic solvents or air. Moree;er, the sample may
comprise, for example, acetonitrile, dimethyl sulfoxide,
dimethyl formamide, N-methyl-pyrrolidinene or tert-butyl
alcohol. The sample may comprise a reducing agent or an

30 oxidizing agent. '

The reagent which is contacted with the sample
may comprise, for example, an electrochemiluminescent
chemical'moiety conjugated to a whole cell, subcellular
particle, virus, prion, viroid, lipid, fatty acid,

35 nucleic acid, polysaccharide, protein, lipoprotein,
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A second enbodi nent pflthe met hod

V

according to the present invention is illustrated in Fig. p, -whén a
particular voltage signal applied during the cleaning/cond{tioningl

hormone, ogical agent, tranqui
barbiturate, alkalOLd, steroid, vitamin, amino acid,
sugar, non-biological polymer, synthetic organic

molecule, organometallic molecule, inorganic molecule,

biotin, avidin or streptavidin. 1In one example, the

zer,

agent is an electrochemiluminescent moiety conjugated to
an antibody, antigen, nucleic acid, hapten, ligand,
enzyme, biotin, avidin or streptavidin. The reagent may
be the analyte of interest conjugated to an
electrochemiluminescent chemical moiety or an analog of
the analyte of interest conjugated to an
electrochemiluminescent moiety.

The electrochemiluminescent chemical moiety may
comprise, for example, a metal-containing organic
compound wherein the metal is selected from the group
consisting of ruthenium, osmium, rhenium, irridium,
rhodium,'platinum, palladium, molybdenum, technetium and
tungsten.

The above discussion illustrates the broad
applicability of ECL measurement techniques to many
different analytes of interest and the different methods
and assays for qualitatively and quantitatively
detecting their presence in the multicomponent, liquid
sample. For:a fuller description of these ECL
techniques, reference should be made to PCT Patent
Application No. US87/00987, assigned in common with the
present application. The téXt of this publication is
incorporated herein.

As noted above, these ECL techniques may
include the detection of a multiplicity, that is, two or
more, analytes of interest in the same sample. When the
ECL measurements are being quantitatively performed, the
measurement should be precise and accurate. The
precision of the measurement fefers to its repeatability,

[This Sheet Has Been Replacec

UL

reasur enent opﬁgs@ﬁ&d)pmaé@h@a@@é e%lmoawtetﬁe /;MpEP/aeen\eerlQmI%Qt In this

thetabo L9 condltlo rqnacocl measuyrement sal utlonilare al |




[ime t[err].

condi ti oni ng
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di fferent. Specifically, at tine t[err] the cleaning st,ep:-be .ﬂ$“a~df§é:
cl eani ng sol ution of sodi um hydroxide (NaOH) is introducedthrdticel ki
The voltage is held at a 15 constant value of 0 volts,; yntil tlne t[e r

at which tinme a single pulse of peak nagnitude +2.0 volts |? ? ng
Fhen the voltage returns to -0.2 volts at tine t8 and ifs jhel d t ere Un§I|
[err], the cleaning solution is 20 renovéd—by punp 164 and a conditi oni g
sol ution is provided tocell 12 to begin t he conditioni ng Opération. TNls

vhi ch t he anal 3 1 eer EXERS PV
appr oxi mat el y inici2d q@@ﬂu¢dgn6féadtmhgngamarsnapééowuﬂarpraﬂpbéedhéor t he
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At an internediate tine t[err] between tine

ti.on adyant a EOUﬁ.é be hhe bgangnbuffe sglution in

48l PomEBEPTERENk; Withe thEeRRme
same result. The accuracy refers to the closeness of the
measured concentration to the actual concentration. In
order to enhance the precision of such ECL measurements,
the present invention conditions the electrode supplying
the electrochemical energy in a highly repeatable manner
to produce a specific surface on the electrode. This
specific surface can be maintained, if appropriate, until
the measurement: begins. This means that if a particular
sample is supplied for measurement, the result will be
repeatable.

Each ECL measurement is taken by exposing the
sample to the electrode system of the apparatus, more
particularly to the voltammetric working electrode
thereof, and impressing a known voltage waveform on the
working electrode so as to trigger
electrochemiluminescence. This known voltage waveform is
frequently in the form of a voltage sweep from a first
voltage to a second voltage, back through first voltage
to a third voltage and then back again to the first
voltage. The nature of the ECL reaction is such that the
samples will chemically change in a thin layer adjacent
the working eiéctrode surface during the ECL measurement
process.. '

The qualitative nature of the chemical change
in. the sample is believed to be as follows. The

- electrochemiluminescent moiety, termed a TAG in the

above~referenced and commonly assigned application, may
or may not be bound to an analyte, but in either case it
may be promoted to an excited state as a result of
chemical reactions triggered by the electrical energy
received from the working electrode. For example, a TAG

may be oxidized from a 2+ to a 3+ state in the following
reaction:



condi ti'oni ng step,
and then upward to a peak of +2 volts. The conditioning sg_ 1
novi ng the applied voltage dowwardly to a preoperative pdtenllé¥:6

Wor ki ng el ectrodes 56, 58 may it hergq,fter be h

30 volts at tinme t[err].
at the preoperative potential for neasurement sanple int r=oduc’*€| WGP TE

time tlerr].
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begi nning in a downwards direction towards -1.0 volts

At that tine, the applied voltage is varled;fqgnlthe

a2t — Tag3t + e (1)

This reaction is known to take place only in the thin
layer of sample fluid immediately touching the electrode
surface. '

The oxidized TAG (TAG 3+) will luminesce if it
can react with a strong reductant P° which is able to
reduce TAG 3+ back to TAG 2+, but in an electronically
excited state. This molecule is provided by mixing the
TAG in,a buffer solution with a high concentration of a
precursor P, which ma? advantageously be oxalate or
tripropylamine (TPA), as discussed in detail below. The
enexgy from the electrode causes first the oxidation of
the precursor P as follows:

P—pP’ + e (2)

s a8 * +
Then the oxidized precursor P c¢an rearrange

unimolecularly to give the strong reductant p°;
+ o
P ~—P (3).

The reactions of equations (1), (2) and (3) all
occur during a portion of the measurement sweep when the

voltage at the working electrode reaches a triggering

value, Now the:.TA.G3+ reacts chemically with the

reductant P° to yield TAG 2+: in an electronically
excited state denoted with an asterisk (*) as follows:

a3t + PP rag?tt I " (4)

where PD is a modified precursor which is not reactive as
2+*

in equation (2). The excited TAG now luminesce, that
is, it emits light as follows:
2+% 2+
TAG® ~—»TAG + ha/a (5)

where h is Planck's constant, c is the speed of light and
is the wavelength of the emitted light.

preoperative potential in a downward diregtion to -1.0 3? volts and
thereafter upwardly during the neasurenent - 29- e
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stép, in which the actual measurenent is taken during th8 gy SHEET
w ndow fromtinme t13 to tinme t[err]. The above two enbo iTents of the

nmet hod according to the invention are specific to their|5

: ( ent i « DATAT 1098 |
chem cal environments, and it will be understood that thejpresent invenfi
Is not limted to these two specific exanples. These t ' e
however, illustrate aspects of the present invention byjwhich it achieves
its advantageous result. Both 10 enbodi meats include cleaning and

conditioning steps for achieving both cleaning and conditioning results.
Furthernore, both enbodi nents reach their respective preoperative

e

potentials by varying tfRItpptiefRNe @ittt isredefer M hERn dis ection to

reach the prebpéiatedeto be accurate, the quantitative nature and

effect of these reactions on the ECL measurement is
unknown.

5 In order to provide an accurate description of
the present invention, the precise meaning of some terms
as used below will now be defined. While these terms
have been used loosely to mean various things in the
prior art, they are to be construed in the present

10 application as' now defined.

"CLEANING"

This term is used to define the physical,
electrochemical and/or chemical removal of any
undesirable chemical species contained in a sample which

15 had been introduced into the apparatus and which now
remains within the sample probe, tubing leading to the
ECL cell and the ECL cell itself, including but not
limited to the working electrode thereof. Proteins are
an example of such species which may cause electrode

20 fouling requiring electrode cleaning. Cleaning may
include the processing of the surfaces in the presence of
a cleanipg solution. Advantageous examples of such
cleaning solutions may include dilute acids, dilute bases
or any buffer solution with added constituents, for

75 example, detergents and salts, .present for the cleaning
purpose described above. Cleaning may also include the
controlled introduction of air mixed with the cleaning

solution, in which pulses of solution separated by pulses
of air are forced through the cell and across the working
30 electrode. Furthermore, as in the embodiments of the
present invention described below, part of the cleaning
process of at least the working electrode may include the
application to the working electrode and counter

electrode of a desirable electrochemical voltage
35
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VWhile the two enbodi nents both have this pr@depe

lirection as the downward direction, other enbodinents ofEFﬁEA@F@ﬁéﬁtQHﬂ£‘
nvention may vary the applied voltage upwardly to reach |t
otential. The significance of this term nation by varying 83 hgga %ie
oltage in a predetermned direction to reach a predeterm 3 pe
otential followi ng the selected cleaning and conditioningisteps._is_that;
he surface of working electrodes 56, 58 will thereby bejplaced in a
eproduci bly obtainable controlled state, 25 defining i ni-tt+at—ecoendrt+onrs—-
or the ECL measurenent which are controllabiy repeatable to inprove the
reci sion of the system Furthernore, having reached this controlled
urface state of working el ectrodes 56, 58, this surface
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lre—preoperat Tt

-m-ned
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waveform, combining a selected voltage signal with a
selected chemical environment.

"CONDITIONING" _

This term is.used to define a general
contribution of a desirable electrochemical voltage
waveform during the simultaneous exposure of at least the

working electrode to a conditioning solution. This
conditioning solution may or may not be different from
the cleaning solution. Also, the conditioning procedure
serves as the method of preparing the working electrode
surface state for the sample measurement and incorporates
the means to provide reproducibility. When the ECL
measurement is a measurement of a TAG or TAGged conjugate
in accordance with the chemistry disclosed above, the
constituents of the conditioning solution are those which
provide the optimal subsequent measurement of the TAG or
TAGged conjugate of interest and the blank, that is, '
TAG-free, measurement solution. An advantageous
conditioning solution may be the blank measurement
buffer.
- "MEASUREMENT"

This term refers to the detection and
subsequent quantitative or qualitative measurement of
electrochemiluminescence from a desired chemical, which

may be the analyte of interest. In accordance with the
invention referred to above, this measurement may be of
any TAG or TAGged conjugate or a blank, TAG-free
measurement solution. Again, the measurement solution
may, or may not, be different from the cleaning and/or
conditioning solutions. Examples of the measurement
solution are the buffer constituents present in the
particular examples of ECL chemistries disclosed below.
The analytes of interest are generally presented in
measurement solutions selected for the purpose of
enhanciné the ECL TAG light output, diminishing the




state may thereafter be maintained for any period of time 30 until the
nmeasurenent step begins. By holding the applied voltage at the preoperative

potential, it is believed that the conditioned surface state—-of-woi
el ect r odes 56, 58 is thereby maintained w thout change. Ini"ﬁ EFkehBi pat
f | uctuations or variations in the 35 voltages appearing at morkrng“-

el ect rodes 56, 58 in any -30- prior art systemin mhlch a pgequrapbve
position was not controllably reached and nmai ntai ned were: a; cause’ “of ‘the |
yariation in results and the consequent | ack of preC|S|on e

=14 -

TAG-free light output, aiding in measurement
reproducibility and providing general detergent wetting.
' "ELECTROCHEMICAL CONTRIBUTIONS"
The electrochemical contributions to the
- cleaning and/or conditioning aspects of the total
sampling cycle include any combinatidn of applied voltage
waveforms to the working electrode which have been
10. demonstrated to be advantageous for the particular
chemistry and measurement involved while the working
electrode. is exposed to one or more selected solutions.
These waveforms include, without limitatidn, pulses,
sWweeps, constant voltages or any combination of the
15 above, In these voltage waveforms, there are at least

three potentials of interest: an upper limit voltage, a
lower limit voltage and a preoperative or hold potential
voltage.
Embodiments are disclosed below for two
20 Separate mechanical/chemical environments. These
environments are defined as follows.

"PE/Oxalate Environment"

This environment uses a platinum (Pt) working
electrode. The precursor is oxalate, which is a water
25" soluble salt of oxalic acid, advantageocusly a sodium or
- pota551um salt. The oxalate is combined in an aqueous
buffered solution with a conditioner/surfactant.
"Aun/TPA Environment” -

This environment uses a gold (Au) working
30 electrode. The precursor is tripropylamine (TPA) and is
provided in an agqueous buffered solution with a '
conditioner/surfactant. - ‘
The present invention is not limited to these
two environments. For example, the platinum electrode
35. may be used in the TPA chemistry or the gold electrode
may be used in the oxalaté chemistry, or different
electrode materials may be used. As another example, the




f ouhd in the prior art.

bot ent i al

the instant when the preoperatl Ve

is reached at the end of the conditioning st

5 Thus as illustrated in dashed |ines
n Fig. 4, the measurenent st :arlly beigimmia Nt gredrt |,
but rather may begin at any eq?V$§$%£ i nterme .mf”“ ﬂﬁ§78 {
time t[err]. Indeed, as iIIu<Lrat¢= thd i nes in fFi t he net Hog
according to the 10 present invention does not requir ySHBAHBﬁ896|rE at
he preoperative potential if the neasurenent step begiing the instant tfhg
condi tioning step is over, that is,

hy..varying the

‘yoltage in 15 the predeterm ned direction.

In the Pt/ oxal ate environment,

20

25

the surface condition of working el ectrode-56, 58 at the termni nation of
the conditioning step is

TPA chemistry may be broadened to include any of the
tertiary alkyl amines. These and other environments are
all within the scope of the present invention.

Using the above definitions and in accordance
with an aspect of the present invention, a method for
in-situ operation of a working electrode of a cell
adapted to.measure electrochemiluminescent phenomena
comprises the stéps of (a) cleaning and conditioning the
working electrode by applying a variable voltage thereto

10 in the presence of at least one solution,

(b) terminating
the step of cleaning and conditioning by varying the
variable voltage in a predetermined direction to reach a
predetermined preoperative potential, and (c) starting a
measurement step, in which the working electrode is
exposed to a sample solution, before varying the voltage
applied to the working electrode from the preoperative
potential.

15

In a development of this method, the
measurement step may start as soon as the wvariable
voltage reaches the preoperative potential to terminate
the step of cleaning and conditioning, or the step of
termlnatlng may . be followed by a step of continuously
helding the workzng electrode at the preoperative
potential until the start of the measurement step. The
working electrode may also-be cantimuously exposed to
solution while being continuously held at the
preoperative potential. If the working electrode is
formed of a selected metal, the step of cleaning and
conditioning may terminate with the working electrode in
a redox state selected for the metal, such as an oxidized
state maintained by the preoperative potential until the
start of the measurement step, for example where the
working electrode is formed of platinum, or a reduced
state, for example where the working electrode is formed
of gold.

30

35 The redox state may also-be selected for the
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bel T eved to be an oxi di zed condition The predetermn ned potential of +1.1
volts is believed to hold the

Bg éép,\;s oxi di zed condition until
t he measurenent step. Correspo dﬂﬁbﬁg% E he Au TPA envir AR

condi ti on of the surface of woriking R Hdes..56, 58, at %@ﬁﬁf 5"'

pof the conditioning step is belT™8Véd to be a reduced statejahd the o
hreoperative potential +0.4 25 volts is believed to hold | hp Suf 46186 |
hat reduced state. Vol tages which are inpressed upon the El bctrodes can”&
broadly range from-5 volts to +5 volts in each of the cleanMg; e s

condi tioni ng, and sanpl e 30 neasurenent st&éps. Preferably the_voltages vary..
from-1.5 volts to +3 volts in each of those steps. It is

'~T

Pg
L
i
£
{
H

particular sample solution. The step of cleaning and
conditioning may include passing pulses of a cleaning
solution separated by pulses of air across the working
electrode, and one solution may be a cleaning and
conditioning solution. _

The step of cleaning and conditioning may be
separated into a step of cleaning the working electrode
by applying a first variable voltage thereto in the
presence of a cleaning solution and a step of
conditioning the working electrode by applying a second
variable: voltage thereto in the presence of a

conditioning solution. The measurement step may include

1Q.

at least one measurement sweep of a voltage applied to
the working electrode while the same is exposed to the
sample solution, with each measurement sweep being

adapted to trigger luminescence in the sample solutien.

The measurement step may include two or more of such
measurement sweeps.,

is5

20 In accordance with this aspect of the present

invention, an apparatus for in-situ operation of a
working electrode .of a cell adapted to measure
electrochemiluminescent phenomena comprises cell means
for conducting an electrochemiluminescent measurement and
25 adapted to receive a solution therein, working electrode
means associated with the cell means and adapted to be
exposed to a solution within the cell means and fluid
transport means for providing a selected solution to the
cell means. The apparatus further compriées voltage
control means adapted to be connected to a voltage source
for supplying selected voltage signals to the working
electrode means during at least an electrochemical
cleaning operation during which the cell means has at
least a cleaning solution therein and a conditioning
operation. during which the cell means has at least a
conditioﬁing solution therein, the voltage control means

30

35
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well within the skill of the art to determine the exact val ues enpl oyed.
The tinme which elapses fromstart to finish of 35 each of the cleaning,
condi tioni ng, and sanple nmeasur enent st eps may broadly vary from 10

m croseconds to several m nut ej pieehl y i s i-A-the-+ange-of.1,
mllisecond to 40 seconds. Agat ﬁﬂlgﬁgggiﬁﬁé EENA t he eitr\ i Heter BHine”|
any given systemthe optimnumtine 5 EﬁbABEBd for] eachiof"the respectlve;
steps. Additional exanples of the nethods accordi ng to theapr@seng Pl
i nvention will now be presented with a PESLT S b

including step control means for terminatigguthe
conditioning operation by varyiﬁg the applied voltage
signal in a predetermined direction to reach a
predetermined preoperative potential, the step control

5 means controlling the fluid transport means to provide a
sample solution to the cell means for a measurement step
before the voltage control means varies the voltage
signal applied to the working electrode means from the
preoperative potential.

10 In this appératus the voltage control means may
continuously hold the working electrode means at the
preoperative potential from the termination of the
conditioning operation until the start of the measurement
step.

15 The above-described aspect of the present
invention wherein the working electrode can be cleaned
and conditioned in-situ to provide controllable initial
conditions is closely related to another aspect of the
present invention taking advantage of the flow-through

20 comnstruction. This aspect includes a method of
conducting an assay in a biological matrix, which method
comprises the steps of (a) flowing a solution which
includes a sample of biological matrix and an
electrochemiluminescent moiety into a f£low-through cell

25 including a source of electrochemical enexgy, (b)

exposing the source to the’soldﬁion: (c) operating the

source to expose the solution to an amount of
electrochemical energy so as to induce the moiety to emit
electromagnetic radiation, (d) detecting the intensity of

30 emitted electromagnetic radiation and (e) flowing the

solution out of the cell. Advantageously, the source
includes a working electrode. The assay may be a binding

assay or, more particularly, an immunocassay, and the ECL
moiety may be bound or free.
35
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More broadly, this aspect of the present
invention is embodied in a method of conducting an assay
in a biological matrix comprising the steps of (a)
flowing a solution including a sample of the biological
matrix and an electrochemiluminescent moiety into a
flow—-through cell, (b) exposing the solution to an amount
of electrochemical energy so as to induce the moiety to
enit electromagnetic radiation, (c) detecting the
intensity of emitted electromagnetic radiation and (d)
flowing: the: solution out of the cell.

An advantageous method of conducting an assay
of a biological matrix comprises the steps of (a) flowing
a solution into a flow-through cell, the solution

including an electrochemiluminescent moiety, a tertiary

~alkyl amine component and a buffer component, the moiety

and the tertiary alkyl amine component being chemically
reactive in response to applied electrochemical energy to
make the moiety inducible for emitting electromagnetic
radiation, (b) inducing the moiety to emit
electromagnetic radiation, (c) detecting the intensity of
emitted electromagnetic radiation and (d) flowing the
solution out of the cell. The tertlary alkyl amlne
component. advantageously may include trlpropylamlne, the
electrochemical energy may be applied by a gold or
platinum working electrode, and the solution may be
flowing. during the step of 1nduc1ng ECL.

In accordance with another aspect of the
present. invention, a method of conducting measurements of
assay’ samples of bioclogical matrices including respective
electrochemiluminescent moieties comprises the steps of
(a) initializing a measureﬁent cell, where the step of
initializing includes cleaning and conditioning a working
electrode of the cell by flowing a first solution into
the cell, exposing the working electrode to the first
solution and flowing the first solution out of the cell,
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neasur enent buffer were prepared from stock solutions of 1mM 1uM

and (b} measuring electrochemiluminescence of a moiety,
where the step of measuring includes flowing a second
solution including a first one of the samples into the
cell, exposing the working electrode to the second

5 solution, inducing the emission of electrom&gnetic
radiation in the sample by exposing the same to
electrochemical energy from the working electrode,
detecting the intensity of emitted electromagnetic
radiation and flowing the second solution out of thisg

10 cell, the steps of initializing and measuring being
repeatable in alternating fashion for conducting
successive measurements of successive ones of the sample.
In this method, the first solution may be the same as the
second solution or it may be different from the second

15 solution.

Turning now to the drawings and initially to

Fig. 1 thereof, an advantageous ECL apparatus 10 is
adapted to perform the methods according to the éresent
invention. It will become apparent from the discussion

20 below that the methods according to the present invention
are not limited to application in apparatus 10, but
rather may advantageously be employed in all types of ECL
apparatus utilizing a working electrode or other |
triggering surface to provide electrochemical energy to

25 trigger the analyte of 1nterest into
electrochemiluminescence. However, apparatus 10 is a
flow-through cell, which provides distinct advantages for
all types of samples including binding assay samples.

Apparatus 10 includes an electrochemical cell

30 12, a light detection/measurement device 14, which may
advantageously be a photomultiplier tube (PMT),
photodiode, charge coupled device, photographic £ilm or
emulsion or the like, and a pump 16, which is
advantagepusly a peristaltic pump, to provide for fluid

35 transport to, through and from cell 12. Alternatively, a
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positive displacement pump may be used. A shutter
mechanism 18 is provided between cell 12 and PMT 14 and
5 is controllably operated to open only so far as to expose
PMT 14 to cell 12 during ECL measurement periods.
Shutter mechanism may be closed, for example, during
maintenance. Also included in apparatus 10 but not
illustrated in Fig. 1 is a lightproof housing intendea to
mount the various components therein and to shield PMT 14
from any external light during the ECL measurements.

10

Cell 12 itself includes a first mounting block
20 through which passes an inlet tube 22 and an outlet
tube 24, which may be advantageously constructed of
15 stainless steel. Mounting block 20 has a first, outer
surface 26 and a second, inner surface 28 defining one
side of a sample-holding volume 30 of cell 12 in which
cell 12 holds the cleaning and/or conditioning and/or
measurement solutions during éorrespoﬁding operations of
20 apparatus 10. Inlet and outlet tubes 22, 24 pass through
mounting block 20 from outer surface 26 to inner surface
28 and open into sample—holding volume 30. A second
mounting block 32, advantageously constructed of
stainless steel also has a first, outer surface 34 and a
25 second, inner surface 36. Second mounting block 32 is
separated from first mounting block 20 by an annular
- spacer 38, advantageously copstrqpted of Teflon or other
non-contaminable material. fhus, outer surface 34 of
mounting block 30 defines part of the second side of the
30 sample-holding volume 30. Spacer 38 has an outer portion
40 and a central aperture 42 whose inner edge 44 defines
the side wall of sample-holding volume 30. Outer portion
40 seals the inner surface 28 of first mounting block 20
to outer surface 34 of second mounting block 32 to
35 prevent any solution from passing out from sample-holding
volume' 30. between the two surfaces 28, 34. Mounting
block 32 further has a central aperture 46 in which a
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window 48 is seal-fitted to define the rest of the second
side of sample-holding volume 30 as a continuation of
outer surface 34, Window 48 is formed of a material
which is substantially transparent at the wavelength of
electrochemiluminescent light emitted by the ECL moiety.
Window 48 is therefore advantageously formed of glass,
plastic, quartz or the like.

Inlet tube 22 intersects sample-holding volume
30 at a first end 50 thereof adjacent to spacer 38 and
outlet tube 24 intersects sample-holding volume 30 at a
second end 52 thereof, adjacent space 38. The
combination of inlet tube 22, sample-holding volume 30
and outlet tube 24 thereby provides a continuous flow
path for the narrow, substantially laminar flow of a
solution to, through and from cell 12.

Mounted on inner surface 28 of first mounting
block 20 is a working electrode system 54 which, in the
illustrated embodiment, includes first and second working
electrodes 56 and 58. In other embodiements, a single
working electrode may advantageously be provided, or only
electrode 56 may be a working electrode. Working
electrodes 56, 58 are where the electrochemical and ECL
reactions of interest take place. Working electrodes 56,
58 ére solid voltammetric electrodes and may therefore be
advantageously constructed of platinum, gold, carbons or
other materials which are effective for this purpose.
Wire connectors 60, 62 connected to working electrodes
56, 58, respectively, pass out through first mounting
block 20, _

Connectors 60, 62 are both connected to a
first, "working electrode” terminal 64 of a voltage
control 66, illustrated in Fig. 2. Voltage control 66
advantageously operates in the manner of a potentiostat
to supply voltage signals to working electrodes 56, 58
and optionally to measure current flowing therefrom
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Cyicl e (three el ectrode cell operation) a) Cl eani ng/
Priocedure: 1.0 nL C eani ng/ Conditioning solution was 1
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during an ECL measurement. Alternatively, connectors 60,
62 may be connected to separate terminals of voltage
control 66 for individual operation.

The potentiostat operation of voltage control
66 is further effected through a counter electrode 68
and, optionally but advantageously, a reference electrode
70. In the illustrated embodiment, mounting block 32 is
made of stainless steel and counter electrode 68 consists
in exposed surfaces 72, 74 of mounting block 32. Counter
electrode 72, 74 and working electrodes 56, 58 provide
the: intexrface to impress the potential on the solution
within sample-holding volume 30 which energizes the
chemical reactions and triggers electrochemiluminescence
in the sample and/or provides energy for cleaning and
conditioning the surfaces of cell 12. During the ECL
measurement process, some electrochemical reactions take
place at counter electrode 72, 74 but they are not the
type to stimulate the emission of electrochemiluminesence
and therefore need not be considered. Counter electrode
72, 74 is connected by a wire connector 76 to a second,
"counter electrode" terminal 78 of voltage control 66.

Reference electrode 70 provides a reference
voltage to which the. voltage applied by the working
electrodes 56, 58 is referred, for example, +1.2 volts
versus the reference. Reference electrode 70 is
advantageously located ih outlet tube 24 at a position 80
spaced from cell 12 and is connected through a wire
connector 82 to a third "reference electrode" terminal 84
of voltage control 66. In the three electrode mode,
current does not flow through reference electrode 70.
Reference electrode 70 may be used in a three electrode
mode of operation to provide a poised, known and stable
voltage and is therefore advantageously constructed of
silver/silver chloride (Aé/AgCl) or is a saturated
calomei electrode (SCE). Voltage control 66 may be
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until the neasurenent step begins, in accordance with th
present invention. b) Sanpl e Measurenent Procedure: Wlh tge m g
potential held at +1.1V, 1.0nL sanple solution was aspirhtgd ! JI@
fl ow-t hrough ECL cell. The flow of sanple 30 ' sof Ution Was ..
st opped for stagnant neasurenent. A nmeasurenent sweep wap then perforned i
Mhich the applied potential was swept from+1.1V to +1.9
Teasur-e ECL. 4) ECL Measurenent Cycle (two el ectrode cell operation) 35
dere the potentials were varied, reflecting3ithe

operable in a two electrode mode of operation using only
working electrode 56 and electrode 58 as a
counter/reference electrode. In this two electrode mode
of operation, counter/reference electrode 58 is
5 electrically connected to voltage control terminals 78
and 84 on voltage control 66. In this case, voltage
control 66 operates essentially as a battery. Voltage
control 66 supplies voltage signals to working and
counter electrodes 56 and 58 and optionally measures the
I0 current flowing through the respective electrodes.
Reference electrode 70 may alternatively be a so-called
"quasi-reference" electrode constructed of platinum,
gold, stainless steel or other material, which provides a
less stable wvoltage, yet one that is measurable with
15 respect to the solution in contact. In both the two and
three electrode mode, the reference electrode 70 or 58
serves the purpose of providing a reference against which
the voltage applied to working electrodes 56 is measured.
The poised voltage reference is currently considered to
20 be more advantageous. Voltage control 66 in its
potentiostat operation controls the various electrodes by
providing a known voltage at working electrodes 56, 58
with respect to-.reference electrode 70 while measuring
the current flow between working electrodes 56, 58 and
25 counter electrode 72, 74. Potentiostats for this purpose
are well known, and the internal structure of voltage
contrecl 66 may therefore correspond to any of the
conventional, commercially available potentiostats which
produce the above-reciting functions and so does not form
30 a part of the present invention per se. Indeed,
apparatus 10 may alternatively be constructed without an
internal voltage control 66, and may be adapted to be
connected to an external potentiostat which is separately
controlled for providing the required voltage signals to
35 electrodes 56, 58, 72, 74 and 70. These voltage signals,
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applied in a specific manner as described below, provide
' repeatable initial conditions for the surfaces of working
electrodes 56, 58 and advantageously for the surfaces of
cell 12 as a whole, a feature which contributes
5 significantly to improved precision in ECL measurements.
Pump 16 is advantageously positioned at outlet
tube 24 to "pull" solution from a sample volume in the
direction of arrow A into inlet tube 22. The solution
will f£Iaw through inlet tube 22, sample-holding volume 30
10: and: autTet tube 24 past reference electrode 70 and out in
the direction of arrow B. Alternatively, pump 16 may'be
positioned at inlet tube 22 to "push” the solution
through apparatus 10. Advantageously, this same flow
path through inlet tube 22, sample~holding volume 30 ang
15 outlet tube 24 is used for all solutions and fluids which
pass through cell 12, whereby each fluid performs a
hydrodynamic cleaning action in forcing the previous
fluid out of céll 12, Pump 16 may be controlled to
suspend its operation to hold a partlcular solutlon in
20 cell 12 for any period of time.
In accordance with an aspect of the present
“invention, it has been found that the types of chemical/
meéchanical environments defined above permit the -
measurement of ECL phenomena in assay samples of
.25 biological matrices using a flow-through cell, such as
cell 12, without destroying tﬁ; advantageous results
available using the cleaning/conditioning routines
described below. Such assays include immunoassays in
vhich the analyte of interest is an antibody or antigen.
30 Other assays include, for example, binding assays such as
avidin-biotin (protein binding), lectin-carbohydrate,
receptor-ligand and nucleic acid hybridizations. The
sample itself need not be fully reacted, i.e., it need
not be at equilibrium. The complex chemical/biological
35 nature of these assay samples would appear to be
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particularly prone to cause electrode fouling to
adsorption onto the electrode and other surfaces. A
flow-through cell, however, is not easily taken apart for
cleaning, and yet the present inventors have demonstrated

5 that ECL measurements with improved precision of such
assay samples are indeed possible in accordance with the
present invention, in that the present invention includes
the effective cleaning.and conditioning operations which
make such assays of "dirty" samples viable in the

10" flow-through environment.

The flow-through construction permits working
electrodes to be impressed with a variable voltage or to
be continuously held at a preoperative potential while
being continuously exposed to one or more solutions, that

15 is, without exposing working electrodes 56, 58 (or
counter and reference electrodes 72, 74, 70) to air.
Exposure to air, which opens the circuit to the reference
electrode 70, permits unknown, random voltage
-fluctuations which destroy the reproducibility of surface

20 conditions on working electrodes 56, 58 which the
advantageous cleaning/conditioning methods described
below are intended to achieve.

’ Further, the :flow-through construction permits
the rapid alternation between initializing steps, in

25 which electrode system 54 is cleaned and conditioned, and

measurement steps, in which one or ﬁare measurement
waveforms or sweeps trigger ECL.

In yet a further development, it has been found
that ECL measurements of binding assay and other samples
30 in the TPA solution with platinum working electrodes are

enhanced when the sample solution continues to flow past
working electrodes 56, 58 during the measurement step and
when an upper limit voltage, defined below, is

sufficiently high., The discovery that the light emission
35 '
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measurenent steps. The different nmethod used was an opgr atidon AUG tlé(}%
fl owthrough cell to sinulate a "beaker" or batch ECL hod ternmed ™ QCQ
30 for open circuit cleaning. In the nethod in AcC ' t h

present invention, the preoperative pote@bral was nmainfained until t
teasur enent step began. This is ternmed "CCC' for

he

was enhanced in a flowing Pt/TPA environment was both
unexpected and startling.

| Turning now to Figs. 3~5, some of the types of
voltage signals which may be applied by voltage control
66 are illustrated in Fig. 3. These voltage signals may
include pulse signals, as illustrated in Section A of
Fig. 3, triangular sweep signals as illustrated in

Section B and truncated triangular signals as

illustrated in Section C. Other waveforms, including

constant. valtages, sawtooth signals and asymmetric
signals may also be used. As shown in Figq. 3, the
various types of pulse signals vary between an upper
limit voltage Va and a lower limit voltage Vl.
Limitations on the magnitude of the applied upper and
lower limit voltages are advantageous, for example, in
preventing the evolution of oxygen bubbles from the
agueous solution if the voltage becomes too positive with
respect to the reference electrode. Althoﬁgh the three
types of signals illustrated in Fig. -3 all have the same
upper and lower limit voltages Vyr Yy, it will be
understood that the particular voltage signal may include
individual wave forms with different upper and lower
voltage limits. Furthermore, while in Fig. 3 the upper
voltage liﬁit Va is shown as a positive voltage and the
lower voltage limit Vl is shown as a negative voltage,
both voltages in a particular application may be positive
or negative. Fig. 3 is intended merely to illustrate
different types of wave forms which may be applied to
working electrodes 56, 58 from voltage control 66. It
will be understood that the voltages illustrated in Fig.
3, as well as Figs. 4 and 5, are the voltages appearing

.at working electrodes 56, 58 with respect to reference

electrode 70. All voltages given below are referenced to
Ag/AgCl.

closed circult creoar
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- Fig. 4 illustrates an advantageous variable
voltage signal which may be applied to working electrodes
56, 58 in the Pt/oxalate environment. 1In this
embodiment, a single solution of oxalate is used for both
5 the cleaning and conditioning aspects.

As shown in Fig. 4, the voltage signal includes
an initial portion <Xtending from time to to time ty
during a cleaning operation. This cleaning portion

~ includes two cycles of a pulse signal extending from -0.7
10. volts to +1.5 volts, Thereafter, during a conditionin§
step from time tl to t,, the working electrodes 56, 58,
together with other surfaces of cell 12, are conditioned
by the application of a constant conditioning potential
of +1.5 volts. This conditioning step is terminéted by
15 moving the potential in a downward direction at time t2
to réach a predetermined preoperative or hold potential,
which in this embodiment is +i.1 volts. This
preoperative potential, and hence the redox state, may
then be held by voltage control 66 for any period of time
20 until a measurement step begins. From time t2 until tg
when the measurement step then begins, the conditioning
fluid retained in cell 12 is replaced by introducing the
sample fluid. If an aspect of the present invention,
however, the applied voltage from voltage control 66 is
25 not varied before the measurement step begins. It has
been found in accordance with the present invention that
by terminating the conditioning step by moving the
applied potential in a predetermined direction, here
downwardly, to reach a predetermined operative potential,
30 here +1.1 volts, and by thereafter not varying the
working electrodes 56, 58 from that pre-operative
potential until the measurement step begins, the ECL
measurement is more precise and provides more sensitive
detection of ECL phenomena. The measurement step may be
35 considered to begin at any time intermediate times ty and
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t3, but may most easily be visualized as beginning at
time t3, with the actual recording of data taking place
during a measurement window indicated between times t

4
and ts when the applied voltage has a magnitude such as

5 to trigger ECL.

A second embodiment of the method according to
the present invention is illustrated in Fig. S, when a
particular voltage signal applied during the
cleaning/conditioning/ measurement operations is adapted

107 for- the: Au/TPA. environment. In this embodiment, the
cleaning, cohditioning and measurement solutions are all
different. Specifically, at time te the cleaning step
begins and a cleaning solution of sodium hydroxide (NaOH)
is intrxoduced into cell 12. The voltage is held at a

15 constant value of 0 volts, until time t7, at which time a
single pulse of peak magnitude +2.0 volts is applied, and
then the voltage returns to -0.2 volts at time t8 and is
held there until time ti9- At an intermediate time tg
between time tg and time 07 the cleaning solution is

20 removed by pump 16 and a conditioning solution is
provided to cell 12 to begin the conditioning operation.
This conditioning solution may advantageously be the
blank buffer “solution in which the analyte of interest is
provided to cell 12. At time tlo’ approximately two:

25 periods of a- triangular waveform are applied for the-.
conditioning- step, begihniné'in a downwards direction
towards -1.0. volts and then upward to a peak of +2 volts.
The conditioning step terminates by moving the applied
voltage downwardly to a preoperative potential of +0.4

30 volts at time tll' Working electrodes 56, 58 may
thereafter be held at the preoperative potential for
measurement sample introduction until a time t12’ At
that time, the applied voltage is varied from the
preoperative potential in a downward direction to -1.0

35" wvolts and thereafter upwardly during the measurement
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step, in which the actual measurement is taken during the
measurement window from time t;5 to time ti4-
The above two embodiments of the method
according to the invention are specific to their
particular chemical environments, and it will be
understood that the present invention is not limited to
these two specific examples. These two embodiments,
however, illustrate aspects of the present invention by
which it achieves its advantageous result., Both
embodiments include cleaning and conditioning steps for
achieving both cleaning and conditioning results.
Furthermore, both embodiments reach their respective
preoperative potentials by varying the applied voltage in
a predetermined direction to reach the preoperative
potential. While the two embodiments both have this
predetermined direction as the downward direction, other
embodiments of the present invention may vary the applied
voltage upwardly to reach the preoperative potential.

. The significance of this termination by varying
the applied voltage in a predetermined direction to reach
a predetermined preoperative potential following the
selected cleaning and conditioning steps is that the
surface of working electrodes 56, 58 will thereby be
placed in a reproducibly obtainable controlled state,
defining initial conditions for the ECL measurement which
are controllably repeatable to iﬁpro;e the precision of
the system. Furthermore, having reached this controlled
surface state of working electrodes 56, 58, thig surface
state may thereafter be maintained for any period of time
until the measurement step begins. By holding the
applied voltage at the preoperative potential, it is
believed that the conditioned surface state of working.
electrodes 56, 58 is thereby maintained without change.
It is believed that fluctuations or variations in the

voltages appearing at working electrodes 56, 58 in any
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prior art system in which a preoperative position was not
controllably reached and maintained were a cause of the
variation in results and the conseqﬁent lack of precision
found in the prior art.

5 Thus, as illustrated in dashed lines in Fig. 4,
the measurement step need not necessarily begin at time
ts, but rather may begin at aﬁy earlier time tl5
intermediate time tz'and time ts. Indeed, as illustrated
in dashed lines in Fig. 5, the method according to the

107 present: inventian does not require any holding time at
the preoperative potential if the measurement step begin§
the instant the conditioning step is over, that is, the
instant when the preoperative potential is reached at the
end of the conditioning step by varying the voltage in

15 the predetermined direction. In the Pt/oxalate
environment, the surface condition of working electrodes
56, 58 at the termination of the conditioning step is
believed to be an oxidized condition. The predetermined
potential of +1.1 volts is believed to hold the surface

20 in this oxidized condition until the measurement step.

Correspondingly, in the Au/TPA environment, the
condition of the surface of working electrodes 56, 58, at
the termination of the conditioning step is believed to
be a reduced state and the preoperative potential +0.4

25 volts: is believed to hold the surface at that reduced

state. it

Voltages which are impressed upon the
electrodes can broadly range from -5 wvolts to +5 volts in
each of the cleaning, conditioning, and sample

30 measurement steps. Preférably the voltages wvary from
~1.5 volts to +3 volts in each of those steps. It is
well within the skill of the art to determine the exact
values employed.

_ The time which elapses from start to finish of

35 each of the cleaning, conditioning, and sample
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measurement steps may broadly vary from 10 microseconds
to several minutes and more typically is in the range of
1 millisecond to 40 seconds. Again, one skilled in the
art can determine in any given system the optimum time

5 period for each of the respective steps. ,

Additional exémples of the methods according to

the present invention will now be presented with a
complete description of the particular
chemical/mechanical environments.
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Esb‘)lg b% The neasurenent solution was the TAGin 2% serum (G BCO
abs 8% buffer i) w thout cleaning/conditioning (x 10
392, 1.72, 0.36, 0.20 average = 1.55 (111%CV) ii) mtrﬁ@?%ﬁ@w t"‘{EET
cleaning/conditioning (x 1000 counts): 3.92, 4.25 5 , aver agei=
4109 In both cases, the neasurenents with cleaning Ab 994
-32 -
Example I

PT/OXALATE ENVIRONMENT
Methods and Materials

1) Solutions

5 a) Sample Measurement Buffer
Component Concentration Amount/Liter
NaH,PO,~2H,0 0.10M 15.599g
Oxalic Acid 0.04M 3.602g R
NaOH 50% (add to adjust to
10 pH=4.0)
Triton X-100(TM) 1.0% 10.0mL {nonionic
surfactant)
b) Cleanlng/Condltlonlng Solution: same as (a)

c) Calibration solutions of TAG Ru(bpy)3Cl2
15 (MW=749g/mole) in the sample measurement buffer
were prepared from stock solutions of 1lmM, luM,

and 1nM. Ru (bpy) is Tris (2,2' - bipyridyl)
ruthenium (II).
2) Instrumentation

20 Three electrode cell operation
a) Flow-Through Cell:
Working Electrode - one or both Pt disks

Counter ‘Electrode - stainless steel faceplate
Reference Electrode -~ Ag/AgCl
25 Teflon Gasket (.030" thick)
Stainless Steel/Plexiglas Faceplate
Inlet Tubing=.042" id polyproleene
Aspiration Rates 2mL/min
b) Potentiostat: _
30 Princeton Applied Research’ Model 273
c) Luminometer: _
Berthold Biolumat LB9500 T (photon counting)
PMT=Hamamatsu R374 (low gain red sensitive
tube)
- 35 PMT Voltage =+1375V
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Current and photon output were recorded on a Kipp &
Zonen recorder.
Two electrode cell operation

The only change from the three electrode
cell operation was that only one of the Pt disks was
used as a working electrode while the other Pt disk
was used as a combination counter/reference
electrode.

ECL Measurement Cycle {three electrode cell

operation}

a) Cleaning/Conditioning Procedure:
1.0 mL Cleaning/Conditioning solution was
aspirated into the flow-~through ECL cell. With
the solution stagnant, pulses between +1.5V and
~0.7V (vs. Ag/AgCl), were applied from the
potentiostat for 60 sec., with a pulse width of
3 sec at each potential; The applied potential
was then stepped to +1.5V and held there for 10
sec, and then stepped to the hold or
preoperative potential of +1.1V. This
preoperative potential may be held until the
measurement step begins, in accordance with the
preseht invention.

b) Sample Measurement Procedure:
With the applied potential held at +1.1v, 1.0mL
sample solution was zépirated into the
flow-through ECL cell. The flow of sample
solution was stopped for stagnant measurement.
A measurement sweep was then performed in which
the applied potential was swept from +1.1V to
+1.9V at 50 mV/sec to measure ECL.

ECL Measurement Cycle (fwo electrode cell operation)

Here the potentials were varied, reflecting the

change in the reference potential.
a) Cleaning/Conditioning Procedure:
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1.0mL Cleaning/Conditioning solution was
aspirated into the flow-through ECL cell. With
the solution stagnant, pulses between +2,2V and
~2.2V (vs. Pt quasi reference/counter
electrode) were applied from the potentiostat
for 60 sec, with a pulse width of 3 sec at each
potential. The applied potential was then
stepped to +2.2V and held there for 10 sec, and
then stepped to the preoperative potential of
+1.5¥,. BRgain, this preoperative potential may
be held umtil the measurement step begins.

b) Sample Measurement Procedure:
With the applied potential held at +1.5V, 1.0mL
sample solution was aspirated into the
flow-through ECL cell. The flow of sample
solution was stopped for stagnant measurement.
A measurement sweep was then performed in which
the applied potential was swept from +1.5V to
+2.5V at 50 mV/sec to measure ECL.
DATA -~ EXAMPLE I FOR PT/OXALATE ENVIRONMENT

The following is a comparison of data taken using

the method in accordance with the present invention

with data takgn using a different method to

determine the effect of turning the potentiostat off
and exposing the cleaned/conditioned electrode to
air and water between_cleaning/conditioning and
sample measurement steps. The different method used
was an operation of the flow-through cell to
simulate a "beaker" or batch ECL method termed "ocC"
for open circuit cleaning. In the methéd in
accordance with the present invention, the
preoperative potential was maintained until the
measurement step began. This is termed "CCC" for
closed circuit cleaning.



b)s Calibration solution: TPA buffer (see above) TAG
TAG Anti body (TAG Ab) 20 The anti body;
anti body obtained fromKirkegaard & Perry Laboratories
Cessna Court,
was via an al dehyde functional group using 25
coupling procedures. The conjugate TAG Ab was purifig
0.2M NaOH in Herr]O 0.5% Triton X-100

sol uti on:
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a) Two Electrode Mode: This experiment was first
run in the two electrode mode. The data are as
follows.

Average

Solution ECL Counts Precision (% CV)

CCC 100nM TAG 7550 1.2% (n=6 data points)

OCC 100nM TAG 420 76.0% (n=6 data points)

CV = (standard deviation/mean) x 100%

This data clearly shows that the precision of

the CCC data is vastly improved relative to the precision
of the OCC data. Tﬂis effect is a highly advantageous
feature of the present invention by which ECL
measurements are made.truly repeatable.,

2)

b) Three Electrode Mode: In the three electrode
mode, the OCC method included turning the
potentiostat off, but the electrodes were not
exposed to air or water. Here the particular

TAG solution had a 100 nM concentration. The
data are as follows.
CCC TAG Counts OCC TAG Counts
12,200 5,750
12,300 - 3,050
12,000 ee———
12,350 N
12,300 ——

avg.=12,230 (1.1% CV) 4400

Once again, the CCC data displays excellent
precision. A % CV cannot be calculated for only two
points, but the two OCC points are wide apart.

The following is a comparison of data taken to
deterﬁine, for this particular environment, the
effect of having the sample measurement solution

ure



30~ ' d) Sanpl e neasurenent solution: TPA buffer (10 B@PEA@EWNTdSHEET

gr omt h nedi um TAG Ab: Ru(bpy)[err]C[err] (MANE749g/ nol e) conjugated to an
ant i body 35 -39- 5% hybridoma growth nmedium (HGV) is aldil @ qu@@q?%
rodi fied formof Iscove's Mddified Dul becco's Media (I , {obt ai ned from
J.R Scientific, Inc., One Harter Avenue, Suite 8, Wodl and —Catt+fornta
P5695. See, -36-
either flowing or stagnant during the measurement
5 step, that is, while the ECL moiety is being induced
to emit light. The data are as follows. '
Flow Rate {mL/min) ECL Counts
0.0 (stagnant) 15,380
2.1 13,100
10 3.7 12,560
5.0 12,420

Using 100nM TAG in buffer, the flowing ECL counts
decreased somewhat and leveled off at 80% of the
stagnant ECL counts.

15 3) The following is a comparison of data taken to
determine the effect of performing a step of
cleaning and conditioning the electrode before each
measurement step vs. performing successive
measurement steps without cleaning or conditioning

20 in between. Two different measurement solutions
were tested under these two different conditions.
The electrode was cleaned/conditioned before the
first measurement step in all cases.

a) The measurement solution was the TAG in
25 buffer.
i) without cleaning/conditioning (x 1000
counts).
7.50, 6.00, 5.00, 4.25, 3.70
average = 5.29 (28.5%-CV)

30 ii) with cleaning/conditioning {x 1000

counts) :

7.45, 7.50, 7.60, 7.55, 7.50, 7.70
average = 7.55 (1.2% CV)

15 b) The measurement solution was the TAG in 2%
serum (GIBCO Labs)/98% buffer

i) without cleaning/conditioning (x 1000
counts)




5 = Dul becco, R and Freeman, G (1959) Virology 8, 398, Yt e B W ET
Freeman, G, Vogt, M and Dul becco, R (1960) Virology 12}* '%‘%’“"—-‘k’ssﬂe

Cul ture Standards Conmittee, In Vitro 5:2, 93, and Iscove, N. N and 1
Vel chers, F., J. Experinmental Medicine 147, 923.-100% HGM {10 GohBdiN®530(
m I MDM (JR Scientific lot CO77201), 40 ml fetal bovine serjum (batch 67, ;
H ), 2 mM 5 x 10[err] M 2-nercaptoet hanol (batch 39), 2 ananycimn

sulfate (10,000 nmg/m, lot 13N2672, 4 ml HAT_(10 M hypoxdanthine. 4 X
10[err] M aninopterin, 1.6 x 10 [err]Mthynid?he; stock 15 G BCO), 40 m
1[err] MM primary m crophage conditioning media(11/7/86, harvest 4). It is
diluted to 1 part in 20 vgt gffzr %ol gtlgn po prepare 5% HGM 2)

e

nstrunentation (three ele€ctt’o cél | t|o
average = 55 (111% cv)
ii) with cleanlng/condltloning (x 1000 counts):
3.92, 4.25
5 average = 4.09

In both cases, the measurements with cleaning
and conditioning display noticeably superior precision.
It is believed this is due to the controlled initial
I0 conditioﬁs established by the step of cleaning and
conditioning being substantially identical before each
measurement step.
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only) 20 a) FI ow- Through Cel |l : Wbrki ng El ectrods e
Cpunter Electrode - stainless steel faceplate Reference 3 i
Tefl on Gasket (.030" thick) 25 St ai nl ess St /PIeX|glas
Facepl ate Inlet Tubing = .042" id polypropylene Aspiratijony R3teaUBMe6E1 N B)
Pptentiostat: Oxford 30 c) Lum noneter: Berthold E|olunat LB950C
(photon counting) PMI=Hamamat su R374 (low gain red sensili%e
~-38 — .
Example II

Au/TPA ENVIRONMENT
Methods and Materials
1) Solutions
5 a) The TPA (tripropylamine) buffer composition was
as follows:
30.8g KH,PO,.H,0
111.4g Na,PO,.7H,0
19.1mL tripropyl amine
10 : pH adjusted to 7.5 with NaOH (50%)
1.0 mL Triton X-100 (TM)
(nonionic surfactant)
1.0 mLL Tween 20 (TM) (nonionic
surfactant)
15 water added to make 2.0 liter
b) Calibration solution:
TPA buffer (see above)
TAG'(as in Example I)
TAG-Antibody (TAG=-Ab)
20 The antibody was goat anti mouse antibody
obtained from Kirkegaard & Perry Laboratories,
Inc. (KPL), 2 Cessna Court, Gaithersburg,
MD 20879. The conjugation of antibody to TAG
was via an aldehyde functional group using
- 25 normal litexature coupling procedures. The
conjugate TAG-Ab was purified.
c) Cleaning solution:
0.2M NaOH in H,0
0.5% Triton X-100
30 d) Sample measurement solution:
TPA buffer (100%)
5% hybridoma growth medium
TAG~Ab: Ru(bpy) Cl (MW=749g/mole) conjugated to
an antibody

35




tube) PMI Vol t age=+1350V 35 -40- The current and {fie% QlaQHE 22
ecorded on a Kipp & Zonen recorder. 3) ECL Measur 'ﬁé@“ﬁﬁgﬂ; 5& de
el ectrode cell operation) 5 d eani ng/ Condi ti gnijng/ Sanpl e Meagurjenent
Procedure: The total cycle used in obtaining this dgtd idacl AUgd98ssteps,
each step using the sane applied voltage

-19_.

~

5% hybridoma growth medium (HGM) is a diluted
and modified form of Iscove's Modified Dulbecco's Media
(IMDM) , obtained from J.R. Scientific, Inc., One Harter
Avenue, Suite 8, Woodland, California 95695. See,

5 Dulbecco, R. and Freeman, G. (1959) Virology 8, 398,
Smith, J.D., Freeman, G., Vogt, M. and Dulbecco, R.
(1960) Virology 12, 155. Tissue Culture Standards
Committee, In Vitro 5:2, 93, and Iscove, N.N. and
Melchers, F., J. Experimental Medicine 147,923. 100% HGM

I0 contains 200 ml IMDM (JR Scientific lot C077201), 40 ml
fetal bovine serum (batch 67, HI), 2 ml 5 x 1073y
2-mercaptoethanocl (batch 39), 2 ml kanamycin sulfate
(10,000 mg/ml, lot 13N2672, 4 ml HAT (10 °M hypoxanthine,
4 x 10”°M aminopterin, 1.6 x 107 °M thymidine; stock

15 GIBCO), 40 ml 1°MCM primary microphage conditioning
media(11/7/86, harvest 4). It is diluted to 1 part in 20
with buffer solution to prepare 5% HGM.

2) Instrumentation {(three electrode cell operation
only)

20 a) Flow-Through Cell: .

Working Electrode - both Au disks

Counter Electrode - stainless steel faceplate

Reference Electrode - Ag/AgCl

Teflon"Gasket (.030" thick)

25 Stainless Steel/Plexiglas Faceplate

Inlet Tubing = .042" id polypropylene

Aspiration Rates 2ml/min

b) Potentiostat:

Oxford

30 c) Luminometer:

Berthold Bioluma; LB9500 T (photon counting)

PMT=Hamamatsu R374 (low gain red sensitive

tube)

PMT Voltage=+135QV

35




waveform Each cycle had two conditioning steps (with the solution

el ectrochem cal
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3)

1)

fl owi ng), one sanple neasurenent 10 step (with the. geasurenent
solution flow ng or stagnant), two cl eaning steps f ol
conditioning step (with the conditioning solution flo
the follow ng applied voltage sweep at a constant 500
cycle: +0.3Vto -0.7Vto +2.2V and b
volume was 1.0 m . DATA - Au/ TPA ENVI RONMVENT 1) Thej flol Il owi hg dat a
corresponds to the data in 20 Sectign 1 for Exanmple | and

to determine the effect of turning the poténtiostat -

PEACEMETE SHERT
f th
P RLIEN

The current and photon output were recorded on
Kipp & Zonen recorder.

ECL Measurement Cycle (three electrode cell

operation)
Cleaning/Conditioning/Sample Measurement Procedure:
The total cycle used in obtaining this data included
6 steps, each step using the same applied.voltage
waveform. Each cycle had two conditioning steps
(with the solution flowing)}, one sample measurement
step (with the measurement solution flowing or
stagmant), two cleaning steps followed by one
conditioning step (with the coﬂditioning solution
flowing). Each step used the following applied
voltage sweep at a constant 500mV/sec for the
electrochemical cycle:
+0.3V to -0.7V to +2.2V and back to +0.3V.
Sample volume was 1.0 ml.

DATA - Au/TPA ENVIRONMENT
The following data corresponds to the data in
Section 1 for Example I and was taken to determine
the effect of turning the potentiostat off between
cleanind/ conditioning and sample measurement steps.
Here the electrode was not exposed to air or water.
The preoperative potential was +0.4v oxidized.




¢l eani ng/ conditioning and sanpl e measurement steps. Herg the el ectrode was
npt exposed to air or water. The preoperative potentlall Wlsﬁr%ﬁ
25 30 35  -41 - a)  CCC Sol ution ECL Counts i Eas
1640 ' 58
1720 4 3 1AUG 1696
-41- | S e
W
a) ccc N
Solution ECL Counts
i) TAG~Ab 1720
, 1640
5 1720
1600
1670 _
1720 average = 1678
$ CV = 3.0%
10 ii) Blank Buffer 62
62
60
63
_ 60 average = 61.4
15 2 CV = 2,2%¢
20
25
Vs
30
35




' ’ 1720 1600 1670 17220 a'SEP
% 10 ii) Blank Buffer 62 62 60 63
3. 0% .

4CV =2.2% 20 25 30

S 1AUG 1994

X Il O

_42..
b) QCC
Solution ECL Counts
i) TAG-ab 1650
1850
5 1680
1660

1680 average = 1704

% CV = 4.8%
ii) Blank Buffer 55

10 _ 51
| 60
60
67
63 average = 59,3
15 3 CV = 9,63

20 To confirm these results, the tests were rerun,
The data were as follows.
a) ccc
S?lution: ECL Counts
i) TAG-Ab 1527
25 1527
) _ - 1485 -
1485
1515
1557
30 1539
1527

1527 average = 1521 (n = 9)
8 CV = 1.5%

35




‘ -42- b) OCC Sol ution ECL Counts i) TAG Ab 1650 1850

b - i fer (35
;.80 1660 1680 average = 1704 % CV = 4.8%ii) Blank Buffe REPLACEI‘@}«TT SHFET

3 1 AUG 1996

43

ii) Blank Buffer 57
57
57
55
5 55
' 55
- 55
55
55
10 52
52 average = 55 (n = 10)
$ CV = 3,3%
b)  occ
Solution ECL Counts

15 i) TAG-Ab 1801
2470
2541
2368
2505
20 2028
1945
1408
1491
1503

25 _ 2446 average = 2046 (n = 11)

i T ¥ evo=21.73

30

35




10 ‘ 51 60 60 67 63 average = 59.3 15
%CV =9.6%It will be seen that the % CV for the CCE net hod neasuri ng
TAG Ab is about 50% | ess than that for the OCC net hod, uhile the bl ank
buffer % Cv CCCOCC ratio is even |less. 20 RED} Qurfin oy
results, the tests were rerun. The data were as follomq. bt 0 4
ECL Counts

~4 4

ii) Blank Buffer

62
52
48

5 57
48
57
52
52 °

10 50

50 average = 53 {(n = 10)

$ CV = 8.6%

The results here are even better than in the
first tests, demonstrating that the OCC method is not
protected against the random voltage fluctuations which
destroy the advantageous initial conditions.

2) The following data correspond to the data in
Section 2 of Example I and were taken to determine
the effect of having the measurement solution
20 flowing or stagnant during the measurement step.
Here the TAG was Ru{phenanthroline), which is
Tris(disulfonated 4,7-diphenyl-1l,10-phenanthroline)
ruthenium (II). The applied voltage waveform was a
pulse waveform with a lower limit voltage constant
25 at ~0.5V vs the Ag/AgCl reference. Separate
measurements were” takén for different values of the
upper limit voltage between +1.35 to +2.55V.
The data are presented in Fig. 6. No enhancement is

_ seen for the Au/TPA environment when the solution is
30 flowing.

15

3) The following data were taken to determine the
effect of the choice of the preoperative potential
and the choice of direction of approach thereto on
the magnitude of the ECL data, and hence its

35 detection limit, i.e., thé smallest concentration
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which can be effectively measured. When the
preoperative potential is approached downwardly,
that is, from a higher voltage, the electrode
surface is considered to be relatively oxidized, and
so the preoperative potential obtained by a downward
approach is labeled "oxidized". Conversely, when
the preoperative potential is approached upwardly
from a lower voltage, the electrode surface is
considered to be relatively reduced, and so the
preoperative potential obtained by an upward
approach is labeled "reduced."

For these tests, voltage waveforms of the type
illustrated in Fig. 5 were used. This exact

‘waveform was used for the oxidized preoperative

potential, while a waveform with an extra half cycle

of the conditioning sweep was used for the reduced

preoperative potential.

The following data also demonstrate that
different precoperative potentials may be required by
different sample measurement solutions to obtain the
best results.

a) Here the measurement solution was the TAG
conjugated to an antibody (TAG-Ab) in 100%
buffer solution. The blank solution was 100%
buffer. The data were as presented in Table 1.




1371 i) Blank Buffer 57 57 57 55 5 ' 55 55
b5 55 55 10 52 52 averageq=.05.(n = 10) %

V = 3.3%b)  OCC REPLACEMENT SH JERT

o (D

3 1AUG 90 |
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Table 1
Preop.Pot. TAG-ADb (S) Blank (B) S/B S-B
+0.44V : 8107 : 64 : 127 8043
oxidized : 2.5% : 4.7% : : :
+0.44V  : 2148 : 59 : 36 : 2089 :
reduced : 3.1%. : S.1% 3 -3 :
0.00V : 2215 : s0 : 44 : 2165 :
reduced : 1.3% 3 12% 3 : :
-0.70v  : 2688 : 53 : 51 : 2631 :
reduced : 1.9% : 7.5% : : :

In the (S), samples, and (B), blank, boxes the
upper data are the ECL counts and the lower data are the
$CV. Under these conditions with the preoperative
potential optimized at +0.44V oxidized, the TAG-Ab
measurement (S) is approximately four times greater than
with any other tested preoperative potential.
Furthermore, the signal-to-blank ratio S/B is also 2-5
times greater. Thus, lower concentrations of the ECL
moiety can be effectively detected in accordance with the
present invention.

b) The preoperative poténtial selected for the
solution of TAG-Ab in 100% buffer is not
necessarily the best preoperative potential for
another solution.-- To demonstrate this, the
same caoncentration of TAG-Ab was combined in
95% buffer solution and 5% HGM (hybridoma
growth medium). When the same tests were run
with this one change, the data were as
presented in Table 2.
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SoF ut i on ECL Counts 15 i) TAG Ab

2470 2541 2368 2505 20 2028 | AHA L

1503 25 2446 average = 204E_§hL”

21. 7% 30 :

-t 7
Table 2

Preop.Pot. TAG-ADb (s) Blank (B) S/B S-B
+0.44V 2250 : 141 : 16 2109 :
oxidized : 2.1% : 5.0% s : :
+0.44v 1984 : 109 : 18 : 1875
reduced : 0.8% 3 2.8% : : :
0.00V : 1762 : 100 . 18 : 1662 :
reduced 3 0.8% : 4.0% : : :
-0.70v  : 2914 : 209 : 14 : 2705
reduced : 1.2% : 5.3% : : :

, Since the concentration of TAG-Ab was
unchanged, it might have been expected that the detected
TAG-Ab signal S would be unchanged. However, now this
signal is reduced to approximately equal to the values
taken for the other preoperative potentials. Indeed, all
the values of S are approximately equal to the values in
Table 1 for the non-optimized preoperative potentials.
It is estimated that an optimized preoperative potential
for this second measurement solution would be about
+0.60V oxidized.
4) The following is data taken to demonstrate that a
~ sample of a.biological matrix, here an immunoassay,
can be effectively measured in an ECL flow-through
cell. Here the TAG was conjugated with anti-human
IgG. Three measurements were made, each preceded by
a cleaning and conditioning step in accordance with
the present invention, for each of 6 concentrations

of the ECL moiety. The data are presented in Table
3. '




38  ~44 - ii) Blank Buffer 62 52 48 5

48 57 52 52 ¥
i i
! Tl
-48 - ,-i____ :
Example ¢of Immunoassay/ECL
Detection of Anti Human Igb (ng/mL}
Table 3
[Anti-HuIgG]lng/ml
5 ECL COUNTS AVGE SD $CV
1 2 3

0 1,692 1,704 1,716 1,704 12 0.7%

5 1,572 1,608 1,608 1,596 21 1.3%

10 20 1,392 1,416 1,404 1,404 12 0.9%

100 1,140 1,128 1,134 1,134 6 0.5%

300 1,044 1,050 1,032 1,042 9 0.9%

1 1200 924 906 912 914 9 1.0%

5

As may be seen, all the individual %CVs are
low, even though the biological matrix includes proteins
and other molecules which would be expecﬁed to adsorb to
the working electrode. The measurements may therefore be

20 taken successively without disassembling the apparatus
for manual cleaning.

Example IIX
Pt/TPA ENVIRONMENT
25 1) The following are data taken to compare the

effect of flowing the megsurement solution during the
measurement step vs. having it stagnant.
For this test, the solutions and
instrumentation were identical to those in Data Section
30 (2) in the Au/TPA environment exéept that the working
electrode disks were made of platinum. The same applied
voltage waveforms were used.
The data are presented in Fig. 7. A dramatic
enhancement may be seen for measurements with an upper
35 limit voltage of +1.8V or more when the sample




10 50 50 average = 53 (n = 10) % CV = 8.6% The

whi ch destroy the advant ageous iniTﬂ%%ﬁggﬂbﬂptgl Thg flol | owi ng data
correspond to the data in Sectionf 2 ofR d were tlaken3tDAUG 1994
determ ne the effect of having the neasurenent solution 20 fl ow ng
br stagnant during the nmeasurenent step. Here the TAG was
Ru( phenant hroline), which is Tris(disulfqgated

4, 7-di phenyl -1, 10- phenant hrol i ne) ruthenium (11). The applied voltage
pavef orm was a

measurement solution was flowing as compared with

results here are even better than in the first tests, denon T -
t he OCC nethod is not 15 protected @éﬁ:dom vol tjay %@@%‘JMSHNEF

stagnant measurements.

Although embodiments of the present invention
5 have been described in detail herein with reference to
the accompanying drawings, it will be apparent that the
invention is not limited thereto, and that various
changes and modifications may be effected therein by one
skilled in the art without departing from the spirit and
I0 scope of the invention as defined in the appended claims.

15
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pul se waveformwith a lower limt voltage constant 25 at -0.5V vs the

Ag/ AgCl reference. Separate neasurenents were taken forrdlLLerent_values

of the upper | i-m-t—-voltage between +1.35 to +2.55V. The QQﬁa s ted
Qhaqge nt is s the Au/ TPA enviro nea%~$he he 277

ol utl ee" PBwi ng. BTHIS SHEET 9A3 @ data wer e 3
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choi ce appr oacttherete—on-the

e_fragni t ud f the ECL data,
and hence its 35 detectlon limt, i.e., the small edt concentration
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B s e wieast' ot v o e

WHAT IS CLAIMED IS:

1. A method for in-situ operation of a
working electrode of a cell adapted to measure
electrochemiluminescent phenomena, comprising the steps

5 of:

(a) cleaning and conditioning said working
electrode by applying a variable voltage thereto in the
presence of at least one solution;

(b) terminating said step of cleaning and

10- conditioning by wvarying said variable voltage in a
predetermined direction to reach a predetermined
preoperative potential; and

{c) starting a measurement step, in which said
working electrode is exposed to a sample solution, before

15 wvarying the voltage applied to said working electrode
from said preoperative potential.

2. A method according to claim 1, wherein
said measurement step starts as soon as said wvariable
20 voltage reaches said preoperative potential to terminate
said step of cleaning and conditioning.'

' 3.. A method according to claim 1, wherein
said working electrode is formed of a selected metal,

25 said step of cleaning/conditioning terminating with said
working electrode in a'fedox*staie_selected for said
metal.

4. A method according to claim 3, wherein
30 said redox state is an oxidized state maintained by said
preoperative potential until the start of said
measurement step.

5. A method according to claim 4, wherein
35 said working electrode is formed of platinum.
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6. A method according to claim 3, wherein
said redox state is a reduced state.

7. A method according to claim 6, wherein’
said working electrode is formed of gold.

8. A method according to claim 1, wherein
said step of cleaning and conditioning terminates with
said working electrode in a redox state selected for said

-sample solution,

9. A method according to claim 1; wherein
said said step of cleaning and conditioning includes
passing pulses of a cleaning solution separated by pulses
of air across said working electrode.

10. A method according to claim 1, wherein
said at least one solution is a cleaning and conditioning
solution.

.11l. A method according to claim 1, wherein
said step of cleaning and conditioning includes the step
of cleaning said-working electrode by applying a first
variable voltage thereto in the presence of a cleaning
solution and a step of conditioning said working
electrode by applying a seoond ;ariable voltage thereto
in the presence of a conditioning solution.

12. A method according to claim 1, wherein

'said measurement step includes at least one measurement

sweep of a voltage applied to said working electrode
while the same is exposed to said sample solution, each
said measurement sweep being adapted to trigger
luminescence in said sample solution.

A
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13, A method according to claim 12; wherein

said measurement step includes a plurality of said
measurement sweeps.

5 14, A method according to claim 1, wherein
said step of terminating is followed by a step of
continuously holding said working electrode at saig

preoperative potential until the start of said
measurenient step.

1I5. A method according to claim 2, wherein
said working electrode is continuously exposed to
solution while being continuously held at said

preoperative potential.
15

16. 2An apparatus for in-situ operation of a
working electrode of a cell adapted to measure
electrochemiluminescent phenomena, comprising:

(a) cell means for conducting an
20 electrochemiluminescent measurement and adapted to
receive a solution therein;
(b) working electrode means associated with said
.cell means and adapted to be exposed te 'a solution within
said cell means;
25 (c) £luid transport means for providing a selected
solution to said cell meansy
(d) voltage control means adapted to be connected
to a.voltage source for suppling selected voltage signals
to said working electrode means during at least an
30 electrochemical cleaning operation dﬁring which said cell
means has at least a cleaning solution therein and a
conditioning operation during which said cell means has
at least a conditioning solution therein, said voltage
control means terminating said conditioning operation by

35 wvarying the applied voltage signal in a predetermined
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direction to reach a predetermined preoperative
potential; '
(e) said cell means being provided with a sample
solution by said fluid transport means for a measurement
5 step before said voltage control means varies the voltage
signal applied to said working electrode from said
preoperative poténtial.

17. Apparatus according to claim 16, wherein
10 said voltage control means contihuously holds said
working electrode as said preoperative potential from the
termination of said operation until the start of a
measurement step.

15 18. Apparatus according to claim 16, wherein
said working electrode is formed of a selected metal,
said conditioning operation terminating with said working

electrode in a redox state selected for said metal.

20 19, Apparatus éccording to claim 18, wherein
said redox state is an oxidized state maintained by said
preoperative potential until the start of said
measurement operation.

25 - 20. Apparatus according to claim 19, wherein
said working electrode is formed G&f pfatinum.

21. Apparatus according to claim 18, wherein
said redox state is a reduced state maintained by said
30 preoperative potential until the start of said
measurement operation.

22. Apparatus according to claim 21, wherein
said electrode is formed of gold.
35
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23. A method of conducting an assay in a
biological matrix, comprising the steps of:
(a) flowing a solution which includes a sample of
said biological matrix and and ECL moiety into a
5 flow~through cell including a source of electrochemical
energy:;:
(b} exposing said source to said solution;
(c) operating said source to expose said solution
to an amount of electrochemical energy so as to induce
10 said moiety to repeatedly emit electromagnetic radiation;
{d) detecting the intensity of emitted
electromagnetic radiation; and
(e) £flowing said solution out of said cell.

15 24. A method according to claim 23, wherein
said source includes a working electrode.

25. A method according to claim 24, further
comprising the step of repeating said steps (a)-{e) for
20 conducting a second assay in a second biological matrix.

26. A method of conducting an assay in a
~ biological matrix comprising the steps of:
(a) £flowing a solution including a sample of said
25 Dbiological matrix and and ECL moiety into a flow-through
cell; . - -~ -

{b) exposing said sample to an amount of
electrochemical energy so as to induce said moiety to
repeatedly emit electromagnetic radiation;

30 (c) detecting the intensity of emitted
electromagnetic radiation; and

(d) flowing said solution out of said cell.
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27. A method according to claim 26, further
comprising the step of repeating said steps (a)-(d) for
conducting a second assay in a second biological matrix.

5 28. A method of conducting an assay in a
biclogical matrix, comprising the steps of:

(a) flowing a solution into a flow-through cell,
said solution including an electrochemiluminescent
moiety, a tertiary alkyl amine component and a buffer

10 component, said moiety and said tertiary alkyl amine
component being chemically reactive in response to
applied electrochemical energy to make said moiety
inducible for emitting electromagnetic radiation;

(b) inducing said moiety to repeatedly emit

15 electromagnetic radiation;

(c}) detecting the intensity of emitted

electromagnetic radiation; and

(d) flowing said solution out of said cell.

20 29. A method according to claim 28, wherein
said tertiary alkyl amine component includes
tripropylamine, said electrochemical energy is applied by
a{platin&m working electrode and said solution is flowing
dﬁring said step of induciné.

25

N 30. A method according to claim 28, wherein
said solution is flowing during the step of inducing.

31. A method according to claim 28, further
30 comprising the step of repeating said steps (a)-(d) for
conducting a second assay in a second biological matrix.

-32. A method of conducting measurements of
assay samples including respective
35
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(a) 1initializing an assay measurement cell;

said step of initializing including cleaning
5 and conditioning a working electrode of said cell by
flowing at least one first solution into said cell,
exposing said working electrode to said first solution
and flowing said first solution out of said cell; and
(b) measuring electrochemiluminescence of a moiety;
107 said step of measuring including flowing at
least one second solution including a first one of said
samples into said cell, exposing said working electrode
to said second solution, inducing the emission of
electromagnetic radiation in said sample by exposing the
15 same to electrochemical energy from said working
electrode, detecting the intensity of emitted
electromagnetic radiation and flowing said second
solution out of said cell;
said steps of initializing and measuring being
20 repeatable in alternating fashion for conducting

successive measurements of successive ones of said
samples.

33,7 A method according to claim 32, wherein
25 said. first solution is the same as said second solution.
34. A method according to claim 32, wherein
said first solution is different from said second
solution. '
300

Hllllll IIIIH IIIII IIIII II IIII




for this second nmeasurenent sol ut
The following is data taken to de&ﬁ
here an i nmunoassay, can lpe_eff

71T

t a spanpl e of

ET Esqﬁgw +0. 60V f

- -
PR AGEMEN R SHERT |

mat ri x, y aealsured i n E
fl owthrough cell. Here the TAG was conjugated with anti-h
measurenents were nmade, each preceded by a cleaning and co d|t|o
n accordance with the present inventien, for each of 6 cofc

I he ECL noiety. The data are presented in Table 3.

METHOD AND APPARATUS FOR CONDUCTING

3o A “*P@’e

ELECTROCHEMILUMINESCENCE MEASUREMENTS

ABSTRACT
A method and apparatus (10) for ~conducting
electrochemiluminescence (ECL) wmeasurements which
control the initial conditions relating to the surface
state of a triggering working electrode (54) by

- reproducibly creating and maintaining a favourable

surface condition so as to enhance the precision and
detection 1limit of the measurements. Agssays are
performed with ECL detection in a flow-through cell
(12) environment and the precision and detection limit
are enhanced by alternating initialization and
measurement steps.
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measurement step is started and throughout the durationfo

step and wherein the voltage applied to said working electro IASHM?‘?]I ed
relative to said preoperative potential-4hroughout the (d ratlon f

measurenment step. 2. A nmet hod according to claiml,
reasurenent step starts as soon as said variable volta e reaches said

Or eoper at | ¥l i i e ofonMfant-idial cleshnihg/condlintet dCC ;
1 or clai rggocé/mgr@g N s h ddd g, elvgrdd a8, IS i ng sel ected netal
of ste

and said pre ned .pr eratjive patential § Z corresponds wth
[he el ectRSF FRASTA LUT AT 1Ptk FATHLR SRS f for eXample,
serum or plasma based samples, some of the biological

molecules may react with the working electrode during a
measurement and cause electrode fouling.

sol ution cont ai ni ng sai d el ectrochem | um néscent reagen REMACEMENT SHEET
nt

Another aspect of the control of the ECL
measurements is the relationship between the nature of
the analyte of interest, the manﬁer in which the sample
is: introduced into the ECL measurement cell and the use
and  operation of the working electrode therein. '
Previously ECL measurements of samples with complex
biological or biochemical components, were perfbrmed only
with the sample at rest in a "beaker" or batch system.
In order to provide more rapid assay methods, continuous
or flow systems which need not be disassembled for
cleaning are needed.
US-A-4280815 describes a method and apparatus for performing a chemiluminescent
immunoassay utilizing electrochemical techniques to generate the oxidant which is used to

trigger the chemxlummescence of the labelled xmmunoreavent

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a method and apparatus for improving

the control of electrochemiluminescent measurements which
avoid the above-described difficulties of the prior art.
It is another object of the present invention
to: provide a method and apparatus for in-situ operation
of a working electrode of an ECL cell which provides
improved precision in ECL measurements.
It is yet another object of the present .
invention to provide a method and apparatus for in
-situ operation of a working electrode of an ECL cell in
which a redox state of the surface of the working
electrode formed during a conditioning procedure is-
maintained until a measurement step beqiné.
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aid selected netal . 4. A nmet hod according to claim] . cdnnT
edox state is an oxidized state and this oxidized stateREEﬂﬁggMigﬁﬁs ht&
aid preoperative potential until the start of said neagunjenent step. 5
A\ nmet hod according to claim3, wherein said redox statel}i § r2ddd&118%at ¢
ind this reduced state i s nmaintained by'§hid preoperatide potential unt{l
he start of said neasurenent step. 6. A net hod accorndi TO clarm 3,
lherein the redox state is chosen in accordance with a ganple solutign to
e used. 7. A nmet hod according to any of clainms 1 to 6, wherein said
tep of cleaning and conditioning further includes passing pul ses of a
| eani ng sol ution separated by pul ses of air across said working el ectrode.
A nethod accordifg ¢ ey QQPLREr COY B bod Ane piagERLN said step of

| eani ng and condj ti onin rther 1 ncludes the step o | eani ng sai d
Workinggeleg?Y%Eﬁion to p oJide a method in a éio —é%roug% gll

in which a working electrode may be cleaned and
conditioned between measurements.
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These and other objects, aspects and features
of the present invention will become clear from the
following detailed description of preferred embodiments
thereof taken in connection with the accoﬁpanying
drawings, throughout which like reference numerals denote
like elements and parts.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side cross-sectional view of an
embodiment of apparatus according to the present
invention;

Fig. 2 is a block diagram of a voltage control
connectable to the apparatus of Fig. 1;

Fig. 3 is a signal diagram illustrating
exemplary voltage signals applicable in accordance with
the present invention;

.Fig. 4 is a signal diagram of a voltage signal
applied in a first embodiment of a method according to
the present invention for a platinum/oxalate (Pt/oxalate)
environment; '

Fig. 5 is a signal diagram of a voltage applied
in a second embodiment of the method according to the

Thig is the replacement sheet
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olution and a step of conditioning said working el ectrofle[By applying a
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reasurenent step includes at | east one neasurenent sweep|ot—a—vettage
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ach of said neasurenent sweeps is adapted to trigger the
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net hod acco

ce
? to claim sal measur eneht s I'ncl udes a
metabo

ite, hormone, pharmacological agent, tranquilizer,
barbiturate, alkaloid, steroid, vitamin, amino acid,
sugar, non-biological polymer, synthetic organic
molecule, organometallic molecule, inorganic molecule,
biotin, avidin or streptavidin. In one example, the
reagent isan electrochemilﬁminescent moiety conjugated to
an antibody, antigen, nucleic acid, hapten, ligand,
enzyme, biotin, avidin or streptavidin. The reagent may
be the analyte of interest conjugated to an
elecfrochemiluminescent chemical moiety or an analog of
the analyte of interest conjugated to an
electrochemiluminescent moiety.

The electrochemiluminescent chemical moiety may
comprise, for example, a metal-containing organic
compound wherein the metal is selected from the group
consisting of ruthenium, osmium, rhenium, irridium,
rhodium, platinum, palladium, molybdenum, technetium and
tungsten.

The above discussion illustrates the broad
applicability of ECL measurement techniques to many
different analytes -of interest and the different methods
and assays for qualitatively and quantitatively
detecting their presence in the multicomponent, liquid
sample. For a fuller description of these ECL
techniques, reference should be made to our EP-A-0265519.

As noted above, these ECL techniques may
include the detection of a multiplicity, that is, two or
more, analytes of interest in the same sample. When the
ECL. measurements are being quantitatively performed, the
measurement should be precise and accurate. The

precision of the measurement refers to its repeatability[
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plurality of said neasurenment sweeps. 11. An apparatus for] ijn-situ A ¢
pperation of a working electrode of a cell adapted to neasurle| 2 1MAY 1999
el ectrochem | um nescent phenonena by measuring the intensity of
el ectromagnetic radiation (light) emiised by an el ectrochem |l umMESCENT
reagent capabl e of being induced to repeatedly emt el ectronagnetic

radi ati on upon exposure to an anount of el ectrochem cal energy froma

$ui t abl e s@@rcehenisery an e higedened e agritude angpest taey- eni t

adi ati on ¢eFREREYNIIkfB)ari@lels .ME@ASs 120d TOHhGONGHGORBeABs are _
el ectrochem,| um, lgsce&% rreasuregenf‘ of _the int evn5|tt.y of the el ectromagnetic
fadi ati on ﬁlilgﬁtlg‘ & T2 FIRPS RS SPBCY TR TR éS8%nt reagent and
adapted to receiyhgth® Mavk dehilidiRRRE i acbdtlian® fkihie aSPeRCfiRIre ERARTerltind)
associated with said cell means and adapted to be exposed to a solution

Wi t hi n sai dheselis prexigad a methods for inysitur epeEasion ©f Awearking lectseds o ¢6Y adapted to
gequenti al | cl | ' [t 1Qni t y@n ; ; e
qeauent| al easfeC| RAMLIRTAANHAAR: POl ') Alasih He" iARRNG TR MRle
electromagnetic radiation (light) emitted by an electrochemiluminescent reagent capable of

being induced to repeatedly emit electromagnetic radiation upon exposure to an amount of
electrochemical energy from a suitable source effective to induce the reagent to repeatedly
emit radiation, comprising the steps of: .

(@) cleaning and conditioning said working electrode by applying a variable
voltage thereto in the presence of at least one solution;

®) terminating said step of cleaning and conditioning by varying said variable
voltage in a predetermined direction to reach a predetermined preoperative.
potential;

(c) starting a measurement step directed to measuring the intensity of the
electromagnetic radiation (light) emitted by the electrochemiluminescent
reagent at a time when the predetermined preoperative potential has already
been established and at a time before the voltage applied to said working
-electrode has been varied relative to said preoperative potential; and

(d) wherein said working electrode is continuously 'exbosed to a sample solution
containing said electrochemiluminescent reagent when the measurement step
is started and throughout the duration of the measurement step and wherein
the voltage applied to- said working electrode is varied relative to said
preoperative potential throughout the duration of the measurement step.

In a development of this method, the
measurement step may start as soon as the variable
voltage reaches the preoperative potential to terminate
the step of cleaning and conditioning, or the step of

termihating may be followed by a ‘step of continuously

holaing the working electrode at the preoperative -
potential until the start of the measurement step. The
working electrode may also-be contiuudusiy exposed to
solution while being continuously held at the
preoperative potential. If the working electrode is

formed of a selected metal, the step of cleaning and
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of gold. The redox state may also be selected for the

particular sample solution. The step of cleaning and
conditioning may include passing pulses of a cleaning
solution separated by pulses of air across the working
electrode, and one solution may be a cleaning and
conditioning solution.

The step of cleaning and conditioning may be
separated into a step of cleaning the working electrode
by applying a first variable voltage thereto in the
presence of a cleaning solution and a step of
conditioning the working electrode by applying a second
variable: voltage thereto in the presence of a
conditioning solution. The measurement step may include
at least one measurement sweep of a voltage applied to
the working electrode while the same is exposed to the
sample solution, with each measurement sweep being
adapted to trigger luminescence in the sample solution.
The measurement step may include two or more of such
measurement sweeps.

In accordance with this aspect of the present invention, there is provided an apparatus
for in-situ operation of a working electrode of a cell adapted to measure
electrochemiluminescent phenomena by measuring the intensity of electromagnetic radiation
(light) emitted by an electrochemiluminescent reagent capable of being induced to repeatedly
emit electromagnetic radiation upon exposure to an amount of electrochemical energy from
a suitable source effective to induce the reagent to repeatedly emit radiation comprising:

(@) cell means (12) for conducting an electrochemiluminescent
radiation (light) emitted by the electrochemiluminescent reagent and adapted to

receive a solution therein;
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selected voltage signals to said working electrode means throughout the
different time periods associated with operation of the apparatus said
voltage control means including step control means for terminating a
conditioning operation by varying the applied voltage signal in a
predetermined direction to reach a predetermined preoperative potential,
said voltage means being capable of: {1) supplying a first voltage signal to
saic-l working electrode during an electrochemical cleaning operation
during which said cell means contains the cleaning solution; {(ii) of
supplying a second voltage signal to said working electrode during an
electrochemical conditioning operation dufing which said cell means
contains the conditioning solution; (iii} of terminating said conditioning
operation by varying the applied voltage signal in a predetermined
direction to reach a predetermined preoperative potential prior to the
introduction of the sample solution; and {iv) of subsequeﬁtly varying the
voltage signal applied to said working electrode means from said
preoperative potential, wherein, subsequent to being provided into the
cell, the sample solution will be subject to a measurement step during
which the intensity of the electromagnetic radiation (light} emitted.by the

electrochemiluminescent phenomena will be measured.

In this apparatus the voltage control means may
continuously hold the working electrode means at the
preoperative potential from the termination of the
conditioning operation until the start of the measurement
step. '

The above-described aspect of the present
invention wherein the working electrode can be cleaned
and conditioned in-situ to provide controllable initial
conditions is closely related to another aspect of the
present invention taking advantage of the flow-through
construction. .
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measur ement step. 15. Appar at us accordildg to claim 13, wherein said redox

state is a reduced state and this reduced state is naintained by said
br eoperative potential until the start of said nmeasurenent step.

«Turning now to the drawings and initially to
Fig. 1 thereof, an advantageous ECL apparatus 10 is
adapted to perform the methods according to the present
invention. It will become apparent from the discussion
below that the methods according to the present invention
are not limited to application in apparatus 10, but
rather may advantageously be employed in all types of ECL
apparatus utilizing a working electrode or other
triggering surface to provide electrochemical energy to
trigger the analyte of interest into
electrochemiluminescence. However, apparatus 10 is a
flow~through cell, which provides distinct advantages for
all types of samples including binding assay samples.

Apparatus 10 includes an electrochemical cell

-12, a light detection/measurement device 14, which may

advantageously be a photomultiplier tube (PMT),
photodiode, charge coupled device, photographic film or
emulsion or the like, and a pump 16, which is
advantageously a peristaltic pump, to provide for fluid
transport to, through and from cell 12. Alternatively, a
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positive displacement pump may be used. A shutter
mechanism 18 is provided between cell 12 and PMT 14 and
is controllably operated to open only so far as to expose
PMT 14 to cell 12 during ECL measurement periods. _
Shutter mechanism may be closed, for example, during
maintenance. Also included in apparatus 10 but not
illustrated in Fig. 1 is a lightproof housing intendea to
mount the various components therein and to shield PMT 14
from any external light during the ECL measurements.

CelY 12 itself includes a first mounting block
20 through which passes an inlet tube 22 and an outlet
tube 24, which may be advantageously constructed of
stainless steel. Mounting block 20 has a first, outer
surface 26 and a second, inner surface 28 defining one
side of a sample-holding volume 30 of cell 12 in which
cell 12 holds the cleéning and/or conditioning and/or

measurement solutions during corresponding operations of
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apparatus 10. Inlet and outlet tubes 22, 24 pass through
mounting block 20 from outer surface 26 to inner surface
28 and open into sample-holding volume 30. A second
mounting block 32, advantageously constructed of
stainless steel also has a first, outer surface 34 and a
second, inner surface 36. Second mounting block 32 is
separated from first mounting block 20 by an annular
spacer 38, advantageously constructed of Teflon or other
non-contaminable material. Thus, outer surface 34 of
mounting block 30 defines part of the second side of the
sample-~holding volume 30. Spacer 38 has an outer portion
40 and a central aperture 42 whose inner edge 44 defines
the side wall of sample-holding volume 30. Outer portion
40 seals the inner surface 28 of first mounting block 20
to outer surface 34 of second mounting block 32 to
prevent any solution from passing out from sample-holding
volume: 30. between the two surfaces 28, 34. Mounting
block 32 further has a central aperture 46 in which a

This is the replacement sheet
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measurement solution was flowing as compared with
stagnant measurements.

Although embodiments of the Present invention
have been described in detail herein with reference to
the accompanying drawings, it will be apparent that the
invention is not limited thereto, and that various
changes and modifications may be effected therein by one
skilled in the art without departing from the
scope of the invention as defined in the appended claims.
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Claims
1. A method for in-situ operation of a working electrode of a cell adapted to

measure electrochemiluminescent phenomena by measuring the intensity of
the electromagnetic radiation (light) emitted by an electrochemiluminescent
reagent capable of being induced to repeatedly emit electromagnetic radiation
upon exposure to an amount of electrochemical energy from a suitable source
effective to induce the reagent to repeatedly emit radiation, comprising the

steps of:

(a cleaning and conditioning said working electrode by applying a
variable voltage thereto in the presence of at least one solution;

(b) terminating said step of cleaning and conditioning by varying said
variable voltage in a predetermined direction to reach a predetermined
preoperative potential;

(c)  starting a measurement step directed to measuring the intensity of the
electromagnetic radiation (light) emiftted by the
electrochemiluminescent reagent at a time when the predetermined
preoperative potential has already been established and at a time before
the voltage applied to said working electrode has been varied relative
to said preoperative potential; and

(d)  wherein said working electrode is continuously exposed to a sample
solution containing said electrochemiluminescent reagent when the
measurement step is started and throughout the duration of the
measurement step and wherein the voltage applied to said working
electrode is varied relative to said preoperative potential throughout the

duration of the measurement step.

" 2. A method according to claim 1, wherein said measurement step starts as soon

as said variable voltagereaches said preoperative potential of step (b).

e i e
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A method according to claim 1 or claim 2, wherein said working electrode is
formed of a selected metal and said predetermined preoperative potential of
step (b) corresponds with the selected metal being in a redox state chosen for

said selected metal.

A method according to claim 3, wherein said redox state is an oxidized state
and this oxidized state is maintained by said preoperative potential until the

start of said measurement step.

A method according to claim 3, wherein said redox state is reduced state and
this reduced state is maintained by said preoperative potential until the start of

said measurement step.

A method according to claim 3, wherein the redox state is chosen in

accordance with a sample solution to be used.

A method according to any of claims 1 to 6, wherein said step of cleaning and
conditioning further includes passing pulses of a cleaning solution separated

by pulses of air across said working electrode.

A method according to any one of claims 1 to 7, wherein said step of cleaning
and conditioning further includes the step of cleaning said working electrode
by applying a first variable voltage thereto in the presence of a cleaning
solution and a step of conditioning said working electrode by applying a

second variable voltage thereto in the presence of a conditioning solution.

A method according to any one of claims 1 to 8, wherein said measurement
step includes at least one measurement sweep of a voltage applied to said
working electrode in contact with said sample solution, and each of said
measurement sweeps is adapted to trigger the electrochemiluminescent reagent

in said sample solution.
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A method according to claim 9 wherein said measurement step includes a

plurality of said measurement sweeps.

An apparatus for in-situ operation of a working electrode of a cell adapted to
measure electrochemiluminescent phenomena by measuring the intensity of
electromagnetic radiation (light) emitted by an electrochemiluminescent
reagent capable of being induced to repeatedly emit electromagnetic radiation
upon exposure to an amount of electrochemical energy from a suitable source

effective to induce the reagent to repeatedly emit radiation comprising:

(a) cell means (12) for conducting an electrochemiluminescent measurement
of the intensity of the electromagnetic radiation (light) emitted by the
electrochemiluminescent reagent and adapted to receive a solution therein;

(b) working electrode means (54) associated with said cell means and adapted
to be exposed to a solution within said cell means;

(c) fluid transport means for providing, sequentially, a cleaning solution, a
conditioning solution and a sample solution to said cell means;

(d) voltage control means (66) connected to a voltage source for supplying
selected voltage signals to said working electrode means throughout the
different time periods associated with operation of the apparatus said
voltage control means including step control means for terminating a
conditioning operation by varying the applied voltage signal in a
predetermined direction to reach a predetermined preoperative potential,
said voltage means being capable of: (i) supplying a first voltage signal to
said working electrode during an electrochemical cleaning operation
during which said cell means contains the cleaning solution; (i) of
supplying a second voltage signal to said working electrode during an
electrochemical conditioning operation during which said cell means
contains the conditioning solution; (iii) of terminating said conditioning

operation by varying the applied voltage signal in a predetermined
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direction to reach a predetermined preoperative potential prior to the
introduction of the sample solution; and (iv) of subsequently varying the
voltage signal applied to said working electrode means from said preoperative
potential, wherein, subsequent to being provided into the cell, the sample
solution will be subject to a measurement step during which the intensity of
the electromagnetic radiation (light) emitted by the electrochemiluminescent

phenomena will be measured.

Apparatus according to Claim 11, wherein after the preoperative potential of
step (d) is reached said voltage means (66) continuously holds said working
electrode means at (54) at said preoperative potential until the subsequent start

of the measurement step.

Apparatus according to Claim 11 or Claim 12, wherein said working electrode
is formed of a selected metal and said predetermined preoperative potential of
step (d) corresponds with said selected metal being in a redox state chosen for

said selected metal.

Apparatus according to claim 13, wherein said redox state is an oxidized state
and this oxidized state is maintained by said preoperative potential until the

start of said measurement step.

Apparatus according to claim 13, wherein said redox state is a reduced state
and this reduced state is maintained by said preoperative potential until the

start of said measurement step.
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METHOD AND APPARATUS FOR CONDUCTING
ELECTROCHEMILUMINESCENCE MEASUREMENTS
ABSTRACT
A method and apparatus (10) for conducting

electrochemiluminescence (ECL) measurements which
control the initial conditions relating to the surface
state of a triggering working electrode (54) by
reproducibly creating and maintaining a favourable
surface condition so as to enhance the precision and
detection limit of the wmeasurements. Assays are
performed with ECL detection in a flow-through cell
(12) environment and the precision and detection limit
are enhanced by alternating initialization and
measurement steps.

Figure 1
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