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METHOD AND DEVICE FOR ELECTROCHEMICAL IMMUNOASSAY OF MULTIPLE ANALYTES



covalently attached to a peptide which has amino acid



sequence of the binding epitope for the antibody. When indicator/peptide conjugate is bound to antibody, the indi cator does not function electrochemically or it is said to be



“inhibited”. The analyte present in sample will compete with indicator/peptide conjugate for the limited number of bind



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?



ing sites on the antibody. When more analyte is present, more free indicator/peptide conjugate will be left producing



cation; matter printed in italics indicates the additions made by reissue.



higher current at a sensor electrode, i.e., one of the working electrodes where measured events (oxidation or reduction)



This application claims bene?t of provisional application 60/087,576 Jun. 1, 1998.



are taking place. In the opposite case, when less analyte is present, more indicator/peptide conjugate will be bound to



FIELD OF THE INVENTION



antibody resulting less free conjugates and producing lower



This invention relates to a method and device for detec



current levels at the working electrodes. Therefore the current detected at either one of the working electrodes will be a function of analyte concentration.



tion and quanti?cation of biologically signi?cant analytes in a liquid sample. More particularly the invention is directed to a biosensor and method of using same for electrochemical



It is frequently desired to measure more than one analyte



immunoassays of multiple analyte species in a single liquid



species in a liquid sample. Measurement of multiple species



sample. BACKGROUND AND SUMMARY OF THE INVENTION



in a mixture has been achieved with photometry and 20



Electrochemical measurements of a single species in a



complex mixture are routinely made by selecting a potential



Therapeutic protocols used today by medical practitioners in treatment of their patient population requires accurate and convenient methods of monitoring patient disease states. Much effort has been directed to research and development of methods for measuring the presence and/or concentration of biologically signi?cant substances indicative of a clinical condition or disease state, particularly in body ?uids such as blood, urine or saliva. Such methods have been developed to detect the existence or severity of a wide variety of disease states such as diabetes, metabolic disorders, hormonal disorders, and for monitoring the presence and/or concen



25



electrochemical properties (AC and pulse methods). These tivity and lack of speci?city, interference by charging and matrix polarization currents (pulse methods) and electrode



30



fouling due to the inability to apply an adequate overpoten tial. Moreover, electrochemical measurements are compli



cated by interference between the multiplicity of electroac tive species commonly extant in biological samples. Electrode structures which generate steady state current



via diffusional feedback, including interdigitated array elec trodes (IDAs) (FIGS. 1 and 2) and parallel plate arrange ments with bipotentiostatic control are known. They have been used to measure reversible species based on the steady state current achieved by cycling of the reversible species. A



the chemical species being assayed (the “analyte”) and ligand analog of the target analyte, the ligand analog



at which only the desire species is oxidized or reduced (amperometry) or by stepping or varying the potential over a range in which only the desired species changes its



methods suifer from disadvantages including lack of sensi



tration of ethical or illegal drugs. More recently there have been signi?cant advancements in the use of a?inity-based electrochemical detection/measurement techniques which rely, at least in part, on the formation of a complex between



another species to which it will bind speci?cally (a “speci?c binding partner”). Such methods typically employ a labeled



?uoroescence, via selection of the appropriate wavelengths.



40



reversible mediator (redox reversible species) is alternately oxidized and reduced on the interdigitated electrode ?ngers.



selected so that it binds competitively with the analyte to the



The steady state current is proportionate to mediator con



speci?c binding partner. The ligand analog is labeled so that the extent of binding of the labeled ligand analog with the speci?c binding partner can be measured and correlated with



centration (FIG. 3) and limited by mediator diifusion. A steady state current is achieved within seconds of applying 45



the presence and/or concentration of the target analyte in the



biological sample.



trode array. The slope of a plot of the IDA current vs. mediator concentration is dependent on IDA dimensions,



Numerous labels have been employed in such a?inity



based sample analysis techniques, including enzyme labeling, radioisotopic labeling, ?uorescent labeling, and



the predetermined anodic (more positive) and cathodic (less positive or negative) potentials (FIG. 6) to the microelec and the slope increases with narrower electrode spacings



50



(FIG. 7).



labeling with chemical species subject to electrochemical



One embodiment of the present invention provides a



oxidation and/or reduction. The use of redox reversible species, sometimes referred to as electron transfer agents or



method for measuring multiple analyte species in the same



electron mediators as labels for ligand analogs, have proven



to provide a practical and dependable results in a?inity



55



capacity to provide improved accuracy through the use of self-compensation. Analyte concentration can be measured/



based electrochemical assays. However, the use of electro



chemical techniques in detecting and quantifying concen trations of such redox reversible species (correlating with analyte concentrations) is not without problem. Electro chemical measurements are subject to many in?uences that



calculated from electrometric data obtained on the same



liquid sample with the same electrode structure (the working 60



affect the accuracy of the measurements, including those relating to variations in the electrode structure itself and/or The present invention relates to immunosensors based on



with microarray electrodes under bipotentiostatic control. An electrochemical label, for example as Oe mediator, is



electrodes), thereby minimizing perturbations due to vari ability in sample or electrode structure. The various embodiments of this invention utilize the principle of diffusional recycling, where a di?fusible redox reversible species is alternately oxidized and reduced at



matrix effects deriving from variability in liquid samples. direct electrochemical measurement of detectable species



sample, and optimally on the same electrode structure, thus improving the accuracy of the relative measurements. This invention also provides an electrochemical biosensor with



65



nearby electrodes, thereby generating a measurable current. As alternate oxidation and reduction is required for measurement, only electroactive species which are electro
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chemically reversible are measured thereby eliminating, or



source, for example a battery, a microprocessor, a register for storing measured current values, and a display for reporting calculated analyte concentrations based on mea sured current values. The construction and con?guration of



at least reducing, the impact or interference from non



reversible electroactive species in the sample. Redox revers ible species having different oxidation potentials can be independently measured in a mixture by selecting and



such meters are Well knoWn in the art. Meters for use in



bipotentiostatically controlling the oxidizing and reducing



accordance With the present device further comprise a bipotentiostat under control of the microprocessor or sepa



potentials for neighboring electrode pairs so that only the species of interest is oxidiZed at the anode (the electrode



rately programmable to apply predetermined potentials to the device component microelectrode arrays during liquid sample analysis. Improvements in meter construction and



With the more positive potential) and reduced at the cathode



(the electrode With the less positive or negative potential). When the Working electrodes (the anode/cathode arrays) are



design for biosensor systems are described in US. Pat. Nos.



dimensioned to alloW diffusional recycling of the redox



4,999,632; 5,243,516; 5,366,609; 5,352,351; 5,405,511; and



reversible-species at the selected oxidiZing and reducing potentials appropriate for that species, a steady state current



by reference.



at the Working electrodes Where the measurable oxidative and reductive events are taking place, is quickly established



a method for measuring the concentration of one or more



5,48,271, the disclosures of Which are hereby incorporated In another embodiment of the invention there is provided



through the sample and the electrode structure. The magni



analytes in a liquid sample. The method includes contacting



tude of the current is proportional to the concentration of the 20



a portion of the sample With pre-determined amounts of at least a ?rst and second redox reversible species having a redox potential differing by at least 50 millivolts from that



25



of each other species. Each respective species comprises a liquid sample di?fusible conjugate of a ligand analog of an analyte in the liquid sample and a redox reversible label. The liquid sample is also contacted With a predetermined amount of at least one speci?c binding partner for each analyte to be



di?fusible redox reversible species in the sample. When tWo or more redox reversible species are utiliZed, they are



selected to have redox potentials differing by at least 50 millivolts, most preferably at least 200 millivolts, to mini miZe interference betWeen one species and the other in measurements of the respective steady state currents. Any electrode structure Which alloWs for diffusional recy cling to achieve steady state current in response to applica



measured. The di?fusible conjugate is selected so that it is



tion of pre-selected species-speci?c anodic and cathodic



capable of competitive binding With the speci?c binding



potentials can be utiliZed in carrying out the invention. Suitable electrode structures include interdigitated array



partner for said analyte. The concentration of di?fusible redox-reversible-species in the liquid sample is then determined electrochemically.



microelectrodes and parallel plate electrodes separated by



30



distances Within the diffusion distance of the respective



The sample is contacted With an electrode structure, includ ing a reference electrode and at least ?rst and second Working electrodes dimensioned to alloW diffusional recy cling of at least one of the dilfusible redox-reversible



redox reversible species. The electrode structures typically include a reference electrode (e.g., Ag/AgCl), at least tWo



Working electrodes (one at positive potential and another at a less positive or negative potential relative to the reference electrode), and optionally an auxiliary electrode for current control. In use, a programmable bipotentiostat is placed in electrical communication With the electrode structure for



applying the respective anoidic and cathodic potentials speci?c for each of the respective redox reversible species



35



one Working electrode and a predetermined redox



reversible-species-dependent anodic potential is applied to 40



utiliZed in the method/biosensor. Several novel osmium complexes have been developed for use as labels for pre



anodic potential is applied to the second Working electrode



sional recycling of the ?rst redox-reversible-species Without signi?cant interference from the second redox-reversible



su?icient to alloW the use of tWo osmium complexes (as 45



redox reversible label) in this invention.



species. Current ?oW through one or more of the electrodes



at the ?rst anodic and cathodic potentials is measured.



Similarly current ?oW responsive to application of second



Accordingly, one embodiment of the invention provides a device for detecting or quantifying one or more analytes in



a liquid sample. The device comprises at least tWo redox



reversible species having respective redox potentials differ



the second Working electrode. Typically, a ?rst cathodic potential is applied to the ?rst Working electrode and a ?rst to establish current ?oW through the sample due to diffu



paring ligand analog conjugates having potential differences opposed to an osmium complex and a ferrocene or other



species in the sample, When a predetermined redox reversible-species-dependent cathodic potential is applied to



50



cathodic and anodic potentials to electrodes in contact With the sample is measured and correlated With measured cur rent ?oWs for knoWn concentrations of the respective redox



reversible-species, said concentrations being proportionate



ing by at least 50 millivolts, and an electrode structure for contact With the liquid sample. In one embodiment the device further comprises a chamber for containing the liquid



to the respective analyte concentrations at a predetermined



redox-reversible species-dependent potential (anoidic or cathodic). Alternatively, the potential of one of the Working



sample, optionally dimensioned for capillary ?ll. The elec



trode structure includes a reference electrode and an anode 55 electrodes can be held constant and current How is moni



and a cathode (Working electrodes) dimensioned to alloW



tored as the potential of the other Working electrode is varied



diffusional recycling of the redox reversible species in the sample When a redox-reversible-species-dependent cathodic



and sWept through the other redox-reversible species



dependent potential.



potential is applied to one Working electrode and a redox



reversible-species-dependent anodic potential is applied to a



60



The reagent components for the invention, including the redox reversible species and the speci?c binding partners,



second electrode to enable and sustain a measurable current



can be provided in the form of a test kit for measuring the



through the sample. The device also includes conductors



targeted analyte(s) in a liquid sample, either as separate



communicating With the respective electrodes for applying



reagents or, more preferably, combined as a multi-reagent



potentials and for carrying current conducted betWeen the



sample and the respective electrodes.



65



composition, e.g. combined redox reversible species, com bined speci?c binding partners, or combined redox revers



The device in accordance With this invention is typically



ible species and speci?c binding partners. The kit optionally,



utiliZed in combination With a meter Which includes a poWer



but preferably, includes an electrode structure dimensioned
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to allow diffusional redox recycling of di?fusable redox



centration (Cn) as measured using enzyme ampli?ed DC



reversible species in the liquid sample. The electrode struc ture includes conductors for connecting the structure bipo



amperometry [Cl>C2>C3].



tentiostat programmed to apply redox-reversible-species



using an interdigitated array electrode.



FIG. 6 is a graphic illustration of current ?oW vs. time



dependent-anodic and cathodic potentials to the electrode



FIG. 7 is a graphic illustration of the effect of the dimensions of the interdigitated array electrode structure on



structure and to sense and measure current ?oW, typically at



one or both of the Working electrodes, responsive to such



current ?oW as a function of concentration of an osmium



applied potentials.



conjugate (Os-DSG-Alc).



Also described herein is the preparation and use of electrochemically detectable osmium complexes and cova



FIG. 8 is a graphic illustration of current ?oW as a



function of applied potential for a liquid sample containing equimolar (50 uM) of a bis-(bipyridyl) imidazolyl chloroos mium complex and a tris(bipyridyl) osmium complex.



lent conjugates of said complexes having oxidation poten tials differing suf?ciently to enable their use together in the respective method and device embodiments of the invention. Osmium labeled ligand analogs capable of binding to a



FIG. 9 is a graphic presentation of current ?oW vs. concentration of a ferrocene-biotin conjugate in the presence of varying amounts of an osmium complex conjugate on



speci?c binding partner of a biologically signi?cant analyte are prepared. One group of electrochemically detectable



interdigitated array electrodes With bipotentiostatic control.



conjugates comprise a bis(bipyridyl) imidazolyl chloroos monium complex characterized by fast mediation kinetics and loW redox potential (+15 mV vs. Ag/AgCl). Another group of osmium complex labeled, electrochemically detect



FIG. 10 is a graphic illustration of the effect of concen tration of an unlabeled conjugate (BSA-Alc) on current How 20



able conjugates include tris(biphenyl) osmium complexes, Which, like the bis(bipyridyl) imidazolyl chloroosmium



antibody compositions.



complexes are characterized by fast mediation kinetics, but the tris(bipyridyl) complexes have a redox potential suffi



ciently different from the bis(pyridyl) imidazolyl chloroos
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mium complexes to alloW their use together in the various embodiments of this invention to enable use of microelec trode arrays for measuring more than one analyte in a single



liquid sample by concentration dependent currents ampli?ed by diffusional redox recycling.



DETAILED DESCRIPTION OF THE INVENTION



One aspect of the invention is a method for measuring the 35



40



method enables measurement of the concentration of both



globin (HbAO) thereby enabling calculation of the results as 45



geous to assay both HbAlc and total hemoglobin (or HbAO) using the same principle in a single sample.



analyte, and



FIG. 1 is an enlarged plan vieW of an interdigitated array



electrochemically determining the concentration of each of said dilfusible redox-reversible species in the liquid



electrode for reversible mediator measurement in accor



sample by 55



trode ?ngers. 60



centration of glycosylated hemoglobin (HbAlc) in blood samples using an osmium conjugate and enzyme ampli?ed FIG. 5 is a graphic illustration of the inhibition of current ?oW due to free conjugate as a function of antibody con



contacting said sample With an electrode structure includ ing a reference electrode and at least ?rst and second Working electrodes dimensioned to alloW di?‘usional



recycling of the di?fusible redox reversible species in the sample When a predetermine redox-reversible species-dependent cathodic potential is applied to one Working electrode and a predetermined redox



reversible-species-dependent anodic potential is



FIG. 4 is a graphic illustration of current ?oW vs. con



DC amperometry.



comprising a liquid sample dilfusible conjugate of a ligand analog of an analyte in the liquid sample and a redox reversible label, said conjugate capable of com petitive binding With a speci?c binding partner for said 2) a predetermined amount of at least one speci?c binding partner for each analyte to be measured; and



BRIEF DESCRIPTION OF THE DRAWINGS



FIG. 3 is a graphic presentation of dose response currents for a bis-(bipyridyl) imidazolyl chloroosmonium mediator in a peptide conjugate of that mediator.



redox reversible species, each respective species hav from that of each other species, at least one species



of either total hemoglobin or that of unglycosylated hemo



dance With the present invention. FIG. 2 is a partial cross-sectional vieW of the electrode of FIG. 1 illustrating the conditions of steady state current limited by diffusion of reversible mediator (M) Which is alternately oxidized and reduced on the interdigitated elec



1) predetermined amounts of at least a ?rst and second



ing a redox potential differing by at least 50 millivolts



the glycosylated hemoglobin (HbAlc) and the concentration a ratio of the tWo measurements (% HbAlc). It is advanta



concentration of one or more analytes in a liquid sample. The method enables tWo or more independent amperometric measurements of the sample on a single electrode structure.



The method comprises contacting a volume of said liquid sample With



prises a second redox reversible label covalently bound to a



ligand analog of the other of the tWo target analytes. The



FIG. 11 illustrates the structure of a tris(bipyridyl) osmium labeled conjugate for use in accordance With this invention. FIGS. 12*14 are similar and each depict the chemical structure of a bis(bipyridyl) imidazolyl chloroosmium labeled peptide conjugate for use in accordance With this invention.



30



In one preferred embodiment of the invention at least one



osmium complex conjugates is used in combination With another conjugated redox-reversible-species for the mea surement of both glycosylated hemoglobin and hemoglobin in a lysed blood sample. One redox-reversible-species pref erably comprises an osmium complex covalently linked to a ligand analog of either hemoglobin or glycosylated hemoglobin, and the second redox-reversible-species com



in a solution containing osmium labeled conjugate (osmium DSG-Alc)) in the presence of three separate Alc-recognizing
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applied to a second Working electrode, said di?‘usional recycling of said species being suf?cient to sustain a measurable current through said sample, applying a ?rst cathodic potential to the ?rst Working electrode and a ?rst anodic potential to the second Working electrode, said ?rst cathodic and anodic potentials
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7 corresponding to those respective potentials necessary



simultaneously, the liquid sample is contacted With the



to establish current ?oW through the sample due to diffusional recycling of the ?rst redox reversible spe cies Without signi?cant interference from said second



electrode structure. The electrode structure includes a reference electrode and



at least ?rst and second Working electrodes dimensioned to alloW di?‘usional recycling of the dilfusible redox reversible



redox reversible species, measuring current ?oW at said ?rst anodic and cathodic



species in the sample When predetermined redox-reversible species-dependent-cathodic and anodic potential is applied



potentials, applying a second cathodic potential to said ?rst or second Working electrode and a second anodic potential to the



used herein refers to an electrode Where measured events



other Working electrode, said second cathodic and anodic potential corresponding to those respective



current How can be measured as an indicator of analyte



potentials necessary to establish current ?oW through the sample due to diffusional recycling of the second



potential (applied to the anode) and “cathodic potential”



to the Working electrodes. The term “Working electrode” as



(i.e. oxidation and/or reduction) take place and resultant concentration. “Anodic potential” refers to the more positive



redox-reversible-species Without signi?cant interfer



refers to the less positive or negative potential applied to the cathode (vs. a reference electrode). Electrodes dimensioned



ence from the ?rst redox reversible species, measuring current ?oW at said second anodic and cathodic



to alloW diffusional recycling are Well knoWn in the art and



potentials, and



are typically in the form of arrays of microdiscs, microholes,



correlating the respective measured current ?oWs to that for knoWn concentrations of the respective dilfusible



redox reversible species.



or microbands. In one embodiment the electrodes are in the 20



The method of the invention has very broad applicability but in particular may be used to assay: drugs, hormones,



desirable for effective current ampli?cation by recycling of



including peptide hormones (e.g., thyroid stimulating hor



reversible redox species. The microelectrode arrays can be



mone (TSH), luteiniZing hormone (LH), follicle stimulating hormone (FSH), insulin and prolactin) or non-peptide hor



fabricated, for example, as pairs of interdigitated thin ?lm 25



mones (e.g., steroid hormones such as cortisol, estradiol, progesterone and testosterone, or thyroid hormones such as



thyroxine (T4) and triiodothyronine), proteins (e.g., human chorionic gonadotropin (hCG), carcino-embryonic antigen (CEA) and alphafetoprotein (AFP)), drugs (e.g., digoxin),



silicon. Each of the electrode ?ngers (FIG. 1) are spaced 30



micrometer (lil0 microns) range. Microelectrode arrays can be fabricated using photolithography, electron bean lithography, and so-called lift-off technique. Thus, an inter digitated electrode array (IDA) can be deposited on glass, silicon or polyamide utiliZing the folloWing general proce dure:
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. GroW thermal oxide layer on silicon substrate;



. Sputter 400 A chromium seed layer, 2000 Agold; . Spin-coat and soft-bake photo resist; . Expose and develop photo resist With IDA pattern;



tion of the targeted analyte(s). Thus, for example, blood samples can be lysed and/or otherWise denatured to solubi liZe cellular components. The method can be performed using Widely variant sam



metal electrodes in micron and submicron geometry arranged on an insulator substrate, for example, oxidiZed



from its neighboring ?nger in the nanometer to loW



sugars, toxins or vitamins.



The method can be performed on liquid samples com prising biological ?uids such as saliva, urine, or blood, or the liquid sample can be derived from environmental sources. The liquid samples can be analyZed “as is,” or they can be diluted, buffered or otherWise processed to optimiZe detec



form of an interdigitated arrangement of microband elec trodes With micron or submicron spacing. Short average diffusional length and a large number of electrodes are



mixed With either or both of the speci?c binding partner for



. Pattern gold and chromium With ion beam milling; . Strip photo resist; and . Cut electrodes into chips by ?rst coating With a



the targeted analytes and the redox reversible species prior



protective layer, cutting into strips, stripping the pro



40



pling handling techniques. Thus, the sample can be pre to contacting the sample With the electrode structure, or the liquid sample, either neat or pre-processed, can be delivered to a vessel containing predetermined amounts of the redox



tective layer, and cleaning electrode surfaces in oxygen 45



reversible species and the speci?c binding partner for sub



of a chamber for receiving the liquid sample, e.g., a cuvette, a capillary ?ll chamber, or other sample receiving vessel



sequent or simultaneous contact With the electrode structure.



The order of introduction of the components into the sample is not critical; hoWever, in one embodiment of the invention



Wherein the electrode structure can be contacted With the 50



liquid sample. Alternatively, the electrode structure can form part of a probe for dipping into the liquid sample after the sample has been contacted With the predetermined amounts of the redox reversible species and the speci?c binding
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tors that enable application of the respective cathodic and anodic potentials for carrying out the present method. The



the predetermined amounts of the speci?c binding partners are ?rst added to the sample, and thereafter, there is added



the predetermined amounts of the redox reversible species. It is also possible to combine the predetermined amounts of the speci?c binding partners With the redox reversible spe cies to form the respective complexes prior to combining those components With the liquid sample. In that latter case the redox reversible species Will be displayed from its



partners. The electrode structure is in contact With conduc



respective speci?c binding partner by the corresponding analyte to provide a concentration of the redox reversible
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species proportionate to the concentration of analyte in the



liquid sample. The reagents, that is, the predetermined amounts of the speci?c binding partner of each analyte and the predetermined amounts of the corresponding redox reversible species can, for example, be deposited in a vessel for receiving a predetermined volume of the liquid sample. The liquid sample is added to the vessel, and thereafter, or



plasma. The electrode structure can be formed on an inner surface



anodic and cathodic potentials are applied relative to a reference electrode component of the electrode structure using a bipotentiostat. The electrode structure can optionally include an auxiliary electrode for current control. The bipo tentiostat is utiliZed to apply a ?rst cathodic potential to a ?rst Working electrode and a ?rst anodic potential to a



second Working electrode, the ?rst cathodic and anodic potentials corresponding to those respective potentials nec 65



essary to establish current ?oW through the sample due to



diffusional recycling of the ?rst redox reversible species. Optionally the potential on one Working electrode can be set
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at a ?rst di?fusible species dependent, anodic potential and



plexes. Redox reversible labels are Well-knoWn in the art and



current How is measured as the potential of the other



include ligand complexes of transition metal ions, for example iron (ferrocene and ferrocene derivatives), ruthe



Working electrode is sWept through a potential correspond ing to the predetermined di?fusible species dependent cathodic potential (or vice versa). The cathodic and anodic potentials appropriate for each



nium and osmium. The relative amounts of the ?rst and second redox revers



ible species and the respective speci?c binding partners for



reversible redox species can be readily determined by empirical measurement. The multiple redox reversible spe



the targeted analytes to be measured in the method can be determined empirically. They are dependent on the concen



cies used in performance of the method of this invention are



tration ranges of the targeted analyte, and the binding



selected to have redox potentials differing by at least 50



stoichiometry of the speci?c binding partner, the binding



millivolts, more preferably at least 100 millivolts, more preferably at least 200 millivolts, from that of each other redox reversible species utilized in the method. The differ



constant, the analyte and the corresponding redox reversible species. The amounts of each reagent appropriate for each analyte being measured can be determined by empirical



ence in redox potentials of the redox reversible species being used alloW each species to be detected Without signi?cant



methods. The redox reversible species typically comprises a con



interference from the second or any other redox reversible



jugate of a ligand analog of an analyte in a liquid sample and a redox reversible label. The conjugate is prepared by



species in the liquid sample. A steady state current How is rapidly established at each of the Working electrodes fol loWing application of the anodic and cathodic potentials. Current How can be measured at either or both Working



linking the ligand analog to the label either covalently through bifunctional linking agents or by combination of 20



electrodes, and it is proportionate to the concentration of the



recycling redox reversible species.



In one embodiment of the invention the speci?c binding



partner for each analyte is an antibody and the ligand analog



Second cathodic and anodic potentials are applied to the Working electrodes Wherein said second potentials corre



spond to those respective potentials necessary to establish current ?oW through the sample due to diffusional recycling of the second redox reversible species Without signi?cant interference from the ?rst redox reversible species, and the resulting steady state current How is measured. This step is repeated for each redox reversible species utilized in the



covalent linkages and art-recognized speci?c binding enti ties (for example, biotin-avidin). is selected so that it binds competitively With the analyte to



25



the antibody. There are, hoWever, other examples of ligand speci?c binding partner interactions that can be utilized in



developing applications of the present method. Examples of ligands and speci?c binding partners for said ligands are listed beloW. 30



method. The measured current ?oWs are then correlated to



known concentrations of the respective dilfusible redox Ligand



reversible species. Those concentrations are proportionate to



the respective analyte concentrations. The method steps can be conducted using a programed bipotentiostat to control potentials on the electrode structure in contact With the sample. The bipotentiostat can be
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included either in a desktop or hand-held meter further



including means for reading values for steady state current,



storing said values, and calculating analyte concentrations using a microprocessor programmed for making such cal prise a liquid-sample-dilfusible conjugate of a ligand analog of an analyte in the liquid sample and a redox reversible label. The term “ligand analog” as used in de?ning the present invention refers to a chemical species capable of complexing With the same speci?c binding partner as the



analyte being measured and can include the analyte itself, provided that the molecular Weight of the conjugate is less than about 50,000, more preferably less than about 10,000



45



50



Hormone Hormone receptor



Hormone receptor Hormone



Polynucleotide



Complementary polynucleotide strand



Avidin Biotin



Biotin Avidin



Immunoglobulin



Immunoglobulin Protein A



Enzyme Enzyme cofactor (substrate) Lectins Speci?c carbohydrate



Enzyme cofactor (substrate) Enzyme Speci?c carbohydrate Lectins



of lectins



sheep, rabbits, goats or mice; (b) monoclonal antibodies; (c)intact molecules or “fragments” of antibodies, mono clonal or polyclonal, the fragments being those Which con



Daltons. Most preferably the molecular Weight of the con



tain the binding region of the antibody, i.e., fragments devoid of the Fc portion (e.g., Fab, Fabl, F(ab')2) or the 55



The term “redox reversible label” as used herein refers to



so-called “half molecule” fragments obtained by reductive cleavage of the disul?de bonds connecting the heavy chain components in the intact antibody. The preparation of such antibodies are Well-knoWn in the art.



a chemical species capable of reversible oxidation and reduction in a liquid sample. It can be in the form of an



Speci?c antibody



Antigen



The term “antibody” refers to (a) any of the various classes or subclasses of immunoglobulin, e.g., lgG, lgM, derived from any of the animals conventionally used, e.g.,



jugate of the ligand analog and the redox reversible label is betWeen about 500 and about 5,000 Daltons. LoW molecular Weight redox reversible species are most desirable in vieW of the diffusion-based electrochemical detection technique uti lized in carrying out the present method.



Antigen (e.g., a drug substance)



Antibody



40 Protein A



culations. The redox reversible species utilized in the method com



Speci?c Binding Partner
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The term “antigen” used in describing and de?ning the present invention includes both permanently antigenic spe



organic moiety, for example, a chemical group comprising a nitrosoaniline, a catechol, hydroquinone, or an aminophenol



cies (for example, proteins, peptides, bacteria, bacteria fragments, cells, cell fragments, drug substances, and



group. Alternatively, the redox reversible label can be an



viruses) and haptans Which may be rendered antigenic under



inorganic or organometallic species capable of undergoing reversible oxidation and reduction in a liquid sample. Such



species may be, for example, complete molecules, portions of molecules, atoms, ions, or more particularly, ion com
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suitable conditions. In one embodiment of the invention there is provided a



method for measuring tWo proteinaceous analytes in a liquid sample Wherein the ligand analog component of the ?rst
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