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SENSOR The present invention relates to a broad spect @qﬁ and a net hod
of manufacturing the sensor, the sensor which detect em ca bi ol ogi cal ,
bi ochem cakQ o03/w8083 ot her environnental stinmuli based on tplmmsoym%’mence on

t he nechano-optical properties of the sensor material. BACKGROUND OF THE

| NVENTI ON Chem cal sensors may be based on crystalline domains of coll oidal
particles 10 enbedded in a gelled matrix. Appropriately prepared gels, such
as hydrogels, can _swell and contract in response to changes in their

physi cal or cheni BROARSPBGRRIM O m%¥M$$B|W&ERyStaI s lattice
constant changes as the gel swells, and its optical diffraction properties
vary accordingly, in a nmanner that may be detected. This response can be
optim zed for a particular stinmulus by introducing functional 15 groups,
into the gel Qapghtsentoinventionr @latdsng avbioad tspeetiaini senbdtsandnal meftebdcong t he

desired structural changes to the gel. Inplenmentations of this technique
have 'n?%ﬂﬁfa@ﬁﬁﬁF‘i}%eﬂﬁﬁQ%QéMonHGIE (Talser chefi G ol iERAChibdhetit4), t he pol ymer
fromwhich the gel is constituted (see Asher, U'S at ent No. 6,544, 800,

hereaft er’ uhct i onal 1zed nthls way, it
swel |'s preferent in_r pnse to the specific stinulus, and t he enbedded
col | oi dalP pﬁg}eﬁotﬁgg %Pénﬁggg'as passive tracers of the nechanical state or
degree of swelling of 14 NOV 2006 WD 03/098183 PCT/ US03/ 13972 the
functionalized hydrogels. As described in the Asher patents, the gels'
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Chemicél sensors may be based on crystalline domains of colloidal particles
10 ‘embedded in a gelled matrix. Appropriately prepared gels, such as hydrogels, can
swell and contract in response to changes in their physical or chemical environment.
The embedded colloidal crystal’s lattice constant changes as the gel swells, and its
optical diffraction properties vary accordingly, in a manner that may be detected.
This response can be optimized for a particular stimulus by introducing functional
15  groups, into the gel capable of interacting with the stimulus and inducing the desired
structural changes to the gel.
Implementations of this technique have incorporated the necessary functional
groups directly into the polymer from which the gel is constituted (see Asher, U.S.
Patent No. 6,544,800, and Asher et al., U.S. Patent Nos. 5,187,599, 5,854,078, and
20 5,898,004 - hereafter the “Asher patents™). Once a gel is functionalized in this way, it
swells preferentially in response to the specific stimulus, and the embedded colloidal

particles are used as passive tracers of the mechanical state or degree of swelling of




nonitored by neasuring the optical properties of a colloidal crystal
enbedded within the gel. Variations in lattice constant fgaﬂgg E{E]g
diffraction pattern of the colloidal «crystal in a way whtch n be
measur ed. o opaeii cul ar, as described in the Asher patepdFusiisder my
sized colloidal spheres were allowed to organize thenselves into a

sel f.-assenbled crystal, and then the hydrogel, incorporating a
concentration of selected functional groups, was polynerized around the

as-formed tﬁgmﬁé@lnaﬁzggac';@d,fo%@gp% deRentRhd Raal %%g%?%.lgle?%éwgr. stal can be

used as quantitative sénsors for the stinulus €t§onal 10

groups respgR ' ' i r diffraction ysing an optical
spectrorreter.greP:r‘iK%ﬁrrglﬁtﬁg"%‘@@%ﬁesﬁgﬁ&?ﬁ% |Cl’)§%!)ﬁrﬁ§e ded 31 f er ent gel s
results in a }/a{(i ety of sensor materials sensitive to various specific

envi r onme M sY HHPEPS Indattice gistagbehapgs the diffrestian ppreenn bf the solloiddlus. However
t he above approach by the Asher patents are only effective for 15 detecting
one st i nuFTystabin agvay yhich gamibe megsurednnot be scal ed up easily to nonitor a
spectrum of potential stinmuli. Further, combining several sensor crystals

into adsingl e Inpesticabarcastebdribed in the Aekdripa@nts hifdthllyisnadicsidigg di fferent
stinmuli poses significant practical difficulties, would require

post - synt byimies wassallowed to Wiiagize 'tl'ﬁmﬁ,eldésfiBtb%%%ffgassgﬁﬁ%%stﬁ,%ggﬁ%{n’ no met hod

exists for synthesizing distinctly functionalized regions of gel in
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into a colloidal crysta en creating a ge
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properti egrys?tgl ctaQ %e_ {Jsecsélualstqiuglgtitgt?vrel:ss%s’ors for the stimulus to which the functional
10 groups respond by monitoring their diffraction using an optical spectrometer.
Incorporating different functional groups into different gels results in a variety of
sensor materials sensitive to various specific environmental stimuli, each gel sensitive
to a specific stimulus.
However, the above approach by the Asher patents are only effective for
15  detecting one stimulus at a time, and they cannot be scaled up easily to monitor a
spectrum of potential stimuli. Further, combining several sensor crystals into a single
system capable of detecting and distinguishing different stimuli poses significant
practical difficulties, would require post-synthesis assembly, which is a difficult
process. Further, no method exists for synthesizing distinctly functionalized regions
20 of gel in close proximity.
Still further, allowing colloidal spheres to seif-assemble into a colloidal crystal

- . ¥
and then creating a gel around the resulting lattice as described in the Asher patents,




bot h because a sel f-assenbl ed colloidal crystal suffers from Struﬁﬁﬂlﬁr al
defects, and also because very little control is possible ‘b‘feNUV 5ryst al
| attice constant, and still |ess over its symetry. 5 Finally, if the

i ndi vi dual wgalsfoeagsenbl ed crystal had indistingui shabl e opet/usiangdt ct abl e
optical properties, then detecting the different responses to different
stinmuli in a sensor array would require position-sensitive detection, which
is costly. Having sensor domains with distinctive optical signatures would
be less costly and difficult, but achieving such control during coll oidal
cryst al | iinmeduges wnlesirableovaziapility infp fthe entical prapritisseqf 198 'PRHIESIERS®. Thus, a
broad spectrum sensor that can detect and nonitor |arge nunbers of

di spar at eotinbéanosenz selfhsssmbled| dollgidadrystalcwfelsyfrom sttuetheal defscteaand and

I nexpensive to manufacture, is needed. 15 SUMVARY OF THE | NVENTI ON The
present iJmeehrchiB vesl kikle coh®olais postile of@rthel eysal lattipe cbastatabnd fiilbl ogi cal ,

bi ochem cal or other environnmental stinuli, including a plurality of

col | oi dal el [ hem cal t bound t h ticle'
le RN L fss?ﬁzm ving chemical receptors bound to each particle's
surface, \?\i%er elln e EJgl?’ur ality of <colloidal particles are conposed of a

materical havi Hohfy ! iR ingly BBl asei ik lcAMat hllaRindihBle/dr LS Particl es

aref(')a_rmed I n WO- or three- I ona tice. 3 14 NOV 2006 WO
03/098183 PCT/ US03/ 13972 ~The |attice, is, surrounded by a.,gelled matri x which
i s capablWPEf B“af%?aﬁcﬂdxﬁli’f{mesc&]ﬁ? ﬂﬁ&&ﬁ“ﬁz"e&ﬁﬁgﬁ ifFFé"’Bsﬁéﬁ" RIS in the
particul ar | ocal environment and which has a second dielectric constant.

Wien a t atigadi in 8 senspraTaysvenld esanise pesiionmensitiredstection vhadyis ceWicifical Iy, to
t he

Having sensor domains with distinctive optical signatures would be less costly and
difficult, but achieving such control during colloidal crystallization is extremely
10 difficult, and may be impossible.
Thus, a broad spectrum sensor that can detect and monitor large numbers of
disparate environmental stimuli simultaneoqsly, and that is easy and inexpensive to

manufacture, is needed.

15 SUMMARY OF THE INVENTION
The present invention relates to a sensor for detecting chemical, biological,
biochemical or other environmental stimuli, including a plurality of colloidal particles
having chemical receptors bound to each particle’s surface, wherein the plurality of
colloidal particles are composed of a material having a first dielectric constant, and

20  wherein the particles are formed into a one-, two- or three-dimensional lattice.




5 bound chem cal receptor, the gelled matrix contracts or expands, which
changes the lattice constant, thereby changing the pattern Qnglsz[m'ct ed
light in a neasurable manner so that the target stinulus' presence Can

det ect ed bwoasemmgironeter. | n another enbodi ment consi stgmiyswshifst he
present invention, the plurality of colloidal particles are assenbl ed using
hol ographi ¢ optical tweezers and polynerized 10 to create an integrated
sensor array, which diffracts light in a characteristic nanner, with each
one-, two- or &ﬂrf = di. mensi on ca:]g/eil}sgl | ine donmin of particles and each

t wo- di mensi onal "¢ a@%"?éﬁ TYrpun i Pt vhidsis gagablepfiexpapdingdirst i nct  col or
by design intg a particular direction. In another enbodi nent consistent
with the PPEREHRE JepgRding upen ¢hapgnsay the pantiqulaniiscal kitviranimeeeardi wikiglsi onal sensor s
permt easier access of target stinmuli and inprove the sensitivity of the
gel | ed seh#ctsegonddielectdonenstant.l n yet anot her embodi ment consistent with the
present invention, distinct sensor domains can be stacked on top of one

anot her in thrBhenla targetistimslusds divsicdes the détdors Rid B6fe shsifHiiyf foslaé n the sensor
I n

domai ns' lattice constants due to environnenfal 20 factors,’ a can be used

Lo di s8I nbotindlehéificdaaetpfdrOelgriiddthati? domtiab Ut dxpahll whlHMGLAQDRL! 2ed and
or

differentially functionalized domains I n one-, “two: HES? " nensi onal

ar r angenepttie abstint Uk | the result. 4 14 NOV 2006 WO
03/ 098183 PCT/ usc%’f’mé% %ﬁ%@ﬂ’%@%’ﬁé? d‘?ﬁr‘&?ﬁﬁﬁh’tﬂ apeasteEblent with the
present i LO - QqQr.. | 1iple-stage detection techniques in which the
sensor is %ﬁ:ﬁ{r%%o @%tptﬁc}é%ﬁge?&m% iﬁ%ﬂcwgﬁﬁ?w%{?fhbmwewemmy processed to

detect the stimuli_ can be used to achieve the same result.
In another embodiment consistent with the present invention, the plurality of

colloidal particles are assembled using holographic optical tweezers and polymerizeci
10 to create an integrated sensor array, which diffracts light in a characteristic manner,
with each one-, two- or three-dimensional crystalline domain of particles and each
two-dimensional crystalline domain of particles diffracting a distinct color by design
into a particular direction. |

In another embodiment consistent with the present invention, monolayer and

15  thin three-dimensional sensors permit easier access of target stimuli and improve the
sensitivity of the gelled sensor crystal domain,

In yet another embodiment consistent with the present invention, distinct
sensor domains can be stacked on top of one another in three dimensions to monitor
and correct for drifts in the sensor domains’ lattice constants due to environmental

20 factors, and can be used to distinguish between closely related stimuli. Non-
functionalized and differentially functionalized domains in one-, two- or three-

7

dimensional arrangements also can be used to achieve the same result.




5 In yet another enbodi nent consistent with the present invention, the

gell ed sensor arrays can be placed at the end of optical 71f4 2086 optical
readout with a fiber spectroneter, and integrated into portable systens for
use i n detwotosioggighem cal, biological, biochem cal or otgeryseNispnment al
stimuli. In yet another enbodi ment consistent with the present invention,
gelled - 10 sensors can be provided in a bundle or "brush" and an operator
may exam ne a large area by sweeping the sensor bundl e or brush over the

targeted area. Thg br ush ar.rangerrent rovi des contact of the sensing

el ement with t Ay ¥spRother cgbedimen Eﬂ?ﬁ'&@%&vﬂlbthelﬁ%migﬂle@thm&‘H@-qur a‘sanple to a
chip. In yet, another enbodi nent consistent with the present invention,

i nst ead offultipie-gfage degechiam ieshnigyes Ay which dleckensohisdirstaaxposed sppossibie t o a
particular target stinulus, can be disposed, and can be arrayed, at the end
of each f stireuli gfd subseqbenilytproaesged o delect theatimub SROBS el & ddMgeve@gget stimul us.
In yet another enbodi nent consistent with the present invention, a sleeve
can be psameirdgdk. around ft brush to provide a sufficiently rigid structure
to insert the 20 sensors into a |loosely packed material, for exanple.

Furthey, a harglgeeshoRey @E‘%"‘iﬁleﬁ&r"gﬁﬁeﬁﬁﬂﬁlﬂge B"reg)e\ﬁit ﬂl%gfgﬁ’?’a@@%g ﬁ‘l?fgt of each

fiber of the brush such that the sensor abr aded

during us 0 83 PCT/ US03/ 13972, I n another enbodi nent
consi st engtaemval} taﬁéﬁ}"e%{gg ggagﬁﬁtg%énrﬁgﬁﬁgcaé %fﬁééﬁpé‘fﬁ?mﬁﬁa%t mﬁ%h% i nt roduced
to the gelled sensor .array that interacts wth functjional groups on the
spheres’ ¥§t oé'?:ez"sr’?@lﬂgegf%edUPWcPoftﬁ'éle§¥§&9¥5ff%'éﬂellwd¢tﬁﬂﬁ@gicbﬁalchlzed spher es
together. After this, the gel can be swelled non-specifically through a
change i nbl?]@&lﬁ%lr biogheanigal or other environmental stimuli.

In yet another embodiment consistent with the present invention, gelled
sensors can'be provided in a bundle or “brush” and an operator may examine a large
area by sweeping the sensor bundle or brush over the targeted area. The brush
arrangement provides contact of the sensing element with targets in situ as opposed to
having to transfer a sample to a chip. |

In yet another embodiment consistent with the present invention, instead of
gelled sensor arrays, beads which are responsive to a particular target stimulus, can be
disposed, and can be arrayed, at the end of each fiber of the brush to provide the
response to the target stimulus,

In yet another embodiment consistent with the present invention, a sleeve can
be provided around the brush to provide a sufficiently rigid structure to insert the
sensors into a loosely packed material, for example. Further, a hardened permeable
screen can be provided on the tip of each fiber of the brush such that the gel of the

k)

sensor array is not abraded during use.




5 chem cal environment. Spheres bound together by the action of the stimnulus
wll not separate in response to the swelling, and thus, tbmmggctive
properties of their crystalline domain will not change. Iiy ,

di f f er ent | wofogngdigonal i zed spheres not acted upon by thepStigmahssgz W | |
separate as the gel swells, and their diffractive properties will change.
In this case, detection of the target stinulus involves the |0 absence of
col or change upon swelling. This approach woul d be useful, for exanple, in

t he specific t i f..antigens through their ability to bind spheres
functional i ze(cjjﬁlwlﬁ1 ? ﬂlefgrgg%élggéti cgf'sé%e‘gﬁ’f'ﬁ'dgﬁp'&e.m PReftenn 2 RIgH sdmBlsn out | i ned,
sone features con iséent wWth the present invention in order that the

det ai | ed %%Wﬁ?ﬁi&ﬁ ¢ diecgsiled Rensor grayohat ingtasts with fusetionb growgeost ood, and

in order that the present contribution to the art nay be better appreciated.
Ther e ar ethe §pheres rsyefaces giasi torkind theaspesifslly dsdtishalized wphdred higetheesent

I nvention that will be described bel ow and which will formthe subject
mat t er of Afttrethiscthaigebcantipamdiied her-siecificdlly thivugh & eRORS in tepffepin@e@¥p! ai ni ng at
| east one enbodi nent consistent with the 20 present invention in detail, it

i s to e ¢hetidas bDObniRal Sdheres Byai tiogé(}hér%yrﬁﬁkt.aétibﬂlogﬁ]gfsitit uidsSwindap! i cation to

the details of construction and to the arfangement: e conmponents set
and 6 14 KO0 SoBe e 05 0aE s TR, Bldo b Bb AR nioBBat BSHBHE: cne it
practi cod wMERmER Bifnd 385y ot cRpgret oty Honione brogphmatr ot oo
bt ract B AERBARH Y TR IaES (A SHRG B (el DFellsesis isin @Rtestie shoul d ot
be regarded as )
properties will chaqge. In this case, detection of the target stimulus involves the
10  absence of color chapge upon swelling. This approach would be useful, for example,
in the specific detection of antigens through their ability to bind spheres
functionalized with the associated antibodies.
There has thus been outlined, some features consistent with the present
invention in order that the detailed description thereof that follows may be better
15  understood, and in order that the present contribution to the art may be better
appreciated. There are, of course, additional features consistent with the present
invention that will be described below and which will form the subject matter of the
claims appended hereto.
In this respect, before explaining at least one embodiment consistent with the
20 present invention in detail, it is to be understood that the invention is not limited in its

application to the details of construction and to the arrangements of the components

set forth in the following description or illustrated in the drawings. Methods and



5 1limting. As such, those skilled in the art will appreciate that the
conception upon which this disclosure is based may readi l! bﬁgvt Q?ﬂﬁzed as a
j’s s

basis for the designing of other structures, nethods and

carryi ng owlo dslasgigeveral purposes of the present inventigipydosiies?
important, therefore, that the clains be regarded as including such 10

equi val ent constructions insofar as they do not depart. fromthe spirit and
scope of the nethods and apparatuses consistent with the present invention.
BRI EF DESCRI PEO\I OF. THF W NGS FIG 1 is a schematic L&gr esentation of a
f unct i onaffPZEPSELFRSISIFS Wgﬁffﬁmsgm IRvenlen gre GapAgleraf obise emherdimentsnt consi st ent
with the pres%nl invention. FIG 2 is a schematic representation of a unit
cel | of a*idnfibgingpractipsdang carmiegipybinaarions waysc Alsonilis tedd uoddrbtoodlal parti cl es
according to one enbodi nrent consistent with the present invention. FIG 3

i s a schethatthe phragsologyrand terminaldgyampdd sed HersimnaowelLasythé abstraqcor di ng to one

20 enbodi ment consistent with the present invention. 7 14 NOV 2006 WO

03/ 09818 3inElGde¢d IR0@H, LBOTR thpurposé f ddscAptmhRBidutd FRBE 8&RMIeaLL on of a
principle of stinulus detection by a gelled crystal donain, where the
targets stlifigings i s introduced into the gel, according to one enbodi ment
consistent with the present invention. FIG 4B is a schematic representation

f i nci pl td, ool ' .5 | ed tal damgin, wh
Che i hai vi duar s 5 BRI B BE Sl Ao e Bonghle Tonitih 1o ne

i ndi vi dual_. rticles, accordi 0 one enbodi nt consistent with the
pr esent ﬁh{;@ﬁs(cfoawe is baseg may rea%ﬁy E)e utilized as a basis for the designing of other

or

structures, methods and systems for carrying out the several purposes of the present
invention. It is important, therefore, that the claims be regarded as including such
10 equivalent constructions insofar as they do not depart from the spirit and scope of the

methods and apparatuses consistent with the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a functionalized colloidal particle.
15  according to one embodiment consistent with the present invention.

FIG. 2 is a schematic representation of a unit cell of a colloidal crystal
composed of functionalized colloidal particles according to one embodiment
consistent with the present invention.

FIG. 3 is a schematic representation of a gelled sensor crystal according to one

20  embodiment consistent with the present invention.



FIG 5 is a schematic representation of a hol ographic optical tweezer
system according to one enbodi nent consistent with the present invention.
10 FIG 6 is a schematic representation of distinct funct{ohdj(QiBiomains
arranged iwbpmsasrignt egrated sensor array, according to ongrekggisnent
consistent with the present invention. FIGS. 7A and 7B are schematic
representations of sensor array conposed of distinct-one-di nensional chains
of particles and distinct two-dinensional domains of 15 particles in a

nonol ayer, ac ding to, one. enbodi pent consi stent w th . nt
Mvention. B EGgA 8 drefgicirnesriipacEhpiadR okt SAGhBIRT o
domain of particles accqording to one enbodi nent consistent wi.th the present
i nvent i ogelled|ceystal doman, yEENHE LT SEmEE i BirP@ired ntg the E‘Fg*l %c@dHCor materi al
incorporating 20 several different donmains stacked on top of each other in
three di meosicmtmdinend consistenit withdhe pressatigyentioni f f erent stimuli, according to
one enbodi nent consistent with the present invention. 8 14 Nov 2006 WO

031098183 PCTFI¢hP it 3%¢Rematic@Epreseation ofa pidviptasf sinmdps dstentibabyan of a
sensor domai n conposed of functionalized particles stacked atop an

otheryi s Fﬁé&%@}étﬁ%nﬂmﬂe:@&e PRfilEd 2SgMiRRBIus HoIdeaNRe Birdl @ lipakds

functrondlized, according to one enbodi rent consistent wth the present

inventiong 5 F | ' : I o SEHAhER L oRfistftEwit feked
parti cl egffwdlé ge TﬁddagH%tﬁglgg%%hlﬁést%%fe of the Spﬁer funcgl&onal i zed
domain in conparison to the | ower non-functionalized domain, according to

one enbodfSiEHI™EBN stent with the present

FIG. 5 is a schematic representation of a holographic optical tweezer system,
according to one embodiment consistent with the present invention.

10 FIG. 6 is a schematic representation of distinct functionalized domains
arranged into an integrated sensor array, according to one embodiment consistent with
the present invention.

FIGS. 7A and 7B are schematic representations of sensor array composed of
distinct one-dimensional chains of particles and distinct two-dimensional domains of '

15 'particles in a2 monolayer, according to one embodiment consistent with the present
invention.

FIG. 8 is a schematic representation of a three-dimensional domain of
particles according to one embodiment consistent with the present invention.
FIG. 9 is a schematic representation of a single sensor material incorporating

20 several different domains stacked on top of each other in three dimensions, and
sensitive to several different stimuli, according to one embodiment consistent with the

present invention.




i nvention. FIGS. 11A-11C are schematic representations of a gelled sensor
array used in 10 two- or nultiple stage detection techni qtjgs {’:I@q 12 is
schematic representation of a gelled sensor array placed & tm ﬁ of an
optical fitweroshetspptical readout with a fiber spectronetgfgydeeisesr m an
integrated all-optical sensor system according to one enbodi nent consi stent
wth the present invention. 15 FIG 13 is a schematic representation of
depl oynment of nultiple exanples of a portable sensor system according to
one enbodi nment nsj st.ent th.the present _invention, which can

i nt er oper at e vﬁlfgg ibge‘ﬁsa maie denresentption: efaa SENSPE domale eampPoseerhl | vi ew of
environnental conditions and their evolution over tinme. FIG 14 is a
schemat i cfuntipnalized paticlss stepked asopiamotherpise adsntieal domainmy pagiclesavhog® enbodi nent
consistent with the present invention, for use in sensing and detecting

bi ol ogi caturfachem mat fiarctondited)| mgodmg tbhoneadnsbodiment wiodsisterstr with theof types of
sanples. 9 14 NOV 2006 WO 03/098183 PCT/ US03/ 13972 DETAI LED DESCRI PTI ON OF
THE | NVENttseht idfsatippesent invention relates to a colloidal crystal sensor
and a method of manufacturing the colloidal crystal sensor, which includes
(1) functionalg@i athan the
enbedgl ng gel, FIg! d[‘lﬁ%%{'?scl{éﬁia'n SS“?%%&@%B‘%P@U Y&é ?ﬂ%@gghhl ques to
assenbl e nal.i,zed. co dal articles into

o oot sel y R PR Py BEPheCloger RGloRRRN ahaicig pBaiiionls i P

roperties particul ar, the col| oi dal stal sensor, can be
]E) un(F:)t i on d}opfgwtlpgal%gg ;E\B{n'adn, accordcmg to one embodl};ent consistent with the present

Q

invention.

FIGS. 11A-11C are schematic representations of a gelled sensor array used in

10  two- or multiple stage detection techniques.

FIG.. 12 is a schematic representation of a gelled sensor array placed at the
end of an og;tical fiber for optical readout with a fiber spectrometer, to form an
integrated all-optical sensor system, according to one embodiment consistent with the
present invention.

15 FIG. 13 is a schematic representation of deployment of multiple examples of a
portable sensor system, according to one embodiment consistent with the present
invention, which can interoperate with others deployed in an area to provide an
overall view of environmental conditions and their evolution over time.

FIG. 14 is a schematic representation of a brush approach according to one

20  embodiment consistent with the present invention, for use in sensing and detecting

biological, chemical and radiological threats in a wide variety of types of samples.




chem cal, biological, and physical sensing by appending functional chem cal
groups 10 to the surfaces of colloidal particles, the gr upsNWiZﬂﬂBare
designed to respond to a selected stinmulus by nodifying the I'ocal chem cal
envi ronmentyowisiobdigs t he gel, for exanple, by changi ng thepdpgsi/i1390i C
strength, tenperature, chem cal conposition, or changing the pH The gel
either shrinks or swells in response, thereby altering the separation
bet ween the colloidal particles or spheres in the colloidal crystal. The 15
functionalized crystal's changing lattice constant, and thus, its
diffracti on charactiREL&dLER Vel RIFEION OF THEINYE NTIO ¥pectromet et so that
the target stinulus' presence can be detected. The target stinulus can be
one of a nucl eThe presenmt ipventien melates s b obalda togystad rseindor pidi.a FmetGod bf
schematically depicts a functionalized colloidal particle 120, indicated 20
as, for emangfheturingy @2l toliotdd! ey rsensdf) Owhivh Gdthales PEC fifnkGoda¥ipi@g ahe chemi cal
receptor 110 bound to its surface. The colloidal particle 108 Itself can be
fabri cat eghifoldaIN putidI&R thenRRIMS! YAt Cihak | tha Nérh¥Bdax dgel %da%aéih r material
whi ch has the appropriate or 10 14 NOvV 2006 WO 03/ 098183 /' US03/ 13972
desir oph! - pr [ - an n b speci ti Y,
non- s?’gci ?élééﬂh;gw&ﬁﬁﬁl;n@pb t nglg?eesdgc% ed;s%%ﬁg% (%}lar éﬁét ﬁlglr']évitﬂgér’%ngﬁt al
stimuli. Jhe.ligand .chem cal receptor, 110 shquld be selected to respond
specificaﬁi"@mnfigzeg ealloida Rerelis in® b Weléﬁmgb#%“% HpﬁmgF‘idi ng a
target nolecule or by 5 catalyzing a chem cal reaction when acted upon by t
he sti nul ehemicahand eptigalpronertiesshoul d be irreversibly bound to a surface of
the particle or sphere 100. Different populations of particles or spheres
120 may be cr datpadtitnara thee pellondpl @irysfabisensor angbgh dienctieonadized te tpeiferms ur f aces.
These popul ations al so may be di stingui shed by the size, shape,

chemical, biological, and physical sensing by appending functional chemical groups

10 to the surfaces of colloidal particles, the groups which are designed to respond to a
selected stimulus by modifying the local chemical environment within the gel, for
example, by changing the local ionic strength, temperature, chemical composition, or
changing the pH. The gel either shrinks or swells in response, thereby altering the
separation between the colloidal particles or spheres in the colloidal crystal. The

15 functionalized crystal’s changing lattice constant, and thus, its diffraction
characteristics, can be measured with a spectrometer so that the target stimulus’
presence can be detected. The target stimulus can be one of a nucleic acid, protein,
carbohydrate, and lipid.

FIG. 1 schematically depicts a functionalized colloidal particle 120, indicated

20 as, for example, a colloidal sphere 100, with a specific type of chemical receptor 110
bound to its surface. The colloidal particle 100 itself can be fabricated from silica,

7

polystyrene, titanium oxide, or any other material which has the appropriate or

10




and material conposition of their particles. In the case of spherical
particles, the size 10 may be described by the diameter "o 4(j @051 1).
FIG 2 schematically depicts a unit cell 200 of a colloidal crystal Conposed
of functiwpabjoghass particles 120; shown as spheres 102, fp@Emssassgl e

popul ation organized into a periodic lattice 200 with a characteristic
spacing "D'. The lattice 200 is represented as a single unit cell 200 of a
si mpl e two-di nensional square array, 15 but one of. ordinary skill in the art
woul d know that the lattice may take any form fromthe_ general class of
crystal | i Aesigd ppical prpedies.qad dogs nnt caplspesificadly os newrspasifigglly imitheny| ayers. For
this lattice or array 200 to function as a diffractive optical elenent, the
parti cl es obthe ppideteasinéd Girgsh enNitbnbhentabstinudif a materi al whose diel ectric
constant differs 20 fromthat of the surroundi ng nmedi um 150. Under these

condi tions, |ighe ligad s Bkentibslae@btot N0 sRAIdWHsieed o :%qﬂ:htl%?aﬁiﬁ&n the
particles or spheres 100, and the coordinated scattering romt%e regul arly

oS 1 onesh Bakbich! s, 301E(RRIE ) chERibilybinfing lrafech AREFOBEYO 037008183

PCTI US03/ 13972 sired diffraction. I'n par u wavel engt h
G 11 ot iRy R Rebo rEEAT VBRE AR e BT LY il BRI B 003 11 1 es
O T e 'Sl oS0 B0t o
' Tght Sca})ct)peurla?gnis th' Ig)art?clgsi (Yresghg'g ?ZCOt rkgynbeocri:astedgti:yvsgagend%/g: different ligands
110 to their surfaces. These populations also may be distinguished by the size, shape,
and material composition of their particles. In the case of spherical particles, the size
10  may be described by the diamgter “a” (see FIG. 1).
FIG. 2 schematically depicts a unit cell 200 of a colloidal crystal composed of
functionﬁlized particles 120, shown as spheres 102, from a single population
organized into a periodic lattice 200 with a characteristic spacing “D”. The iatt.ice
200 is represented as a single unit cell 200 of a simple two-dimensional square array,
15  but one of ordinary skill in the art would know that the lattice may take any form
from the general class of crystalline structures either in one layer, or else in multiple
layers.
For this lattice or array 200 to function as a diffractive optical element, the
particles or spheres 100 should be made of a material whose dielectric constant differs
20 from that of the surrounding medium 150. Under these conditions, light passing
through the medium 150 is scattered by the particles or spheres 100, and the

coordinated scattering from the regularly positioned particles or spheres 100 results in

11




7v = DsinO n 10 The size and shape of the particles or spheres 100 may

i nfl uence the observed diffraction pattern, and dynam c dHfJWip@theory
generally will be required to predict the diffraction patte or™

parti cul arweasmebmasgt h of |ight. Even so, the wavel ength scgidensdz2i nto a
given direction will depend on the lattice constant. FIG 3 shows a gelled
crystal sensor 250, with the lattice 200 of functionalized 15 particles or
spheres 120 enbedded in a gelled matrix 210. The gel 210 may cone fromthe
cl ass of rogels. in which case the fluid, medium 230. supporting both the
spher es &gﬁﬁg‘?l‘j@aﬁt@“‘z p@@ﬁﬁﬁ" E‘@E\A&é@?‘fel e*] PRREng A &M\t s ni ght be
used as desirable for particul ar_applications, as one of ordinary skill in
the art woangsmeptebpasticles °W$Pé‘e§élw%mh€réﬁt%é3’flk§'ﬁréﬂ WP GURENSIORS)PT eady
assenbl ed col |l oi dal crystal 20 250 by, for exanple, photopol ynerization,
cheni cal Ipjanes dudknde)pof yarticles at sphares 10t by aalangleithtiatcs iyanl ynBraggst i on, or by
ot her means known to one of ordinary skill in the art. 12 14 NOV 2006 WO
03/098183awCTI US03/ 13972 The gel 210 should be fornulated so that its
specific volune increases or decreases (i.e., swells or shrinks) in
respogse to changesginign=j;i/p | ocal environnent, thereby altering the
separation D between the spheres in the colloidal crystal 250. Rel evant

changes may i'%le}éqﬁﬁ(&%m@ﬁuﬂm&r%b gancentration, local ionic strength, 5
, or c

changes in pH anges 1 n concentrations of chemical species in the

solution. Preferably,,the gel .210.shoul.d not respo strongly by itself to
any of the t aRGBTSRY i, PRveigrent A ik finbred o p SRR Areis Y € oieed) geat

Rat her, the target stinuli should interact with the ligands 110 bound to
the partib¥l es or spheres 100 to effect a cheni cal

A =Dsind/n

10 The size and shape of the particles or spheres 100 may influence the observed
diffraction pattern, and dynamic diffraction theory generally will be required to
predict the diffraction pattern for a particulzir wavelength of light. Even so, the

wavelength scattered into a given direction wilt depend on the lattice constant.
FIG. 3 shows a gelled crystal sensor 250, with the lattice 200 of functionalized
15  particles or spheres 120 embedded in a gelled matrix 210. The gel 210 may come
from the class of hydrogels, in which case the fluid medium 230 supporting both the
spheres 120 and the gel 210 would be water. Other gels and solvents might be used
as desirable for particular applications, as one of ordinary skill in the art would
recognize. The gel 210 can be formed around an already assembled colloidal crystal
20 250 by, for example, photopolymerization, chemically-induced polymerization,
thermally-induced polymerization, or by other means known to one of ordinary skill

in the art.

12




change to which the gel 210 will respond. The colloidal particles or spheres
100, 10 ligands 110, gel 210, and sol vent 230 shoul d be Sileﬁb%d 6
accordingly. As an exanple, crown ethers chem cally bond & tg@]surfaces
of the parwioakBessigs spheres 120 specifically bind | ead imASysesEeous
solutions, thereby raising the local ionic strength and shrinking the
surroundi ng hydrogel. As the gel 210 shrinks or swells, so does the lattice
constant of the enbedded 15 colloidal crystal 200. This in turn influences

the colloidal ¢rystal's.2 diffraction characteristics. The functionalized
crystal's 200 Ti‘ﬁaﬁ?ﬁ)iﬁg Spa‘glaill‘?e;"%ﬁlgiegﬁf’ thiteltse sRSFidIC V°i‘§ﬂe BETEASES Por ed by
illTumnating it with white |light and neasuring the wavel ength of

backscat tdsemeeses (it SWellsi QfeSfmﬂg%)i igeresponsautoethanges iarits lood sanylrenminith
commercially available hand-held fiber optic spectrophotoneters. 20 FIGS.

4A and 4Bhgthynaleripglthe deparationaD teovezonthe Stherbetimdhe ogloidad cowtdl psod t ar get
stinmulus , depicted schematically as small spheres 100. |ndividual stinulus

mol ecul eReld@nt( ety fHay 4A0lul Gl@’hn%& In SnelncdntQtiad, flodtdofie dufptyi dual
particles or 13 14 NOV 2006 WD 031098183 PCTI US03/ 13972 spheres 100 (see

par i 1 & LS e e L SR R nci ng gel
v | CHRER: HiecBe o PR horRERAE SO BT SR BB ot B et ystal. 200
Scat t or oqUHE QP ikt e ey 200 FbHEsigeii Raihen e BFCSBAOLRIRA he t ar get
stinulus' 260 can be detected. Thus, the functional |igands 110 are affi xed
to the coMp@figyith hedigpedsdd 0bound tosheearticles-ns spheresHA0 saiettes ashemicaglel 210. This
offers an advantage in that libraries of
change to which the gel 210 will respond. The colloidal particles or spheres 100,
10 ligands 110, gel 210, and solvent 230 should be selected accordingly. As an example,
crown ethers chemically bonded to the surfaces of the particles or spheres 120
specifically bind lead ions in aqueous solutions, thereby raising the local ionic
strength and shrinking the surrounding hydrogel.
As the gel 210 shrinks or swells, so does the lattice constant of the embedded
15  colloidal crystal 200. This in turn influences the colloidal crystal’s 200 diffraction
characteristics. The functionalized crystal’s 200 changing lattice constant therefore,
can be monitored by illuminating it with white light and measuring the wavelength of
backscattered light. Quite precise measurements are possible with commercially
available hand-held fiber optic spectrophotometers.
20 FIGS. 4A and 4B show a gelled crystal sensor 250 detecting its designed

target stimulus -, depicted schematically as small spheres 100.. Individual stimulus

molecules 260 (see FIG. 4A) bind to ligands 110 affixed to individual particles or
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different particles 100 can be forned into different types of sensors 250
using the 10 sane gel chem stry. Morreover, it also offers S create
1 nRp 24

multiple self- calibrating sensors on a single device. By onal i zi ng

t he parti clwessensispheres 100 rather than the gel 210, nupd¥pdng/ 1§98 ectors
can be integrated into a single piece of gel 210, thereby creating a highly
conpact and conparatively inexpensive sensor 250. 15 For a given choice of
gel 210 or solvent, the class of distinct particles 100 and 1|igands 110
whi ch sati sfy theée ﬁﬁfi n criteria define the range of target stimuli 260
whi ch mayPhEes 19 e litp. 4B)ankhis intkinction desds by desdgretor hsmigal iKhenges ayl e gel | ed
crystal sensor 250. In another enbodi nent consistent with the present

i nvent i onthe particlesdrepherg’s 108 guifaderighiclo plopagitd infrathe isutrewnding gad2l0assenbl e
into crystalline domains, assenbly of the colloidal particles can be

per f or me®@yudesipy, thedeademival chanpési caade thevgetied caysQ000( waovelt) €hanginy thel4 14 NOV
2006 WO 03/098183 PCT/ US03/ 13972 1In conventional sensors, allow ng

col | oi daljatied ddnStaoflie ERbdddad solalery 41208 to SRhiOHGRID & ISt Alis gnd t hen
creating a gel around the resulting lattice introduces variability into the

B e T LT T g

col | oidal cryst oms ect's, an ecause it 5
may be difficult. tq control f resulfing,crystal's lattice constant, and
its symﬁwce%g&twlﬁs?ﬁ%% eo%t"'&%ﬂ'i c optical tweezers 300 (see FIG
5), particles__can be selected or trapped froma reservoir articles, and

moved to an addBhifhg fungtiggal ]ég?&gﬁ)rlb%ﬁfezé%x%ﬁ%ﬂ"énwlw rpéﬁictlc;‘gnfqogur ation,

i ncl udi ng three-dinensional array
rather than to the surrounding gel 210. This offers an advantage in that libraries of

different particles 100 can be formed into different types of sensors 250 using the

10 same gel chemistry. Moreover, it also offers a means to create multiple self-
calibrating sensors on a single device.

By functionalizing the particles or spheres 100 rather than the gel 210,
multiple detectors can be integrated into a single piece of gel 210, thereby creating a
highly compact and comparatively inexpensive sensor 250.

15 For a given choice of gel 210 or solvent, the class of distinct particles 100 and
ligands 110 which satisfy these design criteria define the range of target stimuli 260
which may be individually and simultaneously detected with a single gelled crystal
sensor 250.

In another embodiment consistent with the present invention, instead of

20  requiring colloidal particles to self-assemble into crystalline domains, assembly of the
colloidal particles can be performed using holographic optical tweezers 300 (see FIG.

5).
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configurations, quickly, cheaply, and effectively. The configuration need
not be 10 related to any structure which the colloidal parq{i4cNBY 2806ur al 1y
woul d form by self- assenbly; nor does the lattice spacing of the

t weezer - f owgmdggyst al have to be related to the naturalpdngspf forces
between the particles. Consequently, the particles can be optimzed for
their optical and chem cal characteristics wthout concern for their nutual
i nteractions. For this reason, the colloidal particles used for this purpose
need 15 not be spherical, nor pecessarily of precis specified sizes.

Hol ogr aphi ¢ oft F?,‘we“??ﬂé‘gféqsgrsségo‘ﬁlﬁ‘% cRHQIAM Raﬁlcﬁﬁetoaﬁeﬁjj%%‘ﬁ’gﬁ%u"goﬂescri bed in
U. S. Patent No. 6,055,106 to Gier et al., which is herein incorporated by
ref er enceplloida erystal and tthen greatinga gahvaspundothe remelting lafHegvinttasiucesxanpl e, in
FIG 5, the holographic optical tweezers 300 organi ze, for exanple, 200

col | oi dalvafisbifity Cines thwi bjtical 20oprtias asfstharresiitirgn sensdre hotha begausen self- f | ow
chanber 315. into a three-dinensional array. A sanple volune 310 within the

chanber 3d@mibkedi dollidal adys@lshiiayp Buffer kel Stadciral 3R@cts, @id bl3albetdugst are crafted
froma single input |aser beam 330 reshaped by a conputer- 15 14 NOV 2006 WD

03/ 09%18%45,%/@%% gf%}aghg.)ggsﬁﬁﬁ,gqn&gf’; Lafifck CYRBRINE B sehagpt (1 e,

spatial i1 ght no nto-a n- out ract peans 350 which
are passed through a,seri NSes. f i\ ed beanms 350
o h s di r oEREA vy o8 ISty poicdbBieRh 38t dI0u s R over
objective lens 370 into an tical tra Each co|ll oi dal partic in the
pattern 5apegssiectedopirapned fg‘g'{‘ég’le%’r’ﬁfﬂ“c %R?F'ilé%f'b a'ﬁ‘i‘/\é’@i’@fgo g’bés,seﬁngﬁ'hel din
place by a precisely positioned optical trap. Light fromthe resulting
optical taeeczwragB05d itoany\esirgd coafigyrateas, ainding thwe-dimensianaerayi t h a

m croscope i mage of the resulting array of colloidal particles
configurations, quickly, cheaply, and effectively. The configuration need not be

10  related to any structure which the colloidal particles naturally would form by self-
assembly; nor does the lattice spacing of the tweezer-formed crystal have to be related
to the natural balance of forces between the particles. Consequently, the particles can
be optimized for their optical and chemical characteristics without concern for their
mutual interactions. For this reason, the colloidal particles used for this purpose need

15 not be spherical, nor necessarily of precisely specified sizes.

Holographic optical tweezers 300 are known in the art, and are described in
U.S. Patent No. 6,055,106 to Grier et al., which is herein incorporated by reference.
As used in the present invention, and as shown for example, in FIG. 5, the
holographic optical twegzers 300 organize, for example, 200 colloidal particles within

20  a transparent and chemically inert flow chamber 315. into a three-dimensional array.
A sample volume 310 within the chamber 315 is illuminated by an illuminator 320.

i

Optical tréps are crafted from a single input laser beam 330 reshaped by a computer-

15




(pol ystyrene spheres in this case), dispersed in water and organized into a
square 10 array by the traps. Regular arrays of coll oi daf NV ABs are
known as colloidal crystals and have extraordinary diffraction properties
for visiblwologbdiss They may be thought of as three- di mnensiwosebnshifraction
gratings whose characteristic diffraction patterns depend on the crystals'
symmetry and |l attice constant. The crystals' distincti.ve optical 15
properties are optim zed by fabricating precisely structured coll oi dal

arrays, angd they,.are explojted here as _part of mef hQd of measuring
concentr a?q%gﬁie% Cﬁqagf’ég‘,’e ﬁﬁlf ?lﬁ'??%rge("%f Spéﬂﬁﬁ'{s&ahweﬁlﬁaqor é‘i(ﬁrﬁl‘loi a faprpubinot her
enbodi nent_consistent with the present invention, as shown in FIG 6,

di f f er ent ofcdiffragicd beaps 80 which arg passed through atseridsiof densess3tamadbenfahgani zed 20
sinmultaneously in this manner to form separate donmai ns distingui shed both by
t hei r chediffatedfbeams 8 hwhichas dicwtedriy adichrbie imirrop3d5call fohdedby Righst i cs. These
separate s domains can be placed into arbitrarily close proximty and even

rear r angegbweebobjettiee lefls 310 intdh aNoMick0 @ap. \Ea 3 dNR LB BarBEE WSR3 pakrBY 2 each

ot her using the capabilities of the dynam c hol ographic optical tweezers 300

of FlsG GgarfR@ny b rﬁg%&;ﬁﬁk BRAANARiERaL 300, i§ HeldCindGheePBy taidpqéct?%gprensphef es

within domins, "and d I'ns e redion, is attained, tire

assenbl y yviheri zed to create an integrated sensor array 400 as
shown in F&?ﬁOH%OFEQEI@'G shows two donmains 410, 420 conposed of

Surface |1 gand<BREon HeFRReSRl APras BPLE Vel ALY G PR s
side-by-side in the same gel matrix to forma sensor array 400.
together with a microsCope image of the resulting array of colloidal particles
(polystyrene spheres in this case), _dispersed in water and organized into a square
10  array by the traps.

Regular arrays of colloidal particles are known as colloidal crystals and have
extraordinary diffraction properties for visible light. They may be thought of as three-
dimensional diffraction gratings whose characteristic diffraction patterns depend on
the crystals’ symmetry' and lattice constant. The crystals’ distinctive optical

15 properties are optimized by fabricating precisely structured colloidal arrays, and they
are exploited here as part of a method of measuring concentrations, doses, and fluxes
of environmental stimuli.

In another embodiment consistent with the present invention, as shown in
FIG. 6, different colloidal particles from different libraries can be organized

20  simultaneously in this manner to form separate domains distinguished both by their
chemical functionalization and by their optical characteristics. These separate

¥

domains can be placed into arbitrarily close proximity and even rearranged relative to
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Even if only one or two target stinuli are of interest, the present

het er ogeneous sensor array offers advantages over conpeti q%w?ﬁbygl es. In
10 particular, multiple distinct donains offer continuous’i t -

cal i brati owo ;s@okiggdant cross-correl ated detection, and superiB13972
discrimnation of closely related target stinmuli. In another enbodi nent
consistent with the present invention, sensor arrays are conposed of

di stinct one-dinensional chains of particles or distinct two-dinmensional 15
domains of particles in a monolayer, and will still diffract light in a
characterf i%h‘ﬁ'é‘ﬁﬁérd,’e Sﬁﬂaﬂ‘?’é‘ﬁ%ﬁygﬁgwﬁﬂaﬁ ologrephig 9RtiFa} tWrees AWy a

di stinct col or b% design into a particular direction. In this respect, FIG
7A depi ct §1G-hpeeDasrethf desicer orrengemgni t of| eplloidal paicles oasphersd withihoi dal
spheres, 700, 710, and 720, arranged into a sensor 20 configuration 770

usi ng hol dgmaiphi andogdrnaiad wtithee ther egiobaGhattained, dfe aphersemblP car’ @, 720 has
a distinct spacing, and thus, a distinguishable diffraction signature. 17 14

NOV 2006 YélyRa/i£aad 8afd@hlikioRtel 38153r arfay 40D s sholin@ FB5A8pi cts four
t wo- di nensi onal functionalized colloidal crystals 730, 740, 750 and 760,

arranged into pcseNgwCRRS HGMAiRL 490, 480cdhsoSe Bphﬂlgﬁ@r%%@%@@a'

tweezers. Each donmain has a characteristic 'spacing, as In 0, and 760,

or a charagt.eri sti. hn : VA S| . T - di.mensi onal
domai na. aBItRBHAF PR d20gHraty SARF blptecs Ml 6 n i OSER FHER o1 her

| ower - di mensi onal strucgture,,and offer the possibility of strong

back- scar FBRI deEed Has By eider iy B BemHRE AT & S PEAE AR ko cat t er i ng may
be desirable for sone optical detection schemes and can be enphasi zed by

i ncreasi ng t heEven if only one or two target stimuli are of interest, the present

heterogeneous sensor array offers advantages over competing technologies. In
10  particular, multiple distinct domains offer continuous in situ calibration, redundant
cross-correlated detection, and superior discrimination of closely related target
stimuli,
In another embodiment consistent with the present invention, sensor arrays are
composed of distinct one-dimensional chains of particles or distinct two-dimensional
15 domains of particles in a monolayer, and will stiil diffract light in a characteristic
manner, with each chain and each domain diffracting a distinct color by design into a
particular direction.
In this respect, FIG. 7A depicts three one-dimensional crystals of
functionalized colloidal spheres, 700, 710, and 720, arranged into a sensor
20  configuration 770 using holographic optical tweezers. Each line of spheres 700, 710,

720 has a distinct spacing, and thus, a distinguishable diffraction signature.
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m smatch in dielectric constant between the colloidal particles and the
surrounding 10 fluid and gel. Hi gh dielectric constant mat'lelt iNJ® 206h as
titani um di oxide nay be preferred for the particles in such circunstances.
The use of weuhdiggh dielectric constant particles w il mgreedobnssg: m ni sh
the penetration depth of light at the diffracted wavelength into the
crystal, so that two or three layers may suffice to achieve essentially
conpl ete backscattering. 15 Mnol ayer and thin three-di mensional sensors
have advantages over_thick sensors in that they permt easier access of
target stinul i Forthes kiGelB demete faus peo-dimensipnad funcienalisschedbioidaberystalsng r esponse
with conparatively few target nolecules. This inproves the sensitivity of
the gel | e@3G&M8p75and 760, admngednintol a1 senkorsconfigaratign 780 Ging@ holegiaphis one uni t
cell of a three-dinensional face- 20 centered cubic lattice of colloidal

spheres. Spdal vdebdre e Bt BaAAIANA a Slidratedstié BRicing Oitfih 73022500 Bnd1260, 2
distinctive diffraction pattern whose peaks depend on the spacing 18 14 NOV

2006 WO Og{paﬁ;ﬁgbrjgﬁg’geé%%g/&;ﬁgﬁewwh particles. Different crystalline

symretries and lattic ead to different distinguishable
diffragtion p Fol Lng this,approagh, as t bove, several
diff er%nt dongr }?{gé@%ﬂ%ﬁsﬂn\%lg%?gmg e%?eﬁhgﬁ’gdﬁnf ﬁg‘eﬁt w@[ isﬁﬁgf a}@%ﬁ e
i ncorporated jnto a,single sensor terial (see FIG 5 .6). This materi al
then can W%Bsélﬂéaﬁ%ﬁgwesa@ﬁe&lpvﬁgm%e@ 9§%&f&sﬁ pa%mbalﬂ?aracrfoﬁmégd fi ber
spectrophot onet er sold by Ocean Optics, for exanpl.e. Each donmin's
di ffract i baskpattiesing Gl | scateringeby 190 rdegses)ed Stieng hackseatigring miysbe nct
diffraction peaks registered by the spectrophotoneter. Introducing a
stinmul us @esirableéorcbmeloptickd defection sahdnhes aadisan betemphhsizeidiyeincrsdsing e f f ract i on
peak to shift wavel ength. This shift in
mismatch in dielectric constant between the colloidal particles and the surrounding
10  fluid and gel. High dielectric constant materials such as titanium dioxide may be
preferred for the particles in such circumstances. The use of such high dielectric
constant particles will greatly diminish the penetration depth of light at the diffracted
wavelength into the crystal, so that two or three layers may suffice to achieve
essentially complete backscattering,
15 Monolayer and thin three-dimensional sensors have advantages over thick
sensors in that they permit easier access of target stimuli into their interiors and thus,
can exhibit a strong response with comparatively few target molecules. This
improves the sensitivity of the gelled sensor crystal domain.
In this regard, FIG. 8 depicts one unit cell of a three-dimensional face-

20 centered cubic lattice of colloidal spheres. Such a three-dimensional crystalline

configuration has a distinctive diffraction pattern whose peaks depend on the spacing
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10 wavel ength can be resol ved by the spectrophotoneter and used to report
the presence of that specific stimulus, and its concentr gt m‘iﬂ@ use of a
gel l ed sensor array integrated into an optical detection iS/ further
descri bed Weloamossss h respect to FIG 12. In another enbogimgagHensi st ent
with the present invention, distinct sensor 15 domains also can be stacked
on top of each other in three dinensions provided that. the domains' optical

properties are designed to permt i | luminating light to pass through to all
of the domai ns and dlffr?fcted i to pass through to the detector (see
FIG 9). Ystweshopstielgs. pildttecent oy "&pﬁmmmys énds dathieer spasingsildad terystal | i ne

domains are 20 stacked in three dinensions. (Note that there is no actual
space betdifferntdigtinguishablsdiffrastion patterni awi ngs depi ct a space for
understanding of the invention only). In particular, domain 1000 is

desi gned to rdfdllewing this approatisngtsiatal adaeq e dRE Qifflbit dotnaiddseadtiNOV 2006 WO
03/098183 PCT/ US03/ 13972 transmt the wavel engths of beans 1060 and 1070.

Che. vave! ongt e o B o S8 B e o, QA e 000 1
omai e 1800 TG 40 03b Pheperied i pBtbdehGopRBER Y ShadBl T, "
dormi ne. %%é{@opﬁga%"g% I i e e KT o e AP oRECTa BB E o of  sot

t he benef ' sen5|t|V|t% and response_ tine offered by thin

i
Ssensors. 4‘&'35'6‘?1’9?3@9 l’”"ig? clsACY resalved @s ong %mp@s‘ﬂﬂtﬂchélfg?@mmﬁak%t acki ng may

of fer additional _
registered by the spectrophotometer. Introducing a stimulus for one of the domains

will cause its characteristic diffraction peak to shift wavelength. This shift in
10 wavelength can be resolved by the spectrophotometer and used to report the presence
of that specific stimulus, and its concentration. The use of a gelled sensor array
integrated into an optical detection system is further described below with respect to

FIG. 12.
In another embodiment consistent with the present invention, distinct sensor
15 domains also can be stacked on top of each other in three dimensions provided that
the domains’ optical properties are designed to permit illuminating light to pass
through to all of the domains and diffracted light to pass through to the detector (see

FIG. 9).
As shown in FIG. 9, three optically distinct colloidal crystalline domains are
20  stacked in three dimensions. (Note that there is no actual space between the domains,
but the drawings depict a space for understanding of the invention only). In

particular,'domain 1000 is designed to reflect the wavelength of beam 1050, but to
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10 advant ages. For exanple, consider a sensor domai n conposed of
functionalized particles stacked atop an ot herw se identi ah go i.n of
particles whose surfaces are not functionalized (see FIG "1 ﬂ ) shown in
FI G 10A, wowmsgedibed colloidal crystalline domains 1100 wowushddsr2 are both
designed to reflect the wavel ength of 15 beam 1150, but to transmt other
wavel engt hs such as that of beam 1160. The only difference is that domain
1110 is functionalized to swell in response to stinmulus 1190, while domain
1100 is not. TP#?’ in thg anence of a stinulus, the two |ayer domains

woul d di f A0 A8 gvavelaaaths af beamscl 4o and d 074, Siilarly, dasmain HOWvaflectst he upper
functional i zed donmai n.woul d respond while the | ower non-functionalized

donai n  28eWAYEngBof bram 1960, and tensmitasthe maveléngtinef beamol 0700 nFifathigt | onal i zed
particles could be used in between functionalized donains to nonitor

i nt er - donthienwaseleagtht of kear® 1070 4s NfécRAMy Weh£H3/1096.18FRCT He0Rkta972 FI G
| OB shows the response to stinulus 1190. The functionalized donmain 1110

swel |'s i neonstpsrany oae b thesdonBisUBO) AD18 of B &eée T:J‘ala:ngéﬁglég&s&m@gt ant of

1110 changes so that the wavel ength of beam 1160 no 'S ansmtted,

but raf heghanksi j af.l Jaght, wi bl t hr ough domai n
1100 whose alngat ti ggﬁ%@%hgﬁtt%&%ﬁg? ?%ncgﬁlggﬁ%lblgﬁ%vephté{oﬁ@ﬁ? O%ﬁb %diffraction

pattern \A@}dnlmhgshange little if at all to the stimulus 1190. Any passively
i nduced change'in the lattice constants of domains 1100 and 1110 wil1 be

evident in corggo .nmode shifts of the diffracted wavel engths of beans 1150
and 1160, The LoSkuEfstesting Aoppn jnsthis menseL @ iah pppepotoctisdbtie benefitho

differentifal_ shifts of the diffraction peaks.
of improved sensitivity and response time offered by thin sensors. In some

applications,  however, the resulting systems’ stacking may offer additional
10  advantages.

For example, consider a sensor dormain composed of functionalized particles
stacked atop an otherwise identical domain of particles whose surfaces are not
functionalized (see FIG. 10A). As shown in FIG. 10A, two gelled colloidal
crystalline domains 1100 and 1110, are both designed to reflect the wavelength of

15  beam 1150, but to transmit other wavelengths such as that of beam 1160. The only
difference is that domain 1110 is functionalized to swell in response to stimulus 1 190,
while domain 1100 is not. Thus, in the absence of a stimulus, the two layer domains
would diffract light as one. Once the stimulus arrives, however, the upper
functionalized domain.would respond while the lower non-functionalized domain

20 would not.

Further, one-dimensional chains of non-functionalized particles could be used

in between functionalized domains to monitor inter-domain cross-talk.

20




10 Thus, in the case shown in FIG 108, the response to the stinul wll be
nmeasured when the single diffraction peak either broadens W#d‘%aﬁaﬁabl e
anount, or even splits in two. Such a differential neasurenent woul d serve
to of fset @oigbmes1s8n the lattice constant due to uninteresgrog@nsrt ati ons in
t he environment such as tenperature fluctuations or varying humdity. In

ot her enbodi nents consistent with 15 the present invention, stacked

i dentical domains with different functionalization could be used to

di stinguish b closely related stinuli,. one of which affects the upper
donai ngrmre sﬁl\g’ﬁg% %‘Hﬁstt%ereﬁ?%é? g‘b?“%ﬂyschwgf fﬁ'tet’zs""?tl‘f@al’ OgBai n rmlrog

strongly. In other enbodinents consistent with the present invention, nmany
of the sahd0 syehannrespense Wethgrstimplved A3 & geswl), i dettieg) comstant @hdtli®nal i zed and
differentially 20 functionalized domains in two-di nensional or even

one- di nenshiangeslsodhataheyeavelength dhbean 1 160atoclohgeaniig trafsmithads bwionatter,ie a gr aded
crystals sensor whose functionalization and lattice constant changes

cont i nuougflyctédir ThizhrefleSed dphpt Will pase 2hrotghvddnie .1 180 whésd\@icdG@GhoVVO 03/ 098183
PCTI US03/ 13972 Sensor arrays can be used to detect anmbient stinuli directly

through tfgétionaliz2tl] ke GRredore PRhbse difrabiishtte iR Ihansd ifle 18 2t QiR NeNt s

consistent with the present invention, sensor arrayS also can be used in

two- or nyltiAhgs ﬂﬁﬂeAﬂféﬁ's%fvie%ndﬁc@&: glgingé' fiothe %atg&rcoﬁé(t?ﬂg L’ﬁ‘i’ﬁm i der FIG

11A in which a gelled sensor array 11 Inds a stinmulu i ch has no

' di f il ray'. ' g O
i U anot HoP R4 Be BLREN iR shlbh ok SR A boe il ed SRR o Ty T
FIG 11B hy 112

G 5 Bk G Y 310, e s ot U S B B 1100 2
differential shifts of the diffraction peaks.

10 Thus, in the case shown in FIC_}. 10B, the response to the stimulus will be
measured when the single diffraction peak either broadens by a measurable amount,
or even splits in twlo. Such a differential measurement would serve to offset drifts in
the lattice constant due to uninteresting variations in the environment such as
temperature fluctuations or iraryihg humidity. In other embodiments consistent with

15 the present invention, stacked identical domains with different functionalization could
be used to distinguish between closely related stimuli, one of which affects the upper
domain more strongly and the other of which affects the lower domain more strongly.

In other embodiments consistent with the present invention, many of the same
benefits can be attained also by placing non-functionalized and differentially

20 functionalized domains in two-dimensional or even one-dimensional arrangements.
The ultimate limit of this would be a graded crystals sensor whose functionalization

and lattice constant changes continuously through its length, area or volume.
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10 leading to a detection. The transformation induced by process 1120 m ght
i nvol ve binding an antibody to a previously bound protein %Ngyl ?@S

sel ective chem cal oxidation or reduction of the bound st’ ; an
optical | y wodaoswst ransformation, in which case entity 15GQusbaesshs be
understood to represent the action of light on the bound target 1110. O her
possi bl e transformati ons of bound stinuli mght include 15 thernal
processi ng. This approach offers several benefits over conventional nethods
for detecting_ proteins, carboh drgt es, and rel ated biologically derived
materials in MERWH ERHHICAL be “’Fnggb Brevtermbient ;s irecte dé‘%i‘ﬁ'? thel o use

sel ective binding sites on easily prepared colloidal particles to detect
each of tinluence got pattietoibound élg«:mﬂ%hebe obfien ctimbgdigicntsscorgBtenk | vatht ithé ty can be
chosen to optimze sensitivity and discrimnation of simlar targets

Wi t hout qoesestrinvdntion,Oyehsariarrapgalsy cdrhigsssed o tvel-tor andtiplostagadbtettigne of bi ndi ng
nol ecul e simul taneously. The resulting sensor array 1140 of FIG 11C can be
22 14 NOYechRfgBesNO 03/098183 PCT/ U503/13972 exposed to an unknown sanple in
any of a nunber of ways, including dipping and surface contact on solid
sanpl es. The 4 n g 1V, s i npl e

chem gt ry capg%f %}/O %I%tog%%}r%éb}]% "’E hgéggeégg%g&gé\rﬁagﬁltoﬁyl{h (Saalnti ty of

t he bound..nol ecul.es., Detiecting th resence of boun r ot ei ns or exanpl e,
coul d 5 SEPRECHIPT wnER 55 o SubPia® SRECHE o, AR SaBES PAIR D g ATP 1
solution. Any domains whi.ch haye b%und target proteins will swell as the
bound pr crscquen Beatpenty iy f@ﬁ%ﬁrnd’ YH& rorp Fhereifdl e PEASESSe tTERFeEIMugh a change
in the diffracted wavelength of their crystalline donmain. Thus, differences
in parti stlematingbsint FI6n, 118 be 1120, ¢orvsas ithegousd stimalus phier 29w jentity

1130, as shown in FIG. 11C, which now influences the array’s lattice constant,
10 leading to a detection. The transformation induced by process 1120 might i.nvolve

binding an antibody to a previously bound protein stimulus; selective chemical

oxidation or reduction of the bound stimulus; or an optically induced transformation,

in which case entity 1130 should be understood to represent the action of light on the

bound target 1110. Other possible transformations of bound stimuli might include
15 thermal processing.

This approach offers several benefits over conventional methods for detecting
proteins, carbohydrates, and related biologically derived materials in mixed samples.
These benefits include the ability to use selective binding sites on easily prepared
colloidal particles to detect each of the targeted molecules. These binding sites’

20  selectivity can be chosen to optimize sensitivity and discrimination of similar targets
without concern for optimizing synthesis conditions for each type of binding

molecule simultaneously. The resulting sensor array 1140 of FIG. 11C can be
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10 addition to their separation and symretry, as well as t_rii ﬁﬂﬁh@ﬁiﬁcal
S

functionalization, affect their response to target stimuk ently,
the gell ed sensor arrays 1140 descri bed above shoul d have applications as
gene chi pswos@dssn chi ps, carbohydrate chips, and ot her @pphdgaishpns where
rapid detection and discrimnation of |arge nunbers of closely related 15
nol ecul es are required. This would have i medi ate appl.ications in testing
food, pharmaceuticals, cosnetics and other product s whose freedom from

pat hogens nmust be assessed frequently and econom cal ly. The gell|led sensor
syst em coupPesepdo @n ypkepwn panaple anameel dpumbes of verysciael Hﬁ’é\‘érdlmlé%&fﬂifb f or

I mredi at e neasurenents of such characteristics as heavy netal

cont ami nawiface, contact on snléd samples. obhe amay P40 then ceanbebrins20 andlzstvpiesht |y or
alternatively processed through a nultistep detection nethod to seek out
pat hogenswigh sibdpii dhefidtabeapible of dbbetinggahetha lpreserceiand @pt thetiéattityof schenes can
be designed along the sane principles for these and other applications. 23

1 4 NOV 200800 Q&S] SBeteleidg R gé&&ﬁz &f b&ed! ;ﬁ@'te&@%?%xﬁﬁﬁl@}’e%ufcpm d be

placed at the end of the optical fibers for optical readout with a fiber

Spect I:0 nal%q(:%réﬂlsfl%{ ﬁQati@ x?&?ega?rh o He%'anﬁ fn &M&E@m%’gyz% as shown

i n Fl sen nitor s N mai ns'
char act er st e d % r.act i nai ns. consi sti ng

CP B0t S dopals hich 1356 (2find SRS roBing THTRNF) 5t ﬁﬁ%&aﬁr&ﬁ fRFT A% o

signatures. Several hundred distinct donmains therefqre uld be integrated
i nto t he Tegthatized (:P@Eieé'ﬂroﬁr%%‘teeﬁ?‘é‘l’te phreugh 2 changen dgn thgﬁrﬁtedlz white

| ight 1200 froma light source 1280 is launched wth coupli ng optics 1210
into a muvavelengtt of thetricrystalkingdomai®20. This fiber 1220

Thus, differences in particle composition, size, and coatings on the spheres, in
10 addition to their separation and symmetry, as well as their chemical functionalization,
affect their response to target stimuli.

Consequently, the gelled sensor arrays 1140 described above should have
applications as gene chips, protein chips, carbohydrate chips, and other applications
where rapid detection and discrimination of large numbers of closely related

15 molecules are required. This would have immediate applications in testing food,
pharmaceuticals, cosmetics and other products whose freedom from pathogens must
be assessed frequently and economically. The gelled sensor system could be dipped
into samples of the product under testing for immediate measurements of such
characteristics as heavy metal contamination, salt concentration, and pH. It can be

20  subsequently or alternatively processed through a multistep detection method to seek
out pathogens or their metabolites. More general multistep detection schemes can be

designed along the same principles for these and other applications.
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10 projects the white light 1200 through beam shapi ng optics 1230 onto the
back side of a gelled sensor array 1240. This array 1240 di fg{)w 2008 ght
into all directions. Only |imted directions are collecte y the

beam shapi wg oopésigs 1230 and the return optical fiber 12fyyddesawse each of
the sensor domains in the array 1240 is designed only to diffract

particul ar wavel engths into this acceptance angle, the returned |ight 15
1250 will contain only those specific wavel engths. This light is transferred
by fiber or fiher bundle 1260 to a specironeter 1270 capabl e of resolving

t hese di ffract%’gﬁ’d\ﬁé’%sé? @’ﬁ@ﬁﬁ?“lgﬁpﬁ p?@ﬁ@?‘t‘k‘?\@“??féher%ﬁﬁlt&&rﬁ PPEEl t he end
user, or else to an automated read-out system The entire system 1290
conposed ®fdqut yfith & dihee specirgmetep g form jagninteapatadcall-opticg! senspr systémon opt i cs
1230, and spectrometer 1270 constitutes an integrated 20 all-optical sensor
syst em 128290 a7 bwovepadilGohdt The gedizd serisorrarraly ears mositdrestiffsim thetdoenandsass  of

hi ghly portable hand-held fiber spectroneters. Analyzing the diffraction
pattern feharacrrisiad difffetibmpeakd. Edr eXaMpROOG-MEr A3MANS E8kidiag bEBRP L3972

i ndividual lines' wavelengths and thus, for variations in exposure to

envi r gnnegat eiloidat bﬁsﬂelrés figaUekmp nfEhdr SR REPN sRhiana! RLEQN huddidy coul d be
handed with a sinple enbedded processor, or by interfacing to a handheld
conput at i e i ent | 9 | d be
[t egr at c et HEHARE kot oBuid 38 TFroghiad 8 hE Spleet B BB RF S encor
systemc bd e integrated easily into a nore general portable information
pr ocessi (ri%i syStem Such information processing systens include handhel d

conputing capabpi lity,, w reless .comunications_and gl obal  positioning
reception. The's ?"P@é‘r‘&#é@- 6&‘?‘8&% I@’Etl&q %’6% aslaht spireed24q isdauncedi n. can  be
integrated easily into such a system This integrated systemthen can report
its with coupling optics 1210 into a multi-mode optical fiber 1220. This fiber 1220

10  projects the white light 1200 through beam-shaping optics 1230 onto the back side of

a gelled sensor array 1240. This array 1240 diffracts light into all directions. Only
limited directions are collected by the beam-shaping optics 1230 and the retumn
optical fiber 1260. Because each of the sensor domains in the array 1240 is designed
only to diffract particular wavelengths into this acceptance angle, the returned light
15 1250 will contain only those specific wavelengths. This light is transferred by fiber
or fiber bundle 1260 to a spectrometer 1270 capable of resolving these diffracted
wavelengths and reporting the result either to the end user, or else to an automated
read-out system. The entire system 1290 composed of light source 1280, projection
optics 1210, collection_optics 1230, and spectrometer 1270 constitutes an integrated

20  all-optical sensor system 1290.
The spectrometer 1270 might be selected from the class of highly portable

hand-held fiber spectrometers. Analyzing the diffraction pattern for variations in
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10 position and detection status to a central data analysis station. The

presence of many detectors simultaneously testing for a w de} ermngggﬁ
environnmental threats and reporting their results and positions nakes

possi bl e woankedigd | ve assessnent of the nature, extent awgpgiisaisrpn of any
detected anomaly. Each portable sensor systemtherefore, can interoperate
with others deployed in an 15 area to provide an overall view of
environnmental conditions and their evolution over time. FIG 13 offers a

sinplifie I f such jnteroperatign in the field, where nultiple

reporti ngﬂ]ﬁlﬁ]@gl ?8551 o“ﬁaé'aieflﬁt%f ﬁggfﬂ?@l g"rd’laﬂ%tl"&é Ith CYRPSWE| P fnvirenmaentalr i but ed
view of the spread of an environnmental contam nation event. This would have
wi despr eatmulh KquLrss mipEnab somprational effertiaaf toaldneahandad dvioatsimpleas wel | as
in environmental 20 testing for industrial process control and contani nation
det ect i onc@heided peasessor, o by Mieafagiel lted hendishir coarpuayiondl 2d0iceadntihigy ar e

hi ghly custom zabl e, can have many applications. For exanple, sensor

crystal s cae, the epticksdteni 129G omdd beZbtegriteliGho20 B5ndR1O 3 OABFR3rum
PCTI US03/ 13972 pharnmaceutical and other products during shi'pping to detect

bypr odsict ensdr systeir ik ia%n@aq%ﬁaﬂlcbaa%ii&e%@wgﬁgs{ ih&,da RS Blnf [ 8YS Can

sense the products to detect byproducts et en can spect ed at

2L AR B BB NGO SRR AP SHERSS. S

vari ety of possible 1 n-shipnen nges. _ _
appl  cat | AemoEcBlpindh; BiRodig Serdlflf, ‘Betey: miirosar kLo consurer
products, po%n%nfn%rreég%%ﬁ.o rTthQm%grgteﬁto%Eci:all idg%ct(i)crn sm:tté;r ciieeslcl:r?bgdohr I_o'ng- verm
st or age. Y tremn. can
be integrated easily into such a system. This integrated system then can report its
10 position and detection status to a central data analysis station,

The presence of many detectors simultaneously testing for a wide range of
environmental threats and reporting their results and positions makes possible
quantitative assessment of the nature, extent and duration of any detected anomaly.

"Each portable sensor system therefore, can interoperate with others deployed in an
15  area to provide an overall view of environmental conditions and their evolution over

time. FIG. 13 offers a simplified view of such interoperation in the field, where

multiple reporting units deployed in the field provide a quantitative distributed view

of the spread of an environmental contamination event. This would have widespread

applications both in battlefield command and control as well as in environmental
20  testing for industrial process control and contamination detection and remediation.

The gelled sensor arrays 1240, as they are highly customizable, can have

many applications. For example, sensor crystals can be packed with food,
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10 A single gelled sensor can al so sinultaneously nonitor a range of
different stinuli, ranging from airborne chem cal and biﬁb’o bgaz gents to
doses of ionizing radiation. The sensor elenments may be ISB ag , and may
be easily weabaghags when contam nated or to sel ect differmftyéosgissz 15 The
reader maybe any suitable commercially provided handhel d device and can be
configured to transmt data to central locations via wireless |inks. The
device also may display sinmultaneous real-tine analyses of all tests for
the operator as well. The optical signals fromthe device are by their

nat ure noPhagmaceupieal pped { Phere Hredyrisnduring, sbipping: & rdsteshclypradustse @fii pment i s
thus well suited to hazardous 20 environnents and to renote depl oynment and
oper at i ondegsadatjorh apthgdeltespiinnd She selled sepsosranfays c@6 sande M@/ pRAGEs WD 03/ 098183
PCTI US03/ 13972 I n anot her enbodi nent consistent with the present invention,
t he gel | edetecs dypodscts atr.oandpthey catetle inspectdduatcl teartitid byshiimpROpast see FI G
14), and an operator may exam ne a |arge area by sweeping the sensor bundle

or brush haf@hawesnrifesyster BLiseeks aniide vai@y Bf peshibR! ihARPMERNEhaREQYi des
contact of the sensing elenment with 5 targets in situ as opposéed to having

to tr @sf?ﬁusﬁreagthaglo?u;&eépbo@.@@ BF thERekdf RSy %r?%g db Dol BfeRb $EMat3QP 1S

a
sensor el enent ch can 'be swept across s ces or I1n an alr or water

flow. Theréhi[%qés or bristles of the brush would preferably be free and the

fibers fl exl Wth the use of a brush approach, the sensor is not,

where 1t woul B EHFIOBS 1514 aopE GBiehs he FaRatpty secguarimg <o
consumer products, and for monitoring the stability of materials for long-term
storage.

10 A single gelled sensor can also simul_taneously monitor a range of different
stimuli, ranging from airbome chemical and biological ‘agents to doses of ionizing
rad_iation.

The sensor elements may be disposable, and may be easily replaced when
contaminated or to select different tests.

15 The reader maybe any suitable commercially provided handheld device and
can be configured to transmit data to central locations via wireless links. The device
also may display simultaneous real-time analyses of all tests for the operator as well.

The optical signals from the device are by their nature not susceptible to
contamination or interference. The equipment is thus well suited to hazardous

20  environments and to remote deployment and operation as by being dropped out of

aircraft.
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Further, instead of gelled sensor arrays, beads 1340 (al so shown in FIG
14), which are responsive to a particular target stimulug, | sposed,
14 B8V 2006

and can be- arrayed, at the end of each fiber 1320 of the , to
provi de t hgoesamigse to the target stinmulus. 15 A sl eeverdi3idhifmer FIG 14)
can be provided around the brush 1300 such that the sleeve 1310 can provide
a sufficiently rigid structure to insert the sensors i.nto a |oosely packed
material, for exanple. The sleeve 1310 can be formed of any material which
woul d be sufficiently rigid, such as plastic or netal. Once inserted, the

sl eeve 1310 danangthey cgmbadinment StApRIsieRawithnibe quesenly inveption, the regjled 1330 can
sense the material, 20 react to the stimulus, and the response can be read.
Di f f er ent seasans cansbe pravided én a dupdie oF Verushd' 1300 {(see dilG. $4), and an operatoe provi ded
on the various fibers or bristles 1320 of the brush 1300 (i.e., tests on
separ at e thapexdine a2largedarbiO¥y 20Q6pID11KE34en St 1RAdIPGE Bih3 1 IRPdver their t her,
tests for the sanme target stinulus can be distributed on the bristles at

di fferentiros@ASdd Vel biusly %&%eﬁxeﬁleﬂbvig&aé&ta%%ﬁh@ seéfilg él¥mBMtaRiA tation, as
wel |l as provide a basis for statistics and greatly reduce fal se positives
and f al se Lyes. . <11 screen 1350 of netal .or
nyl on:% orm%tgﬁz;r)ms(lﬁ%tofgpgeetdqg5%@%&%&%@%&%%%&| ded on the tip of each

fi ber 3120 of th ru 300 (ji.e. .. sensor pad), such that the gel of the
Sensor array 1556 her 370 i hecsishyt0B in 3560 BRehRAER o o olban Uot
operators may use the brushes to sweep_assigned portions of a contam nated.
area. Res3§rass sufaces ghHy Ubair 87 Maler aWe ukieyfibegrorbaistlescofitba fryshpwquld and 10

correlated in the field to develop patterri and intensity anal yses.
preferably be free and the fibers flexible. With the use of a brush approach, the

sensor is not limited to surfaces, and they can be inserted into crevices and places

10  where it would normally be difficult to obtain readings.

Further, instead of gelled sensor arrays, beads 1340 (also shown in FIG. 14),
which are responsive to a particular target stimulus, can be disposed, and can be-
arrayed, at the end of each fiber 1320 of the brush 1300, to provide the response to the
target stimulus.

15 A sleeve 1310 (see FIG. 14) can be provided around the brush 1300 such that
the sleeve 1310 can provide a sufficiently rigid structure to insert the sensors into a
loosely packed material, for example. The sleeve 1310 can be formed of any material
which would be sufficiently rigid, such as plastic or metal. Once inserted, the sleeve
1310 can be retracted such that the gelled sensor arrays 1330 can sense the material,

20  react to the stimulus, and the response can be read.

Different sensors that are responsive to different stimuli can be provided on

the various fibers or bristles 1320 of the brush 1300 (i.e., tests on separate fibers).
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I n anot her enbodi nent consistent with the present invention, the groups
appended to the colloidal particles can be designed to rers]lpm\%ozmssel ected
stimuli by for exanple, undergoing an exothermc reactio can be

det ect ed bwowamssasss neans. O her biol ogical, chem cal orpdgiaghogh®g: cal
changes to the gel can be detected 15 to determ ne the target stinulus’
presence. Note that the gel nust be perneable to what target stimulus is
bei ng detected. In another enbodi nent consi stent vvith the present invention,
when theppsensor taI S are asserrbl ed with haol o h| c OE‘HI cal tweezers,

and the é‘lrtPF"cFeétﬁ‘Efr & PATRs tagget graul Fﬁcaér?ﬁéi&mtqdrf’ @%1353 ffegnk| ose
contact with one another, the spheres can be 20 exposed to a stinulus such
as an ant&egﬁetwltYdPV%&maﬁm quhntibate, or yerify quantbiasiopdanwell aepravide 4 basiexanpl e, and
then certain antibodies can be bound to the spheres. In particular, 28 14

NOV 2006 fof3t&iidtiComilGBeafie Téduse Bdlse3bédivestint falseatdigatiypper es of differ ent sizes
which react to a nunber of different anti bodies, can be used. Thus, the

spheres sel eCtrMBdrya BirdehedPerifiédbf sared | 3 W ntal oRAPOR S diidr dSiGabRTE | gaps
bet ween the spheres. The spheres therefore, becone” bound toget her, but not

in 54he, &fﬁ‘i"&ﬁﬂ@‘g&%&ﬁﬁfﬁ@% éf&gh%h?ﬂbdoﬂh%mrh{h QOda! es. If the

t emper at ure or sone her em C reaction nst e gel can

The. | domdPie! GHDARC e %ﬁﬁﬁﬁgﬁiﬁgﬁi‘#@?ﬁ%{ B fhuBehe dé’r‘a‘#e‘v’% Baccordi ngly,

with a chan?e in tenperature, for exanple, the gel wll swell and the
spher es e ve 10 apart, and the diffractive wavelength will shift to the

red. Thus, this change in color can be neasured by a spectroneter.
Teams of operators may use the brushes to sweep assigned portions of a

contaminated area. Results are reported simultaneously, or can be read later, and
10  correlated in the field to develop pattern and intensity analyses.

In another embodiment consistent with the present invention, the groups
appended to the colloidal particles can be designed to respond to a selected stimuli by
for example, undergoing an exothermic reaction which can be detected by various
means. Other biological, chemical or radiological changes to the gel can be detected

15  to determine the target stimulus’ presence. Note that the gel must be permeable to
what target stimulus is being detected.

In another embodiment consistent with the present invention, when the sensor
crystals are assembled with holographic optical tweezers, and the particles or spheres
are in embedded in the.gel and in close contact with one another, the spheres can be

20  exposed to a stimulus such as an antigen, or strands of DNA, or a carbohydrate, etc.,

for example, and then certain antibodies can be bound to the spheres. In particular,
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I n anot her enbodi nent consistent with the present invention, as one of
ordinary skill in the art would be aware, the present invehtij@ycZfpbe used
in nucleic acid hybridization. In particular, a binding agent can be used
to bind twwyoids@omsilS together by a third entity, such as myrusshasha

hybridi zati on DNA assay, |eptins, carbohydrates, or biotin etc. In nucleic
acid hybridization, there would be a specific code provided with the

nucl eic acid, which would | ook for a specific sequence. Thus, for exanple,
beads coul d be coated _w.th probes having a sequence coated with one or nore
nucl ei c a@:‘&ﬁi‘e ii’gé%‘?s RE Wity %&d‘é\*@e‘eﬂgd%"rﬂ“@e{ rEdifEarent pagbastiest o t arget a
20 particular nucleic acid. In addition, materials can be included to
process t¢abeusedet and nake it nore accessible for the probe and the
reacti ve substance on the bead. For exanple, nucleic 29 14 NOV 2006 WO

03/ 098183 PCTITHSE3hd 8liePes saixictivdty binid do zataiantibadies, mdrcan biitge §@al ri ction
endonucl eases in the gel to cut up the target DNA into fragnents that are

mor e accegpé BhtwedPtheRBh&BATThd dphbres tHRFeRB ARRSmE Botif¥top GRSE bt noP 5Pt €1 NS) .
Further, other itens can be incorporated 1 n the gel tg facilitation the

reactidfn, 4l : : L.zed that the

above-sgestg% F@gﬂnﬁﬁg{%sgf%eﬁthgé%w ?ﬁgb%q\g]\t/ﬁéﬁtelglg%&g% nmerely possi bl e exanpl es
of inplenentatiqgns set forth for cl.ear. .understanding . of th rincipl es of
the inventi onTﬂ' &'grtlelgpf:%hge 8550%8&16{ Ehemical deaghion H’e‘"sm%@ ths g€ EE"
above-described enbqdi nents of the jnvention without departing from the
spirit andVefripnbpss damaps owherg fFeantiegdics afe bawndnbyfodn pPEavelbAR thid
variations are 10 intended to be included herein within the scope of the

i nvent i ondoanadispwlesre dhe antihodiescare ol banid ig the spheres. Accordingly, with a

change in temperature, for example, the gel will swell and the spheres will move

apart, and the diffractive wavelength will shift to the red. Thus, this change in color

can be measured by a spectrometer.

In another embodiment consistent with the present invention, as one of
ordinary skill in the art would be aware, the present invention can be used in nucleic
acid hybridization. In particular, a binding agent can be used to bind two items

15 together by a third entity, such as by using a hybndization DNA assay, leptins,
carbohydyates, or biotin etc. In nucleic acid hybridization, there would be a specific
code provided with the nucleic acid, which woulci look for a specific sequence. ‘Thus,
for example, beads could be coated with probes having a sequence coated with one or
more nucleic acid probes having a sequence from more than one region to target a

20  particular nucleic acid.

In addition, materials can be included to process the target and make it more

accessible for the probe and the reactive substance on the bead. For example, nucleic

29



30 1 Nov 2006 WHAT IS CLAIMED IS 1 The sensor according tz b ﬁg
wherein each said particle is a bead. 2 The sensor accord| gﬁ 0 i m 38,
wherein each said particle conprises at |east one nenber selected fromthe
group conswgtgsnesied sSilica, polystyrene, and titani um oxigerusodnIhg sensor
according to claim 38, wherein each said chem cal receptor responds
specifically to each said target stinmulus. 4 The sensar according to claim
38, wherein different popul ations of said parti cles are creat ed by

appendi n fferent chem ca tors t urf aces cles. 5 The
Sbheor adelt WRGERLe PR eBoraR, ? el troRieiseRs S e af Jhoed SheEh S o gol -
enbedded partl cles are disposed. The sensor according to claim5, wherein
a respond¥gef @éllﬁ‘oﬁéﬁﬁﬂ%ﬁégattaée @QTCCFCCQSEP]@& thetheads (8., Potgagesds tene of a
change in ionic strength, tenperature, chem cal conposition, and pH in one
of said ge$e cfipaoteias)d Fugtiénather7iteTirsecan dr sreprpactasiditiregge] o faciitatio8 &he wher ei n
said gel deforns in response to an action of said target stimulus with said
speci fi c redveion,dl, catelyget or. 8 The sensor according to claim?7, wherein a

| atti ce constant of said array changes in response to said target stimnulus.
9 The gsensor JCGRgld ek tefpRhsied that WHETSbve- &@érﬂ,e&eaﬁ Ofifieh® wéﬁcact' onis a

color change. 10 The sensor according to c aim 8, erein sal hange in

said | att.j S S opget ensor

zecor di g {HEF AR ket osTBBCHaRRIN YR RRERbICRE, R fF 4 8" 10T

sensor acu%ﬁér‘é’tkﬁ‘ﬂng e 8LiMiBres SFEE Shansd! ‘{ra%‘z‘tﬁéﬁs% FhodfalleiiSn ) p MLer al
made to the above-described embodiments of the invention without departing from

the spirit and principles of the invention. All such modifications and variations are

intended to be included herein within the scope of the invention and protected by the

following claims.
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having a dielectric constant which is different fromthat of a dielectric
constant of at |least one of said nediumand said gel. 13 The senfqry v
according to claim 38, wherein said gel is a hydrogel. 31 NOV' 20 Q fﬂm
The sensor according to claim38, wherein a diffraction pattern of said
array changes in response to said target stinulus. 15 The sensor according
to claim4, wherein different particles fromsaid different popul ations
conprise an organi zati on of separate domains. 16 The sensor according to
claim 15, wherein said organization conprises separate donmains in proximty
and arranged as an assenbly. 17 The sensor according to claim 16, wherein
sai d assenblr comprises an integrated sensor array. 18 The sensor according
to cl ai\WHA ISIREAMMEDSIR d array is conposed one- dinensional chains of
particles and two-dinensional domains of particles in a nmonolayer. 19 The

ohi o afo o erisPr BeEAinkeio dli e w RAER S P PEREl S ﬁgﬁLf‘ﬁs of

parti cl according. ta claim erejn said ar

Tl 1< mensh ST SgF BEGETdIRCP At Whede il FReh i BRM e e briastp ast

t hr ee- hriEemehiRRserictetyfromntHe YWhal ecths'teing ARficadh §té?1'é§‘bn6 Wifdri$m oxitded
t wo- di nensi onal domai ns, and sai three | mensi on arrays are arranged

such that Sa‘l'ﬁe_ﬁéﬁéér‘%c%%rchﬁﬁc{ aﬁh%ﬁ' Wﬁ{ere?r?@%ﬁ‘gel\ﬂ%eﬁugél%é br féb@&ﬁ&c“on

si gnat ure. e sensor ac toc rern sail nte at ed
sensor speciigaiiynt ea:tﬂssaiditérgetstnnulderral ns which are sensitive to d| fferent
target stimuli. 22 The sensor according to claim20, wherein each said

responsg to T skrisaf getording to claim 38, wherein different populations of said particles
are created by appending different chemical receptors to surfaces of said particles.

5 The sensor according to claim 38, further comprising a medium in which said gel-
embedded particles are disposed.

6 The sensor according to claim 5, wherein a response of said particles to said
target stimulus includes one of a change in ionic strength, temperature, chemical
composition, and pH in one of said gel and said medium.

7 The sensor according to claim 38, wherein said gel deforms in response to an

action of said target stimulus with said specific chemical receptor.

8 The sensor according to claim 7, wherein a lattice constant of said array changes
in response to said target stimulus.

9 The sensor according to claim 7, wherein said response to said action is a color

change.

10  The sensor according to claim 8, wherein said change in said lattice constant is

measured using a spectrometer.
11 The sensor according to claim 38, wherein said array is at least one layer.

12  The sensor according to claim 5, wherein said particles are made of a material
having a dielectric constant which is different from that of a dielectric constant of at least

one of said medium and said gel.

13  The sensor according to claim 38, wherein said gel is a hydrogel.
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stimulus includes a shift in wavel ength of a characteristic diffraction peak
of each of said different domains. 23 The sensor according toje} ¥ ygglﬁ
wherei n said domains are stacked on one another in three dinensions. The
sensor according to claim 23, wherein said donains are stacked in a
staggered manner. 32. 14 Nov 2006 25 The sensor according to claim 23,
wherein a surface of one said domains includes functionalized particles and
a surface of another of said domains includes non functionalized particles.
26 The sensor according to claim 38, wherein said target stinulus is one of
a nucleic acid, protein, carbohydrate, and |ipid. 27 The sensor according
to cl ai M 38, Thehegnsion agaendingiocclainm 3§, wherginow tificaction pattenp ofisdid aniay of a

pl ur al i(t,l'Yan%?rirll Fégé’%hggl?‘géé@weigﬁ’émﬂsw The sensor according to claim?27,

further co SI N oses said fibers. 29 The sensor

di ta.claim?28, wherein said sleeve, is retractable. 30 The sensor
ocordi 19 1 T SHAcS Recqiaio AR A SaETI AR RRRRISS T Soid ANt T | ber o

IS 1 espgipilatnsComphiske! £ Sifanizatigs | ihsThe sensor according to
claim 27, wherein eﬁgch sal @tag”a:y ?Bgés%ﬁ{é{?%m% Ssai d fibers is responsive

t ' Ir \4 | 1 gl us. . or
Rccordi 1 ¢ o ek pebe G ciafh B MRS brRol Toniisi e SeBEE | o
sai d fidemainsdn proxirity andiatrangedys adaskembhensor according to clai m 38,
wherein said target stinmulus causes

17 The sensor according to claim 16, wherein said assembly comprises an integrated
sensor array.

18  The sensor according to claim 38, wherein said array is composed one-

dimensional chains of particles and two-dimensional domains of particles in a monolayer.

19 The sensor according to claim 18, further comprising one-dimensional chains
which are non-functionalized and disposed between functionalized domains of particles.

20  The sensor according to claim 18, wherein said array is a multi-dimensional array
including a two-dimensional array and a three-dimensional array, and wherein said one-
dimensional chains, said two-dimensional domains, and said three-dimensional arrays
are arranged such that said particles have a distinct spacing and a distinct diffraction
signature.

21 The sensor according to claim 17, wherein said integrated sensor array includes
different domains which are sensitive to different target stimuli.

22  The sensor according to claim 20, wherein each said response to said target
stimulus includes a shift in wavelength of a characteristic diffraction peak of each of said
different domains.

23 The sensor according to claim 16, wherein said domains are stacked on one
another in three dimensions.

24 The sensor according to claim 23, wherein said domains are stacked in a
staggered manner.

22




aggregation of the plurality of particles. 34 The sensor according to claim

33, wherein said target stinulus conprises an antigen. 35 Thehqeﬂﬁyrz
according to claim?27, further conprising at |east one of a plUral'rfy @w
products disposed in said array. 36 The sensor according to claim 33, |
wherein said response to said target stinmulus is one of a chem cal, ‘
bi ol ogi cal, and radi ol ogi cal change. 37 The sensor according to claim1l, |
wherein each said array is provided on a novable tip of a plurality of

flexible optical fibers. 33 14 NOV 2006 38 A sensor, conprising: a

plurality of_colloidal particles each having a specific chem cal receptor

bound t4P a slhersansopacerdingdp daimpavhareinassurfate ofionet saith dbimains includes pond

and . gureroralgt il Fies Rufdhe'of B F3ai iSRRG Mtorpr i i ng

pl ur al ifupctidnafizéd padielesparticl es each having a specific chem cal receptor
bound to a surface of each of said particles and functionalized to respond

to a tagget THe $8HsBP ackbEIRY 18 a3 drEhSid BlrSetttmRins RbAd S ﬁﬂﬂ%r ay,

wherein a lattice constant "of said array changes™In response to sal t ar get
st i mul wReid,4uoteins cadrahydratecandilipid. t o cl ai m 39, wherein each said particle is
a bead.

27  The sensor according to claim 38, wherein each said array is provided on a

movable tip of a plurality of flexible optical fibers.

28 The sensor according to claim 27, further comprising a sleeve which encloses
said fibers.

29  The sensor according to claim 28, wherein said sleeve is retractable.

30  The sensor according to claim 27, wherein each said array on said tip of said
fibers is responsive to a different target stimulus.

31 The sensor according to claim 27, wherein each said array on said tip of said
fibers is responsive at a varying sensitivity level to a same target stimulus.

32  The sensor according to claim 27, further comprising a screen disposed on said
tip of said fibers to protect said array.

33  The sensor according to claim 38, wherein said target stimulus causes
aggregation of the plurality of particles.

34  The sensor according to claim 33, wherein said target stimulus comprises an

antigen.

35  The sensor according to claim 27, further comprising at least one of a plurality of
products disposed in said array.

36  The sensor according to claim 33, wherein said response to said target stimulus is
one of a chemical, biological, and radiological change.

37  The sensor according to claim 1, wherein each said array is provided on a
movable tip of a plurality of flexible optical fibers.
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41 The sensor according to claim 39, wherein each said particle conprises at
| east one nenber selected fromthe group consisting of silica, polystyrene,
and titanium oxide. 42 The sensor according to claim 39, wherein each said
chenical receptor responds specifically to each said target 1s§ N 2905 43
The sensor according to claim 39, further conprising at |east two specific
chem cal receptors bound to a surface of each of said particles and
functionalized to respond to different target stinuli. 44 The sensor
according to claim39, further conprising a gel in which said particles are
enbedded. 45 The sensor according to claim44, further conprising a nedium
i n whi cig saiglsador, EsvApASIRG: particles are di sposed. 46 The sensor according
to claima45, whereln a response of said particles to said target stimulus

i ncl udes one of a chamaiity of @sileidst partigies eack hpéingtauspecifichehentiadl

O e ond P st Pido s ElasB o 3P 1 o 0, 2008, 7 .,
action of said targeturctionalized w@&p&mt@é@fﬁg’étfsltimlﬁursﬁ:rwrlf@éinrs%‘i‘&ﬁém&les48 TQS

sensor according to claim39, wherein said array is at |east one |ayer.
The sensor accor di ngat&assembied Mtownareawasdi d particles conprise a materi al

having a dielectric ¢q which is different frgmthat of a dielectric
constant of at |east%%1@?"0&3@1%@F@ﬁ@5%8"@§ﬂ89§e|_ 50 The sensor
accordi to, claim44, wherein said gel is a hydrogel. 51 The sensor
accordi#% t &* SRS YINPURBYei n different particles from said different

popul ations conpri seaqluraligastcefbidarp4tticle s RaER having e gktific chemical
receptor bound to a surface of each of said particles and
functionalized to respond to a target stimulus, wherein said particles
are assembled into an array,
wherein a lattice constant of said array changes in response to said

target stimulus.
40  The sensor according to claim 39, wherein each said particle is a bead.

141 The sensor according to claim 39, wherein each said particle comprises at least

one member selected from the group consisting of silica, polystyrene, and titanium oxide.

42  The sensor according to claim 39, wherein each said chemical receptor responds
specifically to each said target stimulus.

43  The sensor according to claim 39, further comprising at least two specific
chemical receptors bound to a surface of each of said particles and functionalized to

respond to different target stimuli.

44  The sensor according to claim 39, further comprising a gel in which said particles
are embedded.

45  The sensor according to claim 44, further comprising a medium in which said gel-

embedded particles are disposed.

46  The sensor according to claim 45, wherein a response of said particles to said
target stimulus includes one of a change in ionic strength, temperature, chemical

composition, and pH in one of said ge! and said medium.



52 The sensor according to claim51, wherein said organization conprises
separate domains in proximty and arranged as an assenbly. 53 The sensor
according to claimb52, wherein said assenbly conprises an inteb#angv 2(pgnsor
array. 54 The sensor according to claim39, wherein said array is conposed
one- di mensi onal chains of particles and two-di nensi onal domai ns of
particles in a nonolayer. 55 The sensor according to claim54, further
conpri si ng one-di mensional chains which are non-functionalized and di sposed
bet ween functionalized domains of particles. 56 The sensor according to
claim54, wherein said array is a nulti-dinensional array including a

t wo- di rbhsi okhg senscapcesrding tormlaim 44.mhereiorasid gekdaformas i resporsentosan d one-

di : : 3 s j : d said three-di : |
i roni g o I Bra 3t SES R BB ol o2 ¢ L e, et ona
wher el & ai e ensR pEROR BrcTainy 45 WhRsE Gt APy 1RGSR whi ch ar e
sensitive to different target stinmuli. 58 The sensor according to claim 52,
wher ei S ai dlEHRNISES 26PN MM, averelraichparticles qaneprise aBraderits.  3S 14
NOV 20 _ . ) e j

St acked L SR 8 @R AR IR i EHR o it of ARiEArE LA GATBLE e HIE, o1

a surf awree off saimedfiuraa@nd shddrgelns i ncl udes functionalized particles and a
surface of another of said domains includes non- functionalized particles.

61 Thle 5 NS OTheP$diidiof aBordfhgCloadiai 94, W ERi daid gbMs laaiy@Rbgdat i nul us is one of
a nucl el cC

51 The sensor according to claim 43, wherein different particles from said different
populations comprise an organization of separate domains.

52  The sensor according to claim 51, wherein said organization comprises separate
domains in proximity and arranged as an assembly.

53  The sensor according to claim 52, wherein said assembly comprises an integrated
Sensor array.

54  The sensor according to claim 39, wherein said array is composed one-

dimensional chains of particles and two-dimensional domains of particles in a monolayer.

55  The sensor according to claim 54, further comprising one-dimensional chains
which are non-functionalized and disposed between functionalized domains of particles.

56  The sensor according to claim 54, wherein said array is a multi-dimensional array
including a two-dimensional array and a three-dimensional array, and wherein said one-
dimensional chains, said two-dimensional domains, and said three-dimensional arrays
are arranged such that said particles have a distinct spacing and a distinct diffraction

signature.

57  The sensor according to claim 53, wherein said integrated sensor array includes
different domains which are sensitive to different target stimuli.

58 The sensor according to claim 52, wherein said domains are stacked on one
another in three dimensions.
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acid, protein, carbohydrate, and lipid. 62 The sensor according to claim 39,
wherein each said array is provided on a novable tip of a pl lir‘ﬁlit of
flexible optical fibers. 63 The sensor according to claim®62, If rﬂﬂ‘\érZﬂﬂﬁ
conprising a sleeve which encloses said fibers. 64 The sensor according to
claim 63, wherein said sleeve is retractable. 65 The sensor according to
claim®64, further conprising a screen disposed on said tip of said fibers
to protect said array. 66 The sensor according to claim®64, further
conprising at |east one of a plurality of products disposed in said array.
67 The sensor according to claim®64, wherein each said array on said tip of
said f3Der sThessensopaneording to claiti $3,avhareintsaidydomainsrarestacked iMlae sensor
accordi o ¢l aime64, wherein each said array on said tip of said fibers
S resp%ﬂgé?fgﬁﬁé'{ﬁe\yaryi ng sensitivity level to a same target stimulus. 69

The sengsor cording to c|aim 39, erein said target stjmilus causes
aggrega@ on $8NSop AGFRIAING toal %i"&h%@‘.ﬂ puriage %&Mgﬁﬁg?@?m to claim

69, when&ubes fjritiibAaIFRd i A ?HH' L -
accordi ng t% g"ailm g% va?grlg?%gsg% rg'sc%g)?]gg&thg?gg%;ﬂﬂiﬂgpgéie?ggﬁuﬁﬁaghi S one
of a cHenttiarializéd padiglesal , and radi ol ogi cal change. 36 14 Nov 2005 72 The
sensor according to claim40, wherein each said array is provided on a

nmovabl e61 i p THe sengonaatordingoto diaiex3®|veherpini said tdrgdestinulug Klone of a nucleic
acid, protein, carbohydrate, and lipid.

62  The sensor according to claim 39, wherein each said array is provided on a
movable tip of a plurality of flexible optical fibers.

63  The sensor according to claim 62, further comprising a sleeve which encloses
said fibers.

64  The sensor according to claim 63, wherein said sleeve is retractable.

65  The sensor according to claim 64, further comprising a screen disposed on said
tip of said fibers to protect said array.

66  The sensor according to claim 64, further comprising at least one of a plurality of
products disposed in said array.

67  The sensor according to claim 64, wherein each said array on said tip of said
fibers is responsive to a different target stimulus.

68  The sensor according to claim 64, wherein each said array on said tip of said
fibers is responsive at a varying sensitivity level to a same target stimulus.

69  The sensor according to claim 38, wherein said target stimulus causes
aggregation of the plurality of particles.

70 The sensor according to claim 69, wherein said target stimulus comprises an
antigen.

71 The sensor according to claim 69, wherein said response to said target stimulus is

one of a chemical, biological, and radiological change.
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72 The sensor according to claim 40, wherein each said array is provided on a

movable tip of a plurality of flexible optical fibers.
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