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Virtually every area of biological science is in need of a systemto
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and functi onal %AYS@M@WBB@%&&&%%@@%@W&&m eis

hi ghly desirable. Suchpigl$tBAR EVE ngtlppgergf SANpLgs the detection of
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In all of these cases, know edge of the ability of a particular analyte to
bind a target nolecule is gi@RGROSRDUOF TRE IVERTRINGBtLI Oon relating to the
quality of that binding (e-g., affinity and on-off rate), and other
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can be obtained fro amopunt  of 's r ous dol ogi es have
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research Tab, where chemical messenger pathways are being mapped out and their

functions correlated to disease processes, to pre-clinical investigations, where candidate
drugs are being evaluated for potential in vivo effectiveness. The need to detect physical
and functional properties is also present in these research areas, such as for functional
analysis of a newly discovered protein or of a genetic (or synthetic) variant of a molecule
of know biological importance. Other areas that benefit from a better understanding of
molecular events include pharmaceutical research, military applications, veterinary, food,
and environmental applications. In all of these cases, knowledge of the ability of a
particular analyte to bind a target molecule is highly useful, as is information relating to
the quality of that binding (e.g., affinity and on-off rate), and other functional information
about new molecules, particularly when information can be obtained from a small amount
of sample.

Numerous methodologies have been developed over the years in attempts

to meet the demands of these fields, such as Enzyme-Linked Immunosorbent Assays
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between a ligand and an antiligand, for exanple, a detectable signal is
required that signals the existence or extension of binding. Usually the
si gnal hawolaeerepe ovi ded by a | abel that is attached to eipidrarsob/bes9i i gand
or antiligand of interest. Physical or chemcal effects which produce

detectabl e_signals. and for whigh suitable | abels exist, include
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spectrophotonetric, lometrirc, or optical tracking nethods.
Unf or t unatpdoyalized assaysy Moag ©f thiese assaydietliniqudstreqrirespenaliaep psepatatient o | abel

one or all .of the nol | es needed for rticul assay. The presence of
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I n addition, none of these Ia%ellng approaches determ nes the exact nature

of the bi siginalg theexmtencs or exfamsior of bindiagpUsuallydhé signad ihpebésinmaovided byoa a

receptor is inpdjstinquishahl e.frommnpon-active-site bigdin such.a
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areas of specificity and sensitivity of nost assay systens. Cellular
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to all anabtitadsracking miethodst or to all ow an accurate optical neasurenent to
be perforned. Therefore, a practical, eco ic, and universal detection

t echni que that can f&fn#%émagfﬁ)xrﬂhfn@w c35es Hé%&gt{ég”ﬁ%ﬂié’l"?n ?Wos?léglto tlag’ﬁte?net he
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bi nding events that are actually taking pllace in a given systemwould
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interactions, and snmall nol ecul e binding, as well as other conpounds of
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systems are too complicated to allow the attachment of labels to all analytes of interest or

to allow an accurate optical measurement to be performed. Therefore, a practical,
economic, and universal detection technique that can directly monitor without a label, in
real time, the presence of analytes, for instance, the extent, function and type of binding
events that are actually taking place in a given system would represent a significant
breakthrough.

In particular, the biomedical industry needs an improved general platform
technology that has very broad applicability to a variety of water-based or other fluid-
based physiological systems, such as nucleic acid binding, protein-protein interactions,
and small molecule binding, as well as other compounds of interest. Ideally, the assay
should not require highly specific probes, such as specific antibodies or exactly

complementary nucleic acid probes. It should be able to work in native environments,
2
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be able to provide information on the nature of the binding event, such as

whet her or not a given conpound binds to the active site as an agoni st or

an ant agowiosi/ootei@ particul ar drug receptor or if the given/coopsxnd bi nds
to an allosteric site, and not function sinply as a nmarker to indicate

whet her or not th i ndi ng event has take | ace. For _rmany  applications,
it shoul dSH& %i@ﬂ??glﬁpgp S amlém&ﬁda%‘i@h? otgeh nAYrally OGYrHngSySEBaD| ex

bi ochemi cgl s,BaldRYY ?e%e%ﬁﬂﬂ?ﬁﬁ%ﬁ%‘f)mp%iéQf%@?ﬁolé‘éﬁ‘iés%ﬁﬁg}ﬂ% ﬁqﬁké and

nunerous quantities of conbihatorial conpounds can be use rug
scr eeni ng agdioomat ddbsls driranemyo achpplyineetiioo tie, binding hanit.dF énrotriearsedi skadylld t o

nmonitor in real tine,a conplex series of.. reactions,, so,that accurate

i neti cs TRAVIES PRAVICS IPIRFBRNGH orbe QARrGRf Bp PRI & oteh o hsthdr 8k Bty

Per haps mMaslenicBREEERIBihAs toftR adiRE kit€ QNAPIgeh Rt 02t £3hisPBS a bhrtichabisighe

i nexpensi ve and easy to use, with few sanple preparation steps, affordable

el ect r oni eeseptad oviif dhrog sl eonenompd hinds & ansaligstesis sgerand wot Binichen fimplyisdassays
that can be _.used. for. an ssa d.then thr wa and it shoul d be
hi ghly adglpatrléelgl?%l dbca}f W%@erroéﬁﬁtgtﬂgp mglsn aey e“@‘\éxg Itelﬁ(ceg%éiiag s .gord%nyr ecent trend

i n Dbi ol ogipslicatiens, hispelle bk Gathly Basaua blasmdigghly phllelybdihat eomplet | on of
assays, often resulting in an assay carried out on a "chip," a device of
the size bwsBemicakppthvedyscen B%n@epqc{mmsqrrsg) that exismaply small gad AWRErOPS der i ved) .

Anmong t he 50x: hin . ' r - i ysi s
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referred tpplaatians; ayghowdd Hrtieo by iblamamibhbeen rédi aimecacanypleuseriehef r anal ysi s

by transport .of fluids on a .chi st. an.analysis site (ofte referred to
2% 1 o of R ifss  Bel Bt S SR AP S SO AP 8 CHETTFIEIRRT nt o

exi st ence jHsifgtel %@hdpd BaAP IR BSily, G5 LRBbt ohfsbrOiX] AMpli¥ARInS irshoulie- - Of
Santa Clara, California; Incyte Pharnmaceuticals, Inc., of Palo Alto,

Cal i f or ni anexpergiveiamd sactaane witclewrremplegireRation téns, afferdshlapldctramicst he arr ay
field and L,iper.of Mountain View . Califarnjia, an cl ara Bi oSci ences,
e - of  RLREBTRe GiealBora Pud R Surtpdr s ToRb Bpss Pt el bP S Ry
patents hassey hisbhesl throwhakiay,ahditwseldiedligiy addpedbicionowlderMge®f @ssdy 546
entitled "Apparatus and nethod for perform ng mcrofluidic manipul ations

for chenpeRlicaionst ysis and synthesis,” USPN 5,126,022 entitled "Method and

device for noving V ] [ ral. i

electrical fields," %&E%bﬁg%l?l%@g)%éﬁﬁﬂl?g% Cﬁ%ﬁgéltr?%eghﬂv@s lﬁ‘%%ﬁrtgér ray

hybri di zahiigiatugigstéon of askaigly diteB Tebulting ir ah hisap dardied SWBSTA TdHIE” SdEREde ¢RULE 26)
WO 01/ 027610, PCT/ US00/ 28491 = ", thod;r for concurrently processing nultiple
bi ol ogi cafecHcPISES Yape elechioricapisTys rageviyigh themame is der hp dmone dhefed

engi neer i pelAhlRABiRE aRaRb Y hlcat§ SHARGL 2RI BV R AAYs of multiple,

simultaneous analyses on a chip (which is often referred to as array technology) and those
that carry out their analysis by transport of fluids on a chip past an analysis site (often
referred to as microfluidics technology). Many companies have recently come into
existence using these technologies, exemplified by Affymetrix , Inc., of Santa Clara,
California; Incyte Pharmaceuticals, Inc., of Palo Alto, California; and Human Genome
Sciences of Rockville, Maryland, in the array field and Caliper of Mountain View,
California, and Aclara BioSciences, Inc., of Mountain View, California, in the
microfluidics field. Many patents have issued in both of these fields, including USPN
6,033,546 entitled “Apparatus and method for performing microfluidic manipulations for
chemical analysis and synthesis,” USPN 5,126,022 entitled “Method and device for
moving molecules by the application of a plurality of electrical fields,” USPN 6,004,755
entitled “Quantitative microarray hybridization assay,” USPN 5,874,219 entitled

3

SUBSTITUTE SHEET (RULE 26)



| 'i t hographic nmasks." A nunber of different array configurations and net hods
for their production are known to those of skill in the art and discl osed
in U S Pap.oidemsbers 5,445,934; 5,532,128; 5,556, 752; 5, 242/136628491

5,384, 261; 5, 405, 783; 5,412,087; 5,424,186; 5,429,807; 5,436, 327,

2 2 :
S e B o ahe T 08 PR BT B R S SN 637 ¢ ne
di scl osur 8399839 Whiifkdy ‘il‘cﬁnﬂiﬁér%&bd‘ dhE e BN BdyenPior Hedigt @f‘s%ﬁuenlc@ altr!ci]ﬁ and

mcrofluidics field, exenplary U S. ~ patents (with titles) inclu
6,012, 90211th\21|gmpbmmks6 Aunpsof dvifelqnareaydoa glaaa«vnwnﬂ@methqﬂstfecmcmg | ow

o e e RGP B Y B PR ol e B U RSN

Cont r ol | es/sdsiossi 9532,178; 81556783, §,042,974 5884 D6d i 54@5/38?684125)89@4@8686
M crof | ui di c_devices i ncorporatin nproved channel geonetries; 5, 972,187,

El ect r opi péPSO7and3 &b egdit78n, g%laﬂ%l P29, 10b b1 D PG SeI S OB 2861,071;
5, 965, 410< &h GGLI4 64l & QU BN0ROF (6LAI 1 3ldskEaf L E7RAFAITRIEE S1ddles of

m cr ochannél (] do roosnmoti c
el ect r opheuhédhi aie hél@frﬁﬁSorpblhfwrbyaeﬁei’dnbd mcthé aiicroflgidids fietd, exemplhy ©@Sect ri cal
forces; 5,964,995, Mthods and syste for enhanced fluid transport;

5, 959, 291 PateRs wih sitles) dpguden fi2.9 Mﬂﬁ%mnipn@: 1 ban 2. Mistapd élacbmrlgatus for
5,958, 6944, crd H‘%’l@@v‘i?gh@[k@el@eé b@ﬁ§31f% tﬁ@dataﬁa%w&nwﬁg?dnﬁoﬁﬁ%% in

m cr of | ui t ens 8.°203 ctropi tor an sation means for
el ect rophoomttqlhng)ﬂuusl floby B8 157r9¢roﬂhxdrcm‘ylsnem$; ﬁ,9&§}/é®2§tﬁ;)ntmﬁm¢mmcmri ng varied

channel nsi ons 95 Al m and net hod; .5, 948, 227
Vet hods oLyt eieREBeRRBI ng bPee ST BHEE Vo REUPEATZepar at | ons:
5,942, 4434 rh% @Red EHa‘ﬁHnyéldﬁletrﬁﬁ r LT, 1Yy, B a¥pip¥edraig cbﬂpaﬂsﬁﬁ%ﬁl@é& bt ui dic
devi ces; 85,470, Controll ed fluid transport in mcrofabricated

poI ymer i ¢ elsatsephozatisdiass 5965 4465 leqiriea) curret fwacmmraamgrﬂtn@parnmene@fmm dic
dovi ces: 5,880, Q. EUREHLORBELL 20y A SRIRENSANENI TP IS L Bbcrc

electrophore Irasy’ ¢t o) evices “an

5, 869, 004 forbthitids a fidtcanpaingtstactufy vik BleStlricbll oE026:69)9 6429950 Mettivdis @nd di | uti on
of materials in mcrofluidic syste 495, Fourier detection of

speci es nFYFeRS ﬁ@g ephipngechilid SR P; 95‘3 28&2\47@? and, pRAABRPLfod MEagyioe dow
I ncor por ahm ?rcs‘{ @%?%@@eAgﬁhﬁﬁé‘ﬁi&H hods ﬁ?g’eq[@%%m%ﬁﬂlép §ds gont ol of

el ectroos ot "electr oretic orces W cont ai ni ng
struct ur emlmﬁuﬂimmmaﬁ 95832@33331%&@12)9&&6@81;1 dehmpengatipn pettofor and

t f hor et. bi d 5,699, 157, Fouri
et oct i on B r&ﬁw@qst@sb%ﬁ OSSRt MU SPUeS RBIPOrRE VBRedSIoBRELar o her ei n
| 0O POT algrRion O 962053 ARV S4IEH o iSRS BUATED SRRk Bk B2l VO

01/ 027610 PCT/ USO0/ 28491 pub ications, Including other patents, that are
i ndi cat i véorglrfotmingxlestrophprefid mpleoflart separations; £,942,443 High throughput

screening assay systems in microscale fluidic devices; 5,885,470, Controlled fluid
transport in microfabricated polymeric substrates; 5,882,465, Method of manufacturing
microfluidic devices; 5,880,071, Electropipettor and compensation means for
electrophoretic bias; 5,876,675, Microfluidic devices and systems; 5,869,004, Methods
and apparatus for in situ concentration and/or dilution of materials in microfluidic
systems; 5,852,495, Fourier detection of species migrating in a microchannel; 5,842,787;
Microfluidic systems incorporating varied channel dimensions; 5,800,690, Variable
control of electroosmotic and/or electrophoretic forces within a fluid-containing structure
via electrical forces; 5,779,868, Electropipettor and compensation means for
electrophoretic bias; and 5,699,157, Fourier detection of species migrating in a

microchannel, all of which are herein incorporated by reference. Many other
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these fields, are listed in the patents naned here, either in their
specifications or in their |lists of cited references. Assay systens that
use i ndi vwdualozwant ai ners (e.g., test tubes) or arrays of pamdoveghaal wel | s
(e.g., mcrotitre plates and other types of nmultiwell plates) to hold
sanples for individual analysis are also well developed. Mcrotitre plates
havi ng 96 PiRli¢ations, incugingpthor pajents At are igdicafive of|thg exdstipgiskilefi{be amimber s of
nells, SUafksB il tithlia PR beRnts HARA AL, AitlP IFhES A@biéin iy been
devel oped to manipulate an naPyze the contents offindividual cont ai ners,
whet her adisisndicitedieddrerent ai ners, single nmultiwell plates, or nultiple

pl ates being handled at the sanme tine. . er nmul tiple-wel ystens (in
addition to the _con%ﬁayn%yétteg‘tsﬁ}ﬂ"_rté‘sepllggivég‘?ggqnéﬂﬁ“}rs égg.sfe_st @&%‘iﬁ gty s,
patents deaGHLAIGISTYS! RllBrodge bARSUnd StheP BB bmuemlucp% ¢4 héyd assays in

various types of contains for individual sanples include 6,033, 911,
Aut omat ed sasplay forgndierualeznalysis @4algn@cl] Nevstapst advicrotitra piates hawing Joceadt

5,993, 746, Pl at | der: . 5,988,236, Nl tipl i ly f
i aui d haden romeniggssiable: s PR el S e SR 1y ng
usef ul chebi&alNunhétohd kb Hate@ AP a@ftised hvebbetd devabeyaal t nyastuld ald Salyze

assenbly; 5,972,295, Autonatic anal yzing apparatus; 5,968, 731, Apparatus
for aut ondheednteast dfipdigidualyontadegirs athetise s indiysduabeentgngssimiomuitiwdl et e

TR B SGREe B0t SUIRC AL LIRS 0BG 15 '

I'n hese are
|'i sted inatidicopad tblcsmimmadicheite, plae sypedmd) Rxish eExangpecoffU Sapdtans or in
their lists of cited references. Anmong. the approaches used histgrically

for st udyidRiFrisinecpEiame dpsigyastientandlag anheRnuctts ARYs (1 BUOUS YRR 8f ectri c
MRASUr eMebains forl iy R safp SIRALITEDS SO VEMitoR ARY %&ﬁﬂ%lhw@asur e the

dielectric properties o ogi cal tissues using techniques for the
measur ene6t02d4{92€; Mli@oplaiescpmuperead beadod,903,746,i Rlats hkidomyd, 288, 3heMuiitiple  Si nce

Fequeney Some ARSI ey RS TR RS BRI o
Donai n D eheetyih useﬁﬂ%ﬁ_&rﬁfb‘é%QﬂlﬁguiH@aﬁlB%?S,W’X@SB@PIe w8 sBXBRhiseRBLS were

commonly carri‘ed out using various types of coaxial transm ssion lines or

ot her tradsii2edb ofutomats analizisg ppreraiise s, 68,731 yiprastusifos altemated] teging iof
character| ‘?‘]o%t Iigq; sg%cérrr{gritxsg%r'xc? % 952 I%,%)pi'scr}gt:eglga?%)f B%Pegéoggié)tngr. ll\qgrlfyo?at}x%rt he use

and rel evg C ectri ¢ proper range i ol ogi cal

systems. PhBlicatibhs iRsidif@stheeprgams, thad areihoicativiel s shicexsainglskBl dfakesr fi om
vari ous organs of mammalian species, to cellular and sub-cellul ar systens
i ncl udi ng tese fieldsrase Hsted Hnide prigals apmed beregitberinthye spaqHEcRtiprgrEn fgjr Wo

017027610 56 Hr VAP ABER L.

Among the approaches used historically for studying biochemical systems
have been various types of dielectric measurements. In the 1950’s, experiments were
conducted to measure the dielectric properties of biological tissues using techniques for
the measurement of dielectric properties of materials known at the time. Since then
various approaches to carrying out these measurements have included frequency domain
measurements, and time domain techniques such as Time Domain Dielectric
Spectroscopy. In these approaches, the experiments were commonly carried out using
various types of coaxial transmission lines or other transmission lines and structures of
typical use in dielectric characterization of materials. This included studies to look at the
use and relevance of the dielectric properties of a broad range of biological systems. The
interest has ranged from whole tissue samples taken from various organs of mammalian

species, to cellular and sub-cellular systems including cell membrane and organelle
5
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effects. Most recently, there have been attenpts to mniaturize the
above-nentioned techniques (see e.g., U S. Patent Nos. 5, 653,939;

5, 627, 322wend/ 03768816, 708) for inproved detection of changesTiusot/bsa91
di el ectric properties of nolecul ar systems in an array environnent.

Typically these use the biologic be it tlssues cellul ar systens,
or ol eculengCtéy oshieceislya thers e g?e n&?és tenErZehe Rhovaimasationedal ~ ci r cui t

topol ogy. tMug u@sr@se@égsvsqeﬁ&]&Nlagrs%ésamesvs%e@b@aﬁaFls%% B6Sinkist ﬁgedfor
sensing radiation frdm an obj ect and for neasuring [ocal terl a

properti esipteatsoretxfslhphgefsumdm dieleditis propetties bf molemlra'r sysesnsve aelagay ri cal
characterization f mat | s at ,m,cr.owave [£9 enci es usllﬁrﬁ%‘ﬁ%n ?ﬂpen-ended

coaxi al | CRGFORREIE Typig yt d\?%gleé’é?lf’%lf%}tsia@ﬁ GethitigHesce
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et al., "Hgh tenperature conplex permttivity measurenents of corrp05| te
materials using an h@p@m@m%ad%am@ggdmer'-scal@ 1ehb,u>rob¢s Bkébirsomagnet i ¢ Waves

and lical.i.on 6 12 7 1992 Schwar z, "De n.and
perfé??rance igffon frq g‘n t%‘t% f%rmea%gggoca mg}g LBIMYS SRR S‘rqg?i?réquency

pl anar ci Migkates al, 'Mﬁﬁwﬂmaas&ethlcartﬂsxa@atei\{mrdhmterTa‘n@&rrﬂwﬁmV}eChnl ques, 40
1701-8 (1992); Xu Ghannouchi et al., "Theoretical and experinental study

of neasur disghENCEs Uring pBRRGECRsdsPRxiRMiney tegsq g impErYed saliration tephrius "
coaxial p ) T s, 40
14350 10gsyrensinns ChRSRSlEThe) M TEMMAR, SAR1Y (RRO, TREUDIRLER. For
t he neasuibjiigh empetdrereriompierepeemiiieityeratasuentamnsdfannpbsite thﬁdil@asngol i ds
and liquids," Revjew of a%e?tl fic nstrunent 64 1@%\[) 6 ‘g1993 Ji ang,
Wong et aPP CPggnde O‘H?altoﬁg Wewamle BV PBE (PP UCABAS Ot or

| ow-| 0ss 33MPdey; Mditky analstcﬁwml THREHSand HeRBrRRRE oe RS &A% NG  protlel OF
probes, " Revi ew ‘of SCI entific Instruments, 64 1622-6 (1993). There are al so
pubI i cat i oreasufements bh highefrepiengyrplanac ﬁUsmtsﬁ'dEEEHEran&asteonsaﬂdlefmmy@ency or

m CToMavE UGk S5 PP, ST kS g 0oC0Pe

sub-wavel eﬂ;getrhnern@ﬂ@mylo@mem&&n@lt%@ﬁﬁab%ve peadhitivity aﬂug \}Isah dnidad sl &d1 ON
m croscope,” Optics Conmunications, 129 15-18 (1996); hacos, Bl ack et

al ., " Neaueowélpdot@é \FRER J ransaetine or Miceawsye dpeorianth Tedmiqnes. A0 18s¥) ut i on,
Iled angt 9n canni ng

ti B m cro @gsﬁea %Elégtﬁ é’%%%%%%%gz ln?entgﬁh%gue fx} @@?ge%%%r,@mggt 02506 8

(1996). Amanicthwayk\dieléduge mm&f fop 1 ®besss (sbl@dsf‘an\d/aiqﬁQJSJ"d&S'le&.ﬂﬁf Soanifial

probes) to test th roperéig of adlelectrlc,rraterlal i s well-known and

comonl y SHé‘meEtédg‘} ﬁ“t“h%l PP3% Hapgn¥Png stal gandyiMeasuierisst ofghe migrewas i nage

collectio and
ot her mat SR FRSRRCRY NI sE R BT S M e o SRR RUE 26
line probes," Review of Scientific Instruments, 64 1622-6 (1993). There are also

publications describing electron microscopes that use radio-frequency or microwave
signals in addition to the electron current at the microscope tip, as exemplified by
Keilmann, van der Weide et al., "Extreme sub-wavelength resolution with a scanning
radio-frequency transmission microscope," Optics Communications, 129 15-18 (1996);
Vlahacos, Black et al., "Near-field scanning microwave microscope with 100 .mu.m
resolution," Applied Physics Letters, 69 3272-4 (1996); and Wei, Xiang et al., "Scanning
tip microwave near-field microscope," Applied Physics Letters, 68 2506-8 (1996).
Accordingly, the use of probes (both waveguides and coaxial probes) to test the properties
of a dielectric material is well-known and commonly practiced in the art in other fields of
technology, such as image collection in microscopy and dielectric measurements of

insulators and other materials in the electronics industry.

6
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WO 01/027610 PCT/ US0O0/ 28491 One type of relatively |arge-scal e instrunent

t hat has been used to anal yze and control chem cal processes, such as

f er ment atwor/02mppears to have arisen originally in the @cr/ysweoezsassi ng and
drilling industry. For exanple, U S. Patent 5,025,222 describes a system

and nethod for nmonitoring condi.tiops in fluid m. A stream qf the
fluid mediumis fIESW@ gerﬂfaaéfhveéy Brest %?a@dﬂ%t%i“ﬁé’%ﬁ rber taadde ppaheag | y
confi gur e‘h@@orﬁro‘l ERGISAIS b QBses] SiBh € HRBAtaftE, Ypet tb Ravl £RES b&g}hilw _
connected to load to a UHF or ~microwave osciilator. The oscillator is not

i sol ated fin motlodessivg archdilling oslestay. eliprfexemple; UrhiPatgnt 3025222 dastiibey

frequency which to I’OVI de artigulbarly strong shift
ber i Lt 1 VLY R et e SBafioBe i it e drul AR eR s el
Pref er abl ynddign isficedaRfngRadluidsdtdih@wligss edctriday @mgulrai Rla are
nonitored, to gauge the progress of the reaction. Two later patents in
this seri égnyRiesion Bne smgment andswlighs igiectrigrdly sonwsted 1q loaghip efHijes cr i bes
syst ens,
character :@g{%ﬁ%ﬁe ?J%ﬂgat&r ﬁ%glogg}e{%gpcﬁi r%)g&oﬁ}e%%&ﬁ'fﬂeclp%@%hﬁ 9%+&%’toscﬁ | ator to
a system undgig, atzesamnlgjquu@fcy mmels@hostehasﬁropatearﬁastmmgmmng shiftare | ooked
specifically for m%l ecul.ar binding or for characterization of nolecules,

P

al t hough cﬂé‘t"é‘&‘t"“bf &he e medgm, saaéla' Gemical FIGHALPIRgTErEs nBIREERIB e and by
other progg é&&% ahélr@émem&%f&fe dsbifser PRtEHi®red & uge e e progr thedrenexi sts a

need for furthef devel opnent of nethods of detecting ar events that
do not r eqcmctlm I Twe laerqatdntsas thik senesphot/&s Patents rﬁam8d10§(and Pe$6,00 Aawhiah e

guantitatiyve ualita ﬁti 059?ire specific to the nol equl e of

o bt afgerBes s mEboUE and DRs 3o @R et ot m Mt sl e 10

i Pl enent chahQeiagss ﬁlﬁm% kingRMMnded couplibp bf & ldﬁﬂfbﬁll@& oﬁ&l%t&et@dlss stemagsed
above and ot hers as wel as described herein. SUMVARY THE | NVENTI ON

Earlier afgshidawveinsnang of Hes¢ PAHBHRERNCRIS S0 Biver lnekqdr@g@ﬁ@allyﬁoempbpglah ave
dealt —w toPn ﬂ{krdrrﬁ?{ &‘é?a%?ﬁ&aﬁ& %&E{ﬁéﬁeﬁﬁhotugﬁ%ie?ﬁ’ otfc% mE’c%E §)etcl g changes

1€
in the die propertres of no res us Pecul ar

bi ndi ng rpgjdaae&whﬁd)tai@r(gncaby sihgipdocgsadshis abhebgert apmb$eclﬁttermerls descri be
many of the general princi Bbes used in the present i nvention, See, for

exanpl e, PCT W99/ 3¢cowrdingiih theshests a aggsldor furthgod evg#mpme@boa@sﬁha%@ﬁ with the
present ' ggt%@tﬁﬂ oleg-lpgr é%{eﬁéﬁllpagdb 'ﬁ%?ﬁ:ﬁhﬁ’@laﬁ#% énsas'fﬂlo hﬂﬂss%?ner al l'y

directed detection o r events I n reservoirs, such as those
present i mdiokaopds] thatarpqadnesativerand qualasted, fHauaId sptvafictel the mt&chleaﬁ‘ t hose

present in mcr devices. In these cases the s | es_are typically
epar at ed MGt PRLAE iSO SARHGER (ot sl BT SUTER DT HRTE 385 breserk
invention fulfills many of the needs discussed above and others as well, as described

herein.

SUMMARY OF THE INVENTION

Earlier applications in the laboratories of the present inventors have dealt
with an improvement in measurement techniques for detecting changes in the dielectric
properties of molecular structures using a molecular binding region coupled along a
signal path. These applications describe many of the general principles used in the
present invention. See, for example, PCT W099/39190, published 5 August 1999, and
co-assigned with the present invention. The present invention differs in being generally
directed detection of molecular events in fluid reservoirs, such as those present in
microtitre plates, or enclosed fluid channels, such as those present in microfluidics

devices. In these cases the samples are typically separated from the electromagnetic

7
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WO 01/ 027610 PCT/ USO0/ 28491 probe by an air gap and/or a dielectric
material, such as would be present in the wall of a fluid container, in
order to woaiidwaent am nati on of the probe, as described belcawsob/ms4gener al ,
the present invention provides a single port nmeasurenent system and

met hods for detecting and characteri zi n% a gol ecul ar struct uLe, ﬁither as
i tsel f or PERbERY aB A4 gap apd/Rt 2 dislestirgnaletitlatuchias ion Rient wpe palliokp| y in

an aqueous,RAErindSiali ChARH EbRamBRABELE 8 prote, i1 URIATIGY. St uct ur e

and its interaction wt um nating signal. The systens and net hods
of the present i nvei gameraltisoprpseoinstesiohgroviidis atsinigleqziri roeasofemehesysteinecul ar

structures and/or, their binding with other .nmolecules in_a continuous fluid
stream V\Aarfl‘gﬁleﬁ‘Pfi%fﬁé%gﬁftﬂ?ﬁaatnidcfg‘ar&f’teflﬁ@gﬂf%%l%%a.r S%H?tgrep@tﬂfﬁrl%gﬁ%rg?riaé&ti on of
the met hodariicGaMEihiHSleSAAARANAY c PP GRRRGRrlySH &R agfeohd Bhdsd ARtdgl digdstkien of

mol ecul es of biological and pharmaceutical interest because of the binding
of ol eculpepettiss of tie melpaiarstrugmreanddisusterastion with eealuromdeng panadi dhegi cal

diti .. Th hod | | .ect.i-on. k I
i thout t R SeBra e U ERRR SR 0 F s ERIREER IR P ng

t he met hoehdQdeduldr 6tth@iidey agd/bit b Birldhg Wigh dikeRbIcOlleOn damitihadlsefluid

phar maceuti cal candidates, as there is no need to account for alteration
of bi ndi n§tregm.tech alkpsys autemagion; of dhe pRerss Fbiserpits applicaipafithsmetiodet hod
for detectipg. : i L ted. The
pr esent edttdrrgﬁogé g&ﬁ%ﬁ%@?cﬁ%g’ gf‘%‘t%?éée‘? eﬁc{ﬁ&?g'?gflﬁto r&gggéﬁgagg;clﬁfﬁa sanpl e
into a fl phanebanivel intfesabédausetbftthabinpmg tof syoddoates td beehfother dn art aquesyor t

system having a fl ui verent contr.ol | and, the fluid channel having a
sanpl e entPYTARENt Hn(g:éggﬁ&gﬁc?léﬁpé‘ﬂf’n%ﬁ@’edngt%ﬁg?@ @??fangr@?w(sb‘fhcausi ng
the sanpl @efelion®\kelfli UG Jub e PRABRG! offal 18I bR 8itR&HRkIR BIRdihY paitrd owar d
the sanple exit end under the control of the fluid controller; (c)

appl yi ng amakegtths mgtimid pegionteely sulatieto thedetegdm of depirabte phissmakentiesli on regi on
of the fluid.channel; and (d), detecti change .in the test . signal as a
Pesult ot SHiEREL e biredr o hEdd BEbETRL ARG undab 87 RSt 71 i ng
exanpl es of fluid mpyaReBhbsRRMERQS theieldhéion TRENAOH EitldeRutiBSa MdlkciRY ement
of liquids under the control of electric fields, such as electrophoretic

punpi ng, &BUGRIEIIN a8 agipoRasMe fseesgntedc dpe preé¢nt@<§/1}letézﬁé igpludes the ripeessRer ti al
effects (%fga') ’im}o%gﬁ&gp k! st‘a%ngg i‘r’l{o 200 hihe PHES ﬁﬁih%ﬁépom Eml frRGHEHCY (or,
,a se nul'tipletr e’g.,

in some cas equencli es or a continuu

spect rum tiafisppel sgste@chasimgtalfatid enosamphteohftalieraad tiri fisd themsthas g ar
structure produces a detected el ectromagnetic f] ahd different froma
det ect ed SMBRIEEBHY GHb R dstectien EpetaRatng ssangle gxiters (MesAvTinG thespelstar

L L gl 5]l L SRRl AR i b

t he first tieampliret of(thg fliidtooottaldérn@) apiBying a test signal between 10 MHz and 1000
‘GHz to the detection region of the fluid channel; and (d) detecting a change in the test
signal as a result of interaction of the test signal with the sample. Non-limiting examples
of fluid movement control include mechanical pumps and movement of liquids under the
control of electric fields, such as electrophoretic pumping, as well as surface effects
(capillarity) and gravity and inertial effects (e.g., through tilting or spinning operations).
The frequency (or, in some case, a set of multiple frequencies or a continuum, e.g.,
spectrum) is selected so that a sample that contains the molecular structure produces a
detected electromagnetic field different from a detected electromagnetic field that is
produced when the molecular structure is not present.

In another embodiment, the method just described further comprises (e)

introducing a spacer material into the channel after the first sample; (f) introducing a
8
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SUBSTI TUTE SHEET (RULE 26) WO 01/027610 PCT/ US00/ 28491 further sanple into
the channel after the spacer material; (g) causing the further sanple to
nove t hr owghiobmsichannel under the control of the fluid ceatrrudob/ess91 wher eby
a plurality of different sanples separated by spacer material is
transported through the channel w thout intermxing.different sanples; and
(f) repeafiHiy’ § ¢ ing i ApTArE e f%ﬁm?tegﬁ%)é?‘gﬁl%t £ AVEHEHARIF 10 a
series of rRRAERLBuSRMe RRadePIRI} R bRrdl SHRONEd¢eheAlLr whdrlsy £hiafSinpbeat | y
sinplifying the design of the detection system which |eads to greatly

i nproved drfépersdaroples béparateddsy speddr nzssered 33 teanspiasidghrough thedibgpres abtheut

anal ysis chip.. The. net hods descr, hed above ca arried out in variety
of " Appar S R TG Sainlse D o ARE SR ENTO AT TinSdemiP. et ect s on
syst em f Okhis ARIBG! 4 §iFict BEsRHAS BT MEscalTeN G Qingfe Rtdtretbictire @MaNy W thin a
test sanple includes a fluid reservoir, a signal source, a neasurenent

probe, anéimpldyigashe desigaof dhe demstion pysiadn, whigeleods to sreatlybaprovdd scr et e
cont ai ner _( open..or. cl QS or. a,channel ;. ipcludes.a test sanple entry
end, a def%@?fughblétgg?so“r’l&pgasne Slgrndeesﬁntor}gandd%p%belé grllaé%g Cﬁlé%ur ce is operable to

transmt an inci dentTht afthods detibed it veRas bE ediEed optripa®atistyopupl ed to the
signal source and_includes a praobe head and a connecting end. The probe
head is caPRargfusesd [t ene enbadimerted tetinvention, toglseelat frteqtionsyeein folest  si gnal

to the teagteaﬁ{sgﬁgﬁgy@séd& Br Qlﬁs%ﬁé‘etdf%r}nol% hOventhPfhih AtEk er%ré%]]ggr%cgj&iets he

i nci dent test wth the test sanple produces a test
si gnal , afluld@sdrvar,paignabsounde, aiecasuretnentprotize atbasigna detofor.glihefluido
recover. The slyst%mfurther i ncl Zdes a fi g(gal dgt ec ﬂ{ﬁ thg’tg is coupled to
t he conneETFNGIEAR PR dishrste sRRIARAT ARRaR:OT STASEY or A a%'?ei) FINedGPER Nt i gur ed
t0 recovegahiie iR¢ LR hWickfS reglodNMd arGGQndI TUE ¥ignhNBuREESERkatINENt i ON

can be described generally as involving the interaction of el ectromagnetic

signal s, tgpingihbn incisienidestrsigabb ukheimeasureaedt nrobes@erpled b thi signabodoattngl ar

event in a flujd reservoir,tqg determne properties of. the.nolecul ar

ot ruct ur e o A FRBE R AR SR L DnBn B R plobE Be i SO RS o ecul e
itsel f andleaibhagnétiodlly dolipleiy @eidest ttR siphAlcto Glidyest sapROMItIES detttigornat ure and
advant ages of the present invention will be better understood with

r ef er enceregPn: hEnefigierastipmgf de aeidrgs teahtisnpd tath) taeiteglesdmplgpipderes aBRI EF

DESCRI PTI %d%te-ﬁl_t'gsé wwmﬁﬁasgiﬁ goﬂfoﬁn%)ggh@]%gg%%e $0ad RGO ?ﬂhg(gtoq%§oqz%}.o r

assenbly 1 n accor e the present 1 nvention. Fig.
| B il ust Tat ewstan filrthedinehidesun signaltdey ®ir @t iscoapled telthewenndctihg emdof tBe
SUBSTI TUTE SHEET ( RULE %6) , .
measurement probe, the’signal source configured to recover the modulated test signal.
Accordingly, the present invention can be described generally as involving
the interaction of electromagnetic signals, typically between about 1 MHz and 1000 GHz,
with a molecular event in a fluid reservoir to determine properties of the molecular
structure, such as structural and functional properties of the molecule itself and ability of
the molecule to bind other molecules.
The nature and advantages of the present invention will be better

understood with reference to the following drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A illustrates an integrated detector assembly in accordance with one
embodiment of the present invention.

Fig. 1B illustrates a fluidic transport system in accordance with one
9
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WO 01/ 027610 PCT/ USO0/ 28491 enbodi nent of the present invention. Figure 2A
illustrates a neasurenent probe in accordance with one enbodi nent of the
present iweoantewmno Fig. 2B illustrates a coaxial probe topdrusageswdance
wi th one enbodi mrent of the present invention. Fig. 2Cillustrates a second

enbodi ment of the neasurenent probe in cross-sectional view in accordance
with the SPesdwent alBppresent IRYe§tionp || ustrates a top view of the

measur ement probe Sigu bR iffidkated tmeaShiGmerEprbbd LRSS esonant
coaxi al neasurenent probe in accordance wi th one enbodi ment of the present

i nvent i onembBdimedof the petserttimentomol ecul ar detection systemin accordance
w th one enbodi nent.. of _t.he present .inventjion. Fi 3B iLllustrates a nethod
for detecting an angfgy%g 'pHSt‘%(t:eé@rc(?ﬁ’HéQpr\RF? pdﬂgccogq%l%lw e 61 P&‘éneBF esent
i nvent i onof fjeGhresdfi inlddddhr at es an exenplary anal yte signal response in
accordance with one enbodi nent of the present invention. Fig. 3D

illustrates a nethodig @€ illesteatasiarsgeons! emehadinertjof therpeasyrentest probe iy ri ng

within a test sanmple.i n.accord(éance. Lih the present invention. Fig. 3E
illustrat égosé'rsr%cglgg?‘}é’rﬁv% hieeg pase ftl\é\llehet?ﬁ?sfmétrlg‘r’eenzlﬁghse, a first test sanple

response, a second FasRDsiHURAesEHP RSEof B8 thehiPernar prdeahewhadFigepCs of a
third sanple signal response correspondi ng to bound and unbound
condi tions. Fig. 3FFig Rhslysinates aposgesnantROpHaUMesreRanEpraba# ol ecul ar

bi nding e oty [ gl TEM T in accordance with the
pr esent i\r‘lllgcreb%?a}%%%ioé%%%8%%2?@3%§§%%%b0 |§r%1l#its of first, second, and
third sanpl e respon¥e. 3Andugetdsragmbdleeulatdatevtion ofstdin ndacegrdauenwysh use ng t he
met hod of Fig.. 3F ipn accordance with the present invention. Fig. 4A
illustrat Sglbgd’él@%ﬂﬁ‘héﬁfféﬁﬁtr‘r’é‘@“%' t he nol ecul ar detection system in

accordance with the FRY. 8BS MistrafdY & MR- foFdedectiftBan hhalid [rBlc8Srddhck Wifhthne
enbodi nent of the nolecul ar detection systemin accordance wth the

present i mndadiment offhgpre$at invenimnr at es one enbodi nent of a conmputer system
OB a0l 0, Xt i RS s R S50 35 Rl PRl o
one embodiment of the present invention.

Fig. 3D illustrates a method for detecting molecular binding events
occurring within a test sample in accordance with the present invention.

Fig. 3E illustrates embodiments of a baseline buffer response, a first test
sample response, a second test sample response, and two possible embodiments of a third
sample signal response corresponding to bound and unbound conditions.

Fig. 3F illustrates a second method for detecting molecular binding events
occurring within a test sample in accordance with the present invention.

Fig. 3G illustrates embodiments of first, second, and third sample response
indicating the absence of binding events using the method of Fig. 3F in accordance with
the present invention.

Fig. 4A illustrates a second embodiment of the molecular detection system
in accordance with the present invention.

Fig. 4B illustrates a third embodiment of the molecular detection system in
accordance with the present invention.

Fig. 5A illustrates one embodiment of a computer system operable to
execute a software program designed to perform each of the described methods in

accordance with the present invention.
10
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SUBSTI TUTE SHEET (RULE 26) WD 01/027610 PCT/ US00/ 28491 Fig. 5B illustrates
the internal architecture of the conputer systemshown in Fig. 5Ain

accor dancwowitbkreome enbodi nent of the present invention. PCg/USBR28491
illustrates a nolecul ar detection systeminplenented in specific
experiments in accor dance with the geéssient i nventj on 6B- 6G

illustrate S 11 si ghts ‘Poupuriesdhe AT GEELEtE 9fgh %‘H@éﬁ‘g&éys@ﬁépwﬂs in
accor dance, ot Bt co%"r&%s%ngra}éggﬁlb%meﬁt SKshe B fsérlt itehtigs es an S11 si gnal

responses nmade i n detecting ering levels of concentration of NaCl in
accordance with theFgr é%ﬂustramsennol@culaﬂ-'deg@noﬁ:tysfﬁe}nmhpleatenatl&n $petific si gnal
responses nade in detectin nol ecul ar bi ndi ng events using the

met hod of eﬁ’eﬁ‘m% nfcerdic géi‘ﬁﬁ’etﬁﬁﬂeﬁeqtﬁ%veﬁp%%ent i nvention. Figs. 6K-6L

illustrate S11 signglggr @B%@‘ﬁlﬁﬁreﬁ@gﬁ sighaORESSilséNAadPR Pt fing §RLARUI ar
bi ndi ng events using %he met hod of Fig. 3F in accordance WI% h the present

i nvent i onan#jtgs irﬁaﬂcoﬂdlaumwahélspa%dmsevm@gponse curve nmade in accordance

with the present ven CRLPTIL. ON, OF THE SPECI F VBODL VENTS Tabl e
of ' Cont ent o 1 Dot i nit{§-oh QRUSFAIENAD S b Rap < Ey Fas el eeh e SiSHPR ¢ or
Assenbl y hddelsoresmdeatritidbdEoid]an abteete G/ﬁthﬁay@pxemt inventtenpl ary
Applications VI. Software |Inplenentation VII. eriments 1. Definition of

Ternms As used herei Kigst %@@F‘?ﬁatﬁﬁllétﬁ!ﬁ%@snﬂnﬁ%m Véiﬁtectllééﬁf’ﬁ@tﬁic nmes
shor t ened té%:u"al?'b(\;h%[ﬂ%\%ﬁ{%%;h th'aﬁ o??llg) 3b$&§5<§)r&a91cé tf]‘é g1 on of a

mol ecul e O1° ecul term ar structure"
refers toimlehtisi.r uct ur al propert| es of nolecules of int erest i ncl udi ng
the presence of specifi substructures ( hel i x

l.ecul ar uc
regions, beta sheet $!85% M‘dg}lﬁf?ﬂ? i S%ﬂlaﬁe?%onsﬁrfﬂa%tlﬁgf?te??%%’%‘ 1ol ecul ar
11 SUBSTI M&uﬁf"ﬁﬁiﬁdﬁ&eﬁts%@ﬁ)g the method of Fig. 3F in accordance with the present

invention.
Fig. 6M illustrates a dose response curve made in accordance with the

present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Table of Contents

[  Definition of Terms

II. General Overview

[II. Detector Assembly

IV. Exemplary Molecular Detection Systems
V. Exemplary Applications

VI. Software Implementation

VIIL. Experiments

I. Definition of Terms

As used herein, the term “molecular binding event” (sometimes shortened
to “binding event” or “binding”) refers to the interaction of a molecule of interest with
another molecule. The term “molecular structure” refers to all structural properties of
molecules of interest, including the preseﬁce of specific molecular substructures (such as

alpha helix regions, beta sheets, immunoglobulin domains, and other types of molecular
11
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WO 01/ 027610 PCT/ US00/ 28491 substructures), as well as how the nol ecul e
changes its overall physical structure via interaction with other

nmol ecul esw()snmizﬂ6a(s by bending or folding notions), includiPag/usee28491

nol ecule's interaction with its own sol vati on shell while in solution.

Toget her, nol ecul ar structures” and "pol ecul ar bindi ng. events" . are
referred tg'ﬂ)bsggcmffﬁ} @ cars 8‘()’(%&? glogc%ﬁé g It Opall By ‘%J)fm&uffﬁl"@cul e of
interest ifleabior Wk en]eMereeulesiesh@m B b AR gyt f8lding heHdmyY iRll@kigg the not
considered to be a "nol ecular event,” but is referred to as a presence

Exanpl es molmleetmltmctt@nrvdﬂwgs e\vremlgatmneheli)vhslﬁ Np$€éuthmrifqg9\hat,ent bi ndi ng,
such as OQCUL&aulgg%t\ﬁg r8§_I anglg‘anﬁiecgpar dm Q/tef]tl b gwr}l rred go egszbm e prary

coval ent Eoc el an enzy Ay eacting
wWith its sudnsdr ﬂﬂl@-51mﬁ9@ﬁ)ﬁas§r9%®ffalr@01@é@dr@ﬁlﬁ&r&f1nbthélédg|ik§h ®Nast s of i nterest
i ncl ude, but are not mted to Ilgand/receptor antlgen/antlbody,

enzyne/ susgmtazrxéanamﬁ/lm}xmgm{wewt CORRAFTRAUR D aneliesulasvents Butas ches,

conpl enen}e%l;(emcdl %I‘ re@g gs, and nucleic acid/ proteins. Binding events can
occur as prrmary, secondary, or higher order binding events. A primary

bi ndi ng event |s defExamgleasf mofdctlat blmidingceubxe;s bier(d) simples pescovatait| y or

non-specifically) to an entity o et her i ndependent nol ecul e
or a mat ePinding, flw&taswg%ag?twsrzna igg ndgﬁrapa@h @Srqngpoaargawaéee wi t hi n

the det eCB%ﬁ’J‘f RGN 1su<§lpasfd?feﬂ10@01.fr§ Wkn af B 1§1'iealz{‘11i§5v?tﬁtlt§ Qbsgarpl ex. A

secondary bi ndi ng event 1s defined as a second noletule binding
(speci fi cMdry spacifiroexasypasiof bowlinggvents of rserkstristludep batcart aot imited tact i on

lex. A tert bi ndi ng.. ned i | e bindi
Copbert ohblisp bt m BB R e HETS AN AR nt or act on
conpl ex, RMNA/RNALhutRIc d@ic&ﬁﬁmd@d’lﬁ@rconibﬂd?ﬂén’f‘é}%ﬂu@&'b%mdg&ﬂdfﬁﬁcﬂéc of rel evant

nol ecul ar structures are the presence of a physical substructure (e.g.
presence @tid@rotainphBindéng svents cpepecus heptimary, sesopdayy.io higher grdesbhindinga

bi nding r | ecul e)
or a strugttre A Bondef BY6R LORT: FEMBAACE P MBLRIHpURE (et @’w to
function asn@pbcaﬁﬁallppman ehftyt sfang ppef wheth@aintihdapendent hpdsedle dra nflalé‘t(i:dll on as
an ion channel (or_ conponent thereof), or to function as 6 a sig

t r ansducethat lsszamfta&raq supfacs, EYmiGadly aaweaqey\mﬂea|th§/dea%ctt1@6tr%01byo g‘ﬁﬂ*rﬁaﬁﬁshg t he
I
si gna Piof[’éb e 1Jt§9@@oén®ﬁ&yl K s%onﬁé&?%%nﬁé\reﬂﬁslﬁ%ﬁnm echdinction to

t he signa tal ne nol ecu structure and/ or function.
Mol ecul ar ninlevdiertgndiug (dpscificaly drypnesatdificaly) &r:tﬂledﬁrsbyncdemqlmnnta@cmdsre si gnal
obt ai ned from a

obtalned {1on.3 Sale ontalhio one ol Ll polen il bl ndi g frtrer
non-specifically) to the second molecular interaction complex, and so on for higher order
binding events.

Examples of relevant molecular structures are the presence of a physical
substructure (e.g., presence of an alpha helix, a beta sheet, a catalytic active site, a
binding region, or a seven-trans-membrane protein structure in a molecule) or a structure
relating to some functional capability (e.g., ability to function as an antibody, to transport
a particular ligand, to function as an ion channel (or component thereof), or to function as
a signal transducer).

Structural properties are typically detected by comparing the signal
obtained from a molecule of unknown structure and/or function to the signal obtained
from a molecule of known structure and/or function. Molecular binding events are
typically detected by comparing the signal obtained from a sample containing one of the

potential binding partners (or the signals from two individual samples, each containing
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SUBSTI TUTE SHEET (RULE 26) WD 01/027610 PCT/ USO0/ 28491 one of the
potential binding partners) to the signal obtained froma sanple containing
bot h pot ewt)ioamz'b;hmdi ng partners. Together, the detection @cTtassbomgsecul ar

bi nding event” or "nolecular structure” is often referred to as "nol ecul ar

detection." The net ho and a atuses descyribed herein are primarily
of inter88°kthe H%tﬁ’étt’:f’( H}ﬁfg“ E"?P‘)ntlrlj‘Fé@BFlaﬂb 9 Am Grsapgp ‘E?QFaé‘&Pg and

phar ”aceuBbtﬁ?JotenhQﬂﬁﬁ&ﬁ?ﬁ?rtﬁéPét T%ﬁi& th@dase@wfa%ﬁﬁécuw)uﬁmg%%n& %ych as
in a cell or subcel rane or in the cytoso of a cel

Accor di ngl'mplestlpusitughuag” iproﬁpemfctecsi tofas fiplobssulagdetestioni’nt er act i ons of

nmol ecul es with each theh Lé lrc(i? nd| tions thaé Galirl not ident, cg

simlar to physiol 38 g8 §V?? ?Pé)aéatnéseﬁ)fieﬁcg % er’i?lgtaées?nmfbly xarrpl e,
fornmati onjfdreq t&@é@ét%j ?fedu!t'ﬁﬂilé’du@dﬂ%berﬁ@bﬂ&@ﬂo@ﬁ:a%ﬂ%aﬂﬁ&ew' ol ogi cal
condi tions, such as wou resent in the vacuumfield of an el ectron

m cr oscopenpqmnp‘ijthﬁmccbémdﬂ}yslpmcéhSlﬂ@tlb@ (sugdrastie prceliular erpubealiutar bi ndi ng

" h d d
R e N T R e LS

woul d be ijureafin of hokeciRb Witaaleacslebﬂhuxlmrdeoéondittcﬁmlﬁﬁthwxﬁﬁ@lnucal@ﬂ@i&mar or in
an artificial environnment, such as in an_aqueous buffer, desi gned to mmc

a physi ol EgphystolagilFeudsions age of less ipfgrest. e‘i%ﬁ?ii‘@é’& formationyedA con)et @fl ogi cal
condi t i .Onfh Yﬂ&%l@do%@uf@g%ﬁ&ert %I%&‘Slo}%’}léah&dﬁd&ﬁ;’nks‘s aings w8ﬁlg%'p§§§ﬁnﬁﬂ‘?het hat

artificial conditions desl C such conditions can S0 vary
considerabﬂmunFﬁﬂdeﬁanﬂbannamhrmmomg“emkhunbayomn@mﬂihﬂﬁmaﬁnkae@rotein and
a ligand j,n subc IIuIar art nent t he prese per proteins
Bnd Sl 1 ReleBRl G e by s AR gAY b RTE e o Ry PR
greatly fﬁ%&ﬁ&t@i‘é’r@'ﬂ%s@%a@@kls@ﬁﬂféf %m%%w fal %{dﬁmnse%ﬁéméé Jvmg bby the
artificial nediumreferred to as "nornal phosphate buffered saline" or

PBS. Pref elresmﬂ nmmn@mtal oslulafor inferceiylamenvaanment o lypn@atnﬁqral@evm@nm@ms
sol utions one. amunt s C.S S such as
i,y as T B B PO P o S o R R B o Bl R Foun LBy Tosted
" aqueottgogibed theocal ?ﬁ?dl@bgﬁalaﬂonhﬁaﬁi vzﬁ?fr\&n Pavetoplaceprithiecablasdat | east
80 wt.%water, nore preferably at |east 90 wt. % water, even nore
pr ef er abl greapisme aad tasarficr] mdetponseipﬁémedct@ TG §168 CoBGISANS ¢8 alsonnal i t v,

DH. 1 eDELA L AN LB binlRlh SO M decAoh ENSLAREAI Y lififler to

mmnc Ioca con |ons of "the int envi r onme
exanpl e, asmdaﬂulagco@mmentmthalprasglqeloahelper'l'ﬂretenataudainatl(mdedlﬂasnsati n, for

G 1 or ot SR AT uheonipHS BPa Treeea by Gun bR D EuRE ts conftins Fhose
condi t ' ONgery X I fTic@by Md z%ﬁ&'a%e&%ﬁ&%?e‘n‘é@ %o S8ogNRhHoSpHE BulFrit ur al
ones for the stu y o? gar I ous biological events and structures are replete
i n the |itamat or BBS MBreferresimohdigions 6f the aventati wilbtypicglhy e equemey solletidny,  as
exenpl i fi gtda I‘?’l}/nll‘\{l%{nl gl ougﬁlsgrrr]lte IaIn'oﬁnt% %?g@énic solvents, such as DMSO, may be

present to assist solubility of some components being tested. An “aqueous solution”

contains at least 50 wt.% water, preferably at least 80 wt.% water, more preferably at

least 90 wt.% water, even more preferably at least 95 wt.% water. Other conditions, such

as osmolality, pH, temberature, and pressure, can and will vary considerably in order to

mimic local conditions of the intracellular environment in which, for example, a binding

event is taking place. The natural conditions in, for example, the cytosol of a cell and a

lysosome of that cell, are quite different, and different artificial media would be used to

mimic those conditions. Examples of artificial conditions designed to mimic natural ones

for the study of various biological events and structures are replete in the literature. Many

such artificial media are sold commercially, as exemplified by various scientific supply
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13 SUBSTI TUTE SHEET (RULE 26) WO 01/027610 PCT/ US00/ 28491 cat al ogues,
such as the 2000/ 2001 issue of the Cal bi ochem General Catal ogue, pages 81-
82, whi chwibilatog766® commercially avail able buffers w th pHpecaluses284angi ng
from3.73 to 9.24 typically used in biological investigations. Al so see

general references on the r ration, of i cal  nmedi uch as chapter 7
(" The cul f%fﬁ'@gﬁ%vwcgﬁﬁéhﬁm%@w St Galoiiha Geeral Lt %&?&FSQ " Basic

Techni quegp Jixich HstE80 cbRtherdfally ARilhHI8 SHIEY with PIEValubd BRginDEWmM P Kid 1994) .
As used herein, the term"anal'yte" refers to a nol ecular entity whose

pr esence, 92¢rtyweallyaisedimisivlogicabinvestigatiansc Alsd sselgenargl rdfsrencesoh e anal yzed.
Sui tabl e anal yt.es .for practice of this-invention i.ncl ude u e not
i ted t raRAnar bBtealmeiaieh Sneaapler ¢ ("L e EgTrotiF AT IR bt o
DNA,  RNA, og[di¥sal COINA. 4 MaMoal Jf BYAY TebRidien SThirdSB@AbS, R Jhy FREKRY SWRISy-
receptors ‘and their coQggate igand (e.g. growh factors and their

associ at ebissaeptork (19941 oki nes and their associated receptors, signaling

ol ecul es and  thel L LEEFRLSEShe S haR 503 SHALAS SHLSHIRE.

phar maceuti cal s andAﬁr ug can ates rom nat ur al

synt het i ¢ paRalcegiies e \bildipesbiktydetst, Griethg detecedndrianallyosd. Buitableaailiyes) ,

nmet abol ites, drugs of abuse and their netabolic by-products, co- factors
such as viaramaciise ahthionyentiondpelpdg. byt 358 Bek limitel satiegdes aprtigens awpisifnds,
oxygen a r fvrﬁh’é] N INY I AhREA [ C ; ul ar
constit ue%ggggglna%gﬁn%?%nes aDnIgAég)sQZXélgat ed%gﬁku’clggyéé @%m’g&iﬁ%’t ur al
product s fugan] glycoprotenis, eaeptarsiamd lthesoeogoass ligaiderg. gpewth ifadtdry and theonpl et el y

t heti dugt s, d the like Al thou t t i bed
her i - ar ERRAEREP R SYHGEES SHPEE ARGEGH TRPI QTSN GTEBHEEUe kol wt i on

at sone t ifESreddpeortE s ndlechts shdVARKIsARg pEathab&itRPRlah@dripQaiditistgd | ons in
whi ch one of the nmenbers of a binding pair is imovbilized on a surface at

the site (dithehBomimahwal predusts arisyethelicaiataghegdrveloped arfl stetedan whi | e t est
conpounds are. al l.owed t.o.fl st ;the | bilized l.ecul e. sed
reroin vheRonaREe B gp R ands ok Ry ind fER R STH oS meRe it Rr

"anti| i gafddtors Sudhsy&ithnins2ad otier natafdly otqurtihganbdyaeieie compolids aggeron t he
surface. The antiligand, for exanple, can be an antibody and the Iigand
can be a Aed elbel gasefonndin physioieigands.ealls, seiar constatients gell emprangse
anti body. t i i - t he
ant i body Fé&%ﬁgaatg%?@cﬁ %él’é’él?é%ga‘g‘g%‘é’g‘fdg‘éﬁﬁ?‘g@q? éatngaltrl&p:%lslglgr %)O?lpct%ﬂ’?dsmecfocunent
t he anti beatyialipor gnpletelysiydthetcpriodudie ahtiehd lilgand and the antigen, the
antiligand. Additi Ogjt:hlp once an antil.igan as. bound to a I.igand, t he

Y, d .
resul ting antiligan ‘g%lh@o_ﬁtdﬁﬁ_ﬁﬁ‘érfm@%ﬁ dp “bE%R%rF’d‘eﬁr%Hlag?lO%H’tdi“f‘ Wand for
the pur poggsechfes oHpaRIBIGHS1QI1EGh RBtution, at some times the method of the invention

can be applied to situations in which one of the members of a binding pair is immobilized
on a surface at the site of the channel receiving electromagnetic radiation while test
compounds are allowed to flow past the immobilized molecule. As used herein, when
one member of a binding pair is immobilized, the term “antiligand” is usually used to
refer to the molecule immobilized on the surface. The antiligand, for example, can be an
antibody and the ligand can be a molecule such as an antigen that binds specifically to the
antibody. In the event that the antigen is bound to the surface and the antibody is the
molecule being detected, for the purposes of this document the antibody can be
considered to be the ligand and the antigen, the antiligand. Additionally, once an
antiligand has bound to a ligand, the resulting antiligand/ligand complex can be
considered an antiligand for the purposes of subsequent binding.

As used herein, the terms “molecule” refers to a biological or chemical
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As used herein, the terns "nolecule" refers to a biological or chemcal 14
SUBSTI TUTE SHEET (RULE 26) WD 01/027610 PCT/ US00/ 28491 entity that exists
in the fowmoaf2michem cal nol ecul e or nol ecul es, as opposedTiuso&2840E OF

ot her non-nol ecul ar forns of natter Many nol ecul es are of the type

referred to.as %ani | ec E‘H’é lrmgl S con@eal ni ng carbon atons, anong
others, cORHEARUETHE I diareR a6 FEHBBGROLS PBRRFFE L0 $8Ys Abt
contain C%EH&PHOI( m&%cumm'omh%er Whﬁfﬁhbﬁé&ul@@&%%f%&éctg)p@&fé@d%;ﬁi ar oxygen
and nore conpl ex nol ecul es such as sone sul fur-based polyners). The
gener al t ergenicrodleculésetompeingd sentaining NGRS, iaptong etherd, agwestedbygr oups  of

organi . praTEEBiN LS I n r Bl Kse B G Aefhun ek

appr opri aiglecal gtdes siiah £ rﬁxfleédw&&ygaf £hddR6re lcbiblexandledul®s SubREYsoie Whi ch,
such as "protein," themsel ves describe overlapplng groups of conpounds)

will be useldurthased pplﬂe@;réhsﬂleogenar@btem rodgsulst’ inglydes ppmgrxys descapEvbhgr oup of
mol ecul es aX‘éeEGP gf{)]{rgﬁl%blﬂe ner&pa té{?&efngtlﬁﬁ eléé)l&a}!a‘?b&’é%? tes; Qt%? nds be

representa Ive O ass ECU

subcl ass, osgaﬁim pharmdostittdalss recWSleS mistehdbdies, anﬁﬂlpmStWE@r@j’p&iprmEﬁGneﬂ@, a
nDIecuIe al so  includes bound conpl exes of individual nplecules, such as

t hose des&qreebthpss mose dﬁwrlpﬂeﬁﬁreémaéﬁanst%fﬁfvlyéh SREs BN Pretaing tHEMIRAYES] v

coval ent | a
protein WI'HE %ﬁg@ﬁé akﬁ&gﬁ%ﬁﬁ?@?gﬁﬁ@sgﬁlﬁﬁo&g@? 3@rre 1es ues%kbgpnggfé%lcﬁf

nmol ecul esttwrreethod tdambgmud@rf ad)ld:omldsewrthmédaﬂrmlngfnoucﬁlﬂnmsnt tﬂlammlche, it is
al so possibl e t salts di um chl.ori.de rese in the
Sanp ot napmERHea B stk ph fork B dibial us ilochles ppRlREER such oal ¢
does not @@fidla%tsufzﬁ X prbleesP VRkdn s8d & itd MBst deNMBINhbAing, 2Uatdl&alet a1swi | |
part|C|pate in the overall dielectric response, but a nol ecul ar bi ndi ng

event or prchsies wr@mrrb%emépémdéaduarh molirsiiles el ésnﬁlese descrifsedcbeloay.efn,  t he
terms "b|n . i gand/ang ] n nd/anti| i nd
conpl ex” q? A s a¥1 RE! Ip?dsertt in a%%m%e‘;fg/ %%vgiueggy g(mndo ollecuI? ?s% ﬁiag1 A a3 teg t hat

speci fi Cabhx&somntaaﬁtor(a@rgtelnhwmdah&)al@@ﬁlﬁbtﬁﬂh@ Ets hirfoddcid ﬁshﬁu;l)l,dmd@ﬁﬁﬁ ex.
Such a pair or  other groupln%)ty pically consists of two_ or nore nol ecul es
that are mlenigargihoprdese fr bomplsculalgieryrss. Kot qomeser bisaliq Rassible

non- coval %&?ﬁ?ggnééd{&ﬂ cﬁﬁ)rﬂ%ep\glllﬁﬁéj]%xg%?l tﬂE? RSk 'tlﬁ'?%ont?lggg'frﬁyg&ﬂl apondi ng,

or van der teraction Interaction (soneti nes
referred studsefdnd thepesdnce ofmjchcsalms des ylocdnmsict(fewmlﬂieypraﬁmrmf thker nol ecul es

t hat have.sim.l ar d|n affiniti i known in the_ ar
Eanpl o6 THENGRL SHSH STy TLRFGEHE 1) 0 o srel Qi e, e Mafeeular

aci d- nucl gjn@irGdvent (ﬁ'ﬁ%ﬂ%h?%hlﬂb@&ét@ét&i Rahéis pregérf%la()g' cal binding partners

need not be limted to pairs of single nolecules. Thus, for exanple, a

single As used herein, the terms "binding partners," "hgand/antlhgand "or
“ligand/antiligand complex” refers to pairs (or larger groups; see below) of molecules that
specifically contact (e.g. bind to) each other to form a bound complex. Such a pair or
other grouping typically consists of two or more molecules that are interacting with each
other, usually by the formation of non-covalent bonds (such as dipole-dipole interactions,
hydrogen bonding, or van der Waals interactions). The time of interaction (sometimes
referred to as the on-off time) can vary considerably, even for molecules that have similar
binding affinities, as is well known in the art. Examples include antibody-antigen, lectin-
carbohydrate, nucleic acid-nucleic acid, and biotin-avidin pairs. Biological binding
partners need not be limited to pairs of single molecules. Thus, for example, a single

ligand can be bound by the coordinated action of two or more anti-ligands, or a first

antigen/antibody pair can be bound by a second antibody that is specific for the first
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| i gand can be bound by the coordinated action of two or nore anti-|igands,
or a first antigen/antibody pair can be bound by a second antibody that is
speci fi c woroibbm1d i rst 15 SUBSTI TUTE SHEET (RULE 26) WO @LraRé615391

PCT/ US00/ 28491 anti body. Binding can occur in liquid (also referred to as
solution) or soli d%éal so referred. to as_surface) phase and can i ncl ude
corrpl ex biapdhasy. Bheding WWéémtlr%“%@FsioéFfeHngiWP%“&‘RB))QFSSOIBF‘MF%{? &fedt hr ee

mor e S?&?{%ﬁ\%\%&@hﬁ% efrﬁehgdeef‘cgsmg aﬁhahgtlﬁf(ffﬁgirv%the Saghyde GPCR-1igand

blndlng, pro ng; -~ nuc
receptor/ @mﬁtamhadsdslbngﬁﬁlgﬂbﬂltﬁ%emr mebre gepacate mbkecllanetitinigs.c Bogaibdxexahaear one
along wi.th a

t t { I le | d Oh I
11 be r niide OBGRdieand bains, TiGw e Ry RSO iote BUTETHEIGr d + || gand- i s
commonl y qgc%gt F@&@bﬂaﬁhg addPHRA &Pdlag orrﬂsé GiR4hE céﬂblex\mwoﬁe%s@m% gts

anot her an "anti that "binds to the ligand, owing to
a favor abltegdti aleng wnhgamaﬂemolehdﬂggarxdn Gth@r@xanpkgwlh porcaddpaprent &s ween t he
| i gand an nk and. There is no limt on the size of the interacting
subst ancedNOsE§ '{”ﬁ‘ig‘tg Iaf‘gand (or an antiligand) in this broad sense can

consi st of either amhkRryigsal” mOﬁﬁﬁmyegedqle}eﬁsgﬁfefert@ﬁ@a;ﬂbléaﬂewroup of
nol ecul es, such as woul d be presented b% a cell, cell nmenbrane, organelle,

or synt hetwlnclathaliecﬁgwés Etﬂl@éleemOIGCAk (heecat @tﬂlwand”) That@amb to émilgaadxtqwltl@and"
both hav d sen
r ecogni zeg0 f Eavora E%@ %lvefceneg ar f? ﬁ gr%g uPQ& &&ﬁ?&@ gh ¥1}e IE%\?%{)%/ to use

the word ‘ahiiggnd.’ Th@reﬁ@ﬁ@hmﬁtcbntthemzs aﬁihbemteﬁtnﬁmbbmd@; socthima 1pand G@r s t hat
interact with each other, and this convention is _fall owed whenever

possi bl e. ap&ntilgaadhiarthis proadirensediameonsisi g githen ep mdg\aﬁ%rﬂm?ﬂuéw ylarssks to
the i ga.ng gcah g&lﬁ&%@aﬁés' LRARY wolli® Cfbdr&@h gqg eﬁr}ﬁ&hﬁeaﬁe or
1T, an t CO

non- speci e interacting Iigan antl nmpl ex are’typically
bonded t o cegaobllgbheynthdticauglogmothewol Amuseﬂduemers “hgmdﬁ aad “mtdigagErbotionds,
ctions, or ot her t ecul ar. i nteractjions. As

Van der aI te |
o her ohave st b Sigen e S sk R Rood b FEPIb o) s OEH oSl (R0 ei

nucl ei ¢ aghde ls%rgegelfaefen@edasill@glemd SE8ioldgy HASE thdRBrdNeip8hdY tor&kLloShe O a
bi ndi ng reaction which is selective for ¥he ligand of interest in a

het er ogenewaBerpdpd tita lundlog ppnessthabinteradt gadsch qthas andiHdeeongesiagriat ed

condi tion mrunoassay conditions in the case of an antibody), the
speci fi ed%%ﬁgl‘%"ﬁ%n‘&%‘ﬁ’ﬁv%l’ﬁa%ﬁf;o its particular "target" and does not bind in

an indi sti ngui shabl @saRediRéreinQthettéral “IRah@ahtilaland t@apes” RIFES &the ligatde
sanple. For exanple, a cell surface receptor for a hornonal signal (e.g.,

t he estrodemd t@db@g@rl)gami | The binding can be specific or non-specific, and the interacting

ligand/antiligand complex are typically bonded to each other through noncovalent forces
such as hydrogen bonds, Van der Waals interactions, or other types of molecular
interactions.

As used herein, the term “specifically binds,” when referring to a protein,
nucleic acid, or other binding partner as described herein, refers to a binding reaction
which is selective for the ligand of interest in a heterogeneous population of potential
ligands. Thus, under designated conditions (e.g., immunoassay conditions in the case of
an antibody), the specified antiligand binds to its particular "target" and does not bind in
an indistinguishable amount to other potential ligands present in the sample. For
example, a cell surface receptor for a hormonal signal (e.g., the estrogen receptor) will
selectively bind to a specific hormone (e.g., estradiol), even in the presence of other
molecules of similar structure (such as other steroidal hormones, even similar steroids

such as estriol). Similarly, nucleic acid sequences that are completely complementary
16
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selectively bind to a specific hornone (e.g., estradiol), even in the
presence of other nolecules of simlar structure (such as other steroidal
hor nones, wewan2®itori | ar steroids such as estriol). Siml amrcg/usooessei c acid
sequences that are conpletely conplenentary 16 SUBSTI TUTE SHEET ( RULE 26)
WO 01/027610 PCT/ US00/ 28491 w Il hybridize to one anot her under .

presel ect dll Bybilizs torpae apetherynder Rietrdsctsd ronditionggychdhat ogigg Rueleig @gids, 1 f er ent

i n sequen i:ti i gl I i gdize. As
used er of g LB b s@ihete & i AEMIRAUIT A AbleddReT R nclIOAAED.
refer to material wAsabed leeranpht garins disbiateds” "pgBed,! ad Ypidlogiealfyrpme”

conponents that normally . acco ny it as found.in its native state. As
used her effer PRateral r‘ﬁh"%dé phs rggg]il%or FEERLY IS QO%WPB‘Z}FIE/}E‘F BTt or

ri bonucl eqddode,aRPlt ¥ 8dunlin &t hiMeVe stdi1gl e- or doubl e-stranded form and,
' I d

unl ess ot herw se imted, enconpasses such polyners that contain one or
nmore anal ogs of nat Asakedhertinathe them "nhelticaiand” ngfbrsitoia deoxymibanwileritidaor manner

to natural. ocCurri nucl eot i des,. ed herein, the ter .

"ol ypept FOEETeadn RS SLiffer 5@ coriuhEEraf o 0 b Thesv iangeanl v
to refer timiRdPcHmPiss€f sueibIgnRES #Hatf DftaihiGife or &S AndlBEIGF fAuralot appear to
have a consistent use in the art in reference to the size of nol ecul es,

al t hough nhdedidge thagpapdiybdizeimp biynitas angerite npiyeal psPwging inpeleetifgs.

complexity. Al of | ¥ apeeacid. p ; < ich one
or nore amno acid ?§§§§U£5§5H%%§$?ﬁep&g%%ﬁhﬁs éﬁhgﬁﬁg#qgﬁéﬁntﬁg%?cal

anal ogue génedalBarsed fpatithingeabivtoliesdr ko/a pelgtier ofMgniaviatid residwks. Thedeaarths as
well as tqQ naturally occurrin&ﬁanino acid_po#yners. As,us$d rerein, t he

t er m " ant AP HAYAPPEYTIRIEVE HCopsiSHet Bierin st WHTEIREFNGE IQthe SBF of poteculssl ypept i de

chai ns su Efalftlf'h%h iy érﬁel‘giﬁégldgegeﬁlﬂ% FAFENRO Qlcpé%'llnF Riz8 QA& Eorlt le;(irtﬁglml? 3F ﬁlegéh

i nmunogl o genes. cogni zed 1 mmunogliobul 1 n genes 1 ncl ude the

kappa, | &mndapplatpiminogaithmlydes imyhiepsnt onmarcamimo eoidgtsdie arggplade genes,

as well a riad _.ir ogl obul | n vapiabl e regi on gepes. Li.ght chai are
ol assi {1 oROBLIs R aRifica] S eghamalogt ke Cousspordibenartrally seoyrtrpngacul
game, Mior BddiNas welehd @ nafiral®PSdcufthg aMih6 Beill Polydiens. define the

i mmunogl obul i n cl asses, |19G hgwl | gA, gD and I gE, respectively. An

"ant i gen- bi ndi ng si Aé'useskhergint8¢ trympentibasiy” raferd &9 8 progein hengpiing oo Pnepr

i mmunogl obul i n ol l.e.tha rtiCcipa i.n_ant | . bl ndi n The antigen
bi el ng. SToE: PRTPseBif i Ap Rl CoBted b i ulRO e BRTkPEL Pofrae e LoT e
("V") reginRsneilotdla deaay YTt retognied ithinghbgl6biulin) gedbinblde THer@ppd)i ghl y

di vergent stretches wthin the V regions of the heavy and |ight chains are
referred tamnbss, alphs gpmani dallaccnsdgn apbmugRnepntapgion BeNsH s el 2sE¥iAden nor e

conser ved;f L anki AgAtRLE0 SikD MRS 2Bighf HATRYPS Kad S ORT b Y kapERS: -

lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn
define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively.

An "antigen-binding site" or "binding portion" refers to the part of an
immunoglobulin molecule that participates in antigen binding. The antigen binding site is
formed by amino acid residues of the N-terminal variable ("V") regions of the heavy
("H") and light ("L") chains. Three highly divergent stretches within the V regions of the
heavy and light chains are referred to as "hypervariable regions" which are interposed
between more conserved flanking stretches known as "framework regions" or "FRs".
Thus, the term "FR" refers to amino acid sequences that are naturally found between and
adjacent to hypervariable regions in immunoglobulins. In an antibody molecule, the three
hypervariable regions of a light chain and the three hypervariable regions of a heavy

chain are disposed relative to each other in three dimensional space to form an antigen
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Thus, the term"FR' refers to am no acid sequences that are naturally found
bet ween and adjacent to hypervariable regions in i munoglobulins. In an
ant i body woloeoetee) the three hypervariable regions of a IpicghtSoobsbn and
the three hypervariable regions of a heavy chain are disposed relative to

each other.in three dinensional space to form anti 17 SUBSTI TUTE
SHEET (RUEE’% Qv{%‘@% vgyﬁaw%@y%mﬁon B}ad:}af‘ﬁgag %gg’reft%{ét‘et"%n“m-s

surface Mgk g eShyRANGAbIIOfoA W AENGH Y hofvyla8 1Hoff @RinsaRd te8ff2d 1o I01€ three
hypervari abl e regions of each of the heavy and |light chains are referred to

as " conpl'emepicmentaytydisteemming regionehomfIDR Y rand @Ry taragredized, dordxamplet lar i zed,
for example,b bat et . Sequences qf .pr.oteins, of j nal 0gj,c
nteroat ! Riprtasal Seientos BB R RESInclonBHanCEr oo TBoBrrcHER ¢
Servi ces, aRB¢HhaRAZerMes( Bi3it)Heath SUBEELsBEREsda, MIDE(1DETHTE " i nunol ogi cal

bi ndi ng" and "i munol ogi cal binding properties”" refer to the non-coval ent

i nteractions of theAsysed heran, besermspunmpeelogisdl tirdingoapdobumupolegicelcul e and
an antigen. ch theci hin.i i £he. se erein, the
9 %h%d?ﬂgr%}?%?rgest 16et M? gg-gg%lc%nt laIJlCt racHins é)% kh%ttﬁtg%t chlrllrzbertwaﬁl?ces t he

term "enzy 0 a protern a S as C S]

acti vat i oanénngyglobulih mbiesile ahd i atided forogkith tHerghnigbpldoli®ishpécificonpounds
or of a chem cal reaction in which one conpound is broken apart into
smal | er  conpounds. APrEeE s pBuUE setih SNZYIRRIdieliss torfeptPisit habifts Asdesatalyrd

I nfluence,gf rédﬁl@es‘?ﬁé%dr?ﬁ?ti@rf eé Oﬁrar &Gl Q1 cii@@&h%%%b&eeﬁ%%e‘?”zy”e | s not

a starting nmateria I na uct 1n the reactio ut i s unchanged
af t er thecompatrdsior bfa clomuptatresttiodAsn whietl oner@npourtdne btokemapareiato swatisk "

refers to the terjial bein i nvesti gated (.t he anal yt and .t he

et und b EPBPOTTS wiig Fo R ) Hadered P ehgtion fnd® astin Bl B of I resmms
included {fd fefbrrel kdIhY uBdtra8RSCPHS elYARs AR LJtdrhS matetRl B fifte bRAuct inONPONent
of nost physiological nedia/buffers’is water. Sol'id phase nedia can be

conpr i sed thsfreagitony butlisunshangediafigr de reagtiomstdomplesedcul es i ncl udi ng

car bohydrates, proteins,, ol.igeonucleotides,, .Si Q2 As, Au.,or
alternatively, any é‘l’sdlg?ﬁ %er(f)lgi @’ﬁg?rpcqesﬁﬁ%%?lfaafe?erg ﬁocc:ﬁ‘eé%at‘f\r&ail 8?11(1%) , Rayon(r),
Dacr yon( r Jnvepdayddr (€ieydnalite) alé tHeanédiim/bagfepinesgich €rlanhigtedk founde Theke. Li quid
phase nedi a i nclude_those containing an agqueous, organic or other primary
conponent $ediun ar byffes €an inghded selids ligpid or gaseaps pltage matarials; Hepgaeipakl | ul oses,

dextran d%B&gé’ﬁénYGFm &&F&g&tﬂ%gﬁ?ﬂ HEAiDBuftlrs & WSy, §611d2ph delnafih zadpyat er

bl ood, cerebrospi hal 1d,“urine, salrva, water, nd organi c solvents. As
used her eicompasedif abgillyalccsamnp loe Syrntlsetia rsaleqile ioélubing catybbylrated, ssue or
fluid that, i.n a _heal {hy and/or pathological state, is to be assayed for
the st rucPEW@P%)"l‘S?nuCLE\?\EI‘H?S(’ )Oroﬁaﬁﬁtféwégtaﬁe@aw?biaay 8EFRRI POSERSICes i ncl ude,

but are nafaedaMsh@fadQylosBYMNBR®, Dacryon®, polypropylene, Teflon®, neoprene, delrin or
the like. Liquid phase media include those containing an aqueous, organic or other
primary components, gels, gases, and emulsions. Exemplary media include celluloses,
dextran derivatives, aqueous solution of d-PBS, Tris, deionized water, blood,
cerebrospinal fluid, urine, saliva, water, and organic solvents.

As used herein, a “biological sample” is a sample of biological tissue or
fluid that, in a healthy and/or pathological state, is to be assayed for the structure(s) or
event(s) of interest. Such biological samples include, but are not limited to, sputum,
amniotic fluid, blood, blood cells (e.g., white cells), tissue or fine needle biopsy samples,
urine, peritoneal fluid, pleural fluid, and cells from any of these sources. Biological
samples also include cells grown in cultures, both mammalian and others. Biological
samples further include sections of tissues such as frozen sections taken for histological

purposes. Although a biological sample is often taken from a human patient, the meaning
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ammiotic fluid, blood, blood cells (e.g., white cells), tissue or fine
needl e bi opsy sanples, urine, peritoneal fluid, pleural fluid, and cells
from any wb dihemao sour ces. Bi ol ogi cal sanples al so i ncl udeTasod/zs4gr own i n
cultures, both mammalian and others. Biological sanples further include
sections of tissues such as frozen sections taken for histol ogical
pur poses. 1544t ﬁ%ﬁg}ﬁteé Bhe paws %%ﬁ?ysscéﬁ%F usgdgo getegin fnﬁi@éﬂlaf PRt %P%[?ﬁ%?ﬁmpat i ent,

the meani @%plé?fr;%ﬁ?%?rﬂ_ﬂrﬁalsﬂgﬁgs (16%!— Batd %eéﬁoc%é OmaHE, E’ﬁél%o%%ﬁé@l I s

not so limted ane assays can be used to detect a | ecul ar ‘event of
i nt er est iftom sthepingsalfspeciesfaye. farypduch ssidhickens dogskeyaanéplasﬂséeg;, cattle,

and pigs, as we from.ot.her .ani nal irds, such
as chi ckeﬁE"aH’renfahjpﬁgV)angmfnﬁl usfid §Sn%°8d§j Such,as CORL At Qﬁ Sl;h(eebl‘gﬂ%w | ants used
as foods, s§HeIR c%b&ﬁx’e&eﬂéd WheRbIsary HiediRitieh 0he Alp ro&ﬁﬂ@ﬁﬁlsﬁ%ng%&l‘hﬁﬁr eat ed
as necessary by dilution in an appropriate transportl ng nmedi um sol ut| on or

concent r aseldtion pr ehasenteatcd, Hiddsired, and 1sistill e¢ferredtp asa ‘Deolagictisamplyi c 4

sample.” A ndar ueous trans ortl nedl

sol uti ons, %%‘i’%ﬁﬁ Orféyaglﬁ%rdc?ﬂu%?usvrﬁp?po?[ A qrf‘ RS puolr P? emprﬁ)?gn M G Uch as
phosphat e varléty $f tr@ispbhiglnhddea, sietedseyhalphted Tris i ke Elkd;)gtdf@-bblplalt can be used.
As with biological sanples, pretreatnent of a nore general sanpl e (by

di | uti on, pbyE9lagicalghl Cf’e‘f’tll,e usends With iglogisrlsrRpIest Prefeamehaf @éncﬁﬁt erial do
hot pr eve%&ne&ﬂ%a%#e?&? gllutflcyno g}(lpfc'tl,rag Jt(? e@ﬁcrquls oBta dafr(ﬁﬁlg@l)l?rce éﬁte‘x’ﬁ?&io

her ei n term reseérvolir rs to any location, out regard
t o physi cabt event tfe eitaya, froMnbemgiéfem:ﬂ nosaslaesamglenm nt ai ned in a position
that is coupled to a resltln

Si gna 0. L a
interaction of a teéf %?Cgﬂ%wmvﬁ ﬁe%élulgéﬁsrf)“’@r r}?rﬁéo aE3Ho8n™ g@ﬁton of
the "flui Qe%agféfl%][p‘ﬁ?bﬂial sPRbr RRap el REE #Rlid 1s|‘_6E \Aﬁqnilﬁtﬁﬁfeﬁ% k posdn&f @hdishore to

the fluid han to the contai ner the fluid is located. In
its sinpkegtled toramlgrtahpatbf sortbat a' ignal cbsulémg fkopi miteraciionrod dest signal withthg

d I I f « d d. h |
by 1 nor 1 cea bl dut hefnaht B KRS Re Ry TR r ket "idca T

vari ous " gdfeid méte fd @B FueTiRENthin tostREl coriaigenia rmﬁ@h thie lﬂlu‘MﬂstSba&ed.S apke fluid
is washed across the surface of a chip that has eci fic nol ecul ar probes

(usual |y Bruplest fyge thesefofe, kilwd resenioar cay referttae éltoplaﬁ@v\hywd”eramdcmsa on the
f " .t t d
it phydl et i FERFY 4 o RAARSELy 1S AR RCREiS SHERY 2"

verti cal whﬁg&xﬁehatar@mls&nﬁasmsecgfnaxunbai i‘amﬁ’l desigheasthm@niyased im gehemsdsde
wal I's of test tube or mcrotitre plate) npl etely urroundln vvalls (as
in a seal évbisheanmelotluidis washed appgs Be sy R AghiRahatdas pracitigimelesularang/ or

2oL, TS (0 o gl i ansyieishogs el o

referred sufiver dha“Bsidaeseitou, dhowever, can be and often is contained within physical
walls that restrain movement of the fluid, such as vertical walls that constrain
gravitational spreading (as in the side walls of test tube or microtitre plate), completely
surrounding walls (as in a sealed container), or partially surrounding walls that direct
and/or permit motion in a limited number of directions (such as the walls of a tube or
other channel). The last of these named possibilities is often referred to herein as a “fluid
channel” and occurs commonly in situations were a fluid is being moved from one
location to another (such as in a microfluidics chip) to allow interaction with other
samples and/or solutions containing reagents or to allow multiple samples to be
transported past a single detection region.

As used herein, the term “signal path” refers to a transmission medium that

supports the propagation of the desired test signal. In one embodiment the transmission
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channel " and occurs commonly in situations were a fluid is being noved from
one location to another (such as in a mcrofluidics chip) to allow

i nt eract iwo oasoetsiot her sanpl es and/or sol uti ons contai ni PETIEAYeSIWE Or to
allow multiple sanples to be transported past a single detection region.

As used herein, the term"signal path" refers to transm ssi on nmedi um t hat
supports PHEIH? Bhrgandusior siruqipg Shebsapakial¢abls eapable of SURPRENEAEHERENt t he
{r ansm SR rorhSkrSHB BT Y Tn e RUAFIcABhaWR 0 H R AARABCTIchiS00! 28491
path is a two-cohductor Structure such as a coaxial cable capabl e of

suppor t i nquierostrip\ime seriplalegsispeniad netstrate( JIEMine coplatar wavbgride, are also

mul ti pl e-conducgt or,, TEM structures such .as mcrostrip line, .stri.pline,
suspended “g’ﬁ'ﬁgfcl P4fhin ;[%e!pr_fseﬁ_’ti ‘%@P‘t@apl%éﬁ%{rtrm‘é@]ﬁp (S‘ée,dleg _rglé(’haa\ssvgre’ PHE‘ie_ﬁ ded
Wi thin thejraliesnd wfek! dnlih@ive oPURRICtA WRBELRIE sRNctiRY] Butlipblah(as, Wi re,
printed circuit board traces, conductive or dielectric waveguide

st r uct ur eguadrapdlirpodtapolqrpstouctureyy geecseporladed mctheprssent eBritiget ur es, are al so
included in the preégnt (glgfiigi %i on. A3 M 1§1§j ehgoreiré}FrsttQ?qetr%r.g]n"Hlect)reacti on
region" refers to the PEGBRTAF B G PTHFETE) "ora’ r1urd r eSefVoi r

(e. 9., a bbuiod) bf ANGIAEIerNE@E]a fidid &afbpoft@hhntiet irtAmidtbfuibics 8hipwehl of a
multiwell plate) that receives and interacts with the el ectronmagnetic

si gnal r aéilaf eanyliwell plaee) dhaymepeiveapnd inferactiriih dhe elegifomagnefir dgtabd by t he
appar at us i : Whi Si j t VM anpl e at
anot her | Bﬁ%t?%gg’?g%?,gﬂ- %ﬁag‘dj acnlé%ltngloﬂ\%gﬁ 1? dg@@'Jgd g?}él}éo I ? {agﬁ;?le}gflge f(?fpi nged by
stray el eThngradieabine sigadi @by miteriat svithssapipbdoe ahethel) locatgmdb. gexh adjaet s
interaction i f not. detected b%lfl;[ he apgar atus hein usefd, woul d cause

) no
the ad) ac@fill o SGRBIIT DAL [FARIPERYDY aY ©Fet BRpsnsHC FtrtR OTEA PHops H5efler
hand, if g,$i &R8heoudBitbraborsNirabeddectdddy e ngatrateﬂbﬁg AseAUivbuladaptRise al | of

the volunme of the bulk sanple that intéracts wt e signal so as to
produce athedjdcertdesioy tmbe pdrhof the {idadedbion degierct €2n thy othes hardy pizar agnd  woul d be
considered to be part.of the "detection regiqn. " tectjon regions.of an
appar at us s s iR geoiipy At BB e Ao ey BRR o Dl RBRE U8 carty
have el aitbrdedk Wih"Beé bignalRb s toSprodiidel aGHbAEFikY sighalehameildieleRUicR ®5 €hd S
testing for potential “candidate drugs froma library of test conpounds for

abi lity tepnanatus werldbetcansiderad tpehe parieafdhe deteckian fegaorndptection regaeis of

i ndi vi dual ' - B fi i : .

Accor di ngF??grﬁggggsleg\r@lr%g%ﬁw%uu Osépgﬂhfg ggess %ﬁ%ﬁnﬁ%}%ﬁ%ﬁg h%\gé{VG nB8) are
pr ef er r edrelftnety snall. | Biis qiaetdul 01y theoiienshapeposie tgtieg frpettntisluch as 1 .t
(1 x 10-9 m8), 1 nl (1 x.10"12 nB), or 1 I@g‘é.x 10" 15 rrB%b,cﬂand ranges
bet ween arfndidate drigs fiome Whranyaf|tgst C?fﬁﬂ%ﬂ‘d§§‘?r dy togpigrat WAy taress can be

T e T L A
often low. Accordingly, detection region volumes of less than 1 ml (1 x 10 m?) are
preferred. Even smaller detection regions are more preferred, such as 1 pl (1 x 10° m®), 1
nl (1x 10" m?), or 1 pl (1 x 10° m?), and ranges between all of these individually
named volumes. Smaller volumes can be used but are not preferred, as smaller volumes
are unlikely to contain a statistically significant number of molecules of interest under the
conditions of temperature, pressure, and concentration normally used with physiological
samples.

As used herein, the term “coupling” refers to the transfer of
electromagnetic energy between two structures either through a direct or indirect physical
connection or through any form of signal coupling. The general term “coupling” includes

both signal coupling that occurs when a molecular event is in direct physical contact with

a electrically conductive portion of the signal path (e.g., a molecule of interest binding to
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SUBSTITUTE SHEET (RULE 26)



conditions of tenperature, pressure, and concentration normally used with
physi ol ogi cal sanples. As used herein, the term"coupling"” refers to the
transfer wbDoi1ebmed r omagneti ¢ energy between two structureecaruso@essbhr ough a
direct or indirect physical connection or through any form of signal
coupling. The general term "coupling".ingludes both signal coupling that
occurs méﬁ%fa?ﬁﬂr}é‘étﬂnaﬁ pasland i fPiglips dat PR When & mqfeqular PRt

el ectri cal i i f i (Yo llecul e of
Cnter by b sRORBREINE BOEULP Roflanl RErRLATMle REIToiE By SRR

PCT/ US00/ 28@8tionsadesarrtfed derenrf using a grodk thpatéyplestd tlss spnglle thooyghiangalt bt occur s
when a molecul ar eve of interest |.s physi.cally.separated from any,
SurTace offtiseayghar st twq Bbg of Sluglife RS sberEl i SreedMbBi ner ei n
using a prp®eintiitadt coIRlge whef thdydes@rabedistiipatigbd.a wal I of a fluid

reservoir). These two ty(Fe of coupling are typically referred to as "direct
coupling" and "indifsased berainl thedgermpfiest sighaly refesdo ap ap amgiveniimgsigedhed. As

d herein, the term"test. sjignal" ref t.i i.neL.s{ gnal .
1 spot fenshi Rt i s (e RifteRohoy 8 oSy et SOB0HR) 20 vie
(10x106 Hapd aeditberiw D0000EHR\U UOFOH £-uchbx 10 MHEZD0, MSechs BEZ Q00MNEHZ, 20 Mz,
45 MHz, 100 MHz, 500 MHz, 1 GHz (1 x 109 Hz), 2 GHz, 5 GHz, 7.5 GHz, 10
Gz, 12 GPO Mbzd6Hz (b 10GHE), 26Hg 1 CHzs! &GHZ 36 Qi 1 24HaHS Glép 18z, 110
GHz, 200

Gt 25%{%}‘? GHYY, fé% 4?5‘%%%}?2%%@{%66 & i %pg?ﬁ,z‘f‘ﬁxefbooA

preferred region’i rom moré partica rom45 Mz
to 20 GHz GHt an@anargeadny®@heretherebeliweennrie peefidrrddreginh isofformmd K Ha s 40 GHA &

observation that. 3 aftwg‘{% of | ecul es can be distinguished and their
st r uct ur af™95¢ BHEFY P’i% 18 'tﬁ&‘)éﬁ%-i ties nmeasured based upon their

uni que dielectric properties in a region of the el ectromagnetic spectrum
not previously used to detect nol ecul ar events. These dielectric properties

are obsedlvddengral Overview |y coupling a test signal to a test sanple that
i ncl udes the anal yt e of

interest. The diel.ectric properties, of the_.analyte
mdul ate the teet’ stURaIeEldTPRN EeRE SRR G R B SRefipbesnce.
Thi s respaiti@ulsaRadBe (RGAMAEHRE ané tiRirgtuc@nd prRelick @nd BRlREtabaNRs denti fy
the nolecule in other test sanples. Additionally, interactions of other

mol ecul es mgpeuied based ppan theisluaiqye diglectrs propestiecinl aiegion ed thegeleoiemagyeticar al so
e Setoc g ko 2 BHAREYe Lt L, R G A GL o0
mol ecul e pbsperdibyasitialig codplinigndesn gigaylantasest aample chat inchudet e dnbiytd of, gas, or
SOl P e rnd 1he proporits of the amalyts modulhie he bt signal and brodacs 3 2

distinguishable signal response. This response can be recovered, stored, and used to

detect and identify the molecule in other test samples. Additionally, interactions of other

molecules with the first molecule (e.g., molecular binding events) can also be detected, as

the test signal is further modified by the interaction of a second molecule with the first.

Detection and identification of the molecule properties and of binding events can occur in

the liquid, gas, or solid phase, but are preferably carried out in an aqueous physiological

environment in order to identify properties of the molecule associated with its function in

a biological environment.

The detector assembly of the present invention provides a measurement
probe operable to couple a test signal to a test sample in which a molecular event is taking
place. The test sample is in a fluid reservoir, often a fluid channel or a well of a multiwell

plate. A portion of the fluid reservoir, referred to as the detection region, is illuminated

with the test signal. The dielectric properties of the molecules involved in the molecular
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environment in order to identify properties of the nolecule associated with
its function in a biological environnent. The detector assenbly of the
present iwoen2wmo provi des a nmeasurenent probe operabl e toTaopbsIn t est
signal to a test sanple in which a nol ecul ar event is taking place. The
test sanple is in a fluid reservoir, often a fluid, channel. or a Il of a
mat el | et gperatedo gt B fes Rend Py dradese0bd SERHl Baviag asnaS t ne

det ect i on r&BEhRAhatliS diffetdhTEORL tBE sighhltrBspbhe: th&SYosd 88 aktectdM e (B @hRoks C
properties of the nolecules involved in the nolecular 21 SUBSTI TUTE SHEET
(RULE 26) sigmrlongre 2p8icdl tP@FABBOOtheade identeat, thny diduas contaimptieimaiesulahe t est
signal, providi a refl ected.,signal VIRQ a.si | response that is

i 1 or ent ST PRe Rt rerbnscs sEhaEvaaR B i B M Rma B S5 Bhse t s
si gnal wempeopRRds o€ thelrolecii@ tPmblecitBfvvivee id ghemidledllar i@t di d not contain
the nol ecular event. The signal response is then recovered and provides
information as to one or nore properties of the nolecule or nolecul es

i nvol ved i I event 111. Detector Assenbly Fig. 1A illustrates
one errbodirﬁlrr'ebla{%C aSEdh grated detector assenbly 100 in accordance with

t he present inventi &ig. 1Ahéusieftaaneenbsdiandt yf ADdtdgratdidascter dssemitdy 100
transport syste 150'&1 tegrated with a neasurenent Bﬂrobe 230 assenbly. The
sanpl e t ihprspElapesyith & Prewnt nvenigas The detgrigr apsambiy 100gacludgspflud ent ry end

152 and a@raﬁ?oh s?&grfnl 1%§4nte%{%¥eid%t}f)$ melSirdrfs pRbEREE LRI T Gnpannel 151

is controlled by"a fluid controller 156, which acts to rnove the test
sanpl e t htreogporttsstemhlz@nedludes atflme shamne Ibideith acongiend dF%askbdnexxitedidby t he

. ti.ona ., _reservoir 158 can jnclude second lyte .or test
Sl o T haoR abotin of e st g of Sharine) B CREPRE AT A GhontlR) L
they are 1bgiwtch Rdt§ RAMERShE st i1l tirshghhBE BRdnndBat time8 @ndBhderty to nmix two
test sanples in close proximty to the detector nmakes it easy for the

ki netics epndiiiensisalgcied bithe wser. vaptaenally.rreseewpir 1 ¥oeantinglade § greord andliteor The
fluid con I ! i1 IT. el in forward
and rever ge{asp%:ﬁnr%g% ﬁ'?g%%%org&\égﬁxé@q%?{ S@%%ﬁgs)%ﬁrﬁfién ?egfgwglr;%rggéseﬁ’g Mned

dur ati on, beihg@lintrotlatahweahofieid chithetl &5 B CTheodbilitggd afix two tsCkample ih blPEOVE
sensitivity. The probe assenbly 230 includes a probe head 230a and a
connect i n§TWHAItY $3ip detppier prakesdt easy dortbe kinetcsRidinding eventsyta b dgieamingd ¢ he

detecti Onﬁroﬁgﬂh%r}ﬂ}ééf S, 1R dib Ubrgéﬁféf“ﬂg@éan]lﬁgv@tﬂg tdsPsaiHEe AR difctio ,
el ectronmagneticalfTy couple an i1 ncident test signal to the test sarrpqe
fl owi ng t I fonghrdtang reletreatiteotionsegy minselthb tesT bmniile dr aqaegetenmmmduduadtes, t he
test si gn?l ,._ a portio f which is.reflected to the probe head 230a. The
ref | ect od Ot HRHEIA OXE O graFIGn 0B L AUERE PrRR VAT &y t he det ect | on

assenbly, further iithegtdbata@dmbly 230 includes a probe head 230a and a connecting end
230b. The probe head 230a is positioned proximate to the detection region 155 of the

fluid channel 150 and is operable to electromagnetically couple an incident test signal to
the test sample flowing through the detection region 155. The test sample modulates the
test signal, a portion of which is reflected to the probe head 230a. The reflected
modulated signal is subsequently recovered by the detection assembly, further illustrated
and described below. In one embodiment, the probe head can be an open-ended section
of a coaxial cable operable to transmit test signals to and recover modulated reflected
signals from the test sample flowing within the detection region 155. Those of skill in the
art of microwave engineering will appreciate that other terminations (such as shorted or
loaded terminations) and circuit architectures (such as stripline, microstrip, coplanar
waveguide, slot line suspended substrate, or waveguide) can be used in alternative

embodiments under the present invention.
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and descri bed below. In one enbodi nent, the probe head can be an open-ended
section of a coaxial cable operable to transmt test signals to and
recover moouwharmdo refl ected signals fromthe test sanpl ePiciraisooes4ed t hi n
the detection region 155. Those of skill in the art of mcrowave

engi neering wll reC|ate t hat ot her term pations ch as shorted or

| oaded term nati onsg} & qonnectingend 23000$ ?lé‘étflﬁ?lg’c (‘Effé‘ﬁ‘(éére%tﬁ?r '3 ne,

mcrostri F?nteﬁf@ﬁ{hg@f’i‘émt&‘?%%%éﬂﬁpen&b%or{ bﬂ"ﬁm%lé%ﬁ’l%f‘&'&&t%ﬁ@%t&ﬁt farth&
wavegui de) can be used’in alternative nbodi nents under”t he present

i nvention de@:ﬁbe@bJBSWl Tivihe eSbEEIEq( anzhmer)t in@Hdy the Feaureadittp8de/i28491 The
connectin 230 electrlc ected (directly or.via intervening
circuit ry) g‘%‘ﬁﬁl Sri CPBFS 1n§fen§9 e‘? arco&é{agﬁatd%wh§5§f(§ﬁ?s further

descri bed fi&l &wmdlébunat}@e@w&péﬁfem araaﬁ@hmebomal ieCdnh&teor'MaIB I £Ment  probe
is a coaxial type structure, the connecting 30b can be a coaxi al

cabl e whi @M@%mgneqtcprmﬁo@hﬁe comieeton hae f@mﬂ@ttq tbﬁsesﬂyéteéml the asorfdagh bl e
coaxi al t nne r t or
Cype. fam HPEES A RamE T A BN GE b iy Bl on £92R e
In alter naj‘zpe\tffpmﬂecaebmahﬁe i9fusdd@el, mNEDBItHP EtE.N tM¢@healodlﬁohefaﬁmbmphy@e of
probe architecture is used (i.e., mcrostrip, etc.), the connection port
can conpr idsempatikle goeripntogynyide sighH W@ﬂﬁ}n&ﬁﬂaét%eh@ﬂéﬂle RUARIEISEERR i on to
t he nol ecy %ﬁé mdetection system Fluid Transport System As illustrated in
Fig. 1A e fluid transport system 150 includes a fluid channel 151

t hrough which the t &tidJemmpbat Syemms. Dependi ng upon the application, the

fluid ch I 151 Kk t f . F
crbodi ment | the 1| ddgiaiedan Figs A Bt Sinor e g0 S a b by ene:
PTFE) or ehiifkl f‘ﬂrtﬁrd%ﬂ ASHich @F tesPAMPIB Howll bﬁeéefn‘afng%m&a ppEééelohMne ETFE)

tube) operable to transport the test sanple o and from the detection
regi on 15fluid ¢hanraltlfécareiale ah pwaricty o éorglsalineinstagde ipons esbedigient,¢ee or nore

Fur ther  dRee b 1L O e O Rudphileh i e MhECRRRBlesfoRt G o

| ar ger detperymeembreQﬁir@namﬁléfersEnmmEWE) wbe it b f@efaas;idrwhé Yest $afnpigiot her
enbodi ment, the fluid channel 151 is forned through well known

seni condud® #d o dhesdqtergion segion flesin wﬁ@gléerabodémapmtt thie ghargel 1) ¢ongsts|of
appreci at g, ég%o% dé&[q‘fed%ﬂ%tefs%ééno& e%@ﬁs@cfg%t‘bhﬁ Hifave t?zInsél&?ﬁ% st Guignnel
e adapte 0

151 can b oper at e under resent 1 nventio e t'ransporting
medi um cakewpibsd Bélowf Tavcx/c&rm@*eyhmfnelscﬂaube o], topasade a ikger dt:ﬂaetuomegnou ns

dependin on. the particul ar _anal erein. For exanple, n t he
P g lg? to 1mprovepgetectlon sensmavuy )fn anot er embodiment, the ﬁuld c%annel ?51 1Is

formed through well known semiconductor processing techniques. Those of skill in the

art will appreciate that other construction and architectures of the fluid channel 151 can
be adapted to operate under the present invention.

The transporting medium can consist of a variety of solutions, gases, or
other mediums depending upon the particular analyte therein. For example, when the
detection system of the present invention is used to detect the presence and/or binding of
biological analytes, Dulbecco’s phosphate-transporting medium saline (d-PBS) or a
similar medium can be used as a transporting solution to provide an environment which
resembles the brological molecule’s natural environment. As appreciable to those skilled
in the art, other transporting media such as DMSO, sodium phosphate (Na3PO,4), MOPS,
phosphate, citrate, glycine, Tris, autate, borate as well as others can be used in other
embodiments under the present invention.

The fluid channel 151 includes a detection region 155 over which the
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detection systemof the present invention is used to detect the presence
and/ or binding of biological analytes, Dul becco's phosphate-transporting
medi um sawore/0¢81PBS) or a simlar medium can be used asPaTiUsassqorti ng
solution to pr ovi de an environnent which resenbles the biol ogical

I I t [ahle to th ki.l ] ed th
art, ot ﬁe?prq DAl ek oels, CThedR TGRS UGB BAB S RATD RPESE
MOPS, gyg@b@é@ fa@tbﬁsnaa@dmg kneClr&ftecthid dhd @M&ﬁ&l%om?eglas@oﬁﬁe eld %Iﬁﬁ?eﬁt hers

can be us in other ments under the present Invention.

channel 139%1j mlctrdegoa ofitheaontlyndesagd detedtBh towe thevatecdt whieh the BsCLIBHIE TUTE
SHEET (RULE 26 27610 .PCT/ SO / 8491 m, na es t he
sanpl e. THEY é%lt 59“ 8 © channglan h!ﬂﬁ ﬁs i%%’pgﬁcﬂ%?eo R‘Fﬁelsk\ilﬁﬂérﬂ thegit- sever al
factors i ngkyédé BRAbbMMeAGRWhRMt iHmfobANd RicelibPbves M RSdkibR Regiin 1938 | Ui d
channel 151, concentration of the analyte, desired detection tinme, the

rate at mmp&pyteﬁea biading surfiyleds fored Mithin tha detegion mlocﬁéﬁnféb arga of whibr
factors as,; t.o _those Skl he ar e odi nent s
oo on” NIRRT Sy bR 8K chbfflinklin Rdal and inBphBRES oF RO TEVE S

a bi ndi ng b‘BrtﬂifﬁgﬁlﬁEfabé ahdroﬂ%dfamdrflhﬁpr&d‘kﬂ)ld&itﬁﬁiel skmeﬁegittwhrtl%cenidltﬂyar ea of
which w ]l be influenced by bhindi n% surface chem stry, tlge naterial, and
&

nor phol ogyliBensigns of hefundipg §‘Hf@5(‘}é“ aa th ¢rders PRV IR 1Apwr €9 AL B 18 t hose
skilled ingthe @y p il fi1_t2 g, 5ypf 2 be on
the or der;1 o?‘ %@wqué%yz 1@ [geﬁ2§ 918546} Git Ob@rﬁczio %;;1 2‘8 ?I?e @‘nbl 10- 8n2
10-9nm2 10-ot iMZrang@wﬁhnﬂheskOHﬂJMhmargaﬁﬁnﬂHMMrtﬁxs Tahgban?preferabiy achdavge
vvithinthesellgn F The | arger ngers in this r%m%? are prefe abgg

achi eved ' fSZal yaiume Ry 5ig %%P“ﬁ% UIfg O POES SYHACEd l56rHh I%Wft se

Snal | er nuyRRARE1Welitirs qtpm;?sfmtdrmlﬁallcwebllce%dm%@mg YRrie@ded Qbing Crof | ui dic
devi ces and systens fabricated using sem condlcting processing technol ogy.

The det ectstwisonéustiog pi®Bssengreehinotagyatlihe detgction regiodilpb eah alécrmativelyrbsdat e

oL 1 O SRR SRR GRS B B 5 SRy b

propagat i Qﬂi\thetahte "RieQiz2A sidbRlof UeteRamSagion hbed &l bowath thitei d@@ﬁ}&bb&g@tloﬁum ect
to other constraints described herein. In the illustrate nmbodi nent of

the det ecthfretagséamilyte pawagy erctliroigh are pessibdy, ISehjeatse othsr eanshiziatsed to a
reservoir d%&zlbegh 91 controller 156 uses fluid fromthe reservoir 157 to
nove the tes sanp e through channel 151, which requires less test sanple
t han si npl e punpi ng hofhesti\mqndae:d&hmelrﬁdmoﬂglb dbfeetochﬁlmely 15@ Ehecﬂmlfttl reservoir
158 can be us %S%g)éstore a second anal yte or test_sa mxture W th

t he reser ¢oRtFO sLonaegtss ta a rpsereichy 7arf| ‘é‘ﬁﬁ@ﬂ‘i“?l%ﬁﬁtlngt“ﬁ’é ff“l“hfrﬂm the

reservoir 157 to move the test sample through channel 151, which requires less test
sample than simple pumping of sample alone through the channel.

A second reservoir 158 can be used to store a second analyte or test sample
for mixture with the reservoir 157 test sample. In such an embodiment, the fluid
controller 156 can be further configured to rapidly mix the two test samples and supply
the resulting mixture to the detection region 155. This technique (known as stopped-flow
kinetics in the art of fluidic movement systems) permits the operator to observe and
record changes in the signal response as binding events occur between analytes of the two
test samples. This data can also be used to determine the kinetics of binding events
occurring between the analytes of the two samples. The fluidics of conventional stopped-
flow kinetic systems, such as model no. Cary 50 available from Varian Australia Pty Ltd.
of Victoria, Australia, can be adapted to operate with the present invention or integrated

within the detector assembly 150. See www.hi-techsci.co.uk/scientific/index.html for
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controller 156 can be further configured to rapidly mx the two test
sanpl es and supply the resulting mxture to the detection region 155. This
t echni quewOlnowrsi@s stopped-flow kinetics in the art of fricarcoe28¥yenent
systens) permits the operator to observe and record changes in the signal
response as_hinding events occur g tween anal ytes of the two test sanples.
Thi s dat a? Ho%ﬂ§gg%@“@§é@°W§“&@F'ﬁﬁ“ﬁi“@ﬁéy%?ﬂ%tics of binding events

occurring between t Q_ﬂle?:agl\%\l}sﬁ&?lts _an%@%&ﬂ&dﬁ@iﬁ%ﬁﬁe thIh@sa &Jlxﬁ&slg hsgatg{?u%

conventional stoppe I netic systens, as nodel 'n
avai | abl etHlercbhamiéai 5 BnTHuBnidabntaol Ry Y 5€,tfthid rasérvvire | &t arad, 1 Busidroliera, can be
adapted to ogerate W th i nvention or i rat ed mﬁt?in t he

he present inte
detector SUBBOHSTLS apsasiatedwtt Mhych MOXRTREE Can. SorpR e NSHREE FOBPSBSO S f or
24 SUBSTHTTEnSHRER Sl 250:c:044 82 46111 POTASI0A B8R @dldl 11 ona

i nformation about st'opped-flow fluidic systens. her “conponents can be
i ncl uded to regul at Eig hB itestiiates angther enbwdiment of gliluid tensperapysedm 134, The
fluid controller 15 fluid reservoi ns, 157 and 158 d other .co nent s
associ at e i MR upbe R eRERT L g el el B B 7o e
fluid tr agy‘iﬂ%@fas&ﬁﬁ)ﬂ}em@,ﬁ@d @ furll dhanmat 78 eTe Deidpambport dyyteat 1 700EP! et el y

i nt egrat ed. | Billustrates another enbodinent of a fluid transport

system Agrefey %‘%ﬁmsetrﬁ@dfamdioaenated w3 sralySf sheanraspementpighe assampyei rcui try
172, a drj i i | 178!
The f ?ui (rjtr%{) S e%lth;og}él? %(?rnni%il% é&ﬁpo%%?tg ggg?éyfﬂug(g tsrg%%ﬁlétgy%érg 190 GhppDe

ranspot S ‘pre nd oper at ed
ext er nal | yntedrated intordraneasnenicnpprobeasasablyld3P uadél othareinbsionemys urlet theugh
sonme or all conponents of the fluid transport system 170 can be integrated

into the REAFUMMEBHPY-probe assenbly 230 under other enbodi ments under the

present invention. BufihhepaRESRtH R ivelcBuithyi 178 rédelvedbbthhatdd s BRI Ves
commands fromthe operator to provide the'test sanple 175 to the

measur enenperphoovepragide thettestsampigrid S ¢athe messinesientprebo ). t Themoovnaiel can
particul ay ampunt of sanple and/or to provide the, s le. at. a rticular
Pate. In PRERORSIonS 2o e peaEiopia Aoy htel pible-anoik 1 Revidf s amiie®e 176 (a
screw i n gaeicRAPREH, rm@és?onéwih@*drivb Biréfr{ | 7AEHANERThE BevdhbRB& 1 78f(at he
syringe assenbly 176. The plunger supplies the desired anmount (or rate) of

sanpl e t oserk i Pug embedimert), wihieh, ip pirmpdEanagh theipungseokthp sufingg rsgembiy ough
TR e A T Y TR
the prese(PTFW eibkii®ond Enbskdeitptidaighovhiok tHedample iy carbiee cadhe deiettidn qui d
P ggﬁﬁi’ qﬁgjrle?grio%l 15’[56"(3{113% ﬂlilse isllu(r:nailri?atel?deb;J ﬁlgctiesE giggael%%aggtiengdflréél%geerrx]l%asﬁ?errrnpeln?S' 'n one
probe.
When the present invention is used to detect or identify molecules in liquid
phase, several techniques can be used to separate different samples. In one technique,
one or more sample plugs of small volume (e.g., 5 ul) can precede and/or follow a main
sample plug of greater volume (e.g., 15 pl). The shorter duration sample plugs operate to
insulate the main sample plug from changes in sample concentration. Air plugs can also
-be introduced as the spacer material, before and/or after the sample plugs to further
minimize mixing of fluids or changes in their concentration. Air plugs can also be used
as indicators to inform the test system (or operator) of the test sample’s position within
the fluid channel.
In another technique, the transporting medium (which can be air) can be

used as a spacer material to separate different test samples from each other, in a manner

that is commonly practiced in devices using other detection systems, such as the
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one or nore sanple plugs of small volunme (e.g., 5 1) can precede and/or

follow a maiin sanple plug of greater volune (e.g., 15 1). The shorter

dur at i on wamploe7epb ugs operate to insulate the nmain sanpl ecuiusgo/kssom

changes in sanple concentration. Air plugs can also be introduced as the

spacer material, before and/or after the s&rrpl e gl ugs . to further mnimze
1 45 bA

m xi ng of .“F‘Fifi’iﬂ(‘isdi‘b?PP@F?é'ﬁ@é%nq techigyes deynibe tentalNps. §103d946an al so be
used as isndigGaboLs § ﬁ%dﬁ zormw Iefrﬁéci inst}iﬁtrﬁ’amnép,%sgﬂéf ﬁ-faf%rri)ahfgfint}&ﬁxc&ﬁzt

sanple's position wit t he d channel. In’another technique, t
t ranspor t iimg tiechianmel @k thh ficatesbsangple,)a fogthertiest sarspld (assampdqshsantroditced i al t o

separate different test sanples fram each other, .in a manner hat is
commonl y pHaLks %@Hn‘?tlﬁ %@Fé e{,@p}qgalogqxfgﬁheét‘g{ %‘[‘I?I%arngg_ ,ro‘éﬁtfbt_ﬁeas the 25
SUBSTI TUThatdeRindeRitlefeodR1 éﬁ%@ﬂéi@%3@&611e?§13/tk§%’e8&4&1diffépeﬁtrte§t|sh'ﬂngle§
appar at uses and techni ques described in U'S. Patent Nos. 6,033,546,

5, 858, 187 sepamated byl smcO2natenitl antrapppacddirqughtthg eghanpginSuch wanspart ean ogeuer i al

is introduced  into.the.,channel after the first test sanpl further test
sarple (ot aHpBLRGE TR L Bmeit, i Fatbt RieahEPheR2dR: fiectiop g
material, 13pdad hRe pRSE indaAMlBy for echedeshnigh SLig PadsbthrauigBSEh tenmyshedrill he
control of the fluid controller, so that a series of different test sanples

separ at ed stoppepig die detactipn igiansl ¥ ansport ed t hrough the channel . Such
t t i At 1 Xl i t p t hat
ransport can occur Ang'entﬁlg@ﬁgo&e@ﬁc%rdf'sfﬁltd%?%@h%g%%ﬁgian b%ﬁfse@ﬂﬂm: ftig SO tha

t he measurenment over n region e place individually for
each test nsaepleat @atrblleppyssasofti iaughiohoSutls plirappeindnelhde st opped in) the

det ection regi on 155. Any punpi ice of suitable djinensjops can he used
in the fl mlaroewﬁ%ﬁwme%‘mtgﬁﬁ @%ﬁf@t%m&rrw%ﬂﬁw@m%ﬁﬂ E@Eﬂcwﬁﬁg can
i ncl ude 'I!ﬁhﬁﬁo?ﬁ{tég?ﬁig& EaBh&a] ARYISERES I MEVBEIRHERc@8nd €RRRBRRsSRO) | et

al ., "Fabrication of Punp for I ntegrated Chem cal Analyzing Systens,"

El ect r oni dapaanBarCiiuAR-SAt(Il 949Y; EsashizaplariNoRaally dosedOnicERab@ apd 98@p; Esashi

et al., "Naormal l.y closed m crqyal ve and, pu \br - a Silicon

Var o+ SUBASIEAG SiFtaP ot Beors e gt Beosd T3R5 Bl ot e punp
such as degefrichfshpsBudbisedtitel i Morondyl ét BRSO Nrasdhlciily BAUe&M '
M crotransport,”™ Proc. MEMS, 91: 277-282 (1991). In many of the

! ) . LI
m cr of | ui Miegtrgasposte sPropMEYEY, 91t HE-M2nE 89D Iy impnpof themictikurdi¢y er s) have

no novi ng r{s 4 n I t at for ve

1 qui ds. AP Pl Y paBb M R RoR BRIEE) bR Sy pRE
descri bed elecitpdesahd glevtsktatictben RNMGVE Bdusdd. raf gt ooy sl 6f suph!BRttgHe- ( EHD)
and "el ectroosnosis" (EO . EHD punpi ng has been described by Bart et al.,
"M cr of abPpEeatPIEPEas by drseaRadaipicapy Hpder thenanass slegiehyarddynanics |

A21- A23. pumping" (EHD) and "electroosmosis" (EO). EHD pumping has been described by Bart
et al., "Microfabricated Electrohydrodynamic Pumps," Sensors and Actuators, A21-A23:
193-197 (1990) and Richter et al., "A Micromachined Electrohydrodynamic Pump,"
Sensors and Actuators, A29:159-168 (1991). EO pumps have been described by Dasgupta
et al., "Electroosmosis: A Reliable Fluid Propulsion System for Flow Injection Analysis,"
Anal. Chem., 66: 1792-1798 (1994). Practical considerations for operating pumps that
move fluids by means of electrodes in a liquid distribution system, such EO and EHD
pumping, are discussed in PCT Application No. W095/14590. This same W095/14590
application describes suitable electrodes, methods for forming such electrodes, and
presents theoretical considerations that are believed to provide further guidance on how to
operate such pumps. For additional guidance on fluid movement in microfluidic
apparatuses, see any of the many patents that have issued in this field. When the fluid

movement controller utilizes electrophoretic movement of the fluid, as described in the
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193-197 (1990) and Richter et al., "A Mcromachi ned El ectrohydrodynam c
Punmp, " Sensors and Actuators, A29:159-168 (1991). EO punps have been
descri bedwiowibemgupta et al., "El ectroosnosis: A Reliabl ediiusod2890pul si on
System for Flow Injection Analysis,”™ Anal. Chem, 66: 1792-1798 (1994).
Practical considerations for operating pg%)s that nove fluids by nmeans of

el ect r ode8u¢rAtlaidiG appratusesand Behnidiss d55stibed IndgShPatentdes. &083.5¢%npi ng, are
o et B p . _
Gopi | ot 1 s BT iy Y SR 0k ST clfbipabidhd b

el ectrodesaseand presents theoretical considerations that are believed to
provide further guid

nce on how to perate such punps. For additional
gui dance on fl uid &l Hidig ¥PPATAETSEY &9&1@8 anﬁ%ﬁé?@?ﬁ@é@,sel_é’ésewhm(}halﬂne]tghe
many pat epf §1dwhdridis el SEHEH nhdVelthe s&dheisqestg}ﬁ}tsaemﬁoduwm mi%é%ﬂt

controller utilizes €l'ectrophoretic novenment o he fluid, as described in
the 26 ShREIOMHEUREt SHEEInIRUILIEaRE)s, Wl SPARATEIC iPGTd USOPSRB%IAs well as

m crof |l ui di c apparatuses and techni ques, descri bed . .in U.S.. Paten S.

6. 033, 56 s RBE LSRRl o SEoREINE Jar o e i SPRLo P PR G oG

smal l er) ganada@siadnstiRdicd) 4r8 weR ¥ felopdde I thel beiséntdRRALSA SRtddRehhelvhe
anal ysis chi ps thenselves with channels to allow various types of fluid

movenent , defeatipnaystemshatsanpt eppliedto axistinmnd mogifirg) Wnidic madementonal t est
compounds ar. re gt%%l%roﬂ%ﬂﬁcssﬁﬁ%@%rﬁé}s lag%er-.r&;ﬁig ngca?&m&g ?l?att ?ran%%rt Il as the
e as sanpl I ng devices, tenp 0

. S
associ at e qui nt, suc erature ntrols, and

det ect or s mikili€eran@t ysmpleslisifg methanical puiripy@id bubheleaipagedare Ast thb@sglv&s ent
invention is related to a new detection systemthat can be applied to

exi sting fWSes RbHicrEEfion, it arednsisarkdrvices aydmetheds toovchihedstsctipni cs and
the earll Glohnib@ARincHANRiARIADELUSRY abdiRt, ThERSREF & keotld I Llidther - ST zed
sanpl es usi ng ‘mechani cal punps an e spacers are not thenselves
aspect s ofiterdtercionvbnd hmnagement, aneh asrtb¢ patentsl eacitcé sbavedamkthh ddskgramdhi ch t he

o' G eor RS AR PUETregPreely g eI grtor MG E R g ST SR e "
patents 1 ggi hRderRPEHBBA Wil 8 PAMKATAMHRY e dRE IR HofbAM 0R R Bfesd RfENCES

cited therein), for the basics of thi's well-established field. The present
speci f i casystamawith thsalefactomand hnalyhiy systemodeseribeldeherso mibi ahiaqoimdnnagifont hese known

systens with.the detect nd..anal ysi s stem describ here, which

ooobs ot | Blevidst T RGNl ARHRE B L A e FRAET B e TR axallIe 4 o 1
the fol | oydwgerRicd @B entsAvillfbe\Wh G Nedvadvet; @TBIRIM Bowvthd cub@nigfiod appvied, to
show how the current nethod is applied to the earlier fluid transport

systens. Rothe exdifpileid tigRenerisiyBsmant i al |y uncharged sanples are used in an
For example, when substantially uncharged samples are used in an

electrophoretic microfluidics device, a spacer material having a relatively high ionic
strength relative to the samples is often used in order to allow the electric field of the
microfluidics device easily move the test samples as plugs injected into a stream of spacer
fluid. In some cases, it is useful to have a spacer fluid that is substantially immiscible
with the test samples. However, when the fluids are moved relatively rapidly (so that
there is no time for diffusion effects to mix adjacent test samples to an extent that
adversely affects the desired measurement), mixing is not generally a problem as the
entire contents of a microfluidics channel, which usually has a cross-section with a
diameter of from 0.1 to 500 pm (preferably 5 to 50 um), tends to move along as a
continuous stream without turbulent mixing. Immiscible spacer material is more common
in larger operations which are of a sufficient scale so that turbulent mixing occurs. The

most common spacer in such systems is a gaseous bubble, with the fluid movement
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el ectrophoretic mcrofluidics device, a spacer material having a relatively
high ionic strength relative to the sanples is often used in order to

al | ow t heweloeormic field of the mcrofluidics device easipcy/usowessbhe t est
sanples as plugs injected into a stream of spacer fluid. In sone cases, it
is useful to ve a spacer fluid that .is substantially inpmscible wth the
t est sarrpr:%rgmq RESVishne plbroicehRITPAE 05 1 idnien 18 ey 81 S PRSI v ( s0

that thepgmps sQeh fakgBschRlsyslbhE Uetedthes bbRaton ih thdth&diadaRRAGAL sysR2 (AP es
to an extent that adverseP,y affects the desired neasurenent), mxing is

not gener akdmyple, the otrhmercaa ctihieal apalkysis systems kemiven afthe SM A Y260), buthas tehannel |
whi ch usuiill Qast a croPs-cgect i.onﬂvm'th QP di arreterﬂof.from 0.11 to 500 m
(pr ef er ablESEA DS iPace LRI FRIndiey Hoyayer miclofluigic sy iems2lse 5% am

wi t hout t yikBlbLatsphderd, B9desc AMRERITRBEPAORNRS. STBLSB2D Rhtifléd A6® c6MPATRA 1N

| ar ger operations which are of a sufficient scal e so that turbulent mi xi ng

occurs. Thacroflpelicselgreenbyserméreted pubbleformpkensirs i s a gaseous bubble, with

the fluid nmovement 27 ﬁgg@gfrugc\}}? 5%3&5% %:}{%%gi%g paaléglsgéolfgﬁ‘ﬁ?é%mﬁ uid, often

PCT/ US00/ 28491 cont 1 5PH%

in the fosimplts i eEEd GltAbigh méxeilan dPeGbri¢sangButaRhEcByRtenh awiigte once
common in the nedical analysis system (for exanple, the comrerci al

clinical ahwispfevies)sthe systimpganeiadly Pryidagene ssmpre ghannels that indgersect ther ge
extent be r 81 i di ' 10 al so
ase bubby o CERREERI LR ALRN Bk, TR R PL ROt GpB U TNEAr T e
"Fl ow conthrovkmient in hecseoddduilwld chamhely mdch doptatiord testl doegpobub bt ®sehies nfteston.

When these fluidic systens are intended for analysis of multiple test
sanpl es 1 ROBRPS SHEHG Dot RN Aot oapepad ettt Eiidoceur i n a
single physinepk ifLGuE&) intd R SISUMPRITR REAHRE ALIDEhRARY b BigicRNEuRirehRr €
channels that intersect the first channel in the fluidic transport system

The syst effopy the idetestigesgiontl 5 sotiat tie test compound hes visredatinteract wigh 8econd f1 ui d

channel , which . contains a.test co und .a seri,es.of .test conpounds
separ at ed TPty i resf Sample HERE fgot SiFefpihel Epe tede swbld 11 ui o
channel | geabhdsrtReld@eddiontégo® 1§ 5 SWheaePbiendt the iR rdckibs had fakiértipladeas fiedn

sufficiently upstream fromthe detection region 155 so that the test

conpound Hefsrmeinagdy a furthee ehange ¥ the tegt sigeale e st signal cempeused tadetetthe anpl e
in the fi é?e%%étﬁﬁ%quﬁggﬁbo@ﬁ%mtﬁe $e6n aﬁhnﬁggmegﬁol%gﬂ%%ﬁlﬁaﬁttﬁiﬁf‘s‘f’t' on

regi on 15 er or no i nt'eraction en place”is
det er m nedhdnyichiffthe indeactohangee that it keowe sd ougbalveenthe tivesdol&iutinal can be

used to detect the presence of the test conpound i n_the second. channel or
the ol ecBPesies Atgh e &hem thep@re the Syo “{?H’z’ﬁﬁé%fgq‘i"f)wpr?énql?ﬁ BBt ne ¢ hat

oo SIS PEBRD O 5y SO S naf ey oo
interactions, such as enzymatic reaction with a substrate), as is common in
pharmaceutical screening.

In a preferred apparatus, the fluid transport system further comprises an
automatic sampling device that introduces a series of test samples into the detection
channel separated by a spacer matertal, which can be a liquid (e.g., wash transporting
medium) or gas (e.g., bubble). Handling of multiple test samples is described in many of
the patents and other publications relating to microfluidics listed above, and many
automatic systems are known. For example, multiple test sample wells can be provided
on a chip, and an automatic pipetting system can apply different test samples to each of
the test sample wells. In such detector assemblies, individual channels lead from the

individual wells to a common location at the beginning of the detection channel (or some

earlier location, if mixing with further reagents or test compounds is desired), and test
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nol ecul es not known to be nenbers of a binding pair can be tested for

bi nding (or other interactions, such as enzymatic reaction with a

subst r at ewp 0a®2i630 conmon in pharmaceuti cal screeni ng. | npaTarseé/essved
apparatus, the fluid transport system further conprises an automatic
sanpling device that introduces a series of test sanples into the detection
channel —s&PaRIEE ¥4 SBYPeuahamay gt ?%@%ﬁﬂ%ﬁﬁ%@h@ﬁ?ﬂﬁ Wwﬁ StE-g 1 1e wash
transpor t g cdRe8 14 Ban MhendAsvd ©stIampRY RPse@hendeadRilh HREofmdAHbEdtRnGo t €St
sanples is described in many of the patents and other publications

rel ati ng othenpertiohs of the epparatss. edthabiypes ofautbmaticyhandlingofesniadl tesp sampiss ar e

k . F | multiple t I | | b id : hi p,

and an auPBIRES CB1ed fargeyaf Sl B Bpiecrdn B uREs Pl caShrrdlif o oath
of the ta&dpt&PidRLEPIVRIst SamplBs BUCIEviteloE eledhvarsisadek] RS exdniisle M SUBdteithannel s
lead fromthe individual wells to a common | ocation at the beginning of

t he det ecNooh,46BaRhentifled “Mothed and pystasp fardiguid dromatpgraphy sepamstion”f ur t her
reagents or test compounds is desired), and test 28 SUBSTI TUTE SHEET ( RULE
26) WD 01/027610 PCT/ US0O0/ 28491 sanples are sequentially noved to the
common | ocati on by Mwsileteat Bobé rol system The fluid controller can then
nove test sanples in sequence fromthe commpn |ocation to other portions

of the apparatus. OlRemeasyseBenmresApFEssdo faneh 7 frgt Hena feyard thestestsanpl es
have been (o . i-thQt h . | I es and
Can e osie bdfyradhc ot peiBh 155, THPESIBCGRLREA RDRAIFhR

i nvent i onmoslekte thotesesigngd) and dtledst AHadroon of Which 4s réfi8ct&Bbackaowarditbel " Met hod

and systemfor liquid chromatography separation.” Masurenent Probe The
reas; o AEBHEBE A 0e 16 IOt L ded SIsr e GHE O Do oot sanpl e
occupyi ng plchguretatRPrdtRMndg8uted tolPdetectd sPétEhefbthbCdREMRAMnl eBus@hteline t est
sanple nodulate the test signal, and at | east a portion of which is

ref | ect edbplawk Thewigtedtiohsystemptisn cempares heobadag st Seal math the radlgcieddul at ed
signal is r¢ cpye%r ed FX&h% reasur enpnt Ip‘lrsobzer ar(n)glsrouilzted o8 ldertt%ctc'lon
system f QICHEFCPEEr T et SHE™id FUSE 1°3t @d >'he PR T2 "de tEETP RN "&YEtem t hen
conpar es tdi thoei denlicrb@ate &igiheatingV Bécatibiethe afelcReigstoperieibfahestl si gnal and
generates a return loss or "S 11" response, as it is commonly referred to

in the ar Mmoigculy eygiadiéics g 1eun las resperss 9d sachpnalyteawdkalsq e properti es of
t I - ' - | yt

Wl al oo BUhRBERIE o borfE to dcis A Mooty WemRERGEaCln SRERNANE, 15

nol ecul ar te’vemiplé.n an unknown test sanple. The neasurenment probe 230 can

be realized in a varjety of different forps
Ti‘le m)éasurement probe 230 can be realized in a variety of different forms

suitable to support the propagation of the test signal at the desired frequency or
frequencies. In a specific embodiment, the measurement probe 230 is a coaxial cable,
although other configurations, such as microstrip, stripline, suspended substrate, coplanar
waveguide, slot line, waveguide, as well as others can be used alternatively under the
present invention. For some exemplary embodiments of the various forms, see R. E.

Collins Foundations for Microwave Engineering, McGraw-Hill Publishing Co., 1966; and

S. March, Microwave Transmission Lines and Their Physical Realizations, Les Besser

and Associates, Inc., 1986.

The frequency or frequencies over which the measurement probe operates
will depend upon the construction of the probe 230 but will generally be in the range of
10 MHz to 110 GHz. In a specific embodiment in which the measurement probe is
realized in a coaxial configuration, the frequency of operation will typically range from

45 MHz to 20 GHz. Those of skill in the art will appreciate that probes constructed in
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suitable to support the propagation of the test signal at the desired
frequency or frequencies. In a specific enbodi nent, the neasurenent probe
230 i s a woamioateicabl e, al though ot her configurations, sw®ech/meo/es4erostrip,
stripline, suspended substrate, coplanar waveguide, slot |ine, waveguide,
as well as others can be used alternatively under the present invention.
For sone EXF§ANSe w@ﬁ%meﬁ@lmrye@moq%W&Sﬁ%wth@rfmpe@éémesa altegpative ns

Foundat i o@ﬁlghgihw:}%ﬁg@a@@ég?Fégg&tqg@ernitigg_, MG aw Hi | | Publishing Co., 1966;

and S. Mar ransm ssion Lines and Their Physi cal
Real i zati ons, Les B&sar¢ 2AdgtAgs adirsteathodinmmt of #@86eastilemehtr @abe2Bly or
frequenci es over which the me?sur,ement w || depend upon the

r obe oper at es.
const r uct fEHZ I HES PP 3h Oéﬁ‘tmv%f’ﬂrd%@ﬁé’rné‘l qng eﬁg’ofsj’r‘inec"ﬁg‘erpé??@%t of 10 Mz
to 110 GHgyyehfio ﬁ?ﬁﬁsfrkt@?ﬁﬂp b8 5 hAtwiHorR: 4 HRbERARIUIDIBAG 2 PY ObE i'S

realized in a coaxial configuration, the frequenhcy of operation wll

t ypi cal | y comregeng ersh23045 Iivhizpdcofi2énigddrmenthibs praife lekd RB0a in an peraertd wi | |
appreciate that probes constructed. in SUBSTI TUTE SHEET (RULE 26) WO

01/ 027610 CRETTIGE0 P93 £ TEBRBSICE SAF £A0T RE PFUERPS FIRVERPT GRS can’ be used
in other LrBEYRREYof WHERSs 4 SV ESMB@bE. VEhos€ BPadI R iHe SrtURliedpplebR B SS ent
invention. Figure 2A illustrates a first enbodi nent of the measurenent

probe 230 otheeteriniations(sach assbaded orloakieaninpbenn)i as veadlasrodizaicucuit t h one
erbodi Ment e, SRS s KAYERED O, AbhiSt LAl Stlac SR OB 239 aS) LYo

: rebys
ports: a Probé hea a an a spe

enbodi mentan bdraseflio berhgtad cadddimentaof P presémdnveatidxi al cross section and
t he connecting end 230b is a coaxial -tqype connector, one enbodi ment of
cp

which is a SMA conndde grobePRBwrther ingkyder twpceaxial s7qtions P32 apbidefithe t hat
other ter 'ﬁhﬂﬁ% b QBRed NG ctaﬁ%ﬁhQrdﬁe‘?&n‘?J itnlsﬁl%r 9%,%{1‘% bf?t’é?éoqdﬁéto}"@ﬁ as ot her

circuit archrtectures (such as mcrostrip, stripline, coplanar wavegui de,
sl otl i ne, (typicelpustd to ptovide a gramdopotergatirdferemde) e Thafirsy sccani 332 cantss af t he

present invention. Th rohe further incl wo Goaxi al sections 232
D234, DRcHOTeRED PP al JAM A Bt et Sdp laediel PPEOT R bor 236
and an oulgdh EANAHGE @k opehlend dryRiseatdnYofiRethak Al BAHY | AGhaf greenBIypot ent i al
reference). The first section 232 consists of the aforenentionéd probe

head 230a camtictivd)i23dtis eftashehtiushIpeeftralyvedsobispowndectivhepetyor oteaich real i zed
I A e e e,
or other conducti vehakéads®siion TBAMSIS sihildr doRgnRUbe bs e THsIGEQIon23E, of t he
D e Rng adiclaotric moutation 236 located between centor and outer Sonductors 235 and -

237. The second section 234 further includes a second gap end 234a and a connecting

end 230b located opposite thereto. The second gap end is realized as an open-end cross

section of the coaxial cable. The connecting end 230b is realized as a connector (SMA-

type in a specific embodiment) operable to connect to the molecular detection system,

further illustrated and described below. In the exemplary embodiment, the first and

second sections each comprise RG401type semi-rigid coaxial cable, although larger or

smaller diameter cables can be used as well. The length of the first section 232 is

calculated to be approximately one-half wavelength in length at the desired frequency of

resonance, as will be further described below. In the present illustration, the first section

232 is approximately 4 inches, which corresponds to approximately one-half of one

wavelength at a 1 GHz test frequency.

In a specific embodiment of the invention, the probe 230 includes a tuning

element 233 which is adjustably engaged between the first and second gap ends 232a and
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having a dielectric insulation 236 | ocated between center and outer
conductors 235 and 237. The second section 234 further includes a second
gap end 230ai1apmi@ connecting end 230b | ocated opposite traFrnsio84The
second gap end is realized as an open-end cross section of the coaxial

cable. Th onnect.ing end 230b is realized as connector (SMA- type in a
specific QiR 2 ¥eablgngap qlﬁa%ﬁﬁ‘gﬁl?et‘f"?)ent ri@lerﬁﬂp QE‘D’I“%S AfAPUEHYn system

further ibLitsheaieed urEhsdeaGetRRteBeIR Y32 hild DL 28X 8 RhbisliBAMERE . t he

first and second sections each conprise R&01 type sem -rigid coaxial
cabl e, al thotuighl lbmgtyef therfirstsaetidne¥32disalesigeed toapdade Trasolvmt sigeal respongsl | . The

SR S A TR e s T
further derglchPES QglbRWbtaled tb BEHARHRS BHKitract the Bhp AindABcortiiAg, ddcreabing8Et i ON
232 is approximately 4 inches, which corresponds to approximtely one-hal f

of one wengcedasmgithe walueofithGrgpacisiye effechbrsyvesn the firy angeesiond gectl 2vent of
the invent] he .preobe .230 inclu i 1 LS

s ust abl P EmJREe BlsPataife heuBpratiReqleh D DRk m Gl B A 280 ol 5
SUBSTI TUTBesitdEfEqadddyE 26) WO 01/ 027610 PCT/ US00/ 28491 234a to provide a
vari abl e gap di stance therebetween. The gap provides a capacitive effect
between the first akuthssxepplasearbasigenahe gapjdistance ismapdevariphie. iRl #at i on

Wi th the ogs6Gidhi GAlou ﬁg?ﬁ:?%@{) cgh%gsif)f;ﬂ]&tn be&istd fﬁrhtl)tgﬁ'%gzsé ?Tﬁ&‘ﬁhﬁﬂ@%n&é}

provi de a reésonant si en the pro um nates the
(anal yt e- thegadseht ianapmntto adjustehiée tesonabheespanse ngythe degredriteqd8® yqpamtbdhe ot at ed

to expand or contract th ap (.and.accordj ng, decreasi ng or,. increasing the
Vel el of  FRENE eI St Py in BN EGR  RE SR PPEN R S BEBIS sect | ons 332
and 234, thatRRYIIFAARA N9, W& the saanbssfor aUaREM At of BE iSBASHAE RiIPr Obe
230 to the desired frequency. In the exenplary enbodi nent, the gap

di st ance beilhatrated helowbthe preseneecdf thoanalytonill sigaificantiy fhisuie retonant sigmpl

di mensi ons_can be used.in. alternative,e di. ment s er ,. the,present
ventt ontsBoug TetSy AL Pind hEh o bR T R Rk B oy o nt
The resopatruétesponse sought is one in which the reflected portion of test

signal is substantially nulled, i.e., when the return |oss or the magnitude
of Si i is mninal.Thetuging clementi23p ispreterabdy »bolinwy tubgsopytriseddeompt t he

anal yte w | anj. £ t .S . eby
o ng. Hetor] RRMERARC b GloteRloclier SRR 1 Afrely AERRGARR VA B
subst r uct ufagntaif lgeoundrporeatiel emeedn tRS8rst sSndseebrd sdotiynsaat liad tesnvfrequétey of

ggﬂls':)lr ;J gt ggqrg{i(?r\T elﬁythrﬁrgapefr llélgl:ﬁlgl(; L ael‘;lglpgasi?lsliaee 1en|ter|na tl?rrel:gdseB g%hﬁn&%tet\at !

external threads 238 disposed on the outer conductors of the first and second sections near
the first and second gap ends 232a and 234a. In alternative embodiments of the
invention, the tuning element 233 can be omitted, in which case the first and second
sections 232 and 234 can comprise one continuous coaxial transmission line structure.
Those of skill in the art will appreciate that the probe 230 can include other
circuit elements to provide other signal responses in alternative embodiments under the
present invention. Further, other circuitry in lumped element form, distributed form, or a
combination of both can be included along the probe 230. For instance, impedance
matching circuits and/or transporting medium amplifier circuits can be employed at the
connecting end, within the tuning element, along the first and/or section sections 232 and
234, or at the probe head 230a. Alternatively or in addition, impedance matching
circuitry and one or more output amplifiers can be implemented to further enhance the

output signal.
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mai ntai n ground potential between the first and second sections at the test
frequency of operation. Further, the tuning el enment can include internal
t hreads 288auwbkicah mate with external threads 238 di sposedTasot/bsoput er
conductors of the first and second sections near the first and second gap
ends 232a and 234a. In alternative enbodi mrents of the invention, the tuning
el ement 233 can be &nPre erabodimeniaf e Byetionrs tiysfrated iy Higs bctBparobs 8gad ons
232 and 2 I I, ' t 1,554 1 -
ctr uot ur o OARNIGEBRIGLER, I Bl SR Bhr eI OR ldfenine o,
can i ncl uaeataidterinahis instdnce| tkerimoident sigmat curalematedeas, aidginatefle@spaipsass i n
alternative enba i ments under, the resent.inventiqp. .Further, ot h?{% f

o]

ci rcui try 'FRVFE & e &5 sAmBLe Vi eI ré’mag’&?}‘ccé’(?u?lb?grn gV eEBg R He e _
both can %t})ﬂ?:!iéﬁqz%ﬁrﬁwtht‘:B?ob%fh@Q@Z?{%%orE%e teA3hAPRSan ifBARARBLE phatRE Chi ng
circuits and/or transporting nmediumanplifier circuits can be errpFoyed at

t he connamwténmgs, ewmadh, asvl TiH, altrntiaa,tgimi;,rsgp@mn@nmpné,llmgn?, imelyimids orantlakror
section sections 232 and , 234, or . 1he probe, head.230a ternatively or
P adr s et e Eiiheh o bieh MEbEN s reHE RS Sh e Bl the

anpl i fi er faRALGES HRYETRME Advitss drubitRnd@ANR6cstiRE or@dicd khowh gnal . 31
SUBSTI TUTE SHEET (RULE 26) WO 01/027610 PCT/ USQ0/ 28491 |In one enbodi nent
of the i nveateriadhwhishiekhibi mrelatvely highidggree of sigeal srapsnardnsy gt thadesiied cl osel y
posi ti one t ~physi. cal Ir : I nt erveni ng
mat eri al s%ehﬁerf%ﬁiog 8?%%*%%0%% Sﬁ %gﬁ% %&:’lggé%}egg}%ngﬁe}‘%ngﬁgﬁgﬁnﬁtcg I;élc’ié F%, and the
refl ect ed efdcgrally irSulatifg maestial] sbho Bxdnhsled edwhiskaafel d2satibedabet r omagneti c
coupling. The intervening. materjal gﬂs) t hat physical]ly separates the probe
head 230a /Bt of dxpdditipn tiguidandion grssaws RIBFE majsaksdhat rebiglipdrlatveyich as
PTFE, al Ui fiaeoflledttest Sighiltahgar 'cf‘@Bﬁ&i 0 t&g;ﬂ%rtﬂe inRHifY Hfreri@. Ot her
dielectric terirals us in the area o? I frequency circuit design;

mat eri al s used i n t Ad&e tichrescatd deledfic prapedies of theantdeiehingsnateriatecanconduct or

rocessi ng; or other kno mat er.i al. s whi ch exhi bi relative| i gh degree
P Oor on ! Ve e nahe e of detiCar en daneye b rtmediement fofie o ©°
speci fic QERPJFRRtanct NE syMRs MEMhiBE tHERESArhtRin E@Bnd28s BReat, 8IQF 1dsk aasHt Y

insulating material, sone” exanples of which are described above.
Al t er nat i iglgcte materialdd ipreferred toipgenide magimm eeupbiog beiweas thertest sathple gnd hat

Comri se thEPERt ER s ia PEPRER 0¥ sehfalol iR S ARRRRLARRY WhRRABTE, i s

of the i nthedhéERisghdBver didlestrizaddnstiidicyn Be pRdidicd g /P Sptctfiteenibodinétt i | Ui di C
system i npl enented and neasurenent probe wused. For instance, in systens in

whi ch t he_“é%ﬁha@hmehlSsltiaBEEEitgbegbagmg, digrensdops| 5@ 03 hingh LD &96Scingh ¢
mat eri al iSpPElihicRAkst 8076 MdndEnd RO HRbAYE PR, BEmb est sampl e

and

separation distance is approximately the tube’s wall thickness, about 0.016 inch. In other
detector assemblies, separation distances can be on the order of 107! m, 107 m, 102 m, 10
“m, 10°m, or 10°m, and can be much smaller, e. g., on the order of 10°m in some cases
(such as in a channel etched into the surface of a substrate and having a metallic signal
path element with a thin polymer layer on the test sample side acting as the fourth side of
the channel). Decreasing the separation distance or increasing the detection area 155, the
sample volume, or analyte concentration will operate to increase detection sensitivity.
The separation material, as illustrated above, can a solid phase material, or alternatively
(or in addition) consist of a liquid or gaseous phase material or a combination thereof.
Fig. 2B illustrates a cover 240 that can be positioned opposite the probe
230 such that test sample is located between the cover and the probe. In one embodiment,

the cover 240 consists of an electrically conductive material (such as brass, copper,
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the probe 230. In systens in which the separation distance is relatively
short, materials of higher |oss and | ower dielectric constant can be

t ol er at edwolm/oazespeci fi ¢ enbodi nent in which the channel ptses2839FE t ube
havi ng di nensions of 0.031 inch I.D., 0.063 inch O D waII t hi ckness 0.0

16 inch, and a dielectric constant of a I‘OXI ga%f separation
di st ance ?%Hraﬁwo%sc ighighys st do groyad gowa OV Ef t sg%en%s mer«ﬁw@fe asfeh. In

ot her  depggh gr%ﬁ@d@hhceén wﬁ&ﬁ@ﬁ@élb&fbn@dgﬁ&@d‘ﬁéé r&ﬁau%eﬁ&ﬂ fe@nif der of

10-1 in, 0"2 In 5m “or - can be much smaller,
e.g., on tboeluotod@BS efrmiatednT hemos'cm%locfasb@ preé‘sdmsrsh@dmg\ francéxdernalsoatcehed
i rate and having a netallic signal path el enent

into the rfa offa t?xh
with a tht 3%@??‘8% PBHTERETSREY- sanpl e side acting as the fourth side

of the channel) D@r@ﬁrﬁﬁﬁz‘n’i‘a@w& RebogRRNAhOP 0Bt BéANSOa OF theREehBASINAHctbN e
detection area 155, the sanple volune, or analyte concentration wll

operate ta3$ At the ascasiementtirole 2Xrpstandy irttsy theﬂhen@é;bélr suchdhatrikg eentesl | as
illustrated can a sol i al .t er pat veI

add 11 on) SenieREEs ] dtedRohBePIEt BB e pobipdih 8 BRIl 1ol o | on
t hereof . (Hf embednmichd, titdeatee Sorluctoy 235 é’afiaq)etfeﬁhecpﬂanlaanaeﬁaltwmae@ opposi te
t he probe 230 such that test sanple is | ocated between the cover _and the

probe. | nc#dleafibei wa@mngtt%éSIgW@ropza@lwéngtl@h deesant adversely atfert the

conductiv 66 RULE 26)
VO 01/ 0272&%‘0‘?‘?@%@8&%@5@“‘% um nﬁ%&qg‘?‘%‘@%ﬁ’ nghggﬁt‘d?ﬁ%u%d

pot enti al sibweeyzihd)einf areguenyc yalbimpgenatm pechremivas rhangamsexdobelt, anq;uum;nd pl ane
on whi ch tpe el ect roma%netl c field r&dl ating from ”l? center .conductor 235
t er m nat e PR BFESITS BEOYTRAHURInE Ry [Fadeons FNgS R RYC Sl S ak e FIFIU S o ur ces

that coul geh e ifidfiem W hifloysRerS&a She &R e- mété‘naﬁ@céﬂ ﬁeqxse@w RemeRRes ment
t he probe head '230a or the center conductor of the neasurenent probe

230 ext endmbﬁmtabmgh?etﬂcMmmatellﬁitf@uwﬂl bmmdﬂmpp@eam tor thogeoofglidk iorth@®@% i s in
direct contact with.th

Crbodt mont A he onFie Scfintiels s sedimaS Py ARd s e AR e e ch | o

capabl e 0bf peédans BRPeditieAdoft thE brodt G@coftafRagiah terpresest Whémiandags not
adversely affect the analyte. Such naterials include, but are not limted

to gold, ilhiratedin hesrassrscctioaplpasyy of Eigh Yer the meagurempnt prehe 350onsiudesa | i um

cadm um g t%&ﬂﬂse&ﬁggzg?eéﬁracﬁe‘??@k Lan a‘ttra&lﬂhéiﬂblaltf%ﬁ ?,;{El&}%%ﬁﬁ%%’s

titani um alum nu un’gst en ni-am

osm um t halihg gHp 356, abdcoyd cddredl eadtion PR Secodu@iverirauridathise 238 alnda used to
form ext ernal OSBrobes along with other materials that will be readily
appar ent flyidigssdelf ép9skill in the art. Fi g. 2Cillustrates a

cross-sectional view, %ﬂ%t Eb&ml%&&io'n'z‘ﬁtl{ @c{]u?ﬁsedéh aldofie aﬂﬁsgnéi%%ggx

enbodi ment of the probe I n accordance wt present inven
(not shown) illustrated and described below. In one embodiment, the first coaxial section

is RG401 semi-rigid cable. Those of skill in the art will appreciate that other types of
semi-rigid cable as well as other transmission structures can be used in alternative
‘embodiments under the present invention.

Securely held within the bracket 252, the first coaxial section 251 extends
into the gap area 254 near the bottom of the fluidics shelf 259. Contact rings 255a and
255b can be optionally attached around the outer surface of the first coaxial section 251 to
provide ground conductivity between the first coaxial section 251 and the inner surface of
the ground tube 258. In one embodiment, the contact rings are highly conductive springs,
although other structures can be used instead. In alternative embodiments, the outer
surface of the first coaxial section 251 is brought into contact with the interior surface of

the ground tube 258 (copper in one embodiment) to a sufficient degree, thereby obviating
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illustrated in the cross-sectional view of Fig. 2C, the neasurenent probe
250 includes a first coaxial section 251, a bracket 252, an attachnent
pl at f or m ®Wed1/0emne act rings 255, a tuning gap 256, a secead/wsoezsal
section 257, a conductive ground tube 258, and a fluidics shelf 259. The
first coaxial section 251 is coupled to signal source and signal detector
(not showthe neefl fttheeaiRCA HAEYES r i bed bel ow. I n one enbodi ment, the first

coaxial section |STROAM ofMcohd i 3Bhfins THORR £F7 St bdparakdy e art Wil

appreci ate that other types o sem-rigid cable as we as ot her
t ransm ssinafinggaplSbuthaslecaivalig opsets tapral e theatsonant resgonsk desotilsedunder t he
hin the bracket e firgt coaxial

present invention. .Securely held w . th
section 23110‘@(@%%5‘ P?tﬁfqg dyngntathg second © *ﬁsf’ﬁ@négt% ISSRCBEAMHERIR | yi di cs
shel T 259 4, { BB ACHbE Qtf‘éﬂvzzitgéﬁﬁe ﬁﬁfaics%ﬁébz@annkéeﬁ@gédam@kécﬁoﬁl;zs pEhRgRgound

t he outer surface of Irst coaxial section 251 to provide ground

conduct i vinty theegapeegion Az, fthe aitercusiiad! thetitst ovpxd seciiod 25henakmeeglecsuiedl ace of
t he ground tube .258. .1 n.one enbqdi nent e act rin are highly
conduct | vEURRGLDe iif SRS Eupd e P88 ThRb Rt e fratadfl

al ternat i yeon@ahethiENh&ebdtWee UL tunifl EARLS RimedBetivet$thedReanakesngt i on
251 is brought into contact with the interior surface of the ground tube

258 ( coppé€paxigl serinegpbanddnt ip mage githershoissraondongegbremovingdhebypckebdbAt i ng

33 SUBSTI .t th
contact R WHE By Wnletpely Ehokas IRARpDIC A Bl fiinESEHad 21 1 "
separ at ed cbakid sedtioni2sg widiin Ae@ohdative leahd el 258 capbe adjestalle, githervi de t he

resonant response descri bed bove. In the il]lustrated enbodj nent he
second coAXFTARIEEE 1BARIGHYN fosthe disicarikigh seHion 5%Lihélrf5@%}aﬂﬁnqna5%%§%?#t hi n

the flui diggpebgl Jﬁld%%%hs s?étﬁ%néﬂfvrtﬁé ﬂﬁ@ﬁ%‘ﬁz&lt};?@%ﬁ&ﬂinéﬁﬁ bracleRRdith@finsét 0 the

gap region 254, the outer surface of Irst coaxial section 251 making
el ect ri cabr repmovealot finst ¢daxiaheccting @61 threredtont. almeonefentblodingang, ithelbriacket 25% &,

t hereby providing a continuous. ground potential therebetween. The tuning
gap 256 § GG Her aREHehuEY Piihin PRHRea R BTt Ao Bl S FE foemBl and 257
is made ehid1RbleSeh (R N&IpdrPOaPbradion BPY NG, CAIFoRiACket 252 either up or
down, respectively. The reader w Il appreciate that the position of the

second coaxial secFigpAE28ustiates ah smbhdineohefiibe meesueveridrebssealzsdican be

adjustable, either alterpnatiyv i ition to the fif. XI
section Zgir.’_relsﬁréanétc ag%%ﬁ%n }np?cg% 8&%%@%&1%?){%5& 8g” t18n'ar{%ﬂh%% ggslfnaeﬁ é|’onary

the fl ui dilesprebetd0 idblddesal deotdmer dped-cadardoakiatl ineR8Nan iftera&idn fiatrer enove
the first coaxial section 251 therefrom. In one enbodi nent, the bracket 252
is not or bayei AP namuiaEerachien gufesirats 483; & flaidgpieripes B hasingqneog morgferdat i onal

stage assgl ¥g9 extending therefrom. In a specific embodiment, the probe 280 is coupled to a
vector network analyzer or similar test equipment capable of measuring incident and
reflected signal properties.

Fluid tubes 289 allows the introduction of sample into the fluid interface
287. An interaction substrate 285 may optionally be used to separate the supplied sample
from the end of the coaxial section 281. The interaction substrate 285 may consist or a
variety of materials, for example glass, quartz, polyimide, PTFE, materials such as silicon
dioxide, gallium arsenide or other materials used in semiconductor processing. In
alternative embodiments, interaction substrate 285 is removed and the sample comes into
direct contact with the coaxial section 281. The base fixture 283 is used to securely
attach and align the fluid interface 287 (and interaction substrate 285, if used) with the
open end portion of the coaxial section 281. In a specific embodiment the base fixture is

aluminum, although other materials may be used in alternative embodiments of the
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avai l able fromthe Newport Corporation of Irvine, California. Fig. 2E
illustrates an enbodi nent of the measurenent probe realized in

non-r esormaoto1oesae al formin accordance with the present iporarspo/esaorln this
enbodi ment, the probe 280 includes a section of open-ended coaxial |ine
281, an i nt eract i on fixture base 283, an interaction substrate 285, a
fluid intBresyEanvE8OMmayi ng one or nore fluid tubes 289 extending
therefrom In a spe 0 a vector
net wor k anal yzer or fj&?‘&ﬁg@&?@stﬁ@%e@&@n@%g@@ m%’?b(?regggﬂt?ﬁ?nggl nci dent
and refl| baff@dissd gnabkkex yelind responkd)us thtrodieed 1283hafllidvstetthe 38Ttwimduct i on

of sanple_into the fluid interface racti.on substr 85 may
opti onal | Qu@etub%se%% §UEaeﬁa?rgkyeafqﬁwa§m 49@5 égqfﬁpéoawléﬁfftmez e e he
coaxi al St §e9Q9O?8As défsfaﬁbédﬂ&b%rv@qhé Qf%le'éHR%Sﬁérﬁe@&ﬁhé@J\b%ﬁQ@?J le Q4113

variety of naterials, for exanple glass, quartz, polyi TFE, materials
such as siodolate thleEXﬂGﬂESlglgﬂJ The npaxgemodstnation bhighe coatiel sealien Weili n

sem conduct rocessin n alter t| v ts, inte i on
subst r at e chist FUEHSER BB ahhe e LT e BHACS VAR Pttt VBRIt with ¢ he
coaxi al sgfliRkdd®hal ERecaRE. ﬁhéhﬂfdﬁlaﬁ&fﬁ wifich &agpitAlysahidiRl by cRideggsh and
align the fluid interface 287 (and interaction substrate 285, if used) with

the openirethd igsadent signalis antpditudseanid phassder lask thesspf), lmdlwt@rib@pmmceﬁmom ment
t he base flxture LS m al t hough other materials may be used in
e oot Histhifioer Mol SLHTLVHD 51 "I OISt Tt (RULE 26) WO 01/ 027610
PCT/ USO0/ 28491 pr eeabé theny@aihemibneDAaldigtrappodkysim igprevidedine bf sidipl e
(which may be an analyte-free buffer used to nmake a basellne response) is
intr oduced’ theag wiHdemengrally frpuliararigh 98 piajogical ppd chenpigpldgeragise foghsequent |y,

a test si %bséb%fgapétqu% utleﬂ'%aﬁl %Wh@l’ﬁgﬂld)\w &8%0&‘5 ({T gtr&ﬁﬁ:h et 2|90

As descri ove ect r| properties o t he s sarrp
nodul at e tdllﬁ'o]otgmaUmterrs; maCurr&";hteDromenls@nMownkArer}bgy)rF Mf Anhibeteranl, aI

section 28 efl ect at. | east ort on 0 h | at ed | back
oont da ¢ ps-tluistent RO GaaG & ipkycamise e ROt R B I A e Inbad
nmodul at i ofohnVd¥iie] & §orfs}’1?1hC@Lrbﬂg@@?@tfp?Qnﬁﬁt)Qﬁﬂmgl Whksbhe diNGogpnt

signal's arrplltude and phase (or | ack T hereof) cates the presence (or
absence) Molecutm|Biclopyof the &iene. Konrth Hdjte Fb@anmlrdﬁemnﬂhgﬁRnbd:lslnmansport

Wt Le["h[es&%%%i’ar%&? ChuRe K ot 198 MRSl b ool IR0 EE Stglm

nol ecul ar EaaizRlGsland PHbIMRIMEI NG T‘MMercEMarﬁlaIJ@ﬂBfaﬁhodlsfﬁrfdoﬂwpéprOMerdkO
bi ol ogi cal systens, see, Current Protocols in Mlecular Biology, F.M
Ausubel etk @9, Rathway, NJ.’ Product information from manufacturers of biological reagents and

experimental equipment also provide information useful in assaying biological systems.
Such manufacturers include, e.g., the SIGMA chemical company (Saint Louis, MO),
R&D systems (Minneapolis, MN), Pharmacia LKB Biotechnology (Piscataway, NJ),
CLONTECH Laboratories, Inc. (Palo Alto, CA), Aldrich Chemical Company
(Milwaukee, WI), GIBCO BRL Life Technologies, Inc, (Gaithersberg, MD), Fluka
Chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, Switzerland, Applied
Biosytems (Foster City, CA), as well as many other commercial sources known to one
skilled in the art.

Biological samples can be derived from patients using well known
techniques such as venipuncture, lumbar puncture, fluid sample such as saliva or urine, or
tissue biopsy and the like. When the biological material is derived from non-humans,
such as commercially relevant livestock, blood and tissue samples are conveniently

obtained from livestock processing plants. Similarly, plant material used in the invention
35

SUBSTITUTE SHEET (RULE 26)



eds., Current Protocols, a joint venture between G eene Publishing

Associ ates, Inc, and John Wley & Sons, Inc. (through 1997 Suppl enent)
(Ausubel )wowanswm et al . (1987) Mol ecul ar Bi ol ogy of thePrGermspo/tsanrt h
Edition, The Benj am n/ Cumm ngs Publishing CO, Menlo Park, CA; Al berts et

at . (1989) | ecul ar Bi ol ogy .of the |1, Secopd Edition and

Publ i shi n§n nfﬁ%lewgf@qz e a%fcu%@weftgcu&w TEsesArd %éﬂmw Co.

Rat hway, Wnatﬁ’fa@ Flfb%ctk nfk%ﬂﬁhbél{j' afb'idngeﬁ @%?Fétcﬁﬁ 8L Sb@fnel 'ﬁ%lnngbél%r reage nt's
and experinmental equipnent al so provide information useful 1 n assaying

bi ol ogi calblmélaewherewelkﬁ analfrfodatd are stereidnet fiioke anen gitro soheeeSuGVBs gheni cal

conpany (Sa t.ens nne i Phar ci a LKB
Bi ot echnol® (’Ef%a Ta?e@)q“%?& res %i @&1%“&88?%%% t?’%"ése a ASOUESLITG Al t o,
CA), Adr lbcdnoéibmma@@lal@mmmwtb m&eﬁskn\r\l{a the @GHBERsBiRy, Euftére of

Technol ogi es, Inc, (Gither sbergr | uka Chem ca- Bi ochem ka Anal ytika

(Fl uka Ché@mal@ﬂlsmmﬂualaﬂﬂiﬁm_wmm Séijayelits, N061O8#) City, CA),
as well a SURIN aggsteggrrél ﬁg-gﬁ%:tﬁh% 8&&{{1&&3 known to one skilled in the art.

Bi ol ogi cal” sanpl errve rom patients using well known

techni ques such as venipuncture, lumbar puncture, fluid sanple such as
saliva or urine, or_tissue biopsy and the |ike. Wen the biol ogical
material is derived 1 isttysych as commerci al | y rel evant

i vest ock, bl ood an om

| i vest ock processi ngl &Tlg(?#@e lnlﬁgcrhal%,f‘ecﬁ?tg r’rﬁ%eir)%%n%&gghﬁ?ﬂc%ﬁe

i nventi onoc@s ﬁUBS]fIbTrldT@ @HIEEE‘ur(debB_E tB6)iet‘¢®1<ﬁﬂrkngﬁ656) tRECIH S BELOY Qt&h@l can

be conveni entI derl from culture or hortl | t raI r and
other souf EBLIOPERSS in SPls e bg ek tnervis o ety o LSS e can
be obt ai ngdofd Fh@ilkSkdte®EmbidifRAtsPRBK tmﬁr@sgag%%s@aﬂ{pw 1RhRadadye
stored, or froman in vitro source, such as a ture of cells. Techniques

for estab Iembhdlmynss ig whighr detestion ecmgs with bingengio the é@gcrtm région swifasks dhe al

materi al s ,ar kno t h ski in the.art Cul ture of
o ol ot Fe St iegiol AT Aa bF RS uBh P Lo vibl b AFAyig 0 T PR enmgs Ry
(1994) plt&tlszﬂqﬂesacagﬂbﬁeﬂ’aﬁipolrt@ti b?ﬂt&ﬂlm@ﬂah@oﬁ%?'bteﬁat{bf detestioRdF p6teh@d) Regi on
Chem stry I n_enbodi nents in which detection anal yt e bi ndi ng or

subst r uct Gindinggaterackions hetwean the Aeti-apalyts apdan auglytgc Bssush cases, theswéacknn

o make ¢ BLERReEE el Bl Ofonr P L Bl ABoRRssils ol ABPA[, 1Y chosen
i 'l ustrat éthdarghpdlitientldyands edr bihd dirbﬁlyp&ﬁmaglﬂ,’y thioughsﬁhesmméoalarl n

al ternative enbodinents i et ect.i ccurs with bin to the
det ect i Ons‘i”écﬁ?rﬁﬁ %dgp%blgotﬂgq\#\g{guratlons to bin tot e walls of the channel. A ist of

possible types of binding interactions being identified includes but is not limited to

protein/protein interactions, DNA/protein interactions, RNA/protein interactions, nucleic
acid hybridization, including base pair mismatch analysis, RNA/RNA interactions, tRNA
interactions, enzyme/substrate systems, antigen/antibody interactions, small
molecule/protein interactions, drug/receptor interactions, membrane/receptor interactions,
conformational changes in solid phase ligands, protein/saccharide interactions, and
lipid/protein interactions. The chemistry of attachment can involve only a single species
of molecules attached to the surface, a whole array of different species attached to the
surface, or multiple binding events between species directly attached to the surface and

ligands of interest in the solution.
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detection region surface can be functionalized to bind an anti-analyte so
that one or nore test sanples can be transported by the fluid transport
system f owodedewio on of potential binding interactions becwamsno/tdiel
anti-anal yte and an analyte. In such cases, the surfaces of the detection
region 155 are prepared with a material possessing good nol ecul ar bi ndi ng
qualities. Ligands can bind directly, indirectly through other nol ecul ar
structure A garations to bind to the walls of the
channel . iy] Bpht 188 D%{%@%dgg ﬁ@b‘s?ndi ng interactions being identified
i ncl udes but is not Fig. AiAtildsttates qne@tm-)bdihmnooﬁci molegtikar dcitcttmnsystémm)ﬁrimt ein

i nteractions

otein interacti uc C idiz
i ncl udi ngaffé’é%anﬁ%lwpti‘ﬁ]iles?ﬁfe@ﬁ“a’ﬁ’éq%oﬁ’ %&W@R ?{HP&IS %BL%O““{
interacti nggﬁal RAZWTBOS URAth Qe G a8IBbIR A, gﬂfe/&%chtaﬁ(aysemtﬁlro@qg i ons,

smal | nol ecul e/protein interactions, drug/receptor interactions,
menbr ane/ cewpded orthé sigeal sotriceo 362 andciortho deteatproH| vig haiggelspaty egolai Qabbhase

| i gands, protein/saccharjde i ter tlo and rotel i nt eractions.
The cheni E‘?P%}nléﬁ’loréﬁ (?'Fh?{tm ‘{j ﬁ Sfhie %Hlsﬁp%oiéhgﬁf%v%g WA 3@ Sl%?{%ol ecul es
attached delgﬁecﬁﬂéétft?&@en@ vmlssu@é B@Y is@pefibleft8 tRAMSE AL GickdenblcbBgdiad to the
surface, or nultiple binding events between species directly attached to

the surfadé2 taverrd fHegleirgtor assemblys Qs t Theringifent dest signalris n@éulas%swerum SHEET
RULE 26 I
Systons FOSK PPAtE: Ste I Qnblah o tekoe 4GB S e MRS s RERFL 20

300 in amwarb@ek w'vstahi thlaeesmna&epmbeiMeﬁmemﬂecﬁden@ms&mmesm@themd)hbdes a
signal source 302, det ect or 304, an t he detectio senbl y 100.
The det ec?i"?)ﬁo%%%%‘?ﬁ?l the Wﬁjale%s‘g‘tai&bl’r@éuﬁe(f %‘%‘@ §FSgHARc- gl‘ g% S§§§ {‘Fg ‘%I o the
detect or 3PghiMh@atk éigﬂﬁ@hn?@'ilhrec@ iHlze th HARLRment 4A)SE- §f‘t@'{‘1 feflB&ioRr Ot her
medi um 310 which can support the ropagatl on of a signa the desired
test frequeasyemdite source 302 is operable to transmt an |nC| dent test

signal 312 toward the det asse dent, test is
o ht ed By Char s st og BB Be Yightlpurtt a0 M REMY o3P nas '
portion OfretiASluARWItRH QG cbRS hetlodN@alyRr tekteet, @ﬁ&@ﬁlebwhg hdarfhnidess r esonant
probe 230. The reflected signal couples to t he probe and conpared to the

i nci dent $§fthand &7d4mw@éhlpéfeframs$g3l¢at M@pl@g@é of FploSdtpCalifarnip. Ogher highart  of
m cr owaye %%ne%lrela nuclle tlsxstgxgg) %n&hz% sca 'aﬁ%(g%% r{%@{e{] é(‘?lrsotfpi‘er% emP fia E S11

reflectlo Speci source 302
and si gnaproiedeasigral 1n3&4nauah®asdaaipudadnmlttbd Bndireflecte@Eighslt Wlb’e wRakyzer test
set, exanpl es being nodel nupbers 8510 and 8714 avail abl e from Agil ent

Technol ogréenafvematbodaenss urder fhegyeient ingpriion. (W iie the exemplary detection

system 300 is depicted as a one-port reflection measurement system, additional signal

sources (and/or detectors) can be used to recover either reflected modulated signals or
modulated signals propagating through the test sample (referred to as S; or “thru”
measurements in the art) in alternative embodiments under the present invention.

In one embodiment of the present invention, the resonant probe 230 is
used with the molecular detection system 300 to detect the presence or absence of a
molecular event in a test sample. The method includes the process of initially
determining a baseline response for the resonant probe 230 (either with air, buffer, or
another analyte-free medium) and subsequently measuring a change in the baseline
response when a molecular event is introduced in the detection region 155. This method
is further described below and illustrated in Fig. 3B.

Initially at 320, the probe 230 is designed to have a resonant Sy, response

at or near a predefined frequency. In a specific embodiment, this process is accomplished
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frequency neasurenent systens, such as scal ar network anal yzers, or other
systens that provide signal information based upon transmtted and

refl ect edwsiognaieso can be used in alternative enbodi ment s pamdesno/tdael pr esent
invention. Wile the exenplary detection system 300 is depicted as a
one-port reflection neasurenent system . additional sianal sources and/or
det ect or sPY defnipethsdength of the fiss speplisherion ¥ ta @aeﬁeﬂg a? apvayclenginal

modul at ed 45i;,982LSndH: %ggé}fc& 'ﬁ%g% I?ﬁé)fdgbwh@%afc%ﬁlttloﬁ ATRhGwA foetilgge sﬁﬂlerdg ) as 82 1

or "thru" neasurenents In-t art) 1n alternative enbodi nents under the
present itheantion. In one enbodlnent of the present invention, the resonant
probe 230 is wused with the nol ecul ar detection system 300 to detect the
presence or absence of a nolecular event in a test sanple. The nethod
includes the process of initially,-desgrmning a baseline response for the
resonant probe 230 (either with air, buf er,” of anot her anal yte-free

medi um) and subsequently neasurlng a change in the baseline response when
a nol ecular event is introduced in the detection region 155. This method
is further described belﬁ&ﬁﬁnd illustrated in Fig. 3B. Initially at 320,

the probe 230 is de5|gneg/§01§§%$opm5@§g &ton333 (hGRAGRFE at or near a

predefined frequency. In as IC enbo Iment, this process is
acconpl i shed 37 SUBSTI TU?—EhéSk;IEEd‘o(H@IIEBﬂ@)gmM) 01/ 027610 PCT/ US00/ 28491 by
defining the length of t rst .cqaxi al section 332 to be one-half of a

wavel ength at the desir r & Jrsirrd TesoBaRISFRAYRi (g Phe fol | owi ng

cal culation as_known to hoge ramé cﬁgleétﬂc c&ks%arﬁubhhe%&%mﬁlg[n%te&lafl@@@ X ¢,
1/21, where: 7 /2 = length of the first section 332 (in meters) = the

speed of light: 3x108 m's fdeS = the desired resonant frequency (|n Ft) E,
= the relative dielectric consta f the [nsulatpng mater.i In the

i |lustrat g’ﬂhéhlﬂiﬁﬁf?ﬁaﬁfnbf’am\’/ﬂ’ﬁt thglﬁgol'&fe e?‘énsa(‘}i%ﬁ‘%lefl?ye'dd @I@ ‘gthf GHz and
the rel atdingedii@tqsd Eérfstaqlesﬁﬁle%aﬁil lﬁmatﬁg%tahal i(nendn® 53@ismat er i al
(Teflon(r)) 336 is approximately 2.1, the length of the first coaxial

section zzmvrpmrrs@heaﬂethetl@lgtﬁeoﬁlthﬁ iﬁcﬂﬁsgamlm@w BRi1s baderteditottieed iaghesof hi gh

teahni que TR Ll e Pisc os RERIERH Bl efon bIF aborgfte ot S AR

possi bl e. de%%éhﬂ&@ld anldr e Mirpl 1‘é§dﬂaﬁt ﬁg&n gd‘sﬁ o8 iiCbut@ge af HIAAY possibleui t ed
quarter-wave h' lines, etc.) can also be used to obtain a resonant

signal re Qphmg@ Henosm calchis designs suchyas aghaereircuited quarter-wavelength lines, etc.)

can also be used to obtain a resonant signal response in an alternative embodiment.

Next at 321, the probe head 230a is positioned proximate to the detection
region 155 so as to enable electromagnetic coupling thereto. Typically, this operation
will involve placing the probe head 230a as close as possible to the detection region 155.
As described above, intervening materials which separate the probe head 230a and the
detection region 155 can be solid phase materials, such as PTFE, alumina, glass, sapphire,
diamond, Lexan®, polyimide, or other dielectric materials used in the area of high
frequency circuit design, materials used in the fabrication of microfluidic devices,
materials used in semiconductor processing, or other known materials which exhibit a
relatively high degree of signal transparency at the desired test signal frequency. In a
specific embodiment, the intervening material can be an electrically insulating material,
some examples of which are glass, PTFE or variations thereof, quartz, silicon dioxide,
gallium arsenide, as well as those materials described above. Alternatively or in addition,
liquid and/or gaseous phase materials which exhibit a relatively high degree of test signal

transparency can be used as well.
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Next at 321, the probe head 230a is positioned proximate to the detection
region 155 so as to enable el ectromagnetic coupling thereto. Typically,

thi s operwbioan27éad | | i nvol ve placing the probe head 230a @€T0iS06/e284a8
possible to the detection region 155. As described above, intervening
materials which separate the probe head 230a and the detection region 155

can be solid phase rubeaprently at3ZbrheHuigiapspos] sysienal S0gupRlics thaahitée,
di amond, Ilﬁ%gﬁagrpl)m %é(dlﬁ'gnqgtheoc{ i B&‘;eg@dne REINGGE af R0 LA St MLduBidine

area of h crrcult g materials used in 't cation
of m crof Itcuthdldetedmm tegsm1Sﬁaﬁreirthalresulnmgbaselhnseaspmﬂahmbtmneqbrlncth@s| ng, or
ot her known teriagls. which exhi Blt a, relativel ge ree of signal

({l énsepga%

t ranspar efE§REM odizesnt dascrided hereiyn e baseling ire HIHPOPYS ¢

enbodi msntobtam@ %ﬁ%mm mg a lafde%d 9@&%@?&% 1%€1Tdéﬁtca%h|ré’ﬂécfé§%i%1 1sng
mat eri al sone [ es” of I ch are ass PTFE or vari ati ons ther eof

quartz, SB3I2 endh3 Hi wherihe anagaﬂe+fra¢rhu£fes ecmug@s theesdepstibn segiarhbie Qthereigral s

descri bed above. Alter i n_.addi t.ion ui [ or,, gaseous phase
tmtor | at s FaRPERS BAE Biel KoV dii painprinink i ies s e p HafR rEfefiRtee

t r anspar epgpodinitnundeetle pres¥lihvendn. BUBST teltillE ﬂ%ﬁﬁﬁEtl&MnE)e?c@)ltll\MBus

01/ 027610 PCT/ US00/ 28491 Subsequently at 322, the fluid transport system

150 suppl i(@sh @hef r@mamrytnémr tree i sharsiooHsiange When upend) at peingletfegbienay oregi on
155. Next 195,
and t heXr ergltﬁ ﬁtegﬁénc?esr A d%%g&sﬁgﬁoﬁsglle%% &ﬁa&’%{?@%itg% Hl@gr gn

enbodi rrentﬂud;leﬁ@w bhere hted] mtehhavblgsmhinp&: geessgpande pefommedSibl alvas@ans)e
obt ai ned by conpar| ng t he anplitude and phase data of the incident and
refl ected 1%‘1“’9"1%%!5%’5@‘1’ Yand 314 when the anal yte-free buffer occupies the

detection region 15g.x{t0n Mk &Hﬁﬁ%eléﬁéﬂ%§<§i§stb’&$r8ﬁtéﬁf‘éléckWVM? cHttér-

conpari son techni ques can be obtained in alternative nbodi nents under the
present i rloekwisoor abwaricad)usies & immgorideldasstnrhdy a&ﬂfsctaiwdbeF(g)ﬁD) notoltbe (such as

i f nmeasurenent ort, for nce when a ngl e

{ r equency TEntudrting SrsERM A nanat A e 08 1 ASb BT A “hESaarEa! SRy

det ect i on jpRBaieliay¥ trhoe 333 iRIFIBC. Ohe fidqubktyfpotWatRRicRehd st Rt S response

Al ternativel mul ti pl e scans can be perfdornmed and averaged to increase

sensi ti vi trgaczerﬂekmlramusmmnttlhbeltemefﬁg'reélt@ﬁ%fmts This peifsprssenty e Aleaeeney ockwi se

or counter- ar agvan or| zed a scrl bed
in Fig. 25 Wﬁlﬁﬁ?}l\ V\ffﬁs am. Iétnol X %Fp Blgcte Iahc(lac t(r)ghS e B %ec‘taig;? e%st A 39(?

| onest pOITrybmaw tixREGHast @é%wms wsn b¢ bﬁfmtﬁroatmé p&ﬁeﬁn@p@eqaaﬁcyms eg 3C.
The frequency point at which the baseline Si' response reaches it mninmum

point is Meteidielednieeliet eighaapmratys andipmplsdpeated @ﬁh%@lmt@dtmglmr%‘q%ncy
at whi ch tppo%elh%ng %%(%nq'ﬁ@tfreaﬁerﬁ&%'aﬁh ﬁpﬁ%ﬁoseﬁ af ffrgcﬁﬁhg}domﬁllﬁn taqfretqngncy

detection system
range where the molecular event is expected to exhibit a dramatic change on the dielectric

properties of the sample. While a frequency of 1 GHz was chosen in the exemplary
embodiment to illustrate the detection process, the dielectric properties of many
molecular events enable their detection at frequencies of 10 MHz, 20 MHz, 45 MHz, 100
MHz, 250 MHz, 500 MHz, 1 GHz, 2.5 GHz, 5 GHz, 7.5 GHz, 10 GHz, 12 GHz, 15 GHz,
20 GHz, 25 GHz, 30 GHz, 40 GHz, 50 GHz, 60 GHz, 80 GHz, 100 GHz, 110 GHz and
frequencies ranging therebetween using the present invention. Those of skill in the art
will appreciate that other frequencies and frequency ranges can be used in alternative
embodiments under the present invention.

The return loss or S;; response near the resonant frequency point fres will
change quite rapidly. In order to obtain a more gradual response near the resonant

frequency point, the probe can be detuned (by rotating the tuning element) away from the
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Typical ly, the resonant frequency fres will be offset fromthe predefined
frequency fdeS due to the dielectric effects of the apparatus and sanpl e
| ocat ed awotth@2mpen-end portion of the probe head 230a. Paoa/dsvegsiency
point fdeS is chosen at a frequency or within a frequency range where the
mol ecul ar event is expected to exhibit a dramatic change on the dielectric
propert i esesonantipeins hxp(lhis iy (aad @QW@q&éﬁwnb?fﬁlltS@@C@Ng@ WRHSGH i n t he

exel ary o GRRA IR 0o oY ALGALE (IR RTCSh OB QRRREy whlS ol ectric

properties © écular events ena etection at frequencies
of 10 Mz responddtlz, 45 Mz, 100 MHz, 250 Mz, 500 Mz, 1 Gz, 2.5 GHz, 5
Gz, 7.5 GHz, 10 GHz, 12 Gz, 15 GHz, 20 GHz, 25 GHz, 30 GHz, 40 GHz, 50
GHz, 60 GHz, 80 GrzNexbd Wythetespsample introdyced it diecletachippisaipn ér ebet ween
USI NG tNe WBhESRRL i URRheRionEBARENOTASIE b tdstsibll ilchupicld bnoARRIAGH at ©

t hat ot her equenci es an requency ranges can used 1n alternative
enbodi mentregiom &Y artdithe prsekmyttest sangple respons€heobtehed.n | oss or S> > response

near the resonant frequenc oint fres wll. change ite.rapidly.. In order
to obtain a more gr RIS FBefenEEbedmEntdsacried SR tht haseline ESPOBR KEN ¢ he
probe can slyﬁre%%@@ﬁﬁdé BVthE BERLAR G iR BhdiGe BB Al le- AU Tk OThRQF 39
SUBSTI TUTE SHEET (RULE 26) WO 01/027610 PCT/ US00/ 28491 resonant point

fres. Thi skidltipphe(ahaill inprearte thpt etherpatsuBBBnis (Sedhf 3s actame-feat Smi t t ed i n
alternative errbodit ntsb%ford in tance, Sf absreiacat dl:lu hgrhi Bﬁ%ﬁﬂihatditexhi bit a
tuned S11 MSARUFBRULMARDY Uit 32D RNE TERLP el e FREPFnfIEERE SOPAORE t he
det ect i on nidHeqRed ROmeditietle Baxglind rebfthséffor @sRndd e bafferaassconfin 326, a test
signal is coupled to the detection nggeggi on 155 and the resulting test

sanpl e r e&poWBanglyteopstthe FRsponse mayhs i therabsenes el pmehifeg aad/pry e dlumbr ei n,
t he baseli r IS; 1o e fluid
channol  aiget DY Siflpprttiin S RRRA GRStk P pREERARGRAIE wlP L i e
t hat ot heramrbamade nkntisscfibetdboas, the tessappid cdidie hehdeststiomangportnioveattwupe used

as a basel i ne response | 1. Further, different conditions nay be used
to measur éh& eoaagéq&%?%e@%%é@m%%ur%fg’fia%?&ssst he buffer may contain a

known anal yte, or g BRESPHRRRRes Yt REmPRAEspoRsd 33 VARSISNGSIclladiénouf f er
and/or the fluid channel. The reader w | "appreciate the nunerous

possi bi | i ocess vithinabedétagtianasgiond 5.t Aatillustrated the temtimmphsredpmse BB2d above,
Fegi on 158 HF AGA IS cHASLy PRREE Mo belee R Fipredietof PR CE R LSy
sanpl e r esRPHIEHIS deriiiRTesbnaRY $E1dl AKpAMENHnd deEreiles thel dniplfudeltE thiefeCt | on
regron 1525m§\1§, ré:slerlfsset3r3%tc%9ﬂpa;egeto Eh%st}asc::sl{arlgecles%o;setes 3?1.nsh$ot%er5 embodiments, the

test sample response 335 will exhibit a frequency shift, i.e. the frequency at which the

minimum S, response occurs is shifted above or below fr, and in some embodiments,

both the amplitude and frequency of the baseline response will change. In the instance in

which binding events occur within the detection region, the response can be monitored

real-time (i.e., as the reaction is occurring). Those of skill in the art will appreciate that

the illustrated test sample response 335 is but one example of a possible response, and

other responses can be observed as well under the present invention. For instance in

some embodiments, the test sample can produce a deeper null than the buffer resonant

point. This may be the case for instance when the initial baseline response 334 is tuned

away from the minimum resonance point.

Subsequently at 327, a determination is made as to whether the baseline

and test sample responses 334 and 335 differ by more than a predefined amount. This

process can be accomplished by comparing the amplitude, frequency, and/or phase data
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di splays a shallower null. Electrically, the dielectric properties of the
analyte within the test sanple alters the resonant signal response, and
decr easeswoha/argpd i t ude of the test sanple response 335 caTpesoeds#0 the
basel i ne response 334. In other enbodinents, the test sanple response 335
wi Il exhibit a frequency shift, i.e. the frequency at which the mninmmS
11 r espon§bthsbasplige ard tep§ fampde @Eﬁﬁi’éeso?ﬁ“t?@ﬂ@&gf@é‘én diggtingiarhapgachasnbodi ment s,
both the g f change. In
he i nat agoamed ¥ Mo AR DRk o O RAS, bRE e RRARERAY, o rogton,

t he respoizemphry dpentites etttarf@scbf Ir@HE rdrigadropn 0.¢.dB, 8 dBlel dR:8dBi HdBi $0

occurring). Those of ski]l int_heat w || appreci ate t illustrated
test sanpidB (PRapBheE tg%‘sb‘?t‘é’e%ﬂtm gHel té‘f(%znlp‘% lggﬁ%g%sr %?gegf%eép and

other respERSEs ofaRkefees ql@é%@gg@& @ Wg!: khe%@ﬁr&eehj‘r% pHa&s § K H3, %VIQHE' 0” For

instance in son€ enbodi nent st sanpl e can produce a deeper nul |
than the BKizei0 KékpohdhKHzpbMHz, IWMHZW MHzt(anan%téerfelgc:twechtlance when t he

initial sel i ne res o%se 334._.is tuned vvag from 1;' onance
it DEBUATeR O Rbamon A i SOl s
basel i ne ﬁ% nk%ﬁna?%m@&aﬁed &%Eﬂlﬁﬁg@ﬁw%ﬁ"a Iﬂ@lﬁr%ﬁﬁ)mffiﬁfeqbéhc@%r than a
predefined amount hi s rocess can be acconplished ring the

anpl i t ude examlelq,uréﬁpgﬁprmmcd/pwdsfénedefmuem Imsstrgqimrﬁ IQI-HEF_W 1( ZEop6) WO

01/ 027610 P 0/ 284 a nd test sanple responses 334 and
335, and i %‘%eg‘ g%ew%en%()?a?'ﬁzag{lj?r ‘when the difference exceeds a

predefi ned or prepruwtamr&nb dififarenté Yetwebxgigbhddliyie ghdivsi ahpte @iponsé res of 1
GHz range fromO0.1 dB, 0.5 dB, 1 dB, 3dB, 5 dB, 10__dB (or anywhere
t her ebet wéeshHnat ﬁxmrhet%@ﬁnid getist thel(%ftqfél@? aystem 380 yuiates ghatgwithigegr ees,

90, degre%ﬁzspéﬁga&'ﬁ%d%ﬁéy f\e}'_ée 2R L f‘gilgo@@c'uk’ﬁ“r‘%{?éntws lp&%i&hd&e , 3 Kz,

5KHz range erebetween) in
f r equency {procesa 32®nJihmandicatianf cahwbe commumrateagifto tlhﬂsser ppueminnbier e diffEhant

af orenenti oned. freguenci es.m cal ed ac ordin with a h r or
over 11 s dor bt e i e Ry S s Mot ErRRBY oouency
rray rangexlfds&ﬂﬂlrﬂgothk%ehﬁlréd Melzrenbé in a{n%lgﬁ?dea%é&dih%? dnBR% He%"e%ﬁsf&:nf or a fres

at” 327, the difference between the basel | ne and test sanple
r es ponse r@pwem@% mdcﬁédsupmb'nm wdesiiianeht dataier pthyr outpet miganecltiioaoted st em 300
i ndi cates that, t he spec d.frequency range fstart t fst,,p, a
ol ecul ar 0 s reoh iy PR e 86 g FREEGEPASRY o R smiifEat i on' can
be commnﬁ@@ﬁ@d%mgémltmmvhmmdaedmmtheqa‘mdih £@in€ b sub¥@ydure k@i bé nst ance
comuni cating the aforenentioned nessage to the user, graphically

i |1 ustrat E¥Rgctede neasured difference in anplitude, frequency, and/ or phase

bet ween If at 327, the difference between the baseline and test sample response

exceeds.the predefined quantity, the detection system 300 indicates that that a molecular
event has been detected within the detection region 155 (process 329). This indication
can be communicated to the user in ways similar to that described above. In a preferred
embodiment, the test sample response 335 is subsequently stored for later retrieval and
comparison with other test sample responses (process 330).

Information as to the identity of the detected analyte can be obtained in a
variety of ways. If the detection region 155 has been functionalized to specifically bind a
particular analyte, the identity of the bound analyte can be determined therefrom.

In another embodiment in which non-specific binding occurs within the
detection region 155 or where no molecular binding occurs, identification of the detected
binding event is a multiple-step process. Initially, a known analyte is added to a buffer

and supplied over the detection region of the fluid channel. Next, using the
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responses 334 and 335, supplying nmeasurenent data or other output nmeans. It
is noted that the illustrated frequency range fstart to fstop can
enconpasswowa/ooteioror e snal l er  frequency ranges withi n whipch/uset/esapi on of

t he binding event or substructure can be expected. If at 327, the

di fference_between the baseline and,test | e response exceeds. the
predef i ne&f%ﬁ‘aﬁ’ctiof’ﬁ& Wﬁ@r%?%@fqbgﬁ“gw%’ ‘?‘ﬁaigeﬁtfs?opﬁ%%%%t ‘Pfgﬁe a
mol ecul ar kn&¥E Rist %O REIBtARLOMIREYA. t TheurnhRee’ I RIeBGEdQtherRElyRMs ddife, ( Pr OCESS

329). This indication can be comunicated to the user in ways simlar to
t hat descalphetinagsmeode bnsegupnasf e other identifictiasyigned therpso)tie sebssaueptle r esponse

335 i s subsequent]. tored faor |ater rieval,.an 0 rison.wth other
Voot sanproortovith@e B St risBhfe hEhid SR M bR SRR 4D Of e

detected apadtibRdaan ch@paiet apdifd ahsther teM%ﬁﬂn?Ie)te@fony@Mﬁ thd instahe ideilget i on
regi on 155 has been functionalized to specifically bind a particular

anal yt e, @hetherdesispmplegesponse dosghocomstatstte theatiorsd regpense b ptiic tdsativfafom | n
anot her eqROfbIRNL AAVNIER ACARSACEhhGICRLANL BEAGRYES Wthin the
detection region or ere no nol ecular binding occurs, identification
of the detected bi Mtk pepcessenhtimsesat B3l whet a-deteerpination 838adel asitd wabkthyr a

known anal yte is added to a buffer__ and supplied oyer the detection region
of the fl aPethearATICmeREi o beaiade This PropesssRSTE eéﬁﬁewtemuﬁhlzé) VO

01/ 027610ﬂﬁr9[[ 2PR168484 mALRIL TBRLHES S e B AR T MorP [RR&irdRchtet hodol ogy,

the signal response 335 of the known test sanple is obtalned and stored.
The anal ytr&han, tHeptactiseetufitshe stap 4R4 whiers anather testdapipdans metraducesbioieo the

sequence, ,or other. i tifier assigped thereto) is subs nt |. ssoci at ed
wihethe aeetiebion 158 kinh e 58e ARG ubliuE PhosSaS iR aRd e, WARen ! |
can be r @it )¢@FAraNcht€ HIRAbEFhadgahdkasartidie prdcesicondiidsat 3gsponse. I n the
instance in which another test sagﬁl e response closely correlates to the

stored response 335In aextersianafithe Blustratpdempedimantathecletastionpystimth3@he ot her
oS, R, A e 29 AR ARt SO g

determ natton’i er ’ ano urefen e nmade.
Thi s pr ocesspledtn Heeleiid tiied-sbowell agéranice plate NEgh proby wugldetcoapled toed ed
nol ecul ar detection systens. |f one or_ nore neasurenents remain, the

process r8BRPHePbNERRe o3 dateqirarisgiandl Hor for #sfanss HisBotPR ROFELRfFAEROF nt o
the deteg é@&lsriﬁgllre%ic}éﬁteyﬁiaiw 10%8s 8fhbbdithed! ﬁéﬁ%&gdﬁﬁégﬂﬁﬁﬁé%ly
T no other e e, the neasurement

descri bed hereiln. nmeasurenents are to
process candhdedelx MHiswB8R2 matnik @mroetettisntsstengnal totdue of keus detatteah repioosli ment ,

;[ Egt gﬁég?tlhgzgfd)&_slgg S‘glrot g‘?&élag&tgﬂgﬁgoﬁﬁgéj gignr(aﬁ rto (r)r?eboefs po%s?fgl;e’N For
detection regions to the signal detector. In an alternative embodiment, each probe 230;
and detection region 155; can be designed to exhibit a distinct resonant frequency, in
which case all of the detection regions 155; can be interrogated over a continuous
frequency spectrum. Other possible configurations of the detection system 300 will be
apparent to those skilled in the art.

Fig. 3D illustrates a method for detecting molecular binding events
occurring within a test sample in accordance with the present invention. The process
begins in a manner similar to Fig. 3B above: designing the measurement probe having a
resonant response at/near a predefined frequency, positioning the probe head proximate to
the channel’s detection region, supplying the analyte-free buffer to the detection region,
and tuning the probe to/near the buffer resonant point (steps 340-343).

Next at 344, the first test sample containing the first analyte is supplied to

the detection region. In the preferred embodiment, the analyte is supplied in a 1x
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coupled to a well in a ninety-six well mcro titer plate. Each probe woul d
be coupled to a respective N nunber of detection regions 155 ;, for

i nst ance wbha1bgtstom porti on of each of the wells in the mcarusoo/ed4er pl ate.
In this enbodi ment the detection systemw || preferably include a |Ix N

switch matrix to royte the test signal to one of the N detection regions
155; , andCCRRITALR; 18 Anstace p)(“%/@irgﬁﬁ ESRGse ﬁ%ﬁuil%gﬁegfgﬁ&l %’brlﬁﬂk’tﬁﬁ’@dof

possi bl e N4 det-aGt 5oN N@ﬂia?ﬁ'é%,ra%eéﬁ@ t&5 SAiable ‘égﬁﬁﬁ'ﬁ%gq kétoRd aﬁ’zh&t@ Khative

enbodi nent, each probe 230;  &and detection region can be designed to

exhi bit aswipdied recthe dewotnantegioneppatenably ini the sathé cdncemtsagioalab theffirstramaljed ect i on
regi ons 155; n be interrpgated. over. a coptinuous frequen spectrum
Qt her posgqslﬁlgfénaldag?q ‘élﬂftéatt?cg%‘é‘q??e)t X) efaféP@c{}Wﬁt%&}%rt @ﬁ*oiggﬁﬁ\li\ﬁéfi “8&‘ 2 appar ent
to those gkihihedodndid ReoRE hny Fes@ualYariidds Wtk @BarRliEt TS pfdREssARdyesd | Ng

mol ecul ar bi nding events occurring within a test sanple in accordance with
t he presenerformednisingspacEnmaprisbessdescrtiedingeein. nThe respnnse fogithe gegend tgstFi g. 3B

R R T T e

channel ' s det ecti oNNegg@itang, thel fpdt Mhdigechh®aitgtyinteetinge thitf fa@ipld.0 t he
detection_region, and tuning_the probe to/near the buffer resonant point
(steps 348referably, the first apd sepand apalytes argmixedat GingAnserimticni(sachgt # me/m| r st

anal yte i i . i ion. f i ment,
tho anal y P RRSHEE G =RambIOFoAFkER AR RO coh Qo PR ENSET-GEREE) 27610
PCT/ US00/ Bft4Rdasured ficgrand a¢dood sarhples. i Tist third safiplené then sippdied esthenrisec(i@b3,
illustrated.in Fig. 3E) .is obtajned, and ored at. 345, Next at 346, a
second | e GRS R ROER 68t e ewfivcl dp e eubte Rk

det ecti onp G oAlecedndineik8PhdhehPthe Q@te@@éf?re?%ﬂ?ﬁi?tiﬁs@édcé’ﬂsiﬁ tiel\@opped Slowanal yt e
(6 mg/mM in the illustrated exanple). Prefrerably, the detection region is

fl ushed wsystenss destrezediahgved de atdet to memitorsheaghangew signal respenst snsabfime.he fir st

anal yte. This process be . perfornmed usin ac erjal as described
herein. The respons@e?egﬁgr{ %@blg‘gle%ﬁ‘éenttse%ctcu §ﬁ§? ee(’%&%g%l fuf(tssef?ré ed in Fig.
3E) is subsgpuenRtderrabieabheompithsthe beterdikeleIdshonsdNenet first test4@mplehe fi r st
and second analytes mxed in a third sanple. Preferably, the first and
second anzispenss 333 dherfscend kst DIl CopRISH B9 atane the(thiad keshianmleggspensei n t he
illustrat feqth‘?:{ Are_,)sg o maintain the sanme total concentration of analytes
relative to e neastred first and second sanples. The third sanple is
t hen supplied to theEigl8Egibistrars embgdiatentstdfehe esplaresaiffebtapnsd 3andhst or ed

(step 349). Alternatively, the two analytes may be_introduced and m xed
at/ near t HESt st BEIRIGIFSPUYF 375, (tROTECPRS teaRBIPISTCRRPIER & S PBH PEAPITEN  syst ens

f'ie?ng ri bed . Ab0¥Rentsdr Hethlrd sanPRRghA rel¥8sE A3 Ui PosdifPH ad GHBAAGE i N Teal

condition and 359 corresponding to an bound condition between the first and second

analytes. As can be seen from the traces 353, 355, and 357, when the two analytes are
unbound within the third test sample, the third test sample response 357 indicates
substantially an average value between the first and second test sample responses 353 and
355. When the first and second analytes bind within the third test sample, the response
359 is distinguishable in magnitude and frequency (as well as phase) from the average of
the two samples.

The test system can be preprogrammed to calculate an average response
given the first and second test sample responses, calculate the difference between the
calculated response and the measured test sample response, and determine from that
difference whether binding has occurred (the more closely correlated the calculated and

measured responses are, the more likely binding has not occurred). In a specific
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Det ecti on of binding events occurring between the first and second anal ytes
is determ ned by conparing the buffer baseline response, the first test
sanpl e rwempans®1853, the second test sanpl e response 355pcarchov/b®ot hird
test sanple response (either 357 or 359). Fig. 3E illustrates enbodi nents

of the baseline buffer response 351, the first test sanple response 353,
t he secon@nb%meghﬁﬁr@eﬁé@g@ﬂ%@u@%@d FRICRGALV BERY I HFUNPEEHFAIMERES of t he

third samplig,gi.g Q@éra%ee\ﬁlw e t%é)gregﬁfnr £35S RABLLRQA EDoAks YRARKA o%&h@@%ﬂ ion

and 359 corresponding to an bound condition between the firs second
anal yt es. thapredfinbdampktndé/frequanbe windoeemd35@, bidbtg, andded§itgd whpmmsehe two

anal ytes are .unbound within the third test. sanple, f{. hird test sanple
oponce SemiY Chnaee waganmasyS abSavioRadhe fiplil SRty SRR ot

and secong} f@%&_rﬁmhge iheSRIRRR IR 8. 1348 0. 8388, 0.Y0BN1 tRe3 HB%%HB?T@dﬁ,eCond

analytes bind within the third test sanple, the response 91is
di st i ngui ainhinl feequanayefepm OudeHzHS Kitkeg b dddz; 3(lHzieKHzal) KHas#) KHzodR t he

cal cal at okt JukUGT My crue B VAR A SFFoF el S ie RLEENE S e
r esponsesThé fossth@k®nédBedlichéies @Ag Be ballsrrRboldiely with 6 higiee o loegphse and
the nmeasured test sanple response, and determne fromthat difference

whet her bftaaiangy-hBer exemple By premiegrapmediresdedingd fequearynmay range fiom EQl at ed

2pec 1 Hds 1 R R St R Bk Rl DR B Usdor zeaet
enbodi nent, a predetn aedteaipive embediatedt 61 the paceys ofiFigl D, tie: mexspretredlt ar ound

the calcul ated average val ue of the t responses. asur ed. responses
ocCurri ngS‘SHf)g%Pemﬁlﬁﬁest’l’?éa Hpe therfuging mephﬁ%’/w@&t?gﬁwrmqla&weﬁﬁa?cate

bi ndi ng, ?égggrﬁg?eg%&g i BrePERFR of AL {eggsam-p}gé?ilfhﬁ hgpdtisBdayp@r e indicative

of bi ndi ng. 1 tude/frequency w ndow a GHz may range in anplitude
from 0.1 sibsequedtiyBordd #daBthnictgBly QibtiBsted frdBy setOndi@st sampte measfiregrgnency

fromO0.1 .5, KHz, 1 3 KHz, 5 KHz KHz, 30 KHz, 50 KHz, 100
KHz, 1 M—gw?‘gﬁihei@hmggzi% MERSHrGmsht & anywhere therebetween). The
af orenmenti oned freqppNSF Afustais Be®ad ntthaClePadbARzmMkdtlardikiigfeventy | ower
fres frequency. For ‘exanple, the preprogranmed/ predefined frequency may

range from agmp cemprisingtvq analytesn ddiismpihnd closellippebels et of FieodDa fres at
10 M. |n an ?xlgttp t%:% ?1?3%'2%(? seecg%?%) gﬁﬂﬁ&t argléli%gcﬁnﬁég ﬁﬁxe%ssta%%lelzétq}x 3D, the

measur eme ’fcepts inc es’ re-adj uning el ement 233 such
that the pébetritiont (e he/mal eatld®BRAB6T.eSponse in the presence of the

first test sanple. 11;1htihiss errr?bso%(i)rggnet, t%ggbs%relce of binding is detectable by analyzing the
shift in the resonant frequency. In particular, when binding does not occur between the
first and second analytes in the third sample, the signal response of the third sample will
exhibit a resonant frequency that is substantially fi.s plus the sum of the changes in the
resonant frequency points of the first and second samples responses. An example of the
first, second and third sample responses are shown in Fig. 3G. When binding occurs the
resonant frequency response of the third sample will vary substantially from the resonant
frequency summation shown in Fig. 3G. An amplitude/frequency window such as that
described above may be calculated from the measured responses of the first and second

samples. A signal response occurring within the predefined window will indicate that

binding between the two analytes has not occurred.

Detection and identification of analytes have been described above using a

resonant probe by monitoring changes in the probe’s resonant signal response. Those of
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subsequently stored and arithmetically subtracted fromsecond test sanple
nmeasurenment 347 and/or the conbined test sanple neasurenent 349. Fig. 3F
i Il ustratwe caosmseond nmet hod for detecting nol ecul ar bi ndi mgTA@®%eNRE91 i N a
sanpl e conprising two analytes. This nethod closely parallels that of Fig.
3D, except that the first and second anal ytes _are mxed in the third
sanpl e at ski}l in ghsrfestintigh freqiengy cigeuits Bn‘ﬂWSFﬂmSe‘&'é PERCiady hat gpon-resppaph g

erbodl Mentroden ARG eRlor BiCH 99 a@nﬂﬁ]g%@lﬁ bRYis AR ithdiigniepni Tt 10

t he reson f'requency. Tn parti cu ing s not occur between
the fir shnaﬂms SElomdcan alogéle pataiiels tige stépsndusangl lﬁ,FlgShEBSih(j]BD thleesponse of

the third sa e wll xhi bi t aresonan fre IS su tlaIIy
fres plus e{‘T’Fé’ 19’&9?‘8? t}ta‘l‘lg1 gﬁ‘é‘ﬂ@’@é"? fest gaan ?E‘?B ﬁiwﬁ E %ﬁb?/"eﬁél hR% of the
first a“d g %alﬁf&pm@%ﬁ&r oﬁﬂu@f@mfwn& 01; hﬁz frh@%&oadaet%ad and
third sanp ses are shown in Fig. bi ndi ng occurs the

r esonant i¢$qmmw1d®sqdumsege@ﬁn thaethﬁlﬁlai@btts‘ambertm bf the aarppledtbant i al | y
fromthe resonant frequ ti on shown i Ei 3G An

Lol e Tir et e i e TRueRdes Cabhe PsrLisRinsil e cal cul at ed
fromthe gRaSHast 6R$RREEE REquehey fahgst A 316k fFRAGBONRatisRIPA fRasufedsi gnal
response occurring within the pre efined window will indicate that binding

bet ween t RSPPRSS cambe yse@sto medicaipthabe metacslar evsat scaccwming i thig thettest | cat i on of
anal yt es hﬁpﬁleb ?\%ﬂg o%?gth%lg%égl }égp}oﬂge i coﬁgﬁ%ﬁﬁtthe% gulgrye foring
Fgn

changes in ¥ &Sonant onse ose 0 | TUTE

SHEET ( RUkdspafse cWDbE) ihédalZB odedtiRThe Hﬁ@ﬁﬁl&ﬁﬂﬁlecu&k EVvdnt ima §ubsequehtly tested gh
frequency circuits and systens will appreciate that a non-resonant probe
(one enmbodPkRND BMPMhi ch i s shown in Fig. 2E) can be used to detect and

identify analytes, F@@Amm&ﬁﬁés aﬁb%?é%b&ﬂﬁx@hﬂ&'tﬁe ﬁlhfecﬁlapaaeddoh@%&ﬂt ed in

Figs. 3B and 3D, the &exception being that the baseline and test Sanple
r esponses camptisibg a tialestonane measuberoed sys‘tcrreé;()@n&he syataye40(1 pluded 4 gulen t he

order of hundreds of The br.oad onse. provi,des
Stvant ageS B DHZE W AENGR Pt +12 Srafars f detedr enemOXIAN & Sighfipagesuch

i nterrogabed (Ol cabll s 191% o beRH BRI Ssiof RE&MADAI0 AP Ednal €sponse
to vary significant lé@p ver the broad frequency range. A significant

vari at i onpitkse souresaang ctqr@glpbﬁQ@ddarper/edm@dnmleteutwqtp@at@eatsw&meat mol ecul ar
event is OCC Lrin fes

esponse PN o S PBOHETba0F BV Fend ik APl BBER PRAEIEE
identify tdegraRa Wit atimkeloatil RilcQyBler ?‘Me&ln ,SUBE & eddl |num1bexstl%01 unknown
sanple. Fig. 4A illustrates another enbodi ment of the nol ecul ar detection
system  manufactured by the Tektronix Corporation of Beaverton, Oregon. Other high frequency

measurement systems, such as network analyzers having a time domain measurement

mode can alternatively be used.

During a time domain measurement, an incident signal 422 consisting of a

pulse is produced and launched along the transmission line 420 towards the detector

assembly 100. In one embodiment the pulse consists of a square wave, although other

pulse shapes can be used in alternative embodiments under the present invention. The

dielectric properties of the molecule(s) in solution will cause a portion of the incident

pulse to be reflected toward the signal detector 412. The reflected signal 424 will exhibit

a unique shape and/or time delay which is characteristic of the molecules dielectric

properties. Thus, the pulse shape and delay of the reflected signal 424 can be used to

characterize and identify the molecule(s) in solution. The time domain test system 400

can be used separately or in conjunction with a scalar or vector network analyzer to

identify one or more unknown molecules in solution.
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conprising a tinme domai n neasurenent system 400. The system 400 includes a
pul se signal source 410 and a detector 412 coupled to a detector assenbly
via a sigweloipzteno such as a coaxi al cable, transm ssion lpcmassos/2sabher
transm ssi on nmedi um 420. An additional pulse source and detector can be
used to provide a conplete two-port neasurenent capability. In_a specific
embodi ment, the pul ¢ kepynéa) the atiy the diglegtrigiglaxaiion dwgucncy of mplecye és the

| nt egrat e, d it etgii/é?c %O#%&iésqflt}%crﬁ&%lﬁf leveY 515;?1@% &h%rhnae‘fecﬂ%%ld punber

11801 nrmanufacture : ﬁ ektroni x Corporation o eaverton, egon.
Qt her  hi ghpplicd goitheayoledubasAy witle the digfstrenmrppgtiesoidse melewmie khadialeytrier s havi ng

a tinme donai n nmeasurenent . node can,alternatively. be used. During a tine
domai 1 o AYERERB AEIISARY FRERHS degﬁna%gr(? &QEU%HﬁgPéP\nﬁ&g&eO@emﬁwg&uq o
produced and Qeaed e Rl A8ImE LGl B R R&cGBlakiHR fﬂeageﬁcs;va@a%léch@ gt ector

assenbly 100. I'n one enbodi ment the pul se consists of a square wave,

al t hough bt heed to plehsfy ishapes can be used in alternative enbodi nents under
the present invention. The dielectric properties of the nolecule(s) in
solution will cause a portion of the incident pulse to be reflected toward

the signal detector ThddielethR réigkdtRaiRGudicy B beAddertiindd b thdaBiring the tald que

shape and/or time delay which is characteristic of the nolecules dielectric
propert i est witihlythe anplaterpbborbs pavegs @ verrferquencay Figr 4BhBustrates ene erabagiigertlof 424 can
be used t ch eri.z nd i dent i f I J A SOl Ui The time
domain t e§¥5tesn§/ gﬁ@ﬁ?%ﬁ“ﬁ% arllsdrﬁ%e g@é%sgrg%lgr&at e e?}%{nﬁ F‘?\é & %ﬂ%ct? FHS 2{9% th a

scal ar or dyg6inafcas@eefitcysanlaga dtustraxed indRigt 24 yndineludés amilse sighkinaorce

nol ecul es in solution. 45 SUBST| TUTE SHEET ﬁRULE 26) VE&%%/027610

PCT/ US00/ 26%8nd a defeqiorsifh crypledhie thy deteqtprestpmble il j4n pdditagnd pelse $9Ufuency of
nmol ecul e | ' : | JoC ' | ecul ar
Tevel - chaf A s D B P e v t

t he di el especifec pnlopkmentethe ofeasiremant systainedSO0tcoesists of @ tmeidomagre| axat i on

f ' ' ily defined by t t t d bi ndi tri
uni que. 1 oresBrmei she gl WS RAY Girit HeA AP RPBRts A RNt | on

frequency h9fin@ afRY;8GHBIE pARP int&9aluSIBRdsd OF JKAeTH the Mrtivkill aﬁﬁ%ci@ie&heﬁ(bttﬂeir c
rel axati on frequency can be determ ned by neasuring the rate at which the

anal yt e alnstuinsniseapabloelgenenatingisinular pHsgtraingand dajentingitlesir enmespandodi ment  of

a system450' for Ki thi.s e. of surement . .The system. 450 is

S ar o S npent e R R sl PEE SR Tl ISR R 5. 2
and includes a pul sghgii@idnt &9kl A80 c&@&tMepaﬁet@%@&oxﬁﬁzsz@nwhm to the
detector assenbly 100. An additional pulse source and detector can be used

to provi déach ewphastieg toerpaere infident pelsesrandeefilprient Rujse ipigregl. The pulse
groups 482 and 484 are launched along the transmission line toward the portion of the
transmission line that is to the detection region 155. If the pulse group 482 has a pulse
interval substantially equivalent to the dielectric relaxation period of the analyte (the
reciprocal of the relaxation frequency), the analyte will absorb successively less energy in
succeeding pulses. The decrease in signal absorption can be measured in the reflected
response 490 at detector 462. As an alternative measurement quantity, the remaining
signal power can be measured at the detector 462 as well.

The rate of change of signal absorption and the pulse interval at which the
change occurs can then be plotted and used to characterize and identify the unknown
analyte and/or a binding event involving the analyte. This system characterization can be
used independently or in conjunction with the above-described time and/or frequency
domain test systems.

In all of the above systems, one of skill in the art will readily appreciate
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speci fic enbodi nent, the neasurenent system 450 consists of a tinme domain
refl ectonmeter such as descri be above wherein the input signal conprises a
pul se trawoolthawing an adj ustabl e pul se interval. Those ofecgkidob/28491t he art
wi |l appreciate that other instruments capable of generating simlar pulse
trains and detecting their corresponding. resultant signals can be used in
al t er nat i that giebsusterEmean bagaled dpwngie thechip feyelawingsuch teplnalogiesasnt si gnal

480 consi gfis; wavég&%gggh?caﬁggggﬁgggg&awﬁﬁc?% e SRAMALAEDLAVI NG t WO

or nore incrdent erent pulse inter e pul'se groups
482 and 48ystemtiscandienedigis cateade toheglily parsiielsgitams tapabletofdatedtiigwdpor ti on of
the transmssjon line that is to the detec i%n regio 15%. | f }he pul se
gr oup 4_82“1‘?3%“‘_&1%‘&”‘%‘@‘15’ ithRusnAs OrstEt’Pfs‘ifé]?H‘isél_P S\P1 GRRIPOUNAS Sy ERnEQHS Yiel ectric
rel axati Ofrh&gﬁgagn%a& lkbeco%:ﬁ %0 ({1048 8hRE AFRLL e WIRNEEHPHR birkfing

frequency), analyte w absof b sucteSsively less energy in succeeding

pul ses. Thentlgsslfaseh dsrvyshemmhg absayagitristin impedapee ansltbus td tiansmisgion ef | ect ed
response 490 at .detector. 462. n alternative nmeasuy.e t quantity, the
Fonmi i notnpEAaF isaverTc Aty e e By T ST s BT i ST ER e The
rate of chan@gn®thisSdsdR@bn/alratePt i on and the pul se interval at which the
change occurs can then be plotted and used to characterize and identify the
unknown anal yte and/or a binding event involving the analyte. This system
characterization can be used independently or in conjunction with the
above-descri bed time and/or frequency domain test systens. In all of the
above systens, one of skill in the art wll readily appreciate 46
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can be scd| Edemplany Applicaonshi p | evel using such technol ogies as M crowave

Monol i t hic | ntegrat ggmgtﬁecwogggk%-g cli%ﬁf&ds%d'%ﬂg?dsﬁ%[aré%&iiﬁ&éﬂﬁb& esh

systens can be readily~exten y para systens capabl e of
det ect i ngbanskd imeasrietyofj applivdtieds ,In bhoaspactdthe pogsentameentibn chrobsiased $o of

conmpounds. si mul t aneousl y. . . These systens. can be confiqured to yield "logic
gates" whith! _rsé‘ggwcftgf%‘lf %&A}P%EV%}/%V‘ﬂgmg@%%esi tgé%’f plg H’Eﬂﬁelg “b&bec_hangi ng
a charact gfiinaty Kindiip8EICR tﬁ@@almfon?hssétha@ﬁb&& 6fMa lafedhuiber 6f kiRfidd ON
coefficients, "or by changing the band pass properties ot such a circuit,

and usi ngptdtiiss e berdsteomingflfang atoeed. ¥ fteFlndnogheing anppinopatriroie toghang t he
oo e e P A TE AT A R DT IS L
to ident pfopesieh st MeGighhBse@to eyl SRM’S ptopeaiey Becaabatath @foteihty
exanpl e p;'lgéeeri)rri]r?t’ re;pr(])ngehig stored, the unknown response can be compared with the stored
responses and pattern recognition can be used to identify the unknown protein.
In another embodiment, the invention can be used in a parallel assay
format. The device will have multiple addressable channels, each of which can be
interrogated separately. After delivering a test sample or samples to the device, responses
at each site will be measured and characterized. As an example, a device of this type can
be used to measure and/or identify the presence of specific nucleic acid sequences in a
test sample by attaching a unique nucleic sequence as the antiligand to the detection
region or a part thereof. Upon exposure to the test sample, complementary sequences will
bind to appropriate sites. The response at each site will indicate whether a sequence has
bound. Such measurement will also indicate whether the bound sequence is a perfect
match with the antiligand sequence or if there are one or multiple mismatches. This

embodiment can also be used to identify proteins and classes of proteins.

In another embodiment, this invention can be used to generate a standard
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primary binding stage. In the calibration phase the responses of a | arge
nunber of known proteins can be determ ned and stored. After introducing
an unknowwopnotmin to the detection region, the dielectripcTrsopessvi es of
the system can be neasured and the dielectric properties of the signal

used to identify the protein's g operiies. Because each protein's

fingerpri ﬁE‘WFQEéHh%‘é‘ ¢ugves that weuld g s Shentbstigdistsemineihe vleeMBar ed wi t h
the store i fy the
nknown pr oS SRR ARURR shBll o RERIRIAR cEAR, FEr UaRILan ey Y,

paral | el asddpe aftachedto thehietedaor meglo\m [Tihe daviee oailld bpkxpaedtitocssabl e channel S,
each of i h can be |nterrogat S rat el After delivering a test
sanmpl e or kfg%ﬁtégncte{}tr?%@sd’é f’é‘g‘&ﬁ%@@"%? frfanh eoneentigtion msasweds ur ed
and char agh&f b gade 1s°a?lscﬁ1&1c%ﬁ6%<%e sﬁnll‘é@‘{d %8 aftfas bhioSe-t¥PénsE @BrvebAnUSEd tO
measure and/ or identi fém the presence of specific nucleic acid sequences in
a test sanflcvibipstaemg an@eaxnmpéuethn@cwgqe @nds@qm@pgeseaseamedahm ligand to

t he detection £9 Upo sur to the  test..sanpl e,
conp! enentpyrsecitheethuft b AEERLaRER IR fe o B e
each sit eawdlyte in tRieRhevivbet Heiple SieUEnEndiag culesBdiffeiahigias tinedeent
will also indicate whether the bound sequence is a perfect mtch with the

ant i | i gan8owBad frdeterming whigh of seyegal érféerw ligamdsihap élerhlglmat ©Rtovesthhi s
enmbodi nen asses of proteins.
| n anot he%11 fef og%lsﬁr%lr%?& l’{lﬁ&%ﬂg ?dr)\%/g%tﬁ?%h;%qurgéﬁdﬁg(%ﬁgmﬁéener ate a gt andard
47 SUBSTI TUTE SHEETIr( ﬂdﬂErEﬁmboMeﬁﬂ,/tmzYrﬁzlsﬂtlcﬁfﬁ'a/nw[ﬁﬁﬁé&&ﬂiaﬂematlyrsvlé- or

titration cgﬁve tg Wgul d be used subsg uentl %o determ ne tk&gunknown
concent r af#BRAGHOTH03s5} ARt agmeand ophes SBPILIEY i§she BPhelemple b antibedy- exanpl e,
an anti bogy; eﬁq,yétanpqh@tlmﬁh&siamvé&ﬁtgﬁ{e%tre% arrﬁ&fn%facw@a&?a@dg% gould be
exposed to severa ‘different concentrations of the analyte and the
response fast samadhby meewming atprioreryeeapense YeforSexplosure ¢ thedest sampls of known t o
those skill.ed in .h as a dose-res urve An _ unk test sanple
can be. exBHGRIT sty s RRshsfr reRpRED At RSk P moit 2 ponse. can
be conpar estibddy hdt kenghandard curve to determ ne the concentration of the

analyte in the unknown test sanple. Simlarly, binding curves of different
| i gands can be corrigh?! defeetor apserabliticar usedite prayidesafpemahonatioug pemerons gands

has the hbﬂ)@?ﬁ}es SP e ég :(J"F%Blf - an0%111]1%¥ie@%&&ﬁﬁhd%n%ﬁc?ﬁ@ndbp rgcélﬁ ks l;)r?&lglg (t:)ul ar

protein o er e 1 on

used to |e&@ltsnahdlytes:ehcfentr@tadnsbcﬂﬁhgesﬁﬁﬂndl&&&ﬁ@roﬂuﬁest of thg by t@slﬂdaxﬁ;ﬁlber
stability jssues. le with anti body antl(?en sKstems this
1

exa
i nvent i onclasieméiop ﬁ@d?tSCtﬁ% i8ding e eies.ane tha esr 1naddigian.dhe desemior aspenably t est
sanpl e Dy fRARYE S8 ARt IFRYabiRSPRARE 106l $n FSRESHIER uit endEShq SamPl e

of
assurance. Each of these methods and capabilities are further described below. Based upon

the described methods and structures, modifications and additional uses will be apparent to

those skilled in the art.

Detecting Molecular Structures

The present invention enables the detection of the presence of a molecular
structure or of molecular binding events in the detection region 155 of the detection
system. Detectable binding events include primary, secondary, and higher-order binding
events. For instance, mixing of two test solutions can lead to the detection of binding
between ligand/antiligand pairs. For example, a solution is provided which contains the
subject molecule or molecular structure. A test signal is propagated along the signal path.

Alternatively, the test signal can be launched during or shortly after a mixing operation in
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unknown activity. The responses are conpared to determ ne the anount of
active antibody that remains. The detector assenbly can used to provide
i nf or mat i wo talotsio nuner ous properties of the test sanpl epPcIusho/asiot he
detection and i dentification of nol ecul ar binding events, analyte
concentrati changes in diel ect operti.es of t test sanpl e,

;
cl assific&t eBFP rserye iR b ime et %tsg OCGTNE A%? Teﬁ‘aéop?‘ﬁ&&a&?"fqt%n t he
detector ggePlivnal ifYeLULRS ?he%@ﬂoh&aéﬂ\prﬁéﬁ in@[&afé@ﬂ@t@btlldntdf th¥MaGfie, S usef ul

in point-of-use quality confrol and assurance. Each of these rethods and
capabi | i t bebstracteref ar bihdingdeedr i bed bel ow. Based upon the described nethods

and structures, s and,.ad i onal pparent to

t hose skilled in thgg?ﬂﬁ‘te ec&tp&ﬁrﬂﬁs %{ffl%tffﬁ sgplp ?aB(?PﬁthgFef élp(%l‘;%?@'nt

i nvent i onneRBE &SidnlEresiRnS&t bR dBfwhidiEcapeIedieRivelof oleduRe Binding. Foruct ure
or of nol ecular binding events in the detection reglon 155 of the det ection

system Dmswpabheedlmqamwngroemm of thp égstispenide Favayayy ﬁfdh/rqwer and
hi gher - or r%qlﬂeﬁlcp d]‘.ntrkgls 133‘45“:% thB't:%{ s%&ﬁ&%@?ﬁs‘e vml)gxﬂgltg;r & tl nggsS ﬁg | uti ons

can | ead SC T oh 51 Bi R ween |gan pairs. For

exanpl e, amplitudt aodiot }Shapdi épeind ovdr tedqwmtvmdnsmlb@lambmteotcum teul e or
nol ecul ar structure. A test S|dgnal i's propagated al ong _the signal path.
Al t ernat | %qeytwntrﬁ@ove@@reebr piexidings means faa%%ré@gdmlﬁ%@ar&an@%ww After a

m xi ng Opgg%gtll&@ dePendé &gﬁ?&[ﬁ&%@&hﬁg&& ) WO 01/027610

PCT/ US00/ er to observe inre e signal response occurring
as a result of bi nd[m:gxoelwenmbodmilélne thaa@elesuigmahxatiswnrpamvtms@(ﬂxhetthﬂ response

of whi ch |nd|lcat§‘fs3 detection of. the ana Qgsu st ruc urrct(:§ bi ndi ng
event. Th&BPIEIREEdetchseonvall Yoy 51t ‘été"r“ ELaN° ﬁfffﬂubﬁhgﬁato

i nduce anyy thiliaRehceOthe 368 Bizhal rEPRAKSEEL in8iR&8 aQhaf?iif thCaoddeof peligat i ve of
nol ecul ar bi ndi ng. For instance, the di spersive properties of the test

sanpl e cambspabegd, @lrrcéxmd l@apmy deﬂépalfaﬁ@tﬂn@ﬁﬁy test aignli 1&eiphaseanr@aplituds, atest
signal e3P genar]gel Ip\émlalcglﬁcglrﬁ s¢ pet erloda r%cucsgr%? easc angé Qﬁhe gbmgr eﬁ é)%%g dét r phase

response 8V occur 1n

regi on, t peageiery) binding dvgntacmfeamaetéaéd d@thecqwngua@)duenuhaactanml ng events or
ot her tine dependent events after the m xing of test sanples. In another
embodi mentmpedsBces; RIPRREAHPRE Shesfl amRlitude, phaspetncadon Ao REMEEYIt.sanpl e in t he

Getoct | OB Ky R LIS B BB LR
in the anptdsénoefor bm‘dﬁffg evaiits. ormpﬂtanomfmﬂmnge régardingmolechler ppaeranetar of the
test si gngiso etegnlneg b)(l) gnegsurllnlgtsygcrilgls such as these, during changes in the
environment of the molecular structure being detected (such as changes in pH or ionic
strength).
The above-described method can be used to detect the primary binding of
an antiligand and ligand. Similarly, the process can also be used to detect secondary
binding of a ligand to an antiligand. The method not limited to detection of primary or
secondary binding events occurring along the signal path. Indeed, tertiary, and higher-
order binding events occurring either along the signal path or suspended in solution can
also be detected using this method.
For example, initially a primary binding event is detected and the signal
response measured, as described herein. Subsequently, the primary binding event signal
response is stored and used as a baseline response. Next, a second molecular solution is

added to the assay device. Detection steps are repeated to obtain a second signal

response. Next, the second signal response and the baseline response are compared.
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or near a particular pulse period. By observing a change in the absorbed
power or other paraneters, binding events can be detected. O her

quant i ti ewosuebreatnar acteri sti c i npedances, propagation speddSoansgbit ude,
phase, dispersion, loss, permttivity, susceptibility, frequency, and
dielectric constant are al so possible.indicators of nolecular . presence or
bi ndi ng eV4He grng Rivdee quteﬁftgqtﬁlgﬁwl KSRGS M6 IveBLtlase, B‘_ﬁl?ﬁ%‘i‘& E%éfs can
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occurring along the signal path. Indeed, tertiary, and higher- order
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obtain a I . second signal response and the
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R oondary dehatgr EamE R TRy BP Fue R PR RLolERS Re PRkt &
secondar y h@vdsticifle @ VRIhS ewboliniat,ahé fle-heigurRhRhesR¥rinne®isiaidechi €S, €. g.,

anpl i tude, phase, frequency, dispersion, loss, permttivity,

suscept i binpt regessprypayihip dutial chpigpiayaatioshas pleeady begredaneteither  dhestranef as wel |
as ot her tor Tert ] i gh-order binding events can be detected
usi ng thi%ﬁgfg@%ggﬁshkkﬂg¥?€@ﬁg?ive nmet hod of detecting secondary or higher
order binding evenSscohdes biding ecpntscad apbibelackisvsd Bddpeectihg thangsp@ahé i c
primary binding event, In this enbodi nept, the ass%y device i s designed in
the assay s@péq;@]e@}g ﬁlterﬁmgqrggg)lchl%ﬁgpgtl@. W heh a molecule becomes bound, it

undergoes conformational and other changes in its molecular structure relative to its
unbound state. These changes affect the primary binding molecule’s dielectric properties
as well as inducing changes in the surrounding solution, the variation of which can be
detected as described above. Quantities that can be monitored to indicate a change in the
dielectric properties of the primary bound molecule include the aforementioned
quantities, e.g., amplitude, phase, frequency, dispersion, loss, permittivity, susceptibility,

impedance, propagation speed, and dielectric constant, as well as other factors.

Detecting Changes in the Dielectric Properties of the Test sample

The detection systems described herein can also be used to measure the
dielectric changes of the test sample as a result changes in temperature, pH, ionic strength
and the like. The process closely parallels the disclosed method for identifying binding

events, the exception being that the method allows for the detection and quantitation of
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known paraneters, so that whenever a pre-defined change in one of these
paraneters is detected, for exanple at the point-of-use, the binding event
or event swar@/tteemn known to have occurred. In this enbodiprarisootsiel
pre-measurenent of a primary binding event is not necessary, as the
initial characterjzation has, al r&ad%S been done ei #her at \i)he. ti me of
fabricati 6FRN8FS éltd‘flﬁ‘émﬁ PFP@CGWS_BE edrst saspRls ma eyt 15TRENH P &y uding Vst al so be
achi eved by detecti eghﬁeg%anra doNBionHalidg bl iR ditIB&riP bt PRAY isRldeg Ul es
structure. Wien a nol ecul e beconmes bound, 't undergoes confornational and
ot her chamgths detectot sssembbc (Mharsignalk iespanseismetaatied end ecotded, aspbouoelst at e.
These changes., affect the primary.bindi ng nolecul e'\s dielectric properties
2s el | QSRR e hBIraBERe] EC SLPROH: Aociont MPRemEne FaPt 8 bn o
whi ch can sbgnd dphAGEGHn&Sis 1&edddb edc AR Ron UAEH inhd€BetivB@ the &nsthfd moni t or ed
to indicate a change'in the dielectric properties of the primry bound

mol ecul e iseronddignalhéo ddtemune whetberctie twisignals perselate within apyedpfinedgangshase,
frequency,, di spersi on, |.0ss ermttivit SUSC Lhi |t . hnpedance,

pr opagat i %SOS%%@&?W&W& Oéi% PHHOP ¢ ¢a egﬁ? POtasav\%gMquésAeo edllel(?“g% ors.

Det ecti ngckdhpeges in the Dielectric Properties of the Test sanple The
detection systens described herein can al so be used tQ neasure the

di el ectric changes #&fthe sgnalgesponsesdp @opeorielatewithin aprsdefmedirangeettdeasht ur e,

pH, ionic : i T v,
di scl os edd%{cﬁ%rp %?%é%?%lgﬂll%gygll ﬁr:ﬁle %&)&g@%natcéshfaﬁ%ieogﬁr%gyﬁ%?f%%gﬁg t hat
t he net hodh dikleowis propertidsecan bt guantivatedinBorguample thieisecondfsignabis SIIBSITAnBUTE
SHEET ( RULE %6{5 WO gé/ 027_61q PCT/ US /2&%91 C anges in diﬁl.gctri e
propert i eSOBAEAL 2 STV ERPY ESRPEHout 8?@% ate PRt g eé\}‘é}ﬁf ® The
process Waf‘elihcﬁi@ﬁhgﬁm%ﬂaydmomdltﬂé hisabigligbpohdd &n%egsﬁahﬁédlt@tmdded to

the detector asse The signal response is nmeasured and recorded, as
previ ous| ynitidesbeidi gt digiectoic peopgrtgdbe differensd of whisheen bpusesktp datermingecond

measurenent is e _an .second..si_gnal response is,recorded. A conparison
i s then earrboég\/?\g%wﬁicﬂéﬁ? 1dlsﬁgt£‘ﬁ)e@£‘agle§888ﬁ°&’e§t?§ﬁ%ll’e§ntager§§t erni ne whet her the
two signals correlate wthin a predefined range. |If so, the properties of
the solution are deened to not have undergone any dielectric changes. If
the signal respdentiBangiMoloshlar grp@umse wit hin a predefined range, at |east
dielectric property At i | :

Optional ly, the chaﬁjgélgttﬁeﬁd%?% ec ?‘i"‘égré‘%ségg’\rﬁt ?’g{s]lg?g%ﬂggt(gﬁ%n %?%tegd. For
exanpl e, khews acadytd afid gutatquestlpidensfy iainch sobwtiohdlagingGntunkaowmavatytsi gnal
response. The clgsest correlated response will identify the dielectric
property &takewg- 8T e aleree REMPer malpgiiar PSS ARE/OF sHPSTRCTESS A at ed t o
t he

measured and their responses stored using one or more of the measurement systems,
described below. Each stored response will correspond to a single structure/substructure
occurring within the solution or multiple structures/substructures occurring within the
same solution. Subsequently, a measurement is made of an unknown solution. Next, the
signal response of the solution is compared to the stored signal responses to determine the
degree of correlation therewith. The unknown molecular structure is identified by
selecting the stored response which exhibits the closest correlation to the unknown
response. The comparison can be performed using one or more data points to determine
the correlation between one or more stored responses, and can involve the use of pattern
recognition software or similar means to determine the correlation. The process can be
used to identify an individual structure/substructure, as well as primary, secondary or

higher-order bound molecular structures.
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initial value of the dielectric property, the difference of which can be
used to determine the amount by which the identified dielectric property
has been wioteanetio | denti fying Ml ecul ar Structures Using tplaa/deeessdbed

detector assemblies, it is possible to characterize a known analyte and
subsequent |y |dent f t in a solufian ha| ng an unknown anal yte nmake-up.

For exanple, a Idegpyaig(lapses ob Moo SEructures and/ or substructures
are neasured and thei 5136 g%%ﬁ&hﬁh@feﬁge KSR m@RRuRF suBRstfichfred {4€h as
measur enent systens, des bel ow. Each stored response wll correspond

to a si ngHemsins ocotherstsabsilhootologees thacme cammgomia $iimplat ¢lesssodfiprpmsor

mul tiple struct res/ substructures, ogccurrin ithip the sane solution.
Subsequenti%/? MW%W%?WE%? aWﬂ?%S&m%@FQﬁCFSOWOC %t the
signal r emﬁs REtidn® iseletiatedyaticve CHBRRA atrinitRe oSth6leedlaSiubMuci®&PONSes
to determine the degree of correlation therewith. The unknown nol ecul ar

st r uct ur eategn¢agered iand duirpsposessstarehgEachstosedbyignnl respprssyelhvirirespoas i bi t s
e ot oot S AbisRledis! e HUERMRES ARAS oAl EnGRIRRE bogheRRA, Do

per formed using on e corre

bet ween OH@veCtreeﬁaétectaa @mcedla&aeﬁdme&&sl,deﬂr@ thcuhkinowalcempbined. Whee of pattern
recognition software or simlar nmeans to determne the correlation. The
process ca#ffigient pusker obcorgrdattqns peas, it idhen prpsblestoclastify beduka@ict ure, as

wel | as pE{ gﬁé@r L}%Jédary or higher-order bound nol ecul ar structures. 51
SUBSTI TUT t?%q 26) WD 01/027610 PCT/ USO0/ 28491 Identifying C asses
of Mbl ecul ar Struct Thes atd other mbmsqsd»sa@mleuxﬂmowhanaigteenhmbe Hasvirednol ecul ar
sub-structures suc. onai ns or r structur honol ogi es that are
common t 0 SF RIS ‘g?lﬁé?ég’eo‘fnkﬁ??ﬁ’ APyt %Iy dg?@ﬁ%‘ﬂ&’gmﬁ i éfssmf”r‘lp Sflcl ei c
aci ds. | nyngkeHRR dbiBaind. tm@ialw AR ER IR AACABHUScaADE pHAWE WhicRB&s | on D

i mredi at el y above, except that nunber of nol ecul ar sub-structures are

measur ed andtinlteddressalspparsliel @ameéed eacmax,fhvlg@loh@dt mtlgg@nd for 8 pendifec hgang
correspond .to e ruct ures Loces. es until a
sufficienfl%ﬁﬁggF ?mgfn ﬁé@#g&wnﬁg%gp gﬁ tgPecF &chﬁ 1CH%‘ra erized to
identify &ﬁ&mkmmC%rBPQwﬁndlagw edth t6 itk rdspe@ivee antinied aaf seeq@inat i ons
occur, it is then possible to classify the unknown nolecul ar structure.
There ar echarpeerizstionds geg elnpo@weeh thin ke isrpesieamed esdeseribedabeyabut otherd.  One

D ite o ' g %Ioﬁxk? ﬁé‘c%nlx'&i(&ﬁ‘ﬁ@ §?ﬂ§s%g{?%ﬁtl‘}%a%§%‘fﬂ%ﬁ?ﬁ&lﬂ% n%s% fHehuct ur al

notifs e un nown corrpoun etector can be
provi ded wlfarﬁcheﬂim byridlﬂnhlfipdttﬁ)naﬂdlmelsmbhﬂl wfﬁhllt)e lkirehias)ned Specealc h of which
has a ant Irelsi)grilasgd Af (%rrre?an%g?sc tlh];1|1 ?naldé: getnw%en the known and unknown responses. If

each of the unknown responses correlates to known responses, the ligand is identified as

the ligand corresponding to the known response. If the sub-structures exhibit both

correlated and uncorrelated responses, the correlated responses can be used to construct a

more general classification of the unknown ligand. This process can be used to 1dentify

any molecular structure, for example proteins, which occur within the same class or have

re-occurring structural homologies.

It is also possible that an intensive spectral analysis of a given unknown

compound could lead to insights on structure and function, as comparisons can be made

to known structures, and extrapolation will lead to some level of classification.

Specific vs. Non-Specific Binding

Specific binding can be distinguished from non-specific binding by the

spectral fingerprint of the binding events. Indeed, any two binding events, such as the
52

SUBSTITUTE SHEET (RULE 26)



sub-structure bound in the detection region. Next, the presence of

particul ar sub- structures is detected by the binding of each to its
respect i vwoanweisigand and subsequent characterization. | rcansoeedaodi nent,
this step is perforned as descri bed above, but other wvariations can be
carried out as well. Subsequently, each of the binding eyents is then

char act er PREHERS OPEBIAGR]aE SERGHEHN SHRAIPIE OLEAs100 (‘f‘ﬂthé§’°z§f‘¥1¥?fiq?tu§/§hf%?er’i’ét i cs,

and spect faliedh s 8RS Fflyafe! BinishQe8y MRd5eRal MRSl HAe W, and
unknown resﬁgnseg. I &Céégﬂkéﬁyﬁﬁe uglngmn respoﬁ%es correlat%s to known

r esponses pinding dveggantion exaigpdn higiveadimbng eveat Of intenest,soch aspuibddyngindingt he
known response. |f %hg. suﬁ-structures efhibit .both .correl g{ﬁd a€d

uncor r el at&IEEL BRSBTS yagERted) 10 A PYIFE ﬁ%ﬂg%c%%mﬁgﬁffé 887 8hst ruct a
more genefflredlaad tid dntiBEhRIspelifit A tHeNEARINA Ik QRN et k@ dPiOR@Ssarhdh be used
to identify any nolecular structure, Tor exanple proteins, which occur

Wi t hi n t heutstasee whersin the spestrem thestyngast respgnses precound Thegswyoythes. 1t i s

al so possible th an i.nt ensi v ectral analysis. of .a given unkn

ompound EBstiad e P utprerreDy ERSEH fe cBREeedlnBridheoter s B sons
can be ma@Rod}te déRenheSilal eifedtehon-aiedifRtindp@hat drofe YéshbndeeBlibntvarisayre | evel
of classification. Specific vs. Non-Specific Binding Specific binding can
be di st i ngeintstaseifound whighhare determpinateioif serciis ipdingeandaseparatgl sef efgEtthr i nt  of

supsT TurEe S iy R o) 8 e R D Sn s o R By
nol ecul ar psintsueé cicsed forsepamai essag agdication. Byt dontpaing ke regronkduedo f f er ent
P ngerort s Sikdioe 600 BERhEkbtereneess kLRt bl G 9B3E PRk cven

of interegi,bStgnse@nti body binding to antigen, can be first
characterized 1n a purified solution containing just the |igand of
interest and the antiligand specific to the Iigand. A broad spectral study

is then carrie out .tq. se \@en i, N 1t he spectrumthe strongest responses
are found. The—ﬁ?é%?ﬂ?éﬁgﬁm in the solutions typically found in
the dedicated appl i ofeh ¥§ dedi@bleay ABtRtBinvketAn qHAIRRE of b @ivdBTRYEBue What

ef fects non-specific binding has on the response. Then various points are

f ound whi Enamples tenelude detemnipingdheelpssite vhiiehi prgteimhelongss ehwhigh &psef of
points are.f i r ] e - Lt | ndi and a
Pobset of Pl abllo dee SEGL ORI APERE AL Eorlbd Bt o

appl i cat i aamb&yofeeypaPiokdns dre oftes prassfedbieninber ape 6ipks of dwruotliralg Wi t h t hose
due to the non-specific binding, the extent of specific bindin can be
det er mi neBOMEIRFICEATPAFtCHAT SPPSHHCHras Which 2R é‘i’liﬂldén the same or similar classes of

proteins. For example, G-Proteins commonly found in cell membranes and which mediate
signal transduction pathways between the extra-cellular environment and the intra-
cellular environment, always have a structure which traverses the cell membrane seven
times. Such a structure is virtually definitive of a G-Protein. Other classes of proteins
have similar structural homologies, and as such, any method which can distinguish one
class of proteins from another on the bases of these homologies is of enormous use in
many of the biomedical research fields. Given that the dielectric properties of a given
molecule is determined by the geometry of the charge distribution of the molecule, and
further given that most proteins have a unique structure or geometry, then each protein
can be uniquely determined by measuring the dielectric properties of the protein. Thus a
simple dielectric signature, such as the ones generated by the present invention, can serve
to uniquely identify a given protein, and further, can allow classification of the protein

into some previously known class of proteins. A further refinement can be added to the
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Oten it is desirable to determne certain qualities of a given nol ecul e.
Exanples in include determning the class to which a protein bel ongs, or
whi ch t ypwoafi/o2waé ynor phi sm a gi ven gene or ot her nucl ei c paTiubo&euenCce i S.
This can be done in a nunber of ways. Proteins are often classified by

nunber and y es, of structural _ honol ogies,. or artlcul ar substructures
whi ch areclp tiop, metrodelogy by uSEE 3ireyP ftﬁaaésluzém on the Jeteriqg assprgpl Yexarrpl e,

G Pr ot el NS neRMPHLide P&dla&%-s{fﬁmfe@@?ﬁg pROLENEERALADR, agwg
transduction pat vvays ween e extra-cel l"ul a envi ronnen e intra-
cel | ul ar ettibHodcas teat tire @bmﬁyﬁorhamésutarsub-smqnmws whch:dns danzares, s@sbd Wtdizeé| |

nmenbrane seven. tines, Suych a.struct is Vv definitive of a
B ot o1 nlor i dstermiBRionot e SHStnoe ok Hhgoes ithy PurS et dPu hoaSteg es,

and as sughy.iRR¥n BEHPEMES By eaem%ﬁ,tgluaqwh%rae@ce &b assened ofderthBi §18- from
anot her oh the bases of these honologies is of enornmous use in many of the
bi omedi cabtructgreniascieli asthe dielaginepropédrties oftthe giotdin atself. Euph@peﬁmqrmtsoﬂo a g| ven
nDIecuIe ' strlbu ion o

nol ecul e, hé%ggstslﬁiﬁ%&g?trag%lgye%nt‘ﬁSTJTE}B%%H%P %&%ﬁ% 3’? > YR PETE hs?? b ur e or

geonetry, ad Hi@er &ﬂﬁbmﬁéxﬁhl&!fﬁcts%ﬁh@@od%hﬁléiﬁﬂoﬁecﬂﬁﬁopéﬂﬁb§1ed by measuring the
dielectric properties of the protein. Thus a inple dielectric S|gnature

such as the ones geN@?latC@dl%yﬁaB also pe éhaémtemwdémfpwlngaﬁlrg@fr\pera tg.uni quel y
identify A r [ f the
protein ?or? xa%g’léa eg%gﬂg%%iﬂ%n\t?n%é gggé"'%?ér%@c’)‘% %ﬁé %&du%urt?&rﬂr ef i nenment
can be addeds irondtive thdiBwSUBéSQ'ma’lWﬁa‘ﬁldEEIB tleslleEne&Gé PdPeRdnfle 4h e gene

PCT/ US00/ 28491 cl assification net ho&ﬁ@ gl usi g*e grou of anti-Iligands
on the detBihgdesiorashlpridgiandrrngpast dRapelan &narwelg fLEARCS FNEE ASE st r uct ur es
of a gi veg,fh8h&indie k- gammeétﬁms 2 ahaHies @uch g @mmowaéas@ealeapem fic
for partlcu ar sub-struCtures, such domai ns, can be utilized for the
det er m natystin fibfosishie haxriass. dihoe ckmracatrmmg:egwhn nhdeis Labbd%quwéh resphets, any

given protein can _be .ch racterized m ni.ng bot resence and
absence of° %’éam‘éﬁ%tlg’ﬂﬁdso FruEeYs E%PO&@X IuC ¥art‘arli‘é’g%|f‘rglo lté%pr operties of
the prot epflyinbossidms, Bad flt8poly@idrpEER b chaenwaae&écasﬁfofnmﬁgtl on strategy
can include’l ooking at tenperature, pH, ionic strength, as well as other
envi r onmeeerapleniefient rapds foh eachind\ee knoen R BT OO FISF inee anyNgi¥eregene &80 ds can
al so be c cteriz b Q I

gi ven gendRea Banghonrer e d el th Mo S B MO R AT T s

i N nat ur eaddaetiscravid dol geberagdiplenddntaay b@aisls ifer dabh olyr@ueiige. Usngs thexanpl e, in
t he gene which codes for a chlori de ion transport channel in many cell

menbr anesinvERien daseribeddigrim n@prf@m@ lemaengary hinding prdwyppdizationycap by ﬁs@gted Such
changes | gt?cgd&ﬁ)n 1&%& B?ﬁ%aﬁﬂ qﬁ’any?f%ﬁe' Sinde Jﬂ&gﬁalﬁ)rb&m%%re JdSbed

characteri zi ng gl ven nuc acl sequence "W t rrespect
in the previous paragraph: The dielectric properties of the hybrldlzatlon event can be

characterized and correlated to known data, thereby determining the type of hybridization
which has occurred—either complete or incomplete. Thus with an antiligand comprised
of a given nucleic acid sequence, hundreds of different polymorphisms (as ligands) can be
detected by the characterization of the binding event. One of skill in the art will
appreciate that further refinements are possible, such as modifying the stringency
conditions to alter the hybridization process, or varying the temperature and determining
the melting point, which serves as another indicator of the nature of the hybridization
process.

In a similar manner, drug-receptor interactions can be characterized to
determine is a given binding event results in the receptor being turned on or off, or some

other form of allosteric effect. For example, a given receptor can be used as an
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to small variations is of enornous inportance. Such variations are often
cal l ed pol ynorphi sns, and such pol ynorphisns are currently detected by
form ng womplesent ary strands for each of the known pol ymromrgsoepsiol Si nce
any given gene can take the formof any one of hundreds or even thousands
of polynorphisns, it is often an ard%ﬂ%ﬁh%ﬁSk'to enerate conpl enentary

strands f aptiligag, a&&}!a}}ﬁﬁmﬁgemst%g;bﬁgw Bt {at Heansh The sxsrpeien 1h 8B n,
non- conpl ‘éﬁ%?tgr;i/z)éd%sf&hﬂ% 9 fhewaé%tﬁ& FRbbRE, ;ﬁ'ﬁﬁhilg?ecsglgﬁs%qg &feqand

di stinguis measur i ig many of the sane physi properties as were

descr i bed Subsequénglypcawpmmds hat agbajpl sciEbreddbedmgtcanddpeope thenebsated he

hybri di zati.on event can be characterjzed and correl ated, to.kno dat a,
thereby d&f'&TRIATPHY ﬂ?%fgblf’g'ﬁs pg?peﬁ%r"{lhq tggfic%tor'%fn@:lf’cﬂgéh%g’é’lﬁta\é\g; ei t her
conpl et e Qfe]dsNCHRMAEdiBlectHid¥espBhdells 8dn &Abwh LORRE CORNEH FRLt orPthe Re@piven

nucl ei c aCid sequence, hundreds of different polynorphisnms (as |igands) can
be det ecasthelpowhagetist awt theicfare walh hate a mactbhighenmgolabdity of tringef skill in
the art will . reciate that further refi.nenents are, possj bl such as

rodi fy1 ng EEFHF RANER SR Belegtekry el BOWP B bt s tifbcoss, o
varyi ng t Bgdiraventasfusteredt) dndl flpeiseits h Bignificast ifprdven@npevericurrdhtidefrcis@i ves as
anot her indicator of the nature of the hybridization process. In a simlar
manner, dsiigegiecwhich determninepaly ibadinding eyentdhns oaeuread; o agt flyoserftskihione is a

anner,  det ‘ . : o
other for af SHFRA AR ol BB RERRRIbUBFURGe M RAER B Batiicl uooa.
as an 54 tBYBGEhTVEntBHEET be RpplEEd26) WO 01/ 027610 PCT/ USO0/ 28491

antiligand, and a kpown oni st can be used as the.first ligand, The
interaction is then%x&‘HH&gEf‘@ﬁTSﬂé‘G“‘é@c‘ﬁfl“@?ﬁ@‘ Psefidn ted %‘éet‘%Ptgo‘ijesponse,

and this FeRRNBRIS s&BUESy an@@&ﬁg%ﬁrﬁs, SEHROHPIShIREY, bBa&hB&S, NI
screened for drug candi datés are then observed wth respect to their

bi ndi ng ptrPehtlices, dontans; barel stregiuss,. befa-moiseand erioha syrhinady geonps fopnél ds a
simlar dielectric response iséhen kno to h%}/xecg simlar_effect on the
receptor "HE'AHBIKA %?éﬁlh‘ihsis, zgmm‘leﬂgr T OFERRIY PR Y D P Rer _
probabi | i tibiekyhRkity a8 icANINrA kymiRir. [GrRebeyMI B HE e Oritas act eri ze
virtually any type of target-receptor i ndi ng] event of interest, and

r epr esent HomainsgniGlobdan Protepisod dde/nBiodled: 4durd/8hBubteirecturcdpf nuplaiaeadi es

whi ch determ,n nlLy_ Welell e r r skill
' Cthe ariogin B aats B P R IR R R oo RS A O

bi ndi ng evghZSoints oA, sihfle apd eseblé strandeoinis) Bupadoilixgs fpmps,iaatdcodoanpl es of
sub-structures which can be used in the above nethod include: Protein

secondar y leons B &gops.cang Ty ¢ lpops iR NA, asvelkas i ferantrdassescaf (R molepales §
W. Saenger (1984) Principles of Nucleic Acid Structure. Springer-Verlag, New York; and

P. Schimmel, D. Soll, and J. Abelson (eds.) (1979) Transfer RNA. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y".]

Quantitating Concentrations

The detector assemblies described herein can also be used to quantitate the
concentrations of analytes. In one such one embodiment of this process, in which the
device is not pre-calibrated, initially anti-ligands are chosen having the appropriate
binding properties, such as binding affinity or kinetics, for the measured analyte. These
properties are selected such that the anti-ligand’s equilibrium constant is near the center
of its linear operating region. For applications where the range of concentration is too
wide for the use of a single antiligand, several anti-ligands can be used with differing

affinities and/or linear operating ranges, thereby yielding a value for the concentration
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triple helices, domains, barrel structures, beta-turns, and various
symmetry groups found 1in quaternary structures such as C2 symmetry, C3
symetry, wobigyrenet ry, D2 synmetry, cubic symetry, and ipcassbedssal
symmetry. [ G Rose (1979), Heirarchic Organization of Donmains in d obular
Proteins, J. Mol. Biol.134: 447-470] Sub-structures of nucleic acids which
can be anamfzaelau@hﬂ‘,’l(@ﬂéanggequence honol ogi es and sequence pol ynor phi sns, A,
B and Z forns of (A gforms
anti codon | oops, B%é%gﬁs&%ﬁ %gldg%%s&langa%@mﬁ%ew% Eé&gué}er ent

cl asses of:hiq;RMt}rmde@mehesOnnhcteWo tﬁameganer(l&tﬁ&zjl:stexﬂr |An¢ecp§1c&slsotienl‘rluadeasc Aci d
Structure. Sgr'hn tgr Verl ag, New York; and _P. Schi nmel ﬁ? and J.

Abel son (&I¥h§thentgs Espansgfequyes m&actwaao B%”‘Ff"@“rpl‘é‘i“th?C‘ﬁ?_‘% S%dry Press,
Col d Spri i T or

assenbl i eglge Eg{:%abgg%grr}é?r?\aéggﬁlWg&ggﬂ%g%ggn{)%@%dﬁgﬂﬁﬁ‘gtgeégtg ﬁagﬁg

concent ra’blrmlmgha&nmmhylteé&ct dmthe migngl achdeserenieed; duti regions wheltehhman ocess, in
whi ch the ice.is not pre-calibra itially anti- ands are chosen
navi ng. « naPsth OptingdEs ki RespAbereringd. s YRR BRI ¢y or

ki netics, bfrfaringlt@aeﬂaﬁﬁ@aa eﬁcﬁaawﬁ@atloxhﬁﬁ& refiRBESLIE &5 aBbEitsS@RINAARA, Such
that the anti and's equilibriumconstant is near the center of its

| i near opéhqadquvg 1§ e@nbmied Fbiris etp@ls Rﬁaﬁomﬁlmﬁ@mﬁéﬂmhyyéumﬂylngm&wm ation
is too mnde f ds can
be used w ?%Ceag?t% eroﬁfr%l&%g 4t |t% | B raarsl%?& I%ﬁ%g%suggéﬁ%ﬁ esu?mgareé C)%E:'ﬂgt her eby
yi el di ng ameaiatieelfyqfnidﬂ@da@psmmtarrahesdldﬁﬁrthéS&ﬁSIdthUTtEenswl&EirsaﬁﬂUL&nzﬁ) VO
01/ 027610 PCT/ USQ0/ 28491 over a much wider range. Next, the anti-|igands
are added cbeseaptticdiffercst eansenietions e ﬂa%@éwﬂﬂswgﬂmst@nf BONSRRITatIn @b ce i s
connect ed [ to mhether
t he resporrlﬁsg &g(gu}s@%éwe %‘t%ﬁéaﬁogﬁd ! hﬁ i dﬁ?ﬂﬁi&ﬁ@%ﬁ??@ﬁ}g@ Re If so,
spectral aaldirysinspdists frent therfmdgomg vdspcmtset Nextf ammﬂmgle of ukmeguendglytes vvhere
anal yte blndln% has maxi effect on the signal eternlne t he

regi ons wWARFENEFEOISHLCAY R ?}?‘EStﬁP HRACREmplhe ?‘?ﬁam IBERt DY SEPRIENEr i ned,

and the rerNARaEWH ¥t mq@@ed thE QeteBoPEsEEb] F,scdipellﬁfn@m@ spdifse 6@E afh@sd zation
is not required, or if so, after its conpletion the device is calibrated.

Thi s st epaigorithen,fand de@nnmlrmberefrbmdhmmlytbyom@pmtwnng a known

fol d he d
esulting response. 1 et gl El AR RERLY TSGR HBR Ak A or e

cal i br ati eflibrhte@By dedi@S thes@HIPhtep EirbE@is 6 s €t Bihdifg Paidd dddaheRtire the
concentration, and the response against this concentration can be

measur ed. TSABEEqRRAL deteckar assemblpeandie rerizar domipny diffeseng siaxs. Zoeexasiple,

recording s&gg circuit parameter, such as impedance or characteristic frequency of a resonant

circuit, can be designed to change in a pre-determined way when the binding event
occurs, and the amount by which the parameter changes can further be designed to have a
dose-response. Thus, a measurement of the circuit parameter will, when analyzed via a
suitable algorithm, immediately yield a quantitative value for the concentration of a given

analyte or ligand.

Detector Assembly Self-Calibration

The detector assembly possess a self-diagnostic ‘capability and thus a point-
of-use quality control and assurance. For a given dedication application, a particular
antiligand (primary binding species) will act as an antiligand for some ligand (the
secondarily binding species) of interest in the solution. The primary binding species can be

attached at the point of fabrication, and the secondary binding species can be attached at the
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calibration points fromthe foregoing response. Next, a test sanple of
unknown anal yte concentration is neasured. This step is acconplished in
one enbodwmanto2teyo suppl yi ng the unknown test sanple to treTdeactson
assenbly, correlating the response to the titration algorithm and

determ ning therefromthe analyte concentrati ori]. In the event that a given
det ect or R8WERDYSF- iTdug vanRgions iiptabreatighareRpeiady thealtpchmment abths priggsi gn, "t he

anl Y step SRAUILAH chielAriffichs e BOME PR #OLATE PRI iRy, response.

Such a detector asse Iyncan be reali"’zed 1 n many ent ys. For
exanpl e, Hoereerciheamountaiigamnt Brund swit he asdiferpErdportien trthe maragoéri sti c

frequency of .a resonant circuit, can be designed to.change in a
pre-deterﬁw&ﬂnﬁg?u%@ﬁs?F@‘Omeﬂﬂpﬁés%%ﬂoﬁzlsgﬁ? S Pos§i¥et he anmount by whi ch
the paraneter changgsosadmbddimhbalorhR ﬁ@@ésﬂ'lerﬁolk&lﬁad{ﬁdiﬁg sEPRE1J ReROMSE.
Thus, a neasurenent of the circuit paraneter will, when analyzed via a

sui t abl e aloggithie sagnal pathibotibatdehg the japprdpaatgaathddy at vareouws gpugenfrarons aad
concentratjon of .a given,.analyte or |i d. Detector Ass | y

Sl ol § ettt Pt B a3 dese SR E kot BB E P apabi 1y
and thus gapergt for edchlpBcdhtalibh. k@Rt sillaritehtidh SUFRAE Eenefdéd r HeVAnd

dedi cation application, a particular antiligand (Eri mary bi ndi ng speci es)

will act &%measuingithe eptihedy/diganbbinding irspensetipreseveratdiffgeant eoncprtragiongof

speci es) of | | t.l on. el Y., bi.ndj i n be
attached gl a*ﬂé&%ﬁ%ﬂd&&#@g?%g% g%ﬁ%%@“&ﬁé%b%%ﬁ%%f %@?%&Zaﬁg%l es can
be att achég taking the ratwbofStipondet O EntHiddiz bindirld tb 1i26nd Vidhy/ OR¥thd Point-of-

PCT/ US00/ 28491 poj nt-of-use. Thys, variations . in_ fabricatjon-especially
the attacHfefe Brakitiategasspyigthen E@é P@squ fetEriRGthg arioRps rheun arftﬁ@dabi lity
of the dewjcCgng Qlegbéﬂg fActct ?S‘?&uiti therORHH: Th'é'@i‘é@ﬂ’c?irs’thénha%plﬁ_g@férlﬁe say | gand

bound will be in direct proportion to the amount of antiligand bound, thus
a rati onetndthegesponsene nicanfred, hed theaespongromsli fyedeterimnedrtdgraioh odtiveeret  of t he

process, a nol.ecul ar binding, surface is,forned | ong the signal path by
D1 i g ¢ RS BB Aot BOh T HOdy B Ry APBOE CORERFIPR | ons and .
characterizing the mg8pldckCan S5PBOEBdiTiRd tAN Ranliti@SEthe aMeeRtof BindRigS,

yi el ding some value "x" for each concentration. Next, a simlar titration

curve is detheselueen. flotha medificaipndthe bipdimgsudaderny therdetegtor agsearply ingjadas bi ndi ng
response for.several differen n ratj - Of I gand. [ d
rerats on BBl nEERM A R0 RRIAY SRRkl ThEFMe iR LG 1y

t aki ng t hepplrdit®theldevies pansespoiscadthedory. Thadigng réspohsegan de biopditivgal At t he
poi nt-of - use, the uncali brated astsu%g is then first probed to determ ne the

amount of 'bbaAmouNaf Hisdigand that baspoppd Tuis) atitration of anyeivendagand FaPe her ef rom
The i gand, ;54 Bllﬁ%r}'/ c"ﬁ&pgiﬂgeegl &Bligzﬂﬁ VAP MYappropriate linear operating range—the range

in which the equilibrium constant is within a couple of log units of the desired range of
concentrations to be detected. The same ratiometic analysis as described above can be
applied to yield a robust and precise quantitative assay with internal controls and calibration

necessary to insure reliability.

VI. Software Implementation

Each of the measurement and detection methods described herein can be
practiced in a multitude of different ways (i.e., software, hardware, or a combination of
both) and in a variety of systems. In one embodiment, the described method can be
implemented as a software program.

Fig. 5A illustrates a simplified block diagram of a computer system 510

operable to execute a software program designed to perform each of the described
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and the response is neasured, and the response and predetermned titration
curve are scaled by the scale factor "y" to determ ne unknown
concent r awioan/0276he process can also be nodified to all ow gquarisSov/ag4ong t he
amount of binding in the solution. In the nodification, the binding

surface of the detector assenbly includes antiligands having a_predefined
affinity &W&‘qdﬁgihﬁlc%%fﬂf ﬁyé‘ieﬂygoo?ﬂéu‘iﬁlaLH‘P‘BH’_riS%"'s‘i‘}%Ec?&Z»rﬁaB‘g?t o to
the devi CgeviRAfl 41 &2 RSP O Ulgh penl BE ot ONOinte AIROBRE abivirtuab® _
proportional to the anmoun o? thé 17 gand that has bound. Thus, a titration

of any gi veahty intrafadescan alse begaglndeddonprovidyngcl{d semngndn GattindtSgdhousss oh an

appropria i r. o ating range-the ran in_ which the equi.librium
constant - DR vE5 L aeBt X 5 el B5ARer i pti e mef g ash o
concent r abi QRfzddQo BB rdflEBCRYe diBNe] R4 End RiftwarEbrogradiiahdctpsraths @escr i bed
above can be applied to yield a robust and 1preC| Se quantitative assay with

i nternal omsextonetheth dnd tieilikeailbaugnePROM §16 i8 shewsw pethe e¢hengbla mediay |

Sof tware | ppl enent ation.Each .of. - r e n t e} t.hods
descr  bed er G el g Flkaft niBn R HABHY R el o AR RS G o
sof t war e, uhiBZ¢dWala®ine®5 1 Pale® hBisegfamiliaralompatd BYmpoknts(nat shawinpsychek asyst ens.
I n one enbodi nent, the described nethod can be inplenented as a software
program Progessop manpqry angdithalike. si npl i fi ed bl ock di agram of a conputer
system 510 operable to execute a software program designed to perform each
of the described 57 SUBSTI TUTE SHEET (RULE 26) WD 01/ 027610 PCT/ US00/ 28491
met hods. The conput €ig. $Bstlesmated@hd intcimed eschaectomeidf tie hihutes cysean 550.2,

bi net 518, and . keyb 534.. A t sho 1i.ght . th
To It er 5 eSmBuenSKERYS (0 Rdtacs udity 514 s orenioni SPeatavittietacd. f or
provi di ng 8 Qn&@NEreIdSs Cordhiddelstahd 10 BUaRS irtludePsirhietns vikhdd Bystéin har d

drive (not shown) or other storage data nediuns which can be utilized to
st ore andnregtary é¥fs ceitepl prdcesiar 52% speakerf 330aramgpiablgrdisks>3Znkebpada3ing t he

h i ke, ALt haygh is sh he. s bl
Tedi o orney dpkRa4bl Bl mp g S Ao g BBy R sk g

fl ash memgeydes@ibeldencthtid danZfcluddCalditinhl Slf8wad sBsy3emse Fok akarhplaranetheput er
conponents (not shown) such as a rocessor, menory, and the like. Fig. 5B

i |1 ust r at 68mpHer systeay ¢raild mebMp mage tha ope pragesse .8 ASPHHPFACSIOT  The

conput er Lhel . i.t.or i i W LSl active
W th the SRR e Redge iRt iands Hohth s8R HepbBhn ke Lichb
subsyst enarchitediuraf sympesr sysenns . F2Gyeveenhigsabhrrpwe 646 serille2@tivs peaker 530,
renmovabl e di sk 532, keyboard. 534,
interconnection scheme serving to link the subsystems. For example, a local bus could be
utilized to connect the central processor 528 to the system memory 526. Computer
system 510 shown in Fig. 6 is but an example of a computer system suitable for use with

the present invention. Other configurations of subsystems suitable for use with the

present invention will be readily apparent to of skill in the art.

VII.  Experiments

Using the systems and methods of the present invention, several
experiments were performed to detect and identify analytes in a transporting medium.
Figs. 6A illustrates the molecular detection system employed and Figs. 6B-6F illustrate

the measured results.

Fig. 6A illustrates the molecular detection system used in the following
experiments and includes a vector network analyzer model number HP 8714 available
from Agilent Technologies, Inc. (formerly the Hewlett Packard Corporation), a computer,
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fixed disk 536, and network interface 538. Other conputer systens suitable
for use with the described nethod can include additional or fewer
subsyst enwo dtee76@xanpl e, another conputer system coul d i rcinackeopswe t han
one processor 528 (i.e., a nmulti-processor systen) for processing the

digital data. Arrows such as 540 repre&ent t he system bug, architecture of
conput er &lesmeassment proeviasludipg a SEOOYFY sOwer Ipge HEEh QVerwhichidpteclen any

| Nt er CoNNEELPR HERITENPLIALAGPTFE) e (e PHARY Heblhenf Qb e, a local

bus coul d utilized to connect the central processor 528 to the system
menory 526/ erfoonbilis i) usydstserfiubd Chamnelvin tiansgeirtghe Ganspobiung nagdiex anplast of a

conputer system suifable for use wwth the prese i hvention. her

confi guraf ‘Bﬁ_’il§ R eéf?[%?%‘f E%E)nsq%iﬂf‘?a‘ﬂfe%g_ufe&enﬁg@%ﬁj tt}he feﬁana“bP@ésﬁ i nvention
will be repagihitddPPRl eAtwdsQs& inthé bipekithehRe T tresoMhrt prébends d¥Bighad Wahng the
systens and net hods of the present invention, several experinents were

per f or med atfas atdt @dt andh exhibligadtanf fyes efnabbopt &d 68 K HE assemblpdrrd nytherprtisenee of Fi gs.

6A illustrates.the | ar .detectio e | oyed and Figs. 6B-6F

i |1 ust rat &€ {d CF@‘é‘gEdPg@%rtgéﬂlcpg@mﬁ%rﬁe%ﬁﬁ%ﬁ ﬁ%{gf’)’at es the nol ecul ar
detection system us in the follow . experinments and incl udes vect or
net wor k anal yzer mggP Cﬂ‘Bﬂ’H@?eﬁqwtﬁ%%é%i ?03 e G 9°8Fﬁ°g'(5‘iel‘)8ﬁrta“%8ﬁtlt?8l ogi es,
| nc. (formeflofk hiteydeh Lot didgRakadide iR &l ther@fr GRMUE Rk ial-tygd SUBSTI TUTE
SHEET ( RULE 26) 01/ 02761 CT/ US00/ 28491 the measurenment probe,

i ncl udi ng nEagroneEPramasdepiribed anvhilobtraod m Kigi oA abovgevasasednThe BEF BN i s

formed, an l.eng f. RIEEt ub Le- Par.ner, 1 nstr nt. Conmpany.,of
Ver non Hi Itlchse?(OPE? {]@ég'ogg §EIP K l\ﬁagog nﬁ‘é’fis ?lgcetdroavﬁrs%lgtét%f {11%“ {elgé)rl?spg}eti ng

medi um anehda@EtmeR P eantiGvdsReciilet elig #prooed ©p colertWiticiieas sorev@ihtdor obe.
The resonant probe 230 illustrated in Fig. 2A was used in the experinents.
The r eson#ishslf obthevaeasussieniirabey The tubinggatends framthe mepsypranet prabédn an fres

of about : | e i annel
(Pree tubdy® Sedidhs ORE B 6ttnBRtldbuis \EnBEREERG Y Bhae bl (M ANED
Labvi ew r whilefthiergther énd ven ninmelset] e the flridit teansandple toebe anatywed. KTlanakinger and

to display and store data resultjng therefrom coaxi al -type , measurenent
probe as PUBR P BHdELRREYq ISP b s apple SRS v B e Bhe

tube (0. Ogﬂglfer%e deQech@l?r}egQE)rP- Ilrjl tH@fdélo@i%&ri%ﬁtsPﬂh@Q%&trQ\é?fh-et\}ﬁﬁoﬁjset ection

regi on of measur enent” probe and was” secured using a grooved top cover
whi ch was testsaewpes were aneasured what fhegést simeplevess memenovep thebdeteclibe regidn ng

extends {101 Lhe JESRILETEOL BLOBE I ihia L0l ook bOnS %Ak Hudit®
test samples were introduced in the tubing by removing the end of the tubing from the
first test sample, waiting ~1 second to introduce a gap of air ~1 cm in length, and finally
by placing the end of the tube into the second test sample. The gap of air is used to
prevent mixing of two test samples in the tube. Similar results were obtained when the
measurements were made while the fluid was held stationary over the detection region
(i.e., the syringe pump was turned off) or when the tubing described above was
substituted with a smaller I.D. tubing, such as PTFE, 0.020” LD., 0.063” O.D., wall
0.021”.

The analytes used for the experiment shown in Figs. 6B-6H were carbonic
anhydrase II (CA, bovine), fibrinogen (type I-S, bovine), lysozyme (egg white), pepsin
(porcine stomach mucosa), ferritin (type I, horse spleen), bovine serum albumin (BSA),
water (18 mega ohm), sodium dodecylsulfate (SDS) and transporting medium phosphate
transporting medium saline solution (PBS, pH 7.4) were purchased from Sigma (St.
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while the other end was imMmersed in the fluidic test sanple to be anal yzed.
The syringe punp provided negative pressure that was applied to pull the
test sanpwe ahewmugh t he tube and over the detection regi ®aT/UsoLdiel

foll owi ng experinments, the spectra of the various test sanples were
measured while the test sanple was noving o the detection region 155.
Wt h the $PrIEnYE) p§ﬂ§‘u§§ﬂiqsa}ﬁt?16’°f‘?tiﬂslf S X‘Pﬁlt@oéﬁhat &ga%wﬁ’@/ m n,

di f ferent L}cuas@acfmn{ ERf SRl Eo0RME, NI, rmyﬁ@ﬁg pbRineeditRivig ¥ 4moVi ng

t he end oip t he tubing romthe first test sanple, Waiting -1 second to

i nt r oduce reveyag, 25fmi sodium phmsphaﬂeémmmrtummedlumapliﬁ 8 Wys plepok mging vaitend of

the tub th d test Th f.aiL i dt t
i xi g of (PhBettdi S5hanees e A Ruong iR af oA Shrpedie faontieBSR when
the nmeas Hﬁ&ﬁ&iﬂrﬁw%&a@‘eﬁ%ﬂn%'rﬁlﬂ soBRind ;Lnasﬁlha%@&aﬁsgmmgmédl&ﬂw7cs\ja§t t he

detection region i) the syringe punp was turned f) or when'the
t ubi ng depoer @emea @?/GSQMSDnsﬁwb’S)tfﬁtrmne@dvﬁ% A SRl Wélie grepgrectlgMB(Sg]ustsuch as
PTFE, 0.020Q" 0.063" O D., wall 0.021". The anal ytes used for the

exper i rren?”glht&/\ﬁel n Figs. 6B-6H were carbonic anhydrase II (CA bovi ne),

fib t | - white
Stommon micosa) 1 ebt ¢ PRk ergiment P Fsh &8 e S o RS ehedif B n
(BSA),  waiRrand %%niﬂ%&@dﬁmﬁbdet%eﬁbd&@gféﬁdﬁfé% 88|, f(@hen (GIPheaiteidmBapor t i ng

medi um phosphate transporting nedi um saline soI ution éPBS H7.4) were
pur chased tgkeanNskigagersn te gamplgg Sl WWTH Fibrvas(tRosertzd Yo ﬂ‘@ CHMY610

PCT/ US00/ 28491 Loul s a hosphat e
di basi ¢ were" anlﬁirac eggneoﬁ/o fr (ﬁ?]ué%ln ?Ivga%g%% tT%Brsfﬂftg Hﬂg‘ai%%\?%}”%ggﬁg&? ér{?aé[r%r[{gortl ng
medi um WafodiSﬂxﬁks&Smdﬁ@ﬂﬁhv&dren%ﬁt fé}dba@lﬁhtymmiecsipfeap@sé bﬁmsms:tsOngmﬁedl um
pH 7.8 was prepare using water a ghmjust prior to_use, 0%

sol uti onsag WF@FI%A‘?SPPPWH?]@Q@H&W‘F V’S]%Eyﬁﬁémaggﬂldedﬂé%é%ﬂg Q@Kléhaﬁ? epar ed
in 25 mM gp rglj &/hosphate transporting medium pH 7.8 just prior to use.
1.0% solutio éB(s w) ferritin and 5% (ww SDS were prepared in PBS just

Prior Lo use, 1N & hilssas PR uERRGIARAI bRl unysg.d ARpoduced

into the tube and ransporte ion reglo ere a return

| 0ss) neasiyEB®sluti@shastaaléep nulNe$0 dBRafe (163 GHa. téeaioﬁsa;rvable floh¥Fiy 6Bi n PBS)
was transported to the detection region and a second measur enent . was

taken. Th éfelihﬁ? differencaiebed Wecantbn £ Breagdd améw Sifi HRIPOREFred naalqw% thg ferritin
nmeasur emegt, G m%&&&% a fr ciﬁ(;et éé&nft g% ?Ilncteﬁﬁuﬂg&n?%egg #a P d four

Ferrltlnresp nses 1s 1l1lust magni t ude Fig. 6C
(phase i resdegpee@si or both of these differences can be used as parameters to detect the

presence of analytes as described in the processes above. In addition, the Ferritin S,
response (magnitude and/or phase) can be stored and used as an identifying signature to

identify an unknown analyte in another test sample as described in the above processes.

Fig. 6C is a further illustration of the difference in magnitude between the
PBS and Ferritin S;; responses over frequency. At its maximum point, the difference
approaches 20 dB, a sufficiently large magnitude to be indicative of analyte presence in
the test sample. Further observable is the small measurement variation between Ferritin

measurements, which is an indication of high measurement repeatability and stability.

Fig. 6D illustrates the phase of the S;; response of the PBS and Ferritin
samples and Fig. 6E illustrates the difference therebetween. The phase difference
between the PBS and Ferritin measurements 1s evident, as is the repeatability of the

Ferritin sample measurements. Accordingly, phase information can also be used as a
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As illustrated in Fig. 6B, the nmagnitude of the S11 response associ ated
with the PBS solution has a deep null (-60 dB) at 1.163 GHz. Al so

obser vablwofmomekd g. 6B are the differences between the PB®wmna2Herritin
S11 responses. In particular, the Ferritin Si | response illustrates a
frequency shifted, |ess pronounced null c are o the PBS ponse.

or “Bot h oPARHIEISE HftFa PEHAES TSR0 1 SBeprap S LR RIPSE GORSbEL EqHHe
presence of anal ytes as described in the processes above. In addition, the
Ferritin S' respond¥xt MW%G@CEHW@PI%W%%‘W‘E@H spdlem s digedhid used as an

I denti fyi 'agmghﬂﬁ ellcl}E Iﬁette{}he %‘g{;@ér@ﬁ ﬁg%es 615‘91?& B’G?llﬁsﬂaggmenﬁﬁgntrﬁaé

sanpl e as descri e proc Fig. is a
illustrat iaﬁdhplmefseShﬂneﬁsﬁfeareemekanmfrmganat)m@ecekrbmweemhytdlmse fitidthoged Ferritin
SI | responses over frequency.

At i ff
appr oachedysoeyam BSA. end persinand thay Aafﬁgeegaﬁ%!@ﬂn#'ﬂmﬁg% Sg] ‘inh’g I?‘lfja'ferig\elgcgf
anal yte p%ﬁés?ﬂ&t% tfaH%pn% he&hmS BHW ®: fﬂaﬁ%rse&pﬁﬁfhvﬁmy?e ﬁr‘évf&l@sea snal |

nmeasur ene ariati ween Ferritin measurenents, is an
i ndi cat i odiftdrertiagth identifable signal respoase, disrdbytepablimg dstestiph am@rdelmfg:atlaﬁ)of
illustrates  the ghase response of the PBS and Fenitin sanples

and Fig. GEBIPA] srtrs?affl@:@a?ﬂgscﬁlg?q%ﬁ"@ﬂce t her ebet ween. The phase di fference
bet ween the PBS and _Ferrj |n measurenents is evjd as is.th
repeatability of thé&l& 68 lrlitr%esﬁrr%rléewea&@a%eﬁr@? ORERD RIS PT SpfitTe

| nformati qp oﬁﬁ@uﬁh?%e@?stb‘ﬁ%s&ﬁaea aBve. Rl Ew N ErdpatddbyFsedif) diM¥lon

01/ 027610 PCIT/USO07 28491 paraneter to detect analytes in solution in

accor dancdrom & h.0OtMetqsk sclesign;ddisohitives “amepared\lesmg de-tomizgdoxaterddder i bed

nol ecul ar ection s st.e emonstrate th det ecti of .

Gt for ent LIS et GuodufRtig St on2RaT LB RetNiflgfeb Bl PHE hase
S>> neasu 'ﬂ%n@Bffng sé@b eesc%e& previdnslyy Ti§ally A6 honlia wabyafiaaodddeltd thegen,

| ysozyme, BSA, and pepsin and that of the transporting nedium (25 rr1\/| sodi um

phosphat e tegr efithp ERsenang pebe IOQW]atII?ﬂ—?t'IdeB?f 1 AS Rz nThsepraletyas shssquaptly fined
d t |
B e oS T AR AR HR0) K BBl Sl R (S IO bR b6 BOR0) L9,

Fig. 6H i |sbdlﬁﬁqrdhl(ﬁﬁietsbﬁlt18ns \1zasrrhsmﬁnﬁﬂuéermﬂithmdgx)aloéspbnseevsoémdadnsamf
sodi um chloride usi ng t he s st em descr.i bed _above, . The sol ut} ons wer e
prepar ed BigusepHallusgatess the FFS 35t 1§ capablepidigineuishingbenyeen 40 1&wMt i ons

wer e prep@fa%‘i’sblﬁh&gaﬂ??é gﬁlz%gq,ay@ter The fluid sanples were introduced to

the detection region o e coaxial resonating fixture via the tubing

setup described pr eY:' %u 2hd 6] fh&slu% gﬁal'rgsfbgﬁgegCr#ﬁ%?rid%étrnig%hgcquced to

the top of the reso pro e opera es € probe was
subs equen&ﬂqredumedadlﬁg)e\xehe usinlgulsd mathed of F&s 3Ddn acduréanee withehd gresdénon

measuring mv%gtlc()jnB(ulsglgne%lglarllll \)E'el{ghet corllzc(j‘e(r:l?rat(ljgnstart] Y2 x). Fig. 6l illustrates the signal
responses for denatured HSA, SAL, and the non-binding mixture, and Fig. 6] illustrates
signal responses for native HSA, SAL, and the combined mixture of native HSA binding
with SAL. Each of the measured responses exhibited an amplitude resonance (minimum
amplitude point) and a frequency resonance (frequency at which the minimum amplitude

is measured) described below.

Human serum albumin (HSA) and salbutamol (SAL) were obtained from
Aldrich Chemical Company (Milwaukee, WI). Phosphate buffered saline (PBS) was
obtained from Life Technologies, Inc. (Grand Island, NY). Stock solution of SAL was
prepared in 1x PBS (pH 7.2) at 50 uM concentrations. Stock solution of HSA was
prepared in 1x PBS (pH 7.2) at 50 uM concentration. 50 uM concentration HSA was
denatured in a 1x PBS buffer for 15 minutes @ 60 degrees C. Newly prepared 50 uM
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sodi um chl ori de solutions was then introduced and the signal response was

recorded. As Figure 6Hillustrates, the test systemis capabl e of
di stinguiwbing2ised ween a 0.10 nM NaC sol ution and de-i omiczacgowadser . Fi gs.
61 and 6J illustrate S, | signal responses nade in detecting specific

nol ecul ar _bi nding events using the nethod of Fig. S(ﬁ in ?c§or dance with the
present  Hielmativanddenpyredy was PirengRtcdokitp pdtal ¥HUmE Ot PO LM SAEfgr 61

|l ustrat g5 Hne 5h0Rak %Jirﬁéx{%&“%i?ﬁalfrgg of&RaTIE GaERAa sofdtion 3RS0 LWVPHSA

non- bi ndi ng m % Pur e, AR Ig. I LE)S'[ rates signal responses for native
HSA, SAL, (mande tiftbdematibed) édl 1 xPBSUpHE 70F), asdlutren ¢dibaibing G0 mdyl SwiLtih 1ISABS Each of

por el S s S S R AT o0
I's Weasurgﬂ% E@g%alz@tw @@qu-lxr#}{]@l@hfww li%hm@épan&klﬁﬂél}e MeinsRhirebaTO!

(SAL) wer tained from Aldric em cal "Conpany (M | waukee, W).
Phosphat etempfefatureaisinginaviel (BB westor netytask aealyer fomL Agikentdettmolagifises, | nc.

(Grand Islan . ck sol ution .of was reparsed,in | x PBS {pH 7. 2)
bt 50° M chiicae ST Aedri PRt e b REGH & TR $BE (i
7.2) at SHheMr@h&RPEdRLi on. 50 M concentration HSA was denatured in a |x
PBS buffer for 15 mnutes @60 degrees C. Newy prepared 50 gM 61

SUBSTI TUTE SHEET (RRkf toé@.%{}tﬁgz@f*& rgg%@M@§$%l at'b'?&p;f_rﬂ?ﬁg&a\fﬁ}lzand_

denatured) was pre-incubated wth an equal vol ume of 5b M SA ] 0 m ns.
prior to éXi%86 Min sachSigamdmplgsdomrsemneeitappmwie—620dB.aThobALisohtioh 50 M HSA

(native and .denatured) in |Ix PBS (pH,7. spl.uti,on _contai ni ng .50 M SAL
in Ix PBSe’g“(‘g%’ 3751%}'?H%ﬁaﬁ%mera{?g?m\fg?%%@rﬁ&% ) 5pd 3 orgs! ﬁscga}ne%dlil g in a
final conggphdntiegitney. 2he ddatimAl HRA sdhutivh SAbws DdtcteRBH 4hplindde2do.—73i gnal
responses were obtained at room tenperature using nodel no 8714 vector

net wor k afBlapd ashify efrpbagfi +3hKHeeleam thedyiftes fres in frequenpry| Bhenmixgureshowys a

r esonant i i f
reasur ol pasE R0 HEe ek 31 PR, Font pATEIE HER aBRRABR Ml 267
fres at otiBapproaxibsededl the nba-dendifg dkizal respotdereghibits anpinplinde andfoqence at

approx. -62 dB. The SAL solution exhibits a sljght i ease_ipn resonant
anpl i t udeTEPRANCEA APRJOXARAtEl e BIEryVEPE @W&%@ei#gﬁm@dquaﬁ% fr equency.

The denat l’%@&)S'éLS.A sol ution shows a decrease in anplitude to -73 dB and a
shift of about +3.5 KHz fromthe buffer fres in frequency. The m xture

2ol tude of appr ox REE figomipa Rl Bie B, o By hARATC sl £08) 1
response ehxdwibintigasl. aarilé HSdeshifed dppeuedSYKHz from buffer frs and had a
measured amplitude resonance of —55 dB. The combined (binding) mixture shows a
frequency shift of approx. +0.7 KHz from the buffer f.; and an amplitude resonance of -
53 dB, these quantities being clearly distinguishable from the mean value of the SAL and

native HSA responses.

Figs. 6K and 6L illustrate S); signal responses made in detecting specific
molecular binding events using the method of Fig. 3F in accordance with the present
invention (using equal volume 1x concentrations in the combined mixture). Fig. 6K
illustrates the signal responses for denatured HSA, SAL, and the non-binding mixture,
and Fig. 6L illustrates signal responses for native HSA, SAL, and the combined mixture
of native HSA binding with SAL. Each of the measured responses exhibited an
amplitude resonance (minimum amplitude point) and a frequency resonance (frequency at

which the minimum amplitude is measured) described below.

Stock solutions of salbutamol and HSA were prepared in 1x PBS (pH 7.2)
62

SUBSTITUTE SHEET (RULE 26)



resonance at approximately the nean val ue between the denatured HSA and SAL
responses. Referring in conparison to Fig. 6J, the buffer and SAL responses
are as swown/oeTs1d-i g. 61. Native HSA shifted approx. +2.3pKHasho/esswbuffer
fres and had a neasured anplitude resonance of -55 dB. The conbi ned

(binding) mxture shows a frequen shift of a Xx. +0.7 KHz fromthe
buf f er fré&z%ldMaFr?na??ﬂan”Eﬁd(—:H$1%§bfi‘|§ﬁ?:lé308‘?en-tra @E@Oﬁ%é@s(ﬂg%qew%g Bei ng

clearly dipgd mgrt $hab! g1 B&quac? Re2 TR aferidhtiepafr rgg lt}ﬁ'e %ng%mﬁﬁgi,\&?e HSA

responses. Figs. 6K and 6L 1llustrate S> > sig responses nmade in
det ect i ng PRSewiffer evas rapidy changediaphl g kywmambrans ffitigatione Nestthpetpakd HSgA  3F i n

d ith t t. | ti i | vol | .
concent r ath Lk BOES R ioaavi oty incap b8 sERUBmol Bt Bl sdhsenetiany o
responses of @50 RN 40 @& SHignabbspoadtd wehema@fopia REIuAEN Bbnathing 100N Fig. 6L

illustrates signal responses for native HSA, SAL, and the conbined m xture
of nati ve HiBa(enihaamatiye wr denagmed) ird g RES (pbhb2)e selytien condaiptngsl@8 &4 RABI t ed an

litude. i ni |it int :
(7 equency® 5 PESHBB Do RRERbhaRFeCl iy it el Lo NGO i BEPES o
St ock sol wpH gD, Signabtcbpinatileradbtaiiod anbiotn fRifRaANGd ubing modeB® §PH 7. 2) 62

SUBSTI TUTE SHEET (RULE 26) WO 01/027610 PCT/ US00/ 28491 at 200 M
concent r atvFgasnetmerk apalyzer fromAgilspicEashnalpgish 1ng. (Bao Alioned)déssanad in a | x

PBS buf f er. yy j Ust t [ ' he bi ndi ng
experi rrentc?ﬂtlﬁg) r%@%f@ﬁ%@%ééi@?%ﬁ%ﬁg%@?o;éé‘QHg n%bfzbb%'y menbr ane
filtration. Newy prepar.ed A at [ concenty at.i

pre-incubated with nge SHELS lgaqﬁ’éh%gﬁfg‘%\pr%%ﬁggeen?xr ghlﬁgnf{“ a¥otfa Bgr(?g%ﬁﬂt?l?ﬂr 10

m ns. Si gna2.82MIdnEAching ie amiplitadé essodans® btdppeix. c6RHBI Mha$ALMBonHSA
(either native or _denatured) in |Ix PBS é‘epH 7, 2% a sol ution containing 100
M SAL i nekhibpgeslightincrease ghrgsepastamplitade ¢o 4B and arseligiblashangsdn th gm
SAL in |x ) Thol 0, i - epperature
usi ng moddy ot B ey ) ThS R el BRI aRL e ok g T o

| nc. (Pal dBAlntia, sh@Apf abdut €32 K fromabxbaer e obdreljasicng Tae hoebindingl. 2 GHz

was used as_the neasurenent probe. Referri i g. , -the buffer
Fesponee SN 1O ey Bspnoss dhaperey. T 1395 Botimle: Gachprmelfiude
anmpl i tude oFeSRPRANGS . APPINDE seerd thdBn-TilgingMent0ePonSlex HidiliardReftys! | ght
increase in resonant anplitude (to -60 dB) and a negligible change i'n the
resonant fresegaren i +TheKiflehwhichds apigaxigulaly ol thiawslua thteumeefshe i n .
? me)lqlutel;g;\ _ﬁt OH%‘I%P?{ 8“1&% idﬁg Igchtge %erl-fbgncﬁ)r];g (%%)p%tnef{tz 'og SKEZ(af;prrg)m 0t ﬁ%} a%ﬁfﬁs%{ fres in

(approx. 7.2 KHz).

Referring in comparison to Fig. 6L, the buffer and SAL responses are

substantially as shown in Fig. 6K. Native HSA shifted the frequency resonance approx. +

6.3 KHz from buffer f. and had a measured amplitude resonance of —61 dB. The

binding mixture exhibits a frequency shift of 10.8 KHz from the buffer f.,, which is

clearly outside of the range for the collective contributions of HSA (6.3 KHz) and SAL (0

Hz).

Fig. 6M illustrates a dose response curve made in accordance with the
present invention. HSA was obtained from Aldrich Chemical Company (Milwaukee,
WI), PBS was obtained from Life Technologies, Inc (Grand Island, NY), and 16-
mecaptohexadeccanoic acid (C16) was purchased from Gateway Chemical Technology,
Inc. (St. Louis, MO). Stock of C16 was prepared in DMSO at ImM concentration. Stock
solution of HSA was prepared in 1x PBS (pH 7.2) at 200 uM concentration. HSA was
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m xture shows a frequency resonance of approx. 7.2 KHz frombuffer fres at
an anplitude of approx. -63 dB. As can be seen, the non-binding signal
response weohilpeieso a frequency resonance (fres + 7.2 KHz) parnusoosiol
approximately equal to fres plus the sumof the frequency shifts due to

Kig) | Ref eRPRIR] af hOGErSaFBHoR B 1 Y 0 iouReleh iy |G ek TP BEESs ar e
subst ant i gl ¥ 3% 61 hQWé‘OOdﬂ'uIﬁ' fg¥ l(ﬂfmn N@Tl'o‘fﬁleﬂﬁﬁl %h&&rﬁ@oﬁﬂﬁheﬁ SEAPRIY.

resonance appr ox. rombuffer fres and had a nmeasured anplitude
r esonance Adfasel@ rdgonfhwas dhtaidedfpr isglutior o€ xh PBBtcsntamﬁmgﬁ%eDMﬁwbe t of

10.8 KHz from.the buffer fres, arly outside of the range for
Lhe ool T edeyy Miperonts & et Chlie b soRiSR hirdihg Vit iahctauh@ORE

i I'lustrat gpcae pHEPBSTBAMAR S%\IfMgectgHI eﬁcsqg}raqiaéa%gls& weretdbeamd@raesent

i nvention. HSA was obtained Trom Al drich em cal

tra/K M | waukee, W),
PBS vvashomoam tespetatannusingancrist ho 87 gyestor nEW@rE@?mr fromadgilenty) and 16-
mecapt ohe an0| a 16) urchased, fr
Technol ogy® les(%t ((\tagﬂg@ ﬁ/@?mﬁbxfgéjﬁn ﬁoaﬁflapr\ﬁgg}l%r déaocg:ln O at | mv

concentrawagasedsgsqwmem}dﬂﬁdn@pmbé HSA was prepared in I x PBS (pH 7.2) at
200 M concentration. HSA was 63 SUBSTI TUTE SHEET (RULE 26) WO 01/ 027610

PCT/ USO0/ 28491 pr ephfgts &t thR rédondt 40 Ptﬁﬁaﬁ&ﬂb?fHSléQ dMeaBsH ingcubat ed
with C 16 at final concentrations range fromO0.1 fo 1000 Mfor 10 nmin. All

of the fi naxtumfdﬁ%rvsthc@wpm PEOUBYL were/nerauierli noemebzqsan §&ivided bgbt ai ned
for a sol 5§ é)gq} %asgl)gqee%%oﬁgeng agl%DMg%Qtlgg and E)lo%t)e{i 've{ye §hd’ ed r eSponses

wer e obt ai ons’ con I'ng~ various concentratrons of Cl6 in |x

PBS cont atéidasrienfIVEQ6( (e fespbnseIE i 8M)ieslpansi@gicatveofadaairatish @ive room
tenperature using nodel no 8714 vector_ network anal yzer from Agil ent
Technol oghdng p feurafipp peinapt apprexapately 3eMriant1@oaxi al probe having a foes
of 1.2 GHz was used as the neasurenent probe. Changes in the resonant
frequency produced BYhileshe atveds a gerapletsaleseription oé pessiblspmbpdiments of Sigs

t f h
bacol | e iEntth S8 SRR R TR b thd Gl a6l vbeq (P RBhple®

concent r apihentrisnfissléh midiams £l Bs eorldattiie &Meleancwe%gu)ﬂes rudncat ive of a
saturation curve having a saturation point of approximtely 50 Mfor C16.

Wi le the alé%%té/e.bsbeauaéén%w&lle%d&eé flugd fraspent sysbms- divethersl dbesationst t he
i nvention ancy g’({térﬁgﬁcﬁlﬂ&rﬁg RRbtky ﬁlsthlsQ{théa'tlﬁﬂtaf&H%rpgr'aféd%g'%f\é?én@énﬁlsth&?n be

used. For
entlrety for all purposes to the same extent as if each individual publication and patent

document was so individually denoted. Specifically, this application is related to the
following commonly owned, co-pending applications, all of which are herein
incorporated by reference in their entirety for all purposes:
Serial No. 09/243,193 entitled “Method and Apparatus for Detecting
Molecular Binding Events, filed February 1, 1999 (Atty Dkt No. 19501-000200US);
Serial No. 09/243,196 entitled “Method and Apparatus for Detecting
Molecular Binding Events,” filed February 1, 1999 (Atty Dkt No. 19501-000300US);
Serial No. 09/365,578 entitled “Method and Apparatus for Detecting
Molecular Binding Events,” filed August 2, 1999 (Atty Dkt No. 19501-000210);
Serial No. 09/365,978 entitled “Test Systems and Sensors for Detecting
Molecular Binding Events,” filed August 2, 1999 (Atty Dkt No. 19501-000500);
Serial No. 09/365,581 entitled “Methods of Nucleic Acid Analysis,” filed
August 2, 1999 (Atty Dkt No. 19501-000600);
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ot her transm ssion nedi uns, such as conductive or dielectric wavegui des,
can alternatively be used, as well as other fluid transport systens.

Furt her, wbloipedsho cati ons and patent docunents recited i mCrhiseo/aqapl i cati on
are incorporated by reference in their entirety for all purposes to the
same extent as if each individu % DUbkﬂQ ion 2 gﬁtent docunent was so

i ndi vi dual | y denot eéen%ﬁébp?/'zé%r entyt ds YZ1RE PEqteip Sinding t he

fol | ow ngp QYRS all of which are herein
|ncorporatgﬂﬁggﬁ%ﬁfereng%lﬁggggngmgﬁﬁfggP@QMUﬂmg Il purposes: Serial No.

09/ 243, 193 enti t | edSeda N 09/480, 340 patrthed ('Y dtiord 4det Aprtarates foblecthgr Bi ndi ng

00/ 243, 18 PRUERET T Lot APy SR00B (A PERER) REUERbLEr B nai ng

Events,” filed Febr Sé’x‘ié{l\ﬂo 03/299,3{ £\btitl D MNROJ XY pPRA3RE BRlectingSer i al  No.
09/ 365,578 entitled "Method and Apparatus for Detecting Ml ecular Binding

Events, " MdlemlanBiuding Evexﬁggﬁle(dﬁiangarﬂk@ 2080 (AuB Okt Doo @) -00882®)al  No.

09/ 365,978 entitled "Test Systens and Sensors for Detecting Mblecular

Bi ndi ng Events," filed August 2, 1999 (Atty Dkt No. 19501-000500); Seri al
No. 09/ 365,581 entitled "Methods of Nucleic Acid Analysis,” filed August
2, 1999 (Atty Dkt No. 19501-000600); 64 SUBSTI TUTE SHEET (RULE 26) WO
01/ 027610 PCT/ US00/ 28491 Serial No. 09/265,580 entitled "Methods for

Anal yzing Protein Binding Events," filed August 2, 1999 (Atty Dkt No.
19501- 000700); Serial No. 09/480,846 entitled "Method and Apparatus for
Detecting Molecular Binding Events," filed January 10, 2000 (Atty Dkt No.
19501- 0003 10); Serial No. 09/480,315 entitled "Method and Apparatus for
Det ecting Mol ecul ar Binding Events," filed January 10, 2000 (Atty Dkt No.
19501- 000320). 65 SUBSTI TUTE SHEET (RULE 26) WD 01/027610 PCT/ US00/ 28491
WHAT IS CLAIMED IS: 1 1. A nol ecular detection systemfor detecting a

nol ecul ar event 2 within a test sanple, the systemconprising: 3 (1) a
fluid reservoir, the fluid reservoir conprising a detection region 4
having of volunme of less than 1.0 nL; 5 (2) a signal source operable to
transmt an el ectromagnetic incident test
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6 signal at a frequency above 10 MHz and |l ess than 1000 GHz; 7 (3) a

nmeasur enment probe conprising: 8 (a) a probe head having: 9 (i) a wave

gui de couwload/tw16 he signal source, or 10 (ii) a transm s®cavudoo/p®91 a
ground plane, and a dielectric 11 |ayer interposed between the transm ssion
i ne and the ground plane, wherein the 12 transmssion line is coupled to
the signal source; 13 wherein the probe head is configured to

el ectroma rqgldpamniED g@upl e the incident test signal to the test sanple
within the detection region, the 15 interaction of the incident test signal
with the test sanple producing a nodulated 16 test signal, the probe head
further configured o redoveecanstectiomsystem fos dasdiinga aglecular event si gnal ;

and 18, (b) .a. connecting,end; and 19 (4) a signal detector coupled to the
connectin ltg%atc??t Sf‘ﬁlé’pewg’&ssﬁ$t8%ﬁfnp” €probe and configured to recover the

nodul af ed test si gngﬂ)-a flui@resd6ir e BG1d BScrisit eshpryinsy détedtioafregbi m 1,
wherei n the signal detector is configured at a sufficiently high

sensi t4 vi haviapoheleae of lgag than 4i0m8k; nodul ated test 3 signal is different
from a. second nodul . i fir . 4 signal
IS obf15 ai ned while aﬁi)é%@%ﬁ%oui&gﬁb%?%b%ﬁ?r a"ﬂll}lér]lr:ﬂnlrtl(f;lh Séétr%m%ﬂeﬁégg"}gﬁ ts#eftbri nogen
is 5 p§esspghaliana fleguahey alodviedd MHEgiaod ldnthahN608 &End nodul ated test signal
is obtained while a __6 second aqueous sanple is present in the detection
regi on! the second &0@dBRISHEREHY RIOHE HERRIF MIentical to the first aqueous
sanpl eg except that it do | ny fibrinogen. 1 3. The nol ecul ar
det ecteilg on system of cl ai %??&mﬁglgg?ﬁéﬁ% probe head 2 is physically
separaed from but el ect romaghewacaglije caoppddetd theosignaheotresor sanpl e wi t hi n
66 SthBSTI TUTE SHEET ( RULE 262.. V\Q 01/ 027610 PCT/ US /284&% 3 ttge det ecti on
regioh’ 1 4. The nol ecul ar detBETABRMEFOP Ine:creray oe, ajdha AIleC% e "o obe

head 12 conpri g8 idRrRRENDENLEIhE 1AM 1ifOaRf the gfAMYiphine! WRGEHItES| ON
line. 1 5. The nol ecul ar detection systemof claim3, wherein the 2
measut®nment pr besnyemr ineas comled foithe sigaal 4QUras; section conprising the probe

head ppd a first gap end; 4 apeconfle GORKhala REGH Qe AR Bkg dickfly O
14

gap e and the connecting 5" end;
couple the incident test signal to the test sample within the detection region, the
15 interaction of the incident test signal with the test sample producing a modulated
16 test signal, the probe head further configured to recover a portion of the modulated
17 test signal; and
18 (b) a connecting end; and
19 (4) a signal detector coupled to the connecting end of the measurement

20  probe and configured to recover the modulated test signal.

1 2. The molecular detection system of claim 1, wherein the signal
detector is configured at a sufficiently high sensitivity to detect that a first modulated test
signal is different from a second modulated test signal when the first modulated test
signal is obtained while an aqueous sample containing 0.3 pg or less of fibrinogen is
present in the detection region and the second modulated test signal is obtained while a

second aqueous sample is present in the detection region, the second aqueous sample

~N N W AW

being identical to the first aqueous sample except that it does not contain any fibrinogen.

1 3. The molecular detection system of claim 1, wherein the probe head

2 is physically separated from, but electromagnetically coupled to, the test sample within
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6 a tuning el enent adjustably engaged between the first and second gap ends
7 and configured to provide a variable gap distance therebetween. 1 6. The
nol ecul arwoatieetsion system of claimb5, wherein the tuningprcZ/shersot
conprises a hollow, electrically conductive tube surrounding the gap ends.
1 7. The nol ecul ar detection systemof claim1, wherein the signal 2

sour ce3 antherdstectpyFRgiondet ect or are incl uded within a vector network

anal yzer system a 3 scalar network anal yzer system or a tinme domain

reflecjometer. 1 8.4The gt %wcararaatggrdnis?_gtémsa@ta%mtvhe}e@ﬁ gveéma{ehhga&i n the

fluid 2 reservoir conprises a well a mcrotitre plate.
mol ecul ar colepresssian wpsystdehcodss s¢ctiiomof a codrealdiansmiseiohllined 4 reservoir

conprises a channel configured to transport fluid fromone |location to

another. 1 10. The.nol egul ar ,det egt.iqn_ s m .claim9. erein the
fluid E channel conﬁrisegﬁﬁﬂu%%?%$ggF&5W§%%éﬁ(gghgmaﬁﬁﬁeFﬁb%E 1 11. The
ol ecup ar pféghiREhbmprédesdoaiprigés: cl ai m 9, wherein the fluid 2 reservoir
conprises at |least one channel in a mcrofluidic transport system 1 12.

The modecul ar det ecifi6¥ coygelesastinn mynging the probp Bgadcang fitst gig ead; 2 f1 ui d
fi : i.d: I i h
transpprt system COQSE‘%Q%% alljérl@ SQBY@OJOH;bIﬁ'Iggégsg&gﬂf#agi%aﬁQﬁ‘(ﬁ'ﬂl% conmgfég' n the

flurd "3 transport sy her np reservolr figured
to stofe and;ramlsport fluid; and 5 a fluid controller connected to the fluid
reservoir and to the fluid channel 67 SU STITUTE HEET %BUL 26) WO

ff cp &@H%nudél the

01/027810 PCT/ US00/ 98411e clgmenradiystably ¢igagsddieurendhinfirs) apcdercer
rate of f Iaf?%"ﬁ;&;ﬁfhgég tBkWM@arfabw Al @nct BRrebbtfdeni d reservoir through the

fluid chann met hod for detecting a nol ecular event in an aqueous
test 2 sanple, the nmethod conprising: 3 (1) introducing a first sanple
into alfluid reservéir hah¢ mylesubbedetectionrsysteni adglannt wharean theltwmeg of | ess

than 1,0 5 (2).applyi a test ..signal .of dreate and | ess
t han 1%)00 ¢ nt éor%%nes‘g?%%@&é,c leicgrrllca}lggclg%aﬁwm’? Yulg% ?%ré?{ng}@ﬁe égpn‘%gé'ur enment
probe conprising: 8 (A) a probe head having: 9 (i) a wave gui de coupled to
t he signal source, @r 10Thé moletulak daseticnsysisml dfietaimal , giheteidthplsanel and a
dielectric

source and the signal detector are included within a vector network analyzer system, a

3 scalar network analyzer system, or a time domain reflectometer.

1 8. The molecular detections system of claim 1, wherein the fluid

2 reservoir comprises a well of a microtitre plate.

3 9. The molecular detection system of claim 1, wherein the fluid

4  reservoir comprises a channel configured to transport fluid from one location to another.

1 10.  The molecular detection system of claim 9, wherein the fluid

2 channel comprises an interior channel of a PTFE tube.

1 11.  The molecular detection system of claim 9, wherein the fluid

2 reservoir comprises at least one channel in a microfluidic transport system.

1 12.  The molecular detection system of claim 9, further comprising a
2 fluid transport system configured to move fluid through the channel, wherein the fluid

3 transport system further comprises:

4 a fluid reservoir configured to store a transport fluid; and

5 a fluid controller connected to the fluid reservoir and to the fluid channel,
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11 | ayer interposed between the transm ssion |ine and the ground pl ane,
wherein the 12 transmission line is coupled to the signal source; 13
wher ei n twe jpootseo head is configured to el ectronagneti cal lpgT/USdo/es30pl € t he
incident test signal to the test sanple within the detection region, the 15
interacti on of the incident test signal with the test sanple produ0| ng a

modul af ed theiuid gentraliey genfigurgkto sppisdl therde i fiaw ef the drapsrgut yd fremy deover a
portion ofgtdesdogik I§élgnal and 18 (B) a connecting end, and
19 (b)aa Fsﬂlugna det e@%‘%tgéﬁg ?o t he connecting end of the neasurenent
20 probe and configured to recover the nodul ated test; and 21 (3)
det er mi ni ng V\/net her 138. chamgethod ferhietactng ammlar@mmar&&qmommult of
interagction the test. signal with the sanple. 1 14. The net hod of

cl ai m 13, StHB hﬁ“fel’ilé dFOMPESIN8r event is structural 2 or functional
simlagity of @fihirsduciiy £64t Fmpidhed 2RGRI feQerdoif @Mﬁgﬁl 8&esNGEsbAWith
substance, 3 wherein the simlarity is determ ned by conparing a test

si gnal 4 deraotuse offess thamel. @artlgl e 4 contains the fi rst mol ecul ar subst ance

to a tegst sign deectedwhent 5.1h rence

mol ecuf ar subs?ia? ynf st Syghsl %&Tﬁa thB?n '@e%ﬂe“%?%dote(ﬁﬁz ﬁ%ﬁ &cul ar
event §S ldkfedbidigregion wiiligingi r st nol ecul ar substance to a second nol ecul ar
substance. 68 SUBSTI TUTE SHEET (RULE 26) WD 01/027610 PCT/US00/28491 1
16. A frethod for def{®@meR§umepl RebE eMRNERE in an aqueous test 2 sanpl e,

t he meghod conprising: 3.4 guciig.-a first sanple into a fluid
channe? of a fluid trans of%p}oggggstemn%t he fluid transport system having a
fluid $ovenent controll er and(i) hevaivk guide c5upiérhtmrthd: sinaslisogree, wanpl e entry

end, det ecti on region, and | e.exit. end, 6 detectjon region
havi ngoa vol une of |ess than “)rﬂ_tr?“?mfsﬁ)onc,l‘é’ﬁs? ﬁrtj’“{"ﬁglag&r?ﬁgé ‘ft“ge"ﬁ%‘&e t hr ough

the channel fromet hersRERbewRBA E}ié tra%sx%&glohq’lwé%ﬂd RS &IPS Whtrefle Under
the control of the fluid controller; 9 (c) applying a test signal of
great ¢? than 10am18%m1dlln®1§§0tllbiad1t011®©®1g®1280um©, to the det ectl on region of
the flyid channel; and 11 (d) detec a.ch th t s nal .as a
resul h’g' interaction of the P4 S g?bﬁﬁlﬁ?gwqioﬂhgﬂgdg e4eAlly The
met hog4 Of cl ai gbple fherihdi@dnt ERNFIEAS itd)the test sample within the detectxon region, the

15 interaction of the incident test signal with the test sample producing a modulated
16 test signal, the probe head further configured to recover a portion of the modulated
17 test signal; and

18 (B) a connecting end; and

19 (b) a signal detector coupled to the connecting end of the measurement

20  probe and configured to recover the modulated test; and
21 (3) determining whether a change in the test signal occurs as a result of interaction

22 of'the test signal with the sample.

1 14.  The method of claim 13, wherein the molecular event is structural
2 or functional similarity of a first molecular substance to a reference molecular substance,
3 wherein the similarity is determined by comparing a test signal detected when the sample
4  contains the first molecular substance to a test signal detected when the sample contains
5  the reference molecular substance.

1 15.  The method of claim 13, wherein the molecular event is binding of

2 a first molecular substance to a second molecular substance.
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14 (e) introducing a spacer material into the channel after the first test
sanple, 15 (f) introducing a further test sanple into the channel after

t he spacewold/oomtueri al, 17 (g) causing the further test saaulEsob/essmDVe

t hrough the channel under the 18 control of the fluid controller, whereby
a plurality of different test sanples separated by 19 spacer material is

transported through he chan W t hout int xing different test 20
sanpl es, and 21 (f) l%pti Hﬁ?tBQAF &S%fl??gag’f)g‘ﬁéqaf‘é‘j%(&aq‘acﬂue?q‘?ée%urther t est

sampl &  Iskhle, HREmERAREnD ;lsﬁFm m 17, wherein the spacer material conprises
a 2 solution of ionic strength suff|C| ent | gh to be transported by

el ect rbosnoti c punp(a qﬁr@iuamg atfires Shmianmﬁ/ mhamhof a)ﬂmértrauspdri zes

| ect the fluid 1 Th 7, wherei
The" s phcemsinnahd R ddngiort SSiem tayia {pd ek lbeaBEngranaft Pt oot bre.
W th tehe tieshelIANRIg@SsambleZéhtry Hhd mtba@negglsﬁ ainthakdmp m&wna thBe spacer

materi al conprises a 2 gaseous bubbl e and t he f|UId novement control | er
utilizes éﬁy@l@aﬁglpmh@‘fm@a@plwfﬂmﬂhﬁn lmlp1. The nethod of claim 186,

furth conpri si ng |1

PCT/ USO0/ 28491 2 p %F§ Bt%ls?lh@t%hgyﬁfg ngrg&%ﬁhg@ﬁ n\é%%#'i n{er ec?rgr}f he
first g1 uesl whanrhbe shmpleféxtthﬁdhhdardhe:cctnnahsme fluklyinaollet he syst em
provi di ng separate control of fluid nopvenent in 4 the second fluid

channd!, the second(®prap wnsWéﬁ%s@gneloqﬁ%?wrﬁ@analWﬁz e WOOSRRries 5
of te cg)ngﬂgugtg&mnq%gl% @%Cﬂlﬁgc ntngﬁgn@orrpound fromthe second fluid

channel into a test sanple Int frrst fluid channel sufficiently
upstrelm from the téhdescymn clmge hatﬂlettdstamgﬂtas a gesulirmp oterdctivasoftthevest o bi nd
W th nol.ecyl ar structure in a test sanple in the first fluid 9 channel
bef or th%‘gf‘é hstgﬁﬁ"l“ﬁplleeaches the test signal, 10 detecting binding by a
change in the test signal. 1 22. A nmethod for det ecting a nol ecul ar event

in a{est sanple inja ZTH@{I@Q{OH(Mcraggm)rfum{er@oﬁlbﬂgﬂ%reservoir t he nmet hod
conprising: 3 locating a neasurenent probe that exhibits a_resonant signal

respolbe at a 4 prEdeitodeaingasgersnaipteral e Bsgharebpierdhafipst et spople: Gz
Pher elo: 6 suppl yi n riebee s SR ohE sl b TR Bncctn B % SUBl g
a test6 si gasdiat,0 t he det ect | on region and recordi ng a baseline

17 (g) causing the further test sample to move through the channel under the

18  control of the fluid controller, whereby a plurality of different test samples separated by

19  spacer material is transported through the channel without intermixing different test

20  samples, and

21 (t)‘optionally repeating steps (c)-(d) for the further test sample.

1 18.  The method of claim 17, wherein the spacer material comprises a
2 solution of ionic strength sufficiently high to be transported by electroosmotic pumping

3 and the fluid movement controller utilizes electroosmotic pumping of the fluid.

1 19.  The method of claim 17, wherein the spacer material comprises a

2 fluid that is substantially immiscible with the test samples.

1 20.  The method of claim 17, wherein the spacer material comprises a

2 gaseous bubble and the fluid movement controller utilizes physical pumping of the fluid.

1 21.  The method of claim 16, further comprising:
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8 signal response; 9 supplying a test sanple containing or suspected of
containing the 10 nolecular event to the detection region; 11 coupling a
test sigmab oo2tce det ection regi on and obtai ning a test eammuiseo2sud1
response; 13 determining the difference, if any, between the test sanple
response and 14 the baseline response; and 15 relating the difference to

the moPecul ar event Providing atyghesdujhappel thasiiniersects g diretithid shenpeld8ur ement
probe exhigh SRANSSeparatt Eontld] 1dad im22,
wher ei % coué ?ﬁdlcqraﬁgbesagy%te l{n}ﬁ I?% BCL| f)éﬁnr eg)lfgiﬁ d;ﬁr?dvo q[rg:n?lll ng a
basel i #e Slhegsmad)nd’ ﬂmﬁ@haﬁxenmlmebﬁﬁbﬂula chamel edntaigingn test cordpaindsirgrsaties 4
coupling the incident signal to the detection region; 5 recovering a
ref | ec? ed 6 {§hSAMRUBAT-t he det ecti on region;, and 70 SUBSTI TUTE SHEET (RULE
26) WO;01/ 027610 PCTAtH%QQ{ng%‘iQ& cm@ SRTIPESh Mgk REM ﬁl&i@%hé}fnepﬂ?&@te@ﬂ( the

i ncident signal to anplitude or se 7 of the reflected signal. 25. The
met hod7 of sadhplierm ﬂre ﬁrsmﬂulﬂeharmohmfﬁcssmtgf upseah drormtpe dest signal so gt th;an;sl e
respon and 3 aring.a, later test s le re nse .t red
(rrot PescobampEiRhtadiveth St EiEnR R IR SioRE B Fed o

detectga r&ﬁ&rﬁfé%ﬁbw&ﬁ@a&t dafhp® redcHeS HHle t8@ NG, conprising: 3 a first coaXI al
section conprising a longitudinally extending center 4 conductor, a

di el edfri c i nsul at ode@itypobiading by @rsbangsdn thedgstisigmahal axis of the center 5
conductor, and an outer ground pl ane di sposed around the |ongitudinal axis
of the;6 dielectric nsul pr obe
head a%d a first gapbendA@&%&Md?ﬂgkkghﬁ%ea CS%%Fﬁgﬁﬁéggﬁp%%gﬂggﬁh coaxi a
cross SectderotioBregionad arfthid rastivair, the atethoid comppisingi ng a | ongi t udi nal I'y

extending center 9 conductor, a dielectric jnsulator disposed around the
oot i nal axi s ofCOHRS EahEne PRI A S GG SRR GRS EA an

di sposgd ggé&eﬁﬂe& H@qdeﬁé}gnhta%‘éhg'@ﬁorﬁﬁb?\dﬁfz td IP@OO]G‘HQ'p%x%ﬁﬁtre'tS tenRtcaber . the

second coaxi al section "havi ng a second gap end and a connecti ng
5  region to electromagnetically couple a signal thereto;

supplying a reference medium to the detection region;
coupling a test signal to the detection region and recording a baseline

signal response;

O 00 3

supplying a test sample containing or suspected of containing the

10  molecular event to the detection region;

11 coupling a test signal to the detection region and obtaining a test sample
12 response;

13 determining the difference, if any, between the test sample response and
14  the baseline response; and

15 relating the difference to the molecular event.

1 23.  The method of claim 22, wherein the measurement probe exhibits

2 an S| resonant response.

1 24.  The method of claim 22, wherein coupling a test signal to the
2 detection region and obtaining a baseline signal response comprises:

3 generating an incident signal;

4 coupling the incident signal to the detection region;

5 recovering a reflected signal from the detection region; and
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12 end, the gap end conprising a open-end coaxial cross section and the
connecting end 13 conprising a coaxial connector; and 14 a tuning el enent
adj ust ablwoengawed between the first and second gap ends PCH/E0d28409nfi gur ed
to provide a variable gap distance therebetmeen 1 27. The neasurenent
probe of claim 26, wherein t rst ,sect urt her co shel f
conducPi vel y attachéﬂ@@lqwfgm‘iqor@&ﬁ ET’ ing} n%ﬁ%%aééﬂﬁrp °r33 PUsh
with the Qpef efchi&f sitdye probe head. 1 28. A conputer-readable st or age

medi um containing information 2 obtained by the nethod of claim13. 1 71
SUBSTI TUTE SHEET (RULE 26)

1 25. The method of claim 24, further comprising:
2 storing a first test sample response; and
3 comparing a later test sample response with the stored first test sample
4  response.
1 26. A measurement probe configured to detect a molecular event in a
2 test sample, comprising:
3 a first coaxial section comprising a longitudinally extending center
4  conductor, a dielectric insulator disposed around the longitudinal axis of the center
5  conductor, and an outer ground plane disposed around the longitudinal axis of the
6 dielectric insulator, the first coaxial section having a probe head and a first gap end, the
7  probe head comprising an open-end coaxial cross section;
8 a second coaxial section comprising a longitudinally extending center
9  conductor, a dielectric insulator disposed around the longitudinal axis of the center
10  conductor, and an outer ground plane disposed around the longitudinal axis of the
11 dielectric insulator, the second coaxial section having a second gap end and a connecting
12 end, the gap end comprising a open-end coaxial cross section and the connecting end
13 comprising a coaxial connector; and
14 a tuning element adjustably engaged between the first and second gap ends
15 and configured to provide a variable gap distance therebetween.
1 27. The measurement probe of claim 26, wherein the first section

2 further comprises a shelf conductively attached to the outer conductor and substantially

3 flush with the open end of the probe head.

1 28. A computer-readable storage medium containing information

2 obtained by the method of claim 13.
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