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METHOD AND APPARATUS FOR CONDUCTING
ELECTROCHEMILUMINESCENCE MEASUREMENTS

FIELD OF THE INVENTION

The present invention relates to electrochemi-
luminescent (ECL’ phenomena and more particularly relates
to a system and methods which improve Fhe detection limit
and precision of an ECL measurement using an apparatus

adapted to measure electrochemiluminescent phenomena.

BACKGROUND OF THE INVENTION

Electrochemiluminescent measurement technigues

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
détection 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 amcunt of a
reactant which is conjugated with a chemiluminescent
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 labeléd reactant
bouné to analyte and the unbound fraction is the
remaining unbound reactant. The CL measurement is then
taken. One or both fractions are chemically cauééd‘to
luminesce, for example by the addition of an oxidant to
the fractiens. The bound and unbound fractions of the
labeled reactant'will emit different amounts of light.
The measured le§el of chemiluminescence at the specific
wavelength is indicative of the amount of the bound
and/or unboupd fraction, respectively, and from such
measurements one'skiiled in the art can determine the
amount of analyte in the sample. US-A-4280 815 describes an
electrochemiluminescence method including a binding assay

using a flow through cell arrangement.
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Electrochemiluminescent (ECL) detection
techniques provide & sensitive and controllable
measurement of the prescnce and amcunt of an analyte pf
interest. In ECL techniques, the incubated sample is
exposed to a voltammetric working elecérode, that is, an
electrode to which a voltage is applied and from which &
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 fielgd
alone as in EC, but rather, electrochemiluminescence is
triggered Sy 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 accuiacy and precision of this
measurement.

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 measurement results which are reproducible within
very strict limits. The chemistry involved in the ECL
compounds, the analytes of interest and/or the buffer
solutions in which they appear is highly complex. The
ECL compounds must react with -a precursor component sc as
to emit light. While the general nature of the chemical
changes and reactions which occur during the ECL
measurement process is currehtly helieved to be known,
the specific nature is not known with sufficient accuracy
to permit the theoretical prediction of all factors which
cont;ibute to each measurement and to what extent they

contribute and/or combine.
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Nevertheless, it would.be highly advantageous

to provide an apparatus whose operation is contrxollable

.so that at least the initial cond@itions foxr each

measurement are exactly and precisely obtalned. ' One

'agpect of the control of the initial conditions relates

to the surface condition of the working clectrode which
trigéers the ECL reaction. EC technidues may include
cleaning and conditioning the surface of the working
electrode so as to improve its measurement of current.

Techniques which improve the measurement of

current in conventional EC techniques are not necessarily

desirable or useful for ECL technigues. The initial
conditions for ECL measurements must meet different
criteria. The analysis of results for clearing by
conventional EC technigues are based on the curxent
response, where ECL techniques use the criteria of light

intensity to evaluate the results.

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
clectrode surface and in what manner .that redox stafe is
achieved and maintained. Conventional procedures for
cleaning and/or conditioning solid voltammetric working

electrodes have involved, for example, flaming,

"polishing, roughening the electrodes, usvally 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



following the conventional cleaning/conditioning
procedures. Additionally, when ECL techniques are
performed on biological sample matrices, for example,
serum oxr plasma based samples, some of the biological

molecules may react with the working electrode during a

measurement and cause electrode fouliny.

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
is introduced into the ECL measurement cell and.the'usg'
and operation of the working electrode therein.
Previéusly ECL measurements of samples with complex
biological or biochemical components, were pcrformed oniy
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

It is an object of the present invention to
provide a method for measuring an assay sample of a
biological matrix by conducting the measurement and/or
quantitation steps of the assay in a flow-through ECL cell

according to the wording of claim 1.



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 accompanying
drawings, throughout which like reference numerals denote

like elements and parts.

BRIEr DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side cross-sectional view of an

embodiment of apparatus relating to .the present
invention;
Fig. 2 is a block diagram of a voitage control

connectable to the apparatus of Fig. 1;

Fig. 3 is a signal diagram illustrating
exemplary voltage signals applicable relaﬂing to
the present invention;

Fig. 4 is a signal diagram of a voltage signal
relating to the present invention;

Fig. 5 is a signal diagram of another voltage

relating to the present invention.



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

environment; and
Fig. 7 is a plot of data from a Pt/TPA

-environment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed towards
a method of conducting an assay in a biological matrix

in an ECL cell.
The ECL technique developed by employees of the

assignee of the present application and under an
obligation of assignment thereto is a method of detecting
in 2 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
repeatedly emit electromagnetic radiation upon exposﬁre
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 andlyfe
of interest, the contact being effected under appropriaté
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
induce the reageﬁt to repeatedly emit electromagnetic
radiation; and c) detecting electromagnetic radiation so
emitted and fhereby detecting the presence of the analyte
of interest in the sample. , '

'The methods provided in this ECL technique may °

be performed in heterogeneous assays, i.e., assays in



which unhound labeled reagent is separated from bound
labeled reagent prior to exposure of the bound or unbound
label reagent to electroche@ical energy,-énd in
homogeneous assays, i.e., assays in which unbound labeled
réagent and bound labeled reagent are exposed to
électrochemical energy together. In hcrmogeneous acsays
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 componehts 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.electrochenmical
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 é;e well known in the
art and include contacting the sample-with a particular
surface. '

The ECL technigues may be used in a vériety of
detection and quantitative assay formats as are well
known in the art. In guantitative 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
guantitatively determining .the a@ount of an analyte of
interest in a volume of a multicomponent, liguid sample
is performed as follows. The sample is contacted with a



known amouht:oi an electrochemiluminescent reagent which
is capable of competing with the analyte of interest for
binding.sites on a complementary material_nét normally
present in the éample.ana with a known amount of the
complementary material, the contact beihg'efféctéd under
appropriate conditions such that the analyte of interest
and the redgent competitively bind to 'the complementary
material. The resulting sémPle is exposed to
electrochemical enexrgy and the amount of radiation
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 partidle, virus, pfion, viroid,
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
whole cell, subcellular particle, virus, prion, viroid or
nucleic acid present in the samp}é.

Thé sample may be defived from, for example, a
solid, emulsion, suspension, ligquid or gas. Furthermore,
the sample may be derived from, for example, water, food,
blood, serum, plasma, urine, feces, tissue, saliva, oils,
organic solvents or air. Moreover, the sample may
comprise, for example, acetonitrile, dimethyl sulfoxide,
dimethyl formamide, N-methyl-pyrrolidinene or tert-butyl
alcohol. The sample may comprisé a reducing agent or an
oxidiziﬂg agent.l

The reagent which is contacted with the sample
may comprise, for example, an electrochemilumihescent
chemical méiety conjugated to a whole cell, subcellular
particle, Qirus, prion, viroid, lipid, fatty acid,
nucleic acid, polysacchariée,-prbtein, lipoprotein,



lipopolvsaccharide, glycoprotein, peptide, cellular
metabelite, hormone, pharmacological agent, tranquilizer,
barbiturate, alkaloid, steroid, vitamin, amino acid,
sugar, non~biolo§ical polymer, synthetic organic
-molecule, organometallic molecule, inofganic molecule,
biotin, avidin or streptavidin. 1In one example, fhe
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 mciety 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 technigues to many
different analytes cf interest and the different methods
and assays for gqualitatively and guantitatively
detecting'their presence in the multicomponent,'liquid

sample. For a fuller description of these ECL techniqués,

reference should be made to our EP-A-0265519.

As noted above, these ECL technigues may
include the detecticn of a multiplicity, that is, two or’
more, analytes of interest in the saﬁe sample. When the
"ECL ‘measurements are being quantitétively performed, the

measurement should be precise and accurate. The

precision of the measurement refers to its repeatability,



that is, the -extent to which a measurement with the sane
initial conditions and the same sample will produce the
same result. The accuracy refers to the closcness of the
measured concentration to the actual cpncentration. In

order to enhance the precision of such ECL measurements,

the electrode supplying the electrochemical energy is
conditioned 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 cn the

working electrode so as to trigger

electrochemiluminescence. This known voltage waveform is

freguently 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 cheﬁically change in a thin layér_adjacent

the working electrode 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
aforementioned European patent publication, may

cr 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:



11

ragtt, gt o+ o7 (1)

Thls reaction is known to take place only in the’ thln_
" layer of =dmple flUld immediately touching ‘the electrode
surface. _

The -oxidized TAG (TAG 3+) will luminesce if it
éan'react:with a strong reductant P° whicﬁ is able_tq
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
precursoxr P, which may advantageously be oxalate or
tripropylamine (TPA), as discussed in detall below. The
energy from the electrode causes first the ox1datlon of -
‘the precursor P as follows: ’

P-—>P++ e (2)

Then the oxidized precursor'P+ can rearrange
unimolecularly to give the strong reductant p°:
+
P —> p° (3) .

The reactions of equations (1), (2) and (3) all
occur during a portion of the measurement sweep when the
voltagg at the working electrode reaches a triggering

.. + -
value. Now the TAG ' reacts chemically with the -

reductant P° to yield TAG 2*. in an electronically
excited state denoted with an asterisk (*) as followq
3+
TA + P-—; TAG2+ + Py (4)

where P is a modified precursor whlch is not reactive as
R + %

in equatlon {(2). The excited TAC now lumlnesqe, that
is, it emits light as follows:

+~A
2t mag?t + heys (5)

where h is Planck's constant, ¢ is the speed of light and

is the wavelength of the emitted light.
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While "the ahove qualitative description is
believed to be accurate, the guantitative nature and
effect of these reactions on the ECL measurement is

unknecwn.
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 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
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

. foulinag 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
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 aré forced through the cell and across the.working
electrode. Furthermore, as in the embodiments 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
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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 electrocheﬁicdl voltage
waveform during the simultaneous exposure of at least the
working electrode to a conditioning solution. This
conditioning solution may or ﬁay not be different from
the cleaning solution. Also, the condifioning 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 subseguent 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 hlank measurement
buffer.

"MEASUREMENT" .

This term refers to the detection and

subsequent guantitative or qualitative measurement of
electrochemiluminescence from a desired chgmicai, which
may be the analyte of interest. 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
conditidning solutions. Examples of the measurement.
solution are the buffer constituents present in the
particular examples of ECL chemistries disclosed below.
The analyfes of interest are generally presented in
measurement solutions selected for the purpose of

enhancing the ECL TAG light output, diminishing the
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TAG-free light output, aiding in measurement
reproducibility and providing <eneral detergent wetting.
- "ﬁLECTROCHEMlCﬁL CONTRIBUTIONS"
The electrochemical contributions to the

cleaning and/or conditioning aspects of.the_tétal
sampling cycle include any combination 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. 1In these voltage waveforms, there are at least
three potentials of interest: an upper limit voltage, a
lower limi£ 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™

Thi; environment uses a platinum (Pt) working

eleﬁtrode. The precursor is oxalate, which is a water
soluble salt of oxalic _acid, advantageously a-sodium or -
potassium salt. The oxalate is comnined in an agueous
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 aqueous-buffered solution with a

conditioner/surféctant.

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



TPA chemistry may be broadened to include any of the

tertiary alkyl amines. These and other- env1r0nments are

all within the sccpe of the present invention.

Using the above definitions, a method for

in-situ operation of a working electrode of a cell

adapted to measure electrochemiluminescent phenoména
comprises the steps of (a) cleaning and conditioning the
working electrode by applying a variable voltage thereto
in the presence of at least one solution, (b) terminating
the step of cleaning and conditioning by varying'the
variable vdltége 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 thé preoperative
potential.

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
texminating may be followed by a step of continuously
holding the working electrode at the preoperative
potential until the start of the measurement step. The-
working eleEtrode may also be continuously 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 malntalned 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 yorking electrode is formed

of gold. The redox state may also be selected for the
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particular sampie solution. The step of cleaning and
cenditioning may include passing pulses of a cleaning
solution'seﬁarated.by pulses of air across’ the woerking
electrode, and one soclution may be a cleanlng ana
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
coﬁditioning 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 luhinescence in the sample solution.
The measurement step may include two or more of such

measurement sweeps.

An apparatus for in-situ operation of a

working electrode of a cell adapted to measure
electrochemllumlnescent phenomena comprises cell means
for conductlng an electrochemllumlnescent measurement and
adapted to receive a solutlon 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 previding a2 selected solution tc the
cell means. The apparatus further comprises 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
cleanlng operation during whlch the cell means has at
least a’ cleaning solution thereln and a condltlonlng
operation during which the cell means has at least a

conditioning solution therein, the voltage control means



includiﬁq step control means for terminating the
conditioning operation by varying the applied voltage
signal in a predetermined direction to reach a
predetermined preoperative potential, the step control
méans controlling the fluid transport means to provide a
sample solution-to the cell means for a measurement step
before the voltagé control means varies the voltage
signal applied to the working electrode means from the
preoperative potential.

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 wherein the working
electrode can be cleaned and conditioned in-situ to provide
controllable initial conditions is closely related to
another aspect taking advantage of the flow-through
construction. This aspect includes a method of
conducting an assay in a bidlogical matrii, which method
compriées,the steps_of {;).flowing a.solutibn which
includes a sample of biological matrix-and an
electrochemiluminescent- moiety into a flow-through cell
including a source of electrochemical enrergy, (b) |
exposing the source to the solution; (c) operating the
source to expose the solution to an amount of.
electrochemical energy so as to induce tﬁe moiety to emit
electromagnetic radiation, (d) detecting the-intensity of
emitted electromagnetic radiation and (e) flowing the
solutibn out of the cell. Advantagecusly, the source
includes a working electrode. The aSsay“may be a binding
o assa& or, more particularly, an immunoéssay,-and the ECL

moiety may be bound or free.
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More broadly, this aspect 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 sclution to an amount
of electrochemical energy so as to induce the moiety to
‘emit electromagnetic radiation, (c) detecting the
intensity of emitted élgctromagnetic 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 tertiary alkyl amine
componenﬁ.advantageously may include tripropylamine, the
electrochemical energy may be applied by a gola_or
platinum working electrode, and the solution may be
flowing during the step of inducing ECL.

In accordance with another aspect 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
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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and (b) measuring electrochemiluminescence of a moiety,
Qhefe the step of measuring includes flowing a second
solution including ‘a first one of the samples into the
.cell,'exposing the working electrode';o the'seéonq
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:fléwing the secbnd solution out of this
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 §ame as the
second solution or it may be different from the second
solution.

Turning now to the drawings and initially to

Fig. 1 thereof, an advanfageou; ECL apparatus 10 is

adapted to perform the above methods is described. It will
become apparent from the discussion below that the above

methods are not limited to application in apparatus 10, but

rather may advantageously be émploYed in -all types of ECL
apparatus utilizing a working electrode or 6tber i
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 coupleé device, photographic film or
emulsion or the like, and .a puﬁp_ls; yhich is
advantageousiy a peristaltic pump, to provide for fluid
transport to, through and from cell 12. Alterﬁativelyr a
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positive displacement pump may be used. A shutter
-mechanism 18 is prcvided between cell 12 and PMT 14 and
is contrcllébly operated to open only so far as to expose
PMT 14 to cell 12 dﬁring ECL measuremept.peridds.
Shutter mechanism may be closed, for example, during
maintenance. Also included in apparatus 10 but not
illuétrated in Fig; 1 is a lightproof;hbusing.intended to
mount the wvarious components-therein and to shield PMT 14
from any external light during the ECL measurements.

Cell 12 itself includes a first mounting block
20 through which passes an inlet tube 22 and.én.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 outletltubes 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 a#nd 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 secon@ side of the
sample-holding volume 30. Spacer 38 has an oufer 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_paésing out from samplé-holding
volume 30 between the two surfaces 29, 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 sﬁrfaée 34. Window 48 is formed of a material
which is substantially tranéparent at the Wavélength of
electrochemiluminescent light emitted by the ECL meiety.
Window 48 is therefore advantageously formed of glass,
plastic, quartz or the like. '

Inlet tube 22 intersects sample-holdlng 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 tubé'ZZ, sample-holding volume 30
and outlet tube 24 thereby providés 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
bleck 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 eleEtrodes 56,
58 are solid voltammetric electrodes and may therefore be
advantageously constructed of platinum, gold, carboné or
other materials which are effective for this purpose.
Wire connectors 60, 62 connected to'working electrodes
56, 58, respectively, pass out through firét 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
5dvantageously operates in the manner of a potentiostat
to supply voltage signals to workinghelectrodes 56, 58
. and optionally to measure current flowing therefrom




during an ECL measurement. Alternatively, connectors €0,
62 mav 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 elegtfode 68 consists
in exposed surfaces 72, 74 of mounting block 32. Counter
electrode 72, 74 and working electrodes.SG,_SB provide
thé interface to impress the potential on the solution
within sample-holaéng 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 wé;king
electrodes 56, 58 is réferred, for example, +1.2 volts
versus the reference. Reference electrode 70 is
advantageously located in outlet tube 24 at a position &0
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, knoyn and stable-
voltage and is therefore advantageouély constructed of
silver/silver chloride (Ag/AgCl) or is a saturated
calomel electrode (SCE). Voltage control 66 may be
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operable in a two electrode mode of operation using only
working electrode 56 and electrode 58 as a '
counter/reference eléctrode.:}In this -two electrode mode
of operation, counter/reference electrode 58 is
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 éignals to working and
counter elect;odes 56 and 58 and optionally measures the
current flowing through the respective eléc@;bdés.
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, yet one that is measurable with
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 refercnce is currently considered to
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 méasuring
the current flow between working electrodes 56, 58 and
counter electrode 72, 74. Potentiostats for this purpose
are well known, and the internal structure'of voltage
control 66 may therefore correspond to any of the
conventional, commercially available potentiostats which
produce the above-reciting functions -and so does not form
a part of the present invention per se. Indeed,
apparatus 10 may alternatively be constructed wighout an
internal voltage control 66, and may be adapted to be
connected to an external potentiostat which is separétely
controlled for providing the required voltage signals to
electrodes 56, 58, 72, 74 and 70. These voltage signals,
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applied in a specific manner as described below, prcvide
repeatable initial conditions'for the surfaces of working
electrxodes 56, 58 and advantageously for the =urfaces of
cell 12 as a whole, a feature which contributes
significantly to 1mproved precisicn 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 flow through inlet tube 22, sample-holding volume 30
and outlet tube 24 past reference electrode.70 and out in
the direction of arrow B. Alternativély, 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
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
suspeﬁd its operation to hold a particular solution in

cell 12 for any period of time.

It has been found that the typeé of

chemical /mechanical environments defined above permit the

measurement of ECL phenomena in assay samples- of
biological matrices using a flow-through cell, such as
cell 12, without destroying the advantageous results
available using the cleaning/conditioning routines
described below. Such assays include immuﬂoassays in
which the analyte of interest is an antibody or antigen.
Other assays include, for example, binding assays such as
- avidin-biotin (pretein binding), lectin-carbohvdrate,
receptor-ligand and nucleic acid hybridizations. The
sample itself need not be fully reacted, i.e., it need
not be at equilibrium. The complex éhemical/biological

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
£low-through cell, however, is not easily taken apart for
cleaning, and yet ECL measurements with improved precision
of such assay samples are indeed possible, by including

the effective cleaning and conditioning operatidns which
make such assays of "dirty" samples viable in the '

flow-through environment.
The flow-through construction permits working

electrodes to be impressed with a variable §oltage or tqQ
be continuously held at a preoperative potential vwhile
being continuously exposed to one or more solutions, that
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
conditions on working eléctrodes 56, 58 which the
advantageous cleaning/conditioning methods-described

below are intended to achieve.
Further, the flow-through construction pérmits

the rapid alternation between initializing steps, in
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
in the TPA solution with platinum working electrodes are
enhanced when the sample solution continves to flow past
working electrodes 56, 58 during the measurement step and
when an upper limit vqitage} defined below, is '’
sufficiently high. The discovery that the light emission
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was enhanced in a flowing PL/TPA env1ronment was both
unexpected and sta*tllng. '
Turnlng now to Figs. 3-5, some Of the types of
"voltage signals which may be applied by.vgltaﬁe contrcl
66 are illustrated in Fig. 3. These voltage signals may
include pulse Eignals, as illustrated in Secticn A of -
Fig. 3; triangular sweep signals as illuetratea in
Section B -and truncated triangular signals as
‘'illustrated in Section C. Other waveforms, 1nclud1ng
cons tant voltages, sawtooth signals and asymmetrlc
51gnals may also be used. As shown in Fig. 3[ the
various types of pulse signals vary between an upper
limit voltage V_  and a lower limit voltage v,.
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 _
aqueous solution if the voltage becomes too positive with
respect to the reference e;ectrode. Although the three
types of signals illustrated in Fig. 3 all have the same
uppef and lower limit voltages Vu, Vl’ it will be
understood that the particular voltage signal may include
individual ‘wave forms with differéent upper ‘and lower -
voltage limits. Furthermore, while in Fig. 3 fhe upper
voltage limit Vi is shown as a positive veltage and the
lower voltage’ limit Vl is shown as a negative voleage,
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 ;pplied to
working electrodes Sé, 58 from voltage control 66. It
will be understood that the voltages illustrated in Fio.
3, as well as Figs. 4‘and 5, are the voltages appearlng
at. working electrodes 56, 58 with respect to reference
-electrode 70.. All voltages given below,are_referenced to

Ag/AgCl.
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Fig. 4 illustrates an advantageous variable
voltaqe =1gnal which may be applied to working electrodes
56, 58 in the Pt/oxalate environment. In this
embodlment, a 51ngle solut;on of oxalate 1s used for both
- the cleanlng and conditioning aspects.’ .

As shown in Fig. 4, the voltage signal 1ncludes
‘an 1n1t1al portion extending from time t, to time ty
during a cleaning operation. This cleaning portion .
includes two cycles of a pulse signal extending from -0.7
volts to +1.5 volts. Thereafter, durlng a conditioning
step from time t1 to t2’ -the working electrodes 56, 58,
.together with other surfaces of cell 12 are condltloned
by the appllcatlon of a constant conditioning potential
of +1.5 volts. This conditioning step is terminated by
.moving the potential in a downward direction at_time t,
to reach a predetermined preoperative or hold potential,
which in this embodiment is +1.1 volts.. This
preoperative potential, and hence the redox state, may
then be held by voltage control 66 for any period of time
until a measurement step begins. From time tz until ts
when the measurement step then begins, the conditioning

fluid retained in cell 12 is replaced by introducing the

sample fluid. The applied voltage from voltage control 66 is
not varied before the measurement step begins. It has been found

that by terminating the conditioning step by moving the

applied potential in a predetermined direction, here
downwardly, to reach a predetermined operatlve potential,
here +1.1 volts, and by thereafter not varying the
worklng electrodes 56, 58 from that pre- operatlve
potent1a1 until the measurement step begins,’ the ECL

- measurement ‘is more precise and provides more sensitive -
detection of ECL phenomena. The meaSurement step may bc.

- considered to begin at any time intermediate times t2 and
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but may most easily be visualized as beginning at

t
3!
with the actual recording of data taklng place

time t3
durlng a measurement window indicated between ‘times t4

and t5 ‘when the applied voltage has a mdqnltude such as

to trigger ECL.

=

A second embodiment of the method is illustrated
in Fig. 5, when a particular voltage signal applied during the

cleaning/conditioning/ measurement operations is adapted
for the Au/TPA environment. In this emﬁodiment, the
cleaning, conditioning and measurement solutions are all
different. Specifically, at time te the cleaning step
begins and a cleaning solution of sodium hydroxide (NaOH)
is introduced into cell 12. The voltage is held at a
constant value of 0 volts, until time to. 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 tg and is
held there until time th' At an intermediate time t9
between time t8 and time th' the cleaning solution is
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'interést is
provided to cell 12. At time tior approximately two
periods of a triangular waveform are applied for the
conditioning step, beginning 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
volts at time tll' Wozking‘electrodes 56, 58 may
thereafter be held at the predperative potential for

. measurement sampie introduction until a time ti1o- "At
that time, -the applied voltage is varied from the
preoperative poteptial in ‘a downward direction to -1.0

volts and thereafter upwardly during the measurement
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step, in which the actual measurement is taken during the

nedsurement window'from time t13 tO time t14

The above two embodiments of the method are
specific to their particular chemical environments, and it
will be understood that alternatives to these two specific
examples are possible. These two embodiments, however, illustrate
aspects by which an advantageous result is achieved. Both

embodiments include cleanlng and condltlonlng steps for
achieving both cleaning and conditioning results.
Furthermore, both embodiments reach their.respecﬁive
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 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 followiﬁg the
selected cleaning and conaitioning steps ié‘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 improve the precision .of
the system. Furthermore, having reached this contrblled
surface state of working electrodes 56, 58, this surface
state may thereafter be maintained for any period of time
until the measurement step begins. By holding the -
applied voltage at the preoperatlve potentlal it is
belleved that the condltloned surface state of working
electrodes 56 58 is thereby maintained without change.
It is believed that fluctuations or VallathDS in the
voltages’ appearing at working electrodes 56, 58 in any
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pfior art system in which a preoperativé position was not
controllably reached and maintained were a cause of the
varlatlon in results and the consequent lack of prec151on
found in ‘the prior art.

Thus, as 1llustrated in dashed lines in Fig. 4,
the measurement step need not necessarily begin at time
, but rather may begin at any earlier time tis '

t
SI
intermediate time t2 and time t3. Indeed, as illustrated

in dashed lines in Fig. 5, the method does not réquire 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
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
in this oxidized condition until the measurement step.

Corréspondingly, in the Au/TPA environment, the
condition of the surface of woiking electrodes 56, 58, at
the termination of the conditioning step is believea to .
be a reduced state and the preoperative potentiél +0.4°
volts is believed to hold the surface at that reduced
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 '
méasurement 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 po‘determine the exact

.values employed.
The tlme which elapses from start to finish of

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
"l millisecond to 40 seconds. Again, one skilled in the
art can determine in any given system the 6ptimuh time
'perioq for each of the respective steps.

Additional examples of the methods will now be
presented with a complete description of the particular

chemical /mechanical environments.
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Examgle I
PT/OXALATF ENVIRONMENT

Methods and Materlals

‘1)

2)

. Solutions

a) Sample Measurement Buffer
Component Concentration Amount/Liter
NaH,PO,~2H,0 0.10M 15.599qg
Oxalic Acid 0.04M 3.602g
Naoﬁ 50% (add to adjust to

' ) pE=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)3Clé
(MW=74%g/mole) in the sample measurement buffer
were prepared from stock solutions of 1mM, 1uM,
and 1nM. Ru (bpy)- is Tris (2,2' - bipyridyl)
ruthenium (II). :

Instrumentation

Three electrode cell operation

al

b)

c)

Flow-Through Cell:
Working Electrode - one or both Pt disks
Counter Electrode -~ stainless steel faceplate

_ Reference Electrode - Ag/AgCl

Teflon Gasket (.030" thick)

Stainless Steel/Plexiglas Faceplate

Inlet Tubing=.042" id polypropylene
Aspiration Rates 2mL/min - -
Potentiostat: o

Princeton Applied Research Model 273
Luminometer:

Berthold Biolumat LBS500 T (photon counting)
PMT=Hamamatsu R374 (low gain red sensitive
tube) ' .

PMT Voltage =+1375V



3)

4)

33

Current and photon output were recordgd_on a Kipp &

Zonen recorder.
Two electrode cell operation-

The only change from the three electrode.
cell opérétion 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/refererce

electrode.
ECL Measurement Cycle (three electrode cell

operation)

a) -~ Cleaning/Conditioning Procedure:
1.0 mL CleaniﬂglConditioning solution was ‘
aspirated into the flow-through ECL cell. With
the solution stagnant, pulses bétween +1.5V and
-0.7vV (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,

b) Sample Measurement Procedure:
With the applied potential held at +1.1V, 1.0mL
sample solution was aspirated into the
flow~-through ECL cell. The flow of sample
solution was: stopped for stagnant measurement.
A mea§ureméht 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 Measﬁrement Cycle (two electrode cell Qperation)

Here the potentials were varied, reflécting the
change in the reference potential. '
a) Cleaning/Conditioning Procedure:
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1.0mI Cleaning/Cénditionipg solution was

- aspirated into thé.fléw-through ECL-éell. With

the solutioh stagnant,'pglsesibetweén +2.2V and
~2.2V (vs. Pt guasi 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
+1.5V. Again, this preoperative potential may
be held until the measurement step begins.
Sample Measurement Procedure:

With the applied potential held at +1.5V, 1.0mL
sample ;olution.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 appiied 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 above method with data taken using a different method to

determine the effect of turning the potentiostat 6ff'
and exposind the cleaned/conditioped'elebtrode to

air and water between cleaning/conditioning and

sample measurement steps.
was an operation of the flow-through cell to

The different method used

simulate a ?beéker" or batch ECL methogd termed "OCC"

for open circuit cleaning. In the above method,

the preoperative potential was maintained until the

measurement step begahw This is termed "CCC" for

closed circuit cleaning.
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a) TwO Eléctrode Mode: This éxperimenf was [irst

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 1003

This data clearly 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 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 watexr. 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 ———

12,350 L m——

12,300  me——-

e Bt Bt S - — e v S G ot G G g e b = T G=n B S Gt G i e G fa Gt tme et - ——

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

Once again, the CCC data displéys 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-

determine, for this particular environment, - the

‘effect of having the sample measurement solution
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either flowing or stagnant during the measurement
step, that is, while the ECL moiéty is being induced
to emit light. The data are as follows.. - '

Flow Rate (mL/min) ECL Courts
0.0 (stagnant) ’ 35,380
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 ECI counts. -
The following is a compafison 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) 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 cIeaning/conditibning {x 1000

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

b) The measurement solution was the TAG in 2%
serum (GIBCO Labs)/98% buffer '. _
i) without cleaning/conditioning (x 1000

counts) :
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3.92, 1.72, 0.36, 0.20
average = 1.55 (111% CV)
ii) with cleaning/conditioning (x 1000 counts):

3.92, 4.25

average = 4.09

In both cases, the measurements with cleaning
and conditioning display noticeably superior preciéion.
It is believed this is due to the controlled initial =
conditions established by the step of ciean}ng and

conditioning being substantially identical before each

measurement step.
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Example II
Au/TPA ENVIRONMENT

Methods and:Materials

1) Solutions _ _
The TPA (tripropylamine) buffer composition was

a)

b)

c)

a)

as follows:
30.8g KHéPO4.H20 ‘
111.4g Na,PO,.7H,0
19.1mL tripropyl amine
pH adjusted to 7.5 with NaOR (50%)
1.0 mL Triton X-100 (TM) - -
(nonionic surfactant)
1.0 mL Tween 20 (TM) (nonionic
surfactant) ’
water added to make 2.0 liter
Calibration solution:
TPA buffer (see above)
TAG (as in Example I}
TAG-Antibody (TAG-ADb)

The antibody was goat anti mouse antibody

obtained from Kirkegaard & Perry Laboratories

Inc. (XPL), 2 Cessna Court, Gaithersburg,

r

MD 20879. The conjugation of antibody to TAG

was via an aldehyde functional group using
normal literature coupling procedures: The
conjugate TAG-Ab was purified.
Cleaning solution:

0.2M NaOH in HZO

' 0.5% Triton X-100

Sample measurement .solution:

TPA buffer (100%)

5% ﬁybridoma growth medium
TAG-2Ab: Rugbpy)BClz(MW=749g/mole) conjugafed
an antibody '

to
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5% hybridoma growth medium (HGM) is a diluted
and ‘modified form.of Iscove's Modified Dulbecco's Media
' (IMDM), obtdined from J.R. Scientific, Inc., One Harter
Avenue, Suite 8, Woodlandy'California;95695. See,
Dulbecco, R. and Freeman, G. (1959) Virology ﬁ, 358,
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
contains 200 ml IMDM (JR Scientific lot C077201), 40 ml
fetal bovine serum (batch 67, HI), 2 ml 5 x 10-3M :
2-mercaptoethanol (batch 39), 2 ml kanamyc1n sulfate
(10,000 mg/ml, lot 13N2672, 4 ml HAT (10 2M hypoxanthlne,
4 x 10_5M aminopterin, 1.6 x 10 3M thymidine; stock

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 operatlon
only)

a) Flow~Through Cell:

Working Electrode - both Au disks

‘Counter Electrode - stainless steel faceplate
Reference Electrode - Ag/AgCl

Teflon Gasket (.030" thick)

Stainleéss Steel/Plexiglas Faceplate

Inlet Tubing = .042" id polypropylene
Aspiration Rates 2ml/min
b) Potentiostat:
_ Oxforq
c) Luminometer:

Berthold Bioluﬁat LB9500.T (photon counting)
PMT=Hamamatsu R3}4 (low gain red sensitive
tube) '

PMT Voltage=+1350V
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The current and photén output were recorded on &
Kipp & Zonen'recdrder.

ECL Measurement Cycle ‘(three electrode cell
operation) i . .
Cleaning/Cenditioning/Sample Mgasurément Procedure:
The total cycle used in obtaining this data included
6 steps, each step using the same ébp@ied voltage
wavéform. Each cycle had two conditioning steps
(with the solution flowing), one sample measurement
step (with the measurément solution flowing or
stagnant), two cleaning steps followed'by-one
conditioning step (with the cbnditiohing solution
flowing). Each steﬁ 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
Secticn 1 for Example I and was taken to determine
the effect of turning the potentiostat off.bétyeen
cleaning/ conditioning and sample measurement steps.
Here the electrode was not exposed to air or wétgrh

The preoperative potential was +0.4v oxidized.
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a) cce |
.Solution ECL Counts
iy TAG-Ab 1720 |

1640
172G
1600
1670

1720 average = 1678
‘ 2 CV = 3.0%
ii) Blank Buffer 62
62
60
63
60 average = 61.4
$ CV = 2.2%



42

b)  occC :
Solution ECL Counts
i) 'TAG-Ab © 1650 '
o 1850
1680
1660

1680 average = 1704
% CV = 4.8%
ii) Blank Buffer 55
51
60
60
67
63 average.= 59.3
s 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. i

To confirm these results, the tests were rerun.
The data were as follows.-

a) cCC

Solution ECL Counts

i) TAG-ab 1527
1527 .
1485
1485
1515
1557
1539
1527
1527 average = 1521 (n = 9)

g Cv'= 1.5%
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ii) Blank Buffer 57
57
57
55
55
55
55
55
55
52
52 average = 55 (n = 10)
_ $ CV = 3.3%
b)  occ |
Sclution ECL Counts
i) TAG~Ab 1801
2470
2541
2368
2505
2028
1945
1408
1491
1503 |
2446 average = 2046 (n = 11)
2 CV = 21.7%
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ii) Blank Buffer
' " 62

52

48

57

48

57

52

52

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
flowing or stagnant during the measurement step.
Here the TAG was Ru(phenanthlollne), which is
Trls(dlsulfonated 4 ,7-diphenyl-1, 10-phenanthroline)
ruthenium (II). The applied voltage waveform was a.
pulse waveform with a lower limit voltage constant
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 énhancement is
seen for the Au/TPA environment when the solution is
flowing. .

3) The following data were taken to determine the
effect of the choice of the preoperativg potentialt
and the choice of diféctioﬁ of approach thereto on
the magnitude of the ECL data, and hehce'iﬁst
detection limit, i.e., the smallest concentfation
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“‘which can be effectively measured. When the
-preoperatlve potential is approached downwardlv
thdt_lp, from a higher voltage, the electrode
éurfaée-is considered to be relatively 6xidizp¢, and,
so the preoperative polential 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 relativelf reduced, and so the
preoperative potential obtained by an upward
approach is labeled ."reduced. _

For these tests, voltage waveforms of the type -
illustrated in Flg. 5 were used. This exact
waveform was used for the oxidized preoperative
petential, 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 solutdion. The blank solution was 100¢%
buffer. The data were as presented in Table 1.
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potential

Table 1

Preop.Pot. E TAG-Ab (S) Blank (B) "S/B S-B

+0.44V . 8107 : 64’ : 127 8043
- oxidized : 2.5% : 4,.7% : :

i0.44V. - 2148 : 59 . 36 2089

reduced : " 3.1% : 5.1% : :

0.00V : 2215 : - 50 : 44 : 2165
~ reduced : "1.3% : 12% : :

~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

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.detectedf

b)

The preoperative potential selected for the
solution of TAG-Ab in 100%-buffer is not

necessarily the .best preoperative pofential'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 tésts were run
with this one change, the data were as

preseﬁted in Table 2.

L T I T R T R Y B Y Y B TR T IR Y ]
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Table é
Preop.Pot. TAG-ADb (s) Blank (B) $/B s - B
+0.44V 2250 . 141 E 16 :_ 2109
oxidized s 7 2.1% : 5.0% : . : .
+0.44V ' : 1984 ; 109 : 18 187%
reduced : 0.8% 3 2.8% : :
0.00V ;1762 : 100 : 18 1662
reduced : 0.8% : 4.0% : :
-0.70v . 2914 : 209 . 14 : 2705
reduced : 1.2% : 5.3% : :

Since the concentration of TAG-Ab was
_unchaﬂged, it might have been expected that the detected
TAG-Ab signal S would. be unchanged. However, now this
signal is reduced to approximately egual to the values
taken for the other preoperative potentials. 1Indeed, 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—throﬁgh
cell. Here the TAG was conjugated with anti-human

IgG. Three measurements were made, each preceded by
a cleaning and conditioning step, for each of 6
concentrations of the ECL moiety. The data are presented

in Table 3.

X

YY)
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Example of Immunoassay/ECL
Detection of Anti Human Igb (ng/mL)

Table 3
[Anti-HuIgG)ng/ml’ . ’ . .
: ECL COUNTS “AVGE  SD 4OV
| i 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%
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 5 c.9%
1200 924 - 906 912 914 9 1.0%

As may be seen, all the individual §CVs are
low, even though the biological matrix includes proteins
and other molecules which Qould be expected to adsorb to
the working electrode. The measurements may therefore be
taken successively without diéassembling the apparatus

for manual cleaning.

Example III
Pt/TPA ENVIRONMENT
1) The following are data taken to compare the
effect of flowing the measurement solutjon 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 workiﬁg
electrode disks were made of blatinum. The same applied
voltage waveforms were used. ..' _

The data are presented in Fig. 7. A dramatic
enhancemént may be seen_fof measurements with an upper

limit voltage of +1.8V or more when the sample
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measurement solution was flowing as compared with

stagnant measurements.

Although embodiments of the present inventiép
have been described in detail hereininth'refergnce to
the accohpanying drawings, it will be apparen£ 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 séope of the

invention as defined in the appended claims.
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CLAINS

—————— ey *

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

{a) flowing a solution into a flow-throigh cell,
said solution including an electrochemiluminescent
moiety, a tertiary elkyl amine component and a buffer
component, said moiety and said teréiary 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 repeatedlv emit
electromagnetic radiation;

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

(¢) flowing said solution out oi szid cell.

o. A method according to clainl'a, wherein .
said tertiarv alkyl amine component includes .
tripropylamine, said electrochemical energy is applied by
a platinum working electrode and said solution is flowing

during said step of inducing.

3. A method according to claim 3, wherein .

said solution is flowing during the step of inducing.

4. A method according to any one of claims 1
to 3 further comprising the step of repeating said steps (a)-(d)

for conducting a second assay in a second biological matrix.



