WO 2012/ 154306PCT/ US2012/ 030012 BI O NANO CHI PS FOR ON SI TE DRUG SCREENI NG
PRI OR RELATED APPLI CATI ONS [ 0001] This application clains priority to US
Seri al Nowvo@diB8%530689, filed May 11, 2011, and i ncor por aceaskyi2nadoez ence in

its entirety herein. ﬁ#@@lﬁﬁ%gﬁﬁgﬁ@ﬁ%&g [ 0002] Not

appl i cabl e. FIELD OrBIONANGER
m crofl ui dic devices, systens, nethods and kits for drug testing, that is

reliable, fast and sinple eRPRIOR RELASKERWRPLICATHE®SSrity or enpl oynent
settings. BACKGROUND OF THE | NVENTI ON [ 0004] Current testing of biol ogical

sanpl es for dru f abuse.is |lim.ted by the conp|lexity of t | ab- based
tests and the dﬂé‘?ﬁenges ﬁg%ael?léf@%nmfﬁs é’élﬁ’ﬁ?yetocygl %‘L‘Wgw %r%%éa?@%i | ab
i nstrunmentahi on 19, Hafihidrpdrhicd BFRLRrRALERATALIPEy AgRid | M ted access to
conveni ent sanple testing. There are al so chall e%ges Wi th respect to

gat hering both bl ood and urine sanples. For blood, there is a requirenent
of veni puncture and FRPERAdsYiSRONSORED RESKARCH SHARENHENB Ot oni st . For
urine, there is a problemw th chain of custody and the potential for
sanpl e adul terathon. [00 Th at is needed in the art is a sinple, yet
reliable and sgﬁl’{%@{l. ve rrqu(#oagggﬁaboebt ai ni ng bi ol ogi cal sanples and testing
sane for drug content, that can be used in any setting, including

road-si de, police stations, aiFIEdD OF BEHE MWOVRN@IOMN hool environnents. Such
a test would be a tremendous benefit in |aw enforcenent and sensitive
security si tuatig&j. SUMVARY. CF THE ] NVENTI ON | 0006] The t echnol o%ﬁwgere
descri bed enpl dY804; o- nandiecHYtCBNEY S 48 ASTUVNAE HaYiCRo skEeh BERPEC#don
Wi th non-inNas} URSRI L hat SYENiBR, TRk !aH@ysirﬁﬁl@%'ﬁoég’l@R) e &ehNh a5§é67911i§z3011 hat
can be easily performed by non-specialists, such as security personnél and
pol i ce of fang@ewnerfyettihgy., the nini -sensor ensenbl e here described is unique
inits WO 2012/ 154306PCT/ US2012/ 030012 capacity to provide lab quality data

at the point of need witho i iug. Further, the
tests have a lower limt o#gégpgggﬁgﬁﬁéﬁﬁﬁgigIﬁﬁgﬁ$€€jﬁg/n1, and in sone
cases less than 1 ng/m, and a detection range covering at |east four
orders of magnitude and in sone cases five orders. [0007] The BNC device

I tical d t echpol : : I i ol ogi | es, h
2 sal ivar tor OB csenctr Katest b AL SR Rt dn RSP 5
applied fQheE&ﬁp@ﬁ%?@fﬂ@ﬂd&@%ﬁﬂ&éﬁy&ﬂﬂﬁ@km@ﬂm@&yG§maﬁméauﬂﬁymﬂﬂ@b&k&ﬁbﬁﬁ'
speci nens col | ected by non-invasive (i.e. saliva or urine) or
m ni mel | y-Goanplideted fab. igstrimengasions ende RiffPgb dymplanpiicpaigtierp hroaistited. acthe @r ug
sor een 19 SEVU8 gl HPRISHR oSyl QRRBETESLSHEF L BuheHTRED w2 1°
present i nndheinkadsnpldsOPOBHIbod,hee idatraqirenidne of RuEiplinddciadd ahdrhededityuofdi C
system for drug testing conprising an anal yzer qr reader having a housing
cont ai ni ndxingjaseesp & a palehptopyty: Boreringy tharsds a prefieny vithsehapyofcartody @gé theg
processor e I ce, an optical or energy sensing nmeans, and
a neans f rﬁﬁ%@gﬁgséﬁﬁ%ga&%ﬁ&%ﬂbreferred enbodi nent, the housing al so
contai ns heati d cool4 | ezo tri ter/ Ler,
Fadi ant heat er 0BT an. it EFANE et ARy Bt REREHERG DL MERREMSORER, 1 &
confi gur ednéthod efebtuiding SbaRhl fahdRsaiddchgtasR ol can@nt, gt can be used
m crofluidics are configured so as to allow f]luid novenent past said bead
sensors. TRedPY o¢EHgor naldings épadrvider palkies ctioRy| airpRytssyatdenyiKd Of hehool
Processor difighfidadn M i g p0RUHGRhSANSAS: ARART AL SARTGE SIS S
device that 1 ncludes a élsplay means oper ably Connected 1o salé/processor
for displ agtngysauaiodat a, but the display neans is optional, and a
data-port can instead connect to independent processors and/or display

means. [0009] Any commerci al lébl@[\ﬁ?ﬂ&h%{bb% "fﬁﬁqﬁv]ﬁ@?ﬂﬁ used, or the reader

can be

[0006] The technology here described employs bio-nano-chip (BNC)
technology that works in connection with non-invasive samples, such as saliva, cheek swab
or urine samples that can be easily performed by non-specialists, such as security personnel

and police officers. Further, the mini-sensor ensemble here described is unique in its



manuf actured specially for the test. Commercially avail able readers to date
i nclude the AgilentTM 2100 bi oanal yser; LabChip EZ Reader; Verel DTM

Bi osyst erwoOlMbtri343D6t al Anal ysis System (i uTAS); Anal yzerThujusand/osdeaz | i ke,
but we envjsion that a. .dedicat evice w ll. be mapufactured to.be specific
For tni s SAbtTRal o tonal ARAh SRR bl SRR RSBy 8T aABR
devi ce, Wiyrb&ssiaxi Fuzh@igtiRasgs Biveus Bwdr WO detaitidarofasdianinemhs/mlt Biel in
invention is a cartridge conprising a substrate having inlets and

mi crof | ui dPBS Fa56S Mesvithep 1l op/anlaned & petestioni rapgeicoveiify At RSt buldordenser s
wherein egﬁ%%@ﬁaggﬁfgﬂgﬁmuﬁ“%fR%QQ s polymeric bead having a conpetitor

drug boun ere ei ther covalently bound or just absorbed, adsorbed, or

dh dth 2012/.1 6PCT/ US2012/ 030012 00111 .Th
e age o Codbao S 200 2tneodRP SRS AR SRR St svmpor s BRBEH 1By

use in saitdolsyshieyimpliesuchagenliv, fdtahe fRsMRS bf ik & sbudce@Bd BNIT-bakkl &fss,
and the |like, and can also include an anti-drug anti body coupled to a

si gnal i ng areaprlipd for the deteiionrand mpgsusqmpniof dgigsefgbrse HaplolRicrhyPecaagtnt
capabl e of { di.ng. a:si |-t ok i-cal .enenqy: i qﬁgg_- d
preferablfmgég&#ﬁ%bg%gggﬁgogféé}S%Qﬁi%g%%ﬁgeofé%g@%wgfn%ﬁggpﬂ%ﬁes eﬁf?&w
chem - | umbtieshsamhphig apfieschen dihgyirenidrédning deagait drugldrctanad yoegranaasd fohus
i ncl ude nmechani cal actuators .that apply pressure for the bursting, of the
bl sters ORI SAFBF -1 ASHIER (356r iR Wil liewigrg Bfrevtioaiuinnd 8 ¥hang

reagents. (LQOJ2LdBnQh ARIpAIFLOdi ments, the invention is the cartridge as
descri bed above, which can’al so include internal microfluidics on said
substrate for ing flwyi d,.fr. j 0,

sanpl e and/ or ﬁﬁﬁé% entrJﬁé%?%%ﬁggt%@f&ﬂ%ﬁgggkgﬁﬁﬁfﬁﬁﬂg?%g?ggﬁ%ﬁﬁgégggg
port, e.d.congprigingCin \aahlyecroor etaalst daeingCa $loogipgrcohaiiniag cesdt fgr sadetling a
internal mcra f%;idics” [ 0013] The invention al so inclgge dngg,testing

net hods, LFé‘Ftﬁggfb I'H&FQSPP%I@%“T ¢ ASREEoHN2YIRG 2 Wigleitarsise: apr ’é?la?ﬂ_ @Frgé’
sanpl e i's oy, qﬁgnmnalﬁlnﬁ&néfa'rﬂw SRR 14 &4PFer-E P BhbSRMTRY Y hotinG MideS
then inserted Tn the | ab card/ana yz%r for drug neasurenent. Alternatively,
t he sane mentwod hayndendisadingmems) smab tas prezoeltettrin deakeequiére kadohet heeer audol e

bl ood or i ne..The le is applied to the cartridge, which is.th
Pnserted iAPQYR GRS e, Ik OBl Ssineancansigharisded averdrea Sighal aw
data is reaf Bad sehsop, aH® theehlcheMui®ls hRECOABYICE sOTas 8 all SV ERENFBVEMEHSRLEY
means. [0014]1n nore detail, one enbodi nent of the invention di sposable
drug testisatl eeadtschaiye Tenproressergaml geenentatfage dangiol shebsytsteat endhghei prgeashenr eon
individuauebead Sgnsors a raggﬁd anan arga%> mﬂpﬁg%ﬂ4pa(pkpe%qts%pserajs a
porous pol STEFY d8BeXoMsalT R5USH I % JUHAS t REPR'SIOTRR P T ISaNat Il &

sel ect ed fdigayBmeas opefadlyodonnedted ity didpR0ERH 00 Uisplbkiag, saldi RZE Damhe prgpan,
nor di azepam tenmazepam D anphetan ne, methanphetam ne, et hadone,

nor phi ne, BY¥EaihEptignal. aisk wyltenralt 63 Hivfsre tcaRResé t¢ Mmgpendent processors and/or
3,4-thhyhﬁgﬁ%ﬂgﬁﬁﬁethanphetanine (MDMVR) and bi ol ogi cal netabolites of

sane. The car ge can also contain 4, 5, 6, 7, 8, 9, 10, 11, 12 or nore
of said drugs, @ éy(ﬂ' addj tional druygs c qﬂbe dded .t o the HESt 3nd b
cartridge. [001 ? tef er aghyy SYRECEY rﬁvag% S FLECTHEL Berss el G aAGs $40 B ¢
on said subgiuf@i@cd @pcddly ornge fibddl ACBmaRnehikr amiget deaRad s ans dhsudant a

sanple entry port. In sone enbodi nents, the dru%,testin cartridge can
i ncl ude atAgikas? 3HY bwagdiserpbllpbtlrip®t Edi BrydeeoNaedPBY Ripsysteny Mgcaa Total

sensors, g Mt | Uj r.flui > .
20121 15430000 U1 St 2R ot BediTR e (b SOPBSHLRA JRicE
in other eniblobld neamugactirbiese beagpebidicpfod thdegppbiyatione teupahyiatizing the size and

[ 0016] Preferably, the drug testing. cartridge has positive and negative
control beRANEHY N ShedryICarnhe MREIMIBEEF2%eHd8fs, and every drug bead
sensor is present in said array in at least duplicate or triplicate or

nore. [0017] Prdf@tHbly, dacetheiegembedimests. jithe anysptionds polcyitipdgec coyppidsiog asi ze
bet ween 50- . 109 i ng. . i . re / | Ly . rug
s con ugargr S MhtHAC R Aot SHpRRL M IR £ fro PN bl Bl D
on t he beadnsensdereihenitsbsad. seRs@f igrapbrpus pbEnireidcdbead neoingCORPMpSEsr drug
crosslinked agarose, .and the linker is a peptide or protein, such as BSA
[0018] | n JWENHSEIP feifer Cq%éen&w%@a%qJéstcfga@fb%@éwbedeaf p¢hearskthestp)i nel ude
reagent chanbers, one of which contains an absorbent pad containing dried
anti bodi es for said drugs, each anti body conjugated to a fluorophore.

Anot her reagent chanber can contain wash_buffer. [0019]1n anot her

enbodi ment, the invention is a Iab-on-ch?p system for drug testing
conprising a anal yzer having a housing containing i) a slot for receiving a
cartridge, ii) a processor having a user interface, iii) an optical or

- o o o o r —— N



WO 2012/ 154306PCT/ US2012/ 030012 of said container, but can reach said
buf fer when said point pierces said piercable nenbrane, and said flexible
bul b can Wwe 20034306 draw up and deliver said buffer [OGQT]msom&wlherei n,
"enbedded” cha or ch is rreant annel. or ¢ mber
is encl osed inglﬂﬁhlt he su strc‘arFlvgn “rat %arg (lal}cﬁlgdteatﬁhsger%nOPtalm% r%gat or

chanber orflfitefos wiké acidbydtdir. Jhbstdrhs. 1n&ﬁ&1@dzdﬁdb@ﬂfemnehcﬁloanﬂlf@mm@ﬂﬁe can
be made in | ab cards, as described in US20040132059, US20050233440 and

US7635454, lkér anchernES rg Bidp yn i fiesirvg anfahods caupied @@ﬁgn@l@w@ﬁé@m (- Doy
n d n |
reader e O%{ia?glg%aﬁeﬂ carfBala %géaﬁeﬂpﬁpabl% e@gglrdﬁ Q gyl foeth%rtg)ttlcal or

contains t : tiCc sensl ans,” proc Inte
fl ui di cs amdrgys stisenglevbas, tdnat pr«:fembtyhearasﬁamsméescdyebedadheaceive afmgemtbus
"anal yzes" th | e and "reads" or "detects" the results._[0023] By "card"

o " car t r IRAGEPHORREENT; ShofRiaM RGCEnt s URel] FRFTSI SHAFG SPASCRR: I RN can
mi crof | ui dig ﬁlfaﬁfae%échaﬁ@alcm[mg 3dNBPBI Prosdifc 1B the BarARE oPheTBiGoRGA 4SS

ports, and houses the bead array speci for the drug testing assays
descri bed doetreilail faflgoR &jrBye dalever sfehe smppbufifers ved amgayts. what is neant is a
conpetitive i Mmunoassay, wherein the target is immobilized, rather than the
anti body. Thus,[06E2]descr ilhesthtrecrabadimichs, tiar getstiar & teachrbiigachs doscribdde

| abel ed an |body |s in the y solution. Drug presence in the sanple
reduces t HOEGgHAFN 530 plo qswate&%ﬂl neswglétg §si eSedd suRptrafegon s3Byng flaKkio:

what is mMeaRtEdns sﬁ@l’)e&%eﬁ%@bis%v&l%rﬁ'a&?le arfWr fﬂlﬁ@éﬁﬁf%&hb’ pdrf(g oy @ith a

bi ol um nescent, chem -1um nescent or uorescent nol’ecul e. 026] The use of
t he word "\a'tveomr dcaess pone g.gusedinch vebrjarretdstaamern stbprich dort .mcmsi‘trg)sa]bd igémal' i n
t he cl ai ns oriﬁgg specification nmeans one or nore than one, unless the
context ditFEYE4Y 6 herwi se. [0027] The term "about" neans the stated val ue

plus or mnus the nmargin of error of neasyrenent or pluys or S 10@6|f no
met hod of measdP®Rnt i s Thedn¥stieg. alyooigsly: ﬁ@rﬁ@&@éﬂ%&nﬁh@d% éwmg" ¢ cartijdgen e

claims is aﬂﬁ%@vfc@ oﬁﬁ%ﬂn /@dhOPre b ES S sExpleiis foIVYdeH'?)g/'Lﬁ %dmﬁl@ler ﬁ%a%rtaﬁ

alternatives only or if the alterna Ives are tua | usi 0029] The
terns "codhnnshéJn&mmvwhmhamdhalnmbMdbﬁlﬂ&nhbuhaﬂmuﬂamréhmdm@amemmpﬂmamnded

cl ai m [ OGBGTIHEeBhr S SE GREPE I BF-usF 16 9QRaoTah iy riga ey fetved
addi L1 onal el eGRAl Hr WA 2442t HSQGRATAISANI 24 030012HLAGIHTHRCAR 786 he

“consisting essentially of' excludes additional materi al el ements, but
al | ows t heslatnBuids ieemappoied rognatrs ganieedtedeanshiba dstat in acaddrndrdisplaysdstitaar prkhey

change the enlacturenof(16 Igl ¥ gtlona such as various buffers, differing
salts, extIoN%&sAM Gldcpyer I'pt'thaty On“%t eps, pH nodifiers, and the Iike.

[0032] The foll O[Y)\'hﬂﬂ abbr el\ﬂl r?lg}eogescai rgneugr%goc%g{eg‘lc ro]f tff\b invention disposable drug

testing cartridge comprising a generally flat substrate having thercon individual bead
sensors arranged in an array, wherein each bead sensor is a porous polymeric bead having a
drug bound thereto, wherein said drug is selected from 3, or more of tetrahydrocannabinol
(THC), diazepam, oxazepan, nordiazepam, temazepam, D-amphetamine,
methamphetamine, methadone, morphine, cocaine, 3,4-Methylenedioxyamphetamine
(MDA) 3,4-Methylenedioxymethamphetamine (MDMA) and biological metabolites of
same. The cartridge can also contain 4, 5, 6, 7, 8, 9, 10, 11, 12 or more of said drugs, and/or

additional drugs can be added to the test and cartridge.

[0015] Preferably, the cartridge also has internal microfluidics on said
substrate for carrying fluid to and from said bead sensors, and a sample entry port. In some
embodiments, the drug testing cartridge can include at least one reagent blister fluidly

connected to said bead sensors, and/or at least one waste fluid chamber fluidly connected to



Nane Ab Anti body AMPH Anphet am ne BSA Bovi ne serum al bum n BZE
Benzoyl ecgoni ne BZO Benzodi azepi ne cAOl circular area of interest OP
circul ar Woahi¥e430eL Control %UCV % coefficient of vari aPcomstrO3doiixed A01

1CS | m‘runoa%gr(?or\r)val'{sgt) armalpof}l &id tbrelaé) slm%olrsr.]t %rv%[v%g igleoqlsllert Xrnbodirnents, these can be
provided by the analyzer.

[0016] Preferably, the drug testing cartridge has positive and negative
control bead sensors and calibrator bead sensors, and every drug bead sensor is present in

said array in at least duplicate or triplicate or more.

[0017] Preferably, each bead sensor is a porous polymeric bead of size
between 50-300 nm £+ 10% having a drug conjugated thereto. Usually, the drug is
conjugated to said bead sensor via a linker, but this can vary depending on the bead sensor
chemistry. Preferably, the bead sensor comprises crosslinked agarose, and the linker is a

peptide or protein, such as BSA.

[0018] In one embodiment, the disposable drug testing cartridge can include
reagent chambers, one of which contains an absorbent pad containing dried antibodies for
said drugs, each antibody conjugated to a fluorophore. Another reagent chamber can

contain wash buffer.

[0019] In another embodiment, the invention is a lab-on-chip system for
drug testing comprising a analyzer having a housing containing i) a slot for receiving a
cartridge, ii) a processor having a user interface, iii) an optical or energy sensing means, and
iv) a means for moving fluid. The analyzer is used with a cartridge as described above,
wherein said cartridge fits into said slot such that said inlets are fluidly connected to said
means for moving fluid, the optical sensing means is configured to receive a signal from
said bead sensors, the microfluidics are configured so as to allow fluid movement past said
bead sensors, and the processor and user interface controls said lab on chip system and said
processor records data from said optical sensing means. Preferably, the processor uses line

profile and/or circular area of interest to analyze said data.

[0020] The invention can also be a kit comprising the cartridge as described
above, wrapped in an airtight package, together with a vial of wash buffer, and a swab or
other sample collection device, instructions and the like. A sample collection and
solubilization device can comprise a container closed with a cap, a lower portion of said
container having a buffer separated from an upper portion of said container by a piercable
membrane, and the cap comprising a flexible bulb passing through said cap and fluidly
connected to a hollow stem ending in a point, a lower portion of said stem being coated
with an absorbent or bristled material for collecting a biological sample, wherein said

device is proportioned to store said cap with said stem and said swab in said upper portion



| FA | nmunof ormat A (drug on bead) |IFB I nmunoformat B (MAb on bead) LC- M5/ MS
Li qui d chromat ography tandem nmass spectroscopy LOC Lab on chip LOD Limt of
Det ect i orwhC@Q 21iswiob of Qua ntitation LP Line profil e MApCWHrso@kosmi2

3. vt hy s YRR R S AP R PYET Y cpiogi iephonaeisebl
buf f ered sathb@n§langisgddlexibid BuIB ichrybdied to draw up and deliver said buffer.

[0021] As used herein, “embedded” channel or chamber, what is meant is
that the channel or chamber is enclosed inside the substrate, rather than being an open top
channel or chamber on the surface of the substrate. Embedded channels and chambers can
be made in lab cards, as described in US20040132059, US20050233440 and US7635454,

or can be made by welding patterned layers together.

[0022] By “reader” or “detector” or “analyzer” what is meant is a device that
contains the optics, optic sensing means, processor, user interface, and fluidics and is the
device that runs the assays described herein and thus “analyzes” the sample and “reads” or

“detects” the results.

[0023] By “card” or “cartridge” what is meant is a generally planar substrate
having microfluidic channels and chambers therein, as well as one or more access ports, and

houses the bead array specific for the drug testing assays described herein.

[0024] By “reverse competitive assay” what is meant is a competitive
immunoassay, wherein the target is immobilized, rather than the antibody. Thus, as
described herein, the targets are bead bound, and the labeled antibody is in the assay

solution. Drug presence in the sample reduces the signal as in the typical competitive assay.

[0025] By “label” what is meant is any detectable chemical, but preferably

including a bioluminescent, chemi-luminescent or fluorescent molecule.

[0026] The use of the word “a” or “an” when used in conjunction with the
term “comprising” in the claims or the specification means one or more than one, unless the

context dictates otherwise.

[0027] The term “about” means the stated value plus or minus the margin of

error of measurement or plus or minus 10% if no method of measurement is indicated.

[0028] The use of the term “or” in the claims is used to mean ‘“and/or”
unless explicitly indicated to refer to alternatives only or if the alternatives are mutually

exclusive.

[0029] The terms “comprise”, “have”, and “include” (and their variants) are

open-ended linking verbs and allow the addition of other elements when used in a claim.

[0030] The phrase “consisting of” is closed, and excludes all additional

elements.
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[ 00401Bead sensor devel opnent: Macro beads were used in the proof of
concept studies as easy to nmake and handl e. Beads were devel oped as

descri bedwprew/Bsuky (Chri st odoul i des, Ann. N Y Acad PETIUSnEI2530012
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reveal ed LAY Pite Pitsd B AP GR AR AG0 R R e SRR S FRPOR. it

si ze honpgeAeiatad. byALeR kbt Were @0mi aﬂeeghalthecmam@@&ﬂtcoﬁi‘blﬁalﬁen beatktiydeduet i on
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size rang§, é%L gpp a%gﬁo%ﬁ Qb1 EEPJS d%h? G%Jr#%él\?\slé V;trl}é gr%%ﬂe L0894 ﬁ%@%ﬂ%&“&éﬁ Ier

beads do occ si on ppear in t ecause o
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based on E(%érﬁ@a} shed QISHCIal §5n5519m@|doft9&‘thh@%% ths U&fp g?a?phnr‘ie,d[h@@hﬂeﬁﬁ)tlé signal,

G ubbs, D xonh tests fromthe statistical analysis that are enbedded in

the data antahga& Ehatrddﬁﬂl@sthevlé)laaﬁor dloikiassay. dbs alieshald sigmat eiteenty (17A9.68) isand
10 %V. and. 3
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[0043] Reagents were selected after considerable testing for sensitivity

speci fi ci tipteasity rSetheabmph@@r onTthe gré@lg@ntt@e uighd Itnisteted py Sbf(lasge d@ﬁc@p&

assaysarells nTbIe - Tabl e tal o
Nunber THC t§§) I‘cli gr a ecﬁr%})]hl Chrs rlghjt dop Eh(?:f.lol%jﬁ&cal nes ¥%yc€ﬁls 155

Labor at or i(@Saxi§)Gee I‘d/aﬁledqml Tig: BtSér Ebt@aiem%éesﬁtts Sitom Bicoleo@ligcatf snknona. AG
BZ0- 0306 D- anphet am ne-BSA Arista Biologicals, Inc. AGAM P-0315

Met hanphet*8WPHE- BSA Arista Biol ogicals, Inc. AG MET- 0300
[0035] FIG. 3A-D show top or cap 1 in FIG. 3A and vial 21 in FIG. 3B.

They are shown in a storage configuration in FIG. 3C and in a wash configuration in FIG.

3D.

[0036] FIG. 4A-B shows a top plan view 4A of the cartridge, and a

perspective view 4B showing details of a preferred access hatch construction.
EXAMPLE 1: PROOF OF CONCEPT

10374 Reverse Competitive Bnmunoassay: Bead-based drug-specific tests
were developed as reverse competitive immmung-assavs {(FEG, 1), The assay sequence
weluded addition of the sample to an anti-drug specific tracer anttbody solution and
delivering the mixture to an array of addressable beads. The array inchided beads coupled to
BSA-drug comjugates {drug scnsors), beads coated with BSA alone {that serve as negative
controls and indicators of the specificity of the reactions that take place within the lab card),
as well as beads loaded with fixed arsounts of photo-stable fluor that serve as calibrators of
the LOC sysiers. The array also offers 4 bead redundancy that coniribuies to higher

accuracy and precision of LOC drug measurements,

{B035] in the absence of drug fn the sample, the tracer antibody {8 labeled
anttbody ) apecifically bound the drug sensors and produced a strong signal on the surface as
weil as within the interior of the porous bead. In the presence of drug in the sampie, the

binding of the fracer was reduced in a drug-specific, dose-dependent wanner, Use of drug



WO 2012/ 154306PCT/ US2012/ 030012 Anti - THC anti body Randoxi Bi oventi x

BVX. THC. 2B9 Anti -cocai ne anti body Pyxis Laboratories inc. AC6029A

Ant i - di azwpanm2aistiobody Arista Bi ol ogicals, Inc. ABBZO- 0200/US2012/030012

Anti - D-amphet.ami ne anti-body Arista Biologicals, |nc. ABAVP-0400 . .

Anti et nAROHER AR RGCAAC: Bods APt Ot Braibared sl MAERE e gapp wed o

[ 0044] BSA-idicu@iconjdgatesawRimesCoupled it anthevaganpse head SeRpRr shousi Y
reductive am nation. Briefly, 500 [ll L volume of beads were rotate-incubated
over ni ght Bitt-hi;BSAtEriy CorftigatEste menepresewed &f Ca 10 xed 1BOieshtrét i on

of sodium, nohor,ohydride in a round bottom eppendorf tube hosting a total
reaction vo %ﬁ%gg?@}%g%&ffL The follow ng day, the beads were allowed to

settle, the supggnatant was aspirated and .beads were washed two tinmes wth
PES. Thi s was PSP Bwed by kAot B ERRRRG BPRRR G R AR e MRl
freshly priepared -solubivon ot reedicum: eyancbonohydnd dey. fakbhaved-bys.a stiaal
two washes with PBS, [00451Conjugation of BSA-drug was confirmnmed by

st ai ni ng BEAHS 3iithiboerasiieody v G Eonjvudat oY 28F PO EMeY Ve WaARET Cattivel y

det er mi ned t hrough spect raphot.onef.ric conpari son of representative sanples
col | ected before and after t he onjugation. A simlar protocol was used to

create a large .gypply of calibrator beads (beads conjugated 1o fix
concentration ﬁgﬁﬁexaFl e_ratﬁl-sf%(!rcgﬁ‘fe Od’a{'tl%ﬁ' Efﬁatcf%gﬁa)ﬂsi ?Iglué?fgm%tecpr?ﬁg&drug
targets), c@scopekludRS aBegdtto\eakeqntmahdloeBéelsls Gant dgaleEdtad dBAbad prsioudlyl
bead conjugates were stored in PBS at 4C until use. ([)0046] Devel opnent of

dr ug- speci®hestodeddes: Arap . \gAtcpdnSaineny HOS:H1(E90AB8 dye to anti-drug
antibodies to create the tracer reagents for the conpetitive inmmunoassays
was conpl et ed d884fdscri bdthsi meschewhnanihf deadirsensoss nmnssieniCatcveéalld 1hax38he

Al exa Fluor(r). 488 Protein Labeljng Ki | nvitrogen). The. xa FEl uor (r
285 aye, - irtion 67 LR ot BRRMT Shrhliry bt SBE Hompkg it & B
conj ugat einﬁeFﬁﬂ cafmPoRdnit GRS b@dw?ﬂﬁ@ﬁ@iomh@bﬁ)%bﬁﬁicﬁld%& aNsiéViHOKRPCRhdte beads
conjugates. In addition, unlike fluorescein, the fluorescence of the Al exa

FI uor 0488 Wijhinjas280rs h g dig@etep dishitméipnevaic prlrdedanbhuobeads shevldba spierb®
dye- | abel ed pr otelng DAVE, ADSRRALLOL B0l HOTEsENPEs BT} gL 0N maxi M. of
approxi mately nm-an 9"’ nm respectively'neeting the optical

specifications [864i]he fl HOnse Gathat BQ&? se(go 89c%'s%6121aeﬂy appear in the array. However,

because of the bead redundancy associated with this approach (at least 4 beads dedicated for
cach bead type) in conjunction with the application of automated image analysis macros
that can identify and, thus, exclude the outlier beads based on established outlier removal
routines, such as median tests, Grubbs, or Dixon tests from the statistical analysis that are
embedded in the data analysis modules, we can achieve assays with excellent intra- and
inter-assay precision (typically at 5 - 10 %CV and 3 - 10%CV, respectively). Preliminary
evaluation of the precision of the drug-specific tests we developed for this program showed

intra-bead %CV between 2 -12%.

13043} Reagents were sclected after considerable testing for sensitivity,

apectficity and reliability. The reagents nsed 1w these proof of concept assays are listed 1o

Table 1.
Table 1. Reagenis

Reagent Company Catalogus Number
THC-BSA Arista Biologicals, Inc. AGTHC-0304
Cocaine-BSA Pyxis Laboratories e, N/A cocaing-BSA
Diazepam-BSA Arista Biologicals, Inc. AGBZ0O-0306
D-amphetamine-BSA Arista Biologicals, Inc. AGAMP-0315
Methamphetamine-BSA Arista Biologicals, Inc. AGMET-0300

8



[0047] Data Col | ecti on: BNC based assays were perforned at roomtenperature
under continuous fluid flow conditions using a prototype |ab-on-chip
system W@zﬁmﬁkﬂ)MSOGPCT/ U82012/ 030012 In bri ef, t he PYIUSPO1LHB®1A

1 iada ] P | A |
comer ci al reard—reader—catted—Anrat-yzertMand—tab—assenbted—cartridges

cont ai ni Y[ ANALE E‘ﬁthdy bead—sensors; E‘(‘éddﬂ(xﬁ*fwen‘t&dge'” b SETsc SRyt ar i ng
buf fer W t MATH-&IRhd Witbdy Clanmels CONECHLILBaRE. 1116 DCauCcagisaor s ver e

arrayed by RhB&i7aFah BRiIbBEATS ONUO a AE@BiIdBYERI InW LT [FOr CRBEZObY®EZET ). The
bead hol der includes an array off wells, each of which hosts a single bead

i n addr esspahhteDamphdtardine whtbbdyn t{he avis@Biolddgralsane.ay dr oppeBampDeo@ ST ot or
recess in the cartridge for sang. [0048] The total assay tine was 10-12
m nut es. ThAgi-netbdrophethntifesansegiyent | diristprBiaiagivglsofiic.t he |m cr ABMET-O#Q0 | i nes,

delivery of _the tracer/sanple mixture to the array ofl bead sensors and a
final wash with PBS. [0049] After each assay run, photom crographs of the
bead array were captured at various charged coupled device (CCD) exposure

ttings. Th ™, t i pped. wi t at
Fiters, which BaHne selstEai iR a TG bRRGTY Brodfpie e Ribh A
sel ected fioaudtt arki@ln. BACHY, BObUALdI6M. oPbuRlsaNde i8I GbIREIS et HOIAINTNe

i mages were saved as 24-bit colorized TIFF files and anal yzed via N
| rageJ sofBWardeug Beybgswan thDresdncd obedicked comcakatemce’ @dgmabyannb@nhi'cmde

[0051] Dt d" ATyl EOM it et P Ba aoh ootk VOB S ot 4 b T he
aut omat ed @GS Eiy OihedEééﬂs %d%?& hil e RALIASRY sARPEH st SBIVRp fré’te&i%hgrb@hdbe
i

t he exact bead ocafl on, followed by their respective bead-specif
assi gnmentwsera N\dlslmi fawot tmacs whb&BSddhes wsd fodlosed byflehoeum blockigi mmwltp |59 ehM

Generat | oni o1 i an SR B et el e oo g S BERO B e BT b ot

t he vari oy§odidsled wxePBSI N unknown sarrpl es. [0052] The assays benefi ted from
automat ed i mage and data anal ysis nmacros devel oped specifically for this
application (Fly @4%) Fi V&g 'tlﬁﬁ‘t(ﬁdBSKB(Qﬁg apa! X%ﬁmeﬁr&b's&%m@%@@ls?g&hﬁs
are shown in FI'G including Line profile (LP), circular area of Interest
(cAOl), i npeyrst edbldensantdy Qdﬂj))gatlonr ceffiarengy ofquhmtéiﬁFé)ly anttefringeed AGirough
[0053] The al gorithm ts for each b al analysis
b th excl GoPSRPBpORETR EreBioRiel el uropeaaledidOtafad P Tid os
with the awafuagon. 3 ARARF roleol Alak QSedodtr&e@es fdrsd ﬁlb{plﬁéf AbibiaAG R al Pfbe&BCh
group that can be inserted and further processed into a Mcrosoft Excel
envi r onnerfonjugatedrie iatfyxodeqoserntintine eﬁﬁd@tafbwr®a4&8moatug@t¢dcanﬂb@@ wealevant to
construct o] t t of own
sanpl e coﬁ[g%w{&rgd%a?%e%) %)%atweh tafgﬁﬁ%’@{; (?ﬂéﬁ@ll%{%h&% f;o Qageaﬁ{o"%rgﬁgélg an@ lfjgé;a and
zero WO 2Qba{ula43 GGRGI6S2ORBE ABIQ LA, gen control s were then entered and
processed to derive the dose response curves, as well as assay
characteristicqogagh as |Déﬂelo;ﬁﬁelﬂebﬁ0&ﬂ%ﬂs e@ﬁﬁa)trzfcémec@ﬁﬁl LI T Mexa
[ 0054] The dose response data as wel | ta obtai ned fromthe testing of
sanpl es wdtleor@h 8% eicle Itﬂta@tltﬂﬂ@@mhbqﬁrl@dﬁoc(trﬁfﬁﬁ the) traedronageatsc B dha gomgpetitive
standard cur n t.e QN t he &M r

Hlt ] alllt%aé)sg &g conple teg % egcrﬁ)eﬁ iff Pufa§t¥1§ 3 m&nua?%oﬁ %nﬁ)&ggy

drug concen ong n ancerrent in a4 tal ne

using i n'&géeleﬂé;Hul03®t48‘8fPrWelﬂ1La'twhhgll§1t X PIasHED. ThmsexaTmaoﬂ@uszeayé edlich & was
devel oped with the flexibhility that allows sel ective i ndependent anal ysi s
for each apseipllysiimgat me lepicseein. Nradussr Hrote ¢qnmgatesrthatagl Rrighgpatangr mgre
under the ¥ i r
Aea of 1t DesaR BAEALIN LEThERy. hafial ALK BloRchh Tle ffloeh it
consi st entthy Apexa\ilde®48Reyb ésihsanesivk ts pHHeneen [tthésed thoAkma Rocs®hes éye—

sel ected and used extens for validation of the drug tests w
respect t abelecbiyro Sr%arVﬁaﬁ\fké@%E%BP @uormeq ROISSoRM ARG gbappioxamatglys 4. es
of lines gphngqisho %&Qt}e%%e@g/ébﬂﬁ Eﬁ@o@ﬁ%ﬂ%e‘éﬁfeﬁtl&{soéf' th€ FruboRlscdlg- b@f?e’&' mm
intensities (or nmaxina). Because the signal i's typically Iower at the
center of anhkz@reads, t he product of a line profile is typically two maxi ma
at the edge of the bead. Al nmeasurenents were averaged and outliers
identified and [pé4Tjved adeatadCodle¢ttionse BN(ESiaadal iasiugd wore- pedpmicett ar yroom
outlier renoval routines (nmedi gubb s,.or Dixon tests). [0057] For
circul ar APBRCIafurg HP‘éﬁ‘rré?%“n%?ué 2R Jowr cosgitioanping aaP@&’éyRPeWP 1 RYSFR
center of the beads, and starting with a dianmeter of only a few pixels are
drawn with increasing radii. For each of these circular areas, the average
intensity per pixel was cal cul ated and the circle was increased until it
has exceeded the size of the bead by 10% The maxi mum si gnal obtai ned

typ| cal I y at the bead periphery can be determined fromthe highest circular




[ 0058] Assay performance: The LOD, LOQ, detection range and dynam c range
(range of quantitative data) for each drug-specific assay on the LOC system
wer e est awDi2etreid4zns fol | ows: The assay dilution buffer wrag/uyscaems®ezl i n the
absence of, anti.gen tq establish the. mean signal intensity,on.the dru

sensor  beda R Rk s BR AR LR TGN ERA, ShAY Faltd RS g el e

tracer. Thartsitlgadanthitieyiaatdnan ofrbesd baeaerst vithaad eigdnhelizers eanalniae buffer
condition was recorded and used to derive a threshold signal intensitél(SI)
val ue usi ith pecreflyidig chappdheqnngetyre seme. drhgdread saisprs e Beayrs! by plagngihe

standard %%tgé]sa&ﬂtg Q%e&@ﬁol&&%i‘% Forrge':gts Mz ? F‘ﬁeﬂb%&’%laaqnaﬁﬁésyan\’mytol?mlls,

repeat ed I ncreasi ng concentrations o

2012/ 1543CRECH WhizB hastd 3QhbR sdad id addicaalile gesitiad déttlin the eaay) thaarandtoppagnal
intensities for the dru ensor, beads within the array for each
concentratlp@ﬁ%roér%?é§‘%§gﬂc%¥ﬂtﬂg?gwa@d. [ 0059] The LOD for this
conpetitive type of assay was defined as the | owest concentration of

anti gen standarl@048at yi elgsotahasee figgevssekt 1S manes. (Thisepclupeththesequential

t hreshol d val [ - WS fi ' LCD
at the |o%§%ﬁ§§8?ﬁ%ﬁgpgﬁgﬁégﬁ%ﬁ§3¥g?$g§§%%%%ﬁﬁygﬁﬁ@x rugrggﬂ%gﬁﬂ?£¥fg%%that
caused t heectdors #mt efihawelsh ofithdd®S.ease in the signal. The nean signa
intensity fromthe anal yte-specific beads was then plotted agai nst the

anal yte concentjpg49jon t o £f¢rablchs fsshfiaufl0OpRotbRSRONEFhC UF tBe THREd tdhRyTiveRN
assay. The LOQ was determ ned as the | owest drug standard concentration on
t he 1i nearcap¥ed 8h varioushehagerse coupdgsbdewce (EG®) (exposwa seingty The AgalyzegM t he

zero condi:t] , her. wi.th I N r i on
o the. curbamsns VS gD i ta it RS, FHith Bl BRI, BEIM S
usef ul ran@gperalinglymaiiioh 14t gesklcotedifbedassion, anfdd80ddted, blde prdyicde signilypi cal
dose response for the drug net hanphetam ne, but the other dose response

curves are on t[pes)f or brend inhged Reteled b @409NMEd|61tiLdTBFEYTi RS ah @ LABNLR!
characteristics of the 5 drﬁgétests devel oped are sunmarized in Table 2. In

al |l 5 caseda NiHdmagr] saftvare (irshesdaaVDarvidh oo dbiorasagncemignal mkrasity megrsely
portion Ofcgh’%?mﬁg?oethggé{)%é%mr%@én ?}1‘[9(% /a&algﬁ%qﬁiﬂl% sgﬁg?e‘?”ce””a“ on higher than

the LOD and one deca concentration’ I'ower N"the upper limt of the
assay, suggesti hat t nost accurate neasurenments of the test should be
exposted ot 1000507 1| i AnaBRE L B S BATHERI ot Srvelostai il orifiiham
anphet am rfgr aRGuBhHSIRRLY ANbNEruEAPEENE hadd-PiRed abRFPEGTE uLldterntiRvesedxact
drugs could be detected in a sinple yes/no assay at |evels ranging from at

| east f ourbead degagonffoftayyad didheitr sesaectivicdiragspedile agignanats qughioecxtracibaagly
performance, character |-sii Qaf . dru  devel.op a ng( m
LOQ ng/m (%gas a@“%ansgedl%éeﬁf Cﬁﬁ%\lh{&lﬁt iﬁ E/eg(rt%ﬁéég ﬁgﬁﬁ% ‘Vg}q?g%io.}/%%n g({e
0. 22- 10, 0QfxtcknakicADY) appldedTe ahdr@encration of dose response curves as well as used for the

measurement of the various drug levels in unknown samples.

[0052] The assays benefited from automated image and data analysis macros
developed specifically for this application (FIG. 2). Five dedicated image analysis
“probing” strategies are shown in FIG. 2, including Line profile (LP), circular area of

interest (cAOI), integrated density (ID), circular profile (CP) and fixed AOIL.

[0053] The algorithm compiled results for each bead, statistical analysis with
exclusion of outliers within each group of beads and output log files with the average,
standard deviation and coefficient of variance for each group that can be inserted and
further processed into a Microsoft Excel environment. Intensity versus concentration
calibration curves were constructed with best-fit regression analysis for determination of

unknown sample concentration. Data obtained from the testing of drug standards and zero
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1.3 10 1.3-10,000 10-1,000 3.9 Diazepam0.14 1 0.14-1,000 1-100 2.6

D anphetam ne 0.22 1 0.22-1,000 1-100 3.2 Met hanphetamne 1 10 1-10, 000

10- 8, 000 wOoR01YB@®E] | nt ra- assay preci sion within the comrCefiS2ab/0sGve2
paranmeters of the L syst em was. derived fromthe degree of agreenent of
Phe ot gnartist Siwel S B PR Rt T S L ERG B FRURET R et
3.2-4.6 %N by chhacdfists shesdsslith@bf ddestions3hyehBZmd ficaiziepam anphet am ne
and met hanphet am ne. Inter-assay precision was eval uated using drug

standar ds tesb\gdos SUCCERRI Y3 38paMfsd WS as WllSas&fatPbbtamBY SR thd Ritfg FSSaY
precision to 2012/ 154306PCT/ US2012/ 030012 '
samples were entered into unknown prediction equations according to standard curves
obtained for each analyte on the system to determine the drug concentrations. Further
enhancement in data quality was obtained by using image acquisition with various exposure
times. The latter feature was developed with the flexibility that allows selective

independent analysis for each assay using the optimal integration time for each target drug

under the various conditions tested.

[0055] Line Profile (LP) and circular Area of Interest (cAOI) were the two
image analysis methods that consistently provided the best results. Hence, these two
methods were selected and used extensively for the validation of the drug tests with respect

to assay performance studies.

[0056] For the Line Profile, a series of lines going through about 80% of the
beads were profiled for the maximum intensities (or maxima). Because the signal is
typically lower at the center of the beads, the product of a line profile is typically two
maxima at the edge of the bead. All measurements were averaged and outliers identified
and removed according to well established non-proprictary outlier removal routines

(median, Grubb’s, or Dixon tests).

[0057] For circular Area of Interest, a serics of concentric arcas centered on
the center of the beads, and starting with a diameter of only a few pixels are drawn with
increasing radii. For each of these circular areas, the average intensity per pixel was
calculated and the circle was increased until it has exceeded the size of the bead by 10%.
The maximum signal obtained typically at the bead periphery can be determined from the

highest circular area value.

[0058] Assay perfermange: The LOD, LOQ, detection range and dynamic
range (range of quantitative data) for each drug-specific assay on the LOC system were
established as follows: The assay dilution buffer was processed in the absence of antigen to
establish the mean signal intensity on the drug sensor beads for the zero-analyte condition
(baseline) in response to the tracer. The standard deviation from bead to bead of the zero-
analyte condition was recorded and used to derive a threshold signal intensity (SI) value
using the signal intensity of the drug-sensitized beads minus 3x standard deviations for the

“zero” drug condition. The assay was then repeated with increasing concentrations of drug
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vary between 4.4-8.0 %for the drug based LOC tests for the md- to
hi gh-range drug standard concentrations and 7-15% for the | ow end of drug
st andar d woneentst36i ons. [ 0062] The accuracy of these te®CI/UsaG12a3@essed in

e o oS S) A0 B PSSl R Seoabla et A

(derived 10 S ere bos or

f or e- ment ithe eflaydfod goh MRLEROOP Mctavctagechaséraachiceved with the gold
standard reference nethod of Liquid Chronatography tandem Mass Spectroscopy

(LG MS/MB), as [pgsd) as Wit LODiBethiedhfheaaiPhat 8dadia) Mds QMBI KitRd lowest
I mmunochr omat ographic strip (ICS) test Kits. conparison of the three
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[0060] FIG. 2 provides a typical dose response for the drug

methamphetamine, but the other dose response curves are omitted for brevity. Instead, the
complete assay performance characteristics of the 5 drug tests developed are summarized in
Table 2. In all 5 cases, the LOQ, i.e. the lower drug concentration on the linear portion of
the dose curve, was about 1 decade of concentration higher than the LOD and one decade of
concentration lower than the upper limit of the assay, suggesting that the most accurate
measurements of the test should be expected at 10-1,000, 1-100, 1-100 and 1-10,000 ng/mL
of cocaine, diazepam, amphetamine and methamphetamine concentrations, respectively.
However, drugs could be detected in a simple yes/no assay at levels ranging from at least

four orders of magnitude to as high as five orders.

Table 2: Assay performance characteristics of the 5 drug tests developed
Assay LOD LOQ Assay Range | Quantitative %CV
ng/mi ng/mi ng/mi range
ng/ml
THC 0.22 1 0.22-10,000 1-1,000 5.0
Cocaine 1.3 10 1.3-10,000 10-1,000 3.9
Diazepam 0.14 1 0.14-1,000 1-100 2.6
D-amphetamine 0.22 1 0.22-1,000 1-100 3.2
Methamphetamine 1 10 1-10,000 10-8,000 4.6
[0061] Intra-assay precision within the context of the parameters of the LOC

system was derived from the degree of agreement of the signals obtained from at least 4
redundant beads within the array, 3.2-4.6 %CV for the drugs tests for THC, cocaine/BZE,
diazepam, amphetamine and methamphetamine. Inter-assay precision was evaluated using

drug standards tested in successive assay runs. This effort revealed inter-assay precision to
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0.2 LOD (met hanphetamne) (ng/nL) 2.0 1,000 1,000 1.0 LOD (cocaine) (ng/nm)
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vary between 4.4-8.0 % for the drug based LOC tests for the mid- to high-range drug

standard concentrations and 7-15% for the low end of drug standard concentrations.

[0062] The accuracy of these tests was assgssed in methods comparison
studies whereby LOC results from the testing of saraples {(derived from pationts that were
adminstered blind placebos or the fore-mentioned drugs) were comparad (o those achieved
with the gold standard roference method of Liguid Chromatography tandem Mass
Spectroscopy (LOC-MB/MS), as well as with arine tesis completed using commercial
tnmuncchromatographic strip (ICS) test kits. A comparison of the three methodologies
(BNCs, LC-MS/MS and ICR) reveals the advantages offered by the BNC-based tosis as

developed {(Table 3.

[0063] The portable BNC tests cxhibit exceptional assay performance
characteristics with Livoits of detection (LODSY comparable o the laboratory-contined
refoerence method of LO-MS/MS and vastly superior (significantly lower} than their ICS
counterparts, Similar to LO-MS/MS and unhike ICS tests, which are gualitative {Yos/No}
type of tests, BNC-based drug tests are fully quantitative. Furthermore, unlike LO-MY/MMS
which requires todious sarople processing and 18 Hmited fo testing for one drug at g ime,
BN tests are amenable to the point of need, require no extensive sample processing and
offer the capacity to multiplex, or test more than one analyte {drug) concurrendly, using

micretiters of sample.

Table 3: Comparison of the LOD for three methodologies
LC-MS/MS ICS ICS BNC
(urine) (saliva)

LOD (THC) (ng/mL) 0.5 50 50 0.2
LOD (diazepam) (ng/mL) 10 300 300 0.1
LOD (amphetamine) (ng/mL) 1 1,000 1,000 0.2
LOD (methamphetamine) (hg/mL) 2.0 1,000 1,000 1.0
LOD (cocaine) (hg/mL) 2.5 300 300 13
Quantitative YES NO NO YES
Portable NO YES YES YES
Multiplexed NO LIMITED LIMITED YES
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WO 2012/ 154306PCT/ US2012/ 030012 EXAMPLE 2: EXPANSI ON OF TESTS [ 0064] The
proof of concept results were excellent, so the test was expanded so that
addi ti onawocommsm3ost r eet drugs coul d be detected. The reagarstei2obwien after
extensive testing for thes ' t shown in Table 4.
These reagents were testedﬁlz%%aﬂgg‘bﬂﬁﬁfggyg?arﬁuﬁ?if%ﬁgy format and shown
to have a dynam c range spanning four to five orders of nagnitude with LODs
in the ng/m rgoees] and iTherproyl cfasascpt esaltt ware ckcalintlso tHatesiewds expaadmint s
Assay Optinal Bead Sensor Catal og # Tracer format A BSA- THC

(ARI STA) Aerihet gddisiongceospren piiects Heugy Gaml dcvaagﬁ?ﬁlﬁ%gfdsrﬁh%eﬁagﬁl}ts BIRsepHesterg

ggg_ :I'HfCOE Ar%lieél%x)y’c&'tﬁgqﬁl fHeSe §&%ﬁﬁ) gmaﬁmgt@)%gk%\(ﬁpm %‘),bﬁ\ﬁx ﬂi&ezt@ggents
were tested in a 500 ul bead, multi-assay format and shown to have a dynamic range

spanning four to five orders of magnitude with LODs in the ng/ml range, and in many cases

less than 1 ng/ml.

Table 4: Reagents
Assay Optimal Bead Catalog # Tracer Catalog#
Sensor
THC - BSA-THC AGTHC-0304 THC-SPECIFIC sheep BVX.THC.2B9
format A (ARISTA) mAb (Randox/Bioventix)
THC - THC-SPECIFIC BVX.THC.2B9 BSA-THC AGTHC-0304
format B sheep mAb (ARISTA)
(Randox/Bioventix)
BSA-TEMAZEPAM IMM9552 BZO-SPECIFIC mouse ABBZ0-0400
Oxazepa (Randox) mAb (ARISTA)
m
BSA-TEMAZEPAM IMM9552 BZO-SPECIFIC mouse ABBZ0-0400
Nordiazep (Randox) mAb (ARISTA)
am
BSA-TEMAZEPAM IMM9552 BZO-SPECIFIC mouse ABBZ0-0400
Temazepa (Randox) mAb (ARISTA)
m
MDMA BSA-METH IMM9555 METH-SPECIFIC sheep PAS10037
(Randox) mAb (Randox)
MDA BSA-METH IMM9555 AMPH-SPECIFIC mouse ABAMP-0400
(Randox) mAb (ARISTA)
Methadon | BSA-METHADONE AGMTD-0303 METHADONE- ABMTD-0401
e (ARISTA) SPECIFIC mouse mAb
(ARISTA)
Morphine BSA-MORPHINE AGMOR-0300 MORPHINE-SPECIFIC ABMR-0400
(ARISTA) mouse mAb
(ARISTA)
Table 5: Test Data
Assay LOD LOQ Detection Quantitative % CV
(ng/mL) (ng/mL) Range Range
(ng/mL) (ng/mL)
THC - format 10 N/A 10-10,000 N/A N/A
A
THC - format 1,000 N/A 1,000-10,000 N/A N/A
B
Oxazepam 0.97 10 0.97-100,000 10" -10° 4.8
Nordiazepam 7.4 80 7.4-100,000 80-100,000 13.6
Temazepam 3.8 50 3.8-100,000 50-100,000 N/A
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AGTHC- 0304 Oxazepa m BSA- TEMAZEPAM ( Randox) | MWB552 BZO SPECI FI C nouse mAb
(ARI STA) ABBZ0- 0400 Nor di azep am BSA- TEMAZEPAM ( Randox) | MvB552
BZO SPECIWOCoramisa®e mAb ( ARI STA) ABBZO- 0400 Tenmazepa m BBGI/ISMAZABUANL

( Randox) '“VTV%% BZC- Sﬁﬁ\CI € noRe ara (AF,Q'/A‘STA) ABBZQ7AO4OO i‘vD"v’}’-‘N/QSA- METH
MDA 6.7 10 6.7-1000 10-100 54 at 50
ng/mL
Methadone N/A N/A N/A N/A N/A
Morphine 0.6 2 20.6-1000 2-100 23

N/A: assay performance characteristics not available yet (work in progress) but proof of concept
and assay optimization completed.

[0065] Test results to date are shown in Table 5, including optimized results

from Example 3.

EXAMPLE 3: THC OPTIMIZATION

[0066] Difficulty in optimizing the THC assay was encountered. In the
original reverse competitive immunoformat (immunoformat A or “IFA”) the bead-based
competitive type of immunoassay was executed as follows: The tracer anti-THC antibody
was mixed with the sample and the mixture delivered over a period of 7.5 minutes to the
array of beads in the LOC flow cell. The array hosted beads coated with BSA-drug
conjugate (i.e. THC-BSA-bead sensors), as well as negative controls beads coated with
BSA alone, along with calibrator beads used as internal controls. A reduction in signal

indicated that drug in the sample was competing away signal from the drug-bound beads.

[0067] However, numerous attempts to further optimize this IFA assay
produced minimal improvements in its LOD. As the LOD of the assay is dependent on the
intra-assay (or bead to bead) variation for the zero drug (control) condition, the team took a
close look at the images of the bead array and discovered the signal around the THC
sensitized beads was atypical. Along with the high bead to bead variation in signal intensity,
it was noted the signal around the THC-sensitized beads lacked uniformity in shape and was
irregular. An attempt to fix the problem by creating a new batch of beads coupled to BSA-

THC conjugate produced similar results.

[0068] Therefore, reversing the format (immunoformat B or “IFB”) was
tried. Beads were sensitized to THC via their coupling to the anti-THC antibody (from
Randox/Biovendix) and the BSA-THC conjugate was coupled to Alexa Fluor® 488 to serve
as the tracer for the assay. This is the typical competitive immunoassay format, but it was

not selected initially due to difficulties in conjugating drugs to the label.

[0069] THC-Alexa Fluor® 488 was mixed with the sample and the mixture

was delivered over a period of 7.5 minutes to the array of beads in the LOC flow cell.
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demonstrated (not shown). Most importantly, the signal was now more uniform around each
bead as well as more consistent with that achieved with other reverse competitive

immunoassay format.

[0070] Although IFB was an improvement, it was limited to detecting only
high concentrations of the drug. The concentration that resulted in competition also
exhibited a distortion of the bead integrity when bound to the bead sensors (not shown). The
inability to detect lower concentrations of THC was attributed to a sub-optimal tracer, the
generation of which is limited to the fact that BSA-THC conjugate (and not THC alone)
was used to create the Alexa Fluor® 488-coupled reagent. Noted here, there is currently no
known method to couple the Alexa Fluor® 488 directly to the drug, and the BSA or some
linker is necessary. Furthermore, the later observation of bead distortion when the anti-THC
sensors are exposed to high THC is consistent with the observation of bead distortion
associated with IFA, in which case the bead sensors are sensitized to the THC through their

coupling to very high THC-BSA concentrations.

[0071] In reaction to the observation that high THC on the bead sensors
detrimentally affected the bead sensor, whether through the direct or indirect immune-
binding, the team reverted back to IFA, with the goal to significantly lower concentrations
of THC-BSA. Previous batches of beads were originally loaded with 3 mg/mL of THC-
BSA, but later 1 and 0.1 mg/mL THC-BSA levels were tested instead. Loading the beads
with lower amounts of THC-BSA significantly improved the signal quality derived from the
sensors, as well as benefited the integrity of the sensor (not shown). In fact, the team was

able to achieve an LOD of 10 ng/ml using this approach.

[0072] It is well known throughout the scientific community that THC
represents a challenging target for assay development. Likewise, from all the drugs targeted
in this program, THC has been in our experience the most difficult to optimize. The above
described “detective” work has resulted in the important observation that THC, when bound
at significantly high concentrations on the beads, significantly affects the structural integrity
and functional capacity of agarose beads to serve as a sensor for the same drug. Thus,
THC-BSA should be loaded at significantly lower levels, as least when coupled to agarose

beads.

[0073] This is in stark contrast to what is expected, which is the higher the
loading, the better the signal. As expected, the bead sensors with lower loading exhibited

lower signal intensity in the control (no drug) condition but, more importantly, exhibited

16



(ARI STA) ABMR- 0400 Table 5: Test Data Assay LOD (ng/nL) LOQ (ng/nmiL)
Detection Range (ng/nmL) Quantitative Range (ng/nL) % CV THC - format A 10
N A 10- 10W0Q012M/54806/ A THC - format B 1,000 N A PCT/US2012/030012

significantly less distortion. The reduction in signal intensity may be remedied by
increasing the exposure time of the CCD for the optical sensor, and the team is now
searching for the optimal condition: one that results to no bead distortion and one that
provides the desired signal that may be reduced in response to lower concentrations of

THC.

[0074] Further optimization steps include exploring functionality of bead
sensors loaded with even lower THC-BSA (i.e. 0.01 and 0.001mg/mL) for IFA, as well as
identifying optimal tracer dilution (1:100, 1:500, 1:1000) for the IFA using bead sensors as
identified from previous step. It is expected that the LOD can be further improved beyond
the 10 ng/ml LOD already demonstrated, to <1 ng/ml.

EXAMPLE 4: STABILIZATION OF BEADS

[0075] A field environment is likely to be quite different from a lab
environment with trained technicians, complex machinery, and optimal working conditions.
As one example, in the field, it is likely that the beads may be opened to air, and not used
for some time. Therefore, methods of stabilizing the 500 ul beads against drying out were

undertaken and glycerol was tested as a preservative or anti-drying agent.

[0076] Initial experiments indicated that treatment with 30% glycerol (in
PBS) served as an effective method to maintain the moisture around the beads, while
likewise maintaining the structural capacity of the beads. The next objective was to

determine its effects on their functional capacity as immune sensors on the BNC platform.

[0077] Briefly, agarose beads coupled to BSA-THC conjugate were
distributed in 5 eppendorf tubes and suspended in 1%, 2%, 10% and 30% glycerol in PBS.
Beads were then manually loaded onto the microchip, which was left uncovered and
exposed to ambient air, overnight at RT. During that same time period, a fresh bead control
(i.e. beads in PBS) was stored at 4°C, until the following day, upon which time beads from

this aliquot were also manually loaded on the microchip to complete the array.

[0078] The bead-loaded microchip was then quickly sealed in the flow cell,
washed with PBS and exposed to anti-THC-Alexa488 coupled tracer and images taken and
analyzed. Beads treated with 30% glycerol maintained their structural integrity (shape and
size) and performed as well as the fresh bead control. In contrast, air dried beads originally
suspended in PBS or in lower concentrations (2 and 10%) of glycerol were reduced in size
and, in response to the treatment, failed to produce a tracer-derived signal equivalent to that

achieved on fresh beads or beads treated with 30% glycerol.
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[0079] We also explored the capacity of the glycerol-treated THC bead
sensors to respond to the drug in a competition experiment. Data (not shown) indicates that
glycerol-treated beads function as well as fresh beads after exposure to the stabilizing agent

glycerol, even with real samples in a reverse competitive immunoassay.

[0080] We also evaluated the effect of a longer exposure to drying
conditions on the performance of the glycerol-treated agarose THC-sensitized beads. In this
experiment, beads were treated with 0, 10, 30, 50 and 100% glycerol in PBS and exposed
for 5 consecutive days to air, and then compared to fresh beads for their capacity to produce
a THC tracer-dependent fluorescent signal. Results suggest that beads treated with 30% or
more glycerol were indeed stable and resistant to drying during a 5 day long exposure to

drying conditions. Thus, the beads are quite stable to drying in 30% glycerol.
EXAMPLE 5: BENCH-TOP TO COMMERCIAL TRANSITION

[0081] The drug specific assays are being developed and completed in
research grade prototype microfluidic flow cells using 3,000 ul of assay buffer and sample
volume. However, reduction of size for the ultimate test will mean less sample is required,
and is expected to be completed faster with a short turn-around-time (TAT) of results.
Therefore, efforts are underway to reduce the size of the microfluidic lab cards and to fully

automate a completely integrated test.

[0082] To that end, laminate-based lab cards with integrated sample loading,
reaction mixing, buffer washing integrated microfluidics elements were developed and
applied for the testing of select drugs. The assays were (or will be) performed as described

in Table 6:

Table 6: Methodology

General steps to prepare p-BNC components: beads, capture antibody, detection reagents:
Develop bead sensors
Glyoxylate bead sensors
Couple BSA-Drug to the bead sensors (sensitized beads for the specific drug)
Couple BSA to bead sensors (to serve as negative controls)
Couple alexafluor 488 to antibody (to serve as tracer)
Add sodium azide to the bead solution (to prevent bacterial contamination)
In some iterations, add glycerol (to prevent drying of bead sensors/i.e. promote stability)
Store bead sensors at 4 °C until use.
Aliquot tracer-alexa488 in assay-relevant volumes (it varies from drug to drug)
. Store alexafluor488a aliquots at -20 °C until use.
. Prepare calibrator beads by coupling them to an irrelevant to the assay antibody-coupled
toalexafluor488.
. For laboratory-based measurements, prepare re-usable flow cells (lab cards)
. For on-site measurements use mass-produced integrated lab card
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such as: Aware Messenger or Quantisal
2. Once sample is collected it may be tested promptly or aliquoted in assay relevant volumes
(200-400 plL) stored frozen until the day of the test.
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Prepare serial dilutions of drug standards (typically, 0, 0.01, 0.1, 10, 100, 1,000 and 10,000

ng/mL)
1. Forlaboratory-based measurements, store aliquoted solutions of drug standards at -20 °c
until use.

2. For on-site measurements , standards will be provided as a part of the kit in Iyophlllzed
form along with stabilizers, unt|I use. The kits are expected to be stored at 4°C for up to 1
year, or at room temperature (i.e. 25 C) for up to 1 week or at 37°C for up to 48 hrs.

Assay principle:

The bead-based competitive type of immunoassay is executed as follows: The tracer antibody
is mixed with the sample and the mixture is delivered over a period of 7.5 minutes to the array
of beads in the LOC flow cell or lab card. The array hosts beads coated with BSA-drug
conjugate, as well as negative controls beads coated with BSA alone, along with calibrator
beads used as internal controls. In the absence of drug in the sample, the tracer antibody will
efficiently recognize and bind to the bead sensors for which it is specific (coated with the drug
of interest) and thus produce a fluorescent signal within and around the bead; in the presence
of drug in the sample, which will compete with the drug on the bead for binding to the tracer,
the signal on the bead loaded with BSA-drug will be reduced in a dose-dependent manner.

For laboratory-based measurements, use re-usable flow cells/lab cards & complete

assay sequence, as follows:

1. Manually load drug-sensor beads, negative control beads, and calibrator beads in

addressable positions within the array.

Seal the flow cell.

Place flow cell under the fluorescent microscope.

Connect flow cell to fluidic lines

Deliver PBS buffer to wet the array

Pre-mix sample (500 pL of either drug standard for the dose curve or unknown sample)

with assay buffer (PBS) (2500 plL) for a total of 3 mL

7. Add tracer (amount varies from 1-25 uL depending on the assay/drug), mix and start the
timer.

8. Promptly deliver assay buffer/sample/tracer mixture to the array for 7.5 minutes.

9. PBS wash for 2 minutes directs unused reagents to waste.

10. Assay sequence is completed with PBS wash.

11. Image of bead array is captured at various CCD exposure settings

12. Data from the testing of the standards and of the unknown samples are processed to build
dose response curves and to establish the measurement of the unknowns. Here multiple
dose curves are generated at the various CCD exposures, the best (based on LOD and
assay range) of which (one exposure alone or in combination for a wider range) is selected
for the prediction of the samples tested

ok wN

For on-site measurements, use integrated lab card:
Mass produced integrated lab cards will be offered as part of an assay kit that will include the
following:
1. Integrated lab card with pre-loaded:
a. Bead support (microchip)
b. Bead sensors for drugs, negative control beads, and calibrator beads in
addressable positions within the array on the microchip
2. Inone iteration, the tracer antibody will be pro-loaded and dried on pads along with
stabilizers in a dedicated position within the microfluidic circuitry of the integrated card.
3. Self-contained bio-waste compartment
4. Oral Fluid Sample Collection device consisting of an oral fluid collection swab, and a tube
with analyte extraction fluid, and a cap #1 to seal the tube.
5. In another iteration, the tracer antibody will be integrated within a second cap (#2) fitting
the sample collection device. The cap will be equipped with a filter membrane with tracer
present in dried/stabilized form on the membrane.
Drug standards for the generation of dose curve.
Quality controls
Instruction manual

® N
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PBS) served as an effective nethod to maintain the noisture around the
beads, while |ikew se nmaintaining the structural capacity of the beads. The
next obj ewDizvER/ M6t 0 determne its effects on their fumrcriusa@k/os@pacity as
i Mune sensors he BNG pl atform [.0077] Bri ef | agar pse beads .coupled to
55 THC con ugdl@¥ler e distr i Bt SR & S RRe R aeeh ae
1% 2% 1QH6IedheR%ogtaRrRidkalt BiritBires BRastlsslavascartdnispor@ielal | y | oaded onto
the microchip, which was |left uncovered and exposed to anbient air,

over ni ght at RToog3ri ng that |§APRcE | iBaPahb@dbe afufthes bpAsAdC ot Rld (dsee-
beads in PBS) was stored at 4C, until t'he follow ng day, upon which tine
beads fr oraspéviallyads tpgetds wemplea¢adisctiomend topt prosdddesoof thet piid wechit estiog a

conplete the array.  [0078] The, bead-| oaded m cr.gchip . t hen i ckly seal ed
'n the 11 OWEl! of MRS RBRT iR i LR pmistritly af Ok SR 08 EWB e
tracer ancollp@&@as Thakesonaickcamsl Kaishle BradtSswabekitehavsl fefted QY0beitatCaId0hore
mai ntai ned their structural integrity (shape and size) and perforned as

wel | as t Herpdecaklobarjusbeeliesiing prpcstonant adhus, oy andicinsée habeiandsiq givahs) wil
suspended j.n P ri r trati-on ,: r e
reduced i nﬂegﬁ) azcg%ﬁdv,vm? %ﬂe?%%pagﬁ?@&ﬁ%ﬁh% %e%? r éfaf%%ﬁo? ,c&%:gié?ué%ﬁ? gé%ﬁlg gck:%&gorn
t r acer - derbuffed f@icghadtingqhg sealpdnbffitioe $vet andabludiletheoin fresh beads or beads
treated with 30% gl ycerol. WD 2012/ 154306PCT/ US2012/ 030012 [ 0079] W al so

explored the cqgpegi|ty of THrardgtyerelaphlhiepinedridhiovipadt sansides bl ehd @spend
to the drug in a conpetition experinment. Data (not shown) indicates that
@

gl ycer ol - tthesaneric bafersorfagrept wrfiried fofm In ascpprasserpie 4 adddd terthesgrenie baffero
the stabil | z] e Ny W T eal. | I: . T e .
(he st abt skt 08, AAR0L \ShEShohe BYE AWl el AT BRI A SRR
exposur eT}_'ag: il ayintg y@(galdgiadgm shelcﬁulfhﬁ_@)aﬂﬁra@o i m{ﬁewid fhgtethgl thicé ?bém?t[xga:i ]
agar ose -sensitized beads. In this experi , beads _were treated wi
0, 10, 30,bcshe st wersdsighdindiayeven Ppacthn ‘éfﬂﬁg%éeéteﬁoro%cq%%é@u%tw tygRly s
to air, angdichRen APRRAREL &bel &0l a(FidPintibBE] aRARRAL] KxlcRiPIOIGEIr
THC tracer-o?epengent fluorescent signal. Results suggest that %eads treated
wi th 30% dronmotestingl kyis @nd kredevosni tn dbe ecliabteahiddomndstiresi st ant t o dryi ng during
a 5 day |l ong exposure to drying conditions. Thus, the beads are quite
‘SI'}Q,%\Rlls IeT'It (()]\l dr)élogg??rlg 38% gJVyC\eﬂl_O?l_so Eé%M%l:iEu&kitBEbﬁr&_ ti?@ﬁ?c@@éd dER@ld sAls OI}G Ced
, e dr speci fic assays are bei ng devel oped and conpl ete
in resear cOrP[ﬂ@m)éw aﬂ%t‘wﬁg&%% E5HE PURB aéldftﬁ%wh@é Foraiignye ,tmﬁ%rﬂlmswﬁo
assay buf f; . . VL., +.0) | f it e
patadt e R Rl R R SR LG R PR SR ki 00
faster dWI tslanm%esfscnhgn tappltmﬁiauootgha cbatt?d?eh (IbAfh)at e?cli,rt_hz _tswalls .ega’hmn g{ﬂm mém{nisb]gunlt is
are underway to .reduce the si 0 e mcrofluidi cards a o fully
automat 6 ANCWRBHEE BIF (rerpih L ke eRadS (BOEEN TS if HBR ROV i bt @l 4R

l'ab cards mei}iﬂtihgkﬁggfatﬁ&nsﬁémlf?erlv%%ﬂlg,caﬁﬁ@get.i on mxing, buffer washing
integrated mcrofluidics el enents were devel oped and applied for the

testing of sel rugs. BSRAYSt Bk @il edR8)o1 P68k in th
toseribed i o Tanpele oS BB EER e AR e s DR £ 5l STERR aftercin the
Met hodol ogyfiSampiepacadd feernithe sdab Balai lagerndymdterid ahdtas tedlyepitioed bashe user.
expectorated specinen or vig _a saliya collection.devige, such as: Aware
Messenger ﬁ»sd?faﬁma & fezr}oveﬁé@r%%?p%@ Rogiqup e § £ W&;ﬁaﬁl@ret lglgd and
promptly arndl icfHREED (R ASSAYa SRIRNARLa¥OHTEStheA0RT40Qidrédd, 2h@rrdbhfgzen
until the day of the test. Prepare sSerial dilutions of drug standards
(typi cal | ywyasbgs the @ample. off thewabodhe 3200 iaHgn 1GNEBOchyy thic)catridgoyia e.g., an

| abor at ory- b%sed measurenents, store aliquoted solutions of drug standards
at -20 C URFif°RMSE. 2. For on-site measurements , standards will be

provi ded as a of thmt in lLyophilized formalong.with stabiljzers,

until use. Thepﬁf’@ are A 5 et SRR AemrEing {1 ny@i?'“’; 3 a

room t enpenatyd@1(h 38; steriPih f QoraPpbRidn MERK ad indlvash fRitbRin 9D, 1hed8p IV S-
a combination of eye dropper, cap and swab, preferably made of lightweight flexible
plastic, wherein the bulb portion and cap ridges have more flexibility (higher durometer or

thinner) than the remaining portions. The vial has a sheet of flexible foil or plastic
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Assay principle: The bead-based conpetitive type of imunoassay is executed
as follows: The tracer antibody is mxed with the sanple and the m xture is
del i veredWO\zarznammeri od of 7.5 minutes to the array of [peads2012/08G0e2 LOC
flow cell qr b ca hosts b ads goat. h, BSA-

conj ugat e, Se%ara s WaShdburfgﬁéé?u AR TAUTIES ceoVé%eldfraDmtﬂ%%“@é%“&f%ﬁé’o“a "ong
with cali m’fahé)ﬁlabe'ﬁlfbssmﬁ%ﬂo@ﬁ i Flermaﬂe af”p Pruxihts onlyl ahd theaa@peepoRfiordrwigl i n
the sanple, the tracer antibody w || I ci ent recognl ze and bind to the
bead sensdl¥e fope walikrpter o |aE0spfé%§|hmgc0 (té@é’fvé@ vuf/hpﬁt pYrafleying QfconnEpayg)
and t hus P gﬁlﬁ a fluorescent signal within and around the bead; in the
presence o rug in the sanple, Wnich w ll conpete with the drug on the

bead for bindi t he tracer on.the bead.l oaded wi BSA- dr ug
will be reduce:)tg?§ dosé! d%lﬁlée’ng ﬁ ?Pé’gﬁe?omﬁsresl aE’Brﬁ)atlg)’r f}l-l(gacsa%dﬁj having

measur enme rﬁpﬁonzblseﬁmhﬁr YRalYl€ ridbeyo e pldusikioad 16 afod ScalingOiBlcap ensigs éie siepaence,
as follows: 1. Manually | oad drug-sensor beads, negative control beads, and

cal i br at orBbddgs flyidhy gprncsted | vaa Bolqw stsas [hie APeH Ravet Hr g hasoan shsarbepier
flow cell bf%ﬂ?(ﬂ‘g%’ lg%fﬂ{e%%}iér S%g%% Oftsggb%{ uorescent m croscope. 4. Connect
ver

flowcell to I nes buffer to wet the array 6.

Pre-m x sanpl e A of e er d st anda r for ose, curve

unknown sanpl e)[ﬁgﬁh assa L%??Oeprms% §)CO %5 &awing efgl OSPgFtl%?epﬁraﬁTZ%
Add tracerto (safmRats lbuﬂalf 28 Srohd BB upp&SpdrforiePn dof@inen 22 h©paissa EdlicUT) canMBeX
and start the tinmer. 8. Pronptly deliver assay buffer/sanple/tracer m xture

to the ar rlagluﬁfasirw?prqum thette | foom peig\pasheds top Tar infonilie evéal di pelcthis mguseicde
reagents to Yaste e M 2 | ﬁf"‘%(f %ozaqv%gﬁ%&%él&egg%ﬁo%‘[hl {shwﬁﬁsfgﬂgggg%ﬁde”age

of bead array rs captu riou osure set

t he testi rgnofar,tthet Bt aftﬁilaﬁﬂslgamdthefcohhmdn,nkmom Jlsarhsplte& ar gmops emeaesdepso
buil d dose response curves and to_establjsh the renent f t he
unknowns. TPBERY SAYirSPAPe: adbdesiigdr vBS ave s ‘ﬁ%ﬁéﬁ’ P%a%rp Bh%pyaé@pe is

exposur es,,l61ePes gc?es@‘éfe%d LEXe RAMiRS Ve E%Q%Ett&ﬁ M‘Qt' HWnRE a KPS €

al one or |n conbi nation for a wider range) is sel ecte or the prediction
of the sampindontisstvaddiFor: assenshlt endresesur enents, use integrated |ab card:
Mass produced integrated lab cards will be offered as part of an assay kit
that will inclydedglhe follhaié bigsedlpdsiticegb@tthel chiph2 ceald thei ddntainice-Vio fidedle a.
Bead support (mcrochip) b. Beagbqsen ors for drugs, negative control beads,
and cal i briiest | pewaring svalids slsslognd a%agff %qpalﬁéowtlﬂm? ‘%Hﬁ’ér HPiegs Pesiop of the

m crochip 2y 4y ane tﬁett% feﬁ{bve{l hgdliha&eh & ga kPO Milva REn %erbgﬁgaggﬁag

dried on pasaongvm h stabilizers 1n a dedi cated pos|t|
m cr of | ui dite top lasttenyrcofnadre tlnentzlegz hhleﬁ),qarsﬂmgazoﬁﬁllﬁ resnthaiscyedattii 24, Wast e

conpar t nent Oal Fluid Sa e Col |l ection i C of a

Furd cob Maiiiigh s i A QM Q5 (8 TALITE YYD Ceir QUTeror. £ RUHed, SRR ap
#1 to sealywidhgq ErHQ%e 435 Hini&N Qhé‘ﬁﬁlb'ltl% ﬁ%de@ibd Jn'ﬂ%l%ﬁ@@eﬂhuﬁﬂﬁa%@%ﬂ!rds he
integrated within second cap ing the sanple collection device.

The cap wiihfo the beﬂwl lpp@dbmtphmi lﬁlanﬂémllnwmrarlé wWihtih wastaged sgmpe éntfei ean

dried/ st ab[hen g gp]g];l?erdrpo(%ﬂe r‘tanc{T%”bIEhe Fevice can be recapped and saved, or thrown away,

according to standard protocols.

[0097] The BNC cartridge itself will also be contained inside a sterile,
airtight wrapper, probably foil (not shown). It is opened when needed, sample applied
either via the cartridge or via a fluidly connected port on the reader, dropped into a portable
detector, and the test run. FIG. 4 shows an exemplary cartridge, which is disposable and

fits into a standard reader.

[0098] In more detail, 101 is the sample entry port, which is fluidly
connected via microfluidics 111 to the bead support chip chamber 117. A small array of

bead sensors (see black square 109) fits inside this chamber, which has a transparent lid
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6. Drug standards for the generation of dose curve. 7.Quality controls
8.Instruction manual WD 2012/ 154306PCT/ US2012/ 030012 Tabl e 6: Met hodol ogy
Test sequwoce12/asiioh tracer anti body on the cap of the ceClrastéen3mial 1.

Col l ect s | epusing,th ral .swab 2. Extrac nal.yte from s . by, di ppi ng
e TR, CpHRp NN T2 TR0 AoV REhed RIVS il QSN YL AR

swab 4. Sadlffdriacy woss W03 BreCEdR. conv@éd 1 1RemiceofililioWhigeoNn$t i Dut] & &f
the dried tracer and m x. Tiner starts now. 5. Pronptly |oad sanple-tracer
m xture ormeidliserarcky 181 can egntindiquitt isagcate qudzasdvash buffgese rAlterpativelys 819 nt o

the anal yzeg;c. %g?le'%%aclo}{ﬁeec'Eed 'i}e'ctlg’rfoe&%ﬁeﬁlgleﬂﬁi‘& 's%&‘é@ 08 b%tﬁg%ggﬁtﬁfgofsr RAPLLY b

del i ver assay bufter/sanple/trac m Xxture to the array .5 m nuf es.
Upon conpltet itdisteofpacke are prafemed as petirgothora seBSonastedf ard droviding es sohall@ct s

unused reagents t te. c. Assay, sequence is caonpleted with a P sh.
11. |mage ?tpﬁgadf%mgﬁveﬁssare ASER Bl ViR PUANITDSMBAD ek JORH08 g@ﬁ@ﬁ&i@%
Data from g, L@shdddn@EmbaficaandaidmAnds ot priitrnkanWissAMP! es are

processed to buil d dose response curves and to establish the nmeasurenent of

the unknowns. gﬁb]”“' ti %ﬁgﬁoﬁ%}?g@; i Sof pge%gﬁre?&g%, g”;\tlhleﬁéaa?e(t‘ﬁ@rﬂu?d’&zo%'j

exposures, the st (base n assay range one exposure
al one or inotdtwwbiimahé oinyfdanacl Akernatdwnde) wase shhabdred 10ocant be chrsed ivatiéron
of the sanples tested. Test s ence; with tracer antibody drjed on a pad
wi thin t helBf EgFateK and s Huid ebihei diregigiovhen ayalye Biwecdal swab 2.
Extract analyte fromswab by dipping it in and out of the extraction buffer
3. Renove and dOSEMMd colReseentaorisifiocan congar a ghysireent 200-120 GsacArerisctivee

020115, b oy Vg DR AL P o RS SR S M R
t he tracercopsist of an access hatch or affixed cover 121 and recess 122, into which reagent pad 120
can be placed. Alternatively, reagent port 106 could be another blister pack or again just an
inlet allowing connection to external fluids. Waste reservoir 107 and waste reservoir
external vent 108 are also fluidly connected via microfluidic channel 113 to assay chamber
117 having a transparent access hatch or affixed cover 118 allowing visual access to the
bead array, but keeping the beads airtight. Optional port to waste chamber 110 is also

shown, although the chamber can be made sufficiently large to hold all waste and this port

omitted.

[00101] In preferred embodiments, disposable plastic chip containing the
microfluidics is made by injection molding and/or etching of parts and adhering layers
together. Access hatch 121 (shown open) at recess 122 and access hatch 118 (shown closed)
at recess 117 allow the insertion of the bead array 109 and reagent pad 120, and can then be

closed and tightly sealed, ¢.g., with heat or adhesive. Blisters are added via adhesive strip.

[00102] Preferred materials for constructing the cartridge are plastics of
durometer 34-40 Shore D for the substrate and microfluidics, such as polymers and
copolymers of styrene, acrylic, carbonate, butadiene, propylene, vinyl, acrylonitrile, and foil

for the blisters.

[00103] We envision that a detector will be designed and manufactured
specifically for this assay, as this will allow simplification of the device and its software,
and minimization of the footprint. Ideally, the device will be reduced to a hand held size,

and thus be easy for police officers to use in road-side testing environments. The analyzer
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b. Tracer will be reconstituted by the sanple and the two will be m xed
within a m xing chanber within the lab card en route to the bead array.
Assay ti w0 208/i5#306i at ed as soon as sanpl e/tracer m xt uPeTMSaeh/08¢e2 M Xi ng
chamber . 7('akaU e%(rllerco%r&)elt ecttoirgnergfs a%shae uIZi' 5r a?l‘i nr{%%f% & e%vqgi’n i%hePBsSer\Av@ﬁlhacf s t2 a

mi nut es difects unused re &en?s 1o Wasre. 8 (Aséjay eéuen%e i'S corcr';e)ST ePéd

W th PBS v .cnfbedddtivggitvafre, grdocigonynts SicE@dl tof @6 At av@ly| edad thERxposidr e
settings 10. Data fromthe testing of the standards and of the unknown
sanpl es ar@npebtesadorpdseifricadlyeytut-esponse curves and to establish the
measur enent of the unknowns. Here nultiple dose curves are generated at the

vari ous CCD exd88UMds, t HEhchamstyz¢hrswnoscd dD)dal carddaading degk) iipfoptgs, iy

| ' ' i i Wi ' | d f
the”pr o s sPUfed ackiiREET BBhuA of BhSihOB-BREShedsd: T oPiiegPht e
test for thehdhidd RxALRPISH Hascnkee of atttoavritts (Dt ededle Eort plerciny! blover pgcks

performance characteristics for this test: [0084] 1. Reduced assay tine (from
10 mi nut esndduprns Jop MAVE acEyating Gams), NViRgWgHe dng Sdib) dafs oyhpt (@ guipaperednd

(from3 . %@ﬁ ' Ml N recision (very | ow
bead to b aﬁlq%%g@f ngS]% &][rg r%? %gdyg%g%}?’ gﬁ? %Es)aa%Faﬁﬁ ﬁlg%n?arlllganal yti cal
performance (i. il significant .reduction of signal .in ¢ etition
rodey o 2012004 ospcndisTo s St 15 T SpGunfaring afy P SrseRe
nmacr oscal enfoRmbti®d, RaNéEs anhapplicftR dafmpld)palsbd, a §thesatan\ual thd EHA&Cahs the
structures are single-use and di sposable. [0089] The | ab-based assay nust be
further opeithindRptpys thejaapucisise, especial ly as regards sampl e col | ection

and test procedures. To that end we are testing a variety of field formats,
i ncl udi ng use dPOHMdmer ciVWklaye alsai dxpblimestingbwite ghe bEgrmethagploé celobrhieny then.

These commgrcial | vai | abl e, cheek .swab kits have tested as better a nor e
repr oducani fhataplefvedrs REPRE ek SRt bne Rt E s iRy el Bl £ e
standard sypbs it kaliRatbabk aRB@msht BailyhBefbld actadl didld@bkediThgs, ahy iGHficaf cdiBS
or other suitable sanple extraction buffer for collecting the sanple off
the swab apalysloionn standardy dattridgo by teeice prd edlibean theedjisl hedere iaptughpscsus
ways. It ¢ e ) | e.buf: i i
formin a adsarananediskd iRl gt R uBHib Ty R REaERD R HoskE,
washed i n dalibrabitih beless hby siiffiat, anelaysayidrificarr Hecoaitittai aadsddn Andtiea@ptidn is
blister or in a dried reagent pad in the fluidic pathway. It is expected
that this ®RIOAdSIPaERidcs &ﬁlqwb%dée fiyidicr s thas standardeagh spmples el &F tesiad

met hods “hﬁhxﬁﬁn%%ﬁﬁ@d- O course, the stability of dried reagent will have
to be assessed, but dried antibodies are already extensively used in hone
testing kits a kno t . relrabl nd | | i.ng.. 10 i)

al so test varigﬂgﬂﬁﬁts fgﬂﬁ§§g85$,re%§%5§5ﬂsﬂéo |gﬁ%§%%op ﬁ%%?gng vial
hol di ng t hefesdret, forals paposednd t he ot her containing wash buffer. The swab is
pulled fromthe first vial, swished in the second buffer-containing vial
and the resul tijpgigsanpl e s200sem el ied to the cartridge. To that end, the
swab end can al so conprise an i nexpensive plastic dropper (like an eye

dropper), as igoalggady knewpecbsydahe art, thus facilitating transfer from
the buffer vial to the cartridge. [0092]We will also test a

conpartnent al i hngl e vy m wherein the buffer is separated from
the swab by a Izlgggrﬂ]of mqéeﬂogﬁyﬁﬁgt is easily pierced by the user. Thus,

the swab is re from.t rtion of the vial, a saliva sanple

col | ect ed, andmgﬂlretur %@0@%&9& vial at a slightly greater depth, the

| ayer is pierc nd th (N shes the sanple off the swab. The sanple
is then transfiﬂp%@]to tﬁé%é?ﬁg?%e via e.g., an eye dropper. [0093]FI G
3A-D shows this enbodi ment cor‘rgrisi ng atoplinFIG 3Aand vial 21 in 3B,
shown in a storl88E3osi t Y0838 %8Nnd i n wash position in 3D. The top is a
conmbi nati on of ege dropper, cap and swab, preferably nade of |ightweight

fl exi bl e plastil@01ifher ei IVSHWEBIAY 1porti on and cap ridges have nore

flexibility (higher duronmeter or thinner) than the remaining portions. The
vial has a shedDObIS]f | exilBb20106291588 pl astic

[00116] US2011251075

[00117] US6649403
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WO 2012/ 154306PCT/ US2012/ 030012 separating wash buffer in the | ower wash
portion of the vial fromthe upper storage portion of the vial. The sizes
shown i n WD@0123158306 approxi mate only, and the exact proportuiseng/osoiz have

to be calibrat te[ﬁg{@lljal I ovyj%@gggﬁg of the swab without overflow ng or

cont am nati ng ffer. n nore detail, top 1 conprises a bulb 11,
and cap 12, havi ptio ar flexible ridges or protrusions 13 for
seal ing the cadhﬁﬁ?ﬁde t@?ﬂ%gggél Bulb 11 is fluidly connected via holl ow
stem 14 to open BOi nt 16 and has an absorbent or bristled swab 15 on the
outer surface dPV&%m 14.U5§F5’(9é§?3\ﬁ al 21 consists of a container 22 having a
foil or plastic separator 24 to separate buffer 25 fromthe upper portion
of the contai ndPOBH] Opt iOn&I16B®Uge 23 can be included to prevent the top 1
from bei ng pushed too far into the vial 1, but this may not be needed,
since the | engtlB0OBX2]t op IWERAOEFR2480i vel y control this as well. Ledge 23
can be annular, that is circumavigate the container, or can just be two or
nore smal |l er st[@pR23]oughly02qosetspated, as desired. We have shown a
cylindrical container, but any shape is possible. It may be preferred that
cont ai ner have [g0fd4at botwo(sex58shown) to allow it to stand on its own
during assenble and use. [0096]In the closed position 3C, the cap 12 seals
the container vpgrdd|exi bl £d jrd@esakdrs KERRVRY: Q‘P{@Bh}éoﬁ%@M LBivaRAd ahevs:
separator 24 in the upper storage portion of the vial. Th use, the top is
renoved, andrugsentowabvaidertnsig Scolntded: IQHIMA26%Mpl es from a suspect. The
top 1 is then returned to the vial 21 in 3D, pushing point 16 past the
separator 24, t[R0R6jupt urBlogeavte, T.andl, aAd avilytgpat dvalussion of oightisinsitheras fakl 15

in buffer 25. When sufficientl shed be.4-5 dun ., the_bul 11 is
uoesey 4 ErEREE v e R flDgid, Tl T atl B0 Fofchsioen

poi nt 16 anckdelieagémMndd173hs (y@sh and sanpl e buffer can then be
applied to the cartridge. The device can be recapped and saved, or thrown

away, accordin t and foTel . - cartri il
al so be contai ﬁggﬁlﬁsi deafglg%t er iT)’ge?lag’l 1?1% ?Igﬁgtl%g\ﬁ%%%&%rf %@gg% ijt%l&l%ll Phﬁoq
shown) . | tdrig sopeniagd ddvars naagke thbomtorg| @ndfipphtied resutth dronviaalt feidc dotrensage
or via a fluidly connec Rart.o e reader, dropped into a portable
det ect or, ¢ e%’%‘?mﬁg&g'%rg9 &Oi ws an exenplary cartridge, which is
di sposable and fits into a standard reader. [0098I]In nore detail, 101 is

the sanple ent rl)0Ht, wesker WM & HyestiscMian ddpkbBluid Fesing for Paygsi fsAbuse, t o
he bead k. A | f bead bl ack
t he bea %’H?@h%mqgs'ﬂc?ghi @?r(z(#gzbe small array o ead sensors (see ac

square 10 its I NSi is'cC r, which has a transparent |id WO

2012/ 154306PCT/ 2/ 030012 8. Pi.n valve -102 fungctiaons to . 0

control | ed del i[\iygr?i}}of m%gt}ogf ai cPiIiuSStlélclglr%ra](l[)rsaEﬂﬁﬁf?Se? dgar%npélcpéorp%’gé]fbghgrrne
fluidly canmevated2d1g12B3—m&r @obyy.di c channel 111. One, two or nore blister
packs 104 can contain liquid reagents, such as wash buffers. Alternatively,
the device COU'[dﬂfﬁ)lconn@&r%%déhﬁ%tﬂi)’etteﬁ. Agpﬁé%&i%ﬁ@'miadéh% SOM HRteth For
buffer entry ports 103, but the blister packs are preferred as 'b€ing nore
sel f - cont dhaeasmement 0¥ Cdicagive psotainl ia hufgosplivant.ab Chiy 1B):241ep? (2008).accessed
via pressure actuation, a function provided by the anal yzer/reader and
enbedded sof t wgdf@131dnd t Hisisardeupdesf ey etbdly Ifabi dn bichgt Biethodp G9BYiBubDHCeret r ap

105 allo for pressure_relief, otherw the fluid wou ot, flow in the
iy channdrurdicily RhcSUSHD Hiaedein ahorr o9 e A bancl bects *tndeincts
negative proegsiynegnshdus pull fluid in their direction when a valve is
opened. [00100] Reagent port 106 can contain an absorbent pad 120 (see
perspective in )  hawi i cJefely b }pﬁdy- d .

t hereon. Thus ﬁgggéﬁt poﬁ%ﬁ%]gggsggﬁgist %?‘%ﬁgagtggﬁéﬁgéc of&%?$§£§34
cover 121 "HRt27@02¥s 122, into which reagent pad 120 can be pl aced.

Al ternatively, reagent port 106 could be another blister pack or again just
an inlet allowj[ogi33pnnectb@mme @K} BitRductidnuardistevidhsbRcdIRSESY @ichnig(ds @rdd
waste reservoir external vent 108 are also fluidly connected via

ni cr of | ui direlicaiignnef drug sestigg aEauml flalahbanrpentie iy Megutgripg 4AsHEr et (288%es s
hatch or affixed cover 118 allow ng visual access to the bead array, but
keepi ng t he bed@813]rt i gHrumoperi GaReypowt Phasmaepdtirctich afibeit dngs isorl Juid
shown, al though & he chanber. ¢ ! jciently large to hold al

wast e andI?ﬁ?%“ﬁ%??“ﬁE@F?@é?m?86§8¥??§3%¢@P§ired enbodi ments, disposabl e
plastic chip containing the mcrofluidics is made by injection nolding
and/ or etching of parts and adhering | ayers together. Access hatch 121
(shown open) at recess 122 and access hatch 118 (shown cl osed) at recess
117 allow the insertion of the bead array 109 and reagent pad 120, and can
then be closed and tightly sealed, e.g., with heat or adhesive. Blisters
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WD 2012/ 154306PCT/ US2012/ 030012 (aka reader or detector) serves as a
uni versal interface, providing the user with access to a fully enbedded
sof t war e, wanrdixiss@enent s needed to run the assay, read Pb@/lrsemmos(m;lz and

convert t he dat[ﬁg a usePr frl ?ﬁb%&*ﬁu J ofs§hv 1tQaIASf &rgg an ISF% té §Or ngosed

of 1) lab card ng deck i ot devi e’

camera) ormpsdagdiall ingiétioreasHE |pﬂglt EaBfe: al fsibilifyt wade, CNih JCheBC 13a(8)a8B0-38
actuators for novenment of mcrofluidics (e.g., needle for piercing blister
packs and (#8%Hs for noving/actuating same), vii) punp, and viii) data
output (e.g., paper and printer), and/or USB port and/or display means and

i X) data i nput [ABE363 . [OCﬁ@Eka}U@(W & Kallbérii MEy Wahm of sqr@emm&pl@&toﬁs heme

and any ot rt| ne col | ect,s and

resces a Lt 8lred BrbioleRirtl Bl wESI D BEr Ea Pl Gt S1RE R froey
answer s. [&%@ﬁb&ﬂiw@ﬂﬁ. st eRENPRd). Menting with the best net hod of
calibrating the data for quantitative use, although the systemis ready for

use in a yes/nqoppy7rat . QAewRRIR &Cidiyl® £ RLVRHAIEhd DS bMSAFY TR N FdRddsic
before actual field use. Thus, the O‘lyl cer can apply known standards

cartri dge Racative cddrigeandrdtheaChdmigele. } FarcnieySgendsefosicey 22:t133+1364 9%,
suspects in the field. It may also be that daily calibration is not needed,

and that weekl MOQBS&]br at iJokerst J,| @sd., PaggrsmhfabbeNamnBia€hay Sarsbfst Amabticali me
wi |l be assess tio0 ovi de separate fluidics (double

the flui dﬁ@%ﬁts ggm‘cCAE F@Pﬁg %spsjﬂd&&ﬁ)gb Ls can be tested at the same tirme.
[ 00107] The foll owi nhg references are i ncorgorat ed herein in their entireties

by reference, fl8013911 purlpbdes!V gl obpnessrodsenindegh pedamuncesphoy s 1

LI e pare e

dot bioconjugate labels, Biosens Bioelectron. 24:3622-29 (2009).

[00140] Kaufman E & Lamster 1B, The diagnostic application of saliva - A
review, Crit Rev Oral Biol Med 13: 197-212 (2002).

[00141] Lillsunde P, Analytical techniques for drug detection in oral fluid,
Therapeutic Drug Monitoring 30: 181-187 (2008).

[00142] Melanson SEF, Drug-of-Abuse Testing at the Point of Care, Clinics
in Laboratory Medicine 29: 503 (2009).

[00143] Riet DR, et al., Oral Fluid as an Alternative Matrix to Monitor Opiate
and Cocaine Use in Substance-Abuse Treatment Patients, Drug Alcohol Depend, 87(2-3):
258-267 (2007).

[00144] Rifai N & Ridker PM, High-Sensitivity C-Reactive Protein: A Novel
and Promising Marker of Coronary Heart Disease, Clin Chem 47: 403-411 (2001).

[00145] Scheidweiler KB et al., Pharmacokinetics of Cocaine and Metabolites
in Human Oral Fluid and Correlation With Plasma Concentrations After Controlled

Administration. Ther Drug Monit 32(5): 628-637 (2010).

[00146] Schepers RJF, et al, Methamphetamine and Amphetamine
Pharmacokinetics in Oral Fluid and Plasma after Controlled Oral Methamphetamine

Administration to Human Volunteers, Clinical Chemistry 49:1, 121-132 (2003).
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US2011251075 [00117] US6649403 WO 2012/ 154306PCT/ US2012/ 030012
[ 00118] US6713298 [00119] US7651868 [ 00120] US7491552 [ 00121] US7316899
[ 00122] WDROQFO0E4®6 [ 00123] W02005083423 [ 00124] vw2005085e$51spmm2@]mps JK &

Martens LC Revi he p |oIo f I|va nd tr fer
sal iva, For en5|[§8\i§'c I nt 9% ecl%iﬂ 1? T;%?lﬁ?eﬁ%&‘,\’% 9%ntag;“lcal

anal yti calTeyalsmEticn- 9)@1992pht on-site or aI fl UI d drug screening devices
usi ng laboratory confirmation results fromoral fluid, Forensic Science

International 20814873- 17%Kvoflhdldky BRO%ZEI BlIERRIE QuRsiTvity ELMA . deb¥imaRalont dcal

eval uation of eight on-site oral fluid drug Screening devices using
| abor at or ytaxdt iarsihgman dslegisal fffuads, J)Philmf Biginekd Pﬁmlgﬂsi‘k? 5 @ALY.

I nternational 208: 73-179 (2011). [00128] Bosker WM & Huestis MA, Oral Fluid
Testing for DruUgei4H Abus?nenﬁd:si $W, GhdmDrbbng 18d0 1O u¢R@AI)drugso0td3ticmoo

RE, Huesti d as a nostic tool

42(11) - 125 %ﬁe#cil gy g ﬁ%}aamﬂ}dd%%nman%@%bt%m%@pﬁm%&

m crochi p %§y§;e@lg1cfgg{lntthgz np@sw 5qoBeY). of C-reactive protein in human
saliva. La ip 5(3):261-69 (2005) [00131] Chri stodoulides N, et al., Lab

per rodont i 11 s, akuTy v S e PR AL IR R a iRy TSR ne

EJ, Sali vafoteasititmgcdlogy,Masg§pecftromhm@d&evAms N:Y6AL4d (Bi0)694:

[00151] Walsh JM, et al., An evaluation of rapid point-of-collection oral fluid
drug-testing devices, J Anal Toxicol 27: 429-439 (2003).

[00152] Yeh CK, et al.,, Current development of saliva/oral fluid-based
diagnostics, Tex Dent J. 127(7):651-61 (2010). Review.
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91-127 (1993). [00133] Drummer OH, Introduction and review of collection
techni ques and applications of drug testing of oral fluid, Therapeutic Drug
Moni t or i rg02012/3@®6206 (2008). [00134] Drummer OH, Revi eRCTRIsa0zmsmit netics
of illicit drugs in oral fluid Forensic Science International 150: 133-142
(2005). WD 2012/ 154306PCT/ US2012/ 030012 [00135] Floriano PN, et al.

Use of saliva-based nano-bi ochi.p test.s for acute ocardi al, infarction at
the poi nt of ook arng e s FevtiPe SERtiec PmAEREH LOSTD: RuiatsauE o0y
[ 00136] CGor odet zkyre SN iiVikd] 8L P sdWBors YalahSidt v M arSGr %@ﬂeﬁﬂea{@ﬁ%@@&i%ﬂs@{ isqllr ugs

of abuse in biological fluids. Il. Heroin in plasma and saliva, Cinica
Phar macol ogy & pohesapdyméns baat hayng: &dug U@nd)therp @0 1dizidiniond DR & Chaithd B,

A Review of the.Use of Saliva in e For,ensi c, Det ect.i f Drugs and O her
Shon cal'se 3 oo Bbe P et J et Sonel P, Y ghide ety
et al., Programwedibephano-tBingzéohmd IonsPhstanding! Yink@amphiehmeC indtBalone Anal

Chem 82:1571-79 (2010). [00139] Jokerst JV, et al. Nano-bio-chips for high
per f or mance nulf9ipheRed peesedicn ded-ddYlpGtengtioeramnhstanune of (MBiYer 3.4-

Bi osens. B oel ectrinerae B uttpshBaf AP S Bl ARk EBb By BESI R, e
di ti |i.cati | i - A revi it | Biol.Md 13:;
003905 SooB] RSHLRRBls 2Bl B MR b RNl Bt
detection in ordicrdfluidies ol ed SRttt Fol¥ameyildoMiitl @6 hitDfreM saitibbad 8chs6rR008) .
[ 00142] Mel anson SEF, Drug-of - Abuse Testing at the Point of Care, dinics in

Laboratory MpdificnBismRable QR AR carlrfd8d 48LRISR Y, RRtheBloRbrisin®adhmpledfiyas

an Alternative Matrix to Monitor Opiaté and Cocai ne Use I n Substance- Abuse
Treatment Pati gotts, Drug Al cohol Depend, 87(2-3): 258-267 (2007).
[00144]Rifai N & Ridker PM Hi gh-Sensitivity C Reactive Protein: A Novel
and Prom si nd. NHrekéispashbl€atrogacsyinglearttidgd s€akém I furth€hemmpkingd 881eddtlone

2001). [00145] Schei iler KB et al., Pharnpcokinetics of Cocaine and
ﬁ/bt abz)l i E es ]reagentb\ll\é?er ﬂ%idly connected to salg%ea Sensors.

5. The disposable drug testing cartridge of claim 4, further comprising at least one

waste fluid chamber fluidly connected to and downstream of said bead sensors.

6. The disposable drug testing cartridge of claim 4, further comprising positive and

negative control bead sensors and calibrator bead sensors.

7. The disposable drug testing cartridge of claim 4, wherein every drug bead sensor is

present in said array in at least duplicate.

8. The disposable drug testing cartridge of claim 4, wherein every drug bead sensor is

present in said array in at least triplicate.

9. The disposable drug testing cartridge of claim 4, wherein said drug is conjugated to

said bead sensor via a linker.

10. The disposable drug testing cartridge of claim 4, wherein said bead sensor in stored

in at least 25% glycerol.

11. The disposable drug testing cartridge of claim 4, wherein said bead sensor in stored

in at least 30% glycerol.
12. A disposable drug testing cartridge comprising:

a. a generally flat substrate having embedded microfluidic channels connecting

an inlet to an embedded downstream assay chamber containing a removable
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in Human Oral Fluid and Correlation Wth Plasma Concentrations After
Controlled Adm nistration. Ther Drug Mnit 32(5): 628-637 (2010).
[ 00146] Scweperx15iRIF, et al ., Mt hanphetam ne and Anphet &0irES2012/030012

Phar macoki neti ¢s in a%aal tFlb%ail(g sar?s% Plagalr%vag ! ertrg:.rfsnglrr Ot! | ggeraoalr said .assa
Met hanphet am ne Admini <t Patreh YO Rufan Vol tnt'e&FEPYEN P4 em %t I’Syy
49:1,121-132 (2003) .chaMBe2012/ 154306PCT/ US2012/ 030012 [ 00147] Schr anm

W et al., Drugs of Abuse in Saliva - a Review, J Analytical Toxicol ogy 16:

1-9 (1992). [00148] Y] @n@¥aKicaStht @hmBbes, flkiiGNcHRBSEA itd lahd Jpbirédth of said
determ nation of taxol in various human biol ogical fluids, J Pharm Bi oned

Anal 20: 549-555 (1999Yy.chhobdddehdoennes SW et al., Driving under the

i nfluence of drugs--evaluation of analytical data of drugs in oral fluid,
serum and urine, andnearrmed@twoe fitdhchambarsr fiwdly synpdtedrsy akd dewsdteaBcof | nt
152: 149-155 (2005). 00150%31% Bocxl aer JF, et al., Liquid

chr omat ogr aphy- mass S&[5eStPd V“in forensic toxicol ogy, Mass Spectronetry
Revi ews 19: 165-214 (2000). [00151]Walsh JM et al., An evaluation of rapid
poi nt - of - col | ect i 8n ‘Breasinfereh bradsagiof dst PHgUyRR/YBeEc bepdgia1ze sy e 502300

429-439 (2003). [00 YER, . et : t e -of [ al

flui d-based di agnos'}?%]si, 19dT‘/e>q<:i}§\If)lél ta g#uglcf%,{%)ﬁégﬂ&?{) @%ﬁ?%m&gﬁ%\% §/e%lc?erdA

di sposabl e drug t estfrong tloae br nbdgeoL'OHQY dazagna oyervpaal loydibieaphms tdnstzepdre,

havi ng thereon individual bead sensors arranged.in an arrg%/, wher ei T\Qﬁg?h
Ith

bead sensor is a pord@EPHEF{RE iRt %@Wﬁagmgtha?ﬂ&, BRIRAIEHEPBLTS ein

said drug is sel ecteggfMipMmA Qﬁ@giomgiggpﬁ%ta@gli{egbfmgrocannabi nol (THC),
di azepam oxazepan, nordi azepam temazepam D-anphetam ne, nethanphetam ne,

t hadone, na. : _ ) _ ;
i, T PSS (IR SO ORIy g

The di sposabl e dmpgis¢esbdsshgkabagardsdge of claim 1, further conprising
internal mcrofluidics on said substrate for carrying fluid to and from
sai d bead sensorig. disposhble dhiugposatyl earthdgg dfesihindd 2¢ avtetdiflg@idobedl ainldr2is
further conprising a sanple entry port. 4. The di sposable drug testing
cartridge of clgnmeatedepaithdrugconptinkstg at | east one reagent blister
fluidly connected to said bead sensors. 5. The di sposable drug testing
cartridge of 1&IHiemligpostblet trae tegmgr carfriigeaal ¢laias tl 2o wéhevgan tseidf bedddsaniserrriser

fluidly connectced.ut o) grtlgl achﬁpuﬂ ream Q[{ esh%(gr bead sensors. 6. The di sposable
drug testing carty |g8§ ot a1em'4 p?lﬂrdt her “conpri sing positive and negative

control bead sors and calibrator be s ors. .7. . The di spgsabl e drug
Coting oart ihas SRvenbicn e laler R Erery Trlb 1o oo QOF o<t SR
said array in aham8asicoftdRlsiaaabgorbnit phll QosthmRSER dCarfibbdict R tshiddireay badndge

of claim4, wherein every drug bead sensor is present in said array in at
| east tripli catastibody conjugated to a fluorophore.

17. The disposable drug testing cartridge of claim 16, wherein at least one of said

reagent chambers contains a wash buffer.
18. A lab-on-chip system for drug testing comprising:

a. a housing containing 1) a slot for receiving a cartridge, i1) a processor having
a user interface, iii) an optical or energy sensing means, and iv) a means for

moving fluid;

b. a cartridge comprising a substrate having inlets and microfluidics for moving
fluid and a plurality of individual bead sensors in an array, wherein each
bead sensor is a porous polymeric bead having a drug bound thereto, wherein
said drug is selected from three or more of THC, diazepam, oxazepan,
nordiazepam, temazepam, D-amphetamine, methamphetamine, methadone,

morphine, cocaine, MDA, MDMA and a biological metabolite of same;
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9. The di sposable drug testing cartridge of claim4, wherein said drug is
conjugated to said bead sensor via a linker. 10. The di sposabl e drug
testing caotnidigesoef claim4, wherein said bead sensor TGTHEWHEMNMmzat

| east 25@6glycerol 1. .The.dis b ting,.cartri. f

wherein sai d bead sensori RS olgré H'esaltn%qg étﬁ%to% alt;ﬁ%te§alﬁgqn]f§ arﬂ iy

di sposabl e drug testdoﬁ@eo@artbrsaﬂgﬁe@@mm@wﬁgﬂum., a generally flat substrate
havi ng enbedded m crofl uidic channels connecting an inlet to an enbedded
downstream assay ghapheinGant aptiaNSerBingeMOMALL &onM&ired to receive a signal from
2012/ 154306PCT/ US2012/ 030012 array of bead sensors and having a transparent
cover over said assapiddivagibensorsh. one or nore reagent chanbers fluidly
connected to and upstream of said assay chanber; and c. one or nore waste
fluid chanbers fl ai dierconadohedftudiangredonfigired anmulddw flaiddmassagnt phstrsbil |
d. wherein each beaﬂ§§§nsor is a porous polyneric bead of size between
50-300 nm 10% havi dPR§> conj ugat ed thereto, wherein said drug is
selected fromthree or nore of, THC, diazepam oxazepan, nhordjazepam
temazepam D- anphét ARINEICTGHR S4E MESSERRAREUSCHE SRS PN olovihiph an CE’(Rc%(ﬁtﬁ@,

VDA and WD and bl 0h83h 6o SR A Ao AR dppaéal sIhendhpnsadl e drug
bea

testing cartridge of claim 12, wherein sail sensor nprises
crosslinked ose S im 12,
wherein said %tﬁgshorf Cﬂ-%&cf)gn “%%get (Lﬁg §¥0%gsséF h%e rcp?toré15 9@/ ﬂcui aa éph
di sposabl e drugﬁhﬁ@ﬂ$ﬂ@aﬁa®téuﬂ@em@f claim12, mhereln said bead sensori
conjugated to said drug via a peptide linker. 16. The di sposabl e drug

testing cartppdgarfeflndl sl Zonigingt N one of said reagent chanbers
contai ns an absorbent pad containing dried antibodies for said drugs, each

anti body conj ugat gd Jﬁl(ﬁ%ﬁdl&ferlg& BRIKip Pabed TRELHISR %WGQH%MQ)agsﬁzttﬁd?%ses
cartridge of claim 16 erein 5@ one OP sal d reagent chanbers
contains a wash buf faechspo]sﬁale Aaﬂttatgemmd(afmparatps“eatﬂ fvolrerain wgidtoestidggfits into a
conprising: a. a hou talnln i).a slot for eiving.a cartridge
TYPR bt ocessor haviviy & ERH: Bt ke Fetiperliing SRR ERGYRLBHS: ng
nmeans, and iv) a nmeang ouffutd®ikig fluid; b. a cartridge conprising a
substrat e having inlets and m crof | ui dics for noving fluid and a plurality

of individual bea db& -1 wherein each bead sensor is a
porous polyneric g gﬂﬁayﬁh Caﬁ?uéggound thereto, wherein said drug is

sel ected fromthree or gErfeﬁal}Eﬁ ?h@s%%%aﬁhwﬁége%%%&ed %Eﬁhﬁ?@ﬁ?%ﬁ&nnels

t emazepam D-anphetanlne f 3R e ine, coca

MDA, MDMVA and a bi ol ogi cadonn&ttiapahiihiet port s@ s’ emb¥¥ded downstream assay chamber
2012/ 154306PCT/ US2012/ 030012 c. wherein said cartridge fits into sald s| ot
such that said inlets ar@aVng %ﬁrvlseeiﬁwew&ﬂartdocogiéfrlwn&é*arﬁgwm? © B9 RgFadui d;

d. wherein said optical ggﬂgﬁpg nmeans is configured to receive a signa
fromsai d bead sensors; erein said mcrofluidics are configured to

allow [1uid moverent photoad)dyiead 380500 el 0, BMSLEL B, 384 foREgResE "

and user interface control sa ssor
records data fromsaid ophkﬁahwaﬁmmmagaﬁﬁans 19. The systen1of claim 16
wherein said processor uses line profile and/or circular area of interest

to analyze said data. jg0.on® @Ff UBlofc€StdsRd fRES AyhasH¥RY | fRiifl§: connected to and

downstream of said assay chamber;

iv. wherein each bead sensor is a porous polymeric bead of size between
50-300 nm £ 10% having a drug conjugated thereto, wherein said
drug is selected from three or more of THC, diazepam, oxazepan,
nordiazepam, temazepam, D-amphetamine, methamphetamine,
methadone, morphine, MDA, MDMA and biological metabolites of

samg;
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a. a mcrofluidic | ab-on-chip based reverse conpetitive i nmunoassay t hat
uses a disposable cartridge and a separate reader, wherein said cartridge
fits intova28i2t5439n sai d reader, and said reader performmrsmizmrmpzatl tive
i mmunoassay and outp

generai Ty 11t subsriget g s Dol b GRS S TN PEi obiseiamg

an inlet port to an mﬂb@dﬁdﬁdsa@l@ rcﬁ“&rmoaﬁ%ﬂly aﬁdﬁandwécnba\ta@ &f itrlens p‘aﬁxent
cover and containing a renovable array o ead sensors, ii. one or nore
reagent chanbers fl réfryotBMaREtded to and upstream of said assay chanber;
and iii. one or nore waste fluid chanbers fluidly connected to and

downst r eam of 1 sHieddragdaytinghetrenf claim AUneridi srredeh comadsivgnsor niwe af peidous
pol ymeric bead(ﬁa si ze between 50-300 nm 10% havi ng a drug conj ugated
thereto, whereif"&4id drug is selected fromthree or nore of THC, di azepam
oxazepan, no zepa emazepa t ani.ne, netha a

ot hadone, o pHTCHRIE IEUE RERRC B o b oG LA OSSO LG b § %ﬁi&mg&

2012/ 154306PCT/ US2012/ 030012 c. wherein said reverse conpetitiyv

i mmunoassay Ras® Xt coRrisigihe catridestol claign! 2 wrapeek i ¥ aigighg pem@g@ fo¥ialafy
ng/mM and a deR%%h%%ﬁéF%ﬂ@%s %bat | east four orders of magnitude. 21. The
drug testing assay o said cartridge conprising 4 or nore of said
drugs. 22. T i cartridge conprising
each of sai dE%fr[g Sé{gp%ggﬁéft]%nt% ﬁ@gé’luﬁ)fhz&fo% ({pﬁé%t%or cflgge of claim 12 wrapped
in an airtight package buffer and a swab. 24. A sanple

col l ection and soFuBf%W%%??Sﬁ’ﬁngﬁglegﬁﬁﬂ#?gﬁhg a. a container closed with
a renovabl e cap; E a |l ower portjon of said caqntain f havi ng buffer
separated from an uﬁo@W%cB’Pftfoélno faid gpRfalgh Pay P ftﬁ@é Sfﬁaéf‘tﬁ o8 fe MBPsine

c. said cap conprisi l(qlgffsg;g&lngaul;&llbg émgmteg{b%gh said cap and fluidly
oin

connected to a hollow stemending in , a |lower portion of said stem
bei ng coat ed mnth a C i

bi ol ogi cal sanple gmﬂﬁg%fgﬁﬂﬁ%gﬁ %§§%§q$g@gﬁ&%§$#ﬁ8%%19{h %6&%‘@%91 cap
with said stemand s@hflecssibdd 4 holéd dteuppetingar b ipoint,of lcﬁﬁﬁrd)oﬁmmt@ﬂsm&f steimut

can reach said buffer when said point pierces said pj rcab e menbr and
said flexible bul b &Myt mhsaf}eeatporam&ﬂeimafﬁéfa E%Ca Iggtiparbiological
sample,

d. wherein said device is proportioned to store said cap with said stem and said
swab in said upper portion of said container, but can reach said buffer when
said point pierces said piercable membrane, and said flexible bulb can be

used to draw up and deliver said buffer.
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