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the other organic compounds evaluated produce reversible quenching, but fails to suggest that the &
35  shiftis similar to the A shift observed for THF. However, on its {ace, it appears that Sailor is suggesting
that the A shifts are substantially similar in magnitude and direction for all organic compounds
evaluated. Accordingly, this 30 nm range provides a somewhat limited window for spectroscopically
discriminating between unknown compounds.
Lin et al describe a biosensor based on.induced wavelength shifts in the Fabry-Perot fringes in
40 the visible light reflection spectrum of a thin flat film of PSi {Science 278:840; 31 October 1997).



40 the visible light reflection spectrumof a thin flat filmof PSi
(Science 278:840; 31 Cctober 1997). | 0 9 JAN 2004 WO 00/ 03230

PCT/ CA99/ 00642 Optically flat thin filnms of PSi, prepared by 09 JAN 2004
el ectrochem cal etching with a 98% et hanol : 49% aqueous HF solution, are
sufficiently twaespzmoent to display Fabry-Perot fringes in ﬁdaﬁjgggfmxgl cal
reflection spectrum A recognition elenent is inmmobilized on the flat PSi
film Subsequent binding of an analyte to the recognition el enent

t heref ore r esQAtiEady fiahthiy f|t§'|qah§g pieper¢dhie elegforigoickwehingvete x s&%k ethlrel: BSi adhédusn and
is 5 detect edHFautioncdé Emﬁﬂlﬂdbl‘@ﬂar@!hbfjkpléyrFaBrhﬁerbtmn?{ uﬁﬁ%ﬁ‘caﬂ@f&&%ﬁ” The

interference sB@JtrLrﬂ 'R réc%nﬁé%‘%q lst]r}ﬁmoﬂ’ﬂ?% o%%quﬁﬁ i, tél\/gsegueB{( bu&jﬁxp Pfa n Iali'na

interference pat erem rn.produced v I'e re are
di rected towar O T BT PE e HERT 'Bes aé.'?F‘d” the pigzciNG 1ok A itheiPETPM endtser f ace.

Pr oduci ng and’eﬁﬁ%isé Ssiresgendineditinthgiatefieserce peterar Bk ineHerpica peerikadravee by t he

ai r/ PSi and PSiettangk kf vité ligbiend snitelefeacqSttdrSprédubdd Iwﬁaqlmmnele rAEQEHLGH RGte RIHECI SE

and accur at e grdiresiécabwies Joluﬁonﬁ’@ﬁﬁ&rfa@e an%’?o%%ﬂld‘é&to Ml&ﬁ% I éroéu%%%%ndgnamlalmng

limted to 1

vi brati on, QEQQEEL&E%@‘%; a%rr}%pl%{'te srrlb@eg"eﬁ%’:é 3'"%%@'?5@) Sﬁbéfﬁ 5"'“8@:'”EF'%’€? g&ftigaltont r ol | ed.

Janshof f et a’r f‘ﬁ"%ﬁ“%@%ﬁ%@*ﬂ%ﬁfmﬁwmﬁ1®nse1;9@3y) thigltesonicle sdimitdsigo PSi  f or

bi osensor'0 aphlicatians voate emtirprimentaingndiosisidhtas vibratan, kaiperuRen®btmbiphétg gasBadaher n,

created by mskbiefibety domifolicti ons of illuninated white light on the air/ PSi

| ayer and PSi/ bul k, §,{ k i or detecting nol ecular 15
oo PR e S e B TP R s A BT Pept o s

i nteractions of. species in

Janshoff et &r-state '“czﬁ%f Shif} ip, & FabpyrRerob tegePptee. freptedipy P"H'{!P'ﬁi@i*esws ofjiliniggey as an
optical i ntert&qighten the @irBHidpsesaatiiSibulk silicondmléract astaheeass faeiemdiny@blkculzfs t he
geonetri cal gheagetonsbf sphes pobleton byh lﬁ.hem&emlaﬁdb& r@a@ﬁérgpfahﬁB@et%tmiﬂg “the

paraneters” (pRreqligik@bising pbRL il i ; , us. us
el ectrochem gg{:;qgé g ”Edn a§r§n Glishie he\?cf(?’%“x@és M Sf%ag %es'feasweg to 10

nE'ag cﬁg rf? ores ;;yl%%r S5 ropria tct(:j{ r 2
nm a unifor ?8‘ 8 SR RPEHElS A Tﬂs&ﬁfaﬂle sstr24% area of
about 20 0.1 * PS5 HE “Fffr'“ag%\??fﬂ“égs"’étel?ﬁ@éhemml@tcfangio prpdcpprresthadrdo radi| i con.
Excessi ve pory¥Ps {PmivHs 19 muadnio deeth, antiepiidticidhapefwal art dbeoihd QE8RSMAE S Bbut
Janshof f 28t &l1.to BEoaUg@arhihs @fched i et di2 Gatbrad Sithi @ésﬁ%%r@én% wis BIME al
phenonenon, mmbgé,forﬁr@fblogeg;m%n%ﬂLtlaght by two different planes to

produce an interf osensor stens relying on shifts in the
i nterference, patt %‘E{cﬁﬂggmp‘%&&m te,c?”'qruescf'é[’ Sl altpﬂeé"”ﬁ?"@%éﬁ'ﬁ‘gy- Fflecanceg ight t e

are typically VSF ere8 Rlanes fopepdyss azﬁ'ev?fwataqﬂern hicsenps eyskemma redying ol shiftsirosspher i ¢
pressure c haﬁ'&ésfenﬁﬁmf&efm@ﬁ Foeans fof mectlreftﬂememeofph alapte atftypichig vbiy kénsitiv@tic Waf er,

i . e. the 2air ViRSiionasdperdite ﬁSbﬁ'rbiH\l‘ncheLdu@Q:ﬂanP&t eﬂri(h@rﬁgé’thmt:uvg %Ia@?&f%‘le flﬁ'll

_?_;Bleg\é\ﬁl Iss a{] Eﬁmmﬁ\sb rﬂee%w(l;’gmné the bé]lb&l?&m%ﬂh%&ngs mlrs?be rﬁ%ra@ li Btlie-ln 5F 21 Lﬁ-;g?suedt 0 25 A
(2.5 nm). This ; '”?e SHC R ﬁ’ﬁ Cf 78T BPeyEtiedeiesiviPiaes oHBmRe dptHsebegpraehe  PSi

wafer or fil Fﬁ” #? ﬁ%fr)r s ?wn%ﬁthwhﬁvﬁ' ¢ epfegionmmeeytactureef ihe Paicast edin. i ght

directed on CRY.PSioptirupedarmaned, He imsdied iightbipc20 oy R ndiocididshdul bk he

refl ecti ve pbapesiculzARaiR retiefigd ﬂaiﬁspﬁtfcefémwlpgfgs LR %ﬁ&e\(@§ar@§ pggéndlcular {otlhe
er

di | are el 5 g erelice n i film or f
Phe PSi 111 memsoheirBls sl btk Bl n8 P o bl ap bieppe o bined 1 rom

m,

such bi osensgg‘gﬁ%?medﬁmra“c ’%sie%slprére be desi rabl e to have a material useful
for detecting tartf&rddsieembadesiatiie pave @ matarialsseluiit detertint torbel mbr@sEe veh
properties ofenpetBueholieminesomdemtrenien basus abriicondabeeEls. Metedte3Ruchat er i al

coul d be 3frodinbteticoid bpineitiesd pioNE iRASED sSRAGH td qMén‘éntthEl?d L %%e%gtié’ns
detecting | owppegg}gg,mgg%étg%oungg predeterm hed targe ounds.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a modified semiconductor

40 composition comprising: (a) at least one a semiconductor material having a porous texture and (b) at
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SUMMARY COF THE | NVENTI ON According to one aspect of the present invention,
there is provided a nodified sem conductor 40 conposition conprising: (a)
at | east one a sem conductor material having a porous texture amfm Zﬂﬂf
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det ect phot o lninésbesegne. f r om phot ol um nescent devi ces of the present
invention; Figure 2 is a scanning electron mcrograph of a porous silicon
particle prodsRBEDESCRENEIMORTHE DRAIINGs MBgNi fication of 300X, Figure 3 is a
scanni ng el ectron 4g4.& icon parti cle produced in
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m cr ogr aph atatimwlmefﬁﬁ)watl on whi ch shows binding of 30 antibody to PSi
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silicon Figure 8 is an epi-fiuorescence micrograph at 200X magnification which shows binding of

30  antibody to PSinot treated with glycine buffer, discussed in Example 16;
Figure 9 is an epi-fluorescence micrograph at 200X magnification which demonstrates the
reduction in binding of antibody of PSi treated with glycine buffer, discussed in Example 16:
Figure 10 is an epi-fluorescent ricragraph at 200X magnification which shows binding activity
of antibody in Fig. 9 is nol adversely affected by glycine buffer, discussed in Example 16:

35 Figure 11 is a graphical representation of photoluminescence intensity of porous silicon
particles discussed in Example 17;
Figure 12 is a graphical representation of photoluminescence intensity of porous silicon
particles having a recognition element attached thereto discussed in Example 17; and
Figure 13 is a graphical representation of photoluminescence intensity of porous silicon
40

particles having a target analyte attached lo 3 recognition element discussed in Example 17.
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particles discussed in Exanple 17; Figure 12 is a graphical representation
of photol um nescence intensity of porous silicon particles having a
recognition elenent attached thereto discussed in Exanple 17; rgdmlﬁlﬂwe 13
is a graphical representation of photol um nescence intensity of porous
silicon 40 pawbisghrso having a target analyte attached to ap éw ;
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il lustratipve purposes PSC Structures BY 'Porous dr PP porous texture" We

mean any pert,y(rgﬁtclms such as depressions, protrusions or

By “porous” or *porous texture” we mean any perturbation, such as depressions, protrusions or
combinations thereof, in or on the semiconductor material that contributes to the total surface area of
the semiconductor material. Exampies of depressions include, without limitation, pores, pits, cavities,

35  craters, trenches, furrows and combinations thereof. Examples of protrusions include, without
limitation, ridges, bumps, bulges, domes, spikes, mounds, mounts and combinations thereof. For
example, without limitation, such periurbations can be in the form of an ordered honeycomb pore

structure comprised of cylindrical or polygonal shaped pores or a more random pore structure that is
coral-like or sponge-like.



conmbi nations thereof, in or on the sem conductor material that contributes
to the total surface area of the sem conductor material. Exanples of
depressions include, without limtation, pores, pits, cavities, 0 BN 2004
craters, trenches, furrows and conbi nations thereof. Exanples of
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pore structure cdhpiieaerndefomelp df thel pirghdugtor mutdris'y oaratvahape de pasiesTher  a
mor e random p@pessins Lotrangeidrhagulsnp defiearsAdped dnkl GedHetrisO I?rGﬁﬂalny E@med‘&hé}esgané AN
2006 WO 00103&39etP§%%ﬂ%{nQ9@42§ hgxis‘ﬁh Q}rﬁﬂgxsgﬁ%ﬁgé frélm regulaﬂé—%er?\eemcondum or

material's peftur meh:est 8 I ver se. T%rom
regul ar | y- defi Red 8'"85%36'*' ‘38??6??*%@‘”?6“"?@“?%9&9%% ﬁcfta@w-n@a inglfgnes and
geomnetri es® an‘tﬂ‘“&‘éh‘ﬂiaw&t Girgites. spRiecireust. ellipAbidad seritetipso@tpoliginansuaramectasguge f rom
regul ar | y- deftiiavgdershayesal, iapdia(@o tRkiddashiges. l|frégetgb}1dafr||ea’sr£!§$shr{&%6b sipes and
geonetri es. Rﬁr@hﬂoﬁ-rble}a{dsdﬁtfhé Q&Qmémg@éenha&w&% es: Af¥)4 Iob%u&m V{Mﬁ‘iﬂnﬁloﬁ the
circular, Senﬂ dlr%éns%}ijat Dr) geeol léS’Pn“Zg' ufba Soem & f u Erf ¥ e sguare,
rect angul ar . 00g s a%ﬁ L[Psacﬁé?f‘%el Qr’i"c? Ipivastined P i georasyign s
Irregularly- dé‘?ﬁ” RBFe&T5E FD9eerrY|en fResuizy CHER 3-D beometriestinchxle. withaghidtsatiof, t he

af or ement Monewlfindeget eanlozitcuioies), shzipiesinedal peighed faDMhoBboRRIR), @lipsaissi ik, dphéticdiat i on,
the 3-di rrenswﬁmlanc(@rala)idagsegyaptwregu@éydeh@u Pl Lmebraé.héﬂﬁﬁ mﬁtﬁébt g tleh G

regul arl y- def Lr eometries.
Regﬂl o g deflbé‘ﬁ&erﬁen%ng@&gﬁt rfln§§ cash Tuc pertgrgatlfrﬁ drﬁtpe ?Bf",’ﬁo'fdé{‘fti"d‘i‘f'teg | gesult in elm

cylindrical, "CERFEAY EC%ﬂB?%EFCSUB%‘F‘SI | el epi pedal , pol yhedral, rhonbohedral,
el l'i psoi dal, helid28 °Ve'§'bﬂ*?e'r1¢tr(f,cahape obneo?adabbstrmmlaymymameifofwlofshapesafer or have
| rregul ar 18- ceef-b sexchud.-rBatye DB dr @sfei B3 BctNe 58 Gdkn thétﬁﬂeb@&rﬁe@%fﬂmpﬁ‘s@ds of

t he af or ementsupdiad, wiAR Bne Jr ﬂ c@fﬂﬁfnaﬁcﬁ%ﬁh a %ﬁcptmgg&é HL081. bRl L nge
sem conduct orfmmtrg ace area of f’g

substrate. T Ve Ulaﬁv deaneg AeL T e{”c s f)%" '6?9“?%%"9?-‘986 SREPHYF CYPRNaHIY B8 n t he
formof a fil '8‘?65\)%1?%‘1’3 'F"‘f'l’le&\?%apesl'l’sc“ﬁe Jitpuglimitzlien. grheres. serizepheres. ¢ligsodisf i | m or
waf er. By " 3-SEMistiipipis. syiiadersyevoide semitolids, rodsedigye otres, kybea hatile@piPae, posnedshy at e,
whet her a200nehwrbohedrosCmb pyidtidsO Bxatpledlof BreBUPROE Bécﬂ;ga;ﬁé)fn@luo@f wnﬂmﬁ' Ak °§C

mat eri al Carble'h@sﬂ:@ﬁe afEr@ﬂEﬂtu@neE Bﬁ!@u@é&&té’sr{!ﬁ& p%%asg%pﬁﬁ b ?rﬁ):g tot"[?Sc

i rregul arI y- | nat 1 ons SSEX AT

regul arly- def) ckudé%S ere'” wame@l L‘]’@@”t R bipe Supstriplh VT a'*‘s’ﬁl’l‘éf‘é‘& of a film or

seni - spher es,"2&f-1% %Blhﬂ@ at leagiip Oféﬂelt!ipp's%i*ﬂseorf@yrt fhapks @aq pamwe legtsre dsseritied OV 0i dsS,
rods, disks, aeemésivsyetvesipopar al | el epi peds, pol yhedrons, 20 rhonbohedrons
and pyranisds. Exanph@s 10f ar el kst rEledr i ‘%Qfa%}s%mﬁﬁenbrﬂ%lsébq?enh}mckﬂ?“t

limtation, p@rlfoernﬂ%e chetpggsugétrgt%%qﬁeqweﬂ&? 9y |I§ne agparan 10 &fﬁ sﬁxﬂ% %tﬁewl{?% 03? se of

di scussi on, Iﬂ-% E mg tructur (bﬁ

limtation, PSC S1ra % per\ﬂ‘?f“!?ﬁs‘%‘éa” devglaPep BYoRPOhe BSTSUPSRIBr A waf er . or
whi ch have at"'SF‘@Sa%'t’"“E?rﬁ'é'V B‘T"“t f5e2r¢ispp efdhegprticupeshgeromedometty & b estuanitbnf 01s0US

t exture descbplisend thagthesy gerfutrtiond dreis tohidbutivgradiid RIRFE Sntendl ulinGiely BBdRed B 1R ar e

| ustrat E mpiosl, Fare h th
per or LZn?Ze;Em;ﬂ;ﬁg;? g@%ﬁ,ﬁ;ﬁgﬁ;ﬁf" e BB I B s ont 0

those skilled in AH*B% a wi de array of perturbations
that can be devel 86‘58' ?'}‘ie‘ﬁp““ﬁ"r?’efeﬁréd PHIBEY tha ingentionsthe BHosebrirste tasroreus ul | y
bel ow, regar FP*EEL"EPe o fere uriecss elangler tuivapet issngeenet ry of such
perturbations, i tTHescaneim ewedizt bae Hsbetsﬁturla%rdfewnMIanﬁbSpaa.E@arap;ﬁ&ﬂ&nr u'; bUt I'ng
factor t st henBline PEcRBStked atdlubdaMBdeRd o¥e Qﬁggﬁbﬁc%gcbp?(. v\Mgl“?a g’l?rﬁalr:)%c shrucgure is

E]l‘” E E:r Wi t @%Lblmb therpu%ere a Sbypéc sguc u¥e is mare desirable. When zhe PSc structure is a 3 %j ections

structure, the average diameter or other largest average dimensicn is preferably in the range of from
about 100 nm to abowt 1 mm. More preferably, the 3-D PSc structures have an average diameter or
other largest average dimension in the range of from about 100 nm to about 500 microns. Most

40  preferably, the 3-D PSc structures have an average diameter or other largest average dimension in the
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perturbations are a contributing factor to the PL intensity. In accordance
with the preferred enbodi nents of the invention, the PSc substrate has a
porous texture on one or nore surfaces of and/or throughout its08t/ANHlre.
The actual form and/or size of the PSc structure is dependent on the
particul ar appVPeéEBi®n in 35 which the PSc structures are wm3achooddiey e are
sone applications in which a planar PSc structure is desirable and others
where a 3-D PSc structure is nore desirable. Wien the PSc structure is a
3-1) struct ufP89e o FrEn abge Aecnde 2heutseq migenso Firermioar \ges the asestagee AiaTRrrgon i S
preferably i nsttubterertarRse siofciufes emtadapen to sbafkyEibioRoadshaekce Mg YRR,
preferably, t&agekivRRGedbddUeE 4y \/ i ter or other
| ar gest aver a&g_lggﬁﬁpﬁr‘pn SLnot Qggié%@égﬂpggﬁegg@a%m%%r BRIP'S LGRS 00
m crons. Npst 40 preferably  THE “3MH PR Wt ord arelsible bein thg (Rspg som

di ameter of ofREY NG Lo pigges. di mension in the 5 0 9 JAN 2004 WO

00/ 03230 PCT/ CA99/T00RStAtrucangge! tbé préseammverionvheh iR e@RithtaDie P GHe twa AR athCr ONS.

Furthernore, adesmdohdic RS6tiosLif M6 ke IS Do LB UL mLDe PSc
SUTUCH U1 5. 1 ARyl K b SIS QR B e Lot
confi gurations, asglem a]?cy wher 6 1 edu e eoPA80 P oghut B08gmys rspferakbcinthy
phot odet ect i of" GEV[PEEPOYE}T NI ARGMZO0 friy 2pd rpeip)preferalplyin the Fapge df Fror etgphat 450 bruin,
the di amef®r ¥PUPH™3-D PSc structures woul d preferably be in the range of
from5 about 5 m CheoRss str@tuads @Lthe idntFh 64n @B Sormebdf a Bty SitoFdCulAL ﬁﬁthvfﬁft}gt he

0

present i nverdphsieh toMasdsxindd g6l ] lid 2231 0ne wavel ength
el ectromagnetj g fadi g}aimolg frorh{g%t%gﬂar" Ma\‘dﬁ:’F Qaf%?'kefsf 8’5"1”_15%%06{" \é\{%@gm ﬁ??g"f%'aélbout 1000
nm of sufficient powerr  pfoduca IURPTRES R HerasUSA) d¥Foifer exampler snge of
from about 208HHTEY SBPRATCABIRP IsHREC Pt the Rspcass! dpscribed i O9Br2aPEY @istaawd, Dam 18bo Ut
350 nm t 0'%abdi§8) 700N R plaasmdr wakrdkee et adil Mateml d2H 8 haRBRaf il h @y @bout 450
nmto 10 abQeidudSife gafkiesiiRind SeguBliv e Layentipn can be forned
by a variety sg@c,grtp&%%tﬁgse iggjugtvci) ){njlairft;gggo?s%asf_tewn%y%%g‘t ?‘?Sggessscﬁl FPEEUYR t he
art. Planar or wafer-|ike sem CONQUCTOT- SHEL"EST] cany be megRpEque by yagjety of
avai l abl e, for exanpl&" PH5s Li'fd - bRt es osa diersee arg fulCeia or iniseativeUSA) .
Al so, for ex@HPP¥ES: non- porous silicon spheres can be produced by the
process d®scri bedAflens 4698126 08PorbUsshriikaavdior shiutfe & JormekPind S8 bna B SiEle @
pl anar or wafisetade bitsis S ¥ C AR lextlR LA He Hloa B0 QEN nglﬁ:ubn%grio?%l ln% Jsrka rent ed
to produce fdRGeRBaklhw.S3 pﬂqvia%giei\&lé%gul,'a_r Fy-devfl NEd Geo L PGS K9 o ny
case, regardleﬁ%%algf t.he "procedur & dquENTYtEln. 3 POty RN =R RePredRs i nduct o
material, such naterrar ocHRIBRY Heapppdiies dey ShIA16-©88) 1250). cembaletting s
known to t ho§¥'¥RIF fddlatend: 1483393 | 998 mradiaaching 066 uaasiSSRAmMmE®nfsukt Y
bel ow, 1; G IST:mwnmm&eequpu:tsqaesﬁg: (2 &tap_arpgw}%éheéris&} A»zéfer@%‘ﬂ?{s@ﬂ; q
seni conduct Olzs&abiateh YeRadaSt £ 04 ! auctor strycture 1S rade
porous. The 4&sj, [Dﬁgeap}qgngngz&:the%tr rFJé%EP%S'wﬁrﬁ%Qu(%%%f’?aﬁgﬁgi%ﬁﬂy’ﬁmﬁf’rﬂﬁ@r of -
t echni ques kpown ,tgr thoSe ki Tad Y HE! 80 8:40884P3a 188 Riand confiplie ennealing
limtation, 2"porBudsyd eheltprerrests! B 178r 1GBRIcaeh. ibyil bgirbasrit @lthoseOied it v Brt OF
I(i t hf)gr aghy gw%eAmsﬂ fOPﬂWSDHL"@tBtporELYSZté}ﬂl]‘dﬁi@@ulﬁkﬁﬁ&l!y plASHQLmic&IER FthLariaFt ching
Sai | or &P amayveleuirddrimr@modilichind 831 d3Bple. 5H %L hicoRARQT L, LNGad s L S0l uti ons
(Canham App/ inBRsn dstdcus or%é;ioSEZvil%Qrﬁe]npiﬁ'gfd 18,,47;,%:“ Sl}%%%i . gtgﬁg{ﬂ!”e’rg%‘gf SEPPRIY nmey
et al J. of Bhwsigs, %m%ﬁn%§5rgerwat er 9-9671° YiEGeF e in|chuiact withy NighiepioY( Yanmda
et al Japanege J 1 V5P E8 TR {° Predveedigesied yoiurestidse theNipteged@id 136 1 ;

ing gy also be much shorter for 3-D PSc structures.

Also, the PSc structures can be formed with a core and a PSc materiza! applied to the core as a

35  coating. Examples of suitable core materials include, without limitation, glass, plastic, ceramics,
zeolites, metals, a different semiconductor material and combinations therecf. The core materal may
be selected, for example, to impart a desired buoyant density for a particular application. Such a core
Is fikely to be more suitable when the structures have a larger diameter, In the case of a single

semiconductor coating, preferably such a coating should be sufficiently thick to produce the desired
40  porous texture.



1996), ion beammlling (Schnuki et al Phys Rev Lett 80:18:4060-4063:
1998), and controlled annealing and etching (Tsai et al App! Phys Leff

60: 170; 1992). Also, it will be apparent to those skilled in thj akkt 200¢ hat
procedures used for devel oping a porous texture on a substantially planar
sem conduct or wapdogfza@l 30 may require sonme nodifications. For/Cesengke, 3-D
sem conduct or structures nmay require suspension in an inert gaseous or
liquid environment in order that all surfaces be in contact with a high
energy source, etetatinge'sfPuritgial ay botureatethearsrecbnopiPEeimeteriat e verisyiof ed PSc
structure, Ali&aniqlefl@&of dxBpld, @ Ghbst@itlly nérpbroBlcedhd\g sinmy didli®@r iRoBadRe sdhoet er

for 3-D PSc %T-JdH&:EUg'F &:ﬁtroué! &Bataoﬁ £§9Lz§%:£d£&9%&ér7€52993\§965)8r bfy %H‘I@ﬂpe‘(‘éx&@ a core
and a PSc nmate

2l o etk e ARRUST & 8 SR g o Abbe Prpe SRR, O
cerami cs, ° zeédhkenductor matend! Hay ke CeivETiea fo@rpproussivte: RERICTeBY oY e Ff%ﬂled vl
conbi nat i ons ridmeeisiend PSclrecheco ragtern@ited 3 BSc siByure g bs @lrewitcedyurrdnprwiteanpl e, to

impart a desmeaﬂgp%weam taﬁmhsaé oﬁt&rco@ rRRkd 1 444 .%ayaa@raleg.fs@étbme maGd @ core

is Ilkelyto whe % ave a |arger dianeter.
In the case oefyers%PJr%r'"gLHSC§°mrﬁ°sé't'o°ﬁs Gérfeosf"ppg "égtcorﬁmagﬁarlef erably such a coating

shoul d be suff|C|entIy thick to produce the desired 40 porous texture. 6 0
9 JAN 200® \\Bec@ynd®aBBme@T/ CA99100642 A coating -of a PSc material may be
supported on a COTtheq:fresBﬂﬂmé?ﬁQ\ mamrslr@kurebym@dafumih%t MasPéne rdcBGINDA Sekast, For

exarrpl e a S%pé Lr@i'arta dlg 'ij%Q&QE &%EIT\FR?F&QQS % refgaehéﬁ__é;l-r’l}cq{r%hdrﬁ d9£d \mh aj con

car bi de can tron um nescence
70, 294; 199 [‘ffr“gﬁi"ﬂhe %W&’F'a%“&r“é" beb"é"r’@? lp@p PSEBER By JURsbeq e reat they
Solid State @d@ﬁwr\tlocaf?mmgowemmwh NORR)struciresueidhat e PL restvnsed! hie fifefimeluct or
mat eri al 1Ry riveuieenweh b edget dhalfite PRIOK Hitrherb@gnitioh @EREY s)tof RO BERENIONG edahple

coated core omrc@ﬁbtﬁflcattog IS%O\JD éﬁt b%fﬂbjgfta%cgginitlé“ éiﬂeﬂﬁ& !hgeétyslruaurg) S-%w%xye'f léCt ure
may be formed, c rrent ce

of the core dll’ C orp ¥sncalR|oncymay n?l be re utrB Cl'gere Imlag%e aec d?(f[r)naka ssgc:ﬁqﬁp I?Rhel r%cogr]stgr)llfer s of
differing PS@"%’GH‘%&I“P PEhgugte ‘f‘ﬁ\é‘e’g IRSHRPPT PIPFGOLB FRETrAERSIE Btveet fe FSRIAYI t i on
El ement | n t Ieemsni@sethe PEoniresire. Gypically et rleSecestarily ebvaysethe BSoRFdwilf exbibitan t h at

| east onezo ecogHitddiFRespbRERBive to AT rdbekeakd Bhc sifddlutd dabo i etmREBA fithQrk

el ement s. For,ec%g@gng,gmg,@f erence, a PSc st ruct ure m)di fi ed vvi t h at Ieast

One recognl tl on ets ne eco nﬁon egilements anbe or m } - 1 d y
"nodi fi ed" {an%i AP P8 %"1‘" n%‘?‘&“’”‘&c?r%rﬁﬁ?“&aé‘ﬂ“%'?emf'th the PSc

structure suc?ﬁm'PP?&?”sé“eFﬂEf response of the PSc/RE is 15 nodul ated when a

target anal yt e i nPefemblyseampritian tdreents gedgmpledutbnmadtiesremérimges obifiontoseuld?Sc/ RE. One

exanpl e mf Swished by Salstd rdcSgnGiehe@itt ar® UMHLNGhit&lion, Rath:RCR YAinklic @Rl eMENt
to the PSc Stn{JHQE é&[dg ohmm}éﬁ'{es Ie@tlns gérsoﬂﬁatraigr lﬁﬂ%ﬁ r%%h R}%Q%ém%%teﬁgt w;lpg

required, There roxi mat € assocl at Ion el ement

with the PSc '¥F¢ ﬁ?ﬁg’tﬁ & '°é‘U‘PFie<EIe&Hf“ FFAPPUTT=as-SePTYT %F“"é'i?f‘eﬁ‘?jﬁ}”stafeansf er
bet ween t he rdbBYimitEfonimmeogprafne. sueids pdixsloRSendsioneglonal prtibodBysing erfzkges. but not
necessarily alratees proteleaEwbdRion erhdnts @elrniinbgicuing Bnoaihf@ies. eikaitbles b SRAMRS €

rel ative 30 thh@eitleick RSRRMGIe-bihaek BRA BnaCiostiel hGrlakld SNATA @&F; ifon BRAL A gPdidoon
with the r e%QQe”al rLéoQE\o%h’g:F%ped 1her 0. Ega%ip!ey of rgdgxé'(r)lcgetles nﬁc?u%e w1tl?orrFI|rT{|tF]tnon E?ra?slﬂion

or ganl c, inorganic
tals and complexes 1hereof and co-enzymes such as NAD{H) or NADP(H). The redox moiety may

be either an electron donor or acceptor to alter PL intensity on binding of a target analyte to the
recognition element.

35 Examples of inorganic moieties that may be used as recognition elements are, without
limitation, doped or un-doped crystalline inorganic compounds, for example, linear zllotropes of carbon,
including carbynes and diamond crystals.

Examples of organic moieties that may be used as recognition elements are, without limitation,
intrinsically conductive polymers ("ICP™), éuch as polyaniline, and polymer electrolytes, such as

40  polylethylene oxide], advantageously with a lithium trifiate dopant.
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Preferably, recognition elenents are bionol ecul ar noieties. Exanples of

bi onol ecul ar 25 noieties that may be used as recognition el enents are,
without limtation, natural or synthetic proteins, nucleic acids(q JAN 2004
ol i gonucl eoti des lect | ns, carbohydrates, glycoproteins ang-h¢spsasss2 whi ch
interact with 90693&?get anal yte. Proteins are preferred as recognition

el enents. Exanples of suitable proteins are, wthout [imtation,

i munogl obul i ns, nﬁc}amnmmelnggt@m w.mdedapnmamtmmlemmeesx wsand enzynes.
Preferred pr ot eins as reﬁ% Pace%ensmn% gmMH%orﬁérﬁng t@%%lgﬂ@[@héﬁ%uam@eﬂﬂzyﬁes.

Exanpl es of SUPHEBIPE e FC acids i1nclude ! d
doubl e- st r anéelddeDigAout Anitaerodiphe's %Hd‘?éfl”%er‘?ﬁrﬁ‘aﬁ‘ﬁ‘ﬁe"ﬁtg" s”ﬁﬁ'em% Qﬁﬂe ﬁ%@ﬂ%

ety
attached t heteaien of fix anpibregithos adverskneiatnathe Eeroiiven Elgaen's W”E‘H’SBE thg ‘?ﬁﬁfct"ﬁ{ i on,
transition pRtabsinendesPibexes thereof, and co-enzymes such as NAD(H) or
NADP(H). The redox noiety nmay be either an el ectron donor or acceptor to
alter PL intensity on binding of a target analyte to the recognltlon
el enent. 35 Ei’&ﬁ‘rﬁ“é‘gteof i norganic noieties that nmay be use cognl tion
el ements are, Wi thouwetanklitaireett o thefS5EE. Weh ‘Eﬁﬁt“88b€69°8‘f‘ey%‘f‘%quﬁfﬂe Yi norgani c
conpounds, f Qﬁteﬁéawplnean thdt N6 Rfgeihiné foppoSicanh witathd®engnitidnieiemani ue ke By nes
and di amopd ¢r. r:sngeaa?fﬁme Plgxc[ﬂggln?oa uidtda @!’:%I&k&fsﬂ&ﬂ':rﬁ‘érécﬁﬁmstnha&e Wiyt betetsed as

t A t
o oomy o (™) et s opo PO VP YR kL o pnducta ve

pol yet hyl ene diect ot @hysicel doramen o Brrsauyeds There B2y t?etarﬁ%'fﬁaleFF?F'ﬁPEXftdheS{érﬁ 7 WO
00/ 03230 0 9 odANE RHO PIREESGARH1OOHAR elbichh bi aperdi tomsfefbetvpes "IIBSé@%?’PaJE?taﬂ? e
with a recognitdQpegel ement may be enhanced by using a surfactant to reduce

the surface tension of a solution caont, i c uhd @ FhoRly EERRABles Such
agents i Hel ude, mta{%bﬂltaly(remmﬁ a{no‘ggq‘m %Q‘L ts)&g-kﬁe;g%i?fg& ﬁtﬁdléstcafff‘be.
NS

concent r at i orP! BErtaRYEsRClude WO iRERPTH &) THPSPISEYMPOY e sol utjon
Wi t hout adverseiaed ek ongabde wihed daitatien oxinsenesrelrrea2rs DERHEE TR tfe
efficacy of B ubdifa RGOQRidki QAbi Sk @mteibial sporePSeyaREal sTapizeteisirayeeaents(Ar get
anal yte interagts s‘ygstggsqugnﬁ’,ﬁgsl ifleding® t&?&am@wﬁob@mﬁ’&;orﬁ eRPediRs nese apdul at ed.

By "interact Eav i ndti DRA bize
recognitigh sl MSaSTridRs: f%&?”p%mﬁﬁar?i'ﬁonug&k %ngqego ISG S%/% Ragdl s

nodul at ed. ExRiperd5S)dgandsie horrnﬁtabf?fgefﬁfﬁarﬁ’ée@f'ﬁcl ude, W t hout linitation,
coval ent bondi ng, ubycirage o shagedanalyte taapetiic recugition eisTeni RE SHSRE g HTid
affinity bi ndif@nse JONEY S structire iglinécRBled RlatIyIG oRthe FISOIRE PiregspoTee. Myelerpbighf r ed.

There may be g BLOXLIALEASS0GLAL bk lpddhe AALHSL, RORLNbELMkkInhe PS/ RE
sufficient to su %S el ectron. or %yrfalilmeman%gr bet ween the target :
e

anal yte afd D T‘F&EPL’FL?"’ﬁet”a?l‘ﬁaétm € nay be an organic, inorganic
or bionol ecul ar conpound or noi ety. Exarrpl es of target anal ytes include,
wi thout |im tsdkbimation{Acivaiah biFsaiscuadgrpounds from whi ch anti bodi es can be
produced incl udi NGy, b o FRRERIE 2/ hridien nodificBiich aflthe0TEc sthdiurengith amesbaatiol i c
regul ators, nicr oo([ig anr}acerrﬁ the PS pHC sEructnF? IS?I@'!CSEEQI‘IiE aga\ﬁ'struHéﬁﬁolled’&ﬁﬁﬁon fungi and

m crobi al spof ¥ t1 ss 3 {2 mspeci fic
substrat e®0f or enﬂf‘ﬁé%ChFHE'Fa‘&P Hr@cedtfrs}s ogggamsgg for e>{aH18!e wet[;r(?pﬁn?fat Q%ﬁ at

metf abol i tes, mddate (Reyevettorh 28 Ape/Ehisc P43 “Ei‘?%)e"d‘t‘-'i'"&?'a@@"“’(‘ﬁ?kaﬂ?ﬁfﬁgéﬁ’ént ary
ol i gonucl eot i ﬂ@sgwaa@m Leb d)a) Bt Gk eS@ISpamprect SDNE. @RT Anderson et al J
Electrochem Soc 140:1393:1993, Duvault-Herrera et al Cofloids Surf 50:197, 1980, Yamana et al J

Electrochem Soc 137:2925;1990, Li et al App/ Phys Lelt 62:3192;1993), and czone oxidation processes
35  (Janshoff et al J Am Chem Soc 120:12108;1998). These processes generate reactive hydroxyl groups.
Chemical oxidation can be achieved, for example using peroxide, dimethylsulfoxide {DMSO) or iodine

chips.
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RNA: and (5) ligands to hornonal receptors and |ectins. Upon binding of a
target analyte to a specific recognition elenent on a PSc structure, the PL
response of the PSc structure is nodul ated relative to that of tpje |RBGIRE
PL response. Pref erably, the PL response is enhanced rel a{,(?W@Astgmgmat of

the PSc/ RE PLWOBESe! is possible to deternine 25 nodul ation of the PL
response in a real- or near real -time manner. Stabilizationl Activation of
PSc Struct ur gldlenPB&HRingt O prom)te stable and efficient Mdification of the

PSc structure with a Ieco e structure
is first stabili z‘gd'I ELER S °ﬂ?\%rgfﬁrf OPF% eB‘)?l} Se 'P&Huona%gz%%m}cm% rvee

stabi | i zat i offopFRYEY eI IEONGEME PY ??Ha’?ﬁ‘é‘?"ﬁ?j',‘g fEfre"aé'}PEni)’le‘é’,gn'Uﬁ”teHB‘ﬁ’it may be
limtation, theemalbonsexibdatdomctfreetingoree Koelinket. ahkerdpgrl priPldy g trénsitien i51: 943;
1992), Ch%m GAktioRatly dBtdciR gloDtkeR e M8c Sluctare to'%ﬁEﬁprop%ﬁnch&f&igrcﬁﬂ.foﬂﬁl,aﬂlﬂ@&,of Lee
et at Mater Riﬁggu%rﬁ?é/mrmll A‘Fsgémgr? 8oth%%§ncab%ggoﬁeﬁ@9ﬁ%% Ea Q&acé ) rgducgjgofe(ﬁ{:ar ochem

Soc 140: 1393: 50:197;1990. Yamana
et at J El eSErCuERteSmblensansngbem 3 gy farge) anglyte %?Fk'f)&d%‘f“erﬁﬁ% ? BFYNRS: 3192
1993), and ozementexictlB®dRE processes 35 (Janshoff et al J Am Chem Soc
120:12108; 1998) . Abessy, BFrRERRSAdenBaNlotdedty R foVitehy] 6 Batyte rgbgitps .

Ch ! | £ C =) am some
chem b 3¢ GRALRD, %c@ﬁmeﬁ%ﬁﬂh 1k Yo EAAPYR i3I0 m@;gnﬂ fe TP 0% 001

BT CASS! 006 A9 MOETEl BRI BaaPT e HSE B AEHUR" i BT N85 8t PA& Bhbod: nent
of the i nventgpwibindingi2bilipSe a targetapebte eHavgyer.tyden sygcAnfitiodies aff aMachad P@dBghi ti on

el ement by cealgehbir DG, thbyohay@xapidaced azpaag @ginietattonwisl ataesieramey be
covalently bonded to a PSc structure using one or nore |linkers. Linkers can
provi de a, trq,nsmank in5 functionality of reactive groups on the PSc
structure to anedpt propriate functional group for attachnment of

recogni tion el erreﬁta"w}&r rigferred SHPRYIMsPYPEPe PYFAYOR i 2B FRH I E N e R hﬁilmé‘\’)l de a
spacer to redwops qootgEnnicsitiatiorsd! the iPSC. inr dyaamle of ariobry Erer i susdtivtpd Btsgtm 8 bul ky
target anal ylegansmakh ifaticubsiiied Sigde IMMﬁﬁﬁutamﬁﬁ&pﬂftidwyﬁlﬂpyltr&ﬁeﬂmﬁ‘lanaI’TKIHSOI‘

PSc/ RE.  Pr ef ?F lﬂg'b Mnkerirorf ge%%gpﬁlc‘ ||n9519rv€éeﬁg? R Fﬁ orba Y Qfl aﬁ '3; didtq Pendgeut and a‘n n ker (s)

so that the reco enment
t ar get ar?e?l ytag‘a gioﬂs orirﬁf&c?ﬁﬂm%ellemeat (Q’%er Slilta(ﬂe g)l(mae : ers are hﬁeroselbz?feat alﬁ eeg% .

noi eti es, sucélyngs certain antibodies, |inked thr ough their sul fhydryl
groups Wil exhi bbter igeaavhioh mdieagivabihlhifctrgxylfgoppsaf theagxigiaed Rvahg/zreine dypesfer ,
when such anthebadhasn aérﬁenﬂt.ﬁ&Qafaﬁédenhetrﬁselsiknr‘elﬂaftr_weatnhltarmghurtdheiobdtaﬁrbmue(egroups,
Lhey may have.gul SUUEEH GARARD Acib Al orduD AR R %&paofwcgg%ﬁnom&t% e 15

Prlmary Li nker "I'n ano erre e.ln i mary

r
li nker i <%t t%heaogﬁ'wnﬁw?ﬁmm echadf éT?‘?w . Fwﬁ%dé%ﬁ?ié%’p%ﬁ PP e pse.
One exanpl e @fso be yndérpteadypy 1hpwlée!*€d|'r§h%a"§m§b§'ﬁqft"lh'é’éd’h@’i Frerigactiventh “@‘k@ﬁ'ﬁi‘yé of a
sui t abl e substdupdrpredlicai ty ane PSS statizithOEthnigied) dndithe Gingtional group of the selected

gl yci doxypr opyaogrwona&meg?frﬁdylbagwmm&ndlw:bgaéa/strbawer provides a direct
l'ink between the hydroxyl groups of an oxidized PSc structure and an 20

am ne group of a recognition elenent. OQther suitable primary |inkers are
hydr osi | yifat EG™AMIETREE ARy dinkers

In ancther preferred embodiment, a primary linker is attached to hydroxyl groups arising from
oxidation of the PSc and then a2 secondary linker is attached to the primary linker. One exampie of a
primary linker that may be used in combination with a secondary linker is a substituted silane. An
example of such a suitable substituled silane is, withou! limitation, 2minopropyltriethoxysilane.

)] Examples of suitable secondary linkers are, without limitation, homo- and/or hetero-bifuncticnal cross-

linking agent.s and hydrosilylated alkenes and alkynes.

Because secondary finkers typically cannot bind directly to the PSc, the primary linker provides
a direct interaction between the PSc structure and a reactive group of the secondary linker.
Accordingly, the primary and secondary finkers combined provide an indirect interaction between the

40  PSc and the recognition element.



al kynes. Ot her linkers which are reactive with hydroxyl groups of the

oxi di zed PSc and am ne groups of the recognition elenent wll be apparent
to those skilled in the art. It will be understood that a |inker YA &l
selected to react with a functional group, other than an am ne group, of a
recognition eMéN¥B23025 Ot her recognition el enment functi onacT@Aouss2i ncl ude
sul f hydryl, carbohydrate or carboxyl groups. It will also be understood by
those skilled in ghe, tod poaat ot per.l | inkers, which are reactive with

non- hydr oxyl _ groups %[r?r Saucad ™5y AP REPPRESSRIIFT SR PISTSPeRERT AR  and
the functiondl® {ij?’ﬂﬁﬁkﬁfa'%%é:%-‘éﬁ‘éﬂyeﬂnonﬂ gless fyngtivisomimety encsetedanaverbe sel ect ed
for bondi ng EeMNEPSE returarstentisbsterid BindPsriceBbtlen® aBRG @BH ak Nnuwamhﬁrkftalg& A4t her
preferred enbeding@ntierachwibla fBEtioh LEHERT anki/Sr F%Eﬁ?@.cg'e%gndérg A .rcgrf?(so p%(:iQéJ{) S

ari sing feomyegi makiPh sQlcridnAfa fﬁ)rﬁﬁon%ngou;g Qﬁcn-iar e it dos b pker 1S attached
to the primcy. || rllléeé. One exanpl e of a pr’flsnﬁﬁl M RE PRS2 Prebe used i n
combi nati on W CH 4 “TRUIRPFAPPHIEHR o1& regogsilprdiament ed sil ane. An exanpl e of
such a suitabl e sftRFsthfengticsel crobstipiira spants haietthoiilal resdtiteakdubd For example, a

ami nopr opy| t héret-sioscy@iel cssinkinbe gkt B5HHa RS 1 reSdble AR $aB8F ARARN Wi bi JISGr S are,
wi thout 11 mi b 98 orfiaThre: R0k DELEL: DL fungl fonal, €1 0se., 1EAKTAG agent s
and hydrqgsi | %l:@gtnﬁ & l%%n?samagd al %nfes., ecause secondary riskeP'E typically
cannot bind direct X"’t_o' T PBSE T RIS RS MpacSENth & WitkRestimitationli r ect

i nteraction HEPREERIG Hercprpidy syberatediis suifarated anaias ot bistevtigsuctintmiof) sttfeestes econdar y
linker. Accor di ritsteje-bifutptonpirciosmiinkingegentSieeotvel difidtent leBdi®S FouO N B8ROV de an
i ndirect i ntenaebiubdiordedsetiing BRnt c4Ohalol @ A d& 0TGP Qiinqérﬁ%pwiﬁlaﬁgr%ﬂé' 209
JAN 2084 WO Q03230 RNA 0002, A, 30, 45 0g secondary 11 Aker S/ ¢h
primary Linkers. .provi qe? even | onge_r Spat 67 SCUHPANMEP YHYOVRe pPitnar y

| i nker  al one. - Eonsequent FFMPERSAYE SPHaTOTR Fires-insing 29epts Pravepiniavssl 44¥condar y

li nkers conBPHEYORHN reirreneporbmyizrlansitserliotatdtisndssanpie-psiahlemenyar i si ng
from an unushyifrit geidsuiirkaidetHar, get4-@-aadoydie/arf@pkiignd 0 i Nteract with a

oo P e R ml:'ﬂchpa%gééé’&efwﬁ%f&'a gt 4 HEBSE 2 EANAS [ he. 2 5
gr eat er €Xde e on .of a 'fuynctional group which®i's reactive
with, fog, e&gcggls%“eioﬁgﬁé%ﬁng@ ‘L'@%l PRy tf?:dm Secfk’ﬁ%ﬁﬂ(}%ﬁ’%ﬂ@’"’@fw ESYBERH Wr oup of
a recognition erement e PIRLRIST e e reeradt pniereny eseyentodivadiey t wo
sinilar react?oBSyfaiizRion terhpiauss anthefunctionailpmmps-dbiné senetell GREINItOT S®nk, inkigi Ng
agent can hdeeelactédiprdbnoing actAseergm@up that can interact with an am ne
group of a primary linker and a second reactive group that can interact
with an am ngcHeQMBraQfondith 9 rﬁqu‘ggmti on el enent. Exanpl es of

hono- bi f%gqcti onal, cross- |1 nk ng agents are, Wi thout limtation,

gl ut ar at dehyde, di sUCETRIA TS PASBY & FReciiciafligitydes p faraehanebite i ahistgntiatin d

bi s(sul f osucdtqUAt e Bginpoddirandaree! compiaings iothbsdmplr otiitoenaill in@raets@h Ink Ribgagoragent s
have two di fefegreenflss, gsiatd i@ggionsigsent tha tachXed BihsractdisShRn QR infring t 1 onal

cross- | | nki nespage Bt @RI i b ShanfGAGLI S B OLDaL DAL CaR L ALETACE W
an am ne grlimﬂpoogt)f"é sp'rnllogl?g!ansl Iro@uc%rb ahrc]m— aescecona ' eac¥'_| e 1, Sdﬁ dt?? ? can
interact,with a sul fh%dry gr SURUET DA on-tpegel campnuprise AeRArCisple MErpfiect Epampll es of
het er o- bi f unct Fonar "er68d1q PARE AiuEgaesL grrensaireT berrignifickplly rdduted

mal ei mi donet hyl ) HEspisPdhenefereed emendirigatybra the reacuditiont steneuil ibonsdeant NG9,

4- (4- N- mal eiteitefop eyl de tabyettayaniowingéteredivil intdcOakiHe rec88hion element rather than

4- (p- azi dosadth oy Paddrda)but yl am ne.

The PSc structures of the present invention may be exposed to @ sample containing a target
analyle in a number of different applications, examples of which are provided below. [n some
applications, it may be desirable to suspend the PSc/RE in a suitable carrier to allow for increased

interaction of the PSc/RE with the target analyte. Using contacting means that will be apparent to those
skilled i the ant, the carmier/PSc/RE mixiure can then enhance the extent of contact between an

35

unknown composition or organism, whether plant or animal, containing the target analyte as well as

40 non-target compounds. Such a carrier may include an agent to reduce the carrier's surface tension,
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O her linkers which are reactive with hydroxyl groups of the PSc and
functional groups of the selected recognition elenents will be apparent to
those skilled in the art. It will also be understood by 20 thos

in the art that other linkers, which are reactive with non- h!{g %eg{izgroups
(produced by 8PH&P3?5c stabilization techniques) and the fhn gr oups
of the selected recognition elenents, may be selected for bonding to a PSc

structure. PRk ﬁl}dﬁ:][pﬁ%ﬁéw :S?rhcl\éésE hs @%ges.mmagwoena?{a ddsd é@gmamms Q@R 1 on
el ement havi qrg orhggo%oi? ﬁigtfrgems ang B ganlc%glve%ts aﬂr l%ﬁcgam%?gh %Ff (.e enWo a%h&e%y Ré @e%petdl al | y

reduce the Ilkea\ e mxture wl

i nteract wi t FMchuthedadgney piseine Be efRerrof %%R ‘using a recognl tion el errent
that facilitates a characteristic nodulation in the PL response of the
PSc/ RE when thfedtiddagifdnt anal yte interacts with the PSc/RE will substantially
reduce the |ikel Ilrt}glg%aQL%treaé{; ?fr‘a] eﬁﬂ%ﬁ'cg'tr% FeRAeh la?@%%%ﬁgeru@één%ﬂnkk%%é

conmpounds. Accordin non- conpounds in a
sanpl e mi xt ufE°BH°Y %‘%’X@La?"é"éﬁb'ﬁ@@ ’Eeé??t'%‘é’eé’f’ﬁ’di”‘?*??&fﬁ’ I'"i"e’rs@gukf‘éﬂs ot i kew se,

i n a pref err @skcetrodih reerponithesienentia! tibiorgnd thé BYF ldapeiatoetttargpognos prddy f |
affinity for terdehghaki@é.get anal yte, the target analyte will preferentially

i nteract W tht hePrE@t%ﬂgnhtIer’a&gn ﬁkﬁ%ﬂé Imﬁétanlﬂﬁﬁe rEJB@f@llonWeﬂh&t |tn eBﬁ%n&E E}JCt ure.
The PSc structures

Cont ai ni ng. o PEUP R Hougsl SadteliF Tt heitioniion Steal e B B gty g e
exanpl es of HFPE ’h‘?’%"eﬂlffef\ﬁe@?étﬂ‘ef?é*l"bw‘“ﬁ‘ﬁgﬁé??é"e applications, it may be
desi rabl e t o suspetcictioh eetirso Lifigsocintedlingans dnd bbratarga cerbpependd mdairla@waﬁa)}nes
increased i Ma@bifdititOdbytockifi@edeine /Bkps o Unbssbdiedlinke@Ednd/aM3 aidching thBk Rbctive

contacti ng ”E%Ué& oq Lh]'n%gsow!at!etj lln ?s a%p tﬁzm'nas ag ﬁ\tﬂrmtgﬁ)?a co%l)4ﬂlﬂ ﬁg Fegent |pgia?g§a the

carrier/PSc/ fen erhance t xtent "o ftact between an
unknown corrp@g"i‘i“?ﬁﬁ’p‘%ﬂm‘brganl sm whether plant or ani mal , containing the
target anal yt e asNapeimitingyexamglesrbpich ke &reatroanippdingerdes mByiely balow greriler nay

i ncl ude an agenincdl@ulinathdeg prothies. Ca# bibtie Feagtivs agehtade (B BeEingmutid3, 006 03230 0
9 JAN 2004 RRGHet nBF:00642 increase its hydrophilicity or increase its

hydr ophobj,city, as appropriate. Such agents include, wthout [|imtation,

al cohol s, deter ents and orq}anl c_solvents at a concentration sufficient to
achi eve the JBRPIZEbuIEdnaRipteinLieptment or sely affecting the efficacy of the
PSc/ RE. 5 Linker Teesampedimentilinike epchrdyo deScisiryshyegehy 0o treaiey withindnoenoglehslin
preferential binfibgerraat {e8Ph elarvaeroeinye Ploleinlcas Patol LI hBBP B aapgrifit iy el 2nment ,

ﬁg?/ ogsg b) . ;{aéeleckudtpommc%f%mogﬁnwae@ferkc u@ﬁaﬁ,sesssa&ueﬂhyl Hef!a’ﬁ & aé.imfeﬁ ga\Je Isgye;ﬁ g
2{5 gc tW mam an aat%o?ﬂe%o%{uhon ?Iementm3 il referenthiliéss tnEracgfwnh‘lsgéi? liere.for% when

non-targ eraction
bet ween t he I"Ier?Rt@deéﬁHQ’t"HeE‘F’é‘?ﬁ‘b‘@?ﬁ"ﬁ"@)"n‘“"@ hedrRRtirester/inkre 2ered ipderf Soptructure,
provi di ng a $terrorgmain s ewibety rcorpnitient efgent irtdietsdt g lvBPreateddhkenent and t he
l'i nker and/or by sBychRBihe P hAL: spkc@e Gy ot 0AOF SR ER BlanfitddiesDRER PamniefcBhact i on
with a tar geti.nk%f?édh{ée@bma&to‘?ﬁo@&érﬁe%%?@%‘:a!rb@?a%&ﬂ%é t@{:h@ﬁnkéq %Es%ﬁwﬁg apf

1 t Ki
Fenct | ve B o RS BRSO Pl Y R PR PR e e

reactive 15§t 'ngboaf reERSBEESIEMANIERIe PIPREREIENtEY f?f@m@w‘a'tgﬁt&ﬂa'ﬁ%‘efaﬂ%f finity
for a corrpouﬁdecnleﬁtlly preds anrbain aftha artigadg etognition element binds to the IgBP, while the Fab
domains of the antibody remain available for antigen interaction.

35 Biotin Reactive Agent Treatment
in another embodiment, linkers attached to & PSc structure may be treated with a biotin
reactive agent ("BRA™), which has an affinity for biotin. Non-iimiting examples of biotin reactive agents
are streptavidin, neutravidin and avidin. In this case, the desired recognition elements are treated with
bictin to produce a biotinytated recognition element. Accordingly, when the bictinylated recognition
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anal yte conposition. Non-limting exanples of such |Iinker treatnents,

di scussed nore fully below, are (1) inmunoglobulin binding prot brﬁ ﬁ[ﬁ) a

biotin reactive agent, and (3) blocking solutions, e.g. am ne #JBj 2

solutions. 20 I mmunogl obulin Binding Protein Treatnent In one errbodl ment ,

li nkers attacWé’d’“‘[O%?:“g PSc structure may be treated with anPFRP8Yf%bul i n

binding protein ("IgBP"), (e.g., a Protein A, Protein Gor Protein Q | gBP

has a specifigg 3Bl c¥edfv8|ﬁ mé‘eaﬁﬁéaf‘eﬁwgr aH%F\%ftr?me ﬁéc s"i’rﬂ.—égg'ﬁhe%@ﬂb’raé< Wheas the
an

Fc domai n. Conse uen % us
anti body recdoyft ’P’bﬂe’%%/fawjéﬂffeﬁﬁﬁ“'la'f” et ErdRERAl |y interact with | gBP.
Theref ore, when BdvevsatieiBRéHgs anaioy nilt oarptie B8 frbertménsof the it kestraidceakindingtohe

| gBP-t r eat ed nbi-akgerconpduagzadhalger shanges RdEnh 86 fouEdvelbigin motehR. tFthe kBRI Modbr t he
anti body rsec %mhé%ecmm@ 'aﬁm%mrar aearngn @s—;ts@mw ng éffaﬁsoé ABFs déwe%mhsﬁe ,Ldnn&&ef

Because the | ic a bodi es,
| gBP treat mer’?ng'?t ”ﬁéhe "P'{)ﬁﬁg?cge‘jr“étafj'é%ss %‘i“ﬁedfﬁﬁ'efﬁ’f"rei’lﬁ‘ﬁ biptiny'gied ref:"@?fitPBunds and
t ar get anal yrEetts stlkreradjepkisiegctingsihiadireyensiieh 30 conpounds and anal ytes
have no Fc domain, of course. Another advantage of 1gBP linker treatment is
that the ant |m¢yg§amm,ga§mtel enents are pr operl y oriented for antigen

target a%l yte | nt e éré%g?dlmenﬁ%e F&g%ama\x}éé ]rea!e Hrlth ?:kq kmgasolu?cm to spe?nacfhl body

recogni tion el ement b

ant i body rem&l°ft réﬁ?&i‘-‘lg%l’%’fF%‘i’ac'ﬁi’\'f”?‘ﬂ%?ﬁa”f‘ﬂf"é‘f”&d'f*i‘ BrA-targe caRgY IR aReHeY | ve Agent
Tr eat ment | n apawtash Bieckingbadiomserduge, for elempls aamint Butfere duthaes a gpSe-tstieredcbluioe. may be
treated W th agy bir@btedlinkdr @RARE oY @va@RIPE ard thRRACRed bY¥AL Shind\RS.pa bk 1fblokigt Y f or

bi otin. Non- lsblmortn | lﬂgﬂe@f mrogﬁng%t)lutgh Qr;eg %Bigﬁﬁe.r%gyaggﬁﬁtzéptor ?ergi n é‘tlr{ ept avi di n,

neutrawd5 and a % esired recoghitron elements are
treated w'th recfﬁ"é?" epegt HP’%’H&’B@" %B'B'P‘%Pi AT 4t 'FEEDGhi ti on el enent.
Accordingly, when the biotinylated recognition 11 0 9 JAN 2004 WO 00/ 03230
PCT/ CA99/ 00642 befectipnt i s contacted with the BRA-treated |inker attached to
the PSc structurean drbBailbRbian appaia@t Yo vHtn Habe Js8L080Ed PLQBmL%ltrﬁE@J&EerNM:Jahy

pr eferenti al lnr?:l\f):'g ‘i‘tﬁlﬁa@ﬁg 1W|scgn¥}acédhzﬁ Pﬁ@ke hﬁgggbld_ugh Pgﬁé%g%rm%ed »?‘ar\}elgngr ig! ty Onl y

for b|0t| treat -tar

conpou nds2 and"%P gide aRar JIRE 29FA 8 o &% Nt PREGR MBI ”ﬁ"‘ﬁ’b‘faé‘if figst4. why t he
| i nkers. Anot97&tes Bnvdavaimtiaige caypedibheas Breestanpadihe ehagbienebihe lases 123 To¢ i-"gwl y
st ronger. assebdomt ragiatidy et aieereichiities ex@pug light haoing the predadinbisedavadeldniie. h chvlger S
attached to tfr uR3% Sininbie EW BnstathokQLID Bﬁpenﬁh@%l reht%otan%l i@&r@dﬂ{eecﬁ&b%}% Ion

el enent is SHOL bes(fﬁlgggnlllu?angn (‘1; lhei Egr %%ltat ng.r vag cer’(?lr%reqﬁen%Pgm%ﬁg t}fes se%arat:?n oifa 2t ed

Sol ution Treat

with a bl®Bcki hFIEHTAm Moreckar agiese ?fuaeafr'ﬂ"gﬁf 4%Ipﬁ?fkheﬁé%ﬁfl‘éé‘gﬁlpﬁaﬁé”@fg“ s

unreact ed | i reRet7g0 thg adrrpiet 19b L iphd redigtionsdatiereriom the gt 19¢0dTpaesnitsugh fedses 4§ et

anal ytes. Bl edkbdiginsdlettoit@asngulld AR a hiddr 38X AMBhRnroABibide. MMefcfE sanaSikeh as a

gl yci ne- buf f 5 et 8Ok4LioR B wavéﬂﬂ&h%&ﬁ@gLr@@tel'rﬁu%%ng@md%s [RAGL LYL gLRHPS are
t hus bl ocked Ry the | ocking™ solution. However, the

bl ocki ng sol utTon ram ogﬂcaﬂeegﬁnﬁs QE\ F;H)araus 10b

receptor or acceptor region of the '15
rec ognl ti%n el enghPrRURGHTESIPGFREISTE 6349 Ingidr e MetechrePai 0 allgus PEaB9THt er act i on.

separation of different wavelengths 4., A, A5 and A4 of a scattered beam spectrum o a mirror 35.
Rotation of the grating 36 is controlled by a computer 40 to separate different spectral components of A
an output slit 33 of the monochromator 30. Intensities of speciral components A4, Az, gz 2nd A, are
recorded by a photodiode 38. The signals are amplified by an ampiifier in the photodiode 38 and the
35 amplifier 42 and acquired by the computer 40. All measurement processes are controlied by the
computer 40.
Quantifying the concentration of a target analyte may be determined using a calibration curve
of PL intensity for known concentrations of target analyte or using different concentrations of a
recognition element,
40
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PL Detection An enbodi nent of an apparatus 10 which may be used to detect
PL is illustrated schematically in Fig. 1. A sanple 19 is placed on a
sanpl e hol der 20. Light at a predeterm ned wavel ength is 20 di r ectletiNatllk he
sanple froman argon ion |aser 12. Light passes through a narrow band
filter 14, whiH¥B¥BAuces any noi se radi ati on caused by ga¥CTra®y¥@s€ence in
t he chanber of the |laser 12. The filter 14 absorbs radiation of all

wavel engt hs ex%Bﬁca[igrs | i ght having the predeterm ned wavel ength. A chopper
16 is used to el m nate any constant noi se caused by peripheral |ight
radiation, if any. T SeREpistred oy prroadiatasortid samoinaaciiibinaR -0, & he. ] a3&f
radi ati on wi t h tGsuemrtaaivarsify LEGHRRGYSs, inm}inﬁmnﬁ&f%&% %%gq}rna]ti on of a 95 B

si gnal fromthaqebiealggyi,gw,apgg%{ﬁalgg %Qns% |71 er 42 AIPeY: Thesinspes for 6,
light passes through:a,.l tqe@s 17160 1he _sg‘Bﬁﬁ'FE’é"’Té‘?-g-E’Pe@ﬁﬁ'ar“-%@lﬁ?'w@imrfsewehter ed
by the sample 19 i s ai I 6ct P THIGUHF Pkitsstg otb® malechiares! bivlogichl Desackubri dstey 22
to an input sl *PPUYSUg. Berpstpgtss c¥idndiysis@tanonochr omat or 30. The broad band
filter 22 absorbs froaehembieorreof anwaraliNGh S @ Hhshd hﬁégr&giﬁ%%&,g%sged range

and thus reducesohasei ohg@bRtd@ing " L6 drom o “of the
apparatus 10. Zferdyt ,regggﬁi}?%@gmgr;rf fre c'ﬂh%ﬁgeﬁgc’é’t Sleﬁadat%%d?qhﬁ"&éf’ SURE sy5steres havieg

monochr omator 30 al I'ows T or SO 8F PreRgEsp Arcbandntorestrateti ah f/erhintecwavek @iHe'S
41, a2, 2,3 and 44 of “YPECATErBliarh R EP@Ciona st B sed mbid 69 beld - samFed @ i 0N
of the grati ng*s36"paceehmobiizedorsyspnceoPRUHER RS RS ePR AbS,diL L er ent
spectral conmpomdrtisgedtnalyRiRadddtridly dglle;n;ineigs of tsergje 8&D‘n chr §grgaf or "4y
Intensities ofsSARESdafbe %legrégn%ni %, X2 X3 ard Ea e PEYOYRIBY by a
phot odi ode 38.f0r);,hﬁ%ajs“|a nals are a PIPHPEN By o &ipRie kP hatesmitrovotuve dipfeedenti ode
38 and the 35 anp PTT 87 P Aty Yatfetionerierpgavhe computer 40. Al measur ement
processes dre cont AP BBboHPentIRSCIRE oimputes bre 4Qambddatl L bR 9 S sGoRSENt rat i on
of ‘a target aribipspivewivmye beetce leaiomi@fbmbsl B san&a) i Bhal Q0 curve ot PL
intensity for Tlomaunhecmﬁc%mspé‘éfhwgfngﬂr%g %{g%nma te or Ky r:é Bra e st
concent r at i ONSeMtondyctd BGAYOLL ] op elenent, T s ) ’Dm A S™#D 00/ 03230
PCT/ CA99/ 0064%f€’pglal cat1ons " FHhePELFPREY Mel e thridigsufiignt bignauseabitaban@cl | N
combi nati gn wit ha Wi de MEPTIER 2R52) te difiedts oftedrd muwpls b fifkiént RcddhN cBikMe Of
appl i cati dfis, SPROEIEA iR smal erbe imall §-Dirbadtu@ites, Ms@hernR! 29 ar‘ticﬁlgr?hsuigﬁlef
bi osensors f ofhis e apalicatio ' s B8Ny an Ldﬂ%&é,ﬁ aland E%.ense Yal{)p ICations
derect't H *8

(e.g. chem cabnexdndnbhia} Q9 far t Tect | ON7'i EPRer'ed ¥ &tidon)
genoni cs, di ag,g,q%gnfgrqhe Sﬁ&(éi %%:ﬁéé"?én&@ g%ﬁ%ﬁlﬁjeﬁeé?"f“aﬂ’f‘%? BRfhie dpvingresasitiosuch as

cel | isolatign/sorting, i crostrifet Whena reginiof thekideyis prsgucet somodkieted Bxanpl e,
there is an i ncredsi"REPHaR iddentded titphechimitionginmt useh RRbALASYL ces f or
genomi cs &hd di agrfSsfFetrstreeemiaigoe drandeli ridd&Rld Qan SgpaLate batches of
PSGRE st ruct uw@sfiddambwmgofadb&/ffcﬂrﬁaﬁre,raﬁ@é%gme L0, &l enents can be 'éBar ed and
t hen i ncor poraigednandLOke ggln?[; gldani,?e predet erim BEHA00 7 SPEFTSYY Prcere ochi ps”
or m crocapi I,L,@Ju%ﬁo%rfrra contigurat] ons gl Wwipe Séng tarent enafviglsh sesteihd.  Sanpl es
can be contacted w th jTRTGbT {oyeRpte (PstesprerduidnPSc/ RE structures in such
configurations and PRPE eARWIMSN. PSYREBI @ik usaal ¥ bRiiFAR = Rt SRR Y

de;t ermi ned asoHMsetigsadalabavee ﬂd‘\dM'a@t‘ag@ﬂEﬁi!lles c%‘lg%ing%r(a:e or more target analytes.

The micro-capi i
€ micro-capillary columns couid be optically clear to detect PL modulation upon interaction with a

t .
':rget analyte. Parallel or sequential placement of micro-capitlary columns could be used to detect and
identif

| ity onhe ?r more target analytes. In another configuration, the micro-capillary columns could also
Incerporate fiber optic elements allowing for detection of such PL moduiation

35 In i
| another embodiment, the targel analyte may be found in or on an organism or portion of an
or " - . .
ganism. By “organism”, we mean microbial cells, animal and ptant cells and tissues, microbizi
spores, vi i i |
P : viruses and the like. For example, without limitation, the target analyte may a bacteria, a virus
oram i ‘
: 01:5c:nbral Spore. Examples of such target analvies inciude anthrax spores and E. ¢oli, such as £
coli {a causative agent of hambur, i i on af .
0 ger disease). PSc/RE structures, which have an affinity for one

of such i
target analytes are contacted with a sample suspected of having such a target analyte or a
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structures can be used with conventional hardware, for exanple autonmated
m crovol une di spensers, to formanalyte detection and/or identi hi cati.o
m cro-arrays. 15 In one enbodi nent, PSc/RE structures are advant &e@@uﬁi@
used on a photon detection "biochip" where a variety of recognition

el enents can bDECPIEE¥d in different regions of the same deWdEA9ts4dat e,
the practical issue of having multiple but different recognition elenents

on a smal | 14 hjp.has not yet heen satisfactorily nmet due to
1) insuffici Eﬁﬁ'%ﬂgﬁ%ﬁﬁeéﬁiﬁt‘“e RIS C R EE L O 2B et s dresepaPipe a targe!

i nteraction, 3V 91° o REYe SRCPanitieofergnts B priteR g thared ! weldr eosbing thratioh gerent

recogni ti on edcenee!the26isdeqvarict@ely, Wiekd P St saucunm Ihbve aldRdeterDARgkst direhsRS6!
structures, descioobeedt ABAveicare particularly suitable for this type of
applicatign. A sa , i Jai unkno onpound, . .but which is
suspect ed of pei ﬁe{gﬁpb%ﬁgg{g%&aﬂg%%ﬁ%@ be'_”egSg\rr%cr)’ﬁﬁ%? IngeRge 't ALYBETI'YEHET T ed by
cont acting a°BI"SENh AR " PEEGHNE i 'dhelsoasibisttasantoreniymeouls s rdeceed
conpounds. WReFft & thekafiogpanierd adtivedy insesds I preprle b e®cyges SBARBCRE @6l dBkction dBsPONSE,

t he conpoundiniesai ol @mdcefuiaedrglndye recognition el enment used in that
particular area. 25 PSCRE structures can also be arranged in mcro-arrays,
each sepgpate ar ea cont ai niln . a sgleci fied anount of a PSclRE structure,
and each separate area Havi TY a™EPRR ¥ FEYE{retor ths present ireatiop that raayge made

anal yte, or PReSEATERMST bpagin asgyagvipeeior igiciiva dveepsebpmidi ng of the tar get

anal yte(s) results in PL nodulation, for exanple in a unique pattern
(pattern recognition). In another enbedifiBiys, PSc/ RE structures can be used
as a packing in a mcro-capillary 30 colum which can allow for the
flowthrqygh of Fe}rri er |iquids containing one or nore target analytes.

The ni cr o2 capiPhr'y PE8PHHon St heaiF'sSe optically clear to detect PL

modul ati on upon iSTEkpagistes efsiliaah wére producer yestectmniad! fydoementdar atlpladdr n®jpe SiRGUENT | al
pl acement  of ottired ene Sifich Desy S WEIE) Salnls, USBE PHEGRE Wer pRBLRE by AlManickident i Ty
one or nore ﬁ@hﬁlﬁitic@-ﬁbﬁa’g)ﬁ%ﬁar artorbesffil_gg&?o%ﬁce%ﬁl&r%%i@és'opﬂ’ir tgmgr.sn; ! g_isc api | | ary
col ums coul‘go Pﬁgméuge%orrgqgs%tmga fiber %Bt,l c elenments afel OW ng £ OF det ection
of such PL rpdul afion 35 1% “AndYREPI%EIhUEr niAtes v pmpiget ofrdegest nay be
found i n“br YRENSAN. brtyeatidR AddPOpaY werelegitd kyppechanigrhsievathrcByh 4 mivgenmenl ,  we
mean mi cr obi m¢micak.| Fe pamdtasaviereant)z@l 19 BET E@bnhsuecenditiToiH @SalysRl Cr 0bi al

spores, viruses apflajad8s hiskGde FRE 2 FNEHBR) ' Li g tatl Ao, Lhe target
anal yte may @&, %clg§aian o e e Sk 2 'E%FTJ)%%%#QEEO& é”m“@ea!r#%?%’é’“of such

a_ vir or a mgc _
target anal ytes |nc }'uggpt’ésﬁf” RF &Eess‘"ﬁgrwégm%?ﬁﬂd fen rgggighed altgrdiansiel ofsampiegip e 0157
(a causat i ve2RHE HPesofhesamples e Plagestadisd)strumBtdnREegs tsedtythastisg to 1edTCa have an
af fi ni t y2% orplagingund€r vefuus uemigharge de@blgyiheSmpeevGORhaes £6n W b desamp! €

suspect ed ofrelaiyicBITHRWS IR WeR IS bnaRRRlYd &-wR1: i - 00/ 03230
PCT/ CA99/ 00642 .53 Ga eR i bnaAEA oyt oA? i WictosreltfoctiBent?

' . | tested for the presen u
target analyze | n tnﬁxgw%!rﬂg%gélnge\%oﬂ%ascebeglp?"gsr‘éeéettakeaﬂgrl‘ OPB° O3/ nor e
recognition érenents attach itself to the cell wall or coating through
exterior recept oeBEIpuiopraressf hepartiidy dped geatisding BET duese afeSenabkiE,at Ur es have
a di anet¥r oeteinireg et 0d7zaRNID BAn*Qfvit Abddbtich BB b akPYt 1 micron. 5 It is
possible that a FeGiRE &R de@Galid Yol Gk Q{ano%;b@r’é‘é‘ Pt 3o e Gherity &N
organi sm forethﬁé r%glﬁdd.o?he s(l?lgonagnic!lers]twgr%rs]?lpe %rd iln an racel IISUT afl}.t?a'rgge i aﬁ%‘l yte. It
is also possible that an organi sm cotnd be  rhiftEed o PREERIBIE%hat an
or gani sm act TVErSCPHGEYME " I {4 BHHBI &9 SBIPIsIFhigee \prersdtae. e PScyoRE ofuged
det ecti on ofY%psen pasad sauded welert mixingief ¢Helsoibtin, sb dpige bdditio@d wikieg wisQedbhei 1§ ol | owi ng
nog-l i M¥i ngemnmmpticss vfus@nbmd nRenhBy RbctibheasRiofRe B siltiaY 8MNtd LRic khah, My be
made with water.

The resultant PSi particles were analyzed using Scanning Electron Microscopy (SEM), BET
and BJH (Barett-Joyner-Halenda) analysis.

Figs. 2 and 3 are SEM micrographs of porous silicon (PS1) particles produced by the method of
40 this example.
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and used as clained herein are provided for
EXAMPLES 15 Exanple 1 -
silicon were produced by nechani cal
obtained from Silicon Quest (Santa Clara, California, USA).
fragnentation using a nortar and pegilsésr oduce

produced by na¥heipaal
procedure produced

particles of an irregular shape.
i.de range of sizes.

gr anul ar

particles with a
| argest 20 di nens

rﬁnd Béﬁ

Pr oducti on of PSi

particles Small
fragmentation of planar n-tygq RiNlil@on

Thi s

Particles with a di aneter,
43S %0/ ARCE “ODOMISROHERIEICS&SaR 2096™ Ingtrumecthani cal

Il lustrative purposes only.

particles of

Particles were

or ot her

si evi ng t hr ofl¥rress FEbyrmetSAresly thewendiivanescribbh goopa rakiboediesansRERmadhabiiged by

BET ( Br unnauetre Ereretorolmlid @gg)re@mabrys%bré

M CROMERI TI CS ASARE%QQQ‘J%QE &
sanpl e tuPes wer

the sanp

BET anal ysi s was nade usi ng a

USA npt

N SO R O G SR T e Ps b s e 1o
e tupes eé"@h% g%?ﬁﬁf)ggz‘\,%fpg"”pq REgonFrefisint of §SPeRGreteeordingly. tegassed

by heating t&EgCrsaghitie PaBticlst wes irrgpasad desppieaiatelt Oinek niiglrie. abMketdedcrisd@gassi ng,
the sanpl es werim tecanmecdaskd @1 ol RAILERMined BEBET RidMeidRGrea BRESAIP! €5

were then ang pzrede %Qgéﬁoré’\@énw&?gas%fﬁf}f s,anal ysis. This l'ast recorded wei ght
was used in anal y@glﬁts ume absorbed points were taken from

0.05 to Q,3 relative pregslsjlgﬁpsé’rp"efﬁgregﬁ'ﬁb@%ﬁﬁ"ﬂﬁé a&r"étéd bfowtimERbsdr t i cl es,
based on & 5- poi nt BET surface area analysis, was 30 determned to be

0.1724 0.0016 n2/g with a correl atlonmmeﬁflm ent of 0.999871. The silicon

particl es wer e [TTRE 3; A pee f-h--f-m" usi-pg-a
chemical et chilng %gf;;ggﬁi AV%%# Eréfée(gz,ﬂgg PCT “lat",ﬁge 3& d#’@;“frea qn acidic
solution of 70%.nitéint acild (nd0%_hyebef | Loriesyeaci d a(m_g)vvate (nk? 1:4:1
ratio for 60 s¢cdRB&- 256.2¢ gopast9éper.atiasce. | 1heoi6mack | ogozer 0dUCE6he )dr ogen
gas and caused B?&‘PS%?B‘ISO‘I%Q i,a SBf | t BA0OGH]| yf | BPP1630 | hatOtAo addp.basongl mi xi ng
was requi red tq 35 W‘g %grt CDg%g?;n U% 734'Ln ogea etlchP-BI9 r ¢acti on
was stopped by [0V 814812 O Biisy ar BhsoaotHt 'q'}? R r"g%ger. nggsarﬂf:ultant
PSi particles \eresmraliyzedzes N0 b ' _ TN GE0STOPY ofSEM . BET
and BJH (Bereft- 18:9e20-38al endey) anabopsdis. | Fo.gRss52 [anch.opoar € Sbbdym ¢r ogr aphs
exanple. 14 0 1/\3\1 41135 AO LY nqg&ﬁpoﬂi}?’r/ CAOBNEIA642 PRFOT2 and Bd$I6anal yses
were made usin MRS BJ08IG, - B 00 5 ¢(
. . Bl97> 000078, "JJ A 0035~ 0.135

Georgi a, USA) JSlmgs- € P OGEHUTE §iEmea! ﬁ%bﬂsc. A ,,pt.ono,rs.sd
desorption poi ptsS64w868_t pKemsT riond.8botks 1] (Ugomar atggg presgage—| The BET
surface area of-+th®-586ti | 648 paseeloes d -0.qoedsnl |BED.1SET T ACED RBE
anal ysis, was |5—4&&fkin d41“§;\ e Q0002240 |0 @PD2EP2nfl/ g OROOh & cwaseel At i on
coefficient of [O-PH99%5: u’g%u. et 2o he dgg? 2 parficles
was increased Py approxi AU Gy 413 dto8Rs Lbld e a“\fgﬁgﬁs dc:cr:ﬁ' | et chi ng
techni que. Baspd 281-2.98 of Bl 2par € VadoHEe e[gQ;roguz_b_IEL DY BT pivigigd—py pore
area det er m nef.—%32 -RET hé4avedr apmeoizer ¢ dicapasd er] WaS 1@t 770 roreBI |

2.06-2.32 27 0.000116 0.003666 0.214 1.974

1.82-2.06 1.92 0.000095 0.003762 0.198 2172

172 -1.82 1.77 0.000040 0.003802 0.092 2.264

Results of the BJH desorption pore distribution analysis are listed below in Table 2.

15

TABLE 2

Pore Diameter | Average Incremental Cumulative Incremental | Cumulative

Range Diameler | Pore Volume | Pore Volume Pore Area Pore Area
{nm) (nm) {em’ig) {cmig) {tm?/a) (miq)
278.56 - 284.01 286.27 0.001155 0.001155 0.D1h6 0.0186
87.25-278.56 103.77 0.000504 0.001659 0.018 0:036
62,76 -87.25 71.02 0.000040 0.001700 0.002 0.038
35.37 -62.76 41.80 0.000065 0.001765 0.006 0.044
24.52 - 35.37 27.97 0.000050 C.001815 0.007 0.051
20.20 - 24.52 21.93 0.000033 0.001849 0.006 0.057
16.09 - 20.20 17.66 0.000038 0.001887 0.009 0.066

15



Results of the BJH adsorption pore distribution analysis are |isted _b_gljow
in Table 1. 10 TABLE 1 Pore Diameter Average |ncrenmental Cunul atlivéN 2t

I ncremental Cumul ati ve Range Di aneter Pore Vol unme Pore Vol une PorgOAreg
Pore Area nm(nm cnB8lcnB81lnR21nR! 210.62 - 295.20 238.98 0.001559 0.00155
0.026 0.026 10%94%3230310 62 123.50 0.000071 0. 001631 0.002 FETE?E%4¥¢4215

103. 1589. 500. 0000270. 0016570. 0010. 030 40.42 - 81.15 48.22 0.000077 0.001734

A V-V .Y ~N A DD O OQDALD Q0417294 ... 000

0.006 0.036 27. I8pge Bihndid D hvershe Of MR RMertal O Romliatie Or iastemental | Cumulative
Range Diameter ; Pore Volume | Pore Volume Pore Area Pore Area

(nm) (nm) {cm®/g} {cm*/g) {m%/a) {m’/g)

12.69-16.08 13.98 0.000041 0.001928 0.012 0.078

10.89 - 12.69 11.65 0.000026 0.001954 0.0098 0.087

§.91-10.80 10.35 0.000024 C.0C1578 0.008 0.096

7.81-9.91 §.60 0.000059 0.002037 0.027 0.123

6.40-7.81 £.05 0.000075 0.002112 0.043 0.166

5.36-6.40 578 0.000086 0.002208 0.067 0.233

4,57 - 536 4.90 0.000124 0.002332 0.101 0.334

3.85-4.57 4.21 0.000184 0.002515 0.174 0.508

3.44 - 3.85 3.66 0.000222 0.002738 0.243 0.752

3.01-344 3.20 0.000270 0.003008 0.337 1.089

2.65 - 3.01 2.81 0.000262 0.003270 0.373 1.462

229-285 2.44 0.000172 0.003442 (.282 1.744

2.00-229 2.12 0.000120 0.003562 0.226 1.970

1.74 - 2.00 1.85 0.000101 0.003683 0.219 2.189

The above results illustrate that there are no inkwell or other retaining pores in the sample
analyzed, The BJH cumulative adsorption pore valume of pores having a pore diameter between 1.7
and 300 nm was 0.003802 cm/g, while the BJH cumulative desorption pere volume was 0.003663

5 cmjig. The BJH cumulative adsorption surface area of pores having a pore diameter between 1.7 and
300 nm was 22636 m’/g, while the BJH cumulative desorption surface area was 2.1888 m/g.

Based on the total pore volume as determined by BJH divided by pore volume as determined
by BJH, the average adsorption and desorption pore diameters were determined to be 6.71859 nm and
6.68407 nm, respectively.

10 The differences in surface area and pore diameter values between EET and BJH analyses
appear to be due to the calculation method used for BJH analysis, which assumes that the pores are a
bundle of cylinders. However, the SEM micrographs produced show that the porous texture of the
particles cannot properly be characterized as a bundie of cylinders. Accordingly, the BET surface area
analysis is probably a mare accurate determination of the surface area.

15
Example 2 - Production of PSi particles

PSi particles were prepared as in Example 1, except that the silicon particles were suspended
in the acidic solution for 30 seconds. The resultant PSi parlicles were analyzed by BET analysis,

BET analysis was made using a MICROMERITICS ASAP 2000™ instrument (Norcross,

20 Georgia, USA), using the procedure described above. Volume zbsorbed points were taken from 0.05
to 0.3 relative pressure,

The BET surface area of the particles, based on a 5-point BET surface area analysis, was
determined to be 0.6858 + £.0039 m/g with a correlation coeflicient of 0.999934. Accordingly, the
surface area of the particles was increased by approximately 4 times using the above-described elching

25 technigue.

Figs. 4 and & are SEM micrographs of PSi particles produced by the method of this example.
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0.042 20.35 - 27.1822. 760. 0000310. 0018140. 0050. 048 16. 32 -
20.3517. 870. 0000410. 0018550. 0090. 057 13. 58 - I T
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127 0.383 4.23-4-850. 0026220. 2000. 583 3. 72-4. 23 3.94 0. 000229 0. 002851

232 0.816 Bt 0nf80,0002210: 030420551, 070
93- 3, 293. 080. 001930 00326 000158, 0.003422

4
230 1.550 2.32 - E“'”é?fépﬁ%‘*%éﬂ‘é‘&%%%ﬁfﬁ‘e%éi "‘?‘8‘(?"""'*“"” Using peroxide. The
06- 2. 322. 178 ratoasvaeE ITOSEE G0 ierppadryre for 1 hour in an agueous solution cf 30% peroxide.
82-2.061. 920. 0000950. 0037620. 1982. 172 1. 72 -

.821.770 ooggmpqg&qgg,gggzpag@ﬂsw,@@ of t he BJH desorption pore

di stribution anal y, ? LE 2 Pore Dianeter
Aver age | ncr enent aajzﬁes Pro?ucedtm xam e?werte snlxbje ed 1o cgetmlcal om-c!-atlon using

dlmethylsuifoxlde {DMSQ) alone and a solu'uon of DMSO contalnlng 500 mg/mi of 2.6-di-tert-butyl-4-
methylpheno! (BHT), a free radical scavenger. The PSi particles were incubated at raom temperature
for 1 hour in DMSQ and 2 hours in the solution of DMSO/BHT.

'—‘!—‘!\’.O!\J.O.O.CD

10
Example 5 - Oxidation of PSi particles using lodine chips
PSi particles produced in Example 1 were subjected to chemical oxidation using iodine chips.
The PSi particles were incubated in the presence of iodine chips either (1) in vacuum or (2) in air.
In vacuum, the particles were incubated under vacuum in a vacuum flask conlaining the iodine
15 chips for 2 hours at room temperature. The particles were then exposed overnight to air at room
temperature,
In air, the particles were incubated in a stoppered flask containing iodine chips for 2 hours at
room temperature. The particles were then exposed overnight to air at room temperature.

20 Example 6 - Attachment of Primary Linker

Oxidized paricles prepared in Example 3 were immersed in a 10% (v/v) solution of 3-
glycidoxypropyltrimethoxysilane, a primary linker, in water for 4 hours at 75°C, followed by annealing at
110°C overnight to form a covalent bond between the 3-glycidoxypropyltrimethoxysilane and the
hydroxyl groups on the PSi surface.

25
Example 7 - Attachment of Primary and Secondary Sulfo-SMCC Linkers

Oxidized particles prepared in Example 3 were immersed in a 10% (v/v) solution of
aminopropyltriethoxysitane, a primary linker, in water {or 4 hours at 75°C, followed by annealing at
110°C overnight to form a covalent bond between the aminopropyitriethoxysilane and the hydroxyl

30 groups on the PSi surface.

The particles were then immersed in a solution of sulfosuccinimidy! 4-{N-maleimidomethyl}-
cyclohexane-1-carboxylate (sulfo-SMCC), a heterobifunctional secondary linker, containing 10 mg
sulfo-SMCC per mi of water, for 1 hour at room temperature to form covalent bonds between the
primary linker and the secondary linker. After incubation with the sulfo-SMCC solution, the paricles

35 were washed with waler.

Example 8 - Attachment of Primary and Secondary Glutaraidehyde Linkers
Oxidized particles prepared in Example 3 were immersed in a 10% (v/v) solution of
aminopropyltriethoxysilane, a primary linker, in water for 4 hours at 75°C, foliowed by annealing at
40 11C°C overnight to form a covalent bond between the aminopropyltriethoxysilane and the hydroxyl
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Range Di aneter Pore Vol une Pore Vol unme Pore Area Pore Area

(nm (nm) (cnB1(cnBl(nRlgnR! 278.56 - 294, 91286. 270. 0011550. 0Qflql pf07:81L60. 016
87.25 - 278.56103. 770. 0005040. 0 116590 0 119036 62.76 = Y
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PCTI CA99/ 00642 Poyig pdicREBLE thed WEEALEN b QRSB MiSbIodAWEYL &% in\tRoshEd @ABNE al

rC]:lrJT(ITUn lmaf: In‘\éf (c ! ?i}ﬁ%l%%}? n%%gndg)nq ﬁn?er.\{gl‘llﬁngg atprggrp?;er}ﬁ/;?t-:‘lralflurrreeto lf:c))?rﬁ gova !I;n?gonlt:i)g Ee%me’g‘ﬁ fré

primary linker and the secondary linker. After incubation with the glutaraldehyde solution. the particles

5 were washed with waier.

Example 9 - Attachment of Primary and Secondary BS® Linkers

Oxidized particies prepared in Example 3 were immersed in a 10% (v/v) solution of

aminopropyliriethoxysilane, a primary linker, in water for 4 hours at 75°C, followed by annealing at
10 110°C overnight to form a covalent bond between the aminopropyltrigthoxysilane and the hydroxyl
groups on the PSi surface.

The particles were then immersed in a solution of bis(sulfosuccinimidyl)suberate (85%), s
homaobifunctional secondary linker, at a concentration of 5 mg per ml of water, for 1 hour at room
temperature o form covalent bonds between the primary linker and the secondary linker. After

15 incubation with the BS? solution, the particies were washed with water.

Example 10 - Attachment of Antibody Recegnition Element

Purified mouse immunoglobulin G (1gG) obtained from Sigma-Aldrich Canada Ltd. (Oakville,

Ontario, Canada) was attached 10 the primary linker (3-glycidoxypropyltrimethoxysilane) of the particles
.20 produced in Example & by incubation of the 1gG, in a phosphate buffered saline solution, at 37°C for 90
minutes.

For visualization (microscopy) and quantitative determination (fluorometry) of antibody
attachment, a specific anti-mouse IgG F(ab'; fragment, conjugated with Cy3 flucrescent marker (red
fluorescence, obtained from Sigma-Aldrich Canada Ltd.), was contacled with the particles having the

25 IgG antibody attached. The fluorescently-labeled anti-mouse 1gG F(ab'); fragment, in 2 phosphate
buffered saline solution, was incubated in the presence of the particles having the IgG attached for 30
minutes at room temperature. The formation, by affinity binding, of the complex mouse IgG/anti-mouse
IgG F(ab'), fragment was examined by epi-fluorescence microscopy and quantified by fluorometry. Fig.
6 is an epi-fluorescence micrograph (Nikon Diaphot 300 microscope) at 200 X magnification, showing

30  the interaction of antigen to PSi particles modified with gG antibody.

Example 11 - Attachment of Antibody Recognition Element
Purified mouse immunoglobulin G (igG) obtained from Sigma-Aldrich Canada Ltd. (Oakville,
Ontario, Canada) was partially reduced with Tris (2-carboxyethyl) phosphine hydrochloride (TCEP), at
35 room lemperature for 25 minutes, 10 expose the immunoglobulin sulfhydryt groups. The reduced 1gG
was attached, via the sulfhydryl reactive groups, to the secondary finker (sulfo-SMCC}) of the particles
produced in Example 7 by incubation of the reduced IgG, in a phosphate buffered saline solution, at
37°C for 80 minutes.
For visualization (microscopy) and quantitative determination (fluorcmetry) of antibody
40 attachment, a specific anti-mouse 1gG F{ab'); fragment, conjugated with Cy3 fluorescent marker, was
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Example 14 - Treatment with Protein A, Attachment of Mouse !gG Antibody

30 Particies produced in Example 8 were treated with Protein A by incubating the particles in a
solution of Protein A in a phosphate buffered saline solution for 3 hours at 37°C. After incubation, the
paricles were washed with a phosphate buffered solution.

Purified mouse 1gG antibody (obtained from Sigma-Aldrich Canada Ltd.) was attached 1o the
Protein A treated pariicles by incubating the particies in a phosphate buffered saline solution of 19G for

35 80 minutes at 37°C.

For visualization {microscopy) and quantitative determination {flucrometry) of IgG attachment, a
specific anti-mouse 1gG F(ab’); fragment, conjugated with Cy3 fluorescent marker, was contacled with
the particles having the 1gG antibody attached. The fluorescently-labeled anti-mouse igG F{gb'):
fragment, in & phosphate buffered saline solution, was incubated in the presence of the particles having

40  the igG attached for 30 minutes st room temperature. The formation, by affinity binding, of the complex

18



25 technique. Figs. 4 and 5 are SEM m crographs of PSi particles produced
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Li nkers Both epi-fluorescence microscopy and fluorometry showed good coverage and distribution of
antibody recognition elements on PSi particles.
The analytes conjugated with the fluorescent markers were also used {o determine whether the
~ Protein A-freatment minimized non-specific binding of biomolecules to the Prolein A-treated PSi
30 surface, other than through the immunoglobulin attached above. Both epi-fluorescence microscopy and
fluorometry showed no significant non-specific binding of biomolecules other than immunoglobulins with

intact Fc domain,

Example 16 - Treatment with Blocking Solution

35 -~ Minimization of non-specific binding by using a blocking solution was tested on the particles
produced in Examples 6, 8 and 8. The particles were treated with a glycine buffer (either 50 mM or 200
mM at either pH 8.6 or pH 10) for 30 and 60 minules at room temperature. After incubation of the
particles in glycine buffer, mouse 1gG (used here as a test substance having amine reactive groups)
conjugated with Cy3 fluorescent marker was incubated with the particles at 37°C for 80 minutes. After

A0 protein incubation, the particles were washed with a phosphate buffered szline solution. Determination
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mar ker (red wskbbevascence, obtained from Sigma-Aldrich Canada Ltd.), was
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fluorescentl anti - agnent, in a osphat e
bufferedz%sal%r’lbe %B}:'ﬁﬁ'so??tad%‘/?a%eﬂlaﬁ%cﬁ ’f%’(gf'neﬁ%he p?esence of tﬁe pgrtl cles
having the 1 gG attached for 30 mnutes at roomtenperature. The formation,
by affi nity 8xemple Ny, ClefactetmtigosfphaslumpesendegG ant i - nouse 1gG F(ab') 2
fragment was examhdupperiys dfibtedih HOHAGCRBER aRENGE HOCRMYeREe Blbainbdrioed by
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T 900R) e e i b e eSDa e 19 AP R of

Ant i body Reddffhimi on El ement Purified nouse inmmunogl obulin G (1gQ obtained
from Si gnma- Al dri The fBalerdisestenck of PEakrvdidslp@guceOn Egamipl 1 vaamatz anase parti al | y
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groups. The re he sul f hydryl reactive groups,
to the s¥condary 1§ RIRBEMiItesEAFRR! BRIPEICas =g @n Fkpady reFesaition e Rti@iar th Exanpl e

7 by i ncubatthemic. gloduckin Exsehale 8cvab e aristized. Tiecs prtvatite istatsbhiealicdpregeniepes 2
sol uti on, atfunction of photon energy and wavelength in Fig. 12. The PL intensity maximum was about 1000
arbitrary units at about 2.24 eV,
The photoluminescence of PSi particles having an antibody recognition element attached
35 thereto, produced in Example 8, and an anti-mouse 1gG arge! analyte attached to the recognition
element was then analyzed. The PL intensily is graphically represented as a function of photon energy
and wavelengthin Fig. 13. The PL intensity maximum was about 1800 arbitrary units at about 2.27 eV.
The photoluminescence patterns discussed above show significant, distinct and reproducible
PL pattern modulations. The expected luminescent signal, of lower energy in the orange-red region of
40 the visible spectrum, emitted by the PSi particle of Example 1 show an increase in energy, in the yellaw
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37C for 90 mnutes. For visualization (mcroscopy) and quantitative

determ nation (fluoronetry) of antibody 40 attachnent, a specifif
anti-nouse 1gG F(ab')2 fragnent, conjugated with Cy3 fl uorescent %ﬁﬁ&@mk
was 18 0 9 JAN 2004 WO 00/ 03230 PCT/ CA99/ 00642 contacted with the particles
having the | g&"8A¥98¥dy attached. The fluorescent!y-Iabel ecamismistse | gG
F(ab')2 fragnent, in a phosphate buffered saline solution, was incubated in
t he presence of tE particles having the reduced | gG attached for 30
mnutes at room 't ﬁ?)%’le%\‘t“@r‘?é‘ ataeAEent ofPieeP9nBian elasRent aaf ¢ Fistinetyioksr ertrangignabh t he
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quantitative determ nation (fluoronetry ment, a
specific anti-nouse G F( ab%z fragnment, conjugated mnth Cy3 quorescent
mar ker, Wds ' 'ﬁﬁﬁ?ﬁ@f@gpﬂfﬁ$ﬂ'ﬁe particles having the 1gG antibody attached.
The fl uorescent | yFre&BeRstuaimts mayoe seed bbond @G chrgabitiondvith & A@EBHy of delced used
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ticl h The
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F(ab')2 fragﬁ%ﬁ '°“\§\'%e§“fé§{a?h %éﬂ"’%w'aémsﬂqw 476 pl6es Faiaeuar/cefipiolpgicabagry. savcs cell
quantifiéd bifcptionerrmeniegsirudnipirediisi aecesul t s were obtained for oxidi zed
particles produced in Exanples 4 and 5 and 20 treated with the primary and
secondary linkers in Exanple 8. Exanple 13 - Attachment of Enzyne
Recogni ti on El enment Acetyl choli nesterase enzyne (Sigma-Aldrich Canada Ltd.)
was attached through the glutaral dehyde secondary |inker of the particles
produced in Exanple 8 by incubation of the enzynme, in 25 a phosphate
buffered saline solution, with the particles at roomtenperature for 90

m nutes. Fig. 7 graphically conpares acetyl choline hydrolysis for a control
enzyme versus enzynme bound to the enzyne-nodified PSi. Exanple 14 -
Treatnent with Protein A Attachnent of Mouse | gG Anti body 30 Particles
produced in Exanple 8 were treated with Protein A by incubating the
particles in a solution of Protein Ain a phosphate buffered saline
solution for 3 hours at 37C. After incubation, the particles were washed
with a phosphate buffered solution. Purified nouse IgG anti body (obtained
from Signma- Al drich Canada Ltd.) was attached to the Protein A treated
particles by incubating the particles in a phosphate buffered saline
solution of IgGfor 35 90 mnutes at 37C. For visualization (mcroscopy)
and quantitative determnation (fluoronetry) of 1gG attachnent, a specific
anti-nouse 1gG F(ab'}2 fragnent, conjugated with Cy3 fluorescent narker

was contacted with
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the particles having the I gG anti body attached. The fluorescently-I|abel ed
anti-nouse 1gG F(ab')2 fragnent, in a phosphate buffered saline solution,
was i ncubated in the presence of the particles having 40 the IgGﬂﬁtMcﬂﬂﬂaﬂd
for 30 mnutes at roomtenperature. The formation, by affinity binding, of
the conplex 19 0 9 JAN 2004 WO 00/ 03230 PCT/ CA99/ 00642 |1gd anti -nouse |9gG
F(ab')2 fragnent, used as antigen. was exam ned by epi-fluorescence

m croscopy and quantified by fluoronmetry. Both epi-fluorescence m croscopy
and fluoronetry showed good coverage and distribution of antibody
recognition elenments on PSi particles. 5 The anal ytes conjugated with the
fl uor escent Wechains were al so used to determ ne whether the Protein
A-treatnment mnim zed non-specific binding of bionolecules to the Protein
A-treated PSIi surface, other than through the i mmunogl obulin attached
above. Both epi-fluorescence mcroscopy and fluoronetry showed no

si gni fi cant 1NAkesdeR ehmpssikom b detcolingdi RAg agdlyte somblisihgt han i mmunogl obul i ns
with intact Fc domain, 10 Exanple 15 - Treatnment with Protein A,

Attachment af [ch1e6€ pbRlub SRR ohdIcRR midter 2 fnddi fducielsl at 1BadEsAeRIcegBtiv@ element,
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Protein A i giRreRaRRiagt rdetlir 8 £d PArolid SonPiebitucR nfa®driaPisiOustantdlllyIrde. of Af t er
i ncubation, Lhe. %li_%gr ghes were washed with a phosphate buffered sol ution.
15 Purified Apuse agen 1V anti body (obtained from Sigma- Al dri ch Canada
Ltd.) was a g . el n:At i ' Wl :
particles i %Jh%?e?)lﬁg’g exﬁ]ga{ﬁé @‘glﬁlé E%@@Eﬁ%@%{l\%‘%@@ﬁﬂa&ﬁ %ﬁbeir; Cd{%iég&r?%a gﬁ;ﬁ \%
anti body fo a@ﬁoﬁil Etgeergp%go LA 'fél\% gl&'éfqa}) gﬁ} meShosco ;i@ 0

quant i t at | VISR O URRRECO FErBPRSRAR 1)ranee Qhitrun bt P B oiabodt KO0 sm,
attachnment, a specific anti-nmouse 1gG F(ab')2 fragnent, conjugated with
fluorescein 20 isothiocyanate (FITC, green fluorescence) fluorescent

mar ker, obtained from Sigma-A drich Canada Ltd., was contacted with the
particl es haviAHENIoREORAPTTHYIPT deteslingR tareet angytg SPRPEEAE] y- | abel ed anti -
nouse 1gG F(ab')2 fragnent, in a phosphate buffered saline sol ytion, was

i ncubat ed i At kel ope perwms semicondugtor magtenial magified ity at Inest ane reseen)tion elsmeay

for 30 mnutes at roomtenperature. The formation, by affinjity bindi nﬁ], of
the mouse cavhersieprid porons seraigPdustar maseriad hayycsurfase asea of ppderabRL d b imres iSas
25 exam ned stfacepired ¢fiarossspndmgricormsowpgmagradgaanmateriad and 1 uor onetry.
Bot h epi -fl uorescence m croscopy and fluorometry showed good coverage and
di stri but i owhefein shen bodgomeesgen isiivadiated methtat least @Siwqyal%m'gth af<lechmagnetic
anal yt es comjdigidndd thd tahgé bfréh abowsiOdmim weaboer Bl0feme saldswmwesitionproduces at
det er m ne wWiekhgie firlsElumitiesteit fespotiseaa therahgd o from akelit 200 napeabbitcBddi muali ng
of bionolecules to the Protein A-treated PSi 30 surface, other than through
t he i munogl obul i n attached above. Both epi-fl uorescence m croscopy and
fluoronmetry showed no significant non-specific binding of bionolecules

ot her than BnMyoashpRstidoec¥ididg toichimalt wheredloiRisirfadeciiRidsehicondléteriarsibl

wi th Bl ocki ngmsAldith Rfreo0M Bféé‘!;iéfls[ b1 o@lsi iR RPRE HohfthRighslig Dbnbi¥issbNg a

bl ocki ng SOch'E 180 s%?—ci}cqﬁr?glii}%i& 1%e -reillp% {33, polygonal, square, rectangular, triangular,
rhomboidal, trapezial, trapezoidal, cylindrical, conical, cubical, parallelepipedal, polyhedral,
rhombohedral, ellipsoidal, helical, spherical, ovoidal, pyramidal shapes, and combinations
thereof.

4. A sensor composition for detecting a target analyte comprising:
at least one semiconductor material modified with at least one recognition element,

wherein the surface of said semiconductor material comprises substantially irregular structural
features,
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produced in Exanples 6, 8 and 9. The particles were treated with a gl ycine
buffer (either 50 MMor 200 mMat either pH 8.6 or pH 10) for 30 a g 2&

m nutes at roomtenperature. After incubation of the particles i%93 w ilhe
buffer, nouse igG (used here as a test substance having am ne reactive
groups) conjugated with Cy3 fluorescent marker was incubated with the
particles at 37C for 90 m nutes. After 40 protein incubation, the particles
were washed with a phosphate buffered saline solution. Determnation 20 0 9
JAN 2036 WD 00/ 03230 PCT/ CA99/ 00642 of the bl ocking effect of the glycine
buffer, i.e. the ability of the buffer to inhibit binding of protein on the
| i nkers, wasvhdreirewhyn said esapesitiornoifs itribatbd withe:s kasttdng-Waxblkehgtlh dfglechpmdgmagicon
the particl esliatRatih tiepiangd dffesre aBEUAS0 HCoaHOAPY08 M, [shidaonipesitipn praluees

si gni fi cant |east @RUTSAuminE%nt Rispehisasn fe ramel JTTEINEEbo1® 00 B thaBBuESDOMRBL.
particles. Simlar results were obtained for particles produced in Exanpl es
6. 8 and 5 9. Fig. 8 is an epi-fluorescence m crograph at 200X
magni fi cati on which shows binding of antibody to PSi not treated with

0l yi ne buf ek ool cofphSidiics Bbrelddid EREARAVELGRBAARN at 200X

magni fi cation nstrates t ction in Dindrng of antibody of

PSi- L1 eat ed Wehd ol Y6108 sétbiRluctor a2l fified OB BF feoSBOD clbRiche! De

attached to c par €S prior to treatnent wt cking

sol ution. T%epelilg ﬁ}%b@gessoqlsﬁgi?ﬁfbu%% oﬂ@ﬁct&r%ﬁ%xfi@\;aﬁ? %‘g&ﬁu@dﬁgiagg?%t%yo ;

t ar get analﬁ%e %ﬁ rqfo on el enent, mnim ze
non-target CBESGEARNAY he target analyle directly to the surface of the

PSc. In order to verify that the glyci.ne, buff as no detrinental effect
o theabi | g RE e sOPRouioh & idingd Hihiap [T(%%%e bt it ipidle,
| gG F(ab' ) 2radiaigmdn e 12pes ofofzens ot 190 mm,orabete i%tsmd&emgwen pyegluces at

f I uor escent lestransfirgidyminegesnt respense in the rpege of oo Abqg 280 pRCeRRPMAONM r oom
tenperature. The binding activity of 1gG follow ng incubation in glycine
buffer, was assessed by epi-fluorescence mcroscopy and fluoronmetry. No
detrinmental effect of the glycine buffer on the subsequent affinity binding
activity of 6l g@enmsompséﬁmeé.r dptegtinglptarget apaletpicomprising'scent i crogr aph at
200X magni fication which shows binding activity of 20 antibody in Fig. 9

i s not advertlehst oat permue serhigondugtir meaténial hendifiontipatdedsy one Eragritiorelemgnt, on
of Phot ol um nescence The apparatus depicted in Fig. 1 was used to anal yze
phot ol um nesereiesod parons sdeiconductas amvéred hpy vthuaedmensiohad shiaps\thatix aotst ko or
Li ght havi ng veaafsyawsl engt h of 488 nmwas directed at the 25 sanple. The
spectral sensitivity of the photodi ode was in the range of from about 42D
nmto about whdd®whon saith eofppoditbrnigiinadised etthal |28 oneavdvielehgth qifebttromadgnetic
Exanpl e 1 vwasiiaihl i 28radpélof e Bboutl 10D @RS iot dboliS 1 @O saidl doyhpositios pesiuees &s

a function efyPlHG 1BRGGYerR RApYREEH ARGhike dT ffdrd abokit 200 B tlaboltB0RNEAL Y
maxi num was about 625 arbitrary units at about 1.94 eV. 30 The

phot ol um nescence of PSi particles having an anti body recognition el enent
attached thereto, produced in Exanple 8, was then anal yzed. The PL

intensity i r i T bRRighophot on energy and
wavel engt h ?nﬂr-ﬁ?g@@@lﬂbéfﬁ%{é&ﬁff’??ﬁ%‘ﬁ‘% ?@%&ﬁ%ﬁ% nglf[)%ut 1000
at least one porous semiconductor material modified with at least one recognition element,

wherein said porous semiconductor material has a particulate structure, and

wherein when said composition is irradiated with at least one wavelength of electromagnetic
radiation in the range of from about 100 nm to about 1000 nm, said composition produces at
least one first luminescent response in the range of from about 200 nm to about 800 nm.
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arbitrary units at about 2.24 eV. The photol um nescence of PSi particles
havi ng an anti body recognition elenent attached 35 thereto, prodgggg ba¥
Exanpl e 8, and an anti-nouse |1 gG target anal yze attached to the r %' on
el ement was then anal yzed. The PL intensity is graphically represented as a
function of photon energy and wavelength in Fig. 13. The PL intensity

maxi mum was about 1900 arbitrary units at about 2.27 eV. The

phot ol um nescence patterns di scussed above show significant, distinct and
reproduci ble PL pattern nodul ations. The expected | um nescent signal, of

| ower energy in the orange-red region of 40 the visible spectrum emtted
by the PSi gantsefdor compitemioe ddtestn Arget AsdlpasBmptisiaper gy, in the yell ow
21 9 9 JAN 2904 WO 00/83230 PCT/CA99/00642 region of the spectrum on
attachnment gfcor ACHAMaVIngh RaBAESL atadlt Snedbfdriofatpofiug Rehic@RQi@Yr BagAal 10
the green rﬁ&MﬁﬁﬂQLuﬁQﬁﬁéﬁgﬁéﬁﬂﬂ%gﬁ&féﬁﬁﬁ g by attachment of the target

anal yte to the recognition The phot ol unmi nescence eni ssi on,

measured Usipgy eﬁlbg.h@g@%hggéﬁmeﬁdﬁogm&?{ﬁﬁfﬁ&gé cmm\gﬁucu&esﬁmense and

readily di stlngw ere was strong visib

em ssi on. % saqﬁfg&q 1s Q 1‘111‘3% Wlt?\sa‘? st Jh\é%eﬁﬁgtﬂ el é%ﬁgﬂlaénﬁtlc
ea%o

descri bed. str.ative )
uces

and that ot enrg‘ﬂ%eo I?ft 17t o s rTEE g;ogposm

departing f i rﬁ#&@ﬂ?&@&éf’f&? e e'a% o aaut 0 g ng
clainms. 10 | NDUSTRI AL APPLI CABI LI TY The PSc/ RE structures nmay be used al one
or in conbination with a wide array of devices used to support a diversity

of applicati ons i ncl udi ng, t hout tatj b ot echnol such
bi osensors PoFhe spEmpaskion atf Ftsﬁﬁémawa gﬂ?raé WieEe TR 11 RSO BRIIOP eRnS i
(e.g. cheni eelcteiion the eeupsPnsigtinef erofgapmucisia acids, ehearweleetidese F%‘h),
genoni cs. drargplgirates glyoegraitins dipidslasd gbmbingaons thétepbgi cal areas, such as
cell 15 isolation/sorting, mcrostructural cell analysis, etc. 22 09 JAN
2004 W claim 1. A sensor conposition for detecting a target anal yte
conprising: at |east one porous sem conductor material nodified with at
| east one r é080Hm dangosiioemecdrdingwd elagn 8, fulnthepomeprising rotarget awdlyte doung tir saudk
sem conduct egcoghitiefi ekmeng substantially free of retaining pores, and
wherein when said conposition is irradiated wth at | east one wavel ength of
el ectromagnetic radiation in the range of from about 100 nmto about 1000
nm said conposition produces at |east one first | um nescent response in
the range ofi1fTiRaonksitioRA0cdtting @ slait0SREerbiMsaid tarkeSaRH0E iscerpRdiftdny thef or
detecting agtahdShsidig dﬁaﬂugé}{ﬁpéﬂz%ﬂgmbﬁfatéseﬁeﬂre td) BEsPieRleS Nt Afidey; nEleic
mat erial nmogiifi %’cegi&rhl ag,]gq%] ciip@e recognition elenment, wherei n sai d
teria

porous semi conduct as a surface area of up to about 11 tines
the surface area of a correspondi ng non-porous sem conductor material, and
wherein when said conposition is irradiated with at | east one wavel engt h of

el ectr oMagngs i fpe composition according to any of claims 1-6, 7 or 8, wherein said recognition element

is covalently bonded to said semiconductor material.

13. The composition according to claim 12, wherein said recognition element is bound to said
semiconductor material via at least one primary linker.

14. The composition according to claim 13, further comprising a linker treatment
composition.
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radi ation in the range of fromabout 100 nmto about 1000 rim said
conposition produces at |east one first |um nescent response in @ﬁ]ﬁ ‘{mge
of from about 200 nmto about 800 nm 3. The conposition accordin % aim
1, wherein the surface of said sem conductor material conprises mxtures
of depressions or protrusions selected fromthe group consisting of
circular, sem-circular, ellipsoidal, sem-ellipsoidal, polygonal, square,
rectangul ar, triangular, rhonboidal, trapezial, trapezoidal, cylindrical,
coni cal, cubical, parallelepipedal, polyhedral, rhonmbohedral, ellipsoidal,
hel i cal , spher] cal ovoj dal , ram dal sha es, onbl nations thereof.

4. A sensor g Hhsoramnostiion decqrding te Fﬁﬁ“é t Y e@%‘f’ 53 BUIEREMSRG COMPPsIten 1§ o 55t
one semni condl @fi frey the gEOUPweBsistinecPiumITHINgg Ob@lasbméwg prefepgrhietinrragtieent ,
wher ei n theaMS,ézbEkag sohitigns and eopnhkivations theseady i al conpri ses substantially
irregular structural features, 23 0 9 JAN 2001 wherein when said
conposition is irradiated with at | east one wavel ength of el ectromagnetic
radiation in the range of fromabout 100 nun to about 1000 nm said

conposi ti on1frBeumagoaitionlacagding e ady ofsdlailnsri-fesaeh whessp sad semigondietarange
of from abouiate{dDisselecrd dhmm the@POupansitindoBadlicm; sitiospcmbide osilidodrdioitiect i ng
a target angkyiiGH EMliEh NI alsefias, sditen pallidUSplaRphidonddeiwrh, sekhlim opper

nmodi fied w pRidatand &S binafiéns tRERSNI t on el ement, wherein the pores of said
porous sem conductor material are distributed in a substantially irregular

fashi on, and wherein when said conposition is irradiated with at | east one
wavel ength of el ectromagnetic radiation in the range of from about 100 run

to about 10@9.11{9@?;&091%9%&)%&&%@@&%@15@% 13, 7 43R Birtf BorhbfiSihg b dBhAR TSNt

response insz%,iﬁ%enﬁﬁ:ﬂﬂ&c?rlﬁﬁtgﬁﬁla out 200 nmto about 800 nm sensor
conposi tion for detecting a target analyte conprising: at |east one porous

sem conduct or materi al m)dl fied with at | east one recognition el enent,
wherein said porous sem conductor material has a three dinensional shape

that is not,a ’{‘]ﬂe ({Bﬂﬁ{osn n%éo?ﬁm %Fglay}? g\%rﬂer}{m dsd%' gntci 0ROsLd 13'8191 the grau

irradi ated W|t

t he range of SF,‘SWE‘% Olff’ %Bﬁr Rﬁrﬁ’ gﬁs %lﬁtﬁ%ﬁesﬁg § ceds
at |east of@mpinatiensijerep scent response in the range of from about 200 nm
to about 800 nm 7. A sensor conposition for detecting a target analyte
conprising: at |east one porous sem conductor mat erial nmodified wth at

| east one recognition g} enent wher ei p  sai us, sem conduct or, materj al
has a parti & ﬂieecomqalé&oaraécorawa QAY & GHaiglidn® 95 Vhesrpaaidisegiponductor material
i rradi at ed ¥WTEher gempasese cgrfemﬂﬁv@l srigunpert fasisaidisewifegresteicmaietial at i on in
the range of from about 100 nmto about 1000 run, said conposition produces
at least one first |lum nescent response in the range of from about 200 nm

to about 800 nm 24 U9 JAN M4 8. A sensor conposition for detecting a
target anal QBeT}mempogltwg according to claim 8, wherein said core material is selected from the

group consisting of glass, plastic, ceramics, zeolites, metals and combinations thereof.

21. The composition according to claim 19, wherein said core material is selected from the
group consisting of glass, plastic, ceramics, zeolites, metals and combinations thereof.

22. A sensor composition comprising:

at least one porous semiconductor material modified with at least one recognition element,
and an organism bound to said recognition element,




a core material having a coating of at |east one |ayer of a porous
sem conductor material nodified with at | east one recognition el enent,
wherei n said porous semnm conductor material has a particulate stru@? szﬁmnd

wherein when said conposition is irradiated with at | east one wavel engt

el ectromagnetic radiation in the range of from about 100 nmto about 1000
nm said conposition produces at |east one first | um nescent response in
the range of from about 200 rimto about 800 nm 9. The conposition
according to any of clains 1-6, 7 or 8, wherein said recognition elenent is
selected fromthe group consisting of proteins, nucleic acids,

ol i gonucl eoiyhgRsn whef édidSom Mﬁcﬂﬁlﬁ Vi B4ted withllay RARr Rk Q&d@%lyenéﬂhﬂif @fecBfhagnetic
combi nati ongdiRneRt heéf Iﬁfaﬂaﬁ%b InftodbeRr WodGnt, Q,ai‘a'c% Sitioh fcmeés at
compr 15119 Ll ahlihecligh i&a&%@gﬂs&g&&%&%e 1206 hE T dbou

conposi tion accor sa| arge a yte i1s se ected
fromthe group conslstlng of antigens, enzyne substrates nerve agents,
pesticides, insecticides, nucleic aci ds, receptor Iigands and Iectins 12.

The conposi accordin of c sa
ie Pt st Sl S Ciafin deahgeit i retaaniriphiRiit 19 S1dbied from
rlg?o'gll'ma Lgn s&rwrb?Pra@eBga wgtetﬂeﬁ %qcapffn%fgv%m@‘@%.alr@ame% ?E Hﬁugilsenem

i s bound t oth$% seni conductor material via at |east one primary |inker.
14. The conposition according to claim 13, further conprising a |inker
treatment conposition. 25 0 9 JAN 2004 15. The conposition according to
claim 14, wherein said |inker treatnment conposition is  selected fromthe
group consi 2¢i Ty eomuosition sesasineitpcleim 42 righeseiptsaidfecogpition; ghempent dg ¢apalently
agents, bl obtmded te sdidtsemivendurtiorovatitialat i ons t hereof. 16. The conposition
according to any of clainms 1-6, 7 or 8, wherein said sem conductor

material is selected fromthe group consisting of silicon, silicon carbide,
silicon dioxide, germanium gallium galliumarsenide, silicon gallium
phosphi de, gadRieBmmeit@niavcardingpp elaim 24 dehaeid saidrbéopaitiomnderhére isbdund 1@ said
The conposi kéARoABRTdhaeridl GiddYeRf ok mim@Eylnker. 7 or 8, further conprising
a dopant for said sem conductor material. 18. The conposition according to
claim17, wherein said dopant is selected fromthe group consisting of
er bi um boron, phosphorous, copper, phosphors fromthe |anthani des series
and Conbl néslmesco&ﬁwsﬁah acdRding 6 cRANDS Sfufth@&toRGRRING AWhKePtradiheaf Cl ai Ns
1-6 or ShEbHisAl d sem conduct or material further conprises a core
naterlal as upport for said sem conductor material. 20. The conposition
according to cIa|n18 wherein said core material is selected fromthe
group consisting of glass, plastic, ceramcs, zeolites, netals and

combi nat i ong, tHereQfosphy JTATPORE b, ASEATH e Prbhal el
ed oy & °é18 s SR

plastic, ceP gﬁﬁ
agents, loc ng so utlonsan comblnatlons ereo

28. The composition according to claim 22, wherein said semiconductor material is selected
from the group consisting of silicon, silicon carbide, silicon dioxide, germanium, gallium,
gallium arsenide, silicon gallium phosphide, cadmium, selenium, copper oxide and
combinations thereof.

29. The composition according to claim 22, further comprising a dopant for said
semiconductor material.
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22. A sensor conposition conprising: at |east one porous sem conductor
material nodified with at | east one recognition elenent, and an rmn}[}mm
bound to said recognition elenent, 26 0 9 JAN 2004 wherei n when
conposition is irradiated with at I east one wavel ength of el ectromagnetic
radi ation in the range of fromabout 100 nmto about 1000 nm said
conposition produces at |east one first |um nescent response in the range
of from about 200 tun to about 800 nm 23. The conposition according to
claim 22, wherein said recognition elenment is selected from the group
consisting of proteins, lectins, carbohydrates, glycoproteins, and

conbi nat i on30. Theatoenlositidd accnding torplasn £9,omheacio caididogartos sdledted £@m thdhgrogpn
sai d recogntdrsiing o€ BMiim, Kor6m \pabgihotans, doppete ghésphemifitbns higilasthaiddsaeries and
mat eri al . Z&mﬁggl&gr{pggbftl on according to claim24, wherein said
recognition element is bound to said semiconductor material via at |east
one primary linker. 26. The conposition according to claim?25, further
conprising a linker treatnent conposition. 27. The conposition according

to claim26z; V\ﬁﬁ-r h%cﬁﬁ'oﬂ atéd?éﬁﬁ td E18A% PBNhGOARYI sbinfidnliSctosiah@fhe@rthéom
the group C8 mht@mﬂ ﬁfgcllﬁfbr%ﬂ%& oRd &'rgéte:}ﬁ' otin reactive

agents, bl oc g soI u I ons an nations t ere e conposition
according to cI aim 22, wherein sal d sem conductor material is selected
fromthe gr oup consi sti ng of silicon, silicon car bi de, silicon dioxide,

ger mani um n| de il | m
sel eni um cg? H}Z?Pc‘i’g% C‘;ﬁg ?13]?1%3 W 1l Sgi c?& ;H}T%HQF’IBQ&]Q&B? %%g
accor di ng t 8FOUPLPRYS ?g(f rﬁ?ﬁ"g'icﬁgzeﬁ %6‘&"?{?13%4‘: Plﬁatn@'@%g%fguctor
material. 27 0 9 JAN 200 30. The conposition according to claim 29, wherein
said dopant is selected fromthe group consisting of erbium boron,
phosphor ous, copper, phosphors fromithe | anthanjdes series an

conbi nat i ond3 ¢ Higrcogtposigipn agepzding o elaim powﬁ%rﬁ@cf’?’dli aﬁzeapborgp&rq)ﬁszsgmlwpgpgpﬁ
sai d semi comatertabeomprises BlicoR.urt her conprises a core material as a support
for said sem conductor material. 32. The conposition according to claim 31,
wherein said core material is selected fromthe group consisting of glass,
pl astic, ceramcs, zeolites, netals and conbi nati ons thereof. 33. The
conposi tion SQCBmamnTr@Smon aberirding fo olaim 6j wheraincsaigkat |l@atsqnem@é0tpcﬁemnductor
sem conduct armterimhh®rd dihmewnr the eagsiolf arleast aBgut 1Vh@nconposi tion according to
claim6, wherein said at | east one porous sem conductor material has a
dianeter in the range of at |east about 100 nm 28
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