o~

WD 96/ 28538
MULTI - ARRAY, MUILTI - SPECI FI C ELECTROCHEM LUM NESCENCE TESTI

PCT/ US9g/ 03

95216 |

appl i ca mji nuati on-in-part of 5 copendi ng appl i cat I on Serhﬁjdﬂl;lo
08/ 402, %ﬂh 10, 1995, and of copending application A

08/ 402, h 10, 1995, each of which is incorporatedgifadetef¥nce
herein i'n its entPCGIy. 1. W y%ommmn The pr S

I nventi on provides for atterned mJI |-arra multi-s eC|f|c surface
(PMAMS) f orINEERNATION A APPHATION RIRLES ¥R LUE PA RREATY CD)
maki ng  qKsah Torerndtiognal eiitiClassilication 6BACKGRCL Jﬁ)ﬂdﬁmhd}&lﬁh{ﬁhm Nllﬁber. WO 9 38
2. 1. DI AGNERM1AGIMYSCTE1M, 115682 St r|aag| econoni ¢ need for rapi d sensitfve
di agnost}i ¢ Gmul#;%p@lﬂsg%sa@ﬂﬂt i ¢ tlechp@? Suigraations] Pabliation fate:; 119 Spopymber 13p6{19.09.96)
vari ety {of econom c markets 1 ncludin health care, research, a rlcultural
20 vt b (A9PSFRstamLARPRTe Nembert  rpr REDH AT ,BY
timefec \2) 18teknatiBid Fifting Datdd S €, rom&tmmo COStJPG@rKd?ﬁEIRRQ&I,LK, LSAYLU, LV, MD,
di agnpstfi c markets where previously no tedhno No.h@.mms@.w SD,
need. Cgrgain.diagnostic technol ogi es may poss% gﬁtwm;f“m
are too é PErogy. @I&I’O e g MAR 9SS 0.MBES. 3 iher tLCHkERSMBIRY, patent (AT,
effecti e butosfmzn/obusuommuagh(wmasyarl S narBEeCIsDEmm@Sseﬂ.FBh B8R 38, I LU, MC,
t echni qde which is capabl e of conbining tHhese flﬁ% f§% GhEM. GA,
advance |gachppiR@rimEso stALeiTBcrNbEosiER aombugs| 30 buél ness re a nunber
of diffgrent CopadtigatSexvied Cotmpagyl ML G@&T Regde Wil d| agnost | c appl I cations. These

t echni qies i MEPLTBE BBE¥Bacti vé | abel ing, &P %l §says

chem calf paphvkthEWOHISTANEE Wikoh; hpakBheRCHNRE 35| ) :ner}gur wweﬁﬁmmng the
| abel i nd, andrette Street, Cambridge, MA 02138 (US). WILBUR, clazmsandtoberepublishedmtheeventofthe receipt of

James; Apartment A, 9903 Gable Ridge Terrace, Rockville, amendments.
MD 20850 (US). SIGAL, George; Apartment 733, 304
Sunny Brook Terrace, Gaithersburg, MD 20877 (US).
MARTIN, Mark; 6516 Old Farm Court, Rockville, MD
20852 (US). GUO, Liang-Hong; Apartment 202, 14611
Philip Court, Laurel, MD 20708 (US). FISCHER, Alan; 80
Antrim Street, Cambridge, MA 02139 (US). LELAND, Jon;
14236 Amberleigh Terrace, Silver Spring, MD 20905 (US).

(74) Agents: EVANS, Barry et al.; Curtis, Morris & Safford, P.C.,
530 Fifth Avenue, New York, NY 10036 (US).

(54) Tide: MULTI-ARRAY, MULTI-SPECIFIC ELECTROCHEMILUMINESCENCE TESTING

- (51f;Absh'act

.'.';”J' .

. Materials and methods are provided for producing patterned multi-array, multi-specific surfaces which are electronically excited for
use in electrochemiluminescence based tests, Materials and methods are provided for the chemical and/or physical control of conducting
domains and reagent deposition for use in flat panel displays and multiply specific testing procedures.

* (Referred to in PCT Gazette No. 5171996, Section II)



el ectrochem | um nescent |abeling. Each of these techniques has a uni que
conbi nati on of sensitivity levels, ease of use, rgbustness, speed and cost
whi ch WD 96/ 28538 PCT/ US96/ 03190
2 define and limt their utility in different diagnostic markets. These
differences ogygokspsppart due to the physical constraints i nhpépbdosiosiogach
techni que. Radi oactive | abeling, for exanple, is inherently non- 5 robust
because the | abel itself decays and the di sfqosal of the resulting

radi oactive waste results in econom c, safefy and environnental costs for

many applications. Many of the nem-tmyqr mmsi-spmtm;ﬂmr ques in use today
are market-limted prinmarily ERCTR ok fFBETERE| | ed t echni ci ans

to performthe tests. El ectrocheni | uni nescent procedures in use today, for
exanpl e, requi re not only @kid | 45pilieakioni 885a bint BRRREBH- ﬂgémd

preparatory st Thi.s_i.ncre se bot sts t st
di spogal . Nove f?p(?Pgéﬁgs??% ﬁgﬁlf P 43’&'%28 g gﬁﬁz\!@‘
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i n opening new may 2, G??V\Eiie@fﬁdﬁmf QW NGoPs| f QUITREE whAcRXEST I NY
mar kets. 2.2. ELE N# Egy = NCE A ﬁAYS 20,

El ect rocheni | uni né$CEREE" BRSPS SBFiERYEr ectrical Iy
excited species emts a phdton w Lel and and Powel |, 1990 J.

El ectrochem fgc. 137(10): @ﬁ37 :?és’éﬂt 1§%P1t§8§%f‘§vﬁié?s ti%'.‘c”ﬁd Eetedmie! s
and are also referr erein CL | abel s
i ncl ude: organonﬁlﬁ'ﬁ%'@ Esxpo’ﬂ‘hhgfvﬁ?@rcé‘ E??eSHE?W‘[F)e é@‘%ﬂn PSr exanple, the .
nobl e metal s of @leatrechenilusineicandeubasadatests, sl well as methods '
for making and using PMAMS.
2. BACKGROUND OF THE INVENTION
15 2.1. DIAGNOSTIC ASSAYS
There is a strong economic need for rapid
sensitive diagnostic technologies. Diagnostic
technologies are important in a wide variety of economic
markets including health care, research, agricultural,

20 veterinary, and industrial marketplaces. An improvement
in sensiﬁivity, time required, ease of use, robustness,
or cost can open entirely new diagnostic markets where
previously no technology could meet the market need.
Certain diagnostic technologies may possess high

25 gensitivity but are too expensive to meet market needs.
Other technigues may be cost effective but not robust
enough for various markets. A novel diagnostic technique
which is capable of combining these gqualities is a
significant advance and opportunity in the diagnostics

30 business.

There are a number of different analytical
techniques used in diagnostic applications. These
techniques include radiocactive labeling, enzyme linked

DAY

- immunoassays, chemical colorimetric assays, fluorescence
35 1labeling, chemiluminescent labeling, and
. electrochemiluminescent labeling. Each of these

techniques has a unique combination of sensitivity
levels, ease of use, robustness, speed and cost which



cont ai ni ng organonetal lic conpounds such as the Ru(2,2'- bipyridine) [err]
noi ety (also referred to as "Rubpy"), 30 disclosed, e.g., by Bard et al.
(U . S. Patent No. 5,238,808). The |ight generated by ECL | abels can be used
as a reporter signal in diagnostic procedures (Bard et al., U S. Patent No.
5,221, 605). Fayobémmksance, an ECL | abel can be coval ently coupttsssasido

bi ndi ng agent such 35 as an anti body or nhucleic acid probe. The ECL

| abel / bi ndi ng agent conpl ex can be used to assay for a variety of
substances (Bard et al., U S. Patent No. %D 96/ 28538
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Patent No. 5,324, 4gfdt ﬂx‘dC&Rﬁ:%‘fﬁ:%‘tﬂﬂc@é’@é?tfd}d%%ngroﬁpﬁifcéﬁons.

el ectrochem cal cells nductln evantls et " al Pat ent No.

5,093, 268) di scl oses electr AR ec§FP§£#{Ne fdagnestic, gﬁﬂﬁﬂ&qqﬁf
reactions. Kani n useatoddy) fxe Mmarket-Ndmibed 47%36GG)i 1y betosuse efhent us for

conducti ng anciodeheeal feréieﬂf&a:tueemmwﬁé% HersohhaGReCOOEES! devices.
Zoski et al. (US

ok e el S tasetar) pELSELATSE aPiansluael o oncuct g
example, require not only skilled technicians but
repeated washing and preparatory steps. This increases

" both the costs and the need for waste disposal. Novel

15 diagnostics which simplify the testing procedures as well
as decrease the cost per test will be of great importance
and utility in opening new markets as well as improving
performance in existing markets.

2.2. ELECTROCHEMILUMINESCENCE ASSAYS

20 Electrochemiluminescence ("ECL") is the
phenomena whereby an electrically excited species emits a
photon (see, e.g., Leland and Powell, 1990 J. _
Electrochem. Soc. 137(10):3127-3131). Such species are
termed ECL labels and are also referred to herein as

25 TAGs. Commonly used ECL labels include: organometallic
compounds where the metal is from, for example, the noble
metals of group VIII, including Ru-containing and Os-
containing organometallic compounds such as the Ru(2,2’~
bipyridine)3* moiety (also referred to as "Rubpy"),

30 disclosed, e.g., by Bard et al. (U.S. Patent No.
5,238,808). The light generated by ECL labels can be
used as a reporter signal in diagnostic procedures (Bard
et al., U.S. Patent No. 5,221,605). For instance, an ECL
label can be covalently coupled to a binding agent such

35 as an antibody or nucleic acid probe. The ECL
label/binding agent complex can be used to assay for a
variety of substances (Bard et al., U.S. Patent No.



diagranms for eliciting ECL reactions, digital to anal og converters, control
apparatus, detection apparatus and nethods for detecting current generated
by an ECL reaction at the working el ectrode to provide feedback 25
information to the electronic control apparatus. The ECL technique is _
reviewed in gsiksspy, for exanple, U S. Patent No. 5, 093, Fgfirosbensimi ef
the ECL technique is a nethod -of detecting in a volune of a sanple an

anal yte of interest present in the sanple ijyp 30 relatively snall
concentrations. The ECL noiety, ternmed a TAGin the above referenced issued

pat en: Sa [nay or SRy3 m,é@os?et b?ﬁﬂdaﬁ@n@e[!ll. f\i@:cﬂttebag_éé &é\-féiiﬁiw sgeBemssS
pronoted to an exgit.ed . s as_a res of. a _serjes,of chenical.reagtions
35 triggered byfghéeheel%ecet%r ?85I a'én%f rrjecc,aé] ve ef‘#'g?ﬂ‘ t¥ %ﬂsﬁnst‘él g@%’r ode.
A nol ecul e whi chlgheihice eudt acphoten TAGH sle¢tuicalcprrsntiglowauedornuch
as oxal ate or, npseapplidd 20/ 2R5BEL assay solution across an electrode

7790 05190 Sof bl Wik SN gt e e,
reactions are 5 eenptexelegtrodecénes ixy, $b&.cPatent e 0682088, The
centineter scal espbgrideyles, o6l ks D \FosheE\REH, 66, %(}m@d;rmgni tude
of an ECL signal.r yl ng Jr hg;ge g%%@F rodes and the desirability of
decreasing the tgfgf 5 |§'9353 hé% 5?530r each assay. However, even
10 centineter scal e el ect ggdousappparatushiweld knewnehbeithe/iant a¥guired for
nmeny assays. 1on afafldETetrdr0 condheeify tdHid deftebeAy BélL »*&vtionsal ECL
systems further gphanEnsidShahh! ¥e 241 US{'S.Coatede "RINE ) £033%5 t°
discloses exemplary electrodes for use in electrochemical
cells for conducting ECL. Levantis et al. (U.S. Patent
No. 5,093,268) discloses electrochemical cells for use in
15 conducting ECL reactions. Xamin et al. (U.8. Patent
No. 5,147,806) discloses apparatus for conducting and
detecting ECL reactions, including voltage control
devices. Zoski et al. (U.S. Patent No. 5,061,445)
discloses apparatus for conducting and detecting ECL
20 reactions, including electrical potential waveform
diagrams for eliciting ECL reactions, digital to analog
converters, control apparatus, detection apparatus and
methods for detecting current generated by an ECL
reaction at the working electrode to provide feedback
25 information to the electronic control apparatus.
The ECL technique is reviewed in detail by, for
example, U.S. Patent No. 5,093,268. In brief, the ECL
technigque is a method of detecting in a volume of a
sample an analyte of interest present in the sample in
30 relatively small concentrations.
The ECL moiety, termed a TAG in the above
referenced issued patents, may or may not be bound to an
. analyte, but in either case is promoted to an excited
' state as a result of a series of chemical reactions
35 triggered by the eléctrical energy received from the
working electrode. A molecule which promotes ECL of the
TAG is advantageously provided, such as oxalate or, more



capture ECL anal ytes or reagents. The beads are then 15 noved adjacent to a
wor ki ng el ectrode for enhanced sensitivity.. However, the use of magnetic
beads has many limtations. The beads thenselves are coated with proteins
whi ch sl ough of f and degrade over tinme, causing 20 signal variations. Due
to the conpl ewiggénssis handl i ng and formatti ng bead-based assgussRBIR Ci a
ECL di agnostics require a conplex, serially perfornmed set of procedures for
each assay conducted with a given sanple that increases the tinme and cost
for each-test to be 25 perfornmed. The 5 m con scal e of the beads prevents

most of the beadTQQE@QaE , TEELEF QY iﬁg hi myadj acent to the
wor ki ng el ect rode%%roegg ] ng ié\ | nejf’ I CI eggﬁglhﬁ ééxclfhtézﬁr{ton of the ECL TAG
14

Leventis et al At No. 5,093,268) has 30 proposed a net hod of
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techni que is |17 m%a¥Fied, PuExaﬂpﬁ%Pt%ﬂﬁﬁﬁ?éssslﬂn9%%9¢¥ﬂﬂq sy Eares. s e ci ent
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PCT/ US96/ 03190 5 These 8 onstraints revent
conmrerci al i zati orf® QeRsHANY; thenAesdraes ity of - qpsdngcthgetetdl on
systens. Anot her sgapleavoltine necessxy FCk eachi dssayy However,i apenve the

el ectrode teCiﬁ“”dHﬁtim%ﬁéggsEQIQJeléééf%degakgﬂi £0-achilet tnd) have

directly deposited fi
y P ensigyzity required for many assays. In an attempt to

overcome this problem, all commercial ECL systems further
enhance sensitivity by using coated magnetic beads to
capture ECL analytes or reagents. The beads are then
15 moved adjacent to a work;ng electrode for enhanced
~sensitivity.

However, the use of magnetic beads has many
limitations. The beads themselves are coated with
proteins which slough off and degrade over time, causing

20 signal variations. Due to the complexity in handling and
formatting bead-based assays, commercial ECL diagnostics
require a complex, serially performed set of procedures
for each assay conducted with a given sample that
increases the time and cost for each test to be

25 performed. The 5 micron scale of the beads prevents most
of the bead-bound ECL TAG from reaching the thin film
adjacent to the working electrodes, resulting in
inefficiency in excitation of the ECL TAG.

Leventis et al. (U.S. Patent No. 5,093,268) has

30 proposed a method of assaying more than one different
analyte simultaneously by the use of different ECL labels
for each analyte, each emitting photons at different
wavelengths for each different analyte in a single assay.
However, this technique is limited, for example, by-the‘

35 unavailability of a sufficient number of effective ECL .
labels radiating at different wavelengths and the need to
optimize the chemical conditions for each ECL label.



of ECL species on various netal and sem conductor surfaces. The Zhang and
Bard techni que using bul k saturation of the el ectrode surface results (as
described 10 by the authors) in an uneven patchy deposition unsuitable for
hi ghly sensitive assays. The previous nethods for conducting an ECL assay
al so requi reswbbgsssishe assay cell, including the el ectrodespcrusdbniiso

cl eaned by any one of a nunber of 15 nethods, including the use of dilute
acids, dilute bases, detergent solutions, agd so forth as disclosed, for
exanple, by U S. Patent No. 5,147,806. It iS therefore an object of the

prezent_ i nvent:ouné_eeppfw&maa. %ﬁekramﬂtgqﬁgeefpfra%w&agféy for 20
conducting a plu sreactions, eifher sequentia ar_

si mul t aneousl y a%ﬁ%ﬁlﬁﬂgf% err Z"d%tgr'rﬁv'é':dﬂlbl Iﬁ‘{tjl B’Fg\ﬁ &8 f‘mﬁ“ﬁ’%ﬁ i “E&XF%m
standards for i nFFhveetegeipmEystemsis a further object of the present
invention 25 to provide a MRt QppPBRER SEH U iIRa8ed"REE Sepidikdeyui tabl e
for conducting a;pl ygall f sl multapeous or .sequential, ECL reagtions that
is also dispogébﬁg.E§t£+é?é§§|ﬁhfh8§e ﬁﬁ° 21 LT "éct %?a??nﬁyiaﬁVention to
reduce the time 4HdSeoBatent dendSeBRAg437) ihaiesiddaractiysagpodifedafilpses of

iﬂter_est i n biol ogi net._spéeiesﬁonl Rrak%oﬁ&iﬁét.ﬂ faa{dt Q@hiagﬂdﬁ@é&t ed Iobj e|C_t of
(S o enton, ! SuBeguege B SAPRELT (e R 2 7 0
si ngl e bi ol ogi caP3§uFption of \kheoglegsgede surface results (as described
PCT/ US96/ 0319 6by the authors) in an uneven patchy deposition unsuitable

for highly sensitive assays.

The previous methods for conducting an ECL
assay also requires that the assay cell, including the
electrodes, must be cleaned by any one of a number of

15 wmethods, including the use of dilute acids, dilute bases,
detergent solutions, and so forth as disclosed, for
example, by U.S. Patent No. 5,147,806.

It is therefore an object of the present

invention to provide a novel and cost effective assay for

20 conducting a plurality of ECL reactions, either
sequentially or simultaneocusly and in a preferred
embodiment, providing built-in control standards for
improved accuracy. |

It is a further object of the present invention

25 to provide a cassette comprising one or more supports
suitable for conducting a plurality of simultaneous or
sequential ECL reactions that is also disposable.

It is a further and related object of this
invention to reduce the time and cost of conducting'

30 individual assays for analytes of interest in biological
samples. _

It is still a further and related object of

. this invention to provide methods and apparatus for
conducting a plurality of simultaneous assays for a
35 plurality of analytes of interest in a single biological
sample.



3. SUWARY OF THE | NVENTION The invention relates to a cassette for
conducting ECL reactions and assays conprising a plurality of discrete

bi ndi ng domains i mobilized on a 5 support, the discrete binding donains
being spatially aligned with one or nore el ectrode and one or nore

count erel ect r gpghgsg S- The cassette preferably includes a frcrassosusmoor t
having a plurality of discrete binding domains inmobilized on the surface.
It may have one or 10 nore el ectrode and one or nore counterel ectrode
pairs. The el ectrode and counterel ectrode-pairs are separately addressable

by a source of electrical energgumphor agp elveNyDON age wavef or m
effective to trigger elect h?ﬂ%%#@léﬁ*#??&%%s gge aCasssdde Ry al so

conprise 15 a second suppor el n aced a Jacent to the first
support to prOV|d%PQQHﬁﬂi?gb§ﬁPa?ﬁF?EF9ﬁ§u%PQ:ﬁ§FéU§tﬁE¥PF SIY & serve as an

el ectrode. The biplnimmﬂwnaméﬁeaatnﬁfdie@ doraifs ppeicbisliZedcenaad are
prepared so as “-" @%éb‘ls “aisB{-eESa:?ﬁ{Hﬁ, aohgkﬁéeﬁéinéospamauy The

i nvention furt 0 an appar
el ect rocheni | uni n%% Wha°§8n9¥eQOtelyﬁmP§§sa§Gp%t°1‘brm\¥&sset te

hand:cl ng rr?‘?ns V@éﬁr@&&'&@ﬁtﬁ:ﬁhlenﬁaﬂﬁs ﬁdaﬂl'.lld?@_afsee&ﬁm yrafaeaﬁryolmecluaebt age
waveformeffectiv u scenc t ect or
means for detecti g % ctsq%g’ﬁ %ﬁgﬁﬂ‘gs r?bugrgfl:}g—% ?g 8% t?%n I&lgﬁp

handl i ng neans. e demobilliped con rthey san fagenet ﬁ'edlsar avesiong ke
cassettes for weaﬁuu Nl etitraddeC hhACERE1 ol YRS colftet81éctrdtds Daiys.

oA onCat e 5 £66) 4 daogd Al GoHRPRL e il BeCBATED el debubaldTY °
condi tions, and th@#%ﬁﬂﬂ%%@YaavEP?n@% qfadiestrichl cenexay tin tthegform
el ect rochem | um negcgnesittige3 wavagbrif§ ef fectilve o tyigges! ectrode and
counterel ectrode electrochemiluminescence. The cassette may also comprise
15 a second support capable of being placed adjacent to the
firet support to provide sample containing means
therebetween, and/or serve as an electrode. The binding
domains are patterned on a support surface and are
prepared so as to bind analytes or reagents of interest.
20 The invention further relates to an apparatus
for measuring electrochemiluminescence of a sample that
provides support or cassette handling means, voltage
control means adapted to apply a controlled voltage
waveform effective to trigger electrochemiluminescence,
25 photon detector means for detecting
electrochemiluminescence from the sample and sample
handling means. ' '
The invention further relates to methods for
using the cassettes for measuring
30 electrochemiluminescence in a sample by contacting the
plurality of binding domains of a cassette with a sample
which contains a plurality of analytes of interest, under
ECL assay conditions, and then applying a voltage
waveform effective to trigger electrochemiluminescence at
35 each of the plurality of electrode and counterelectrode
pairs and detecting or measuring of the triggered
electrochemiluminescence. In a broad aspect, the



pairs and detecting or neasuring of the triggered el ectrochem | um nescence.
In a broad aspect, the WO 96/ 28538

PCT/ US96/ 03190 7 invention provides ECL assay nethods in which the sanple
does not contact an electrode. Additionally, as an alternative to the use
of el ectrode syleepesapt erel ectrode pairs, the invention provipdarsbéasioe
scanning an electrode 5 and counterel ectrode over the binding donains. The
invention also provides for kits conprising gonponents including cassettes
suitable for sinmultaneously nmeasuring a plurality of

el ectrocheni | um neaventton gafivides, EOLP®Ssdy Siethaaes ianthilch W) sahpa a

plurality of dommj immgi I zed S medi,a Jf; oL _¢ ct_of the ECL

assay conducti ng gﬁéﬁf‘éﬁ? reac Jltoég. e?%%é?l?ﬁlee'nt i‘%ﬁhgﬁgggpr fiedel ect rodes

prepared from gr aphFerRatiypiishdbe wse of electrode anprsmmiremedectrofpE

FI GURES Figure 1 phlips} rﬂiesiﬁvﬁihtibﬁpgfbﬁidég 030 sRaRASEGAe dleutirdideg t o
Nt

the i nvention eLelzn | i f i .0s 14 e present on.
support 10 andgg %ﬁh c??%%égéa%égﬁfggponggH%%%ﬂgggbﬂﬁééoT%{?%‘preseqt on 20

ura
support 12 so that approxi e dRventipn algpamoyigdesc for Jeiks qomdeipgi
adj acent to each komgonentwnhicludingutesdéttdd umiitabee £v® supports formng

a cassette accordi | Lon.wherein..a-pluralkity of binding
dormai ns 14 are prgggﬁ§€%%g§ﬂ% o%@kfggéﬁg élgi??ﬂﬂigﬁ PFy of correspondi ng

el ectrodes 16 i s BL8SEXRPchen cence creapkionsr srppert ovurfaces and
supports placad ampehewhicliiea fAiuraddk@cont adma i Arl Afhosi IDI& Rsdaygure 2
Il Tustrates two SHBHQEtfoéqégﬁdgﬁﬁaof the ECL assay conducting chemical

reactions,

The invention also provides electrodes prepared
from graphitic nanotubes.
15 4. S I OF FIG S
Figure 1 illustrates two supports forming a
cassette according to the invention wherein a plurality
of binding domains 14 are present on support 10 and a
plurality of corresponding electrodes 16 is present on
20 support 12 so that approximation of the supports places
an electrode pair adjacent to each binding domain.
Figure 1A illustrates two supports forming a
cassette according to the invention wherein a plurality
of binding domains 14 are present on support 10 and a
25 plurality of corresponding electrodes 16 is present on
support 12 so that approximation of the supports places
an electrode pair adjacent to each binding domain.
Figure 2 illustrates two supports forming a
casgette according to the invention wherein a plurality
30 of binding domains 30 on support 26 are adjacent to each
of single electrodes 32 so that approximating supports 26
and 28 places each of counterelectrodes 38 adjacent to
each of binding domains 30.
Figure 3 illustrates two supports forming a
35 cassette according to the invention wherein a plurality
of binding domains 48 have electrode counterelectrode
pairs 50 adjacent thereto on support 44. Support 46 may



cassette according to the invention wherein a plurality 30 of binding

domai ns 30 on support 26 are adjacent to each of single electrodes 32 so
t hat approxi mati ng supports 26 and 28 pl aces each of counterel ectrodes 38
adj acent to each of binding domains 30. Figure 3 illustrates two supports

formng a 35 @@9gRese according to the invention wherein a RlgfribddsyooOf
bi ndi ng donmai ns 48 have el ectrode counterel ectrode pairs 50 adjacent

thereto on support 44. Support 46 may WD 96/ 28538
PCT/ US96/ 03190 optionally be placed adjacent to support 44 so that support

46 provi des sanpleptiviially bg PEAGEd sl Rt to Buppbre 40wy that8 and

el ectrodes 50. Fi |yl up S ) . t
according to the | %er#'l gﬁ %%Ie’?g&%éaé%ulfeal':%?‘ &I-a%f'gﬁér%aél]aﬁbsa(?o%ﬁa%?%g%&gon
support 60 are.cdpinding dgmagng S%n?fl“g sleqixeodes BP- contai ni ng an anal yte.
Support 62 has regions 66 @®ighgens il heagibites ¥ad spperts Foralinglaor

measuring an al i [ r .. carrying out. a desi.red.tgaction
so that appr o>6<l;51 na%l‘%%%tuép%tggf géé)ngn%g &Tbepgﬂv\é&geﬁuglé%r%{)%(ﬂ P&“ESH??‘HS 64

and regi ons 66 tPEdiEnkingAenains et OIFiSPRRSTEASP| axe teentasted: whthi aw of
patterned bindi ngsaigpli Buspettad bt t¢otditingTaht ansP@ed S | Gupipoding215

b ndi ng dorai ns. SRS auiops, S BInEEn Ml U285, fodfonl rorl ARRERERDS ) pe
hydr ophobi ¢ or hy%F SMASUTENITAR anRlvesm Rt nderestconafomn sprryindgoppbstt e
property (hydiophdésired rieadtephods cihat dpprox@mBtia Euppurd B kadam nim ze
spreading of bi gd%%évzfgﬁﬁggasaﬁﬂd{&g "d2iRihiaCed DS LU 43¢5 90U e
contact one another.
Figure 5A illustrates a top view of patterned
binding domains for a multi-array, multi-specific binding
15 surface. Geometric shapes, triangles, squares and
circles, represent binding domains specific for different
analytes. The binding domains may be hydrophobic or
hydrophilic. The surrounding surface may have the
opposite property (hydrophilic or hydrophobic) of the
20 binding domains to minimize spreading of binding reagents
or analyte from the binding domains.
Figure SB illustrates a top view of a
microfiuidics guide for delivering binding reagents
and/or analytes to discrete binding domains. Each dot
25 illustrates a cross section of a microfluidics guide
(e.g., a capillary).
Figure 5C illustrates a side view of a
microfluidics guide showing the approximation of
registered or aligned microfluidic guides for delivering
30 binding reagents and/or analytes to a multi array of
patterned binding domains. Each microfluidic guide may

- deliver a different binding reagent to a discrete binding
domain.

Figure 6A illustrates the approximation of a
35 multi-array of electrodes in register with a surface
having patterned multi-array, multi-specific binding
domains. A removable electrode protection barrier is



m crofluidics guide for delivering binding reagents and/or analytes to
di screte binding donmains. Each dot 25 illustrates a cross section of a
mcrofluidics guide (e.g., a capillary). Figure SCillustrates a side view
of a mcrofluidics guide showing the approxi mati on of regi stered or aligned

m crof | ui di c Wy bgkassgf Or delivering 30 binding reagents and/ permosesb3iidpes to a
multi array of patterned binding domains. Each m crofluidic guide may
deliver a different binding reagent to a digcrete binding domain. Figure 6A
illustrates the approximation of a 35 nmulti-array of electrodes in register
with a surface hakowny Mﬂe@m&ﬁeﬁblébtﬁd@;&rw hhdsrheiﬁimdiﬁmdum-gace

domai ns. A renov el 0 Sa

PCT/ US96/ 03190 93%% 3%%4\/\%&%1? aEfe og"adwé’ﬁ%el"' Ad t%&%@é ng surf ace
array. The entir E°BQUEkHiNg %WF%?}Y#@:%FFQ%P“EOMUCU ng a plurality
of ECL reactions. Figure &EgdrieusBr all bastiet e pvhex apptorimatiam df anr ay of

t d | k
F Sctrodes g paEfs O SERRERAIBE IR a%@.“%%gggi ol o
shapes (e.g., inFerREeYeIRTHRPAesE gﬁ%é ?W‘F’%lﬁqsaﬁ'éé’ feSRARR vi ew of an 10

approxi mated arr epmplemagtaeﬁyemhothal bimdth@bmainabecofosther shapes

count erel ectrode égaﬂﬁ' gﬁgh& bi ndi ng surface wherein conducti ng
pol ymers are gro rbn1 & SUrTaces the el ectrodes across the gap

bet ween the el ectrode arr EABHE t"hé]-BPﬁB?ﬁ‘Tge%id’fM #ddeovAeW 1L 180 ext end t he
potential fialod approgimdieed@rraybelf pégifitered or aligned addressable

working and counterelectrodes and the complementary
binding surface wherein conducting polymers are grown
from the surfaces of the electrodes across the gap
between the electrode array and the binding domains so as
15 to extend the potential field around the ECL label of the
sample to increase the efficiency of the ECL reaction.

Figure 8 illustrates the side view of an
approximated array of registered or aligned addressable
working and counterelectrodes and the complementary .

20 binding surface with conducting particles interspersed
between both components to extend the potential field.
By extending the potential field around the ECL label of
the sample the efficiency of the ECL reaction is
enhanced. The conducting particles can be magnetic to
25 permit ready manipulation.

Figure 9 illustrates the side view of an
approximated array of registered or aligned addressable
working and counterelectrodes and the complementary
binding surface wherein the electrodes have fine

30 projections extending into the gap between the electrode
surface and the binding domains in order to extend the
potential field around the ECL label of the sample, to
increase the efficiency of the ECL reaction.

Figure 10 illustrates the side view of an

35 approximated array of registered or aligned addressable
working and counterelectrodes and the complementary
binding surface where the surfaces are not parallel, but



sanple to increase the efficiency of the ECL reaction. Figure 8 illustrates
the side view of an approxi mated array of registered or aligned addressabl e
wor ki ng and counterel ectrodes and the conpl enentary 20 binding surface with
conducting particles interspersed between both conmponents to extend the
potential fi qygogdg¥sgext ending the potential field around thecifisshmbel of
the sanple ' the efficiency of the ECL reaction is enhanced. The conducti ng
particles can be magnetic to 25 permt rea mani pul ation. Figure 9
illustrates the side view of an approxinated’array of registered or aligned

addr essabl e wor kagg Snsteictifermelr efestanthd theenheaeadmy yensnteryg
surface wherein EFE ?Lﬁgtrodes have fine 30 projections extending into the
gap between the elecirode surface and_the binding domains in order to
extend the potential fiel FiBithdLk Hdlpetratee the side YARPIeE 30 jncrease

the efficiency OfsupberECna\]fﬂa;:td %taﬁﬂﬁlurﬁa*&r iﬁﬂde:@ggatesloﬁlls@mé e view gf
counter o cot r Ge S1aA%e; HAEGHAEa. A, Blodind oSS Areaanag, on IS dHHPaces
are not parall el ofhat casse¥res/ 28638ray of self-assembled monolayers
PCT/ US96/ 03190 1Qwsamshsi£qshtained s €AE hetd g Otageri.n a conpl enentary
fashion. Figure 11 illust ri‘aége_usrst II;% silge ? eg/ of a su oLt Qag*':.ng a netallic
| ayer thereon to provide a 3 FLAPEEFPERR HHR S dlﬁﬁ surface assenbly
in the formof aSYRPettthaving & metaddicelayex sthanean fonprayide g " SAMs")
is patterned xpn gifglet 8lectrode @ind Pitdifig lduktddes Asdetibliynénstite foraw of
a of a cassette. An array of SAMs is patterned on the
metallic layer and conducting microparticles are shown
interspersed among the patterned SAMs so as to extend the
potential field around the ECL label of the sample, to
15 increase the efficiency of the ECL reaction.
Figure 13 illustrates the side view of a
support having a metallic layer thereon to provide a
single electrode and binding surface assembly in the form
of a cassette. An array of self assembled monolayers or
20 SaMs is patterned on the metallic layer and the growth of
a conducting polymer and/or fiber from the ECL label so
as to extend the potential field around the ECL label of
the sample to increase the efficiency of the ECL
reaction, is illustrated.
25 Figure 14 is a diagram of a support having an
array of electrode pairs controlled bf a computer.
' Figure 15 is a diagram of a support having an
array of electrode pairs.
Figure 16 is a diagram of a support having an
30 array of electrode pairs and computer system for
controlling the energization of each electrode pair.
. Figure 17 is a diagram of a support having an
array of electrode pairs and a computer system with a
plurality of voltage sources and multiplexers for
35 controlling the energization of each electrode pair.
Figure 18 is a diagram of a support having an
array of electrode pairs and a computer system with a



support having a netallic layer thereon to provide a 10 single el ectrode
and bi nding surface assenbly in the formof a cassette. An array of SAMs is
patterned on the nmetallic |ayer and conducting m croparticles are shown

i nt erspersed anong the patterned SAMs so as to extend the potential field
around the EGyobgdasis of the sanple, to 15 increase the effipcrusygosdo t he
ECL reaction. Figure 13 illustrates the side view of a support having a
nmetallic | ayer thereon to provide a sinmeafgectrode and bi ndi ng surface
assenbly in the formof a cassette. An array of self assenbl ed nonol ayers

or 50 tS_Alvls isI paplaragstyros wafah&hl bﬁltaq@rﬁé\ﬁd:éaw@oer e?ﬁhr&ritmxg ttfl]le
conauctin ol : rem a SO aS 10 exten e
O, POl SRR SLAT dopRTelporhude K.

potential field & | e séﬁﬁle to increase the
efficiency of the ECL reacki®ies 49 |(R)sfehtaxe plmn views of seyefale 14 js

a di agram gf a sualgeg-habavd{e r@.éﬂtﬁfdre&y&oﬁﬁtei:epéhd&dﬂ_ e plafi & ﬁﬁﬂﬁil?&'&ile:daély 3
conputer. Figye is a .3.SUpport having an y_of el ectrode
pairs. FigureQiG is a diag#éﬁﬁé%n%§fgigégggaﬁﬁﬁi?mf %Qgﬁ g?%ﬁyaof el ectrode
pai rs and conput @&omplsted sapdwish @@sRYRg t he energi zation of each

el ectrode pair. Figure 17 pigérdlizagriaTuetratés Phes togpasiing eMaNs ray of

el ectrode pairs yter. systemwith a plurality of voltage sources
and nultiplexers%ggFgggggg t?éﬁqégﬁf°the energi zati on of each el ectrode

pair. Figure 18 is a di agrEB#gwre 220 d3dustrates@mrexnayapiof el ectrode
pairs and a coopuiitirofiaigitsVdiides (2901904R8588Fibril mat (2200).

PCT/ US96/ 03190 11 pl ural i t s gl Wi 40199 w400 4R0S SOMGRS doRhifE"(5904) N9 the

Figure 23A illustrates an apparatus for forming
a fibril mat by vacuum filtration.

Figure 23B illustrates a fibril mat (2304) on a

15 filter membrane (2303).

Figure 24 illustrates the use of rollers to
produce fibril mats.

' . Figure 25 shows a schematic of a multi-layer
fibril mat, in which the upper layer has binding domains

20 used for assays.

Figure 26 shows a schematic of a fibril
derivatized with moieties that enhance non-specific
binding, and several species, both biological and non-
biological are bound to the surface.

25 Figure 27 shows a schematic of a fibril
derivatized with moieties that enhance hon—specific
binding and several species bound to a derivatized fibril
with some species additionally bound to ligands.

Figure 28 illustrates several species

30 covalently attached to a fibril and some species are
.further bound to additional entities.

Figure 29 illustrates the use of a multilayer

. fibril mat as an optical filter that, depending on the
position of a source of light on or within the mat, may
35 allow light to pass and/or may absorb and/or scatter
light.




energi zati on of each electrode pair. Figures 19 (a)-(e) are plan views of
several alternative el ectrode-counterel ectrode pair conbinations. 5

Figure 20 illustrates a support with a conpl eted sandwi ch assay. Figure 21
illustrates two opposi ng PMAMS surfaces on supports. Figure 22A illustrates
an array of 1Qqyepsls! ui dics guides (2201) and a fibril mat pcggdoblesidoi gur e
22B illustrates binding domains (2202). Figure 23A illustrates an apparatus
for formng a fibril mat by vacuumfiltration. Figure 23B illustrates a
fibril mat (2304) on a 15 filter membrane (2803). Figure 24 illustrates the

Tl i1 yer f1bri|mate in ek PEh ikiutdes CRERE, e o
used . oryassays. %?ﬁlﬁr%lef%rﬁ?bﬁg‘iﬁa%cﬂ%q%“ SR ﬁ‘?‘?*‘“ﬂe&ﬁéﬁ??@g with
noi eti es that enheheet¥missspeci fic binding, and several species, both
bi ol ogi cal and non- bi0'09@%@hr§r§pgoﬂfiﬁﬁékéﬂ8§ %ggiﬁ&e%ofghmmqgrams

| bri erivatized wth no

Fi gure 27 sho a_schematic of a %ietles t hat

enhance non- spaci FFempiRfthechenical pepsuranents RBuAALd foiYeri vati zed
fibril wth some epectesdemidi tionally bound to |igands. Figure 28
Il lustrates several specie oyal t.ac L DL

species are furthe% ?fund ?g§§5%i¥?0§§+ﬁ%ﬂ |f§%gﬁgﬁ%9°é%;éé¥## F%? s the

ur I"us
use of a multilay®f Fibrit mate as anfuperien of FPGrtgﬁﬁ¥?e%%¢§%d$ﬁbmﬁﬁ t he
position of a souan@ tiie|sagrt rateor Within the mat, may 35 allow light to

pass and/or gy absorb and/gg36285€Enbi I plot that illustrates that
non-specific binding on fibrils generally increases as
the concentration of £ibrils in a protein solution
increases.

Figure 33 demonstrates that the use of

15 surfactants can reduce non-specific binding between ECL~
TAGl-labeled protein and carbon fibrils.

_ Figure 34 shows a schematic of a top view of an
experimental cell used to measure electrochemical
properties and ECL on a fibril mat electrode. .

20 Figure 35 shows an ECL signal obtained using a
fibril mat as an electrode and 1000 pM TAGl (solid. line)
in solution and a signal from assay buffer (no TAG1)
(dashed line).

Figure 36 shows a schematic of a two surface

25 PMAMS device, in which two arrays of supported electrodes
are separated by a patterned dielectric layer.

Figure 37 illustrates an apparatus with a
plurality of binding domains (3702) on one support and an
electrode and counterelectrode on another support.

30 Figure 38 shows a cassette where binding
domains are presented on the surfaces of distinct objects
supported on the counter electrode. _

Figure 39 shows a gel in contact with a working
and counterelectrode.

35 Figure 40 shows a graph of ECL intensity and a
cyclic voltammogram from an ECL labeled gel in contact
with a working and counterelectrode.
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Figure 30A illustrates cyclic voltamograns from el ectrochem cal *
measurenents on carbon fibril mat el ectrodes. Figure 30B illustrates cyclic
vol tammograns 5 from el ectrochem cal nmeasurenents on gold foil electrodes.
Fi gure 31 corvesesssasn el ect rochem cal property of fibril mepérgsSospsdodncti on

of the thickness of the mat and the scan rate. Fi gure 32
shows a plot that illustrates that non- speciéltz blndlng on fibrils
general ly increases as the concentrati-on of "tibrils in a protein solution

i ngr eases. Figure 33 dﬁgrrprmiqﬁeeaﬂ Babwkhg wfofllicx.swﬁiz:éﬁéféy d%rfcﬁ@:
reduce non-speci n - rotejn, and car
fibrils. Figure 3 'EJ'EE ° %ﬁ (();# 2 ?%‘b‘%)ﬁ*e@ g’F]‘g ceI I

used to measure @F&Bt?o‘éﬂ’é’ﬁ%%laqs‘r @sem:a@slmm on a f| br|I rrat

el ectrode. 20 Frigure 22 shewa 8NsdidmatiigN 2brOoft Bt Fdded 2
fibril mat assancgg§§$ %ﬁéﬁ M TAGL (solid line) in solution and a
signal from assay bu dashed line). Figure 36 shows a
schematic of a two surfac PPEEratﬁﬁ\Mhﬁ?hfﬁhvihrmaﬁﬁ;Qﬁh be

supported el ect r uged asee$¢¢trudaadfbx BCDabE EXrite IrREL M adsdred td-i gure
37 illustrates agpap ?gegtus with a plurality of binding domains (3702) on

one support and an el ectrode and counterel ectrode on another support. 30
Figure 38 shows a cassett &F Y& 44Anghaws ECL intensity of a TAGl

10 labeled protein immobilized on an electrode.

Figure 44B shows the cyclic voltammogram of a
coated electrode.

Figure 45A shows qua51-reversib1e repetitive
generation of ECL signal from an immobilized ECL TAG1

15 labeled protein. _

Figure 45B shows the cyclic voltammogram of a
coated electrode indicating partial preservation of the
coating.

Figure 46A shows irreversible generatlon of ECL

20 s;gnal from an immobilized ECL TAG1l labeled protein.

- Pigure 46B shows the cyclic voltammogram of a
coated electrode indicating substantial loss of the
coating. -

Figure 47 shows a multi-array ECL apparatus and

25 a microprocessor containing controller means for
generating and analyzing ECL signals.

5. DETAILED DESCRIPTION OF THE INVENTION

Accordingly, the invention includes in a broad
aspect cassettes for conducting a plurality of

30 electrochemiluminescence assays. The cassettes are
formed of supports having thereon a plurality of binding
domains able to specifically bind one or more analytes of
interest. The binding domains are prepared as patterned,
multi-array multi-specific surfaces ("PMAMS") on the

35 support. The PMAMS offer a significant improvement from
ECL assay methods previously known by, e.g., greatly
increasing the density of assays that can be performed



dormai ns are presented on the surfaces of distinct objects supported on the
counter electrode. Figure 39 shows a gel in contact wwth a working and

counterel ectrode. 35 _ Figure 40 shows a graph of ECL intensity
and a cyclic voltammogram from an ECL | abel ed gel in contact wth a working
and count erelﬁgggﬂgﬁ WO 96/ 28538 PCT/US96/03190

PCT/ US96/ 03190 13 Fi gure 41 shows a graph of ECL intensity and a cyclic

vol t ammogram from a non-ECL | abel ed gel in contact wi th a working and
counterel ectrode. Figure 42 shows a schemat¥® for a two-surface 5 cassette

used for ECL. Fi GH&eaﬁfoﬁ'ﬁE’@rﬁi Al pIuklfitd | ¥ 'difﬁgr%nﬁaasgéyélsﬁfhtﬂ%\ay

el ectrodes for |b dy-.TA adsor ed to the natg g%rq:%§§§§h0m5
ECL intensity of Y) 9T, i BPSP‘é% PRIy SheaFRRFES &

Fi gure 44B shows 1nhéud§c¢|p;1um1t1¢mmgr electredes AHNe ¢|oeseleqbivqﬂngure 45A

shows quasi -reveggh l;érrﬁé’ﬁtéﬂéﬁo&eeﬁr@i ﬁfonlf(ﬂer.s'lﬂBa!leérPéBéEhts
I mmobi | i zed ECL TA | abel ed proteln. |gure shows the ic | C

vol t ammogr am o §’°Z:‘Bgt Eﬂ the R4 9 AgmeiRsng %’aﬁ't |4a?l 8HPWE R\ BRITARTIRY he
coating. .Fi gure Z6A sppasatus cesrisigbledegtnedes i 4700f 4204 ,28 matmix 4702m an-

i mmobi [ zed ECL JAGh hi‘h&iﬁé‘ dﬁfsnuﬁhgg{,& & c;é@%chasofyeéwammg

vol t anmogram of a coatgf electrode indicatin tantj al &osi
coati ng. controller 4720 means for gen ra ng and analyzing an ECL

signal connected via leads 4710-4716.

10 . In the embodiment of the invention shown in
Fig. 1, a cassette comprises two supports 10, 12 wherein
a plurality of binding domains 14 are present on a
surface of a first support 10 and a plurality of
electrode/counterelectrode pairs 16 are present on a

15 surface of second support 12. The binding domains and
'electrode/counterelectrode pairs are aligned so that each
of the plurality of electrode/counterelectrode pairs 16
is placed adjacent to a different one of the plurality of
‘binding domains 14 when the first and second supports 10,

20 12 are brought together. First support 10 underlaying
binding domains 14 is preferably a PMAMS with a gold film
surface and transparent binding domains. Second support
12 is preferably a transparent flat plastic sheet having
transparent electrode/counterelectrode pairs 16 thereon.

25 Binding domains 14 are preferably prepared by micro
stamping an organic self assembled monolayer (composed of
individual monomers) pattern on the support surface,
where the monomer has a biotin or linking moiety. Avidin
or steptavidin is then bound to the exposed biotin (see

30 e.g., U.S. Patent 5,093,268). Binding reagents are then
applied by applying a discrete amount of a suitable
biotin-labeled binding reagent such as biotin labeled
antibody, which is able to selectively bind to the
analyte of interest, to the locations on the support

35 surface where the monolayer had been stamped. Fig. 1A
illustrates a system comprising a cassette (Fig. 1)
contained in a housing (11).



Figure 47 shows a nulti-array ECL apparatus and 25 a m croprocessor
containing controller nmeans for generating and anal yzing ECL signals. 5.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Accordi ngly, the invention includes
in a broad aspect cassettes for conducting a plurality of 30

el ectrochem lypwidpessgence assays. The cassettes are forned aicrospgesises
havi ng thereon a plurality of binding domains able to specifically bind one
or nore anal ytes of interest. The binding ggnains are prepared as
patterned, multi-array nulti-specific surfactes ("PVMAMS") on the 35 support.

The PMAVS offer a si gmfl%nt:emmv?m?m b0 BFLCRS SitdHRRaYS 101 ey Ously
Yy

known b e. eat | i nCreasi n ensi t assays at can be
perforn%d gv[)ggga' to reproguc bly immob lgze a sﬁ%o ied ©

PCT/ US96/ 03190 1nredztaﬂMandngmbuntap#ﬂqneﬂortyoné deadgentmtoma@says that may

be rapidly or sigu#a0eousinhoBeltLAEsh Yh¥aaigsaph 1§eém&/o 'd’i‘@l tdenad by
plurality of Iect% des able to selectl\/4) tii [Rely) Bf Ilght

from.ECL | abePed"itdyéhieagens,it abtache dlanggﬁsﬁﬁ?'n ing7but s a
nultiarray ECL apgark&nmtddatpngceVetémtxhhemﬁEﬁﬂ bafied; uonﬁﬁpeqifdaoz with

bi ndi ng domai ns 44L&-g¥ih @&g&ﬂgrﬁcfééié CUH @l BhPEaEQ“téﬂét%fos%Z%QcﬁeanS
for generating agd aqﬁﬁﬁéhpq connecé via. eads 4710-4716.
10 RYagerheRic ARd/eroRYeRBRR P Fig. 1, a
cassette conprlséstenuntiqqsarCanmneméhNWQrwantraipmenaIin)AiQuﬂ@anrng
domai ns 14 ang pgsfentb%p“ec%tf&hasenain@ fcer %}.,SEEBQﬁé zlé’c b plurality
of eIectrode/countgreleclrode g hﬁ 3 lg esen g igface of
second support 130 r?gp & H’l% %ﬁl’d’ ofceh 887“(’:5 8dtrode pairs
are aligned so thetat%&igand bonds; chelation, and/or entanglement in
polymers.
The amount of reagent immobilized on a surface
15 may be predetermined in several ways. For example, the
amount of reagent on a surface may be specified by one or
more volume and/or area elements in which the reagent is
present. It may also be specified by the number of
individual molecules of a reagent that are immobilized on
20 a surface. The amount of reagent may be specified in
terms of the density of a particular reagent in a given
region. The amount of reagent may be specified as a
percentage of a surface bearing a particular reagent,'
either with regard to the total area of the surface, or
25 relative to the amounts of other reagents present on the
surface. The amount of reagent may also be defined as
the quantity of reagent that must be present on a
particular surface to give sufficient ECL intensity so as
to make an assay achieve a desired specificity. In a
30 specific example, a 1 cm? area of a gold surface may be
coated with a monolayer of alkanethiols.
Reagents may also be reproducibly immobilized
. on coated surfaces. The coating may serve to enhance
immobilization for some reagents and/or reduce or
. 35 prohibit immobilization for other reagents. The surface
may be completely coated or the surface may be partially
coated (i.e. a patterned coating). The coating may be



of the plurality of electrode/counterel ectrode pairs 16 is placed adj acent
to a different one of the plurality of -binding domains 14 when the first
and second supports 10, 20 12 are brought together. First support 10
under | ayi ng bi nding domains 14 is preferably a PMAMS with a gold film

surface and t{ﬂgﬁ@&ﬁ&@ﬂt bi ndi ng domai ns. Second support 12 perpssismably a
transparent flat plastic sheet having transparent

el ectrode/ counterel ectrode pairs 16 thereon, 25 Binding donains 14 are
preferably prepared by mcro stanping an orbgnic sel f assenbl ed nonol ayer

(corrposeﬂ of i Bdiﬁi@&ﬁn'ﬁﬁns%&iﬁﬁﬂ,ew gg_ hif SomRan e;ufuaﬁﬁg,oﬂherg thﬁ
nononer as a DI Ol or I KL N j ety. vidin or.steptavi.di ng| t hen boun
to the exposed tﬂéﬁﬁ#?rﬁggecgﬁp ?{%%oql S;%Pgtgﬁ?cﬁ?ﬂﬁéﬁﬁg§9.'Bthing.
reagents are t hercagiingenayybapplgatkerned sonelayewruiiinm $hag suitable

blblot I tn-l abfl efl_ b'{hdddgﬂ.lg.‘%tégetﬂ%mﬁh@}cﬁfaﬂ'n?b! OS.EaEQJ{ﬂbrﬁf‘idﬁﬁﬁﬁﬁal}[ﬂbbﬁdsl s
apble 10 sel ect] Vve I N 0 e apa e ,ntegest,, 1.0 e ca on
‘the support 35°s aﬂREQNﬁEFESrhﬁpékﬁﬁ%!ﬁﬁﬁs A58 ﬁﬂ@?F%i%ﬁﬁ&&ﬁp gP 9£§%E%'
illustrates a system conpr Fbengoating syt @l6bi gerve twpredeserming Bheisi ng

(11). WO 96/ 28gihint (s) of one or more reagents immobilized’oh/ £BE6/ 03190
15 I n certai n enbodi n f i nvent.i on,

ts O he It 1s desirable .to reproducibly

b |1 76 spo TR EAP A0 FERECEN AR E SRR G PEPCURERy AEETPEEDERIYL: on X
surface. | mobi | ithe iameuntoaf &8 paptisslar reagenbthayl e cdnkiriodhed byagent
is attached t9oa PikftaRy theChidiRe dr'irddent! Phhedi Gegumite@nt chenical
bonds; non-specific adsorptjon; drying a r n{ on a surface;
el ectrostatic interactions, aﬁﬁﬂp_o%h%‘b‘ig%a%gﬁ‘g% ﬁ?ﬂrf)‘b?ﬁ?rft(,s i{9FePact i ons:
confinement or encoatingntimmobilizedsirora quantitative, reproducible

fashion gives the ability to reproducibly and

gquantitatively wmeasure an ECL signal from a sample, thus

15 allowing calibration.

Preferably, electrode/counterelectrode pairs 16
are of sub-centimeter size and are fabricated along with
electrode leads 20 (e.g., of a transparent metal film) by
methods well known for the fabrication of liquid crystal

20 displays and electrochromic display panels. Electrode
leads 20 are connected by electrical connections 19 to a
waveform generator means 18. Advantageously, the
electrode/ counterelectrode pairs are individually
addressable under computer control so that electrical

25 potential can be selectively applied to discrete binding
domains. A light detector means 22 and a digital
computer means 24 are provided to record and analyze the
results when ECL emissions have been stimulated from a
suitable label bound to a binding domain.

30 Fig. 1A illustrates a system comprising a
cassette, electrical leads, waveform generator, means of
light detection and digital computer as described in Fig.
1 contained in a housing (11). The cassette is inserted
into the housing through opening (15).

35 . In another embodiment, one working electrode is
used to simultaneously generate an ECL signal at a
plurality of binding domains. In this embodiment, the



10 gel s; biospecific binding, (e.g., ligand/receptor interactions or
hybri di zati on of ol igonucleotides); netal/ligand bonds; chelation, and/or
ent angl enent in polymers. The ampunt of reagent inmobilized on a surface 15
may be predeterm ned in several ways. For exanple, the anount of reagent on
a surface naxwggﬂﬁgﬁcified'by one or nore vol une and/ or ar escYbEBARdE | N
whi ch the reagent 1s present. It nay al so be specified by the nunber of

i ndi vi dual nol ecul es of a reagent that are i_mmobilized on 20 a surface.

The amount of reagent may be specified in tidrms of the density of a

part | cul ar T eagoky | Bigndl Y Sl nbiigﬁfmanoasrfmfmtmwgn

specified as a percent sur ace I'ng a particular reagent, either
with regard to tﬁBetB?%J°%u¥%¥h§f ipaging PWIPWERE-O5 el ative to the anounts

of other reagents present Broaidly , sthé asssaysh eondnetedobsing raasatdesal so be
defired as the qggg@f&yngft%@aleg}‘gxﬁgﬁome l%"ssl&&gsﬁﬂﬁtoﬂeﬁem e ar

surface to gl ve I Cl € ass eve a

SO as
desired speci P cthp. up@ of 3 RIyEaity %ﬁa‘ﬁ’pﬁ"é"etf P"Bﬂgn r P
surface may be cexarple) tise ammbayeassét'eéianatdmsorapi&mnm rray aI o)

be reproducibly j L?ﬁ@%&é&ﬁ%BEGrsﬂéééﬁengﬁ'gfcQa{wiﬂg VEYiey v 10

enhance i mmobilization SONEe reagents an uce, or, {; i bit
i mmobi | i zation f 8PadYRes ?%éﬂEﬁF§StTheI§u?f%ﬁﬁ;?ﬁﬁfdbé Shiva 335%ated or
the surface my hespgst aatdydineatted the. énvanipbdr eameedlsoathog? thEte coating

may be / CL . 1 beled reagent, analyte
PCT/U896/0319]§)6 %%unl 8rﬁ¥?¢1%¥ﬁn&§§ PFoﬁn %r a contgln e ene%?g of

di fferent conposio¥i BANALRT SuLfAGE:| CAEXEEBIQSSQYK?°°°rd1ng to
invention comprises contacting a plurality of binding

domains with a sample suspected of containing an analyte
of interest and triggering an ECL emission from a bound

15 ECL label, wherein the ECL label is on the analyte or a
competitor of the analyte, on a reagent that binds to the
analyte or on the plurality of binding domains.

The invention also provides ECL assay methods
for detecting or measuring an analyte of interest, '

20 comprising (a) contacting one or more of a plurality of
discrete binding domains, said plurality of binding
domains being immobilized on a surface of one or more
supports, in which said contacting is with a sample
comprising molecules linked to an electrochemiluminescent

25 label, wherein said sample does not contact any
electrodes or counterelectrodes during said contacting
step; (b) bringing an electrode into proximity to said
one or more of a plurality of binding domains; (c)
applying a voltage waveform effective to trigger ECL at

30 said one or more of a plurality of binding domalns, and
detecting or measuring ECL.

In another embodiment, the invention provides
. ECL assay methods for (a) contacting one or more of a
plurality of discrete binding domains, said plurality of
35 binding domains (i) being immobilized on a surface of one
or more supports, and (ii) being spatially aligned with
and in proximity to a plurality of electrode and



coating may be a patterned nonol ayer filmthat immbilizes inmunoglobulin G
via coval ent chem cal bonds 5 in sone areas, and prevents its

i rmobilization in others. The coating may al so serve to predeterm ne the
anount (s) of one or nore reagents imobilized on the surface in subsequent

steps or procwesesssssd ternatively, the anmount of a particul perosR@sndbd nmay
be controlled by 10 limting the anount of reagent that is deposited.

Having a surface that has reagents (or a cogting) immbilized in a
qgquantitative, reproduci ble fashion gives the ability to reproducibly and

quantitatively meaadtérale&tiodd FAlrs," A enSMMU£1a dimtalpiny! A¥iviEn
cali bration. Preferabl %é el ectyode/ co Interel e#rode alrs 16 are of

sub-centimeter si®2&%BRY°FRRPLIFH MG ECIeTPERT WP % Aode | eads 20 (e. g
of a transparent ekeckrotheni liyinasdends label ; k(mpwbdiowingeahaelectatad of

liquid crystal 2@mddbSﬁh%ﬁef’é&:%&Ch"n%thkamﬂf@@%a&ﬁ”‘éhé or Eag&d r ode

| eads 20 are ectrical gonnections vef or m gener at or

neans 18. Adv ntz? e8u§9‘9¥ f*u‘éyeﬂféaw@dé‘ﬂ e%ﬁ%‘%ﬁ'el(ﬁ’t Pé’@éy BY R VRpirage
i ndi vi dual | y addweyefbrs efilectivmin ¢riggetrelecirddiemidumtihescence at

potential can begaghephbvat Ymée!dELd ?@ughiﬂ: 16 WIHAING QBHELAS, dhd ' ONI

detector neans 2 aFg #‘gltal conp rrean 24 are _prqv to record
and anal yze the r‘&uffte ﬂgéﬁ”@ﬁ%‘?ﬂaﬁse?ﬁﬁﬁgm P&PERC®r Om a
sui.tabl e [ abel bound to a Thedhgaldty of Binding domainsFog. thé suppmtt at es
a system Comd Siade 198988146 1RldL Gkn! sagglebg/%%efb dkggpedat or, means

of light detecti nd digjtal conmputer as d Fig contai ned in
a housing (11). %ﬂ'@ﬂéag‘g‘@t]?% turthere copyarked i RAlstAgnEneeREMLRBIhI ng
(15). 35 necepgazyorézgernhddi wenplebecanvadsayy elrhet bin@ing used to
simultaneously gen@rate 28 Hidn Ldidctdl Pyl FPridskd) Wil R9s0PFRid'S. I n
this embodi ment, J%hg complementary electrode (preferably a clean, or
15 virgin, electrode) which is then used to apply an
electrical potential to stimulate ECIL.
In a preferred method of conducting an assay
‘using the apparatus of Fig. 1, a sample suspected of
containing an analyte of interest is applied to plural
20 binding domains 14 together with ECL labeled reagents
that are suitable for detecting the analyte. Support 11
and support 12 are then brought together so that each of
the plural binding domains 14 is located between the
electrode and counterelectrode of a different one of
25 plural electrode/counterelectrode pairs 16 and the sample
"is contained therebetween. It should be noted that the
‘electrode and counterelectrode pair need not make
mechanical contact with the binding domain in order to
stimulate ECL when an appropriate potential is applied
30 across the electrode and counterelectrode pair. An
electrical potential waveform suitable for triggering an
ECL emission is applied via electrical connection 19 from
waveform generator means 18 to plural
electrode/counterelectrode pairs 16. Any signal emitted
35 by an ECL label present on plural binding domains 14 is
detected by light detection means 22 and recorded and
analyzed by digital computer means 24.
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signal from each binding domain is identified through the use of |ight

i magi ng equi pnent. Broadly, the assays conducted using cassettes accordi ng
to the invention are assays that benefit fromb5 the use of a plurality of

di screte bi ndwogestessai ns. For exanple, use of such casset t per/Bs9s03180 r api d
and/ or concurrent detection or neasurenent of a w de variety of anal ytes of

interest. In a preferred enbodi nent, the asyays according to the invention
are also those that 10 benefit fromthe use“of an ECL | abel ed reagent,

anal yte or bi trldi"[l_g SUFfaf@helA&tnEGhFQ%ﬁaﬂdx_-&%&ia_nﬂei:ﬁp?h@fidﬁtﬁlitiiﬁg in o
conpri ses contacting,a al i Q i ndi mai,ns W as specte
of containing anaaﬁg}wg %g 3 M“é?:égf’mﬁﬂ‘ae? 1 éa@ﬁl gsaﬂpg‘if‘ e‘%@?ﬁ'&%yf roma
bound 15 ECL | abél anajighes ofi iatecest aieich gnayh behprasentytin ghey
conpetitor of thgafpdéyide vidicas eadeBhtid@iond.nds to the analyte or on the

For et ot i ngor moasur nd iRaiar PLaBH e HE SR 1Ees ia e FRIBELFR' "O0°
contacting one ofradre wiltigempomentysafple sin diesshithanny0Fomelas, said
B ppor s, 1 i g | B e Pl oo
Tihked o an ol B BERERHR At desR,than 103, polRE CocnirierayiSnf i £2
not contact any ®niticeomeenent sewplerel ectrodes during said contacting
Bl Lral | Ty of binding dame o o B e e ecot o 1 o1 Scti ve 10
Pr?[ygelr >IéCL at S&hggﬁgc’%%n%‘?t Eﬁﬂ)’@q‘%‘P iﬁﬁ&%’fﬁ?“y‘%"fﬁ’mﬁ nd" donai ns: and
heterogeneous assays, i.e., assays in which a plurality
of unbound labeled reagents are separated from a
plurality of bound labeled reagents prior to exposure of
15 the bound labeled reagents to electrochemical energy, and
homogeneous assays, i.e., assays in which a plurality of
unbound labeled reagents and bound labeled reagents are
exposed to electrochemical energy together.
In the assays of the present invention, the
20 electromagnetic radiation used to detect a particular
analyte is distinguishable from the electromagnetic
radiation corresponding to other analytes by identifying
its position and/or location as one or more features of a
pattern, said pattern corresponding to the pattern of the
25 binding domains in the PMAMS.
In the homogeneous assays of the present
invention, the electromagnetic radiation emitted by the
bound labeled reagents either as an increase or as a
decrease in the amount of electromagnetic radiation
30 emitted by the bound labeled reagents in comparison to
the unbound reagents, or by detection of electromagnetic
radiation emitted from sources corresponding in space to

- one or more features of a pattern corresponding to the
pattern of the binding domains in the PMAMS.
. 35 In a specific example of the method of the

invention shown in Fig. 20, a sandwich assay is conducted
on a support (5) with a plurality of binding domains (BD)



detecting or neasuring ECL. In another enbodi nent, the invention provides

ECL assay nethods for (a) contacting one or nore of a plurality of discrete
bi ndi ng domains, said plurality of 35 binding domains (i) being i nmobilized
on a surface of one or nore supports, and (ii) being spatially aligned with

and in proxi iybyehddsg plurality of el ectrode and WO 96/ 28688s96/03190
PCT/ US96/ 03190 18 counterel ectrode pairs, in which said contacting is with

a sanple conprising nolecules linked to an %%ectrocheniluninescent | abel ;
(b) bringing an el ectrode and counterel ectrode into proximty to said one

or rr:gre 5 ]9]1: atpldﬂ a.lts: ¥upfadé rtdiamt;l a@@h@bgfzif{&)f&plﬂﬂﬂd’iﬂgaaVﬁéi'@ﬂﬁllar
wavef orm ef f ecti ve ri ctrochem | um nes mor e
of a plurality ofanr?’ iy n Qggm% g“nﬁa(“m)ledﬁ’t‘%%?‘f Sf ﬁgggﬁgﬁ’ﬁ@& tile

el ect rochem | um mdarneelsmbim &lo theobinhdng r@m n¥henanadyte pifor t
10 are al | owed t oundetaCtnd BindidigP denalifshe AscaRiesPVANG, MiNiGE dre t her

contacted wt solu ont ai e nts t

assay. The bi lgﬁgaﬁcg ?ss?{h§¥iﬂfﬁyag GX? iﬁgi §§@E)na#?“aggsurface
of a conpl ement arlaee@ll dabeddd Witlefar FGLymaietpa(TAG) tkb formgAh+TAGeArede)
breforred method oot spBELNa o MRS draigeep hothe a’“‘*‘ﬂ'@i AR
sanpl e suspect ed Pgtefoﬁ?ﬁ?ﬁ?ng“%?f’%% 5'1'\81‘ anY’%‘? X’-ﬁ‘ﬁ ;’é é?%gpl ur al
20 bi ndi ng donai rdoninsegat hetenkiail E@Neﬁabmlsdltaktﬁﬂﬂnr thrdggeréngui t abl e
for detectingg h%ﬁ@r&ﬁemﬁﬂﬂ?ﬁéséeh@‘issﬁﬁﬁﬁ?iéd% e TAGND ?r ought

together so that §achOnek" tnbt "Eibwn) 15 121§30E' &7 #ck 'en1s2180°r05" Moe"

any TAG on the binding domains. The ECL signal is
detected by light detection means and recorded by digital
computer means (e.g., 'as illustrated at 22 and 24 in Fig.

15 1).

Further embodiments, features and variations of
the invention are provided as described hereinbelow.
5.1. P TION OF ND
To better understand the invention, a more

20 detailed description of the preparation of binding
domains on a support is provided. A patterned array of
binding domains on a surface that are specific for a
plurality of analytes is referred to herein as a
patterned, multi-array multi-specific surface or PMAMS.,

25 PMAMS are prepared on a support, for example, by
patterning of self-assembled monolayers ("SAMs")
(Ferguson et al, 1993, Macromolecules 26(22):5870-5875;
Prime et al., 1991, Science 252:1164~1167; Laibinis et
al., 1989, Science 245:845-847; Kumar et al., 1984,

30 Langmuir 10(5):1498-1511; Bain et al., 1989, Angew. Chem.
101:522-528). Surface patterning methods also include
the use of physical etching (e.g., micromachining)
(Abbott et al., 1992, Science 257:1380-1382; Abbott,
1994, Chem. Mater. 6(5):596-602), microlithography

35 (Laibinis et al., 1989, Science 245:845-847), attachment
of chemical groups to the surface through the use of |
photoactivatable chemistries (Sundberg et al., 1995, J.



el ectrode and counterel ectrode of a different one of 25 plural

el ectrode/ counterel ectrode pairs 16 and the sanple is contained

t herebetween. It should be noted that the el ectrode and eounterel ectrode
pai r need not make mechani cal contact with the binding domain in order to

stinmul at e EClwehossssn appropriate potential is applied 30 aptmesdebireo
el ectrode and counterel ectrode pair. An electrical potential waveform

suitable for triggering an ECL em ssion is applied via electrical
connection 19 from wavef or m gener at or meanM8 to plura

el ect rode/ count eml ‘egh&pdespai rlsuj(qg Aﬂgogégpﬁ] f,gg BerdVetiEhly | abel

present on pIura hndln domai ns |s etecte | detecti on neans
22 and recorded YRECELER qﬂ?rdﬁ |P b e chifftn ﬁ 39(5) : 148848138533
PCT/ US96/ 03190 1%umhx ehv&&uA(mOQpnonpﬂks Ehysﬂ|nnttofGdelebtchpﬂaﬂoa)volune

-of a Tl ti corrponal&herl éﬂf&é&é%t%rﬁz%“ﬁéﬂ:ﬂé&é ‘?Lfncﬁﬁahy%fécé’éufég Fopst
whi ch may be E{I' 8£ns%€} e at var|ous concentr
al i

Broadly a plu Wflﬂédd‘éiﬁﬁ?’é‘b‘qﬁ &t 5 £i Comonent
sanple in less t pantie!.esr]e.rg).l,almmnpent aeppositsionPr(ef. gL abtgimg @ ural ity of

anal ytes may be gebecredialc fitad 13"ab01 6k lodill & <508 atﬁg%:?&gmfrom a .

mul ti conponent s | nvenilon tection
fronla'nulticonpgggﬁﬁlgégéﬁk9mwﬂ%ﬂ¥°ﬁﬁylﬁéaﬁ%r#%%#ﬁﬁ@pé§ Reflrdy
assays, i.e., asﬂaysren3mﬂ:58nk»[ﬂnkhabttyeemnmlﬂyygn@rlspzindereagents are

separated fromg adahgaﬁlséi-y Ofcéhﬁm&dlehel &8 {ﬂ@é@%&hﬂ&hﬁéstﬂafwm of
15 the bound | abel ed reg&gn%ﬁmto el ectrochem cal ener%y and hoq?geneous
Sﬁy [

assays, i.e., prey plesf FUrfpce Bitterns. Fig. sA
support 600 is shown with shape independent binding

domains that are represented, simply for illustration
purposes, as geometric shapes 602 to indicate that
15 different binding specificities may be present on a
single support. Surface 604 between binding domains may
be alternatively hydrophobic or hydrophilic to confine
deposition of binding reagent to form binding domains.
Binding domains and/or the surface(s) between binding
20 domains may be alternatively prone and resistant to
nonspecific binding, and/or they may be prone and
“resistant to the attachment of binding reagents via
covalent or non-covalent interactions. In the case where
non-specific binding through hydrophobic interactions is
25 not the desired method for attachment of binding
chemistries to the surface, detergent may be added to
prevent incidental non-specific binding from occurring.
The binding domains are broadly from 0.1 um to
1 mm in width or diameter or widest dimension depending
30 wupon the geometry of the domain). The surfaces are
selectively derivatized to have specific binding
components exposed to e.g., the ECL assay solution.
. Additionally, non-specific interactions at the binding
domains are decreased while maintaining a specific
. 35 binding moiety by incorporating moieties such as
polyethyleneglycols on the exposed surface of the
discrete binding domains (Prime et al., 1993, J. Chem




unbound | abel ed reagents and bound | abel ed reagents are exposed to

el ectrochem cal energy together. In the assays of the present invention,
the 20 el ectromagnetic radi ation used to detect a particular analyte is

di stingui shable fromthe el ectromagnetic radiation corresponding to other
anal ytes by | wessi2és38ng its position and/or |ocation as one pgTosEI319
features of a pattern, said pattern corresponding to the pattern of the 25
bi ndi ng domains in the PMAMS. In the honngﬁ$¥ous assays of the present

i nvention, the electromagnetic radiation e ted by the bound | abel ed

rleagtents ei tther 2&% 1;Laelea£a-m'7tﬁ8; abrdtﬁﬁr egsslg,nlidﬁ %@?.Hzﬁ&:eOft _
el ectromagneti c rsagi. 0 £ e e_boun e reggents in
BaeRererf BRI CrBaoingR 08 ot ‘S

conparison to the unbound re df t ronagheti c
radi ation enitted¥eBonBPeGur 233t ¥2n3®aponding i n space to one or nore

features of a pattern correhePMAMN) nlay CoAtAdh! BFdhPly iFembRnehngo&lomai ns
in the PVAMG. &35 a spec fic.exappl e of the neth of the

i nvention shOV\s;’ |hr"1i'n|‘—i|if;"g Qﬂ?lajagss‘ana%e?ﬁrgg’é%y e YRR é’(fngﬁnaggﬂpport (5)
with a pluralitydomagpsdiagfromedhsq BOP. INGELEIR8R3Er embodiments,

PCT/ US96/ 03190 2@heN nuhibef Ubf aSEhdity admBinRets f#rod Us Righdibgy a particul ar

anal yte (An). Wen a sanpl g suspected_of contai ni the anal yte_is applied
to the binding donmains, thgh%n% RRF ?ayogﬁdat%a‘f{%%icﬁd?ﬁ e\é%ﬁ%ﬁ ns.
Anti bodi es (Ab), Wsluedingebut ot ddmdtiedr toegbass v aladtiicdi pgrandtyt e (An)

and have beerid alpigtient &hnater d1d0icdbstohéf c lpa e iR1AD- héEa18! € then
applied to the ar&qlt;_)é%g’og t he Q%nggon donai ps.n%;‘%%r exggés gnbgund Ab- TAG
i s washed off thé biRdng a0t ns, 4 45st ERPLGP TR miDFHLEPES £ of -
triggering silicon and/or layered materials, etc. Derivatized

elastomeric supports can be prepared, e.g., as described

by Ferguson et al., 1993, Macromolecules 26:5870-5875;

15 PFerguson et al., 1991, Science 253:776-778; Chaudhury et

al., 1992, Science 255:1230-1232.

The surface of the suppbrt on which PMAMS are
prepared may contain various materials, e.g., meshes,
felts, fibrous materials, gels, solids (e.g., formed of

20 metals) élastomers, etc. The support surface may have a
variety of structural, chemical and/or optical
properties. For example, the surface may be rigid or
flexible, flat or deformed, transparent, translucent,
partially or fully reflective or opaque and may have

25 composite properties, regions with different properties,
and may be a composite of more than one material. The
surface may have patterned surface binding regions and/or
patterned regioné where catalyses may occur according to
the invention on one or more surfaces, and/or an

30 addressable array of electrodes on one or more surfaces.
The surfaces of the supports may be configured in any
suitable shapes including planar, spheroidal, cuboidal,
and cylindrical. 1In a specific eﬁbodiment, the support
bearing a PMAMS is a dipstick. In another embodiment the

35 support bearing a PMAMS contains carbon, e.g., graphite,
glqssy carbon or carbon black.



10 el ectrochem | um nescence is applied to the TAG by el ectrodes (not shown)
to trigger an ECL em ssion fromany TAG on the binding domai ns. The ECL
signal is detected by Iight detection neans and recorded by digital
conputer nmeans (e.g., as illustrated at 22 and 24 in Fig. 15 1). Further
enbodi nent s, weadssRS and variations of the invention are psevisI6oB19G
descri bed hereinbel ow. 5.1. PREPARATI ON OF A BI NDI NG SURFACE To better
understand the invention, a nore 20 detail gg description of the preparation
of binding domains on a support is previde A patterned array of binding

domai ns on a surface that ﬂ{%ngpgﬁjogafméxpg g ghgi,ggttyegglﬁlad Hvassi S

referred to herelngsapatt ed, mu -ar#mjtl- eC| | C surfaeor
PVAVG., 25 PMAVGE SPRERING M%) OFnMere GRERIn Giersy anfhese piinehs ey,
sel f - assenbl ed nemorpleus or' §aph)iticeccarisam efThaly, maP 98l sd/ithe aarbevul es

26(22) : 5870- 5875paRbtiled! KilckeytiBés @'mﬁsgfléﬁé fdPllerdnd Dini s et
al ., 1989, Smenge 245: 845-847; “Kumar et al 1984, 30 Langmuir

10(5): 1498- 1571; *BBfW¥ et al ., 1989, Angew. Chem 101:522-528). Surface
patterning met hods al so i rigt wd@refierved eribgsiiynental| aesummjt (emaring a

m cr omachi ni ng) bﬁi&h@téoﬁ@aﬁ{s on1=.982 ncFe o £1b280s 1 Gyber ot L, 1994,
Chem Mater. 6(5

Sci ence 245: 845- %&g llﬁtta(,‘H Bﬁ#e&g{ﬂapg Gg?oé{@ 'Pl) rf?éleéﬂ?#&cg fﬁ?%ugh

the use of phot oaebrmhsabase @tﬁ@hosledl &8 USindaheptelNoal s, 4 1665,230,

96/ 28538 10 5,165,909, and 5,171, 560) may have dlEﬁ;£é§§aﬂﬂﬁ;%Qn§§ A”‘
Chem Soc. 117(%&2050 12057), and_m cro- starrpl n%ht echnj ques ag‘Kurrgr et

al ., 1994, Lang T, beyt 3y rps £p. 70 nm, and length greate
_ times the diameter, an outer region of multiple

essentially continuous layers of ordered carbon atoms and
a distinct inner core region. Simply for illustrative
15 purposes, a typical diameter for a carbon fibril may be
approximately between about 7 and 25 nm, and a typical
range of lengths may be 1 um to 10 um.
Carbon materials can be made to form
aggregates. As disclosed in U.S. Patent No. 5,110,693
20 and references therein, two or more individual carbon
fibrils may form microscopic aggregates of entangled
fibrils. These aggregates can have dimensions ranging
from 5 nm to several cm. Simply for illustrative
purposes, one type of microscopic aggregate ("cotton
25 candy or. CC") resembles a spindle or rod of entangled
fibers with a diameter that may range from 5 nm to 20 um
with a length that may range from 0.1 um to 1000 um.
Again for illustrative purposes, another type of
microscopic aggregate of fibrils ("birds nest, or BN")
30 can be roughly spherical with a diameter that may range
from 0.1 um to 1000 um. Larger aggregates of each type
{(CC and/or BN) or mixtures of each can be formed (vide
.. infra).
. Fibrils that can be used in a support include
35 but are not limited to individual fibrils, aggregates of
one or more fibrils, suspensions of one or more fibrils,
dispersions of fibrils, mixtures of fibrils with other



Kumar et al., 1993, Appl: Phys. Lett. 63(14):2002-2004). O her surface
patterni ng net hods include procedures for 5 the spatially controlled

di spensing of fluids or particles (e.g., mcropen deposition (e.g., using a
mcrofluidic guide to deliver onto a surface using X-Y translation)),

m crocapi | | ar woderess8g (Kimet al., 1995, Nature 376:581), |p4yshobnsice
technol ogy, or syringe 10 di spensers. Conbinations of these techni ques nmay
be used to provide conplex surface patterns, In Fig. 5A a support 600 is
shown wi th shape i ndependent bindi ng domai né4that are represented, sinply

for illustration nuteRa8es (85g9eWHLY, ©athePeis607adds,i BIhGabEst NGl1d5
different bindin sg_’g_lflm&h%s Y)ne?/ be “present on a si'ngle suppbrf. Surface
604 bet ween bi nd&ﬂ%p FEr n8ANESLYRE 1o SRORELS) V ERTL PR Bir cOBPaMKr ophi 1 i c
to confine deposikigwidsf, brganig scldgiEnt inorfanie hsoldid)g adddan| nbasés Ndi ng

domai ns and/or | hratasehsieded "AIbER! 895 20oANR! 13 oTRY 1 BE1
alternatlvelyaoron gr%{lﬂfreméta'n . to nonspecitic brnding, a gi or they may

be prone and resi § BR% BR9ifon &% JopsSpiWalt R REE1PNE coval ent
or non-coval ent ithexe®fti ons. In the case where non-specific binding :
t hrough hydrophobic inter ' | t ' 0
attachnent of bindin chega???‘?%%f?oszt agoéﬁrpggg;gﬂd%?g’r g%?]ntg %E%Q%ea%%ded to
prevent inci dent JI°HWBRILEELP IR HPhRFsy FhEneEEent 19 ¢hirhe TAPELLS LM ns
are broadly fromk® mager magnetid ommrion-wiaghbtie ik armitrolaedvwbgethe

di mensi on depggdigidbun® uﬁoaa{._gnfyggeqﬁ%trm i % 0fint PR dPITYUY) .asTgerggﬁi@ggfoare

: . . e
sel ectively derivyati have s c binding conponents expose

e.g., the ECL asstg‘f ?g‘gﬁﬁ'ﬁoﬂm&b%&ﬁ’bHWanoﬁ“%eQﬁq‘qe@si kRedpdct i ons at

t he bi ndi ng donaidkw_d-pseﬁeginei_a&%d Patidntsndi, 863} 2309 5, 188¢00DI, caf@ bi ndi ng
ol ety D T noor pes Al Se00! Chius A 122aBahY Ghy VLW Y50k Soginlly GPOSEd

surface of the digcrete bi dlgg domal n rme et al .,
e supports scribed supra.
15 ) PMAMS can be generated from different types of

surface binding groups. Self-assembling monolayers that
can be used to form a monolayer on a surface to which
they bind, include but are not limited to alkane thiols
(which bind gold and other metals), alkyltrichlorosilane
20 (e.g., which bind silicone/silicone dioxide), alkane
' carboxylic acids (e.g., which bind aluminum oxides) as
well as combinations thereof. The monolayer may be
formed first and then linking chemistry used to attach
binding reagents. Derivatization after self-assembly
25 produces a more perfect two-dimensional crystalline
packing of the monolayer on a support surface with fewer
pin holes or defects. The monolayer can be derivatized
with the binding reagents before or after self-assembly.
Regular defects in the monolayer may be desirable, and
30 can be obtained by derivatization prior to self-assembly
of the monolayer or the support surface. If the
derivatized group (e.g., exposed binding group) on the
binding reagent is sterically large, it may create a
close-packed surface at the exposed end, but with regular
35 gaps at the metal surface. This is useful for allowing
charge to flow through these regular gaps to the ECL



WD 96/ 28538 PCT/ US96/ 03190 22 Soc.
- 115:10714-10721; Prinme et al., 1991 Science 252:1164-1167; Pal e- G osdenange
et al., 1991, J. Am Chem Soc. 113:12-20). The PMAMS may contain broadly
from2 to 108 5 binding domains. Preferably, the nunber of binding domains
I's from50 t aupdl¥gssgn still other enbodi nents, the nunber cdcrmsoclens
domains is from25 to 100. The support may be a variety of materials
including but not limted to gl ass, plastig ceram c, 10 polyneric
materials, elastoneric materials, netals, ?ons, conposite foils,

sem conduct ors, idkdlled Rbletsbs i KQIMERY hel PYLELSh Bitdctlitg €hé-

Derivatized el as ric grts can be prepared, e.g., as described by
Ferguson et aI.,ééﬁgii sﬁggggﬂBrecules 26: 5870-5875; 15 Ferguson et al.,

1991, Science 253: 776- 778Thehpueparation aif. incoeplets:insmedayess1£80- 1232.
Thte sur}‘ace of t]h@o\ﬁﬂhﬁﬂplt%:elotar%:c P%tfé%'l@o%é&uﬂéspﬁéﬁfh{@br‘éﬁal fatfonarious
materials, e.g., geshes S rous ,materials, gels, .sql, e, J;
forned of 20 ﬁet?a#nsE nceqmggf%ﬁe?gfm%q%elrsrﬁ@c Hﬂﬁg*’?t s%ﬁ Jior Mqﬁﬁéetg'
variety of structhe dfiormatdencef merklnyenst fren gibpee tsaliticms ofanple, the
surface may be rpindiny rleagéhl ethé |Edrminadebar 8B dthé iR M forming

translucent, parijally o ully reflective or aque and, may have 25
conposite pr oper%+%4§t:"y%3’legﬁ§ ewf?ﬂpiﬁefrlrc’é’r'e epag"ﬂgﬂ‘?%s& é‘ﬁ% emgﬁmBieﬁe
conposi te of noreentkayense wikheradiatiore (sugfh.acéondy pantiqies)er AddhSur f ace

bi ndi ng regi oS @pdiKEmikAI eBEENtEY O oM RbBALRENE S SrdPRataCUr
according to the

addr essabl e arra§£€¥§%}%8&t§§3§ngﬁ9{ﬂgﬁg urfé gﬁf’f 3%1£gg{fvre 7 r?é%ge of
defective monolayers (Wilbur et al., 1995, Langmuir,
11:825) '
PMAMS can be generated on the surface of
15 matrices. Matrices may be highly conducting, e.g., metal
electrodes or conducting polymer films; or matrices may
be insulators; or matrices semi-conducting and/or of
medium conductivity. The matrix material may be an ionic
conductor or a porous material. Such porous materials
20 may be utilized as support material and/or a conductive
material and/or a filter material and/or a channelling
material (e.g., allowing passage of fluids, ionic species
etc.). |
The porous material may be combined with
25 additional materials. For example, composite structures
may be fabricated of porous materials with additional
porous materials, conductive materials, semiconductive
materials, channelling structures and/or solutions (e.g.,
ionic fluids). Such composites may be laminar
30 structures, sandwich structures, and/or interspersed
composites. A solid matrix may be used which is a porous
material supported on a metal electrode. Alternatively,
L a porous material is sandwiched between conducting
materials, semiconducting materials or a combination of
35 semiconducting and conducting materials. One or more
binding domains may be contained on one continuous slab
of the porous material and/or may be located on a-



The surfaces of the supports may be configured in any suitabl e shapes

I ncl udi ng pl anar, spheroidal, cuboidal, and cylindrical. In a specific
enbodi ment, the support bearing a PMAMS is a.dipstick. |In another

enbodi mrent the 35 support bearing a PMAMS contains carbon, e.g., graphite,
gl assy carbonygie on bl ack. WO 96/ 28538 PCT/US96/03190

PCT/ US96/ 03190 23 I n one enbodi nent, a support bearing a PMAMS contai ns one
or nore carbon fibers. These fibers nay be anorphous or graphitic carbon.
They may al so be carbon nanot ubes, buckeytuBés or nmenbers of the fullerene

5 famly. In a pr %,C i b [ FVRMG: I ns one
or nore carbon figéﬁ#% g@f%&%sgéﬁ?ﬁ? err }xkﬁﬁé.gggé%nt q%fpﬁggg3,230).
| ndi vi dual car bon®F¢ 7% 1RO%e, Pinding d@rine .U ShepRpEAps Npateriplsde-930, 10
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typical dianmeter demsityamieh Geheity royrddiaipofx densitiedetamygn weltout 7

and 25 nm and a Ly gf%ném%ggﬁcgfn?%@e@eﬁ)ga%gger{:LQQIMm Car bon
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A pattern of channels may be formed in the
matrix. . The porous material layers may be from 5 microns
to 2000 microns thick. The porous material layers may

. 15 also be thicker than 2 mm.

The pores may extend partially and/or fully
through the material or may be part of a network of
pores. These pores may have dimensions ranging broadly
from 50 & to

20 10000 um. In a preferred embodiment, the material has
some pores with dimensions ranging from 200 & to 500 &
and some pores with dimensions ranging from 0.5 pm to 100
pm.

The porosity of the material may be constant

25 throughout the material or may increase or decrease as a
function of the position in the material. The material
may have a wide variety of pores of different size
distributed in a disorganized and/or random manner.

The porous material may be a composite of more

30 than one materials. '

For example, the material may have some pores
that are large enough to pass objects as large as
biological cells, some pores that can pass biological
media as large as proteins or antibodies, some pores that

35 can pass only small (< 1000 molecular weight) organic
molecules, and/or combinations thereof.



25 candy or CC') resenbles a spindle or rod of entangled fibers with a
dianeter that may range from5 nmto 20 [errmwith a |length that may range
fromO.1 [errlmto 1000 [err]m Again for illustrative purposes, another
type of mcroscopic aggregate of fibrils ("birds nest, or BN') 30 can be
roughly sphenweoodnrgxdgst h a di ameter that may range from 0.1 [mwcrwgsesssesl000
[err]m Larger aggregates of each type (CC and/or BN) or m xtures -of each
can be forned (vide infra) . Fibrils that zn be used in a support include
35 but are not limted to individual fibri aggregates of one or nore

fibrils, suspensions of Oﬁ'ﬁeo Og@g% Id¥ ithe mgtg:p%flﬁ‘iﬁﬁa‘ shichr thst
m xtures of fibr

ot
PCT/ US96/ 03190 2‘5* e °§|es"‘?ieﬁule%1 ?‘slq‘ﬁéFaf PPHLAS ( SOISI00Ey or s gel s,
pl astics, adheS|%ﬁ&?enﬁiynﬁesgase$lomelsnanﬂlsr dlg@@#&idﬂﬂnﬂa@sdiﬁfgaﬂlc
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others. The extefactiveliyi o phrssivelyhrethderfdrcadghyetsane means- ﬂm‘g‘het icis
control |l ed by thﬁlﬁﬁhﬁﬂﬂﬂ&ﬁbroihfaﬁ Yéile t@eriiall n tf&h 1dy idf as a result

of the fibril pr tion pro cess bepn 1S sed
Patents 4,663, 2369%’ ?1“%%%%%0“9%&% £t F%ch'te hBEe
in proximty to bh@O¢LWQN§qhsone§edlb&mbdmup&asm§5 serum, urineRMANVS can be

generated frog dsbiwkssts to‘fpﬁioﬁfuﬁé” fm%dl@bngrgfféﬁﬁen@%miﬁeéfﬂb' i ng

monol ayers that Cgflbe b laular partic égfi 1ruggs? gﬁg{égéaéggdgvlgh

antigens, lipoproteins, liposaccharides, lipids,
glycoproteins, carbohydrates, peptides, hormones or
pharmacological agents. The porous material may have one

15 or more layers of different porosity such that biological
media may pass through one or more layers, but not
through other layers. .

The porous material may be able to support a
current due to the flow of ionic species. In a further

20 refinement, the porous material is a porous water-swollen
gel, for example polyacrylamide or agar. A variety of
other gel compositions are available (for example see
Soane, D. 8. Polymer Applications for Biotechnology;
Soane, D. 8., Ed.; Simon & Schuster: Englewood Cliffs,

25 NJ, 1992 or Hydrogels in Medicine and Pharmacy, Vol. I-
IIX; Peppas, N.A. Ed.; CRC Press: Boca Raton, FL, 1987).
Binding domains can be attached to matrices by covalent
and non-covalent linkages. (Many reviews and bocks on
this subject have been written; some examples are Tampion

30 J. and Tampion M.D. Immobilized Cells: Principles and
Applications Cambridge University Press: NY, 1987;
Solid Phase Biochemistry: Analytical and Synthetic

- Aspects Scouten, W.H. Ed., John Wiley and Sons: NY,
1983; Methods in Enzymology, Immobilized Enzymes and

35 cells, Pt. B Mosbach, K. Ed., Elsevier Applied Science:
London, 1988; Methods in Enzymology, Immobilized Enzymes
and Cells, Pt. C Mosbach, K. Ed., Elsevier Applied



t hey bind, include but are not limted to al kane thiols (which bind gold
and other netals), alkyltrichlorosilane 20 (e.g., which bind
silicone/silicone dioxide), alkane carboxylic acids (e.g., which bind

al um num oxi des) as well as conbinations thereof. The nonol ayer may be
formed first afglodrasyg | i Nking chemi stry used to attach bi ndi periRaeH6d S-
Derivatization after self-assenbly 25 produces a nore perfect

t wo- di nensi onal crystalline packing of the nonol ayer on a support surface
with fewer pin holes or defects. The nnnolay%ﬁ can be derivatized with the

bi ndi ng reagents ls%fiaheew Béiddn S Alola73S iBEhbYs ﬁ?%gilﬁg.o%égﬂs in the
nonol ayer may be q%m?% d 30 “can 'be g t al ned |zat| n prior
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sterically |arge, Hgﬁrﬁ?&lﬁrﬁ@t&ﬂd&nﬁsﬁnaaﬁﬁiﬂlﬁﬁf XPeafch£nd,
but with regul gs at _th |ﬂ;£§ gurfgce i's | seful for allomﬁng
charge to ro oggﬁ Fﬁ%s%m?% ached 0 #fF gapobymer of
PCT/ US96/ 03190 25PPdUepenlnmid§|an§.Ubandyloylﬁucqxnﬂmiﬂe bynteeatment he
sanpl e sol uti on. mehpaeeaméw{l&f t'h&CBFB{:Siﬁ o %i%an Sq ms'n'ih he
art. Qther procedyr %g %ﬁélﬂklon |ncon$%-te nono {

i ncl ude but are né ? Pnﬁt?ﬁﬁpﬁﬁ AR B, 8 FF%Ph % e
sol utions of b|ndtﬁgppéxgerizatinn1nm’ganatnon.of1ntunaﬂaubbdimentprn1ng

reaction bef orm thehgoaomi:tﬁ W%nﬂtﬁécﬂ@& Q:&Qiﬂﬂr%hﬁﬂﬁﬁ@hfﬂ@fﬁré%st h
reagents n one

radi ation (e.qg. artlcl chem. cs
embodi ment, repea d s ’\%S% o&tf F8“P£H?| jﬁﬁ carng RIS ge
of | may then be crosslinked (for example using chemistries

which include amide bonds, disulfides, nucleophilic
attack on epoxides, etc.) (see for example: Pollack et.
15 al., 1980, J. Am. Chem. Soc. 102(20) :6324-36). Binding
domains may be attached to monomeric species which are
then incorporated into a polymer chain during
polymerization (see Adalsteinsson, 0., 1979, J. Mol.
Catal. 6(3): 199-225). In yet another embodiment, _
20 binding domains may be incorporated into gels by trapping
of the binding domains in pores during
polymerization/gelation or by permeation of the binding
domains into the porous matrix and/or film.
Additionally, binding domains may be adsorbed onto the
25 surface of porous matrices (e.g., polymer gels and films)
by nonspecific adsorption caused for example by'
hydrophobic and/or ionic interactions. Biotin may be
advantageously used as a linking or binding agent.
Avidin, streptavidin or other biotin binding agents may
30 be incorporated into binding domains.
EMKMS can be generated on porous materials
(e.g., gels) with varying pore size and solvent content.
For example, polyacrylamide gels varying in pore size can
be made by varying the concentration of acrylamide and
35 the degree of crosslinking.
On such PMAMS with pore sizes smaller than the
analyte, binding reactions will occur substantially on




defective nonol ayers (Wl bur et al., 1995, Langnmuir, 11:825) PMAMS can be
generated on the surface of 15 matrices. Matrices may be highly conducti ng,
e.g., nmetal electrodes or conducting polyner films; or matrices may be
insulators; or matrices sem -conducting and/ or of medi um conductivity. The
matri x nmat eri MO 9%62§53®e an i oni ¢ conductor or a porous nater perUSSBW3I®OpOr ou
materials 20 nmay be utilized as support material and/or a conductive :
material and/or a filter material and/or a ghannelling material (e.g.,

al l owi ng passage of fluids, ionic species etc.). The porous nmaterial nmay be

conbi ned Wi th 25thaddurfacel oIy igalls. IROEhEXWHYE, £E0EBREIdE arid ert Ures
may be fabricated: i i h additional porous materials,
conductive mater %égtgtgggﬁ]b%%%gqr@é%%éﬁ %?g,c%g’ﬁnggﬁangost ructures
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matri x may be gus g, s DOro ef u op_a net al
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conducti ng nat er FAP43 BEFRR¥B(RrK-in§hRELecEines & nesyds) nand gravf 35

sem conducti ng ageénegatecihaedside enkstiPiey Oln D ishokitesi 8oné Qraxiva.may be

cont ai ned on one conti nuo .he ous_nat.eri al d/ or, may be
ocat ed on a WO 96/285§§n§hﬁﬁmp§1kn pggé &Pzl larger %ﬁan thd

PCT/ US96/ 03190 2&0n8iLyEey i Pinding ireactiengprantecanr omethgppertaceids wit h
one or nore Hindwedldaseinsthd IKOLRUEhERGEL] al1 &nds. cd8k) SiT#ARS MY be
flat, hem spheri ]g:%h Be hakE LAY 1888k8bnSFedld CAN 3 §08RG SN/ or may

have a variety o
increase the kinetics of binding and remove unbound

species from the surface.
PMAMS formed on gels can be stored wet and/or

15 they may be stored in a dried state and reconstituted

during the assay. The reagents necessary for ECL assays

can be incorporated in the gel before storage (by

permeation into the gel or by incorporation during

formation of the gel) and/or they can be added during the
20 assay.

Patterned binding domains of a PMAMS can be
generated by application of drops or microdrops
containing each binding domain in the matrix in a liquid
form to a substrate. Solidification and/or gelling of

25 the liguid can then be caused by a variety of well known
technigues (polymerization, crosslinking, cooling below
the gelling transition, heat). Agents that cause
solidification or gelation may be included in the drops,
so that at some time after dispensing, the drops solidify

30 and/or gel. A subsequent treatment (e.g., exposure to
light, radiation and/or redox potential) may be used to
cause solidification and/or gelation. In other

. . embodiments such drops or microdrops may be slurries,
pre-polymeric mixtures, particulate groups, and/or

. 35 substantially solid drops. Additionally vapor phase
deposition may be utilized.



5 physical properties (e.g., elastoneric, rigid, low density, high density,
gradient of densities, dry, wet etc.) and/or optical properties (e.g.,
transparent, translucent, opaque, reflective, refractive etc.) and or
el ectrical properties (e.g. conductive, sem conductive, 10 insulating,

vari ably condygbdnéssg for exanple wet vs. dry etc.). A pattepgrosospsmanel s
may be formed in the matrix. The porous material |ayers may be from5

m crons to 2000 m crons thick. The porous nmaterial |ayers may 15 al so be
thicker than 2 nm The pores may extend paﬁyﬁally and/or fully through the
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another cross section may be cut to create a PMAMS
surface with even greater density of binding domains.

Alternatively, lines of a matrix containing a given
binding element are laid down adjacent to one another

15 and/or stacked. Such structures may also be cut in
cross-section and utilized as a PMAMS surface.

' Patterning can also be achieved by taking
advantage of the ability of some matrices to achieve
separation. For example, a mixture of nucleic acid

20 probes could be separated by electrophoresis in a

polyacrylamide slab genetating a surface presenting a
plurality of distinct binding domains.

Microfluidics guides may also be used to

prepare the PMAMS binding domains on a support. a

25 partial list of microfluidic guides includes hollow
capillaries, capillaries made of and/or filled with a
matrix (e.g., a porous or solvent swollen medium), solid
supports which can support a thin film or drop of liquid.
The capillary may be solid and reagents flow along the

30 outside surface of the capillary, a reagent fluid
reservoir may be exposed to a porous matrix tip which is
brought into contact with a PMAMS surface. For example,
the reagent reservoir may be continuously or periodically
refilled so that a given porous matrix tip may

35 reproducibly deposit reagents (e.g., alkane thiols to
form monolayers and/or binding reagents etc.) a plurality
of times. additionally, varyihg the porosity of the tip
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porosity of the material nmay be such that one or nore nol ecules, |iquids,
sol ids, emul sions, suspensions, gases, gels and/or dispersions can diffuse
into, within and/or through the material. The porosity 5 of the material is

such that bi.ojyg@ksas Medi a can diffuse (actively or passivepghushsn®go f or ced
by sonme neans into, within and/or through the nmaterial. Exanples of

bi ol ogi cal nedia include but are not limted to whole blood, fractionated
bl ood, plasma, serum urine, 10 solutions % proteins, antibodies or

fragments ther eotanCebl§ :.f%ltloutzégtpgitf&lg%%t EILYSES il Giifaddt! ds,

anti gens, Ilpopro |ns Hggsacc copr of el ns,
car bohydr at es, nislentiga phé??&&ﬂﬂ?ﬁﬁgfg s BRvtRe PERSERS: dfs
mat erial may hava pnaralslby obrcapidyaersesfant foremultipdeodisyimatch t hat

bi ol ogi cal nedi ayTRK;RG Sé%%ﬂéj %QEPPESQRE &y aay%"l%enbaagfﬂaj&gr Ougyy ot her

| ayers. The parous e ,to sup curr t he

f1 ow of ionic %p&@PgEEthe% ang ﬁ?@?‘g?ﬁ igEo rfé‘?ﬁ’*'rﬁct BRe BMANR erial is a
porous wat er - swol(esg. gepattetnenusmM)esﬁﬁfyesrgdexnaiecertagnrregionswatby of

th I ' | S
o o2 o o7 gASS 86ty olsiE aSssieRiRg et

Engl ewood C i f f s Pi3gingdon: 'orDH?JFS@EFsb+¢ﬁ¥ﬂﬁﬂnﬁﬁﬂén§ﬁd 8 nacy, Vo
- I'll; Peppas, Iprbseﬁd in@@ﬁ‘ﬁu&nthﬁerﬁblﬁdld:Ig,ulﬂa8ite de hikexpdionai ns

can be attachgs \BnEBEERRESy i e P e B B8 NP 801 ok B @ ggrar VY

reviews and books on t e een me exanpl es are
Tanpi on 30 J. an@YZAFRonSMID ehGmSs Aesirede| |Micnaflyddieegu] can

Appl i cations Canalsdgbelase®riss tinkPacwicrbdtamd8vithSel ddsPhedemolecule

Bi ochem stry: ,A”%@.‘LBEC% 8BEh EH k6 ERRCE Spot ¥ thtacd! H p6-» JONN

Wl ey and Sons: ,
. : example, individual microfluidic guides can be used to

15 apply different binding reagents linked to a moiety that
promotes adsorption to the surface of the support (e.qg.,
a free thiol on a hydrocarbon linker, which promotes
adsorption to gold), to form a PMAMS. Thus, for example,
a microstamp inked via the use of microfluidic guides

20 with antibodies of different specificities that have
incorporated a linker with a free thiol, can be used to
apply such antibodies in desired areas on a gold surface
to form discrete binding domains of a PMAMS.

Another approach to patterned fluid delivery

25 involves the use of microprinting devices which deliver
microarops of fluid by ejection of the drop through a
small orifice (e.g., an Ink-Jet printer). The ejection
drops in these devices may be caused by different
mechanisms including heating, electrostatic charge,

30 and/or pressure from a piezo device. Patterning of more
than one ligquid can be achieved through the use of
multiple orifices and/or one orifice and appropriate
valving.

In one method for preparation of a PMAMS,

35 microfluidic guides are used to deliver (preferably
concurrently) directly onto discrete regions on a .
surface, drops containing the desired binding reagents,



- 1983; Methods in Enzynol ogy, Imobilized Enzynes and 35 Cells, Pt. B
Mosbach, K. Ed., Elsevier Applied Science: London, 1988; Methods in

Enzynol ogy, | nmobilized Enzynmes and Cells, Pt. C Msbach, K Ed., Elsevier
Appl i ed WD 96/ 28538

PCT/ US96/ 0319%oa3nsag ence: London, 1987; Methods in Enzynol sbdidspdel | 1 zed
Enzymes and Cells, Pt. C Mdsbach, K Ed.,- Elsevier Applied |ence London
1987; see al so Fydrogels in Medicine and Pharnacy, supra). For exanple, 5
a protein can be attached to a cross |inked Eopolyrrer of pol yacryl am de and

\-acryl oyl succi ni¢8 deutl aiegeEB b1y AckRHEL Okl ¥iHAROkEhBentl®

bi ndi ng donai ns 1] al s e |n£ afedlln orous matrix<in rior
to pol ymerization or G& ?ﬁ ﬁ%ﬂﬁ&ﬁpggg} IHGRR THE, °HBﬁaFn§gW£y be
attached to uncr @&ih ﬁké’bepépylreglsmuy arsithe suvfacetto ohichuili dg

chem stries. The sppniea.s ﬂ.‘ﬁhﬁbﬁﬂef’&rﬁi@%&b&xﬂkﬁﬂn&i |t§ Y3 fRe

chem stries cl ude an1de ul f S, ucleo c att ck on

epoxi des, \(/:M’% ?ﬁo} % g?ﬁﬁﬁ? Slr]é'cl? i’g ri’°“.’f§5’8 o Fhrepfpr

Soc. 102(20) 6324ﬂ%ﬂ9-' Brnsﬂngndthsusurﬁagp)be attached to nonomeric speC|es

whi ch are then |ncorporateﬂltaﬁﬂh@a¢5194 ;§§ Qgﬁéﬂ@&kaygEghffLéQn (see
% r &t BY

Adal st ei nsson, % L et anot her
enbodi nent, 20 b| Niiel ad'ndgﬁﬁpﬁg ﬁa&%te qan (:fé\i§ 5)ia Fiﬁp’b?’ﬁg of
t he bi ndi ng donmil®s & $odddespdlymer) qlay gedi.z aThe nfoekattiionn ofr the

per meat i on of 16 handtirig mydaaabysewﬁ&aeﬁnpeﬁ:oaaw@ﬁfl X ﬁn%gr bkl b?n
Addi tionally, bi LS rbed onto the 25 s ce 0 orous
matrices (e.g., %%&%@t§°ﬂnﬁ¥fq‘9m&&? FBRSHER: £ i Xt zi'l?é’og’ﬁt ¥nCEY
for exanple by 1linking of preformed polymers. It may be by modulating
temperature (e.g., cooling and/or heating). It may be by
other methods. For example, a polymeric species may be
15 cooled through a cooling transition or by addition of a
reagent that causes gelling. The formation of the solid
matrix may be induced by generation of reactive species
at an electrode (including the substrate), by light (or
other radiation) by addition of reagents that induce
20 solidification or gelling, by cooling or heating.
Additionally, the surface may contain catalysts capable
of initiating matrix formation (e.g. gelling or
polymerization).
In a preferred technique, patterned
25 hydrophilic/hydrophobic regions to prevent spreading of
applied fluids or gels can be used. Such a fluid or gel-
may contain binding reagents to be linked to a surface
on a support to form a binding domain of the PMAMS. In
this case, use of such a hydrophilic/hydrophobic border
30 aids in confining the produced binding domain to a
discrete area. Alternatively, the fluid contains reagents
which can form a matrix on the surface and binding
reagents are contained within a defined region when
deposited on a surface. For example,
35 hydrophilic/hydrophobic border aids may be utilized to
confine the drop to a defined region. Additionally,
either the hydrophilic or hydrophobic areas may present



hydr ophobi ¢ and/or ionic interactions. Biotin nmay be advantageously used as
a linking or binding agent. Avidin, streptavidin or other biotin binding
agents may 30 be incorporated into binding domains. PVMAMS can be generated
on porous materials {(e.g., gels) with varying pore size and sol vent

content. For wyagpsssy pol yacryl am de gels varying in pore spegu®atsibe nade
by varying the concentration of acrylam de and 35 the degree of
crosslinking. On such PVAMS with pore size% smal | er than the anal yte,

bi nding reactions will occur substantially WD 96/ 28538

Gl ectrophoresi s Choubs e 1de bail vey ?"Bgsts&a“‘éd“‘? i °°§’%i%’%ﬁ‘* oo the
surface of the g&™ aﬁg éke? )kFﬂE?léh? gﬁlx'lﬁ eUing (ke Ryt o) of

the 5 binding reaoreontakbletasthdsiont o€sthe matuwint Agethe Fnbstrate assays
(Fofier [T por Cishie BB e erepARENT el oty uspangoy go 1 @
bi nding reacti on?n?,z{ﬁeBc %A?%’ “tehet ?%{'&%‘ia%r ﬂ?]\?\gﬁ’ﬁ g |ﬂpﬂ‘£°‘§ul‘lysk of the
gel. In this cas&hef shwpleicontedming thedanalite of doteuphd cand tWwn be
used to increasegafiglki Dgtags da Rondi Qeﬁﬁedm unkgugfe Jdom
the surface. PMAMS med_on, gel s, can stpre % /or %:?§¥
stored in a dri e&ngngﬁ‘g'aﬁ?:'r%&ﬂ?ﬁ Bf’gﬁlﬂ’cﬁq(rjf@' §‘5y5° ?‘réi
necessary for ECbeauseg@steadepnsitheospdntien ¢ntqtﬂiaggbtbeaneesstorage (by
perneation i ngg U&aaqghg%dy@yogmqroo%ﬁ\&mg AW idithded B9t h§8rophdpie gel )
and/or they can g% iggg. {éégkatlvely, hydrophobic binding domains
surrounded by hydrophilic regions can be used with a
hydrophobic f£luid containing binding reagents or
analyte(s)). Hydrophobic and hydrophilic are relative
15 terms, with respect to each other and/or with respect to
the sample to be applied, i.e., such that the spread or
wetting of a fluid or gel sample applied to the binding
domains is controlled. Further, controlled solution
deposition from the microfluidics array may be
20 accomplished using physical surface features (e.g., wells
or channels on the:.surface). A microfluidics guide can
be included in a cassette, or more preferably, used to
apply specific reagents to a support prior to use.
More than one linking chemistry may be applied
25 to the same support surface and/or a surface with both
hydrophilic and hydrophobic binding domains can be
created using multiple stamps. For example, an area
where a hydrophilic binding domain is desired at position
1 and a hydrophobic binding domain is desired at
30 position 2 can be prepared as follows. A first
hydrophilic stamp is made which has a disk at position 1
and a larger ring at position 2. A second hydrophobic
stamp is made with a disk at position 2 which fits inside
the ring monolayer left by stamp 1. Finally, the surface
35 is washed with a hydrophobic solution of monolayer
components.,




20 assay. Patterned binding domains of a PMAMS can be generated by
application of drops or mcrodrops containing each binding donmain in the
matrix in a liquid formto a substrate. Solidification and/or gelling of 25
the liquid can then be caused by a variety of well known techni ques

(pol ymeri zat i%%ﬁisQfS' I nki ng, cooling below the gelling tr pgpigkéepRiooheat ).
Agents that cause solidification or gelation may be included in the drops,

so that at sone tinme after dispensing, the d ops solidify 30 and/or gel. A
subsequent treatnent (e.g., exposure to I|g radi ati on and/ or redox

potential) may be used to QﬁUﬁ@r@f&dﬂf‘ i gabmSafgilggnéﬁlt@hl 8¢ midret her
enmbodi nents such dr

s may _ be slurri poI neric
m xtures, particUfft c&r Bﬁbggiﬁ%ﬂ/'ﬁ‘re 35 SERPBERR i o "ﬁ%/ “E"d\o 8yﬁ¥
Addi t i onal | y vapa@ppllisde ideponposerh oy isarfiacetkinding gnoups/ 38538 for
PCT/ US96/ 03190 30, I?ﬁhtdeusm.ggcgana a&mlb P &Y€ed %y g]g{dﬁenqeagl ayered

structure of matrjces each con nor e nai n

n S.. For
exanpl e, agarcde {THaled! (%e/a%%%ameéﬁsﬁﬁém%apwraﬁrgﬁp dgnﬂiﬁﬂd be
poured into 5 a cgpﬁeﬁamablgndau&lentiythbu@ab by aobinking Sriompqlient "Ayers

contai ni ng ot her @g}{lﬁéodleei %ﬁi&e@%ﬁabﬁaﬂﬂe&'mmw% @Ryl §Ends I St

| ayer and all owed tQ Cross secti er ed struct%re gi ves
a conti nuous surf%ﬁi¥%¥@€é?

PRAGS SFEAGRTR MLFnoRn RER} AR16) SRR EPRELOE ol ne.
Such cross secti dnindieng partherkes" andhenai:Bell inkages mactheocovaleht exit to

Z{fate ? PNPNﬁbFLﬁéﬁﬂE§§M1EBt$¥ﬁ& gﬁﬁ%“fi g@sbh¥m9£tf&égﬁﬁﬂbd%9@3iEﬁe
eratively. 1127 that’ can be used are disciofed by, e.g., Bard et al.

(U.S. Patent Nos. 5,221,605 and 5,310,687). “B" is
further linked to a binding reagent such as an antibedy,
antigen, nucleic acid, pharmaceutical or other suitable

15 substance for forming a binding domain that can bind to
one or more analytes of interest in a sample to be
tested. B may also be linked to an ECL TAG or label.

- Linking group B may be delivered to the SAM by means of a
capillary or microfluidics guide array (Figs. 5A-5C) able

20 to place a plurality of "B" reagents with different
binding surface specificities on the monolayer "A"
linkage. A and B can also be linked before or prior to
being attached to the monolayer. As discussed, in Fig.
52, shape independent binding domains are represented,

25 simply for illustration purposes as geometric shapes 602
to indicate that different binding specificities may be
present on a single support 600. Fig. 5B provides a top
view of a microfluidic guide (e.g., capillary) array 606.
The dots 610 are the guides in cross section. Fig. 5C

30 provides a side view of a microfluidic guide array 608.
The lines emerging from the top and bottom are individual
microfluidic guides 610. The geometric shapes 612 on the
lower aspect represent specific binding domains formed
upon delivery of binding reagent from each individual

35 capillary.

By way of example, after the first stamping
discussed supra, the bare surface (e.g., gold) regions



bi ndi ng el enent are | aid down adj acent to one another 15 and/or stacked.
Such structures may also be cut in cross-section and utilized as a PMAMS
surface. Patterning can al so be achi eved by taking advantage of the ability
of sonme matrices to achi eve separation. For exanple, a mxture of nucleic

acid 20 probegoogtissk be separated by el ectrophoresis in a pptpessspinme de
sl ab generating a surface presenting a plurality of distinct binding

domai ns. M crofluidics guides nmay al so be qﬁfd to prepare the PMAMS bi ndi ng
dormai ns on a support. A 25 partial list of crof luidi c guides includes

hol I ow capi | | alri ﬁﬁ%r sap%..llaé@&éaegv_ﬁads e&l:algai/ﬁkéd% lcﬁgzwi Jrv]ﬂi'iéh Rds hot(:e- g.,
a porous or solvent s en iym,, solid.suppor i ch_gan support a
thin filmor dr og’agf ki 1%&” Pa??drg °5et§8l Pﬂp‘éﬁﬁt‘? eagents flow
al ong the 30 out dydeophebicity/hydirepbapicity \of thecLdrat monelhyedser voir

may be exposed t @pavRQ' Ofi ¢HRld Wayl,i BpbBiflc | HidKiNORbnh A &AWt act with a
PMAMVS surface.. For exagple, t he reagent reservoir “may be continuously or
periodi cal |y rPef PFPBATEY PhA S¥TEAFEN porous matrix tip may 35 reproduci bly
deposit reagents (e.g., alkdrimdimgokreagent otatno=sispeedl€ianoy ofoxbion® ng

reagents etc.) aaahugeéi&f Mt drdiRS maUlbl hO8R ok S4RhYbIRalAG diMads Ly Of
the tip WO 96/ 285

PCT/ US96/ 03190 3frc§ng6’éd%‘?‘¥ TSN, MEY PR PSR ST SPREHEISRIHE R RAce.
Different or idefo malttiphelianplwiegeotfs inbgréstpresent in a plurality of

G ven capill ary, The 5 capiT Ly SHRkna VRE R EOT & B e B

?e.g., pgtterngdtghﬁfagﬁ?gd@§ﬁ§%ﬁﬁh ‘m€§rg§?HaF%ﬁﬁ (§rg-- gﬁn&kng
reagents, ECL labels, SAMs) having different linking
chemistries and/or binding moieties as shown by Fig. 53
above.

15 The binding reagents that are patterned can be
stable and/or robust chemical groups (e.g., that survive
the conditions to which they are subjected) which are
later linked to less stable or robust binding groups.
Multiple binding linkages may be utilized so as to

20 optimize the conditions of each step in the preparation
of a PMAMS surface and/or simplify the manufacturing of
PMAMS surfaces. For example, a first PMAMS surface may
be fabricated in a generic fashion and then modified to
create different PMAMS surfaces. In another example, a

25 generic PMAMS surface may be reacted with a solution
mixture of binding reagents which themselves contain
binding domains which direct them to particular regions
(e.g., binding domains) on the PMAMS surface. For
example, a pattern of binding domains each presenting a

30 different oligo(nucleotide) sequence is linked to the
surface. This surface is then treated with a solution
containing a mixture of secondary binding reagents, each
linked to a oligo (nucleotide) sequence complementary to
a sequence on the surface. In this way, patterning of

35 these secondary binding elements can -be achieved.
Preferably, the oligo (nucleotide) sequences are 6-30mers
of DNA. Certain sets of 6-30mer sequences may contain



exposed to-the binding reagents so as to create discrete binding donains.
Di fferent binding reagents, each present in a different microfluidic guide
are delivered 10 concurrently fromthe fluidic guide array onto a netal
surface, SAM etc, as desired. Mcrofluidic guides can also be used to ink

a mcrostanp wolkedsglesi red nol ecule prior to application tecrisssosspor t
surface. For exanple, individual mcrofluidic guides can be used to 15

apply different binding reagents linked to genniety t hat pronotes
adsorption to the surface of the support (e g., a free thiol on a

%droc?r bon Ii nregubéﬁ%hﬁhamgfr@ilﬁﬁfﬁﬂ%@bﬁbt‘xEE é&nﬂf&fx\f@r@ta&ﬁ]}: 0_531_ anmg/s -
Thus, for exanp a_m crostanp ,in via_the yse_of mcrafluidic guides
with antibodies 0 edFPPé’P%h?‘aé%&%’f‘f’tﬂgt F@ngﬂﬁf‘]s R }}YI?E&%EPS%EH %P?i nker
with a free thiolsimidarbwithén a @isyl petushdadistrrtialdyl Aiggerent £ras on
a gold surface taddy Bofhbieheh€ary rg&g&n_@egal N$n OdndeHd\¥pnodinéhe] the

approach to patterned fluid.deliver 5. involves the use of mcroprinting
devi ces whi ch HelTRERIH rgaPﬁﬁES(ﬁfgﬂﬁﬁﬁﬁ B§eeP53Y?{h§(ﬁ}°Fh§x8PBS2through a
smal | orifice (e.aptibmdiesk.Jet printer). The ejection drops in these

devices may be caused by dibtregdadRaIPRSER LARIME RibtiQRG BY: spread

| ezo, devi ce.., Pat I ng of

mor e than one || A FRRIIBcraRReRtA PR IFBRIA PRch SEEACSaR FBPEEEPY cos
and/ or one orifi cin #ettidopr 5pis atnfxa Wangalkn becusad Hod ther preparation
of a PNMAMS, 39pMGréfidrditdon 8fi kM Qundyes UH H8hbYElagpiitatishly -
concurrently) directl. ntg g£§g{3@§ r egi_ons % ea surface, drops con;alnlng
the desired bi ndll%plr]é?g?ﬁ §t G EEER
PCT/ US96/ 03190 electrode/counterelectrode pair) may be used to further
control the deposition and/or spreading of reagents
and/or samples (see, e.g., Abbott et al., 1994, Langmuir

15 10(5):1493-1497). '

The PMAMS binding reagents may be located on
materials that contain carbon. They may also be located
on individual carbon fibrils or the PMAMS binding
reagents may be located on aggregates of one or more

20 £ibrils. In many embodiments, the PMAMS binding reagents
may be located on suspensions of one or more fibrils,
dispersions of fibrils, mixtures of fibrils with other
materials (described by way of example above) as well as
combinations thereof. -

25 - The PMAMS binding reagents may be located on a
plurality of individual fibrils and/or aggregates of
fibrils localized on or in or in proximity to a support.
In one example, the binding reagents are localized on
dispersed individual fibrils or fibril aggregates. These

30 fibrils or aggregates of fibrils may be localized
spatially into distinct domains on a support,and may
constitute binding domains as defined in this
application.

'In another example, individual such binding

35 domains or a plurality of such binding domains are
located in spatially distinct regions of the support. By
way of a non-limiting example, individual such binding

-



32 to formdiscrete binding domai ns. The bi nding reagents may contain a
functional chem cal group that forns a bond with a chem cal group on the
surface to which it is applied. In another vari.ation, binding reagents in
the 5 drop are nonspecifically adsorbed or bound to the surface (e.qg.,

dried on the woeézessg . Al ternatively, drop(s) deposited on BCHUSY% IS0
contain reagents that can forma matrix. This matrix may-be a solid,

pol ymer or a gel. The formation of the 10 r’ga_;rix may be by evaporation of .
solvent. It may be by polynerization of *nononeric species. It may be by

cross- |i n:<! ng Oﬁolﬁuhiﬁﬁm?dctﬂpiéh:ﬁb%s be BRa Qibnﬁ@.ﬂﬁ' g&frgetﬁa%&realt ure
boi ymer o speci e APBS Lo, mkes AAAAGE Bofa im, dhe, SHEPRTEN dFiby
addi tion of a re&§éAl enethenexsmpiel| indivigeaX drimdingndovaing apia d :
TThel sy oo Salsrabyycopsisln sky seclicmenss st ot ple o0
Elegge?lt-s 19 hatesl n%ﬁ‘%’ 25%%??%??? 'géﬁa%%iSF ’ g%?r‘:l'?hge,tcdy%g%ﬁl %’ﬁ@dﬂ?c%ﬁ g.
Addi tional |y, th®nstheaguerfiage cafhttdien suppatyst sIn gethlanother néxanplieag
Lochn que., pat { ormy "3SHRL (iaiiy MindIRG RaY S localidel BathET
spr ead?ng’ 01I‘D applﬁ‘%’&"F?uPésao oating gi'ﬂlﬁg PRY P #&%ﬁ“ﬁgb? %?r}baeﬁ may
contai n bi ndi ng dd&ferenttbibding riffdnitiassfor atiffimreatshppdingto form a
bi ndi ng donaizp OfrdagenbiPbiva/dP BiHdBigPsRaglRe/ PibSUC knBenbles.,
hydrophi | i ¢/ hydr ophobi ¢ boﬁgﬁ% 30£| ds | nacon I nj n% t hﬁ-PEr ﬁdHced bi ndl ng
domain to a discrete area. D9 Aonpdng arfdesiraPlyoesrRed 28 dnt's whi ch
can form a matri Plowalisysaf f budivithali €dbrils caybiths agoregabesi ofd within
a defined region pahen 1deRag! bE hilpated! bhaGCeufPr€ iy Mene of one or
more microfluidic guides (e.g., a capillary). Different
15 or identical binding reagents may be present in or on a
pPlurality of microfluidic guides and/or multiple distinct
binding agents may be present in or on a given
microfluidic guide. The capillaries may be brought into
contact with the support (spotting) and/or may deliver
20 the reagents while either the microfluidic guide and/or
the surface is being scanned or translated relative to
the other (i.e., a penlike method of writing). The
nicrofluidic guide may deliver the binding reagents
located on the fibrils to the support so that certain
25 regions of the support are exposed to the fibril-binding
reagent complex(es) so as to create a discrete binding
domain(s). In a preferred aspect, different binding
reagents, each present in a different microfluidic guide
are delivered concurrently from the guide array onto the
30 support. In one example, binding reagents and/or the
fibrils on which they are localized are derivatized with
a chemical functional group that forms a bond (e.g.,
. covalent or non-covalent interaction) to the surface of
the support. In some embodiments, the binding reagents
35 and fibrils are non-specifically bound or adsorbed to the
surface. In yet another .aspect, the binding reagents
localized on the fibrils may be delivered to depressions,



35 hydrophilic/hydrophobic border aids may be utilized to confine the drop
to a defined region. Additionally, either the hydrophilic or hydrophobic
areas may present WO 96/ 28538 _ :

PCT/ US96/ 03190 33 groups which can be incorporated (e.g., covalently or

non-covalentlﬁnﬁmmﬁgﬁ into the matrix, allowng for a nore gicelssodtoesi on
of the matrix to the substrate (ltaya and Bard, 1978, Anal. Chem

50(11):1487-1489). In 5 another technique, the fluid or gel that is applied
Is the sanple containing the anal yte of intdfest, and the sanple is applied

hydropni 11 ¢ sol uth s eIee, H{’féér{’%ﬂ%???ggi?ﬂ“@@‘ﬁ’%ﬁm S e
areas, 10 creati r’?d“?qr'i’(ff FrETP edoﬂh‘? réWFoEﬁB@ﬁ ntg m%ﬁﬁéfsﬁa g idns.
Alternatlvely, hysinfisicebitbabi hdi coptahaiith aumabenﬂeﬂ'thaﬂnb@sophlI|c

regions can be u h ifrgul n nts or
anal yte(s)). d}g&r?gibl C gﬁd“ﬁ?ﬁfﬁ%’ﬁ c#ggfgf:'ig#?l %F%Q@%Si&f?ﬂ&

respect to each df nh§4 PEr b Feaganty/SipKdl sanspmbies FELEPI i ed,
i .e., such that tdmestmscddmainsedf itie afeatjehitsi that aré Xooallimedpplied to

t he bi ndi ng do”a'éb}lﬁisal Lha! hf%lf%f;ﬁ?romc%%%?' L%%? l#hé ?écd' posi tion

fromthe mcrofl CS a ﬁé K acconpl 1 shed usj al surface
features (e.g., wells or fnk Edkﬁﬁt?ﬂ?QQHtﬁaéE? 199%4¥§ IQH @P€s°Gui de
can be included imowre daslstitiaalofibriks wrefaggrehatessefl fibrils rhapearéi c

reagents to a augm;aﬁ od.0" 1hOSH3R-a N | NARAGAEEL L bt S L kriBY D

applied 25 to th me, support surface ardi sur

hydrophi lic and h{Rf JHHEHMS BrAgeRES drraliesdprpBagRetic FikGits o Hhpl e
stanps. For exarrpéuppam:.area

The support may contain several distinct
regions that are magnetic and are surrounded by regions

15 that are not magnetic. Binding reagents localized on
magnetic fibrils may be localized on magnetic regions of
the support. 1In one example, the support may contain one
or more distinct regions that are magnetic and are
surrounded by regions that are not magnetic, and the

20 strength of the magnetic field in the magnetic regions
can be modulated or switched. In this aspect, use of
such a modulated or switchable magnetic field aids in
affixing or releasing the binding reagents localized on

_ fibrils from the surface of the support and so may serve

25 to stir or mix said domains.

There are broadly from 2 to 10® binding domains
and preferably from 25 to 500 domains.

The binding domains may be located on the
working electrode and/or the counter electrode.

30 The different embodiments described herein for
different types of PMAMS, supports, and electrodes and
configurations thereof may also be practiced in
combination with each other. .

The PMAMS supports may be preserved (e.g.,

35 through protective surface coatings, drying the surface,
_robust packaging under vacuum or inert atmosphere,
refrigeration and related methods) for later use.



where a hydrophilic binding domain is desired at position 1 and a

hydr ophobi ¢ binding domain is desired at 30 position 2 can be prepared as
follows. A first hydrophilic stanmp is nmade which has a disk at position 1
and a larger ring at position 2. A second hydrophobic stanp is nmade with a
di sk at posi twosessai ch fits inside the ring nonol ayer | ef pcivypsostoarsp 1.
Finally, the surface 35 is washed with a hydrophobic solution of nonol ayer
conmponents. WO 96/ 28538

PCT/ US96/ 03190 34 In particular, a PVAMS is generated by. m cro- contact

printing, i.e., stanping. The n®ng| i s conposed of a
surface-bi nding group, e.g he? &'%gl omq_;lsagg tﬁetdlnpeln og‘ugryth an

al kane (e.g., 5 (CHerr])[err cer pref er Spacer group is
| i nked (pref er abl BFRARE% FO $8b HH?“F@MHhﬁnﬁknﬁgrQFQﬁﬂiﬁAthﬂﬂ' can be,
e.g., avidin, strepécifitialler bbh@tts £ m)st%heraﬁau;twl(albuhdo ngf£reagent

th | agl "B b
Soval ont or 10° roroan e pRbdLAs ALY WihiaCrere IRddiRg WORORRTTY V¢
that can be used e gplegtgdegopthate tthe h&@%éngtd@malEﬁJh§VeP§PGnﬂeﬁb§e
5, 221, 60:3_ gng 5, Bindih speBifisityl t fﬁrndihgkedatg_eneT btaidlutag sedagtad |SUC25
as an antibo r nac a of her e
subst ance foryf o#n%%%%%ﬂaughﬁgﬁ%fgn%ﬁneﬁm%P EH #ﬁ ?ﬂr &r?eti’e%r c%“ig

anal ytes of int er@&t 9% PAtakivelyeapable ofedspacifiicalln iadingkas to an
ECL TAG or | abel .aranie@fgintprEstny T dmhuyeeedftmﬁéﬁs%uabybeeans of a

capi | 1ary o mcr okl dbele $o04l ol "Bodd Idincr1bed Gn Wk st sLagP! acC 2

plurality of "B" reagents W Surtace pecificities on
the nonol ayer "A'infra, "ECL Assays That May Be COnducted. Thus, the

binding reagents include but are not limited to
receptors, ligands for receptors, antibodies or binding

15 portions thereof (e.g., Fab, (Fab)’,), proteins or
fragments thereof, nucleic acids, oligonucleotides,
glycoproteins, polysaccharides, antigens, epitopes, cells
and cellular components, subcellular particles,
carbohydrate moieties, enzymes, enzyme substrates,

20 lectins, protein A, protein ¢, organic compounds,
organometallic compounds, wviruses, prions, viroids,
lipids, fatty acids, lipopolysaccharides, peptides,
cellular metabolites, hormohes, pharmacological agents,
tranquilizers, barbiturates, alkaloids, steroids,

25 vitamins, amino acids, sugars, nonbiological polymers,
biotin, avidin, streptavidin, organic linking compounds
such as polymer resins, lipoproteins, cytokines,
lymphokines, hormones, synthetic polymers, organic and .
inorganic molecules, etc. Nucleic acids and

30 oligonucleotides can refer to DNA, RNA and/or
oligonucleotide analogues including but not limited to:
oligonucleotides containing modified bases or modified
sugars, oligonucleotides containing backbone chemistries
other than phosphodiester linkages (see, for example,

35 Nielsen, P.E. (1995) Annu Rev. Biophys. Biomcl. Street.
24 167-183), and/or oligonuclectides, that have been
synthesized or modified to present chemical groups that



|l i nkage. A and B can al so be |inked before or prior to being attached to

t he nonol ayer. As discussed, in Fig. 5A shape independent binding domains
are represented, 25 sinply for illustration purposes as geonetric shapes
602 to indicate that different binding specificities nay be present on a
singl e suppor tw@blhssssi 9- 5B provides a top view of a m crof | pdiGetiibd e
(e.g., capillary) array 606. The dots 610 are the guides in cross section.
Fig. 5C 30 provides a side view of a mcrofl|luidic guide array 608. The
lines energing fromthe top and bottom are i4fividual nicrofluidic guides

610. The geonetri ‘éaﬁ%&%s@&%&&&ﬂ?a‘é?%%ﬁ@céo r(%%%i?ﬂ{: épeﬁ!ﬁtic

bi ndi ng donai ns faqrne on_del.iver reagent. Trom eac

u
i ndi vi dual 35 caS°'R F?g) B5° Rhhe¥t Molsspies (Whexe Me-define a(BuGReiF
di scussed supra; w@akddberecoligdfmelentdde)gas Gontadining two\\6x Hérd 538

PCT/ US96/ 03190 35 pnieYele 5@9&_@&%@ rtaEldQ&eg&lpg%ﬂi%e ot haba ¥ clefpes not

have | i nking C?ﬁnhftré Aand is o e’ oppos
hydr ophobi ci t yPny ®P86 ?ricity of the first nonol ayer above. In this way,
specific |inking domai ns arthé RMMMSapedthe inventitee mag havdi &pIeagdty
that is specific of EPscPéfe e Abmi r %PQ. ed, f :

g Bmhgﬁé df't a 355% ch‘hg@ﬁhﬁds to

MUl 11 ple. anal yt os SePALAY Aded £t Rpar Sohtaing inding znashers et s, o
support surface ndfebticalirpeceanh othier andethaty dififeri dhsspecificityndi ng
reagents, ECL jabehem SAVEDidMIg Qa%%&@&e%nai}qu G1tHEH SERLS oAy
binding moieties a5 SROUN & prclids tav binding of i
’ g o ifferent analytes of
interest by different binding domains. By way of
example, such a PMAMS comprises a binding domain
containing antibody to thyroid stimulating hormone (TSH),
15 a binding domain containing an oligonucleotide that
hybridizes to hepatitis ¢ virus (HCV), a binding domain
containing an oligonucleotide that hybridizes to KIV, a
binding domain containing an antibody to an HIV protein
or glycoprotein, a binding domain that contains antibody
'20 to prostate specific antigen (Psa), and a binding domain
. that contains antibody to hepatitis B virus (HBV), or any
subset of the foregoing. .
A PMAMS may have a plurality of discrete
binding domains that comprises at least one binding
25 domain that contains within it binding reagents that
diffgr in binding specificity, so that a single binding
domain can bind multiple analytes of interest. By way of
example, such a PMAMS comprises a binding domain that
contains both antibody to a T cell antigen receptor and
30 antibody to a T cell surface antigen'such as CD4.

A PMAMS may have a plurality . of discrete
binding domains that comprises (i) at least one binding
domain that contains binding reagents that are identical
to each other and that differ in specificity from at

35 least one of the binding reagents contained within the
other binding domains; and (ii) at least one binding
domain that contains within it binding reagents that



15 The binding reagents that are patterned can be stabl e and/or
robust chem cal groups (e.g., that survive the conditions to which they are
subj ected) which are later linked to |l ess stable or robust binding groups.
Mul tiple bi ndivg(g | i nkages may be utilized so as to 20 optim ze the

condi tions of 24/28838cp in the preparation of a PVMAMS surf acecrusséesion
sinplify the manufacturing of PMAMS surfaces. For exanple, a first PMAMS
surface may be fabricated in a generic fashygn and then nodified to create
different PVAMS surfaces. |In another exanple, a 25 generic PMAMS surface
may be reacted witEexdnubilnding eped filciltiedi ngBy argeits esanphe] hemsel ves

contai n binding deMHsndanhal Shi€dad '@ bR BAALE CHhe bRl ¥
bi ndi ng domai ns) urface. For exa %e,%égéﬂ%g?’%ng?ﬁg?'%di ng
£y n d$ HE 3 i
domai ns each presenting a. ! RSB AL *pinghe d8entitE, i s |inked
to the surface. Thi% ss@ntabedyste e toeddt adtigéh recsptdr,oe.gontajngngy a
mxture of sechndzell lntdgefi FESEHY:S oxeqsh sl ‘1‘”?&91 té}fﬁ#rl?l Qgcggggi,)eot i de)
sequence conpl e %158y §e1_uencqe*‘_d n the surface, In R 70
patterning of 35 these 56CON a%"‘%i iiﬁ'@sa enenbinding lomadmi &ochind
Preferably, the Ailg&eddgcrepressing diienTecell carfe AfEtE recebtbNA. aer t ai n
sets of 6-30mer s@muarcasasByor® B@iding abf: 9§/€§§€>
PCT/ US96/ 03190 3 t] y_sim| arg se Sence co9":‘1“etr‘-?‘1g'r1;l aFV? so t hat
£RRAR! blaYy g B L
the approxi mate bindi Ng Constams A9 Hri GrFat i FFHRGYstRi Taredlthin a
gi ven set and*Qi AWri9eH yeaepter and fantibbdystootipd crohusanllenibhgnaess | n
anot her enbodi nentt, JeaetSone oG Mondii RI+E! %ﬁi't | or
exanpl e, anti bodieq&,)r M‘%ho s d cﬁrgl tied tQ ?:nhlﬁ I't ?/\?eﬁ ?ngwo#ﬁéﬁte%%
essing that cell antigen receptor (i.e., a
subpopulation of T lymphocytes). '
In another embodiment, at least one binding
15 domain contains binding reagents which are different
molecules but which have the same binding specificities
(e.g., binding reagents such as epidermal growth factor
and antibody to the epidermal growth factor receptor).
A plurality of binding reagents can be chosen
20 so that even though the binding reagents are different
and have different binding specificities, they recognize
the same analyte (in an alternative embodiment, different
analytes are recognized). For example, where the analyte
is an analyte that has numerous binding moieties (e.g., a
25 cell, which has different cell surface antigens),
different binding reagents that bind to different binding
moieties will recognize the sane analyte. As another
example, antibodies to different cell surface antigens on
a single cell will recognize the same cell. As yet
30 another example, antibodies to different epitopes of a
single antigen can be used as binding reagents to
| recognize the antigen.
. In still a further embodiment, only binding
reagent(s) that specifically bind a single analyte of
35 interest are present in one or more binding domains.
Alternatively, binding reagents that specifically bind
more than one analyte of interest are present in one or




of applied reagents or sanple on a surface as described in Section 5.13
infra, can also be used in the 10 preparation of PMAMS (and/or in sanple
application). Applied potential (e.g., fromthe. el ectrode/ counterel ectrode
pair) may be used to further control the deposition and/or spreadi ng of

reagents and/woogo¢khs €S (see, e.g., Abbott et al., 1994, Lapgimwsssoiive
10(5):1493-1497). The PMANMS bi ndi ng reagents nay be |ocated on naterials
- that contain carbon. They may al so be | ocatgd on individual carbon fibrils

or the PMAMS bi nding reagents may be | ocat & on aggregates of one or nore

20 fibrils. In naByecBDREiAE Homainke (EMNVE Didkigis regat $9é SamBdbdsyy)l.ocat ed
on suspensi ons oépone (0]

r.ore fibrils, dispersions of fibrils, mxtures of
fibrils with oth&P RePBF TR 8CEABBe P %ga/raags% ﬁpF%“a‘B%\}éieaais‘&‘\?e | as
conbi nati ons thebdnd.a2slass of analy¥he, RMAKG Witdi sdmidagents may be
|l ocated on a pl ugghrh¥t@fidtylg,i dual fibrils and/or aggregates of fibrils

| ocalized on Qr in or Iin proximty to,a support. |ILn qQne exanple, the
bi ndi ng reage%t s are | ocal 3L Raing, 9gpaine i?&ﬁ%iq?ugP"PFB?ﬁEe%ri‘}qi%Fi I
aggr egat es. Thes®@M3HS that |combiaingpiedihg sredgdnts ithatnaye bspéeitic foa

spatially into diShbBEted WREarA afadyPROkha AhtRECAREL L5eM Cadidifli NG
donmai ns as defi ns{d i n tin s, application” I n anot herd(?(;;grrpl e, Individual such
bi ndi ng 35 donai ARtEFNAL FtANHANA, (§-Fswch BIRAANG Anubich eap ke

spatial ly di sti ncontagtedswiith teheampipocont@inimy aotdefined- duamtityy of
exanpl e, indiyg dugl aakePed t6livificn thE BEhdBRP%eagents bind). Multiple
PCT/ US96/ 03190 3Linding domains containing binding reagents specific for
the same analyte(s) can also be incorporated into a PMAMS
s0 as to allow statistical averaging of analytical
results. The binding reagents may not only be specific
15 for the same analyte, but may be identical, thus
recognizing the same binding moiety on the analyte.
Thus, a plurality of binding domains (e.g., within a
range of 2 to 10®) can be prepared that specifically bind
to the same binding moiety, so that the ECL readings can
20 be statistically averaged to control for variation and
improve accuracy. The plurality of binding domains on a
PMAMS may be specific for a control analyte or an analyte
of interest, or both, on a single support.
As another example, one or more discrete
25 binding domains may be prepared with a known initial
concentration number of ECL labels. The built-in ECL
layer serves as a control to monitor, e.g., label
degradation and temperature effects.
A binding reagent may be used that is an enzyme
30 specific for a substrate (said substrate being the
analyte of interest), in which a product of the erizymatic
reaction upon the substrate is a reporter agent (an agent
that is detectable), e.g., a product that triggers an ECL
reaction, a fluorescent molecule, a substance that
35 changes color upon contact with appropriate enzyme (e.g.,
a chromogenic substrate for horseradish peroxidase), etc.
In an example of such an embodiment, the enzyme used as a



dormai ns or collections of binding donmains may be | ocated in depressions,
pits and/or holes in the support. In still another exanple, individual

bi ndi ng domains or a plurality of domains nay be |ocated in drops of water,
5 gels, elastoners, plastics, oils, etc. that are localized on the surface
of the supporwookmesyset anot her exanpl e, individual binding domesssmsismy be

| ocali zed on the support by a coating (which nay be patterned) that has
different binding affinities for different hinding 10 reagents and/ or

bi ndi ng reagent/fibril ensenbles. Binding mai ns are desirably | ocated on

roparad on o subahiagiredddt ib §1dc0ke WIRUUSARE (GOH), Mallh B
capi | ) ary). Diff&rehpedste o‘feq‘ieﬁ%‘nf’Fcﬁ?aﬁ?ﬁ%iﬁd‘%éﬁt 8 ﬁ%ﬂ;"e pi&%‘ﬁg in
or on a pluralit}abelnisreftudttidc withinsoamear twithiepbénding idamaim ndi ng
agents may be presabhining ey gbudi VRADH £& Ytdbulled By €Re ddiaRId | aries
may be brough% |&ho contact _with_the sugﬁgrtagspottlngé anQéor . _del i ver
20" the reagents WAPI EREVRR HPIHSLRCOFE | YARH Poifih £2RARLS O RPN ™ e i s
bei ng scanned or wiithnthetECL rlskslisy tot prohetetBRL (Maréin et pshii KO3t hod

of writing). Theaghg! Ofhithdi £oti2@e . q9¥) del i ver the Dbinding reagents
| ocated on the fibrils to the support ,so that certain 25 regions ,of the
support are exposed to thes?’?qjiﬂqp-dﬁ?“ﬁ&?ﬁgc?’é%@’émngcﬁqﬂfiéﬂ?eg?a%%‘% to

create a discret vhichdingrersmibackgroindabimdire r (@l easpbbat bind dreer

3. lndl ng (rjeagemi Sbiﬁta;ihgpﬁé t ;ir‘és_%é:@' BLeﬁﬁ&taatiaﬁ{arg |d§' ghﬁeﬂé%ttgeasl?lrwéll
el ivered concurrently {from ui aryay onto the support. In one
exanpl e, bi nding afeﬁﬁeﬂ{:éeﬁrﬁﬂ%rﬁtﬁeif‘i H‘FI%“FRF’%F@H‘ gﬁe92§$et? ocal i zed
are derivatized Jnchreasehsignal tioimotisenzhtiosupurimy ther detectioonl gix. g.

coms onbod ment s HRLrEneht’ 6F Wtdcitbohint MinSiladRe épﬁzﬁfggﬂéf fically
bound or adsor be®*@¥Pige Where the analyte of interest is a specific
15 cellular subpopulation (e.g., CD4' cells) and the sample
is a fluid sample (e.g., blood) that contains cells from
a patient, antibody to sialic acid can be used as a
binding reagent to increase background binding to
virtually all cells in the sample (since sialic acid is a
20 component of virtually all cell surface glycoproteins),
and an antibody to a cell surface antigen specific to the
cellular subpopulation (e.g., antibody to CD4) can then
be used as a binding reagent (in the same or different
binding domain as that containing the antibody to sialic
25 acid).
5.3. VYOLTAGE WAVEFORM
The voltage waveform (change in electrical
potential/time) impressed upon the plurality of electrode
and counterelectrode pairs of the ECL cell must be
30 sufficient to trigger an ECL reaction. This voltage
waveform usually is in the form of a uniform voltage
. sweep starting at a first voltage, moving steadily to a
< second voltage, moving back through the first voltage to
a third voltage and then back again to the first voltage.
35 For example, the waveform may start at a first voltage in
a range from -0.5 through 0.5 volts, up to a second -
voltage in a range from 1 through 2.5 volts and moving



surface. In yet another aspect, the binding reagents |ocalized on the
fibrils may be delivered to depressions, WD 96/ 28538

PCT/ US96/ 03190 38 pits and/or holes in the surface of the support. In

anot her exanpl e, the binding reagents are delivered to a surface that is
coated w th awgRksdsi@l that has a stronger or weaker bindi ngcgfkessioy for
certain binding 5 reagents or binding reagent/fibril ensenbles and so
creates domains of the reagents that are |ocalized spatially and distinctly
from ot her binding reagents The bindi ng reéﬁ%nts are |localized on one or

mor e i ndi vi dual baBki ter&lig @ikt 951£4dY Ids ol RRkiral Golbad@dRiiding | N
such a case, a mggnetic squprt H&g attract” the blndlgg reagent s localized
on magnetic f.b?&?gmtﬁ~?ﬁ% SUpY&ES - ThRS SR FXFURSRY ot §%Ré;%ﬂ

di stinct regi onswaWes, athe regtagec candbareodifiesifaron DyOrtgi bhed I® t hat
are not magnet| Co.B!.“d'bHB_\Fc?ﬁﬁg[ét t%:ﬁ'gaﬁéi-iuéeﬂaﬂh dbhte }gﬁéﬁ rHips,©

| ocal i zed on magnetic re&*ons sugﬁort. n .one exanp e support
A

may contain ore SteRofBRSFiqNS cANAdgroAEheR fungtdongyneThe ¥altage
surrounded by rewyavafothsimay dncorpoegbet periadw dfh&ife whennthd of t he

magnetic field i 8886l s "FS%elNS+C {gﬁgy t ed ' d. In
this aspect, usqu?egg h_a R%%LF??E& %F gﬁ?ﬁ%ﬁa ea%ﬁ ng?%c§¥?% d aids in
af fi xing or reIeE?Fﬁﬁtgﬂ%‘Eﬂh&ﬁhchéﬁﬁeﬁ%gdl%R%ﬁq%ﬁﬁj nOPELHP¥ | B%XE om t he
surface of the sweferencedeksctrmdesqr oe, 2hot refdrencer electredes dmpibes.

TG00 oy 20" YeRi SoA R AR, Hogihidy MU Gpy Shouabdy [om 25
Thus, the voltages used to induce ECL emissions from the
cassette of the present invention will be readily
selected for optimal ECL signal intensity and specificity
for the ECL label and assay medium.

15 In some applications, the voltage is preferably
varied as the light emitted from the binding domain is
measured. This is particularly important to determine
the threshold value of the electrical field necessary to
cause the binding domain to emit light. In this case,

20 the electrical potential applied at the 5ind1ng domain
starts at a value believed to be below the threshold
required to emit light, and a first measurement is made
of the light emitted. If no light is measured, or the
light is below a predetermined threshold, the electrical

25 potential applied across the electrode pair is increased
under computer control, such as by a computer controlled
voltage source and another light measurement is made.
This process can be repeated until the predetermined
appropriate amount of light is received. In this way,

30 the voltage applied may be used as the assay signal.

' The ECL signal may be generated from an AC
voltage applied to the electrode pairs. :
The ordinary artisan who is familiar with the
voltage and current settings as disclosed, for example,

35 by U.S. Patent Nos. 5,324,457 and 5,068,088 will readily
be able to select the optimum operating voltages and
voltage sweep for triggering ECL emission.



wor ki ng el ectrode and/ or the counter electrode. 30 The different
enbodi nents descri bed herein for different types of PMAMS, supports, and

el ectrodes and configurations thereof nmay al so be practiced in conbination
wi th each other. The PMAMS supports may be preserved (e.g., 35 through

protective swwdogmssgoati ngs, drying the surface, robust packaassegodisvder
vacuum or inert atnosphere, refrigeration and rel ated nethods) for |ater

use. WD 96/ 28538 PCT/ US96/ 03190
39 5.2. BINDI NG REAGENTS The bi ndi ng dOﬁBIﬁg of the invention are prepared

50 as to contain binding reaggstentda &%@k&&c%éyg%{éﬁt% kcteaa} one
anal yte (ligand), of 5 |nr,cﬁ Ebgﬁé? reaggnts In discreté bind

domai ns are sel RS SPNE ¥his o ngm%e&ggtrgg b| ndi ng
speci_ ficity. Bi reMrfpoeddethe wayking slentiredef isna ssmmigondpctoreonl es

know in the ar tcmmscmaleheroﬁm@éy Rt kg\éﬁlai‘?fé’é’aéle%ﬂfmaipéﬁﬁéﬁ@' ly
bi nding an 10 aqflyte of |n%er§£%¥? anal yte of I nterest may be sel ected
bn 5.

from anong thO0se R SHFRWES 10 infra, "ECL Assays That My Be
Conducted.” Thus, the b|nd|ng5reagknnREssmBLBdBLECERQDES BMD |limted to
receptors, Ilgands for receptors, ok DG (THEE, SBMELHorti ons t her eof

(e.g., Fab, (Fab)’ [err]) mmefauemhésawagnbéaedeﬂn afa&b%b(ingctﬁb

ollgonucleotlde

and cellular co one subce?f’t’ é Z°rcl1%1 %Irrlgg °E’é? H’%cﬁ’ﬁ ee%St O?I €s, cetls
enzynmes, enz¥fe Fﬁﬂﬁé?e EEche%%¢hniqqasoﬁﬁﬁnllluﬁknﬁt§d1Ma Figganié-
conpounds, organpeet SHowh GANBRUSESEidirdss By waY ! 8f Sexangi@ @¥e four
electrode/counterelectrode pairs 101, 102, 103, 104 and a
waveform generator which typically is a digital computer
and which preferably is the same computer used for
15 processing the ECL detected by the detection means.

In Fig. 14, each electrode/counterelectrode
pair 101-104 is individually addressed by a pair of lines
connected to the waveform generator. By way of example,
lines 105, 106 access electrode/counterelectrode pair

20 101. An appropriate waveform may be applied by the
waveform generator at any given time to any one or more
of the pairs of lines connected to the various
electrode/counterelectrode pairs.

To reduce the number of connections required to

25 address the electrode pairs, alternatives to the direct
connection scheme of Fig. 14 are provided. For example,
a row-and-column accessing scheme is illustrated in Fig.
15 for electrically energizing some or all of the

. electrodes. In this scheme, one of the electrodes 201,

30 202 in each column of the plurality of
electrode/counterelectrode pairs is connected to a common
electrical conductor 205 on support 200, and each of the
counterelectrodes in each row of the plurality of
electrode/counterelectrode pairs is connected to

35 conductor 207, 208 on the support 200. Conductors 205,
206 connect to connections Cl, €2, respectively, at the
edge of support 200 and conductors 207, 208 connect to
connections R1l, R2, respectively. Each of these




lipids, fatty acids, |ipopolysaccharides, peptides, cellular netabolites,
hor nones, pharmacol ogi cal agents, tranquilizers, barbiturates, alkaloids,
steroids, 25 vitam ns, am no acids, sugars, nonbiological polymers, biotin,
avidin, streptavidin, organic |inking conpounds such as pol yner resins,

| i popr ot ei ns, waydspkdspes, | ynphoki nes, hornones, synthetic pelcyrossensiser gani c
and inorgani c.nol ecules, etc. Nucleic acids and 30 ol i gonucl eoti des can
refer to DNA, RNA and/or ol igonucl eotide agg#ogues i ncl udi ng but not
limted to: oligonucl eotides containing no i ed bases or nodified sugars,

I0! i Eonucl ?ot i defs c%ahatmf,ﬂg %G&ﬁ&ﬂl\l_ | %&B@g&%&rﬁ Sag %AﬁA&atagmiﬁagwhﬁsa ester
i nkages (see, for_exanple i el sen, P.E. nnu_Rey. Bi ophys.

Bi omcl. Street. Y&V g?%%??e%ﬁﬁﬂrdr (éls] §oﬁﬁ§\"£ t iﬁééﬁhet ﬁ&Pﬂ%’éa’ﬁg%ﬁ of
synt hesi zed or m¥dghi 38,t thermuder coferequired ocpmedtdions and sigreeh38
PCT/ US96/ 03190 44 jsnas keolSexe tv?h\fé%rdi‘mag%fl_&?ﬁ?&‘f Shdd l{e‘éﬂvi"_bgﬁ%?@rff&i‘“s :

covalent) to %%hgg | ecul es (where we I ne a nucl eic aci
ol i go(nucl eot ite)®a8-contai ning two or nore nucleic acid bases and/ or
derivatives of nucleic aciToSenmles rapikdec ahflP&E&qudntiied ieneegizingnef have a

plurality of di SeaeheeRbBtrote GUE "% tRRbut8FPEsrED1Aled STtoRPig DI NI Ng
domain that contagjn blndlgg rga ents thal are,ldent)cal to,each_other and
that differ in s?@é’ﬁ'ﬁ%i"?y RRLYGIG) ¢ hEDG RARRgREAIan oL EiF.ai 16 FREWSi n

ot her bindi ng domaiplmraldtyrofielkedtrodeisndongectedlitid &r irs&nal yt es of
nterest by %4 GiiRiplaRd 5160 Frurdf 149Y of | coiil dloctiblief GHENE
COMPI | S8 8 DN D nectan t5 8 Sacond milt ipiayer 3307 Fhe tirst 21' "9
hor none ( TSH), plexer . e
multiplexer is also connected to a first pole of a
voltage source 330 that typically supplies the time
varying electrical potential described infra. The second
15 multiplexer is also connected to a second pole of the
voltage source. Using addressing lines A0-A3
electrically connected to each of the multiplexers and
connected to latch 340, a computer processor 350 can
direct the multiplexers to selectively connect any or all
20 of the first electrodes to the first pole of the voltage
source, and any or all of the second electrodes to the
second pole of the voltage source.
As shown in Fig. 17, a plurality of voltage
sources are connected through separate sets of
25 multiplexers to each of the electrodes. If a first
electrical potential or range of electrical potentials is
required at a particular electrode pair, the multiplexers
410, 420 associated with the voltage source 430 providing
that potential are addressed by the computer processor
30 350, typically through a latch 340, thereby connecting
that particular voltage source to the electrode pair in
question. If a different electrical potential or range
of electrical potentials is required for another
electrode pair, the multiplexers 440, 450 associated with
35 that different voltage source 460 are addressed by the
computer processor, thereby connecting that voltage



15 a binding domain containing an oligonucl eotide that hybridizes to
hepatitis C virus (HCV), a binding domain containing an oligonucl eotide
that hybridizes to H'V, a binding domain containing an antibody to an HV
protein or glycoprotein, a binding domain that contains anti body 20 to
prostate specwboenreass i gen (PSA), and a bi nding domai n t hat pertsvsosie0

anti body to hepatitis B virus (HBV), or any subset of the foregoing. A
PMAMS may have a plurality of discrete binding domains that conprises at

| east one binding 25 donain that contains®ithin it bi ndi ng reagents that

differ in bindi ngospesidrirhigh t88 408ScEatild Wl t2pEkoEs IR 5e2RobI Nd
mul tiple analyteﬁggf%%nterest. Eﬁ way of exanpl e, such a PMENVS conprises a

bi ndi ng domain t WS B antibody to a T cell antigen receptor and
30 antibody to a T cell diff thecedectypie AmtayadnCiris fonidiiBienty hagve a

plurality of di sateidadt nligtatdeRBOPSLIdIH1 PRELS B )iriedediEnt2pe
bi ndi ng domai tgat ch ains bindi ng reagents that are identical to each
other, and thaf dFFHEFaRIfes i Pﬂ?tgnf$ &4 38%) d3ct TN XY BPRdi ng

reagents cont ai nedegkxdden paie cahebe biriivery hjoomenyolimge (soyraet whidst one
PCT/ USD6/ 03190 4inais e oierbiab plit 48 PahItanSOUgRy taeliin wiclh) 0%/ 2003
PVANG i 5 made  nAPCHREF (WOTEATe) BFUFCRne ARSRITIRG LYBHEY nth e FRIERAE
bi ndi ng r eagent ssotreesiofRig.dant cay, be.xpplaed with & csinglesidltagei gen
receptor, e.d4o, béhfde Teohricited®Bbi H66h 'SHSP Y mRtifisterd 4] T cell
oo, Le0ePtor bur by S LA s led Sagls SATD RS 58 IR ekl

the same voltage source.

Instead of a duplicate set of multiplexers for

each VOltaqe source as shown in Fig. 17, a plurality of

15 voltage sources 520, 530 can be provided as shown in Fig.
18. These voltage sources can be connected through a
computer controlled electrical switch 510 or switches to
a single set of multiplexers 310, 320. As shown in Fig.

18, the computer would direct switch 510 to connect a

20 particular voltage source to the multiplexers, and would
also direct the multiplexers (by signalling their address
lines A0~A3) to connect the selected voltage source to
the particular electrode pair desired.

Alternatively, the electrical potential applied

25 to each of the electrode pairs in any embodiment can be
varied. This is of particular benefit when a cassette
having a plurality of different binding domains is used.
Such a cassette may require a different range of applied
electrical potential at different binding domains.

30 Several different embodiments capable of varying the
electrical potential applied to each electrode are
contemplated.

. Advantageously, a computer controlled voltage
source may be used. A computer controlled voltage source
35 is one that can be addressed by a computer to select a
particular electrical potential to be supplied.
Alternatively it can be programmed to sequentially apply



(b) at |east one binding domain that contains two different binding
reagents, e.g., antibody to T cell 10 antigen receptor and antibody to
CD4, thus allowing this at | east one binding domain to bind CD4[err] T

| ynphocytes expressing that T cell antigen receptor (i.e., a subpopulation
of T | ynphocy{syoknsdsg anot her enbodi nent, at |east one bi ndipggnbssnstomai n
contai ns binding reagents which are different nol ecul es but which have the
same binding specificities (e.g., binding reagents such as epidermal growh
factor and antibody to the epidernmal grow H%actor receptor). A plurality

of bi nding reagen( a§%§c&§aﬁ% % oAothabaf sthdiiaudl boesbhndi ng

reagents are dif ent an rent DI ndi ecif|C|t|$g t hey
recogni ze the sakFeSRkPYRIned tipe.g) F2y fUFRR mBREregPs £ EP%H¢

anal ytes are recedectedral Fprecamsagtiesd tohthe ¢hmputeat wind theavoltrddt e t hat
has nunerous bing L eh4 &S : I | S cel
surface antigens%?ﬁgfg?g§g%§ %éﬁﬁ?&ﬁ“fé%%@ﬁfgkt %ﬁa%ﬁﬁﬁﬂfgh%i?fgffg%

bi ndi ng noi et i®s SFUELer ELoBRPINCE Hdias PRETARRLFY e‘?19%t%9h8f’t§§5{ﬁf o

anti bodi es to di fidecappliedl tosthid afkectrodgepaipnta e reglexrgdeed. wil |

recogni ze the sane cell. Aﬁdﬁf{iéﬁﬁlq£ﬁﬁgﬁé gégmggﬁgggg?%bQﬂgealﬁfhlity

different epitopes of a single a gen can be use dlng reagents to
recogni ze the ant@fy@lectrode;paixs mas pdsockBousednt FoFieapPhay ng
reagent (s) that emiaflitgl by béference rYlectdabyigayibs placedr ést are

Phat spect 11 cal | Pranitiny Eor fadh Bt he ShbFRTFLy (5t Ya1 B oaeabIO0N ° e

or WO 96/ 28538 ounterelectrode pairs in order to sense the-¥edE8€®03190 42
applied thereto. In this way, additional control of the
voltage waveform may be maintained.

Fig. 36 shows another embodiment of the

15 invention; arrays of electrodes (3600, 3601) are _
supported on each of two surfaces (3602, 3603) separated
by a pattern of gaps in an insulator 3604 (for example a
plastic sheet with punched holes 3605. Each electrode
may pass over a plurality of gaps. If a potential is

20 applied between one electrode on each surface, current
can only pass through a gap contacting both electrodes,
thus limiting the location of any electrochemistry or ECL
which may occur. In the preferred embodiment shown in
the figure, the electrodes (3600, 3601) are arrays of

25 lines on a support. The two sets of electrodes on the
two surfaces are oriented perpendicular to each other.
Gaps in the insulating sheet are located only at the
intersection of the electrodes from each surface.

This embodiment has the advantage over

30 individually addressed electrode pairs that less
electrical leads are required.

In an alternate embodiment, the insulator 3604
is omitted and the surfaces are placed in close proximity
so that only a narrow gap exists between the two

35 surfaces. In this embodiment, a potential applied-
between are electrode on each surface will preferentially
cause current to pass at the intersection of the




nore binding domains (e.g., a cross-reactive antibody). In a particular
desi gn, binding reagents can be used that bind a class of analytes, e.qg.,
with simlar characteristics. 5 Bi ndi ng domai ns may al so be

i ncorporated into a PMAMS that contain binding reagents that are specific
for a desiredwuosmngssd anal yte and that are utilized as an ipttrasssd3190
standard (e.g., a binding donmain which can be contacted with a sanple
containing a defined quantity of 10 an analyte to which the binding
reagents bind). Miltiple binding domains cofitaining binding reagents

specific for thee:igggraagl yiegs) wﬁ%?-ea{:ﬁﬁ &fsé ggq._%gg 0 a PNAMS SO
as to allow stati t|§):B%a%/e,raqlw_g.mfér ?ggutlc P'@T b|n Bglé’
reagents may not & ﬁgﬁy

i dentjcal, thus edecgnochemistiny SamECh whiicly may etopurr t he anal yte Thus, a
plurality of bi ndi ng domai ns (& ., [ & of 2 to 10[err]) can be

prepared that specifically_bi sane so that the ECL
readi ngs can 5 be statlst%rﬂ?&‘&ngHS’éﬁt?% ?:%rﬁqeoltrf"gﬁeéﬁ‘l’lﬁ‘?]i‘on and

i nprove accur acy emikeiphuisldeteatiedhbydangapmneprisiten 1ligRivAdEtestorh ©r
specific for a CQ@EEG\:O?E%U%&.{%&” adjab¥he & QJIHS pPakatfs HPithe ON @

singl e support. t er one or_nore crete 25 bindin donalns
may be prepared "Rﬂbvw{ﬁ}%lltjﬁat gehechey B3 Pe1u Ot SERTRES ! |

The built-in ECLA p;uetom'eltlrpslm' Zubent phbtodiomin, tavalaache, phqtml _
degradation oyl GERE! abtifeé dotiiisa ngbaegl [eedPA0Rh! oERE=DEILRE ad that is

an enzyne 30 specjfic for substrate (sal strate bein nal yte of
interest), in whidekegt BFoﬁ’Euc?aWﬁrarhe yAEht deteghoromaypbr el trate
Is a reporter agdetectoratendetdot sejudatial adhizgsionsyor maprbeusluraliat

triggers an ECL rt%aﬁhhgﬂt &nd '%ﬁﬂ%‘ﬁ%‘ rggkf%” seimtﬂ(t%‘ﬁl&%héngﬁiégf‘éns%at

changes col or upon conta %
single or multiple wavelengths o emitted light. The

15 1light emitted and detected may be visible light or may be
emitted as non-visible radiation such as infrared or
ultraviolet radiation. The detector or detectors may be
stationary or movable. The emitted light or other
radiation may be conducted to the detector or detectors

20 Dby means of lenses, mirrors and fiberoptic light guides
or light conduits (single, multiple, fixed, or moveable)
positioned on or adjacent to the binding surface of the
cassette or the detector may receive the light directly.
In addition, the supports, PMAMS and electrode surfaces

25 themselves can be utilized to guide or allow transmission
of light.

The PMAMS may be formed on the surface of an
array of light detectors so that each detector only
receives light from one binding domain. The array of

30 1light detectors may be a CCD chip, and the binding
domains may be attached (using standard coupling

. chémistries) to the surface of the semiconductor device.

. Drops deposited on the binding domains, or on a
near, second surface, c¢an be used as microlenses to

35 direct or control emitted light. Alternatively, a light
detector can be oriented directly in front of the
cassette; and various light focusing devices, such as



a chronogeni c substrate for horseradi sh peroxidase), etc. In an exanple of
such an enbodi nent, the enzyne used as a WO 96/ 28538

PCT/ US96/ 03190 43 bi ndi ng reagent is glucose dehydrogenase (GDH), which can
be used to detect or neasure glucose in a sanple. An ECL | abel is situated
W thin or neagyobéessise bi ndi ng domai n containing the GDH NApREr/ussspsmwaluced
by the action of 5 the enzynme upon gl ucose, NADH bei ng capable of reacting
with the ECL | abels to pronote ECL (Martin_et al., 1993, Anal. Chim Acta
281:475). Bi ndi ng dormai ns cont ai ni ng bindiﬁg reagents whi ch increase

baclkgioun]gi bi tndiﬁaréﬂoﬁc lz‘[e‘f&bc@i:ﬁé %}p ﬁn&lsb'tha?i Be ﬁbﬁ%@{i@.&%&hwgft he .
anal yte of interes we n er. ana S in_the sanple e use

to increase signdl hf%‘%h(ﬁ@g“?"g't nggg’fﬁ‘?fné' %EF@C?P%n"%r? @é&&ﬁgﬁ\gnt of

el ect rocheni | uni e seinding Bpmadns oto etmnletectbrre The kightytemistednt er est

is a specific 15grah ldt AloaB¥bRYBUASEEEEd DHihaingDAbRALIRs Gy Pe and the

ant | body to sPaPesaief aifdrensetely of medenyirlltent o i norease
background bi ndi ng to virtBrxioryduel tecthernal drdfSanpying Khdhesi alic acid
is a 20 corrponena?ﬁéra&ﬂé,uf%lﬂ ¥na! b166L iy MiBelhnAOPEM i Aignand an
antibody to a ce% sur face anﬁlgen E ecl f to {h ceLIyIar su %ylatlon
(e.g., antibody P¥-RTHBTE JRY; REHCHR E%ﬂoedag’yaabl ngf’ﬁﬁ Fediane e%. BRE sanme
or different binthedlightnineasurihgtdevitaiand¢hehbindingotmain diedngec 25
acid). 5. 3. _ Y@-TﬁéfsMFGWeT@ﬁoﬁﬁ%aﬁé}r W%fn?’ grécgfn?gei&ﬁ{‘ﬁpt rical
potential/time) ﬁggﬂggfga r %%pLQE eiJ]r. akr';é% %o %hggtergf eordinary skill
in the art, such as a spinning disk with slots or cutouts
that allow light to pass. Alternatively, the light can
be chopped by an LCD shutter, an array of LCD shutters, a
15 solid state light valve or valves or the like.
Alternatively, a planar array of LCD shutters or solid-
state light valves such as those known in the art of
optical computing may be used. These devices are
preferably located between the plane of the cassette, and
20 the light conduit (or conduits) or light focusing devices
that direct light from the binding domains to. the light
detector. In an embodiment, a shutter is located above
each of the binding domains. When using an LCD shutter
-or light valve, the shutters may be modulated at
25 different frequencies to simultaneously provide different
chopping rates for different light emitting binding
domains. Using this technique, a plurality of different
light signals may be superimposed and simultaneously
measured by a single detector. An electronic band pass
30 filter electrically connected to the light detector may
then be used to separate the electrical single signal
into several electrical components, each corresponding to
one of the plurality of individual light components. By
chopping the light, as above, or using other mechanism
35 well known to the art, an AC light waveform is created
that allows the DC noise component to be electronically
filtered out.



and counterel ectrode pairs of the ECL cell nust be 30 sufficient to trigger
an ECL-reaction. This voltage waveformusually is in the formof a uniform
vol tage sweep starting at a first voltage, noving steadily to a second
vol t age, noving back through the first voltage to a third voltage and then
back agai n t owblegngssy st vol tage. 35 For exanpl e, the wavef oporossasmert at
a first voltage in a range from-0.5 through 0.5 volts, up to a second
voltage in a range from1 through 2.5 volts and novi ng WO 96/ 28538

PCT/ US96/ 03190 44 back through the first v8ltage to a third voltage ranging

fromO0.0 to -1 volts. he hg,vol tage can
be nodified from 0.0 to +?1%t° EBQ ﬁﬂiﬂ alr:‘l g'égpwave%ﬁvﬁ%(tE"t‘i ncor orate
linear ranps, 5 ¥RP?{ﬁﬂﬁ|§8h§esHﬁHFdPrQR#RHSLNuﬁEFPEH%“eQTﬂitﬁoPFQB

wav ef or ms may i nteagants cevrrdetofor | sigynale molBlitatbbi aye tenweageht xed at
one potential . TagpPPPid£d potential may be controlled relative to one or
nore reference el ectrodes, or, no reference el ectrodes may be 10 used.
Addi t { onal | 'y, ®negati ve pot ent i & SrpdNAYSES OF ECLSTENALS 5| t ages used t o

i nduce ECL enissions fromsiynalesarisingifrdie apyevent bimuany idemain! babe
readily sel eot ednigl LA oCathdl?! and e Ya3ile SREdTRe! Yal! 1 he

and assa I ons, ﬁe vol t age

is preferably vaﬁFééﬁi%PQﬂﬂ? PP@ﬁPrQH?FFEEPfﬂﬂﬂﬁlﬁﬁeaﬁlﬁEﬁ#&FQﬂMﬁ&Bﬁais
measured. This I=s ;nuthenﬂtndnniqapoataa&gitamieeeQﬂamelsfubﬁdﬂnaﬂhﬁtdmvalue

i ght ?'nefhP?Ciézé*‘%A‘E’?w2%%‘%%%%%%’?59“8*??@%%%. Ra g
domain starts at °8 B9F R¥efé8Mteved to be bel ow the threshol d
Statistical analysis is used for both

techniques, and is particularly useful for translating a
plurality of digital signals so as to provide a

15 quantitative result. Some analytes, however, require a
digital present/not present signal indicative of a
threshold concentration. ’‘Analog’ and/or ’digital’
formats may be utilized separately or in combination.
Other statistical methods can be utilized with PMAMS.

20 For instance it is possible to create concentration
gradients of PMAMS on a surface (Chaudhury et al., 1992,
Science 256:1539-1541). This technique is used to
determine concentrations through statistical analysis of
binding over the concentration gradient. Multiple linear

25 arrays of PMAMS with concentration gradients may be
produced with a multiplicity of different specific
binding reagents. The concentration gradients may

' consist of discrete binding domains presenting different

concentrations of the binding reagents.

30 : The presence of control assay systems on the
binding surface of the cassette is also important to
. assure the uniformity of each analysis to control for
. signal variation (e.g., variations due to degradations,

fluctuations, aging of the cassettes and other

, 35 components, thermal shifts, noise in electronic circuitry
and noise in the photodetection device, etc.). For
example, multiple redundant binding domains (containing



required to emt light, and a first nmeasurenent is nade of the |ight
emtted. If no light is neasured, or the light is below a predeterm ned
threshold, the electrical 25 potential applied across the electrode pair is
i ncreased under conputer control, such as by a conputer controlled voltage
source and anowbegzsss®ht neasurement is nade. This process Cggrp8osioSid ated
until the predeterm ned appropriate anount of |light is receive I'n thi

way, 30 the voltage applied nmay be used as the assay signal. The ECL S|gnal
may be generated from an AC vol tage applied®o the el ectrode pairs. The

ordinary artisan t tt as
di scl osed, for %Qgtﬁgéf\rﬂ ﬂ%’},g\"&EQ?LH? l\%ll ﬁg%fg%qESE;i %ﬁ%sz%%aéegx% wi ||
readi |y be able tgﬂg I@Eﬁ' ﬁ ific for bhersane,@nadyts)e5oknthe Falkye sweep
for triggering ECanglybsimay be uéf1966@853fh another example, analytes of

PCT/ US96/ 03190 45 ﬁg%ﬂ requ . a
gener at ed by |Iluﬁ§§g?P%% ﬁﬂatlgﬂ EESdu #ixéé é %ﬁﬁ?ﬁgil?éﬁagé§\ﬁa'ﬁlng
el ectrode is avseftRY¥RAKS cﬁ""@rl%ﬁi!alh%k%(ﬁmé kmownt gquanbity)ofe am 6L

el ectrical currentabel nor askmowd gGahtiby .ob L ARBBESDABES1 Gt fdn REPES AND

METHODS FOR USI NG, 4, g% SAME Nunerous net hods may be used for addressing the

plurality of electro e/ counterel ectrode pairs. Several 10 illustrative such
t echni ques are illustrated Ih¢ psg§aysigonductedhageordingote theuinventionay

of exanple are fowilkleapidije/andueteieclestIpddnadicts 1a8de dfunteddde 104 and
a_vavef or m 9eqer ahgta WhED daPebkYrbd % %' ] tHQBUEE' 0P dilailse

preferably is the sa onput er "use
cons sting of a collection of cllnlcal or research

information. The data collected may also be used for
rapid forensic or personal identification. For example,
the use of a plurality of nucleic acid probes when
15 exposed to a human DNA sample can be used for a signature
DNA fingerprint that can readily be used to identify
clinical or research samples.
8.7. 1] (®) RO
The electrodes may be broadly from 0.001 to 10
20 mm in width or diameter. In a preferred range the
electrode pairs are from 0.01 to 1 mm in dimension (width
or diameter or widest dimension depending upon the
geometry of the electrode pairs).
Preferably, the electrodes are fabricated from
25 suitable conductive materials, such Ss transparent metal
films or semiconductors (e.g., gold or indium-tin oxide,
respectively), as is well known to the art, for example,
for the fabrication of liquid crystal displays and the
like. In the assembled form of the cassette, sufficient
30 space remains between the first and second supports to
contain an analytic sample as, for example, a thin film
or a wetted surface.
The electrodes may be fabricated from materials
that contain carbon, carbon fibers, carbon nanotubes
35 and/or aggregates of the above.
The electrodes may be fabricated from carbon
fibrils. One or more individual fibrils and/or one or



15 processing the ECL detected by the detection neans. In Fig. 14, each

el ectrode/ counterel ectrode pair 101-104 is individually addressed by a pair
of lines connected to the wavefarm generator. By way of exanple, |ines 105,
106 access el ectrode/ counterel ectrode -pair 20 101. An appropriate waveform

may be appl i egobsndsise wavef orm generator at any given tine pOr/osygnsioe Or
nore of the pairs of |ines connected to the various

el ectrode/ counterel ectrode pairs. To reduce_the nunber of connections
required to 25 address the el ectrode pair353alternatives to the direct

connection schengyof #%d}egg%egrgfpfi aﬁo @8@$£%e§1€6“fb§ﬁd acol um

accessing schene_is i ectrlc 'y energi zi ng some

ustrated I n
or al] of the el tRXIYUAIITEFALR; SUs%hherﬁng%f S5y b4 9Bt r odes 201, 30 202
in each colum of the pIuﬂmhstyanﬁeelaggﬂag#thdsnaenstemﬂnmﬂanpalrs is

connected to a ¢ t Q d ch of
t he counterel ectg % I'n eac ?gﬁ,f% d‘fﬁ a&r a2 ilig?ﬁ ¥ )t ﬁPQ;hi%ﬂ thé
el ectr ode/ count ef g?%ii?(ﬁﬁy bsi pat ng%ﬁﬁwﬂixﬂﬁﬁeFU°35ncoh%ﬂhﬁ%%‘QES? 208 on
t he support 200. t@etchliywhava0s, sifface s betweennsetamd st o0l M2¢8ram.

respectively, at the edge wa SggEéxéﬁé;énui gggggivéégé%§%g§gqgeaoggect to

connections Rl, R2, respecfive t hesé

PCT/ US96/ 03190 48 ¥ SHEStredencd eNRaR #dephrade ok i ReHersBCey t he
wavef or m gener at eLectrsode riﬂsahalytmc&heawﬁn wbphra‘brﬁé Fig. 15, the

has been r edaeq oy eSEREAi 3ty al GHE exarlis, | ERE E06eL Vﬁf%%?%??.rﬁ;"r.
of as an electrode for electrochemlluminescence (ECL
The binding domains of the PMAMS may be
supported by a fibril mat. The PMAMS of the invention
has a plurality of discrete binding domains, of which two
15 or more may be identical to each other or may differ.
The fibril mat supports one or more binding domains.
One or more microfluidic guides may be used to
prepare a plurality of binding domains on a fibril mat.
Different or identical binding reagents may be present in
20 a plurality of microfluidic guides and/or multiple

distinct binding agents may be present in a microfluidic
guide.

In Figs. 22A and 22B a plurality of
microfluidic guides 2201, preferably in an array, are
25 used to deliver, preferably concurrently, onto regions of
the fibril mat 2200, drops containing the desired binding
reagents, to form discrete binding domains 2202. The
binding reagents form a bond with moieties present on the
fibril mat. The binding reagents may adsorb non-
30 specifically to the mat or dry on the surface.
The desired binding reagents are delivered to
. the £fibril mat while suction filtration is applied to the
. mat. In this instance, the suction filtration draws
none, some or all of the binding reagents into or through
s 35 the mat, and in doing so, reduces the amount of lateral
spreading of the binding reagents on the surface of the
mat during the patterning process.



each el ectrode pair, a conputer controlled switching device is beneficial.
The configuration of Fig. 16 shows a plurality of electrodes connected to a-
first 10 rmultiplexer 310. A plurality of counterel ectrodes are connected to
a second multiplexer 320. The first nultiplexer is also connected to a
first pole of wyoépsdgoe source 330 that typically supplies tgiandsbéddsoaryi ng
el ectrical potential described infra. The second 15 nultiplexer is also -
connected to a second pole of the voltage source. Using addressing |ines

AO- A3 el ectrically connected to each of the®Hultiplexers and connect ed to

| at ch 340, a conputer proc §ﬁ){ gé%sc el '

sel ectively connect an g P 5 ?ﬁé P?ggéré#ectro es ?§§? e flrst pol e
of the voltage s&WSPER éﬂﬂsa‘ﬂ? Qprogn LFPrifs CRER R RREREEERTEUIRe
second pol e of thichl thgeliquid of Ahessaspensitn grayl pasz geugaliay of

cach of ihe ol sotrasen)t|  ERam il ' ATRIEE) Endf e BB KPEGHETS 1O

each of the el ectr range o

el ectrical pot®enthibrdl margqineludefidtex P?Eﬂ?arf-‘e]-"éﬁsr éﬁé’mﬁﬁl frophe
mul ti pl exers 410 pod¥fiezieoceaded nyldn)t henvebhegp Wetdl mi¢Fompshes i ng t hat

potential are ad cQ SS : |y through
a latch 340, the(ryeeby con?é%%lgﬁs' #%gse %Hikgggérg%a%o&qgotgﬁggg?% th

el ectrode pair i FiReSILASH. th%"'%h [oxh @ GPEE%??‘E%R“ R &Wei oF B?r?a?lﬁe of
el ectrical pot entsuhs fidteeomateridXy. annehof skeTl rndet:maam bife

I tipl 0, t d 460
are adarcssed by SHE SN EPAEF dhadriie Hibeo thafl BisetlatBREr o) (20
WD 96/ 28538 nerely examples of the many poss:.ble p@t] gyggamze

for filtration of suspensions of solids.
Fig. 23A and 23B illustrates an embodiment, in
which fibril mats may be fabricated by suction

15 filtration. A dispersion and/or suspension of carbon
fibrils 2301 is filtered using a filter 2300 equipped
optionally with a filter membrane 2303 and/or a filter
support 2302. The suspension is filtered using suction
applied by a vacuum source 2305 to the filter by, for

20 example, a filter flask 2306. A fibril mat 2304 collects
on either or both the filter membrane 2303 and/or the -
filter support 2302. The fibril mat 2304, with or
without the filter membrane 2303 may be removed from the
filter.

25 In ancther embodiment, suspensions of f£ibrils
are forced through a filter by use of pressure. In one
example, pressure is exerted on a confined suspension of
fibrils by compressing a confined layer of air and/or
liquid above the suspension with a piston. In a specific

30 example, the suspension of fibrils is confined in a
syringe, the piston is a syringe plunger, and the filter
is a disposable syringe filter (many such filters are
well known to one of skill in the art).

Suspensions of fibrils are forced through a

35 filter by capillary action or filtered by wicking of the

suspension into or through a filter. '



source through the associated nultiplexers 440, 450 to the el ectrode pair.
If the electrode array in this enbodi nent has at |east a portion of the

el ectrode pairs independently 5 driveable, as shown in Fig. 14, or 15, for
exanpl e, one el ectrode pair can be driven by one voltage source while

anot her el ectwodgadgsasr i s sinmultaneously driven wi th anot hepcyBsdsnsoo
source. Alternatively, the two voltage sources of Fig. 17 can be replaced
~with a single voltage 10 source connected tgo both sets of nultiplexers in
parallel, allowi ng two el ectrode palrs to B driven fromthe sane vol t age

source. I nstead of a dupl igRlafioth éﬂtethaiggéugcﬂ%ﬁltsagg source

as shown in Fig | ur I|r1¥ﬁ 15 v € ,sour.ces can be
provi ded as shomﬁg9% $9{% % I LR 8@5°€%ﬁ#?ﬂ?*ﬁnﬁﬁ%ﬁed
through a conput matseontFiknide derivatized swithciphbtOsensivive mesiatdes singl e
set of nultipl exﬁfxﬁt% ze‘o‘ﬁh{iﬂpﬁﬁéébd:'% ﬁénttafecmaﬁtéao%dn

direct switch 518i connect a 20 I cul ar vol'tage source to the
mul tipl exers, #Bht d al so direct the mul ti pl exers (by signalling their
address |ines A0-A3) to cdtheediltbr may coe atkedoitbageap othe ef ibritlise in

particular el ect aegg?mé aﬂasgbesiorﬁd aeésﬁgdgﬁevmakhfa%ﬁféﬂ'ﬁ?é fqkeept i al

applied 25 to eac t he el ectrode s1n 2 I ment_ can be ¥§r|e
This is of parti Eﬁr‘ﬁraﬁeﬁeﬁ“mp‘\ﬂﬁen Eldreidd ﬁ‘a\ﬁlﬁ‘ﬁ 3 prh249Q payy
di f f erent bi ndi nprepanedsoy passdag Susmmaﬁmlnyulmuidelwemeﬁf er ent

range of apphigedpgl §Cbircd mtzensaebeé@ €id Rl Biﬂﬁié‘gzmﬁ'

Sever al dlfferengpgnbodlnents ggﬁg varyln ctrical otentla
applied to each Bt PEoReSH e ¥ ePpY e n@%ﬂﬂﬁ%ﬁa§808§?§es%ﬁﬁxﬁﬁﬁ9pe
control | ed vol t age therfabrimatienuetdpaper wm giclymernshebt=d i t age source
35 i's one that cgg)Pgr8dfls WhePY iGut Pk tHe® s28pbEALiSn and a large,

continuous mat of fibrils is produced from which smaller
15 mats may be cut.
Fibril mats may be freestanding (e.g.,
unsupported) or supported.
' The rate of filtration can be varied to achieve
desired properties in the mat. For example, properties
20 that may be varied include uniformity or non-uniformity
of structure, the extent of entanglement of the fibrils
or aggregates of fibrils, the thickness, the porosity of
the mat, and/or combinations thereof.
Suspensions of carbon fibrils are confined and
25 the liquid in which the fibrils are suspended is removed.
In one example, the liquid in which the fibrils are
suspended is allowed to evaporate. In ancther example,
the liguid is removed by heating. . In yet another
example, the suspension is subjected to centrifugation,
30 and the resulting liquid (e.g., the supernatant) is
removed. In another example, the liquid is removed by
evacuation.
. The suspension may be placed on one or more of
the filters described supra, and the suspension dried by
35 evaporation. The suspension may be dried by heating or
baking in an oven or the liguid may be removed by
freezing and extracting the liquid. 1In yet another



particular electrical potential to be supplied. Alternatively it can be
programmed to sequentially apply WO 96/ 28538

PCT/ US96/ 03190 48 a particular range of electrical potentials over a
predetermned tine. In such a system address lines electrically connected

to the conput o sPsksk he vol tage source would all ow the conpuwicsfuséspsPoogr am
the voltage 5 source to produce the particular electrical potential to be

applied to the electrode pair to be energi zed. Additional nethods for
addressing the plurality of el ectrode-pai rssqray al so be used. For exanple,

a plurality of r e C : et Seh
ot the ol ural i ty%ng%gﬁgétgﬂéﬁei%g%z 18 el AP babuh®1Bh WL R o Pufigf

oynterel ectrode pairs In order to .sense
the vol tage appl M28Y; REREY Jnethpds, whigh, are jyel} &Rt PR f}fﬁ}fép\%’l t age
wavef orm nmay be rthenautnave &vajilaliesiforsremoving lguwidsnEnomod the 15
i nvention; arrayguebefb$6h! 0des (3600, 3601) are supported on each of two

surfaces (3602, 3603) separated by a pattern, of ps . i.n an insulftor 3604
(for exanple @ plastic sheSHSRENSEONS,OFHiREiLs %ﬁ(ﬁ?.bleagﬂrefm MHe may
pass over a plur&ibrjilohataisy filtratjiohenay dbe i Soriibdapyl dispaesiveeonene

el ectrode on eac o rﬁ%fr‘ nsgn Qé:ﬁ;u ! g,ggg ting
bot h el ectrodes, Qﬁ}ﬂgf:l@i ﬁﬂ:lﬁ% t he ﬁ&%cg'?i %ﬁ' 0 ag\éﬂa@g?}g‘éﬂgp' tr ia.gr ECL
whi ch may occur. he% p98} er TXRIRNSS I PR eRAPPE T 14qe P?gg)ﬂ ,“‘ilehe

el ectrodes (3600bud6@te not himitexl do RBterpestianal,smetbanol THeexame,sets .

of el ectrodes;®n gyl WRe SthiGERfe AiarPek8al S61PEIRRIstirabLafLEaCh Of her.

Gaps in the insulating sheet are l'ocated only at the |nt%r,s§ctloniof t he
el ectrodes from SXERNME, FQ \égnts, solutions of containing biologica

media (e.g., as proteins, antibodies or fragments
thereof, cells, subcellular particles, viruses, nucleic
acids, antigens, lipoproteins, liposaccharides, lipids,

15 glycoproteins, carbohydrates, peptides, hormones or
pharmacological agents, solutions of small molecules,
polymer precursors, solutions of acids or bases, oils

- and/or combinations thereof).

A suspension of fibrils may be prepared by

20 dispersing carbon fibrils in an agueous solution by means
of sonication. In another embodiment, surfactant and or
detergent may be added. )

' The fibril mat may have broadly a thickness
between 0.01 um and 10,000 um.

25 In preferred embodiments, the fibril mat has a
thickness between 1 pm and 100 ym; In particularly
preferred embodiments, f£fibril mats range from 10 mm to
200 mm in width or diameter.

The fibril mat may be washed repeatedly and

30 refiltered to remove residual materials remaining from
the suspension.

Fibril mats prepared by filtration or
evaporation are heated (e.g., in an oven) to remove
residual liguid from the suspension not removed by

35 filtration.

Successive filtration steps may be used to form
mats of fibrils composed of one or more distinct layers



Thi s enbodi nent has the advantage over 30 individually addressed el ectrode
pairs that less electrical leads are required. In an alternate enbodi nent,
the insulator 3604 is omtted and the surfaces are placed in close _
proximty so that only a narrow gap exists between the two 35 surfaces. In
t hi s enbodi newioogaga@t enti al applied between are el ectrode oermasshsserface

wi Il preferentially cause current to pass at the intersection of the WO
96/ 28538 PCT/ US96/ 03190 49
el ectrode (i.e., where the distance bet vveerF7t he el ectrodes is mnimal) thus

limting the ] OCRhhPNaPé &thed &% "ceﬁ.lﬂsetstt{% Yr 3 B¢ Efagawm G ko S 5.
LI GHT DETECTI ON t generate % & e trigg a %Fh
em ssion is dete8P8d°5ym%ﬁeéﬂ%FﬁbQPgﬁestl et I oplﬁ~ Y

C

posi ti oned adjacsn&eraltﬁmnpqqtias:uinntuﬁhng|hwunnntoﬂim1hedltght det ect or

may be, for exanalieeefbhdds airpfateog&b; ﬁéj%ﬁ? O‘Ehﬁ i@Mfdsanche
§l ef

photo 10 di ode iﬁg a cou evic g etector or
canera. The | |sgh e8tot W;P'bé’f ? stiquad, £4bEile and(@n | al

em ssions or naymherpbuopictagghﬁga&bsanﬂ Sharild | thectypee sumker aneous
em ssions at singh@ /e méltﬂt %i\ﬁ.\i&l fds erd %ﬂehhggi The 15 |ight

t.—&ga

emtted and detected VI SI gﬁ be emtte non-vi si bl e
radi ati on such aderAVpLiaqt %ﬁntﬂqlﬁiﬁ Sk Fl}ﬁd‘%3%QN;nt¥ﬁé 18P @2?

detectors may be presencesof atrhemwwaltiter Eheaehedttnjﬂhegﬁﬁbnilsther

radi ati on mayge conduct edpi the %etnetitgtl eld{a eﬁﬂﬁi&i adtbyssEans of
| enses, mirrors and fiberoptic i’ é% condU|ts (mrgge
mul tiple, fixed, P&'Ppﬂsséa’&? e?“ccess”e f11tratz.on eps

100 um thick layer 2501 of plain fibrils forms the first
layer; a 0.5 to 10 um thick layer of fibrils 2502 that
incorporate moieties such as poly-(ethyleneglycols) that
15 resist adsorption of proteins and other molecules forms
the second layer; a 0.5 to 5 um thick layer 2503 that
incorporates one or more binding domains (vide supra)
forms the third layer. The binding domains contain one
or more antibodies 2504, which may bind an analyte 2505.
20 This antibody/analyte complex may bind a labeled antibody
2506. The label may be an ECL label. 1In other
embodiments, the label may be one or more of a plurality
- of labels described elsewhere in this application. Such a
multilayer mat may be freestanding or supported on one of
25 a plurality of possible supports described above.
Multilayer mats may be formed in which there
are combinations of layers, in which some .or all of the
layers may be different.
The filter used to form the fibril mat, the
30 fibrils, and/or the fibril mat may be coated. 1In
particular embodiments, the coatings are metallic. These
coatings may be patterned such that certain portions are
. coated, and other portions are not. In one example, the
coating is applied by electrodeposition. In another
35 example, the coating is applled by electroless
deposition.




positioned on or adjacent to the binding surface of the cassette or the
detector may receive the light directly. In addition, the supports, PMANMS
and el ectrode surfaces 25 thensel ves can be utilized to guide or allow
transm ssion of light. The PVMAMS may be fornmed on the surface of an array
of Iight detegkg&Qmﬁg t hat each detector only receives |i ghtpchitfosesie

bi ndi ng donai n. e array of 30 light detectors may be a CCD chip, and the
bi ndi ng domai ns nay be attached (using standard coupling chem stries) to
the surface of the seniconductor device. Dr?bs deposited on the binding
domai ns, or on a near, se rfac a LGr O S to 35
direct or control em;ttgdcﬁ%_h%ﬂéﬁ%t grsr]ggg\sgﬁ? ‘?ﬁggﬁ %?’?agété§€o?§%an be
ori ented direct| FibFit, 48t de¥ivatdzeds vithea G%%‘“Jﬂ%]i gFﬁ’i‘cltF@HPlf%’éw ng
devi ces, such as that\\Cobfis 28%bhd with said metal. The filter is a metal

PCT/ US96/ 03190 5¢( bgl.i legtQrs or |enses may be enpl oyed instead of
a |light conduit g%&%%?eg% ﬁ?%éﬁ E%%#any of a plurality of binding donains

to the detectd. The |ightTeeifikxd) mat may| bestlatyerddeformedpi FRFMAT
dﬁmai nls gayf be San&B]?gdlsfnwdtﬁiEOWal,Ofﬁéeﬂhml dxg) Idir. oEeref_ﬂawh to
therm rift, a : &P rat or ect C erent In
| i ght detectors %g'g'cggﬁ’%l&gcfa"begagleéh%ﬁﬁﬁgpa%#fs%gp\%géﬁe#ﬁé | i ght
measuri ng devi ce RAFEiaRAYHORIF WY (RActepandgnay hakss qoa@osike chopper can
be any one of theropertiesesharediting. DIPASESerErt idTividualt bpse of :

ordinary skildqi , spinning disk with slots or cutouts
that allow | iig trl‘thE’g,ggéE gf{’ﬁ%]‘gfe,s\a,‘-a y, the light can be chopped by an LCD

shutter, an array of LCD sHiet®3% may be a disk or a piece taken from'a
sheet. =

A plurality of fibril mats may be fabricated,
preferably concurrently, and preferably in an array. In

15 one example, an array of microfluidic guides forms a
plurality of £ibril mats on a support as described above.
In another an array of filters, or a patterned filter
(e.g., with regions of different porosity) is used to
prepare an array of fibril mats.

20 A mask with an array of holes (e.g., a screen)
is used to cover certain portions of a filter or support,
and a plurality of discrete fibril mats are made
concurrently by either filtration and/or evaporation.

Fibril mats may have a density from 0.1 to 3.0

25 grams/cm?. The mat may have variable density. For
example, mechanical force or pressure may'be applied to
the mat at different times to increase or decrease the
density.

Fibril mats may have pores. These pores nay

30 extend partially and/or fully through the mat or may be
part of a network or pores. These pores may have
dimensions ranging broadly from 50 A& to 1000 pm. In a
preferred embodiment, the fibril mat has pores with
dimensions ranging from 200 & to 500 A. The porosity of

35 the mat may depend on the density of the mat, among other
factors. '



15 solid state light valve or valves or the like. Aternatively, a planar
array of LCD shutters or solid- state |ight valves such as those known in
the art of optical conputing may be used. These devices are preferably
| ocat ed between the plane of the cassette, and 20 the light conduit (or

condui ts) or |wobérsssscusi ng devices that direct light fromt .Bﬁglﬂg
domains to the light detector. In an enbodinent, a shutter is [ocated above
each of the binding domains. When using an LCD shutter or |ight valve, the
shutters may be nodul ated at 25 different f¥®quencies to sinultaneously

provi de different choppin t . diftferent light emtti bi ndi ng
domains. Using this te hngr%%,ﬁ%gpﬁgl}lyaﬂ"t %3@%‘? fn?aé'ré’ﬁt CPPﬁﬁgnEi gnal s may
be superi nposed °§Fﬁﬁ]‘{"g?k%l}‘!ﬁfy QFe A3l dncrsase simgegrdatecasra An

el ectroni c band Fawetionfof tthe eiomiftionakhytkemac! edneoriBpi] gl iRt ect or
may then be usedpa@es tri Lngl & signal .into several

el ectrical corgponen sspgégiaggggé.pgﬁdﬁhgg%os%néééie & ﬁ?ﬁ?ality of

i ndi vi-dual | i Eﬁ?t &85?56’8% 2 12 diGogpagiced andjar, rapdapowanner. using

ot her mechani sm 35 wel | kriiven fikxtile matt mapncditd ind diseANEE OFégiche lozat ed

that allows the g§ ' cpgg:ggm,t t e roni,call.y tiltered ouyt. WO
96/ 28538 dirserafe - ! ol eﬁé’?ﬁe' e 5|&¥F LLoR 0 Peyp haren <o,
the ECL signal m3yeh8* cBPTdrlavars,y eashphaving a different poxasitys! y

determ ned with Fhen@ibuil eeninayt haver £6Timid ofS idiF¢er8RE Ubdtdtydue to
reagent depl alo ORha® run through the mat®: ANALYSIS OF ECL SI'GNALS Signal s
arising froma given bindin (?OH’B.I n can have a range of values, and these
val ues correlate with The porosity of the mat may be varied by :

including different amounts of aggregates of carbon
fibrils, where aggregates have different size, shape,
composition, or combinations. In a parficular example, a

15 mat is prepared from individual fibrils, cC fibrils
(described supra) and BN fibrils (described supra), or
different combinations. For example, the fibril mat may
have some pores that are large enough to pass objects as
large as biological cells, some pores that can pass

20 biological media as large as proteins or antibodies, some
pores that can pass only small (< 1000 molecular weight)
organic molecules, and/or combinations thereof.

The porosity of the mat may be such that one or

more molecules, liquids, solids, emulsions, suspensions,

25 gases, gels and/or dispersions can diffuse into, within
and/or through the mat. The porosity of the fibril mat
is such that biological media can diffuse (actively or
passively) or be forced by some means into, within and/or
through the mat. Examples of biological media include

30 but are not limited to whole blood, fractionated blood,
plasma, serum, urine, solutions of proteins, antibodies

. or fragments thereof, cells, subcellular particles,

. - v;iruses, nucleic acids, antigens, lipoproteins,

- liposaccharides, lipids, glycoproteins, carbohydrates,

. 35 peptides, hormones or pharmacological agents. The f£ibril

mat may have one or more layers of different porosity



guantitative neasurenent to provide an 'analog' signal. In another ,
technique a '"digital' signal is obtained from 10 each donain to indicate
that an analyte is either present or not present. Statistical analysis is
used for both techniques, and is particularly useful for translating a
plurality of Wo@kkebhs Si gnals so as to provide a 15 quanti-t apcy@sémsisht .

- Sone anal ytes, however, require a digital present/not present signa

i ndicative of a threshold concentration. 'Analog" and/or 'digital' formats
may be utilized separately or in conbi nati 88. Other statistical methods can

be utilized W t hgdf\\Rat? halt@Eib N Sha Gadd é&oa&ﬁshbﬁ Cott Ghd¥eLAafe

rs
concentration gradi ent surface (Chaudhury et al., 19§2,

éséH% PVAMS, on

Sci ence 256: 153PY5 A9 TRYCPRIPLHAPE HPY R 1sed to det erni ne concentrati ons
t hrough statistical anal y$he $fibbihdhaly is/auppbetednbymr X amoghatti ent .
Mul tiple |inear /S | C I alat e 138Y
produced with_a ﬁfﬁiﬁci ?S’ g:’%“ﬁ}’%%g%‘,pg@h ?%bg?ﬁg%ﬁéi n

. . HE % ng reagents. hg
concent r at i ongr8®i 2 MtEatay PABAtIC, RALRSLr @Llé‘sSPﬂﬁangﬂﬂmﬁ Tor esenti ng
di fferent concentexamims glasshelbguid hgrangagdlt,spaBaffin, organiclhe

presence of cont gel1dSSRLLRNSbEME Alivtiife R UB0o? UpbEE o feddif, CaRaCtLe s

al so inportant to assure the_uni 0£n1 of each analys|s to control for
si gnal variatioanEﬁfi%l\ﬂ%M be A ﬁu%¥t¥;2ﬂiﬁrad§fib 518 $PAdradtoMY aging
of the cassettescomthin fogve 3 eoppunahity dthdoles ohi poémsesnoiBe in
el ectroni ¢ ChpCuj ' kN Lan L CE, . g For
o VEbRELY bRl e BUpICRRG bn BUkEE i b

exanple, nmultiple re g alnin 96/ 28538
PCT/ US96/ 03190 5pylon filter membrane or a er paper. The support may

be a conductor, a semiconductor and/or an insulator.
In an embodiment disclosed in U.S. Patent Nos.

5,304,326 and 5,098,771, fibrils may be dispersed in

15 another material. For example, fibrils may be dispersed

. in oils, waxes, paraffin, plastics (e.g., ABS,

polystyrene, polyethylene, acrylonitrile, etc.),
ceramics, teflon, polymers, elastomers, gel, and/or
combinations thereof. Dispersions of fibrils in other

20 materials are conducting. Dispérsions of fibrils in
other materials may be molded, pressed, formed, cast,'
spun, weaved, and/or thrown so as to form cbjects of a
desired shape and/or form. The fibril mat may
incorporate another material, for example thin fibers,

25 shards, or balls of metal to increase the conductivity of
the mat. In another example, the fibril mat may
incorporate other carbon, glass. and/or metal fibers of
varying size, shape and density to create a different
poresity than can be achieved with fibrils alone. 1In

30 another aspect, the mat may incorporate magnetic beads
(for example, DYNAL beads). In the latter ekample, the
beads may either serve to change a property of the mat,
or may themselves be used as supports to immobilize
binding domains.

35 other carbon fibers (e.g., carbon
nanostructures, carbon nanotubes, buckminsterfullerenes,



I dentical binding reagents or different binding reagents that are specific
for the sane anal yte) for the sane analyte may be utilized. |In another
exanpl e, anal ytes of known concentration are utilized or control domains of
-a 5 PMAMS are covalently linked to a known quantity of an ECL | abel or a

known quanti twoodeskssl | abel in solution is used. The assayspcxmsdsaxisn
according to the invention will rapidly and efficiently collect |arge
anounts of 10 data that can be stored, e ¢y in the formof a database
consisting of a collection of clinical or fesearch information. The data

col l ected nmay ai:ﬁacﬁam@,d fquD.e-:E-élﬂéQ, f & bH3naEidss Sisdedsde iakf beat i on.
For exanple, the_ use, of ac%luralit¥ of%ﬂgﬁleic aci d probes when 15 exposed
to a human DNA 3% Iip(gﬁ? o Of s ST PR iI"gnat ure DNA fingerprint that can

readily be used to identiGarbeni Aibuilsrmay deapraparved| with ShEMipREPARATI ON
OF MILTI ELECTREREcYIEHNS gHotps! 8Et4cKEs dBva1RALRY0RE ! thdioBu£aeé.t0 10 20

0101 10 1 Pl rih Gener e o ErEaFhaf Eonal B dErBLEE HTnaiL on” depend ng

upon t he geonet 20/ t422he theset chenipal rfynctiionadr gbbyps tincladec bugdes are

T or serm congeet ot s e O O ety oo

T o om CoSBERRS i cerfRiang b AT, RiBiCoHUE PRl

crystal displ aygraupsi and/dre comhinations diisired i or These tand qhedt t e,

suf I icient 3@ lse?_eﬁié&ﬂvfid}fct%hfa@earwssféﬁ tbeaﬁ_gea]?_ﬁle %@a&pw??rg 0

curface. The ol UBEFERALE i Whe PREERCA B SHBMur er i al s that cont i n

carbon, carbon fibers, cdtéxbaimachenibesl Ifuncti/onalagyoepsit 65.0f, COGHabove.
NH,, SH, NHS-esters) may be used to couple other small '
molecules to the fibrils. There are a plurality of

15 possible combinations of such chemical functional groups
and small molecules.

In many embodiments, NHS-ester groups are used
to attach other molecules or materials bearing a
nucleophilic chemical functional group (e.g., an amine).

20 In a preferred embodiment, the nucleophilic chemical
functional group is present on and/or in a biomolecule,
either naturally and/or by chemical derivatization.

Examnples of suitable biomolecules include but are not
limited to amino acids, proteins and functional fragments

25 thereof, antibodies, binding fragments of antibodies,
enzymes, nucleic acids, and combinations thereof. This
is one of many such possible techniqués and is generally
applicable to the examples given here and many other
analogous materials and/or biomolecules. 1In a preferred

30 embodiment, reagents that may be used for ECL may be
attached to the fibril via NHS-ester groups.

An antibody that can be used in an ECL assay
R can be attached to one or more fibrils or a fibril mat by
covalent bonds (e.g., reaction with an NHS-ester), by

35 reaction with an appropriate linker (vide supra), by non-
specific binding, and/or by a combination thereof.

Nucleic acids and/or cells can be attached to fibrils or



The el ectrodes may be fabricated fromcarbon fibrils. One or nore

I ndi vidual fibrils and/or one or WO 96/ 28538

PCT/ US96/ 03190 53 nore aggregates of fibrils may be processed to forma
| arger aggregate (U.S. Patent No. 5,124,075). This | arger aggregate is a

mat or nesh (QKeygghesdgter referred to as a "fibril mat") in wormiseddieeS

fibrils may be entangled or interwoven. Fibril mats typically have a
surface area between 50 and 400 Merr]/gra By way of exanple, a fibri
‘mat nmay be used as a working el ectrode, a unter electrode or a reference

el ectrode in anaﬂwﬁiqahaaadﬁprccwa@mrtatllimslgo RISddtracHicehEdea & One

exanpl e, the f|q5| nﬁt is used as an el ectrode for
el ect rocheni | unmi s && ECL). The bi ndi ng domai ns of the PMAMS may be

supported by a fibril matTItThay RdMesdifrable tavesntnol the axpentadfty of

di screte bi ndi NnhHuEpeRs £ w%MHq td@m%ie?&aﬂy@o rﬂbﬁ@.é Qﬁ&?bﬁf'ﬂ to each
other or may differ. The fi orts one nore bin |ng§doga|ns
y

ne or nore m cridfrditamat §U|d§buﬁﬁ&l§b Ggéﬂftﬁ°5r¥&ﬁﬁﬁiqg SEAPRE
bi ndi ng donalnsnuw'befdbsirahae ‘tdiredmcenbroprevent ithe nonrépagifiagent s

may be present Iaas%qp%lahuaﬁlﬁaeafngn entfibbiades, ostdipmmadegr mul tiple

di sti nct blndlngqﬂ@%% may ﬁ%resent mamcgﬁ%ﬁl éﬁjg':wde In Figs.

22A and 22B a pl e8¢ ﬁ? }2y |SHRASL 133 R R MEEfy PREWR
array, are 25 umtﬁ/’m‘ oBki orrmome afferitis y:ompnnentszntlﬂgt, tagt=o (eegipns of the

fibril mat 2290, R@I?Bﬁyfg%ﬁ RigATT (115 deaéffdaﬂéa@)ngo&sagea&s to form

di screte bindin s” 2202. The, b|n ing reagents forma Qnd Wi th
moi eti es present q&w amnines, antlgens, ahalyteés, and/or combinations

thereof. 1In another example, it may be desirable to
enhance the binding of biomolecules.
One or more chemical moieties that reduce or

15 prevent non-specific binding may be present in, on, or in
proximity to one or more fibrils, one or more fibril
aggregates and/or a fibril mat. Non~specific binding is
controlled by covalently attaching PEG moieties to one or
more fibrils and/or a fibril mat. Charged residues

20 (e.g., phosphates, ammonium ions) may be attached
covalently to one or more fibrils or a fibril mat.

Materials used in the support, electrode and/or

binding domain may be treated with surfactants to reduce
non-specific binding. For example, fibrils or fibril

25 mats may be treated with surfactants and/or detergents _
that are well known to one of ordinary skill in the art
(for example, the Tween series, Triton, Span, Brij). The
fibrils or fibril mats are washed, soaked, incubated
with, sonicated in, and/or a combination thereof with

30 solutions of surfactants and/or detergents. Solutions of
PEGs and/or molecules which behave in similar fashion to
PEG (e.g., oligo- or polysaccharides, other hydrophilic
oligomers or polymers) ("Polyethylene glycol chemistry:
Biotechnical and biomedical applications, Harris, J.M.

35 Editor, 1992, Plenum Press) may be used instead of and/or
in conjunction with surfactants and/or detergents.



fibril mat. The binding reagents may adsorb non- 30 specifically to the mat
or dry on the surface. The desired binding reagents are delivered to the
fibril mat while suction filtration is applied to the mat. In this

i nstance, the suction filtration draws none, sone or all of the binding
reagents i nt owomsssspugh 35 the mat, and in doing so, reducserusssoasount of
| ateral spreading of the binding reagents on the surface of the mat during
the patterning process. WO 96/ 28538

PCT/ US96/ 03190 54 Fibril mats are prepar eosaoy conpr essi ng suspensi ons of

carbon 11brils onto a SUbGidlaneoph-shbeltid aabbhiitfoffof %@ens' on

my pass (e.g. Iter% ters e use ormb5
fibri|] mats i ncIeEil teft ?clbaﬂfeIthQFPI iLéFEecF iltia f“Pé’r’rPﬁ oPleefed R g. |
nyl on) nmenbr anescmpetitive momspesificeadsorptidr.er Thigl esspétitiores,

el astoneric fil llﬂhan.né %gj_&s&i@hltt BSHay @rsé}.‘ﬁog‘gbgﬁi?oh;ﬁ two or nore

of suchfllt ﬁ‘é{ skill 1n the art o ration woul d
recoghi ze th EE" ?%‘H’aﬂf 6{118 ferely exanpl es of the many possible
materials suitable for fiNen-spewifde bin@imsicihthel ECDHTAS. méy e 23A and

23B i |l ustrat es raaueElOBy r@fgmidﬂ %h@?l&#ﬂéﬂ JBkheMiche FGPI I cated. by

suction 15 f||trat|ﬁ ﬁ pé)ersmn and suspensi on of carbon fibrils
2301 is filtere@*AUPAE othe | TAG mayoRe-padbhied (ﬁ?c REn %P §nGresse, ¥4 ter
menbrane 2303 aMﬂmnphlliciw (@ugRo by aaaﬁag'ﬁlmmmﬁ&usyopolsrfl | tered
usi ng sucti ofp apiydredelyn BEnd i), Undglekoen n&rjes [GirictS ohl | §Fote £ te

i

exanpl e, afllt rfI K, 2 rl l'ects™on elt or both
the filter ¥r3dEa mrzﬁs tiWe Ru(bpy;)) and thus reduce non-

specific binding of the TAG to other surfaces.

It may be desirable to immobilize biomolecules
or other media to fibrils or fibril mats. One may attach

15 antibodies, fragments of antibodies, proteins, enzymes,
enzyme substrates, inhibitors, cofactors, antigens,
haptens, lipoproteins, liposaccharides, cells, sub-
cellular components, cell receptors, viruses, nucleic
acids, antigens, 1lipids, glycoproteins, carbohydrates,

20 peptides, amino acids, hormones, protein-binding ligands,
pharmacological agents, and/or combinations thereof.

It may also be desirable to attach non-
biological entities such as, but not limited to polymers,
elastomers, gels, coatings, ECL tags, ‘redox active

25 species (e.g., tripropylamine, oxalates), inorganic
materials, chelating agents, linkers etc. to fibrils.

. One or more or a plurality of species may
become bound non-~specifically (e.g., adsorb) to the
surface of the fibrils or fibril mat.

30 Biological molecules or other media can be
attached to fibrils or fibril mats by non-specific _
adsorption. The extent of non-specific adsorption for

. . any given fibril, fibril mat and/or biomolecule will be
determined by certain properties of each. Certain

35 chemical functional groups or biological moieties present

- on fibrils may reduce or enhance non-specific binding.
The presence of hydrophobic and/or hydrophilic patches on




filter support 2302. The fibril mat 2304, wth or without the filter
menbrane 2303 may be renoved fromthe filter. 25 | n anot her
enbodi ment, suspensions of fibrils are forced through a filter by use of
pressure. In one exanple, pressure is exerted on a confined suspension of

fibrils by cwg&g&ng a confined layer of air and/or |iquigcyseeesivine
suspension with a piston. In a specific 30 exanple, the suspension of

fibrils is confined in a syringe, the piston is a syringe plunger, and the
filter is a disposable syringe filter (maf$ such filters are well known to

one of skill i ”T.ﬁé‘esﬁff@ce §ESQe§f$€é‘§n Q{)af i%bkéeaéf £ducRA norough a 35
filter by capilTary actigon or fTltered W C |ng,o .1he sgﬁgpqilon into or
through a filtcfpPecifigpbipAipng3et the protein to Iibrils or X

PCT/ US96/ 03190 shete.n @ydirbphikiboandps hydrdphobial pdtdhes aarer aggregat es
of fibrils are o pRedd st CREALEMhoN-ddUcl TR Binfihg | Ip dlftdreatbacd i th
phot osensitive noleties that polyneriz en exposed“to light are

i rradi ated wPt @®Ra8qght. The filter may be used to trap the fibrils inits

pores and so form a conp@dibiilsbtah beidedivatd zkdl with aallylay(Cl3upport. In

Fig. 24, a fibrj SLRAg I f fibrils
2401, deliver ed&%{%.%@&ﬁgérggﬁgif%:%ﬁke?‘tﬁgl g?g%ﬁrlﬁﬁ,rﬂgn%4o3. In
this process, mﬁpwffm | 8§obkoleginajc medesulssner iMeddf Fabri cat i on
of paper or pol gorér Weesrdaliehe rollers force the liquid fromthe :

suspension ggd a |arge, %&QLiB%OEi1HE£r£%eJi d labobE BhBSNGRchd " OM whi ch
t

smal l er 15 mats may be cut. . R
schematically in the case of a single fibril. A fibril .

2600 is derivatized with alkyl chains 2601. Biomolecules
2602; 2603, and 2604 bind non-gpecifically to the alkyl
chains. Polymer/elastomer 2605 is also bound.

15 Underivatized fibrils, fibril aggregates and/or
£ibril mats are used for immobilization of biomolecules,
biological media, and other materials by non-specific
binding. _

The ECL TAG contains charged residues. The ECL

20 TAG is made to be selectively attracted to a support
and/or electrode. For example, a derivatized ECL TAG
which has a net negative charge may have relatively low
affinity for an electrode at more reducing potential and
then has-higher affinity for the electrode as the

25 electrode potential becomes more oxidizing. The affinity
of the ECL tag and/or binding reagents to the electrode
is made to modulate (e.g., to decrease affinity during
binding and/or washing steps and to increase the affinity
of the ECL TAG and/or binding reagents so as to increase

30 the effective potential felt by the ECL TAG during an ECL
reading).

In Fig. 28 molecules (both biological and non-
biological) may be attached to fibrils by means of a
‘ covalent bond. Fibrils 2800 bearing an NHS~-ester

35 chemical functional groups may form covalent bonds 2801
to biomolecules or biological media 2802,2803. These
biological media may use an amino group to form a



Fibril mats may be freestanding (e.g., unsupported) or supported. The rate
of filtration can be varied to achieve desired properties in the mat. For
exanpl e, properties 20 that may be varied include uniformty or
non-uniformty of structure, the extent of entanglenent of the fibrils or
aggr egat es of wioderssss, the thickness, the porosity of the nwcrUvssabsm

conbi nations thereof. Suspensions of carbon fibrils are confined and 25 the
liquid in which the fibrils are suspended ég renoved. In one exanple, the
liquid in which the fibrils are suspended TS allowed to evaporate. In

?EOt her exanpl e,cddaaehi:qabﬂdiﬁy r&mgnbﬁgﬁﬁaéﬂ@?,gmsﬁfﬁet gB@pher erarrp! 3,
e suspension i e 0o centrifugatio and.the re ing liqu
(e.g., the supeﬁﬁ’ )Eﬁggrﬁﬁnﬁﬂﬂ§53¥ﬁz§§0th@?eéyaﬁﬁ%EPaFﬁes # %i i's
removed by evacude axt vauld megowiize thy tenprakity of YHS-estedre of the
filters descri begtoupar asbaeﬂbi?ﬁg W%s E_BE fib1&shivs %aewaaﬁaa?qa oamdeThe
suspensi on | eat.i ng or_ baki n_an oven _or iquid may
e refoved by 1 s Fenget Hotk e B oppafd bl apiz"ang For' ' Vo

96/ 28538 appropriate reaction conditions to aclH@meUS96/ 03190 56
exanpl e, the |i Ginndbilicag®eryd by evacuation with a punp. Many ot her

methods which .are vell knpwn o one skilled ig the arl.3.e Q! hable for
renoving liquids froma s SB%H%I ngjeties an /Qréﬁgﬁﬁﬁgffns gf f*ti1s
sui tabl e for for'tily Lfowhicheene mr mdrer isi ahtacheddd ar #dbridy, di spersing
one or nore L@l mibil bl futha A ORI b2t Bihd g bagiédty. SMhy g ohaye! -
Exanpl es of appré)rgﬁgi oh& an fbéﬂ¥ﬂ£#¥ibody/hapten, enzyme/substrate, .
enzyme/cofactor, enzyme/inhibitor, lectin/carbohydrate,
" receptor /hormone, receptor/effector, nucleic acid/nucleic
acid, protein/nucleic acid, virus/ligand, cell/cellular
15 receptor, etc. Many combinations of "binding pairs"
M1/81 and would be able to select combinations
appropriate to achieve the desired binding. Either or
both M1 and S1 may be attached to one or more fibrils.
Figs. 27 and 28 illustrate some of the many
20 possible configurations that are possible with this
embodiment. In Fig. 27, a £ibril 2700 derivatized with
alkyl chains 2701 non=~specifically binds a molecule 2702
that has a mutual affinity or binding capacity for
another molecule 2703, Molecule 2703 is also attached to
25 another molecule 2704. A blocking molecule 2705 may be
non—-specifically adsorbed to the fibril. A blocking
polymer 2706 and/or a polymer 2707 which has a ligand
(2708) that has an affinity for a molecule 2709 are non-
specifically adsorbed.
30 In FPig. 28, a fibril 2800 is covalently linked
via 2801 to biomolecules 2802 and 2803, and a linker

molecule 2804. The linker molecule 2804 has a mutual

. affinity or binding capacity for another biomolecule
2805. Biomolecule 2803 has a mutual affinity or binding
’ 35 capacity for another linker molecule 2806, which is

covalently linked to 2807. Polymer 2808 with a ligand
2812 that is specific for a binding partner 2809 is



but are not Iimted to water, ethanol, nethanol, hexane, 10 nethyl ene
chloride, buffered solutions, surfactants, organic solvents, solutions of
cont ai ni ng biological nedia (e.g., as proteins, antibodies or fragnents

t hereof, cells, subcellular particles, viruses, nucleic acids, antigens,

| i popr ot ei ns, wolggegagchari des, |ipids, 15 gl ycoproteins, carperivgskoises,
pepti des, hornones or pharmacol ogi cal agents, solutions of small nol ecul es,
pol yner precursors, solutions of acids or bases, oils and/or conbinations
thereof). A suspension of fibrils may be pfﬁbared by 20 dispersing car bon

fibrils in an aqesoafeﬁﬁwtlmehytaﬁanﬁ&flfOmsq@,gk@ng ﬁm&aﬂ&er

enbodi nent, surfactant and or _detergent br.i na hay
have broadly a tRPRkn23LL PRSP0 Bi 9 P%%Y%%ﬁﬁaﬁ&lfoaﬁeoc iﬁqﬁl 5

In preferred enbatitasmed, the fibril nmat has a thickness between 1 [err]m
and 100 [errlm In parthyl llphﬁ eﬁ fﬁ?gﬁ&zganr§thf5{5ﬁi rgyd7°&ange

from10 mmto_200 mn | dia e washed

repeatedly and 38 PE?FP’P%Q &1P§ﬁ6v§nﬁie%‘ﬁcﬂm angd/er; skxep HmFayr om
t he suspension Bihai to maiis rimkercd Ayidin tarmi/oanstreptapbdin inmay dee

heated (e.g., Paaa.teveamgj BFNC LA £ oliripil earszmg@agse on not

renmoved by 35 f| I on ccessive I on~st to form

mats of fibrils PEABBLRIMAN W-oraﬂéﬁ‘i\“o?%‘!lf%tsqr&?EPgi in\p80dI® 3538
PCT/ US96/ 03190 51mmun11ja¢ea crt fthie EAEODE Ay elitiHerohonAspeobEiqroximty to

10 binding, covalent bond, another or the same coupling
pair, or a combination thereof. The use of .
(strept)avidin and biotin as "binding pairs" is a widely
applied method of attaching biomolecules or biological
media to other materials and is well known to those

15 skilled in the art (Spinke et al., 1993, Langmuir
9:1821).

A binding pair may be a monoclonal antibody and
an antigen that binds to this antibody.
Multiple binding pairs (e.g., M1/51/M2) may

20 form. Ml is a monoclonal antibody, S1 is an antigen to
M1, and M2 is an antibody that binds to S1. This complex
may constitute an antibody/antigen/antibody "sandwich"
complex (such antibodies may or may not be monoclonal).
M2 may be an antibody tagged with an ECL-active tag (vide

25 supra), a fluorescent label, a radiocactive label, an
enzymic tag, and/or combinations thereof.

Ml may be a moiety that can complex with a
metal, metal ion, or organometallic compound (a
“chelating agent") and S1 is a metal, metal ion, or

30 organometallic compound (a "chelate") that forms a
complex with M1, and M2 is a moiety on a biological
molecule that binds to the M1/S1 complex (Gershon and
Khilko, 1995, Journal of Immunological Methods, 7371). -

The fabrication of metallic electrode patterns

35 and conductive elements to distribute electrical current
to such electrodes on a surface is carried out by methods
well known to the art (see, e.g., Leventis et al., U.S.



one or nore other layers. Layers may be distingui shed by several
properties, including but not limted to differences in the porosity, the
density, the thickness, 5 the distribution of sizes of individual fibrils
and/ or m croscopic aggregates of fibrils, the type, nunber and/or size of
fibril aggreg®ossesessse chem cal derivatization of the fibrilxTospasidontra),
and/ or the presence of other matter attached to the fibrils. 10

Fig. 25, a nulti-layered fibril mat 2500 |s prepared by successive
filtration steps. A 0.5 [err]mto 100 [err]%lthlck | ayer 2501 of plain

fibrils forns thPa'f:élﬁﬁtNd 251893580 P, t Ornld drel: Qﬁc&f' 1 %fufnbbéh' s
2502 that incorp

ties_such ol ethyleneg ls) that 15
resi s{ adsorptio §%§@%r}e FUriage 5t§% ‘%ﬁ%ﬁl"é’? dpge ‘I‘h"éi KIYsKaL ayer; a
0.5to 5 [err]m @ﬁmkayamd ds08eadfly i adapteEd dbeshenpreparatieniofidi ng

domains (Vi de sustedolata® ddupraing fed S 1rbiclbd! MedlggB dpgiontai n one

or nore antlb d| 25 na
antlbody/analyte i 4) ﬁ%?ﬁbFngﬁ.P£h¥§ E%HF%B&ﬁ? and) APPRHCAtifnE nay be
an ECL | abel. | n95twbquieim»srtamt Displays alRIK Semiehtidie Publimhers! a

plurality of Iabebﬁyéi,esmlﬁaﬁeil ﬁﬁﬂdﬂféﬁiﬁ& t f n@BH{-éﬁé‘t :ﬂ-ib r’%&h
mul tilayer mat Ry

P& freest%@ ing.o £ ort on one_o Iurallty of
possi bl e suppor t SoHeacTT Y 2350 el\m’?? fl?éft £X3ub 1 ? ng,EQhi ch
t here are conbi ntbeorethad |ofy od¥ilia evhla:h,samsztorJal Amofcném ISopers may be
different. The fnigps)ggﬁgnggzgornbtgehﬁlgg|éiﬂg5 un! 883 ¥ lgoaqand/ or

the fibril mat % coat.ed. Eartlcular enbodi nents,_the coatlngs are
metal lic. These &batTTRE 8@ E PREPIERNL RUPSERAtes of91ASE Wi ti ons are
coated, and ot heplasticlns Aathinogold nlayer @ preparedchy Cetie Ii@mbdabﬂ i ed

bY e'ecfrOdegos'biﬁﬂll&'1éﬂﬂ&%hﬁﬁyBQeeéégﬁﬂéﬁ prepat8ah ! flshaAUe €d by

electrol ess eposi&éé%;cal structure by the method of Kumar supra.

15 Modifications of this procedure to increase the thickness
of the conductor layers for improved current carrying
capacity while preferably maintaining transparency are
desirable and readily apparent to the ordinary artisan.
Such techniques may be used to prepare electrode surfaces

20 that are aligned with or in proximity with discrete
binding domains of a PMAMS.

In addition, the films and/or monolayers may be
composed of moieties which facilitate the transfer of
electrical potential from the electrode surface to the

25 ECL label, rather than using insulating moieties (e.g.,
alkyl chains) as taught by Zhang and Bard. For example,
pi orbital overlap in extensively conjugated systems can
be used for electron transfer. such pi orbital electron
transfer is provided by poly~pyrole or other conjugated

30 rings or double bonded structures.

Oligonucleotides may be utilized to modulate
electron transfer. For example, overlapping pi bonds in

. double stranded DNA may be utilized to increase electron

_ transfer rates. Oligonucleotides bound to an electrode

i 35 surface can be utilized as a binding agent in a binding

domain. Upon binding a complementary oligonucleotide
sequence a double strand with organized overlapping pi




WO 96/ 28538 PCT/ US96/ 03190 58 The

filter is coated with a netal, and the fibril is derivatized with a
chem cal functional group that forns a bond with said netal. The filter is
a netal screen or nmetal sheet. 5 The fibril mat nay be flat or

defornmed, regyg sgl [T €gul ar, round, oval, rectangul ar, T@ﬂggﬁbngpny
shapes, rigid or exi bl e, transparent, translucent, partially or fully

opaque and may have conposite properties or reglons of different individual
or 10 conposite properties. The mat may be 8 disk or a plece taken froma

sheet. A plurali ! b¥n ndk {4 g{#ﬂ'mé?t S 7fRY ggréfél{ila&ate%od%gﬂ rapl¥irst or

concurrently, prefer y in an arr gne “exanpl €, 7 an array of
m crof | uidic gU|HE§mFBY B ldeed; (g. Sf feeralentlys 1pked R rt as

descri bed above. suhppert) heligohurlearidé is|Bch Labveled.palheansthdr | ter

Hbril mis. 20 chbolinéht S idrBQEy, coibronedfaly bBRRAISER Y 1)

is used to co@er odigonnelenkide of parsially cgonplemenssry, SW@P@F?)I‘H? ality
of discrete fibr therfﬁi'ﬁm@h? m%rﬁ&'léaﬁi&@tié/ BUL Qlablgedl i | A redttoiargnd/ or

evaporati on. Fibr 1 av dens fron10 1 0 25
grans/cnferr]. ﬁgk rat 21 ° 4% qﬂ&%ﬂ s ? £ P@F&gﬁ mechani cal
force or pressurGONE}eEen it the sneonﬁyrzuolmqun@pésptid9e%stkahqiﬁdease
or decrease the deng.ivya Eaxtawicmtssawy heywendrEE ©1150866186¢EBde My 30

extend partialy ¥ B0¢n8" mby!dVed Helliei1408a M A Var FBEy S e
oligonucleotides and/or oligonucleotide mimics can be
utilized (e.g., oligonucleotides with modified bases
and/or modified backbones containing for example nitrogen
and/or sulfur). Differential studies may be performed.

15 Variable stability of pi overlap in oligonucleotides
and/or oligonucleotide complexes may be monitored through
modulation of electron transfer. The signal (e.g., ECL
light generated and/or impedance measurements) generated
from a pi bond stabilized ECL labeled double helical

.20 oligonucleotide pair may be correlated against the signal
and/or expected signal from a more disordered single
stranded oligonucleotide. The variation in ECL signal
between a fully complementary ECL labeled double stranded
oligonucleotide and a partially complementary ECL labeled

25 double stranded ocligonucleotide may be correlated.
Additionally, oligonucleotide complexes of multiple
oligonucleotides may be utilized. For example, triple
helices may be employed.

Modulation of electron transfer rates may be

30 measured using ECL detection as well as electronic means.
ECL labels may be covalently linked to oligonucleotide
strands and/or non-covalently associated (e.g.,
intercalated). DNA may be coupled to the electrode
without the use of a linker (e.g., adsorption of 5’

35 thiolated DNA on gold) or with a short (< 10 atom) linker
to ensure low resistance to electron transfer from the
DNA to the electrode. A linking chain may be used that




part of a network or pores. These pores nmay have di nensions rangi ng broadly
from50 Ato 1000 [err]m In a preferred enbodinent, the fibril mat has
pores with dinmensions ranging from200 Ato 500 A The porosity of 35 the
mat may depend on the density of the mat, anmong other factors. WO

96/ 28538 W0 9628538 PCT/ US96/ 03 15@r/Bsbei3190
porosity of the nat may be constant throughout the mat or may increase or
decrease as a function of the position in the mat. The fibril nmat may have
a wde variety of pores of different size €9d|str|buted in a disorgani zed

and/or random ”@&E\%ff?[éfeﬁ éra[}%gm?%yeiggéx?%ﬁh @r%%.a'ﬂﬁé éf&é%&fto

di fferent poros exa ve one or
| ayet's, each ha § dFF?%R rﬁe1ﬂbwo§|P91Y§FE¢¥4QHqIchﬁ&P%°nay have colunns
of different por03|ty 10 Atinksted wonlageghahdforegilnl kaypbeodséd i t he nmat

b I ed byniies! He | f f
fibrils, wher é’@'&%ﬁ?éﬁ%ﬁé’? bit v B Rt

conbi nat i ons. rFFﬁﬁl%ﬁY(BEmnﬂW911§t§53$mﬁh9s¥ﬁﬁn§§&Feﬂffron1|nd|V|duaI
fibrils, CCfi bueillest(:dlean:rpmw.a) Aaaérﬁativéxy,l a mdeeculéesk supra), or

diferent combi gaikaRse Bk AT Rackloeh eldndPl. 18 olguprpopP PO" 05
that are large enough to pass ects as celTs, sone
pores that can §§§§g§ albf%l%ﬂﬁ?ﬁﬂednﬁﬂl§h85m9%9¥ﬁ¥Q¥sq5rgiéﬂns
anti bodi es, sonmexpupiest bfittiarEqregeingl, ythenhi doﬁglﬁ&ﬂe&oheﬁuiéyewl ght) .
or gani ¢ ”D|Q&P'%&d/%?dégﬁdﬁ€ﬂﬂﬁf§ﬁh99§ Lﬁgiéiés éﬂ}%hpgﬁgﬁkﬁthfaﬂ&V%f“at may
be such that one or nore ec §
suspensi ons, are approxim ate to ﬁhe electrode surface, may be used.
Patterned regular gaps are created in the monolayer and
or £ilm. By utilizing controlled patterns of gaps in an
ordered substantially perpendicular SAM composed of long
15 chain alkane thiols (i.e., insulating) to which ECL
labels have subsequently been attached, the effective
potential imposed at the ECL labels can be controlled.
For example, Fig. 11 shows a cassette 1200 formed of a
single support 1202 with a metallic layer 1204, a SAM
20 pattern 1206 and gaps 1208 between the SAM patterns.
ECL labeled proteins may be non-covalently
linked to a monolayer surface. An ECL labeled protein
may adsorb to the surface of a methyl terminated alkane
thiol derivatized gold surface. The gold surface may act
25 as the working electrode or the counter electrode. A
' pPlurality of binding domains may be incorporated on a
single support as is illustrated in Figs. i1-13. In
preferred embodiments the binding domains contain
labelled and/or unlabelled protelns and/or nucleic acids
30 and/or cells and/or chemical species.
Alternatively, the length of the components of

R the monolayer (e.g., the length of the alkane chain in

- alkane thiol monolayers) may be varied to control the
effective potential at the exposed surface of the

: 35 monolayer.

Broadly, alkane thiols may have carbon chains
of length between 1 carbon and 100 carbons. In a



25 gases, gels and/or dispersions can diffuse into, within and/or through
the mat. The porosity of the fibril mat is such that biol ogical nedia can
diffuse (actively or passively) or be forced by sonme neans into, within
and/ or through the mat. Exanples of biological nedia include 30 but are
not limted tgougessss bl ood, fractionated bl ood, plasma, ser p@russensso
solutions of proteins, antibodies or fragnents thereof, cells, subcellular
particles, viruses, nucleic acids, antlgens | i poproteins, |iposaccharides,
| i pi ds, gl ycoproteins, carbohydrates, ngtldes hor nones or

phar macol ogi cal BlArveg EhBodiiind t’i?et amonaxsneae & ¢HY aikauers of

di fferent porosi
PCT/ US96/ 03190 ééiyla}cﬁopﬁaﬁnﬁa?%#mn fafndadd FRFRERFr oS CAFBPB | ayers,
but not through chidisr leagthsof Ttise falkane thiolsisupewderd 2bwndr 18n anot her

material. By wayofinomsdPifie & S R A8n fxeié e'&?é’erf'l laﬁdalﬂf‘t al,

pl astic, polynper, el astoner, tPaper cer “% ass , 0|I
paraffin, organitarRangg, §HFBoﬂl¥ﬁ %1Fﬂ¥ﬂ%ﬁr8a8f o %KV4H$Q§ oP eﬁﬁﬁ The
material nay be quups expbsedi tio tie idsday meldid, intluding aetthyd one or a

plurality of hol p ?Qgh ex o] y be a
nmetal nesh, a nyﬁoﬂfslﬁgaibne aneasg #%Ft’ é%ﬁ*li#ﬁaeﬁslé%p %?.%83 may be a
conduct or, a senfENIEOELEL¥RRLE} e§99§ﬂhﬂ§§tSF°uPﬁvaﬂPQﬁﬂﬁﬁfﬂ+eﬁF°BP§closed
in U S Patent Nouotin, 3tdtiifotniladetids atis, iyu.htatmme', lepokiides;sed in 15

b n”a;.eggf‘:%isf%msam&zg “BAMA P HRGPE O St
etc.), ceranics, QQQWQﬁwllﬁéPQEEFgmm%ﬂ ﬂﬁﬁﬂr§°rg he B. ﬁ}ca ion and -
immobilization of recombinant fusion proteins (e.g.,
Sassenfeld, 1990, TIBTECH 8:88-93). The binding domains
may be derivatized to varying degrees to achieve varying
15 densities of binding reagents. For example, different
Gensities of activatable chemistries may be used and/or
derivatization may be carried out to varying extents.
Mixed chemistries may be utilized to create desired
binding densities. Mixed monolayers may be utilized to
20 control the density of activatable groups and/or binding
reagents. The density of binding groups is controlled. to
optimize the ECL signal to noise ratio. The total number
of binding sites within a binding domain(s) is controlled
to optimize the intensity of the ECL light signal with
25 respect to other ECL light signals from other binding
domain(s) whether such ECL light signals are detected
sequentially or simultaneously and/or with respect to the
light detection means.
The voltage waveform may be applied so as to -
30 activate ECL labels associated with a binding domain(s)
within a PMAMS one or more times. An electronic
potential sufficient to activate ECL light generation may
be applied multiple times to the same alkane thiol
derivatized surface with bound ECL label to generate
35 multiple ECL light signals. Electronic potential is
applied sufficiently to generate ECL reversibly.
Potential is applied so as to generate ECL guasi-



conbi nati ons thereof. Dispersions of fibrils in other 20 materials are
conducting. Dispersions of fibrils in other materials may be nvol ded,
pressed, forned, cast, spun, weaved, and/or thrown so as to form objects of
a desired shape and/or form The fibril nmat may incorporate another

material, forwapmsg thin fibers, 25 shards, or balls of meirakedodion
I ncrease the conductivity of the mat. In another exanple, the fibril nat

may i ncorporate other carbon, glass and/or netal fibers of varying size,
shape and density to create a different pofdsity than can be achi eved with

fibrils alone. er .as the Q etic beads
(for exanpl e, D*ﬁi%%%i’gl? F% g éﬁ? ev@slﬁ¥ sgf'ﬁéé) Jfaé% ge| t her
serve,to change ¥ayeépsams Fhﬁ’fb pdi ﬂitdomﬂlwng n¥kick EHe as
?uppo_rts tg I Mmoassoctats qieng. glogmms) 3y be chemlcqﬁxheix}dy'ailrbon fibers
e.g., carbon n o] t , _ : ,
VO 56 26538 | PAPLLAEY St O mil WIMAGY wiVEKTGE Niised aDRTREY
bucky} ubes, " f 81 | BREnBkeld, drxenpradble BCh Hdobss Yepayabionsed in pl ace of
carbon fibrils. Carbon fibmﬁhaegayaheexg¢umame@owbhblsnegﬁxiﬂcﬂaﬂmctbonaI

oroups oL Lached, BRYBLED Sl Shapiinfed 54 6% dndlafBESHY o B8 1 oups
i nclude but are #&btigidssizable GEEFPlﬁiﬁeIﬂﬂﬁh‘NPnRﬂﬂ¥€Wcﬁ8mHRRﬁﬁﬁﬂlnlde
(NHS) - esters, pwhgré eﬁm-ylmangl #bove)thd f&l@dtroabkshrfié}*[iﬂ remall@rr]) I
droups. and) g, CRRb I BEBRbet 1P S0 A rUiEhy 1y RN el 01
Certai n cheni cal SHEFRE2nalIngtHdEswaE. %ﬁ,th§JEQP°laYer is disrupted,
even some ECL labels that are not efficiently excited may
be excited by the electrode surface to generate the
electrochemiluminescent signal and the ECL labels are
15 restricted to a small volume réstricting diffusion from
the electrode. Various monolayer compositions may be
utilized to control the degree of monolayer disruption
for a given potential. Monolayers with components with
strong inter-component affinity will be more resistive to
20 monolayer disruption. Longer alkane chain thiols resist
disruption more effectively than short alkane chain
thiols. By varying the chain length the desired
stability may be achieved.
Modification of the binding domains within a
25 PMAMS may be used to modulate the ECL signal. A series
of voltage waveforms is applied so as to generate a
multiplicity of ECL signals. Said multiplicity of ECL
signals may be utilized to gain extra and/or better
results. Statistical analysis of the rate of modulation
30 of the ECL signal may be correlated to the overall
quality of one or more binding domains. Additionally,
. said multiplicity of ECL signals may be utilized to
- increase signal to noise by, for example, filtering
certain ECL signals of a series. Further, multiple
. 35 electronic potential waveform pulses may be utilized to
reduce undesirable modulation of signal due to non-
specific binding. Electronic potential may be applied to



NH[err], SH, NHS-esters) may be used to couple other snmall nolecules to the
fibrils. There are a plurality of 15 possible conbinations of such chem cal
functional groups and snmall nol ecules. In many enbodi ments, NHS-ester
groups are used to attach other nolecules or materials bearing a

nucl eophi | i ¢ Goaghesas functional group (e.g., an anine). 20 pcpossgussher r ed
enbodi nent, the nucl eophilic chem cal functional group is present on and/or

in a bionolecule, either naturally and/or by chenical derivatization.
Exanpl es of suitable bionolecul es include @# are not linited to anino

aci ds. proteins pRdviGidilect r38BINGIGD ¢f YetthintBhANNH TpedioBdi NG

fragnents of ant Ei S nzynes, nuclelc aclds, at i ons thereof.

an |
This is one of nﬁ%@ 43 gs PHeEtYepin BRkRNGR) may kRARRiied, 80 B8ahi e to
t he exanpl es gi vbo peomotantheadpcal beathon megpmia dhding| domenihi (&) of

bi omol ecul es. | nyg-£4 i %{gaq%%% ?gi\jlgg%%s%&%qggt ot ef@é@_‘be ed for

ECL may be attached to t : er groups. An anti body that
can be used i R aWoleage J@yefoxm pepiied csuppliesodarge apee-Rotsntial,;, 5

fibril mat b% cotelen; Wwightr potentialathawnisiirdguiredHo agdmenatedy 35
e ConmEeEP STSYaLbacubThab bF Sy icips g 80 sedOBA ot 1010,
to fibrils or signals oin g3 voltage wave series or in a single voltage
PCT/ US96/ 03190 6#atebpulsent additionaliy] overpdtentiidisshay bettached to
bi ndi ng. of maler TefLefed i dihilatl, £08 ECL SdieedohtRinltiBe s | ¢
non-1imting exafpfedate the binding potential chemically and/or

physically. Further, one or more voltage waveforms

and/or other electronic probes known to those skilled in

the art may be utilized to assess and/or correlate and/or

15 extrapolate information on the quality and/or electronic

properties of an electrode(s).

Preferably, the efficiency of the ECL reaction
may be enhanced by extending the working electrode
surface area by providing additional conducting means in

20 contact with the electrodes. Projections or extensions.
from the electrode (e.g., wires or whiskers) of
conducting materials or conducting particles may be used
to increase the electrode surface area, such that the
electrical field and more closely approaches the ECL

25 label. Alternatively, indentations or wells in the
electrode structures may serve the same purpose.

In particular, conductive particles may f£ill
the gaps on the electrode surface and/or cover the
support or monolayer so that the electrical field around

30 the ECL label is increased in absolute magnitude, as
shown by Fig. 12. These conductive particles extend the
electrode surface area and thereby increase the
efficiency of the ECL reaction. Fig. 12 shows a cassette
1300 having a support 1302 bearing a patterned SAM 1306

35 on a metallic layer 1304 and indicates conducting micro-
particles filling in the gaps {e.g., 1208 in Fig. 11) and
extending above the metallic surface between the SAM



may be desirable to reduce or prevent the non-specific adsorption of
proteins, antibodies, fragments of antibodies, cells, subcellular
particles, viruses, serumand/or one or nore of its conponents, ECL tags
(e.g., 10 Ru[err](bpy)[err] and Ru[err](bpy)3 derivatives), oxal ates,
trial kyl am newoogéssgiens, anal ytes, and/ or conbi nati ons t hepeptisosiosagsanot her
exanple, it may be desirable to enhance the binding of bionolecules. One or
nore chem cal noieties that reduce or 15 pésvent non- speci fi ¢ bindi ng may
be present in, on, or in proximty to one nore fibrils, one or nore

L i bri | agor ;a*gattt @#y&r apbibp né@itct dél?.auéi?.eagfg,&ﬁa@slngal &agﬁeer&]gl gd |
y coval ently attachi Leties to one bri a fibri
mat. Charged redtRHieF q%bfgélgn R Regce &0 gﬁﬁﬂ %Qﬁn? %?tached
coval ently to orsanflacesr eThebcomtu@nnaa particlent mawbalsa alles ussédaSn t he
support, el ectrca@sm@éar tbi agtasa Okmléiel&hteslt &eé@ﬁam tﬂ&tweﬁaeﬁénts to

reduce non-spgci f i ndi n For l.e, s or fi ts be
treated wt hIo ur?iaec‘ﬁfr#f ﬂﬁfﬁ?eﬁeﬁ@r&é’rﬁ ?"Pﬁéf‘ I AN |°ﬁ<ﬁomﬂi}§

ordinary skill i twa: rap;mcu:i(natedempgﬂzms.t h@nTRégn 8prthes cabsette, 9e;pan

sB(rJInJl Z:at del LI > Ié&!ﬁsgdc%ﬁ)ihng?%%%aét h eof @\%2 Eﬂ%g%g%sl L{]%?lg?rga?h%t ants
and/ or detergenté& Q§ﬁqﬂﬁsdn§na (ﬁqﬂp° | 204 BRathas, a, SNAYE-

simlar fashi on ConduEting gicrotrpapkicies) Gl0fs arehposifeinned hetwepdr t;phl lic
gl I goner s orwlol PP ing s%%&égéyiﬁr@nﬂﬁ'%g teg‘@@ﬁﬁ%l%é’ eﬁ&tz%gm cal and ]
used i nstead of BREAILAN, COURFA-ERS Rt iabad P tharbinding Sovados: gents.
WO 96/ 28538 (not shown). PCT/ US96/ 03190
Alternatively, conductive polymers are grown
from the exposed gaps on the electrode surface to
15 facilitate extending the electrical potential around the
ECL label of the sample as shown by Fig. 13. Fig. 13
shows a cassette 1400 having a support 1402 bearing a
metallic layer 1404 on a patterned SAM surface 1406.
Conductive polymers 1408 are grown over the SAM surface
20 to extend the electrical field provided by a multi array
of electrodes (not shown) to binding domains (not shown)
on the SAM surface. The conductive polymers may also be
used as described to extend the electrical potential
between the electrode surfaces and the binding domains of
25 a PMAMS of two approximated supports as illustrated by
Fig. 7. In Fig. 7, the cassette 800 consists of
approximated supports 802 and 804. Conductive polymers
806 are grown between the opposed surfaces so as to
extend the electrical potential toward the ECL label on
30 the binding domain (not shown).
Fig. 9 illustrates a cassette 1000 formed with
a first support 1002 having a multielectrode array, a
- second support 1004'having a PMAMS binding surface,
| wherein conductive projectioné (1006) (e.g., fine wire or
35 other protrusions) of the working electrode extend the
electrical field around the ECL label in the PMAMS
binding domains.



63 Undesirabl e non-specific adsorption of certain entities such as those

| i sted above may be bl ocked by conpetitive non-specific adsorption. This
conpetitive binding species mght be bovine serum al bumin (BSA) 5

i mmunogl obulin G (1gQ. Non-specific binding of the ECL- TAG may be reduced

by chem cal nowiodér8dsi on of the TAG For exanple, the TAG meycResogfsiod i €d
So as to increase its hydrophilicity (e.g. by addi ng hydrophilic, polar, 10
hydr ogen bondi ng, and/or charged functional-?roups to the bipyridyl |igands
in Ru(bpy[err])) and thus reduce non- speci C binding of the TAG to ot her

surfaces. |t may be desiraphé dfedurgal %éifsb;h% e eeatol 1fl L oYp Bty (0

fibrils or fibril 'E’g Onegfa/ att&& ant | gmentso
ant i bodi es, protéln 4 Wzy Fees & QP}%?%S"“?%"EPF pas, Aepiqtad;
anti gens, haptens-n Fhsoﬁi@uE#$E§qumpaa¥¢ngathﬂ@sdlgnﬁdsnresuhrecmédenat

conponents, cell metg e c
o ;/rgopr ot 61 sy oy bg:ggi?gf%zs' \&héﬁk'il. %xlﬂg !Efixgarsn a%éifor ?éﬂl%@ﬂéncfbp'fjﬁms

pr ot ei n- bi ndi vy FPE ﬁH%HHﬁbéﬁ@ﬁPG&PnﬁgE¥E§Freﬁﬂﬂ@iPeconﬁhﬂat|ons
thereof. It may glectpedessof dilese elattaode rpmré)lp:defgrabh.yeaéfines such

odox active 25 Saearenr A Sredi ool Fbtac ity R yisty | J0°
materials, chel af gﬁeﬁf‘%‘%‘ﬁ’?ﬁ(@r Te PEJ-V?%Y f?%ﬁ‘?’é‘t e%&c‘e'?lﬁ%* Lipldy
plurality of speC|es may become bound non-specifically (e.g., adsorb) to

the surface afp the fibrilso@fed idyrg gﬁgét§§9? ?F e SPeF§g§§€g f&

nol ecul es or ot her nﬁg g can be atta
non- speci fi ¢ ads&FPYBRY- THEe¥R%a, CLothRsR- %%W%&r preoshewn jel’hy
given fibril, fi Mranerruieusnotlmrﬁtgsormb@aweew | IFiee. det(a) nshews byn certain

properties of eaGhterlhigifated comb-like electrode pair. In this
structure, each electrode has a plurality of digits -

15 extending from the conductor making a comb-like shape.
The electrode and counterelectrode pair may be positioned
adjacent to a binding domain, or a binding domain may be
positioned between an electrode and counterelectrode.
Fig. 19(b) shows a pair of concentric electrodes, one

20 circular and one semicircular. FPig. 19(c) shows two
semicircular electrodes with their straight edges facing
each other. Fig. 19(d) shows a palr of rectangular
electrodes. Fig. 19(e) shows a pair of interdigitated
electrodes having complementary opposing curved surfaces

25 to form a sinuous gap therebetween.

The electrode/counterelectrode pairs may also
be formed into specific shapes complementary to shapes on
the PMAMS binding surface for alignment purposes.
Exemplary shapes are shown in Fig. 6B. A support 712

30 Dbearing electrode pairs 714-720 is shown. The electrode

' pairs may be, e.g., circular 714, interdigitated 716
- triangular lnterdlgitating 718 or multi electrode
. interdigitating 720.

In the embodiments shown in Figs. 14-19

35 discussed supra, the electrode pairs are located on a
single support. Alternatively, the electrode pairs are



35 chem cal functional groups or biological noieties present on fibrils may
reduce or enhance non-specific binding. The presence of hydrophobi ¢ and/ or
hydr ophi | i ¢ patches on WO 96/ 28538

PCT/ US96/ 03190 64 the surface of a protein nay enhance or reduce non-

speci fi c bi neygeseésst he protein to fibrils or fibril mats. Hduviseqdatdei c
and/ or hydr ophobic patches are utilized to control non-specific binding in
controlled 5 areas. Fibrils can be derivatized with alkyl (CH err]) chains
and/ or carboxylic acid groups to enhance ﬁﬁ%- specific bi ndi ng of

bi ol ogi cal Nl equbg8ef’ ol Bl A0 an@t Es&oﬂat pports as showndb y

Illustrates the gbov enbodi nent schemat e case of a single
fibril. A fibri F1960%is derivatized with aIkyI chalns 2601. Bi onol ecul es
2602, 2603, and 2604 bind nonssBecchsgEri®sto the al kyl chains.

Pol yrrer/el astorrer 2605 | Soadatt taeuedntdPn One or mo;reUE 61‘!1?&'&9%@ brils,
fibril aggr eqga €£or fibril nmats are, used 5§% 1.0N Qf

blonﬁlecules R rfpsgeting UFKe?“?&HQﬁWQaPQuﬁﬁ #
bi ndi'ng. The ECLiomA@'lsomcalcmB clramgre woskihp alebiterolEs. 20 TAG i s rrade to

be selectively attract ed Its_gJ azsaggt E:EsanéQés@Jh %%Q-@ eﬁ@ﬁ SE Rl a

derivatized ECL g 8 negative ave relatively | ow
affinity for anv &M H’?o aa’tnsm?roe%& Pﬁﬁtp%ﬁ é‘Fﬁ éﬁijéﬁﬁnf'h%‘h %has hi gher
affinity for t hdi€ferenbdeneaof pluzalebtettroies@2ant Calinberehestrodes

oxi dizing. Hi affapkt fonIieé s 'ic'sehéﬁda o d%d' Nen! ﬁéﬂeaééa;} qd he
el ectrode is made to ul at e %’ % ease affinity durin
condu as previo sly descr bed by placing a sample on

blndlng domains 30 and then moving together supports 26
and 28 so that counterelectrodes 38 are each adjacent to
each of binding domains 30 and an ECL reaction may be

15 triggered as described above by waveform generator means
39, via a lead 34, and an ECL signal detected and
recorded by light detector means 40, wire 41, and digital
computer means 42.

Fig. 3 illustrates a cassette where each of

20 plural binding domains 48 has a different one of plural
electrode/counterelectrode pairs 50 adjacent thereto on
support 44. Support 46 may optionally be placed adjacent
to support 44 so that support 46 forms a sanmple
containing means adjacent to plural binding domains 48

25 and plural electrodes 50. Thus, an ECL reaction may be
triggered via electrical connection 52 by waveform
generator means 54, and an ECL signal detected by light
detector means 56 and recorded and analyzed by digital
computer means 58.

30 A cassette is provided that contains one or
more pairs of supports as shown in Fig. 21, each pair of
supports being situated so that the surface of a first

. support 1501 that contains binding domains faces the
surface containing binding domains on the second support
) 35 1502, in which each surface contains electrodes 1504 and
' binding domains 1506; such that each binding domain on
the first support faces and is aligned with an electrode



bi ndi ng and/ or washing steps and to increase the affinity of the ECL TAG
and/ or binding reagents so as to increase 30 the effective potential felt
by the ECL TAG during an ECL reading). In Fig. 28 nolecules (both

bi ol ogi cal and non- biological) my be attached to fibrils by neans of a
coval ent bondwolgg,ggsg,*s 2800 bearing an NHS-ester 35 chem cabctmgshsndal
groups nmay form coval ent bonds 2801 to bi onol ecul es or biological nedia
2802, 2803. These biol ogical nmedia my use an amno group to forma WO
96/ 28538 76 PCT/ US96/ 03190 65

b 11 zed.  ongmoas, encth 'ehpedie, Spchicy Ulnd BokEEh o (hd °

i obi | i zed. One o rnary A 1 recogni ze
general ity of NESSSOBH-PUBPYl Fares:ans LhRbigRS wigh ap| eleerecods Phoul d
be able 5 to sahectEibsthstpsortnpropri ate bi onol ecul es and the appropriate

reaction conditions to achjeve, i LI I on g L eLhes and/ or
mol ecules "ML " and "S1" Pi(')f \%niic. 'R%kghéggn%r%aﬁé%et ggkggg#oﬁgﬁfi bril, 10
exhi bit a nuttialelgctraiey axe mRidiongleapBinding Momaings$4pen support

anti bo;iy/ ﬁ_nL i gerso laﬁrtei _ba?vém @ItlﬁazﬁaﬁbSHW§ﬁdt.edeW&Bﬁﬁﬂimﬁ}@;afn
enzyne/ I nhi bitor, I n , (o) , rietffector,
nucYeic aci d/ nuc gﬁg%géidﬁg%ggp%gﬁﬁhﬁbféﬁﬁgg%i%ér&%ﬁﬂ%ﬁi Fég%gf&ﬁ

cel | /cellular 1Medizme ol detaqting ox, neafuriag iamanylyts A Auterest”

ML/ S1 and woul d dre foll eatfy ity it @OdEsigba ORGacIBMPT iSapPokt 60hamye the

(rbrils. Fi iSO s 62 a8 rrddbn¥ BogbeBY 66 Gid H1841h8, GPafle T ¢
configurations t&a@ngdr Eegbens fH&e ane ifontpgted and the presence of an . '
analyte or reaction product is determined by a reporter
system, e.g. a colorimetric chemiluminescent or
fluorescent signal that may be detected by photodetector
15 means 68 and recorded and analyzed by digital computer .
means 70.

In a preferred embodiment, a cassette or
apparatus of the invention comprises a means for sample
delivery onto the plurality of discrete binding domains

20 (see, e.g., element 1 on Fig. 1 of U.S. Patent 5,147,806;
element 1 on Fig. 1 of U.S. Patent 5,068,088; each of
which is incorporated by reference in its entirety). The
means for sample delivery can be stationary or movable
and can be any known in the art, including but not

25 1limited to one or more inlets, holes, pores, channels,
pipes, microfluidic guides (e.g., capillaries), tubes,
spigots, etc. Fluids can be moved through the system by
a variety of well known methods, for example: pumps,
pipettes, syringes, gravity flow, capillary action,

30 wicking, electrophoresis, pressure, vacuum, etc. The
means for fluid movement may be located on the cassette
or on a separate unit. The sample can be placed on all
of the binding domains together. Aalternatively, a sample
may be placed on particular binding domains by a

35 capillary fluid transport means. Alternatively, samples
may be placed on the support by an automatic pipetter for
delivery of fluid samples directly to the PMAMS on a

-



enbodinent. In Fig. 27, a fibril 2700 derivatized with al kyl chains 2701
non-specifically binds a nolecule 2702 that has a mutual affinity or

bi ndi ng capacity for another nol ecule 2703. Ml ecule 2703 is al so attached
to 25 another nol ecule 2704. A bl ocki ng nol ecul e 2705 nay be

non- speci f i catvipwsoskspr bed to the fibril. A blocking pol yner perfRSesasdbor a
pol ymer 2707 which has a |ligand (2708) that has an affinity for a nolecule
2709 are non- specifically adsorbed. 30 In Fig. 28, a fibril
2800 is covalently linked via 2801 to b| orrY)T ecul es 2802 and 2803, and a

| i nker nol ecules%?% Th t yal y or

bi ndi ng capaci t%&l éu:“t:nogﬁe:ir'ﬂ%‘?om) ecul e %@43 Ek'laa}r%tg%upé gg%%éﬁ’aés a
mutual af fi ni ty A98FnEPRglater AeddveFyr 8@*—'&%%@?0 [thek 2inddgcul e 2806,

whi ch is coval emurfabcenked to 2807 Polyrrer 2808 with a ligand 2812 that is

specific for a binding p

PCT/ US96/ 03190 66 cov Ien pf%ﬁ&z%% ll<nang m)}ecul es (e.qg.
BSA) 2811 and bIiRGiPA nﬁoP %t ﬂéﬂ}tﬁﬂetEOV‘i}%ﬁﬁd P%&Eheﬂe‘:ﬂ“#?brl | may
be derivatized md]]ymlerdnbmamndia:irsﬁ elabitonenyt alierbriialser metalayi di n and/ or

streptavi di n maysRhg égifg VAN av
bound to the fl)é:l’l ,ﬂ B§ Q%I ot i g néng #Qgé%ﬂ arfd 11% Fbtgl nﬂoéWebI nd.
Avi di n and/ or st‘fr"éﬁ’tsavﬁ °%ya qzi”rﬂﬁHPFPQeEa‘éﬁF’Eﬂé-fl Srppergs ’E#X her

non- speci fi ¢ 10 Hevedanyideovar ety i dtraseuhel, C&héﬂiﬂaﬂa&ndstonpl i ng pair,

i 15" 1 8 B ooy Al b h Cimieh é%ﬁf%év%f%%?%ﬂfﬁhwe £ e

pairs" |savmde1y appl I cal
deformed, transparent, trans ucent . partially or ful y

reflective or opaque and may have composite properties,
regions with different properties, and may be a composite
of more than one material. '

15 Reagents for conducting assays may be stored on
the cassette and/or in a separate container. Reagents
may stored in a dry and/or wet state. In one embodiment,
dry reagents in the cassette are rehydrated by the
addition of a test sample. In a different embodiment,

20 the reagents are stored in solution in “blister packs”
which are burst open Que to pressure from a movable
roller or piston. The cassettes may contain a waste
compartment or sponge for the storage of liquid waste
after completion of the assay. In one embodiment, the

25 cassette includes a device for preparation of the
biological sample to be tested. A filter may be included
for removing cells from blood. In another example, the
cassette may include a device such as a precision
capillary for the metering of sample.

30 The plurality of binding domains and the
-plurality of electrodes/counterelectrodes on the supports
N are typically placed in registered proximity to one
~ another by mechanical means, e.g., by using guide posts,

alignment pins, hinges (between each support) or guide
35 edges. Optical guide means may be used to position both

supports and electronic means utilizing optical guide

marks defined on the supports. Other systems using



media to other materials and is well known to those 15 skilled in the art
(Spi nke et al., 1993, Langruir 9:1821). A binding pair may be a nonocl onal
anti body and an antigen that binds to this antibody. Miltiple binding pairs
(e.g., Mi/S1/M) may 20 form M is a nonoclonal antibody, S1 is an

antigen to Miyoagsi i S an anti body that binds to S1. Thi speromsRsieeny
constitute an anti body/anti gen/anti body "sandw ch" conpl ex (such anti bodi es

may or may not be nonoclonal). M2 may be ag anti body tagged with an
ECL-active tag (vide 25 supra), a fluoresc Bt | abel , a radioactive |abel,.

an enzymi ¢ tag, Gubd4ica? Bk Nabdusid hagistrallofBedts arePhgky that can
conplex with a net &ﬁgaetal i on, or organagnetal lic conmpound (a "chel ati ng

agent") and Sliqy &, metal ion, or 30 organonetal lic conpound (a
"chel ate") that forns a cThpl suppoxnts NE, thedchBsette may dey configured ogi cal

nol ecul e t hat bi t I r ' 1 Jour nal
of | nmunol ogi caldwl\/e%ts:]ggsgggg%ﬁ ]ﬂ%:amﬁ‘e?gf isggt ?ggg%%é#goh&gcgl_ggﬁode

patterns 35 ahd Ch&EPLecudt ixsdyter Frigeer A&l £8RctiPRent to
such el ectrodes Eor axanmpllesethes electmxiesumalybecképk sepairdatienfromt® t he

art (see, e.g., d{WA%Y Aochhif! ce& unt 868588 contact with the
ACTT U] 09190 (kA Sofh ?‘:‘L’%éé 28, gntfDed8cEod atjon of. metal fLIms on

t . e
transparent sur {SRIERLE ESUEGS“SBm%ﬂﬁﬂ nﬂiHﬁF5°E yRechanjica; meansg, such
readi | y adapt ed @ a rempvapleatlertrdde: protectidve ameamsli ng to t he

ot oat oSSt gt o b A UERETOE e oaL e gthet,
comprises reference electrodes, e.g., Ag/AgCl or a
saturated calomel electrode (SCE).
The supports may be held together by clips,
adhesive, rivets, pins or any other suitable mechanical

15 attachment. They may also be held together by the
surface tension of a liguid sample or by a compression
means removably placed on opposite sides of the two
supports.

The cassette may also comprise more than two

20 supports, with, for example, alternating layers of
binding domains and electrodes or multiple supports
comprising both a binding surface and an electrode
surface on a single support. This will form a three
dimensional array of ECL analysis cells. All of the

25 foregoing components of the cassette are transparent,
except; optionally, some areas between the binding
domains. For example, multiple transparent binding
surfaces, electrode surfaces, and supports may be
stacked.

30 The first and second supports may be flat and
opposed to define a sample-holding volume therebetween.
Alternatively, the first and second support layers may be
configured in other suitable shapes including spheroidal,
cuboidal, cylindrical, provided that the two supports,

35 and any other components thereof, conform in'shape. For
example, Fig. 10 shows a cassette 1100 formed from two
adjacent non-planar supports 1102 and 1104. Each support



Tokyo, D. Reidel Publishing. Transparent el ectrode surfaces nmay al so be
prepared, for exanple, according to the nethod of DIMIla et al., 1994, J.
Am Chem Soc. 10 116(5):2225-2226. 0.5 nmof titaniumand 5 nmof gold are
deposited on transparent substrates (glass or plastic). Athin gold |ayer

as prepared byobgesssget hod of DIM Il a, supra may be used to PEHDHEA3190
transparent electrical structure by the nmethod of Kumar supra. 15

Modi fications of this procedure to increase the thickness of the conductor
| ayers for inproved current carrying capac??y whi | e preferably nmaintaining
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Such techni ques be used repar e e SUrf aces hat are
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addi tjon, the fidlestandeoarnayndmbath.pnécor drgils &t thensupportss wikych

faciiitate the Wesbbtobe i3s3 s’ Uo BBHPBLE Lo (ilMshBeChP kRO Ui f ace

to the 25 E | abel rat han usi ng 1 nsu atln noi et

chai n3) as t augfUBReT hanﬁh%rﬁFHRﬂqTS PEr thRfppee ﬁﬂs @PU]F&F° rlap |n
ext ensi vel y conjpmtaeédsﬁatermmt formaed 6ﬂrdi?épert§em inr ans@ttabXich pi

orbi tal el ot ron gt esen! £ ALY digbelioRo! Vg [ delbeOhll” efthpa od 30

rings or double ﬁon structures onucl eo

nodul ate el ectr Wﬁsﬁ@?‘Plﬁo?e"é@d’imgemeBVEﬁ%ﬂbl% apisaEBﬂiﬁsh?HiH&ubl e
stranded DNA nawdimmet ahdzsample idixtedbatiba Circsvds anhaahels) es.

a i gonucl eotiﬁeqmgg_gngnag& a5{d 8@& &30 surface can be utilized as a

bi ndi ng agent in a bin donai n a conpl enent ar

pon bi ndin
ol i gonucl eoti de sequence Bif¥oudd émﬁdwsﬁt&gﬂ?ﬁ%@%m %ﬁ‘?‘%%}"ﬂn
WO 96/ 28538 (3702) in and/or on a matrix (3703) d¥el/pHEsentedoon a

surface (3701). A second surface (3700) supporting a
working electrode (3704) and a counter electrode (3705)

15 is placed so that the binding domains are in close
proximity to the working electrode. Under conditions
which lead to light generation from ECL label bound to
the binding domains, light may be detected through either
or both surfaces. An arfay of light detectors (3706,

20 e.g., a CCD array, an intensified CCD array, or an
avalanche photodiode array) is used to simultaneously
measure the plurality of light signals from each of the
binding domains. The light detector array images the
light generated from binding domains. Lenses, reflectors-

25 and/or optical guides may be utilized to enhance imaging.
In other examples, light detected from zones or regions
of light detectors (e.g., a light detecting pixel(s)) is
correlated to a binding domain(s). Image analysis may be
used to aid in the correlation of detected light with

30 binding domains. In one favored embodiment, the surface

. is elastomeric or compliant and therefore capable of
R making intimate contact with the electrode surfaces. The
binding domains are linked to polymers capable of |
carrying ionic currents from the counter electrode to the
35 working electrode. 1In a more favored embodiment, the
cbjects are water-swollen polymers capabie of carrying an



68 bonds is fornmed. In a particular enbodinent, a first or primry

I mobilized (e.g., covalently linked to a support) oligonucleotide is ECL

| abel ed. In anot her enbodi nent a secondary conpl enmentary oligonucl eotide or
5 oligonucl eotide of partially conplenentary sequence to the primary

ol i gonucl eot i !k?mggl_labeled. A tertiary oligonucl eotide PeFRsSBIoary to
or partially g@hp enentary to the secondary .oligonucleoti.de is |abel ed

(e.g., a sandwi ch assay). Branched oligonucl eotide 10 chains nay al so be
utilized. A variety of oligonucleotides anBPor oligonucl eotide m mics can

be utilized (e. 0] i epildes wth I {1 es..and/ o 1 fied
backbones cont aig:‘h‘?rhi(i f%%ggﬁgrrg#égm i oégoélr‘i‘%%df%ggts%ﬁ%%o. Q%Ff ?’8?%%%&
studi es may be pR¥ILPSE: 15 Variable stability of pi overlap in

ol i gonucl eoti des and/ or olFigonss! siéusiax caEBkereSWHEYe IRin@ingt dondihdér ough

nodul ati on of el N Alala@nS T, i Q. ' __geper at ed
and/ or | rrpedancegrrée‘gf’ur:‘tgr?%ﬁté?aébner%}ét%%gégaggit%d&#a I ?ged ECL
| abel ed doubl @ Histdsictrobjergen (23t i389%alBLihyseppextiedion: 8eagai nst-
the signal and/ conteacieldctirgaal (38ouy.2 MOWBrRifigr Eécttsaenqbeos) r faded

ol i gonucl eoti de._.lhe vari atign i ClL .signal tween fuld onp ppt ary
ECL | abel ed doutf ]é£§ r.g'n%d§%°§'ﬁn§g¥15%? etiﬁgcfgmgggea"gaﬁ? a‘?li:f g’%r'rpl gﬁéﬁ ary
ECL | abel ed 25 ceemiitisnsgwhigholead it |BG3: ifromnBACyed cyrqupisgbeynd to

Addi tionally, ol ti@rsitiasy denaond] eXRstOmafubel Qbtedtéd HHiTugh! eiltRerBY be

Ottt Fon £ oRo Pl g Wb UERUEESRdP b P LRYES 1B °0 O,
el ectroni c neanselexhiradgselis kugnsparentonsepi-tnansparent)i gvdddereoti de
strands and/ or ngrom @ WideY ARAO&FAdYbE Aight BBtecEetst@bo2)Die nay be
g."“p' ed to the &\ g&d "Rf% M RAHEHEEy e ellre® the S Tird i 0FA938he! ' O Of
signals from each of the binding domains. The objects
15 may be elastomeric and/or compliant and are therefore
capable of forming intimate contact with the working
electrode. The objects may be polymers capable of
carrying ionic currents from the counter electrode to the
working electrode. The objects may be water-swollen
20 polymers capable of carrying an ionic current from the
counter electrode to the working electrode.

A transparent support containing one or more
binding domains is brought into contact with a £ibril mat
electrode. Reagents may be flowed either between the

25 support/binding domains and the fibril mat, or through
the mat to the binding domains. Light may pass from the
binding domains, through the transparent support to a
detector.

In another preferred embodiment, an electrode

30 is coated with an optically translucent or transparent
layer of carbon fibrils, so as to increase the effective
surface area of the electrode.

Advantageously, the PMAMS Supports and/or
cassettes of the invention may beé packaged as kits. The

35 kit comprises one or more PMAMS subports prepared
according to the invention for conducting ECL reactions
including assays, controls and the like. Reagents may be




35 thiolated DNA on gold) or with a short (< 10 aton) linker to ensure | ow
resistance to electron transfer fromthe DNA to the electrode. A |linking
chain may be used t hat WO 96/ 28538

PCT/ US96/ 03190 69 can efficiently transport electrons fromthe el ectrode to
the DNA straRghdcpatss: @ Pol yacetylene chain). A m xed nonolgyafsosiddeor film
may be used in which at | east one constituent of the nonolayer or film 5
as the case nay be, facilitates the transfer of electrical potential.
Alternatively, a nolecule or particle that8¥acilitates the transfer of

The f or ogoi ng. - PREtenaELP GRIERa. Bn PR JRIE. eEhulink cliediy 0aTP! €5 O
m cro-particl ’esrﬁlﬁgﬁﬂt%ds‘%ﬁlb as§aynandr ol orahicax rpagents ank Wect r ode

surface, may beliked. Fatéayemdmiggubermgy e dreludedt ehich ddretaimsohayer

Cubstanti al |y pBREAIEEYios Srleg £eRdthes Ve lRPRek T M pHeIIT ot

(i.e.; insul &i AdFEferenkhianplytes.abel s have subsequent|y been attached, the

effective potential inposed ats.sheaBSARARES| FOR VONDBCTORE BEL ed. For
exanpl e, Fig. 1#5%;@;5&% cassette 1200 fornmed of a single support 1202 with
a netallic |aye ) SAM 20 pattern 1206 and gaps 1208 between the SAM
patterns. ECL | abel ed proteione empoginmanth, c@wnmgqsyom ARBEOXER . aRShol ayer

surface. An ECL casbettds pe@itiinifgy tBedssame | rddeslighadetofb@ net hyl
termnated Jfanasbigh H5d i abRdrlfhe, SULE ConthlfsdRbling Udice My act
25 as the working electrode or t count ér “efectrode. A plurality. of
bi ndi ng donai ns aBPR}YBBI| PR rPoMOred tert ssanples onkepéhe g@m% binding at ed
in Figs. 11-13. doains and initiating a plurality of ECL reactions.
Such apparatus may be derived from conventional apparatus
suitably modified according to the invention to conduct a
15 plurality of ECL assays based on a support or cassette.
The invention provides various apparatus adapted to carry
- out ECL assays using each of the specific embodiments of
PMAMS described in the Sections hereinabove. An
apparatus for conducting ECL reactions is disclosed by
20 2Zoski et al. (U.S. Patent No. 5,061,445). Modifications
required include the provision for support and/or
cassette handling, multiple sample delivery, multiple
electrode addressing by a source for a voltage waveform
and multiple ECL signal acquisition and processing.
25 Elements of illustrative apparatus in
accordance with the invention are shown in Fig. 6A. Such
apparatus 700 comprises upper and lower supports 702, 704
and an electrode guard 710. The upper support bears a
plurality of electrode/counterelectrode pairs (not
30 illustrated). The lower support bears the binding
domains 706. The apparatus is capable of removing the
electrode guard from the cassette and positioning the
. electrode/counterelectrodes to contact the analyte bound
" to the binding domains. A reagent or fluid flow space
35 708 is adjacent to the support bearing the binding
domains. The apparatus is also capable of simultaneously
or sequentially sending an identical or individually



preferred enbodi nents the binding domains contain | abelled and/or

unl abel | ed proteins and/or nucleic acids 30 and/or cells and/or chem cal
species. Alternatively, the length of the conponents of the nonol ayer
(e.g., the length of the al kane chain in al kane thiol nonolayers) nay be

varied to conwgdenbisg ef fective potential at the exposed.surgceggsegibzibdre 35
nonol ayer. Broadly, alkane thiols may have carbon chalns of length between

1 carbon and 100 carbons. In a WD 96/28538
PCT/ US96/ 03190 70 preferred enbodi nent the ®%r bon | ength of the al kane

thiol contains baeeBeiided woithded Wa¥S Lo Bkalk B The' Plbal 09! thOf the

al kane thiol is b tmg and 1 arbons carb aln
bet ween 7 and 11%5°F Fﬁgﬁé ocuntareleckrade P %smtmagea Eﬁ?’l’é??c‘bif‘mﬁead
groups exposed t dnt theacasgettaliand thendhagsueimy [thgr emptte@yBCHXY gr oups,

am nes, carboxyl I 0 S,
phosphoryl grXypgadglag?i@g#%?l*ﬁt%aggtef%gf f)g 'pﬁggﬁ?gﬁgt%e%igl des, 10

di ni t r ophenyl aﬁ'&l’BF N sﬁmatﬁshgﬁnhg%t@%lﬁﬁnﬂrﬁépuﬁémp?ﬁﬂ
comonl y used foconhvopuneémseﬁommaé.nﬂau.ﬁlrwlthee&emp&ratureceﬁbtmnt fusion

proteins (e.g., §g§§39{:e5$319%ss‘glt§;Eq;E8t§§ e%)iro;%g ge Al Ieso‘.ﬂfd ns nmay

be derivatized to ¥£§ rees to achi eve var
bi ndi ng reagents R tepperature ﬂ%n%??q@s ttS’f oRtimize Bfk
chem stries may Ueaatédnamhdﬁtimg.vamempéraymmwdmmarme&dsowteto varyi ng

S)é;glnt ;sesM KP%SB%%E&&I)?SM b%e'éhxth: ha?gjdﬁ‘? n‘?e[ﬁﬁ[dge. ) rgg Q%gns’ﬁ?y of
activat abl e grouﬁ? gﬁgi%? Qﬁ que lements, cooling fans, refrlgeration
) means, and any other suitable source of heating or
cooling. Temperature control means also includes
temperature sensors, e.g., a thermostat or thermocouple
15 device, and means to turn the heating or cooling means on
or off in response to detected temperature changes.

The apparatus also provides means to hold, move
and manipulate one or more supports or cassettes to
conduct ECL reactions. The apparatus may further

20 comprise a stationary or moveable sarple delivery means
for placing a sample onto the PMAMS binding domains, as
described for cassettes hereinabove.

The apparatus also comprises an electrode
contact means able to electrically connect the array of

25 separately addressable electrode connections of the
cassette to an electronic voltage wavefcrm generator
means, e.g., potentiostat (see e.g., Fig. 5 of U.S.
Patent 5,068,088). The waveform generator means delivers
signals sequentially or simultaneously to independently

30 trigger a plurality of ECL reactions in the cassette.

During an ECL assay, ionic current between
working and counter electrodes may flow through ionically
conducted liquid (for example water containing ionic
salts), through a thin film of such liquig, and/or

35 through an ionically conducting solid matrix.

Thus, an apparatus for measuring

electrochemiluminescence in a sample can comprise a



reagents. The density of binding groups is controlled to optim ze the ECL
signal to noise ratio. The total nunber of binding sites within a binding
dormai n(s) i.s controlled to optim ze the intensity of the ECL |ight signal
with 25 respect to other ECL light signals from other binding domain(s)
whet her such WOloehssght signals are detected sequentially orperosssbamweous!y
and/or with respect to the light detection nmeans. The vol tage wavef or m may
be applied so as to 30 activate ECL | abel s associated with a binding

domai n(s) within a PMAMS one or nore ti nmes83 An el ectronic pot enti al

sufficient to agll | e ' e I ple tines
to the sane al k?nle tE?’gEngr‘Fvaﬁ%?& g’%ft‘l?gg%n%mgt %%E%E?eE H#g%'el to
generate 35 nul WASTEIBCE Peihtmay e termedcErom pne o5t SRR PLPSEERAAS ed
sufficiently to aehenat orbBibre ccmantidrielecBpbded | and i fdmrpki sdpports to

generate ECL quUaSiat com 84 i : ins.
PCT/ US96/ 03190 71 reveré\lp%?y. ?ﬁ;iahrc?&é‘s? _Pf discyate binding domains. e

wavefprns t he? biThe fdegshansds frdiqruntesslectreder | cam ec PEP¥IdeR

bi nds), may be dihmmsnrifhpeastl/the Hitstc shbportteF ash tHee suefaagecofvavef or m
series applied e{@ﬁ ' LLr J E | I QQ. her, an
el ectric potent ;:ha s&???&gg#ﬁ %@é%rgggg %88%‘?5%%%& g?hgf‘%‘%\ol ayer

may be applied. BEOXinigy tpbhe binding demainerondihe HixstcsuppoEht s where
t he vol une abovathe electrbdedcand réantereledtlbddd maye ogcuratnt peirsupport

i srupted, - ovan T deld, Baf ERfllfes denpiibe bpl RS A% oHELE 0 e ' °

excited by the HRITSIESsHP 3eRSe Fhfe Yolkage adjacent to the working
electrode. The cassette may further comprise a cell
containing a reference electrode. '

The apparatus further comprises light detection

15 means able to detect ECL reactions conducted in the
cassette, e.g., by one or multiple detector means. Such
detector means include, simply by way of example, an
array of fiberoptic channels in register with the
electrode array and positioned adjacent thereto,

20 connected to an array of photodetector means, or to a
single light detector means able to scan the array of ECL
signals as emitted. )

The apparatus optionally comprises a digital
computer or microprocessor to control the functions of

25 the various components of the apparatus. _

The apparatus also comprises signal processing
means. In one embodiment, and simply by way of example,
the signal processing means comprises a digital computer
for transferring, recording, analyzing and/or displaying

30 the results of each ECL assay.

Alternatively, the apparatus comprises .
electrode translation means, for example, to scan one or
more electrode/counterelectrode pairs across the binding
surface to seguentially trigger ECL.

. 35 Size exclusion filters may be used in a
parallel array of PMAMS.

5.10. ECL ASSAYS THAT MAY BE CONDUCTED



el ectrochem | um nescent signal and the ECL | abels are 15 restricted to a
smal |l volune restricting diffusion fromthe el ectrode. Various nonol ayer
conpositions may be utilized to control the degree of nonol ayer disruption
for a given potential. Mnolayers with conponents with strong

i nter-conponegpogissigni ty will be nore resistive to 20 nonol ggpossdieswept i on.

Longer al kane chain thiols resist disruption nore effectively than short
al kane chain thiols. By varying the chain |length the desired stability may
be achi eved. Mdification of the binding d¥ains within a 25 PMAMG may be

used to nodul ate the ECL ﬁ? ONpe’s :}Eaﬁeo;cﬁy@a%%ef@\égg%g@séﬁt appl i ed

so as to generate a ltiplicity of

R aiena e Tgpedl ks i o5
signals may be JMVeRFLEn: gaRPe, selected,gF T}E‘?’f%rEcrIe st cal
anal ysi s of the that artf (seeduSettion 20 20f abbveE&nd;ltIg,raa.l PakenbeNeorr el at ed

to the overall aahicl¥ed} Onfhe mciP1RrB HaP0cRIFIM, riuihfppe]da Said
multiplicity of ECL uti 1 ze to |ncr%§§e S|gnal o noi se by,

e
for exanple, ¥iMeald n& EE??%*?&E@S@%&P?PB‘F“% whey ther P‘ﬁE I tiple
35 el ectroni ¢ paedsicitall ﬁﬂunfthéHQMHU$E@oﬁ3;sb£ngtof|nuhhdndumedusnaum,

undesi rabl e nndqhﬁﬁig@éd§r§agg§viﬂggyéﬁg Tat§ﬂ@ﬁ”f§éif¥d@@h”9 El ectronic

potential nmay be a ﬁ

PCT/ US06/ 03100 RS IyPdenkm, nbechnrkiun ang; ﬁHPﬁgt%? cHifaRlendigking peci es.
Addi tional ly, eloemistry ﬁotqsntepdrwm ZAQ| reahantsasis aefloknoent he

| ocal i zat i oMy §eaing? d1igRIbBEa sl KR! NaBlnpile, CBY! BhPa At 3026, CBgEbRe!

f int d | |
over-potenti al (M. S+HEgheH” pwﬂrﬁqzoa LS Bhr e B kB of

the ECL label to a binding reagent may be covalent and/or
noncovalent. An ECL label may bind non-covalently to a
binding reagent (e.g., through hydrophobic effects or

15 ionic interactions). In other examples of non covalent
attachment, ECL label(s) are bound (covalently or non-
covalently) to a complex which in turn is non-covalently
linked to a binding reagent. A more specific example
would be covalent attachment of Ru(bpy)3 through a linker

20 to a Ni(II)-trinitrilotriacetic acid complex. This
molecule will attach to binding reagents which include a
peptide sequence containing a plurality of histidines.
Other receptor ligand pairs are known in the art which
can be used in a similar fashion (Sassenfeld, 1990,

25 TIBTECH 8:88-93). Furthermore, an ECL label can be used
that contains a multiplicity of organometallic compounds
(e.g., Ru-containing) configured as a branched network
(e.g., through a nefwork of hydrocarbon linkers). Such
branched networks containing a multiplicity of

30 organometallic moieties capable of ECL may be attached
once or attached at a plurality of positions on a
molecule to be ECL labeled. In another embodiment, the
ECL label containing a multiplicity of organometallic
compounds is a linear polymer with the organometallic

35 groups attached at a plurality of positions along the
length of the polymer chain (e.g., linear, branched or
cyclic polymers).

1w



ECL). Over-potentials nmay be utilized to nodulate ECL signals in a voltage
wave series . or in a single voltage wave pul se. Additionally,

over-potentlals may be 10 utilized to nodulate the ECL reaction kinetics
and/ or nodul ate the binding potential chem cally and/or physically.

Further, onewogigéss Vol t age waveforns and/ or ot her el ectr aidreoseéesrms known
to those skilled in the art may be utilized to assess and/or correl ate
and/or 15 extrapolate information on the q¥ality and/ or el ectronic
properties of an el ectrode(s). Preferably he efficiency of the ECL

reacti on may be enhanced i’bﬁﬁ?a@.’ﬂ&”gftan&‘ﬂ{&“d&a‘ihécfn&%dﬁe siddags area by

provi di ng addi tional ﬂg neans _in ct wt el.ec des
Proj ections or Q?FéﬁEYO epgﬁt?§EE¥(§?§&atsmrFeg Xp Wﬂn?ﬂ<
conduct i ng nat eprdl.s Tm quanhidtatiyepassays s rknowine anovntt of | BEL ease the

el ectr ode Surfaqsbéiéé réé’é‘éh*é fi%t ukl8 sh& ﬂé o fnlr.ebﬁ e ﬁ@éé‘uﬁ‘é@%@' y

approaches the Al ternative In entatlons or |'s in the
el ectr ode st cFl?FE? ﬁﬁ?‘?sfé? JnH, SEaRE2EAS p*t%é’allcﬁlﬁﬁﬁt FE%I%W"“%r?Juct ive
particles may fianalyhe presemn t Forwhed| rveeras,! aompatitive cakr t he

support or rmnols@mahéﬂ A&@lyd f&gebecg&ﬁaﬁé%%ﬂm%ﬁ%gg ggutﬁ%ﬁ% abel

i's increased |n i n| ese conducti ve
particles ext en g g% ?urf&@eca?g%lt%ﬁé’et ﬁ%séﬁ'ﬁ'l fieF ceXaR iRy

ef ficiency of themﬁchodeﬁnr|quanﬂ%ﬁ;ti&élghdutemmxnmngethe ate@ntaf rmp a
suppor t 130216)6%%&9& Bftiﬁt{éf&tséw &39pilé§e & ﬁ%ah bgeﬁeyeﬁ %4 and

i ndi cates conductin ro- particles filling in the ga
Fig. 11) and ext3&MtRg* ﬁbB%"epqwqrélsaIfPHPg%Tfé@@ E’ét“\%ég agg1s

96/ 28538 contacted concurrently with (a) a RGDWISAMbOAEO6f an ECL
labeled ligand that is capable of competing with the
analyte of interest in binding to a binding reagent

15 present on the binding domains, and (b) sample suspected
of containing the analyte of interest; the contacting
being effected under appropriate conditions such that the
analyte of interest and the ligand competitively bind to
the binding reagent. The presence of the analyte in the

20 sample will reduce the amount of competing ECL-labeled
ligand that binds to the binding domain, thus reducing
(relative to when no analyte is present in the sample)
the resulting amount of ECL. ECL in the resulting
binding domain is triggered and the amount of light

25 emitted is quantitatively determined, thereby
quantitatively determining the amount of the analyte of
interest present in the sample. Alternatively, the
sample may be contacted with the binding surface prior to
contacting the binding surface with the ECL labeled

30 1ligand; the ECL labeled ligand will then compete with the
previously bound analyte from the sample on the PMAMS
surface and displace some of the previously bound

. . analyte. In an alternative embodiment, the sample can be
treated so as to contain substances/molecules that are

: 35 ECL-labeled, and a standard amount of unlabeled analyte

of interest can be contacted with the binding surface
prior to or concurrently with contacting of the binding



73 patterns. For magnetic conducting particles, a nmagnet or nagnetic field
may be used to draw the particles to the surface. The conductive particles
may al so be used as described to extend the electrical potential between
the 5 el ectrode surfaces and the binding domain of a PMAMS with two

appr oxi mat ed gl . In Fig. 8, the cassette 900 consi st s pgkmwssciasivet
support 902 that has a nulti array of electrodes, and a second support 904
that has a PMAMS. Conducting mcro-particles 906 are positioned between the
10 opposing surfaces in order to extend th&%electrical potential toward the

ECL | abel on theghi 'éu%q?gw%hgssg egﬂpgﬁ%$ﬁékéfé§?%%§§hya_conductive

pol yners are grown from.the exposed gaps surface to 15
facilitate extend®MRpRiflod @88p¥cal potential around the ECL | abel of the
sanpl e as shown by Fig. 1In Bi gand@icthassay,cthecECh laltkldth\ldiiggnd fspport

1402 bearing a ngt ' 0. : :

Conduct i vla gol yg.r%ir_&ddigy %r‘?é‘r&gvﬁhﬁe %?%ﬁgugﬁ%}%%%%f%%éggnd t he

el ectrical fi@ doPrOGNHRPLUSEYaoRITRe analyteroicintereses (TS sHBRR) to

bi ndi ng donai ns gndlytsdalat spethei &y Wi tol BEbiAdING Ieaye! ihEas may

al so be used as ' exke el [ tent] et.ween the

el ectrode surfacgg"g%?ﬁ#ﬁpnélkng onal nlsseg#?f%?llg mﬁsé%@]té\?{ota
appr oxi mat ed supptrRdwigh’ [is,$hhgt Eermed riqpnsistingre§ the hindingssette 800
consi sts of apprpeageaitechrs theoblifndBhd ddih )4 bounaduet anslyd Wyems thé6 are

OLoun e hacedp! PEelpensiyalt LACERs Rer bR Sifal s Byl coiuptent o
illustrates a ca33ether gaapetiting spadwich iasmaysuFppies 190 they@nadvie
mul tiel ectrode aiteglf carzeavtadchepts ttid kg dona PMANGE ied mugtdwr f ace,
wher ei n CondUCti¥fr§§cﬂfﬁ&ﬂﬂ%ﬁ%u&&QQQ)péf%élto1@£ﬂ%s“&éet8rthe sample.
Sample is then contacted with the binding surface. An
15 ECL labeled binding partner (which can specifically bind
to the analyte) will bind the analyte in the absence of
free analyte (from sample) in the assay solution, but
will be competitively inhibited in the presence of free
analyte (from sample) in the assay solution.
20 . - In alternative embodiments, sequential labeling
is performed. For example, in a particular embodiment of
a sandwich assay, the analyte bound to the binding domain
- is contacted sequentially with a plurality of ECL labeled
binding partners of the analyte. ECL measurements and
25 optional washing steps are conducted in between
contacting with each different binding partner. In this
way an ECL measurement of a plurality of different
binding moieties of an analyte may be performed (e.g.,
cp8*, a, b T cell antigen receptor positive T cell).
30 Aadditionally, multiple ECL labels, each emitting light at
- a distinguishable wavelength, may each be linked to a
different binding reagent specific for a different moiety
on an analyte. Further, a plurality of distinguishable
' reporter means (e.g., ECL label, fluorescent label and
35 enzyme linked label) each attached to a different binding
reagent specific for a different binding moiety of an
analyte may be used, for example, to distinguish a CD4*,



35 other protrusions) of the working el ectrode extend the electrical field
around the ECL | abel in the PMAMS binding domains. - WO 96/ 28538

PCT/ US96/ 03190 74 The el ectrode pairs may be created in a variety of
configurations. The sinplest configurations, depicted in the figures

acconpanyi ng Wedsnghisgcl osure, are made of netal and/or net alpcpxissbnsidol s
and/ or sem conductor filnms 5 applied on a non-conducting planar surface.
The el ectrodes of these el ectrode pairs preferably defi ne between them a
region of relatively constant width thereb 7prOV|d|ng a relatively constant

electrical field 11? T cell anti QBhP c%%éﬁx‘ E&T\:WEScé’il tﬂf‘ome' e‘éb5°d§5 are

provi ded. Severa? these conf rgura shown_in plane views in Figs.
19(a)-(e). Fig. RIFHe (iﬂ?%@ﬁn|ﬁFE?P%PﬁﬂRQﬂAS&VéoﬁB i ke electrode pair. In

this structure, each el ectirgeelfesred pdnbadinientel tHeobindivy @dmadeasng from

h d s & I d
La?rcﬁgy“ﬁéc’éos.t.one‘?}'%“‘*heﬁgég AR ﬁhwg%%%“ﬁdﬁé’%ﬁﬁéfﬁ )

may be positidnefebbt Wbo@%ﬁﬁf%ouﬁﬁ’@eié@ﬂ% componengsy))
shows” a pair of Qengentmcm Mb%ahooﬂey beraiddd c:brthéammthg)mmam

semcircular. Fig t their
strai ght edges faC| n ég%acl#l@%itcwo ??ﬂ:ﬁ;ﬁ g\%ﬁg Egﬁfﬁ #é%dt angul ar
el ectrodes. Fig. EQ%@% amARsay H&F/°§fa? &nG P4t 8n %?%RXT(MES? havi ng
conpl enent ary oppnampgepmumpaur flaberléd dampomeitta maylUbe adigsal at

t her ebet ween 10Th$aﬂ ‘%ﬂgésf(%%t gh%ggé%%p%&wﬁgﬁﬁa%é%%g or iR | nt o]

speC|f|c shapes co to s surface
al i gnment purposEQ ngs may provide cumulative information. n another

enbodiment, the binding domains of the PMAMS may be
reused a multiplicity of times. After a given assay is
performed, the surface may be washed under conditions

15 which rejuvenates the activity of one or more binding
domains of the PMAMS surface. By way of example, some
binding reactions may be reversed by changing the ionic
strength of the reaction solution. Alternatively, heat
may be used to disassociate binding complexes. Some,

20 binding domains may be inherently self-renewing. Binding
domains which contain catalytic (e.g., enzymatic)
functionalities may be utilized more than once. The
binding domains are utilized continuously, and thus can
be used in biosensor applications.

25 Additionally, the assay may be formatted so
that the binding reagent attached to the multi-array
multi-specific patterned surface is ECL labeled. Upon
binding to certain analytes of interest in a sample, the
ECL signal will be quantitatively modulated. For

30 example, the ECL labeled binding reagent attached to the
surface may be specific for an analyte on a cell surface
e.g., antigens such as alpha and beta T cell antigen
receptor antigens, or CD4 or CD8 antigens. Upon exposure
to a mixture of cells, cells bound to the surface will

35 sterically hinder the ability of an electrode surface,
brought into proximity with the multi-array multi-



Exenpl ary shapes are shown in Fig. 6B. A support 712 30 bearing el ectrode
pairs 714-720 is shown. The electrode pairs may be, e.g., circular 714,
interdigitated 716 triangular interdigitating 718 or nulti electrode
interdigitating 720. In the enbodi mrents shown in Figs. 14-19 35 di scussed

supra, the el QedésdggPai rs are located on a single support, ginfNobigdibe’e! Y,
the el ectrode pafrs gre WO 96/ 28538

PCT/ US96/ 03190 75 |l ocated on first and second opposi ng supports as shown by
Fig. 2. 5.8. CASSETTES Cassettes contain o or nore supports of the 5

i nvention. CassekpbesifBy suicfdeie %rBh“EQERYm%ftHQ %ﬂgaggg%?]r%jfﬁ&q, ne or

nore wor ki ng el ec rodeé. Fig. 2 depicts a cassette ere_e ar al
bi ndi.ng domai ns 3628F" u?ﬂ'bgtd%' guiatripenthe ECI &igpalent one of plural

el ectrodes 32. *Count er el edHomymeblis38ndr Retexrogchows assagsnmay Wport 28.
An ECL assay is a REM Cl b N | e on
bi ndi ng donai ns %8ﬂgﬁg£t énsﬁg&§%§&¥%3é9%§$ é&é?<3Ht§n§%a§ﬁd9§§e§%fPhat

count er el ect r fde¥e3gent cig RIpar@tede fromobeund, Iabededdraggemba{ 30 B¥nd an

ECL reaction nayabwaghihg i sty prdord €6Cekpeshrd @ the BOURA 06 WibtRInd Or
means 39, via a , ﬁgEL Si recorded by |ight
det ect or neans 48?3%:"%@ 151 , ﬁ%‘l gl t%?gg%ﬂg%l:féoﬁ%g%sqgiz li—lﬁ 3 d °

illustrates a calSBPUENEPRS ASSKYS of uzbogp%r%abqi%mggesﬁamghw%s a
di fferent one of lpbeled wéapdmtodyec expbeee! €6 tar A setirisabOpotiomtcinl

thereto on syRPOkbgdtnert PP holfbglhbolB! A5 Y i AhieRdiegl gFent
' spectral characteristics of the signal emitted by the
bound labeled reagent is either greater than or less than
the intensity of the signal emitted by the unbound
labeled reagent. The presence or absence of the
15 respective bound and unbound components can be determined
by measuring the difference in intensity.

Once the desired steps of contacting the
binding reagents with analyte or competitor thereof and
any binding partners thereto, have been completed, one

20 then ensures that the ECL label is subjected to an
enviromment conducive to ECL. Suitable ECL assay medium
are known in the art. Such an assay mediunm
advantageously includes a molecule that promotes ECL of
an ECL label, including but not limited to oxalate, NADH,

25 and most preferably tripropylamine. Such a "promoter"
molecule can be provided free in solution, or can be
provided by prior linkage to or by production at (e.g.,
as a product of a chemical reaction) the PMAMS surface, a
monolayer on the surface, the binding domain, the

30 electrode surface, a binding reagent, and/or an ECL
label, etc. If the medium surrounding the ECL label
bound to the binding domains resulting from the
contacting steps is conducive to ECL, no changes to the ,
medium need be made. Alternatively, the medium can be

35 adjusted or replaced to provide a medium conducive to
ECL. An electrode and counterelectrode is already
proximate to the binding domain, or is brought near or in



to support 44 so that support 46 fornms a sanpl e containing neans adj acent
to plural binding donmains 48 25 and plural electrodes 50. Thus, an ECL
reaction nmay be triggered via electrical connection 52 by waveform
generator neans 54, and an ECL signal detected by |ight detector neans 56
and recorded woosagsl yzed by digital conputer neans 58. 30 pcruseeémsioo A
cassette is provided that contains one or nore pairs of supports as shown
in Fig. 21, each pair of supports being situated so that the surface of a
first support 1501 that contains binding d¥fmins faces the surface

contai ning bi ndiaedetniden thd MxtaaaNdaaliRd A thaB2vabRedbh ofk each

surface contains e ec rodes 1504 an domal ns I506; such that each

bi ndi ng donai n & Frg ti #8 %cffpﬂt?rtdeit&&&?d measPrefaed with an el ectrode

WO 96'/ 28538 . 11_1 a _preferred embodiment dICTEhES6veBtdeN,/Ehen t he
second support, a@a{weeasgcbm&ur& n%aenceﬂtw&ﬁgca{w b&HFFER&H%?%{:&aé‘”d s

aligned with an ctrogi; rst support

casselte vvher%i r’lﬁ%&_aﬁa E%t?’bd'é%mpfrtéteﬁt Egﬂﬁ?“ Eﬁ'ﬁ’dlaﬁ’y BIREIRSE 64 on
support 60 are awmtacrsdtherétas, sawplearsiefieshedimfthzoabaencagofin anal yte.
Regl ons 56 On s Wiadkiolids gl UL baRrBRELIT 1Y, UELACERRE e TRASULI N0

an anal yte of int %gﬁSt or carr out esited reaction. port 60
and 10 Support & Pﬁﬁgh?tt%% thg eheEt¥PIRIIMy .domai ns 64 and
regi ons 66 are cmuniereleatrioddic [Subseqgaentftanthess \dontactingcsteps product

s det er i negy bBél%c‘t‘i'BﬁEEeén%yéédﬂ-me r%lgctéoagg ogid Jaug,h‘ehg{&ngg%&g%ﬁﬁm or

fluorescent signal that ma ot odet ect
recorded and andi4Ps€dts ° the blnd ng domain, t

trigger an ECL reactlon.
A support having a PMAMS may be used for
sequencing of hucleic acid strands. For example, a PMAMS
15 with a plurality of binding domains is prepared with
different oligonucleotide probes of known nucleotide
sequence as the binding reagents in different binding
domains. That is, different binding domains will contain
binding reagents of different known nuclectide sequence.
20 The oligonucleotide chain or fragments of the
oligonucleotide chain to be sequenced are then allowed to
bind (hybridize) to the PMAMS binding domains. The
nucleic acids to be sequenced are ECL labeled. Binding
assays are conducted on the PMAMS and the distribution of
25 ECL signals from the discrete binding domains on the
PMAMS is used to sequence the oligonucleotide chain.

The above-described method is based on the
ability of short oligomicleotides to hybridize to their
complementary or substantially complementary seguence in

30 another nucleic acid molecule (see, e.g., Strezoska et '
al., 1991, Proc. Natl. Acad. Sci. USA 88: 1089-~1093;
Bains, 1992, Bio/Technology 10: 757-58, which are
incorporated herein by reference). Conditions can be
selected such that the desired degree of seguence

35 complementarity is necessary for successful
hybridization. Hybridization of a DNA molecule of
unknown seguence to a probe of predetermined sequence



means 70. In a preferred enbodi nent, a cassette or apparatus of the

I nvention conprises a neans for sanple delivery onto the plurality of

di screte binding domains 20 (see, e.g., element 1 on Fig. 1 of U S. Patent
5,147,806; elenent 1 on Fig. 1 of U S. Patent 5,068, 088; each of which is

i ncorporated Rygslsgfgence in its entirety). The neans for sagabﬁgﬁﬁabyery
can be stationary or novable and can be any known in the art, 1 ncluding but

not 25 Ilimted to one or nore inlets, holes, pores, channels, pipes,

m crofluidic guides (e.g., capillaries), t®%s, spigots, etc. Fluids can be
noved t hrough th gy et y.o ' h | e:
punps, pipettes, a?i%?{r:]ges, 6?‘ ae%f/:gf gw?h%\?i)‘ll-nf %&%&gﬁ o%g&ﬁ)‘t% cj'l?l(%g;g

el ect r ophor esi s, PipcRelpemies c Fh@ method Tie hrafierapdy practiced &sHoh may be
| ocated on the cthatttke diylridizatiohaieactidn iE@¢argtiBicostnwixh thaced on

all of the bindi gﬂﬁé ' e | 8l . | aced
on particul ar bi Eg?ﬂg oin%%is&bngiggp%é‘gﬁgéjﬁéaary Eﬁgdiﬁgﬁépor srr%g‘r?g.
Al ternativel y® skhf| €30pdg A dngeedubiorne support by an automatic

pi petter for delivery of fA PMhMsamayeal8s iestdtsigeltheoPMdfatd, ascreeiO
g?/ i2§t538a reservgf‘?/?ﬁ %elé%%%e tngvg.l;l %g%%%'flteé %E%/&g§96/rg ; %?f%%ﬂjeg?;t
directly to the BRREEEER (R fdec dinddpgoer scattalysis)-cpAr BMAMS omyrdReerial s 5
i IncI ;Jdi ng but nou_séam':éeiisdr'atglo@?@guaagsic%yogcqregﬂ gf,ﬁ?ﬁhﬂagrfgﬁ rr}atseri al s,
o e ol CEbALpelELE| dhest A0 SN R B OB,
peptides, nucleic acids, viral vectors, or polymers, .
synthesized by a variety of combinatorial chemistries,
can be made using the methods of the invention. A wide
variety of such PMAMS treated supports may be used to
15 rapidly screen for binding to, for example, an ECL
labeled cellular receptor. In one method a first PMAMS
with a large diversity of unrelated peptide sequences is
used in order to isolate lead binding peptide sequences.
Then a PMAMS with peptides of related sequences to those
20 which showed binding to the molecule of interest (e.g., a
cellular receptor) on the first PMAMS are then used. The
process is repeated until a peptide with the desired
binding characteristics are found.
An analy;e of interest may be, e.g., a whole
25 cell, a subcellular particle, virus, prion, viroid,
nucleic acid, protein, antigeh, lipoprotein,
lipopolysaccharide, .1lipid, glycoprotein, carbohydrate
moiety, cellulose derivative, antibody or fragment
thereof, peptide, hormone, pharmacological agént, cell or
30 cellular components, organic compounds, non-biological
polymer, synthetic organic molecule, organo-metallic
compounds or an inorganic molecule present in the sample.
The sample may be derived from, for example, a .
solid, emulsion, suspension, liquid or gas. Furthermore,
35 the sample may be derived from, for example, body fluids
or tissues, water, food, blood, serum, plasma, urine,
feces, tissue, saliva, oils, organic solvents or air.



have a wi de variety of structural, chem cal and/or 10 optical properties.
They may be rigid or flexible, flat or deforned, transparent, translucent,
partially or fully reflective or opaque and nay have conposite properties,
regions with different properties, and may be a conposite of nore than one
material . 15 woeensssg -~ Reagents for conducting assays may per/essansoon the
cassette and/or in a separate container. Reagents may stored in a dry
and/ or wet state. |n one enbodinent, dry reagents in the cassette are
rehydrated by the addition of a test sanpl%1 In a different enbodi ment, 20

t he reagents are,stored.in_solution in "bli p " hogi81 Pikgt open
dUs 1o pressur e THGMEERS, BT PHTISe @ TseupEh PSR ol o Ridistis’ OPC
a waste conpart ®Rbtor sponge for the storage of liquid waste. after

conpletion of the assay. hesage toldsidttnior iubasaﬁe f1ss Setllewiingl udes a

device for 'prepargidaunale bie BhOLOMAled BIPkGe! Brbbedt®Sritinthohl | bg! MY

be included for Tenoving c exanp % e cassette

may imclude aSdelheerraratiss afp?eb¥@9¥ﬂg<§ﬁ@9FF§r§P?€# ih&ondrdfli ng of
sanple. 30 substandes ﬁhubathéybmdihgmdﬁmderraf neheadridiagpl ural ity of

| des/ | d .
Fegistored proxi FETSAGES Bio tll s BiHEe | Weilp) YRbER 2ne DY 2S00 0, -
gui de posts, al i phegphatasey aﬂFﬁ§GET(tinmﬂﬁiﬁ:eé@ﬁlﬁﬁﬁpdﬂﬁg/éﬁoﬁbu|de 35
edges. Optical piliealEdtotaay onb@Qﬁ’séd) xﬁcts:bt;eﬁn &aldiumyprarbenand
alﬁg ronic nﬁansd%ﬂé&v\%‘i’é\%ﬂégg RS S6e ST NER |, NEFe Xl rilte, SERROM LS.

syst ens usin
PCT/ US96/ 03190 791@:@@@“@4 caplﬁﬁgﬁéelc ixon,s LPHy | BAIRGHW i e al so

phosphorus, potassium, protein-total, sodium,
triglycerides, uric acid, drugs of abuse, hormones,
cardiovascular system modulators, tumor markers,

15 infectious disease antigens, allergy provoking antigens,
immunoproteins, cytokines anemia/metabolic markers,
carbamazepine, digoxin, gentamicin, lithium,
phenobarbital, phenytoin, procainamide, quinidine,
theophylline, tobramycin, valproic acid, vancomycin,

20 amphetamines, antidepressants, barbiturates,
benzodiazepines, cannabinoids, cocaine, LSD, methadone,
methagqualone, opiates, pheneylindine, phropoxyphene,
ethanol, salicylate, acetaminophen, estradiol,
progesterone, testosterone, hCG/bhCG, follicle

25 stimulating hormone, luteinizing hormone, prolactin,
thyroid hormones such as thyroid stimulating hormone, T4,
TUP, total-T3, free-T4, free-T3, cortisol, creatinine
kinase-MB, total-creatinine kinase, PT, APTT/PTT, LD
ISOs, creatinine kinase ISOs, myoglobin, myo light chain,

30 troponin 1, troponin T, chlamydia, gonorrhea, herpes
virus, Lyme disease, Epstein Barr virus, IgE, Rubella-G,
Rubella-M, CMV-G, CMV-M, toxo-G, toxo-M, HBsAg
(hepatitis B virus surface antigen), HIV 1, HIV 2, anti-
HBc, anti-HBs, HCV, anti-HAV IgM, anti-HBc IgM, anti-HAvV,

35 HBeAg, anti-HBeAg, TB, prostate specific antigen, CEA,
AFP, PAP, CAl25, CAl15-3, CA19~9, b2-microglobulin,
hemoglobin, red blood cells, HBcAb, HTLV, ALT, STS-



avai l abl e. The supports of the cassette nmay be configured so as to protect
the electrode pairs fromcontact with 5 the sanple until required to
trigger an ECL reaction. For exanple, the el ectrodes may be kept separate
froma binding domain surface until electrode contact with the sanple is
requi red by ugjgugsyagi ous nechani cal neans such as a renovalycrshsmiseode
protective neans. 10 A cassette or apparatus of the invention
conpri ses reference el ectrodes, e.g., Ag/A% or a saturated cal onel

el ectrode (SCE). The supports may be held get her by clips, adhesive,

rivets, pins or go¥nPi{ie) aHd ©AbbA E??Q%@f&en@ and! beAlFBHicod EypinGRY

Conbr ossi on meanSTFHEAYISY YoRRIRGSHIT By ctie tihee Ur  RELAN suppor

conpr essi on mean 'de 't supports.

ThL:Tp cassett e naygiyealatsdiencglobiny hmnéjhmmessuppbidepressanta‘ gg'td

exanple, alter ”ab'{-,ﬂﬂr|€§ﬁh"b-ﬁfc E”Bhﬂﬂm&'@é@éib}l@ld el ectrodes or nmultiple
h a bindi n

supports conpti sing bo I ndl ng”surface.a an el ectrode surface on a .
singl e suppor®. This wil| NeRSUremeREEco8; Beh ato AHELeread B:Fn%iﬂ_g anal ysi s .
cells. Al of thdofiding craydendonenpeguentially lor simndtareouslys ansparent,

except, optionally, sone qmtsggggf;é?ef@ Orgg{éraqlaq | B8 1 0dr&atanpl e,

mul tiple transparen% Pindin surfa ecfrode surfaces, and supports nay'
be stacked. 30 that is a Eurdpce preteh is FIFET 8¥REFeBT 1Bt and
opposed to defi neampieangdrtaioiicigngeldsinkn tviekarbdttwdendesdited nen icmink, t he

first and seqendtfEpgeiis | &Y e ERMpRE. CORM | O\t driel! BRboditdd) & shapes

I ncl udi ng spherojdal, cubojdal, cylindrical rovided_that the t
supports, 35 anbf"&ﬂ? SR ¥ o ARG/ OF AtHited: SampLe, iﬁ %‘b%evg) o p
exanpl e, Fig. 10P¥AMSswhichdwst fenbl8iplicityl df dinding domains .

specific for at least one cell surface antigen. Bound
cells can then be quantified by attachment of a secondary

15 binding group linked to an ECL tag. This is a group
capable of interacting with a broad range of cell types,
for example an ECL-Tag linked to a hydrophobic group
capable of inserting into a cell membrane or to a lectin
directed against cell surface sugars. The ECL-Tag is

20 1linked to a secondary antibody directed against a cell
surface antibody. In a more specific embodiment, several
cell types bound to the same domain can be distinguished
by the use of multiple ECL-Tag labeled secondary
antibodies. One preferably ensures that the number of

25 discrete binding domains specific for a given analyte on
the surface of a cell exceeds the average number of cells
that will bind that are present in the sample.
Statistical technigues can then be utilized to determine
the number of cells per sample volume. This technique

30 can alsoc be used, e.g., to count other particles such as
viruses, where the binding reagent recognizes an antigen
on the virus. The domains can be small compared to the
size of a cell so that only one cell can bind per domain, i
thus leading to a digital signal for each domain which

35 can then be analyzed over the sum of the domains using
statistical methods. The domains are large compared to
the size of a cell so that multiple cells can bind to a



adj acent non-pl anar supports 1102 and 1104. Each support WO 96/ 28538
PCT/ US96/ 03190 79 has a surface conplenentary to the other in conformation.
Ei t her support may have a PMAMS surface or a nulti el ectrode array or both.
One or both of the supports may be el astoneric so as to conformto the
shape of the wovgnrssss support. The supports or the cassettes powpssiospobe
prepared in a precut format, or dispensed in a suitable length froma rol
di spenser. The cassette may further include_sanple receiving means such as
a sanpl e- hol di ng vol une and sanpl e di stri bdti on grooves, channels, 10

i ndent ati ons an I k ' h sgkt '&Wﬁi Nl domai ns
(3702) in and/o?d$£§aﬂ' QHnﬁhi % éh?%%%ggﬁ%%tg %ﬁ a sﬁ??gggheg701 . A

s
on mat ri: X 37%
second surface (% SAh & PAILBIIERK | ecthefpupken AL £8418 PBfint er
el ec_t:r_ode (3705) vituns qff zeeplec tImigd amdlysdsnysingramsamay of dligl_ata
proximty to thequpedddiG qleegt.roggc?ﬁe@ﬁﬁ?w 5@5}&&% Phdtedole | ight

generation frgm ECL |abel bolnd n omal ns, l1ght na e

detecled t hr odgh®EF e SBHt hused f tR erounk, °§|1|1§yaB‘F ‘P?tg?ﬁ"}d’@t é’\ér.lgr s

(3706, 20 e.g., moxXmwlkogims. an intensified CCD array, or an aval anche

phot odi ode array) is usedqif ghqghig&g ﬁ?fygg Uﬁgsg Nided igoy of |ight
S de

signals fromeach of ector array. i nages

?$he bl ndi n gnal . The |, %st

the light gener aReH9% 59 ching B neackdons, ofrEct AREAS A% By
optical gui des nzgtéecofittid L0800 ECLendacicioriedag fgoml 8 bod 5 mbmarbelses, | i ght
detected froggzones or regionss.glLio:‘, oy ght detecting
pi xel (s)) is correlated to a bindi ng g e

to aid in the correlation,ﬁIe

detection can be used in conjunction with other assay
techniques, e.g., as domains in which catalyses and other

15 chemical reactions can occur. Discrete binding domains
according to the invention may be used in other assay
techniques such as, clinical chemical chemistry assays,
e.g., electrolyte determinations, clinical enzyme
determinations, blood protein determinations, glucose,

20 urea and creatinine determinations, and the like. Other
assay techniques that may be combined with ECL assays
and/or used alone with the PMAMS of the invention include
cheriluminescent based label, fluorescent based assays,
enzyme-linked assay systems, electrochemical assays (see,

25 e.g., Hickman et al., 1991, Science 252:688-691) and/or
resonance detection (e.g., surface plasmon and acoustic
techniques) assay systems.

- PMAS supports with drops may be utilized in
which there is a plurality of different chemistries

30 within the array of drops. Each drop may contain
different binding reagents and/or different chemical
assays (i.e., reaction medium for the same). For
example, the drops may be hydrophilic, resting on
hydrophilic surface binding domains which are surrounded

- 35 by hydrophobic surface regions. The drops are protected

by'a hydrophobic solution covering the surface. The

hydrcophilic solution to be assayed is deposited on a

second PMAMS with hydrophilic binding domains surrounded



30 binding donmains. In one favored enbodi nent, the surface is elastoneric
or conpliant and therefore capable of making intinmate contact with the

el ectrode surfaces. The binding domains are |inked to polynmers capabl e of
carrying ionic currents fromthe counter electrode to the 35 working

el ectrode. | nwoogpesas f avored enbodi ment, the objects are walpghrmavdasigen

pol yners capabl e of carrying an WO 96/ 28538

PCT/ US96/ 03190 80 ionic current fromthe counter el ectrode to the working
el ectrode. Fig. 38 shows a cassette where Bfndi ng donai ns (3805, 3806,

3807 f I 851 | ect 809,
3810) auppor ted 3 WRRe gﬁﬁ?‘éFéﬁ‘fﬁ%{sﬁodZ‘“h%ég%g.g‘sﬁf’%fii%ge( B88ene 0 3001)
is placed in prcﬁéﬁﬁ FPILFLeRed SREPRE L senasobp e¥ing Jnto copkarti the

whi ch | ead to EClydnopimiIAGodomaimsi n thendpposite surflces dpdaans, |ight

may be detected ddu-pygh Qhagféﬁ%oﬁrpéﬁ&{“% Egedgi,_%‘%é ;ngﬁ%ﬁi‘gy one or both

of the electrodes Is transp . sem-transparen romthe side.
An array of |3 gRTfMcEs: 8fsthesehemianl, asgays.si nul t aneous! y neasure the

plurality of |ight signal $hérpiteil hmatls wae¢ BenpabtEerimistech €hatobj ects 15
i mate cont acttteze 4 alBIRk Eiky AN et bg R B aA oRaor '\ ey o
capabl e of carr B¥iFophdldc aepaing sumeundedcbynkydrephidicoandfert he
wor ki ng el ect r odeydrtiphoblicedbfaimy. Dropal of- agabbed Sutdlonaers capabl e of
eectrode AT goafedindfls biAdlAS Faldics n8Yy ELEE S BRI R | s
brought into corf@E&Cnf ARdabe| eenfinggd by surrounding hydrophobic '
regions. These drops may contain, for example, fibrils,
aggregates of fibrils, binding reagents, ECL reagents,
reagents for éssays, surfactants, PEGs, detergents, a
15 plurality of biological molecules mentioned above by
example, and/or combinations thereof.
The hydrophobic solution covering the first
PMAMS is controilably removed (e.g., evaporated, wicked)
so as to expose only a portion of the hydrophilic drops
20 at the tops to the environment. A hydrophilic solution
to be assayed for an optical chemical reaction is then
exposed to the PMAMS surface-~the hydrophilic micro-drops
and the solution to be assayed mix and analysis (e.q.,
spectral) is performed.
25 PMAMS binding domains may also be used as a
pre-filter or filter. For instance, a cellular specific
PMAMS can be used in certain instances alone as a filter
for certain cell types as well as in conjunction with a
size exclusion filter. The resulting analyte solution is
30 then exposed to a PMAMS specific for subcellular
particulate matter (e.g., viruses). The particulate
subcellular PMAMS and/or a size exclusion filter is used
to generate a small molecule (e.g., protein, small
chemical entities) analyte solution. By utilizing a
35 serial PMAMS aésay system the analyte solution may be
sequentially purified in order to decrease non-specific
analyte interactions.




el ectrode. Reagents may be fl owed either between the 25 support/binding
domains and the fibril mat, or through the mat to the bindi ng domains.

Li ght may pass fromthe binding domains, through the transparent support to
a detector. In another preferred enbodinment, an-electrode 30 is coated with

an optical |y weéadkigcent or transparent |ayer of carbon fi bsd¢ireseessasms to
I ncrease the effective surface area of the el ectrode. Advantageously, the

PMAMS supports and/ or cassettes of the invention may be packaged as kits.
The 35 kit conprises one or nore PNVANVS su&%orts prepared according to the

t f duct dth
i nvention for conducting .ﬁg_g&%g%é%ogﬁaém% N0 ASERYS1 SO #YrS 2N e

| i ke. Reagents na

PCT/ US96/ 03190 gﬁsaﬁon%}?w% anedor Pinfing domaip WY Re JARIES to
r eagent s, ECL amshjeweddesdredst gropertiegentSuama materidd. may rimmgent

m xture may be H:Q'Shldﬁﬁéeﬂ@' hebhe @rpéﬁﬂﬁdﬁr)ia‘ﬁybbgg%@ rgagggts

Gé}
specific for | urali erent anal
CONDUCTI NG EQ Eﬂé N 1‘3’r‘Fe“é‘r"r{-ﬂSHFFh%nt‘=° rr&siﬁwﬁsaaﬂ/ %’Eup‘b%‘?%“sal and
cassettes cont aﬂnns@tyhefsiaimmaa:eeid&m gned to be 10 inserted into an

apparatus, that contains @@@gﬁ?ﬁ‘ig Pwiﬂgpﬁ ﬁ?t%cfﬁ SEdBUdLS onto

t he PVAMS b|nd|n &Sonalns nitiat reactions. Such
~appar atus may b# rH?EH‘ﬁ? MgﬁFFBnaf- %M'usv§ﬁﬁ thin maks Arey
accordi ng to thepticehlyotrdnslomenitct Thicker s tcanobeEShbatantyialiysed on

a support orygagpalbhe. THEF sdheUxafP1BEOVHAES MY YahgePRA' Bhiknulapt ed to
carry from 0.01 um to 0.5 um are substantially translucent. In
other examples, mats with a thickness greater than 20 um
are substantially opaque. Mats with a thickness between
0.5 um and 20 um have intermediate opacity, which
15 increases with increasing thickness of the fibril mat.
The optical opacity of a particular thickness of a mat
may depend on the composition, density, derivatization,
number of layers, types and quantities of materials
dispersed in the mat, and/or a combination thereof. It
20 may also depend on the wavelength of the light used.

If a material is substantially translucent at a
given thickness and substantially opaque for another
thickness, light emitted from a certain depth in the
material may pass out of the material while light emitted

25 from another (e.g. greater) depth may be substantially
absorbed or scattered by the material. In one example,
the variable opacity of a material allows the material to
be used as an optical. filter.

Light emitted from a certain depth in a fibril

. 30 mat may pass substantially through the mat and be
observed with a detector placed on or in proximity to a
surface of the fibril mat. Light emitted from another

. depth may be substantially absorbed and/or scattered by

the mat and not be observed by a detector placed on or in

35 proximity to the surface of the mat. This property of a

fibril mat (and/or optically similar materials) may be



out ECL assays using each of the specific enbodi nents of PMAMS described in
the Sections herei nabove. An apparatus for conducting ECL reactions is

di scl osed by 20 Zoski et al. (U S. Patent No. 5,061, 445). Modifications
required include the provision for support and/or cassette handli ng,

mul tiple sanpiygofiedsig’ery, nultiple electrode addressing by gcpesdehsiohor a
vol tage waveformand nmulti ple ECL signal acquisition and processing. 25

El ements of illustrative apparatus in accordance with the invention are
shown in Fig. 6A. Such apparatus 700 conpri®es upper and | ower supports

702, 704 and an g§LestE& 4 gt i i Obetiibert HitnaS RACLALOSH Sreagentsdlint y Of
el ect rode/ count e&ggect rode pairs (not 30 1llustrated). The | ower support

bears the bindin oMt NS 706. The apparatus is capable of renoving the
el ectrode guard fromthe Getetincreadentsicarodiffuske (actively or

el ectrode/ count epgs@Lvd BACS Heopﬁﬁééckelcgﬁ, Hhbre hPOEREE { 6h 119 thiatd bR
domai ns. A reagent 35 708 I s .adj acent écg gyhe support
f

r fluid flQw space,
bearing the b ndPﬂ‘a? et f r@piﬁérgpﬁ'&?é?%' jwicked, ex push
si mul t aneousl y opressmemtticla wuf€idiengt adeptterin aapovous matexied that WO
96/ 28538 emission of light {r?ﬁeth se ﬁ%ﬁgentFCIéLEQ@EfENé%&fi% or:

determ ned vol tage, wave tqQ each o ura
el ect r ode/ count egBFé’E?f%d’g’sﬁ’&‘ Py BFR b%‘?edE@)/FSECP‘PBnS Fh Mt cassette
-and then neasuri ayanple cra tfidorifChatadcts ias bdth a phyebcaliamttamw , e. g.,

light detectqp SopBfesl Ef&&p&%a%uswﬁf& falrthan teBBehts AfdTisded,e.
enperature of the égggort and/ or
h

control neans for | pt ai ni ng .t he
cassette, or thecsge?i]%rﬁﬁ?rﬁeg}%?éﬁne Fraingd,s andd or AR rRagentss
needed to opti m bén&CGto reasEnythianlayernsithieanadr aruin pootimityndsons are
the surface of the mat. Reagent bound to one or more
binding domains and/or species bound to species bound to
- 15 one or more binding domains (these domains being located
either on the surface of the fibril mat or in a very thin
layer near the surface of the mat on the PMAMS) are
prevented from diffusing, being pulled, etc. into or
through the mat. Reagents and/or other solutions are
20 flowed or suspended on and/or over the surface of the
fibril mat such that reagents bind only to a very thin
layer on the surface of the mat. Reagents can be washed
through the mats, once or many times, in one or more
directions. Reagents may bind to the fibril mat, one or
25 more binding domains, other or the same reagents bound to
one or more binding domains, be entrained inside the mat,
. pass through the mat, or a combination thereof.
Porous materials used in supports and/or
electrodes may have more than one layer in which the
30 upper layer has binding domains and other layers within
the mat do not have binding domains. In one example, a
fibril mat, (illustrated schematically in Fig. 29), the
upper layer 2900 is thick enough to prevent passage of
light that originates in layer(s) 2901, 2902 from the mat
35 below this layer. Light 2903 that originates from -
sources 2904,2905 bound to this upper layer can be
detected by a detector 2906 located at or in proximity to



10 preferably heating and cooling neans, e.g., electrical resistive heating
el ements, cooling fans, refrigeration neans, and any other suitable source
of heating or cooling. Tenperature control neans al so includes tenperature
sensors, e.g., a thernostat or thernocouple 15 device, and neans to turn

t he heati ng owooerdsssng neans on or off in response to det ecPeIUSHOPED at ur e
changes. The apparatus al so provides neans to hold, nove and nani pul ate one
or nore supports or cassettes to conduct ECl reactions. The apparatus nay
further 20 conprise a stationary or noveable sanple delivery neans for

pl acing a sanpl etwtéaﬁflaeeFM\'\@l@'M N 1d@RR! B igftatienf troadsbfcegssettes
her ei nabove. The gé&g ‘conpri se n electrode contac% g%é abl e
to elgctrically §€§ gF &t 890 n A% S5 ARSBFRRY 1 0de
connectlons of tm/msmtsereddweémqmmcawl layprsansg camngtnbeat or

nmeans, e.g., potgadddterby(ERe @egect@,g zg'ésof 26h &, Patent 5, 068 088). The
wavef or m genepat or means é si nu eousl y to

i ndependent | y>30 tri gger ° #é(ra ﬁSI "EELe gﬁglt’:%‘l?‘lls'}lﬁ# e 8 tte_
During an ECL aspanti q@arcsc.lesentym nserivetkvey of Eiduidiseandfort r odes
my {Tow t hr oughe 111 st eGRBeM bebrd Wie nakoLs CxARPI g, or T8AN! al Ni ng
ionic salts), tho]h% %n% chllgwd a 353@330 han
i oni cal |y conductt ‘-”s&ge& r’r’df? , Hﬁﬁ?ﬂ? Xafi
el ect rocheni | unimat dhddbirils efinml eextain orprany norOSMQ/ 28538
PCT/ US96/ 03199 83 plurali hypeiroﬁelﬁ&éﬂalhqledgngaafmﬁﬁtm&)e S TREE,
wherein a cell nay §C 'brett FOF QIS Windy” aSnsfhi % electrode
which may be used for ECL or other electrochemical
applications, a filter that can be used to control
delivery of reagents, and/or an optical filter that can
15 transmit, absorb and/or scatter light to varying degrees.
5.12. L (8] OMIC T, PAN
The invention also provides for the production
of isolated electrochemical pixels for use in flat panel
displays. Lithographic techniques have been proposed for
20 use in electrochromic and electrochemiluminescence based
flat panel displays to create pixels which when
electronically addressed have limited effect on
neighboring pixels (i.e., limited cross-talk) (see US
patent 5,189,549). A limitation of the lithographic
25 technique for reducing such cross-talk is that the
electrolyte material must be capable of changing its
conductivity upon exposure to light. It is a feature of
the current invention to reduce cross-talk between pixels
without the necessity of using materials capable of
30 photo-induced conductivity modulation thereby allowing
the use of a wide range of different solutions, gels or
films.,
. The two electrode surfaces which are the active
region of the pixel are on two surfaces facing each other
35 in a sandwich configuration. The electrode surfaces are
coated with, for example, complementary electrochromic
materials. To reduce cross~talk a conductive



and one or nore counterelectrodes and a first support that conprises a
plurality of discrete binding domains. 5 The el ectrodes and

counterel ectrodes can be provided on the surface of the first support or on
the surface of a second support wherein the second support is in close

proxi mty towhesdussydi ng donmai ns on the first support. The ptpusssasiws and
counterel ectrodes may occur in pairs. 10 The cell may further conprise a
plurality of sensing el ectrodes to sense t$§ vol t age adjacent to the

working el ectrode. The cassette may furthef” conprise a cell containing a

reference el ect rddee-Hgtaepalni s pikaer b&ﬁﬁ@éﬁsﬁfe ld1akierdaiect i on 15

ble to det t t ed tt b
or il (i ple det ERERREHEER SorTPopseniip Fealend hAREs STRERONY wiy of

exanpl e, an arr ®lesttrodecpaprs c(.i:-raa.nn@l&tweanrpgxsl erlemients) he &f ethe ode

array and positiderdhactpbad *ﬁfﬁa‘beszgrﬁoﬂf&féﬁﬁiﬂ: Hhed tRE ffeas
phot odet ect or_ neans, or to a Si nq ght detector neans able o scan the

array of ECL 3 ffa/the, SUZHRAEe REOC SLECEEOdeR | itumade: 5RpPPses a
di g| tal conput ethydrophobdpr ¢ecgsprbyt meanst b6l stimpingax deposfiitiént he
various corrponergl.g_.dq{ght Qemﬁgﬁf‘ré’ﬂ&‘% ?hiﬁ@éréﬁﬁéu@é% WHIPAeeLSasé gnal
processing means. one epbodj nent wal exanpl e, the
si gnal processi rﬂi"arﬁ?éin Sggr?%%%t%?"(ﬁ F™t &P%S%‘Eﬁ¥ ’%/ft?r"et A2ngrerP¥ng,
recording, anal ywans afdaofluidits\amay)0aniethes ithe axcomic BuECacasisy.

Al ternativelyg thshdRRaha ngum L] ra%?z/ﬁi ﬁi{togﬁtyé&%ﬁe Witkeens for

exarrple to scan_one or re e terelectrod erPal rs across t he

bi ndi ng surf ace TiFsLFYETALS $9 thatyddie pdectnedes are in registery | ysion
filters may be Lmhﬁiemea&rpayaibedraplats anPEALS. bé . déhstir@ine8SBYStReIAT MAY

BE CONDUCTED area within one pixel without any conductive material

between pixels. The electrode pairs of a pixel are side

15 by side in close proximity on the same surface. If the
coated electrode pairs are hydrophilic the area
encompassing both electrodes is made to be hydrophilic.
with a hydrophobic ring around the hydrophilic electrode
area (e.g., by means of stamping or deposition through a

20 mask). The droplets described in the two embodiments
above are stabilized using hydrophobic solutions. The
viscosity of the solutions may be increased to increase
the stability of the droplet arrays. The hydrophilicity
and hydrophobicity may be reversed. In other embodiments

25 the droplets may contain solutions capable of
polymerizing to increase the stability and/or
conductivity (e.g., conducting polymers) of the film
between or above the electrode pairs. Additionally,
structural features may be utilized to limit cross-talk

30 between pixels. For example, an elastomeric stamp (e.g.,
poly(dimethylsiloxane)) with ring shaped stamp protrusion
features capable of circumscribing side by side electrode
pixel pairs on a surface may be used to isolate
electrolytic solutions, gels, or films between pixels.

35 Alternatively, side by side electrode pixel pairs may be
placed in electrically insulating well-like structures on
a surface, electrolytic solutions, gels or films placed
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| abel s for use according to the present invention can be selected from
anong ECL | abel s known in the art (see Section 2.2, above, and U.S. Patent
No. 5,310,687). The ECL | abel may conprise, for exanple, a 5

met al - cont ai nyPgemssEani C conpound wherein the netal is sel epéfgsdshonss t he
group consisting of ruthenium osmum rhenium iridium rhodium platinum
pal | adi um nol ybdenum technetium and tungsten. Suitable |inking chem stry
for preparing ECL TAG reagents is well kno%h 10 and discl osed, for

exanpl e, by Bard,et.al w?%gs E?igféag%te Légzgtgo %?hg&zae%r%ggnﬁ%%e gg@facq‘e

means of attachnent of |§ e coval ent
and/ of noncoval SRVerad priceakrd tmiaslagensnd ceraiadn the S1ECHTMNHS
reagent (e.g., tdumpoglenbpdodpeadh @igdelects or 15 ionic interactions). In

ot her exanpl es of non coval ent a# ac%%, F%ﬁé@bﬁi (o?l)ﬂﬁr Eﬁgﬁ@
(covalently or non- coval entl y?' 0 a

non- cval ent |3 |BERGIEONE a binding reagent. A nore specific exanpl e woul d
be coval ent attachnent of The(PMaNg &f lthiehifveht fon idHtLaldd beOused to

bl ndi hg r eagent SondBE°EhenBEaf FBYBhe nBf In ouliihatoth bifh BEL 1O
hi stidi nes. O hdiox &¥agpae. | rihrkhe Hqchndauernang nop 1B #FF3¥Ai ch can be
used in a sim | atidousieanihSaeseidre |5l 111 AB0ve 20an e Used.8: 88- 93) .
Furthernore,4gn ECL | abel cggspg%@e& 3168 tﬂPsd&éHH‘ngH:Ci ty of
organonetal | I ¢ conpounds ?e.g., -con alnlngz conflgure& s a brapched
network (e.g., tHRASYSHNG ABt ABRIYER ofy dnsezeBEnini d@ample, SGERMPELSHRF A
networ ks cont ai nid)g a2 fisti Bupport KiviHy aOplapaletyldf @imeretees capable
of ECL may be aiéf%ﬁlﬂ% domains on the surface thereof to form at least
one binding surface, at least some of the discrete
15 binding domains being of different binding specificities
than other binding domains, each of the plurality of
discrete binding domains being hydrophilic and surrounded
by hydrophobic regions, and (b) a second support having a
plurality of hydrophilic domains comprising reaction
20 media suitable for conducting a chemical assay thereon to
form an assay surface, in which the plurality of discrete
binding domains and the plurality of reaction media is
capable of being brought into contact so that a sample to
be analyzed present on each binding domain is contacted
25 with a reaction medium to detect or measure an analyte of
interest. Alternatively, the binding domains can be
hydrophobic, and the second support has a plurality of
hydrophobic domains containing reaction medium.
The invention also provides a method for
30 detecting or measuring analytes of interest in a sample,
comprising: (a) placing drops of a sample containing an
. analyte to be detected or measured on a plurality of
. discrete binding domains on a support surface, in which
the plurality of discrete binding domains comprises at
. 35 least one binding domain that contains binding reagents
that are identical to each other and that differ in
specificity from the binding reagents contained within



once or attached at a plurality of positions on a nolecule to be ECL

| abel ed. I n anot her enbodi nent, the ECL | abel containing a multiplicity of
organonetal lic conpounds is a linear polymer with the organonetallic 35
groups attached at a plurality of positions along the Iength of the polymer
chain (e.g., wovgadssg branched or cyclic polyners). VO 96/peBhudssn3ion

PCT/ US96/ 03190 85 A plurality of binding domains may be used in a variety
of additional ECL assay formats well known to the art. In quantitative
assays, a known anmount of ECL | abel ed read’é’r? is used and the anount of ECL

nmeasured is 5 RS @&ﬂdlﬁe mﬁét%'&@ﬁr dg Eﬂeacgisarﬁ}teebmal agount of

anal yte present._ Forward, ,reverse, gpetltlve a g s can be
perfornmed by netiRRdRR-PRiNG Sharastardzed; pe ool bR Hydrophop itive
assays, for exarmtdrophlnchormmrtm;:mwh.abimyMemg'mhngfthhearmunt of

an 10 analyte ofapd@keirticd il hguhth COIMENES Gonalifluid eyl € i s

performed as follows. The Ci I_.ng _sur IS contacted concurrently with
(a) a known aho JwdrephoRie fl%l‘é‘d“iﬁ“@aﬁﬂm@#&tlﬁ hydrepidigy #8dpeting
with the anal yt e(idf) hyteophilie if rtdimgaihamgbdmhim irse ay@rophbbpe csmmt on

the bindi ng domgjdg., %ﬁogbenéaé?gfo Qg& gso‘f,f &Y tgﬁt anal yte of

interest; the contactin ap ropriate_conditi ons such
that the anal yt esﬂﬂplﬁnit@r Eé?da'fﬂ "il%ﬁel?-"-l $4 Mf@ i & 8"?6"?%%9
bi ndi ng reagent thEh@rppesenctheffireut ambpi:-e with he sifi-fameplo€ ai sécomiiuce

oo DB S S koS i) 9

domai n, thus re (relatlve en"no analyte Is
sanpl e) the res lﬂ‘?“}aﬁg’saﬁﬂﬂﬁp-%*nid_ea%?r’l Refifa ?‘é%"&ﬁb &for °°ndu°t ng

a chemical assay thereon, and (¢) determining the
presence of the analytes of interest that are bound to
the binding domain.

15 Also provided is a method for detecting or
measuring analytes of interest in a sample, comprising
(a) placing drops of a sample containing an analyte to
be detected or measured on a plurality of discrete
binding domains on a support surface in which the

20 plurality of discrete binding domains comprises at least
one binding domain that contains binding reagents that
are identical to each other and that differ in
specificity from the binding reagents contained within
other binding domains, each of the discrete binding

25 domains being characterized as either hydrophobic or
hydrophilic, with the proviso that the region of the
support surface surrounding each of the binding domains
is (i) hydrophobic if the binding domain is hydrophilic,
and (ii) hydrophilic if the binding domain is

30 hydrophobic, so as to allow one or more analytes of
interest in the sample to bind to the binding domains,
and (b) placing drops of a reaction medium on the drops
of sample; and (¢) determining the presence of analytes
of interest that are bound to the binding domain.

35 In a particular example of this aspect of the
invention, binding domains, each of which have
incorporated a different enzyme that utilizes as a

M



bi nding domain is triggered and the anount of light 25 emitted is
quantitatively determ ned, thereby quantitatively determ ning the anount of
the analyte of interest present in the sanple. Alternatively, the sanple
may be contacted with the binding surface prior to contacting the binding
surface with woeekssss | abel ed 30 |igand; the ECL | abel ed |i gp@flusvshizes hen
conpete with the previously bound analyte fromthe sanple on the PMAMS
surface and di spl ace sone of the previously bound analyte. In an
alternative enbodi nent, the sanple can be I9%eat ed so as to contain

subst ances/ nol egﬁﬁrtalg@t a2kEquieht 15%%?9%?@@%’? st,_.@% 3kg; anount  of

unl abel ed anal yte of .interest . can cont ac |ng surface

prior .to or condAEHERyY RPtﬁl‘E‘&ﬁﬁ%ﬂ%@ Wﬁes‘b'ﬁﬂﬁ%gsuc VERd®, thgx 33
PCT/ US96/ 03190 FErosimctac€ ai giwver ersxymaltdci peaction,t avhdehr isothea

corrpetltlon assPeactant gagd dglh%o secongy’gl%l gé@% 9 Lhdapd,ts a binding

partner that é_pem fi cal I y noi ety on the anal yte
of inferest. Fy:f%a‘f‘h‘e&“ PEEFpY c al The b‘r’ﬁ’(ﬁ‘ttlanaa%ﬂdl ng
reagent in a bi ijﬂqvg.dasrrﬁon bhallka M&ﬁlllsapieﬁemf énzymesaopl self-"sandw ch”

t hus f d, geadibd in,
Ibgundutso ngFyt e forom :ihgglfgﬁ %Ioqu #Rd%_rtﬁgﬁbgkggigl ndllmr‘?é;II "
partner. In anot¥thngd: BE5BPAS| %% Res &?9&? copi es of.the anal yte

itself are attached to thvobiexﬁmnneynﬁmbhasOﬁitﬁESd&Htﬂmmob&u&:ebinding
S S T2 A S el S o ok R B R 11
bind to the anal'&/ﬁg} SREERCE; Abe? kP Helukien; volwee _
Alternatively, such immobilized enzymes nay be attached
to porous materials. Additionally, such immobilized
enzymes may be on dipsticks, stirring agents, on the
15 walls of tubes or capillaries, or on the walls of
containers such as an incubator chamber.
In an alternative aspect of the invention, non-
ECL assays such as described above can be carried out on
PMAMS analogs, said PMAMS analogs differing from PMAMS as
20 described above in that the PMAMS analogs contain
discrete domains for carrying out non~ECL reactions, the
discrete domains not necessarily having incorporated a
binding reagent and therefore not necessarily being
binding domains. Such PMAMS analogs have discrete
25 domains for carrying out reactions and are prepared so as
to inhibit spreading and/or diffusion of fluid applied to
the discrete domains. In one embodiment, the domains are
either hydrophobic or hydrophilic relative to the
surrounding regions on the support surface, in order to
30 aid in confining the reaction medium and/or sample to the
' discrete domains. The use of wells, deposition of
\ reaction medium or sample on felts or porous materials,
. deposition and drying of reaction medium or sample on
gels, films, etc;, can be used to inhibit spreading or
) 35 diffusion. Each of such discrete domains is less than 1
mm in diameter or width, preferably in the range of 50 nm
to 1 mm, most preferably in the range of 1 micron to 1



free analyte (fromsanple) in the assay solution, but wll be conpetitively
inhibited in the presence of free analyte (fromsanple) in the assay
solution. 20 In alternative enbodi nents, sequential |abeling is
performed. For exanple, in a particul ar -enbodi rent of a sandw ch assay, the
anal yt e boundwghehi@gbi ndi ng domain is contacted sequenti al |p&rydsbéinsise
plurality of ECL | abel ed binding partners of the analyte. ECL neasurenents
and 25 optional washing steps are conducted in between contacting with each
different binding partner. In this way-an 2 neasurenent of a plurality of

di fferent bindi ngy Miggld &3l ofNafPeLY %%&gggeﬁggig%a&p& CD8[err],

a, b T cell antigen rec tor 03|t|ve I t1onal ly, nultigle
ECL | abel s, each eRRsY %?3 Fha? athe &%%ﬁt?hgﬂpélﬂﬁm% ach
be linked to a d&ﬁﬁria!tidm,ndrngamphgeapprﬂmahxbncc&nrprechdé(ae@nslhmoaty on

an anal yte. Furtierpefetildd dolivm®f di stinguishable reporter neans (e.g.,
ECL | abel, quorescé%t Iabe% gm 35 enzyne |inked Iabel) each attached to a

di fferent bin8ing reagent Ié‘pécPFﬁgeﬂ'ﬁd e?%ﬂqqtef"@nf- 8i }ee Rf RIAMSy of an
anal yte may be usmallodsrtcexomauet hon<ECT iatgaysh arﬁﬁé[atrﬂeactide 96/ 28538

PCT1 U896/ 03190 Sfetunp ohee Shacll bioh SAGAASY BEhibiFete ! donkiis, 2

CD8[err] a, b T ce ant.| recept or
enbodi nents t he B??Eﬁ?ﬁf’]&oﬁﬁilﬁgeé'ﬁﬁt%‘i’W‘F%'qlé’d fEPBtEPn%"%ﬂiﬁqur nucl ei c
acids and/or 5 wnbétefhnidier guiaessaand s, opﬁuehana@elt@cbmmnents

(F: 01 SCh e B0, LML iR bckhee NIE' o d il cat o0
assay. For exanpPelutisn (f-g- IfaBéNeﬁsc%}ﬁRﬁ% tﬁﬁy"ﬁet deepcfion
medium or, alternatively, in between the discrete domain;
and then sample containing an aﬁalyte to be detected or
measured is applied to each domain, either by discrete
15 application to each discrete domain or, in bulk, by
exposing the entire surface of the PMAMS analog
containing the domains to a fluid sample. Any resulting
reaction in the binding domains is allowed to proceed,
and the results are observed by use of a reporter and
20 detection system selected from among those known in the
art.

The invention is further described in the
following examples which are in no way intended to limit
the scope of the invention.

25 '6.  EXAMPLES
6.1. PREPARATION OF AN MAB ?MAMS
SUREACE BY MICRO-STAMPING
An exposed and developed photoresist master of
1-2 microns thickness is prepared according to well known
30 procedures in a square array pattern. A 10:1 mixture of
SYLGARD silicone elastomer 184 (poly{(dimethylsiloxane);
available from Dow Corning) and the corresponding SYLGARD
184 curing agent is poured over the master and cured.
The polymerized SYLGARD 184 is carefully removed from the
35 silicon master. The resulting elastomeric stamp is
"inked" by exposure to a hydrophilic OH-terminated alkane
thiol, SH(CH,),;~(OCH,CH,)¢OH, in an ethanolic solution
{1-10 mM), robotically brought into pin registered



10 various tinmes and sequential readings may be taken. Such readi ngs may
provide cunulative information. In another enbodiment, the binding domains
of the PMAMS may be reused a multiplicity of tines. After a given assay is
performed, the surface may be washed under conditions 15 which rejuvenates
the activity wboogssssgr nore bi nding domai ns of the PVAVS supgfosssodive Wway of
exanpl e, sone binding reactions may be reversed by changing the ionic
strength of the reaction solution. AIterngtiver, heat may be used to

di sassoci ate bi ndi ng conpl exes. Sone, 20 ding domai ns may be inherently

sel f-renewing. Ricitedd 4PERI&ip g¥ighBacaBial BurAldl Ylard LEmbved ONAHIE | C)

functionalities gﬁé be. ut ed nore t an once |ng domai ns are

utilized contin i tﬁn t ¥ashed Gg‘édalﬁﬁ‘bﬁﬁ"@@ﬁr (8pBr 7 c2T¥®ns. 25
. Addi t | onal |y, tleecondsy wibhbe éodmtﬁ.bhedfsa byadroptubilei CHL AYereinpdvd

attached to the JYKakle 8h18Y, "B {dir 900G | (-AOL b B oA '(iuﬁs} et

| abel ed. uxﬂkbl m|1 to cer ?yt jnterest In ? éﬁ t he ECL

signal will be etnt v%?‘él %ﬁ &tte Fo?c’sﬁn‘é&%% &16953 ECL*1bel ed

bi ndi ng reagent m&mq gorface s fthep gepthy drbsi funderor streamlofie on a

cell surface e. gﬁ,:;g%egeng é@ﬁ{ll ggggyaegngggﬁiﬂg<ﬁghko A4 gen receptor
op

C

anti gens, vﬁl" %oﬁ 5 m xtyre of , cell
cells bound to tiF §c s\ Fhen peboticaily) lP?W‘?ﬁie‘r”%E”‘HbF?ﬁ?“?ﬁedan
el ectrode surfacentactuyhthi the giigned surfaté aldgming ther capillaries VO

96/ 28538 S9 1 CIfiC
surface, f rojn? ex?cjﬁh tget ﬁH(Fd_) lllat()gclmeﬁc}ifl §Fn%°€££‘%nt %@ﬁ 8§8§4§1 m)dul ating
the ECL signal. ’Izbr%‘& slary arnay, G9phades A é‘ ibo

(MABs) , speciflc for an analyte of interest capable of
covalently binding to the reactive OH groups on the
hydrophilic domains through an amide linkage.

15 6.2. PREPARATION OF AN MAB AND NUCLEIC
ACE _BY MTCRO-ST IN

An exposed and developed photoresist master of

1-2 microns thickness is prepared according to well known
procedures in a square array pattern. A 10:1 mixture of

20 SYLGARD silicone elastomer 184 and the corresponding
SYLGARD 184 curing agent is poured over the master and
cured. The polymerized SYLGARD 184 is carefully removed
from the silicon master. The resulting elastomeric stamp
is "inked" by exposure to a hydrophilic OH-terminated

25 alkane thiol, SH(CH,;),;-(OCH,CH,)¢OH, in an ethanolic
solution.(l-lo mM) , robotically brought into pin
registered contact with an aligned gold surface, and
removed. The substrate is then washed for a few seconds
(e.g., 2-10 seconds) with a solution of a hydrophobic

30 CHj-terminated alkane thiol, SH(CH;),oCH; (1-10 mM in
ethanel) (Kumar et al., supra and Prime et al., Science
252:1164~-7). The resulting surface is then gently dried
under a stream of nitrogen. A capillary array containing
hydrophilic solutions is then robotically brought into

- 35 pin registered contact with the aligned surface aligning

the capillaries with the SH(CH,),;-(OCH,CH,) OH domains.

Each capillary in the capillary array contains antibodiles

or modified nucleic acids, specific for an analyte of




conducted. | n heterogeneous assays, unbound |abeled 5 reagent is separated
from bound | abel ed reagent (e.g., by a washing step) prior to exposure of
t he bound or unbound | abel ed reagent to an electrical potential. In
honbgeneous assays, unbound | abel ed reagent and bound | abel ed reagent are

exposed to anwplogedssg cCal potential 10 together. |n honbgenepgprmassh3we, the
Intensity or spectral characteristics of the signal emtted by the bound

| abel ed reagent is either greater than or ﬁss than the intensity of the
signal emtted by the unbound | abel ed reaé‘g The presence or absence of

the 15 respecti yathpdsd, %m@wcsoapeﬁﬁ&%mngetaetﬁér&mm
measuring the di ference in |nt$g% ¥ g% he, de3$Jed %BS of x%Ptactlng
the binding r ead8nBEOWPE HOR S AASPPRY %t?? Fins, SPESPOR AT BRI ng
partners t her et dinkagesbeen conpl eted, one 20 then ensures that the ECL

| abel is subject ed to an envi rgyTe BREBRRA ; RPREE
medi um are kgp the art. Such an assay neolun1aovantageous y I ncl udes a

nol ecul e tha ECL of an ECL l|abel, 'including but not limted to
oxal ate, NADH, 25 and nNosA qaldremﬂ.ldysurfpcep.ysb anipesedStiohaa " pronoter”

mol ecul e can beh@&%bﬁ?ﬂ;érﬁﬁ-ﬁ e.'atehaoameﬁeceﬁéae @m&agﬁ Dy pri or
| inkage to or %mpductlon at n*ﬁa reactlon)

uct _of a
tho PURVS. sur { o @CHaCHo (o (Bring €% Loy Aedence, 531 K4l ATIalA Shne 20
el ectrode surfae&haaohiquu]ytmge(m-mamm or mantix@ar areky efcfiné t he

medi um surr giydigigy Eﬁee‘ggullié‘Weé}é‘iﬁ%d 1E°r593tf’é€ﬂy"%r@ﬁ3§t”§nﬁ85u' ting
fromthe contactin S 1S, con Ive.to nge he medi um
need be made. AFF@&H&&F 1§?ﬂ¥ &P&ﬁ?ﬁﬁnq%gh é@ﬁﬁgﬁ d98 replaced to
provi de a nedi uswéadesi aadttheounm akrzayr bsleusedl tvoetchr dhcbothdehe s
al ready proxi maie ah@ YhaiRbReh ok $FRhe: s8Erhde Eutinggakyws" i N
dimensional grid array of SH(CH,),;=-(OCH,CH,)¢OH domains.
15 The substrate is then washed for a few seconds (eg. 2-10
seconds) with a solution of a hydrophobic SH(CH,)q;-
(OCH,CH,) ¢CH; (1-10 mM in ethancl). The resulting surface
is then gently dried under a stream of nitrogen. A
capillary array containing hydrophilic solutions is then
20 robotically brought into pin registered contact with the
surface aligning the capillaries with the SH(CH,);;-(OCH,
CH,) (OH domains. Each capillary in the capillary array
contains antibodies or nucleic acids, specific for an
analyte of interest, capable of covalently binding to the
25 reactive OH groups on the hydrophilic domains. '

: FACE
A transparent PMAMS surface is made as

described above which is substantially transparent with a
patterned multi-specific array of primary antibodies

30 1linked to the surface. The support, electrode assay,
monologues surface use selected to be transparent. The
PMAMS surface is then exposed to a solution sample
suspected of containing an analyte of interest to be
assayed. The sample is then washed away leaving antibody

35 bound analytes on the surface. The PMAMS surface is then
exposed to a solution containing secondary ECL-labeled
antibodies specific for bound analytes on the surface.
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with the binding domain, a voltage waveformis applied, and ECL is detected.
or nmeasured. In a preferred enbodi nent of the invention, the
above-descri bed steps of contacting the binding reagents 5 with anal yte or
conpetitor tiwWoeefsssind any binding partners thereto, are capcresbéoamoin the
absence of el ectrodes and counterel ectrodes, i.e., such that the sanple
does not contact the el ectrode or counterg+ ctrode. Subsequent to these
contacting steps, 10 el ectrodes and count | ectrodes are brought

sufficiently cl ghgstsoldtidrClis! 8heh RRsiEh f-dnh€nki BHARS Sl¥fide to trigger
an ECL reaction t .having a_ P may . h sed for sequenci ng of
nucl ej ¢ acid st %3%&?%%1‘ e%?%ﬁ%ﬁg, 53‘3% %’t\kgf’ﬁlﬁsp?%‘?’ﬁﬁ%%‘g‘ﬁ bi ndi ng
domai ps i s -prep@PRRLRG twheyer popdnteols gwrassingst i de probes of known
'T‘ECl eot i dg_ fsequence as t%egbndbﬁﬂoa_elaﬁéﬁﬁ i ptotbeEEdt pPi N HdndveBBI NS.
at is, difger n maiNs_ Wi cont ai.n bi ndi reagents .,

di ff erent kn%mﬁﬁ%ﬁge%ﬁodg’rseg'aﬁkéngﬁ.emﬁ % £ &gnagl gﬂ?i?ﬁ%ﬁi"ﬂ‘%r
fragnents of th&he|elrsiradsosiutbacaain ewidr toequendedontaninationl | owed to
bind (hybri di zehesectdle HYBabindk Nis CHEN Homobl Qti&'dﬁ‘x& ffddigohe be
sequenced are ed. .Bin as s are conducted aon an
the distributi 0%5%"?2?‘?& is &ﬁ%{[ﬁ] df'f’i’%ﬁ?@%ﬁ g’#gﬁ‘érbﬁo'?lff@}"ﬁ%%ﬁg on the
PVAMG i s used t8ligegdmantact withobhe | RAMSIswriface. Thke adlaatrddecr i bed
nﬁthod S Famedagﬁayrﬁgeﬁgﬂﬂgdgegfthgﬁteg%éﬁyyygal5ggggg§aiqmg*pg%ghze tg
t hei r conpl enen uhstanti a oppl enent ary sequepce i n . anot her
nucl ei ¢ acid no%%%é"%{?rg’ega,ndg?&?ng?gz{g I&Pﬁﬁ% .¥,° Yggli£n$r oc. Natl. Acad.
Sci. USA 88: 10edectosie/counterelectrode pairs. A CCD then reads the

light emitted and the signal is sent to a microprocessor

which converts the signal to the desired readout forn.

15 The readout is compared to the readout obtained
using controls in the form of known quantities of an
analyte of interest to calculate the actual quantity of

analyte. _
6.5. ASSAY ON A FIRST AND SECOND PMAMS
20 SURFACE '

A transparent PMAMS surface is made as
described above with a patterned multi-specific array of
primary antibodies linked to the surface. The PMAMS
surface is then exposed to a solution sanple suspected of

25 containing an analyte of interest to be assayed. The
sample is then washed away leaving antibody bound
analytes on the surface.

A second PMAMS, under a protective cover, is
provided, with an alternating hydrophobic/hydrophilic

30 pattern on which there are patterned micro-drops of a
plurality of secondary antibodies labeled with ECL tag.

The barrier protecting the second PMAMS in

. register with the first PMAMS is removed and the micro-
drops are brought into register with the primary antibody

35 binding domains on the first PMAMS. The second PMAMS is
lifted off and the electrode array and is brought into
aligned contact with the first PMAMS surface. The



Bai ns, 1992, Bi o/ Technol ogy 10: 757-58, which are incorporated herein by
reference). Conditions can be sel ected such that the desired degree of
sequence 35 conplenentarity is necessary for successful hybridization.
Hybri di zati on of a DNA nol ecul e of unknown sequence to a probe of
predetern1ned“ﬁﬁﬁH§£§e WO 96/ 28538 PCT/US96/03190

PCT/ US96/ 03190 90 detects the presence of the conplenentary sequence in the
DNA nol ecul e. The nethod is preferably practlced such that the
hybri di zation reaction is carried out mnth he ol i gonucl eoti de probes bound

to the binding degBifsadry gf {3\"‘%& %rﬁ%h@kh?ﬂcaf\ﬁéé%i@y al so
be utilized to iIsolate, screén ec ﬁ£ e or %nglex of
desired functi oNaY®. éPrWNQRﬂQﬁitﬁF'cﬁP%JB@ﬁ%Bt1§&

isolate conpoundleatmbdsldqnntema&potndaefpﬁirhl thephptutmuittp&ienA PVAMS

containing a pl uﬁﬁélwe&frm helgsa g el %a ¥h % g et OeS st -
p0| erEI’S synt hﬁél Zg‘ﬂ%c%? a varl et 0] CO | nat or1 al tri es, can be

made using t Re P%?ﬁ?qsﬁ¥eWP%%h convgts FQFléi?nﬁﬁ & dheoNvANS

treat ed support deshyederemiohtt €otm.r api dly screen for binding to, for _

exam e, an FOL | abel od Gfild WelaohECER! Olmpd b 15 T Oadodt e IHANS Wi L1
el at e d%

a large diversity, of unr ces n order to

i sol ate | ead bi HELRY FRMFIQLS %Ggﬁcégmﬂf‘emmnﬁ‘?heiéﬁ i¥es of
rel ated sequencenan.pté hof el rifersaitc Rostayeull e diheg actuk b equatieity ofof

interest (eqg . g;{éular receptor) on the first PMAMS are then used. The
process is repeate until a peptide mnth the deS|red b|nd|no
characteristics are found. An 6afal JUGLE] - SSSAYo ONLA. PYANS H e

A transparent PMAMS surface is made as
described above with a patterned multi-specific array of
single~-stranded nucleic acid probes linked to the

15 surface. The probes are complementary to the 5’ region
of a nucleic acid analyte of interest. The PMAMS surface
is then exposed to a solution sample suspected of
containing a hybridizable nucleic acid analyte of
interest to be assayed, the sample having been previously

20 denatured, i.e., treated to render the analyte of
interest single stranded: The sample is then washed away
leaving hybridized analytes on the surface. The PMAMS
surface is then exposed to a solution containing

. secondary ECL labeled nucleic acid probes specific for

25 the 3’ terminus of the nucleic acid analytes bound on the
surface. This solution is then washed from the PMAMS
surface leaving ECL labeled nucleic acid probes bound to
the domains where analyte is present.

The barrier protecting the second PMAMS in

30 register with the first PMAMS is removed and the micro-
drops are brought into register with the primary antibody
binding domains on the first PMAMS. The second PMAMS is
lifted off and the electrode array and is brought into
aligned contact with the first PMAMS surface.

35 The electrode array is connected to an
electronic potential wave form generator, and potential
is applied to working electrode/counterelectrode pairs.



25 cell, a subcellular particle, virus, prion, viroid, nucleic acid,
protein, antigen, |lipoprotein, |ipopolysaccharide, |lipid, glycoprotein,

car bohydrate noiety, cellulose derivative, antibody or fragnment thereof,
pepti de, hornone, pharmnacol ogi cal agent, cell or 30 cellular conponents,

or gani ¢ conpowodg2sssson- bi ol ogi cal pol yner, synthetic organi pcTsesnibe,
organo-netal l i c conpounds or an inorganic nol ecule present in the sanple.
The sanple may be derived from for exanple_ a solid, emrulsion, suspension,
liquid or gas. Furthernore, 35 the saﬂplelﬂay be derived from for exanple,

body fluids or ti St¢etnelPtlas f'&f@di%@ﬂmiﬁ@é&”ﬁ%ﬁ%”ﬁig%i Ngs &RES,

ti ssue, saliva, ,0ils, .organi ¢c solventsS or air. 96/ 2 8
PCT/ US96/ 03190 &P fh&%ﬁﬂBF‘éc P SRdchs gonverts gy s&g@ﬁi g? e oxi di zi ng
agent. Assays t dlagdired: readowtistomm.t he fol | owi ng substances may be

conducted by the present fh¥oPéadBut 3% eombBfE8d PES AnPPelliot bbEIed
reagent specific t.o said sugstanc s into tge bi ndi n Qnai Ns ?f t he bi ndi ng
surfaces of the Y5 EORETOLE sihithe form p ekﬂﬂmﬂ%ﬂ’gs‘&}eﬁl PF BT,

anmoni a, anyl as@nadgteSeiTinberéstltioncadeulatéel thel actksa@lnguangity @&l ci um
carbon 10 di oXigifaiyell.ori de, cholesterol-total, creatinine, GGI, glucose,

rotel netotal . sodium (riglycer éﬁ' “%£E°§§%“"! @ggﬁ ; %‘“ %igﬁs; Eggsgk%%nes,

cardi ovascul ar system nodul ators, » ' se

antigens, alt®rgy provoki Agttansparent PMANSopubfacesis mpdekrees

anem a/ met abol | cleBriDed aboveMPRCR HRtreried Pal€BHpETiEHe, aktai o
primary antibodies, specific for an analyte of interest,
linked to the surface. The PMAMS surface is then exposed
to a solution sample to be assayed which is a mixture of

15 a sample suspected of containing the analyte of interest
and a known amount of an ECL labeled molecule competitive
with the analyte of interest for binding to the
antibodies. The sample is then washed away leaving
antibody bound analytes and/or labelled competitive

20 binders on the surface.: .

The electrode array is protected by a removable
barrier to prevent contact of the sample with the
electrode surface in order to avoid contamination
effects. The barrier is then removed and the electrode

25 array, that is wetted with assay buffer, is brought into
aligned contact with the PMAMS surface. The electrode
array is connected to a electronic potential wave form
generator, and potential is applied to working
electrode/counterelectrode pairs. A photomultiplier tube

30 then reads the light emitted and the signal is sent to a
microprocessor which converts the signal to the desired
readout form.

The readout is compared to the readout obtained
using controls in the form of known quantities of an

. 35 analyte of interest to calculate the actual quantity of

v analyte.

6.8. COMPETITIVE ASSAY ON A PMAMS
SURFACE WITH A CCD DETECT



phenobarbital, phenytoin, procai nam de, quinidine, theophylline,

tobranycin, val proic acid, vanconycin, 20 anphetam nes, antidepressants,
bar bi t urat es, benzodi azepi nes, cannabi noi ds, cocai ne, LSD, methadone,

met haqual one, opi ates, pheneylindi ne, phropoxyphene, ethanol, salicylate,
acet am nophengo@gidssgli ol , progesterone, testosterone, hCGE bpggusdshbioncl e 25
stinul ati ng hornone, |uteinizing hornone, prolactin, thyroid hornones such
as thyroid stinulating hornmone, T4, TUP, total-T3, free-T4, free-T3,
cortisol, creatinine kinase-MB, total-creat9hine kinase, PT, APTT/PTT, LD

| SGs, creatinine kinase I§C§r 195%] rbmﬁ%%hi:ﬂ% e 'n{hde?‘gs troponin 1,
troponin T, chlgg¥d|a, onorr erpes Vvirus i sease, gsterg Barr

VPN L Rubdiaprioed 8DV Vi trun, REtETDeR] mELS L-BeRbiC. AETRE
(hepatitis B vi rpsimanyf antibodiemn)initdd/th thieVe@rfacei - ThHec PMAMSI - HBs,

HCV, anti-HAV I fggé V, Eﬁ&ég

prostateI speci f?é(\:arantr 1§BEE§\%’Z\%Q%%’ &?&E@E@ﬁj 1¢ 19 QCtZ& of

b2- ni cr ogl obu?i rF°'rFé?1il5'3'l'\9 the analyte Rf daterestptobe \fgapyes.T Thes VO
96/ 28538 sample is then washed away leaving &RHib&B6/HRhd0 92

syphi.lis, ABO b'&’r?éﬁ;}ﬁé%e e P%Eie ot her bl ood typing antigens,
cytonegal ovirus, territin Eh? Eé?o at e cal at ed heanIobrn

anphet ani nes, antldepressanﬁgcaﬂﬂ %H4H§ KoPr BEPEeGhivasavericdfs. 5
Measurenent s of @pdvidediwithr antabtexhatgindotydesphabidthytrophdddeential |y

or si mul t anegys| attﬁefﬂ\”%?‘:s?rgfﬁég;é%gzéé Yrdpatialbs floteldl d@} degt i a

cell-surface protein s e cont arnrn
which it is deS|P¥RF§*}ﬁ§b8ﬁtalbn Y agunt af Pﬁexgﬁ @rred

enbodi ment, a  competitive with an analyte of 1nterest.
The barrier protecting the second PMAMS in
register with the first PMAMS is removed and the micro-
15 drops are brought into register with the primary antibody
binding domains on the first PMAMS. The second PMAMS is
lifted off and the electrode array is brought into
aligned contact with the PMAMS surface. The electrode .
array is connected to a electronic potential wave form
20 generator, and potential is applied to working
electrode/counterelectrode pairs. A CCD then reads the
light emitted and the signal is sent to a microprocessor
which converts the signal to the desired readout form.
The readout is compared to the readout obtainead
25 using controls in the form of known quantities of an
analyte of interest to calculate the actual quantity of
analyte. |

6.9. PREPARATION OF AN MAB PMAMS SURFACE

30 | BY MICRO STAMPING WITH AN SH(CH,),oCH,
ALKANE THIOL

An exposed and developed photoresist master of

1-2 microns thickness is prepared according to well known

procedures in a square array paﬁtern. A 10:1 mixture of -

SYLGARD silicone elastomer 184 (poly(dimethylsiloxane);
35 available from Dow Corning) and the corresponding SYLGARD

184 curing agent is poured over the master and cured.

The polymerized SYLGARD 184 is carefully removed from the

silicon master. The resulting elastomeric stamp is



known sanpl e volume and/or diluted sanple is exposed to a PMAMS whi ch has a
multiplicity of binding domains specific for at | east one cell surface

antigen. Bound cells can then be quantified by attachment of a secondary 15
bi nding group linked to an ECL tag. This is a group capable of interacting

W th a broad wesgsssf cell types, for exanple an ECL- Tag | i pdar0seb03190
hydr ophobi ¢ group capable of inserting into a cell nenbrane or to a lectin

di rected agai nst cell surface sugars. The_ ECL-Tag is 20 linked to a
secondary anti body directed agai nst a cel t9%yrface anti body. In a nore

speci fic enbodi & lSin ol p jpﬁlgyﬁt I g roretgez] be
di sti ngui shed bmta%edu?fé?épnul t in{hé sI%Sdh_ Ta i%%& g ggﬁ%]dar)é gr%g‘i%g‘gdi es.
One preferably %’Réﬁiés !?ffl 2)ap8Hp I AT (ﬁth?g%ilgc?%}‘ét’:ﬂ’hc‘ilﬁd' dBttt ns
specific for a gebehicmhlythromghthéntarpimaregfiskerell contaetlsvithe anver age
nunber of cells | [ t [ h g?pg : et 1 Cal
t echni ques c fag%gg%%%?i%(ﬁ?%'dg{lgr% ne the Qa%bglrlﬁo ctgﬁlls%I ?)%Ireasarrpl e
vol ung. Thi sgle(‘fﬁﬁgﬁ T & 8V, BeG0RE8 (ed - o 3710 FECPBERY WHR2 particles
such as vi rusesowhbientdné SihyirophobigeC;teradnated alkand itdhdolon t he
virus. The dommisaycazy oar, S{RLig G Sinbfloif® BhifnOlet?alc) | sgfirdpat only
pet B ngin, t adi n | or

one cell can bi in, us l(i | g to a |g‘|F&aI si1 gnal each
dormai n whi ch 35 CEnTERRHERE SENLpse 18, Ehen genddy Fﬂe“’ﬂ‘%ﬁi%??ﬁaﬂ'g
statistical netefdpitfogenion® mapildatyr aperaw geartadningt hpdseptei dfc a cel |

so that mul tigl @oaakkens 3k RiHuh into pin regi
PCT/ US96/ 03190 93 gggﬁ? thi ‘”9’822%?6‘%’& Efiegv%moﬂng? PIF ¥59,sterad

n,. .l a
domai n can be c&F R Wi, aligned mpetacs a(,]élgl"é-ngegheo?%jeutﬁr’éﬁnpl e.
| mage anal ysi s wdithgthe SH(GH,)Q{OH iddmWains to place specific antibodies

at each domain. Each capillary in the capillary array
contains monoclonal antibodies, specific for an analyte

15 of interest, capable of covalently binding to the
reactive OH groups on the hydrophilic domains.

6.10. PREPARATION OF AN MAB and NUCLEIC
ACID PMAMS SURFACE BY MICRO-~-STAMPING

WITH AN SH(CHp),0CH, ALKANE THIOL

20 An exposed and developed photoresist master of
1-2 microns thickness is prepared according to well known
procedures in a square array pattern. A 10:1 mixture of
SYLGARD silicone elastomer 184 and the qorresponding
SYLGARD 184 curing agent is poured over the master and
25 cured. The polymerized SYLGARD 184 is carefully removed
from the silicon master. The resulting elastomeric stamp
is "inked" by exposure toc a hydrophilic OH-terminated
alkane thiol, SH(CH,);,0H, in an ethanolic sclution (1-10
nM), robotically brought into pin registered contact with
30 an aligned gold surface, and removed. The substrate is
then washed for a few seconds (e.g., 2-10 seconds) with a
solution of a hydrophobic CH;-terminated alkane thiel,
. SH(CHy) 10CH3 (1-10 Mm in ethanol) (Kumar et al., supra).
d The resulting surface is then gently dried under a stream
35 of nitrogen. A capillary array containing hydrophilic
- solutions is then robotically brought into pin registered
contact with the aligned surface aligning the capillaries
with the SH(CH,);,0H, domains to place specific antibodies



detectors (e.g., a CCD canera or aval anche photodiode 5 array) could be
used to count cells and determ ne cell norphol ogi es. The invention
preferably al so provides for nethods for conducting ECL reactions, e.g.,
assays, at a rate of to 1000 ECL reactions in fromb5 to 15 mnutes. 10
5.11. PNAMS Ywilseaiais W TH OTHER ANALYTI C METHODS AND/ OR ECL p&pisécaaivei ques
descri bed above for ECL based detection can be used in conjunction with

ot her assay techniques, e.g., as domains in which catal yses and other 15
chem cal reactions can occur. Discrete bi ri'o‘i‘hg dormai ns according to the

i nvention may b h@b?ﬁﬁ%aﬁfé%cﬁl{ze%:nhgﬂgé éﬁc&xf'}? ’dCﬁJ&lBI Capaglgem cal
cheni stry assays, 6. ectro erm natl ons ni ca
det er mi nati ons, Hiﬁiaﬁyoﬂﬁlﬁ ﬂé%éﬁ#ﬁ%ﬁﬁy Gﬁ§aYgPBE€EiPs:E?F}Peglﬁﬁd°r

creatini ne det emmmwnaucaaﬂctmds,kepe&lmb £68 agn taxellytgues that may be

combi ned Wi th EQ,, t I\é(?;\li f ention
I ncl ude chen1|un1nescenf Eggégi?Q%g 9%%rggcg%§3§n€) He rEQ3t19¥
enzyne- | i nked® a<dh \BTSpOE: B, the RydrrpiddicaAonaing sthzugh 291939b°“¢hcknan
et al., 1991, SclnﬂmgaiﬁZ 688- 691) and/ or resonance det ectlon (e.qg.,
surface plasnon and acoustic tg c%f & > ports with .
drops may be utilized in which ther ;

chem stries 30 within the_arra ac rent

ro
bi ndi ng reagents and/or dPPf8 ﬂ?e‘l (5‘5"‘%9?31’ ?t%#es%l"?F&ﬁrr@ i um
for the same}0® For2mxdnicknesscisrppepared aecoydingito iwsll &powng on -
hydrophilic surfﬁggbéaﬂyggngndg ngﬁ¥ﬁga %t%B ounglegy 35 M %thy-dr gghobi c
tecte

surface regions. t.i on covering

i are pr Bhoblc SO
the surface. The® i éE°§8Iﬁi%§ﬁPﬂ?f 4a§§§y£ﬂ 8%n a
second PVAMS wi t SKIBARID 184 icux bhg dagentd disaiposireds ovemdétie master and

cured. The polymerized SYLGARD 184 is carefully removed

15 from the silicon master. The resulting elastomeric stamp
is "inked" by exposure to a mixture of mercaptoundecanol
and 12-mercapto(8-biotinamide-3, 6-dioxaoctyl)dodecananide
where the mole fraction of the biotinylated thiol is 0.1
(see Spinke et al., 1993, Langmuir 9:1821-5 and Spinke et

20 al., 1993, J. Chem. Phys. 99(9): 7012-8). The substrate
is then washed for a few seconds (e.g., 2-10 seconds)
with a solution of a hydrophobic CH;-terminated alkane
thiol, HS(CH,),oCH; alkane thiol (1-10 mM in ethanol)
(see Rumar et al. supra, Biebuyck, Whitesides). The

25 resulting surface is then gently dried under a stream of
nitrogen. A capillary array containing a solution of
streptavidin in each capillary is then robotically
brought into pin registered contact with the aligned
surface. Each capillary in the capillary array is

30 aligned and brought into contact with a biotinylated
domain and the capillary array is removed and the surface

L t R R

washed. A second capillary array containing a
multiplicity of -biotinylated antibodies and biotinylated
nucleic acids solutions is then robotically brought into
35 pin registered contact with the aligned surface to place
specific antibodies and nucleic acids on each domain.
6.12. RE TION OF AN SINGLE
SURFACE
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hydr ophobi ¢ regions. The two surfaces are brought into registered proximty
so as to bring into contact the hydrophilic domains on the opposite
surfaces and a spectral analysis is performed to detect reaction 5 products
of the cheni Gg§ ys. The fibril mats nmay be patterned s ridddbsdder e
are a plurality o I screte hydrophobi ¢ and/ or hydrophilic domalns
surrounded by hydrophilic and/ or hydrophobi ¢ donai ns. Drops of aqueous
solutions 10 contai ni ng bindi ng reagents h%y rest on hydrophilic regions

and be confined by surroundi drophobic r These, drops

contain, for exanple, %ﬂ eg.% % A8 2XRRY ff ?'P%’FFF%‘J B?‘f‘l’cﬂ%d'%rré‘gﬁénts ECL
reagents, reageAns ?@Mntexﬁﬁﬁgtrgdefnginann #PEedd dut eiljiean surfage
plurdlity of bi akoganalcaticenreagHeb I eHARe 1RY eRS AL peand/ or

conbi*nations th The h sol ution_coyerin i t PMVAMS i s
controll ably re%glg%]‘? é]ee % 8? gdsu%‘ac’l(ed)I %’ﬁég gﬁa@pﬁi §nl y a :
porti-on of te ﬁ}eﬁﬁxkﬂ¢|arna&bpgdzuheaﬂis¢n9naap§ndongh@omamnrannayht A
hydrophilic sol gkiie® 69 $ife ey edrtete aoe thd@br%hermﬁaé c%éa ia@@ i s then

Lo be assayed miRvaRbSh Ay Eeresisy BReEt ot 172 B5EPR, pafpnae 1811 0"
PMAMS bi ndi ng d®rebatedaceardinge toswelhsknowyn @rblcleﬂuresumlﬂhaar For
instance, a cel butaérﬁp@@iﬁﬂéﬁmwﬁgcaﬂe@&d&%d I A 40k L ahixtid®d Yces al one
as a filter for S in conjunction with a size -
excl usi on fﬁter%r%"gﬁ%ﬂ% gﬁﬁ??’f‘ J(ﬁﬁt, on is 30 then exposed to a
PMAMS specific ﬂgplxﬁ@gmg#hﬁlgiloxane(PDMS)), available from Dow
Corning) and the corresponding SYLGARD 184 curing agent
is poured over the master and cured. The polymerized
SYLGARD 184 is carefully removed from the silicon master.
15 The resulting elastomeric stamp is "inked" by exposure to
a hydrophilic OH-terminated alkane thiol, SH(CH,);;-
(OCH,CH,) OH, in an ethanolic solution (1-10 mM),
robotically brought into pin registered contact with the
aligned working electrodes on gold electrode array
20 surface, and is then removed. A capillary array
containing hydrophilic solutions is then robotically
brought into pin registered contact by aligning the
capillaries with the SH(CH,),;~(OCH,CH,) (OH domains on the
electrode array surface to place specific antibodies on
25 each domain. Each capillary in the capillary array
contains monoclonal antibodies, specific for an analyte
of interest, capable of covalently binding to the
reactive OH groups on the hydrophilic domains through an
amide linkage.
30 6.13. A CONDUCTED ON B SINGL
SURFACE |
A support as described 6.12, supra, is
R fabricated. A PDMS stamp is fabricated as previously
described from a photoresist master patterned as rings
35 which each independently circumscribe a working
electrode/counterelectrode pair. The electrode array
surface is then exposed to a sample to be analyzed,



particulate matter (e.g., viruses). The particul ate subcel |l ul ar PVMANS
and/or a size exclusion filter is used to generate a small nolecule (e.g.,
protein, small chemical entities) analyte solution. By utilizing a 35
serial PMAMS assay systemthe analyte solution may be sequentially purified
in order to dpebémess non-specific anal yte interactions. M rE6841613 8

PCT/ US96/ 03190 95 The optical opacity of a material used for a support,

el ectrode and/ or binding donain may be varied to achi eve desired :
properties. Such a material may be transl d¢ nt, transparent or

su?stalnt hal ! yt ORAEHEA 51@595%:&%%%?@@%&% s‘é@%ﬁfaﬁﬂr' Ing and/ or
optical density o nat er i e _opti.cal opaci
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subst anti a y nsl uc exa mat s W | reat er
than 20 [err]In @ §u8§tgﬂ |éhﬁ%/é%i¥§ g° ﬂﬁi§°vﬁ¥499¥ﬁFﬁ}gﬁnE§§ %%éﬁﬁ%n 0.5
[err]mand 20 [ éndivifiuat volumermlexeatspafiassaybufiferSabaveceads with
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and/ or a conbi n&urdacehexposing tti) woerkingselemtmde do the B&Lel engt h of
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thickness and s %smt aw DLl 8 ghg PP %li'nt emitted r?zr'o&g thnee SJz'anspgrent B

froma certain
and the signal is sent to a microprocessor which converts

the signal to the desired readout form.
The readout is compared to the readout obtained
15 using controls in the form of known quantities of an
analyte of interest to calculate the actual quantity of
analyte.

6.14. PREPARATION OF A SINGLE SURFACE
WITH WORKING AND COUNTERELECTRODES

20 An electrode array of interdigitating working
and counter gold electrode pairs with gold binding
domains in between the interdigitating electrodes on a
gold on silicon support is fabricated through methods
known in the art (for example see Kumar et al. supra).

25 In this example, the electrode array and the discrete
binding domain array exist on the same surface. An
exposed and developed photoresist master of 1-2 microns
thickness is prepared according to well known procedures
in the pattern of the binding domains in between the

30 interdigitating electrode pairs. A 10:1 mixture of
SYLGARD silicone elastomer 184 :
(poly(dimethylsiloxanetPDMS)); available from Dow
Corning) and the corresponding SYLGARD 184 curing agent
is poured over the master and cured. The polymerized

35 SYLGARD 184 is carefully removed from the silicon master.
The resulting elastomeric stamp is "inked" by exposure to
a hydrophilic OH-terminated alkane thiol, SH(CH,)i;-
(OCH,CH,) ¢OH, in an ethanolic solution (1-10 nM),



material may pass out of the material while light emtted 25 from anot her
(e.g. greater) depth may be substantially absorbed or scattered by the
material. In one exanple, the variable opacity of a nmaterial allows the
material to be used as an optical filter. Light emtted froma certain

depth in a fivwoiokneash mat may pass substantially through thepgphsadiosiede
observed with a detector placed on or in proximty to a surface of the

fibril mat. Light emtted from anot her depth nay be substantially absorbed
and/or scattered by the mat and not be obddPved by a detector placed on or

3P0 LY oty it Ty TRl s e d e

(and/ or opticall %&SI m
PCT/ US6/ 03190 98 §8&dt‘é°la‘?§?5i sﬁ%étlﬁéeﬂnb*&ﬁw@lﬁ&raﬁﬁoﬁmr eagents in
ECL assay Cer t surfroeg cand rsarthémf remevéact iy adapidlapgsaryayy) . be pul | ed

(e.g., either on%%ﬁihQﬂgfﬁ)H:r@Hiqqct sgi‘ﬂ?%&;s by GARL !rgﬂﬁ:fg;i W cked,

or pushed byqo %Fsuretg I Cl en porous nmateria tht

eni ssjon of 13 gkFoReBh ﬂ%%é’jr'b&'g"gﬂeF§dsm¥%ﬁﬁn Aligndngcklerel y absor bed
or scattered bycapdldaries rwitie t@easnl(eu f-l(bcn CHP!ORCA6maAEN Gt the -
physi cal and an é@cﬁ?&h&%{g}fs%g}% gug ctﬁ'iﬁ 5 Qﬁ&gfeé‘ro% passed,

certain reagents are.entrain aln gents 0O a very thin

| ayer either at S3Fhi ACBRAIR{ niBaFh GaPF’rél§HYf&%eutﬁ qaﬁ’é-lﬁ‘ﬂ?y &eER¥nt bound to
one or nore bi nd:ongadlnsaamtsihuaileﬁ speedELs bwruhtam ei 65 DRtebdty 15 one

or nore bi ndigg JAeaRhAS §t£gsaq qﬁ? t r urface
of the fibril mate'grB ° very eqh Pa?g% ear eq%l?% &US ﬁ ﬁaﬁ’sst on
the PMAVB) are the hydroph.tlzc domains through an amide linkage.

6.15. ASSAY CONDUCTED ON A SINGLE SURFACE
ITH WORKING c ECTRODES

A support surface as described 6.14 supra is

15 fabricated by the described methods. The prepared
surface is exposed to a sample to be analyzed, washed
with a mixture of ECL labelled secondary antibodies, and
then washed with an assay buffer solution containing
tripropyl amine. The electrode array is connected to a

20 electronic potential wave form generator, and potentiél
is applied to working electrode/counterelectrode pairs.

A photomultiplier tube then reads the light emitted and
the signal is sent to a microprocessor which converts the
signal to the desired readout form.

25 The readout is compared to the readout obtained
using controls in the form of known quantities of an
analyte of interest to calculate the actual quantity of
analyte.

6.16. PREPARATION OF A SURFACE
30 WITH COUNTERELECTRODES

An exposed and developed photoresist master of
1-2 microns thickness is prepared according to well known
. procedures in a square array pattern. A 10:1 mixture of
. SYLGARD silicone elastomer 184 and the corresponding
35 SYLGARD 184 curing agent is poured over the master and
. cured. The polymerized SYLGARD 184 is carefully removed
from the silicon master. The resulting elastomeric stamp
is "inked" by exposure to a hydrophilic OH-terminated



prevented fromdiffusing, being pulled, etc. into or through the mat.
Reagents and/or other solutions are 20 flowed or suspended on and/or over
the surface of the fibril mat such that reagents bind only to a very thin
| ayer on the surface of the mat. Reagents can be washed through the nmats,
once or many i ijn one or nore directions. Reagents nay peirhidedi31done
fibril mat, one or nor e bi ndi ng donai ns, other or the sane reagents
bound to one or nore binding donains, be entrained inside the nat, pass
through the mat, or a conbination thereof.2¥Porous materials used in

supports and/or g tr ma mor, 0 | aver.. i ' t he 30
upper | ayer has %*Jga |en8=q‘§%r]fdi %g?% 13t rﬁé‘r’ﬁg‘g@ﬁgﬁw ﬁgi#\n t%é‘%ﬁqgo not have
bi ndi ng domai ns. selEian iadPl BM) a Fobpticaldy, brpughttinkePidchenatical |y

in Fig. 29), therepinffered onRBBE with Nixlal9upeahphttefmaEnt passage of
he_pat 35 bhel.aw this

light that originates in |ayer(s 901. 29Q2 fr.om

ager. Light 26050%iSerdlackbRabotnd Rtiaris Hioe' 135,350 08 o Ford" i s
upper | ayer cén sertheectand enavedi ecthe paddernedagedd sgunfiaden proxinity
to WO 99/ 28538onsists of addressable ring counterelectrodes '

000, Soos g iisg, Bhe! Bisdly ohlng hEE A SA(A I 0% |
either or all |ayefH;CGihalcCHas heenisterped. byA (AP Rt 6EPBF3tEONGSPITRI0. 5
Geb v | v AL n S e el ot e 440 anc hguare
fabri cat ed. %ﬁe #ﬁ#ﬁ“@%’%ﬁ eu§85 ?3"&?‘?‘?’% aé’eéfug’gaﬁéﬁ%n Bt orifts is a
mat of fibrils otapiltlaxwiarray eenyapningihinging]®eagent solutimnsodsus
material (e.g. athékridbd®ilcalT®y bebight into pin registered contact with
the aligned surface registering the capillaries with the
SH(CH,) 1~ (OCH,CH,) (OH domains to place specific
15 antibodies or nucleic acids on each domain. Each
capillary in the capillary array contains antibodies or
nucleic acids, specific for an analyte of interest,
capable of covalently binding to the reactive OH groups
on the hydrophilic domains. :
20 6.17. ASSAY CONDUCTED ON A SINGLE SURFACE
WITH THE WORKING AND

COUNTERELECTRODES
' ON _DIFF SURF.

25 _
The support surface described above in exanple

6.16 is exposed to a sample solution to be analyzed. The
support surface is then washed and exposed to a solution
containing a plurality of ECL labelled monoclonal

30 antibodies or ECL labelled nucleic acids of differing
specificity and then washed with assay buffer containing
tripropyl amine. A transparent addressable working
electrode array is fabricated with each working electrode
in the array corresponding to a discrete binding

35 domain/counterelectrode region on the support as
described above in Section 6.16. The two supports are
wetted with the assay buffer and robotically brought into
registered aligned conformal contact. The electrode
arrays are connected to an electronic potential wave form

v ~



as the support for the binding domains, an el ectrode which may be used for
ECL or other electrochem cal applications, a filter that can be used to
control delivery of reagents, and/or an optical filter that can 15
transmt, absorb and/or scatter light to varying degrees. 5.12.
ELECTROCHROM wolokhgstd SPLAY PANELS The invention al so provi dg?"{,gy'w%lg@
production of isolated el ectrochem cal pixels for use in flat pane

di spl ays. Lithographic techni ques have been proposed for 20 use in

el ectrochrom c and el ectrochem | um nescencdl®ased fl at panel displays to

create pixels | electropni cal ly .addressed have |linqited_effect on

nei ghbori ng pi %Wg},' Fﬁﬁ'\ ?3%%‘?’(5’%-?a???i%§‘get%§%® ngd g9 549). A
limtation of tHECTRinehleghredescountiarieectiode rpalins myeatdhgcaoss-tal k is
that the el ectropotentmaleriahdbetwddh G kle Shpsddtili NG icdep EREAUCtiVity

upon exposure t | It.ls.a featu of the ,current invention o reduce
cross-tal k bet vvg%ér]é%]%es&\%bﬁﬁomq &g tt}hﬁfqﬁl}ﬁ?ﬁrﬁ&’ﬁe?'?gkkn%apabl e
of 30" phot o- i AdRRFEEOdGuENAVEhe sighdlatisosenheteby nidmoprogesseruse of a

wi de range of diviiuerionvelctbi €hé siflal Ho thhNBesiFa HYARUECELLHE
surfaces which are the ac&h

e.region of the pixel are on two, suyfagces
faci ng each other 35 in a"s n’&%ﬁ“g‘ﬁ“%o‘rﬁ Pg’ﬂ‘P&?Fén& (ﬁe@t‘?f’?'&dgggﬁf’?%ﬂces
are coated wit h, U819 ceatypds inrtheiommof khownrquantitiiesnafeanal s. To

reduce cross-tal dnslydN@£Cinhterest W LH143238e the actual quantity of
PCT/ US96/ 03190 9§naell_ %trol ytic filmis placed between the ‘el ectrode
n

surfaces with non-¢ uctive regions between different electrode pairs
(i.e., between pixel elenents)6.18.t RABRICATION OF A CC (DISPERSED)
FIBRIL MAT BY VACUUM FILTRATION

An aqueous slurry of CC fibrils, with 1 mg
fibrils/ mL solution was prepared by mixing 0.1 % w/w CC

15 fibrils/ deionized water. The CC fibrils were dispersed
(the larger, micron-scale aggregates were dispersed into
small aggregates or individual fibers) in the slurry by
immersing a 400 watt sonication horn in the slurry for
between 10 minutes and 1 hour. The extent of dispersion

20 was monitored by optical microscopy.

A nylon filter membrane (0.47 um pore size, 25
mm diameter) was placed in a 25 mm diameter glass fritted
filter. The dispersed_fibril slurry was filtered through
the membrane/filter set-up by suction filtration (Fig.

25 232). Aliguots of the slurry (5 ml) were diluted with 20
ml deionized water, then filtered through the
membrane/filter set-up. For an average mat of
approximately 0.25-0.3 gram/cc, a mat of approximately
100 um required 6 aliqubts. _

30 Suction filtration was continued until all of
the water from the dispersion was removed from the mat
(by visual inspection). The mat was peeled (by hand)
directly from the filter membrane. -

The mat was dried in an oven for approximately

. 35 10-15 minutes at 60°C. The mat was cut, punched or-

' otherwise sectioned for use.

6.19. FABRICATION OF A FIBRIL MAT ON A
METAL, MESH SUPPORT BY FVAPORATION



coated el ectrode surfaces are hydrophilic then the areas 5 of the surface
around the el ectrodes are nade to be hydrophobic (e.g., by neans of
stanping or deposition through a mask) and hydrophilic conductive droplets
are placed on the electrode on the first surface (e.g., by neans of a

fluidics arram”?’%l# hen the second surface is 10 roboti cal 5’?"%55‘%59 and
ac ctro

brought into con with the first surface so that the ele es are in
register. The electrolytic droplets can thus be constrained to the area
within one pixel wthout any conductive nmal®¢i al between pixels. The,

el ectrode pairs of a pixel, ar ide 1 Si ' raxim on the
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of the film betwwas wenifenes dyeoptical owicrasqopy.Additional |y, structural
features may be utilized {0 1 icHP! s66056n ok letadnhebucsred] Mish (200

exanpl e, an el.as ' Qs 2 PoLy(di net hyl sil oxane 1t h rjRg
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temperature and pressure, or in a heated oven.

15 Once the f£ibril mat was dry, additional
aliquots were added. The fibril and screen were peeled
as a single unit from the filter paper.
The mat was cut, punched or otherwise sectioned
for use.

20 6.20. IMMOBILIZATION OF AVIDIN ON FIBRILS
=ES O] Up

Fibrils derivatized with COOH (provided by
Hyperion Catalysts Inc.) were suspended in anhydrous
dioxane at ~10 mg/ml with constant stirring. A 20-fold
25 molar excess of N-hydroxysuccinimide was added and
allowed to dissolve. Next, a 20-fold molar excess of
ethyl-diamino-propyl-carbodiimide (EDAC) was added, and
the mixture was stirred for 2 hours at room temperature.
After stirring, the supernatant was aspirated
30 and the solids were washed three times with anhydrous
dioxane, one time with anhydrous methanol, and filtered
on a 0.45 um polysulfone membrane. The filtrate was
washed with additional methanol and the placed in a glass
vial under vacuum until no further reduction in weight
35 was observed.
10.4 mg of NHS-ester fibrils were washed with
PBS-1 (~70 mM phosphate, 150 mM NaCl) (ORIGEN reagent
402-130-01, pH 7.8, IGEN, Inc.). The washed fibrils were



WD 96/ 28538 PCT/ US96/ 03190 99 in the
wel | s above the el ectrodes, and the entire surface covered or coated to

i solate and contain the electrolytic conponents of each pixel. 5.13. PMAMS
FOR USE I N OTHER CHEM CAL 5 REACTI ONS The PMAMS of the invention can al so
be used to cowdwghgsegren cal reactions not in conbination W phrbsdsnsfon’
exanpl e, all the techniques and non- ECL assays discussed in Section 5.11
above can be used. 10 A cassette is provided for detecting or
measuring an anal yte of interest in a sanpfd? conprising: (a) a first

h f
Ther ool to't S?maa%“#@%?%%ﬁ %38 Belubpaf 98 STRec] BCRORLTAR. . .

15 bi ndi ng donai éﬂng of different binding specificities than other
bi ndi ng dommi ns, each of t five pdusmRinsiipnowadi STIGIed Rodingatordems bei ng

nydr ophi I c_and ?ﬁﬁggﬁqgge Yol VIO RIALC LEG Ushell. CBLaEIEON GiyiPPOT

having a plurali domai n 1 Si ng reactlon
sui table for n CaPER Qxﬂgi§§§éynthereon to forn1an assay surface,

in which the plurality of dfsa‘,etmsbhadkag thetsuspatiion9agl statéd Vo
reaction nedia i§gagakkea ﬁf% n&eq{ gg,ggﬁh#gggoﬁgﬁ é‘l%ga{'ﬂ?% gnéarrpl eto

be anal yzed present on eac domal a reaction
medi um t o det ect “@ShRgawith %‘?ls%i‘nzﬂ"ﬁt sterednatr4lG as\a suERengLoRy inhe
bi ndi ng domai ns @@s-4e hydrophobic, and the second support has a plurality

of hydr ophobifg domai ns cont ai ni {.ea | al so
provi des a ﬁ% ANTEBOBY detect?%% or&#ggsﬂ’ ﬁﬁﬂgﬁglytes o? erest in a

sanpl e, conprising: (a) placing drops(gﬁzg ggﬁplgn(ﬁyﬁgaunp@gkiﬂs

Carbon fibrils functionalized with NHS esters

15 were prepared as described in Example 6.20.

14 mg of £ibril-NHS ester was mixed with 500 ml
PBS~1 buffer. The mixture was sonicated for 20 nin,
until it became a viscous slurry. An additional 500 ml
of PBS~1 buffer was added.

20 A total of 1.6 mg anti-AFP (alpha~fetal
protein) antibody in 80 ml PBS-1 was added tc the above
slurry. The reaction was allowed to sit at room
temperature for 2.5 hours.

6 ml PBS-1 buffer was added and the reaction

25 mixture was centrifuged at 4 °C for 5 minutes. The

' supernatant was removed by pipette. This procedure was
repeated 9 times.

After the final wash, the supernatant was

removed, and the fibril-antiAFP product was stored at
30 4°cC. '

6.22. CYCLIC VOLTAMMOGRAMS OF FIBRIL
MATS: COMPARISON OF FIBRIL MAT
WITH GOLD FOII, ELECTRODE

. cyclic voltammograms of 6 mM Fe3*/2*(CN)¢ in 0.5
. 35 M K,S0, were measured. In Fig. 30a, the CV for a plain
fibril mat of cc(dispersed) was measured at 0.10 mA/cm at
. 10, 25 and 50 mV/sec. The mat was fabricated as
described in Example 6.18. In Fig. 30B, the CV was
measured for a gold foil electrode at 0.05 mA/cm at 10,




analyte to be detected or neasured on a plurality of discrete binding
domai ns on a support surface, in which the plurality of discrete binding
dormai ns conprises at 35 | east one binding domai n that contains binding
reagents that are identical to each other and that differ in specificity
fromthe bindg ents contained within WD 96/ 28538

PCT/ US96/ 0318%’8Wher bi ndi ng donai ns, each of the di scrtﬂmgglsﬁ:c’lllggg
dormai ns being characterized as either hydrophobic or hydrophilic, with the
provi so that the region of the support surfd8e surroundi ng each binding

d in i i) 5 hyd hphic.jf th i,ndi inis.h hilic, d (ii
ydrophi 11 11t A Badradrunetn A parephEnte aae) X Y6T8d vt one or
nmore anal ytes of A9dP8F&st in the sanple to bind to the binding domains, and

(b) contacting the drops on thesfdy,st g3 pePROEHENECAIR PROPERGEEST 0@ Second 10
support having aRIBREBI ity of discrete hydrophilic domains conprising

reacti on nmedi ® suitable for conducti nya® ELROTRGDESRS S €PMPARISON, OBNd (C)

determning the POB&Rce of the analytes of interest that are bound to the
bi ndi ng domai n. Al so pr &eABcEURRENT WETH) THICKNESS OF | ¥
measuri ng  anal yt Iof interest in a sanpl e, conprisinghég} pl aci ng drops of
a sanpl e containing an anaCyc¢kic¢ orditamhmbgrans of 6rmdb ’o‘r(cu)f)liﬂed.isty of

di screte bi ncﬂmgmgggbﬁg,% heasBPes! £ rfj?glg_lie%g | g tRE £lhp! urality of

di screte binding d t S co;gqu ses at leas n I ndi ng domal n t hat
cont ai ns bi ndi ng 9FERGERLS LR 129 G 7 At tdiffenent: KBLCkRRES9Rx differ
in specificity fiThe ahedbe rpealy curagmtt (Figut 3dnethordasied aibkr bi nding
domai ns, each of i%%egéiﬁéeﬁﬁi&ﬂ@éﬂ'%f mat for thicknesses that ranged
from 24 um to 425 um. For each thickness, the anodic peak
15 current also increased with increasing scan rates (for
rates that ranged from 10 mV/sec to 150 nV/sec). The:
rate of increase of the anodic peak current, as a
function of thickness, also increased with increasing
thickness. Fibril mats that were 24 um thick behaved
20 comparably to gold foil electrodes. ’

6.24. NON-SPECIFIC BINDING OF PROTEINS TO

FIBRILS
Non-specific binding of proteins to carbon
fibrils (cc) was measured as follows: i) a solution of
25 Ru(bipY)32+ ("TAG1") labeled proteins was exposed to a
known quantity of carbon fibrils until equilibrium was
reached; ii) the labeled-protein/fibril solution was
centrifuged, and the supernatant was collected, and iii)
. the amount of labeled-protein remaining in the
30 supernatant was assayed using electrochemiluminescence
(ECL) .
To generate the curve shown in Fig. 32, anti-
CEA antibody attached to derivatized TAG1 (antibody to
carcinoembryonic antigen attached to a derivatized TAG1
35 ECL label) at 3 ug/mL, was added to serial dilutions of
CC(plain) fibrils in 0.1 M potassium phosphate buffer at
PH 7. Fibrils were removed by centrifugation after
vortexing for 20 minutes. ECL assays that measured the
amount of protein (unbound) remaining in the supernatant

-



25 domai ns being characterized as either hydrophobic or hydrophilic, wth
the proviso that the region of the support surface surroundi ng each of the
bi ndi ng domains is (i) hydrophobic if the binding domain is hydrophilic,
and (ii) hydrophilic if the binding domain is 30 hydrophobic, so as to

al | ow one or | ytes of interest in the sanple to bi o Ndi Ng
donmai ns, and‘?g%sgggglng drops of a reaction nedi um on thenﬂcgg%kgﬁ sanpl e;
and (c) determ ning the presence of analytes of interest that are bound to
t he bi ndi ng domai n. 35 In a par@l@ul ar exanple of this aspect of
t he invention, binding domains, each of which have incorporated a different
enzyme that util¥PEE RUR iR aR\QRISENa3sE (IGEN, Inc.) analyzer on

PCT/ US96/ 03190 1(aliqub35raf ethe yeqetdbhahiktonms magiexnatant adihwred 8
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sheets with such i ed. 1 enz nes _on, one or y stacked
to achi eve high §h5g§3 gi%ﬂd il QﬁﬁPﬁﬁeQQﬁqqﬁ§ragP?Bra€ R such

i mobi | i zed enzyrfddrias beralprﬁﬁant.to porous materials. Additionally, such
i obi |'i zed enzynes may be on d§ 35, C@DUE 68 0¥ NI EbEcTfict Bfngingwal | s
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DETERGENTS / SURFACTANTS

Using the method described in Example 6.2.4,

15 the effect of surfactant on protein binding to fibrils
was analyzed. Triton X-100 was added to the anti-CEA
attached to derivatized TAGl/fibril mixture, the solution
was incubated for 20 minutes, the tubes were centrifuged,
and aliquots of the supernatant, diluted 5 times with

20 ORIGEN assay buffer, were analyzed by ECL. The results
are shown in the Table below and in Fig. 33.

Tube [T-X100], Peak Prot-TAGl [GF],
Number Ppm Intensity #g/ml Ppn
25 19 1674 1611 2.65 52
18 837 1634 2.65 52
17. 418 1697 2.65 52
16 209 1583 2.65 52
15 105 1772 2.65 52
30 14 52 1463 2.65 52
13 26 627 : 2.65 52
12 13 23 2.65 52
s 35 A curve that results from plotting the ECL intensity of a

protein labelled with a derivatized TAGl in solution vs.
. Triton X-100 concentration is shown in Fig. 33. A higher

ECL signal corresponds to more derivatized-TAGl-labeled

protein in the supernatant, which corresponds to less



ECL assays such as described above can be carried out on PMAMS anal ogs,
said PMAMS anal ogs differing from PMAMS as 20 descri bed above in that the
PMAMB anal ogs contain discrete donmains for carrying out non-ECL reactions,
t he di screte domains not necessarily having incorporated a binding reagent
and therefore essarily being binding domains. Such P gs
have discrete“ggkggﬁgins for carrying out reactions and arewgggggggk SO0 as
to inhibit spreading and/or diffusion of fluid applied to the discrete
domai ns. In one enbodi ment, the domai ns afl@0ither hydrophobic or

oF der o 30 o o Gor i¥asirbaZnRt L A g e i tthd Ko, THRDRRL= P4, PO 1
di scret e domai n€onpratyations \ef |Britemasilep okhatt ranged Swomelf pPP®Itsanpl e
on flel ts or looraum mmeféahaead&wsé:éﬂeﬁg aadpﬂ;?]dibﬂaﬂ; qfnd&:%%ﬁih@”tlﬁ%di um or
sanpl e on gels, use i nhi spr.eadi or

di ffusion. Each %#cgﬁxgﬁgg?g%réﬁgn g&?ﬂﬁ"ﬁs 2&’§°I%§% ‘ﬁ?a of %ﬁ‘rgﬁeﬁiﬁﬁ‘g‘l‘?ﬁ or

wi dth, prefer®blthe gxteatrefigeindim®o nmto 1 nm nost preferably in the

range of 1 micron to 1 WO 9§/#853%c1, OF FREE TAG IN SOLUTION

PCT/ US96/ 03190 102 mm The sane or d DBR T RLEGIRODR) can be :
deposited on each of the gi qn?! Lor_t SR applicatlion, or
sanpl e application can prgcgg%ﬂdlg[%%l [ %ﬁag%arée%cﬁ on m%'g‘leuﬁq'ig e

In a preferred affrallst incthe aymbipmveren 3403 b thensaskingn- ECL
assays, dropd0 ofeleekrbdenhokdéer B0l of dhedvpibei Pleglalv ixehrdi sisow e

domai ns, preferal pidel Bxer;&%%‘%&eg&qo&ég{%ﬁhﬁ{,q&ﬁg ng%g%ec- dic

gui des; and then,_ optionafl nhance pro t he
drop, a nore vi @ fhe electrochemical cell compartment 3400. The 3 M

Ag/AgCl reference electrode (Cyprus # EE008) was
installed into the electrochemical cell compartment
15 through the reference cell hole 3402. The cell was filled
with Assay Buffer (IGEN # 402-005-01 lot# 5298) and
attached to the PMT holder 3404. Using a EG&G PARC model
175 universal programmer. and an EG&G model 175 :
Potentiostat/Galvanostat the potential was swept from 0 V
20 to +3 V vs. Ag/AgCl at 100 mV/s. The ECL was measured by
2 Hamamatsu R5600U-01 which was powered at 900V by a
Pacific Instruments model 126 Photometer. The analog _
data was digitized at 10 Hz by a CIO-DAS~1601 A/D board
driven by HEM Snap-Master. The Fibril Cell was drained,
25 flushed with 1000 pM TAG1 (IGEN # 402-004-C lot# 4297),
and filled with 1000 pM TAGl. The potential was swept as
with Assay Buffer. Shown in Fig. 35 are the ECL traces
(measured at 24.0 + 0.2 C) for Assay Buffer 3501 and 1000
~ PM TAG1 3502. The dark corrected ECL peak area was 22.10
30 naAs for Assay Buffer and 46.40 nAs for 1000 pM TAGl.
6.27. ECL OF ADSORBED ILABELED ANTIBODY
WITH FIBRILMAT ELECTRODE :
Fibril mats were made to a thickness of 0.0035
inches from plain cc-dispersed fibrils in the manner
35 described in Example 6.18. The dried mats were then
punched into 3mm disks and mounted onto supports. The
supports used in this experiment were fabricated from
0.030 inches polyester sheet patterned by screen printed




solution (e.g., oil) is placed on top of the reaction medi um or,
alternatively, in between the discrete domain; and then sanpl e contai ning
an analyte to be detected or neasured is applied to each domain, either by
di screte 15 application to each discrete domain or, in bulk, by exposing
the entire suwbagmssf t he PMAMS anal og contai ning the donai perrbsseesidpé ui d
sanple. Any resulting reaction in the bi:nding domains is-allowed to
proceed, and the results are observed by g?ﬁ of a reporter and 20 detection
system sel ected from anong those known in e art. The invention is further
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AN MAB PMANG suﬁﬁ}k&e’éyefﬁ%%@mﬁﬁﬁﬁew SISEEERAEN 13D R Y hot or esi st

mast €r of 1-2 nileadastenitdienawrkingpangedeneiectiradeso vBrd Sdkaid 30
procedures in amafudigkeiiebe RRAUNCRA: to eddh babtekned Shppoiifging | | cone
el astoner 18 (gplyégﬁqgth l.si |-oxa e%;iavall I froE1Dow rnLQ%) and t he
corr espondi ng SYFEARISS f%ihﬂ%&"&g@ ping %&E‘é%igﬁe aPﬁeuﬁﬁs&r 2nd cured.
The pol yneri zedReye@reh) 1 8Afiterc mouhtiihy, rthe \ddsksr ware hsp@tes] Mitbn

master. The resgl5,N0c€! Nant3ILPER Astidddedtch¥neyresure to a
hydrophi |l i c OH term nat ed ansﬁplol,

sH(cH err]) [ er r PEFOYREE7$Y giPpiged (yater RRSTEH; BoRY 4 on (1- 10
mV), robotical | p6BVREYhtIGEN,0 Imcn )r oyi 8iSxkdf 1040/93/ aBEHETSH '
PCT/ US96/ 03490 aHPaeoMédGaptivr'e aRtdbbapen M ibnisehagatedNraePaigd. The
substrate 1s theRRSOCUE, Incs) 3d%RTToved $o a2y: after drying,
the mats were flooded with IGEN assay buffer. Flooded
mats on supports were loaded into an. IGEN Origen 1.5
based instrument and ECL was read using a scan rate of
15 500mV/s from 0 to 4500mV. Fig. 43 compares the peak ECL
signals from TAGl-antibody containing mats 4301 and
unTAGl' ed capture antibody containing mats 4302.

6.28. ECL USING FIBRIL MAT
TRODE FO c

20 Anti-AFP capture antibody was immobilized on
tibrils as described above. Anti-AFP fibrils were washed
into deionized water (dI) and resuspended at a density of
Img/ml. A four layer Ffibril mat was produced using
vacuum filtration as described in Example 6.18. Two

25 milligrams of anti-AFP fibrils were added to 3mg of plain
CC dispersed fibrils and the mixture diluted to a total
volume of 20 ml in dI. The diluted mixture was filtered
onto a 0.45um nylon filter. This initial mat layer was
then followed by two core layers, each consisting of 5mg

30 of plain CC dispersed fibrils. The mat core was then
topped with a mixed fibril layer identical to the initial
layer. This resulted in a fibril mat that was ~40% anti-

- AFP fibrils on the top and bottom surface and ~100% plain'
' fibrils in the core. This mixed mat was air dried under
. 35 vacuum and punched into 3mm disks. These disks were then

' mounted onto supports as described in Example 6.27. Dry,
supported, anti-AFP mats were flooded with AFP
calibrators A, C, and F (IGEN, Inc.) and allowed to



seconds) with a solution of a hydrophobic CH err]-term nated al kane thiol,
SH(CH err])[err]CH err] (1-10 mMMin ethanol) (Kumar et 5 al., supra and
Prime et al., Science 252:1164-7). The resulting surface is then gently
dried under a stream of nitrogen. A capillary array containing hydrophilic

solutions is ¢, gg,# sgpotically brought into pin registered ceprgsdsodiohh the
al i gned surface Igning the capillaries 10 wth the

SH(CH err])[err]-(OCH err]CH err])[err] OH donai ns. Each capillary in the
capillary array contains nonocl onal anti bd8Res (MABs), specific for an

anal yte of inter n e re

grou%s on tLe h#% ﬁggpggégﬁgﬁﬁgg¥ﬁ ﬁ§h¥%§?r§%éﬁhrﬁ%“%g gh ?@élﬁéhé34

6. 2. PREPARATI ONOBF ARERRB ingnbatdon), csmmmegmmes Were/] CERBET AMVP| NG
An exposed and qd¢al apad ﬁaﬁéa&a ForsLonBebehadfand HEnC b2BELEA! @iy asixh S

e i xt ur o of ey, Eps LT HRITAES vikd AR wosReR vER N
SYLGARD 184 dur iantizdER: attaghed &¢ entibedy habelled withudenivatized

pol yneri zed SYL@AGR {BEEN; £5s.Sf _tddd\/aasawedtwﬁmdﬁaeswbtcms Heseds The
resul ting elasto ric

OHterni nated 2% gp@négﬂﬁ?gqtu@(oa_'ﬂ f’ﬁ' Osﬁjg;m&[fg‘ner#{g!ﬁ?ﬁg?#ﬂ%r r] OH,

i n an et hanol i c thel gupparted 1€legrodeshwere avashed ouidih Inﬁodpﬂn1¢%g|stered
contact with anyikngaegigeld mﬁiqcaatandefer@v&d fﬂaaeaua&thatcms then

washed for EM/ 0 0 _secgonds t sol yti

hydr ophobi c ﬂéﬁ%& gﬁéfé$ﬁgﬁat %a 8sfﬁ%%¥& ®) gfﬁ?f]CH[err]
(1-10 mMMin ethanol) (Kumar et6&d%. & rB '&EG‘I‘WH@&AGGPLABEEEEnce :
252:1164-7). The resulting surface i tﬁ REN_GN A HACRYLAMS A m of

nitrogen. A caplllary arrayeﬁdﬁ&iﬂﬂﬂh@@ bﬁdyaehyiamidhﬂgdm ebata$n1hgn
urface

robotically bro 3
omai ns. EactP r 2P |es
biotzny1—3 6~-dioxaoctane-1, 9-diamine (biotin linked to an

acrylamide moiety through a tri(ethylene glycol) linker)
using well known conditions (initiation with ammonium
persulfate and TEMED). In this experiment, the

20 concentrations of the three monomeric speciés were 2.6 M,
0.065 M, and 0.023 M respectively (these concentrations
of acrylamide and bis-acrylamide are reported to result
in gels with pore sizes smaller than most proteins).
Polymerization of the solution containing the monomers

25 between two glass plates held apart to a distance of
approximately 0.7 mm led to the formation of a slab gel
with the same thickness. After the polymerization
reaction was complete, any unincorporated biotin was
washed out by soaking the gel in four changes of PBS.

30 Avidin labeled with a derivatized TAG1L (where Avidin
refers to NeutrAvidin, a modified avidin designed to
exhibit reduced NSB, was used in this experiment) was
bound to the surface of the gel by soaking the gel in a
solution containing the protein at a concentration of 50

35 pg/mL in PBS for 20 min. Excess TAGl-labeled avidin was
then washed away by soaking the gel in four changes of
ECL assay buffer (200 mM sodium phosphate, 100 mM
tripropylamine, 0.02% (w/v) Tween-20, pH 7.2). As shown




or nodified nucleic acids, specific for an anal yte of WO 96/ 28538

PCT/ US96/ 03190 104 interest, capable of covalently binding to the reactive
OH groups on the hydrophilic domains through am de bond |i nkages. 6. 3.
PREPARATI ON OF A PMAMS SURFACE BY 5 ETCHI NG A clean gold surface is exposed
to a hydrophip erm nated al kane thiol, SHCHerr]) [epétrosesnsioo

(CCH err]CH err])[err]OH (Prinme et al., Science 252:1164-1167) in an
ethanolic solution (1-10 mM. A linear array of fine 10 tipped etching
utensils is robotically brought |nto opti 88P1y registered contact with an

al i gned gold sur)},a?.fghe s'u'#]‘ ?eégawa% %hlézleg%ggegt +1 :dh %tth the X

and Y di nensi ons nsrona array of

SH(CH err]) [ er r Fithcoptd rWQHH%ﬂBrN?F@i)]@?ﬁcﬁﬂﬁﬂq@§ (380Fheeke@91qd®Se is t hen
washed for a fepasterned ¢re glate SAPPOES) (W0I) .a Rampingrend a

hydr ophobi ¢ SH( g@ﬁ;ﬁﬁu;i eld oss( Qﬁ'a'[ %ﬁé}}&ﬂ&ﬁé&égﬂf&gﬁ% f-lo (3ol Tl 1

ethanol). The r ting surface nder st ream of

‘nitrogen. A GapPPrlr§oafray c%’ntaaFHFﬁgOﬁyWQ)M/Iﬁ ée%FBtﬁ%rﬁcﬁ dighdn 20
robotically br Otsgbhan.nag medsurR@ ¥romed mtmow phlatbe méaqmalgegm ng

the capil [ari os (b 4o S GACELLheLs] ARl o Ly

domai ns. Each capi Iar array contarns antl bo es or
nucl ei ¢ aci ds, ?ﬁ@&ﬁ?l€°¥¥#1Q%¥Saﬁ§F¥iémb¢el¢ﬁ¥§¥§ﬁivecaﬁﬁﬁlkpcﬁc%ovalently

binding to t he %B.ghamCtFi@ @1)gr owpdsosighel siadpledl E6r dewai bitot in-4.

SANDW CH ASSAY_ Chna EHINE SIS Al SARPORLAIL J2VBNBR|LL o Spdiy mmde s

descri bed above WHIC ranspar ent W er ned
mul ti-specific HPP&}aB?rp?#rEEQPQ¥M:iEoEFéSent on the surface of the .

gel.
6.30. ECL SANDWICH IMMUNOASSAY ON
Y4 D URFACE
15 A cross-linked polyacrylamide gel containing

covalently bound biotin is prepared as described in
Example 6.29. Streptavidin is adsorbed on the surface of
the gel to form a binding domain capable of capturing
biotin labeled species. The surface is treated with a

20 solution containing tripropylamine, an unknown
concentration of an analyte, a biotin-labeled antibody
against the analyte, and a different ECL TAGl-labeled
antibody against the analyte. The presence of the
analyte causes the formation of a complex of the analyte

25 and the two antibodies which is then captured on the
streptavidin surface. ECL tag bound to secondary
antibody present on the surface is measured as described
in example 6.29

6.31. MULTIPLE.ECL SANDWICH IMMUNOASSAYS
30 ON POLYACRYLAMIDE SURFACES
SUPPORTED ON AN ELFECTRODE

An exposed and developed photoresist master of
1-2 microns thickness is prepared according to well known
. procedures to give a pattern of circular depressions
35 arranged in an array. A 10:1 mixture of SYLGARD silicone
elastomer 184 and the corresponding SYLGARD 184 curing
agent is poured over the master and cured. The
polymerized SYLGARD is carefully removed from the silicon



30 linked to the surface. The support, electrode assay, nonol ogues surface
use selected to be transparent. The PMAMS surface is then exposed to a
solution sanpl e suspected of containing an analyte of interest to be
assayed. The sanple is then washed away | eavi ng anti body 35 bound anal ytes

on the surfacg MAMS surface is then exposed to a sol Up-pisdsisioal Ni NY
secondary ECL- d anti bodi es specific for bound anal ytes on the
surf ace. WD 96/ 28538

PCT/ US96/ 03190 105 This solution is then #@&hed fromthe PMAMB surface
| eaving ECL 'abaheéeﬁgcamé%mﬁhgzéﬁsé&ma Qthhip 98rmiAgeahaie anal yte

is present. The el ectrode assay IS protected, b r vable 5 basrier, to
preEent pr emat uP¥PEERFECEe & st%'é‘té"& F@nﬁi‘f‘l‘ll’f%é:%a gggFBﬁ%fsmﬁeﬁ or der

to avoi d cont anithdbll oHSe{Cl), s~ (OCH, A h+0H ( B-Xthe)r énpetblanol), t he

el ectrode array [ t o t S b L Ot i gned
contact with thgrbp/g gﬁ%aécog&aw*heig e@r%%qeér%g roﬁ'gy??ggg%?}%%céthg; to an
el ectroni c p& eFePeVeday cTh SHbsIxate: 4F, vashed fiarnSeYErpd SREPRERI to

wor ki ng el §Ct L otdithornselet bai lcottaiaing. the GEHidlhais-(CHYp, J-0H;| i(gh.ho
emtted and the a t a C IoC n t he .
signal to the d(la@fl rg'gdgir:iééa'agﬁp flg‘rilﬁ r%ﬁie%:? m‘:ﬁh\,\g’sr ggggu%lféésé%orrpar ed

to the readout Y8R gthanel Apd siied yndpracstraan &F RAGERIGRantities of
an anal yte of | mreatméntoof athellstir€ackeewithual selitiion wontadnihyte. 6.

5.
ASSAY ON A eﬁszﬁggogﬁ%ﬂ!%fmr@ £2¥ nind AR @B&%J&@Q@s% face is
made as descri be Qve wth a patterne tr-specific array o .

: functionalization of the hydroxyl terminated domains with
acrylate groups. A capillary array containing mixtures
of acrylamide, bis-acrylamide, N-acryloylsuccinimide,
azo-bis—-cyanovaleric acid, and antibodies presenting

15 anmino groups is then brought into contact with the
aligned surface aligning the capillaries with the
acrylate terminated domains to place prepolymer solutions
containing specific antibodies at each domain. Each

~ capillary in the capillary_array contains antibodies

20 specific for a different analyte of interest. Exposure
of the patterned prepolymer droplets to UV light leads to
the formation of cross-linked gels on the substrate each
presenting a binding domain at the surface. The assay is
carried out by treatment of the substrate with a nixture

25 of analytes capable of binding at one or more of the
binding domains presented on the gel surfaces in a
buffered solution containing tripropylamine and ECL-TAG1
labeled secondary antibodies. The binding domains (4200,

4201, 4202) (on polyacrylamide drops (4203) on a gold

30 electrode (4232) are then placed 'in close proximity to an
ITO working electrode (4204) as shown in Figs. 42A-B.
Light emitted from each of the binding domains is
guantified using a CCD camera (4205) .and compared to
binding domains for internal standards included in the

35 sample solution. '




primary antibodies Iinked to the surface. The PMAMS surface is then exposed
to a solution sanple suspected of 25 containing an analyte of interest to
be assayed. The sanple is then washed away | eavi ng anti body bound anal ytes
on the surface. A second PMAMS, under a protective cover, is provided, with
an alternatiqgogﬁgggphoblclhydrophlI|c 30 pattern on mhlch /84150
patterned mcro-drops of a plurality of secondary antibodies [abeled with
ECL tag. The barrier protecting the second PMAMS in register with the first
PMAMS is renoved and the micro- drops.are ?ought into register with the

primary antibody 35 binding dgrajns ﬂﬁL& MM e Ssecond PVAMS is
lifted off and the el ectrode array agsiMbi g;%ﬂom pooYACREDASTIONt act with
the first PMAMS surface. The WO QMDPORTED ON LECTRO

PCT/ US96/ 03190 106 el ect rﬁgeeaﬁﬂs%}ﬁ hﬁdcagﬁ;%%‘g%% %Er@ﬁ&‘f:rﬁQﬁexpgtem i al

wave Torm generator, ;and pote 'S a
eIectrode/co&htéf@lEéFFBH%\?kﬁqkﬁesﬁAlshB¥€P¢KﬁQ|§ﬂq0§ﬂlpﬁb§°tVﬁ%irkﬂﬂ%? t he
light’ emtted aptock@usegned gisvesanpattibsn doflicirelagcaspresbiom converts

Fcadout obt af tﬁﬁr% shCtn Eay. 8 075 APAIRY, 0 sXRORRD ALl ool

readout obt ai ned _usi g control’s

anal yte of i nt elf3&StPPEE 313430 thige carTesPoRins S¥¥36391®8ﬁn6!§%n§ 6. 6.
NUCLEI C ACI D ASS@én@NiA Poien SlderAthe ma £665 i WurBWAVSrRer f ace is nade
as descri be el ﬁ&r@e fesSi anded
nucl ei ¢ a0|§' EQ%H%% t %gngé%%gggﬁyf%hﬁwgdbgéogr%ﬁ%g%%ﬁ%%%%tary

to the 5' regloﬁas er. The resulting elastomeric stamp is " inked”

exposure to a solution containing the hydroxyl terminated
thiol HS-(CH,),;~(OCH,CH,)3~0H (1-10 mM) in ethanol,
brought into contact with an aligned gold substrate and

15 removed. The substrate is washed for several seconds
with a solution containing the thiol HS-(CHj).9-CH; (1-10
mM in ethanol). The resulting surface is then rinsed
with ethanol and dried under a stream of nitrogen.
Treatment of the surface with a solution containing

20 acryloyl chloride and triethylamine in dioxane leads to
functionalization of the hydroxyl terminated domains with
acrylate groups. A capillary array containing mixtures
of acrylamide, bis-acrylamide, N-acryloylsuccinimide,
azo-bis-cyanovaleric acid, and antibodies is then brought

25 into contact with the aligned surface aligning the
capillaries with the acrylate terminated domains to place
prepolymer solutions containing specific antibodies at
each domain. Capillaries in the capillary array contain
antibodies specific for different analytes of interest.

30 Exposure of the patterned prepolymer droplets to UV light
leads to the formation of cross-linked gels on the
substrate each presenting a binding domain at the

. surface. The assay is carried out by treatment of the
. substrate with a mixture of analytes capable of binding
. 35 at one or more of the binding domains presented on the
. gel surfaces in a buffered solution containing

tripropylamine and ECL~TAGl labeled analogues of the
analytes (i.e., setting up a competition of ECL-TAG1



of a nucleic acid analyte of interest. The PMAMS surface is then exposed to
a solution sanple suspected of containing a hybridizable nucleic acid

anal yte of interest to be assayed, the sanple having been previously 20
denatured, i.e., treated to render the analyte of interest single stranded.

The sanpl e is &iogqy@shed away | eaving hybridized anal ytes on urface.
The PMAMS surface 1's then exposed to a sol ution contai ning s@E%ﬁ%ﬂﬁ?“ECL

| abel ed nucl ei ¢ acid probes specific for 25 the 3' term nus of the nucleic
aci d anal ytes bound on the surface. This soﬂaﬁion is then washed fromthe

PMAMS surface | ea u eic.a hound to the domai ns
where anal yte is g%gglggla#§QﬁL§§Fﬁ' BPS?%% ﬁﬁmgéBgnH°Fﬁkﬁﬁ?§qg
register with t he 9PRpdPSbvANERS doim:meaomnuns hé42ﬂtbr @20dr apd 4202 )or @mght
into register w tpoﬂ.yacpylamtc;e atopeoqy 2 agpdéﬂgac&aﬁ @ieegrw@ ;45 )PI\/AI\/S .
The second PMANG iy e electrpde array and 1s broug into -
al i gned contact. w ?ﬁ %‘1 ??P;{qu%@qgﬁﬁfgfgx %‘Sty 't an IT0 T‘ﬁ%ﬂé’r'&t rode
array i s connect e§1BEtEPAR| ARGOnias pbownt inml Figyaf.or Lighteenitted embm
potential is appl Bﬂdht6fw¥lmﬁhgchbﬂ9§ﬁ§oi§‘tcﬂ{ﬁ§§ﬁ%§ @78%%

&SP, A oo

96/ 28538
A £129P). 709, fEmRRERS) te Pinding: domaine £0¥ ocessor

t hen reads the |I%
whi ch converts th nEPW standardge dncduded atio uthd @aamplihmltwi:bnu |s

conpared to the readout obtaineg, §3u3|ﬁgL@f§Eﬁc§di shgg
quantities of 18 anal yte of interest torceErLs QAgﬁy gyan y of
anal yte. 6.7. COWPETITI VE ASSAY ON A PBURE: u‘ v :

An exposed and developed photoresist master of

1-2 microns thickness is prepared according to well known

. pProcedures to give a pattern of circular depressions

15 arranged in an array. A 10:1 mixture of SYLGARD silicone
elastomer 184 and the corresponding SYLGARD 184 curing
agent is poured over the master and cured. The
pPolymerized SYLGARD is carefully removed from the silicon
master. The resulting elastomeric stamp is " inked” by

20 exposure to a solution containing the hydroxyl terminated
thiol.HS-(CH2)11-(oc32CH§)3-OH (1-10 mM) in ethanol,
brought into contact with an aligned gold substrate and
removed. The substrate is washed for several seconds
with a solution containing the thiol HS-(CH,) 10~CH; (1-10

25 mM in ethanol). The resulting surface is then rinsed
with ethanol and dried under a stream of nitrogen.
Treatment of the surface with a solution containing
acryloyl chloride and triethylamine in dioxane leads to
functionalization of the hydroxyl terminated domains with

30 acrylate groups. A capillary array containing mixtures
of acrylamide, bis-acrylamide, N-acryloylsuccinimide,
azo-bis-cyanovaleric acid, and antibodies directed

against cell surfaces is then brought into contact with .

the aligned surface aligning the capillaries with the ’
35 acrylate terminated domains to place prepolymer solutions .‘

‘at each domain. Exposure of the patterned prepolymer v

droplets to UV light leads to the formation of cross-
linked gels on the substrate each presenting a binding



W TH A PHOTOMULTI PLI ER DETECTOR 10 A transparent PMAMS surface

I s made as descri bed above with a patterned nmulti-specific array of primary
anti bodi es, specific for an analyte of interest, linked to the surface. The
PMAMS surface is then exposed to a solution sanple to be assayed which is a

m xture of 15y9egawdRy € suspected of containing the anal yte péro®ensiost and
a known anount of an ECL | abel ed nDIecuIe conpetitive with the anal yte of

interest for binding to the anti bodi es. g ?anple is then washed away
| eavi ng anti body bound anal ytes and/or |ab 1 ed conpetitive 20 binders on

the su;facei Ttheaahashraeieufg rs%yefhatepro-m@tfék iz egﬂyyéélﬁz@awiter to .
preven contac S W e eLectyo LT ace N oraer (0] av0|
contam nation ef 58?? e’fﬁ@%% %I:.nfigngh ?P‘?’é?ﬁ)&éﬁs&nglﬁe a FERFEE

array, that is woft eelhs Htham afitbusf Bixtuxe o hjndingt z;eemmwmhl&ct
with the PVAMVG swrf asﬁaﬂ@eoﬁ ¥t mese afrayeléeﬁ@%ﬁhadtéwﬁee;act ronic

otential wav ten Led t
glect[ode/cou &E@g %dib 9£g§h8?%ﬁﬁi?q[ﬁq iP&Bg §51?¥&R#¥- 3% t he
light emtted an@nﬁhgcbr’gml laébesi@ﬁt secopdary rapiideddesr and/oh ethererts the
signal to the deameﬂngef@@énﬁsors@ec‘ihecreaﬂ%ﬁe 'a'ixacl waal e-ﬂhé%ix{zﬁrr adout

obt e v g oo tlS it A She T U s Sriedln AL ©
ASSAY ON A PMANES (32RBACEN Vi oI @IBChEDPEET(R32) \@eeahgaSsBaced in
PCT/ US96/ 0319%b 1@dose proximity to an ITO working electrode (4204) as
shown in Fig. 42. Light emitted from each of the binding
domains is quantified using a CCD camera (4205) and
compared to binding domains for internal standards
included in the sample solution.

15 6.34. MULTIPLE ECL ASSAYS FOR BINDING OF
ANALYTES TO CELLS ON POLYACRYLAMIDE
CES SUPPORTED O L oD

An exposed and developed photoresist master of
1~2 microns thickness is prepared accbrding to well known
20 procedures to give a pattern of circular depressions
arranged in an array. A 10:1 mixture of SYLGARD silicone
elastomer 184 and the corresponding SYLGARD 184 curing
agent is poured over the master and cured. The
polymerized SYLGARD is carefully removed from the silicon
25 master. The resulting elastomeric stamp is *inked” by
exposure to a solution containing the hydroxyl terminated
thiol HS-(CH,).;-(OCH,CH,);~-OH (1-10 mM) in ethanol,
brought into contact with an aligned gold substrate and
removed. The substrate is washed for several seconds
30 with a solution containing the thiol HS=-(CH;).o-CH3 (1-10
mM in ethanol). The resulting surface is then rinsed
_with ethanol and dried under a stream of nitrogen.
. Treatment of the surface with a solution containing
» acryloyl chloride and triethylamine in dioxane leads to
35 functionalization of the hydroxyl terminated domains with
acrylate groups. A capillary array containing mixtures
of acrylamide, bis-acrylamide, N-acryloylsuccinimide,
azo-bis~cyanovaleric acid, and cells is then brought into



A transparent PMAMS surface is nmade as descri bed above with a patterned

mul ti-specific array of primary antibodies linked to the surface. The PMANMS
surface is then exposed to a solution sanple suspected of 5 containing the -
anal yte of interest to be assayed. The sanple is then washed away | eavi ng

anti body boundygggdskises on the surface. A second PNAMNS, unde*,‘gla}'i r éﬁ‘ftive
cover, is provided wth an alternating hydrophobi c/ hydrophil M ern

on which there are patterned mcro-drops of a plurality of a known anount
of an ECL | abel ed nol ecul e conpetitive w tRA28n anal yte of interest. The

barrier protecti / ln.register wi,th.the first PVAMG is
r enoved gnd t he %?nﬁg&iﬁfﬁggggéﬁgi ghﬁ?oﬁ‘%facf%t igning; E’i‘evﬁ’?‘?ﬁt]}ﬁ"ﬁﬁ mary
ant i body bi ndi ngwﬂtg{’nﬂ: R FRiater teypinmnbads dopadnse tonglaneNE-epolyimfered of
and the el ectrodeocdutigns scdmmigling specht i@ et iIceppast a¥i édek onRYNE

surface. The el eghpifa@idYiy ;hgfggggif%%oﬁ%%%%%g%ccgﬁser%}jlélll wave

form 20 gener%tor gnd ot ent |
el ect r ode/ couRt ePAFERYS SYrface sk e rthataddndhdiffepanteni tt ed and

the signal is seanalytesui Wﬂsﬁﬁrtmiﬁt@ﬁ\é@b&b@%ﬁéﬂ op1etkhe
desired readout {._grﬂ% T{@,{eﬂ%q%gt IS ogf)are Lo the readouf .obtai ned 25
using controls in the PRt PR RR ﬁﬁ% FrjaRIofy of ,crassTHNkAd GlE est to
cal cul ate the acPBabheBihstxpter eagh| presers:ing RRERARLAY @orEEnA\Mt\VkRePVANS
SURFACE BY M CROs@ffaéd NGTWel sbly Stk (her 1dd [0t byhtfédtmadtt of the

ALKANE THI OL14n 0 oforesi gt master of 1-2 mcrons
t hi ckness i slgr eeg?gmygﬁ%ﬁ%?fm Bﬁ&&'&ﬁﬁf%@ MpLyt&Ffiare array
pattern. A 10:1 %’?R?’El}% Q% g Z0at| Pne AR meires ofnthe 18inding domains
(pol y(di met hyl si bosseried 3m anei yab! SuffL58 AN OLAEP e SbidtE on
correspondi ng SY&6RE i ning tripropylamine and ECL-Tag labeled antibodies
and/or other binding reagents specific for the analytes.
15 The binding domains (4200, 4201 and 4202) (on
polyacrylamide drops (4203) on a gold electrode (4232)
are then placed in close proximity to an ITO working
electrode (4204) as shown in Fig. 42. Light emitted from
each of the binding domains is quantified using a ccbp
20 camera (4205) and compared to binding domains for
internal standards included in the sample solution.

6.35. MULTIPLE ECL CO
HYBRIDIZATION WEETITIVE

25 ASSAYS ON POLYACRYLAMIDE SURFACES
, SUPPORTED ON AN ELECTRODE

An exposed and developed photoresist masfer of

1-2 microns thickness is prepared according'to well known
Procedures to give a pattgrn of circular depression

30 arranged in an array. A 10:1 mixture of SYLGARD silicone
elastomer 184 and the corresponding SYLGARD 184 curing
agent is poured over the master and cured. The
polymerized SYLGARD is carefully removed from the silicon
master. The resulting elastomeric stamp is “inked” by

35 exposure to a solution containing the hydroxyl terminated
thiol HS-(CH,) 1,-(OCH,CH,) 3~OH (1-10 mM) in ethanol,
brought into contact with an aligned gold substrate and
removed. The substrate is washed for several seconds
with a solution containing the thiol HS-(CH;) 10—CH; (1-10




184 curing agent is poured over the master and cured. The polynerized
SYLGARD 184 is carefully renmoved fromthe silicon master. The resulting
el astonmeric stanp is WO 96/ 28538

PCT/ US96/ 03190 109 "inked" by exposure to a hydrophilic OHterm nated

al kane thiol, §I§K,%§gaerr])[err]0-l, I n an et hanolic solution -,%;mggrygm
robotically Gwoug t 1nto pin registered contact with an alig%% gol d
surface, and renoved. The substrate is then 5 washed for a few seconds
(e.g., 2-10 seconds) with a solution of alﬁ§drophobic CH err]-term nated

| k t hi ol t al.
Supray. The resot igechspsll) " eshitipy Hidhe® 137 8hin Fllila O
nitrogen. A capi¥itar Frarpay %‘Eﬁlt@‘x’l‘itﬁdn@nﬁ%rﬁp?ﬁ##@ PG nisregedns i s then
; lo:ogtn I ﬁS' |t Kebcr: SWA tmehtsa of nthie Ghurifacedwi 6t &CdoMitiHion hanehgﬁiml isum; ace
specific anti bo? ﬂgﬁﬁk 1 g‘é\#{c}ié&eangﬂé %Eﬁgﬂl{'ﬁ Jg-'dq%%ghgall&??%r;/garray

contaf ns nonctl dimctdppabdsation afe e EYﬂsqaxaah %ﬁmiyxe@e%demaim iy |
capabl e of covalaorylputei gebmgs s 0 A RapitaatyVerfdy HaitdindAgt Hexbysophi | i

domai ns. 6.10. R | C CE BY
M CRO- STAMPI NG ﬁlﬁgﬁlweﬁ\% %ﬁ%@hﬁ fr ﬁ‘ﬁ'ﬁﬁ&#@"%&é

An exposed and dﬁVE#BﬁG&YﬁH@Y%# o acids t apdopualeigriasidnprekeskness i s
prepar ed accor dumduiomhizk@mwraiﬁeﬂugeaupa e HHEH DroughY patéern. A

svLcaRD 184 K .%“tgéﬁﬁri*ﬁ Ea8 B S edie Mh e BheCir 00 Y
pol yneri zed SyL@emd ligries Ylhﬂéf"&hﬁ porydsbedterninatad Somadng kespkace The
resul ting el ast gFRigolyse@NBol et {drik @dntRIneXgOSpESL it Prioveorbi tadh
O+ term nat ed domain. Capillaries in the capillary array contain
probes specific for a nucleic acid sequence of interest.
15 Exposure of the patterned prepolymer droplets to UV light
leads to the formation of cross-linked gels on the
substrate, each presenting a binding domain at the
surface. The assay is carried out by treatment of the
substrate with a sample mixture that may contain
20 seguences capable of binding at one or more of the
binding domains presented on the gel surfaces in a
buffered solution containing tripropylamine and ECL~Tagl
labeled sequences which can compete with the analytes of
interest for binding to the surface. The binding domains
25 (4200, 4201, and 4202) (on polyacrylamide drops (4203) on
a gold electrode (4232) are then placed in close
proximity to an ITO working electrode (4204) as shown in
Fig. 42. Light emitted from each of the binding domains
is quantified using a CCD camera (4205) and compared to
30 binding domains for internal standards included in the
sample solution.

6.36. MULTIPLE ECL HYBRIDIZATION SANDWICH
ASSAYS ON POLYACRYLAMIDE SURFACES
y SUPPORTED ON AN ELECTRODE

35 : An exposed and developed photoresist master of
1-2 microns thickness is prepared according to well known
procedures to give a pattern of circular depression
arranged in an array. A 10:1 mixture of SYLGARD silicone




al kane thiol, SH(CHerr])[err]OH, in an ethanolic solution (1-10 nV),
robotically brought into pin registered contact with 30 an aligned gold
surface, and renoved. The substrate is then washed for a few seconds
(e.g., 2-10 seconds) with a solution of a hydrophobic CH err]-term nated
al kane thiol, wedsfhlsgrr])[err]CH err] (1-10 Mmin ethanol) gdfsiseénsedo al .,
supra). The resulting surface is then gently dried under a stream 35 of
nitrogen. A capillary array containing hydrophilic solutions is then
robotically brought into pin registered coht@ct with the aligned surface

2l gning the Capghais: Weld shBoe S\ i Aldidorkaiing] SYhcARAIP dud tpace

speci fic anti bodi es WO

PCT/ US96/ 03190 138 4}%)PaRrsa; avespFhe magtar: apd qured: ¢ MNP domai n. Each
capillary in t hepohynértiwed SVLSARDOLS acarsefuliliyb erdivevedr framiittheedsiddebni c

aci ds, specific a kpte » i ndi n
ERUTLEINS we ot facounmok iR Ty
i nkages. 6. 12. I OTI N
LI NKEgR An exposethioll BEBvEIH)e - (UTH,CHoF)-<0H N@Sher mij iR derdmol,hi ckness is

et o5, S0 ey o WL CHEONS (b UAlH St i 2

10: 1 m xture of 111 cone e correspondi ng
SYLGARD 184 curi FgRayedt iThe subsirateris iashes ferapavernrtpecans
pol ynmeri zed SYLGHEER 184soRuttidnebohtiintn®vaie thibloEsE (€HS) lo-CHY (BSICT .

e e oo S0S L GGRRATE he LAUFADPLERIEUIE Liod sl o 01
where the nol e fWAER| gkhanol padyAsied uadey & igtaeamsof nitregersyi nke et
al ., 1993, Langnireatnd®R lof thed sbprate with a solution containing
acryloyl chloride and triethylamine in dioxane leads to
functionalization of the hydroxyl terminated domains with
15 acrylate groups. A capillary array containing mixtures
of acrylamide, bis-acrylamide, N-acryloylsuccinimide,
azo-bis-cyanovaleric acid, and nucleic acid probes
functionalized with amino groups is then brought into
contact with the aligned surface, aligning the
20 capillaries with the acrylate terminated domains to place
prepolymer solutions containing specific probes'at each
domain. Ccapillaries in the capillary array contain brobes
specific for a nucleic acid sequence of interest. :
Exposure of the patterned prepolymer droplets to UV light
25 leads to the formation of cross-linked gels on the
substrate, each presenting a binding domain at the
surface. The assay is carried out by treatment of the
substrate with a sample mixture that may contain
sequences capable of binding at one or more of the
30 binding domains presented on the gel surfaces in a
buffered solution containing tripropylamine and ECL-TAGl
labeled sequences which can bind the analytes at
sequences not complementary to the surface-bound probes.
The binding domains (4200, 4201, and 4202) (on
35 polyacrylamide drops (4203) on a gold electrode (4232)
are then placed in close proximity to an ITO working
electrode (4204) as shown in Fig. 42. Light emitted from



20 al., 1993, J. Chem Phys. 99(9): 7012-9). The substrate is then washed
for a few seconds (e.g., 2-10 seconds) with a solution of a hydrophobic

CH err]-termnated al kane thiol, HS(CH err])[err]CH err] al kane thiol (1-10
mMin ethanol) (see Kumar et al. supra, Biebuyck, Witesides). The 25
resul ting surw@egnegsss t hen gently dried under a stream of ni peRO6H03190 :
capillary array containing a solution of streptavidin in.each capillary is
then robotically brought into pin registered contact with the aligned
surface. Each capillary in the capillary éﬁﬂay is 30 aligned and brought

into contact witdnch mfotthaybﬁ&gpg Ar"ds! BEaReRH dib A" @Ycks. T emoved

and the surface washed con

confaining.a miltiplicity
of biotinylated %ﬂﬂ?lﬁodlégs nﬁnﬁlfﬁ ﬁgtéﬂ HEE&EF% %Rﬂ%i? Ss&Phtions is then
robotlcally brcugﬂtennaﬂosgsnéandseipeﬂuﬂeadlnohhecsampld1deBtabngned surface

to place specific antibodi es agdypuchfirerdtriis8ive s IS FERENTO: 12
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PCT/ US96/ 03190 111 An el ectrode arr a\sulFACESE

SURFACEECEUPBORTED TN WN' ELEQTRODE
counterel ectrode pairs oneﬁ Qégségléﬂd|dgg%1§§E52§ﬁb¢5EJ§¥@Q)gg%gg¥tg§ough

met hods known in the art hi's

exanple, the 5 et c,?cﬂim?a‘enarFa clsmswes Prepased wmc}igm&ﬁawsl rKBQWR X st
on the sane surfpmceﬂuressuppgﬁre aArpafamﬁzedfaadrd@vﬁ Weﬁb&b&sesn st

g?iéggufgsllﬁ t he, pat er%ﬁg?ﬁsﬁrfé%PrﬁPQhﬁﬂe éﬁ rgésé%Pgﬁq% re d? 10
SYLGARD si | i cone® mﬂaisin?p@%(%WWp§FF§xﬁmmﬁﬁ CEW&P‘BabI e
f r om Dow agent is poured over the master and cured. The
polymerized SYLGARD is carefully removed from the silicon
master. The resulting elastomeric stamp is " inked” by
15 exposure to a solution containing the hydroxyl terminated
thiol HS=-(CH;) 31~ (OCH,CH,) 3-OH (1-10 mM) in ethanol,
brought into contact with an aligned gold substrate and
removed. The substrate is washed for several seconds
with a solution containing the thiol HS-(CH,),o-CH; (1-10
20 mM in ethanol). The resulting surface is then rinsed
with ethanol and dried under a stream of nitrogen.
Treatment of the surface with a solution containing
acryloyl chloride and triethylamine in dioxane leads to
functionalization of the hydroxyl terminated domains with
25 acrylate groups. A capillary array containing mixtures
of acrylamide, bis-acrylamide, N-acryloylsuccinimide,
azo-bis-cyanovaleric acid, and any of the binding
reagents described in Examples 6.31-6.36 is then brought
into contact with the aligned surface aligning the
30 capillaries with the acrylate terminated domains to place
prepolymer solutions containing specific probes at each
domain. Each capillary in the capillary array contains
. binding domains specific for analytes of interest.
Exposure of the patterned prepolymer droplets to UV light
35 leads to the formation of cross-linked gels on the
. substrate each presenting a binding domain at the
' surface. The assay is carried out by treatment of the
substrate with a sample mixture that may contain analytes



Corni ng) and the correspondi ng SYLGARD 184 curing agent is poured over the
mast er and cured. The pol ynerized SYLGARD 184 is carefully renoved fromthe
silicon master. 15 The resulting elastoneric stanp is "linked" by exposure
to a hydrophilic OHterm nated al kane thiol, SH(CHerr])[err]-

(CCH err] CH egfd oshidsg] OH. in an ethanolic solution (1-10 MMperiiebipided! | Y
brought into pin registered contact with the aligned working el ectrodes on
gol d el ectrode array 20 surface,.and is then renoved. A capillary array
cont ai ni ng hydrophilic solutions is then rb¥otically brought into pin
registered cont a&z é‘ld Eﬁﬂl g?&iéoﬁr lm%§-ewb}.htﬁ£'%in<}ing domains

SH(CHlerr])[err] err err donal ns_ on ectr.ode array
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?plt Iplr)gglyfsém gg L#%&%%zwﬁg agn E yjlxplgiggrangl uﬂ_% hf Into Iregl stered
camera (4205) and compared to binding domains for

internal standards included in the sample solution.

6.38. HIGHLY REVERSIBLE ECL
15 Polycrystalline gold electrodes (purchased from

Bio-Analytical Services, 2 mm?) were cleaned by hand
polishing sequentially with 0.5 um and 0.03 pm alumina
slurry, followed by chemical etching in 1:3 H,0,/H,S0, and
electrochemical cycling in dilute H,S0, between ~0.2 V and
20 1.7 Vv vs. Ag/AgCl. The clean electrodes were then
immersed overnight in a dilute soclution of octylthiol
(CgSH) dissolved in ethanol. Protein adsorption was
carried out by covering CzSH-modified electrodes with 20
Kkl of TAGl-labeled bovine serum albumin (BSA) dissolved
25 in phosphate buffer saline (PBS, 0.15 M NaCl/0.1 M NaPi,
. PH 7.2) and washing the surface extensively with the same
buffer after ten minute incubation.
ECL was done in a three-electrode cell with a
Ag/AgCl reference electrode, platinum wire counter
30 electrode and an EG&G 283 potentiostat. The light
intensity was measured with a Pacific Instruments
photometer and a Hamamatsu photo-multiplier tube placing
at the bottom of the electrochemistry cell. The protein-
adsorbed electrode was immersed in a solution of 0.1 M
35 TPA and 0.2 M phosphate, pH 7.2. Highly reversible ECL
response (substantially similar intensity on the forward
and backward scans) was observed when the electrode



5 rings of the PDVS stanp so as to circunscribe and define individual

vol une el enents of assay buffer above each el ectrode pair. An overpotenti al
is applied to the electrode pairs so as to rel ease the nonol ayer fromthe
surface exposing the working electrode to the ECL 10 | abell ed secondary

anti bodi es. $wgdgekgul tiplier tube then reads the |ight empcradodddisaugh the
transparent PDMS and the signal is sent to a mcroprocessor which converts

the signal to the desired readout form The readout is conpared to the
readout obtained 15 using controls in the*?®drm of known quantities of an

anal yte of inte
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on a gold on sikj,c0p;sHPPsHd. i s fabricated through methods known in the art
(for exanple see Kunar et a supra). 25 In this exanple, the el ectrode
array. and thé discrete biSRAHE Yorsrmmerris expeningptenwexe RondRotede. An
exposed and devehophel pined airetirvinentst 88 £dr BAL,Mwdthoatt the ks ©f S

prepared accor di pekQc r t L bi ndi ng
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of SYLGARD sil i 83REt E%Stmrp ppoch@mqﬂ/m Poﬁahetn;wsm 1 3 | abl e
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renoved fromthe silicon he rée ONEeric s "I nked"

by exposure to ANREBEBpAYFIL Wﬂﬂnﬂt%d"eﬂ%n‘e O-Ri ¥k, ISH®H err])[err] -
(OCH[ err] CH err lini¢eat Ore twatarth’s hoRolages olditatin 1 int@ctMnd not

desorbing at 1.2 V, since there was only capacitive
current in the voltammogram between + 0.5 V and - 0.3 V

15 and no faradaic current of ferricyanide (Fig. 44B).

6.39. UAST-R IBLE R
Electrode modification and protein adsorption

were done in the same way as described above. In the ECL
experiments, the potential was scanned between 0.0 V and

20 1.5 V, and the corresponding light intensity was
recorded. As illustrated in Fig. 454, there was some
loss of ECL between the forward and backward scans of the
same cycle, as well as between different cycles. Cyclic
voltammograms of the thiol/Au in ferricyanide after

25 oxidizing at 1.5 V showed a significant amount of
faradaic current, indicative of at least partial
desorption of the thiol monolayer at 1.5 V (Fig. 45B).

6.40. I LE
In these experiments, electrode modification

30 and protein adsorption were conducted in the same way as
in Example 6.38. To measure ECL, the electrode potential
was scanned all the way up to 2.0 V and back to 0.0 V.

. Intense light was observed on the forward scan (more
light than was observed under reversible conditions in

35 Example 6.38), but it dropped to the'background on the
reverse scan, as shown in Fig. 46A. Cyclic voltammograms
of the modified electrode in ferricyanide after oxidizing
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robotically brought into pin registered contact with the aligned gold

bi ndi ng domains on the el ectrode array surface, and is then renoved. A
capillary array containing hydrophilic solutions is then robotically 5

brought into g pstered contact, aligning the capillari ] e
SH(CH[err])[err]-E [err]CH err])[err] OH donmai ns on the elgg?%%%ﬂ”g?ray

surface to place specific antibodies on each donmain. Each capillary in the
capillary array contains antibodies speci #3& for an analyte of interest, 10

capabl e of covalgnt)l reac QH .grou on_the hydrophlllc
domai ns t hrough g:n&a% ge{%ﬂ%éeg E\?SES ? ié%%’@&\lﬂ@&%@ﬁ”m &% NGLE
SURFACE W TH VORREREPRAI tiiﬁwﬂﬂﬂELECTRCDES A support surface as descri bed

6.14 supra is 15 fabricated bw.4he darcatheshnmitead IMMOREABSEP WSxhesUr f ace
is exposed to a sanple to be anal yzed, Pmumml MmWMDBELDZEIE@N

| abel | ed sec®ndary anti bodi es, and t pcRATE PROE
sol ution containing trlprfﬁnthgndggmgI aﬁ|§ﬁ€{ﬂ§¥§ ggagﬁlgs ?g A |gdt?oa

20 electronic poten ve form.generator
wor ki ng electro 8F86%%Fe?% JEEA) Al B s m@P?@kﬁ%ﬁdLQﬂ B pakte 34 r eads
the |ight enittedeghrodedcfot pisel ins ane himonoassay rforr ®SASSor whi ch converts

the signal to the desiredad cagRidea fﬂha‘dgéelo ed photﬁrZPisﬁ r lox

conpared to the rea obt ai ned 1,N contro S int orm_of known
quantities Jfohaﬁnﬁng {:‘é O JrLonans Z'i’ticgﬂeﬁﬁl 1% BRePaNed aceoRfingfRity of
anal yte. 6.16. WEREPKﬁMﬂh(@tdﬂédﬁrﬁHREACElﬁﬂ a layer of photoresist onMNalH
COUNTEREL ECTRODE$ 14Bof * 25562 141 4Ch fReY  PRP IR BTeS batBh! fhefl
photoresist is removed. A 10:1 mixture of SYLGARD
silicone elastomer 184 and the corresponding curing agent
15 is poured over the master and cured. The polymerized '
SYLGARD is carefully removed from the silicon master.
The resulting elastomeric “stamp" is "inked" by exposing
it to a solution containing the hydroxyl-terminated thiol
HS-(CHj) ;1 (OCH,CH,) ;-OH and the nitrilotriacetic acid
20 (NTA) terminated-thiol HS-
(CH;) 12 (OCH,CH,) ;0C(0) NH(CH,) 4CH (CO,H) N (CH,CO,H) , in
ethanol. The "inked" stamp is brought into contact with
a gold substrate and removed to form a 1mm x 1lmm SAM.
The substrate is washed for several seconds with a
25 solution containing only the hydroxl-terminated thiol in
ethanol, to prevent non-specific binding of proteins to
the regions outside the stamped feature. The resulting
surface is then rinsed with ethanol and dried under a
stream of nitrogen. Treatment of the surface with a
30 solution of NiCl, followed by treatment with a solution
' containing a fusion protein presenting the binding sites
of an anti-PSA mouse monoclonal and the peptide (His)g,
leads to immobilization of the fusion protein on the
surface in a controlled manner. This process yields a
35 reproducible and predetermined amount of immobilized
protein on the surface. The orientation of the protein
on the surface is controlled by the location of the
(His) ¢ sequence in the primary structure of the fusion




1-2 mcrons thickness is prepared according to well known procedures in a
square array pattern. A 10:1 m xture of SYLGARD silicone el astoner 184 and
the corresponding 35 SYLGARD 184 curing agent is poured over the mnaster
and cured. The polynerized SYLGARD 184 is carefully renoved fromthe

silicon mstgg%resul ting elastoneric stanp is "inked" JprnssiRts’ € to a
hydr ophi lic term nat ed WO 96/ 28538

PCT/ US96/ 03190 114 al kane thiol, SH(CH err])[err]-(OCH err]CH err])[err] OH,
in an ethanolic solution (1 10 mvp robotilé Iy brought into pin registered

contact with an_al] d ounter r.,ode. and_s isng
domain on a gol Eggjtggﬁf ac S’g v%‘a“ Lé) Pﬁgﬁzﬁ‘gtﬁr&f%age

consi sts of addP@§§Eﬁlk9¢|big %mé#el%tﬁﬂfdéﬁmlneﬂﬁdtﬁiﬂhdiq he bi ndi ng
domai hs wher e t hgabbkpt @Fminatear }:mé@CtRGkﬂ?é E¥dmpaa bmnaﬁdfa?)euhe A gap or

separation spac S a c e quar e
10 gol d subst ra?g%?hééeaac% nono § é?’ ‘g trclgal{'ﬁ%%ﬁ A %@gﬁ %gllr%rvgy
cont at ni ng biShdEtRY Péhgﬁmtd%r@rmimﬁsbywrmrmgpﬂv&wyswmﬂgﬁﬁnmﬁ 0 pin
regi stered cont xebwni bbnéélﬁ:ﬁiﬁl@h%doﬁuﬁéﬂcﬂx reRGg qatneoﬁaenwldr@ i es

wi th the SH(CH r LI rr])[.err OITB.I

specific 15 antl%r;% g é%m‘( %30] gl-%g rﬁm %ﬁscpz}pﬁ%%l%gfly I n
the capillary aPPafieseribedahove Brei treaked nitd GhecPﬁb cabiration or an
anal yte of intestahdafa®aane® thenC@igheat sy1dtivd untalhhﬁ I & dbddotfiady

010493, o0, L4 XIS £odCAR) S Wsppies, s deridibloeson D“CTED

SURFACES at an optimized concentration. A calibration curve is
determined by immersing the surfaces in a solution
containing 0.1 M TPA and 0.2 M phosphate (pH 7.2), and
measuring the peak intensity of light emitted when the

15 electrical potential at the gold surface is cycled
between 0.0 and 2.0 V at a scan rate of 0.5V/sec. The
determination of unknown concentrations of PSA in serum
in a sample is conducted by the same procedure except
that the concentration of PSA is calculated from the peak

20 ECL signal by reference to the calibration curve.

7. C ORATION OF REFERENCES

The present invention is not to be limited in
scope by the specific embodiments described herein.
Indeed, various modifications of the invention in

25 addition to those described hgrein will become apparent
to those skilled in the art from the forgoing description
and accémpanying figures. Such modifications are
intended to fall within the scope of the claims. Various
publications are cited herein, the disclosures of which

30 are incorporated by reference in their entireties.



25 The support surface described above in exanple 6.16 is exposed to a
sanple solution to be analyzed. The support surface is then washed and
exposed to a solution containing a plurality of ECL |abelled nonocl onal 30
anti bodi es or ECL | abelled nucleic acids of differing specificity and then
"washed W th asgceessgf er containing tripropyl amine. A tran

addr essabl e wor ki ngw(gl ectrode array is fabricated with each%"%%@gnm

el ectrode in the array corresponding to a discrete binding 35

domai n/ count erel ectrode regi on on the suppct® as described above in Section
6.16. The two supperémaM:e Wwetted with the assay buffer and robotically
brought into registered aligned conformal contact. The el ectrode arrays are
connected to an el ectroni clpot eahi @pparains’ gof use \\h HHe HetRction of

PCT/ US96/ 03190 115 .generator, and potential is applied to the aligned

wor ki ng el ect rodé?'&%ﬂﬁ]ém?l b¥t ebeetyoghenijumineagence ctanpriislingi shd bet ween -

the two supports.efééééﬁfhen reads the |ight emtted through the

transpar ent wor ki ng S PPBR SoRPteRelecinane; ssaidielestrodec PEpr ocessor .
whi ch convert sgt hegiitgal oy ur_form_The readput is
conpared to the readout 88%3’.’{’,@% usl rf{g;g#?g?é?% ?’heafﬁﬁrrﬁraSP Lok e

quantities of an sdedetephihéd chfsint ®£€al t ity. of 10
anal yte. 6.18. FABRI CATION OF A CC (D SPE%SE%#%%R%%%% Bdipg Yar

FI LTRATI ON An aqutkeefrechenjlunimisdernt ilabelded hspecies idy il Hindingol ution

was prepared by m xin 0.% %ww CC 15 fibrils/ deionized water. The CC
fibrils were disﬁgp?@%r of an electrochemiluminescent labelled species.

2. An apparatus for use in the detection of
10 an analyte by electrochemiluminescence comprising an
electrode anﬁ a counterelectrode, said electrode or
counterelectrode having immobilized on a surface thereof
a predetermined amount of a reagent capable of -directly
or indirectly binding an electrochemiluminescent labelled
15 species. ' | |
' 3. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising an
electrode, said electrode having immobilized on a surface
thereof a predetermined amount of a réagent capable of
20 binding a coﬁponent of a binding electrochemiluminescence
assay.
4. An apparatus as recited in claim 3 wherein
said electrode is the workiné electrode.
5. An apparatus as recited in claim 3 wherein
25 said electrode is the counterelectrode.
6. An apparatus as recited in claim 3 wherein

the immobilized reagent and electrode complex is -
%
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(the larger, mcron-scale aggregates were dispersed into small aggregates
or individual fibers) in the slurry by imersing a 400 watt sonication horn
in the slurry for between 10 m nutes and 1 hour. The extent of dispersion
20 was nonitored by optical mcroscopy. A nylon filter menbrane (0.47

[err] m pore sSwogrgsas "M di aneter) was placed in a 25 nmm di apgrfisodizems
fritted filter. The dispersed fibril slurry was filtered through the

menbrane/filter set-up by suction fiItratigg_(Fig. 25 23A). Aliquots of
|

the slurry (5 m) were diluted with 20 m Toni zed water, then filtered

through the menbrafatantigilpcpebisdive 28 BYEEEH6n BlartitedPBelueaR! €l y
0.25-0.3 gramicc, a mat of approximately 100 [err]mrequired 6 aliquots. 30

Suction filtrati caidhelectrodecandirdr lelaictrothéhilmateyscdentmlabeldi sper si on
was rénoved fromthe mat (by visual inspection). ~The mat was peel ed (by
hand) "directly fromthe fiFter MeARRATAtushaspeciked dn cdaim 3nwBOERLR or

approximately 35 _ 10-1 Lhutes, at 60[err].C. . The mat wasg cut . punched or
ot her i se secti onse%'%‘ (ﬁie E?a%.llﬁ.c%% PENR ROTOYH Igﬁsﬁ_erﬁﬂ?"d\l A METAL
MESH SUPPORT By EVAPORATI Gyl ti £ vt

PCT/ US96/ 03190 116 An aqueous s%r%‘;'%fﬁ% Fop frtectah of 25 APRHYTS
sol ution was prefsy &lerrockeniltnindscunseCoonpbising d¢ipvtiousd edatetrodd he
CC fibrils were dispersed (the larger, mcron-scal e aggregates were

di spersed i nto 5 andla ceypteyeaieetxpdd.ndi vi dual fibers) in the slurry by

I mersing a 400 watt sonication horn in the slurrz for,  between 10 ni@utes
and 1 hour. The extent of @rspefRjqpparatus for usé in the detection o

an analyte by electrochemiluminescence comprising a

10 working electrode and a counterelectrode, said working
electrode having immobilized on a surface thereof agd in
electrochemical contact therewith, a predetermined amount
of a reagent capable of binding a component of a binding
electrochemiluminescence assay.

15 10. An apparatus for use in the detection of

| an analyte by electrochemilﬁminescence comprising a
working electrode and a counterelectrode, said
counterelectrode having immobilized on a surface thereof
and in electrochemical contact therewith, a predetermined

20 amount of a reagent capable of binding a component' of a
binding electrochemiluminescence assay.

11. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising an
electrode, a counterelectrode and a porous .matrix in

25 electrochemical contact with said electrode, said porous
matrix containing on a surface thereof a predetermined
- amount of a reagent capable of binding a component of a

binding electrochemiluminescence assay.

* [ L M S *



was nonitored by optical mcroscopy. A1l cnferr] section of stainless steel
mesh (400 10 count) was placed on a 25 nmdi aneter paper filter. A5 nl
aliquot of the slurry was pipetted onto the surface of the screen/filter
paper ensenble. The water in the slurry was allowed to evaporate, either at
room t enper atwps24aeg Pressure, or in a heated oven. 15 PCT/USIsNIMEE t he
fibril mat was dry, additional aliquots were added. The.fibril and screen
were peeled as a single unit fromthe filter_paper.. The mat was cut,
punched or otherw se sectioned for use. 20138 6. 20.

| MVOBI LI ZATI ON OF AVI DIN Q Fl BR SpBEABLNG MHSESTRR NG &WAlonGBEUPS
Fibrils derivatized with COOH (provided by Hyperion Catalysts Inc.) were

suspended i n anhypar enslytexonelaictrbCheyi inindscences camprising iang. A
20-fol d 25 nol ar excess _of N-hydroxysuccini m de was added and al | owed to

di ssol ve. Next, 2126t¥ofe and & rduralityrotidiacrete Pinding Aeuaidsyodii ni de
(EDAC) was added d «J1 X ure wa tirred fqQr 2_hoursg.,at room :
t enper at ure. AftgP§ tPH'}‘?:Hbg %ﬁg pg’ﬁiﬁgan‘?a -ty igg’f‘éﬁ"%o‘ and the
solids were hem td Hglnh n %&’%ﬁq ' it h

anhydr ous rre\tAﬁ'jmol bgggﬂ%l ftn;a?e oﬁng gi%% err mﬁggﬁ?gﬁg%é\éer%e%'ane. The
filtrate was washed wi th atl t iamappaehtasotoriute AA Bhacadtéedtidrylozss vi al
under vacuumuntil no further reduction in weight 35 was observed. 10.4 ny
of NHS-ester fiban anatyte i edeckiroghegiluninesenceprovphieing 80 nM Nad )

| GEN 402- - H 7. | GEN, Inc,). Th h fjbril
68? 9352 Sggggent w%rk}.gg gfe’cé)rode %’nd SE piurgfiey qfcsiﬁ.\égggfggq:jggirilnqs were

domains each containing a predetermined amount of a

10 reagent capable of binding a component of a binding

electrochemiluminescence assay

14. An apparatus as recited in claim 13
further comprising a counterelectrode.

15. An appafatus as recited in claim 13

15 further including a counter electrode, sample delivery
means and light detection means.

16. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising
(a) an electrode,

20 (b) a plurality of discrete bindiné
domains each containing a predetermined amount of a
reagent capable of binding a component of a binding
electrochemiluminescence assay,

(c) a counterelectrode,

25 (d) means for sample delivery to said
binding domains,

‘ (e) means for triggering

electrochemiluminescence, and

) ) A



117 suspended in 2.3 m solution of avidin (8.3 ng avidin/m PBS-1). The
suspension was allowed to sit at roomtenperature for 1.5 hours, wth
constant rotation of the 5 flask to provide agitation. After, 1.5 hours,
the suspension was stored for 16 hours at 4[err]C, then brought to room

tenperature aﬂﬁsWﬁ%ﬁFd with PBS-1 and stored at 4[err]C aéNgEﬁ§E$ﬁ on in

PBS-1. 10 6.21. | MVOBI LI ZATI ON OF
(ANTI - AFP) ON CARBON FIBRILS Carbon fibrils functionalized with NHS esters
15 were prepared as described in Exanple 6128. 14 ng of fibril-NHS ester

was mxed with 500 mMl PBS-1 buf The xtur ni.cated for_ 20 mn,
until it became a viscous sl urr{fe) ATCRRE; Pﬁnﬁfe‘\é%i?c?ﬁem&ﬁupégei ST er was
added. 20 detecfibptal of 1.6 ng anti-AFP (al pha-fetal protein)
antibody in 80 m PBS-1 was added to the above slurry. The reaction was

allowed to sit at room tenper atan eapparatub borrdse GinrithdB8etebtiibrropas
added and the reaction 25 mixture was centrifuged at 4 [err]C for 5

m nut'es. The sudy paadrtevey elemtxachepijupinescerkis copprisdnge was
repeat ed 9 th‘;ie After the flnglq wash, .the s gernatant was renoved, and
the fibril-ant? AFP product was Jor & gleskra # rr]C. 6.22. CYCLIC

LOLTAMDSTNE, CF FLER L WS CEP S A AT
Klerr] SO err] weree pragalied. of | diddrbte3Pinaing domd fiis dadhdcBntaining a
predetermined amount of a reagent capable of binding a
component of a binding electrochemiluminescence assay,
10 ' (¢) a counterelectrode,
(d) means for sample delivery to said
binding domains, - |
(e) means for triggering
electrochemiluminescenée, and
15 (£) means for electrochemiluminescence
detection

18. An apparatus as recited in claim 17
wherein said plurality of domains are in electrochemical
contact with said electrode. _

20 19. An apparatus as recited in claim 17
wvherein said electrode is porous.

20. An apparatus as recited in claim 19
wherein said electrode is comprised of a carbonaceous
material.

- 25 21. An apparatus as recited in claim 17
wherein said electrode is comprised of fibrils.
| 22. An apparatus as recited in claim 17

wherein said electrochemiluminescence detection means

(T



fibril mat of CC(di spersed) was neasured at 0.10 mA/cm at 10, 25 and 50
nv/sec. The mat was fabricated as described in Exanple 6.18. In Fig. 30B,

the CV was neasured for a gold foil electrode at 0.05 nA&cm at 10, WO
96/ 28538 ' - PCT/ US96/ 03190 118 25
and 50 nV/sec tentials are in Volts vs. Ag/AgQ . 6. 23crmses03190

EL ECTROCHEM CAL RTIES OF FIBRIL 5 ' VAT

ELECTRODES: COMPARI SON OF ANODI C PEAK CURRENT W TH THI CKNESS OF THE MAT
Cyclic voltamogranms of 6 mM Fe[err] (CN)[erfP in 0.5 10 M K[err] SO err]

were neasured f Or%{ﬂe@%isl e %_Er&f:h mHEEQSREEtH&z ﬁn%aogg?gpe% il -

but- di fferent thicknesses. e anodi ¢ peak current I ncreased with
i ncreasi ng thi ckniistretenbindig tdun@dmesses that ranged from24 [errJmto
425 [err]m For each thickness, the anodic peak 15 current al so increased
Wi th increasing scan rates28torAn apparatus asnoecitedinl elminsd? to 150
nVv/sec). The rate of increase of the anodic peak current, as a function of
thi ckness, al so iYhereiDegadf; FUPPRE L AS AgPPRPRK AN bri| nats that were

NN SPECIFI C 61 DI NG GF PREAE KO FORAEBRE o RoRES e ARt Re H) of
proteins to car bGmdrein sailcsu RAYUpELoaS metdQand kadgsol ution of
25 Ru(bipy) [err] ("TAGL") | abel'ed proteins was exposed to a known quantity
of carbon fibril selevtriodeqis| porousa was
~ 25. An apparatus as recited in claim 17
wherein said support is a porous matrix, said matrix
10 being positioned hﬁyween said electrode and
counterelectrode. w
26. An- apparatus for use in the detection of
an analyte by electrochemiluminescence comprising
(a) an'electrode,
15 (b) a plurality of discrete binding
domains each containing a.predetermined amount of a
reagent capable of binding a component of a binding
electrochemiluminescence assay,
' (c) a counterelectrode, _
20 (d) means for sample delivery to said
binding domains,
(e) means for triggering
electrochemiluminescence, and .
| (£) a plurality of means for electro-
25 chemiluminescence detection.
27. an apparatus'as recited in claim 26

wherein said plurality of means for

-
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reached; ii) the | abeled-protein/fibril solution was centrifuged, and the
supernatant was collected, and iii) the anount of | abel ed-protein renaining
in the 30 supernatant was assayed using el ectrochem | um nescence (ECL). To
generate the curve shown in Fig. 32, anti- CEA antibody attached to
derivatized Twgbekssi body to carci noenbryonic antigen attagqmsbéhsteo
derivatized TAGL 35 ECL label) at 3 [err]g/nL, was added to seri al
dilutions of CC(plain) fibrils in 0.1 M potassium phosphate buffer at pH 7.
Fibrils were renoved by centrifugation aftéﬁlvortexing for 20 m nutes. ECL

assays that neas ' n 2y '
supe?/nat nal V\g%ﬁ?ggggﬁﬂ%iﬁésﬁﬂe@'&&&ﬂﬂ%ﬂ f JSIRIYY 19abB bhE

PCT/ US96/ 03190 1k#r were offnsabdasinding-hohainsl GEN, Inc.) anal yzer on
aliquots of the reaction mxture supernatant diluted 5 tinmes with ORI GEN
assay” buffer. A decrease i R8thecAE@PpaAnatis @scracited tin l@imCR7si gnal for

an object of the reacti%n m xture that had not been exposed to fibrils)
resulted fromi nc‘%&?&&' BEndPASt 01N, qf S23d RARFALLLY) 9f, detestion: peRps TAGL

when a hi gher go fi fibril resent.. 6. .25. RE | ON
OF NON- SPECI FIE Bﬁ%”h& %geﬁﬁ%%if‘%sﬁfﬁﬁﬁgﬁﬁfe Binding ackkb:"
DETERGENTS/ SURFACTANTS Usi ag.,t hn negs s akl Peditda BriHila8nb273- 4. 15 the
ef fect of surfactant on protein binding to fibrils was analyzed. Triton
X-100 was added twhexednasaid(pluraliighedt meadsr fomtized TAGL/ fibril

m xture, the solutjon was incubated for 20 mnutes, the tubes were
centrifuged, electrochemiluminescence detection is a CCD array or a

diode array.

10 30. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising an
electrode having immobilized on a surface thereof a
plurality of discrete binding doﬁains, said binding
domains being capable of binding a component of a binding

15 electrochemiluminescence assay.

31. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising an
electrode having immobilized on a surface thereof a
plurality of discrete binding domains each containing a

20 predetermined amount of a reagent capable of binding a
component of a binding electrochemiluminescence assay.

32. An apparatus for uée in the detection of
an analyte by electrochemiluminescence comprising an
electrode having immobilized on a surface thereof a

25 plurality of discrete binding domains, said binding
domains containing an electrochemiluminescent label.

33. an appératus for use in the detection of

an analyte by electrochemiluminescence comprising an

I
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and aliquots of the supernatant, diluted.5 tines with 20 ORI GEN assay
buffer, were analyzed by ECL. The results are shown in the Table bel ow and

in Fig. 33. Tube [ T- X100], Peak . Prot-TAGL [ GF], Number
ppm Intensity [err]g/m ppm 25 19 1674
1611 52 18 837 1634  permseso3ien 2. 65
52 17 wo gz 1697 2.65 52 .16 209
1583 2.65 52 15 105 1772 2. 65
52 30 14 52 1463 142 2. 65 52 13

26 627 grectrode hatrifig i?mobfiiéué on a surfade thereof a 23

2. 65 52 35 A curve that réesults fromplotting the ECL intensity of a

protein | abel | edpliitdl Htyl@f ddscrete THINd inyg donmutihe) said TinddngX- 100
concentration is shown in Fig. 33. A higher ECL signal corresponds to nore

deri vat i zed- TAGIdemain® Peing: crpable 1% asnematingna pPlwraityorfesponds to
| ess WO 96/ 28538 . . PCT/ US96/ 03190
120 derivatized-?i&ﬁ?f%ﬂhﬂqi}uﬂﬁBFEF?PTﬁﬂﬁﬁFqﬁ&sﬁh@n?i%r??@ﬂtQ5ﬁig€§%?§?Tons

of Triton x-1Q0 that rang fr ;gg@ 0 e@&g €¥¥§ t gat of

bi ndi ng; incrgasi ng the g?r%ﬁen??a%?%n r%ér)nr}%ou?gnggo p;e)&r% | i(r‘?ic%ts?urther
reduce 5 the extgftandlfidBynelebt2ochdiiiveiineBbbndé odhprididy @N W TH
FIBRIL MAT ELECTRODE: A fibril mat prepared as in Exanple 6.18 was installed
in the nounting euppost(maving hemobikized thereoncar ptherdbitief3401 of the

"Fibril Cell"” fixture shown in Fig. 34. The holder 3401 was slipped into
the bottom of th@iEFEREe Samains,each| contpining anpredetermineds agount

of a reagent capable of binding a component of a binding
10 electrochemiluminescence assay.

35. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising an
electrode and. a support having immobilized on a surface
thereof a plurélity of hiscrete.binding domains each

15 containing a predetermined amount of a reagent capable of
binding a component of a binding electrochemiluminescence
assay, said electrode and said binding domains being in
‘electrochemical contact.

36. An apparatus as recited in claim 35

20 vwherein the electreode is the working electrode.

37. An apparatus as recited in claim 35
wherein the electrode is the counterelectrode.

38. An apparatus for use in the detection of
an analyte by electrochemiluminescence comprising:

25 (a) an electrochemical cell

(b) a first surface containing an

electrode

AR AR T



Ag/ AgCl reference el ectrode (Cyprus # EE008) was installed into the

el ectrochem cal cell conpartnment 15 through the reference cell hole 3402.
The cell was filled with Assay Buffer (I GEN # 402-005-01 |ot# 5298) and
attached to the PMI hol der 3404. Using a EG&G PARC nodel 175 uni versal
programmer anghogaeexG nodel 175 Potentiostat/ Gal vanost at ”}‘?:rﬂﬁ;s%}id'nal was
swept fromO V 20 to +3 V vs. Ag/Agd at 100 nv/s. The ECL Was neasured
by a Hamanat su R5600U- 01 whi ch was powered at 900V by a Pacific Instrunments
nodel 126 Photoneter. The anal og data was &#gitized at 10 Hz by a

Cl O DAS-1601 A/ D board driven by, HE nap-Master. The Fibril Cell, was

drai ned, 25 flushed with 1000 ’TXG?%?E%‘F‘E > S3YiBg| dpmoRsiged o
filled with 1000 therédfila Pheadenkiea Vidiia ' i :
Shomn:in Fig. 35 are the'é%L tragggthgggﬁfgi at g%EbWb%hZé§§e¥ggﬂk£§gy

Buf fer 3501 and Pdndipw memtersseapable dfirkindinc e edmpoheftaks g ea Was
22.10 30 nAs fOL ﬁa ay Buffer and 46.40 nAs for 1000 pM TAGL. 6.27. ECL OF
ADSORBED LABELEDPA SFtHecbendlunines cencer RaBRY,| BalA first wnd nade

to a thicknesg o 3844 fr.om pl g -dispersed fibrils in the

nmanner 35 de?cr%gggglanégarrp%ﬁe %lﬁg Bp?hgaﬁfx&%m r BS¥RER punched

nto Smm di sks aedeatroh CtraerS bARREkA: sald B IuHRRES AHACHAI N LN S
Shee

experiment were fabricated from0.030 I nches polyester patterned by

screen printed el ; inescence label directly or indirectly
PCT/ US96/ 03190 12% conductive gold ink. This conductive gold ink formed the
counter el ect r oddinked ke R sadidedinding veagentovi ded | eads for the working

and ot her eIeCtrodes.'ﬂM)Jdbril mat di sks were nounted to each patterned
support using - An apparatus for use in the detection of

10 an analyte by electrochemiluminescence comprising an

electrochemical cell and an electrode having immobilized
thereon a plurality of binding domains each containing a
binding reagent capable of binding a component of a
binding electrochemiluminescence assay.
15 : 40. A method for conducting a plurality of
electrochemiluminescence assays comprising the steps of:
(a) contacting a plurality of discrete
binding domains with a sample containing one or a
Plurality of analytes of interest under assay conditions;
20 (b) causing one or mbre of said plurality
of domains to electrochemiluminescence; and
(c) detecting electrochemiluminescence at
a plurality of said binding domains.
41. A method for conducting a plurality of
. 25 electrochemiluminescence assays for a plurality of

different analytes of interest comprising the steps of:

R ) )



5 two sided carbon containing conductive tape (Adhesives Research). After
nmounti ng, the disks were spotted with O0.5[err]l of 10[err]Jg/m anti-TSH
anti body attached to derivatized TAGL in deionized water (Ru-TSH nono 1:2
26JUN95, 1 CGEN, Inc.) or O.5[err]l of 10[err]g/m anti-TSH 10 unTAGL' ed
capture anti bggel ei oni zed water (TSH poly 25JUN95, |CE d
allowed to dry. W drying, the mats were flooded with I Igggg)g';'/ﬁguffer.
Fl ooded mats on supports were |l oaded into an |1GEN Origen 1.5 based

i nstrument and ECL was read using a scan r&f# of 15 500mV/s fromO to

4500nV. Fig. 43 conpares the p E ngggﬁllf d rﬁq_%gﬁgt@gaﬁébcgfg%.e% 'nt ai ni ng

mats 4301 and unTAGL' ed capture anti y contal ning nma ECL

USI NG FI BRI L NAT bZndEa&GCESmaiva , SANRW aHese' cihtaining a pAnddIidlyPogapt ure
anti body was inmobilized on fibrils as descri bed above. Anti-AFP fibrils

wer e washed i nt o aaalyhes cof winterest undey assaly wonddtiensh density of

1ng/ M. A four layer fibril mat _was produced using vaguumifiljration as
described in Exanple 6.18. Two @4 nPPPEipgsaig P&g‘FFJ'AFb ?fb‘%#?%r%e added

to 3ng of pl air# Sgnghﬁaﬁﬁﬁé b‘._ra lsimﬁ?ﬂaﬁ@@uﬂ ture diluted to a total

vol ume of 20 uted mxture was “filtered onto a 0.45[err]m

nylon filter. ThigdectrbbRéniBinintsdentds Angn fol l owed by two core |ayers,
each consisting of 5ng 30 of plain CC dispersed fibrils. The mat core was

then topped with a mxed fibril(d)aysimultahecusslyt detleetingti al | ayer. This
resulted in a fibril mat that was ~40% anti.- AFP fibrils on the top and
bott om surf ace afdectveshenpklypinescense; fromeeach ©f said diseerit was air
dried under 35 vagu ang unched into 3mm di sks. These di sks were then
nount ed onto sup%&"ﬁg}'ﬁs ﬁgﬁﬁ'bed in Exanple 6.27. Dry, supported,

anti- AFP matgwere floodedgy t i \aeqhePEagE fsihg & piddality @ I nc.)

and allowed to
discrete binding domains on a support, said binding

-domains having a relative spatial organization with
respect to one another and having different binding
specificities for hindihg a plurality of different !

15 analytes of interest in an electrochemiluminescence
assay. |

43. An arficle comprising a plurality of

discrete binding domains on a support each of said
don&ins having a relative spatial organization witp

20 respect to one another and each having a different
binding specificity for an analyte of interest in an
electrochemiluminescence assay, each domain containing a
different binding component bound to a different analyte
of interest.

25 44. An article comprising a plurality of
discrete binding domains on a support,.said domains
having a relative spatial organization with respect to

one another and each having a different binding

I

AT



WD 96/ 28538 _ PCT/ US96/ 03190 122

I ncubate for 15 mnutes at roomtenperature on the bench top. After

i ncubati on, supported el ectrodes were washed with a dl streamfor 10
seconds and then blotted dry with a lint free wipe. Fibril mats were then
fl ooded with L AFP attached to anti body |abelled with ' higgd TAGL
(IGEN, Inc.) Ehﬁ¥%ﬁ owed to incubate for 15 m nutes at roon??gﬁ%g%g%ﬁre on
t he bench top. After incubation the supported el ectrodes were washed with
dl and dried with a wipe. Fibril mats werel®Ren fl ooded with | GEN 10 assay

buf fer and read b ' al . 24. TECTI ON OF

TAGL- LABELED AVI %?’ﬁg%%%i%fcﬁ%gﬁA@%ﬁ%gg I'nked

pol yacryl ani de gellee®Rbah&hilukiNcticRitcey aB8aPy it idbnédn PetAgr Bsumy

copol yneri zation 15 of acrylam de, bis-acrylam de, and N Acryl oyl -N -

bi ot i hyl - 3, 6- di oXdeeckiy- ér oinregtdybtot andiffdcahtt @malyker 9fani de noi ety

through a tri(ethyl ene glycol |l i nker) using well known conditions
(initfation thi1L§Wﬁ5 BhnPRd & 3 madetygcaphbly ofn this experinent, the 20

concentrations. of ric species were 2.6 M 0.065 M and
e rbRagE: RS

0. 023 M respec Se A 6ns of acryl am de and bis-acryl am de

are reported to result in gg|s A tgiHieie SbapPis{Ry £ plutaNi®PSbepPr ot eins).
Pol yneri zation of the solution containing the nononmers 25 between two gl ass

pl ates hel d apar [diseratdi bindimy comyimsoonnat sappdrt/ comprdginhg ahporous
formation of a slab gel with the sanme thickness. After the polynerization

reaction was confateriadngachiof Baist slomaipsohaviing» weliadd veuspaliabaki ng
RSN R M= SRR TGN R SR MR S T MR
10 a different binding specificity for an analyte of .
interest in an electrochemiluminescence assay each domain
containing a different binding component bound to a
different analyte of interest.
46. An article as recited in claim 45, wherein
15 said porous material comprises carbon.
'47. An article.as recited in claim 45 which
sajid porous material comprises fibrils.
48. An article comprising a plurality of
discrete binding domains on a support comprising a
20 functionalized fibril, said domains having a relafive
spatial organization with respect to one another and each
having a different binding specificity for an analyte of
interest in an electrochemiluminescence assay, each
domain being bound directly or indirectly, to a different
. 25 énalyte of interest and to a moiety capable of
electrochemiluminescence.
- 49. An article comprising a plurality of

binding domains on a support comprising one or more

A



exhibit reduced NSB, was used in this experinment) was bound to the surface
of the gel by soaking the gel in a solution containing the protein at a
concentration of 50 35 J[err]g/nmL in PBS for 20 mi n. Excess TAGL-I| abel ed
avidin was then washed away by soaking the gel in four changes of ECL assay
buffer (200 myoggdisagn phosphate, 100 mM tri propyl am ne, 0. 0384/t¥dsd3190
Tween-20, pH 7.2). As shown WO 96/ 28538

PCT/ US96/ 03190 123 in Fig. 39, the gel (3900% was then placed ih contact

wi th gold working (3901) and counter (-3902)14 | ectrodes patterned on a gl ass

support (3903). RuIymes hetrieds dadla AehRSRs MR aChBEhE PHE Sefdtd@0. 0 to
3.0 Vand 5 back to 0.0 V at a rate of 500 nvV/s led to an ECL |ight signa

as neasured fromorganizasoon)withnamkspaktyeot dwe gelotheirgandO¢ach Igating
prepared without inglusion of the biotin containing acrylam de derivative
gave no ECL signd@ d9dffgrent)binging spesifiebtwifnm ampanghrteiefin- 10

s present on | nansePpatoinrah flesdosyant ipiuiesdaasn BREFIALIRSSSAY CN A
POLYACRYLAM Dis S\JREASE B34 d ai SSe | ‘{H(f'!% yagLy. q:;qﬁﬁ
~containing covalently bouﬁ%ﬁtﬁ%ﬁ?|1i%§éggg a?%d#as g%%&fggg +n a#%ﬁ%

6.29. Streptavi dianalytedepr hecexunt ahds bl acsoldtyt apashet 6£f or m a bi ndi ng
domai n capabl e of capturing biotin |abel ed species. The surface is treated
with a 20 sol uti ®tecsreghembluninenaepeeani ne, an unknown concentration of

S el g o Rl B Sl M et e o™
analyte in a sample by electrochemiluminescence

10 comprising:

(a) a plurality of discrete binding
domains_on a support; and

(b) one or more pairs of electrodes and
counterelectrodes. ' |

15 51. A cassette.for using the detection of an
analyte in a sample by electrochemiluminescence
comprising:

(a) a plurality of discrete binding
domains on a support;

20 (b) one or more pairs of electrodes and
counterelectrodes spatially aligned with said discrete
binding domains; and

(c) means for sample delivery onto said
plurality of discrete binding domains;

25 52. A cassette as recited in claim 49 wherein
said plurality of discrete binding domains forms at least
one surface capable of binding a component of a binding

electrochemiluminescence assay.
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anal yte causes the formation of a conplex of the analyte 25 and the two
anti bodi es which is then captured on the streptavidin surface. ECL tag
bound to secondary anti body present on the surface is neasured as descri bed
in exanple 6.29 6.31. MJILTIPLE ECL SANDW CH | MMUNOASSAYS 30

ON POLYACRYLAN S¥msigRFACES SUPPORTED ON AN ELECTRCODE An exppeitseadsios

devel oped photoresist nmaster of 1-2 mcrons thickness is prepared according
to well known procedures to give a pattern of circul ar depressions 35
arranged in an array. A 10:1 m xture of SYW4ARD si | i cone el astoner 184 and

the corresponding SYLGARD5384 gULhLle@3P s racRPUA Oy WhR{id 50 Wakeinand
' WO

cured. The polynerized SYLGARD is carefully renmoved fromthe silicon

96/ 28538 said plurality of binding domains PAGIGGES/MIhEMgl24 master.
The resul ting el astonmeric stanp is "inked" by exposure to a solution
contdining the Hjemaing hayingndiffexent|binding specificities to provide

(CHerr])[err]-( [ err err])ferp]-OH (1-1Q .1 n ethanol, brought into
contdct with an Fﬁ&l}%"g bé&%@ﬁé%ﬂ@%éﬁ? °ﬁ'H’§' ate is
washed for seyer ' ' ntagn) the thiol HS
(CHerr]) [erér‘] %‘—ﬂgri ?’?%E%?ﬁoéﬁ%% )9'9' %hg%g?ﬂti ng surface is then
rinsed with ethanol and dis4gd Anggsséted ' NdekeBtihg ISP nebisRatifgnt of the
surface with a solution containing 10 acryloyl chloride and triethyl am ne

i n di oxane | eadselectrochemilnminescencefcadprisidgeoxyl terni nated donains

with acrylate groups. A capillary array contai ning mxtures of acryl am de,
bi s-acryi ami de, N acryl oyl succ®? m dcEizst supporthaving @ Pl ity,qf

?ELIbOdIeS prese&iééghégibfﬁghgg g538 gsléhégg%g;brought into contact with

10 (b) a plurality of electrode and
counterelectrode pairs, each of said piurality of
discrete binding domains being aligned with an in
proximity to oﬁe of said plurality of electrode and
counterelectrode pairs; said discrete binding domains and

15 electrode and counterelectrode pairs forming a pluraliﬁy
of cells for deggcting or .conducting measurements.of
electrochemiluminescence, said electrode/counterelectrode
pairs being addressable by a source of electrical energy
in the form of a voltage waveform effective to trigger

20 electrochemiluminescence; and

(c) means for'sample delivery onto said
plurality of discrete binding domains.
55. A cassette as recited in claim 53 wherein
said plurality of binding domains includes binding

25 domains having different binding specificities to provide

for simultaneous binding of a plurality of different

N ' analytes of interest present in a sample.
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aligned surface aligning the capillaries with the acrylate term nated
domai ns to place prepol yner sol utions containing specific antibodies at
each domain. Each capillary in the capillary array contains antibodies 20
specific for a different analyte of interest. Exposure of the patterned

pr epol ymer dr@ﬁydﬁhﬁmﬁo UV light leads to the formation of cppgmsdsiosdeed gel s
on the substrate each presenting a binding domain at the surface. The assay
is carried out by treatnment of the substrate with a m xture 25 of anal ytes
capabl e of binding at one or nore of the b}¥®ing domai ns presented on the
gel surfaces in a buffere ol yt | b ' p L1648 - TAGL
| abel ed secondary antibod%gg. %h?ggfﬁg?%ghﬁtE%?%%k?ﬁgo%%q§%01, 4 OgﬁL(on
pol yacryl am de danpsytd2éf)interesgolifl #0sampircicopgpeibdng?) are then placed
in close proximty to an I TO working el ectrode (4204) as shown in Figs.
42A-B. Light emitted from each () tBefirsklisuprestahaving apinnadidy 6fing a

CCD canera (4205),,and conpargd tq binding domains for_internal standards
included in the S48Cheke g’ig;g gmna:msv%l 75 /surfage tnerect , at s.leasg. _

oL vacrvLA DE SORPAeE el aeieaeE AL donalpe) MR SR B AR ene |

phot oresi st mast @in@ing dpeciPiTitys thih e ey PiAAINGdastaite] Bacho vel |
known procedures to give a pattern of circul ar depression arranged in an

array. A 10:1 m wifuseidfpButa04Ry of discrets duimdiing d8mains heéing
correspondi ng SYLGARD 184, curing agent is poured over the ster and cured.
The 10 pol yner i z&¥9copkplss jand: gurrgprnged S hEnophRbifcregions

(b) a second support having a plurality

10 of hydrophilic domains comprising reaction media suitable

for conducting a chemical assay thefeon; and

_ (c)  means for bringing said plurality of
discrete binding domains and said plurality of reaction
media into contact so that a sample to be analyzed

15 present on each binding domain is contacted with a
reaction medium.

57. A cassette as recited in claim 50 in which
said discrete binding domains further comprise an
internal control.

20 58. A method for preparing a plurality of
discrete binding domains on a support containing binding
reagents capable of binding to analytes of interest,
comprising the steps of '

(a) forming a self assembled monolayer on

25 a support, said monolayer including a linking group A on
the monolayer surface not adjacent to the support, said .
first linking group A being capable of specifically
binding to a linking group B; and

RO AR



master. The resulting elastomeric stanp is "inked" by exposure to a

sol ution containing the hydroxyl term nated thiol

HS- (CH err])[err]-(OCH err]CH err])[err]-0OH (1-10 m\V in ethanol, brought
into contact with an aligned gold substrate and 15 renoved. The substrate

i s washed foryggyassd seconds with a solution containing theciidglsioe
HS-(CH err])[err]-CH err] (1-10 mMMin ethanol). The resul.ting surface is
then rinsed with ethanol and dried under a_stream of nitrogen. Treatnent of
" the surface with a solution containing 20 3%yl oyl chloride and

triethylamne in dioxane | eads (g fggﬁ{._;&;ﬁ{gé% hOQj,QLtti]mei’l% g%ﬁuﬁgh

term nated domains with acryl at'egroups lary array co

m xtures of acrywhthde bindimys reagéhtccaphlile WOYindehgtol &8, analyte
azo- bi s-cyanoval eric acid, and anti bodies is then brought 25 into contact

with the alignedoSuintexest, gaidgbindingpredgante beinghbound e \said
term nat ed donai gi tgﬂ&l ace prepol yner sol utions ,containing specjfic
anti bodi es at ealhPHLRg Frow B BSr that; said binding) xepgent ois

anti bodi es spegci Lj.C ' fyanaly i.njetes 0 of the
patterned preg’ol %ﬁe?ég‘?oﬁﬂe‘{lgyt%% B?/ ?#g%?ﬁli;%gésa.'%eoftt% hgé o_r?r:atl;é:lﬁgérfﬂ_r
cross-linked gel gupPatly Sl PiNadngaslirPAS SHdatd zaabhBUh NE16RATIYy ¥ t he
surface. The assay is carried out by treatnment 'of the substrate with a

m xture of anal yddscrebalbinding idetrings35 at one or nore of the binding

domai ns presented on the gel surfaces in a buffered solution containing
tripropyl am ne and ECL- TAGG94 alfePE@cesal agerrdisig tiee ciadnybswhierein a

PCT/ USS6/ 03100  1BAUFABEREPS A EARESDE BINSION Aardents BERGPALAA & iihe
bindi ng domaiygs) py1iB&1 PEP PG LUFRLRS piAGPRy denliird dnd’dhbrs R saia
contacting step is carried out by delivering a plurality
of fluid samples, each fluid sample including a different
binding reagent, onto said monolayer from a plurality of
tluidié guides. ' |
15 60. A method for detecting or measuring an
analyte in an electrochemiluminescence binding assay
comprising the steps of: |
(a) contacting a plurality of discrete
binding domains immobilized on a surface of one or more
20 supports with a sample containing a plurality of analytes
-and a component of said assay linked to an
electrochemiluminescence label;
(v) applying a voltage waveform effective
ﬁo trigger electrochemiluminescence at one or more of
25 said domains in the presence of a reaction medium
suitaﬁle for conducting an electrochemiluminescence

- assay; and

N
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pol yacryl am de drops (4203) on a gold electrode (4232)) are then placed in
close proximty to an ITOwrking 5 electrode (4204) as shown in Fig. 42.
Light emtted fromeach of the binding domains is quantified using a CCD
canera (4205) and conpared to binding domai ns for internal standards
included in tyg e solution. 6.33. MITIPLE ECL ASSAYS F&afdkadhd\G 10
OF CELLS ON PQLY. LAM DE SURFACES SUPPORTED ON AN ELECTRODE An exposed
and devel oped photoresi'st master of 1-2 migcrons thickness is prepared
according to well known procedures to m\n5%9pattern of circular
depressions 15 arranged in an¢ajrayetectidy brhehsieimf SYLGARD silicone
el astoner 184 and the correspondi ng SYLGARD 184 curing agent is poured over
the master and celectrddhemidunimescencs frodRBaid pimrdlity ofedomadnét om t he
silicon master. The resulting elastoneric stanp is "inked" by 20 exposure
to a solution containing téle hidkbkyfox ame im performanges ofCA err])[err]-

OCH CH -OH (1:.10 ' th |, b ht i tact with
n af Lgned gol o BYBSHTERG St ALPEREVEREmARL R CaRae AR, 862 or cover al
d i th | H ai.g th - Sk£ K -CH
?icgg ZSWI nvi ignsgitulrl\%éno| ;fwT%gg?ggﬁﬁ\gﬂg%ﬁeg?egl S J?#eina%le;l;]ed wi[teLr]

et hanol and dried under a strega)ofamidftizae dBﬁpgigfﬁg Hipidralivyfege with
a solution containing acryloyl chloride and triethylamne in dioxane | eads

to functional i zadiserefe thindindr dapainsron mamuppdobni seidikindddg acryl ate
m xtures _of acryl anm de,

Y e AR L UGG SR TEL TSN
the. al i gned sur  EeePaf? o onéC ahother THEF mabid R PREHGE MihaagOl! oot 1T
terminated dagRi BpeéDf RGP EBROA YR PIra LIty idf”%i?i’e’féﬁ@ dHRjtes BYposure
of the patterned prepolyner droplets to UWWlight [eads to thé formation of
Cross- interest in an electrochemiluminescence assay; and
(b)) a vessel containing a reagent
necessary for.the conduct of said assays.
62. A kit as recited in claim 60 further

15 including an apparatus for performing said assays.

63. A kit for use in performance, of a
Plurality of electrochemiluminescence assays for a
Plurality of analytes of interest comprising:

a vessel containing binding components specific

20 for a plurality éf different analytes for use in a
plurality of electrochemiluminescence assays.

64. A kit as recited in claim 62 further
containing one or more vessels containing non-binding
components for a plurality of electrochemiluminescence

25 assays.
65. A kit as recited in claim 62 further

containing an article comprising a plurality of discrete

binding domains on a support, said binding domains having

(W



| i nked gel s on the substrate each presenting a binding WO 96/ 28538

PCT/ US96/ 03190 127 donain at the surface. The assay is carried out by
treatment of the binding domains first with a suspension of cells, then
with a m xture of binding reagents capable of binding one or nore of the
cell's bound twolksssie! 5 surfaces in a buffered sol ution copiiusicagice
tripropylam ne and ECL- TAGL | abel ed secondary anti bodi es and/ or ot her

bi ndi ng reagents specific for the anal ytes,_The bindi ng donmai ns (4200,
4201, and 4202) (on polyacryl am de drops (i%bB) on a gold el ectrode (4232)

are then placed jn ] s T r ki r (4204) as
shown in Fig. 42.h f%g%?iﬁestl{&ggé? ?B%ry%%gﬁé%fdﬁ ﬁ)él‘&@i %g?ﬂa%%lﬁgl S
quanti fied usi nganothér canite havifgOa) fearewt Hididitigt spbehfi @it teeebols af or
i nter'nal standards included in the sanple solution. 15
6. 34." MULTI PLE ERLursbitss qfORigfRpent aralyes, tiEs inteosst Shiphan
POLYACRYLAM DE SU ﬁ;ES SUPRORTED ON AN ELECTRODE An exposed and devel oped
phot dr esi st~ mast 8reGF9S IMMIRESCAPER (R8SAY s prepared according to wel |
known 20 procegdures to give a pa | |_ar._depressions arranged in

PA 10 o e SvickRearfe Somddenad ’

an array. A 10:1 mixture o I cone el astomer 184 and the
correspondi ng SYLGARD 184 curi nga)agepiut&l ¥t @ seret8chbindi and cured.
The pol ynerized SYLGARD is carefully renoved fromthe silicon 25 naster

The resulting el domaimsion &t @wpport;i feruing\atedeastr enecbindingit i on
cont ai ni.ng the hydroxyl term nated thiol HS-
(CH[err])[err]-(EE¥f€¥?iCH[err])[err]-CH (1-10 mVM) in ethanol, brought into

contact with an aligned gold s trate and,remyved. The.substrate is washed
for several seconds %%3 ap uraf&ty o éieczrode ané

10 counterelectrode pairs, in which said discrete binding

domains are spatially aligned with said plurality of
electrode and counterelectrode pairs; and

(c) means for sample delivery onto said
plurality of discrete Binding domains.

15 67.. A cassette comprising:

~(a) a plurality of discrete binding

domains on a support, forming at least one binding
surface; and

(b) a plurality of electrode and .

20 counterelectrode pairs, in which said discrete binding
domains are spatially aligned with and capable of being
brought into proximity to said plurality of electrode and
counterelectrode pairs, wherein said binding domains are
hydrophilic or hydrophobic relative to the surface of the

25 support.

68. A cassette comprising:

-

L



30 with a solution containing the thiol HS-(CHerr])[err]-CHerr] (1-10 nM
in ethanol). The resulting surface is then rinsed with ethanol and dried
under a stream of nitrogen. Treatrent of the surface with a solution

contai ning acryloyl chloride and triethylam ne in dioxane |eads to 35
functional i ZajpQpadks t e hydroxyl term nated donains wth apéybifsss OUPS.
A capillary array containing m xtures of acrylam de, bis-acrylam de,
N-acryl-oyl succi ni m de, azo-bis-cyanoval eric_acid, and cells is then brought
into WD 96/ 28538 isz PCT/ US96/ 03190
128 contact with the aligned sqg?agepigfgmytggokhaiggggééegﬂﬂagﬂg th the
acrylate term nated donmains to place prepolyner sol utions containing
specific cell typomaimsemcla dirstnsufjpmrt, foredngnat hkeasipidneabindingy
contain cells with 5 different surface structures.that bind different

anal ytes. ExposuPBrfacehe patterned prepol ymer droplets to W |ight |eads
to the formation of cross-linked. gels_on the s

_ bstrate each presenting a
bi ndi ng domai n at the surface. (Phe@aBLURAYILY. of P ﬁdgﬁ?‘?%)ﬁ‘{‘feat ment of the

10 gels with S il L X5 T, y gﬁg bi ndi- ng

at one or nnr? o?g? geﬁgg%?%g goﬁgﬁgé %#égg%%b%g%h éﬁ%“%e ?ﬁ??gégs in a
buffered sol utioaoﬁsmaiﬁé]ceﬂanﬂ;am?yémm 1¢nhEehidagrirdeitgd ognt | bodi es
and/ or ot her binding reagents specitic for the analytes. 15 The bi ndi ng

domai ns (4200, 423ectreodeZ0R) countprejectrddenipadre; opbe (PROI1idy afgol d
el ectrode (4232)e§re t hen pl aced in _cl roximty to an I TO worKki ng

gl egt rodg (4204) eAectFodRs ierdlq”g.sa&Q. bi_)’i?e g SHrLAcE.  PRTR 2hartrodene .
P ECl : . o : 0
bi ndi ng domai ne PAIANERE o0 B nikedfotabadl . S5 RhE, RaaNed-LAERARRTCY 1 ©

10 are on a second support; and

(c) a means for sample delivery onto said
plurality of discrete binding domains.
69.. The cassette accordihg to claim 68 in
vhich said binding domains are hydrophilic or hydrophobic
15 relative to the surface of the support.
70. A cassette .according to claim.66 wherein
said support contains from 2 through 500 binding domains.
71. A cassette according to claim 66 wherein
said plurality of binding domains comprises binding
20 domains having differing binding specificities to provide
for simultaneous binding of multiple different analytes
of interest present in é sample. -
72. A cassette for detecting or measuring
electrochemiluminescence comprising:
25 (a) .a first support having a plurality of
discrete binding domains thereon;
(b) a plurality of electrode and

counterelectrode pairs, said plurality of discrete

U



6. 35. MJULTI PLE ECL COWVPETI Tl VE HYBRI DI ZATI ON ASSAYS ON POLYACRYLAM DE
SURFACES 25 SUPPORTED ON AN ELECTRODE An exposed
and devel oped photoresi st master of 1-2 mcrons thickness i.s prepared
according to well known procedures to give a pattern of circular depression
30 arranged iwoagnasg ay- A 10:1 m xture of SYLGARD silicone ppirambsnip 184
and the correspondi ng SYLGARD 184 curing agent is poured over the master
and cured. The polynerized SYLGARD is carefully renoved fromthe silicon
master. The resulting elastomeric stanp i s193nked" by 35 exposure to a

sol ution contai Ni3daihe QR lpels Sl t imity t
HS-(CH err])[err]-( OCH?err] Cﬂﬁ;r r%‘} iéer rﬂ?&@fl( % arﬂ% ilnnpg?ﬁanols,’ b? ought
into contact wtisadd plugakity dfl eleetirbaécandcanitiredectbodeupairsie is
washed for several seconds with a solution containing the thiol

HS- (CH err]) [ er r Fadf| disrete hindingndosains3end electrode and

PCT/ US96/ 03190 129 i n,ethanpl). ,The resylting surfgce is th rinsed

wi th ®ethanol and c&#glﬁrﬁﬁﬁ%?t%‘f%%w&ﬁ EPIMLRG o} .urﬂlgg:é’nﬁ tcﬁiff h%c’rsur face
with a soluti b B G . ' i &f hyl am ne in di oxane

| eads to 5 fu;ygt i%%% F;g??%f; %&%&%@d?&égﬁr?@%ﬁ%a edydomai ns with

acryl ate groups. eleetpbthéRil@iriscente? Bald €ladtrdie /Rbunteyeidttfode
bi s-acryl am de, N-acryl oyl succi ni m de, azo-bis-cyanovaleric acid, and

nucl ei ¢ aci d pr opadirbubheingneddreskakilieh byransogrcel psf ied ecitenical oenéatgy nt o
10 contact with the_ aligned surface, aligning the capillaries with the

acryl ate terni nat®dth8nEPER 9% 3 veltagecwaverern effpgtdve tontrisger
speci fic probes %tle%%%gcgoﬂfﬂ.@min%‘ cielnlc%r,-i ggdi n the capillary array contain

10 (c) a means for sample delivery onto said

plurality of discrete hindin§ domains.

- 73. The cassette according to claim 72 which
further comprises a second suppbrt capable of being
placed adjacent to said first support to provide sample

15 qontaining means therebetween, wherein said plurality of
electrode and counterelectrode pairs are affixed to said
second support. _

74. The cassette according to claim 72 wherein
said plurality of electrode and counterelectrode pgirs

20 are affixed to said first support.

75. The cassette according to claim 72 which
further comprises a second support capable of being
placed adjacent to said first support to provide sample
containing means therebetween, wherein a plurality of

25 electrodes is positioned on said first support and a
plurality of counterelectrodes is positioned on said

= . second support, so that said plurality of electrodes and

AR



probes specific for a nucleic acid sequence of interest. 15 Exposure of the
patterned prepolyner droplets to UV light Ieads to the fornation of
cross-linked gels on the substrate, each presenting a binding domain at the
surface. The assay is carried out by treatnent of the substrate with a
sanpl e m xt urggq gBy contain 20 sequences capabl e of bi ndipgsilos@de Of
nore of the binding domains presented on the gel surfaces in a %uffered

sol ution containing tripropylam ne and ECL- Tagl | abel ed sequences whi ch can
conpete with the analytes of i nterest for ?mhng to the surface. The

01Nl g, qom e Sniefaciities e 40N 22 BRLIGEAU ANRATIAPS (4209

on a gold el ectrode 23 are then In C roximty to an I TO

wor ki ng el ect r odpré¥idity o she\anothdr.g. 42. Li ght enmitted fromeach of

t he binding domains is quantified using a CCD canera (4205) and conpared to
30 bi ndi ng domai ns for int7érnafhetcassette accoudingite tdiaign 73 wheveimi on.
6.36. MILTIPLE E HYBRIDIZAT ANDW CH ASSAYS ON CLYAC%ghAM DE
SURFACES SUPPCRTE% R&if%@-‘e te binding dom B84E5eP oped

phot or esi st ngst gr r C i s prepared according to well
5 g&o% Eﬁai Ths . _

known procedures to g attern C|rc Sar depression arranged in an

array. A 10:1 mxture of Sthwﬁﬁbséééééﬁﬁé acchbafhy 2693 aim 72 wherein
PCT/ US96/ 03190 130 el astonmer 184 and the correspondi ng SYLGARD 184 curi ng

agent is poured sabd pheraidtiyeofadilscrets] bihidd ngodyneing cbnfpriieaRDats
carefully renoved fromthe silicon master. The resulting el astoneric stanp

i's "inked" by 5 tepskane tindisgl demain dhataicontging bindine yeagenkenat ed
that are identical to each other and that differ in

10 specificity from the binding reagents contained within
other binding domains, to provide for binding of multiple
different analytes of interest.

78. - The cassette according to claim 72 wherein
said plurality of discrete binding domains comprises at

15 least one binding domain that contains binding reagents
that differ in binding specificity.

79. The cassette according to claim 78 further
comprising a reflective surface adjacent to said first or
said second supports.

.20 80. The cassette according to claim 78 whereln
said first and second supports, the plurality of discrete
binding domains and the_plurality of electrode and
counterelectrode pairs are substantially traﬂsparent.

. 81. The cassette according to claim 72 wherein

25 said electrode and counterelectrode pairs are in a size

range of from 0.001 to 10 mm in diameter or width.

I
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thiol HS-(CH err])[err]-(OCH err]CHerr])[err]-OH (1-10 mM in ethanol,
brought into contact with an aligned gold substrate and renoved. The
substrate is washed for several seconds with a solution containing the
thiol HS-(CH err])10-CH err] (1-10 10 mMin ethanol). The resulting surface
is then rinsegowkiddsseet hanol and dried under a stream of nit pegfsesnidfofat ment
of the surface with a solution containing acryloyl chloride and
triethylam ne in dioxane | eads to functionalization of the hydroxyl
ternminated domains with 15 acrylate groups®® A capillary array containing

m xtures of acrylam de, bigg- achyha, 'Qéet% %gc\égg_ylhau.ggiaﬂngeao wge\fmetiﬂ

azo- bi s-cyanoval eric acid, and nuclelc acid probes functionallze

am no_groups is sabh limdiglgt donhing oabéCin W iizeheangée ooe dexron f0aoe1 to
aligning the 20 capillaries with the acrylate term nated domains to place
prepol yner sol ut+®¥ déhddamekgrspecwidthyprobes at each domain. Capillaries
in the capillary array co?hain robes specific for a nuclejc _acid sequence

of in{erest. Exposure of tHe patBefiHeRe gecpraling, o) elain 72 yhergip o5
et Png S BPrERId Arelerbind®anh, BEGH Sl ibctohBpRIES 1 LA Hacil ("

presenting a binding domaln at ace. carried out by

treatment of theséepirdtielyc addrBssabieDhyf 4F ledst bhe!sdicd @ al N sequences
capabl e of binding at one or nore of the 30 bindi ng domai ns presented on

the gel surfaceselectrisulf emettgyol uti on containing tripropyl an ne and
ECL- TAGL | abel ed sequences which can bind the anal ytes at §e2yences not
conpl ementary to the surf&8e- bSRRdCISSALe ancording e ebain V2 whepeing201

are then pl aced THLGIMEEHED BoRRLTS Ere, FYORERRILAPN 00! Rk T ERaH) b
shown in Fi 93042py L4 HYfarcpnbbid LhfFice.

85. The cassette according fo claim 72 wherein
said binding domains are hydrophobic and are surrounded
by a hydrophilic surface. _

86. The cassette according to claim 72 wherein

15 said binding surface comprises a patterned, self-
assembled monolayer.

87. The cassette according to claim 86 wherein
said patterned self-assembled monolayer comprises alkane
thiols.

20 88. The cassette according to claim 87 wherein
said binding domains are capable of binding to analytes
selected from the group consisting of proteins, nucleic
acids, carbohydrate moieties, antibodies, antigens,
cells, organic compounds, and organometallic compounds.

. 25 ' 89. The cassette according to claim 72 wherein
said binding domains contain functional reagents in

assays selected from the group consisting of clinical

QU
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each of the binding domains is quantified using a CCD canera (4205) and
conpared to binding dormains for internal standards included in the sanple
solution. 6.37. MILTIPLE ASSAYS OF DI FFERENT 5 TYPES
ON A POLYACRYip/\gBss URFACES SUPPORTED ON AN ELECTRCDE An eiQﬂﬁﬁ%%

devel oped photoresi st master of 1-2 mcrons thickness is prepared according
to well known procedures to give a pattern_of circul ar depressions 10
arranged in an array. A 10:1 nixture of SYE®®RD silicone el astoner 184 and

t he correspondi n ri | r r and
pondi nghext&RRp éls%eg%‘ﬂ bﬂﬂmﬁﬁgﬁﬁés%e‘}\% &8s8VE ixﬂl&n‘?ﬁ%%? 8

cured. The polynerized SYLGARD is carefully renove omt

mast er. The resubndnpueleit avid preben@ssays. nked” by 15 exposure to a
sol ution containing the hydroxyl term nated thiol

HS-(CH err])[err] - (OCH er r4%GH The] Ppssettenaqebrddngifoi elaimh #volfurbhenght .
into contact with_an gl' ngﬂﬂ okgagubstrate and renoved. The substrate is

washed for sever SPPEE teelenErada pratagtion haxrder

HS- ( CH - 0 i t 1Y.. Th [ 1.i f
S e LS v hnfebiodda (Whtkged salll adbdild WBpber. 406 d43 drditaRdl 20"
of the surface wbihding ddilaivg,C8ald &1éWerde) pPbtesbion iBkrAM: being

triethylam ne in dioxane | eads to functionalization of the hydroxyl _
t er mi nat ed donmi Removable priger fpateigyenirey saddcapi |l ary array contai ni ng

m xtures of acrylamde, bis-acrylam de, N acryl oyl succinim de,
azo-bis-cyanovalgi?iééﬁﬁnﬁm i§ﬁ§°8?°?he bi ndi ng reagents described in

ol oni ng the 30 capi 11 art 85w ARG RASREYIR REorathe o Ao SuEbheF nce
prepol yner salout cempr LIiqlian @desLefedity M&Qgétihg%&ébﬂﬂ?idﬁ ToEaCh
capillary in the capillary array contalns binding domalns specific for
anal ytes of intead3acent to a plurality of electrodes of said electrode

pairs, positioned so as to extend.an electrical potential

away from the. electrode surface into an assay medium.

92. An apparhtus for measuring
15 electrochemiluminescence of a sample comprising:

(a) a plurality of cells for holding at
least one sample, said plurality of cells being formed
from a plurality of electrode and counterelectrode pairs
and a first support that comprises a plurality of

20 discrete binding domains, said plurality of discrefe
binding domains being aligned with and in proximity to
the plurality of electrode and counterelectrode pairs,
said electrode and counterelectrode pairs being
separately addressable, said cells being suitable for

25 conducting measurements of electrochemiluminescence,

(b) voltage control means adapted to apply
a controlled voltage waveform to said plurality of ' -

electrode and counterelectrode pairs, said voltage

* c L M S *



Exposure of the patterned prepolymer droplets to UV light 35 leads to the
formation of cross-linked gels on the substrate each presenting a binding
dormain at the surface. The assay is carried out by treatnent of the
substrate with a sanple mxture that may contain anal ytes WO 96/ 28538
PCT/ US96/ 031990 dsikssgapabl e of binding at one or nore of thepgi/shshasisslomai ns.
presented on the gel surfaces in a buffered sol ution containing
tripropylam ne and either ECL-TAGL | abel ed al ogues of anal ytes which
conpete with analytes for 5 binding to thelgfnding dormai ns and/ or ECL- TAGL
| abel ed secondar LGk s of interest. The binding
domai ns (4200, 4%6?% andqugggg?gﬁc%gYé2§73?2%% e drops (4203) on a gold

el ectrode (4232)electrdulienilamiflesfenddSin Fald pluyaltyros e, kiang 10

el ecttode (4204) as shown in Fig. 42. Light emtted fromeach of the

bi ndi hg domains is quantified §S)nphotacrietector peans)ienddetagtdngd to

6. 35 11 Gy ReVEFetReshetipiiesdance ' om ispia, BAHPLRne Gol d ol oct  odes
(purchased frgm Bi o- Anal ytgcal g ii{i%?&a J_%rgé’g,r PLLS ffqCl eaned by hand
: err

pol i shing sequentially with 0. errfman marum na slurry,

foll owed by chenerétt¥dcHiniQuninésdehté  ddigragihgHifr 6hebe idreand
el ectrochem cal cycling in dilute Herr]SOerr] between -0.2 V and 20 1.7
V vs. Ag/ AgCl . Thentainers| ectrodes were then inmersed overnight in a

di lute solution of octylthiol gcgerr]SFD di ssolved in ethapol, Protein .
adsorption was carried out by d8VeRiBluxakity of qdgerete Rind%hdes with 20

phosphate butf er SCRFH g BBokE ktals 2 Teabt"35e “Sinding '

10 surface; and

(b) a plurality of electrode and
counterelectrode pairs which are spatially aligned with
and capable of being brought into proximity to said
plurality of discrete Sinding domains.

15 94. The kit according to claim 93 further
comprising at least one second support capable of being
placed adjacent to said binding sﬁrface support to
provide sample containing means. |

95. The kit according to claim 94 wherein said

20 second support bears said plurality of electrode and
counterelectrode pairs capable of béing aligned with and
brought into proximity to said plurality of discrete
binding domaihs. |

96. The kit according to claim-93 which

25 further comprises reagents suitable for conducting an

electrochemiluminescent assay and a predetermined amount

- of a pu:ified analyte of interest.

* c L M s *



pH 7.2) and washing the surface extensively with the same buffer after ten
m nute incubation. ECL was done in a three-electrode cell with a Ag/ Agd
reference el ectrode, platinumw re counter 30 electrode and an EGG 283
potentiostat. The light intensity was neasured with a Pacific Instrunments
phot omet er aRglq mat su photo-nul tiplier tube placing atpdfgsebfibgem of
the el ectrochemstry cell. The protein- adsorbed el ectrode was I mersed in
a solution of 0.1 N 35 TPA and 0.2 M phosphate, pH 7.2. Highly reversible
ECL response (substantially sinilar i ntenst3® on the forward and backward
scans) was observed when phe e} égki

PCT/ US96/ 03190 133 potentlgl' V\%s&%éyc od ggﬁgﬁé%aﬁogngefsgr\l/ngasnshown
in Fig. 44A | ndanslyte ofhénterestiii a ampnre eémprisivg process and
stability of the thiol and protein |ayers on the electrode. 5

Cyclic voltammetric experi ment §alea f st suppdrbrhaving arplurslityne®f s as
for ECL, mﬁthout.%;e use qQf PMI' and photoneter. In the experinent, a

C err] SH cover edd n(lhﬁgp‘?‘?}l‘ﬁf%ﬁ op¢hg| BREERGS, thersof: £EnfeFm 1 v

t f 1 | f 0.5
0Cto"T oV and b%*?@&%ﬁ( Se REbg DN ARtk igedEcaee 370944\ O70 "%,
It is indicati veai&atewmﬁamﬁ&aa@maiﬁs Helinly bB afffafshm%tmésﬁgrbl ng at

1.2 V, since there was only capacitive currént in the voltanmogram between
+ 0.5 V and - 0.Speétificiredesothan aother Giinddnty d&mims; cawh of §&id. 44B).

6.39. QUASI - REVERSI BLE ECL El ectrode nodification an rotein adsorptlon
were done in thep%ﬂﬁﬂiiﬁﬂy°§sdé§§€¢t§m§ﬁﬂﬂiyﬂédomﬂinﬁébQ£;9 hydrophilic

and surrounded by hydrophobic regions and

10 (b) a second support having a plurality of
hydrophilic domains comprising reaction media suitable
for conducting a chemical assay thereon to form an assay
surface,

said pluiality of discrete binding domains

15 and said plurality of.said reaction media being capable
of being brought into contact so that a uample to be
analyzed present on each binding domain is contacted with
a reaction medium to detect or measure an analyte of
interest.

20 98. The cassette according to claim 72 which
further comprises temperature control means.

99. A cassettu for performing a reaction of
interest comprising:
(a) a first support having a plurality of

25 discrete domains on the surface of the support, each of
said domains being hydrophilic and surrocunded by a

hydrophobic region on said first support surface; and

AN O A A 1
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experinments, the potential was scanned between 0.0 V and 20 1.5 V, and the
corresponding light intensity was recorded. As illustrated in Fig. 45A,
there was sone | oss of ECL between the forward .and backward scans of the
sane cycle, as well as between different cycles. Cyclic voltamobgrans of

the thiol/Au woofksg cyani de after 25 oxidizing at 1.5 V shp¢fesesnsteo
significant anount of faradaic current, indicative of at.least partial

desorption of the thiol nonolayer at 1.5 V_(Fig. 45B). 6.40. | RREVERSIBLE
ECL In these experinments, electrode nodi fi*@3tion 30 and protein adsorption

were conducted in the sane vvay(dg)zﬁ' gfﬁﬁgapgﬁ\?go{%.,?%,@egzgigg% v [d¥e

el ectrode potential was scanne e way to 0.0 V.

I ntense |ight waischetevadn@ing fvh fthewsudrasdnof el decohll Elipports
obserVed under reversible conditions in 35 Exanple 6.38), but it dropped to
t he background ®*chhefrgaidtonains (44 being hydwphiligaandysurround

vol t anmograns of _t he ngdif'%g.electrode I n gerrigg ni de after oxidizing

WD 967 28538 by a hydrophobic region on said sec 5EoSH56R4%a ot 2. 0

V i ndi cat ed Sty 3Qf | r e Q. AN
ECL SANDW CH m%&%%ﬁ#&%%ﬁw %ﬁ%ﬁi‘% Zégg%ﬂ“%‘é]‘

A PATTERNED GOLRdalckSoRCPE intdiist,0andp/(2idy Béiﬁ&)%ét&ﬁil?shlﬂéﬂé&rat e
specific antigen (PSA) is inmmobilized on a patterned gold electrode for use
i N an i munoassa&ithotheSAdemadins qro saddafdrdtyvsuppat Euifaces sechitlsater of
10 one to two mcrons thickness is prepared according to well known
procedures to giSAdd;SeSOBRA SYPRAK: Garsbet sikuated so as to bring each

of said domains on said second support surface into

10 contact with an aligned domain on said first support
surface.

100. The  cassette according to claim 66 in
which said discrete binding domains further comprise an
internal control. '

15 _ 101. The apparatus according to claim 92 in
which said plurality of discrete binding domains includes
at least two identical binding domains.

102. A binding surface that is the product of
the following process:

20 (a) forming a self assembled monolayer on
a support, said monolayer comprising a first linking
group A on the monolayer surface not adjacent to the
support, said first linking group A capable of
specifically binding to a second 1inking'group B, said

. 25 monolayer being applied to at least one domain on said
support; and
(b) contacting said first linking group A

withla binding reagent, said binding reagent capable of

[
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silicon support with a 1mm x 1nm square patch where photoresist is renoved.
A 10:1 mxture of SYLGARD silicone elastoner 184 and the correspondi ng
curing agent 15 is poured over the naster and cured. The polynerized
SYLGARD is carefully renoved fromthe silicon master. The resulting

el astonmeric "wiogRsssgS "I nked” by exposing it to a solutiong ﬁ%ﬁﬂm o9 the
hydr oxyl -term nated thiol HS- (CHerr])[err] (OCH err]CH err err[-OH and
the nitrilotriacetic acid 20 (NTA) term nated-thiol HS-
(CH[err])[err](CCH[err]CH[err])[err]CIXC»B}QQ}{err])[err]CH(CE{err]H)N(CH[e
rr]Cerr]H[errbihdi . £d I ' [ qé%bﬁ ' act
with a gold substratgﬁgﬁgn??hgéggy?%qéggﬁ%a %Efxéiﬁ%1 n?ﬂgggggg%rate S
washed for severkhkeisgchinkediitohsaidSlimclndg iggoupoB) adithatosaiat he

hydroxl -terminated thiol in ethanol, to prevent non-specific binding of
proteins to the PRANE rasgengecienbinkednhed snddt monolayer bysent AsB surface )
I's then rinsed &}%ﬂkethgpol and géied,under a stream of nitrogen. Treatnent

of the surface g6 0 £OFM pPLRALNG GUrLALe, f ol | owed by treatment with

a solution cogtaining a fusion t4ef ' I ndi ng_si.tes of an
anti - PSA nouse nonocl onal and tsgéaplgﬁhli&g%ﬁlgghggr‘??fmfé’g%?n?‘g%d &2 a

i mobi | i zation opluiel 846 icINAREEEELE Wihdilgy AchhfrE ddhthindng’ 8higd manner.
This process yields a 35 reproducible and predeterm ned anount of

i mobi | i zed pr ot kinding meagentsacapalilee off bindingoto Gin @malytet ofn on t he

surface is contrgl]ed the location of the (His)[err] sequence in the
primry structur T&%$e f usi on WD 96/ 28538 :

PCT/ US96/ 03190 135 protein.n,,The, absol ute anmount of,i bi i,z roteinis
controlled by the ratio oﬂoﬁEA PR, IpRARARYS ropPriging, ?}ngﬂgnat ed thiol

in the stanmped S&bdgduk bF HH8im 102.

. 104. The cassette acdordiﬁg to claim 66 in
vwhich said support comprises an elastomeric material.
| 105. A process for preparing a plurality of
discrete binding domains on a support comprising the
15 steps of
(a) forming. a self assembled monolayer on
a support, said monolayer comprising a first linking
group A on the monolayer surface not adjacent to the
support, said first linking group A capable of
20 specifically binding to a second linking group B, #aid
monolayer being applied to at least one domain on said
support; and
(b) contacting said first linking group a
with a binding reagent, said binding reagent capable of
25 binding to an analyte of interest, said binaing reagent
' being linked to said linking group B, so that said
binding reagent is linked to said monolayer by an A:B .

linkage to form a binding surface,

*+ ¢ L M s *x



surface area of the stanped feature. A calibration curve 5 for PSAis
determ ned by preparing solutions containing known concentrations of PSA in
serum (at concentrations ranging froml1l fMto 1 uM A nunber of surfaces
prepared as descri bed above are treated with the PSA calibration standards
and then w t hyweoggdsss | On contai ning a secondary 10 anti body peg/esitnbionSA
(l abeled with a derivative of TAGL) at an optim zed concentration. A
calibration curve is determ ned by inmersi the surfaces in a solution
containing 0.1 M TPA and 0.2 M phosphate (S%"? 2), and neasuring the peak
intensity of Iight emttechadaealhaen%%uﬂ%é 'Weldly BRGRAj2E4 A 4 he gold
surface is cycled between 0.0 and V at a scanraté of 0.5V/sec. The

determ nation of plukabity cf@iscrateobinding’Wonainsecontaining agide i s
conducted by the sanme procedure except that the concentration of PSA is
calcul ated from Pﬁﬁd%krmm sapable 9t rkinding &ot ant avatyke Wkt i on
curve. 7. I N Tl O\I OF REFERENCES The present invention is not .to be
linmted in scope 15 eregt Specific enbodi ments described herein. I|ndeed,

various nodifigcations of t | n 0. Qﬁ?&r ed
herein wll bgcorre apparenitlf‘i o%%oge §ﬁ§€ Qédp&flﬂl e ar{ﬁ?"r‘%n? rggll ng
description and &ﬁcﬁﬁmnvaﬁ&afxldghb%laﬁufhiMJdﬁhl aBSadp&ttéiersied to
fall within the scope of the claims. Various publications are cited herein,
t he di scl osures sazmmm: dye ai mebhpdrselected fxionr theegroup hei r
entireties. VWO 96/ 28%98

PCT/ US96/ 03190 188P8isting gfpmigroserehinge Rirnarpefefierepifion anf anal yte
by el ectrochem | S conprising an el ectrode and a count erel ectrode,
sai d el ectrode o#mng g’@%eing.

10 107. The process according to claim 105 wherein

said binding reagent is selected from the group
consisting of proteins and fragments and derivatives
thereof, and nucleic acids and fragﬁents and derivatives
thereof.

i5 108. The process according to claim 105 wherein
said bindinq'reagent is seledted from the group
consisting of antibodies and binding fragments thereof,
antigens, epitopes, cells and cellular compdnents.
enzymes, enzyme substrates, lectins, protein A, proﬁein

20 G, organic compounds, organometallic compounds ana-
carbohydrate moieties.

109. The process according to claim 105 wherein
said bindiﬁg reagent comprises a plurality of different
binding reagents, and said contactiﬁg step is carried.out

25 by delivering a plurality of fluid samples, each f£luid
sample compfising a different binding reagent, onto said

. monolayer from a multi array of fluidic guides, such that

‘RO D



5 counterel ectrode having imobilized on a surface thereof a predeterm ned
anount of a reagent capable of binding an el ectrochem | um nescent | abell ed
species or a binding partner of an el ectrochem | um nescent |abelled
species. 2. An apparatus for use in the detection of 10 an anal yte by

el ectrochem 'JVH%&G”CG conprising an el ectrode and a coung&infieedisede,

said el ectrode or counterel ectrode having i nmobilized on a surface thereof
a predeterm ned amount of a reagent capable of directly or indirectly
bi ndi ng an el ectrochem | um nescent | abel | #8215 species. 3. An apparatus

for use in the QaleebtaMpBhafiy Hdmathe Q% A€ VRS Tel FL BE S6if Hela

conprising an electrode, said electrode having rmobilized on a surface

t hereof a predetmnolagdr abave tdifferentapndimppagents 2inked ditheyreto.
conponent of a binding el ectrochem | um nescence assay. 4. An apparatus as
recited in claim3 wherei B12qaiXl metbodr 6dr detedting oxi mgasuring ode. 5. An
apparatus as recited in claim3 wherein 25 sajid electrode is the

count er el ect r od&legtrochem nge FEEPYERIA% claim 3 wherein the :
PCTI US96/ 03190 137 subst ant i al (%) SEAFRSELDE s PYARMIRY 87 diserete,.; yecn
sai d el ectrode 3ihalRgCashains AEIaLENEACE urflidl of/ on@oRRRGY¥E& US as
recited in claim3 wherein said electrode i s conprised of a porous
material. 5 supports8witii\a saplet comporisiie axiliecmles Ainked|td anby
el ectrochem | um nescence conprising a porous el ectrode and a
count er el ect r ode@lectrochemiluminescent label;
(b) applying a voltage waveform effective '
10 t¢to trigger electrochemiluminescence at each of a
plurality of electrode and counterelectfode pairs
spatially aligned with and in proximity to said plurality
of discrete binding domains, and
(c) detécting or measuring said
15 electrochemiluminescence.
111. The method according.to claim 110 wherein
said plurality of discrete binding domains is in a range
of from 5 through 1000 binding domains. .
112. The method according to claim 110 wperein
20 said plurality of discrete binding domains comprises at
least one binding domain that contains binding reagents
that are identical to each other and that differ in
specificity from the binding reagents contained within
other binding domains, to provide for binding of multiple
25 different analytes of interest.

113. The method according to claim 110 wherein

said support comprises a reflective surface. -

* c L M S *



9. An apparatus for use in the detection of an analyte by

el ectrochem | um nescence conprising a 10 working el ectrode and a

counterel ectrode, said working el ectrode having i nmobilized on a surface
thereof and in el ectrochem cal contact therewith, a predeterm ned anmount of

a reagent cawdbegnrseds bi ndi ng a conponent of a binding PCTIUS96/03190
el ectrochem I'um nescence assay. 15 10. An apparatus for use in

the detection of an anal yte by electrochegiluninescence conprising a
wor ki ng el ectrode and a counterel ectrode, €3i d counterel ectrode havi ng

mmobi [ zed on a surface 11iar ek Ahod SLEHINNRE 64160 A inddadkevi Lh,

a predeterm ned 20 anount of a reagent cap ng a conponent of a
bi ndi ng el ect r oshddi $upporsscdhecbinding srirfade apgathéusléctrades iand he

detec}ion of an analéée by el ectrochem | um nescence conpri sing an
el ectTode, a coffRterelactsede pains ppre subatantialiy transparentneni cal

contact with said electr , I d ous matrj.x contajnjng on sur,face
there‘gf a predet erni ned Un&ﬁ&mg%ggg%‘?ﬁ" bI?"B S#ai)‘f‘gh’r%dﬁ?fr@&ﬁponent
of a bi ndi ngsel gaid os{¥edting! HoRaInE" : /62

PCT/ US96/ 03190 138 12. An dajlppar 1hE are 't B size ?gnggtégt%%mo 00t XRaiyte
by el ectrochen Lonmneie aiemete¥pbiSwigti) el ectrode and a plurality of

di screte binding domai ns, said binding domai ns being capable of binding a 5

component of a binding elld&-r fbkremethod neccmrdingaseaplaif. 170 wheradat us for
use in the detectigqﬁﬁ%zan anal yte by el ectrochem | um nescence conprising a
n

mnrking.electroﬁa : Hade.p °8?-Eﬁ%ﬁ*?ﬁﬁ?qﬁﬁq8Pﬁ§Sdﬁﬁﬁj?EP%%%H?lY
containing a prgagt&LLUBN 1y Q"1 e8lt Pone source of electrical energy.

10 . 117. The method according to claim 110 wherein
said binding domains are hydrophilic and are surrounded
by a hydrophobic surface.

118.. The method according to claim 110 wherein
said binding domains are hydrophobic and are surrounded

15 by a hydrophilic surface. .

119. The method according to claim 110 wherein
said binding domains are patterned, self-assembled
monolayers.

120. The method according to claim 119 wherein

20 said binding domains are capable of specifically binding
an analyte selected from the group consisting of
proteins, nucleic acids, carbohydrate moieties,
antibodies, antigens, cells and cellular components,
organic compounds, and organometallic compounds.

25 121. The method according to claim 110 wherein
said method further comprises contacting said binding

- domains with reaction medium suitable for conducting an

assay selected from the group consisting of clinical

R O ) S



10 reagent capabl e of binding a conponent of a binding

el ectrochem | um nescence assay 14. An apparatus as recited in claim13
further conprising a counterel ectrode. 15. An apparatus as recited in claim
13 15 further including a counter electrode, sanple delivery nmeans and

| i ght detectLﬁgggﬁﬁﬁﬁ. 16. An apparatus for use in the det egdigedgPdroran
anal yte by el ectrochem | um nescence conprising (a) an el ectrode, 20

(b) a plurality of discrete binding domains each containing a
predet er mi ned anount of a reagent capableléﬁ bi ndi ng a conponent of a

bi ndi | ect al
(o) means for SumistRy SSEEPEL SaEBlensiye el ISR B

triggering el ectggyay@yi | um nescence, and WO 96/ 28538

PCT/ US96/ 03190 139 (f) neans for el ectrochem | um nescence detection 17. An
apparatus for use in the maaedrhenmethodnaanaréimgtgp claim 110 wherein

el ectrochem | um nescence conpri si ng an el ectrode,
(b) a support haAl% INe 8K F?E%cF‘IMniﬁ 5IB¥‘H#]E-")FYOP dPYBPRYES hi ndi ng

dorai e each o Ra SpPhFELSE PR TRARE, B od IR gRR70)C O
(c) a counterelfiggads afrﬂ) suﬂ?@d}&ifaqﬁys RFRhEpARdAL Ho/ 1igheagenerated
by electrochemiluminescence, each of said plurality of
supports being positioned adjacent to another of saia
supports. '
10 123. A method for detecting or measuring
electrochemilum;nescence in a sample comprising

(a) contacting one or more of a plurality
of discrete binding domains, said plurality of binding
domains situated on a sﬁrface of one or more supports,

15 with a sample comprising molecules linked to an
electrochemiluminescent label, wherein a plurality of
electrode and counterelectrode pairs are spatially
aligned with said plurality of discrete binding domains,
wherein said plurality of electrode and counterelectrode

20 pairs is present on a second support surface,

(b) placing said second support surface
proximate to said binding surface so that each said
electrode and counterelectrode pair is proximate to a
different binding domain, |

25 (c) applying a voltage waveform effective
to trigger electrochemiluminescence at each of said

plurality of electrode and counterelectrode pairs, and

) 0 A A A



bi ndi ng domai ns, (e) nmeans for triggering electrochem | um nescence, and 15
(f) neans for electrochemn | um nescence detection 18. An apparatus as
recited in claim17 wherein said plurality of domains are in

el ectrochem cal contact with said el ectrode. 20 19. An
apparatus as gged in claim17 wherein said electrode is PO 03180 AN
apparatus as recited in claim19 wherein said electrode is conprised of
carbonaceous material. 25 21. An apparatus as recited in.claim

17 wherein said el ectrode is conprised of ¥%rils. 22. An apparatus as

recited in.claim17 wherein sai el L L.um ection neans
VO 96/ 28538 (&) © RIARNY ok He gy %aco&%go 140 det ect s

el ectrochem | um epsEFchelnidtn9ResSénd®r € of said di screte binding donmains.
23. Ah apparatus as recited in claim17 wherein said support is a porous :

matri%. 5 24. 12A.aThermetlodacceriding to claimmild wherein said
support is a porgus, matri x and said el ectrode i s porous. 25. An apparatus

as retited i n clBFHANE SheBr dph Sa1d RUERIILY OfachertERdenAnd x, said matrix

10 bel 10 poS! 41 SRR 33 gl 6 R SR RO LR B ey &

el ectrochem | um paRsAlAIR €1ERELS48%rrotection barrier, and said method
further comprises remﬁving said barrier prior to applying
said voltage waveform.

125. A method for detecting or measuring
10 analytes of interest in a'sample comprising
(a) placing drops of a sample containing

an"analyte‘to be detected or measured on a plurglity of
discrete binding domains on a support surface; said
plurality of discrete binding domains comprising at least

15 one binding domain that contains binding reagents that
are identical to each other and that differ in
specificity from the binding reagents contained within
other binding domains, each of said discrete binding
domains being characterized as either hydrophobic or

20 hydrophilic, with the proviso that the region of said
support surface surrounding each said binding domain is
(i) hydrophobic if said binding domain is hydrophilic,
and (ii) hydrophilic if said binding domain is
hydrophobic, so as to allow said one or more analytes of

25 interest in the sample to bind to said binding domains,
and

* {b) contacting said drops on said first

support with a surface of a second support having a

-
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(a) an el ectrode, 15 (b) a plurality of discrete binding
domai ns each containing a predeterm ned anount of a reagent capabl e of

bi ndi ng a conponent of a binding el ectrochem | um nescence assay, (c) a
count erel ectrode, 20 (d) nmeans for sanple delivery to said
bi ndi ng domai KRy eehdiks MeaNs for triggering el ectrochem | um ngsgagsRareend ()
a plurality of neans for electro- 25 chem | um nescence detection. 27. An
apparatus as recited in claim?26 wherein said plurality of nmeans for WO
96/ 28538 - 166 pCT/US96/ 03190 141

el ectrocheni | un pAscANeS det AgbtAded 519&??339?% \ Ol RmpEREEng! said

bi ndi ng domai ns.” 28. An apparatus as rec clarm 27 erein at | east
one of said pl uredadticn’ mediacsnbrabimntors contect ingl:chemikali asgayescence
from one binding domain. 29. An apparatus as recited in claim27 wherein
said plurality othexeamns B el ectrochenil um nescence detection is a CCD
array or a diode array. 10 ' . ., An_apparatus for in the

3 us
detection of an analyte by el ef®} SAeksF™ ﬁeEBQﬁEEFQﬁﬂﬁﬁ-ﬁ§iﬁggan el ectrode

havi ng i nmobi izgék r r I pt ' bi ndi ng
domai ns, sai dgbi n |ir¥é:e%o?r"gi %@E ’é%%g 1gﬁa%c}:ab e g{’aﬁényd? %ai‘gi cig';rrlg%ﬁ%nt of a

bi ndi ng 15 el ectassdiaig | um nescence assay. 31. An apparatus for use in the
det ecti on of '

126. A method for detecting or measuring
analytes of interest in a sample comprising
- (a) placing drops of a sample containing
io an analyte to be detected or measured on a plurality of
discrete binding domains on a support surface, said
plurality of discrete binding domains comprising at least
one bindihg domain that contains binding reagents that
are identical to each other and that differ in
15 specificity from the binding reagents contained within
other binding domains, each of said discrete binding
domains being characterized as either hydrophobic or
hydrophilic, with the proviso that the region of said
support surface surrounding each said binding domain is
20 (i) nhyarophobic if said binding domain is hydrophiiic,
and (ii) hydrophilic if said binding domain is
hydrophobié, so as to allow said one or more analytes of
interest in the sample to bind to said binding domains,
and
25 (b) placing drops of a reaction medium on
said drops of sample; and |
(c) determining the presence of said

analytes of interest that are bound to said binding domain.

R R



an anal yte by el ectrochem | um nescence conprising an el ectrode havi ng

i mmobi li zed on a surface thereof a plurality of discrete binding domains
each containing a 20 predeterm ned anount of a reagent capable of binding a
conponent of a binding el ectrochem | um nescence assay. 32. An apparatus for

use in the dei@sgissyg of an anal yte by el ectrocheni | um nescepeusHeo%iss Si ng
an el ectrode having imobilized on a surface thereof a 25 plurality of

di screte binding domai ns, said binding dog&?ns cont ai ni ng an
el ectrochem | um nescent |abel. 33. An app tus for use in the detection of

an anal yte by el ectrochemby Qepaaiue roR RetE&EEInd or medBu2§hg8538
PCT/ US96/ 03390 142 el ectrode having i mobilized on a surface thereof a

plurality of di slestterochevihynimesterxce ia d bamplegcapmisingbthag capabl e
of g€nerating a plurality of electrochem | un nescence signals; and a
count’er el ect r odek@lgowing steps in theyordeyapsatiedtor use in the detection

of an anal yte by el ectrochem | ynj nesgen conpr.isi a, . suppoart havin
i molj |i zed thereon a plurali tyani)_fc% Boﬁmgge ‘%‘ @Eﬁ?’ﬁfﬁfzﬁgo

predet er m neds A Whlogaire? BERECHe £ARA UG pIbCh PG SOTORANT Of 2

bi ndi ng 10 el ectrochém | um nescence assay. paratus for use in the

detection of an dimdrete bindiagtdemdlins, waiacbinainyg cdoniins being el ectrode
and a support having i mobilized on a surface thereof a plurality of

di screte bindi ngSRRIHALIY editned with and copablecdftbeingdrangbtininte a
Cl oat T ocho I um PRREIIEY Feoa,PLESAELtY &f AIAETERASs3AY bi ndi ng domi ns
being in eleCtr(Egﬁﬂﬁéﬁﬁle%ﬂgBagtpairs;

10 (b) bringing said binding domains into
proximity to said plurality of electrode and
counterelectrode pairs; ) |

. (e) applying a voltage waveform effective
to trigger electrochemiluminescence; and

15 ' (d) detecting or measuring
electrocheniluminescence. .

128. A method for detecting or measuring
electrochemiluminescence in a sample comprising:
(a) contacting a sample with a surfgce of

20 a support, said surface containing a plurality of
discrete binding domains;

(b) scanning an electrode and
- counterelectrode pair over the surface of said support in
proximity to said binding domains, while applying a

25 voltage waveform effective to trigger
electrocheniluminescence; and

» (c) detecting or measuring

electrochemiluninescence.
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36. An apparatus as recited in claim35 20 wherein the electrode is the
wor ki ng el ectrode. 37. An apparatus as recited in claim35 wherein the

el ectrode is the counterel ectrode. 38. An apparatus for use in the
detection of an analyte by el ectrochem | um nescence conprising: 25

(a) an el ecty@egrgidgscal cell (b) a first surface contai ni NnGEAysssigder 0dE
WD 96/ 28538 PCT/ US96/ 03190 143 (c) a
second surface having i nmobilized thereon a plurality of binding donains
each containing a binding reagent capablelép bi ndi ng a conponent of a

bi ndi ng el ectrochem | um ngsgenfife F33RhasSaCoddiny t3NE12inCEO9 01 pUr f aces

being spatially aligned to permt "el ectron transt'er between said el ectrode

and an el ect r ociwirlichusaonsseid doirdditky donethl s Preapadiedicsd| yhat nikedst o a
said binding reagent. 39. An apparatus for use in the detection of 10 an

anal yte by el ectspediadilyuad tanes widhc engr ini prpximidyetor schtwratitx @ff and

an el ectrode havin ingpbil%zed thereon a angégity'of bi ndi ng donmai ns each

contai ning a bi rﬁ}ﬁ%&tf’ S0RTE coRhnrelertEpd®i PRI conponent of a bi ndi ng

el ect rochem lgm nescence ay, «Jor_conducting
1363 :Jeﬁ:holglc gfagg%?lgé%&pd% %&Qﬂ?#@ v

a plurality of electrochemum nescence ( ri sing e“steps of: (a)
contacting a pl wrdlyke 8F fhe&rdite ib adsaflp e Ednpriding:a sanpl e containing

one or a plurality of analytes of interest under ‘assay conditions; 20
(b) causing one or nore of sata) momtakctingod skmplienwith a surface of
el ectrochem | um nescence; and-
a support, said surface containing a plurality of
discrete binding domains, said binding domains being
10 spatially aligned with and capable of being brought into
"proximity to a plurality of electrode and
counterelectrode pairs, said binding domains (i)
containing an .electrochemiluminescent label, and (ii)
capable of binding ah aﬁalyte of interest, in which said
15 contacting is under conditions such that binding of any
analyte in the sample to said binding domains can occur;
(b) bringing said binding domains into
proximity to said plurality of electrode and
counterelectrode pairs; _
20 © (c) applying a voltage waveform effective
to trigger electrochemiluminescence; and
(d) detecting or measuring
electrochemilumineécence, in which a decrease in
electrochemiluminescence relative to the
25 electrochemiluminescence observed when said contacting
step is not carried out or is carried out in the absence

of any analyte of interest in the sample, indicates the .

presence or amount of said analyte in the sample.
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(c) detecting el ectrochem | um nescence at a plurality of said binding
domains. 41. A nethod for conducting a plurality of 25

el ectrochem | um nescence assays for a plurality of different anal ytes of

i nterest conprising the steps of: WO 96/ 28538

PCT/ US96/ 0313} okfadssg ) contacting a plurality of discrete hicistisagosdsvrai ns,
with a sanple containing a plurality of analytes of interest under assay
conditions; (b) causing said plurality of discrete 5 binding domains to
si mul t aneousl y el ectrochem | um nescence; (c) sinultaneously detecting
el ectrocheni | um nescence {§pm s 82 8 g&§£{ﬁaqﬁp' RgidgnEhns. 10
42. An article conprising a plurality of glscrete I ndi ng doimai ns on a
support, said biandlygedofuinterent i a sahplé Veomparisidig:or gani zation with
respéct to one another and having different binding specificities for

bi ndi'ng a plurality of differeff) @ntagtingsaosanpie widh p,syrface of

| ect hem | um .43, A i ¢l | Si I lit f

di screte bindi ndt FHRRPREs oRAL SHFAde camhagpind;t KA ng o
| at tg al ' ' | y t h

naving & af b GRRens, Buraied dohetthd TRRTE pLALRY ARG p8RGCT T |

el ectrochem | umgiRdanae aisghed Grlth @B cAp&BYé b1 Biny Mrougheninte ndi ng
conponent bound to a different analyte of interest. 25 44. An
article conprisiprpximiltyr #bi 8 yphirality of electrode and

counterelectrpde pairs, said binding domains being
capable of binding an analyte of interest, in which said
10 contacting is under conditions such that binding of any
analyte in the sample to said binding domains can occur,
and in which said -sample contains molecules that are
linked to an electrochemiluminescent label; _
(b) brinéing said binding domains into
15 proximity to said plurality of electrode and
counterelectréde pairs;
(c) applying a voltage waveform effective
to trigger electrochemiluminescence; and
(d) detecting or measuring
20 electrochemiluminescence, in which an increase in
electrochemiluminescence over background levels indicates
the presence or amount of the analyte in the sample.
132. A method of detecting or measuring an
analyte of interest in a sample comprising:
25 (a) contacting é sample with a surface of
a support, said surface containing a plurality of
. discrete binding domains, said binding domains being
spatially aligned with and capable of being brought into

I
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di screte binding domains on a support, said domains having a relative

spatial organization with respect to one another and each having a

di fferent binding WO 96/ 28538 .

PCT/ US96/ 03190 145 specificity for an analyte of interest in an

el ectrochem | wih p@mepnce assay, each domain being bound di r egdynisoflizien
indirectly, to a different analyte of interest and to a noiety capable of 5

el ectrochem | um nescence. 45. An article cqopprising a plurality of discrete

bi ndi ng domai ns on a support conprising a ﬂg ous material each of said

domai ns havi ng Eiﬂﬁﬂgah&{? €0 iplur@dndey 42t Pd-tdidde hhgrect to one anot her

and each having 10 a diftrerent binding specificity for an anal yte of

interest in an elcsinterk2ectrode gades;esaidayimtitiy doaainscheingni ng a

di fferent binding congonent bound to a different analyte of interest. 46. )
An article as re&aPePlenot| hinding aphanatyte ot dnterestusinavhichisaid -
conpri ses carbon. - An _article as recgi,ted in claim 45 iLch sajd porous
materi al conpri Secsoé}xg:lag’ﬁﬁpg. 15 #ndgr Wﬁ&# °E%Mi%tab$ﬂ§%$i?§/

di screte bindigg @S Lt +GO b S [ | i .
fibril, said d%rradi;%sq%ﬁgviiﬁgugere %%E%%ﬁ‘?:‘i’%%ﬁ??&?%% t\%lﬁiilh‘J"‘%cglg]dect to
one anot her and each having a dib)f conthcbingi sxic Minaing domdDis EtHAl yte
of interest in an el ectrochem | um nescence assay, each domain bei ng bound
directly or indi kdading partney fofethet andlybel off dnterester intwinich tsaid

noi ety capabl e of, .el.ectrocheni | ym nescence. 49. An article conprising a
pIuraYitypof binding partnerlis linked to an electrochemilumiggscemmg

label; :

10 (¢) bringing said binding domains into
proximity to said plurality of electrode and
counterelectrode pairs;

. (d) applying a voltage waveform effective
to trigger electrochemiiumiﬁescence; and

15 (e) detecting or measuring
electrochemiluminescence, in which an increase in
electrochemiluminescence over background levels indicates
the presence or amount of the analyte in the sample.

133. The method according to claim 131 in which

20 steps (a) and (b) are carried out concurrently. |

_ 134. The method according to claim 131 in which
step (a) is carried out before step (b); and washing the
binding domains to remove unbound aﬁalyte is carried out
after step (a) and before step (b).

25 135. A method of detecting or measuring an
analyte of interest in a sample comprising:

(a) contacting a first sample with a +

surface of a support, said surface containing a plurality

| A



bi ndi ng domai ns on a support conprising one or nore WO 96/ 28538

PCT/ US96/ 03190 146 pol ynmer nmatrices, said domains having a relative spati al
organi zation with respect to one another and each having a different

bi ndi ng specificity for an analyte of interest in an

el ectrochem ly@ibdpsgence assay, each 5 domain bei ng bound '%ﬁﬁ%
indirectly, to a different analyte of interest and to a nn?% y cg%g%{e of

el ectrochem | um nescence. 50. A cassette for use in the detection of an
analyte in a sanple by el ectrocheni| um nedddnce 10 conprising: (a) a

plurality of di sff @igchold! BEndOiRidihallle® §4PR Ydna iy abfthing Fa e ™' ©

pairs of el ectrodes and -counter tte for

usi ng the det ectspatiafllgnazighed arith and2eRp&bIY ¥ edingC BeBLEHET PEsENCe
conprising: (a) a plurality of discrete binding domains on a Support; 20
(b) one or nor PEeFimityf te| @ @lhwnddtyndfcelectrade@nddes spatial |y
aligned with said discrete binding donmains; and (c) neans for sanple

del i vVery onto sSCHNSPEPARFETOR RAiXsneds whieh waibmample gontains an 52,
e M ke Rt T RCERT T
of a binding el qabed;hed WHIGK GRGR COntadfing is under conditions such
' that said analyte in the sample can bind to said binding
domains;
(b) contacting a second sample with said
10 binding domains, under conditions such that binding of
any analyte in said second sanmple to said bindihg domains
can occur, in which an electrochemiluminescent label is
not linked to.any analyfe in said second sample;
(c) brinéing said binding domains into
15 proximity to said plurality of electrode and
counterelectrode pairs;
(d) applying a voltage waveform effective
to trigger electrochemiluminescence; and
(e) detecting or measuring
20 electrochemiluminescence, in which a decrease in
electrochemiluminescence relative to the
electrochemiluminescence observed when stepl(b) is
omitted or when there is no analyte in the second sample,
indicates the presence or amount of the analyte in the
25 sample.
136. The method according: to claim 131 in which

. the sample is derived from a mammal, and in which said

| D



WD 96/ 28538 PCT/ US96/ 03190 147 53.
A cassette as recited in claimb50 wherein said plurality of binding domains
i ncl udes bi ndi ng domai ns having -different binding specificities to provide
for sinultaneous binding of a plurality of different 5 anal ytes of interest
present in a wabghskssg 54. A cassette for detecting or nmeasur pgfusesnsioe

el ectrochem | um nescence conprising: (a) a first support having a plurality
of discrete binding domains thereon; 10 1 (b) a plurality of
el ectrode and counterel ectrode pairs, each % said plurality of discrete

bi ndi ng domai ns Rethédais Qi@ Wo! Heflrhind X id¥nie rhOtRe idintSdydoRl ural ity
of electrode and counterel ectrode pairs, said discrete binding domains and
15 el ectrode andtbeumammalectrode pairs formng a plurality of cells for

detecting or conducting neasurenents of el ectrochem | um nescence, said
el ect rode/ count er el ect r odetdfai FRepReEREY ARcording-tayclal® 3de ig which

| I cal | f, . f ef f ' ' 20
el ot r oonem | unt Saecafifld HeReRind FalS Mol ndmnE ) | S i Geblpd””'
plurality of & sekehsedl dliqihnialBteStnd b B20LLE18514 Ui Lol a1 M

53 wherein said plurality of binding domalns I nc I ndi ng mal ns
havi ng di fferent binding syssci A methed for Perfodmihgrasreadtizie@ss bi ndi ng
of a plurality of different anal ytes of interest present in a sanple. WO
96/ 28538 interest comprising: PCT/ US96/ 03190

(a) applying a sample.to each of a
plurality of discrete domains on the surface of a first
10 support, each of said domains being hydrophilic and
surrounded by a hydrophobic region on said first support
surface; and .
(b) situating a second support having a
_ plurality of discrete domains on the surface of the
15 second support, each of said domains (i) being
hydrophilic and surfounded.by a hydrophobic region on
said second support surface, (ii) comprising reaction
medium suitable for performing a reaction of interest,
and (iii) being spatially aligned with the domains on
20 said first support surface, so as to bring each of.said
domains on said second support surface into contact with
an aligned domain on said first support surface, such |
that said sample is contacted with said reaction medium.
. 139. The method according to claim 109 in which
25 said plurality of fluid samples is delivered concurrently
onto said monolayer.
140. The method according to claim 110 wherein

said support comprises an elastomeric material.

[
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148 56. A cassette for detecting or neasuring an analyte of interest in a
sanple conprising: (a) a first support having a plurality of discrete

bi ndi ng domains on a surface thereof, at least 5 one of said discrete

bi ndi ng domai ns being of different binding specificity than the other

bi ndi ng donaiywgegmash Of said plurality of discrete bindi ngpepisdsiasiobei N9
hydrophilic and surrounded by hydrophobic regions; (b) a second support
having a plurality 10 of hydrophilic domajns conprising reaction nedia
sui table for conducting a chem cal assay thet eon; and (c) nmeans for
bringing said plurality OEAQ'SﬁﬁﬁtﬁééﬁéﬁhdaﬁdQBQB ”ﬁaaE?a Phieblhy of
reaction nmedia into contact so that a sanple to anal yzed 15 present on

each bi ndi ng donsaid ipatternedt 8d1li-issdnbIRAC nond1APEL Ustnrises @lkanket e as
recit'ed in claim50 in which said discrete binding domains further conprise

an imternal cont¥giolso 58. A nethod for preparing a plurality
of discrete binding domains_on_a s rt con ai ni.ng bi ndi n eagent s
capabl e of binding to anal 2ash oFe ihg; fg T?ﬁéhﬁiﬂﬁgaef (a)

forming a sel § aéﬁi{ﬁ!é“% QQE§§§£ Qﬁh éi jpport, said nonol ayer

including a l1nking grou ayer ‘surface not adj acent to the

poport e 1 110 0L goebomarenlscoeses d gl

PCT/ US96/ 03190 149 qigcrebe dindipgsdomains,stsaidnpilugayity pof binding
domains situated on a surface of one or more supports, in
vhich said contacting is with a sample comprising

10 molecules linked to an electrochemiluminescent label,
wherein said sample does not contact any electrodes or
counterelectrodes during said contacting step; _

(b) bringing an electrode into proximity
to said one or more of a plurality of binding domains;

15 - (e) applying a voltage waveform effective
to trigger electrochemiluminescence at said one or more
of a plurality of binding domains; and

| (Q) detecting or measuring
electrochemiluminescence.

20 143. A method for detecting or measuring.an
analyte of interest comprising:

(a) contacting one or more of a.plurality
of discrete binding domains, said plurality of binding
domains (i) being situated on a surface of one or more

25 supports, and (ii) being spatially aligned with and in
proximity to a plurality of electrode and

. counterelectrode pairs, in which said contacting is with

I
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wi th a binding reagent capable of binding to an analyte of interest, said
bi ndi ng reagent being bound to said linking group B, so that said binding
reagent is linked 5 to said nonolayer by an A:B |inkage to forma binding
surface, said binding surface organized as a plurality of discrete binding

domai ns. 59. wWokémssss according to claim57 wherein a pl Urﬁ'é["iﬁééﬁl&’fmo
di fferent binding reagents are bound to the 10 plurality of discrete

bi ndi ng domai ns and wherein said contactigg step is carried out by
delivering a plurality of fluid sanples, éh fluid sanmple including a

di fferent binding gﬁﬂgngoﬁi&@?@%@ggggyﬂnﬁ&)rgoaanl urality of fluidic
6 or

gui des. 15 0. A netho etecting or neasuring an anal yte

i n an el ect r ochetidctrochenthamri iestdintg 1apgay conprising the steps of: (a)
contacting a plurality of discrete binding domains i mobilized on a surface
of one or nore 20 supports wi (i dringing anrelecinedeaapfurality of

anal ytes -and a conponent of said.,assay | ipked to gn
el ectrocheni | um % 8?1'_83'*1:%6%‘?3, inke Rﬁ%ﬁ?‘ﬂ PR ARG EPRaIE I BPTR A% &cti ve
to trigger el§ctﬂlg§13g_qh#ggtnen§%m i Fs[‘}?’ﬁ"ggﬁ%'or nore of 25 said domains in

t he presence of "a reactfton "for conducting an

el ectrochen | um nescence assay¢c)pplying 85vSHaife waveform effective
PCT/ US96/ 03190 150 (c) detecting or ngéggiing el ectrochem | um nescence from

said plurality do ¢rigger. ebdctrbdhieniflominescenceat! aaidnone af woxs ural ity
of el ectrochem lo"i’man% gggg:?t}? Sc;sfa)girjdci).;lgadomains ; and .

(d) detecting or measuring

10 . electrochemiluminescence.

144. A cassette comprising:

(a) - an electrode containing on its
surface a predetermined amount of a material comprising
binding reagents organiéed into one or more discrete

15 bin@ing domains, said binding reageﬁts being capable of
spécifically binding an electrochemiluminescent- labelled
molecule or a binding partner of an
electrochemiluminescent-labelled molecule, and said
material (i) being permiséive to electron transfer_

20 between said electrode and an electrochemiluminescent
label in said electrochemiluminescent-labelled molecule
bound to said binding reagent or to said binding partner
when said binding partner is bound to said binding
reagent, or (ii) allowing said electrode to generate

25 photons f;om said electrochemiluminescent label; and

(b) é counterelectrode.

145. A cassette comprising an electrode

containing on its surface a predetermined amount of a

A



5 plurality of analytes of interest conprising: (a) an article conprising a
plurality of discrete binding domains on a support, said binding donains
having a relative spatial organization with respect to one another and
having different binding 10 specificities for a plurality of different

anal ytes of iwpoggssss i n an el ectrochem | um nescence assay; apgubdtlesoVessel
contai ning a reagent necessary for the conduct of said assays. 62. A kit as
recited in claim®60 further 15 inclumln;igkapparatus.for perform ng said
assays. 63. A kit for use in performance, a plurality of '

el ectrocheni | un RRE&ENCE REPRYS1HG! bindiny Fealh¥neh %Hﬁﬁd %m%'og%ﬂge“

conprising: a vessel containing binding conponents speci

plurality of diférrmone stiscyete bindirke donaingl,usaidtyimding reagents

el ectfocheni | uni nescence assays. 64. A kit as recited in claim62 further
cont ai ni ng one oPe+Rﬁe?¥ﬁ9§§€Fgeﬁéh¥@#nﬁﬁﬂfnﬁmiabﬁh&#ﬂg andRRichmateyiad

I it f el 1 l.um 5 . _65. kit ited i
DUl LY of ol e I B35 SOSRIE 0% LIty B0l (o0 1
bi ndi ng domai §s electrude’ ahlt: s884 el éﬂd&eﬂ‘iﬁ[ﬁh@ﬁe@@%@%aml\’.\o 96/ 28538

PCT/ US96/ 03190 151 a relative spatial organization w respect to one
anot her and having differas6.brhdi cgssertd faceoritigl €6 e1dimiraa in of

different analytes of interest in an el ectrochen | um nescence assay. 5
66. A cassette ¥oifgh sfidgelegirade| is ganopsef di screte binding
_ 147. The cassette according to claim 144 in
which said electrode is porous. |
10 148. A cassette comprising:
(a) a support having oné or more discrete
binding domains containing binding reagents;
(b) an ionically permeable porous matrix,
said binding domain beihq linked to said porous matrix;
15 (c) an electrode in electrochemical
contact with said binding domain; and
(d) a counterelectrode.
~ 149. The cassette according to claim 147 in
which the binding reagents are electrochemiluminescent-
20 labelled. |
150. A cassette comprising:
(a) a binding domain containing binding |
reagents; and
(b) a porous support, said binding domain
25 being linked to said porous support, said porous support
being an.electrode in electrochemical contact with said

- " binding domain.

I
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dormai ns on a support, formng at | east one binding surface; (b) a plurality
of electrode and 10 counterelectrode pairs, in which said discrete binding
dormains are spatially aligned with said plurality of el ectrode and
counterel ectrode pairs; and (c) neans for sanple delivery onto said
plurality of Wbhsgs bi ndi-ng domai ns. 15 67.

comprising: (a) a plurality of discrete binding domains on a support,
form ng at | east one binding surface; and (b) a plurality of el ectrode and
20 counterel ectrode pairs, in which sai ddPscrete bi ndi ng domai ns are
spatially aligned with angs£apahl Gagkebel NGodthigR tbNk9a Ph 4o sal d
plurality of electrode and counterel ectrode pairs,” wherein said binding
domai ns ar e hydrimtthierccompidsks @heduaterebéctrodeq t he surface of the 25

support. 68. A cassette conpri sing: WO 96/ 28538 ] *
PCT/ US96/ 03190 152 (a) a }Per Bhe passetitecaceardiingditegcdiatmi H80 on a first v
support, formng.at l.east,one, binding surface; (b a plurality of '

el ectrode and 5%@5&'5?'& ﬁ?égﬁ’ NG, TPRILRtS AT %Qﬁaﬁeﬁgégr’é?‘én%i%i ng -

domai ns are spatdagld ¥iak g with said plurality of el ectrode and
counterel ectrode pairs, the plurality of electrodes is on said binding

surface, each el ectrode agls®salicasaettli S6mpues. in, and the-
counterel ectrodes 10 are on a second support; an
(a) a first support having a first
surface containing an electrode; and
(b) a second support having a second
10 surface containing a binding domain, said first and
second surfaces being spatially aliéned to make
electrochemical contact.
154. A kit comprising:
(a) a first support having a first
15 surface containing an electrode;
(b) a second support having a second
- surface containing a binding domain, said binding domain
containing a predetermined amount of binding reagents,
said first and second surfaces spatially aligned to make
20 electrochemical; contact; and |
(c) a vial containing an
electrochemiluminescent labelled spécies.
155. A cassette comprising:
| (a) a first support having a first
25 surface containing an electrode; and
(b) a second support having a second

surface containing one or more discrete binding domains, .

said first and second surfaces spatially aligned to allow

QLT



(c) a neans for sanple delivery onto said plurality of discrete binding

domai ns.

69.

The cassette according to claim68 in which said binding

domai ns are hydrophilic or hydrophobic 15 relative to the surface of the
support. 70. A cassette according to claim66 wherein said support
contai ns fromydokhgsas/gh 500 binding donmains. 71. A cassett e pgg, fog to

claim66 wherein said plurality of binding domains conpri.ses binding 20

dormai ns havi ng differing binding specificii+fs to provide for sinultaneous
binding of nultiple different anal ytes of

erest present in a sanple.

72.

A cassette for deiéstrdid teanEBes Ubdtitedtl A leQeREPLLNEh {RRCREReRRTP! | Si NQ:

25

(a) a first support having a plurality of discrete

bi ndi ng donui ns lakelk@ssociptedphitialtie/ binhddngcaonsdin aamll ahent er el ect r ode
said plurality of discrete WD 96/ 28538
PCT/ US96/ 03190 1%Xegknadeng domai ns being aligned with and in proximty to
said plurality of electroaga gﬁcounterelectrode galrs id dis rete

pairs',

bi ndihg domai ns and el ect

8 crnthe ascered gp%?r??? |%5Wg

pl ur al i ty of seldsidene $8LBRAI geg?g,?gﬁfl
el ectrochem | um nescence, Sglg fgﬁékecouk%%ge ectro ﬁalrs belng
addr essabl e by acassatte (fhreheﬁtéoﬁ}ﬁ!'iﬁﬁawbou&tbﬂélé@ﬁfﬁdﬁ a vol tage

wavef orm effective to trigger electrochem | um nescence; and 10
(c) a neans for sanple delldVerd cassetis cquprialingy of di screte binding

donmi ns.

10

15

20

25

73. The cassette accoEding to claim72 which

an electrode having a first surface;

(b) a counterelectrode having a second
surface;

(c} a porous material between said first
and second surfaces, said porous material containing
binding reagents that are capable of binding an
electrochemi1uminescent;1abe11ed molecule, said porous
material and said first surface being spatially aligned
80 as to permit electron transfer between an
electrochemiluminescent label on a molecule bound to one
or more of said binding reagents and eaid first surface.

158. A cassette comprising:

(a) a porous electrode;

(b) a counterelectrode;

(c) a support having a pluralit& of
discrete binding domains thereon, said binding domains
being spatially aligned to allow electron transfer
between an electrochemiluminescent-labelled@ species
linked to the binding domain and said porous electrode.

159. A cassette comprising:

{(a) a porous electrode; and

* < L ® S *



further conprises a second support capable of being placed adjacent to said
first support to provide sanple 15 containing neans therebetween, wherein
said plurality of electrode and counterel ectrode pairs are affixed to said
second support. 74. The cassette according to claim 72 wherein said

plurality of b sg@de and counterel ectrode pairs 20 are aflt,lf-ﬁ@g' shfepai d
first support. ?@% he cassette according to claim 72 which turther
conpri ses a second support capabl e of being pl aced adjacent to said first
support to provide sanple containi ng neans’®her ebet ween, wherein a

plurality of 25 electrodes is ggsifyl QBﬁﬂtQPedf%é&Jder'sEaiﬂpBGféu@”d a

plurality of counterel ectrodes I's positione n sal d second support, so

t hat said pl uralelectebdel estittaddringaon its\V¥nfaBa3haterial comprising
PCT/ US96/ 03190 154 counterel ectrodes is capabl e of being positioned in
8

proximty to ondinddngereagentsihsajdsmateriat dnitionpernissiventr wherein
said plurality of discrete binding domains,contains from5 5 through 1000

b: ndi In_g dorr?i n_s.e]'?f’.tr?ﬂ_etffﬁ%%q & : GGF‘dFﬂH_lt%l?ﬁt&i%En%@ei n said - N
Phat cont ai nsS boupcseoraal (h UIRhE, TRIRE Piind" vl SR8 o8 Heds W8 00, 01 "

differ in 10 spegild ®ihdihgOFeddunta,ndi ng reagents contained within other
bi ndi ng domains, to provide for binding of nmultiple different anal ytes of
interest. 78. The casset 160 adt aratisegteocobprisifyswherein said plurality of
di screte binding domains conprises at 15 | east one bindi ng domai n that
cont ai ns bindi ng reagents (a) a support having a plurality of

discrete binding domains thereon;
10 (b) a compartment for fluid transport
toward and away from sald binding domains; and
(c): an electrode and a counterelectrode
spatially alignéd s0 as to generate an
electrochemiluminescent.signal from an
15 electrochemiluminescent label bound to said plurality of
binding domains.
161. A cassette comprising:
(a) an electrode coﬁtaining on its
surface a plurality of discrete binding domains; and
20 {b) a counterelectrode,.
' 162. A cassette comprising:
(a) a plurality of discrete binding
domains on a support; '
(b) an electrode; and
25 (é) a counterelectrode, said electrode T
being capable of generating a plurality of

electrochemiluminescent signals from a plurality of -

S
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that differ in binding specificity. 79. The cassette according to claim78
further conmprising a reflective surface adjacent to said first or said
second supports. 20 80. The cassette according to claim78 -
wherein said first and second supports, the plurality of discrete binding
domai ns and tvp?gwal ity of electrode and counterel ectrodep@fisdosnfoe
substantially transparent. 81. The cassette according to claim72 wherein
25 said el ectrode and counterelectrode pairs are in a size range of from

0.001 to 10 nmin dianeter or width. Wb786/ 28538
PCT/ US96/ 03190 fas C | 0Gy 4.6, G @l Al d
bi ndi ng donai nsgg'régélgﬂc%—% ze ?‘gtr?tggngf i%%inélmﬁf‘f%t %b%g%?n n di arrté?er or

wi dth. 83. The g#satkérete airding Homakasn 72 wherein 5 said el ectrode and
count'erel ectrode pairs are each separately addressable by at |east one

sour e of electrical enerifd. She cissettesef tclaiacd6di Ay vhich said/2
wherein said binding_domains are hydrophilic and are surrounded 10 by a

Byﬁ&?ﬁhoggﬁa?u;P&?€P18§¥ qu?%ﬂﬂi?ﬁtPSTG&E%r?T?EF#ﬂ)?H aim 72 wherein said
surfacg. 86. hgiggggéﬁgﬁgﬁ%iﬁﬁgﬁ%nt%oi?gl fn#g"{i&g‘é"lr%é %agégéglg?%%% |rng
surface conpri sepmprises chédits 53! fsam?iéeabif@efpiwt%Ythdsﬁlui@ﬁﬁﬂsSet te
according to claim86 wherein said patterned self-assenbl ed nonol ayer
conpri ses al kaneft distBete binding domains.

164. The cassette of claim 161 which further

| comprises means for sample delivery onto said plurality
10 of discrete binding domains. '

165. The cassette of claim 160 in which said
electrode is capable of generating an
electrochemiluminescent signal from an
electrochemiluminescent label associated with at least

15 one of said binding domains.
166. A cassette comprising:
(a) a support having a plurality of
discrete binding domains thereon; and
(b) one or more electrode and
20 counterelectrode pairs.

167. The cassette of claim 165 which further
conmprises means for sample delivery onto said plurality
of discrete binding domains. -

| 168. A kit comprising:
25 (a) an eléctrode containing on its
surface discrete binding domains organized into a

- pattern;

-

N I



20 88. The cassette according to claim87 wherein said binding
domai ns are capable of binding to anal ytes selected fromthe group '
consi sting of proteins, nucleic acids, carbohydrate noieties, antibodies,
antigens, cells, organic conpounds, and organonetal lic conpounds. 25
89. The cassedd®ngasording to claim72 wherein said bindi ngfaeRiRs,
contain functional reagents in assays selected fromthe group consisting of
cl i nical WD 96/ 28538 PCT/ US96/ 03190
156 chem stry assays, chem | um nescence aégﬁys, I rmunoassays and nucl ei c
acid probe assays. 90. The cas t ' 0. 970
conprising a renovabl e electroggjp?%tec f%%ﬂgg%rf%%qgﬁ?%fgggéégg%%etmeen
sai d second supptswarshandaifvonli saiktieinding agmdin®i ns, sai d el ectrode
protection barrier being renovable prior to triggering said
el ectrocheni |l um nescence. 91. Bk chemteralectrvdey tandcl aim 72 further 10 -
conprising an electrically congygtin terial ,op or adjacent to a
plurality of electrodes of sai | &tt CAREALNINGSi t i oned so as to extend
an el ectii cal s POl RtrdlonaidYuhi ABddHt-1pBR11 04 SuStd LR | MO AN assay

e e

medi um 92. An apparatus for neasuring ectroc um nescence of a
sanpl e conprising: (a) a pbatakidasstttecobiptosikgl di ng at | east one
sanple, said plurality of cells being formed froma plurality of electrode
and count erel ectrode pairs and(® fia pluzadpbytof isameter bindingpl urality
of 20 discrete bindi,n Ips, said_plurality of discrete binding domains
bei ng al i gned wi 7Piﬁﬁ% ﬂﬁgg?€x¢?ﬁﬂ%/q;9°FF8dﬁbu?%éqt%FQﬂtréﬂecpﬁﬁmi and

counterel ectr odgRAinR1 to an ionically permeable porous matrix; and

L]

10 (b) a counterelectrode.

170. A cassette comprising:

) (a)- a plurality of discrete binding
domains, said binding domains being linked to an
ionically permeable poréus~matrix; ‘

15 : (b) an electrode proximal to said
ionically permeable porous. matrix; and
(c) a counterelectrode.
171. A cassette comprising:
(a) a plurality of discrete binding
20 domains, said binding domains linked to an ionicaliy
' permeable porous matrix; and |
(b) an electrode in electrochemical
" contact with a plurality of said binding domains.
172. The cassette of claim 170 which further
25 comprises a counterelectrode.

173. A cassette comprising:

I
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said el ectrode and counterel ectrode pairs being separately addressabl e,
said cells being suitable for 25 conducting neasurenents of

el ectrochem | um nescence, (b) voltage control nmeans adapted to apply a
controlled voltage waveformto said plurality of electrode and

count er el ect pglgsdRsds’ S, sai d vol tage WO 96/ 28538 PCT/US96/03190
PCT/ US96/ 03190 157 waveform being effective to trigger

el ectrochem | um nescence in said pIuraIitﬁ of cells, and (c) photon
detector nmeans for detecting el ectrochem 8% nescence from said sanple. 5

93. AKkit suitable for neasuwagg g!?gafgfffghgfugfg%§g BCBiRAIMY i Sing in

one or nore containers (a) a plurali of di‘'screte binding domains on a
support, form ndoatihsassaidhelurading 66 bBindiwe domadneblinked vealdaty of

el ect'rode and counterel ectrode pairs which are spatially aligned with and
capabl e of bei nPosPUggRRPPORY; @ndkinity to said plurality of discrete

bi ndi ng donai ns. 15 134. The_kit accordin 0 c#aig19 further
conpiising at |east one second®upfBr eleg @ ot GOpPEREE®adj acent to

sal d_bi nding g5ULbAERcE WPRK a [utalibdeos SRS %gfgghaﬁgﬂﬁéf‘s- 95. The

kit according to claim9 el n sail secon ears said
plurality of electrode angt7gounicRisgletelr 86mpPisimg:capabl e of being aligned

with and brought into proximty to said plurality of discrete binding
domai ns. 96. The kit accordi ng{a)o anaedeétrodienical cell comprising an
electrode, a counterelectrode and an ionic solution
contacting said electfode; and
10 (b) a supporf h&ving a plurality of
discrete binding domains thereon, said plurality of
binding domains being in electrochemical contact with
said electrode.
175. The cassette of claim 143, 144, or 160 in
15 which the electrode comprises carbon fibrils.
176. A method for detecting or measuring
electrochemiluﬁinescence comprising:
' (a) contacting the binding reagents in
the cassette of claim 143 with a sample comprising
20 molecules linked to an electrochemiluminéscent label;

(b) applying a voltage waveform effective
to trigger electrochemiluminescence at said electrode and
counterelectrode; and

(c) detecting or measuring said

25 electrochemiluninescence.
177. A method for detecting or measuring

- electrochemiluminescence comprising:

I
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25 further conprises reagents suitable for conducting an

el ectrochem | um nescent assay and a predeterm ned anount of a purified
anal yte of interest. WO 96/ 28538

PCT/'US96/ 03190 158 97. A cassette for detecting or neasuring an anal yte of

interest in awdagpessg conprising (a) a first support having peRbsvsesis y of
di screte binding donmains on the surface thereof to form5 at | east one

bi ndi ng surface, at |east sone of said di igéete bi ndi ng domai ns bei ng of
di fferent binding specificities than othe i ndi ng domai ns, each of said

plurality of discrete binding ggmaiceathet rm;gmlglhlihg Pasgénkd Gynded by
hydr ophobi ¢ regi ons and 10 nﬂ%b) a second support having a
plurality of hydhepkbabsettienst ndadmmniiswith reeaampde conprising abl e for
conducting a chem_cal _assay thereon to forman assay surface, said

plurality of di Roleculsentinkpeddionmnselsctrechaniduninesreny labaly d i

reacti on nmedi a bei ng capabl e of, .bei ng.btought into contagt so at. ,a sanpl e
to be anal yzed present on 'each(fbr}' nepgéyéﬁﬁa? veitags, raveLarn, e4fecti¥e i on

mediumto det!?“\:d”trﬁ&@éi:‘_rglm%ﬂ?uﬁiﬂ.é&ﬂ@tat 2814 electroae’@na The

cassette according to"Claim 72 whic urther conprises tenperature control
means. 99. A casoemterébactwsde) @ndgd a reaction of interest conprising: (a)
a first support having a plurality of 25 discrete domains on the surface of
t he support, each of said donsl@ls Kdetegtindremnmeaasuring saidounded by a
hydr ophobi ¢ reg;agc n.s égi ﬂﬂ Aeég%%%gtt surface; and
178. The method according to claim 175 in which
10 said electrode is porous. '
179. A method for detecting or measuring
- electrochemiluminescence comprising:
. (a) contacting the binding reagents in
the cassette of claim 147 with a sample comprising
15 molecules linked to an electrochemiluminescent label;
| (b) abplying a voltage waveform effective
to trigger electrochemiluminescence at said electrode and
counterelectrode; and
(c) detecting or measuring said
20 electrochemiluminescence.
180. A method for detecting or measuring
electrochemiluminescence comprising:
" (a) contacting the binding reagents in
the cassette of claim 150 with a sample comprising
25 molecules linked to an electrochemiluminescent label;
(b) applyiﬂg a voltage waveform effective

to trigger electrochemiluminescence at said electrode and -

counterelectrode; and

I
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WD 96/ 28538 PCT/ US96/ 03190 159 (b) a
second support having a plurality of discrete domains on the surface of the
second support, each of said domains (i) being hydrophilic and surrounded
by a hydrophobi c regi on on said second support surface, 5 (ii) conprising

reacti on nediwgagagisgabl e for perfornmng a reaction of intergstusoaisdod iii)
being spatially aligned with the domains on said first support surface such

that said second support can be situated igbas to bring each of said
dormai ns on said second support surface in 10 contact with an aligned

domain on said first support guhfagereddfthg Hheneddtpihg &&Prding to claim
66 in which said discrete binding donaim;%LMther conpfri se an internal

control. 15 electrochiii luiiineapeneal us according to claim 92 in which
said'plurality of discrete binding domains includes at |east two identical
bi nding domai ns. 102. A Bi&idi Agnethed ctor HigtectingcoprneRsuring t he

foll ow ng process: 20 . (a) forming a self assenbl ed

monol-ayer on a §€ﬁﬁ£%??h?ﬂ%¥3mﬁBﬁBFﬁyﬁﬁ ?%Nﬂﬁ%%gﬂﬁg a first linking group A
on the nonol gyer surface not hac . S Ehgi i lsinlei Ng
group A capa%l e of specifical qubbi %ﬁ’&%&g%%ti asgbgg;gghpiﬁ [ ng’f' g‘?%‘t}paigahsai d
25 monol ayer bebfiga apitdteGurase WwEth!a Mnpid Wolhpeis$ngnélends and (b)

contacting said first linking group A with a binding reagent, said binding

reagent capabl eliftked to an electrochemiluminscent label, said first
surface aligned with a second surface containing an
electrode, said first and second surfaces spatially

10 aligned to make electrochemical contact;

(b) applying a voltage waveform effective
fto trigger electrochemiluminescence at said electrode and
a counterelectrode; and

(c) detécting or measuring said

15 electrochemiluminescence..

182. The method according to claim 180 in which
the first surface is a porous material.

183. A method for detecting or measuring
electrochemiluminescence comprising:

20 | (a) contacting the binding reagents in
the cassette of claim 156 with a sample comprising
molecules linked to an electrochemiluminescent label;

(b) applying a voltage waveform effective
to trigger electrochemiluminescence at said first surface

25 and said second surface; and

. (c) detecting or measuring said

- electrochemiluminescence.

A



WD 96/ 28538 PCT/ US96/ 03190 160 bi ndi ng -
to an analyte of interest, said binding reagent being linked to said

| i nking group B, so that said binding reagent is |inked to said nonol ayer
by an A:B linkage to forma binding surface, 5 : sai d bi ndi ng
surface bei ngweydgasged as a plurality of discrete binding geffgsdsnsion

contai ning said binding reagents capable of binding to an anal yte of
interest. 103. An apparatus conprising the binding 10 surface of claim 102.
104. The cassette according to claim66 i #8&hi ch sai d support conprises an
el astomeric material. 1059g4, PX QeS| PorPAEPEEE ity drPhhabiiNg Of discrete
bi ndi ng domai ns on a support conprising the 15 stéeps of (a) formng.a self
assenbl ed nonol skectrochentbmeinescencd gomptbyig:conprising a first linking
group A on the nonol ayer surface not adjacent to the support, said first

i nking group A capabi e of 20 (apesiontegtingthelinindingademadng in Hheg

B, id I bei | ied,t t | egst ' d
ELBB&E; and @?«%_ Atk PRoclalh 197 ith AsoRPlR & %‘%ﬁ?ﬁ“ﬁ%ﬁﬁq@
reagent, sai [ agen .an analyte o
intgrest, saﬁ% bin |ngE?égge%%ééﬁgg§§%ﬁiéEégn?%?ég¥z#%qqiking groﬁp B, so

that said binding reagent is | tgKe yla PEDERYE wale£atm e Bréctiwge t o
WO 8@?28§%§y§ﬂb ,

form a binding surface,
PCT/ US96/ 03190 to trigger electrochemiluminescence at said electrode and

counterelectrode; and
(c) detecting or measuring said
10 electrochemiluminescence.
185. A method for detecting or measuring‘
electrochemilumiﬁescence comprising:
. (a) contacting the binding reagents in

the cassette of claim 158 with a sample comprising
15 molecules linked to an electrochemiluminescent label;

(b) applying a voltage waveform effective
to trigger electrochemiluminescence at said electrode
surface and counterelectrode surface; and

(c) detecting or measuring said

20 electrochemiluminescence.
186. A method for detecting or measuring
electrochemiluminescence comprising:

(a) contacting the binding domains in the
cassette of claim 159 with a sample comprising molecules

25 linked to an electrochemiluminescent label;

(b) applying a voltage waveform effective

to trigger electrochemiluminescence at said electrode

surface and counterelectrode surface; and

I



161 said binding surface being organized as a plurality of discrete binding
domai ns containing said binding reagents capable of binding to an anal yte
of interest. 5 106. The process according to claim105 wherein
in step (a) said nonol ayer is produced as a pattern on said support by a
met hod sel ectwodofrisgs® t he group consi sting of m cro-etching, pfiyg§saniod
deposition and m cro-stanping. 10 107. The process according to
cl ai m 105 wherein said bindi-ng reagent isdéslected fromthe group
consisting of proteins and fragnments and I vatives thereof, and nucleic

aci ds and fragments and derivaidyeydta@tsnh: or measuring said08. The process
according to claim105 wherein said binding reagent Is “selected fromthe

group consi sti neeleictzothepillwsisssbdrncedi Nng fragnments thereof, antigens,

epi topes, cells and cellul ar conponents, enzynes, enzyme substrates,
lectins, protein A protetd? 2@ @etdodaFoE éﬁéﬁ%ﬁ&ﬂbmﬁ&ﬁﬂ‘il lic

conpounds and c leties. 109, Th rocess according to claim
105 wherein sai%h%%%%gﬁgéﬁggﬁé£heﬁﬁﬁﬂﬁﬁ §8§pﬁiﬁﬁﬂ?hlity of different binding
reagents, ands said contacting EP dohtaeksheed!ip ' [ ©h '
plurality of fluid sanples, ea@ﬁ qui&’sanp?e conﬁ%?ggﬁbggha¥§§éggm:e

bi ndi ng reagent cassietteadbfl chain ayed vwithmaasakplée dunpPisihgf moléeales!i des,

such that. WD 96/ 28538
PCT/ US96/ 03190 Rdnkedstpcen ¢legtnachemidiminescente sbhedi;ng surface on said
nonol ayer have different bindi (rl% r%% %?{ti%gl Ln&gijtg‘;leerw%tv%fom effective

to trigger electrochemiluminescence at said electrode and

10 counterelectrode; and

(c) detecting or ﬁaasuring said
electrocheniluminescence.
188. A method for detecting or measuring
electrochemiluminescence comprising:

15 (a) contacting the binding domains iﬁ the
cassette of claim 161 with.a sample comprising molecules
linked to an electrochemiluminescent-label;

(b) applying a voltage waveform éffective.
to trigger electrochemiluminescence at said electrode and

20 counterelectrode;'and ) | |

(c) detecting or measuring said
electrochemiluminescence.
189. A method for detecting or measuring
electrochemiluminescence comprising:

25 (a) contacting a plurality of discrete

binding domains on a support with a sample comprising

- ' molecules linked to an electrochemiluminscent label hy

delivery of a sample containing said molecules onto said

A



110. A nethod for detecting or neasuring el ectrochem | um nescence
conprising 5 (a) contacting a plurality of discrete binding
dormai ns situated on a surface of one or nore supports with a sanple
conprising nolecules |inked to an el ectrochem | um nescent | abel; (b)

applying a volybagsessygveformeffective 10 to trigger PCT/USI6/03190
el ectrochem | um nescence at each of a plurality of electrode and

counterel ectrode pairs spatially alignedzgérland in proximty to said
plurality of discrete binding domains, an c) detecting or nmeasuring said

15 el ectrochem | yyA4I9RC ABRRind | sa i) Ml BOHe PG Wdlidii el @£Chaam ddthgwher ei n
said plurality of discrete binding domains is in a range of from5 through

1000 bi ndi ng donelettrothe2miTeimstdmtd signald| nin twhidhisaid] fodhtating 20
said plurality of discrete binding domains conprises at | east one binding
domai n that contif eeuzedatable cbe ahtapncentration deftan Analyteaef ot her and

that differ in specifici om t he bi ndi ng reagents contai ned within other
Eenseh, the the, e

bi ndi ng domai ns, 'ng of nmultiple 25 different anal ytes

of interest. g13. The method a€gprqv%gggﬁgggggglégégwmﬁk&%gmsgkgeégggprt

conprises a reflective surface .

PCT/ US96/ 03190 168 thiiggethalaetiocheantiQRininegceficé! #¢ ranl ¥levkebaenandi d
support, the binding surface and the el ectrodes and counterel ectrode pairs

are subst anti al | gounterelectnode 1fom Bre elechuvdchenbluningcentciabel 110
wherein 5 said b B 00 (O P noTedite Bound to at 1dast one oF sald® '°
binding domains;

10 : (¢} measuring said
electrochemiluminescence; and (d) determining
said concentration of the analyte of interest.

190. A method for detecting or measuring
electrochemiluminescence comprising:

15 . (a) contacting the binding reagents in
the cassette of claim 143 with a sample comprising a
first molecule and a second molecule ;inked to an
electrochemiluminscent label, in which the second
molecule is a specific binding partner of the first

20 molecule; .

(b) applying a voltage waveform effective
to trigger electrochemiluminescence at said electrode and
counterelectrode; and

| {c) detecting or measuring said
25 electrochemiluminescence.

191. A'method for detecting or measuring

electrochemiluminescence comprising:

A



10 mmin dianeter or width. 116. The nethod according to claim 110 wherein
said el ectrode and counterel ectrode pairs are separately addressable by at

| east one source of electrical energy. 10 117. The net hod
according to claim 110 wherein said binding domains are hydrophilic and are
surrounded bywe oédsgophobi c surface. 118. The net hod accor dpogusssngisai m 110
wherei n said binding domai ns are hydrophobi ¢ and are surrounded 15 by a
hydrophilic surface. 119. The net hod accor@fu;to claim 110 wherein said

bi ndi ng domai ns are patterned, self-assen@led nonol ayers. 120. The net hod

according to claim 119 wherei n¢2p Srftaitidgnend BBidngddnadnabif the
specifically binding an anal yte selected fromthe group consisting of

proteins, nucl eicassatte ofachaimdiés avith at semplancommdising moilegehes cel | s
and cel | ul ar coggonents, or gani ¢ conpounds, and organonetal | i ¢ conpounds.

25 - 12%inkad, to. pRoAlectrehon luginpgrant 138RMr ei n sai d net hod
further conprises contacting sa. d bindi ng donai W t h ctia k Um
sui table for conducting an ass% se %pg‘tyég’gf Po?f??ﬁ%gﬁr'()ﬂ{)&g’gﬁsfgf%ig?
clinical V§)9@53¥¥§3§er electrochemiluminescence at at least one of

PCT/ US96/ 03190 164 chem stry assays, I mrunoassays and nucl eic acid probe

assays. 122. Thesairl lécarededand ¢surticteDettPodbcpRire sandl one or nore
supports is a plurality of supports 5 situated in a stack and at |east a
portion of said supports are s®kt aietegtipg pxnveasening #aidyht gener at ed

by electrochen1léqgé¥¥%: 2%§1u8?ﬁ2582né§?‘j plurality of

192. A method for detecting or measuring
10 electrochemiluminescence comprising: _

(a) contacting the binding domains in the
cassette of claim 168 with a sample comprising molecules
linked to an electrochemiluminescent label;

(b) appiying a voltage waveform effective

15 to trigger electrochemiluminescence at said electrode and
counterelectrcde} and

{(c) detecting or heasuring said
electrochemiluminescence.

193. A method for detecting or measuring
20 electrochemiluminesceqce comprising: |

(a) contacting the binding_domains in thg
cassette of claim 169 with a sample comprising molecules
linked to an glectrochemiluminescent label;

(b) applying a voltage waveform effective

25 to trigger electrochemiluminescence at said electrode and
counterelectrode; and
- (c) detecting or measuring said

electrochemiluminescence.
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supports being positioned adjacent to another of said supports. 10

123. A nethod for detecting or neasuring el ectrochem | um nescence in a
sanpl e conprising (a) contacting one or nore of a plurality of discrete

bi ndi ng domai ns, said plurality of binding domains situated on a surface of
one or nore SypRghdsss 15 With a sanple conprising nol ecul espbtrifisadsioe an

el ectrochem | um nescent |abel, wherein a plurality of electrode and
counterel ectrode pairs are spatially aligned with said plurality of

di screte binding domai ns, wherein said pI&P&Iity of el ectrode and

counterel ectrode 20 pairsibg, MK GRtiHod®Rof SN RY RROMRasUEiAGE. (D)
pl aci ng said second support surface proximte to said binding surface so

that each sai d elestrodbenihtuminescencieccomprbsiygs is proxinmate to a
di fferent binding domain, 25 (c) applying a voltage
wavef orm effective to trigger €lectaontaskingnthe hintiagadonatns oin dhey

plurality of electrog3 and counterel e ode paisys, and, ., WO 96/ 28538

PCT/ US96/ 03190 1F¥$SE Feoug e‘c'f?’db 1 ﬁgéfg‘uf*i ﬁ%"&iﬁ Fomprising molecules

el ectrochemi | gim nee. .12 Jﬁﬁ%%ﬂﬁw | glaim 110 wherein
during step (a) salg p?&rgﬁi yeo e ecqggﬂgﬁ%%%ggyggkﬁ?érelectrode pairs
are protected fromthe sanple () aJdppIingl &8 VoBEddOFRAVRERLRCEESEcHIRE | €T ,
and said nmethod further conprises renoving said barrier prior to applying

sai d vol t age wavkd dmiggerselectrachmnilunidescence ptosaidaelectyod® andl yt es

of interest in a sanple_conprisin
counterelectrode; and

(c) detecting or measuring said
10 electrochemiluminescence.
' 195. A method for detecting or measuring
electrochenmiluminescence comprising:

(a) contacting the binding domains in the

cassette of claim 173 with a sample comprising molecules
15 1linked to an electrochemiluminescent label;

(b) applying_a voltage waveform effective
to trigger electrochemiluminescence at said electrode and
counterelectrode; and

(c)} detecting or measuring said

20 'electrochemiluminescence.
196. The method according to claim 175, 188, or
189 in which the electrode éomprises carbon fibrils.-
- 197. A method for conducting a plurality of
electrochemiluminescence assays comprising the steps of:
25 (a) contacting a plurality of discrete
: polymér matrices, each polymer matrix comprising one or
more binding domains with a sample containing one or a

plurality of analytes of interest;

I
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(a) placing drops of a sanple containing an analyte to be detected or
nmeasured on a plurality of discrete binding domains on a support surface,
said plurality of discrete binding domains conprising at |east 15 one
bi ndi ng domain that contains binding reagents that are identical to each

ot her and thayodédskssr i n specificity fromthe binding reagepé¢fussgigsss ned
wi t hin ot her binding domains, each of said discrete binding domains being

characterized as either hydrophobic or 20 h;drophilic, with the proviso
that the region of said support surface S&P.ounding each sai d binding

domain is (i) hydrophobic if sgiydanLadhLhRg LR I L4 (i)
hydrophilic if said binding db(%)i rﬁhgqhgd?g%%{hér%sﬁéggg g??’(")?/v sai d one
or nore anal yt eofofioflainat s asledtrochens diRisedsePi nd t o sai d bindi ng
domai'ns, and (b) contacting said drops on said first support with a surface
of a second support having a (c)\Begecrdtgselectrochemiluminescence.

PCT/ US96/ 03190 166 pIuraIitg of discrete hydrophilic _dgomains conprjsing
reaction nedia suitable fH®cdhdfthcdgas Efehred imsdaim RaY vheredny (c)

O e o Yo dleEeebaenlagihebe 3 hiolla W SoRRbebiphsE 100 L2
ey S B e o s M8 Methcl she o) o pramRLES OB 1 10
donains_on'a supﬁsntrouhéntxnminésbqﬁcarabsaysoéanbrﬁsﬁﬁgethbndfegsdmmains
conprising at |east (a) contacting a plurality of binding

domains comprising oligonucleic acids with a sample

10 containing one or a plurality of analytes of interest;

| (b) causing one or more of said plurality
of domains to electrochemiluminesce; and

. {c) detecting electrochemiluminescence at .
a plurality of said binéing domains.

15 200. A method as recited in claim 199 wherein
said plurality of binding domains contain oliéonucleic
acids linked to electrochemiluminescent labels.

201. A method as recited in claim 199 whe;ein
said plurality of binding domains éontain oligonuc}eic

20 acids linked to electrochemiluminescent labels and one or
more of said analytes, when bound to said oligonucleic
acids, causes modulation of the electrochemiluminescent
signal from one or more binding domains.

202. A method for conducting a plurality of

25 electrochemiluminescence assays comprising detecting a
plurality of analytes present in a multicompoﬁent sample

> at a concentration below about 1073 comprising the steps

of:

-
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one binding domain that contains binding reagents that are identical to
each other and that differ in 15 specificity fromthe binding reagents
contai ned within other binding domains, each of said discrete binding

domai ns being characterized as either hydrophobic or hydrophilic, with the
provi so that JwBgesgdsy on of said support surface surroundi ngpefradvsibs

bi nding domain is 20 (i) hydrophobic if said binding domain is
hydrophilic, and (ii) hydrophilic if said ﬁ‘pdi ng domain i s hydrophobic, so
as to allow said one or nore anal ytes of iTiterest in the sanple to bind to

sai d binding domains, and 25 (a) contacting a(Blur®lfg E digeseté 2
reacti on nedi um on said drops of sanple; and (c) determ ning the presence

of said anal yt esbiiding slopaiinshwithira sampie containing ratiengrdenai n. VO
96/ 28538 PCT/ US96/ 03190 167 127. A
met hod for det ecPTHEPLEYELs BPRAYLRS RF e ®BEimi nescence in a sanpl e

conprising the follow ng steps,iph the order stated: ( cqnt actin sanpl e
with a surface of 5 a support, (égi ﬁé%m%@é'_.ec8ﬁtﬂfﬁ? n‘? fa.d'%?g}zﬁagigy _
di screte bindsngofligid¥hs & €18LEFLALMIIMRIIResBEL Nghppatially aligned with

and capabl e of being brought into proximty to a plurality of electrode and
counterel ectrode pairs; 10 (c) Qetaecting Elpchrodigemilvidndsbendengt

dormains into proximty to said plurality of electrode and counterel ectrode
pairs; (c) appl yRrgturalitya9f saidfbindisid domainsio trigger
electrocheniIuninescence;2%%? A system for conducting a plurality of
electrocheniluminescence assays comprising:
10 (a) a plurality of binding domains
specific for a plurality of different analytes;
(b) a voltage waveform generator; and
(c) a photon detection means. _
204. A system'for conducting a plurality of
15 electrochemiluminescence assays comprising:
(a) an electrode;
{b) a counterelectrode;
(c) a plurality of binding domains
specific for a plurality of different analytes;'
20 {(Q) means for triggering
| electrochemiluﬁinescence; and

(e) means for electrochemiluminescence

detection.

-
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15 (d) detecting or measuring el ectrochem | um nescence.

128. A nethod for detecting or neasuring el ectrochem | um nescence in a

~ sanple conprising: (a) contacting a sanple with a surface of 20 a support,
said surface containing a plurality of discrete binding domains; (b)
scanni ng an glYghdssgle and counterel ectrode pair over the sydrfagsdisesai d
support in proximty to said binding domains, while applying a 25 voltage
wavef orm effective to trigger electrochem | um nescence; and (c) detecting
or measuring el ectrochem | um nescence: V¢2%6/28538

PCT/ US96/ 03190 168 129. The process according'to claim109 in which each
said binding domain is prepared so that it is spatially aligned with and in
proximty to a plurality of electrode and counterel ectrg rert 5

130. ‘A method of detecti measuring an analz e oI [
conprising: (a) contactipng a ganmple wjgh a surf@€e 09
surface containing a M|J%ﬂ§t of _di scifet e bi ndi\ng -d¢nai
donmaips being 10 spatiafly i Lh.and dapaplieded ibe
proximty to a plurality] ectrode ande cOuk ér § ect Llde pairs,

bi ndi ng domains (i) containing an el ectrfgchefri) Uninescdnt | el , ot )
capabl e of binding an anal yte of int§2e~f, ifn fwhi sajq 15[} contacti IS
~under conditions such that binding of“apl/ adalft¥ i & S

bi ndi ng domai ns can occur;

FlG. /A
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(b) bringing said binding domains into proximty to said plurality of

el ectrode and counterel ectrode pairs; 20 (c) applying a
vol t age waveformeffective to trigger electrochem | um nescence; and (d)
detecting or neasuring el ectrochem | um nescence, in which a decrease in
eIectrocheMI“Mﬂw%ygywme relative to the 25 el ectrochem | ug:pg

observed when said contacting step is not carried out or is car?ﬁ@ out in
t he absence of any analyte of interest in the sanple, indicates the
presence or ampunt of sajigd analyte in the s&h2be. WO

PCT/ US96/ 03190 169 131. |A netthod of detectlng or neasuﬂ
Interest in a sanple conprissiing:

a support, said surface céﬁfe'-'*
domains, said binding ddmai nd
bei ng brought i nto proxi‘rry=
counterel ectrode pairs, said bi
analyte of interest, in which said

occur, and in which said sanpl e{cont ai
el ect rochemi | uni nescent | abel ; 0
proximty to said plurality of ¢ ‘ AT fode pairs; (c)

appl ying a voltage waveform eff¢cgl v¢ ' csiec'.oq em | um nescence;

e FIG.2 l

FIG.3




(d) detecting or neasuring 20 el ectrochem | um nescence, in which an

I ncrease in electrochem | um nescence over background | evels indicates the
presence or ampunt of the analyte in the sanple. 132. A nethod of detecting
or nmeasuring an analyte of interest in a sanple conprising: 25

(a) contactng?jhiﬁamm e wth a surface of a support, said surface
containing a plurartty of discrete binding domains, said bi REFHYSEM ns
being spatially aligned with and capabl e of being brought into WO

96/ 28538 / US96/ 03190 170 proximty
to a plurality of xnd counterel ec pairs, said binding
domai ns bei ng capd i '{fR\ng an anal yte of interest, in which said

cont actl ng i s undg A u‘-ah t hat bi ndi mg t he
roccur; (b) pontacting said lgEpiithg

sanpl’e to sai gl |
= A the anal yte pf Tnterest,”Tn h said

domains with &

bi ndi ng partner i 8—1-G ‘\{ctrocheniIUTinescent | abel ; ‘53
(c) bringing sai®s N\ EacVlWnt o proximiy to said pluralt f
el ectrode and coulemes §'="-" : d) appl yi "ga Vortage
effective to tr gk b~ Ochem scence; | and 15 (e)
detecting or nmeasgLlt ‘ Jfbnescenca, in which an incr in
el ectrochem | uni nesg d | evel p indjcates_the or
amount of the anal ytg . 1253. The pret hod accordi ng & m 131
in which 20 steps (& m: r[Led out foncurrently. LL
(— prigahghngen - — . ___@.l "
=
[
- l
©
= =
(—
7
Q|o0oocoo =
h .
6 ©O O O0OO0O0
S~
WL|ooooo
OO0 00O . 0
-~ >
<o ~
S " 5
[
~ _
ey ” HENp:
Y . = l
_aaqoDoo 3 l %
Niogonoa« LN
o |
- N ' % 0
4 4,000 j\iw'
: / S T\
o«
S
ou

710

SUBSTITUTE SHEET (RULE 26)



134. The nethod according to claim 131 in which step (a) is carried out
before step (b); and washi ng the bi ndi ng donains to renove unbound anal yte
is carried out after step (a) and before step (b). 25 135. A
met hod of detecting or neasuring an analyte of interest in a sanple .
conpri si ng: ntacting a first sanple with a surface of , said
surface cont é‘@ﬁ‘ﬁgﬂé plurality WO 96/ 28538 P&IE&'R’%&

PCT/ US96/ 03190 171 of discrete binding domains, said binding domai ns bei ng

spatially aligned wit pabl e of bei ngdhdought into proxinmty to a
plurality of el ectrooé_zg.?ountere! ectrode pﬂﬂ s, in which saig npl e

contains an 5 anal yte of prmte ettt o—aete octre jAfescent

| abel, in which said COnNikadmiugtmmtumpia ooyt chtalyodas g-pal said anal yte
in the sanple can bind torsgi 8 1% ndgn@ gozpi & oF EH6 ing a second
sample with said 10 zrmmﬁﬁwi at bindi ng of
any analyte in sai §Qfecobdsanple ta said hinding dopain ajhloccur, in

whi ch an el ectrochem | um nescent |abel is not |inked to any analyte in said
second sanple; (c) bringing said binding domains into 15 pro@4ity to said
plurality of electrode and counterel ectrode pairs; (d) applying a voltage
waveformeffective to trigger electrochem | um nescence; and (e) detecting
or neasuring 20 el ect hgm Lum nescence, i ich a decrease i

el ectrochem | um nesc#i&] ive to the el ¥ocherri | um nesce observed
when step (b) is :

A L) -
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omtted or when there is no analyte in the second sanple, indicates the
presence or anount of the analyte in the 25 sanple. 136. The net hod
according to claim131 in which the sanple is derived froma mammal, and in
whi ch sai d WD 96/ 28538

PCT/ US96/ 031 thod is used to determne or confirmt ] iday Of

t he mammal . %@9;&$ﬁgpnethod according to claim 131 in which gﬂgﬂﬁgﬁe
contains cells froma mammual, and said nethod 5 is used to quantitate the
nunber of cells in said sanple. 138. A nethogﬁ?y perform ng a reaction of
interest conprising: (a) appl}?ﬁ@?} Ffafple td’edch of a plurality of

di screte dommins on the surface®or "a first 10 port, each of said domains
bei ng hydrophilic and surroundlazo&y-\q hydropﬂ)m regiggn’da%ai d first
support surface; and (b) situating=eqgseconpd gogport=—hayrng a plurality of

di screte domains on the surface pit_the 15 second Suppor eﬁgﬁ_of sai d

domains (i) being hydrophilic anfd surrounded by a hydrophpbi c regi on on
sai d second support surface, (ii) conprising reaction ne 202t abl e for
performng a reaction of interes e s ' =ad |y aligned with

the domains on 20 said first support surface, so as to bring each of said
domai ns on said second support surface into contact with an aligned domain
on said first support surface, such that said sanple is contacted with said
reaction nmedium 139. The nmethod according to claim109 in which 25 said
plurality of fluid sanples is delivered concurrently

FlG./ 1300, 1306
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onto said nonol ayer. 140. The nmethod according to claim 110 wherein said
support conprises an elastoneric material. WO 96/ 28538

PCT/ US96/ 03190 173 141. The method according to claim 119 wherein said
patterned sel f-assenbl ed nonol ayer conprises al kane thiols. 142. A nethod
for detecti [ suring an 5 analyte of interest conprising.

contacting gﬂg re of a plurality of discrete binding 35ﬂ§?ﬁ&?ﬁ%hid
plurality of binding domains situated on a surface of one or nore supports,
in which said contacting is with a sanple b2rising 10 nol ecul es linked to
an el ectrochem | um nescent | abel, wherein said sanpl e does not contact any
el ectrodes or counterel ectrodes during said contacting step; (b) bringing
an electrode into proximity to said one or nore of a plurality of binding
domai‘ns; 15 - (c) applying a voltage waveformeffective to
trigger electrochem | um nescence at said one or nore of a plurality of

bi ndi ng domai ns; and (d) detecting or neasuring el ectrochem | um nescence.
20 _ 143. A netho j i anal yte of
interest conprising: (a) c¢ntasiing one or nore of a plurfality of discrete
bi ndi ng domains, said pluralitS of binding domains (i) bding situated on a
surface of one or nore 25 |sup s, and (ii) bei atijally aligned with’
and in proximty to a plurali OCE'ﬁﬁHTEEEEEEreIectrode pairs, in
whi ch said contacting is wjt

IIOO

]
U
FIG. /4

COMPUTER

SUBSTITUTE SHEET (RBLE26)



WD 96/ 28538 PCT/ US96/ 03190 174 a
sanpl e conprising nolecules |inked to an el ectrochem | um nescent | abel; (b)
bringi ng an el ectrode and counterel ectrode into proxinmty to said one or
nore of a 5 plurality of binding domains; (c) applying a voltage waveform
effective to o el ectrochem | um nescence at said one or_nore of a
plurality of bindi ng domains; and (d) detecting or neasuri ndCE{s96/03150

el ectrochem | um nescence. 144. A cassette conprising: (a) an electrode
containing on its surface a predeterm ned afg of a material conprising
bi ndi ng reagents organi zed into one or nore’ distrete 15 bi ndi ng donai ns,
sai d bi nding reagents being capable of specifically binding an

el ectrochem | um nescent- |abelled nolecule or a binding partner of an

el ectrochem | um nescent -1 abel | ed nol ecule, and said material (i) being
perm ssive to electron transfer 20 between said el ectrode and an

el ectfochem | um nescent | abel in said electrocheni | um nescent-| abel | ed

nol ecul e bound to said binding reagent or to said binding partner when said
bi ndi ng partner is bound to said binding reagent, or (ii) allowng said

el ectrode to generate 25 photons from said el ectrochem | um nescent | abel;
and (b) a counterel ectrode. 145. A cassette conprising an el ectrode
containing on its surface a predeterm ned anount of a

RI
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WD 96/ 28538 PCT/ US96/ 03190 175

mat eri al conprising binding reagents organi zed into one or nore discrete

bi ndi ng donmi ns, sai d bindi ng reagents being .

el ectrochem | um nescent -1 abel |l ed, and said material being perm ssive to

el ectron trangg ween said 5 el ectrode and said el ectrochem | um nescent
| abel . - 146. The casSsette according to claim 143 in whi ch saP§TAEWBIM¥de s
porous. 147. The cassette according to claim144 in which said electrode is
porous. 10 148. A cassette com:ﬂ'/sﬂﬁng: (a) a support having one
or nore discrete binding domai ns containing binding reagents; (b) an
ionically perneable porous matrix, said binding domain being |inked to said
porous matrix; 15 ' (c) an electrode in electrocheni ca
contact with said binding domain; and (d) a counterelectrgge. 149. The
cassette according to claim 147 in which the binding reagggts are

el ectrochém | um nescen & T~V T, W -S=TI~Y=1 & W=y o] o] Lallg: (a) a

bi ndi ng domai n cont ai nf ng bi ndi ng reagents; and (b) port, said

bi ndi ng dormai n 25 beinL | i nkedfTO sara p jd por qus support
being an electrode in gelectr m cal contacg | t
WD 96/ 28538

ndi ng {domai n.
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151. The cassette according to claim 149 which further conprises a
counterel ectrode. 152. The cassette according to claim 150 wherein said

bi ndi ng reagents are covalently bound to 5 said el ectrode. 153. A cassette
conprising: (a) a first support having a first surface containing an

el ectrode; a second support having a second 10 surf l.ning a
bi ndi ng donapﬂ,g&gﬁ$first and second surfaces being spatia?ﬁ@“%ﬁ?%%@d to
make el ectrochem cal contact. 154. A kit conprising: (a) a first support
having a first 15 surface containing an elegyﬂide; (b) a second support
havi ng a second surface containing a binding domain, said Rjinding domain
contai ning a predeterm ned anount of binding reagents, sai I rst and
second surfaces spatially aligned to make 20 el ectrocheswd tact; and
(c) a‘'vial containing an el ectrochem | um nescent | abel A
cassette conprising: (a) a first support having a firg
containing an electrode; and (b) a second support ha
contai ni-ng one or nore di'screte binding domains, said
surfaces spatially alignﬁ
PCT/ US96/ 03190 177 el ectqon transfer
| abel associated with th¢ bindi
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el ectrode. 156. The cassette according to claim154 in 5 which the second
surface is a porous material, and which cassette further conprises a
counterel ectrode. 157. A cassette conprising: (a) an el ectrode having a
first surface; (b) a counterel ectrode having a second 10 surface; (c) a

por ous mat eriﬂﬁé)ﬁ?@een said first and second surfaces, sai gﬁP’ﬁ ;190

mat eri al conta bi ndi ng reagents that are capable of bi §&§

el ectrochem | um nescent -1 abel | ed nol ecul e, said porous 15 naterial and said
first surface being spatially aligned sd0dg6to permit electron transfer

bet ween an el ectrochem | um nescent | abel on a nol ecul e bound to one or nore
of said binding reagents and said first surface. 158. A cassette
conprising: 20 (a) a porous electrode; (b) a

counterel ectrode; (c) a support having a plurality of d@gcrete bi ndi ng
domai ns thereon, said binding domains being spatially alggned to all ow

el ectron transfer 2 e 8 At :Sgbehled speci es

| i nked to the bindi 159 cassette

conprising: (a) ap ; .
el ect Jode :
g bi phdi ng reagei@§, sai d

PCT/ US96/ 03190 178 (jb) a
containing onits surfacédiié&erial co
mat eri al bei ng permjssiv ectron i:f?;tg; bet yeen pai d eljectrode and
an
= o IS
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5 el ectrochem | um nescent | abel bound to one or nore of said binding
reagents. 160. A cassette conprising: (a) a support having a plurality of

di screte binding domains thereon; 10 - (b) a conpartnent for
fluid transport toward and away from said blndlng dormai ns; and (c) an

el ectrode an erel ectrode spatially aligned so as to _generate an
electrochenllun1 nt signal froman 15 electrochem | um G503 MW e |

bound to said plurality of binding domains. 161. A cassette conprising: (a)
an el ectrode containing on its surface a plurality of discrete binding

domai ns; and 20 (b) a counterelectrode. 162. A cassette
conprising: (a) a plurality of discrete binding domains on a support; (b)
an el ectrode; and 25 (c) a EE%nterelectrode, sai d

el ectfode bei ng capabl e of ggugrati a pl bt ARGty

el ectrochem | um t si gdél?ér@b plurality o?lws%%%

PCT/ US96/ 03190 1 ctroche I nesce bels lin to said rality
of discrete bindi mai ns. 1}JThe ca e of claJd161 in sai d
plurality of bin omains contain an 5 ectrochem | um nesce bel ,

“and whi ch casse;&ra@tsrt her conpri ses F&f@jﬁggarrpl e deli verlrféolgéi d

plurality of di I ng donai ns.

1514

An An

( BD | BD
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164. The cassette of claim 161 which further conprises neans for sanple
delivery onto said plurality 10 of discrete binding domains. 165. The
cassette of claim 160 in which said electrode is capable of generating an
el ectrochem | um nescent signal froman el ectrochem | um nescent | abe
associ at ed wi%,%%sh%ast 15 one of said binding domains. 166. A cassette
conprising: (a)a port having a plurality of discrete bi e ns
t hereon; and (b) one or nore el ectrode and 20 counterel ectrode pairs. 167.
The cassette of_claim165 which further co [ nmeans for sanple delivery
onto said FHLHEQZGN\Of’OiEDfete bi ndi ng d0232A2%sl68. A kit conprising: 25
(a) an electrode cgigt FeddFon its surface discrete binding domains
WD 96/ 28538 \&g

organi zed into a pal & ; - -
ar 0 ranspor 0
ourﬁzﬁm and-(d) &-vyr

PCT/ US96/ 03190 180
ll ed nol ecul es. 169. A cass - G -f:j' : (a)

sai d bi ndi ng domai ng

el ectrochem | um nesg¢ =
a plurality of discy¢
el ectrode bei ng pr o}
(b) a counterel ecie

domains linked to an ellect .OR

DA
FlG2z2

| F16. 234
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-1- ")mzm&mmzaazm%ﬁg -I_
238 (N 238
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-
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170. A cassette conprising: (a) a plurality of discrete binding domains,
sai d bi nding domains being linked to an ionically perneable porous matri x;
15 (b) an electrode proximal to said ionically perneable
porous matrix; and (c) a counterelectrode. 171. A cassette conprising: (a)
a plurality o, te binding 20 domai ns, said binding domains |inked to
an ionically perrrég'g?e porous matrix; and (b) an el ectrode |BFT/USIE03190

el ectrochem cal contact with a pIurallty of said binding dongjins. 172. The

cassette of claim 170 which further 25 CO”HS/%&? a count erf 1 trode. 173. A

cassette conpri sing: WO 96/-28538 Iﬂn
PCT/ US96/ 03190 181 (a) a plurality of discrete bi ets, sai d
plurality of binding domains Ilnked to a porous su t; £4(b) an

el ectrode in el ectrocheni cal Erap éEQ4a plurality offs;ld bi ndi ng
domai ns. 174. A cassette conpr|5| Eiw nfel ectrochem c ﬁi\ conpri sing
an el ectrode, a counterel ectrode and an ionic solution coftaeN nddfhi

el ectrode; and 10 : (b) a support ha

di screte binding domains thereon, said plurality0

in electrochem cal contact with said EIZ‘%%r ode.

143, 144, or 160 in
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15 which the el ectrode conprises carbon fibrils. 176. A method for
detecting or neasuring electrochem | um nescence conprising: (a) contacting
t he binding reagents in the cassette of claim 143 with a sanple conpri sing
20 nol ecul es linked to an el ectrochem | um nescent |abel; (b) applying a
vol t age wavef ective to trigger electrochem | um nesce L d

el ect ?ode an(ﬁé%ﬁ%’férel ect r ode; agg (c) detecting or neasur?%gmggzﬂ“?i@gS

el ectrochem | um nescence. 177. A nmethod for detecting or measuring

el ect rochem | um nescence conpri Si Gs /|¢¢Qs :

PCT/ US96/ 03190 182 (a) contacting

claim 144 with a sanple conpri sing

el ectrochem | um nescent | abel ; , , z
to trtgger electrochggiluni encH /A HMIN /¢ ”3’[’3‘3‘
and (c) detecting oﬁ&éyrg?sai el "%'i!i

nmet hod according to claim 1/5.] i @ :ll: gl"
nmet hol for detecting or measuﬂd&g “' 11] g
contacting the binding reagents in
conprising 15 nol ecul es |inke@l}$

appl yi ng a vol tage waveform effective §
at said el ectrode and

W
)

()

2508
2810




counterel ectrode; and (c) detecting or neasuring said 20 :

el ectrochem | um nescence. 180. A nethod for detecting or neasuring

el ectrochem | um nescence conprising: (a) contacting the binding reagents in
the cassette of claim 150 with a sanple conprising 25 nolecules linked to

an el ectrochegpbiygkpescent |abel; (b) applying a voltage wayeform effective
to trigger electrochem | um nescence at said el ectrode and c8 i (ol r ode;
and WD 96/ 28538 PCT/ US96/ 03190 183

(c) detecting or neasuring said el ect r-oche% nescence. 181. A method for

detecting or neasuring el ectrocheni|u escedrc corrpf.'%!@: cgqﬂl

(a) contacting a binding donmain contgibhed on a firs uMra i a sanpl e
conprising nolecules linked to an el gct nocheni | um nscent | abel, said first
surface aligned with a seconddsurfacg coptaining an el ectrode, said first
and second surfaces,s aILaI | y§ 10 al i jned\t o make el ectrochem cal contact;
(b) applyingavolt&ﬁ" vef ol m ef f g ve\t o trigger :

el ectrochem | um nescence at shid el gcf r9de™sad _a couptserel ectrode; and (c)
detecting or neasuring said 1p el ecfjochem | um nescence. 182. The met hod
according to claim 180 in whi fh the first\gurface is ajporous material .

183. A nethod for detecting of negbyr el & o TYym nescence

conpri si ng:

— T +
o 10
A_—— Omv/see Vg Ag/agCl

26 mv /sec
T S0 mv fsee

-

F/G.30F

1.0

10 mv/sec Vwa Ag/AgCl

_. 29mv/sec




20 (a) contacting the binding reagents in the cassette of
claim156 with a sanple conprising nolecules |inked to an

el ectrochem | um nescent |abel; (b) applying a voltage waveformeffective to
trigger electrochem | um nescence at said first surface 25 and said second
surface; and gbaggggctlng or neasuring said el ectrochem | um nescence.

WO 96/ 28538 . PCT/ US96/ 0 FETS64819934. A
met hod for detecting or neasuring el ectrochem | unm nescence conprising: (a)
contacting the binding domains in the cassefgg@f claim157 with a sanple
conprising nolecules 5 |linked to an el ectrochem | um nescent | abel;. (b)
applying a voltage waveformeffective to trigger electrochem | um nescence
at said el ectrode and counterel ectrode; and (c) detecting or neasuring said
10 el ectrocheni | uni nescence. 185. A method for detecting or measuring

el ectrocheni | um nescence conprising: (a) contacting the binding reagents in
the cassette of claim 158 with a sanple conprising 15 nolecules |inked to
an el ectrocheni | umi nescent | abel ; (b) applying a voltage waveform effective
to trigger electrochem | um nescence fm o?zer ode surface and

counterel ectrode surface; and (c) de asuring said 20 |

el ectrochem | um nescence. 186. A nethod for detecting or neasuring

el ectrochem | um nescence conpri si ng:

15
425um
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PEAII()lc
CURRENT
mA
135um
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o6um
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(a) contacting the binding domai'ns in the cassette of claim159 with a
sanpl e conprising nolecules 25 linked to an el ectrochem | um nescent | abel;
(b) applying a voltage waveform effective to trigger

el ectrochem | um nescence at said el ectrode surface and counterel ectrode

surface; and W°f§’@ / 28538

PCT/ US96/ 03190 s?éé) detecting or neasuring said - PCT/US96N3150

el ectrochem | um nescence. 187. A nethod for detecting or measuring

el ect rochem | um nescence conprising: 5 : (a) contacting the
bi ndi ng domains in the cassette of claim160 wth a sanple conprising

mol ecul es |inked to an el ectrochem | uni neskdef@g | abel ; (b) applying a

vol t age wavef ff i trigger el ectrochem | um negeg zai d
el ect rgode andoéldf ?gﬂﬁﬁhh‘éﬁaﬁr ode; and (c) detecting or ﬁs 1% aid
el ectrocheni | um 2fffepee—128 A nethod for detecting or measuring

el ectrochem | um nescepce conprising: .15 (a) contacting the
bi ndi ng domains in the cassette of claim 161 witha sanple cenprising
nol ecul es Iinked to ap el ectrochem | um nescent | abel; (b) applying a
vol tage waveform effeftive to trigger electrochem | um neseence at said
el ectrode and 20 |§0Q erel ectrode; and (c) detecting or neasuring said

el ectrochem | um nescephce. 189. A nethod for detecting or measuring
el ect rochem | um nescefice conpri si ng:

1000
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25 (a) contacting a plurality of discrete binding domains
on a support with a sanple conprising nolecules linked to an

el ectrocheni | um nscent | abel by delivery of a sanple containing said

nol ecul es onto said WD 96/ 28538

- PCT/ US96/ 031  ndi ng domai ns, said sanple being capabl e _of nodul ating
el ectrochem ?ﬁ%’Jyﬁ’?ggdnt signals, in which said nodulating is FCITUSR603% e t o
a concentration of an analyte of interest in the sanple; 5

(b) applying a voltage waveformeffective t $§¥ragger

el ectrochem | um nescence at an el ectrode and counterel ectrode from an

el ectrochem | um nscent | abel linked to a nolecule bound to at |east one of
said binding domains; 10 (c) neasuring said .
el ectrochem | um nescence; and (d) determning said concentration

of the analyte of interest. 190. A nethod for detec&&pg or measuring

el ect rochem | um nescence conprising: 15 (a) contacting the
bi ndi ng reagents in the cassette of claim 143w th gnhanple conprising a
first nolecule and a second nol e an epgrtrochem | um nscent

| abel , in which the second s ! ' pessfic b I ng partner of the
first 20 nol ecule; (b) ap g~ Wayef orm ective to trigger

el ectrochem | um nescene and (c)
detecting or measurigp
detecting or measurg

el ectrode;
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el ectrochem | um nescence conpri si ng: WO 96/ 28538
PCT/ US96/ 03190 187 (a) contacting the binding donains in the cassette of
claim 165 with a sanple conprising nolecules |inked to an
| abel ; (b) applying a voltage waveformeffective 5
| um nescence at at |east one of said el ectrode and
counterel ectrode pairs; and (c) detecting or nmeasuring sai d PCIUS603190

el ectrochem | um nescent
to trigger el qghbosaBepm

el ectrochem | unm nescence.

192. A nethod for detecting or neasuring 10

ng nol ecul es linked to an

el ectrochem | um nescence conprising: (a) Cﬁgp?gbing t he bi nding domains in

the cassette of claim168 with a sanple co

el ectrochem | um nescent

and (6) detecting or ngasur-rmg—satt—eteetecher-tui-Resconce 1

ing 20 el ectrochem | um nescence conu'isipg.

for detecting or neasul
contagting the binding
conpri si ng nol ecul es |
appl ying a vol tage wavg
el ect rochem | um nescen
detecting or measuring

F/G. 35

| abel ; (b) applying a voltage waveformeffective 15
to trigger electrochen |um nescence at said electrode and counterel ectrode;

9% A net hod

domains in the cassette of clain116% i tth a sanpl e

nked to an el eetrochem| um nescent |Wbelf; (b)
bf orm ef fective 25 to trigger s
e at said el ectrode and counterel ectfpdd;, and (c)
sai d el ectrochem | um nescence. |
: [ Y]
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WD 96/ 28538 PCT/ US96/ 03190 188 194.
A nethod for detecting or neasuring el ectrochem | um nescence conpri sing:
(a) contacting the binding donains in the cassette of claim171 with a
sanpl e conprising nolecules 5 linked to an el ectrochem | um nescent | abel;

(b) applyin ge waveformeffective to trigger
eIectrochenlqﬁﬁfﬁég%%nce at said el ectrode and counterelect?cgrus Hm(c)
detecting or nmeasuring said 10 el ect roch@M38ni nescence. 195. A nethod for
detecting or nmeasuring el ectrochesm | um nescence conprising: (a) contacting
. the binding domains in the casse & a sanpl e conprising
nol ecul es 15 linked to an el ectr ' ' g@f>fabel; (b) applying a
vol t age waveformeffective to tr gl 4

el ectr'ode and counterel ectrode; £ - ) measuring said 20

el ectrochem | um nescence. 196. The nethod accord 2to cggh 175, 188, or
189 in which the el ectrode conprfses carbao-fih 9 nmet hod for-
conductlng a pIuraIn!y of eIect%pcheml MSsays conprising the

steps of: |6 !3 (a) cont &b =1k ty of discrete polyner
matrices, each poI ma LASI : bi ndi ng domains with a
sanpl e contai ning one or a plurali &e=at—taedax i nterest;

_ 3601
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WD 96/ 28538 PCT/ US96/ 03190 189 (b)
causi ng one or nore of said plurality of domains to el ectrochem | um nesce;
(c) detecting el ectrochem | um nescence. 198. A nethod as recited in claim
197 wherein 5 el ectrochem | unmi nesce is detected by photographic film 199.
A nethod for W ng a plurality of electrochem | um nescence assays
conprising the steps of: (a) contacting a plurality of bi ndPREUSHEINS
conprising oligonucleic acids with a samméZflO contai ning one or a
plurality of analytes of interest; (b) causing one or nore of said
plurality of domains to el ectrochem | um nesce; and (c) detecting

el ectrochem | um nescence at a plurali tw i%ndi ng domains. 15

200. A nmethod as recited in claim 199 /ZSE plurality of binding
domai ns contain oliggnggéeic acids |linked to el ectrochem | um nescent

| abel s. 201. A neth ecited In claim 199 wherein salrd plgrsﬂﬁty of

bi ndi ng donai ns contain o |gonucle|c 20 aC|ds Ilnked to o

el ectrochemi | uni nesd@(-e . 3

n 0 when bound

from one or nmoke bindi ng dorai Fs=3002. A

lity of 25 el ectrychem | um nescepce assays
conpri sing det iind}a pld¢al ity of anal ytes pr in a mul ﬁﬂﬂonent
sanple at a co t r §00@r-foel ow about 10[err] conpris he Bt eps
WD 96/ 28538 PCT/ US96/ 0 8&||(HA)

el ectrochem | um nesc
nmet hod f or conductln?
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(a) contacting a plurality of discrete binding domains with a sanple
containing one or a plurality of analytes of interest; (b) causing one or
nore of said plurality 5 of domains to el ectrochem | um nesce; and (c)
detecting el ectrochem | um nescence at ‘a plurality of said binding donains.
203. A jsysF e? fg%sggnducti ng a plurality of electrochem | urgej® & assays
conpri si ng: 8 (a) a plurality of binding domains specific
for a plurality-of different analytes; (b) a voltage waveform generator;
and (c) a photon detection neans. 204. A syszf fé)r conducting a plurality
of 15 el ectrochem | um nesgence assays co [ ZZ: (a) an electrode; (b) a
counterel ectrode; (c) ap al i t& of _bi n%g domai ns specific for a '
plurality of different anwtes; ' (d) means for
triggering el ectrochem | uﬂhesce ' gans for
el ectrochem | um nescence (ei ect)
~

. ' LL

CAPTURE-Ab

TAG-Ab
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