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60/ 159, 175, filed Cctober 13, 1999, entitled "The Use of a D electric
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Mol ecul ar Entities in a Sanple.” BACKGROUND OF THE I NVENTION Virtual ly
every area of biological science is in need of a systemto determ ne the
ability of nolecules of interest to interact with other nol ecul es.
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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 prot et ehUROZNY {LH ENJHPNet i c) variant of a
mol ecul e  of know bi o{,0g{,fidlyd tanes. as _that. benefit froma
better understanding o?gjaﬁngleg%: Iaf{aoee}\r}gn%l%lrgg{eﬂggeﬁﬁﬁg?e Oc,fé'ilftyé}ggltoresearch, A
mlitary apfetéroad thasbiliveofmbleatlys of inedest tcaincbrad wWithshe HalbcudRPLikatikons .-

In all of tgese.cas?ﬂs know edge of the ability of a particular analyte to
bind a t ar g8t 2NYPEOfetect thepresanse andiar physigal and Tunetignatronseties of Riolegicalo  t he
qual ity of hbRtulld &fth S8al Sedle is A BidiMbRN i i t

functional information abcoutlsrﬁ%v *mf ecu%e(sé,ug%gg{l%cga grﬁ%?c%g’n&i‘pnﬁﬁsﬁg?i on
can be obt adetrstion pbhurctional dndaiysinal profersesdinsoledliese nreusferred kolke agi es have
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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
(ELISA), Radio-Immunoassays (RIA), numerous fluorescence assays, nuclear magnetic
resonance (NMR) spectroscopy, and colorimetric assays, as well as a host of more
specialized assays. Most of these assay techniques require specialized preparation,
purification, or amplification of the sample to be tested. To detect a binding event
between a ligand and an antiligand, for example, a detectable signal is required that

signals the existence or extension of binding. Usually the signal has been provided by a



to nanme a few. The | abel can then be detected by spectrophotonetric,
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physi ol ogi cal systens, .such as.nucleic acid binding, protein-protein
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such as specCific antibodies or exactly conplenentary nucleic acid probes.
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has taken Eﬁ ace. FC}L many WO 01/ 27610 4 PCTI USOQ 28491 applications, it
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nuirer ous 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,
such as whole blood or cytosolic mixtures, as well as other naturally occurring systems.
It should operate by measuring the native properties of the molecules and not require
additional labels or tracers to actually monitor the binding event. For some uses it should
be able to provide information on the nature of the binding event, such as whether or not a
given compound binds to the active site as an agonist or an antagonist on a particular drug

receptor or if the given compound binds to an allosteric site, and not function simply as a

marker to indicate whether or not the binding event has taken place. For many
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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
“Methods for concurrently processing multiple biologiéal chip assays,” and USPN
5,593,839 entitled “Computer-aided engineering system for design of sequence arrays and
lithographic masks.” A number of different array configurations and methods for their
production are known to those of skill in the art and disclosed in U.S. Pat. Numbers
5,445,934; 5,532,128; 5,556,752; 5,242,974; 5,384,261; 5,405,783; 5,412,087; 5,424,186;
5,429,807; 5,436,327, 5,472,672; 5,527,681; 5,529,756; 5,545,531; 5,554,501; 5,561,071;
5,571,639; 5,593,839; 5,599,695; 5,624,711; 5,658,734; and 5,700,637; the disclosures of

which are herein incorporated by reference. In the microfluidics field, exemplary U.S.
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microchannel, all of which are herein incorporated by reference. Many other

publications, including other patents, that are indicative of the existing skill of the art in

these fields, are listed in the patents namedv here, either in their specifications or in their

lists of cited references.

Assay systems that use individual containers (e.g., test tubes) or arrays of

individual wells (e.g., microtitre plates and other types of multiwell plates) to hold

samples for individual analysis are also well developed. Microtitre plates having 96 well

are commonly available, as are plates with other numbers of wells, such as 384-well

plates. Numerous automated apparatuses have been developed to manipulate and analyze

the contents of individual containers, whether as individual containers, single multiwell
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bi ol ogi cal ma#guk&ndis, ahd tihesleafin ©Ehlighedrsusly 84 Eiffte DoMhin/IMikREwHcar Syst ens- as
a shunt or geries elepent in the electrical circuit topol ogy. Mich art

exi sts descPPeSITAYOP4r JeihesscaPEoaches, e Xppauenfs 8¢re epmBaplyicagicd oRHPiRg on

from an obj et @Rt Of cIBRAS Hﬁﬁﬁ?ﬁféi&?ﬂﬁesgﬁ?to?aér@xlanﬁﬁgﬂgﬁ fih&SandRErubsRiIR)ei f 1 ed

in Msra et al.,””"Noninvasive electric aracterization of materials at
m crowave fypieglesadn delasgiohametetipaimnesfdeatedaxThis ihdlmded shekids tofloakmat the
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interest has ranged from whole tissue samples taken from various organs of mammalian
species, to cellular and sub-cellular systems including cell membrane and organelie
effects. Most recently, there have been attempts to miniaturize the above-mentioned
techniques (see e.g., U.S. Patent Nos. 5,653,939; 5,627,322 and 5,846,708) for improved
detection of cvhanges in the dielectric properties of molecular systems in an array
environment. Typically these use the biological sample—be it tissues, cellular systems,
or molecular systems—as a shunt or series element in the electrical circuit topology.

Much art exists describing larger-scale field probes used for sensing
radiation from an object and for measuring local material properties, as exemplified in
Misra et al., "Noninvasive electrical characterization of materials at microwave
frequencies using an open-ended coaxial line: test of an improved calibration technique,”

IEEE Transactions on Microwave Theory and Techniques, 38 §-14 (1990); Chevalier et
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measurements of conposite materials using; an open-ended wavegui de, "

Jour nal VO /296t omagneti ¢ Waves and Applications, 6 1259PCYHSQ0I$4N)

OCsof sky and Schwarz, "Design and performance of a non-contacting probe for
neasur ement g1. 0"High @infer@GeidepldN FemittiGity SdhdufomentsE &bt

M cr owave Theorygand éﬁgchni. ues, 40 1701}58 (1992); XE?HgannouﬂgﬁiQﬁg?ﬁgl
"Theor et i caRD aaeN-crdegdeyaveawide JeumahofdileqimomagnasiceWavasfandiAppbivations, 6 1259-

permttivit 1d29. |Li ptlcal oaxi al praqgbes," |EEE
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m crowave dielectric constant for |l owloss solids and |iquids," Review of

Scientific Thewapddrelniqens, 46170158 (19P3p3u. Ghapmepchigsal, ‘Sheateticalzand

"Measur enen . ] iele .d.C.con nt. for .l owloss, sanpl.es
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descri bi ng &L?gﬁt ron croscopes that use radio-frequency or m crowave
signal s i n Bdartilsie: ¥ opset eheOpepmndastGaamial-ine eRanigeciop feapeasuiementef
exenpl i 1 edunicKRh bR Tect@DflEh: IS8 Blids andBHhIETRMR; WEYGLANIA D
resolution wth a scanning radio-frequency transm-ssion m croscope,

Opti cs Conminsiromenion®} 161202 16998); (ikA96Wong ¥ dh) and MeBusstkenedf the.microwave
"Near-field,scanning m crowave m croscope With 100.mu.m resolution,”

Appl i ed Phygﬁeﬁ%trl_cecto?‘étﬁgt, {Oéga"gg’f%s%m(li@yﬁ? finyp thigkmess usingRpeprended coaxgdanni ng
tip mcrowayge peBés,’ REEWHSCRAEAP GistrufRBlsi 601636 {1993 ) effsL 2506- 8
(1996) . Accor%?ngly, tlh‘g use of prgbes (B’oth vvavetg??djés aendélggg%i al
probes) to pédications dsserpung elestroromicsosdppdsabatuise radict-Fequency er medrowkveown and
commonly practiced jn.the art in other fields of technology,.suych as inage
col l ection iﬁ%narﬁ Elr%@:}boﬁlt}oéﬁedela?t@ne%‘frlﬁptcatﬁ%ea@fff%ettép’&s ex‘?“ﬁéfﬂe&t rs and

ot her mat er Kailanr) vah decWegdered ai. CExtrofhd %ﬁlﬁ-)ﬁvav@@ﬁ?%th Y&eludibn Walha] dcuBhie

| ar ge-scal e i nstrunent that has been used to analyze and control c%em cal

processes, ’_'saétf’nfr%@mp@f HeryRissiosicragsepar Opties Ramauaicatiens, b29 YH-A8I(1996)i n the
1 processt gy antniy L oot AR kS R s 222

describes a system an noni toring co In a Hd medi um
A stream of resdlatiéd, liiAghpliedeBhysinsiletttis p§eBR 1244 01996);and WeidXmapeailn@Bcampigh i s

electrically configured transm ssion ] jine segnent and which is
el ectri cal I%p %ﬂﬂ‘é{gi’ee%?af%fef‘@g&r?sﬁo%e’ E%PPQ?A ﬂ’}F’}istcrs & %%rga@(?P@)Th_e
osci |l ator Agcdi@hglysHealseef hfobR \bmuidaglg%d SoaRREpRILEY th 'Eé%?the{pr ngis1 at

f
a starting frequency which Is chosen to provide a particularly s hi ft
in perm tt9h4 diglegrricmppserial ig welikdownrandieommenkyheadticed inrthaettiimnthpr Hejdest es.
Preferably e d insertiaon | oss of th scillator are
roni tor ed, t%{;)ﬁjé)é{%é%g&%rrno < ceoslfséc%(?n IR JUICIOSCOpY and (ﬂgec(%nc meadirSents of
insulators and other materials in the electronics industry.

One type of relatively large-scale instrument that has been used to analyze
and control chemical processes, such as fermentations, appears to have arisen originally
in the oil processing and drilling industry. For example, U.S. Patent 5,025,222 describes
a system and method for monitoring conditions in a fluid medium. A stream of the fluid
medium is flowed through a fluid container which is electrically configured as a
transmission line segment and which is electrically connected to load to a UHF or
microwave oscillator. The oscillator is not isolated from the load, and is operated free-
running, at a starting frequency which is chosen to provide a particularly strong shift in
permittivity of the fluid medium, as the chemical reaction progresses. Preferably the
frequency and insertion loss of the oscillator are monitored, to gauge the progress of the

reaction. Two later patents in this series are U.S. Patents 5,748,002 and 5,966,017, which



reaction. Two later patents in this series are U S. Patents 5,748,002 and
5,966,017, which WO 01/27610 8 PCTI USOQ 28491 descri bes t hods,
and probéﬂ"agvpéb“s for electronic nonitoring and charact e?|¥'§}é’t%?@2r§4§l}§i ng

si ngl e-ended coupling of a |oad-pulled oscillator to a systemunder test.
However, nordesopibes syseaspakthotis, aag pectresdevmehforelecwoke thoppenngd awhl |y f or

nol ecul ar bjnding or faor characteri zation of nol | es,. al t hough detection
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devel opnment of nethods of etecting | ecul ar events that do not require

| abel s such baslidg erdpogiwoactsization phulblecsles, atbeyghtdetaction ef chgamtal ispediase and
qualitative, that are specific to the nolecule of ~interest, that are

hi ghly. sensipf(?({;‘ ed g’h@“?’ﬁ%‘fm% é‘“pgﬂyé’t‘%‘?@ﬁﬁfﬁﬁe%‘s an phyect Al |hGse RpeN$he by esent
invention fulfills mankcefdiddle RaedRisliStdd $GtuARP RvABSmSIt I nRetaRis el |, as

descri bed herein. SUMVARY THE | NVENTI ON Earlier applications in the

| abor at or i esleftingmolocwarevenisiibasdiogros ragaure labelsistich g9 fivprepharegrovenent in
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signal pat hindRas@apap highd} $pBRive emerthRrdRINivelly st eﬁeﬁgﬂé’{herﬁl’ 1T ipPdsest
used in the present invention. See, for exanple, PCT W99/39190, published
5 August 19%o/enderifuliiis mery ¢fribe negdstdiscHeseg abaverandiotheshes well, aydesopibed ent

i nvention di 1;}‘ ers in being generally directed detection of nolecul ar
events in fIGid reservoirs, such as those present in mcrotitre plates, or
encl osed fluid channels, such as those present in mcrofluidics devices.
In these cases the sanples are_typically separated fromthe el ectromagnetic
probe by an air gap and/or a SUBYIMARY ORJHEINNENEION 55 woul d be present
inthe vall of a [ludfoBhilddfbns inftn@laftadifls 8Y B riORiplrias hatt Mal he
probe, as described below. Tn general, the present invention provides a

si ngl e port withamuimpnernesymteeasusneniethogeesffor daentiag changeamdthe dielectric
characterizing a. rm%ec&n a%lﬁst ructure, either a;.i self. or as @alogarti ci pant
in a ol eculPHPeHien QF Mplesyiansruciures PRI §mglequiar H"é&ﬁ_@g{?gcﬁ}ﬁl& alofiging
dielectric spnanai iBRes@hpfiaudhl RHRI mady ¢fthdlpéhepd] Prihéiplel A5&S iaGhd ON Wit h
an illum nating signal. T%e systens _and net hods resent invention

of the p
al so provi dessewrinyegdon.i $ecs fericxample, PRE WHI98EI1 20, published Jraugush 9% ardei r
bi ndi ng wit e ecul i ont i l. ui d. ] |.C S
aut ommt on 67 AYETedFRLEEY bR picdneri, 1L BHSel N o R AT BHSlnialt§
vari ous scr dgsiteddfentionss aslechilt Rveasts ihBuid desetvoins caich anthoke plekan il es of

bi ol ogi cal and _pharmaceutical  interest because of the hindi n% of. nol ecul es
to each ot h&HCIoH reaﬁlagéugcﬁgglosed fluid channels, such as those present in microfluidics

devices. In these cases the samples are typically separated from the electromagnetic
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 avoid contamination of the probe, as described below.

In general, the present invention provides a single port measurement system
and methods for detecting and characterizing a molecular structure, either as itself or as a
participant in a molecular binding event, particularly in an aqueous phase, using dielectric
properties of the molecular structure and its interaction with an illuminating signal. The
systems and methods of the present invention also provides for identification of the
molecular structures and/or their binding with other molecules in a continuous fluid
stream, which allows automation of the process. This permits application of the method
to various screening processes, such as the identification of molecules of biological and
pharmaceutical interest because of the binding of molecules to each other in an aqueous

environment under physiological conditions. The method and apparatus allow such
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field that roduced when t nol ecul ar structure is no S
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introducing a further sanple into channel fgter the spacer material,;

(g) causi ng(c@m@aritm} arkdegrawmdem@mal erffpm (elgr, durghigh Hising loa ApIaning pgerations.

control of f|UId ntr I|t ifferent sanples
separated b uencynggelfllsg © %get?ggsgnx’thé)&gbﬁgoeﬁlﬁ gcorﬁgﬁlﬁe e\ﬁithout

interm Xxi ngp&&dxﬁyle@éleaamw ﬂﬁtaediﬁblé that e&psias thl&gn(ﬂécﬁﬂlﬁ' stragtutedprotiades tahe
further saggi FedI n this nmanner, series of sanple can be g‘resent ed to a
&

singl e det ql%éf@@%ﬁ@lﬁgﬁeé%thfﬁﬁreréifm?ﬂ%ﬁrsﬁad PIRETABAIGHC HFldthat 1det ect i on
system mf@dﬂc@@%[’n%&%{%ﬁl}ﬁ §Lm%ﬁﬁ'é/% tE)FeQé ducibility, as well as easier
d sa SIS C

desi gn of I Spo e analy I'p. The met ods descri bed above can be
carried out in a varilatapother empphmantgesnethod pnedesotimdi fosher c@fmprh% (e)
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reservoir, farthérdamipleSiaty e chanBPAtY (IRPater R0, @NEading B ﬁirttfé?&e@ﬂﬁl@ ko The

flutd move through the channel under the control of the fluid controller, whereby a plurality of
different samples separated by spacer material is transported through the channel without
intermixing different samples; and (f) repeating steps (c)-(d) for the further sample. In
this manner, a series of sample can be presented to a single detector, therefore greatly
simplifying the design of the detection system, which leads to greatly improved
reproducibility, as well as easier design of a disposable analysis chip.

The methods described above can be carried out in a variety of

apparatuses. In one embodiment of the invention, a molecular detection system for
detecting the presence or absence of a molecular event within a test sample includes a
fluid reservoir, a signal source, a measurement probe, and a signal detector. The fluid

reservoir can be a discrete container (open or closed) or a channel that includes a test

sample entry end, a detection region, and an exit end. The signal source is operable to
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wi th one enbodinment of the present invention, g 1B illustrates a

f1uidic trarfyperee. sydyasHmaugd apd fsHanalipraperis Of pieerinitsedt andpbiliy @ ent

i nvention. ?Eg&%pecgﬁtbbnlds&tﬁéartlﬁgle&légeasurenent probe in accordance with one
enbodi ment o e present invention. Fig. 2B illustrates a coaxial probe
top in accordance wt mmrrmnﬁahm@lammagwéf thb erepe@seventiomwilhbe better Fi g. 2C
illustrates a _ seco nbodi nent of_ the asur ene e in. .

Cross-sect | d’t’l‘Q?rngW‘&ﬁ %E?HF&%HE?JO ‘E’Wgtqﬁ%wﬁgéﬁgéj?lﬁaéiﬁf‘iWWFi g. 2D
illustrates a top view of the neasurenent probe shown in Fig. 2C. Fig. 2E

illustrates a non-resonant coaxial nmeasurenent probe in accordance with
one enbodi nent of the preszMIONiQFTH&DRHWeS a nol ecul ar

et om Mg PSR R IS &y Ry T B AE My i GecBEEREL bieh ome

accordance wnitadi@femt of the present invention.

Fig. 1B illustrates a fluidic transport system in accordance with one
embodiment of the present invention.

Figure 2A illustrates a measurement probe in accordance with one
embodiment of the present invention.

Fig. 2B illustrates a coaxial probe top in accordance with one embodiment
of the present invention.

Fig. 2C illustrates a second embodiment of the measurement probe in
cross-sectional view in accordance with the present invention.

Fig. 2D illustrates a top view of the measurement probe shown in Fig. 2C.

Fig. 2E illustrates a non-resonant coaxial measurement probe in
accordance with one embodiment of the present invention.

Fig. 3A illustrates a molecular detection system in accordance with one
embodiment of the present invention.

Fig. 3B illustrates a method for detecting an analyte in accordance with one

embodiment of the present invention.
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basel ine buffer response, a first test sanple response, a second test
sanpl e respmmnbmjntientMttpqxaehﬂmv@Mbmdl ments of a third sanple signal

response correspondin und and u nd, condi ti pns 3F illustrates
a second method for dgtgegp ﬁﬁStWtﬂsé‘crﬂ?t ?‘?g rrtj&feﬁﬂn%(?@%ﬂmg‘egﬁtgﬁvﬁ Swithin a
test sanpl eoéc%n%%&[tﬂﬁrhct@st‘é’aﬁlﬁletlﬂ%cd%@a%%@"thhrﬂ{@ﬁtte's&iﬁ inveh@on.3G i | lustrates
enbodi ments of first, second, anpl e response indicating the
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accordance with the present i nventl on Fig. SAillustrates one enbodi nent
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system shown in Fig. FEg%Griumws@malmmbomet eéﬂmdlaﬁarthu@tsarhtﬂe ré¥pBaeNt
invention. Fig. 6A illustrates a nolecul ar detection_systemi enented in
speci fic elgEaiingHeabpencaetbindngeacnip uping e peibseént thn%%m Mﬁrdarrc@wnhae- 6G

illustrate tﬁﬁgp#sgwqﬂgémirogsponses made in detecting specific analytes in
accordance w e present invention. Figs. 6Hillustrates an S 11 si gnal

responses made in det Eigt #Agllaktfatesrai sagond exnteddsmerdt of drecraolecultut detection Nastbmi n
accordance wth the pres&ﬁ@rl nvention. Figs. 61-6J illustrate S 1 1 signal

responses nRASCPIIaRRS IR ?B’é‘dp’(‘?"@onml ecul ar binding events using the

method of Fig. 3D in peCaBima@daliird BRLBGGRANGS the Hl‘b?é&hlaPBeteEt'icQtss sél% Ak
illustrate S 11 signal responses nmade in detecting specif 3’

bi ndi ng eveancerdagéayith e presenbidveritiosi g. 3F i n accor dance vm th the present

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.

Fig. 5B illustrates the internal architecture of the computer system shown
in Fig. 5A in accordance with one embodiment of the present invention.

Fig. 6A illustrates a molecular detection system implemented in specific
experiments in accordance with the present invention.

Figs. 6B-6G illustrate S;, signal responses made in detecting specific
analytes in accordance with the present invention.

Figs. 6H illustrates an Sy, signal responses made in detecting differing
levels of concentration of NaCl in accordance with the present invention.

Figs. 61-6] illustrate S| signal responses made in detecting specific
molecular binding events using the method of Fig. 3D in accordance with the present
invention.

Figs. 6K-6L illustrate S, signal responses made in detecting specific
molecular binding events using the method of Fig. 3F in accordance with the present

invention.



invention. WD 01/27610 12 PCT/ US00/ 28491 Fig. 6Millustrates a dose
response_curve nade in accordance with the present invenj) | PTI ON
oF THE SPEYWE'EMBODI MENTS Tabl e of Contents | Defini ti%#)@?o‘]?gfﬁrgrf I,
General Overview |I11. Detector Assenbly |IV. Exenplary Mol ecul ar Detection
Systens V. Exenpl ar yFigpfMi ilaftratessa ddse reSpbrnsaaneyemake emecvoatanon withlthe
Experiments 1. Definition of Ternms As used herein, the term "nol ecul ar

bi ndi ng eveRfEsent VYR es shortened to "binding event” or "binding")
refers to the interaction of a nolecule of interest wwth another nol ecul e.
The term "nol ecul ar structure” refers to all structural properties of

mol ecul es of i nt er est DESORIRIHION PECHCK” BMB{HIMIENES nol ecul ar
substructur sb S::,EQ as al pha helix regions, beta sheets, immunoglobulin

dormai ns, a s of nolecular substructures), as well as how the
nol ecul e changpsrititiSn BV E&@s physical structure via interaction wth other
nol ecul es (such as by bending or folding notions), including the

mol ecul e' s intGeneealiQuervigwh its own sol vation shell while in solution.
Toget her, cylar structures”™ and "nol ecul ar binding events" are
referred tollgg[ge%ﬁ%{?lé Eﬁeg'lblljy events." The sinple presence of a nolecul e of
interest i Mt Exeng@dr9MuBaNS D@{g@t%tgﬁMnal ysis is taking place is not
considered to be a "nmolecular event,” but is referred to as a "presence.”
Exanpl es of Vndixsaplaly Anphgatigsevents are (1) sinple, non-coval ent binding,
such as oCcCyf csj%?&t,%gfrﬂ I@rnleht%ﬁﬁrg and its antiligand, and (2) tenporary

coval ent bon ornma |%n, such as often occurs when an enzyne is reacting
W th its subH!IEgdegimendr e specific exanples of binding events of interest

i nclude, but are not limted to, Iligand/receptor, antigen/antibody,
enzynme/ substrate, DNA/ DNA, DNA/DNA, RNA/RNA, nucleic acid m smatches,
conpl ement af YodHigh & & Aginds and nucleic acid/proteins. Binding events can
occur as primary, secondary, or higher order binding events. A prinmary

bi ndi ng event is def iAgusedsheseif,iths termuinededuéar binddi gy [ sandtinges shprtemed

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 presence of specific molecular substructures (such as
alpha helix regions, beta sheets, immunoglobulin domains, and other types of molecular
substructures), as well as how the molecule changes its overall physical structure via
interaction with other molecules (such as by bending or folding motions), including the
molecule’s interaction with its own solvation shell while in solution. Together,
“molecular structures” and “molecular binding events” are referred to as “molecular
events.” The simple presence of a molecule of interest in the region where
detection/analysis is taking place is not considered to be a “molecular event,” but is
referred to as a “presence.”

Examples of molecular binding events are (1) simple, non-covalent
binding, such as occurs between a ligand and its antiligand, and (2) temporary covalent
bond formation, such as often occurs when an enzyme is reacting with its substrate.
More specific examples of binding events of interest include, but are not limited to,
ligand/receptor, antigen/antibody, enzyme/substrate, DNA/DNA, DNA/RNA,
RNA/RNA, nucleic acid mismatches, complementary nucleic acids and nucleic
acid/proteins. Binding events can occur as primary, secondary, or higher order binding

events. A primary binding event is defined as a first molecule binding (specifically or



WO 01/27610 13 PCT/ US00/ 28491 non-specifically) to an entity of any type,
whet her an i ndependent nolecule or a mateggal that is pa rst
surface, VYQ/?JI”(?&‘I y a surface within the detection region, E#B%%%Iﬁzr%‘% first
nol ecul ar interaction conplex. A secondary binding event is defined as a

second ol gepikse B Ad NG efnSeIhﬁﬁyl 5l @ity pe, Mhetheabpaepehiedinhoipcul©ott hmafetiast
nol ecul ar interaction” conplex. A tertiary binding event is defined as a

third mol ec maexstpancnfmgﬁr@sapr@@mtmcalv aﬁurfam)thbq@ém fistectionyyeipd. M2 EisHid
mol ecul ar i nt g &éﬂﬂq Cﬁ?ogpﬁqng?,leygtng& ﬁn fb%dl e%I 1sOcIeIIIﬁEd aéoé &%b&%yeyent S.

Exanpl es of MP&C Are’z Re presence’o si cal

subst ruct ur gof@u bindihg s§REEicAy GmacalpRaifibaly)Xe tha fbatraolsds\ﬂatmteaacaaﬁ alytic
active site, a bindi ng reglion, or a seven- trans- menbr ane pr ot ein structure

in a nol ecub@l)lpbr( A tertiany binding aventds defipades adhied molsstlednnding tspagififaltyyor
( €. g. a? IOI IHI%III EIIIGIC(B 1caIII§ IOCIIIe g‘ecoﬁl CIIUI%? (IIII/teraI:t?ontJ %ﬂﬁ&{) ﬁIé(ll (sa%?g? r IIlé:hLéI' Bfder

Ilgand, an’ron c anne npone

function asvindiry geals. t ransducer). Structural properties are typl caI |y
detected by conparing_the signal obtained froma nol ecule of unknown
structure and/ or functEixéWPIeéOfFFée‘@PbWQC%IB{%IW&HCS%f?GIIﬁPare?FBF"e% Bugtcak nown

t t detected
structure arg\ﬂ{ PlachHGd Weselbd S AbhDITY] ROE VRS Aldyid XBLEaL ¥ detecte

by conparin Sig ma sanp e contal ni'/ng one o
pot enti al bbnﬂingge@@hlm@rgevému@dqmembmlpsotémcsrmtmm inrdholecue) orsaeam]ubmse;

each containing one of t he gotenti bi ngjlg)g rtner s) to gh(f nal

obt ai ned f r BUHELAME TeRRvOR rﬁaF’I%I’l 1y de-8-- FBLORIO T4 CtIﬁInrf’dlaﬁgij \ ynIapr ansport
Toget her, tﬁg)aﬁghﬁﬁlgﬁm of fiffcl S LAUbA hnRHioR oY &HYnt tHReFeof), BPIARHERN as
structure" IS often reférred to as "nolecul'ar detection." The methodol ogy

and appar at asenaldescdiadged herein are pr| marily of interest to detect and

di I I f .bi ol h
bceur i n physi of ogi ol P LB e PR T R R ey trraperne TR oy

nmenbrane or obfdideRErony h afMcu®f ofunkBbivi strivieRraeiiiog Fuhctish (it Uigabl ¢hrdiped ti es
of npbl ecules or interactions of nolecules with each other under conditions

that are nofromjemoiestle erkngwmsva@turet@dfﬂﬁfgmf@pagWBWU&%MCI%)%H&%%C of |ess

i nterest. For.. f ggﬁ Md gémé] I %gg

under non-p é?a)(gl gglegtaeflbgon |Iﬂq£|$1 %ﬁ%éﬁé%ﬁrpgldb&%& esent Iﬁgot he vacuum

f ield of anpelesgilbimiing pmc@(}methemgﬂatt finh te irclividual samgles ceable centgpinifger r ed
"nol ecul ar bi ndj ng eventl&g@fs this termis used he referred

in. Her
nol ecul ar eI?%ﬁ"l?fst CQHH:“B? 1pg patngryl to Hissleny ‘éI?ta‘é‘ﬁIE g‘?”h%ﬁaé’i’p GE‘PIV?inIfIgogi cal

condi ti ons, gﬁﬁbrtﬁﬁl ¥RYing p@ﬁner@r?§§éﬂl§er' me@e@@tﬁdﬁ &l a aRbletllia bifding event” or
intercell uI ar nvi ronment , in an artificial environnent, such as in an

aqueous buf fmplecdlasstgmelde’fiﬁqﬁemr@feae@tw@i ‘ohelgiudaridetesan-tion. 1t will be

The methodology and apparatuses described herein are primarily of
interest to detect and predict molecular events of biological and pharmaceutical
importance that occur in physiological situations (such as in a cellular or subcellular
membrane or in the cytosol of a cell). Accordingly, structural properties of molecules or
interactions of molecules with each other under conditions that are not identical or similar
to physiological conditions are of less interest. For example, formation of a complex of
individual molecules under non-physiological conditions, such as would be present in the
vacuum field of an electron microscope, would not be considered to be a preferred
“molecular binding event,” as this term is used herein. Here preferred molecular events
and properties are those that exist under “physiological conditions,” such as would be
present in a natural cellular or intercellular environment, or in an artificial environment,
such as in an aqueous buffer, designed to mimic a physiological condition. It will be

recognized that local physiological conditions vary from place to place within cells and



recogni zed that |ocal physiological conditions vary fromplace to place
within cells and WO 01/ 27610 14 PCT/ USOQ RB491 organi sns ﬁ,{) 6(;}&591
artifici YOUAEIY i ons desi gned to mmc such conditions cBHVEPYS vary
consi derably. For exanple, a binding event nmay occur between a protein and
a ligand i norgamsuiscaaﬂlthdtartifmdnrpamditimstdeisigntd@ mpingis sncheconflition$ paer alpr wargi ns

d |1 I at f .bj.ndi ng, Such dit i ff .
reatly f r oRPEHETHNNsI ol eiA, s DURARY PBALTAR ook DEHeeR R @TRTR ARaA 1504 ie
artificial q%@ﬁééﬁhra%&hf,ﬁqn&ﬁ iffhe PROERR offRfsR P?atanmdfﬂﬁ%olaahemat or

PBS. Preferred conditions of the invention wl ically be aqueous
sol uti ons affect hmmngm&qchadonhmughmpdﬁfamﬂw§r(mm tlmrpgamol@gn;@ll coaditiops guch as

DI\/BO may be resent i st..solubilit oma“ ent t.est ed.
An "aqueous %BUH‘%W“M‘ g&ﬁ’tt Adifigtal medygm O%P%Epa?ﬁ? i?taﬁ}@ %l | east
80 Wt . % wat gfjinef PBBr ?’fr@féﬁ@d &’orﬁﬁtlonls %@?ﬂe 1%Oedffon%1l’l@§;%azlly%¥%ﬂué&rs Qolutions
preferably at |east 95 wt. % wat er. her conditions, such as osnolality,

pH, tenper atua Binizwe, phb@@hrseme@mvuatscbfwrgamq/mlyﬁn@o Bmhdlé rQMSQ may beder to

mmc |local condition ntracelul r env

et o o g s8R sfhopl ol P rnat ™ pERE SR apRePistiiuoh’ (o
exanpl e, thoiingaolea50avto8 MatcdNsteferatly SO0 &t. % hater GRbre préfeRbRUAt €
different, and different artificial nedia would be used to mmc those

condi ti ons. lExVed Biten everf mefedireiesbdy atileass 9984 7ywaigr-t 9thst eanditiepsusugh
ones for the Iﬁéigﬂ%{s]H t%In' ﬁlré"aﬁ%p%%s% f?ag]%h%wﬂ qgﬁcg)‘hkﬁﬁéﬂdﬁ %n%ﬁcfer tc?p' ete

|nthel|tera ure al’tl I'Cl a la are S comercl a

exenplified nbyud/l@bﬂ%ﬁdlﬁﬁnﬁdilﬁmé irﬁrasupnb:yenvtraﬁmémgmesuchsfurhxaaplbhebﬁﬁﬁ{y 2001
i ssue of the Cal bi ochem General Catal ggue, pages 81- 82, which lists, 60
comer ci al | $Ve & ke @lase 1Bs Batyfal ﬁormlm iploT leﬁghq F¥pRo3oigcelhandya o4

typically u gsdnqeéf%t%%nc?le ﬁggysr‘ffér&ﬁtmnﬁffﬁéh%lﬁasl Iﬂ@a@wamcmef&fesrﬂ&es on

the prepar | on typi ca such as chapter ("The Culture
Envi r onnment ‘h)imidf thGsd ¢camdiionef Exarhplas ofCstifisial @dﬂummaklesognesae g iendtmiat o,

Third Editiaqn, L an. Fresh W | i Yor k., (1994) .. As

ner ei . t he ot A s Vs Pitsich pgshis ms Senshrs R Forige it Beeriptsl ey

structure, RidhdirfiScialhédih Yre BICcomihsrchiyNgs &@}r%ﬁﬁeaibp baﬁdi@'s&’léﬁﬁhc Sppt bl e
u

analytes for practice of this invention incl but are not limte

ant i bodi es, caaloRgrsnsuCchrs dhes2000/2001 dssue of ghe Grdbigehem Genaghitaidpgue, pages 3F]2NA
goRus, - cDNA gk r (PRIl Bmoln B4R 8173 BN
their cognat8 el 8%?11 CO}.H%:&&Q avfaf1 H?lgrbgffgﬁay lt}ﬁgﬁ gssogfng r e7(s':a’ egt ors,
cyt oki nes aact4ttmi:aﬂl§as;sd>m lalbmgxcramﬁp:ttrgaaonm@lsahemnmal eferbess andhe t hei r
receptors), small nol ecul uch i Sti ticals and gr g
candi dat es P{@RPHER Of PYBFﬁa aﬁucgﬁéa g ﬂ?Tg? %E&?%Vgﬁﬁmﬁﬁ%%f ’é’\’tjé' Foped
and stored 'QP m%m;?@tmaﬁbazl JFBLAL 1788 Mniqhest 2hRh ElRSn, RITM8 Frlfind Wigeyand
their metabolic by-products, co-

Liss, New York (1994).

As used herein, the term “analyte” refers to a molecular entity whose

presence, structure, binding ability, etc., is being detected or analyzed. Suitable analytes

for practice of this invention include, but are not limited to antibodies, antigens, nucleic

acids (e.g. natural or synthetic DNA, RNA, gDNA, cDNA, mRNA, tRNA), lectins,

sugars, glycoproteins, receptors and their cognate ligand (e.g. growth factors and their

associated receptors, cytokines and their associated receptors, signaling molecules and

their receptors), small molecules such as existing pharmaceuticals and drug candidates

(either from natural products or synthetic analogues developed and stored in

combinatorial libraries), metabolites, drugs of abuse and their metabolic by-products, co-

factors such as vitamins and other naturally occurring and synthetic compounds, oxygen

and other gases found in physiologic fluids, cells, cellular constituents cell membranes



factors such as vitam ns and other naturally occurring and synthetic
conpounds, oxygen and other gases found jsn physiologic fluj | s,
ceIIuIarV@BHE%%ybents cel | nmenbranes WD 01/27610 15 PCT/UggSE%g%éﬁgﬁnd
associ ated structures, other natural products found in plant and ani nal
sour ces, ot ierassqasted stnkcyures, otmnph@tad pyodayts tfnatd io pemo dndt dramabswir¢dseothek e.
Al t hough nost neasurenents descri bed herei re made on i ndividual

nol ecul es oPangl‘fW%r Wﬁﬂ?@ééﬂ‘i‘gnq Pro B‘Ftﬁrtainerrt},‘e %€ sone tines the nethod of

the invention can beAﬁ’tHPni',néZHélgoéthe%Eﬁﬂé%h@'aésc'r"BecY‘ﬁérEfﬁ_ £H0a8E oh MaiRIREr S Of

a binding pair is imobi on a surface at the site of the channel
recei vi ng emektrulesragpatsi of maeleduddsiin solntion,at s@s¢ timeotipouribiad of the aivieotierd t o

flow past the immohilized nol ecule.. As used herein en one. nenber,. of a
b i P Fari e PRI Salons R &Vl el 1S P RRrTE of T ERE AL is AEBbpligad

refer to thg, Meh@slae e SRRk tHeZB8n R rdcBR i1 @G faghdiR @ffalibh 9ANE wesf OF
exanpl e, can be an antibody and the |igand can be a nol ecul e such as an

anti gen t hatonpowads sediovied &b flywipastitheimmobilibwidpoletuiet Ae vesdkdreinhwhen he
antigen is bound to the.surface.and th nti body. is..the, . .nmolecul e being

ot eoted. 191 HED ! AuBLng PEF s airain e T ahb ) LBt i dRe der ed
to be the |j.ganduRNHoleb8e afinoBRiRed bl theditthdd. IRRGNtAESKIA F@RRAIYle, OHCR AN
antiligand has bound to a ligand, the resulting antiligand/ligand conpl ex

can be conwitibededandiedigand rajulrch meleceksugurpnsaasiget thetbiadyspeailiceilygi thg. As
used herein he ter "mol.ecul e" ..ref ers i ol.oqi . O hem cal
oottty L bt nslpBEy ] B8 epdRES Wenib8l RiRub® Ane GIRT A8 InCln BRSGRL

opposed t o galetsle ®eingaieh@tedNfvR PR PSRBT Thiy dBufientht betibodyRay beol ecul es
are of the type referred to as qrganic nol ecul es (congounds cont ai ni ng

carbon at ongonsilgisddo 8¢ My ligand spdiherastieey theapitipent AdtHdenallyaprassagh some
ol ecul o5 g gl AR ARG £55 ROl RS UBNGFA TR Pie B B Arcagases such as

nol ecul ar oxygén and nore co ex nolecu somne ur - based
pol ynmers) . ddmeidgeedenaintitiganth fontie parposés ofrenbsegi@entrbimBngus descri ptive

cl asses or groups of nol ecul es, such as ot e,ns, nuclei,.c .acids .

car bohydr at es, steroié‘é?_sed;l?eé%iﬂitgeEﬂﬁ‘?nﬁ@i‘iﬁ?ﬁcé‘?fgfs P abilrgF ,Orﬁhffrf"ﬁaldi es,
and |ipi ds. e emapOREOR 1hatfeim ONLci¥micdlhSe@fic SNASRCIEY, &s dfsdsed RS $a¥8 of er s
(many of which, such as "protein,” thenselves describe overl appi ng groups

of conpoundehendantmpleculgetprme pbmatitre dersemelecalppite b theodipofeferrddelonst hod to
a subgroup &Eaﬁ? %‘i&hfe% ’(cé’ﬂmﬁél‘?n‘d%S@ﬁ&{nﬁgda}&n‘caﬁfxﬂ}cltaHn%ng,'&%rg:P} c&?ne%‘ég‘oﬁ/s”c“

conmpounds be®representative genera ass ecules d the
named subciaaknt arle), akhqughtseindsmolWides disigd coitaintrvops(inohetigy simpteeani ng, a
"nmol ecul e” al so includes bound conpl exes of indivjdual nol ecul es, such as

those descriPBEUIBEEAS SUkh 25 MAHTRIA O UECeARdiROTE ceBBleE TOlCCH fSuRRAs Fgme
coval ently HoWnea 0l Reh& s\ Stifebefdral Rrif “&RIdcuR? iftludes numerous descriptive

classes or groups of molecules, such as proteins, nucleic acids, carbohydrates, steroids,
organic pharmaceuticals, receptors, antibodies, and lipids. When appropriate, one or
more of these more descriptive terms (many of which, such as *“protein,” themselves
describe overlapping groups of compounds) will be used herein because of application of
the method to a subgroup of molecules, without detracting from the intent to have such
compounds be representative of both the general class “molecules” and the named
subclass, such as proteins. When used in its most general meaning, a “molecule” also
includes bound complexes of individual molecules, such as those described below. An
ionic bond can be present in a primarily covalently bound molecule (such as in a salt of a
carboxylic acid or a protein with a metal ion bound to its amino acid residues), and such
molecules are still considered to be molecular structures. Of course, it is also possible

that salts (e.g., sodium chloride) will be present in the sample that contains a molecular



carboxylic acid or a protein with a netal ion bound to its amno acid

resi dues) and such nolecules are still t@nsidered to be /Llfsﬁfﬁ

struct ur 49 0¥ urse, it is al so possible that salts (e. g‘}

chl ori de) will be present in the sanple that contains a nDI,ecuI ar V\D

01/ 27610 16 Sestrigsany the poesencstaof sughysadts daprnat detrast ﬁﬁm@ptﬂm@mfﬁheal ts does
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partici pate l{\{?ﬂﬁﬁ%ﬁﬁe %‘\’/@r a %{NQPB%}I #’tr;lri%én lr&%s?(%%aged]el%cwggsﬁmqsecu Ol%‘furlﬁ:ﬂ ng

event or pr (bhﬁlliﬁg/eveafblﬁﬁopkﬁyﬁﬁh%d detectedan themeeseﬂ@ee As used her ein, the
terns b| ndi ng partners, igand/antiligand,” or "ligand/antili gand
conpl ex” refers to pai¥SUses PefP’a‘ﬁ g@rtergp%,_p@gdm&%tng@; \Mﬁaléﬁ/aﬁfﬂlgé&@sl €5 t hat

speci fical | yy; g &h? grougﬁéﬂq{efepgto y(<91Il br %r8u%?§e{@mb%10r &qn&g%?se Bl es

Such a pair 0 ypl C con nor e

that are i ntspaoafmdally gomtatthe.gabind to)tdaeh othes waﬂohy alypuideomlexasucina piir or
non- coval ent bonds (such as di pol e-di pol e interactions, _hydrogen bondi ng,
or van der WS STONRMERRIEallyROPSistsiof tw F more mAlegtlatriATe igRragingnuish cach

referred togyga,t @@al%rbr?p(ilé f(‘iﬁa'ngl))n 6fHo\-@6val&f '33111&? @c@ Wﬁ@ﬁ;(p&%m@?z{c?g}ﬁ es

that have simla di ng Inities, as 1s wel
Exanpl es i nhydldgerammmg;lpr amtcileg;éﬁaali; ana:mmons}aﬂﬁmhma’um;era&uoh €dotnetimes
i vidin pair, |oIo i_cal ding  partners

aci d-nucl ei c faCl‘f’ anlge bi o a
need not be ™ FIFTRM LY Pu §m3ﬁ cap Ny EoRSif by eve f‘i’fdg"le? fs BRERAYE s1mijar
single i 98&@1{%‘9&%%6@%&'%8}/&&% ﬁpﬂé%n@x%pﬁﬂdcﬁﬂe%nﬁ zﬁ{tl gBRNEctin-

anti-ligands, or a first antigen/antibody pair can be bound by a 'second
anti body t haarbblgydsqiedimle@c daad-nudieicfacids and biotinlavidin p@lsnﬁlmiggmalrblmdmgr in

liquid (al sg referr S.S ut|o or . so al erre
surf ace) phBE&EHEE nﬁ)ig F‘ﬁa‘g c%%lggfniﬁl%’&l lr‘?ﬁmf(’%afh @BFVEEP ’kﬁes@éﬁ al or
si mul t aneousighiddhbg botind by 8R cObrdimted sRidard o mlnefelﬁnﬁtl &4, ok @FirstPossi bl e
exanples include GPCR-Iigand binding, followed ﬁJ(fprot ei n bi ndi ng;

C

nucl ear r e@@;ﬂemapebﬂdaaaarqap |b§é?ﬁﬂmmat§ﬁqﬂ§lﬁﬁgﬂbc&y Uilfﬁés sfeaidicrgr thefpystex
chaperone p b%HQSBﬁrgl ?%/catnacfcg@rt in lﬂ;th%&l% Oré%n‘gﬂ ?({T?sl ggld&hfﬁr%o%d (hlgc%rq&em% her

exarrpl es vm be ' rea appar ent art
"li gand" i stocsrsodfadey pbssech_nb(eammlud@ coafpdex tindiagyhaninvebvas thefserial ashi ch t here

exi sts anot her . nol ec .(i.e. an "antili and that binds to the |igand,
owing to a° PWB?QSBFE n?‘i‘ng«aOf thrge gL FIoYR SR eﬂﬁla‘f ?‘E’é‘e%né?séﬁﬂqﬁﬁﬂllﬁ%t act

bet ween t hejpkjuaabEng amlhalhg%ﬁowwap@p@/teoprbtem bin@Ag! ARISkze of the
i nteracting subst ances, | igand (o an antil |gand) in this broad

sense can caentevcafacte/ligrad/ WA bintling;duahe bindisg apwmplex chaffezengairoteinsitgani zed
01 0uP oDl o PlaFt e FHER AR WMol W S Bl Ru AT realify holBERISTE:

organel | e, et ¢ anal ogue & eof
"antili gandthom)ildillledha\ﬂ& irhi s br oad sense and can be used interchangeably.
However, it is recognjzed that
he word “ligand” is commonly used herein to refer to any molecule for

which there exists another molecule (i.e. an “antiligand”) that binds to the ligand, owing
to a favorable (i.e., negative) change in free energy upon contact between the ligand and
antiligand. There is no limit on the size of the interacting substances, so that a ligand (or
an antiligand) in this broad sense can consist of either an individual molecule or a larger,
organized group of molecules, such as would be presented by a cell, cell membrane,
organelle, or synthetic analogue thereof. As used herein, “ligand” and “antiligand” both
have this broad sense and can be used interchangeably. However, it is recognized that
there is a general tendency in the field of biology to use the word “ligand” to refer to the

smaller of the two binding partners that interact with each other, and this convention is

followed whenever possible.
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(such as. o HEFES, Ihul, BEHGESERAC) CndMhRle o PRAGHYES N prilhy H wE LR CF)
Sinmlarly, auaitibiodyhthebspseifiad antdpand hinds roeitcpamiciddreliargetd apd dosniodbind i | |

hybri di ze to one .anath under presel ected conditions such that_other

nucl ei ¢ aci &{HQ’SEQ%‘HSQ%E)ES‘H“%"F f‘g?tg?ﬁpqt‘??“@glﬁgﬁéaﬁEre.é?mtl%g‘epség’ipﬁ- ofoof a

singl e nucl gakigie.a @0 siFhce tbepidtitdea h&%%dﬁﬁﬁsdgm(&‘g.Dgheltelaﬁo%e?[{g&g'idrwhﬁt ed, "
|

“purified,"” and "biologically pure" refer to material wh
subst ant i al $ejecively dandhto; asipeqlit heamdnedmec estpasiielhtesen frathe poasemdel of otteee conpany

it as found_in i I. tate used herej the term "nucleic.acid"
refers to amaieé(%{)](l%g Pﬂghﬁléese%'}c?ué% (s ag ?ﬁgfn%%{Pg&F PALOREY-FVER SITHIAES R,

singl e- or gmwhlb estfibh) a8iadarfy) hikdleid Beid sbileasss RiteE vorfletdly rhfiementary
enconpasses such polyners that contain one or nore anal ogs of natural

nucl eot i desWihybridizs A PB¢ ARRtber underpreselpced copditinny such thatotheanisleis@eidss i ng
nucl eoti des el rﬂg\e{lggg- y i S anept | v .and
"protein” aerveen'ﬁgoesgzlrﬁgﬁfr ylﬁge elﬁ%fa etrc anbuggg{fégﬁ%ﬁ ére éeroutdg’ @‘*%"gﬁ%‘é@%f

am no acid residues. ZAhese heeginghelermotisalpedAr punfitdV endi"siologicall gpiireuse in
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general |y r%&é?%mlage"i%gr%gé? ?’rﬁ’s@f"iaélyaq{&s“‘i?Bﬂ%fyegf?‘? ﬁ?mm%lﬂﬂle?tﬁg@énomlﬁs
apply to amicbempaiydt ROTMABSitd RatMBis@fe. ONe or nore ami no acid residue or

peptide bond is an artificial chem cal anal ogue of a corresponding
natural |y occurring af¥ Beedderadn, the term "nucleic acid” refers to a deoxyribonucleotide or
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As used herein, the terms "polypeptide,” "peptide,” and "protein" are
generally used interchangeably to refer to a polymer of amino acid residues. These terms
do not appear to have a consistent use in the art in reference to the size of molecules,
although the order given generally refers to increasing size and complexity. All of these
terms apply to amino acid polymers in which one or more amino acid residue or peptide
bond is an artificial chemical analogue of a corresponding naturally occurring amino acid
or bond, as well as to naturally occurring amino acid polymers.

As used herein, the term "antibody" refers to a protein consisting of one or

more polypeptide chains substantially encoded by immunoglobulin genes or fragments of

immunoglobulin genes. The recognized immunoglobulin genes include the kappa,
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As used herein, the term “enzyme” refers to a protein that acts as a catalyst

and reduces the activation energy of a chemical reaction occurring between other
compounds or of a chemical reaction in which one compound is broken apart into smaller
compounds. The compounds that undergo the reaction under the influence of the enzyme
are referred to as “substrates.” The enzyme is not a starting material or final prodﬁct in
the reaction, but is unchanged after the reaction is completed.

As used herein, the term “test sample” refers to the material being
investigated (the analyte) and the medium/buffer in which the analyte is found. The
medium or buffer can included solid, liquid or gaseous phase materials; the principal
component of most physiological media/buffers is water. Solid phase media can be
comprised of naturally occurring or synthetic molecules including carbohydrates,

proteins, oligonucleotides, SiO, GaAs, Au, or aiternatively, any organic polymeric
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general sample (by dilution, extraction, etc.) once it is obtained from a source material do
not prevent the material from being referred to as a sample.

As used herein, the term “fluid reservoir” refers to any location, without
regard to physical size or shape, where fluid is being maintained in a position that is
coupled to a signal path, so that a signal resulting from interaction of a test signal with the
sample in the detection region of the “fluid reservoir” can be detected. “Fluid reservoir”
refers more to the fluid itself than to the container in which the fluid is located. In its
simplest form, therefore, “fluid reservoir” can refer to a fluid droplet or layer formed on a
flat surface and maintained at that location by inertia and/or surface tension. Such
arrangements are sometimes used in various “chip” designs commonly used in genomics

in which a sample fluid is washed across the surface of a chip that has specific molecular

probes (usually DNA fragments of know sequence) attached at known locations on the



refers nore to the fluid itself than to the container in which the fluid is

| ocated. Inits sinplest form thereforgy "fluid reservoir’ fer to a
fluid dr R EL70 | ayer formed on a flat surface and nai rﬁéﬁﬂ%@ag‘{ﬁ’?t hat

| ocation by inertia and/or surface tension. Such arrangenments are

someti Mes Uggdcd. "THEuRd feseroBirP ho@veg B4 Isodmawiiey iscoehingll wirhiarphgsicali n
which a sanple fluid is washed across the surface of a chip that has
speci fi ¢ novallsuhatrestiaproieveniens of teyfludysueh agyestical waks thabepnsegiience)

hed K I I h 2CT 1 84 f :
I R e g e

physi cal  wahbéndiR@ivalle sk Red 1@y esteiherdior bigially sirthundingtwal thatrditecal wal | s
that constrain gravitational spreading (as in the side walls of test tube

or nicroti tand/opipaxma} mogiep) @lisitpd nymbeRfiReARPDRATUCE ap the WHlsPf adEbeer
A T R L s O

notion in a

ot her channghjnelThel dats @inrhdis ¢ sianEonsPoss alfivid tsibemgi mowdtfeomoat erred to
herein as a "fluid channel” and occurs_commonly in situations were a fluid

i s bei ng nUoeANon 1@ ARQIPE (SUchcastn 8 FUErOTIRKESIEIP) (S RIAY H¥erReHon Wil PUET ui di cs
chip) to al] i i .t L cont ai ni ng
reagents Orsa&ﬁfleg{%ﬁ%/@?%k?&gﬂgﬁ@%?ge%lg%xgéﬁgtb%? (r)gglgdplgélte 33‘1“?53?& ge single

det ecti on riegsportedAmstussiniglbdetection tegmnt er m " si gnal path” refers to a

transm ssi on nmedi um t hat upporis the praopagation of the desired.tes
signal. In one enbodi%ﬂ%edﬁ}‘?ge%ﬂ’rtg‘?]?ﬁ’inséﬁl;}ﬁ paglatrﬁgfsstoél_tf%mbsﬁlr?&fﬁ?dd‘?m that
structure hé dtfdn TUN GestRB AR ol BLGHRUMEJAmént il AisiBssion

el ect romgﬁsg?P%ﬁS?[TER/)F@glggngl e hesr mul ti|gol e-conductor, TEM structures such

as m cr ostpatipisla twe;contivitpt stheturs sbaas dadaxsialsbleaapable pbsuppprimg actepleesar

wavegui de, are also ..i ded wi thin the presen P
transni ssi ecﬁté’ma@etkﬁ@ﬁ:@sg%ﬂawebﬂﬁ inhl{ltépagc%ﬁ“ﬁ]g{?lr’t I%)/Iglru‘(gi‘c(?‘?éascs%l?g{:onduct i ve
or di el ect rpRrNAYEE, 9@ipHhé, Latpsnasd suBdirhte dtaine (@plhnar watdidep aleailso

octapolar) structures, are also_included in the present definition. As used
herein, theneladed withindhe prgpent defimiHon. Other Fansguipsien mediRotich ap ik, prnted
portion) of . j LYot : £ o g Alrks. SRR iy a

i cr of i ai iul pd B8 Yo oflielcPric e CRARRIe BRI (3.2
interacts wuabirapblar,@capblaorsmunemtésc ai ajgoahcludealdn sieeptefenodefitidosi gnal path in

a nanner that is detected t.he, apparat us. bei ng used. hus,. i,| e sone
si gnal may interact fﬂseg%fﬂ"é tg‘?Pe oﬁﬁt&?thr‘o@&gpoﬁ?ﬁr&t‘bgﬁe rﬁ%oﬁlgi'l Yeht
wel | of a ;Ba) LS g1 AlsrvbiFipk. BIad1Y risha cRArel QMEneiigics stibakaon from

a probe he such extraneous interactions, if not detected by the
appar at us be¢lhof umettiwellplatd) thet reeeiveseandtinieragiyj vaideie clesgpmagnediclsienghrt  of

L St et LR L 1 Mol b POE oS R o0
Thus, while some signal may interact with sample at another location (e.g., an adjacent
well of a microtitre plate impinged by stray electromagnetic radiation from a probe head),
such extraneous interactions, if not detected by the apparatus being used, would not cause
the adjacent region to be part of the “detection region.” On the other hand, if a signal
were to interact with a portion of a bulk sarﬁple, all of the volume of the bulk sample that
interacts with the signal so as to produce a modified signal that could be detected by the
apparatus would be considered to be part of the “detection region.” Detection regions of
an apparatus used for the primary purposes of the present invention typically have
relatively small. This is particularly true when the purpose is testing for potential
candidate drugs from a library of test compounds for ability to interact with a target
receptor, as the amount of each individual compound available for a specific assay is

often low. Accordingly, detection region volumes of less than 1 ml (1 x 10° m®) are



interacts with the signal so as to produce a nodified signal that could be
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GHz, 20 GHz, 25 GHz, 30 GHz, 44 GHz, 60 GHz, 110 GHz, 200 GHz, 500 GHz, or 1000
GHz and range anywhere therebetween. A preferred region is from 10 MHz to 40 GHz, a

more particularly from 45 MHz to 20 GHz.

II. General Overview

The present invention makes use of the observation that a vast number of
molecules can be distinguished and their structural properties and binding abilities
measured based upon their unique dielectric properties in a region of the electromagnetic
spectrum not previously used to detect molecular events. These dielectric properties are
observed by initially coupling a test signal to a test sample that includes the analyte of
interest. The dielectric properties of the analyte modulate the test signal and produce a
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
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156, which acts to nove the test sanple throug channel at tinmes and
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channel 151yrankpért 8fitdrh 130 iR 1ubeX a fNR EiRBhelSIBNPWERB aleftr§ S €52 MOx Mitehd O t he
detector makes it easy for the kinetics of binding events to be determ ned

154. Motion of the test sample through the channel 151 is controlled by a fluid controller

156, which acts to move the test sample through the channel at times and under

conditions selected by the user. Optionally, reservoir 158 can include a second analyte or

test sample that can be mixed with the test sample stored in reservoir 157 as they are

being introduced to the fluid channel 151. The ability to mix two test samples in close

proximity to the detector makes it easy for the kinetics of binding events to be determined

from this type of data. The fluid controller 156 can move the test sample in one direction,
in forward and reverse directions, or pause the test sample for a predetermined duration,
for instance over the detection region in order to improve sensitivity.

The probe assembly 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



fromthis type of data. The fluid controller 156 can nove the test sanple
in one direction, in forward and reverse directions, or pause the test
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tem As ill us?rated in Fig. 1A the fluid transport system 150 includes a
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application, the .fluid channel 151 .can take on..a vai fi f ... For
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(pol yt et r af kykpgrpet hyl ene; PTFE) or other hard plastic or polyner tube (for

exanpl e TEZELTM (ETFE)F tube) operable to transport the test sanple
luid Transport System

As illustrated in Fig. 1A, the fluid transport system 150 includes a fluid
channel 151 through which the test sample flows. Depending upon the application, the
fluid channel 151 can take on a variety of forms. For instance in one embodiment, the
fluid channel 151 is a Teflon® (polytetrafluoroethylene; PTFE) or other hard plastic or
polymer tube (for example TEZEL™ (ETFE) tube) operable to transport the test sample
to and from the detection region 151. In another embodiment, the channel 151 consists of
one or more etched channels (open or enclosed) in a microfluidic trans.port system, further
described below. Two or more channels can be used to provide a larger detection region
155 to improve detection sensitivity. In another embodiment, the fluid channel 151 is
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



to and fromthe detection region 151. In another enbodi nent, the channel
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151 i ncl udedyaevteildadtdnrindleding theldchiweere avii mhtetilecomposibien 28theifluid rharatkes
the sanple. The area of the detection region 155 enced b
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fluid chann BOLHAREIOAd Vhner M5S0 84 b ReciflS id @EsedRiIRG!ih AR 4rt.1TE,
the rate at %@%‘}“% t (g'%Pceist sanpl e advances thérgﬁcéh t he csﬁannel 1and ot her

factors as apphoscembodinteotstihmdechsikimoslizadrietagdompver the getedtion eegiom doff ifent s

in which imobilized .detection .oyer the .detection regiaon i.S qyed,
a bi ndi ng sﬁFPle’gé’i %blf‘g‘;f'ﬁéaffeﬁetlﬁ?‘?{"} eWIgg?gtet%e PR GO ?g,gletaﬁeea mg%f
which wi I i bk Miveassesy BdbREHEG aihdiace thehadteisdl hid nidisholedyesfitae and
mor phol ogy of the binding surtface, and other factors appreciable to those
skilled in binsing surfaps.cangioshey faciprraprieeiable &9 thoseskilledyinthe ¥t E3gBPIA | be on

the orders qf '-' . - . - - 1.2 1073 m2 10%m2
10 7mp, 10 UG op e it schtacs Ky b} SpEgrapis of O me TG 1 g™ 100mys o
or any rangaovint hiofni?heahnt, 107im%s 10%iné 108Pigh oA imb ey Bni nif find, 1087 ma 19F'em’
preferably achieved in a small. vqlu by usj ng.a. convol uted or. porpous
surface. Sm&FPBY raRgeAhEN W%ﬂf‘ﬂ“ﬁ"ﬁh’f argef/ 8yg rg/i"} ISTangRAS PISHRRR acg‘f:ved

m crof | ui di ¢, deyhf §8IuBRcbySHest iveRitd L&t RilowsSIuffdce. SIS AdMSEIsWithin those
processi ng technol ogy. The detection region 155 can alternatively be

nmodi fi ed t o liaed svithbd anage tytpieat oflinsgyaBeidiccdenines predsyistons, fakligatedaising ot eomi cs
ggi 23& h k,[] ﬁ\;mtgerg}cgﬂé&%i&%:Ij'%%cag{ftl?%tsﬁicﬁr?olgéy. sﬂl%pc{%te%tiog ?ég‘le&{[ 153%215%&@:1%'3&0699 geonly
modified to accommodate other diagnostic applications, such as proteomics chips, known
in the art. The size or shape of detection region need only be such that signal propagation
thereto and analyte passage therethrough are possible, subject to other constraints
described herein.

In the illustrated embodiment of the detector assérnbly 150, the fluid
controller 156 is connected to a reservoir 157. Fluid controller 156 uses fluid from 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
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under the present invention. During operation, the drive circuitry 17

recei ves colfegmied mr%trlrﬁmr@surememanr@be QS@eIplPla\%QemtiﬁeOth@@tm@dnpﬂés Qﬂ@rﬂ@ t he
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parti cul ar Boun npl e and/or to provide the sanple at a particular
rate. In response, thBuﬂmg vEerations thetdrive titduiagigncezitel eothiavas frephige 176 (a

operator to provide the test sample 175 to the measurement probe 230. The command can
be instructions to provide a particular amount of sample and/or to provide the sample at a
particular rate. In response, the drive circuitry 174 advances the drive member 176 (a
screw in one embodiment), which, in turn, advances the plunger of the syringe assembly
176. The plunger supplies the desired amount (or rate) of sample to the fluid channel 178
(a PTFE tube in one embodiment) through which the sample is carried to the detection
region 155 where it is illuminated by the test signal emanating from the measurement
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 1) 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
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El ectroni cs andICbnnunbcations in %gﬁﬁn, Part 2, 70: 52-59 (1989); Esash

et al., "NoPHEPFIGCHEIRBaN Al SYSeRr (4 Hehps repared Bableii erl.a " Sibricatiom of

Vafer," Sengeumpaoinfieiated OhSmicalA i 8P eocuBhicPhEL ex 2Ll e punps

such as describgd iéﬁﬁ%roney et al?%§53%??g%%%i%QFFgﬁfgaﬁégﬁnﬁﬂéﬁééuﬁk i
Japan, Part 2, 70: 52-59 (1989); Esashi et al., "Normally closed microvalve and pump

fabricated on a Silicon Wafer," Sensors and Actuators, 20: 163-169 (1989); or piezo-
electric pumps such as described in Moroney et al., "Ultrasonically Induced
Microtransport,” Proc. MEMS, 91: 277-282 (1991). In many of the microfluidics
devices, however, the pumps (fluid motion controllers) have no moving parts but used
electrodes and electrostatic forces to move liquids. At least two types of such electrode-
based pumping has been described, typically under the names "electrohydrodynamic
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
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new  det cot PORTSyRTR IR b Ga  hST Jaes Sy Srses et Fsppied)
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i nvention can readi 'y e 0 exi st g
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Packor ound | Bat ente B0 OLher, Lol e ences, chL e el Tl Lobigls gpl oo o
directed t orfehifeseRidpebidichidh @fll 81 HRarki) @¥Bcted to the combination of these known
systems with the detector and analysis system described here, which combination
provides the new results described herein and demonstrated in the following examples. A
few general comments will be made, however, to show how the current method is applied
to the earlier fluid transport systems.

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
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presence of the test compound in the second channel or the molecular analyte in the first
channel, if the interaction is one that 1s known to occur between the two molecular
species (such as when they are the two members of a known binding pair). Additionally,
molecules not known to be members of a binding pair can be tested for binding (or other
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 material, 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
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distinguishable and can serve to detect and identify the molecular event in an unknown
test sample.

The measurement 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
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The second section 234 is of similar construction as the first section 232,
having a dielectric insulation 236 located between center and outer conductors 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.
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maintain ground potential between the first and second sections at the test frequency of

operation. Further, the tuning element can include internal threads 233a which mate with
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
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system i npl enent ed and neasur enent pro%e P
which the channel 151 is PTFE tube having dimensions of 0.031 inch 1.D., 0.063 inch
O.D., wall thickness 0.016 inch, and a dielectric constant of approximately 2, the
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 10! m, 1072 m, 107 m, 10
4m, 107 m, or 10'6m, 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,
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whi ch the ch%pnel mléﬂc)i iCPI‘II'FE étube ha%}i)r}%gdilrrenzti)o s of 0.f031 inch |I.D.,
0.063 inch OB YRFLRAESY FOWBPTHER O ISR DR IPETUGRSP AR O of
appr oxi mat elptovide b Reoundgidaiedni WHicH il A niagn ARMAK HABRE Yronh e lcbfier S Wal |
t hi ckness, about 0.016 inch. In other detector assenblieés, separation

di st ances caengectomiIsHermgingier The caver 240 furthay provides shieRing ffom esternal Goes or
10-6m and C‘ﬁl‘ﬂCﬁﬁldw%pfgfeﬁitdﬁ}rehr{’%asﬁﬁgle%p the order of 10-9min sone cases

(such as in a channe e Ssurface of a substrate and having a
metal lic signal path Jalsamnisinawid émbBodittent, BRI ORI hdadP80a &tht BentdBSIndSA&BP! €
side acting as the fourth side of the channel). Decreasing the separation
di st ance or Z3ROf &igsmpRpuremeeny prabet230 gxgndainiGhe chinnel Erlngyich thas therenteor

anal yte con j W | ks 0| ction nsi tivity,. Ihe
sepa)r/at ion Cr?é? E(IELEC?‘%II %a{é\ﬁl (%h ‘%5?‘5@%%8‘; lgb%lgE%SF%gfplgﬁégfnﬁ&?op%zg%C}ﬁaé’f'gfr f%@l ,Inor
al t er nat i veltyis efubodintenadhd tdnder)condmsdrst3Safan de lfbeneddra a Gasa Rl Syhdhas €

mat erial or i ion thereof. Fig. 2B illustrates a cover 240 that

a conbj na ] f
can be posi tFBREHC ?fﬁ%éﬁ’ﬁ@r?%’eteﬁr%@l PIIpagaioR apd thichedoes satrasiversely afigetthed
bet ween t he fq . I j . [
PCTI LSO 284000 & pae 3‘5,%?‘%‘%9@8%’3@; ARl ﬁgﬁgg e R, I@UW%éﬁﬁgéﬁ%,
mat eri al ( swsdherazinbrtas sntimomp galliuma cadminnychettiun, whngineses catedlt, irdlignpund
potential over.the frequency of operation so as to rovide a ground plane
o whi ch t h@SLY FSTRRAT R Pl 8, H5n Bk BickeherluB et Tor 235
term nate. TeRnGAMBALIBADIfaUbYBEreBl. OYh&le Samh hfatdiaRGah 'b@ﬁlk%%ﬁgk eAHAf Ces
that could interfere with the neasurement. In an alternative e odi ment ,
t he probe h@sebesFdenmoyith R matesialsgbaicvidltbsrreadiiymppirentte thnse o6 sliemthearobe
230 extends into the G& S at. the.center. nductor 235 0s in
direct contact with t%g '?gg{lluég%% %ggf%\gﬁchamglv e%ar{dﬁlégbﬁgﬂﬁgﬁatfgi%oq W% hi s
embodi ment , of heecwadteatbodmmdiof the p2de iabchdadc@miBthé paRe@ ifRhEoh.ahswWhi ch is
capabl e of both suglgci]rti n% test signal Ppr o&agﬁti on and whi ch _does not
adversely. aF_L@Er?te_fl thegrepyreetiongliRwi s 4> $hq Measutsaenbpioba 280 frstudes i t ed
to gold, |ngiryfohitif LGS 1CABRRket 252 by EﬁachﬂeHF% trdefh 24 Lo ingd 35 HM
cadm um chrom um nmanganese, cobalt, 1ridium Fatl num mercur)g,
titani um altumiggan 236eadscond onaxitlmegsee?l’, nicokadictive gronad urbe 258 eariduam
osm um thal] Ecﬂmsg%g?lsboys thereof . These sane materials can be used to

" 59,

formexterngllu i)s along with other materials that will be readily
apparent to those of gigklfirsticBatifsedtidn 257 @ -codfted td $8tdl 8688 #nd signal detector
cross-sectional view and Fig. 2D illustrates a top view

(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



of a second enbodi nent of the probe in accordance with the present
i nventio il]lustrated in the cross-s¥ctional view of Fi
neasurengﬁ?%pébde 250 includes a first coaxial section 2§Elr%a§0ﬁr&3%1ket 252,
an attachment platform 253, contact rings 255, a tuning gap 256, a second
coaxi al sectlieghopmltubg 263 fropper iy ©ng ewbadiment) do 2 sufficientidegree, therehyceb vidtioef

259. The fi st is coupled to signal source and signal
det ect or (Ello%tne% @Lcﬁrﬁtg%ttrfrﬁ ?and descri bed bel ow. In one enbodi nent,

the first coaxial sectlhefirstiand RAd coital-seitiing 26 Bah®25ThesepLitedkilal in the
art will appreciate that other types of sem-rigid cable as well as other
transni ssi oﬁméftgrgﬁﬂ%ﬁbe@atc?é??t%%@l%ﬁa‘eﬁ tPRoxidg 4he sgeonagiisspnnse dessribpdier t he

present | nVeRdeOtln aRAfHEh AfbaiMLA e shRaRERGKRb R sT0E did Pl ifrgax! 2

section 251 exte Into € gap area near o Of Wi di cs
shel f 259. Gergrawnid mbedss 25thm thaAuidZs5Shel€ 250 bEhofitst osraxidl Yectioh 25 edingérgand
the outer surfgce of the %lrst coaxi al section 251 to _provide ground

conduct i vi t {9 AeSifR 2p4.1tg owersurtare olie fisy CQwaléﬁﬁlqnh’?es liragkdpg elgetrigele of
the ground puBgt 2t the &S SSARQA RO Erouhd Ribe @38 at(ﬁEreE ngéf d;ﬁﬁ% St@&é%g‘lu%}ls

conductive springs, although other structures can be

al t er nat i vegewbd @DmnalsheWMth €fhe tsning gep 256 fdrhred betwekn deafidseandseeéndon
251 i s brought |nt 2% M t he i or rface of WO 01/27610 34
PCT/ US00/ 28514l fige ’é’P& apq g/ 15 B EEBEf‘dé ofter 5 %ﬂggﬁ%moﬁfﬁ}gtt?e pgacket 252

sufficient geghaporib®heRYpehvdiat Tﬂtgreaﬁé}ewmeaﬁgrefc%e th&nE BBLiAG of ﬂh@ 9§c0%55

The first and second coaxial sections 251 and 257 are separ at ed
tuni ng gap o&eial IS@RUOGIQéEtWIHwthIWOD@MIa@ gpund nphﬁo’&ﬁ&tanbh@djue@blnaﬂther esponse

2571 s secuPRa el R Enl B AR R ER8 R Past (e SFrbe-d 8RB d3so. "

The first cathed tosdhon sebibnirs theBEibice shelf 289 alibRing e hABkeR o &ifiter idsBR
outer surface of the first coaxial section 251 naking electrical contact

with the i nPEemeve thefirgceoanil sesoy2olihgrafipre gge thgh@braqkﬁgzsa is
cont i nuous fo?'dHQerP%ﬁcPﬁHuﬁl:d Wshebatuesn mowﬁzegg%&,ag%&%&g aJsg 55 e| Cher

bet ween the |rst and second coaxlal sections
shorter or aaigke fioyn ttB\Ncwngnr@orbomubebf Boide, Galifhatia.up or dovvn

respectively. The rea appr ec t hat_the position of the second
coaxi al section 257 w}q ?}\# '{l%ga@g E@P@@eﬁ?%ﬁhﬂqeﬁ%e@%%%ﬁ? Igalized in

adj ust abl e, n&H-tebriant 8ddx@dl férni Melc¥or@hndewidfiGk HrQBnd iAvdrt®n 'I'hstfus SRS lRent,
section 251. The attachnent platform 253 attaches to and holds stationary

the fl uidi cthe prbier2895ncludgsiaggiting aflnpereadddeqoakial Bing P&k, ap mrferattionfixtueove

(1o L1t caRuaal Ao O AtE SRR o b PP, 257

st age assentabgs 289 extending therefrom. In a spemﬁc 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 2835, if used) with the

open end portion of the coaxial section 281. In a specific embodiment the base fixture is



avai l able fromthe Newport Corporation of Irvine, California. Fig. 2E
illustra odi rent of the neasurer®®nt probe realiz J

non- resow(?r?ﬁ%gg({:b formin accordance with the present ?g'\r/gﬁ nrlzg‘r‘?l In this
enbodi nent, the probe 280 includes a section of open-ended coaxial |ine
281, an i nt drEERBRAIhPYghether Hasaaly By bersehinaligmalivhembidiments of #85, a
fluid i nter{)&g&lt%@%np ving one or nore fluid tubes 289 extending
therefrom Tn a specific enbodinment, the probe 280 is coupled to a vector
network anal yzer or sDurihgopératién, qudiltﬂﬂ@ﬂﬁsaﬁfpllﬁ(mlﬁclﬁham%lﬁrhd}ﬁelff&' dent
and reflected signal properties. Fluid tubes 289 allows the introduction
of sanple i Ptderiused o maks 3 baselinereaponsgas isfpdneaddpiadhe Briddntssfeen?® vi85 may

t |1
coaxi Al sechidiige P80 SEBRLALTY, Hies BRI CbeRT BB cob Mk dRaY R R
vari ety of wstser2(0.sAs Zﬂ@brlﬁecbz[hmlve the difectritymopottiesstithd sipphed Sibifle wilt eri al s
such as sili Cg‘{‘)?f&éféém de, galliumarsenide or other materials used in

sem conduct®P wicKlgnt signal i he PpRir$RACoBRIISHPAER hs copriplseaidern S will
substrate 2@@&%[&&%% t with the
coaxi al sectl gnt 581 ﬁlg P?I;(??%Egg&gsé |s§ct$st§g% g)%seetgﬁtrsg ‘89&% ach and
align the flinudldauedrsfgn&laeeec%é're(iaffﬁe inokleladot,ivaticisishgficalyexBed bl chisg@y W th
the open en ortion.of the ial sectio I.n. a specjfic enbodi nent
the base fi%Rt B$@C} m\/@rﬁ‘iﬁ??@i‘@%?nééﬁﬁééd;%%ﬁ?oﬂafﬂrﬁa rﬂle BICSHSE P ot her
material s ngeR®) USLAolRuRk EGIHpat i ve embodi ments of the present invention.

During operation, a volune of sanple (which may be an. anal yte-free buffer
used to nmake a basel i Qace tbs ptmemyntianed Alurdiciuarsgoit nysmemlrseprbhdedt onntoélsk]alce

comxi i sec ity p¢ Seherly TERLE Yol mo G e Bt :EBBvE Tor e

di el ectri c pirpfes bi &fectihg inhtBecwtRhin rés wmnbrﬁcmd \borkn%k'hgéﬁerélhﬁtrbdﬂ‘chgﬁ nt
signal. The open-end construction o e coaxial section flect

at least a tﬁé’rQng}ﬁaléf’Stﬁlﬁé S%cﬁiﬁ@i@’éd’ rgqogqa\lgpn Maéeﬁu&ao\ﬁmldsv tFH‘é Aesxbekettalwher e

exhi bi ted by ¢hanges In the |nC| s anpli e an

thereof), iloth¥élesitSoes,inegtmeegh( m97 Saipphmeeb) (Aﬁsrﬂ)er)rpl\?éawraét #Me987) Once
the aforene to f stemTrs provided, one of skill in

the art wil SRlaRe Thy By gr%@uraﬁa%sr%wrl@ang

literature ¢Or MW p&ﬁeerfAreeﬂ@&tdzrrs%%'rﬁeréhﬁar ﬁﬁmyy% t¥ €1, Wak @{h to work.
For a general introduction to biological syst ens, see Current ot ocol s
a f 0

in Ml ecul &digpmadand RublshingNEeThetMe 3 ¥ :
joint vent L&%Ob q{a\fﬁ&g& ﬁJe%’?gdu%meor%g]e{u%g ffA(‘)sn§ Pn%m?ita taters ofcblo]%gxcal 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



John Wley & Sons, Inc. (through 1997 Suppl enment) (Ausubel); Watson et al.
(1987) \bl ecul Bi ol ogy of the Gene, F&rth Edition, Th

Benj am nMUHA ﬁ@s Publishing CO, Menlo Park, CA; A bertECTe/PSOOI/2849(11989)
Mol ecul ar Bi ol ogy of the Cell Second Editi on Garl and Publishing, NY; The
Mer ck Manuafandfe qnxefrientiysdearved fioat %awultmrqs kortiguleral soReaekyg, other somcetuct
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MO, R&D syst ems (M nneapol i s, I\/N% Phar maci a LKB Bi ot echnol ogy
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Buchs, Swi t AeimhaA s Aplfahed of BlaQiS\I’Ee}m’iqlfd,:(rﬁir&lEd(BdnyW1B9\)LlssﬁlNW\/€ﬂ9|94ﬁ5 many
ot her commercial sources known to one skilled in the art. Bi ol ogical

sanpl es canPO¥idgepigsrdaliipedusten ingedl iy wel | known techni ques such as
veni puncture, lunmbar puncture, fluid sanple such as saliva or urine, or
ti ssue biopsy and the like. Wen the biological material is derived from
non- humans, such as DewngsrcRediby Chemesugnt | i vest ock, bl ood and tissue

sanpl es are conveni en ai ned m | i vestock processing plants
Simlarly, plant nmat ei‘l %{quﬁfean B Wh’égldﬁ%‘rﬂ?‘i %%TPQW‘GRB Sg@tmcmre
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horticul tural sources ot her sources of natu al “products.
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bank where ti ssu d [ roman in vitr our ce, such
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use as a SOétﬁK\‘(Qhrfn@ﬁts ibvalchdieteatioNBdcary RitE baldthg B lthe AN r&ibh s aced, ueki | |

in the art. Freshney, Culture of Animal Cells, a Manual of Basic

Techni que, detgctign mehien Hfacoicanhe fungdonalived todgag an pritbenales se thps aee aif more

i ntroducti tls I i nts in

whi ch det egtg I o%m {‘%kgﬁlg {:/Ergﬁ ‘%ir)\}eﬁ]te_rfﬂﬂd Eg,?g ggtsgagﬂlfgﬁzé{u?cst%\?\n ?%8% | ndi ng

to the surfindsg ufterlabteaoxﬂéiemﬁenmhre aregarclytd Ahd an healybieln sich¢agk, thBeurfaces

det ecti on reghon 155 |s@ge3§%all cho(gen to mak the walls of the channel

(a Teflon tQIBRe d§irctgRde e AreRgr T Ll aé%%r & RETESng gradmelscilpe passage

gf test sanfh@ing hBaldles e fAhdY&n &ﬁ@@ﬁédﬂ}f«nmuwlwﬂf&@h%ﬁ{eﬁﬁ{dl&ﬂwcCur S with
inding to the detectlon region surfaces, the “detection region surface can

be functi orfdliuctuees, pothepusgd bk %ﬂmﬁgumansm@ls@tqmatwa@ﬂef@n chrerrel. Adist ofanpl es

can be tr ansolgg) {)fe%gpégyoftb?r?dmg 1%6%0%0%9 gglgfr; tldCﬂYlﬁe(? 1ncf uettlse ﬁ})t 1fite C)df to potential

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.



bi ndi ng interactions between the anti -angjl7yte and an anal yte. In such
cases, ces of the detection reg/on 155 are prep 12
mat eri al Q%%@Z{@ I ng good nol ecular binding qualities. Li gé gwéiglélb bi n
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Exenpl ary MikkcuicarometiescifitbhnteSyssmplesankiag leagA pdriiorsof tht emdohedashaiinakist  of

I I t i 300 th.th toi ti .
The sy st em SeeFnbrakle BN €F yrhanant Grptict 609 Be Setietle digna Ripko &t tregMobeand
the detectigu | o tHORcidEhesi gl Rprb@iteassaibleépdi20. 'rﬁoseQnglahﬁiﬁ thQar N€

si gnal source 30 and to the detector 304 via a S|gnal path, e.g., a cable,
transni ssi off Iicvaye cagineeringevillier@nizahis gheagemmenins ardnet pert friopfledionon of
a signal atmeglnggqe sired test frequency. The source 302 is operable to
transmt an 1ncident test signal 312 toward the detector assenbly 100. The

i nci dent test SI gnal InSa spedificaintddbyent Be sidhalsegice BO2 Qﬂid)ﬂ?ﬁatl lde@cef 30he t est
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Those of skill 1n the art o m rowave engrneering recogni ze
measur enent fraBleaC}omeasummdnt Sistemns fhahcdsi soalar maraorkr zmlaismers drrbth?erspﬁemﬁ thtat
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under the present 1 nvention
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

by defining the length of the first coaxial section 332 to be one-half of a wavelength at the



system 300 is depicted as a one-port reflection neasurenment system

addi tional signal sources (and/or detectggs) can be used to recover either
refl ect edV@BHE104 ed signal s or nodul ated signals propagafCRFS0H&yh t he
test sanple (referred to as S21 or "thru" nmeasurenents in the art) in

al ternati ve desipaies®ninsfrequdacy tdife &E%Wing@m@ﬁ%ﬁ&ﬂas Kridwdn® (RIRQgiifgRt of
the present invention, the resonant probe 230 is used with the nolecul ar
detection sﬁ%‘t% 300 to detect the presence or absence of a nol ecul ar
event in a test sanple. The nmethod includes the process of initially
determ ning a baseline response for the resonant probe 230 (either with
air, buffer, or another anal yt e-fmezdjgd,jgm“ghq subsequently neasuring a
change in the baseline response when a nolecular event is introduced in
the detection region 155. This nmethod is further described bel ow and
illustrated in Fig. 3B. Inivgie%_ly at 320, the probe 230 is designed to have
a resonant S 1 1 response ‘al” or near a predefined frequency. In a specific
enbodi ment, this process i3 AceRARL R4 | engt h of the
first coaxial section 332 to be g%e-ozgf%ug?%gg%%e @%E]nt%%?sgt the WD 01/27610
38 PCTI USOQ 28491 desi r ed crethonsperd dfflihuéntd’ msi ng the fol | owi ng
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illustrated enbodi nent in which the desired resonant frequency is 1 GHz and
the relatiye.di.glectric.cqonstant of the coaxial insulating material
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head 230a and t he 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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properties of the sample. While a frequency of 1 GHz was chosen in the exemplary

o

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 fes 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

resonant point fr,. This step (and the tuning element 333 itself) can be omitted in
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t he baseline. response will change. .Jn the instance in_. ,
mmlmugl §| 11 Tesponse occurs 95 shl}ted above or below f, 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
of the baseline and test sample responses 334 and 335, and indicating a change has

occurred when the difference exceeds a predefined or preprogrammed quantity.
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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
aforementioned measurement probe and methodology, the signal response 335 of the
known test sample is obtained and stored. The analyte’s identifier (the analyte’s name,

alphanumeric code or sequence, or other identifier assigned thereto) is subsequently
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detection reglon 155; can _be designed to exhibit di stinct resonant
frequency, frequency spectrum. Other possible configurations of the detecuon 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
concentration, for instance 6 mg/ml. The response (353, illustrated in Fig. 3E) is obtained
and stored at 345. Next at 346, a second test sample containing the second analyte is

supplied to the detection region, preferably in the same concentration as the first analyte

(6 mg/ml in the illustrated example). Preferably, the detection region is flushed with a
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to an boundUBYAYAY 3R aBERaREHUE Refwert Hie Tpind seesnd 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
embodiment, a predefined amplitude and frequency window is computed around the
calculated average value of the two responses. Measured responses occurring outside of
the predefined amplitude/frequency window indicate binding, and measured responses
occurring within the window are indicative of binding. The amplitude/frequency window

at 1 GHz may range in amplitude from 0.1 dB, 0.3 dB, 0.5 dB, 1 dB, 3 dB, 5 dB, 10 dB,
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step of 345cémeehtidRas (it Blingahlidach)dietep867ng el ement 233 such that the
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Thi s nmet hod ¢l.asel arallels that of Fig. 3D  except that the first and
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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
skill in the art in high frequency circuits and systems will appreciate that a non-resonant
probe (one embodiment of which is shown in Fig. 2E) can be used to detect and identify
analytes. The process closely parallels the steps illustrated in Figs. 3B and 3D, the
exception being that the baseline and test sample responses will be taken over a broad
frequency range, typically on the order of hundreds of MHz or GHz. The broader band

response provides advantages in that the dielectric properties of the sample will be
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systens w ldnkappnaamplee t hat a non-resonant probe (one enbodi nent of which

is shown in Fig. 2E) can be used to detect and identify analytes. The
process closely par alfig)4A dlistrates grother eqpbodpany of theppeleculapietgstionystehe
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system conprising a tine domain neasurenent system 400. The system 400

i ncl udes a MRISYEMERY YRIEMSsPIGH @6 NPT Arpl yretrdtayneor time domainyneasutemeat
det ect or aqﬁmdaﬁéﬁa@v@ggg%dpath such as a coaxial cable, transm ssion
n

| ine or other transm ssi medi um 420. An additional pulse source and
detector can be used Duwingrime domamangdsetemehtyan paidenteighalr420R0hsisting of a

capability. in.a specifi errba?d'ﬁent t he pul se signal source 410 and the
det ect or 4P#S§IEPTO WCQ@PQQQH‘C 4 PRe the trapemigeinm fipe g%@ [t dnibe detegips  em
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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.

As known in the art, the dielectric relaxation frequency of molecule is the
rate at which the dielectric properties of the molecular level changes when an electric field is
applied to the molecule. As with the dielectric properties of the molecule, the dielectric
relaxation frequency is primarily defined by the structure and binding geometries unique to
each molecule. Thus once measured, the dielectric relaxation frequency of a molecule can

be used to identify it.
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absorb succpane/sdciirsl @b shedRIdttedind 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
that such systems can be scaled down to the chip level using such technologies as
Microwave Monolithic Integrated Circuit (MMIC) and the like. Such miniaturized
systems can be readily extended to highly parallel systems capable of detecting and
measuring hundreds, thousands, or tens of thousands of compounds simultaneously.
These systems can be configured to yield “logic gates” which are switched by the binding
event itself, such as by changing a characteristic impedance and thus the transmission
and/or reflection coefficients, or by changing the band pass properties of such a circuit,

and using this as the on/off gate.



succeedi ng pul ses. The decrease in signal absorption can be neasured in the
refl ected response 490 at detector 462. £ an alternative neasurenent
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whi ch the change occurs can then be plotted and used to characterize and
identify the unknown analyte and/or a binding event involving the anal yte.
This system characterization can be used independently or in conjunction
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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
curve or titration curve that would be used subsequently to determine the unknown
concentration of a particular analyte or ligand binding curve. For example, an antibody
could be attached to the detection region. The device could be exposed to several
different concentrations of the analyte and the response for each concentration measured.
Such a curve is also known to those skilled in the art as a dose-response curve. An
unknown test sample can be exposed to the device and the response measured. Its
response can be compared with the standard curve to determine the concentration of the

analyte in the unknown test sample. Similarly, binding curves of different ligands can be



test sanple by attaching a uni que nucl eic sequence as the antiligand to the
detection_ redi or a part thereof. Upond4&xposure to the m e,
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i dentificat Hg@ %Jfl | ecul ar binding events, analyte concentrations,
changes in di af 8¢ %q)l%q%?%gerti es of the bulk test sanple, classification

of detected binding events, and the like. In addition, the detector
assenbly includes a self-calibration capability, which is useful in
poi nt - of -use qua it ul & urance. Each of these nethods and

capabilities are furt I‘]ﬁépféééxﬁriﬁn 98@§h&%s tﬁ?ﬁ@tgcti&od}t?é grgs&%g(éﬂ%q?%ﬂrmds
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I nvention eg)%l?én?.sDteggtagI%tb%? irllgo Qve%];s i%c %dg {)r%%grr;/? gec%{adgry,rrgnlderﬁgllle?—rorder 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
order to observe in real time the signal response occurring as a result of binding events.
The test signal is recovered, the response of which indicates detection of the analyte,
substructure, or binding event.

The dielectric properties of the test sample can contribute to induce any

number of signal responses, each of which can be indicative of molecular binding. For
instance, the dispersive properties of the test sample can vary dramatically over

frequency. In this instance, the test signal response will exhibit large changes in the

amplitude and/or phase response over frequency when molecular events occur in the
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signal path. Indeed, tF%; (ti)lia?"l’li ¢, il%?lgll)t] agpnenrax_y 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.
Little or no change indicates that the two signal responses are very close, indicating that
the structural and dielectric properties of the test sample have not been altered by the
addition of the molecules within the new solution. In this case, secondary binding has not
occurred to a significant degree. If the comparison results in a change outside of a
predetermined range, the structure and/or dielectric properties of the test sample have
been altered, thereby indicating secondary binding events. Quantities which can be used
to indicate secondary binding events will parallel the aforementioned quantities, e.g.,

amplitude, phase, frequency, dispersion, loss, permittivity, susceptibility, impedance,
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permttivity, susceptThe détegtion 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
changes in dielectric properties of the test sample without reference to a binding event.

The process when a solution having an initial dielectric property is added
to the detector assembly. The signal response is measured and recorded, as previously
described. After a predetermined time or operation, a second measurement is made and a
second signal response is recorded. A comparison is then made between the first and
second signals to determine whether the two signals correlate within a predefined range.
If so, the properties of the solution are deemed to not have undergone any dielectric

changes.
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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.

Identifving Classes of Molecular Structures

It is also possible to characterize known molecular sub-structures such as
domains or other structural homologies that are common to similar classes of proteins or
sequence homologies in nucleic acids. In one embodiment, the process proceeds as
shown in section D immediately above, except that a number of molecular sub-structures
are measured and their responses stored. Each stored signal response will correspond to
one or more sub-structures. The process continues until a sufficient number or structures

have been detected and characterized to identify the unknown compound. Once a
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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
binding of one molecular structure on separate occasions with two similar but different
molecular partners, can generally be distinguished by the spectral fingerprints of the two
binding events. For example, a given binding event of interest, such as antibody binding
to antigen, can be first characterized in a purified solution containing just the ligand of
interest and the antiligand specific to the ligand. A broad spectral study is then carried
out to see when in the spectrum the strongest responses are found. The assay is then
repeated in the solutions typically found in the dedicated applications, for example whole
blood, to determine what effects non-specific binding has on the response. Then various

points are found which are determinate of specific binding, and a separate set of points
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simple dielectric signature, such as the ones generated by the present invention, can serve
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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
classification methodology by using a group of anti-ligands on the detector assembly
which are specific for particular sub-structures of a given protein. For example, a group of
antibodies that are specific for particular sub-structures, such as domains, can be utilized
for the determination of the existence or absence of the sub-structures. Thus, any given
protein can be characterized by determining both the presence and absence of certain sub-
structures as well as the dielectric properties of the protein itself. Further refinements to
this classification strategy can include looking at temperature, pH, ionic strength, as well
as other environmental effects on the above-mentioned properties.

Nucleic acids can also be characterized by following a similar paradigm.

For example, a given gene can be known to have a certain base pair sequence. Often
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other form of allosteric effect. For example, a given receptor can be used as an

antiligand, and a known agonist can be used as the first ligand. The interaction is then
characterized according to the dielectric response, and this response is saved.
Subsequently, compounds that are being screened for drug candidates are then observed
with respect to their binding properties with the receptor. A molecule that binds and
yields a similar dielectric response is then known to have a similar effect on the receptor
as the known agonist, and therefore will have a much higher probability of being an
agonist. This paradigm can be used to characterize virtually any type of target-receptor
binding event of interest, and represents a significant improvement over current detection
strategies which determine only if a binding event has occurred or not. Those of skill in

the art will readily appreciate that there are many other classes of binding events in which

the present invention can be applied.
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affinities and/or linear operating ranges, thereby yielding a value for the concentration
over a much wider range.

Next, the anti-ligands are added or attached to the detector assembly or
chip and the device is connected to the measurement system. A decision is then made as
to whether the response requires characterization for maximum specificity. If so, a
spectral analysis is performed in which the frequency or frequencies where analyte
binding has maximal effect on the signal are determined, the regions where the non-
specific binding has maximal effect are determined, and the response due to analyte
binding is determined. If characterization is not required, or if so, after its completion,
the device is calibrated. This step is performed in one embodiment by supplying a known
concentration of ligands to the detector assembly and measuring the resulting response.

Alternatively, if more data points are needed for the calibration, then a test sample can be
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attached at the point of fabrication, and the secondary binding species can be attached at the

point-of-use. Thus, variations in fabrication—especially the attachment of the primary
species—will cause variations in the ability of the device to bind its specific ligand.
However, the amount of ligand bound will be in direct proportion to the amount of
antiligand bound, thus a ratiometic measurement of the two is possible.

In one embodiment of the process, a molecular binding surface is formed
along the signal path by binding the appropriate antibody at various concentrations and
characterizing the resulting response for each of these concentrations, yielding some
value "x" for each concentration. Next, a similar titration curve is generated for the ligand
by measuring the antibody/ligand binding response for several different concentrations of
ligand, and a ligand titration curve is pre-determined. Next, a scale factor A is generated
by taking the ratio of responses of antibody binding to ligand binding. At the point-of-

use, the uncalibrated assay is then first probed to determine the amount of bound antibody
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methods. The computer system 500 includes a monitor 514, screen 512, cabinet 518, and

keyboard 534. A mouse (not shown), light pen, or other /O interface, such as virtual
reality interfaces can also be included for providing I/O commands. Cabinet 518 houses a
CD-ROM drive 516, a hard drive (not shown) or other storage data mediums which can
be utilized to store and retrieve digital data and software programs incorporating the
present method, and the like. Although CD-ROM 516 is shown as the removable media,
other removable tangible media including floppy disks, tape, and flash memory can be
utilized. Cabinet 518 also houses familiar computer components (not shown) such as a

processor, memory, and the like.

Fig. 5B illustrates the internal architecture of the computer system 510.
The computer system 510 includes monitor 514 which optionally is interactive with the

I/O controller 524. Computer system 510 further includes subsystems such as system
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the measurement probe, including a grooved cover piece which over which a detection
region is formed, and a length of PTFE tube (Cole-Parmer Instrument Company of
Vernon Hills, IL) used as a fluid channel to transport the transporting medium and test
sample to the detection region of the measurement probe. The resonant probe 230
illustrated in Fig. 2A was used in the experiments. The resonant probe was designed with

a fges at 1 GHz and exhibited an f..; of about 1.163 GHz assembled and in the presence of
the fluid channel (PTFE tube) containing the buffer solution.

The computer executes Labview® software to control the operation of the
network analyzer and to display and store data resulting therefrom. A coaxial-type
measurement probe as described and illustrated in Fig. 2A above was used. The PTFE
tube (0.031” I.D., 0.063” O.D., wall 0.016) was placed over the detection region of the
measurement probe and was secured using a grooved top cover which was screwed into

the shelf of the measurement probe. The tubing extends from the measurement probe in
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(BSA), water (18 nega o , sodium’'dodecyl sul fate (SDS) "and transporting
medi um phostdmaperting mzedgposilinegohatidn (KBS giH Aid) serapuroms¢PB8m PEma.(3) were
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PBS t r ans popirtitgedBdnMVESends @dibBStown, NJ). PBS transporting medium was used as
received, 25 mM sodium phosphate transporting medium, pH 7.8 was prepare using water
(18 mega ohm just prior to use. 1.0% solutions (w/w) of CA, fibrinogen, lysozyme, BSA
and pepsin were prepared in 25 mM sodium phosphate transporting medium, pH 7.8 just
prior to use. 1.0% solutions (w/w) ferritin and 5% (w/w) SDS were prepared in PBS just

prior to use.

In a first experiment, PBS transporting medium was introduced into the
tube and transported to the detection region where a Sy (return loss) measurement was
taken. Next, a Ferritin test sample (1% w/w in PBS) was transported to the detection
region and a second S;; measurement was taken. The Ferritin measurement was taken
four times to indicate measurement repeatability. The S;, response of the PBS solution
and four Ferritin responses is illustrated in Fig 6B (magnitude in dB) and Fig. 6C (phase

in degrees).
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nul | conpared to theolg?BS response, One or both_of these differences can be
used as paraneters to idebedy? furiher flusatinueot dhe diffsrepecia rasiwde beegniths ¢ he

processes a@gs/%ld #aﬁaq%il,tlie@;sbns&me%%reghéﬂcp.f Al ks nla8BRBA DBk, Y B%f%&é&?cea”d/ or

phase) can stored and used as an i1dentifying signature to ntify an
unknown analpptaaches 2hdi esuffigentlyslargel reagnstudie®drei ibdidative df healylequesepromesses.

Fig. 6Cis further illystration of the djfference in. i tude bet ween
the Pos arfe st o, Kyt bR bl obaRarh ketidtRe Hel e R Aot ne
the differ efeRurcARRBEsO ¢MBRASs 2R irfifibation 8 hidhGh@Bihredehtde td!ﬁﬂt@iahﬂgﬁbll{?%be _
i ndi cative of analyte presence in the test sanple. Further observable is

the small neasu_renentFig%Ib@ids&QteQ%eVﬁﬁ@e 6Ethé is{lirEspoHE‘é‘éﬂ{hg'P‘B@téld pMYiGh s an
i ndi cation of high nmeaSurement repeatability and stability. Fig. 6D

i |l ustrat esamiplesphddes. 6F itlustragbthe didfsoerce thefebetveceRBTha pladegtifference sanpl es

and Fig. 6E illustr ) i fference therehetween.. The ase difference
between  nbishhtiPRS 2oh FEmlinmEl ER U e BAG ol me e PURRH e

repeat abi | ifeyri@f sdnfifle nfe@durétbnts S ARPIraingBA phise ilfdtrBatiodcaa atiot@l ised BOase
information can al so be used as a paraneter to detect analytes in solution
i n accor darkaEamgterfodgectangbiessin e b accapianes Wi ke Progrss dpsstibediaavei bed
mol ecul ar detection systemwas used to denonstrate the detection of

di fferent anal ytes. PFNgg,theRbeyedlesGihead msleerarastachen pistpim tagaseddnd phase S,

1 neasurement s taket Ofelidn PGS anSPROP:E @MU A istrdle Dl 108 ude

and phase S;; measurements taken of six analytes: carbonic anhydrase, fibrinogen,
lysozyme, BSA, and pepsin and that of the transporting medium (25 mM sodium
phosphate transporting medium, pH 7.8). As can be seen, each analyte provides a
different and identifiable signal response, thereby enabling detection and identification of

each in a test sample as described herein.

Fig. 6H illustrates the S;; response (magnitude) of five solutions of sodium
chloride using the system described above. The solutions were prepared by serial dilution
from a 1.0 M stock solution; all solutions were prepared using de-ionized water. The
fluid samples were introduced to the detection region of the coaxial resonating fixture via
the tubing setup described previously. Initially, de-ionized water was introduced to the
top of the resonant probe operating at fges of 1.2 GHz. The probe was subsequently tuned

to the illustrated fi to achieve a reflection measuring -65 dB in magnitude. Each of the



| ysozynme, BSA, and pepsin and that of the transporting nedium (25 nmM sodi um

phosphate trans orting nmedium pH 7.8). &3 can be seen, e
provi des P ferent and identifiable signal response, ﬁg?@@@%@ﬁ Aol | ng

det ecti on and identification of each in a test sanple as descrl bed herein.
Fig. 6H illswliurathriibeolBtidnsiwasahgomsedicedgnd thedegnabfesponse veas! ratdrdes Af

sodi um chl oride using the s stem descri ove.. The sol utiaq r

prepar ed byFiguse Gt il !ﬂgﬁﬁe? dhe CPLSYRED 1§ Cop es‘igﬁ inggishing hrtwegn)a (gf)(?%&[ons
were pr eparlqgcpgl&%ndﬁdl&%ﬁﬁgd%{egr The fluid sanples were introduced to
t he detection region of the coaxial resonating fixture via the tubing

setup descri bed previ 9# O anh ¥y Sl |Sﬁbgé%£?%%895€m%5 P@éc&%&sﬁgaﬁ dto

the top of the resona probe” opera probe was

subsequent | ioleytiaelbintiingtdvents bbibg tehetlod 6ESigt BDas Biceydanae Wath! (BE pietent
measuring -65 dB in nmagnitude. Each of the WD 01/27610 61 PCT/USOQ 28491
sodi um chl oinveriondusing sadal wedght peirephatiang gk ed)ahie- Ohalusirgisarhersigngbnse was

St ngui sredonsey fof dBhachipt YA AR apl B f ER0indiNE RERY oEERARCE ftrmes
61 and 6J idigns tespbaseSidr natise BiSa, Sm,spmmmes:omdedinnxdm ef hathvg I$$y&blrfdhn'g

nol ecul ar bi ndi Ir‘g.gﬂevent using the nethod of Fig. 3D |a accordance with the
present i nYEhe I%% ecgemPreddr PRpse SrRbHES 3 pgAlt ¢ refppangy (mpigaurmg |

ilTustrates,}] néﬁ?tu&é g&ﬂ ) anfl G¥RG1SHS r f: I%Q?Ireglﬁé?lg?’ Mhlci%'ﬁlm mifubnplitude

non- bi ndi ng xtur and Fig. 6J7illustrate gnal responses for native

HSA, SAL, andndahlﬂedbdﬂsmlmdibdow ure of native HSA binding with SAL. Each of
t he neasured responses exhibited an anplitude resonance (m ni num anplitude
point) and a frequenclumeasceancabfhing@iizv)emdatibwanoh (3 Ak) an&idmairﬂadumt ude

(SAL) “wor o SISFah fagrheah omay (MHvenGsm G- CORpAy DbNFIeAGBIEL oW o

Phosphat e f | nc.
o ahact ) Sakpobel ARkt Rl ARG NET LR TRRIOLEL SR |1,

at 50 gM cquem‘cd at 1:oRBS (SR as 50 uM omcofitrateas.wiwck polapen efiHSA was PBS ( pH
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(native andicamdédimed)x MBS bifferfones! ﬁﬂﬁlﬁgs @ tthdeeaauiaNewd} prepared 56AMIM SAL
for 10 mins. prior to experinents. gtl# responses were nmade for a

sol ution ofH84 (Rthsanddeaetrizd) WAHPEEAG @d)’lﬂﬂ an pquappaumeief5029M SALstorut i on
B R N L A (o
| x PBS (pH (fia2ye arfd dpnatured sptnBBS (pE17e2)phtalutiedcattainmgrfo uM SAL in 1x PBS
(pH 7.2) and an equal volume mixture of solutions resulting in a final concentration of 25
uM HSA and 25 uM SAL in 1x PBS (pH 7.2). Signal responses were obtained at room
temperature using model no 8714 vector network analyzer from Agilent Technologies,
Inc. (Palo Alto, CA.) A resonant coaxial probe having a fges of 1.2 GHz was used as the

measurement pr obe.

Referring to Fig. 61, the buffer response exhibits a fi.s at of approximately
1232.86 MHz reaching an amplitude resonance at approx. —62 dB. The SAL solution
exhibits a slight increase in resonant amplitude (to -60 dB) and a negligible change in the
resonant frequency. The denatured HSA solution shows a decrease in amplitude to —73
dB and a shift of about +3.5 KHz from the buffer f.; in frequency. The mixture shows a
frequency resonance of approx. +1.9 KHz from buffer fi at an amplitude of approx. —-67

dB. As can be seen, the non-binding signal response exhibits an amplitude and frequency



t enperature using nodel no 8714 vector network anal yzer from Agil ent
Technol ogi es Inc. (Palo Alto, CA ') A ré&gonant coaxial praoh ving a fdes
of 1.2 06l ed as the measurenent probe. Referring FST/%ﬁE". 841‘ t he
buffer response exhibits a fres at of approximtely 1232.86 MHz reaching
an anpl i t udeespranee arPPraimalshr g meag yalygbetrigen g desginediBPA and fidbi t s a
slight incr g}g&\&? resonant anplitude (to -60 dB) and a negligi bl e change
in the resonant trequency. The denatured HSA sol ution shows a decrease in

anplitude to -73 dB gnd a shift of. about. +3. fromthe buffer fres in
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non- bi ndi ng signal response exhibits an anplitude and frequen WO
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t he denaturgd HSA an AL res S. Referring in conparison to Fig. 6J,
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of -55 dB. The conbi ned (binding) m xture shows a requency shift
approx. +0.MtrpHSA mspenses.buffer f 5 and an anplitude resonance of - 53 dB,
these quantities being clearly distinguishable fromthe nean value of the
SAL and native HSA rEgpdiisend 6Filgstra®is, psighab kespbisas tradt in &tdctini gpdific

responses made in detecting specific | ecul ar. bi nding events using the
met hod of F‘?’Bl.%cusl?r ?lﬂa‘%&if‘g%g% Wetrﬂ‘?tpg‘gogflgsggn{n acFW}?é‘?ﬁei it hggrergnequal
vol une | X cp&Rdh(@dih®8gual RoluhiR GUMRLARMAIBAh WEdomtihél mPHure) | Figsekat es the
signal responses for denatured HSA, SAL, and the non-binding"mXxture, and

Fig. 6L il lillustrasgsdbe sigaplapspoasgsdnsdenatused HEAI $ALHSA theabn-bamithg mixtaenbi ned

m xture of Ve gle] with SAL. Eac f e sur ed. responses
exhi bi t ed aaﬁlra?ﬁ%'l | @gératrﬂésg%%%n%éees%?ﬁcﬁfwﬁrgﬁ& Eé‘g‘ %rgqeﬁf)coﬁ‘ﬂﬂwa I’EF‘B’tﬁﬁency
resonance (dfrmadueHSA Whdingiwiths Abe Eattnofiemaaguréd Legonses dastened) descri bed

bel ow. Stock sol utions of sal butanol, and HSA were prepared in | x PBS (pH
7.2) at 208"RjiRdeRIRRFLtmigHRUM AERligide pomthand acfsemisRey wsonsncaffreaoencyt M was

denat ured ign; B I 2.73 overnight. Prior
to the bi ndViOlrlllghgﬁfpﬁ?&eﬁ%ﬁrﬁ%d@llgglgg%lgﬁ)ggjs&m}%rse&(rﬂg%%l y changed to pH 7.2 by
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m ns. Si gnait 20@ ahbosesntweioas.nHEA dtarfiral s@lceitrRidn @0 LM #gs A&A0GM in a 1x

PBS buffer with a pH adjusted to 2.73 overnight. Prior to the binding experiment, the

PBS buffer was rapidly changed to pH 7.2 by membrane filtration. Newly prepared HSA

at 100 uM final concentration was pre-incubated with salbutamol at a final concentration

of 100 uM for 10 mins. Signal responses were made for a solution containing 100 uM

HSA (either native or denatured) in 1x PBS (pH 7.2), a solution containing 100 pM SAL

in 1x PBS (pH 7.2) and a solution containing 100 pM HSA and 100 uM SAL in 1x PBS

(pH 7.2). Signal responses were obtained at room temperature using model no 8714

vector network analyzer from Agilent Technologies, Inc. (Palo Alto, CA). A resonant

coaxial probe having a fges 0f 1.2 GHz was used as the measurement probe.

Referring to Fig. 6K, the buffer response exhibits a f,s at approximately
1232.82 MHz reaching an amplitude resonance at approx. —62 dB. The SAL solution
exhibits a slight increase in resonant amplitude (to -60 dB) and a negligible change in the
resonant frequency. The denatured HSA solution shows a decrease in amplitude to —87

dB and a shift of about +7.2 KHz from the buffer f, in frequency. The non-binding



HSA (either native or denatured) in Ix PBS (pH 7.2), a solution containing
100 gM SAL in |Ix PBS (pH 7.2) and a sol u§i on contai ning 100 M HSA and 100
gM SAL i WOR/PEY (pH 7.2). Signal responses were obtai ne®@CIUS84P1
tenperature using nodel no 8714 vector network anal yzer from Agil ent

Technol ogi esnixtufe€shdwRad Reqeh®y reSdianceof fHeRnat2 KHe&ontbuffirdReat RaWhiplinlel 0es
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anplitude to -87 _dB and a shift of about +7.2 KHz fromthe buffer fre$ in

frequency. RPPIord-HKHE-ng WO 01/ 27610 63 PCT/ US00/ 28491 i xture shows a
frequency resonance of approx. 7.2 KHz frombuffer f,'s at an anplitude of
approx. -63 dB. As carReburiggencomprsisom o Bigneli.rbe biffirand Sedpespmsesdtbits a

frequency resonange (fres .+ 7. . whi i roximately equal to fres
plus the suﬁ\lebosga"?lﬁgy a% ?@&&éﬁfﬁéﬁ#ﬁéﬂv\c’fv&ﬁgéh‘?ﬁg% B Wéor@g%@%ﬂ’f's‘* of
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Fig. 6L, the buffer and SAL responses are substantially as shown in Fig.
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buffer fre . ed | e resonance of.s he i.ndi n
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is clearlyHautside of the range for the collective contributions of HSA
(6.3 KHz) and SAL (0 Hz). Fig. 6Millustrates a dose response curve nade

i n accordance wi th theig BiveaREratksY 864l rehonSSAr V@M @D Il cBE[ahd Ol i ch
Chem cal Conpany (M | waukee, W), PBS was obtained fromLife Technol ogi es,

| nc (Grand PEsandnvenypn. H§4 v obwinethiromeXidriek Eanmice! GeingarlydMiby awkes,

pur chased f i . I | ne. . S, . Stock of
P16 vas pr oot SAS ST M LR Ao I WGratatbiand N P and b | h vers

prepared i nmexaptfixadddcanol) add (QLE) waYl puadtaedt fréoi GilewdySEheraisal THCBRALSH at a
final concent raﬁi on M and incubated with C 16 at final concentrations

.of 10 .
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5% DVBO. A basedd msgwrﬁzfpa\‘@lsinqw@@ﬁﬂ{ 5.85 a?Q(ﬁﬂlMtcbﬂ&élﬂiati&i(. dﬁgo was

contai ning 5% DVBO (pH 7 ‘Measured responses were obtalne r
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A baseline response was obtained for a solution of 1x PBS containing 5% DMSO (pH
7.2) . Measured responses were obtained for solutions containing various concentrations
of C16 in 1x PBS containing 5% DMSO (pH 7.2). Signal responses were obtained at
room temperature using model no 8714 vector network analyzer from Agilent
Technologies, Inc. (Palo Alto, CA). A resonant coaxial probe having a f4 of 1.2 GHz

was used as the measurement probe.

Changes in the resonant frequency produced by HSA, C16, and the
mixture of HSA with various amounts of C16 were measured, normalized to (divided by)
fres of the baseline response of PBS/5%DMSO solution, and plotted versus the
concentration of C16. The response (Fig. 6M) is clearly indicative of a saturation curve

having a saturation point of approximately 50 uM for C16.

While the above is a complete description of possible embodiments of the

invention, various alternatives, modifications, and equivalents can be used. For example,



Technol ogies, Inc. (Palo Alto, CA). A resonant coaxial probe having a fdeS
of 1.2 G4z was used as the neasurenment pébbe. Changes in\KnEltil A pant
frequencyVPPAHH®®d by HSA, C 16, and the nixture of HSA ﬁ’svtgiglqous
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Wil e the ab@u@aiesit dochaitptsateitedas eis piplieatic arp dR6ipotRebpedéarad ia thdir t he
i nvention, various alternatives, nodifications, and equival ents can be
used. For exahjsteforgh puygyses tothesamepextenyad d/cagupdividusb publicatigmprd paent

medi ums, suc t. y.e. el ect rd ¢ . gy . . jvely be
used. as werlelTefRE G FigREChAR, Spb MRS AR 5 RBE A ? Y
and pat ent dogewiBgicemnanily ednéd) coipendiagppplivatiomnaldofwhich arglsreined by
reference in their entirety for all purposes to the sane extent as if each
i ndi vi dual presTPaeA by relseensatetheir e%r@tmghﬁﬂ R®OS’ i ndi vi dual |y denot ed.
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co- pendi ng applications, whi ch are herein I ncorporate rence
i n their entMoletuiaf Bmdalgl Eventspfiked Febibaryi 511981 (AP DR4Bp1 6B 08 AG02DedS); Met hod

and Apparatus for Detecti c r Bi ndj vents, filed February 1,
1999 (Atty Dkt No. 193%%1138188%f36a @QEF‘QWO G9¢ 2PBRY tan P REE * vet hod
and Appar at YgoitQr ar@ih@%%{%niyb’l fRIed FasruByndi 66 @\/tégl/bﬁt, Nof1958¢.0opBecasy 1

| . ,
1999 (Atty Dkt No. 1950I-000300US); Serial No. 365,578 entitled "Mt hod
and Apparatus for Det éeriahyjo. 03 Gcril8zntiBed iMathofhaad tgparafus| fedDateguisg 2,

Systemms and RROHSPOPEIIE00 e MBI Ecut 3 BaPH e S0 5 OFDea” August
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"Met hods of Nucl eic Acid Anal %si s," filed Au%‘ust 2, 1999 (Atty Dkt
19501- 00060dfoleciar Bindimg Events Y dhed 8ogasi2i 199 Atydp N 1\9691-%@3/(392; ng

Protein Binding Eventg, . ! St . ] 1- 00);
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19501- 00032@)ents,” 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. 19501-000310);
Serial No. 09/480,315 entitled “Method and Apparatus for Detecting

Molecular Binding Events,” filed January 10, 2000 (Atty Dkt No. 19501-000320).



65 WO 01/27610 PCT/ US00/ 28491 WHAT IS %SAI MED IS: 1 1. A nolecular
detection system for detecting a nol ecul event 2 wthi anpl e,

t he syst&vrﬁéé?r?ﬂr“i sing: 3 (1) a fluid reservoir, the flui dpq@gg(ﬁ)iz%?ﬁ
conprising a detection region 4 having of volune of less than 1.0 niL; 5
(2) a signal source operable to transmt an el ectromagnetic incident test

6 signal atyagATe9y¥ans 9ye 10 Mz and less than 1000 GHz; 7 (3) a
neasurenent‘p‘mg‘e_ﬂn‘g‘conprlm : 8 (a) a probe head having: 9 (i) a wave

gui de coupled to the signal source, or 10 (ii) a transmssion line, a
ground @l ane, and a diel ecArmoletdlat dareationnyeep deedttdeehguaeimolédudarteventtsm ssi on

line an the.ﬂround pl ape, wherein the. 12 transmssion line is coupled to
the sigral ¥§ ’tn(?eteStls%n\R%th@iSHSIFWE‘POBPPS’SB‘ghead is configured to

el ectrompgneti cal iy GAHP k&R IHRHSERLeA/ES bosibe t4@tekf; sanpl e
wi thin the detection glgéi on, tﬁe 15 i nter ac%igl?l 8®btﬂgé?nctleggﬁltlteg§§t si gnal
with the tesavispofpvaupe oflless thgnd.Omdblul ated 16 test signal, the probe head

further configured to gcover a ortiqn of the nmodul ated 17 .test signal;
and 18 (Sg) a connecti My 2@ %%‘?el@e(ai’)’eﬁ’tﬁ“é’ﬁ%{la“& HEPEENUSURHER ST t he

connect igNg §pshl af a FrleguaiRR SbGRMBIWIHZZAdRER a0 e i gured to recover the
nodul ated test signal. 1 2. The nol ecul ar detection systemof claiml1,
whereint he signal 2 ttagaeasuremenepnobe gompusing: a sufficiently high
sensiti\éity to detect that %a)af irrbset naﬁul.at,ed test 3 signal is different
froma second nodul at ed teg sr)l%nal?ea 8h"the first nodul ated test 4 si gnal
i s obtaigned while an aqueous sa(ph&vaeeghide Bbifledioxh@8ighil soegs, &f fibrinogen
is 5 present in the detection region and the second nodul ated test signal
is obtdi%hed while a 6 second afjlediansBussondinesa giousé plangandiedielestaet i on
regi on,;{t he seco ' i [ t Ir us
sanpl e 1elxcept thiaai elﬁ? € oe§d ﬁ%@%@ﬁ%{bﬁk@%ﬁmﬂ ?’%% fa’(rﬂ;%lghg .°&@efﬁgﬁer?é’emﬂf§‘§u| ar
det ectil@n syst emraisno$samhirk, is eheplad o théeigpalaberchead 2 is physically
separated from but electromagnetically cqupled to, the test sanple wthin
3 the detection region. WO 01/ 2%8%6* @epﬁq@&%%ﬂgﬁured to electromagnetically

14 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 A WN

being identical to the first aqueous sample except that it does not contain any fibrinogen.

I 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

3 the detection region.



1 4. The nol ecul ar detection systemof claim3, wherein the probe head 2
conpri ses an open-ended cross section of coaxial transm ssion line. 1 5.
The nol eV ar278x ecti on system of claim 3, wherein the 2PREASOVZMRINt probe
conprises: 3 a first coaxial section conprising the probe head and a first
gap end; 4 a second coaxial section conprising a second gap end and the
connecting 5 end; and 6 aThtMdistu®lr@RRBloPistent SYiMmENGARAGN BRI WBBAhéAE
first and second gap ends 7 and configured to provide a variabl'e gap

di st ance2 t hesmprétenre wpert-edded Hiesssettimafarcodsinkicansoussiopdinem of cl ai m 5,
wherein the tuning 2 elenent conprises a hollow, electrically conductive

tube suryoundi ng the gap ends. 7. The pol ecul ar. det ecti.on.system of claim
1, vvhere{ n the signal 3 2 s%F&O%%%Ftdﬁgecé?rbwgfénﬁ%ﬁcg% ?r’“éhreéel?ﬁ%q uded within
a_ vect orp nefRddfeaORIpYdRy comyfiise) @ 3 scal ar network anal yzer system or a

time domain reflectonmeter. 1 8. The nol ecul ar detections s%[stem of claiml,
wherein 3he fluid 2 edssropatipl scongn ¢eyaprisingibe Prabe hgadnd dlifst gep padite. 3 9.

The nol ecul ar detectign_system.of ¢l ai . wher ei ' ir
conprises a channel cOnfs gércg ! oseg'!r“gdngsgﬁrfsmg %?eﬁg?égﬁ%!ﬁ%nﬁ(%@% Olg%&!ﬁc)?
anot her.s 1ledd).anthe nol ecul ar detection systemof claim9, wherein the
fluid 2 channel conprises an interior channel of a PTFE tube. 1 11. The

mol ecul & det ection sydeming eementadivsablyprgagedhbeteen ihgithst apd seeaad\egp ends
conpri ses a;m(l gog}§}§ggéae[o%p@\g@‘génv%®b% g;lp(r:ﬁ{ig?ﬁ#ltgér bdth@fsport system 1 12.

The nol ecul ar I on-sys urther conprising a 2 fluid
transport systemconfigured to nove fluid through the channel, wherein the
fluid 3itransport sys$tem fThe nidecutrmiptecs@ssystenaof ¢laindS vaweeiv the tuomgf | gur ed
to store a transport fl ui g\; and V\D.%i@Z?G&O 67, PCT/ USOO4j28 91 5 a,fluid
control Ier ESAGBRLIRRPTES £ ARUY APl PBIICUYR PP SITRE &0 EBREANel , 6

the fluid controller configured to control the rate of flow of the

transpori fluid fromthe ThklmbletuleRicéaod sysbnuOdaibhe Whdkidl tihapmnel . 1
13. A method for detecting a nolecular event in an aqueous test 2 sanple,

the met hdd ewomps ans thy siggal(defeciararoiagtidad withm & vcl aeprerkiapalyzes systemqa
reservoi{ having g, deLEGLLyEEH G nt BomAinteMOlitELT | €SS than 1.0 i

1 8. The molecular detections system of claim 1, wherein the fluid

2 reservoir comprises a well of a microtitre plate.

0. The molecular detection system of claim 1, wherein the fluid

4  reservoir comprise.s 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.

12.  The molecular detection system of claim 9, further comprising a
fluid transport system configured to move fluid through the channel, wherein the fluid

transport system further comprises:

AW =

a fluid reservoir configured to store a transport fluid; and



5 (2) applying a test signal of greater than 10 Mz and | ess than 1000 GH
to the 6 detection region utilizing: 7 ga) a neasurenment probe conprising:
8 (A a pryobE2tehd having: 9 (i) a wave gui de coupl ed to PREUSIYIFP! source,
or 10 (ii) a transmssion line, a ground plane, and a dielectric 11 |ayer

i nter poged bet ween tmeﬂﬁla%eﬁﬂm&'ilceﬁhéctea% ﬂi&%ﬁdn@esawwaﬂd@d; gReluidRIHREN t he
12 trandmission line is coupled to the signal source; 13 wherein the probe
head i s6cornhé fuidembntrolles| C@Oﬁglﬂﬁégn@fmtl@htheyate pﬂﬂewuﬁ Ithe ransppr dluitbfiom: the t

si gnal e, test s etection region, the 15 interaction
of the mm@‘%ﬂf"s?’é’gfr @%Bﬁlélvgevé]‘{lﬂ 6 est sanple producing a nodul ated 16
test signal, the probe head further configured to recover a portion of the
modul atgd 17 test signal; Amhdcﬁfo(‘aéteétlr%@m@l@&ﬁl@lge\@ﬂdn aandudéus(tbr a si gnal
detector coupled to the connecting end he neasurenent 20 probe and
confi guRed sampietovethedheompidtingit ed test; and 21 (3) deternining whether a

Cianat Wth 1 ne abipieBtle S5 eRmBR fRGY byl TSR ok Fodlln b |3

event i g StyvHitime of les@thah 1foumtt i onal sim I arl ty of a first nol ecul ar
substance to a reference nol ecul ar substance, 3 wherein the simlarity is
det ermi Aed by coRpapRIVigE a tesssignaliofgesatcd shanckO Harmed lesh shapaliO0SHa Bt ai ns
the first ce to a test signal detected when the sanple
cont ai n§ 5%% gl&lr’e é(rﬁlglﬁge 0l ecul ar substance. 1 15. The nethod of claim
13, wherei n the nol eqy) ameasteerhentprébiendimpgiso: 2 a first nol ecul ar
substance to a second nol ecul ar substance. WD 01/27610 68 PCT/ US00/ 28491 1
16. A m8thod for detectind arﬁfP'é"c]EﬂathaWént in an aqueous test 2 sanple,
the metgod conprising: 3 (a) ingypRued ng\ﬂd@ccfu?[e?lttoﬁ?er@é@alls@ﬁr@e cfluid
channel "of a fluid transport 4 syste the fluid transport system having a
fluid movenent cont rol | er and tigafttap$rdissibn dihe mrgrburtbplang aadgglmcen@nt ry

end, etectio |on e exit e 6detet|onre n

havi ng 12 vol ume 8¥er ‘étg?of%t‘ieerﬁa}gg?a?ws%%g?%@“{}ﬁ% ggoé’r?sl £ Wﬂ%r\ffgl t;P]ﬁr ough
the chapnel frominissRANInG i€8iupled 18 URNHgdapuGrek;t he sanpl e exit end under
the control of the fluid controller;

13 wherein the probe head is configured to electromagnetically
14 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 (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.



9 (c) applying a test signal of greater than 10 MHz and | ess than 1000 GHz
10 to the detection region of the fluid gghannel; and 11 ( ing a
change i WaHE78 st s gnal as a result of interaction of t]ﬂ%ﬂﬂ%ﬂi{)ﬁﬁbh si gnal
with the sanple. 13 17. The nethod of clainml6, further conprising: 14 (e)
introducing a spacer material into the channel after the first test sanple,
15 (f) jntroduci ng alburt hemethedforsdatgritiog iamalecuitas exérimh ah agfeous he spacer
16 material, 17Hgg) causing the further test sanple to nove through the
channel 2 un&mnple.{ie megh BIU& the fluid controller, whereby a plurality

of different test sapplies SRRR ALRHsdMple o & PRfEEhaldl ©F hdluid gadspaasport ed
through§t he channel thﬁgﬂt P%{erln‘iii n% different test 20 sanples, and 21

(f) opt4 ongjstem iapaid tanspore pysidie hayioy affluid mpeerhent comsrolicaand dig e, 1 18.
The nethod of claim 17, erein the acer nmaterial conpri. 2 solution
of ioni¢ th%WﬁH’ﬁVé‘tﬁ?F%?VQﬁF?‘%}y ﬁfi‘ﬂﬁ d?%c %“'Eergﬁ)ﬁs%’ba? & pbye’élfgrgq’?%eos moti ¢
punpi ng, 3 .#]Ihl'% I JindOMRIEBAL of R thah i ek;uti | izes el ectroosnotic

punpi ng6of d%ﬁgeh uﬁ%meIfgg The mc;t hod of claim 17, wherein the spacer
materiaj conprises a (bpcdubing thet daatplé & motsstheawgh sl shappglifem Hiesagptarnie

test sanples, 1 20. The t hod of claim 17 erel. acer materi al
conprisés &nd ?‘@é&é‘&f&“@%ﬂi"&“&dﬁ‘#%t echﬁlcao\fn@Q/eeﬁnje@f&ﬁggorﬂ%?’ol ler utilizes
physi caj punpi ng of g%@guh a tesilsigdal of BRaetthad 00MHz kad tesd thanfl006 iz

conprising: WO 01/ 27 . CT/ USOO 28491 2 providing a further fluid
channell0Ot hat therleector tegianhef the flyid ahapgek: @¥annel in 3 the fluidic transport

system .the system prqQvidin e t. r i b o t he
second 1 uid channel ’(8)[ %egecélgé%rfﬁ%% ulﬁéﬁégﬁgtns%ap%oﬁeg? lﬁ?ﬂgvﬁg?%gtdf&en%gund

or a s§bi ejenhl With HRSdanpIPOUNds, 6 introducing a test conpound fromthe
second fl uic% channel into a test 7 sanple in the first fluid channel

sufficiently upstream fromthe test_signal .sq that the test 8 conpound has
time td3bind with a nd ecﬂ@rmﬁ?ieﬁ?S}?Jgnn’n%nf%{g’teég‘fmgr_é%%-e inthe first fluid
9 channgl before the_(k)eahoa@aﬁp% £ spRBCHRRiANAI B EhingNdler g aahinpl,
bi nding by a change in the test signal. 1 22. A nethod for detecting a

nol eculldr event in a (Pestrodumy efurthentesxampleintd ©a chagebaftathesmre d
reservqir, the. nethod conprising: 3 |locating a neasurenent probe that
exhi bi 18 a W& Hant signal response at a

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 (f) 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:



4 predefined frequency in a range from10 MHz to 1000 GHz proximate to the
detectio region to el ectromagneti cal | y9coupl e a si gnal

suppl yi ng%goyg%éﬁ)ence mediumto the detection region; Sﬁgﬁsﬁg%”fest
signal to the detection region and recording a basellne 8 signal response;
9 supplying a test sapvalicpafwiher ﬂgxdmhammctm@sms tbotﬁltrﬁlﬂmd’@atlh@ in10

nol ecul ar event to the detection re 1 couplin t th
det ecti ch r@@iwléﬁanﬁﬁﬁéi’ﬁ?‘ﬁgt SY%@'P PLOY éseffgat? 8@?){5%?3% lféngg ‘?‘ﬁn‘% nS
the differepeeedn MEY chzfﬂﬁ&l"‘ﬁ)%r&e&&ﬂ i bhaRePlRdifapa 'ﬂ&@c&ﬂﬁounﬁ‘brtaf%@nes

basel i ne response,; and 15 rélating the difference to the nolecul ar event. 1
23. The sret bowstafomploands, 22, wherein the nmeasurement probe exhibits 2 an S-

resonant response. 1 24. The met hod of cl.aim.22, ei.n, coupl t est
signal t® the 2 det eH’t“iOSHC‘P%@t‘?f‘ﬁc%fﬂﬁo%‘gtféqlﬂfk}?gse‘éorﬁie@‘@fi g é#loa esponse

conpris Lirhd R ERGhaeRiGédRalpstrdart B6R thB st Signd] R kithe ie wétgnal
to the SZt egatn?lglﬁﬁiggl on; 5 recoveri r119 aﬁ?g‘slrect ed signal ?rom t he detection

regi on; &nchﬁb@ihkiZﬂ@ﬁﬁlembi?@WUSwommS@uftmfrpaﬂlt@ﬁgsmﬁilftililéélrﬁrﬂ%ase of
the incident. si i tude or f the reflected signal. 1 25.
The met hod Blfaneg];?erfr‘?righ atf’nﬁrsfl??g r%%gp?ﬁ%séslgn% storing a first test sanple
responsfy and 3 COWDaHéte&m"gHlﬁdlﬁgbya%ha@%mklﬁ easpoase with the stored
first test sanple 4 response. 26. A rreasurerrent probe configured to

detect a nol ecular event in a 2 test sanpl e, nprising: 3 a first coaxi al
section tonprising a Péngi tuapthad for @Wéﬁ&i?ﬂ@jﬂ%ﬂﬁré?’em@éﬁﬂ%ﬂﬂ? n g,

di el ectric I%gc iOal"lt gglpgb?g?lﬁﬁprg%rw)‘ipqhé Hl%tﬂoa h‘%ﬁgfn aXI s of the center S

conduct o an o roun | ane di'spose rou d t he | ongi t udi nal axis
of the 6 diel ectric i nﬁudnag mmasdnenéntmbeahmhibltsactsooantnagnahgsporpc abe

head and a first gap end, the 7 ob ing .an 0 nd .coaxi al
cross sett i Bredefined fseaugney ‘86’6&?% le)l @ﬁzé‘bmﬁ)@hﬁd’r&“ F?gtgglﬂfa‘?%%ﬂuﬂ)
ext endi ng C?églcﬁ{ to electromagnetically couple a signal thereto;

6 supplying a reference medium to the detection region;

7 coupling a test signal to the detection region and recording a baseline

8  signal response;

9 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



9 conductor, a dielectric insulator disposed around the |ongitudinal axis
of the center 10 conductor, and an outeﬁoground pl ane di sposed around the
| ongi t udWP127216s of the 11 dielectric insulator, the secBaBHUSHARHAI
section having a second gap end and a connecting 12 end, the gap end
conprising a open-en (ﬁﬂ&%: I . | ; |

conpriang a coaxialqéo né@gSFﬁﬂgﬁﬁ‘??ﬁgk?ﬁﬁ?gg”g?gﬁ%ﬁ?qgg?ggggﬁﬁspé%ﬁ%ged
bet ween7t hefthd fleatad sigeelond gap ends 15 and configured to provide a

vari abl e gap di stance therebetween. 1 27. The neasurenent probe of claim

26, wherein the first section 2 fyrther rises a shelf conductively
attached to the outer?“fé:ond l?:et‘S'FthQHéJf§@H§?§’:ﬁgﬂh?rl‘§9mp§swﬁmh with the open
end of the probe headsdn28firfPERMIEespSiREARIE st orage medi um contai ni ng
i nformation 2 obtained by the nethod of claim13. 1

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.



