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« (ST) Abstract: A flnv-through mierochanne] te.. capillary) biosensor is described for the detection of moltiple, differem anaiytes

) (g nvcleic acids, proteins, sugars, elc) tgets in o saopke by binding them w “camplementary” hinding pancss (.8, com-

4] plementary pucleic acids, ligands, antibodics, eie.). The binding panrers erc immobilized in different sections of a micrchannel
re.g. o fused silica capillary). After fabrcation of the biosensor, & sample is Mushed trough (ke capillary, and any targe) analyte(s)
contained within the sample are bound 1o the tmmobilized binding panner(s) on the micrachannel wall forming bound complees.

“~~ Finully, the bound complexes ane simultapecusly denaturedd wlong the entire length of the capillary and flushed out past a detector

; Ppoised and the analye ion is measured (2.8, ustng si 3. Direct ek themical deteetion
ef underivatized DNA is accamplished by oridizing its suger 1d the ammi i leohase it the copper clectrode.

{2 The elution time of the desarbed target DNA() is nsed T0f te séquence eotification of thi tarmer, Multiple generic sequences van
b diagnosed by using @ single biosensor in this manner. The sensor is highly specific due o hybni ' istry, and ]

vensidve due to elecromechanical derection.
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SPATIALLY-ENCODED ANALYTE DETECTION

CROSS-REFERENCE TO RELATED APPLICATIONS
This applicalion clalms prierity ko USSN 09/358,204, filed on july 21, 1999

which is incorporated herein by reference in its ¢ntirety for all purposes.

STATEMENT AS TO RIGHTS 170 INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT
This work was supported by the Nztional Institutes of Health (GM44112-
01AT) and the UC BioSTAR project. The Goverunent of the United States of America

may have certain rights i this invention.

FIELD OF THE INVENTION
This invention relates 1o the lield of diagnostics. In particular this invention
provides devices and metlods that allow rapid detection and/or quantitation of multiple

analytes and yet does net requive the use of labels or labeling steps.

BACKCROUND OF THE INVENTION

[mmunoassays and nucleic acid hybridization chemistries are rapidly being
developed twards the woal of detecting genetic defects, perforring disease diagnostics,
aud performing prognostic evaluations {Sosnowski e¢ al. (1997) Proc. Natf. Acad, Sct.
UbA, 94: 1119-1123). Antibodies, nucleic acid binding proteins, receptor ligands, and
necleic acids are known 1o bind very specifically and with high efficiency 1o thetr
congnate "binding pariner” under suitable conditions, This phencmenon is frequently used
for the recognition and diagnosis of disease—causing organisma (e g, HIV), pathological
conditions {e.y. cancer, liver disease, kidney disease, degencrative joint discase, ete.),
substance abuse {#.g. delection of products such as colinine, efc ), and the like.

Numerous disease markers, and pathogen markers {e.g. proleins and/or
nucleic acids) arc well known and have been thotoughly characterized. Thus, binding
parincrs {e.g. nucleic acids, antibodics, and the [ike), that specifically bind such markers
can be synthesized and/or isolated and used as markers for recognition of the disease state,

or tisease-causing agent {Landegren ef af. (1988) Seience, 242 229, Mikkelson {1996)
1=
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Electroancdysis, 8: 15-19). Vargus assays are carried oot routinely in microbiology
Jaboratories or pathology laboratories using such methadalogies.

Nucleic acid hybridization, antibody binding reactions, protein binding
reactions, and lectin binding reactions arc generally detected through the usc of labels that
either intercalate in1o the melecuic (e.g. into the double helix of a DNA) or are covalently
attached to cither the target or the probe molecule (see, e.g., Sosnowski et al. (1997) Proc.
Matl Acad. Soi USA, D4: 1119-1123, LePecy and Paoletil (1966) dnal Biochenr.. 17: 100-
107, Kapuscinski and Skoczylas (1977) Anal Bivchem., 83: 252-237). [n some cases,

electrogenerated chemiluminescence has alse been utilized to detect an intercalated

cloctroactive lumninescent marker (Pollarg-Knight e af. (1990} Anal. Biockem., 185: 84-89,

Pollard-Knight ef al. (1990} Anul. Binchkem., 185: 353-355, Tizard et al. (1990) Mroc. Natl
Acad. Sci. US4, 12: 4514-4518). All of these detection strategics require the derivatization
of the target or probe molecule, either before (g for covalent labeling) or aller (e.g. tor
intcrcalation o indirect labeling) the hinding reaction between the probe and wrget
molecule. This introduces conlamination problems. 1n addition, where multiple analytes
arc analyzed simultancously multiple labels must be emploved. In addition, tedious
semple handling is required which further enhances the nsk of contamination and/or leads

to false analysis, These and other problems are overcome by the present invention.

SUMMARY OF THE INVENTION

This invention prevides novel devices and metheds for detecting and/or
quantifying a plurality of analytes in a sample. This invenlion provides a flow-through
micrefluidic (e.g., capillary) biosensor for detecting difforent target analytes {e.z. nucleic
aeids) in @ sample after binding to their cognate "binding partners” (e2.g. nucleic acids,
antibodics, feeting, efc). In general, binding pariner "probes”, specific lo various analytes
arc immobilized in different sections of a capillary channel, e.g., using photolabile
biolinfavidin technology. The sampte is then flushed through the capillary, so that the
target analytes are bound 1o the binding pariners (cupture agents) immobilized on the
capillary wall and the rest of the sample is eluted from the capillagy. Finally, the
complexed (hound) analyte is released along the entire length of the channe! and flushed
past a detector. In a preferred embodiment, the desorbed, target-analytes are detected at a
copper electrade poised downstream using sinuseoidal voltammetry (Singhal and Kuhr

(1997) Arad. Chem., 69: 3552-3557, Singhal er al. (1997) Ancl. Ckem., 69: 1662-1668).
1.
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The time from the elution of the target analyte(s) to detection is used to detennine the
wlentity of each analyte. Multiple analytes, of the same species of molecule {z.2., all
nucleic acids), or of different species (¢ z. proteins and nucleic acids), can be diagnosed by
using a single biosensor in this manmer. The sensor is highly specific due to the usc of
specific binding partners, and extreniely sensilive due Lo elecirochemical detection.

Thuss, in one embodiment, this invention provides devices for detecting a

" two or more analyies in a sample. The devices comprise a channel having affixed therein a

binding partner for each of the two or mare analytes, where the binding partners for cach
of the two or more analyles are located in different regions of the chanmel and the channel
has a cross-scetional area small encugh such that when analyies are reteased from the Lwo
or mere binding partners into a thuid flowing through the channel, the analytes remain
spatially segregated uniil they reach a detection point along, or at the end of, the channel
dewnstream [rom the hinding pariners; and 2 detector that delects the analytes at the
detection poini.

The channel can be any convenjent channel, e.g. u capillary tube, a capillary
elecirophorcesis tubs, a channel ctched in a surface, a channel formed by hydrophobic
agents printed onlo a surface, etc. The channel can have sssentially any dimensien{s) as
long as the analyies ramain sufficiently sepregated to be distinguished when they reach a
detection region in the channel or at the channel end. Preferred channels have a crass-
sectiomal area that provides « Renold's number {Ke) of Jess than about 1. Preferred
channels have 2 cross-sectionat diameter o widih less than or equal to about 500 L, mors
préferably Jess than or equal to about 100 wm, and most preferably less than or equal o

about 50 pm. Tn particularly preferred devices the tr or more target analyies comprise a1

least thvee, preferably at least 4, more preferably at least 5, and most preferably at Jeast 10,

at least 50, at feast 100, or at least 500 different analytes {and hence that many diffcrent
binding partners). A wide variety of binding pariners are suitable including., but not
limuted to antibodies, binding proteins, and nucleic acids, Similarly many deteclors are
suitable and inclade spectrophotometers (2 g absorbance spectrophotometers), and
clectroanalytic detectors (including essentielly any amperometric and/or veltammetric
and/or potentiometric end/or coulometric detectors). Preferred detectors include

voltammelers, especially a sinuseidal voltammeters.
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In anather embodiment, this invention provides methods of deteeting two or
more targel analytes in a sample. The methods involve providing a detection device as
described herein; ii) passing a tluid comprising a sample through the channel under
conditions where the target analyics present in the futd bind {e their respective binding
partners thereby spatiaily enceding the analytes atong the channel; iii) releasing the
apalyles from the binding partners iato fluid flow passing along the chaanet; and iv)
defecting the analytes at  position along the channel downstream from the kinding
pariners. In preferred methods, the anatytes arc not labeled. Tn partioularly prefered
embodiments the analytes are not labeled. In particularty preferred devices the two or
more targel analyles comprise at Jeast three, preferably at least 4, mace preferably a1 Jeast
3, and most preferably at least 10, at least 50, ai leasi 100, or at least 500 different anafytes
{and hence that many difterent binding partners are present in the channel{s) comprising
the detection device). In some preferred embodiments, the fluid flow induced by a
pressure Giffercnce and/or by clectroosmotic Aow. ttuid flow. Preferred "sample” {luids
for the detection af analytes inchide bleod, plasma, serum, urine, oral tiuid, cerebrospinal
fluid, and tymph. Detecting can be by a variety of means including spectrophofometers
(z.g. abserbance spectrophatometry), and electroanalytic methods {including essentially
any amperometnic andior veltammetric and/or polentiometric and/er coulometric methed).
Preferred detection methods voltammetry, especially sinusoidal voltammetry. In
particularly preferred methods, the analytes are rucleic acids mnd the detecring detects

target analyles at 2 conceniration of loss than 1 x 107 M.

BEFINITIONS

The terms “polypeptide”, "peptide” and “"protein” arc uscd interchangeably
herein to refer (o 2 polymer of amino acid residuegs. The terms apply to amino acid
polymers in which one or more amine acid residuc is an antificial chemical analoguc of a
cotresponding naturally occutring amine acid, as well as to naturally oceurring amino acid
polymers.

The term “antibody”, as used herein, includes various forms of meodified or
altered antibodics, such as an intact immunoglobulin, an Fv fragment containing onty the
light and heavy chain variable regions, an Fv fragment linked by a disuifide bond
{Brinfanann et af. (1993) Proc. Natf. Acad Sci. USA, 90: 547-551), an Fab or (Fab)'2

fragment containing the variable regions ari parts of the constant regions, a single-chain
4
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antibody and the like (Bird ef al {1988) Science 242: 424 _A426; Huston et al. (1988) Proc.
Mat. Acad. Sci. USA 85: 5879 _5883). The antibody may be of animal {especially mouse
er rat) ot human engin or may be chumenc (Morrison et al. (1984) Proc N, Acad. Sci.
USA B1. 6851-6855) or humanized (Jones er al. (1986) MNarure 321: 522-523, and
published UK patent application #3707252).

The terms "binding partmer”, or "capture agenl”, or a member of a "rinding
pair" refers lo malecules that specifically bind ether moleeules te form a binding complex
such as antihody-antigen, leetin-carbohydrate, micleic acid-nucleic acid, bictin-avidin, ere.
In particularly preferred cmbodiments, the binding is predominantly mediated by non-
covalent {e.g. ionic, hydrophobic, eic.) interaclions.

The term "speeifically binds”, as used herein, when referring to a
biomolecule (2.g., protein, nucletc acid, antibody, erc.), refers to a binding reaction which
15 determinative of the presence biomolgeule in heterogencous popalation of molecules
{e.g., proteins and other biologics). Thus, under designated conditions {e.g. immunoassay
conditions in the case of an antibody or stringent hybridization conditions in the case ol a
nucleic acid), the specified ligand or antibody binds fe its particular “target” molccule and
does not bind i 2 significant amount Lo other melecules present in the sample.

The term channel refers 1o a path that directs fluid Jow in a particular
direction. The channel can be formed as 2 groove or trench having a bottom and sides, ot
as a fully enclosed "ube”. In some embedimenis, the channel need nal even bave "sides”.
For examplc, a hydrophohic pelymer can be applied to a flat surfacc and thereby confine
andfor direct fluid flow on that surface in a namow {e.g. hydrophijic) domuin. The channel
preferably includes at least one surface to which a binding partner (capture) agent can be
affixed.

A “target analyle” is any molecule or melecules that are to be detected
andfor quaniified in a sample. Preferred larget analytes include biemolecules such as
nucleie acids, antibodies, proteing, sugars, and the Lke.

The term “microchannet” is nsed herein for a channel having dimensions
which providc low Reynolds number operation (Re % 1, preferably Re 5 ), more
preferably Re < (.01, and most preferably Re = 0.001). Generally low Reynolds pumber

operation, fluid dynamics are dominated by viscous forces rather lhan inenial forces.
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The term capiilary tube refers to a tube of narrow dimension (e.z. typically
providing low Re flow). Open-ended capillary tubes, when contacted with water will
typically uplake the water by capillary aciion. Capillary tubes can be fabricated of 2
number of materials including, but not hmited to, glass, plastie, quartz, ceramie, and
various silicares.

A “capillary electrophoresis tube” relers to & "capillary tube”™ designed for
ardl/or typically used or intended to be used in s capillary electrophoresis device.

The terms "nueleic acid” or "oligonucleotide” or grammatical equivalents
herein refer to at least twe pucleotides cavalently linked together. A nucleic acid of the
present invention is preferably single-stranded or doubie stranded and will generally
contain phosphodicster bends, although in same cases, as cutlined below, nucleic acid
analogs are included that may have aitemate backbones, comprising, tor example,
phosphoramidle (Reaucase ef af. (1993) Tetrakedron 49{10):1925) and references therein;
Leisinger {1970} /. Org. Chem. 35:3800; Sprinzl el al. (1977) Eur. L Biochem. 81: 576;
Letsinger er of. {1986) Nucl. Acids Res. 14: 3487; Sawai ¢t af. {1984) Chem. Leit. 805,
Letsinger ef af. {1988) J. Am. Chem. Soc. 110: 4470; and Pauwcls e al. (1986) Chemica
Scripta 26: 141 9), phosphorothioate (Mag ef al. (1991) Nucleic Acids Res. 19:1437; and
U3, Palent No. 5,644,048), phosphorodithioate (Briv et af. (1989) ./ dm Chem. Soc. 111
12321, D-methylphophoroamidite linkapes {see Eckstein, Gligonucleorides and Analogues:
A Practical Approach, Oxiord University Press), and peptide nucleic acid backbones and
linkages (see Egholm (1992) /. Am. Chem. Soc. 114:1893; Mcier e &, (1992) Chem. Int.
Ed. Engrd. 31: 1008; Niclsen (1993) Mature, 365: 566; Carlsson et al. (1996) Narwre 380:
207). Other analog nucleic acids include those with positive backbones (Denpey e af.
(1995) Proc. Nutl. Acud. Sei. USA 92: 6097, non-ionic backbones (11.S. Fatent Mos.
5,386,023, 5,637,084, 5,602,240, 5,216,141 and 4,409,863; Angew. (1991} Chem. Inil. £d.
English 30: 423; Letsinger et al. {1988) /. Am. Chem. Soc. 110:4470; Letsinger ef al.
01994) Nucleasidy & Nuctzaticds 13:1597; Chapters 2 and 3, ASC Symposium Serics 530,
"Carbohydrate Modifications in Antizense Research”, BEd. .S Sanghui and P. Dan Ceok;
Mesmaeker er af. (1994), Biporganic & Medicing! Chem. Lert. 4: 395; Jeffs er of (1994) /.
Biomolecular NMR 34:17, Tetrahedron Ler, 37:743 (1996)) and non-ribase hackbones,
ipcluding those describgd in 1.5, Patent Nos. §,235,033 and 5,034,506, and Chapters 6 and
7. ASC Symposium Series 580, Carbohydrate Modifications in Anitsense Research, Ed.

6
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¥.5. Sanghui und P. Dan Cook. Nucleic acids contzining one or more carbacyclic sugars
are also included within the definition of nucleic acids {see Jenkdns er al. {1993}, Cham.
Soc. Rev. ppl69-176). Scveral nucleic acid analogs are described in Rawls, C & E News
June 2, 1997 puge 35. Thesg modifications of the nbose-phosphate backbone may be done
1o facilitatc the addilion of additional moieties such as labels, or to increase the siability
and half-life of such molecules in physiological cnvironments.

‘The terms "hybridizing specifically to” and “specific ybridization” and
"selectively hybridize to," as used herein refer to the binding, duplexing, or hybridizing of
a nucleic acid malecule preferentially to a particolar rucleotide scquence under stringent
conditions. The teem "stringent conditions™ refers to conditions under which a probe will
hybridize preferentially to its target subsequence, and ta a lesser extent to, or not at ali w,
other sequences. Stringent hybridization and stringent hybridization wash conditions in
the context of nucleic acid hybridization are sequence dependent, and are diffevent under
Gifferent environmental parameters. An extensive guide to the hybridization ol nucleic
acids is found in, e.g.. Tijssen (1993) Laboratory Technigues in Hiachemistry amd
Mulecular Riology--Livbridization with Nucleic Acid Probes part £, chapt 2. Chendew of
principles of hvbridization and the strategy of nucleic acid probe assays, Elsevier, NY (
Tijssen ). Generally, highly stringent hybridization and wash conditions are selected to be
about 5°C lower than the thermal melting point (Tr) for the specific sequence at a defined
ione strenpth and pH. The T, is the temperantre (uader defined ionic strength and pH) at
which 50% of the lareet sequence hybridizes to a perfectly matched probe. Very stringent
conditions are selected 1o be equal 1o the Ty, for a particular probe. An example of
stringent hybridization conditions far hybridization of corplementary nucleic acids whick
have more than L0 camplementary residuss on an array or on a filter in a Southem or
northetn blot is 42°C using standard hybridization solutions (see, e.2., Sambtaook (1939)
Moleculur Cloning: A Laboratory Mamual (2nd ed. ) Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor Press, NY, and dctailed discussion, below), with the
hybridization being carried out overnight. An example of highly stringent wash conditions
i5 0,15 M Nalli at 72°C for about 15 minutes. An example of stringent wash conditions is
4 0.2% SHC wash al 65°C for 13 muimuies {seq, e.g, Sambrook supre.} for a deseription of
SSC buffer). Often, a high stringency wash (s preceded by a Jow stringency wash o
remove hackground probe signal. An example medium swingency wash for a duplex of.

-
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e.g., more than 100 nucleotides, is 1x SSC at 43°C for 15 minuies. An example of a low
stringency wash for 2 duplex of, e.g.. more than 100 nucleotides, is 4x to 6x SSC at 40°C
for 15 minutes.

"Spatial segregation” refers to the differences in the Jocalization of a the
concentration distributions of iwo or moere species of melecule (e.g. analytes} in a NMuid
siream. Where the analytes arc spatially segrcgated {i.2., flow encoded) it is possible to
detect distinet signals for each analyte of interest even though the type of signal for all of
the: anzlyle may be ideatical. Thos, the analyte identity gan be determined by position
along the “flow path™ or time of detection, and differenees in labels associated with each
analyle are not required.

Electroanalytic methods refer to imethods that exploit the “electrical”
praperties {e.2., resistance, conductance, capacitance, impedance, etc.) of a system or
analyte o exiract information regarding that system. Electroanalytic methods include,
essenfiaily any amperometnic and/or voltammetric and/or potentiometric and/or
coulometric method. Preferred electroanalytic methods include cyclic voltammetry. ac, dc,
or rotating ring-disc voltammetry, sinusoidal voltammetry, impedance spectroseopy, and
the lLike.

The terms “cyclic voltammetry” or “time-varying veltammetry” are used
interchangeabrly to refer to cyclic voltammetry. The term “sinusordal voltammetry™ 1s used
to refer generally to cyelic voltanunetry (e.p. with any time-varying voltage including, but
not Jiroited 1o 4 square wave, a nangle wave, efc.), or 10 the use of a large amplitude
sinusoidal potential waveform which iz used in anzlogous fashion to eyclic vollarmerry,

e.g., as described in U8, Patent, 5,650,061,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic ol a capillary based DNA-biosensor with
electrochemical detection. Twe different probe sections are present in the capillary; probe
1, 2 TR-specific probe, and probe 2, an H1V-specific probe. An HPCE autocsampler is used
[or various siringem washes and nases required lor specific-hybridization off
corplementary DNA-tarsets to these immobilized probes. A copper elscirods is
positioned at outlet of the capillary biosensor by using a machined two-part sysiem.

~ Figure 2 shows protocols far performing stringent hybridization and alkali

denaturation of DWA-targets inside the capillary biosensor. (1) Hybridize the various
-3
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DNA-targets to the probes immaobilized on the capillary surface. (2) Stringent washes are
then performed to remove any ron-specific adsorbed or hybridized DINA. (3) Finally,
alkali denaturation is performed lo elule the previousiy hybridized DNA-targets from the
capillary biosensor.

Figure 3 provides a schematic of he clution of alkali denatured DNA-
targets from a capillary bioscnsor. and consequent electrochemical detection. The
electrode iy fabricated inside u capillary piece with the same diameler as the biosensor
capillary to facilitate anto-alignment. The electrode lies very close (< 5 pm) ta the outlet
of the bioscnsor capillary. The lower trace shows a schematic of the detection of the
DINA-targets as they elute from the biosensor capillary.

Figurc 4 illustrates detection of HIV-specific target using capillary
biosensor and sinusoidal voltammelnc detection. 10 pe/ml HIV-specific largel Nushed
inside a capillary biosensor with HIV-specific probe immobilized only. All hybridization
eonditions as deseribed kerein. The sinusoidal voltemmetric exeitation wavelorm was 2
Hz, at 0-700 mVp-p. The signal shown was obtained at the 5* harmonic.

Tigure 5 shows the delection of rmulliple DNA-targets simnltaneousty using
flow-cneoded hybridization assay. Samplc used contained a 1:1 mixture of HIV, and TR-
specific Largets, each at a concentration of 10 pg/ml. Al hybridization and elution
conditions are the same as in Ffigure 4 aml as descobed in Example 1. The sigpal shown
was ohtained at the 5" havimenic, as it was found to have the best sensitivity for detection.

Figure 6 shows the background subtracted frequency spectrum for Arginine
at a copper microelectrode. The three dimensional graph consists of the [requency (x-
axis), magnitide (z-axis) and phase angle (y-axis) information out to the 10" hanmonic.

Figure 7 shows the sinusoidal time domain tesponse from 1uM arginine at
the fifth barmonic (10 Hz).

Figure 8 demonsirates the hnear dynamic range of vanous argine
concentrations.

Figure 9 shows Lhe subtracted frequency spectra for asparagine and
glutamine at a copper microcicetrode. The squares represent 10pM asparagines, while the

circles ropresent 19uM glutamine.
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Figurzs 10A and 1OB show the sinusoidal time domain resporse of
asparagine and glutamine at the sixth harmonie (12 Hz). Figure [0A shows 10pM
asparagines, while Figure [0B shows 10ub glitamine.

Figure 11 shows the hackground subtracted frequency domain spectrum for
10 uM Insulin B-chain.

Figure 12 shows the sinuseidal time domain component of insulin B-chain
al the fourth harmonic {8 Hz).

Figure 13 shows the subtracted frequency spectra for Luteinizing Hormone-
Releasing Hormonc {circles) and Bradykinin (squarcs) at a copper microelectrode.

Figures 14A and 14B show the time domain responsc of Bradykinin and
Luteinizing Hormane- Releasing Hormone at the second harmanie (4 Hz), respectively.

Figure 15 shows the background subtracted frequency domain response for
Neurotensin (squares) and Substance P (circies), respectively.

Figure 16A and 168 show the time domain response of Neurotensin and

Substance P, respectively, at the first harmonic (2 Hz).
DETAILED BPESCRIFTION

L Methods for efficient detectivn of multiple soalvies.

This invention provides novel methods and instruments for the rapid
deteclion anbor quantiGication of multiple analytes in a sample. In one preferred
embadinent, _1his invention comprises a channe! having attached therein binding partner(s)
speci fic for the analytes that it is desired to detect. Different binding partners are located
in different regions of the channel so that when the analyte(s) are bound they are “spatiatly
encaded" by their location aleng the channe!. The bound anatytes are subscquently
rcleased from the binding partner, or the binding pariner/analytc complex is relcased from
the wall of (he channel, inlo a fluid flowing through the channel. The channel dimensions
are such thal the analytes remain spatially sepregated until they reach a detestion point in
the channel downstream from said binding partners.

Yhen the analytes or analyte/binding partner complexes are released into
the flow, they are spatially encoded; their position in the stream refative (o ¢ach other
being dependent on the position of the binding partners when they were affixed to the
channel wall{s). The time difference bebween the retease and the detection ean therefore

-10-

JP 2004-500549 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

30

(49)

WO 017053 POTIUSODAG502

I used 1o specifically identily the particular analyte generating {or rot gencrating) an
cutput signal.

Because the analytes can each be specifically identified without the use of a
label to distinguish them from other analytes numerous and tedious sample-handiing and
labgling steps arc climinated. This climinates multiple labeling and contamination
problems. Also, the risk of sample contamination, that could fead to an clovated incidence
of false positives is reduced or eliminated.

It 1s noted that the chanmels can be prepared well before use and dhfferent
microefiuidic structures (e.g. channels) can be swapped into and out of the device that
provides sample handling, fluid flow and anaiyie detection. Different channels can be
provided for different collections of analytes and multiple channels, etther the same or
different, can be run simultancously.

The methads and devices of this invention are therefiors well suited to the
detection ef analytes in a clinical setting. The ability to detect undenivatized analytes {¢.g.
DA, mRNA, e1¢.] greatly simplifies the procedure and helps in preventing sample
contamination and fulse identilicativn problems.

Tn onc particularly preferred embodiment, the use of copper electrodes with
cyclic {e.g. sinusoidal) veltammetry overcomes many of the problems encountered by
traditional electrochemical measurements, and therehy allows the detection of the analyte.
The sensitivity of the detection strategy is due 1o the effective decoupling of the faradic
signal from the capucitive background currents in the frequency domain. Thus, for
example, ssDNA atul dsDINA can be detested in the picomolar consoittration range, and
the electrochainical signal is due ro the oxidation of easily accessible sugars on the outer
perimeter of the DNA double helix conpared to a ssDNA of the same size.

A scnsor that can detect muultiple targets by using only onc detcctor

provides a cheaper and more compact detection system that is also easier 1o fabricate.

1L Systetn Components,
A Channel.
1 Chanrel évpes and dimensions.
Virtually any {ype of channe! 1s suttable for the practice of the present

invention 50 Jong as the channel allows the passage of meterials through it without

-11-
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substantial mixing between components in a solution at different p&sitions along the
channel. In other words, in a preferred capillary, analytes (or other detectable reagents)
inttially released ai dislinct locations along the channel remain spatially sepregated al a
detection print “downstream” from the initial release point. Spanal segregation refers to
the sbility to detecet distinet signals for each analyte of interest even though the type of
signal for all of the analytc may be identical. Thus, the analyle identity can be determined
by position along the “flow path” er time of deteetion, and differences in labels associated
with gach analyte are not required.

Spatial segregation, however, does not requirc complete segregation of the
analyles away from each other. To the contrary, there can exist significant overlap and
peak concentrations can be detected and, associated concentration peofiles and be
measurcd andfor calculated to provide i::ositivcfncgalivc detectton and/or full analyte
quantification.

Particularty preferred channels for use in this invention are
microchannels”. The term microchannel is used herein for a channel having dimensions
that provide kow Reynolds numbker operation, i.e., for which fluid dynamics are dominated
by viscous forces rather than incrtial forees. Reynelds number, sometimes referred o the
ratio of inenial forces to viscous forces is given as:

Re= pd‘.’nr + pud

where u is the velocity vector, p is the fluid density, 1 is the viscosity of the fluid, d is the
characteristic dimension of the channel, and 1 is the time scale over which the velocity is
changing (where #/t = Sufdt). The term "charactenistic dimension” is used herein for the
dirzension that detennines Reynolds pumber, as is known wn the art. For a cylindnical
charnel it s the diameter. For a reclangutar channel, it depends primany on the smaller of
the width and depth. For a V-shaped channcl it depends on the width of the top of the "V,
and so fortk. Calculation of Re for channels of various morphologies can be found in
standard texts on finid mechanics (e.g. Granger (1995) Fiuid Mechanics, Dover, N.Y;
Meyer (1982) introduction to Marhemuarical Fluid Dynamics, Dover, M.Y.).

Fluid flow behavior in the steady staie (1 —» infinity}is characterized by the
Reynolds number, Re = pud/n . Because of the small sizes and slow velocities,

wmicrofabricated fluid systems are often in the low Roynolds namber regime {Re less than
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about 13. Lo this regime, incrtial effects, that cause turbulence and secondary flows, and
therefore mmxing wathin the flow, are neghgible and viscous effects dominate the
dynamtics. Under these condilions, flow through the channet ig generally laminar,

Since the Reynolds number depends not only on chanstel dimension, bui on
fluid density, fluid viscosity, floid velocity and the tioeseale on which the velocity is
changing, the absolute upper limit 1o the charme! diameter is not sharply defined. In fact,
with well designed channel geometries, turbulence can be avoided for R < 100 and
possibly for R < 1000, so that hj:gh throughput systems with relatively large channel sizes
are possible. The preferred channel charactedstic dimension range is between about 0.5
pm and 100 mum. Particularly preferred channel range trom a charactenstic dimension of
aboul 1 pm to about 100 pm, most preferably from about 5 jum o about 100 um. A more
preforred range is between about 5 pw and 50 pm.

The devices of this invention need not be confined o low Reynolds number
operation. Where the hinding probes are widely separated and hence the released aralytes
are widely separated in the flow considerable convective mixing can ocour in the channel
without the different analyles “overlapping” and masking cach other's signal. I addition,
it will e appreciated that considerable mixing of the fwo analytes can occur and as long 2s
there is a significant {e.g., statistically significant) spatial separation between the peak
concentrations of the two analytes, the signals will be distingpishable and detection of ¢ach
analyte can be effected. However, as analytes co-mix, quantification of each individual
analyte may becone progressively more difficult. Mevertheless, even in this context
guantification can he obtained by estimating or modeling the spatial distribution of the
analyts based on Ihe location of the concentration peak(s) and the rate of fall-off to provide
a approximation of the inteprated stgnal for cach analyte.

As indicated above, any charnel configuration is suitable so long as the
mixing requirements described abave are met. Thus, appropriate channels include, bat are
not limited, to channels formed by opposed birriers, open-lopped grooves, closed
clrannels, and the like. The channels can have virtually any cress-scetion, e.g. circular,
square, rectangular, triangular v-shaped, u-shaped, hexagonal, oetaponal, irregular, and so
forth. The chaonel(s) used in this inventien 2iso nced net be continucus. Thus, for
example, channels cao be formed by an aggreyation of porous particles, by mixed or cross-

linked polymers, and se forth.
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Any channcl materizal is suitable for practice of this iuvenlion so [ong as the
material is essentially stable to the solutions passed through it. Preferred matenals are
capable of binding, or being denvatized to bind, to the binding partner or a linker to the
binding partner. In addition. in a preferred embodiment, the malerial is selected andfor
modified so that it does not substantially bind (o he analyic. Prefemed materials also do
not bind, or otherwise interact with the probes in regions other than where it s desired ta
affix the probes.

Particularly preferred malerials include, but are not limited to glass, silicon,
quartz or other miperals, plastic(s), ceramics, metals, paper, melalloids, semiconductive
materials, cements, and the like. In addition. substaness that form gels, such as proteins
{e.g., gelatins), lipopolysaccharides, silicates, agarose und polyacrylamides can be used. A
wide variety of organie and inorganic polymers, both natwral and synthetic may be
employed as the material for the solid surface. [Nustrative polymers include polyethylenc,
polypropylene, poly{4-methylbutene), polysiyrene, polymethacrylate, poly(ethylens
terephthalate), vayon, nylon, poly(vinyl butyrate), polyvanylidene difluonde (PVDF),
silicones, polyformaldehyde, cellulose, cellulose acetate, nirocellulose, and the like.

In the casc of conductive or semiconductive substrates thers is preferably
an insulating Iayer on the substrate. This is particularly smportant where the device
Incotporates electrical elements (e.g. elecuical fluid direction systems, sensor, and the like
or uses electroosmotie forces to move materials about the system). [n the casc of
polymenic substrates, the substrate materials may be rigid, semi-rigid, or non-rigid,
opague, semi-opaque, or transparent depending upon the use for which they are intended.
For example, devices that include an optical or visual detection element are generally
[abricated, at lease 1n part, (rom transpaent matetials to allow or ol least facilitate that
detection. Altcrmatively, transparent windows of g glass or quartz can be wncorporated
into the device for these types of deteciion elements. Additionally , the palymeric
materials may have linear or branched backbones and may be crosslinked or
nonerosslinked. Example of particutarly preferrad polymeric malerials include e g.
pelydimethytsiloxancs (PDMS), poiyurethane, polyvinylchloride (VPC), polystyrene,
polysulfone, polyearbanate, and the like.

The channel can be a component of a larger abject. Thus, the channel can

be assernbled with one or more cther chanpels o provide a multiplicity of chaunels
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wilereby a number of different assays can be run simultaneousiy. The channef can be a
component of an instrurnent that includes appropriate liquid handling, and/or detection,
and/or sample processing/application functions.

The channel(s) can alse be fabricated as a as a reusable ar disposable unit
that can be conveniently "plugged” into an instrument for running the assays of this
invention. [t will be appraciated that the channel(s) can be provided on any one or more of’
a wide variety of objects including, but not limited to a microtiter dish (e g, PVC,
polypropylene, or polystyrene), a test tube (glass or plastic), a dipstick {e.g. glass. PVC,
polypropylene, polysiyrene, latex, aud the like), a microentnfuge tube, or a glass, silica,
plastie, metallic or polymer bead.

In particularly preferred embodiments, one or more chinnels are provided
a3 a capillary tubc {e.g. a capillary clectrophoresis tube), on a glass or silicon shide, as a
capillary channel, or fabricated as an element of an “integrated circuit" having on board
circuit clements lor control of liquid flow, samplc application, and/ar signal detection. In a
most preferred embodiment, the channel is provided as a capillary tube, e.g. a capiliary
electrophoresis be as illustraied herein in the Examples.

A Channel fabrication.

Methods of fabricaling the channels of this invention are weli known to
thosc of skill in the art. For example, where the chanuel is formed of onc or nwore capillary
1ubes, the capillaries can be purchased from commercial vendors {e.g. Polymicron
Technologies, Tucson, Az) or pulled or extruded by conventional capillary “pulling”
machines.

Where the channels are fabricated on a surface, they can be formed using
starulard techmiques, eg they can be machined, molded, carved, siched, larmnated,
extruded, or deposited, efc.

In one preferred embodiment, the channel(s) are fabricated using
micromachining processes (e.g. photolithogeaphy) well known in the solid state electronics
industry. Commoaly, microdevices, e.g. microchanncls, are constructed from
semiconductor material substrates such as erystalline silicon, widely available in the form
of & semiconductor wafer used 1o produce integrated circuits, or from glass.  Becuuze of
the commonality of matertal(s), fabrication of microdevices from a semiconductor wafer

substrate can iake advantage of the exlensive experience in both surface and bulk etching,
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techniques developed by the semicondustor processing indusiry for integrated circuit (1}
production.

Surface etching, used in [C production for defining thin surface parterns in a
semiconductor wafer, can be modified to allow for sacriticial undercut etching of thin
{ayers of semiconductor materials to create movable elements. Bulk elching, (ypically
used m IC production whea deep trenches are formed in a wafer using anisotropic etele
processes, can be used to precisely machine edges or trenches in microdevices. Both
surface and bulk elching of wafers can proceed with "wet processing”. using chemicals
such as polassium hydroxide in solufion to remove non-masked materal [rom a waler. For
ticredevice constrection, it is even possible 1o employ anisotropic wet processing
techmigues that rety on differential erystallographic orientations of materials, or the use of
elestrochemical cteh stops, 1© defing varicus charnel elements.

Another otch processing technique that allews great microdevice design
fresdom is commonly known as "dry etch processing”. This processing techniyue is
particularly smitable for anistropic etching of finc structures. Dy ctch processing
encempasses many gas or plasma phase etching techniques ranging fTom highly
anisotropic sputtering processes that bombard & wafer with high energy xloms or jons 10
displace wafer atoms into vapor phase {e.g ion beam milling), te somewhat isotropic low
energy plasma techniques that direct a plasma stream conlaning chemeally reactive ions
against a wafer to inducc formation of volatile reaction products.

[ntermedchate benween high energy sputteting techiiques and low eneray
plasma technigues 15 a particulacly useful dry etch process known as reaciive ion etching.
Reactive ion etching involves dirceting an ion comaining plasma stream agatnst a
sermiconductor, or other, wafer for simultaneous spullering and plesma etching. Reactive
ion gtohing cetains some of the advantages of anisoirpy associated with sputlering, while
still providing reactive plasma ions for formation of vapor phase reaction products in
response Lo contacting the reactive plasma ions with the wafer. In practice, the rate of
waler material removal is greally enhanced relative to either sputtering techriques or low
energy plasma lechniques laken alone. Reuctive ion etching therefore bas the potential t©
be a superior etching process for conslruclion of microdevices, with relutively high
anistropic ctehing rates being sustainable. The micromachining technigues described

above, as well as many others, are well known to those of skill in the art (see, e.g.,
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Choudhury (19%7) The Handbook of Microlithography, Micromachining, and
Micrafabrication, Soc. Phato-Optical Instru. Bugineer, Bard & Faulkner (1997)
Fundamentals of Microfabrication) In addition, ¢xamples of the use of micromachining
techniques on silicon or borosilicale glass chips can be found in U.S. Patents 5,194,133,
5,132,012, 4,908,112, and 4,891,120,

In oue embodunent, the channel is micromachined in a silicon (100) wafer
using standard photolithography techniques to pattern the channels and connection ports.
Ethylene-diamine, pyrocatechol (EDP) is used for a two-step etch and a Pyrex 7740
coverplate can be anodically bonded to the face of the silicon to provide a closed hquid
gystemt. In this instance, liguid connections can be made on the backside of the silicon.

As indicated above, in s prefemed embodiment, the channel 1s fabricated
from a glass, quartz, or other capillary tube, such as a capillary electrophoresis tube.

In other embediments, the channel can be built up by depositing material on
a substrate to form channel walls (e.g. using sputlecing or other deposition technology) or
the channel ¢an b cast/molded in a material. Cast/meolded channels are easily fabricated
from a wide variely of materials including but not limited (o various metals, plastics, or
glasses. Ln certain preferred embodiments, the channels) are cast in various elastomers,
{e.z. alkylated chlorosulfonated polyethylene (Acsium®), poiyelefin elastomers (e.g.
Engage®), chlorosulfonated pulyethylene {c.g. Hypalon®), perfluorvelasiomer (e.g..
Kalrez®), neopreng-polychloroprene, cthylene-propylenc-diene terpolymers (EPDM),
chlorinated polyethvlene {e.g. Tyrin®), various siloxane polvmers {e.g.
polyhimethylsiloxane), eic).

B} Binding Partners.

In a preferred embodiment, the channel(s) utihzed m (s inventon bear,
affixed o one or more surfaces one or more biological “hinding partnes(s)” A biologweal
"hinding panner” or a member of a "binding pair” refers 1o 2 molecule or compaosition that
specifically binds other molecules te form 2 binding complex such as antibody-antigen,
leetin-carbohydrate, nucleie acid-rucleic acid, biotin-avidin, etc.

The tern "specifically binds", as used herein, when referting to a
biomolecule {e.z., protein, nucleic acid, antibody, e:c.), refers to a binding reaction which
is determinative of the presence hiomalecule heterogeneous population of proteins and

other biotogics. Thus, under designated conditions {¢.g. immuneassay conditions in the

-17-

JP 2004-500549 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(56)

WO 017053 POTIUSODAG502

case of en antibody, of stringent hybridization conditions in the case of a rucleic peid), the
specified ligand or antibody binds to its particular “target” {¢.g. a protein or nucleic acid)
anid does not bind in a significant amount 1o other molecules.

The binding partner(s) used in this invention are selected based upon the
targets that are Lo be identificd/quentified. Thus, for example, where the target is a nuclcic
acid the binding partner is preforably a nucleic acid or a nuclelc &eid binding protein,

Where the targel is a protein, the binding partner is preferably a receptor, a ligand, or an

. antibody that specifically binds thai protein. Whera the targel is a sugar or giyeoprotein,

the binding partner is preferably a lectin, and so forth.

Suitable binding partners (capture agents) includs, but are net limited (o
nucleic acids, proteins, receptor binding proteins, nucleie acid binding prateins, lectins,
sugars, glycoproleins, antibodies, lipids, and the like. Methods of synthesizing or isolating
such binding pariners are well known to those of skill in the art.

1 Prcparation of binding partners {capture agents).

a) Nucleic acids

Nucleie acids tor use as binding partmers in this invention can be preduced
or isolated according 1o any of a number of methads wetl known to those of skill in the art.
[n onc embediment, the mueleic acid can be an iselated naturally occurring nucleic acid
{e.g.. genomic DNA, cDNA, mRNA, erc.}. Methods of iselating naturally occurring
unclsic acids are well known to those of skill tn the ait (see, c.g.. Sambrook «f af. (1989)
Molecutar Cloning -A Laborarory Manual (2nd Ed.), Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York).

However, in a preferred embodunent. the nucleie acid s ereated de nova,
e.g. through chemical synthesis. In a preferred embodiment, nueleic acids (=.g..
oligonucleatides) are chemically synthesized according ta the solid phase phosphorarmidite
triester method described by Beaucage and Caruthers (1981), Terrahedron Letts., 22(20):
1859-1862, e.g., using an automated synthesizer, as described in Needham-VanDevanter et
al. £{1984) Nucleic Acids Res., 12: 6159-6168. Purification of oligonucleotides, where
necessary, is typically performed by either native acrylamide gel electrophoresis or by
anion-exchange HPLC as described in Pearson und Regnier (1983) J. Chrom. 255: 137-

149. The sequence of the synthetic oligonucleotides can be verificd using the chemical
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degradation method of Maxam apd Gilhert (1980) in Grossman and Moldave (eds.)
Academic Press, Mew York, Merh. Enzymol. 63: 499-560.

by_Antihodicsfantibody fragments.

Antibodies or antibody fragments for use as bading pariners {caplure
agents) cun be produces by a number of methods well known to those of skil) wn the art
(see, eg.. Harlow & Lanc (1988) Antibodies: A Lahoratory Moruad, Cold $Spring Harbor
Laboratory, and Asai (1993) Methods in Cell Biology Vol 37: Antibodies i Cell Binlogy,
Academnic Press, Inc. N.Y.). [n onc approach, the antibodies are produced by immunizing
an animal {e.g. a rabbit) with an immmurogen containing the cpitope it is desired to
recegnize/capture. A number of immunogens mey be used to produce specifically reactive
antibodies. Recombinant protein is the preferred immunogen for the production of
monaclonal or polyclonal antibodies. Nahurally occurning protein may also be ased either
in pure or impure form. Syuthetic peptides made as well using standard peptide synthesis
chemistry {see, e.g.. Barany and Merrifield, Solid-Phuse Pepride Synthesis: pp. 3-284 in
The Peptides: Analysis, Svnthesis, Biology. Vol. 2. Special Methods in Pepiide Synthesis,
Fart A., Mermifield ef af, (1963)J. A Chem, Soc., §5: 2149-2156, and Stewart ef ai.
(1984) Solid Phase Peptide Spnikesis, 2nd ed. Picree Chem. Co., Reckford, IIL)

Methods of production of polyclonal antibedics are known to those of skill
in the art. Tn bricf, an immunogen, preferubly a purificd cytoskeletal component, is mixed
with an adjuvant and animals are immunized. The animal's immune response o the
IMnupoEER preparation is monitored by 1aking 1est bleeds and delermiring the titer of
reactivity to the eyteskeletal components and fest contposilions. When appropriately high
titers of entibedy to the immunogen are ebiained, bloed is collected from the znimal and
antisers are prepaved. Further fractionalion of the anlisers to enrich for antibodics reactive
to the cytaskeletal component ¢an be done if desired. (See Harlow and Lane, supra).

Moneclonal antibodics may be obtained by varicus techniques familiar to
those skilled in the art. Briefly, spleen cells from an animal immunized with a desircd
aniligen arc immonalized, commaonly by fusion with a myeloma cell (See, Kohler ang
Milstein (1576) Eur. J. Imanuzol. 6: 511-519). Alternative methods of immortalization
include transfennation with Epstein Barr Virus, oncogenes, or retroviruses, or other
methods well known in the art. Colenies arising from single immortalized cells are
screened for production el antibodies of the desired specificity and affinity for the antigen,
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and yield of the monoclenal aniibedies produced by such cells may be enhanced by
various technigues, including injection into the peritoneal cavity of a vertebrate host.
Alternatively, one may isolate DNA sequences which encade a monoclonal antibody or a
binding fragment thereof by sereening a BDNA library from human B cells according to the
general protocol outlined by Huse ef o, (1989) Scizace, 246:1275-1281.

Antibodies fragments, e.g. single chain antibodies (5cFv or others), can also
be produced/selected using phage display technology. The abiiity to express antibody
fragments on the surface of viruses that infect baclena (bacteriophage or phage) makes it
possible to isolate a single binding antibody frapment (tom a library of greater than 1019
nonbinding clones. To express antibody fragments on the surface of phage (phage
display), en antibody fragment gene is inserted inta the gene encoding a phage surface
protein (plIl) and the antibody fragment-pill fusion protein is displayed on the phage
surface (McCafferty er af. {1990) Nuture, 348: 552-554; Hoogenboont er af. (1991}
Nucleie Acids Res. 19: 4133-4137).

Since Lhe zntjbody fragments on the surface of the phage are functional,
phage beanng antigen binding antibody Fagments can be separated [rom non-bioding
phage by antigen allinity chromatography (McCallerty ef al. (1990) Marzere, 348 552-
354). Depending on the affinity of the antibody fraginent, enrichment factors of 20 fold -
1,000,000 fold are obtained for & single round of alfinily selection. By infeciing bactera
with the cluted phage, howcver, more phage can be grown and subjected to another round
of selection. In this way, an enrichment of 1000 fold in one round can become 1,000,000
fold m two rounds ol selection (MeCallerty ef of. (1990) Nature, 348: 552-354). Thus
even when entichinents are low (Marks ez ol (19911 J. Mol Bicd. 222: 381-597), multiple
rounds of affinity selection can lead 1o the isolation of rare phage. Since selection of the
phage anhibody Nbrary an antigen results in ennichment, the majonity of clones bind
antigen after as few as three to four rounds of selection. Thus only a relatively small
number of clones {several hundred) need (o be analyzed for binding lo antigen.

Human antibodies can be praduced without prior immunizatior by
displaying very large and diverse V-pene repertoires on phage (Marks ef af. (1991)J Mol
Biof. 222: 581-397). In one embodiment natural Vy and V) reperioires present in human
peripheral hlood lymphecytes arc were isolated from unitnmunized donors by PCR. The

V-gene repertoires were spliced together at random using PCR to create a scFy zonc
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repertoire which is was cloned into a phage vector to creaie a library of 30 millien phage
antibodies {/!.). From this single "naive” phage antibody library, binding antibody
fragments have been 1solated against move thae 17 different antigens, including haptens,
polysacchandes and proteins (Marks er af. (1991) J. Mol Biol. 222: 581-397; Marks et af.
(1993). Bic/Technotogy. 10 779-783; Grittiths e af. (1993) EMBO J. 12: 725-734; _
Clackson et af. [1991) Namre. 352: 624-628). Antibodics have been produced against sell’
proteins, including human thyroglobulin, immunoglobulin, tumor neerosis factor and CEA
(Griffiths & af (1993 EMB( /. 12: 725-734). It is also pozzible to isolate antibodies
aguinsl cell surface antigens by selecting direcly on intact cells. The antibody fragments
are highly specific for the antigen used for sclection and have affinities in the T M to 100
nM range (Marks ef al. (1991) . Mof. Biod. 222: 581-597; Griffiths er af. (1993) FAMBO S
12: 725-734). Larger phage anhbody libraries result in the iselation of more antibodies of

higher binding affinity te a grealer proportion of antigans,

t} Binding proteins,

In onc smbodiment, the binding partner (capture agent) can be a binding
protein. Suitable binding proteins include, bul are not limited to receptors (e.g. cell surface
receptors), receptor ligands, eytokings, transcription factars and ether nuclcic acid binding
proteins, growth factors, el

The protein can be iselated from nalural soutees, mulagenized from Jsolated
proteins or synthesized de nove. Mceans of iselating naturally cccurring proteins are wotl
known o (hose of skill in the art. Such meihods include but are not limited 1o well known
protein purification methods including amvmonium sulfate preeipitation, affinity colusmns,
column chromategraphy, gel electrophoresis and the like (see, generelly, R. Scopes,
(1982) Prorein Purificarion, Springer-Verlag, N.Y.; Deutscher (1990} Methods in
Enzymotogy Vol 182: (uide to Protein Purification, Academic Press, Inc. NLY ).

Where the protcin binds a target reversibly, affimty columns bearing the
target can be used to affinity punfy the protein. Allematively \he protein can be .
recombinantly expressed with 2 HIS-Tag and purnified using Ni2+/NTA chromatography.

In another crbodiment, the protein can be chemically synthestzed using
standard chemieal peptide synthesis techniques. Where the desired subsequences are
relatively short the molecule may be synthesized s a single conliguous palypeptide.
Where larger molecules ure desired, subsequences can be synthesized separately {in one or

21-

JP 2004-500549 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

25

(60)

WO 017053 POTIUSODAG502

more unils) and then fused by condensation of the amino terminus of one moleculs with
the: carboxyl terminus of the other molecule thereby forming & peptide bond. This is
typically aecomplished using the samc chemistry (2 g, Fmoc, Thoc) used fo couple sirgle
aming acids in commercial peplide synthesizers.

Solid phase synthesis in which the C-erminal amine acid ol the sequence is
attached to an inscluble support followed by sequential addition of the remaining amino
acids in the sequence is the preferred methed for the chemical synthesis of the
polypepudes of this invention. Techniques for solid phase synthesis are described by
Barany and Mernfield (1962) Solid-Phase Peptide Synthesis; pp. 3-284 t, The Peptides:
Aralysis, Synthesis, Biology. Veol. 2: Specie! Metkods in Pepride Synthests, Part A.,
Memifield ef af. (1963) J. Am. Chem. Soc., 85; 2149-2156, and Stewarl ez al. (1984) Sofid
Phase Peptide Synthesis, 2nd od. Pigree Chom. Co., Rockford, 11

In a preferrad embodiment, the czn also be synthesized using recombinant
DNA methodolegy. Gencrally this involves creating a DNA scquence that cocodes the
hinding protein, placing the DNA in an expression cassctte under the control of a particular
promoter, expressing ihe protein in a host, 1solating the expressed protein and, if required.
renaturing the protein.

DNA encoding binding proteins or subsequences of this invention can be
prepared by any suitable method as described above, including, for example, cloning and
restriction of appropriate scquences or direct chemical synthesis by metheds such as the
phosphotriestar method of Narang ef @l (1975} Meth, Enzymol. 68; 90-99; the
phosphodiester method of Brown el af. (1979} Math. Enzpmel. 68: 109-151; the
diethylphosphoratnidite nicihod of Beavcage ef al. {1981) Teira. Lett, 22: 1859-1862; and
the solid support method of ULS. Patent No. 4,458,066,

The nuele avnl sequences encoding the desired binding protein(s) may be
cxpressed in a varicty of host eclls, including E. ¢ofi, other bacterial hasts, yeast, and
various higher sukaryotic cells such as the COS, CHO and Hela cells lines and myeloma
cell lines. The recombinant protein gene will be operably linked to appropriate expression
control sequences for each host. For E. cofi this includes a promoter such as the 77, i#p, or
fumbda promoters, a rhosome binding site and preferably a transcription ierminabion

signal. For cukaryetic cells, the control sequences will include a promoter and preferably
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an enhancer derived from immuneglobalin genes, $V40, cytomegatovirus, efe., and a
polyadenylation seguence, and may include splice denor and acceptor sequences.

The plasmids czn be transferted into the chosen host celi by weli-known
methods such as calcium chloride transformation for £ codi and calcium phospbate
treatment or electroporation for mammalian cells. Cells transformed by the plasmids can
be selected by resistance to antibiotics conferred by genes contained on the plasmids, such
as |he amp, gpt, nee and Avg genes.

Onee expressed, the recombinant binding proteins can be purilied according

to standard procedures of the art as deseribed ahove.

d} Sugars and carbolivdrates.

Qther binding pirtners include sugars and carbohydrates. Sugars and
carbohydrates can be isolated from natural sources, cnzymatically synthesized or
chemically synthesized. A route to production of specific oligosaccharide siructures is
through the use of the enzymes which make thenr e vive; the glyensyliransfecases. Such
enzymes can be used as regio- and stereoselective catalysts for the ia vitro synthesis of
oligosaccharides (Tchikawa et wl. (1992) Anal. Biochem. 202: 215-238). Sialyliransferase
can be used in combination with additional alycosyltransferases. For example, one can use
a cormbination of sialyliransferase and gulactosyltransferases. A number of methods of
using giycosyltransferascs to synthesize desired oligosacchande structures are known.
Exemplary methods are deseribed, for instance, W 96/32491, Tto ef af. (1993) Pure Appl.
Chem. 63:753, and LS. Palents 5,352,670, 5,374,541, und 5,545,553, The enzyrmes and
substrates can be combined in ar initial reaction mixture, or alternatively, the enzymes and
teagents for a second glycosyliransferase cycle can be added to the reaction medium once
the fieat glycosylramsierase cyele bas neared completion. By conducting two
glycosyltransferase cycles in scquence in a single vessel, overall yiclds arc improved over
procedures in which an intermediate specics is isolated.

Methods of chemical synihesis are described by Zhang er al {1999 4. Am.
Chem. Soc., 121(4): 734-753. Briefly, in this approach, 2 set of sugar-based building
blocks is created with cach block pretoaded with different protecting groups. The building
blocks arc ranked by rcactivity of cach protecting group. A computer program then
detenmines exactly which building blocks must be added to the reaction so that the
sequences of reactions from fastest to slowest produces the desired compound.

=23
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2) Attachment of binding partners ta the channel.

Many methads for immobilizing biomoiecules te a vanety of solid surfaces
are known in the ant. The desired compenent may be covalently bound, or noncovalently
atlached through specific or nonspecific bonding.

If covalent bonding between a compound and the surface is desired, the
surface will usvally be polyfunclional or be capable of being polyfunclionalized.
Functionul groups which may be present on the surface and used {oc Tinking can include
carboxylic acids, aldehydes, amine groups, eyano groups, ethylenic proups, hydroxyl
groups, mercapto groups and the like. The manner of linking 4 wide varicty of compounds
Io various surfaces js well known and is amply illustrated in the literature. See, for
cxample, Tchiro Chibata (1978) mmebhilized Enzymes, , Halsted Press, New York, and
Cuatrecasas, (1970).J-Biol. Chem. 245: 3059,

Tn acklition to covalent bonding, various methods for noncovalently binding
an assay component can be used. Noncovalent binding is typically nonspecific absorption
of a compound to the surface. Typically, the surface is blocked with a second compound to
prevent nonspecific binding of labeled assay compenents. Alternatively, the surfuce is
designed such that it nonspecifically binds one component but docs not significently bind
another, For crample, a sur(ace bearing a lectin such as concanavalin A will bind 2
carbohydrate containing corapound but not a labeled protein that lacks glycosylation.
Various solid surfaces for use in noncovalent attachment of assay components are
revicwed in ULS. Patent Nos. 4,447,576 and 4,254 082,

Where the binding partner is a nuclzic acid or a polypeptide, the molecule
van be chemically synthesized in sit. This involves essentially standard chemical
synthesis methods substituting phota-labile pretecting groups for the usual protecting
groups (e.g. dimethoxy trfyl group (DMT) used in nucleic acid synthesis). Irradiation of
the microchannel at discrete localions resulls in selective coupling of the monomer {e.g.
amino aoid or nueleetide) to the growing polypeptide(s} or nuclaic scid{s) at the irradialed
site. Methods of Light-directed polymer synibesis are well known 1o those of skl in the art
(see, e.g, LS, Patent No. 5,143,854; PCT Publication Nos. WO 90415070, WO 92/10092
and W 93/09668; and Fodar a1 af. (1991) Science. 251, 767-77).

In preferred ernbodiments, the binding partner 15 immobifized by the use of

a linker (2.g. 2 homa- or heterabifunctional linker). Linkers suitable for joining biclogieal

24
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binding partners are well known to those of skill in the at. For example, 4 protein or
nucleic acid molecule may be linked by any of a variety of linkers including, bui nat
limited to a peptide linker, a straight or branched chain carbon chain linker, or by a
heterocyche carbon linker. Hetergbifunclional cross linking reagenis such as active eslers
of N-ethylmaleimide have been widely used (see, for example, Lemer et al. (1981) Proc.
Nat. Acad, Sci. USA, 78: 3403-3407 and Kilagawa ef al. (1976) ./ Biochem., 79: 233-236,
and Birch and Lennox (1995} Chagter 4 in Monocional Antibodies: Principles and
Applicarions, Wiley-Liss, N.Y.)

In one preferred embodiment, the binding partner i3 immobilized utilizing a
biotin/avidin ioteraction. it thiy erbodiment, biotin or avidin with a photolabile
protocting group can be placed in the channel. Irradiatior of the channel at a distmer
location results in coupling of the biotin or avidin to the channel at that location. Then, the
binding agent bearing a respective biotin or avidin js placed into the channel whereby it
couples to the respective binding parmes and is localized in the ircadiated site. The process
can be repeated m each distinct location it is desited ro attach a binding partner.

Annther suitable photachemical binding approach is described by Signst ef
af. {1992) Rio/Technolagy, 10: 1026-1028. Tn this approach, intcraction of ligands with
vraanic ar inorganic surlaces is mediated by photoactivatable polymers with carbene
generating trifluoromethyl-aryl-diazirines that serve as linker molecules, Light activation
of aryl-diazirino functions a1 350 nm vields highly reactive carbenes and covalent coupling
is achieved by simultaneous carbene insertion into both the ligand and the inert surtace.
Thus, reactive functional groups are not required on either the ligand or supporting
malerial,

In a most preferred cmbediment, fused silica capillaries (50¢ um b.d. arc
coated with a thin layer of cpoxy (Epotek 330) in order o cover the fused silica surface
with an organic coating. The organic coating of the surface not only minimizes DNA
adsorption on the walls of the capillary, but also provides a pelymerized surface to which
DMNA-probes can be immobihized directly. A protocol for coating the capillary surfuce
with the epoxy is described by Lin et al. (1996) J. Chromatogr. 723: 157-167. Brefly, the
capillary was rinsed first with acelone for 15 min., then dried inr an oven at 100°C for | h
under a pitrogen pressure of 20 psi. Epexy 314 ND {Epo-Tck, Billerica, MA) was
dynamically coated onto the capillary surface by aspiraling u solution of an epoxy mixture

252
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in acetone. The residual solvent wes remaved from the epoxy-coated capillaries by
flushing with nitregen at room temperature for 33 min. The epoxy coating s cross-linked
al B0°C for 30 min, then al 150°C for 2 b under a nitrogen pressure of 20 psi. The coated
capillaries are washed with buffer for 30 min prior Lo use.

Al om section of the epoxy-coated capillary 1s then flushed with a specific
DNA-probe solution. The DMA-probe solution is allowed to react with the capillary piece
ovemight to bind the DNA-probe 1o the capillary walls via hydrophobic and electrostatic
interactions. Other DNA-probes are attached to similar one em long pieces of coated
capillarics in a similar manner. QOnee the are immobilized onte the capillary walls, these
hybridization regions are nnsed with deionized water, and are then ready Lo assemble into

a capillary biosensor having dilferent binding partners at differem locations.

) Analyte detection methods.

Virtually any method of biological moleculc detection can be used in
accordance with the methods of this invention. Sinee the ideniity of the various analytes is
delermined by their spatial position in the flow moving theough the channel, there is not
need for different labeling systems on each analyte. To the contrary, ons advantage of the
present assay system is that there is no need to label 1he analyte at all.

Methods of detecting analyies are well known 1o those of skill m the art.
Were the analyte is lzbeled (e.g. with a radioactive, flnorescent, magnetic, or ruass Jabel),
the analyte is detecied by detecting the label. However, in a preferred embodiment, the
analyte is not labeled and preferved detection methods do not cely on the use of labels
anached to the analyte. Such detection means include, but are not limited (o detaction of
optical sigmals (e.g. equssion and/ar abserption spectioscopy), detection of electrical and
magnetic signals, detection of changes of the electrical properties {e.g.
conductance/resistance, capacitance, impedance, eic.) of the inedium containing the
analyte.

n one simple cmbodiment, the aptical abscrption of the flutd containing the
analyte is monitored (e.g. with a standard wltra-violet) detector. However, in a preferred
embadiment, an electrosnzl vtic detector is utilized. In a most preferred embodiment, the
electroanalytic deteclor wlilizes lime-varying {e.g. sinusoidal) vollammetry.

o particularly preferred embodiment, sinusoidal voltammetry involves
providing a small amount of the analyte of intcrest to a voltammetric glectrode. A

26-
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sinusoidal {or other time-varying) voltage is applied to the electrode. The time-varying
{2.g.. sinusotdal) voltage has an aroplitade large envugh 1o sweep through the formal
potential of the redox species of interest in a single eyele at a given trequeney. The
response of the analyte (o the sinusoidal voltage is selectively detected at a harmonic of the
fundamental frequency of the time-varying voltage. Methods of perferming time-varying
voltammetry are provided in 1.5, Patent 5,650,061 and the references cited therein.

While a particularly preferred embodiment utilizes sinusoidal voltammetry,
other voltammetric methods are well suttad to this mvention. As indicated above, time-
varying voltamumetnic methods are particularly preferred and such voltammetric methods
arc noi limited to the use of sinuscidal time-varying voltages. QOther wave fonns are also
suitable. Such methods include, but are not limited 10, the use of square waves and
trizngle waves. Such time-varying volammetric methods are well known to those of skill
inthe art (see, ¢.g., Cullison and Kuhr {1996) Eleceroanalysis, T{1): 1-6).

[t was a discovery of this invention thal combination of sinusoidal
veltammetry detection with spatiall y encoded analyte separation provides highly specific

analyte deleclionfquantitation al extremely low levels in 4 comiplex sample (2.g. serum).

EII.  integrated assav device,

Statc-of-the-art chiemical analysis systems lor use in chemical production,
environmental analysis, medical diagnostics and basic laboratory analysis are preferably
capable of complete automatton. Such total analysis systems (TAS) (Fillipini er of, (1991)
1. Biotechnol. 18: 153, Garn ef af {1989) Biotechnal. Bioeng. 34. 423, Tshulena (1988}
Phys. Sor, T23: 293; Edmonds (1985) Trends Anal. Chem, 4. 220, StinshofTer of. (1983)
Anal Cherm. 57:114R; Guibault (1983) Anal. Chem Symp. Ser. 17 637, Widmer (1983)
Frends Anal. Chem. 2: 8) automatically perform functions ranging from introdriction of
sumple into the syster, transporl of the sumple through the systent, sample preparation,
separation, purilication and detection, including dava acquisiion and evaluation,

Rocently, sample preparation technologics have heen suceessfully reduced
o miniaturized formats. Thus, for cxample, gas chromatography (Widmer et al. {1984)
T J. Enviran. Anal. Chem. 18: 1), high pressure hquid chrematography (dMuller er af.
{1991) J. High Resohi. Chromaragr. 14: 174; Maunz er al.. (1990) Sensors & Actwators
B1:249; Novotay et of., els. (1985) Microcohmn Separations: Columies, Insirumentalion

and Ancilfqry Techniques I Chromatogr. Librgry, Vo, 30; Kocerg, ed. (19848) Micro-
7.
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Cotumn High Performance Liquid Chromatograpty, Elsevier, Amsterdam; Scott, ed.
(1984) Smatl Rore Liguid Chromatography Cofumns: Their Properties and Uses. Wiley,
MY ; Jorgenson ef af. (1983).F. Chrematogr. 255: 335 Knox. et @l (1979 J. Chromatogr.
186:403; Tsuda et ¢l (1978) 4nal. Chem, 50: 632) and capillary electrophoresis {Manz er
al. {1992) T Chromatogr. 593 253; Qlefirowicz et al (1990) Anal. Chem. 62: 1872,
Second Int't Symp. High-Perf Capiliary Electrophoresis {1990) L Chromatogr. $16;
Ghowsi 2t af. {19%0) Aral. Chem. 62:2714) have been reduced to miniaturized formats,

Swmularly, in another embodiment, s invention provides an integrated
assay device (e.2., a TAS) for detecting and/or quantifying a mudtiplicity of analytes. The
assay device comprises the channel(s) with attached binding partners as described above.
T addition, preferred inlegrated assay devices also include one or more of the following: 2
detection system (e.g. voltammetry systern including clectrodes andfor associaled
electronics), one or mote reservoirs to provide buffers and/or Rushing fluids, sample
application well{s) and/or injection port{s}, a computer controller {for control of pumps,
reservolr flow switching, detector, and sigmal analysis system, anid the like.

In & panttcularly preferred embodiment, the integrated assay device contains
the chamnels in a “removable” unit. Thus, for example, where the capillaries can be
provided as channels in a module that can be casily inserted and removed from the
ancillary cyuipment therchy readily allowing the device to be rua with assay for different
sels of analytes.

Wheee the channe) used in the device is & tube (e.g. a capillary
clectropheresis tube), 2 conventional capillary electrophoresis device contains much of the
ancillacy plumbing, sample handling and delivery components, and computer controllerés)
for an “integrated” assay device according to the present invention. Little more is required
than fairly straightforward intoduction/addition of a detector (g, o sinusoidal
voltammetry detecter) and associated electronics in accordance with this invention to
pravide an inlegrated assay device well suited to detection and/or quantitation of a wide

variely of analyles.

1V. Ruunping assays.
In penerad, assays are run by introducing the sample into the channel having
affixed hinding partners. The sample is preferably held under conditions that allow the

respective hinding parmers 1o specifically bind o the target analytes that may be present in
IR
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the sample. The sample is then flushed cut of the chanmel, typically by introduction of a
buffer that facilitates release of the bound analyte. The released analyle is then delected at
a downstream detection point and the identity of the analyte is determined by the time

from release to detection.

A) Sample preparation.

Virally aty sample can be analyzed using the devices and methods of this
advantage. However, in a preferred embodiment, the sample s a biological sample. The
term "biological sample”, as used hercin, refers o 2 sample obtained [rom an organism or
from components fe.g., cells) of an organism. The sample may be ol any biclogical tissue
or fluid. Frequently the sarople will be a "clinical sample® which is a sample derived from
a paticnt. Such samples inchude, but are not limited to, sputum, cerebrospinal luid, bicod,
bioed fractions (e.g. scrum, plasma), bloed cells {e.g., white cells), lissue or fine needle
biopsy samples, urine, peritoneal fluid, and pleural fluid, or cells thercfrom. Biological
samples may alse include seclions of tissues such as froven seetions taken for histological
purposes.

Biological samples, {e.g. serum) may be analyzed directly or they may be
subject to some preparation prior to use in the assays of this inveation. Such preparation
cait inchude, but is noet limited to, suspension/dilution of the sample in water or an
appropriate buffer or removal of cetlular debris, e by centrifugation, or selection of
patticular fractions of the sample before analysis.

B} Sample delivery into system

The sample ¢an be intreduced inte the devices of this invention according
to standard methods well known to those ol skill in the art. Thus, lor cxample, the sample
can be introduced into the channel threugh an injcction port such as those used in high
pressure bgud chromatography systems. In another embodiment the sample can be
applied te a sample well that communicates to the charnel. In stifl another embodiment
the sample can be pumped ito the channel. Means of introducing samples into channcis

are well known and standard in the capillary electrophor and chromatography arts.

<} Binding conditions

Onee tn the channel, the sample is held under conditions that promote

specific binding between the sample and the binding partner. Conditions compatible with
specilic binding belween a binding partner and 2n anzlyte arc well known to those of skill
-29-
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in the art. For example, bulfers suitable for promating hinding between an antibody apd &
target protein are well lknown in the immunoas=ay art (see. e.g., U.S. Patents 4,366,24(;
4,376,110; 4,517,288; und 4,837,168, Asai {1993) Methods in Cell Biolngy Volune 37:
Antibodies in Cell Riology, Academic Press, Inc. Mew Yorl; Stites & Terr (1991) Basic
and Clinical Immunology 7th Edition). Similarly conditions under which a miclcic acids
specifically hybridize to each other are also well know to those of skitl m the art (see,
Tijssen (1993) supra.). The particulst binding conditions are optimized for particular sels
af Winding partners and target analytes according 1o stapdard methods well known 1o those
of skill in the art (see, e g, Tijssen (1993) siepra., U.S. Patents 4,366,2415 4,376,110,
4,517,288; and 4,837,168, Asai (1993) Merhody in Cell Biology Volume 37: Antibodies in
Cell Bioltogy, Academic Press, Inc. New York; Stites & Terr (1991) Busic and Clinical
Immunology Tth Edition).

J0)] Release conditions.

After the analyte{s} in the sample are specifically bound to the binding
partner attached 10 the chanmel, \hey are released. Release ie preferably aceomplished by
contacting the binding parincr/aralyte complex with a buffer or with temperahzre
conditions that disrupl the binding partner/analyte inleraclion. Depending on the particular
analyte/binding pariner pair such asseciations can be disrupted by the usc of high
temperature, denaturants {e.g. urea, formamide, efc.}, high or low pH, high or low sall, and
varipus chaotropic agents (g, guanidineg HCI).

) Analyte/flow through the chanpel.

Samples and‘or carrier/buffcr fluids can be introduced into and/or moved
through the channel according to standard methods. For example, fluid can be intreduced
and moved through the cannel by a simple gravity feed from a “reservoir”. Alternatively,
fluids can be moved througlt the channcl by gas pressure, or by fluid pressure preduced by
any of a vaniety of suitable pumips {e.g. peristaltic pumps, metering pumps, €. ), pressure
on a deformahle chamber'diaphragm, etc.. Analyies can also be driven through (he

channel by ¢leciroosmotic methods.

F) Detection.
As indicated above, analyle delection can be by any of a number of

roethods well known to ihose of skill in the art as indicated above. In a preferred

-30-
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embodiment, clectrochemical detection methods are utilized and tn a2 most proferred
embodiment, detection is by sinusoidal valtammetry.

The protocol for performing sinusoidal voltammetry has been described
previously (Singhal er af. (1997) Anal. Chem. 69: 4828-1832; and U.S. Patent 5,650,0613.
Briefly, a sine wave at 2 Hz, 0.7 Vp-p, +0.35 ¥ D.C. offset is penerated digitally using a
soltware program. This sine wave serves as the applied polential for @ copper electrode.
The current response from the electrode is colleeted by the software in real time for the
entire length of a single elution o, This time domain current response is then converted
into the lrequency domain with fust Fourier transforms. The protocel for analyzing
frequency spectra has been explained previously (Singhul ef al. (1997) dral Chem. 69:
1662-1668). The spectrum corresponding to the anatyic is obtained aftcr background
subtraction and digital pbase locking as described previously (Singhat ef al. {1997) supra.).

Y. Kits for multiple apalyte detection.
In one embodiment this invention provides kits for screening for identifying

e presence or absence, or quantifying 2 multiplicily of analytes in a sample. The kils
include of the channels of this invention bearing affixed to their surfsees various binding
panmers as described herein. The channels can be designed for stmple and rapid
incorperation inlo an inlegrated assay device, e.g. a device comprising electrochemical
detector {e.g. sinusoidal voltammetry) circuitry, appropriate plumbing for administration
ol a sample and maintenamce of a [Tuid flow through the channel, and computer control
system(s) for control of sample application, fleid Mow, and analysis of signal output as
descnbed herein. The kit can additionally include appropriate buffers and ether solutions
amd slandards for use in the assay methods descnbed herein.

Tn addition, the kits may inelude instructional materials containing
directions (i.e., protacels) for the practice of the methods of this invention. While the
insiructional materials typically comprise written or printed materials they are not limited
to such, Any medium capable of sloring such instruciions and cemmanicating them to an
cnd user is contemplated by this tnvention. Such media include, but are not limited to
clectronic storage media {2.g., magnetic dises, tapes, cartridges, chips), optical media {e.g.,
CD ROM), and the like. Such media may include addresses o intemet sites that provide

such Instructional materials.
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EXAMPLES
The foliowing examples are offered to illustrate, but not to limit the claimed

invention.

Example 1
Nanuditer Volume Electrechemical Sensing of DNA-Hybridization

Materials and methods.
Reagents.

The water used was deionized and then passed through a Milli-Q Water
Purification Systern (Milliporc Corp., Bedford, MA). The biotinylated DNA-probe and the
compiumentary DM A-target specific to Twberculosis (TB) and Human Tnmunadeficiency
¥irus (HIV) identilication were vustom synthesized through Genemesd Synthesis, nc., San
Francisco, CA (Table ). DNA-probe solutions were made by diluting a 100 ug/ml
solution ef DNA-probe disselved in deicnized water into a L:f mixture with DNA-binding
solution (Pierce Chernicals, CA). This binding soluiion facilitates binding DNA to
pofymenzed surfaces via hydrophobic and clectrostatic interactions. Fused silica
capitiacies (Polymicron Technelogies, Inc., AZ) were veed for making Lhe capillary
biosensors. These capillaties were not flushed with acetone aod dried before any
derivatization was dene to the capillary surface.

Capillary Derivatization and Immobilization of DNA-probes.

Fused silica capillanies {5 un i<l x 150 pm o4, one melsr in length)
ware used for the biosensor. The capiliary was coated with a thin layer of epoxy (Epotek
350% in order to cover the fuscd silica surface with an organic coating. Organic coating of
the surtace not only minimizes DNA adsorption on the walls of the capillary, but also
pravides a polymerized surface to which DNA-probes can be immobilized directly. The
pratocol for coating the capillary surface with the epoxy was exactly as described by Liv er
al. (1990) ). Chromatogr. 723: 157-167. Briefly, the capillary was rinsed first with
acelone (or |5 min., then dried in an oven at 100°C for 1 h under a nitrogen pressure af 20
psi. Epoxy 314 ND (Epo-Tck, Billetiva, MA) was dynamically coated ento the capillary
surface by aspirating a solution of 20 ¢poxy wixturs in aceiens. The residur] solvent was
removed from the epoxy-coated capillaries by flushing with nitrogen at rocm temperature
for 20 min. The epoxy coating was cress-linked at 80°C for 30 min, then at 150°C for 2 h

-
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under a nitrogen pre,ssure-ofm psi. The coated capillaries were washed with buffer for 30
min prior 1o use.

A | om seciion of the epoxy-coated capillary was then Nushed with a
specific DNA-probe solution. The DNA-probe selution was allowed to react with the
capillary piece ovenmght to bind the DNA-probe to the capillary walls via hydrophobic
and electrostatic interactions, Other DMA-probes was attached 1o similar one cm leng
picces of coated capillaries in a similar manner. Onee the probes were immobilized onto
the cupillary walls, these hybridization regions were rinscd with detonized water, and then
were ready o assemble into the capillary biosensor. These hybridization regions were
epoxied into a “separation column™ at two different locations, where the distance from the
inlet (o the first probe (TB probe) was about 25 em, and the two probes were spaced LS cm
apart. This 1efl a distance of approximately &0 ¢m frorm the second probe (11V probe) to
the detector. The difierent segments of capillary were linked together by ¢poxying the
capillaries inte sleeves {180 x 360 ym capillary sections) which were also upproximately
one cm 10 teagth each. The iatal lengih of the capillary bicsensor was approximately one

meter.

Hybridization, Elution and Detection of DNA-Target.
‘The capillary was mounted in a commercial capillary clectropheresis

instrument (Biorad Instruments Inc, Hercules, CA), which was used for its pressure flow
and autosampler capabilities. The protocels used for hybridizing complementacy targets 1o
these DNA-probes with kigh stringency have been described extensively in the literature.
The specific procedures used for this experiment are a5 [ollows:
} The capiliary was initially flushed with prehybridization buffer {0.75 M
NaCl, 75 mM sodium citrate, pH=7.0, 0.1% N-lactoyl sarcosine, ¢.02% SD3, in 50%
formamide, 40°C) in order to selectively bind complementary DMA-largets to Lhe probc.
DNA-target selutions for both TB and HIV tarpets were dissolved in Prehybridization
Buller, and Mushed and incubaled in the capillary for nearly 3¢ minutcs in order to achicve
complele bybridization and saturation of the surfzce immohilized probes.

The cxeess target selution was then rinsed out with Hybridieation BufTer
(1.3 M NaCl, 30 mM godium citrate, pH=7.0, .19 5D§). A sinngent wish was
subscqguently donc with Stringent Wash Buffer (75 mah NaCl, 7.5 mM sodium cilrate,
pH=7.0,0.1% $D3, at 40"C) in order 10 remove any non-specifically bound DN A-1argets).
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This stringent wash ensuved that only perfectly complemnentary DNA-targets remained
behind inside the capillary biosensor, as everything else is washeil out under these
stringent corxlitions.

The capillary was then filled up with Electrochernical Wash Buffer (39 mM
TRIS, 8% miM boric acid, and | mM EDTA, pH = 10), in order to rinsc out the high
stnngency wash buffer which was not compatible wilh the copper electradc {due to the
presence of surfactants).

Onee the capitlary was (ied with Eleettochemica)l Wash Builer, the copper
electrode was placed at the biosensar capillary outlet. The clectrode was sutomatically
aligned with the capiltary cuilet dus to a ywe-part machined desipn (Kuhr (1993) U.S
Patent 5,650,061). The capillary was then filled rapidly (at 100 psi} with Elution Buffer
(8% mM Tris, 82 mM boric acid. and I mM EDTA, pH = 11}, and incubated for 30
minates at room temperature. The Elutiere Buifer promoled denaturation of the hybridized
DINA-tatgets, thereby relcasing the oligomers into solution inside the capiltary at specific
iacatons.

The Elution Buffer, containing the dehybridized target INA was then
pumped at 2 constant flow rate using pressurs induced flow at nearly 5 psi, thereby eluting
the released DMNA-targets as they moved with the buffer. As the DNA-1arget oligomers
flowed past the detecter, the DNA was clestracatalytically oxidized at the copper
electrode, and thereby generated a signal which could be detecied using sinusoidal
voliammetry as descobed previously {see .S, Putent 5650,061). Each separate zone of
[DNA was then deteered a1 the copper electrade ar the outlet at it taves past the defestor.

Electrochemical Detection,

Farty-raicron diameter copper microelecirodes were fabricated instde a 5
e, 50 % 360 pm fused sihea capillary. The capillary was filed with gzllivm using a
syringe. Next, a small length of copper wire was inserted into the capillary at one end, and
then scaled in placc using 5-minute cpoxy. Anocther wire was inserted in from the hack
cnd of the capillary 1o provide an cicctrical connection to the copper wire. The gallium
inside the capillary provided an elecincal connection between the twa wires, These
capillary microelectrodes were very tugged, and reusable after polishing. These elecirodes

were not preteeated in any form except for a manual polish using 600-gnt sand paper.
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Sinusoidal vollammetry was used to deteet the deliybridized DNA 1arget ot
the copper microelectrade as it ¢luted from the capillary. The profocol for performing
sinusoidal voltammetry has been described previously (Singhzal et al. (1997) Anel. Chem.
69: 4828-43132; and 1.5, Patent 5,650,061). Bristly, a sine wave at 2 Hz, (.7 vpp, 1035
V D.C. offset was gencrated digitally using a in-house software program.  This sine wave
scrved as the applied potential for the copper clectrode. The curreni response from the
electrode was collected by the software in real time for the entire length of 2 single elution
run. This time domain current response was then converted inlo the frequency domain
with fast Founer transforms. The pretocel for analyzing frequency spectra has been
explained previously (Singhal et o (1997} Anal. Chem. 6% 1662-1668). The spectnum
corrssponding fo the analyte was obtained afer background subtracrion and digital phase

locking as described previously (Singhal ez ¢, (1997) supra.).

Results and Discussion

Low volume, direct detection of DNA hybridization is desirable due to the
clinical importance of DMA as an indicator of disease. Qnece a specific nucleotide
sequence has heen shown to he uniquely or distinguishably associated with a piven marker
(e.g. an infectious agent, genetic traut, tumor type), that sequence can be synthesized in
large guantity end used as a probe for nucleie acid from other sources to determine if the
spacific sequence is present. DINA assays based on hybridization have been develaped for
2 number of di fferent applications, and in many cases, multiple tests need to be performed
on every sample to completely fingerprint and identify the DNA, present.

Sinusoidal Vallemmelry, & fequency domain valtammetric detection
techrique, can be used to detect nucleic acids under experimentat eanditions similar to
those used for the detection of sugars. Since nucleotides also contain amine moieties on
the nuclecbases, and these are glso electroactive at a copper surface, it was posstble that
some signal on the nucleotidss could be contributed by thesc bases apart from that duc to
1he supar backbone.

Detection of underivatized DNA is highly desirable i order to avoid any
sample handling losses and contamination problems.  Electrochemical detechion is
particularly suited for the generally sample-limited case of DNA analvsis, a8 it can be
minialurized with sase {capables of working in nanoliter to pieoliter volumes) without

sacrificing its capahilities as a sensitive detector.
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In the development of this capillary biosensor, specific sequences of DNA
have been immohilized in different regions inside a continnous microllusdic channel (Ve a
fused silica capillary). A 1-cm sechion of a 30 um i.d. capillary, corresponding to a sample
volume of 20 nl., was used lo provide the recopnition region of the sensor. The sample
was pumped througb each ragion sequentially, where the appropriate DNA targets {if
present) could bind to each immohbilized DNA probe independently. Ooce the sumple had
a chancc to interact with cach immohilized target, it was eluted from the capillary and the
entire capillary was washed with a serics of stringent washes, thereby removing any
potential centarninating materials. The target DNA that remained bound to each region of
immohilized probe was then eluted in z spatally encaded manner,

Figure | shows the fundamental approach used in this design to enable the
possibility of observing multipte hybridization events in a single experment. Zones 1 and
2 are immobilizafion zones to which DNA-probes for TB and HIV were aftached,
respectively. These zones were subseguently combined 1o make a single capillary systeni,
sa as to use only ane injeciton of a sample containing the DNA targets. The reagents
needed o wash a mote complex sample with very high stringency ¢/.¢., a climcal sample
which contzins niany other biomotecules 1ike proteins, other call lines ere.) can be
introduced via pressure-induced flow from reservoirs at the head of the capillary, The
copper microelectrode is poisad at the outlet end of the capillary; it is positioned using a
machined two-part system that allows avtomatie alignment of the capillary with the
clectrode (Kuhr er ¢f. U5, Patent 5,650,061). Thus the system is veory casy to put together,
and obust once in operation.

The sequence of steps used to achieve specific hybridization, washing, and
clution of the denatured targets oligonueleotides is shown in Figure 2. Similer stops can be
utilized for any kind of stringent hybridization of DNA-turgets 1o their complementary
probes. In this scheme:

1) Hybridization is carried out under stringent conditions to avoid any non-
specilic binding of the targets to the capillary walis or to probes that are not
purfect complements o the target analyte. Consequently, the TB-target (the
oligomer which has a sequence characteristic of DNA coding for TB, Zone
1 only hybridizes to the immobilized TB-probe (the complementary

scquence). and the H1V-target only hybridizes lo the immmabilized HIV-
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probe (Zone 2) under siningent conditions. These zones are spatially
segregated and stringent washes remove all interfering components form
each zone, as well as from the capillary separating the zones.

2} “The final wash with Elution Buffer {1TBE, pH = 11) denatures the
hybridized coroplemenlary nucleic acids simullaneously, thereby releasing
the bound DINA targets inte the solution immediatcly adjacent 1o the
immobilized probe{s) in the capillary. The spatial selectivity for these two
targels is conserved since (his buffer is rapidly moved into place {on a time
scale much faster than dehybridization can take place), then flow within the
capillary is halted, and the denaturation process is complete after 30
minutes of incubation.

3) Finally, the solution containing the “free” spatially-resolved target-DNA
aligomers was eluted. Since the zones containing the twe targets are
spatially disbiret, they flow past the copper electrode powsed at the outlet at
different times. The schemye shown in Figure 3 illusteates this aspect of
delecting the eluting DNA-targets. The clution lime of esch target al the
detector indicate its identity, therehy encoding the site of DINA-

hybridization.

The detection of HIV -target DNA using a capillary biosensor with a 1-amn
zone of immobilized DNA-probe is shown in Figurc 4. A sample containing 100 uL of 10
ughml of 2 synthetic HIV-target was flushed through the capillary biosenser, where the
HIV-probe was impnohilized. The sequence of steps deseribed in Figure 2 was followed to
allow the detection of HIV-oligonuclootide target in the sample. Ortginally, the scquence
did not in¢lude the electrochernicul wash buffer (89 mM TRIS, 89 mM borie acid, and 1
@M EDTA, pH = 10). This was added io minimize the artifaci observed when the Elution
Butter hits the copper cleetrode. The pB of this buffer is critical, since too high a pH will
lead 1o dehybridization of the target DNA and result in loss of signal, while too lew a pH
will result in a large arfact when the Eluton Buffer reaches the detector.

As shown in Figure 4, the signal obtained with sinusoidal voltammetry
demonstrates the clution of the DNA-target after dehybridization in Elution Buffer. The

elution of a blank solution shows thal the signal is very stable, but it is difficult lo assess
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the specificity of binding of the HIV-target with a single probe system. Thus, this kind of
detection could (ead to Talse positives in DNA testing.

A multiple probe system can not only address the issues of paratlel
processing of nucleis acid samples, but also provides an interal standard against non-
specific hybridization in ils inherent design. I non-specific hybridization ocours ina
given sample, it would give more than ong peak in a multiple probe system. This would
immediately indicate the need for an even more stringent hybridization protocols, untif a
single peak is detected for a single injected target. The specificity of hybridization for the
current system is dernonstrated in Figure S{A), with the defection of hybridization of TB
and HIV-specific targets simultancously present in the same sample. The sample was
allower to inleract with each DMA-probe only once, but the two targets can be detected
simultaneousty in one run. The migration times for the lwo zones maich with internal
stendards for TB and HTV fargets shown in Figures 5(B) and 5{C) respectively. Thus, not
anly does this illestrale That ths two targels can be detected simultancously, but also that
therc was no non-specific hybridization occurring under the hybridization condiiions being
used. Otherwise, the internal standard nins would have shown not onc, but two peaks (i.e,
the TB-specific target would have hybridized 10 Uts perfect complement probe, and to the
HiV-specifie probe, and similarly for the HIV-specific target). Thus, the derection of two
peaks in figure 3(A} definitely indicates the deteciion of synthetic 1B and H1V-specific
targets simullancously and demonsirates the absence of non-specific hybridization,
reducing the likslihood of the generation of any falsc positive results.

INA sequencing by hybridization relies on (he molecular recognition
imparted via the hybridization of a sample {e.g. target) DNA molecule (o an immobilized
probe DNA. Preferred probe oligoimucleotides are at least about 7 noclcotides in length
mure preferubly al least about 19 nucleotides in length, more preferably at least 15 or 20
nuclentides in length and most preferably at least 30, 40 or 50 nucleotides in length.  This
probe has a known sequence that is complementary to at least one region of the target
While there are many different assay formars, the probe is typically immobilized io
nitrocelluloss, agarose, plastic or other inert substrate that can be placed in contact with ihe
sample, washed clean of non-recognized DNA, then assayed for content. The assay of
hyhridized DNA can be accomplished in the system deseribed here following denaturation

JP 2004-500549 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

k)

a7

WO 017053 POTIUSODAG502

of the DMA, elution {rem the capillary or channgl and detection with SV at a copper

microelectrode.

Cenclusions

A new capiilary-based DNA-biosensor has been developad utilizing direct
clectrochemical derection which is capable of detecting multiple DNA eligomers
simultaneously. This detection scheme utilized the flow-cneoded hybridization assay of
DiNA-targets in a sample with various DINA-probes immobilized at various pesitions on a
capillary surface. The simulianenus hybridization of various (ypes of DMA-targels is
complemented by the direct detection of these targets once they are eluted, at a copper
electrode by using sinusoidal veitammetry. Such parallel, and native detection of diseasc-
specific oligonuelentide sequences can pave the way [or a nulli-dissase DMNA -sensor
which iz robust, nigged, and cheap. Thereby, it avoids the problems with existing DNA-
sensors which are based on various opticat detection schemes that are cperator intensive

and expensive lo perform.

Example 2
Sensitive and Selective Petection of Amino Acids and Peptides with Sinusoidal
Voltammetry

Experimental Purameters
Rrapents.
The water used was deionized and then passed through s Milli-Q water
purification system (Millipore Corp., Bediord, MA). The amino acids and Insulin (98-
99%, Sigma Chemical Corp., S Louis, M), and the remaining peplides (Peninsula
Laboratories, Inc., $an Carlos, CA) were used as received. All experiments were done
with {.10 M sodium hydroxide (A.C.5. Grade, Fisher Scientific, [air Lawn NJ) as the
runaing electrolyte. Stack solutions of 0.10 M were prepared in deionized water.
Subsequent dilutions were made using the moning eleciralyte.
Copper Microelectrodes.
Copper microelectrodes were prepared by first pulling glass capitlaries with
a microclectrode puller (Model PE-2, Narishige, Tokyo Japan). Then, under a microscope

the end of the capillary was clipped with & scalpel. A 20pm diamelsr copper wite
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(99.99%, Goodfellow, Cambridge, England) was then inserted into the freshly clipped end
and sealed wilh epoxy (Epoxy Technology, Billerica, Massachusetts). The electiode was
polished or a dizmond-palishing wheel and eleaned by sonication in deionized water. To
make electrical connection with the copper wire, the back end of the capillary was filled
wilh gallium {Sigma Chemical Co.} and a {50um diameter copper wire inserted into the
gallium. Alernaively, the back end of the capillary was Glled with epoxy and the Jarger
diameter copper wire was placed in the epoxy filled capiffary until it physically made
contact with the 20pm wire. No elecitochemical pretreatment was performed and the
clectrode was allowed to stabilize under experimental conditiens for about an hour or until
2 stable response was observed.

Electrochemical instrumentation and experimental conditions.

The flow cell was construeted of Plexiglass and the tubing was maiched so
that diffusional broadening was avoided. The introduction of the sample plug was
controlled via a pneuratic acluator, which is controlled by a solenoid valve. The flow rats
was maintained by gravity llow by keeping the buller reserveir 1% em above the fow ecll.
The flow rate was determined fo be (0.5 mlfmimn and the volume of the sample was
determined from the flow rate and length of the injection. The injoction time was
determined so that the electrode saw the full concentration ef the analyte.

The conditiens for the experiments teported are described here. For the
amino acids and peptides a 2 Hz sinc wave (0 to 690 mV vs Ag/AgCl) was applicd with
sofbtware wrilten by the author in Labview (Nalional Instruments, Austin, TX). The
wavelorm was fillered wilh a 4-pole low pass filter using a cyberamp (Model 380, Axon
Instruments Inc., Foster City, CA) with a 3-db point of three times the fundamental
frequency {6 [12). The output current was filtered with a 4-pole low pass Glter. The filter
wag set 4 40 Hz {4 times the maximum feguency cheerved, 10" harmonic or 20 Hz). The
current was converted from digital o analog with a 16 bit analog to digital converter (PCT-
4451, National Instruments) using a 360 MHz Pentium [I personal computer. A singlc
sean comprised 4 sinuscidal cycles,

The titne domain collocied was converted into the frequency domain by
Labview software (National Tnstruments) and further processed by using Matlab
programuming {The Mathworles, Inc., Englewood Cliffs NI). The signal only spectra were
oblained by subtracting the background vector obtained prier to njection from the
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instantancous signal current vecior. A digital Jock-in amplification method was used to
acquire the time domain spectra. The time spectra were Fourier transfonned at a rate of
512 points 1o generate the magmtude and phase angle of each frequency harmaonic (up to
the 10" harnonc). The phase information #t each harmonic was oblained by using the
signal only vector and projecting it omo the background-subtracted signal vector. Lastly,
the phasc reselved veelors were low-passed {iltered wsing a moving average smooth

{hoxcar integratiors).

Resulrs.

Figure 6 shows the background subtracted frequency spectrum for Arginine
at a copper microglectrode. The experiment was performed using tpM Arginine. The
excitation signal was a sine wave: 2 Hz, 0-690 mV vs. Ag/ApCl. Current from four
sinusoidal perieds which consisted of 512 poims ( total titne =1 scc) was used to generate
each frequency spectrum. The three dimensional graph consists of the frequency {x-uxis),
magnitude (z-axis) and phase angle (y-axis) informaiion out fo the 10™ harmenic.

Figure 7 shows the sinusoidal time domain response from 1pM arginine at
the fifth barmonic (10 Hz). This harmanic gave the highest signai/noise and a limit of
detection {S/N = 3) of 39nM.

[ligure 8 demanstrates the linear dynamic range of various arginine
concenlrations. Arginine concentrations of 1, 14, 100, and 1000 pM were injected into the
flow injeciion analysis systern. The magritudes at the fifih hannerie (10 Hz) are plotted
agzinst the Tour different concentrations injected. This plot shows cxeellont lincarity
(R=0.9997) over three orclers of magnitide sl the fifth harmonic.

Figure 9 shows the subtracted frequency speetra for asparagine and
glusamine at a copper ruicroeiectrode. The squares represent 10uM asparagines, while the
circles represent 10uM ghitamine. The experimental conditions are the same as those used
ta generate Figure 1.

Figures 10A and 108 show the sinusoidal time domain respense of
asparagine and glutamine at the sixth harmenic {12 Hz). Figure 10A shows 10pM
asparagines, while Figure 10B shows 10uM glutamine. The sixth hammonic is where these

two amine acids optimized phase angles are closest to 90 degrees apart. This harmonic
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gives the greatest selectivity between these two analytes. The limit of datection at this
harmonic (3/N = 3) for asparagine is 400nM and 500aM for glutamine.

Figure 11 shows the backgronnd subtracted frequency domain spectrum for
10 1M Insulin B-chain. The same conditions as figure | were used.

Figure 12 shows the sinusoidal tiree domain contponent of insulin B-chain
at the Jourth harmenic (8 Hz). The fourth hannoenic gave the greatest signal/noise and a
it of deteetion (S/N =3) of 500nM.

Figure 3 shows the subtracted frequency spectra for Luteinizing Bormone-
Releasing Hormene (circles) and Bradykinin (squares) at a copper microelectrode.

Figures 14A and 14B show ihe time domain response of Bradykinin and
Lutcinizing Hormone- Releasing Hormene at the second harmonic (4 Hz), respectively.

Figure 15 shows the background subtracied frequency domain response for
Neuroiensin (squares) and Substance P (circles), respectively,

Figure 16A and 16B show the time domain respense of Neurotensin and

Subsiance P, respectively, at the first harrnonic (2 Hz).

1t is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested 1o persans skilled in the art and are to be included within Lhe spirit aud purview
of this application and scope of the appended ciaims.  All publications, patents, and patent
applications cited herein are hereby incorporaied by reference in their entirety for all

purposes.
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CLAIMS
What is elainted is:

L. A methed of detecting two or more target analytes in a sample, said
method compnsing:

1 providing 1 channel haviog alfixed therein a binding partner
for each of seid two or more analytes, where the binding parners for each of said two or
more anaiytes are located in differcot regions of said channel and said chainel has a cross-
sectional area small enough such thal when analytes are released from said two or more
binding partners into a Muid flowing through said channel, said analytes remain spalially
segregated until they reach a detection point in said channel downstream from said binding
puriners;

i) passing a fluid comprising a sample through seid chunnel
under conditions where said tarpet analytes present in said fluid bind to their respective
hinding pariners thereby spatially encoding said analytes along sasd channet;

iti) releasing said analytes from said binding partners inta fluid
Tow passing aleng szid channel; and

iv)  detecting said analytes at a position lens saud channgl

downstrean from said binding partners.

2. The method el claim 1, wherein saxl analytes are ot Isbeled.
3 The method of cluim 1, wherein said channel is a capillary wibe.
4. The method of cluim 3, wherein sujd capillary tube is o capiflary

elcetrophoresis (wbe.

5. The method of clainy 1, whergin said channel is a channel ciched in
a surface.
) The mathod of claim 5, wherein said channel is a channel eiched in
a glass surface.
7 “The mathod of claim 1. wherein said chaonel is molded.
.43
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8. This methed of claim 7, wherein said channel is molded in a
polymeric material.

9. The meitwod of claim 1, wherein said chamzcl hag a cross-seciional

area Lthat providss a Renold's number (Re) of Tess than about 1.

i The methad of claim 1, wherein said channel has a eross-sectional

diarreeter less than about 100 .

1. The method of ¢clmm 1, wherein said two or more target analytes

comprise at least three different apalytes.

12, The method of cluim |, wherein sajd binding partocrs are selected

from the group consisting of antibodies, binding proteins, and nuclcie acids.

13, The method of claim 12, wherein said binding partiers arc nucleic

acids.

14, The method of claim 1, wherein said passing a (uid s fluid Now

induced hy a pressure difference.

15. The method of claim 1, wherein said passing a [uid is

clectroosmotic flnid flow.

16.  The method of claini 1, wherein said fluid comprizes a sampic
selected from the group coasisting of bivod, plasma, serum, urine, oral fuid, cerebrospinal

fluid, and lymph.

17.  The method of claim 1, whercin said detecting corapises

absorbance speciroscopy.

i8.  The methed of claim 1, wherein said detccting comprises sinusoidal

vollammelry.

19, The method of claim 1, wherein szid analytes are nucleic acids and

said detecting detects tarpret analytes at a concentration of less than 1 x 10°% M.

A4
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20. A device for defecting a two or more analytes in a samplc, said
device comprising:

a channel having affived therewn a binding partner for each of said
twa or more analytes, where the binding partners for ¢ach of said two or more analytes are
located in different regions of said channel and said channel has a cross-sectional area
small enough such that when analytes are released from said two or more binding pariners
into a fluid flowing threugh said chanrel, said analytes remain spatially segregated until
they reach a detection point along said channe] downstream from said binding partners;
and

a detector that detects said analytes within said channcl at said

detection point,
21.  The device of claim 23, wherein said channel is a capillary 1ube.

22, The device of claun 21, wherein said capillary tube 15 a capillary

electrophoresis tube.

2 The device of claim 20, wherein said channel is a channel etched in

[

a surface.

24, The device of claim 23, wheretn said channel is a channel? eftched in

a glass surface.

as. The davice of ¢lzim 20, wherein said channel has 4 cross-sectional

area that prevides a Reneld's number (Be) of less than about 1

26. The device of claim 20, wherein said channel bas a cross-sectional

diameter less than sbout 100 pm.

27 The device of clain: 20, wherein said two or more target analytes

comprise at least three different analytes.

28, The device of claum 20, wherein said binding pariners are selected

from the group consisting of antibedies, binding preteins, and nucleic acids.

_45.
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29.  The device of clairm 28, wherein said binding partoers are nuclelc

acids.

30. The device of claim 20, whercin said detector coimprises an

absorbance spectrometer.

31, The device of claim 20, wherein said detector comprises a

sinusoidal volummeter.

32, A kit for the detection of two or more farget analytes in a fluid, said
kit camprising a channel having atfixed therein a binding partner for each of said two or
more anatytes, wheie the binding partners for each of said two or more atalytes are located
in different repians of said channe! and said chinnel has a cross-sectional area small
cenough such that when analytes are releascd from said two or more binding partners into a
fluid flowing through said channel, said analytes remain spatially segregated until they

reach @ detection point 10 said channel downstream from said binding partners.

33 The kit of claim 32 , wherein said kit comprises a plurality of said

channel.

34, The kil of claim 33, wherein the channels comprising the plurality

of channel each have a unique coliection of binding parners.
35. The kit of elaim 33, wherein said chastnel 15 a capillary fube.

36. The kit of claim 35, said capillary tube is a capillary clectrophoresis

tube.

37 Thekit of claim 33, wherein said channel is a charnel etched in a
surface.

38. The kit of claim 37, wherein said channel 3s a channel etched in a
glass surface.

39. The kit of clzim 33, wherein said channe! has a eross-sectional arca

that provides a Reynold's number (Re) of less than about 1.

e
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40, The kit of claim 33, whetein said channel has a cross-sectional
diameter less than abour 100 pm.

a1, The kit of ¢laita 33, wheretn said channel ¢ontains at lcast 3

different species of binding pattner.

42, The kit of claim 33, wherein said binding parlasrs are selected from

the group consisting of antibodies, binding proteins, and nucleic acids.

43, The kit of claim 42, wherein sald binding partners are nucleic acids.

A7
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