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As such, there is continued interest in the development of new methodologies for

use in the characterization of molecular motion and/or interactions in a sample.

30 SUMMARY OF THE INVENTION

Transitory electrical signal based methods and devices for characterizing a first

molecule and a second immobilized molecule in a sample are provided. In the subject

methods, a transient electrical signal generated by monodirectional movement of the first

molecule relative to the second immobilized molecule in the sample is detected and related
35 to at least one characterizing feature of the first and sécond molecules in the sample, e.g.,

total charge, motion, velocity, quantity, structure, or binding event, where in many
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Fig {Ptra 2.1 provides a view of a system (i.e., a representative planar
sens systen) according to one enbodi nent of the subject invention.
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subject invention.
Figure 3 provides a schematic representation of a sequencing application according
to the subject invention.
25 Figures 4:1 to 4:3 provide different schematic representations of a SNP detection
protocol according' to the subject invention.
Figure 5 provides a schematic representation of an alternative SNP detection
protocol in which a PCR product that includes an SNP sequence of interest is detected.
Figure 6 schematically illustrates another SNP detection protocol according to the
30 subject invention.
Figure 7 schematically illustrates a real time PCR application according to the
subject invention.
Figure 8 schematically illustrates a microbial pathogenic detection protocol
according to the subject invention.
35 Figure 9 provides a schematic illustration of an antibody-antigen detection

application according to the subject invention.
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35 Figure 9 provides a schematic illustration of an anti body-antigen
detection application according to the subject invention. 2 WO 02/47266
PCT/ USO1Me08987266-i gure 10 provides a schematic illustratipar/oboizs139s
protein-protein interaction assay according to the subject invention.
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arra{p ea?é:@’ﬁ%'“é’t%@@f’di ng to the subject invention. Figure 20 provides a
readi ng show Rigutees pivizies aniasinatitin oifa devicestiabls i tuedin thealztattiog of 0 t he
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30 of5 ri bonucFigatdstira ant 7B priowige lidetpations b apeotetype devick empldyedMA” as used
herein rTE)(?‘anmp e Oc;err\TgExperimental Section, below.
Figures 18A to 18E and 21 provide the results of the sequencing assay reported in
the Experimental Section, below.
Figures 19A and 19B provide a schematic illustration of a gene expression array
20 assays according to the subject invention.
Figure 20 provides a reading showing the noise component of an assay system
according to the subject invention.
Figure 22 provides yet another representative schematic illustration of a CMOS
device according to the subject invention.
25
DEFINITIONS
The term “nucleic acid” as used herein means a polymer composed of nucleotides,
e.g. deoxyribonucleotides or ribonucleotides.
The terms “ribonucleic acid” and “RNA” as used herein mean a polymer composed
30 of ribonucleotides.
The terms “deoxyribonucleic acid” and “DNA” as used herein mean a polymer
composed of deoxyribonucleotides.
The term “oligonucleotide” as used herein denotes single stranded nucleotide
multimers of from about 10 to up to about 100 nucleotides in length.
35 The term “polynucleotide” as used herein refers to a single or double stranded

polymer composed of nucleotide monomers of generally greater than 100 nucleotides in
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e.g. oligonucleotides, polynucleotides; and the like; etc.

The term "biopolymer" includes peptides or polynucleotides, as well as such
compounds composed of or containing amino acid or nucleotide analogs or non-nucleotide
groups. As such, this term includes those compounds in which the conventional

25 polynucleotide backbone has been replaced with a non-naturally occurring or synthetic
backbone, and those a nucleic acid in which one or more of the conventional bases has
been replaced with a synthetic base capable of participating in Watson-Crick type hydrogen

bonding interactions.

30 DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Transitory electrical signal based methods and devices for characterizing a first

molecule and a second immobilized molecule in a sample are provided. In the subject

methods, a transient electrical signal generated by (i.e., caused by) monodirectional

movement of the first molecule relative to the second immobilized molecule in the sample is
35 detected and related to at least one characterizing feature of the first and second molecules

in the sample, e.g., total charge, motion, velocity, quantity, structure or binding event, where
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25 the upper and lower limit of that range, and any other stated or intervening value in that

stated range, is encompassed within the invention. The upper and lower limits of these

smaller ranges may independently be included in the smaller ranges, and are also

encompassed within the invention, subject to any specifically excluded limit in the stated

range. Where the stated range includes one or both of the limits, ranges excluding either or
30 both of those included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood to one of ordinary skill in the art to which this
invention belongs. Although any methods, devices and materials similar or equivalent to

35 those described herein can be used in the practice or testing of the invention, the preferred

methods, devices and materials are now described.
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finite nonhe-zero nobility, e.g., a urd aqueous nedium a gel
movement may be take the form of a linear, curvilinear or other progression pathway
through the medium, at no time is the movement backwards. As such, the movement that
25 generates the detected transitory electrical signal is the monodirectional movement of the
first molecule towards or away from the immobilized second molecule.
The molecules characterized by the subject invention are present in a sample
medium. In many embodiments, the medium is a fluid, gaseous or gel conducting medium
in which molecules have finite none-zero mobility, e.g., a fluid aqueous medium, a gel
30 medium made up of an aqueous fluid component and one or more polymeric thickening
agents, efc.
The first and second molecules may be a variety of different types of molecules,
including small molecule analytes, e.g., haptens, toxins, hormones, etc, monomers, e.g.,
amino acids and nucleotides, polymers, e.g., polypeptides (such as proteins and fragments
35 thereof, ligands, receptors), polysaccharides, nucleic acids, e.g., deoxyribonucleic acids,

ribonucleic acids, including oligonucleotides, polynucleotides, etc. In many, though not all,
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25 electrical signal is meant a non- permanent detectable electrical parameter generated by

movement of the first molecule relative to the second through the conducting medium. As
the electrical signal of interest is transient, it necessarily only exists for a limited period of
time. In many embodiments, this period of time generally ranges from about 1 minute to
about 1 microsecond, usually from about 5 second to about 10 milliseconds. In addition, the
30 transient electrical signal of interest is not a steady state signal, but is instead a signal that
changes over time. In other words, the signal or parameter that is detected and employed to
detect and/or characterize the movement of the first molecule relative to the second through
the conducting medium, as described in greater detail below, is a differential signal or
parameter that is observed over a detection period, as described above, and can also be
35 referred to as a transient electrical signature, where the transient electrical signature is one

that is generated or caused by (i.e., results from) the movement of the first molecule relative
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about 5 nano liter to about 2 ml, usually from about 5 pl to about 0.1 mi and more usually

from about 10 ul to about 0.05 ml. More specifically, a defined volume of medium, as
described above, that includes the first and second molecules is monitored for the transitory
electrical signal of interest.

30 In practicing the subject methods, the defined volume of medium may be monitored
to detect the transitory electrical signal of interest using any transitory electrical signal
detection element, where in many embodiments the detection element that is employed is
an electrode detection element, which electrode detection element includes at least one
working electrode. The working electrode has the second molecule immobilized on its

35 surface. The electrode(s) may be fabricated from any convenient material(s), which

materials include metals, conductive polymers, carbon, silicon, poly-silicon and the like. The
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abowrs 4 twpBlogy ahdsénddrOdherathe electrode array is capable of removing the unwanted noise
component from the detected transient electrical signal, to provide a noise depleted signal
that is then employed in the characterization step, as described in greater detail below. For
example, in many embodiments, a differential amplifier is employed, e.g., a differential
voltage or current amplifier, which receives input from the working and reference electrodes
30 and provides a relatively or substantially noise depleted output signal. A detailed
representative embodiment of a system of the subject invention is shown in Figure 2.1. In
Figure 2.1, the displayed system includes volume of conducting medium sample 17.
Present in the conducting medium are first molecules in solution, which are moving relative
to, e.g., towards, immobilized second molecules A. Also shown is electrode detection
35 element 16, which is made up of a first working electrode 16a and a second reference
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25 “active.” Passive detection elements are elements that merely passively observe or monitor

the medium for the transitory electrical signal, and do not impart any stimulus to the medium
and/or detection element components. Alternatively, active detection elements are elements
that impart a stimulus to the medium and/or detection element being monitored in the
process of detecting the transitory electrical signal. Examples of such various stimuli of

30 interest employed in active detection elements include, but are not limited to: injected
current, voltage disturbance, electrochemical disturbance, etc. Regardless of whether the
detection element is active or passive, it provides a detection of the transitory electrical
signal/parameter caused by the movement of the first molecule in the medium relative to the
second, immobilized molecule.

35 In the subject methods, following the detection of the transitory electrical signal of
interest, as described above, the detected signal is then related to at least one
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25 qualitative or quantitative, since the detected signal in many embodlments is proportional in
intensity to the amount of analyte in the sample whose movement gives rise to the detected
transitory electrical signal. (See e.g., Fig. 2.4) In these embodiments, the detected
movement is related to the occurrence of a binding event, i.e., a binding event between the
first molecule and second immobilized molecule. In other embodiments, the detected
30 movement is employed to obtain information about the occurrence of, and or more
specifically characterize, a template dependent polymerization reaction, e.g., a polymerase
mediated template dependent primer extension reaction in which the immobilized second
molecule is a template/primer nucleic acid duplex and the first molecule is a nucleotide.
These representative categories of the subject methods and representative specific
35 applications/protocols in which they find use are further described below.
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of @8 chnwalestides.dn the primer extension reaction, a polymerase, e.g., polymerase or reverse

transcriptase, catalyzes the addition of the nucleotide to the primer nucleic acid of the
immobilized duplex nucleic acid molecule. The movement of the nucleotide through the
medium towards the immobilized duplex generates a detectable transient electrical signal
that is created by the accumulated local charge and is related to the interaction, i.e.,

30 covalent attachment, of the nucleotide to the primer in the template dependent primer
extension reaction. As such, the transient electrical signal observed in the medium provides
an indication of whether or not a specific interaction between the first and second molecules
occurs, i.e., whether or not a primer extension reaction occurs in the medium. In other
words, by monitoring the medium for a transient electrical signal and gathering of a transient

35 local charge around the template, one can know whether or not a template dependent

primer extension reaction is occurring in the medium, and specifically at the immobilized

12
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25 nucleotide, no transient electrical signal is generated in the medium. As such, the detection
of a transient electrical signal provides an indication that a primer extension reaction has
occurred between the introduced nucleotide and the primer of the immobilized ’
primer/template duplex.
The above described methods of detecting single nucleotide additions in template
30 dependent primer extension reactions find use in a variety of different applications. Specific
representative applications of interest include nucleic acid sequencing, single nucleotide
polymorphism (SNP) detection, microbial, e.g., pathogenic, detection, etc. For purposes of
illustration, each of these representative applications is now described in greater detail
below.
35 In nucleic acid sequencing applications, the above described protocol is employed to

determine the addition, one at a time, of a nucleotide to a primer nucleic acid and thereby
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sequence
25 this manner, the sequence of a given nucleic acid can be readily determined by interpreting

a series of sequence transitory electrical signals generated by contacting a duplex that

includes the template nucleic acid to be sequenced with a sequential series of mediums

each comprising a single dNTP. In these embodiments, either the template or primer of the

duplex may be physically attached or immobilized to a substrate, e.g., an electrode surface,
30 inthe system employed in the method.

In a variation of the above single nucleotide addition protocol, in certain
embodiments, the immobilized duplex is contacted with a medium that includes all four
potential ANTPs. In this embodiment, the transitory electrical signal that is generated is one
that is unique depending on the sequence of added nucleotides, as each type of added

35 nucleotide provides its own unique contribution to the observed transitory electrical signal,

because the rate of the polymerization which modulates the movement of molecules toward
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tenpl ate of the immobilized duplex is determ ned. For exanple, where the
tenpl ate nucleic 10 acid has a sequence of AGIC, the immobilized dupl ex
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only T. The occurrence of the transitory electrical signal indicates that
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an initial sample is contacted with a primer specific therefore immobilized on an electrode

surface. (See e.g., Fig. 3) The resultant duplex is then contacted with reaction buffer,

polymerase and dNTPs as described above. This method may be modified to convert the

initial RNA to cDNA, followed by immobilization, contact with a specific primer to produce

30 the primer/template duplex, and then contact with reaction buffer, polymerase and dNTPs
as described above.
Another application in which the subject invention finds use is in single nucleotide
polymorphism (SNP) detection. In these embodiments, a sample is assayed for the
" presence of a SNP. The sample may be any convenient sample, and is typically a fluid
35 sample obtained from a host to be assayed for the presence of the SNP, e.g., a mammalian

host (including but not limited to pets, livestock, humans etc.), where the fluid sample may
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strand that is dictating the order in which the nucleotides are coval ently
bonded to the 3" end of the prinmer containing nucleic acid. (This nethod
of sequemwedny4izes al so referred to herein as the "run-of f PCTVDE@)3139%

schematic of a representative sequencing protocol according to the subject
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CcDNA, f o&d dewedbéy abowenbigurez4Bisbows anm@mnalogows $INP aletgotien piotoqol fompatteédfqor oduce
30 the py.i /t . dupl ex.  an it ' fer,
pol ymer a@'éﬁgﬁauﬁﬁkgéﬁgs@&E';ngﬁee%S'Ba oé\jae%)%ﬁl@ﬁ tﬁéwea%&('fggaﬁ% (géine%”r%mﬁir ch the
subj ect pmtoentsivareré thedsmmpeisi fgsti procgsagd & prodiiceoa PER prpdiicf that ghintains tBP)
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present.
25 then contacted with reaction buffer, polymerase and dNTP, and any resultant transient

electrical signal, or absence thereof, is related to the presence or absence of the SNP of
interest in the sample.
A variation of the above described SNP detection protocols is illustrated in Figure 6.
In Figure 6, an immobilized duplex is first produced, where the immobilized duplex includes
30 both a template DNA strand that is to be assayed for the presence of the SNP and a SNP
specific primer (i.e. a primer that hybridizes to the template in a manner such that the next
nucleotide added to the 3’ of the primer is one that is the complement of the SNP, if
present) hybridized to the template. Next, polymerase and an exonuclease resistant dNTP,
e.g., thiophosphate-modified nucleotides such as 2’-deoxynucleoside 5’ alpha-[P-thio-]
35 (dNT®P) or boranophosphates (2'-deoxynucleoside 5'-alpha-[P-borano-] triphosphates)
(dNPTP), etc., that is the complement of the SNP base of interest is contacted with the
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Figures 4.1 to 4.3 provide schematic representations of three different
representative SNP detection protocols. In the enbodinent of Figure 4.1, a
sui t abl e wanphkres 5 to be assayed is first obtained. Fol | orCTvgStiotiads RNA
extraction, in one enbodi nent as represented Figure 4.1, the extracted RNA
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the position immedi ately of particul ar variab nucl éotide of the

SNP (i . eeX°nﬁJﬁ'§aﬁ? r%&tanthé[H 'SRP’%?%'&!@\*@@“%HPN@? e"ﬂﬁé ”P%Brd]"%rah'ﬁxﬁ Heobi | i zed

SNP speckysteim R\NontdbitEwith Sin EREMUCKRABE Bt elavdd forh @RESH i Ak fsfifdapaBR! ofEr ase
and the 10 @%ro priate dNTP that will attach to the 3" end of the priner if

the SNP fleaghguepxondgiease reistant i o rlaavageresisiin We@ﬁﬁﬁfﬂuélﬁpt@qsgnal A

vari o i osw%f frémitse ﬁﬁhb@ﬁke‘dsddfﬂléi\én@%dcdnﬂorﬁltﬂurﬂ%nsfor? eletiRaldigHaP CiHus, the
illustrated in F| ure 4 fers fromthe one shown Figure 4.1 in that the

ext r act e8P3RREE pEad PPW%%&E@&'?WC@' BiNg is gqypted yih Uﬁ Rigsencafified conA
synt hesi gr dgd@rst@nh@resT%nte%gértvamn SFhAraSsitoRN@IBEtHEA fgnalis ehatel @thr ode
and then denatured. The 15 SNP specific primer is then hybridized to the
i mobi | | PEPLEENe HtherNPt 0 provide the immobilized duplex, which is then

cont act ed Wi t i anétﬂaﬁém@csuulaaﬁtf He subRicy MetHaas nadycbedé\ﬂﬁoyeiﬁtommb@a
above. ows an anal ogous SNP det ecti on ,Enrot ocol formatted for

hi gh'd hr Iﬁ’&ﬁ a%&ﬁ'ﬁ?‘i‘%‘ét poRematigelydiustraiedur Figuieaf i He B1anGHcatine ohhove SNP

detecti oamplifréaqg@bsunm@cnﬁnéﬁaee ghaTR k&action (PCRYis @bm@msﬁuﬁrﬁomwz@dmef éhd’CR
tal ns i nt er est, resent jn.the injtial

product that con P of
Dol o, $11B8 BELPUE A Meyentiodh 20 PrY B srTiad) of BreimBrany 5 P it
appropri mbeerﬂplaf&trse otBepriméMtie drizank ahball FREiIdNTPef(i.é N6 TPNATPaT TPUAY €i C

aci ds t NP of r est s first denatured The resultant
BOR ot odeibPindhe et Risriuclelifes 4R adHrLand SHevSel P, the PREFSIco. (o
or f1g 1l OWSﬁ@weﬁﬁEbtﬁ b)Zo?é i:r@atestahmcR@?Na\wf@dmﬁ.cis tampé used foydvaiudtezesdiniate t he
SNP specj, f Iﬂ&f'p rgs ﬁ%’ul t i rmobilized duplex is 25 then contacted
with readFimars feeﬁm'eﬁB'P? %55 C)é‘f{%l dNTP, and any resultant transient
elbectrl ca[f tSIh ﬂétadnlgtma]fr agblaxtancmntmcremie sub}ﬁcrmbmbgdfm@uﬁé\% |@tr@@w@f ° ioffof
apbsence 0O (o) I nNteres arl n. o t eaove
oo Dl FEBie oy B BRIt orh Bae el M GobRLiRE <8, I 4 Srieur ¢ 6.
an : m(;mbal’nd thecéfﬁi‘ephleoobla‘li?étlebﬁdn iip racechiorepte] Tthet(hoﬁ MGl;ﬁmlncéllyZIEd]tcrdtenluﬁx

I NC es 1 ate . to, _be assaye r the

o dthe origie .0 bebraoaBlistiall i Eloh L6, ¢ filst Sp it Mo iiE A5 etetnHavindBn

hybri di ziesnébdlizet ritremfdrat udeic acidréoundrin eanﬂmtchﬂilaltsbecmetdbe Med:ted)tA de added
to the 3 h is one _tha msnt fth |f
present)sm?iqﬁ%g%sqygd,t%g S Eet iroml\%b?g OﬁB%rPng%D erﬁjaOf ucI ease

r esi st anmictdthid?, specieg of mtelneshpb tspharepared dnd lcemtactad Métatthel mmstmhztedammer(s)

2' - deoxynugl eo: P thio 35. tes

(2 SGoor it B broRafiRctidads e b SnbENRRR, BEbAA %?B?’g otc.

t hat2i s s$thetwenblea tenmiabbisispeSbl obiateeshiis pnatsenteNéxt; sne:mnhar(etcﬂdl' Ra,th t he

16

including the dNTP that will be added to the primer if the duplex is present, are contacted
with the immobilized primer. If the pathogen was present in the sample, a duplex would be
formed and polymerization would occur, giving rise to a detectable transitory electrical |
signal. However, if the pathogen is not present in the assayed sample, no immobilized

30 duplex would be produced and no transitory electrical signal observed.

Also coming under the above broad category of applications are gene expression
profiling applications. In these applications, the presence of a plurality of expressed genes,
as measured by the presence of mMRNA transcripts or synthetic derivatives thereof present
in amounts proportional thereto, in a sample is detected, either qualitatively or

35 quantitatively, and usually quantitatively, to obtain an expression profile of the sample. By
plurality is meant at least 2, usually at least 5, and more usually at least 10, where the
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detection element. Next, the resultant immobilized template/primer structures are contacted
with reaction buffer, polymerase and dNTP, typically all four dNTPs and the sample(s) is
monitored for a transitory electrical signal. In this manner, the expression of a plurality of
genes in a sample is readily determined. By using arrays of electrode/primer structures,

30 gene expression profiling in high throughput format is readily accomplished. As discussed in
greater detail below, in those embodiments where arrays of detection elements are
employed, each detection element is typically contacted with a fluidically isolated sample.
Figures 19a and 19b provide schematic representations of two representative gene
expression profiling protocols as described above. In addition to the above described

35 applications, For example, total RNA/cDNA is incubated with pre-immobilized gene specific
primers (probe) in an array of electrodes. These probes which are specific
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the reaction mixture ranges, in many embodiments, from about 1 to 500 nmols, usually from
about 30 to 50 nmols and more usually from about 35 to 40 nmols, where the relative
amounts of each of the specific types of dNTPs may be the same or different. Also included
in the reaction mixture is a quantity of reaction buffer, where suitable reaction buffers are
30 known to those of skill in the art. The amount of reaction buffer used to prepare the subject
reaction mixtures typically ranges from about 1 mM to about 10mM usually from about 2mM
to about SmM. As mentioned above, the above amounts are provided for a 1 ml reaction,
and may be adjusted to any other reaction volume. Such adjustments are well within the
abilities of those of skill in the art. In preparing the reaction mixture, the various constituent
35 components may be combined in many different orders. Following preparation of the

reaction mixture, the reaction mixture is subjected to conditions sufficient for template
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25 The above reviewed specific applications based on the detection of template
dependent primer extension reactions according to the subject invention are merely

representative of all of the different applications in which the subject methods find use.

Analyte Detection Applications
30 In addition to the detection/characterization of template dependent primer extension
reactions, the subject methods also find use in analyte detection applications. In these
applications, the first molecule is an analyte of interest that specifically binds to an
immobilized second molecule, where the binding event between these two molecules is
detected by detecting a transitory electrical signal in the medium caused by movement of
35 the analyte first molecule towards the immobilized second molecule. Because a binding

event and transient electrical signal only occurs when the analyte of interest is present in
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25 representative applications is described separately below in greater detail.

Figure 9 provides a schematic illustration of an antigen detection application
according to the subject invention. In this representative protocol, an antibody specific for an
antigen of interest, or binding fragment thereof, is immobilized on an electrode surface. The
immobilized antibody is then contacted with a sample suspected of containing the antigen

30 analyte of interest. The detection of a transient electrical signal indicates the presence of
the antigen analyte of interest in the sample.

Figure 10 provides a schematic illustration of a protein-protein interaction assay
according to the subject invention. In this application, a known protein “bait” is immobilized
on the surface of the electrode. The electrode is then contacted with a sample containing

35 known and/or unknown proteins and any resultant protein-protein interactions between the
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25 towards a single electrode is observed. In other words, each distinct working electrode of

the subject array is contacted with a fluidically isolated sample. Representative array
devices of the subject invention are described in greater detail below. The presence of the
analyte in the sample is then deduced from the detection of transitory electrical signal.
Specific analyte detection applications of interest that employ array device

30 embodiments of the subject invention include hybridization assays in which the nucleic acid
arrays of the subject invention are employed. In these assays, a sample of target nucleic
acids is first prepared, where preparation may include isolation of mRNA transcripts from an
initial source, and may also include the production of nucleic acid derivatives of such
transcripts for use as target. Following sample preparation, the sample is contacted with the

35 array under hybridization conditions, whereby complexes are formed between target nucleic

acids that are complementary to probe sequences attached to the array surface. The
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| i gand-receptor applications; and nucleic acid hybridization applications.
Each of these 25 representative applications is described separately bel ow
in greatavodms’ass . Figure 9 provides a schematic illustrapCcDusais1398 ant i gen
detection application according to the subject invention. In this
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hybrisli z8fated privsiedboafeptsdifvehidhoart hereid Picoipbiated by rafeeht@n, in which the
presence of a nucleic acid analyte in a sanple is detected by detecting a
transitory electrical signal in the sanple that is generated by novenent of
a nucl ebeviees d probe towards an i nmobilized nucleic acid target to which
t he probe hybrj di zes ertain.enb e subj ect .ana detection
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Figure 13 provides an illustration of a simple electrode detection element according to the
subject invention. In Figure 13, sensor device 20 includes output lead 22 and working
electrode 24a and reference electrode 24b. Working electrode 24a has immobilized second
molecule on its surface (not shown). Upon immersion of sensor 20 into sample 26 held in
30 container 28, movement of analyte in the sample that specifically binds to the immobilized
second molecule on working electrode 24a is detected using the electrode sensor element
20 and an output signal is generated and sent out of the sensor by output 22, e.g., to output
signal processing element. Integrated into the sensor element shown in the figure is a
differential amplifier 29. Although a single sensor element is shown in Figure 13, an array
35 of such electrode sensing elements can also be employed, e.g., for use in the high

throughput assaying of a number of individual samples, e.g., as may be found in the wells of
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an 25 disclosed (the dlsclosures of which are hereln incorporate by reference, as weII as in WO

93/17126. In the electrode sensing element of Figure 15, the working and reference
electrode can be employed to observe a transient voltage generated by polymerization on
the working electrode surface, which transient voltage is the transient electrical signal
employed to detect the template dependent primer extension reaction.

30 Figure 16 provides another embodiment of an array device according to the subject
invention. In the device depicted in Figure 16, the array includes 6 separate electrode
sensing elements V1 to V6, one for each of six different receptors. Each sensing element is
fluidically separated from the other sensing elements on the array surface. The sensing
elements are present on a silicon substrate. Binding of a ligand to its receptor on the array

35 surface generates a transient potential, which signal is detected using the electrode sensing

element and used to determine the presence of the binding event.
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20 el ectrode detection element; and (2) an output signal processing
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25 invention. Representative U.S. patents that describe various microfiuidic devices and the

structures present therein include, but are not limited to, U.S. Patent Nos. 6,300,141;
6,287,850; 6,271,021; 6,251,343; 6,235,175; 6,213,151, 6,171,850; 6,123,819; 6,103,199;

6,054,277; and 5,976,336; the disclosures of which are incorporated herein in their entirety.

30 SYSTEMS
Also provided by the subject invention are systems for use in practicing the subject
method methods. The subject systems include a device, as described above, and a
conducting medium, e.g., a gel, gaseous or fluid conducting medium. In addition, the
subject systems may include any reagents required for practicing the subject methods, e.g.,

35 buffer solutions, nucleotides, enzymes (such as klenow) and the like.
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gl ass substrate 41 on which is present a first planar electrode 42 having a
primer/tenplate duplex 43 imobilized thereon (i.e. a planar working

el ectrodeyoandrzes second reference electrode 44. A so shomar/ase/dabBwct r ode
out put | eads 46. El ectrode sensing el enent 20 depicted in Figure 15 nmade up
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|l ow wal | s or other types of fluid barriers, as is well known in the

mcroarray art. See e.g., U.S. PagSEﬁ mgl 2L807,522 and 5,545,531 in

t hose sections where fluidic barr surface of a substrate are 25

di sclmpsed (t hpNA SeuertihgApplicaribh ch are herein incorporate by reference, as
wel | as %n WO . 93/ 712% hn the el ectrode sensing el ement of Figure 15, the
wor ki ng @nd r ¥elsriaisand Metaeds ode can be enpl oyed to observe a transient
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the other sensir | epent.s on the r surface. The sensing elenents are
present on a @iwr&?%gﬁ‘pﬁfﬁg?? 3?%&e'§Pﬁgﬁ ﬁépafa“am igand to its receptor on the
array 35 surfRCR rgactdhaisaperfotmed asing BMRURRahd MIBPD@WNBIfosargplficatien digthect ed
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deronst  grBaNonyh e BlralBRITIE Yol bt b D8HERing s LUBrigR oo ox,

i nt egr atiaculmtion @f thesionoiobilized RCR produa i @yt OMldVaQ@le $or Jamiutesc Bagehcivigt hi n t he
scope of the invention Ln addi tian t ab ib trode
sensi ng %ﬁﬁiﬁﬁ%ﬁgﬁgﬁgﬁg |81é'(|/?t?lglgg Sp ?pr{l'&ggﬁr?nf%ﬁp ?ﬁ@?ﬁrfna% tuagées?l é?’gn?l .
processi ghesiudecetateng at | east one characteristic eature o e
fir and second nol ecules in the sanple fromthe observed transitory

el ectrical signal, i.e., for relating the output transitory el ectrical
signal t® at Eleas¢dasne characteristic feature of the first and second

nol ecul es in e, i i I o) i i P

i ncludes a sO?P%rg@rgégﬁeﬁo%%&rt\%dg%g%}%éﬁﬁwgréé(%ggﬁ%%hg?? ,rg?mﬁéel%g}o?%é Is:'}s/oftware
conponenmads ofiacre(aupagrietiamatenaloand the etrar gomadéof capper.ded on a  conput er or
processor readabl e storage nedium The al gorithm present on the storage
mediumis one that reads the observed output transitory electrical signal

pr o\d5ded4.by t Sensor Description
The sensor for measuring the net static charge of the immobilized DNA ions is a
simple differential voltage amplifier. This amplifier was built using the chopper-stabilized
operational amplifier TLC2652A (in case large gains were required) in a negative feedback
configuration.
30
5. Charge Sequencing
First, in order to immobilize DNA ions, the iron electrode was dipped in a primed and
immobilized PCR solution. A permanent magnet is placed on top of the iron electrode to
create a magnetic field to attract paramagnetic beads which carry the DNA ions (Figure
35 17A). Once the beads stick to the surface of the electrode (this takes a few seconds), DNA

ions become electrically connected to the electrode.
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procedure generated some net static charge on the iron electrode.

2. Single Nucleotide Added: In this case, only one nucleotide was added (which was
known that it would incorporate to the DNA), and an electric pulse was observed. This
25  signal (output of the differential amplifier) lasts for a while (3 milliseconds), and finishes

when there is no site left for incorporation.

3. Run-off mode: In this case, we added all four nucleotides to the buffer. As expected, a
series of electric pulses were created (Figure 21). All of the incorporations took place in less

30 than 1 second (400ms). This is justified theoretically, because the amount of time needed
for nucleotide incorporation is a couple of milliseconds, and in this case we had a DNA
molecule with around 300 base pairs.

il Sample Charge-sequencing extension signatures for 300bp DNA fragments.
35 In a charge detection method, allele-specific primer/probes are immobilized on an

electrode or conductive surface and incubated with cDNA to perform analyses. Subsequent
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el ectrode(i(1 rgm gol d coated copper) is placed in the reaction buffer. This
second el"&d§¢q! is used to pick up the comon node noise in the system
(i.e. conmon Vi bthgeadfantdges tof thietechmnalodyis ite mbilitydc legplg codentaidvenceptenty

whi Cﬂ) | Soft eqeecr?ricsatlI enélﬁgér%% l;ortr?m 6lgt?orrsn' c%%?gln vgh rﬂ irs]%tfaﬁyogeétngal and on-chip, and
also in pattern recognition which is common problem in communications. The speed of
reaction is relatively slower than today’s data acquisition systems (milliseconds, compared
to nanoseconds), and there are many statistical signal processing method to interpret the
signal, and extract information. A prototype of the subject invention was built in Stanford
25  Center for Integrated Systems and tested in Stanford Genome Technology Center, and
showed that the signal created by polymerization is high enough, and can easily be
acquired by commercial electronic components. The experiments showed that without any
extensive optimization the sensitivity of the prototype is the same as optical detection
system for any application. This means that charge-sequencing platforms are a good
30 candidate for genomic level samples.
Examples of actually observed charge sequencing expression signatures are

provided in Figures 18A to 18E.
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silicon chip to_sequence many sanples. To nove the sanples to the

Collection Tube. Spin the column and tube at full speed in a microcentrifuge for 1 minute.

Add 200 pl of RNA Wash Buffer to the spin column and centrifuge at full speed for 1 minute

to wash. Add another 200 ul RNA Wash Buffer and repeat the microcentrifuge step as

25 above.
Transfer the column to a new 1.5 ml tube. Add 10-20 pl of RNA Elution Buffer
directly to the membrane of spin column. Wait for 2 minute. Spin briefly to elute RNA. The

eluted RNA now can be used immediately for any purpose or stored at -70°C for future use.

306 2 Making cDNA and immobilization
The sequences for certain genes can be retrieved from GeneBank
(blast@ncbi.nim.nih.gov). Total RNA can be prepared according to the supplier's instruction
(for example, Ambion, Qiagen, Promega etc.) from peripheral blood, tissues or cell lines.

First DNA strand synthesis can be obtained by using SuperScriptTIVI pre-amplification
35 system (Life Technologies). First strand cDNA synthesis employs a RNA/primer mixture

containing, RNA and Oligo (dt) random primer or gene specific primer. These cDNAs are
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C. SNP detection by using Total RNA

25 Total RNA is incubated with pre-immobilized gene specific primers (probe) on two
identical electrodes. These probes, which are specific sequencing/extension primer probes
with the 5’ end over the base of interest, provide for hybridization to the RNA in the
presence of suitable hybridization buffer. The resultant template/primer nucleic acid
duplexes or fragments are then used as substrate in a primer extension reaction with

30 reverse transcriptase enzyme and specific deoxynucleotide which, if the template is the
SNP of interest, will be covalently bonded to the 3’ end of the primer nucleic acid. When
nucleotides are added and extension occurs, the electrostatic response of a group of
identical RNA molecules creates a unique waveform from which one can identify the pattern
for SNP. See e.g., Figure 4.1.

35
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gene spembfecoles creates a unique waveform from which one can identify the pattern for SNP. See

e.g., Figure 4.3.

F. SNP detection by using PCR product

25 Pre-biotinylated PCR products are immobilized onto streptavidin-coated super
paramagnetic beads Dynabeads ™ M280-Streptavidin (Dynal A.S., Oslo, Norway). Single-
stranded DNA fragments are obtained by taking the resultant supernatant after incubation of
the immobilized PCR product in 95° C for 3 min in H,O. A specific sequencing/extension
primer with the 3’ end over the base of interest is added and allowed to hybridize to the

30 single stranded DNA in the presence of 20 mM Tris-HCI (pH 7.5), 8 mM MgCl. or any other
hybridization buffer. The primed single stranded DNA is divided into two aliquots and
immobilized onto two different electrodes. The resultant template/primer duplex nucleic
acids or fragments are then used as substrate in a primer extension reaction by contact with
a polymerase and specific deoxynucleotide. When nucleotides are added and extension

35 occurs, the electrostatic response of a group of identical DNA molecules creates a unique

waveform from which one can identify the pattern for SNP. See e.g., Figure 5.

31
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base of Tn rovide I'zation e single’str

in the ptNPersee end., Q. 6M Tris-HCl (pH 7.5), 8 nMI\/gCIZ or any ot her

hybri di zation buffer. The resultant tenplate/prinmer nucleic acid dupl exes
or fragnments are then used as a substrate in a prinmer extension reaction

wi th poHyner Red tamedP€Re speci fic deoxynucl eotide that will be incorporated

i the SNP OfThg&g{rﬁ,ﬁEaton%fQE@ tan espoﬁ&gh@@s%%ﬁﬁmarwct%ﬂgféﬁentICal

ext ensi on occurs ect
mol ecul eschigvedtbydirst lmmoqmelngmefobmtfvp@nmwm ento dheceleetroded éhe rdspltanthe

pattern £tRIcu§|é' is conftsetéd Hith té:nllp%%ethé -ofher primer, enzyme and all four dNTPs. When

nucleotides are added and extension occurs, the electrostatic response in each cycle
creates a unique waveform which one can evaluate/estimate the mass of the molecules for

25 each cycle. See e.g., Fig. 7.

l. Pathogen typing
Total RNA/DNA or amplified nucleic acids thereof of pathogen to be assayed are
incubated with pre-immobilized pathogen specific primers (probe) present on an array of
30 electrodes. These probes, which are specific sequencing/extension primers with their 3’ or
5’ ends over the base of interest, can hybridize to the DNA/RNA of the pathogen, if present,
in the presence of suitable hybridization buffer. The resultant template/primer nucleic acid
duplexes or fragments are then used as substrate in a primer extension reaction by
contacting with an appropriate polymerase/reverstranscriptase enzyme and all four
35 deoxynucleotides. When nucleotides are added and extension occurs, the electrostatic

response of a group of identical DNA/RNA molecules creates a unique waveform from
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E. SNP detection by using allele specific prinmer A set of possible

conbi nations of allele specific priners are pre-imobilized (probe) 15
onto i dewdozak72ed ect rodes. These probes, which are speci f P€CT/US01/51398
sequenci ng/ extension prinmers wth the 3' or 5 end over the base of

| Nt er est goBfiRs R WHIHShe &nh&&?tﬁﬁbﬁcﬁe\ﬁa%att@%e%éﬂxé ofthe patiicfeRSEed B.4 he
presence of suitable hybridization buffer he resultant perfect match

t enpl at eF'sldfen%r dupl ex nucleic acids or fragments are then used as
substrates in a prinmer extension reaction by contacting with enzyne and
deoxynucl eoti des. Wien nucl eotides are 20 added and extension occurs, the
el ect rosd-at i cAPtgEHEAYEEORY detegtialup of i dentical DNA/RNA nol ecul es creates a

uni qug wavef oprget éﬂﬁbﬂﬁ‘bﬁﬁbl%a‘i@ﬁhﬂo@%@t@ré Wreli H@ndﬁﬂz&&bﬂtoftﬂé seiicesefe €. 0.,
Figure 4.3. F. SNP detection by using PCR product 25 Pre-biotinylated PCR

pr oduct sidgptical ﬁ'ﬁﬁ%‘?qqszﬁheﬁ?rﬁ’ﬁ'bg@'%mw RAVE- afftb’htb’é@l certe antigens a@rgdhen i ¢ beads
Dy nabeadipcJidtd® &in Slffefdit AKligHNR it RPYI0RIC dhviponmERiP thdYHe¥Ehek-of SLitdbiepuffdrr anded

DNA fragments are _obtai ned by taking the resultant supernatant after
i ncubat i W’Pera speriicimarstion %wem:ﬂaemtja%ew Antdody coews. the glegtresiatipo, A

speci fi Cre%ﬁ&\%'a’@b@ﬁbﬁ@éhml arﬁ’crg'em%htlwdyhnélé&lé% créBds Quiiquel\pavessith of
interest is added and | owed hybridi ze to the 30 single stranded DNA in

t he 1 estemeavhigh one ¢an 'q'?”tgy they Pa(“EFP for aytigeg/antipadycierantionrRest fefigure 9.
hybri di zation buffer. The primed single stranded DNA is divided into two

aliquots _and _immobilized onto two different electrodes. The resultant
t enpl at errl nBrotepIARINiRtErasten acids or fragments are then used as

substrate in Aséfbfffﬁggéﬁ(é@féﬁmsﬂg pf@mﬁﬁéb?l&eb)bn@ﬂhb%(;ltfa&éstdf|deﬁht|§ﬂ|e}’émbaé§ and

speci fi c_deoxynuc| eot | de. Ieotldes are, added and.exten
occurs, 1MRsedreead yeteds; &’hfcggl% '"BY ocehta M°tﬂ‘“s‘i gen Femcuma cuI es

creafses aifféﬂ&hqu@telmw@‘mrdm Ehﬂmnwwncm thd Presancd faduiitably butfer. Petidned spdaiflc SNP.
See e.g., 02/ 47266 PCT/ US01/51398 G

etection
ot ng. LlbiifiEadeNiastiPaarAg T ASsie 1T ST RS BRPRe S GO R el
nucl eot i gidteii-piotélh mdleduldsadrggibs BURlotk wWavefotmISBIKAICE onk SaAdientfyale by first
hybridi2|n the tar et se ?nce a short ollgonucleotlde i.e., a probe,
paftrmdes R !

5 whi ch lﬁ’ir‘?tFE‘e‘H el DiesFPE e € GulPURHAY the 3' or 5 end of the

probe termnates at |east one nucleotide before the polynorphic nucleotide
of t get Then Si an e nsion reaction under appropriate conditions a
Nucl BhselResi 's'?%’FFr 'NE%CSBtlofa%te | i ke thi ophosphat e-nodified

nucl eoti des (R sed@fqaggwllgaaas dereﬁeptaisrﬁna piRintrholsiized qritotheatfasgs ofdNTPs  or

s 0 | neeRal Sederdes. THESI00H Banthar Bropfls BrsBOUE RO 8T8 t he
pol ymeri ngams bt feQ:Epl@fs taheinctipatge iith Afffessnt tgamals et reveptdrs trheflgditent | on
reacti oner'%vrn]r%nm%ntr |n(?hen8rleesgrl1]ceeofls%|tacglg %LsnlfeerSjV\YMe%g s%%cific interaction between the
25 ligands or receptors occurs, the electrostatic response of a group of identical ligand and
receptor molecules creates a unique waveform from which one can identify the pattern for

ligand and receptor interaction. See e.g., Figure 11.

M. Hybridization

30 ssDNA is immobilized onto the surface of an electrode and by trial and error
exposed to a set of short oligonucleotide probes. When a specific hybridization occurs, the
binding interaction creates a unique waveform for each probe from which one can identify

the complementary probe. See e.g., Figure 12.

35
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exonucl ease enzyne under appropriate conditions. Probe nolecules with the
NRN incorporated at their 3 or 5 ends are resistant to nucl ease
activitywehrdreédol ecul es without a NRN incorporated at poeUSIIB13®r 5 end
are not resistant to nuclease activity and are subject 15 to digestion.

Wien di ggsti oBefA€ ExpssibR Brotlifg by Q§h§‘fl'bfél Rﬂ%ﬂﬂmﬁpf a group of identical
DNA/ RNA nol ecul es_creates a uni que wavef orm from which one can_identify the

pattern for Sl RNAoreDYA is fnaybatgd with aneatray;qf geplysakty shprerEmpbilied geBaL i on

of anpli §peRffictiineds (prob Rlbfhls\éﬁﬁlé%%ﬁ‘o@@@urfbc%@aﬁﬁlf@%rﬁ EM spexifichtimeyied by
first imobilizing one of the two priners ontg the electrode. The resultant

structur @eﬁgntc%‘rﬁaé’éte&f"\ﬂp? Rf '(hérﬁS'ladt Ehe gone spacific PHMerRAe PRSYFe and al | four

dNTPss V\!!,@ﬂlenaﬁﬁ)e%éhmeﬁ%r.%es willed 561b’ axd ev&Itﬁ@bggecw.ﬁteréshqr@I eﬁfetyrcs?st atic
response 1 n eac cycle creates a uni que wavef orm whi ¢

eval uat eP@E?rsdﬁf‘&brtq'?@dr?ﬁ&e RINAH intergpide terrepeyice @5”%“@'&*!2@'0%@&@ g.,

Fig. 7. tne RAURSEEMPMRIBHINGHRleidMY ElMextls crfahmehtré Weraisedasi ds t her eof
of pathogen to be assayed are incubated with pre-inmobilized pathoge

speci f i cSYRstraiai8 a(&fl"‘@%@?“%ﬁ@ﬁé?&““&ﬂ b&ﬁoﬁﬁaP'&}ﬂ tBFm vith revVrEelrpeaptase,

probes, ¥rﬁera@é%n§ﬁﬁ@IafnUCaus&mtt@aﬁym@Je@na@sﬂwm rnrdermaés metdadbbaha 3" or 5
ends over base of interest, can hybridize to egﬁ?e}
er.

pat hifhenextension gecurs. the elgctrostaticraspanse ohp ggqm%tbcﬂ@t'ﬁ@)tﬁw@% rB?J

The resuérbatrt atmmeamle}%rmmm WHidhedrie @l idlentipanaRiugts tHel AgewsTithe ar e t hen
used as substrate in a rlrrer cghensmn re ctlonnjeglz\a C acting wwth an

appropn@f’l@cH'SFy?f&e&§§f‘ e5eIPa Protiling: M85 &9 e FIgNSP - four 35

deoxynucl eoti des. Wien nucl eoti des are added and extension occurs, the

el ectrosfatic__ response of a group of identjcal R cules creates a
it que. vavet OMRATEG AT EaSte ol As Spek AT 1968 L ACPIREShGteal €h ond
can 151enﬁ1uftwansiat@gahaa@ttg Agi Ptes ang ethef ccsdue:cmtrh@@ﬁals) ts;eesueg gifferenti gur e

ANt i 4 t 5 | anti bodi
2o br oS4 BB R b oSheRe R n SRR S ©°

anti bodi @@upy\hemhnél@hesﬁfafte rméryaﬁtﬁ-sﬂéﬂd, apoxyesilahgransvatiasd; |§dn|aﬁcyainata,lbat ed
with differen ant v ron é? in the rese

Shi 1 abl CABAEPRET GRAEH P anEorH iSSPV BT Bhecibsnt Br BiERERTEH Bivay
ant i bodyugieg & heterbbiftinetional cross-irikee, dircesgepasitionbf avidin aup etd, whibbrdre @il

derfl 1y PEHRORaeRPrS e 2 ERBEHR AR body i nter acti on. See ... Figure o

K. Pr ot ePre-gyntiesizedigehe spedificoprimers (probe) are immobilized onto the electrodes by using
above mentioned different immobilization techniques.
The extracted total RNA, PCR products, cDNA or genomics DNA is incubated with oligos
for hybridization in the presence of 20 mM Tris-HC! (pH 7.5), 8 mM MgCI; or any other

25  hybridization buffer. The hybridized template/primer fragments are then used as substrate in

a primer extension reaction with presence of reverse transcriptase enzyme or DNA
polymerase depending on usage of DNA or RNA and specific dNTPs. When nucleotides are
added and extension occurs, the electrostatic response of a group of identical DNA/RNA
molecules creates a unique waveform from which one can identify the pattern for use in

30 characterization according to the subject invention.

The above results and discussion demonstrate that a valuable new way to
characterize molecular entities in sample is provided. The basic inventive method of the
subject invention finds use in a variety of diverse applications, including the

35 detection/characterization of template dependent primer extension reactions and analyte

detection applications. Advantages provided by the subject invention include high speed,

34



A set of tagged proteins is pre-immobilized onto the surfaces of identical
el ectrodes. These tagged proteins, which have affinity to certain

prot ei ns,wapny4t2zben i ncubated with 15 different proteins i PCHRUSOIEIGISC
environment in the presence of suitable buffer. Wen a specific

i nteract én%lé’ﬁ&&@rﬁ@ntﬁ% PRI ddSt, 88 Weli %s réeﬁ“d%/ aﬂaS@%ﬂn@stB%drPthFd%@HBﬁ‘tse of a
group of identical protein-protein noleculés creates a uni qué waveform

f r om whi ©FMatseAs SHCH, desmsytigct inyentiqrurepeasgnis & sigiitigast parprilystion o thetart-act i on.
See e.g., Figure 10. 20 L. Ligand and receptor detection A set of tagged

| i gands or receptors are pre-immobilized onto the surfaces of identical

el ectrodes. TABSRURISHAS PRgRARNopPRIERYGNSOFLCd Whittlk ReRAfiGatigh atef hereiny to

certa n inkbipdndsd By FREBRESTS, if aRhi NANIRREE Bublichiforfiof fét agpliSabms wafe
receptors in a fluidic. environnent in the presence of suitable buffer.

Wen a sfrasifically and ada/&qalﬁms'&amew Q%@ngofqt%%?fBW“P%cJBP(ﬂ@“%EU?%V t he

el ect r osp@licstidreseN e ditlclo8u@r HHP tefthé dmﬂ} U@t@'an‘d' SRR ﬁdldoe ESHEBRES as an
nol ecul es creates a uni que waveformfr ch one can identify the pattern

for |ig3¥BissiRA t'ﬂ%é%? ei“df‘\éer"é'e{‘ iSohet eg%e%mga”teqﬁt"gﬁ‘ﬂ%‘ Eblb"CMO”IJRVbY'FEﬁ hti on
30 ssDNApjigy ihvemaéh.| i zed onto the surface of an el ectrode and by trial and
error. exposed to a set of short oligonucl eotide probes. Wen a specific
hybr1Qj| zation occurs, the binding interaction creates a uni que waveform
for each probgithd mtmfo@égwmoaﬂ.ohd@euoeéudeédme@mr@ématambymwbe See
e.g., Figure 12 5 33 V\Q 02/ 47266 PCT/U 01/51398 N, g Expr essi on
profili ngu%?t@@@ﬁ SXINRIE Tenpurposes AT |U”ﬁ$\ﬁt%‘f"“8m}§r?§ Y RAPRBERNELP wi t h an

array of thas@bﬂmlnatrwsmf inRh&alt ATYP bf the teABHQYs osw@mf/érmoﬁ thatReRaihUhahgss

present el ectrode. surfaces g rjner IS resent on
brch el o0t QaETGRIT RS Heade fereie nancydaPrb Jomioe sPit B sompeiof e &

sequsci apepdbeBRirgs) priners with the 5 or 3' end over the base of

interest. The array of priners is hybridized to the RNA of interest in the
presence of suitable hybridization buffer. The resultant tenplate/priner
nucl ei ¢ acid dupl exes or fragnents are then used as substrate in a priner
extensi on reaction by contacting themw th reversetranscri ptase/ DNA

pol ymerase enzynme and all four deoxynucl eotides. Wen nucl eotides are added
and 10 extension occurs, the electrostatic response of a group of identical
RNA/ cDNA nol ecul es creates a uni que waveform from whi ch one can identify
and evaluate the nmass of the nolecules for gene expression profiling. See
e.g., Figures 19A and 19B. 0. Mddified tenplates or oligos are imobilized
on different surfaces (planar, needle or
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15 multi-well plates made by Au, Ti, Pt or any other conductive materials)

by using different immobilization techniques such as streptavidin coated

par amagnavo o2/bresls, primary ami no groups, term nal phosphat/@so1/51398

mer capt o-si | ane, epoxy sil ane-derivatised, isothiocyanate, am nophenyl- or

am nopr opylatieciMagd ged pol yl ysi ne and attachnent of thio-nodified DNA

using a heterobifunctional cross-linker, direct deposition of avidin and

etc; which are all 20 protocols known to those of skill in the art.

Pre- synt hesi Zah&RoE osdHRadtérziny 4 ikt MoleRlIBDEInEE SetdiAMIN dbAiged Aidleulehe

el ectrodes g%ntisi gg R{'it&ov_e ment i oned dit};f rent inmobilization techniques.

The ext r' 8@ $NR'S PLF CRRGUCtipGFRegiUTY Fajddme CIHPIYRGoni cs DNA i s i ncubated

B MO 2 or any Dot o6 bt Lot bl er e Tybr A ed | 9.

or _any otnher . ridizatio uffer. ,The hybridize

tenpl ate/ pri n‘é‘?"d?‘/‘f;mﬁ?'é’ma? RleARdFafIrslimAEE Y Xate in  a primer extension

reaction w th(ppr esestectingfa travsdrs electrRasgignap pariacen By aendhoditbliongiol ymer ase
en nucl eotjdes, are

d di of . d i fi.c dNTPs., Wh
ndbed andoRTERLT SAC LIPSt n tiPleh S8 Capd EHPa it same R TR oG
i dent i caimrbdzBNAecomd oltcale Y;maat es a uni que wavef orm from whi ch one can

identify the ttern for u i characterizati cording, to the

subj 151 i nvent® on. TeRES pb s ded e alesireal A1 b AdrenT Sareeiedeng

val uabl efeatie vhyaid first avkscalzl X ahd eaidekeeand racleeulé iYtin 8aidisangpl e is provi ded.
The basic inventive nethod of the subject invention finds use in a variety
of diverse applications, including the 35 detection/characterization of

t enpl at e2.depeTickemethadi aveordixt to Claio  mdeedin oaitl at ledsborad gHaracteletirecfentune is

appl i catiops. vant ages provj ded, by the.subject invention include high
speed, @2H%V§gfﬁy7%gnéwrﬂ§ i‘?’ﬁ’gég or HNAN9LYeRL t r ument ati on and | ow cost,
as wH | as ready adaptability to high throughput formats. As such, the
subj ect pnvention represents a. si.gnjficant contribution to the art,. All

oubl | cat Pons. HMSHERACcaRbY B FrBnk WiEtHashl Rooedteh 82 PRERFUATE o her ei n
5 i ncor powatdsdy.by reference as if each individual publication or patent
application were specifically and individually indicated to be

i ncorporated by reference. The citation of any publicationis for its

di scl osud.e prTiee methadrezcbidingtg Glaitnel, avhéreim sail dnaveteneiscomsvernent o X away
adm'%'tosi on tty:lt the present invention is not entitled to antedate such

publ cat 'O by virtue of prior invention. 10 Although the foregoing

i nvention has been described in some detail by way of illustration and
exanpl e for o] i i it 1S ¥ j t to
Those. of or i [ edbaecbita b tuftn +3Rrah B8 oBRhudhe i A Sarblie P RILEN

i nvent i omedinet certain changes

25 6. The method according to Claim 1, wherein said conducting medium sample is a gel

or gaseous medium.

7. The method according to Claim 1, wherein said immobilized molecule Y is a
polymer.
30
8. The method according to Claim 7, wherein said polymer is a polypeptide.
9. The method according to Claim 7, wherein said polymer is a nucleic acid.

35 10. The method according to Claim 1, wherein said immobilized second molecule Y is

immobilized on a surface of a first working electrode.
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and nodifications may be nade thereto without departing fromthe spirit or
scope of the 15 appended clains. 35 WO 02/ 47266 PCT/US01/51398 WHAT IS
CLAI MED ™3 0447266 met hod of characterizing a first nol ecul BCRUasIG1898second
i mmobi lized nolecule Y in a sanple of a conducting nedium said nethod
conpri si ng 5 (a) providing a system conprising said i mobilized second
nol ecul e Y, said conducting nedium sanple, and said first nolecule X; (b)

det ecti ngl-a t fBmE1EdhRd %chgdgr}q todtlaig) %Mheﬁ'%a@éé@”ﬁ'?”tae'%ﬂ?ﬁﬁF'ﬂ@é't'? onal

novenent mehsisral dsibsald it visikihg eléctrbd® Higda Satshdrenderidel dhktidagl um sanpl e
relative to said 1 mobilized second nolecule Y; and 10 (c) relating said

detected transient electrical signal to at | east one characteri zi ng

feat ye 0f sarHe frietiidd 462bRIMY 6 dﬂalamb biefbiS eaamﬂne'ehteéié&tﬁcaYsigﬁalsgl d sanple.
wher ei n | east one

2. The net hod accord @9 E Eﬁ Hg

char act eME3PHEA HERY FRUTALLY O 'FFQS?Fesv\é’h'GalpWa“tblﬁ‘& Pt yaid dfst WorkiR®,  char ge or
bi ndi ng eeé&rdde. 15 3. The nethod according to Caim1, wherein said novenent
is a novenent of X towards Y. 4. The nethod according to aim1l, wherein
said novenment is a novenent of X away 20 fromY. 5. The nethod according

to d ai m:l WiTie¢ Riefhceicaddoiiiytto @laing1, MgtbrélMNsgidtidingichSelctfitdlisignane@ um 25 6.
The {Bet hod accor di erein said conducting mediumsanple is a

to Claimil,
gel '“or QS%a'ﬁﬁEﬁ%ﬂWg' p)a.raa'%*fr%r %%Aﬂﬂzf according to Claim 1, wherein said

i mmobi lized nolecule Yis a polymer. 30 8 The nmethod according to Caim
7, wherejp said polyner is.a pepfide,. . 9.. . The odacordln to daim
L her ot BeinAccpRing RUAEE Wikiein a0 BRI ARE el oy o
Claim1l1l, wherein said i nmpbilized second nolecule Y is |mmb|I|zed on a
sur f ace i rst ,working,el.e WO 0 /47 66, PCT/ USO1/ 5139 11.
The oD oot Blemb acBRit 8 TE R0 F vdRre s ler kel SRR R R o1 ona
is

16. The method according to Claim 13, wherein said electrical parameter is

accumulated charge.

17. The method according to Claim 13, wherein said electrical parameter is impedance

20 of said medium.

18. A method according to Claim 1, wherein said second immobilized molecule Y is a
polymer immobilized on a surface of a working electrode, said conducting medium sample
is fluid medium; said transient electrical signal is measured using said first working

25 electrode and a second reference electrode; said movement is a movement of X towards Y;

and said at least one characterizing feature is a binding event between X and Y.
19. The method according to Claim 18, wherein said immobilized polymer is a
polypeptide.
30
20. The method according to Claim 19, wherein said first molecule X is a polypeptide.

21. The method according to Claim 19, wherein X and Y are proteins.

35 22 The method according to Claim 21, wherein X and Y are a receptor-ligand pair.
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measured using said first working el ectrode and a second reference

el ectrode. 5 12. The nethod according to Caim 10, wherein said transient
el ectricavost/gned is neasured using a plurality of el ect pod®s)i/abesch
plurality includes said first working electrode. 13. The nethod according
to daimp3, mﬁé%éﬂhm&oﬁm@w@aﬁn 81 %erré.ﬁadarﬁ\@a% anl Snthody- keS| N an
el ectrical paraneter over tine. . The nmethod according to Cl aim13,
wherein said electrical par arreter is voI tage. 15. The nethod according to
G ai m 13p4 WherrRé hetitddadtbRiitd lo@hin? 8 AREh shidl ikiHobfRéd polymedi8 a Altkidret hod
accordi ng to Claim 13, wherein said electrical paraneter is accumul ated
char ge. 2¢d. The net hod accor di ng to Caim13, wherein said electrical
parangter is inpedance 20 of said medium 18. A net hod according to Caim
1, wherein said second inmpbilized nolecule Y is a | yner i mrobilized on
a surfac€Sof AhGBIANRALPENIY 9ddaimsat. avespin seidifing ”f‘ﬁi%ﬁqﬁﬁ(é%?rﬁ%'e'clafr'ql ui d
medi um said transient electrical signal is neasured using said first

wor ki ng 25 el ectrode and a_second reference el ectrode; said novenent is a
novenent 2&f xThemsthed agcordipetolaim 24, whesaip S@Hé'@ﬁ'&?'%‘ﬂ%ﬁ'sz?ﬁﬂc'%tﬁ%re is a
bi ndi ng event between X and Y. 19. The nethod according to O aim 18,
wherein said imobilized polyner is a polypeptide. 30 20, The net hod
accotdi ng’t o Ehanethayl acraEding 19 aimy28, iwhereinspid mgtaodds; asmﬁthBGIWB@t&ﬁ"Eﬂa 21.

The met hgg o%@ﬁl@hpbd?ﬁhrfgcbf@ rillcl@oih@e td’@@’f@idbf& @iser orfafhiky Middidaciddm £2. The
met hod accor din gl n X and Y are a receptor-ligand pair.

37 WO 02PAYDEES é??ﬁ)@@ﬂf%‘i@@@ defgn SR EriFet ﬁdﬁ”%l%fﬁa&}'% to C aim 21,

wherein X and Y are an anti body ant i gen pair. 24. The method accordl ng to

Claim 18, wherein said i iS ucl ei c

rethot a2Bor e meliad SR toudam. o e Far Srothed B metiau ot sSadkiengi o
aci 5 28 nudiBrR dtRt hod accordl ng to Caim?24, wherein said first nolecule X
is a nucleotide. 10 27. The nethod according to Caim 26, wherein said
method is a nethod of detecting the coval ent bonding of a nucleotide to a

3' end opga ptrhéraretrwmraoabmrrg;ormguhem whergln ghid nfethddis\araethse of déebyriea

tenpl ate d end P i.mer extension reaction.
nuc cacu ana e in a sample.

20 30 The method according to Claim 29, wherein said nucleic acid analyte comprises a
SNP.

31. The method according to Claim 29, wherein said method quantitatively determines

the amount of said nucleic acid analyte in said sample.

25
32. The method according to Claim 31, wherein said method is a method of gene
expression profiling.
33. The method according to Claim 26, wherein said method is a PCR method.
30 .
34. A method of detecting the occurrence of a polymerase mediated template
dependent primer extension reaction in a medium, said method comprising:
(a) providing.a system comprising an immobilized template primer duplex
nucleic acid made up of template and primer nucleic acids in contact with said
35 medium, wherein said medium comprises a polymerase and at least one nucleotide;
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28. The nmethod according to Caim24, wherein said nethod is a nmethod of
sequencing 15 a nucleic acid. 29. The nethod according to C aim 24,
wherei n a0 d2zwmbhod is a method of detecting a nucleic aepCOUasnaigdse in a
sanple. 20 30. The nethod according to Caim?29, wherein said nucleic acid

anal yte conprjjes geteshifa eq a ﬁgns@m%lé&‘rfclapg%ﬁé?‘b%o@cw|ﬁ§élﬂt@lﬂ[ﬂf?&%} cW&f‘ern?' n

said nethod quantitativ det er m nes e amount of said nucleic acid

anal yte in saPendingpi said sHeast ongRyciaplideda aletBings ASaibPUNET MCERIC agifednd n

said nethod i &) )a r@m@ Gild @R8&ed ﬂéﬁnéﬂ%lééﬂudar Qbhél'té‘ﬁhe c?c%urrém% dfef hod
according to aim 26, wherein said hod is a PCR ne 0 34. A

net hod of det e@vmﬁ@sw&e%emm%ts d@Pe%F%PS}’P?ﬁF %@”m&’%‘?@!‘ 'f‘éﬁ‘ﬁ’l ate
deperglent pri fRbiugxt ension reaction in a nedium said nethod conprising:
(a) providing a systemconprising an immobilized tenplate priner duplex
nucl eic acid nmade up of tenplate and prinmer nucleic acids in contact with

sai d 35 ggdi Uthe MRS dtcorirth t@i&ﬂél%&@iﬂéfélﬁ§§|dé!raﬂ§|bw@ééﬁ@hl 3igflalt ol east one
nucl eotide; 38 WD 02/47266 PCT/ USOl/ 51398 (b) detecting a transient

el ect ri cEhangedman elschigabeatamstes QV¢ M&4i um by coval ent  bonding of said at
| east one nucleotide to a termnus of said priner nucleic acid; and (c)
relating_said_detected trapnsient electrical signal to the occurrence of a

pol yHEr a3 medifemethadansreding Rd@ingdhvhsreinapid Setectrd RalyPerase Mediated said 5

medi um t%EnpléEEQe dyhdpmapéﬂeﬁwod rRablonl i tHAcovaleat &dditichadf Gt leadéneent
in an electrical parameter over tinme. 10 36.

el ectrical IS a e
The met hB‘bC%EE Srt?iﬁ?l'g W'B‘WH&%‘F@S' d'sthé&PEi n sai d detected pol ynerase nedi at ed

tenpl at e dependent prinmer extension reaction is the covalent addition of at
| east on nugl eotide to said p cleic ac dsB end, 37. T thod
hocor di -t o ERETFNES ScaaRing t CEMEUADEESD FiGLPE aUFaeiacd mePs

on a15ur6,a§@uﬁ§ceaoffaf@twmmglen@;t@b@ctrode 38. The nethod according to
Claim 37, wherein said transient electrical signal is neasured using said

first working electrode and a second reference el ectrode. 20 39. The net hod
accordi ngg.t o Tham@thdbd, acsbrlir o Gand3 7, wherdie Baid &latsient elédtricdl gigahl is S

measured using said first working electrode and a second reference electrode.

20 39 The method according to Claim 37, wherein said transient electrical signal is
measured using a plurality of electrodes, which plurality includes said first working
electrode.

40. The method according to Claim 33, wherein said medium is an aqueous fluid
25 medium.

41, The method according to Claim 33, wherein said medium comprises only one type

of nucleotide.

30 42 The method according to Claim 33, wherein said medium comprises at least two
different types of nucleotides.

43. The method according to Claim 42, wherein said medium comprises ATP, GTP,

CTPand TTP.
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measured using a plurality of electrodes, which plurality includes said
first working electrode. 40. The nethod according to Caim 33, wherein
sai d nediwon/g72eé aqueous fluid 25 nedium 41. The net hoBCrUsawddysg t o
Claim 33, wherein said nmediumconprises only one type of nucleotide. 30

42. The gRt hoGhaafeMdl atofdhddoatIaNM33, WHEREIR sBidTRdtHod R MEHeaSP se§Rhef
|l east two different types of nucl eotides. 43. The nethod according to

O ai m 422 NYplgicacd- sai d” nedi um conpri ses ATP, GTP, CTP and TTP. 35 39 WD
02/ 47266 PCT/ US01/ 51398 44. The nethod according to Caim 33, wherein said
met hod is_a nethod of sequencin a nucleic acid. 45, The nethod accordi ng

to O ainf83, WAePethedarcarding tRddaims33 wherein saidmetaedista mgthad of datgeling @ aci d

anal yg e AdGdleis atid dilyieoshd sHid AREthdITIRRErsRMprieétdAiBgtheosifiehtebes of a
pol yner ase nedi at ed,tenPI at e degendent prinmer extensjion reaction to the

pr esencePY¥Merasg mediptpd femplaie fepradsht erimar ©4eRPIORERGHAN edhe presenes pladid
accor di ngudiéic etididiafte inwary mediugal d nucleic acid analyte is a SNP. 10 47.
The net hod according to O aim45, wherein said nucleic acid analyte is a

nucleic acid froma pathogenic organism 48. The nmethod according to Claim

33, wheragn sa;hél memdaatcbriry toBRIIHIA048) WHEEHE said muehsRrRebardyteis0d BNPng. 49.
The {%t hod according to Caim 33, wherein said nethod is a nethod of
nonitoring a PCR reaction in real tine. 20 50. A nethod of sequencing a

nucl ei ¢ azi d, Th&@héthet dvedrdr@yiarciaings, wateihsadindtiel aticcard\RaisCHAPEIRISI Ng an

i mmobi lized,tenplate priner duplex nucleic acid nade up of said nucleic
aci d hyb?‘?'gifrfaggf’%ﬁ‘ag%}‘?ﬂ@?“ﬁﬂg eic acid, wherein said inmobilized
tenplate prinmer duplex nucleic acid is imuobilized on a surface of a

wor ki ng ectrode and is in contact. . wth a nmedi umconprisin 25

ol yrer aS8 andig e Bceaithe BRat pdieinerdy SHErEoE B mEig of afpe

el ec15 i caxprésgidraproflimgduced in said nmedium by coval ent bondi ng of said at
| east one nucleotide to a term nus of said tenplate nucleic acid;

49. The method according to Claim 33, wherein said method is a method of monitoring a

PCR reaction in real time.

20 50. A method of sequencing a nucleic acid, said method comprising:
(a) providing a system comprising an immobilized template primer duplex
nucleic acid made up of said nucleic acid hybridized to a primer nucleic acid,
wherein said immobilized template primer duplex nucleic acid is immobilized on a
surface of a working electrode and is in contact with a medium comprising a

25 polymerase and at least one nucleotide;
(b) detecting a transient electrical signal produced in said medium by covalent
bonding of said at least one nucleotide to a terminus of said template nucleic acid,;
and
(c) determining said sequence of said nucleic acid using said detected transient

30 electrical signal.

51. The method according to Claim 50, wherein said method comprises producing said

template primer duplex nucleic acid and then immobilizing said duplex nucleic acid.
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and (c) determ ning said sequence of said nucleic acid using said detected
transient 30 electrical signal. 51. The nethod according to C ai m 50,
wher ei n a0 d2zwebhod conprises producing said tenplate prpPaRUSELTIBEX
nucleic acid and then i mopbilizing said duplex nucleic acid. 40 WD 02/ 47266

PCT/ US01621398he lﬁ_%thomcmﬁ@tt@ caﬁirroert;cﬁimrelxi@ _séihaﬁe_stg&%)c?r}mﬁegiirgrr@ailignget hod
conprises ., mmbDpl |1 Z] S e €. NucCl el ac| ol 1 owe .
ybr 258 BB ptedhiclt e lPYSARy Pisaiion Aled alemoiaed PaPalE Qg e

nucl ei ¢ agitl ¢ sdid pAmer heclgietabidd according to Cai m 50, wherein said nethod
conprises imuobilizing said priner nucleic acid followed by hybridization
of said immbilized prinmer nucleic acid to said tenplate nucleic acid. 54.
The regt hogl acThe diefrihd dcbidirigio Baim b hereils 8ibl nerBbdBdrBEHERE iriMBbiliziRg Ngl €
type of 18 nucl eoti.de Iggd sai %g&%hgd .cog{?ri.ses two or nore iterations of
sai d st ePR9 PAeLAYCIfip Aciddolloyed ddigation 47 seig iImmopflized prmer RiciRls aeid &9

si gnal s §di@emplatemusRichgequence of said nucleic acid is determ ned. 55.
The met hod according to O aim50, wherein said nedium conprises at | east
two 15 different nucl eotides. 56. The nethod according to C aimb55,

wher ei n 54i d TeelmnethoeicagebidiestoGlam 30 Mherdiil Baid Mtk diuny camgrisadl Asifgie@yps ¢fi ng

step, £onpris regding said sequence froma.sipgle, defected tr I.ent

ol oot T cBid &R 2hd <o aRoR AP i on BeLS Laiche e SELTFPERENSBISH! nai ng
event beprodate apluralisy offtedraznt electeical sigmalsrfromb whichedidsssauenca sl satlhesldits a

medi um said t hod conprising: (a) providing a systemconprising said

i nmobi | i%%%'sséeag%rﬁﬁm?fgl ecule immobilized on a surface of a working

el ectrode and in contact with a nedium 25 conprising said first nol ecul e;

(b) detegting ransi.en I i.C signal i.n sajd medium produced by a

bi ndi g v entoea b o iy, B ol i BB PR M ST e

nol etful edifferedt Qudeatidesit i ng sai d detected transient electrical signal to the
occurrence of said binding event between said first and second nol ecul e.

30 58. The nethod according to C aimb57, wherein first and second nol ecul es
ar e prot®8.ns. ThésBethbldeacoetdirgato &aior &, mipetain Shidimadiim comnprigasrtGBRIATR, r st and

second nBJFIg%HLieﬁ'lﬁéned &hid determining step comprises reading said sequence from a single
detected transient electrical signal.

20
57. A method of detecting the occurrence of a binding event between a first molecule
and an immobilized second molecule in a medium, said method comprising:
(a) providing a system comprising said immobilized second molecule
immobilized on a surface of a working electrode and in contact with a medium
25 comprising said first molecule;
(b) detecting a transient electrical signal in said medium produced by a binding
event between said first molecule said immobilized second molecule; and
(c) relating said detected transient electrical signal to the occurrence of said
binding event between said first and second molecule.
30
58. The method according to Claim 57, wherein first and second molecules are proteins.
59. The method according to Claim 57, wherein said first and second molecules are a
receptor-ligand pair.
35
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receptor-ligand pair. 35 41 WO 02/47266 PCT/US01/51398 60. The met hod
according to Claim57, wherein said first and second nol ecul es are an
ant i bodyve@v2/grre pair. 61. The method accordi ng to C ai m BZT/Ustiesisesn sai d
first and second nol ecules are 5 nucleic acids. 62. An apparatus

conpri sieg: (The telfsll d0CbIMY @i CIARNS7, HRIEA baid iRt ahBsBEorRl rﬂEIQbME& BRvAfg a
first nolecule; (b) a working electrode having a second nol ecul e

i mobi | | 2APody-a5tie&Tt PAlce 10 t hereof, wherein said surface is in contact

W th sald medi um (c) a driver to drive said working electrode; and (e) a
si gnal ces tain a re f said first and to generate a
transi en el e F? P’@%Odgqcﬁﬁﬁjl'ngotascig P’@’@FF'" gajd fiest a?ﬂée%ﬂdpglﬁﬁ‘ge%té@or di ng
to Clmi mfdeicwbigsei N said apparatus further conprises a reference
electrode in contact with said nmediumand said signal processor conpares
responseé fromsaid working and reference el ectrode to generate said

t ransi enf2-el eép,ape%rptussqog}pglpmgzo 64. The apparatus according to C ai m 63,

wherein said @) ves nedighh csRginmedt élEﬁfeﬁﬂédrﬁéme%phédlurﬁmaViﬂgférfﬁéﬁrﬁoléc@Barge
difference be en sai d el ectq&&éﬂ in said nmedium._ 65. The a£

according to maé‘@r Kigghgleetr Vina@$¢5Rg mgleryesimmekiized op| Ees are

pr esmnt mar@f,nhrmam saldr fuafaee @fin @ontadt witshid heaiupiibstrate. 25 66. A device
for use in practicin ima1l sald device conprising: (a) a

t he nmethod of C

transient el ef¥ri caﬂﬂg‘?fgﬂ&r'vedéﬁ@wrw% EHRdi 3Py detecting a transient

el egtri cal sig@al salgaepbrbyesigemermjtainefree%in_debfsbf_ﬁ? _fifﬁ)gﬁ@td @erfjérétblraouglh aY
conductipn relative to said i nmobilized second nol ecul e Y,
and 30 (¥ Sée”gﬁt%ﬁnhtcéfng@id c&“ﬁ'@df’um on which is recorded an al gorithm

t hat reI ates said transient electrical signal gener ated by sai d novenent
of s é%rst nol ecule X relati | i zed ie ond nolecule Y to

ast 8

o ThensaTats ZeidaPhls Barm e hirg T I9e prpargiis MR SoRESER ¢
second nigferendecel¥ctrateSaicdntaatnithesaiBmediim a'ditEsai@mgp@I PROCEBE Ol dugmaoeﬂ ai m 66,

\Sﬂ;? : tn y,salggnﬁaeé E?eagglg Hrgeiﬂégh%ﬁca rietfee{é%\?zegag\:} q@ttgr@%neéte sald {ranslent ele%(t:rlcay

signal.

20 64 The apparatus according to Claim 63, wherein said driver comprises a differential

amplifier to create a charge difference between said electrodes in said medium.

65. Tne apparatus according to Claim 63, wherein said working and reference

electrodes are present on a planar surface of a semiconductor substrate.

25
66. A device for use in practicing the method of Claim 1, said device comprising:

(a) a transient electrical signal detection element for detecting a transient
electrical signal caused by movement of said first molecule X through a conducting medium
sample relative to said immobilized second molecule Y; and

30 (b) a computer readable medium on which is recorded an algorithm that relates

said transient electrical signal generated by said movement of said first molecule X relative
to said immobilized second molecule Y to at least one characterizing feature of said first

molecule X and said second molecule Y in said sample.

35 67. The device according to Claim 66, wherein said at least one characterizing feature is

motion, velocity, quantity, structure, charge or binding event.
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WO 02/ 47266 PCT/ US01/ 51398 68. The device according to C aim 66, wherein
said at | east one characterizing feature is a binding event between said
first nolveauot/e2% and sai d second nol ecul e Y. 69. The devi BeT/aiseioiadsng t o
Claim 66, wherein said transient electrical signal detection 5 elenent

conpri seggat kﬁéggwe@scmlkg wCehﬁ@érm&em sg.d a-lfhgas@SNé eh°a &@%ﬁig g i ai m

69, wherein said transient electrical signal detection ement- conpri ses
said at PM“W“WWﬁ@S@Pé&tM@UM aadlséfﬂéleémm@bé@'?r\(ode 10 71. The
device according to Claim#69, wherein said transient electrical signal
detection_ elenent conprises a plurality of electrodes, one of which is
said at PBast TBRdevies R‘i‘%’@d'“@%@g%é@ W'Tele'”‘FHé’ tﬁ%\?lﬂ'&‘@'&é@é@'(ﬁ@f@' defection m 66,

wher ed N gRhfénfl&h SRk 4k [d38f orfePNBrking@Feclrogd > differential anplifier. 73. The
device according to Claim72, wherein said differential anplifier is a

differential voltage arrpllfler 20 74. The device according to Claim 72,

wherein s@i d thé bevieahéRhding R Cfaln‘?BQ'ﬁhé%elﬂ'sfafdQFeﬁféFe'n%lecl‘FlHélrs?dﬂal géxaktidnl er .
75. The deV| ce according to Claim 66, wherein said device further includes

a sanpl celemeAt SAMPRSSE Saideatianst opswerkingralectipde and ajetesenferieqtwdel ai m 75,
wherein said device is an integrated device. 77. The device accordi ng to
Claim75, wherein said device conprises at |east two distinct sanple

cont H nnéht nﬁﬁﬁgeﬂ%ﬂc%’é‘m‘%&’ Clan BRevherain spidiiransiest eleririgpl signghdgteetionect i on

30 el eneglemefBeonlbrised QWIGAIItY GF Bledirotkst OndbRWHIEH & sath@Neadh ofhdwWdriiiey i ce has a
chip conf |§gu tion. 79. The device according to Claim77, wherein said

devi ce h8l €rray configuration. 35 43 WD 02/ 47266 PCT/ US01/ 51398 80.
The devi ce accordi ng to Claim66, wherein said i mobilized second nol ecul e
Yis a ? ner. 81. The device accordi ng to CGaima80 wherein said polyner
i s i mobl % zeﬁh%ﬂe‘é"%ﬁ?@&!ﬂ%g tosClgim g6 e Héalé’qué’tcﬁéﬂf@eé&ﬁﬁ%%?ﬁaof sai d
tranﬁ; enalffg}feaq§|rdn¢@.k.e,s| gnal detection elenent. 82. The device according to
Claim 81, wherein said polyner is a polypeptide. 83. The device according
to Claim8l, wherein said polyner is a nucleic acid. 10

73. The device according to Claim 72, wherein said differential amplifier is a differential

voltage amplifier.

20 74 The device according to Claim 72, wherein said differential amplifier is a differential

current amplifier.

75. The device according to Claim 66, wherein said device further includes a sample
containment element.
25

76. The device according to Claim 75, wherein said device is an integrated device.

77. The device according to Claim 75, wherein said device comprises at least two

distinct sample containment means each having its one transient electrical signal detection
30 element.

78. The device according to Claim 77, wherein said device has a chip configuration.

79. The device according to Claim 77, wherein said device has an array configuration.
35
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84. A systemfor use in practicing the nmethod of aim1l, wherein said
system conprises: (a) a transient electrical signal detection elenent for
detecti ngv@oramnsi ent el ectrical signal caused by novenmePCT/OR01251B98r St
nol ecul e X through a conducting nmedium 15 sanple relative to imobilized

second mgheculrge Mévie@)ac@mn?hg@rairﬁ BE Wﬁ&éiﬁ%i&ﬁn@oﬂﬂ&@@%&fgdrrﬁagﬂlﬂé & jggdi um

that relates said transient electrical signal generated by said novenent

of said PPY®Er.nmolecule X relative to said i mobilized second nmolecule Y to
at | east one characterizing feature of said first nolecule X and said

second mpl ecule Y in said sanple; and 20 (c) a conducting nedi um sanpl e
conpri si By fi f8% dpyFRacqoEding t9.Clatm 8acvhereinsaidpolymenisimmphiized aner swéace

ol ecgil eoffa wBRkingTélEctratel RMRRER I isB tiahsichélEttidal sREl @itectidAietbridnt! east one
characterizing feature is notion, velocity, quantity, structure, charge or

bi ndi ng event. 25 86. The system according to C aim 84, wherein said at

| east ong2 charhes tevitd hétdrdifgtdCRim BS, whetbin GaltbdiMRétis BpoWpeptideal d first
nol ecul e X and said second nol ecule Y. 87. The system according to Caim
84, wherein said conducting nmediumsanple is a 30 fluid nmedium 88. The

syst em agg.or dThg déAcéhedordifgto @R 81 Nwisrbifl saRIsbFhéMEg aMbleltckRNPl e is a
gel , or a gaseous nedium 35 89. The system according to Caim84, wherein

sai d'@ransient electrical si gnhal detection elenent conprises at |east one

wor Ki ng 84.ect Acgstendfbr WE2 Dirdotidhg tREHeRA1di TIARB1, Hherdineaidwyétem accor di ng
to Caim89, wherein said transient electrical signal detection elenent

further CURMISeSes a reference el ectrode. 91. The system according to O aim
89, wherein s@)d taaaasienteledtes sighall detdction klefiaing edridetectify gkransight conpri ses

a plurality of electrod wher ei ald plurali conprises said at |east
one wo. kP IREGR! SR ERseg DY maemepbot gt BalarRgt DESR S SHCtGBPIIR cai g
Syst'fsdn fwmﬁerrelﬁwmbiimﬁ%)mzedikéd‘oadgméécfﬁ.]!e enpl i f: er. I10f 93. The system
according to aim 92 rei n sai ifferenti amplifier is a .
TP erend & @Yol s aghif i praserteh o anutg Tehdhnd MRru Bat saefes i o2
wher ei n sansierd iefdcericansigrdl gangrateldi lBrsaidsmavethértaf eaitifiedt molecule X relative to

said immobilized second molecule Y to at least one characterizing feature of said first

molecule X and said second molecule Y in said sample; and

20 (©) a conducting medium sample comprising first molecule X in contact with said

immobilized second molecule Y.

85. The system according to Claim 84, wherein said at least one characterizing feature
is motion, velocity, quantity, structure, charge or binding event.

25 A
86. The system according to Claim 84, wherein said at least one characterizing feature

is a binding event between said first molecule X and said second molecule Y.

87. The system according to Claim 84, wherein said conducting medium sample is a
30 fluid medium.

88. The system according to Claim 84, wherein said conducting medium sample is a gel

or a gaseous medium.

35 89 The system according to Claim 84, wherein said transient electrical signal detection

element comprises at least one working electrode.
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15 current anplifier. 95. The system according to C aim 84, wherein said

i mmobi li zed second nolecule Yis a polyner. 20 96. The system according to
Cl ai m 95wohBsRs61 sai d pol yner is a pol ypeptide. 97. Thepeyp@®s@riiagscor di ng
to Caim95, wherein said polyner is a nucleic acid. 98. A conputer

r eadabl eggedi ¥R Q%t%'ééboﬂdﬁgrtsw‘ilﬁl@ WRerdiO4id irﬁﬁiléﬁreléc@rllc%i élPSal"t‘ie?é:tlon
transi ent el ectrical signal caused by movenent of a first nolecule

t hrough SleBGRbHEhehePMprsEs arrefesgneeialesticdesecond i mmbl lized nolecule Y to
at | east one characterizing feature of said first nolecule X and said

second mplecule Y in said medium 99. The conputer readable nmedi um
accordi nglt o €EesYstem achpEingita Céadmcpgat"’hﬁ@éfé?a@ﬁéns'%@ elaciiicabeignal detrstiprat ur e

IS N i o8lemént Esthbrises BUsHality Yof efebirsdds! WRerefi'eHid BludlityXdonshrid8s 8Xia1k leasf 00.
The conput er readabl e nedi um according to C aim98, wherein said at |east

one cha?%%‘("@?ki"tqﬂﬁ‘:tf‘@&ture is a binding event between said first nolecule
X and said second nolecule Y. 35 45 WO 02/ 47266 PCT/US01/51398 101. The
conput er _read FI e nmedi um according to Caim98, wherein said second

i mobi | i%%d rr% BYftemyacear Q%B%ﬁ% 84, Wb?fe'"rf?éd Syienfwther SQARASES Fredi um
accor di ngiffeenthlan®pified, wherein said polyner is a 5 polypeptide. 103. The
conput er readabl e nmedi um according to Caim 102, wherein said first
nolecule X is a polypeptide. 10 104. The conputer readabl e nedi um

accordi ng3.t o Thékystdi ccorbrigab Cldimi 92, pakisiresaid gifferenfiticariplfiepieialdiffd/@htial The
conput er readabl cla medi um according to C aim 104, wherein said first

mol ecul eVOMRIF@MPIIfiRlc| ei ¢ acid. 15 106. The conputer readabl e medi um
according to d a| m 104, wherein said first nolecule X is a nucl eotl de.

107. The_conp readabl di cording to ! m 106, where

al Gor 1 - 20! 1% B S SCEHEBIB ST 2o PSS A TR R IR S ARTeIB ARl e
r eaded| ecurraht ampaficror di ng to C aim 106, wherein said algorithm prOV|des
t he sequence of said i mobilized nucleic acid. 25

95. The system according to Claim 84, wherein said immobilized second molecule Y is a

polymer.
20 96. The system according to Claim 95, wherein said polymer is a polypeptide.
97; The system according to Claim 95, wherein said polymer is a nucleic acid.

98. A computer readable medium on which is recorded an algorithm for relating a
25 transient electrical signal caused by movement of a first molecule X through a conducting
medium relative to second immobilized molecule Y to at least one characterizing feature of

said first molecule X and said second molecule Y in said medium.

99. The computer readable medium according to Claim 98, wherein said at least one

30 characterizing feature is motion, velocity, quantity, structure, charge or binding event.

100. The computer readable medium according to Claim 98, wherein said at least one
characterizing feature is a binding event between said first molecule X and said second
molecule Y.

35
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101. The computer readable medium according to Claim 98, wherein said second

immobilized molecule Y is a polymer.

102. The computer readable medium according to Claim 101, wherein said polymer is a

polypeptide.

103. The computer readable medium according to Claim 102, wherein said first molecule

X is a polypeptide.

104. The computer readable medium according to Claim 101, wherein said polymer is a
nucleic acid.

105. The computer readable medium according to Claim 104, wherein said first molecule
X is a nucleic acid.

106. The computer readable medium according to Claim 104, wherein said first molecule

X is a nucleotide.

107. The computer readable medium according to Claim 106, wherein said algorithm

provides the identity of said nucleotide.

108. The computer readable medium according to Claim 106, wherein said algorithm

provides the sequence of said immobilized nucleic acid.
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