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M CROFLUI DI C SYSTEM AND METHOD TO TEST FOR TARGET
MOLECULES IN A BI OL.OG CAL SAMPLE FI ELD OF THE

WO DEMT41@N [ 0001] The present invention rel at eBCT/0ALM2/002317
field of merofluidics- In particular, it relates to a
m crofl ui dic channel structure for reading fluorescent
m cr obeads BACKGROUND OF THE | NVENTI ON [ 0002] The | ast
decade has seen nany advances in the fields of

g‘ﬁifc%(ﬁ&hﬁ%@% RS MEETHOPIY TEIEFOR TAGET

al  enges created by these advances 1s devel opi ng
practical uses for discovered scientific phenonena.
[0003] A fMYLECRILESHAARRSQGIGEL 9aMIHt s to
i ntegrate nano- with mcrotechnol ogy for bionol ecul ar
or viral detection have been described (W Liu et al.
Lab Chip, 5, 1327 (2005); K. Yun, D. Lee, H Kim E
Yoon, Metis. ScL Technol., 17, 3178 (2006); J.
FIESDOFHE INVENTIONALA, 10, 331 (2005)]. In these
studies, the researchers used a conbi nati on of
1008 AARPEASL S fPen B GEARE I the Ao MGk OLHIL! fpdrBhar, i
etection. In all cases, the detection sen5|?|V|ty was
reldteste i rhibmflu s tHaahéletiueturafop rodirgd flveescettmerdbiead s.
product. Furthernore, the analysis was not conducted

' éﬁﬁ Hﬁﬂzﬁgg# rease sensitivity because of
BAlbinkt er gﬁ(?n@g rom 1ggg&é‘orrponents [E. D. Goluch et
al ., Lab Chip, 6, 1293 (2006)]. [0004] Simlarly,

[00@R] Ghb d4se dekade has sgngoird, stbnpoparii ited Bddhat/midetechnology
denonstrated for applications in genom c or proteomc
andynappreielgy J Ongatle theagchafignges esgated gy dhess agyapces s,
: : - ; , Thaxton, C. A
deﬁ%&é@?ﬁﬁ%@w‘%&h’é %ﬁgﬁﬁ??d QE%?'%&%’ n g%%ng%“a(‘ 2006); P.
Mtchell, Nat Biotech., 20, 225 (2002)]). In these
[00pfdthotsy  pildisHed ecapioon <f r attegptsr dquiitegrairul rangt ewith

i h S BTN SR PSRRI B RS e o
et al.SLa® Chip, 5, 1327 (2005); K. Yun, D. Lee, H. Kim, E. Yoon, Meas. Sci. Technol.,
17, 3178 (2006); J. Steigert et al., JALA, 10, 331 (2005)]. In these studies, the
researchers used a combination of nanoparticles, microbeads, and microfluidics
for detection. In all cases, the detection sensitivity was lower than desirable for a
productive, commercial product. Furthermore, the analysis was not conducted

in serum, which could decrease sensitivity because of interference from blood

components [E. D. Goluch et al., Lab Chip, 6, 1293 (2006)].

[0004] Similarly, bio-barcodes using gold nanoparticles have been demonstrated
for applications in genomic or proteomic diagnostics [J. Tate, G. Ward, Clin.

Biochem. Rev., 25, 105 (2004); S. 1. Stoeva, J. Lee, C. 5. Thaxton, C. A. Mirkin,
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need for a detection systemthat only requires a few
steps and can achi eve a reasonably high I evel of

wa@ensiotdiwé ty. [ 0005] Published United States PetEOMN2007/002317

Application No. US2007/0020779 of Stavis t al.

di scl oses a nethod of detecting quantum dots
conjugates in a submcroneter fluidic channel. The
cross-sectional size of the channels used in Stavis is

A LT3 B 8. 38O0RBLEr bbb NG SRkEE S0P BB, BT

the§é ARHR S Ofhe LR B oAl e R Ek?ulidﬁenﬁmﬁiéeﬂbﬁﬁid Shick dshs
anpl e was reduced to t entonol ar | evel, increasing

Etf-‘ﬁ@ﬂdﬁsf‘f’?lb a4 agnpbflcammpéidplﬁe@am peowitiarifet- {Thess) theie is 2on

detecti on_syst al ternat Lve an
nedd B i ar e v S FRDH BB Sy P G aghieve o
reaQ&{aBgImgmlevudg@éﬂmeﬁ@r use with m)re easi |y handl ed
m cro-scal e nol ecules, is needed. [0006] ijects of

this invention are §referab| aCCO”EB;She

(oo iy BataEaBPIgEE: NroR S g e Sy
ot ghiificebl Bt O MR TRLLIRFTAY Pk T o aobe

mi@eserplfivsdiedhihal. ame @Gods-dettsdnal sherdithe ch@QRT] uddd ins
an object of this invention to enable nultlplexed

StaH’étl%@t therpragr of SPYam sl e driestedfcomnsatey omrecord grrf@férw
typﬁértﬁéén{fo‘}é adl all;0g @n gdﬁgee%¥n§a§n %Pﬁgsgs %%[thcnon

em ssion fréma single- e str est ecu

corlc@tefonl df thesaiple bqae eédurbd tdhite féxﬂwﬁlﬁttlmolavélpme@ahhg the
testing of biological sanples for infectious diseases.
diffiqulysofasample fpaepaspiasic end shes Hais ot et defgrtion syplees f i@

B B s

ide@pdd @ sdRith indre x&dly mﬁ.{alkanm&@rscmhﬁﬂécumuﬁs digredses in
bi ol ogi cal sanples. It is a further object to enable

[OO%&S?}%G 6%8% ﬁ%\}:&lﬁ\gg? gﬁé plr_ggraﬁy accomphsheaak{xtt Im%y%o%q)d
necessarily as described, nor is it necessary for all objects to be accomplished by a
single embodiment of the invention. Additional objects may be accomplished

that are not listed herein.

[0007] It is an object of this invention to enable multiplexed detection of target
molecules of one or more target types by irradiating and detecting fluorescent

emission from a single-file stream of test molecules.

[0008] It is an object of this invention to enable testing of biological samples for
infectious diseases. It is a further object to enable testing of specific biological

samples of blood, serum, sputum and/or urine.



[0010] It is an object of this invention to provide an
i mproved m crofluidic channel Structure that

wo 2w8lo74136 es fl ow t hrough the channels. [0011]PCT/CAZ002/002317
object of this invention to provide a fixed-wavel ength
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EMF radi ati on device, such as a 488 nm | aser, as the
irradiation device in a test system such that the

ipci dent  EMF radi.atian and itted flyorescence, from
(0ofsh L i 2R giehi R iienBam T sl muffipier R tRa R BT
dis®RBeinMibl8FicdI GatnPRs E1Hid & AtHer BBeBSE QRSN BRAGHIERG dhighg
detection device. [0012] It is an object of this
for Heyetitis B diepetipaE eha HIY impnyeombbiaetédry ful fill one or
nore of the above-nentioned objects and to mtigate
[00RAY ¥ 2RWRYP LR RS ARVertioR oY BRAARE S A pt O aP Ik Qberlke
r gardf’ess of whether any su isadvant ages are
chadrdctrubece thar atilitatdSUNMMAIRYoWFh thelEhdNWENTI ON [ 0013] In
accordance with the present invention there is
i.scl.osed a test systemfor use with a buffer to fest
1003 s tieb R B PEPEL Coaee b far o Sepe ok ET
radta®bd @levicy REeh hda BMIURING, 6alheliBia8ETREBee iANEet@Fbtem
systemincludes a first set of test nolecules, a
suchyitbatothk unddant 3N radistidry arat paaittadgllatevicemse faord the target
et]ecti on Qei%i ce, The fi rslt slgt of ttglst nmol ecul es is
molegylg con frayel glang the e Rl PHR PHRL e STPERLRTEIcER
entBR LU e hBRMR)cand conj ugates of the BRMVs and the
target nolecules, if present in the test sanple. The
BRVE are of one or nore BRMtypes. Each of the BRM
(0033} pleds g obisrl efghin EveRtian & pasplbe or yempleeeln fulfifeone or
. r
ok 59t MRS lRE WLBLEE 2181 08 Bt ary
disadvahfugeBoiNhe pR6Batt Tegaatjesgat wikatha dnfy sutls dBadwhntages are
respective one of the target types. The mcrofluidic
desgpibped heseinydes a chip substrate portion that is shaped
to define one or nore el ongate sanple channels, and
SUMMARY OP e INvErprgi ng

[0013] In accordance with the present invention there is disclosed a test system
for use with a buffer to test for the presence of target molecules of one or more
target types in a biological test sample. The test system includes a first set of test
molecules, a microfluidic chip, an irradiating device, and a detection device. The
first set of test molecules is selected from a group that includes bio-recognition
molecules (BRMs) and conjugates of the BRMs and the target molecules, if
present in the test sample. The BRMs are of one or more BRM types. Each of the
BRM types is conjugable with a respective one of the target types. The

conjugates are of one or more conjugate types each corresponding to a different

-3.



channel s, therein. The sanple channels are sized to
enabl e passage therethrough of the test nolecules. The
w0 b@s/0faaaausi ng channel s are for operative passBOECA2007/002317
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t heret hrough of the buffer. The one or nore flow
focusi ng channel s adjoin the one or nore el ongate
sanpl e channels The buffer exits fromthe flow

f ocysi channel s and.operatively directs a
one, P 1Y TP R BRvSr i Th S ol S FRES T b tapeet
type€ashe AGo@fidicN@is AIRIEs & RAMRILStrattNRriidd 8dt AtdhBBed to
devi ce operatively delivers el ectromgnetic frequency
def{rie\®e granioet ¢longatatamplei chpamkilatandnengowi mponflew dngpsitge

af or esai d | eas ne of the sanpl e, channel or
e BREDh Wy STRE % DA RS AL PRl e grese fough
of el %%o@@leé.e%emv@%&lﬁ_ﬁng%ﬂahn&k W& @&Cgﬁléir@ti\%f b&sage

absorption of the EMF radi ation. The fl uorescence o

therdilerougk tof thel lmdier.e Thi wot od esore flidivsivicnsdtg fhanoele sdpm the
spectrum for each one o e._conjugate types. The .

on B BT TR P TSP TR Urh BB i ahe P edpirebie

chdnfBls T dHIOLESAEPAS GRictd §0siRYie e shBsh HOWRE ?Astﬁﬁxéolgaﬁes

detection device identifies the presence o
throwglj atgedsesne nf theesanipiesthasnels.oThe esddimdligedaliesoreyatively
ponitoring for the distinct flugrescent spectrum of
delygrnelgrieemigeneHe eannay dERI ypdiation (ptiagy kradiation, positign
r z
oS AL AR LR S SpeE kbt e
modsples tn die onglefile ftevane d Therbad inndatulafentih@ubregente after

each of the BKMs includes a m crobhead taggled wth one

abSGFPHBrE USRI F TergPBiph oﬁ&é‘f%ﬁce%ﬁéﬁ Hsuprtageleaiesacludes
. a

2 ABHELIREARrenlDfecHiiM ok HALWROY R Efllnyd B The Borbliln

degpenbnitons aht eingbblerspiearanfoofthd Aeotedenceaeinatedayy tHeORYS5)
According to an aspect of one preferred enbodi nent  of

mofqqles., Thg, dptgron: 4Ry IR pfeTtfiss i hiGrase PhEiegaiugakes & the
firsTRKt e q&@mdﬁémgtbgtr%nimg%r m{cﬁsmmm&m REam dihe

guantum dots togéther em't at |east the BRM part of
eachhme of the conjugate types. In this manner, the test system identifies the

presence of the target molecules in the test sample.

[0014] According to an aspect of one preferred embodiment of the invention,
each of the BRMs includes a microbead tagged with one or more BRM
fluorophores that are coupled to the microbead. The BRM fluorophores emit at
least a BRM part of the fluorescence of the distinct fluorescent spectrum after

absorption of the EMF radiation.

[0015] According to an aspect of one preferred embodiment of the invention, the

BRM fluorophores include one or more quantum dots of one or more quantum

4.
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fluorescence of the distinct fluorescent spectrum
after absorption of the EMF radiation. [0016]
waewendiimg to an aspect of one preferred enbodpeEan2mf/002317
the invention, the quantum dots are of two or nore of
the quantum dot types. [0017] According to an aspect
of one preferred enbodi nent of the invention, the BRM
fl uorophores inclyde one.or nore fl uores dyes, qf
doty Ry pﬁ{‘fr Uy g%‘é 9B He e'i“ﬁltp%ts?eaﬁth g‘ef ﬁﬁgfr gg%e(ﬁft the
fluspeSndOgeinl edisit tﬂu@?esk&@%};e@tﬁﬁn BRM B%drp@cﬁn bhéhe EME
fluorescence of the distinct fluorescent spectrum
radgftioar absorption of the EMF radiati on. [0018]
According to an aspect of one preferred enbodi ment of

N ontion, ' . .
ool ST 6% o AL B8 BBl 4 Mo BB, 0
quaitamtdols d¥Eof fvsSirzBore @ theSfuahturiasterypeet er abl y, | ess
than about 1 umin size. [0019] According to an aspect
f one preferred enbodi nent of the.invggtion, each of

(001 Ay RsPeft Oh 8Re PIREATFfeanbediment 4t theinyepton, the

BRM YRORPRAGHS fewpd & @ rrﬁé,@eﬁa&eé&egnedggé dtNend BF YRbre
nol ecul’es. The target nmarker fluorophore emts a

fludrasaget dyealy pesof Thehtudrbuanteyes hegetltet etrliteatdesst thedRM part
fluorescent spectrum after absorption of the EMF |

of Pﬁo‘?%?sa?ﬂce (9 GbD iR et iR rRGeRt PPA AT Fiter aBgorplin of the

M &hgLsed embodi ment of the invention, each of the
BRVE 1 ncludes a m crobead tagged with one or nore BRM
fl uorophores that are coupled to the m crobead. Each

[00&8] Adeerdimshiolrgeaspect Of praprefarreel apehwslingentf dlaa infenticsy the

o B ORLEES pER B S MERIREE 0 18- ld B 20

thahlaUOGINRAMESzE BhE 8l BioM PfdrablBnebs e b0 ge Lnilsier
fluorophore emts a target part, of the fluorescence

oo e S SR pe LA A1 L 8T, R 9L RLSN

each of the conjugates further includes a target marker fluorophore bound to a
respective one of the target molecules. The target marker fluorophore emits a
target part of the fluorescence of the distinct fluorescent spectrum after

absorption of the EMF radiation.

[0020] According to an aspect of one preferred embodiment of the invention,
each of the BRMs includes a microbead tagged with one or more BRM
fluorophores that are coupled to the microbead. Each of the conjugates further
includes a target marker fluorophore bound to a respective one of the target
molecules. For each of the conjugates, the BRM fluorophores emit a BRM part,

and the target marker fluorophore emits a target part, of the fluorescence of the
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BRM f | uor ophores and the target marker fl uorophore
together emt the fluorescence of the distinct

wo bawsnedeent spectrum after absorption of the BVFCA2007/002317

radi ati on. [0021] According to an aspect of one
preferred enbodi nent of the invention, the detection
device includes at | east two aval anche phot odetectors

. (LAP nmonitoring the single-file eam for .the

s rR s (7 sl e FRERReR ASplrtyghe

BRONElropiieARRE e adant ethrk NE6RIpAEraANSeddgNLinity cld1e
presence of the BRM part, and a second one of the APDs

flugrgagenesd of ther diganat dluanehcérd expeitfym tafer pbegptice 0bfthe EMF
rm# rget part, of the fluorescence of the distinct
f escent spectrumfor said each of the conjugates.
[ 0022] According to an aspect of one preferred
[coemhactbritng taodn dspection ve® pieddired dithddamged of fR¢ InvBRiSord the
| ower intensity than the BRM part of the fluorescence
defggtiom glepicg t ingliides | afolaasicawe apdanshanphetodeigethrsof(APRS)

I « Ih fothe APDs h
mo‘ﬁﬂgh}i‘% Iathg Ssmé'l%—ﬁﬁ??%%ﬂx? BP&nY ﬂt}or SC‘Exhcg ﬁ%%ge_daf’g(r)%%i %r tn

sensl Vity irst one 0O

modGRE daR ClarstVohd) of NRe NERERt adapURINtd SdrebBes R idkntify the
di scl osed another test systemfor use with a buffer to

praserae of e B martearche second pae getherfiilscadaptedot reepdvepnd

. estarget ty i n_bi ol ogi gal test sanple, According

e e Pk Rerte BFEY T oWel Qno e RRe Tt 85 60 JatiaR)

flubfes@hb&el@imUsesaid daldh 3f fhieleShjugbs. of test nol ecul es
sel ected froma group that includes bio-recognition

nol ecul es (BRMs) and conjugates of the BRMs and the
(0072 RePrig Exan aBectiof ot Riired; srlodimenicf tgmyertiony the
targéy%g@;asr@ﬁ;s LlovP R Enfhsi P e BRVERXP g%&%@ mBre%&ﬁggBPAhe

IS conjugable"wth a respective one o
distiaetgfiordsyqre Spechiven testachrof deubssigaese FThe becood ent bf the
fl uorescenc l:)rsadiation. The

AFCSRPtgEtatT SRy i G Rt ote o the
[0023] In accordance with the present invention there is disclosed another test
system for use with a buffer to test for the presence of target molecules of one or
more target types in a biological test sample. According to this embodiment of
the invention, the test system is also for use with a first set of test molecules
selected from a group that includes bio-recognition molecules (BRMs) and
conjugates of the BRMs and the target molecules, if present in the test sample.
The BRMSs are of one or more BRM types. Each of the BRM types is corjugable
with a respective one of the target types. The test molecules are such as to emit
fluorescence after absorption of EMF radiation. The conjugates are of one or

more conjugate types each corresponding to a different one of the BRM types in

-6 -
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nore conj ugate types each corresponding to a different
one of the BRMtypes inconjugation with its said
w0 e®petTtise/e one of the target types Accordi ng POT/CA2®7/002317
enbodi nent of the invention, the test systemincl udes
a mcrofluidic chip, an irradiating device, and a
detection device. The mcrofluidic chip includes a
n r
co %n agggﬁi gt%% dR‘g ann&i ng]eagtﬁgxe tgiggptyprég AN g?l%&g@) s
embodicsinn gf ﬁ’mamnahtﬁm e foef fysteﬁhﬁicﬁﬁ:l’l‘iMaemﬁﬂﬁaﬂllﬂEicSc}ﬁIﬁ,&m
si.zed to_enabl e passage therethrough of the test

rragitingdeyice, aden detestiongsteyisendghe RasTABYigicahép frw}udesachip
RSl arﬁsn R84 Jegﬁg sa@r Wale of, g&s AL and R doW
rocusi ng c el s ‘adjorn t e sanp f anﬁ& an?ﬁ

ondbf frke ﬂd(\lvtfﬁcds{n(gm}mbhl@elzf |teeihoO CIlllfélsB@\pCdW@ﬁﬂﬁb@ are sized to
queratwely directi n%ea single-file streamof the test
en E@aér@sﬂimﬂve@gh af the dess maleralast Thﬁél%fqyuéng lehannelss
are fP C;'ferrart v%é%éialg tl}e?eet{\ﬁ%x R%?E a'\l}f_a}‘ elr y ocugipg gﬁannels
adjboil @i satnipRNcHaagklt.] qhe ébluﬁege)htgaﬂrmaf@é e@a} q)cagmg QASineqNe
of the sanple channels, for absorption by the test
opgraliealy) directing 2 Bﬂéglgrfﬂg Skwedni o thyy teelapmoleThigs thrgugle st &nete
of ;the test | esjnclu I Stinct cent
oneg S HPELRATIR ¢ m(%‘aac:‘r11éi€c’)nanL'o lfrﬁg‘agré fj Uoat e eP ’ffﬁ%‘éq Vers

eleBlRdrREtn-0R frAQYdneE (BNIP) LadiatiohN& a5 ﬂghﬁhfah |p%51§6ﬁ %ﬁif’f%ftﬁﬁt
the fluorescence emtted by the test nolecul es

afoa@*é\lé@tf Haapt e the spuleki dhhiests, fereabperption be thef tegtiyeolecules

t n the.first set of cul.es
R HHBRIARE hByhy PE Fabreehed bt S el M e s
dxsﬁﬂ@thlu@?@céﬁt shARuBORIr AT Shel SRS corjilzdid byPelBMRE HetedRR
test systemidentifies the presence of the target

devies] moniters the single- fulésﬁt:re@arfpr ¢he flogegengkcenitiidny the test

f on ferr nment of he i nventio
o3RRS, T8¢ a8Ri Ev i s T R R et R e SouERS fbfien,
firs®B& oI testBictecled BYIhehifiml Errs,l th%zitﬁmc@flu&ﬂ&&eﬁhéﬁcmm of

substrate portion. The channel walls include two

ea@pp‘@é?f rthe splesath frmee Ilp @‘m pomser, The tegusyistam idextifipnthe

EHF fl ow focysi.n nnel P
presence of the target molecules in the tes sample’

[0024] According to an aspect of one preferred embodiment of the invention, said
at least one of the sample channels is defined by one or more elongate channel
walls of the chip substrate portion. The channel walls include two opposing side
channel portions. The buffer, exiting from the flow focusing channels,
operatively directs the single-file stream of the test molecules along a sample
path that is in spaced relation from at least the aforesaid two opposing side

channel portions.
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operatively directs the single-file stream of the test
nol ecul es al ong a sanple path that is in spaced

w0 edoaniame from at | east the aforesaid two oppoRCTIGASI0d@02317
channel portions.[0025] According to an aspect of one
preferred enbodi nent of the invention, the
mcrofluidic chip further includes a glass slide

der | vi. the chi.p.substrate rtjon., T | ass sl.i de
(00 BRICU B 1 PP SHOBIEAEE: SRR of s AvBSE b
mi@bfliider SapRLAhenFRRELSs a Jhe daanilerypl! teadig) thnatd ¥

include a top channel portion. The sanple path is
pogisar ditegdasy slide defimes p bpdemi diarrd pedioned sridort 14asbomeott h
t he tt om chagnel , porti on, and. the. .top chann
e ol R R BB oGP Bk CRaGRE B channe

poRioAf ETHeSAnIP BathNE HpeRkivedan itAY @RFrbaR sph8 MBS Absh
at | east one of the sanple channels includes a sanple

bothdhebettpre Hannel portiprearyhiig Itep diranelgiostied. so i ncl ude a
sanpl e supply channel in fluid comunication with the
3 . hannel ,,i s
R P e S e F Bt pAIE R AT 47 e FVBIRR, et

afobashiden lexi drieng the QMElE ehdnnoM ih PEUSI NGrarRteded Arthdlhe
single-file streamof the test nolecul es operatively
The | sARRle r EhagRels halsg affsiusier gc wample Happl . chpomsd7jn  fluid

cmﬁﬁaafcgwgwhﬂ ma@@gcg@g?s%plcﬂg}%ewﬁiee ’ %geeg%ﬁ%giecgemgiel Qf

e 1 nvention, a owrate o

dowperatd vehy fiblvasbdthg dhaphgh AReuda il utfe@ SXSARE from the
channel, is higher than a test flow rate of the test

flopfespeirgschanelheary] fhe esirglp-dleststream of gbe slestAcedeaiiasg
opérgti\%:lk ﬁ%ﬁ%%r%ﬁgﬁ %I}%nsgm [eeff)?dsreg%q%'}{‘éf’d" ment of the

inve t ow focusing channels include at | east
two fl ow focusing channel s, adjoining the sanple

[0027H afmmetding) s egmertodf drieeprafeoed saibddaterdt @i dhie mventin, tahe
anpl e channel s...The two fl qw focusin hannel s, adj qi n

buf i aRun F & BT ORS Rt e g e the Sample fodided

channel, is higher than a test flow rate of the test molecules in the single-file

stream:.

[0028] According to an aspect of one preferred embodiment of the invention, the
flow focusing channels include at least two flow focusing channels, adjoining the
sample channels upstream of the aforesaid at least one of the sample channels.
The two flow focusing channels adjoin the sample channels from opposing sides

of the aforesaid at least one of the sample channels.

[0029] According to an aspect of one preferred embodiment of the invention, the
two flow focusing channels adjoin the sample channels at a common intersection

porton.



10

15

20

of the aforesaid at | east one of the sanple channels.
[ 0029] According to an aspect of one preferred

wersdi4ment of the invention, the two flow f ocesi/Ng2007/002317

channel s adj oin the sanple channels at a comon
i ntersection portion.[0030] According to an aspect of
one preferred enbodi nent of the invention, the buffer
itinag.fromthe flow focusi hannel s erative
o0l AtcsRing, & PsPehsl BuUTEE e s PRE i I PP FoBy Pam

buthy &emsy Hoan thb el 16tubing MEARAGS SpefitilelfOMISscE AR toft
the common intersection portion. [0031] According to

molpqulgs prte tthe pinglpefily rséreat g lessrideadi shont 18fmichameters (um)
[ n\{%%oqlghe cg%:h ofnt&ge .fl ow. focusi ng channel s adj oi ns

dowirsrea ol He IO MESTR U PAHS i ng angl e of about 90

degrees. [0032] According to an aspect of another
[00pr) efceondig anbhodsprenif ohe tpheferrey enibbdiment edahe afvehtigy

focusi ng chanpel s adjoins the sanple channels at an
each pf Shin (o fariging dpradivadions thresrards chamelat anadinipingg

10 asRER ~one preferred enbodi ment of the
o n?/fzdrg)tol on, ?F}%Echi p substrate portion is fabricated

from pol ydi net hyl si| oxane (PDM5). [0034] According to
(00341 Aemspralintg tofangapeqh pbirethes prefatyedi embodinght ofhtbe invention,

' ti . . .Lhe test I I t hy h t
each pY PR (b PR St e cHRr AT e AT E el
of a6t 49 ge%pe%gl. by el ectrokinetic flow [0035] According

to an aspect of one preferred enbodi ment of the
i nvention, the flow focusing channels are in fluid

(00330 RS PdEng oo arPedh of pree Rigiepicd egheARagrg of fhednyeritign, the
. t e Anpre !
chif SRR RO o R pPRRIAARRHEDALE) | NG 8

buffer well is adjacent to a buffer starting point of
[00&4 gtrcomlingofo amespdcowt Poe psdferged havppdinwnt Th dhe yvphieon,

pas\é\aeglel ofI tie %gsjt ?r(\:oqgctuletsothx%ugh the aforesaid at least one of the sample

channels is facilitated by electrokinetic flow.

[0035] According to an aspect of one preferred embodiment of the invention, the
flow focusing channels are in fluid communication with the sample channels.
The chip substrate portion is additionailly shaped to define a buffer well, a
sample well, and a terminal well. Each buffer well is adjacent to a buffer starting
point of each one of the flow focusing channels. The sample well is adjacent to a
sample starting point of the sample channels upstream of the flow focusing
channels. The terminal well is adjacent to an end point of the aforesaid at least
one of the sample channels downstream of the flow focusing channels. The test

system also includes a sample well electrode, a buffer well electrode, and a
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sanpl e starting point of the sanple channels upstream
of the flow focusing channels. The termnal well is
wa@eajoaoants t o an end point of the aforesaid at PEHEA200M@02317
of the sanple channel s downstream of the flow focusing
channels. The test system al so includes a sanple well
el ectrode, a buffer well electrode, and aterm nal well
el ectrode.  The )l e wel | ect.rode is.operat.j.vel.y.
teriusf poell eestrpe RS SilF & lefTreriofs Someif Py papfioned’in
the€dagfi Q. | BacAPSIFRE Wl MefRSHetib £htih By OpsitRnes s aird
buffer well. The berminal well electrode is
aforggeidaniffeetvgll. pbisd teiroimeldwvélheledieode s openativelyepdsitioTiag in the

| | el ect i tivel ded. with
erFPL Rl ol e SOREE R ar Skefrdy SPRPlef ! it
elebtBtATIgdRnLMEd 2 BIsEBERAGE TiR ERESHAL WMEEKCSMRDLIBEWED 2

second el ectrical poténtial of an opposing second
supgphied Withya seEarhelbufifad powalisl dlas oppodeg seong grlrity efach

uppl.jed with a thi.rd electrical potential of the
bufet B Sty Sriratiutly SkEtsar R r B el posria o
theRix§tRidrg embodi ment of the invention the third

electrical potential is higher than the first

el ectrical potential. [0037] According to an aspect of
(003 eAqsprsiing tocn asperd @f pranpreferred egnbiodipaentiob the igverdionothef

b B APl Re (D 1)

According to an aspect of one preferred enbodi nent of
[O08'H eAdeondéng fooamy aspettestonk|poverred embbdiniemt € site impbredml es
in the single-file streamis at ] east about 30 test.
ratiop?fetdh| tggd r?é‘i‘trfﬁa{w B?fg?hﬂj nGagrefe F{%n% ?’Vt £lqctycah potegg i

abdk? 11885b.5yol ecul es per mnute, and still nore
preferably about 500 test nol ecules per mnute. [0039]

I n accordance with the present invention there is also
(003f}] xqcosiing & Frupspler oftang tprefpred gmpgdimeant of e inpention, a
tesPAGY SNE 51 AL 1l AIRLIPIGEY! iﬁgle% APEeDL 'R abgﬁtga%ttest

ypes tn a biologlcal test sanple. According to this
mobiFhled pélﬁfiinuﬂsf aﬁd]preiféiylﬁ?h't st abdi@ 60 test molecules per minute,

and still more preferably about 500 test molecules per minute.

[0039] In accordance with the present invention there is also disclosed a further
test system to test for the presence of target molecules of one or more target types
in a biological test sample. According to this embodiment of the invention, the
test system is for use with a first set of test molecules selected from a group that
includes bio-recognition molecules (BRMs) and conjugates of the BRMs and the
target molecules, if present in the test sample. The BRMs are of one or more
BRM types. Each of the BRM types is conjugable with a respective one of the

target types. The conjugates are of one or more conjugate types, each
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test systemis for use with a first set of test

nol ecul es selected froma group that includes
wher@sneagaegni ti on nol ecul es (BRME) and conj ugat BGT/OA210ne02317

BRVeE and the target nolecules, if present in the test

sanple. The BRVs are of one or nore BRMtypes. Each of

the BRMtypes is conjugable with a respective one of

t target t s. .The cpnju are _0_opne ar _nor.e.
corkBpAAE 30 SRRens 0. 7 P BRNE BT o Plp SRR e
afofdsaidies 3R el RS thetafRDiyYEAL THRNeIMsT dlerh i Salad QF @S&vith a

respective one of the target types. The test systemis
miegpligidfcoehip ghatninchpdgs @i dripfshbsteite pertios, tlbeh ihehapgdstoa

hi p_substrate rtion, .which.is.shaped to, define one

et ot Hions HoeBR camBlbiengiadield naPE B Goiui, P2
siz& bR (kA8 itHAEh BN thetehas R 4. NATBIM Al Afredh

the test nol ecules. Asingle-file streamof the test

of iyl éxstiiregeqdess passehtivoggh at lpashgmeodle thof sarthple séaphels.

channel s. . According to .this enbodinent of the
AR Pols RECTEEN 8) SO eREThBE [ PrFdurstidey o0
irr MG ARMY At REIHON ddeit C e ThBdialih @ Hedick RtV LGS
operatively delivers el ectromagnetic frequency (EM-
delivadhi eleitomagaetia freiuergy i (EMFD magiagirt, iab mnair @i tivhgrosition

afgresaid at | east o of the sanple channels, for
olof BT RETeEH BT ant Lt TR B PR USSP BY 1 et
moklchREM tﬁ@ﬁnél@—?ﬂe selgeulrgs t@;MolJc_lLIﬂhég refﬁlﬁp ARGRs@htLhtter

absorption of the EMF radiation. uor escence of

absphygicdned thebVE cadieor. niHeuwgesgerdp of thedest fhalemés derdes
spectyum for each one of the, conjugate types. The .

R R A A R e rR

dediembhiiS 68 8RGR-@PsHbad By tl{ehﬁuér@s%tenc@oérﬁﬁ%kl t%;r-eth-ght%st

detection devicCe identifies the presence o
motsgnlesig dhe deteetionhdevideridentidies thef presste abthe suhjagatpyin the
. monitoring fo he di.stinct flugrescent spectrum of
firsg SEPE S8 Tilect étbé*dﬂ?lﬂﬁ’é‘f‘é f?&B@s"?‘*’Fﬁ‘ ‘h?@“\gﬁhﬂ’éF?“‘E‘rFé

cach@te )RS BMRhERNHdeb C3n H1S MINBSE BCLIRH sylchen {RAAREs the
nol ecul es in the test sanple. [0040] According to an

preagpe of theftargetenpleafleyin duk testisanipleent of the i nventi on,
t he

[0040] According to an aspect of one preferred embodiment of the invention, the
irradiating device includes an LED which operatively emits the EMF radiation

for absorption by the test molecules in the single-file stream.

[0041] According to an aspect of another preferred embodiment of the invention,
the irradiating device includes a laser, which operatively emits the EMF

radiation for absorption by the test molecules in the single-file stream.
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irradi ati ng device includes an LED which operatively

emts the EMF radiation for absorption by the test
woriosoties in the single-file stream [0041] ArCDCARIY002317

to an aspect of another preferred enbodi nent of the

invention, the irradiating device includes a |aser,

whi ch operatively emts the EMF radiation for

BB e e AR St A o o
las& TR A BRREatRE Joher bMVERELP Mot b%\éf@a:%[ts Ra®)8Ad about 50d

operati ng power of between about megawatts (MmN an
megiygeits GOViregdunotepréfiaiably, batvern rboypr28frargablapts (M@ )veeein

abqut 20 ts (MmN and about 25 negawatts (nW.
abc[”dgglﬂeg%‘&'g%g@i‘y@g to an aspect of one preferred

enbodi nent of the invention, the EMF radiation
[O0aplesdbidieg s dedspe@rof dnbpredidieed dnitadiimbntng tklemi Gaidhahean

EMF wavel ength of about 488 nm [0044] According to an
EMfs prsliations operatiyalefdeliverad di i ireattiatistg dendcd hoerni BMF

tect] evi ce includes at | east three aval anche
Wa%ﬁg?%gé)?é%otugggséj?%PDs) nonitoring the single-file

stream for the fluorescence enmtted by the test
[004d]| Aatdinsg toEarcaspedt df bee pRBsTdd @xlajptireehttcd teibeentdnatie
identify the presence of a different ran

e of
detgeRra) dBiehsriHdehet flirtRdr butee AralaRdher beatogveitﬂr@ {48ps)
[ es. dH04h0] rali t ect .

L o anr gy Of e A ARATE EhQl B e et
moldreleAPEs-hics tiadapDe t ddaptedae raceivanad idb@ty dhy pkdience of a
.presence of a green range of wavel engths. A second one
dlff?fewf rgapbyareengihnindpe Hooteeeniersnitpliby Herdest mplackies-

presence of a yell ow range of wavel engths. A third one

(0084} Ad6rdiiPRo 4rS afifdapbeshe! fefe@Cfickoalifert Qe Ml fnYediltd, a

~presence of a red range of wavel engths. [0046]
firshnene pHthegd Rids inrndapisd ¢ reskivarrotidentily diccpresstice abagrasant

of the inventiop, the afor aifglr, t.leas d; ree .APDs
s of i BF BB of st JeplBR APl G I e e
identify the presence of a yellow range of wavelengths. A third one of the APDs

1s adapted to receive and identify the presence of a red range of wavelengths.

[0046] According to an aspect of another preferred embodiment of the invention,
the aforesaid at least three APDs include at least four APDs. A first one of the
APDs is adapted to receive and identify the presence of a green range of
wavelengths. A second one of the APDs is adapted to receive and identify the
pregence of a yellow range of wavelengths. A third one of the APD:s is adapted
to receive and identify the presence of an orange range of wavelengths. A fourth
one of the APDs is adapted to receive and identify the presence of a red range of

wavelengths.
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APDs is adapted to receive and identify the presence

of a green range of wavel engths. A second one of the
WQO\RDS/07H4@dapt ed to receive and identify the pPEFEAZ®7/002317

of a yellow range of wavel engths. A third one of the

APDs is adapted to receive and identify the presence

of an orange range of wavelengths. A fourth one of the

ted to receive d |d nti resen
100Bf Bech % 10 i B LPEL ST R BT nerearRy g o
invaSiRRs theodt 1yt HAROARBE iRihefal 1ed: R AN fitth chb6f the
i nvention, the at | east three APDs include at | east

APPs s aEpesd ® frffqei?te ok iddntifh dh@\Rbesense aflapbbe rapge of

e|ve n enti y t r.es a .blue ran f
wal e R econt Bl n® ARBRGT STESRisteice i R B
preﬁ@ﬁ@ bl £ gfed rér%@rbtf Wa¥elbhghe f&%%msn@éf the APERT, IARGA 18f

wavel engt hs hird one of APDs 1s adapted

receipe and/mleniify thelpresérfop of mgelvaesaagc of whvaenghd, oWauaﬂhgmeof

of %aa%@se% SHPISeUFT 4 R et e TFoeRcs ghe Fahamss ot
gengths. [0048] According to an aspect of one

pre erred enbodi ment of the invention, the detection

devi ce includes a charge-coupl ed deV|ce moni toring the

(0044 nquc@rdr-rrg te aaspeniof ope pw&rﬁﬁm@ée@m@f i mv@tﬂlmythf-‘he
t ecul 0Q49 d| to an one
b FEh ReE el mortpoty SRR U0 PufoBRE T o PlR

stredBVIOE thel mﬁrésd@ﬁ_e ahittedias i tht Wt AYREL@Behe phot odet ect or s
(APDs) nonitoring the S|ngle file streamfor the

orescence emtte the test nol ecul es. Each of
[oo%%; Aspeg © aé‘cPéB‘fCéag %3/ prategied emhodiment of freyinygpgion, the
detBiRRCREROf naudtd T8 Al £RH gﬁﬂincﬂ@vﬁllnc%‘@t&?ork n(AIkt‘i‘s)
fluorescence emtted by the test nol'ecul es.
modmcbrmg ithn sthela-Gle stdthint ifonahd luorstande seraitted by the test
|.ed device nmonitorin e-file

m@ﬁﬁéﬁﬁ?ﬂ?ﬁg PPf}}?e“?q)%‘é Pdaad &féfeéﬁﬁg fﬂtéCS edﬁxsi'ﬁ{]vﬁg pEgsgnee of a

dif@%@%g@%f wgtléllexjtgths in the fluorescence emitted by the test molecules.
The detection device additionally includes a charge-coupled device monitoring
the single-file stream for the fluorescence emitted by the test molecules. Stll
further, the detection device includes a switch means for switching between
monitoring the single-file stream with either the APDs or the charge-coupled

device.

[0050] According to an aspect of one preferred embodiment of the invention, the
detection device includes at least one trip sensor monitoring the single-file

stream for the fluorescence emitted by the test molecules. Each aforesaid trip
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further, the detection device includes a switch neans

for switching between nonitoring the single-file
w@reeamiwe t h either the APDs or the charge- coupdEGA2007/002317

devi ce. [0050] According to an aspect of one preferred

enbodi nent of the invention, the detection device

i ncludes at | east one trip sensor nonitoring the

i -file. s L Qr.. t f. .escen 2m.tted by,the
serp oo s in oLeRAL A (M YRIRP TRISR BRLLET oVt
flugteget@l signal corresponding to an intensity of the

fluorescence. [0051] According to an aspect of one

ef erred enbodi nent _of the inyentiqn, each aforesaid
100R) A Se o Ho Al 85 O HIPGT] STUBTIEY iy THERCY he
each RERBRI ¥ipPenbdiQehb s GREERASE! dighall Br ¢ RS SthfintBnsity of
mnimum intensity. Each aforesaid trip sensor has a

the diuofaseamat ispnexchss ef arripiggaiintemdityi Fanh aforesasi trip sensor
[0052] According to an aspect of one preferred
haséal@gﬁﬁ]eﬂ%‘?ﬁ' fer’?‘ﬁ?disﬁ@éﬁﬁ"glﬂ“ Pf8sihest system al so

i ncludes a fiber optic cable delivering the

[0052] War@HaRNeant@pddR 6f fitl BeldrRA cd@blitRert® Me invention, the
substantially adjacent to the irradiation position
testogysien plae indlurtes safiberagpticeable deliweting theeflgemprrce to the

! I 005 rdi.ng to an.aspect of, one

derbR3R MRt oy SRR et R DR PR B e Pl ong e em
afortb S0 at REt WHES! e BAHBIRBaRGASI Ng the irradiating

devi ce and the detection device. The housing is sized

nd adapted for portable and point-ofcare diagnostic
[0037d hecqrggsap ap@siicl Phepa Ry elsrred Spoetingint gh thegpemdippeie

. g : ti . : . e q

R ed Do RaRhe T P uR bl el GuRe R, &7
detédiien pleeken The measihg dnsitdib aed bdapgéd Fdr partdbheinddpsiat-ofed

yet another test systemfor use with a buffer to test
carg diagnqslc Bieesence of t ar get

[0054] According to an aspect of one preferred embodiment of the invention, the

housing is sized and adapted for hand-held use.

[0055] In accordance with the present invention there is still further disclosed yet
another test system for use with a buffer to test for the presence of target
molecules of one or more target types in a biological test sample. According to
this embodiment of the invention, the test system is also for use with a first set of
test molecules selected from a group that includes bio-recognition molecules
(BRMs) conjugates of the BRMs and the target molecules, if present in the test
sample. The BRMs are of one or more BRM types. Each of the BRM types is

conjugable with a respective one of the target types. The conjugates are of one or
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nol ecul es of one or nore target types in a biological
test sanple. According to this enbodi nent of the

WO pwentdlad, the test systemis also for use w PET/@A2007/002317

first set of test nolecules selected froma group that
i ncl udes bio-recognition nol ecul es (BRVs) conjugates
of the BRMs and the target nolecules, if present in

the test sanple., The BR re one or [ M.
oS U e b e Eye A Sl gl o BRF aes
corf 8RRBA W iMEitLNI6re0did ket tdfeGR of YRASrgel HPek OTHIGRIOG RN €

f” one ornore conjugate types, each corresponding to a
is adidftfcerby forome voth arhieraBRiting yppd sletaqtiero ¢ iesaihrbia copabie of s

af oresai d respective one the target.t s.. The t est
Bt e e T R B
moltRhLRE TR HENbIEQILNRL siich a8 AP BluBfesbild ¥@riaB&brption of

el ectromagneti c frequency (EMF) radiation for
thealNIB 1 ptliation.byThe Hrdressencanif eébel tess molénalas dscludes 2 distiost

are such as to emt fluorescence after absorption of
flugigsePh DY THLAT GACR FREOF P TBLEaREPET | hrortAbigeion and

defdBIHCHLES i ﬂ%&é‘ﬂ)gﬁle%f HHoslth ks 1] HQI8SRBRL 2 SBE Corjipatdor
each one of the conjugate types. The |rrag'| ation and
by det @etdnonofttbe diseinttsharssoert apedtven fufr eadvdrteas ithgeonprgate
and identifying, the con(jgugat es bg/ t.he gr esence of the
tyR§F-s OFIREEIng Ite B erkefimeptfithe vERoN ated sEsteom ipgedes a
. 2 C s o :

G LMARE RIIEE » A L T PR e TR TE Rt
maoehelpniiay sangpla cledringlssatiisénealr engre flbwdncusirgtchasnagdh #pednt o
define one or nore el ongate sanple hanﬁel S ng one

The, sefiple FABF BEUSFHFY (€ HARRIEI BSKe MEFANORR Faffs) ot
e ' gnifah Q€ phdA8E LBl QUIRL10bf
mc?%gﬁ?'eg]tqe ﬁ‘ﬁﬁggﬁ%@g.&me fl %%r?%%iagi ES ch%nnel s are for

theOlpeffeat iThe foasfageng Nemeatlaradjogh tef satipde theinhels. Thiabufiéow
focusi ng_channel s adjoin the sanp| e, . channel

! . .Jhe
RPN O g TR A FRSETSIE N E e e i Freom
of WRE"Eh! ¥Blahull B BnanS 1B Brd 1diCurnl LRAM hahdis ! e

nol ecul es throug t least one of the sanple channels
middouidic etdp lisihdipged ko ppérsticdiapiceite ttioe BB mtliatieh from the
. receive the EMF radiation fromthe. . .
irradiating and detection device, at an irradiation position along the aforesaid at
least one of the sample channels, for absorption by the test molecules in the
single-file stream. The microfluidic chip is adapted to enable the irradiation and
detection device to monitor the single-file stream for the fluorescerice emitted by
the test molecules. In this manner, the conjugates are operatively identifiable by
the presence of the distinct fluorescent spectrum for each one of the conjugate

types. As such, the presence of the target molecules in the test sample is

operatively identifiable by the test system.



10

15

20

irradiating and detection device, at an irradiation
position along the aforesaid at |east one of the

waa00ploatighannel s, for absorption by the test npCECAR®I/002317

in the single-file stream The mcrofluidic chipis
adapted to enable the irradiation and detection device
to nonitor the single-file streamfor the fluorescence
enmitted.by the test nolecul es- 1.0 &hi nner, the
00 G é%toaapeasgﬁczrog ¥ Tegerf%leeﬁ?kfofdimé%ﬁisteo%e ingéntion, the
tesPEYREANGE pAFHANElYI bGPt For LisOWRBCAR oS PALE IBiiIbEies @aCh
one of the conjugate types. As such, the presence of
samites selpctydifram the@ubeys congisting ot ldged, sminp| spuhsn,gpd setunve| y
identifiable by the test system [0056] According to an
[ : t | ; | 0
e O R B L SR SRRty o VSN e
testogysteor map be ubédioo gligabsit efi dBanplsese sdcagit fecin ftho groupe
roup consisting of blood, urine, sputum and serum
COH?)@B%&]M E&%%‘Hﬂiqﬁafeos%ﬁsla"s‘ﬁé clisegge Prfes: fragal (diggse states,
'H&ﬂjid qvention, the test system nay be
andﬁiggggflor flgﬁgsﬁ%%%gt%f a di sease state selected from
t he group consisting of bacterial disease states,
[0088] aicordiingptase aspedt @f ond prefrateddindediperstof tlesinvamabn, the
: tvecttor-i ngluceg di(?ease. states 005‘§3L%9 Accg{_di ng to an
eSTAL RO POWEY S0P aFI8H & ABOTH BT SFU ISR ENt i on,
the test system may be used for diagnosis of one or
[0038) réeccomairgClo ddlhsped iof RS ERferfed MnodARGR I0E LROnVéntRA, the
aspect of one preferred enbodi mrent of the invention,
test fystepp gy beydsed frrdipgpesitisbd cprditign sgaesd drogt the group

| L j:f\,romthe group consisting of HV,

con%@@%nw\f%%g% According to an aspect of one
preferred enbodi nent of the invention, the test system

(00618 A doerdirgete angispeit wiibheapre froed dindgpdosérg 06 thetinverdionniee

t he condi ti.on elected fromthe qgro consi stin f
test PO B DR Foro BT s TR B (en ot e e

conBftR36 Blledt e 8B RO IS BndtHg Aira0) 98¢dna Hey hod of

[0061] In accordance with the present invention there also disclosed a method of
tocusing molecules to facilitate a test for the presence of target molecules of one
or more target types in a biological test sample. The method includes a sample
flowing step, a buffer flowing step, and a sample focusing step after the buffer
flowing step. In the sample flowing step, test molecules are passed through one
or more elongate sample channels formed in a chip substrate portion of a
microfluidic chip. In the buffer flowing step, a buffer is passed through one or
more flow focusing channels formed in the chip substrate portion of the

microfluidic chip. The flow focusing channels adjoin the one or more elongate
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focusing nol ecules to facilitate a test for the
presence of target nolecul es of one or nore target

w0 yes741m6 a bi ol ogi cal test sanple The met hod peCaei®s/002317
a sanple flowing step, a buffer flowng step, and a
sanpl e focusng step after the buffer flowng step. In
t he sarrpl e fI ovvi ng step, test nol ecules are passed

| ls, fp
sarbp R oY el AR B e O el o 6 e
moddife€ s axk&wclnmraigexpat 1éasbuhd f the SaRpRS@dnkd) By §hssafeor

nmore fl ow focusing channels fornmed mthe chip
thedibfer frarethp Slowi forusiis diaenels etetihadnti @ revregloTEetefshopie
chz-f oc]u5| ng channel s adjoin the one or nore
' QPSﬁ'gat esanpl e channels. In the sanple focusing step,
a single-file streamof the test nolecules is directed
[0061r Daeghiligg td feSpe@RE onfé pidiarabatbeiitbasiehs invyntias gage
of the buffer fromthe fl ow focusing channels into_ the
megipd po W}®9é|%?¢gtam@19§alﬁﬁp@1@a§|*ﬂ?eb§for9[ HeerprhcHeviieng
0 an,as f of .t
ste{)nvgln ttfl‘?eoge%P Q?]ogéc#g‘{]ﬁ)o@{n gteﬁl n(ﬁ p;gfe)gxltégg 1ies gre ﬁ?med by
intidaueidg lbeo-feabghifich Slobeulde (BRI s} dTens amﬁhcee fBR(M\A‘y’]b@s.SEﬁm.
In the test nolecule-formng step, the test nol ecul es
of the BRMpiPetis SorngRNO Witkiadespsridver e o Hiettrigst fope cia wsh,
I¢ e BR S
e BRI he Pl R EHELHL I 86 Bn farb i AR
prdsyrﬂelsthe/b@stsﬁﬁﬁ],e the test nol ecul es include conjugates
of the BRMs and the target nol ecul es if present in

e test sa 0063] Accor ect of one
IOOB%%P?%H Pﬁ% B ArFErE \‘? P?‘Hﬁmt OEBFHEV‘%’E@P m
therEQslt‘?x‘?(Héc%Iett%hH] c%%ﬁ%a&@giEQ&@tt% Aokt ﬁ@a&r&na@xs

about 10 micro in size, and preferably ess

(urhhéam sedooahd Epraﬁerabﬂy sleasx ethamredbost Bl hmbr eizpr afide sEh| more
| ess than abaut mmin size. [0064] According to an

preferpRiy legth ﬁh@"’b‘?éf‘é“r’l“éﬁ“eenbodl nment of the invention,
in

[0064] According to an aspect of one preferred embodiment of the invention, in
the test molecule-forming step, target marker fluorophores are introduced. The
target marker fluorophores are conjugable with one or more of the target types.
As such, the test molecules include conjugates of the BRMs, the target marker

fluorophores, and the target molecules, if present in the test sample.

[0065] According to an aspect of one preferred embediment of the invention, in
the sample focusing step, the single-file stream of the test molecules is directed
along a sample path that is in spaced relation from at least two opposing side

channel portions of the aforesaid at least one of the sample channels,
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the test nol ecule-formng step, target marker
fl uorophores are introduced. The target marker

WO bawsopior es are conjugable with one or nore PET/CAZ007/002317
target types. As such, the test nol ecul es include
conjugates of the BRMs, the target marker
fl uorophores, and the target nolecules, if present in

Accor di t_of
10080 <kl B s A TR i e B e PR P
in tﬁ@ SSpIB EcBLIAP step e %ir@ﬁal-ﬂefs!rlzzﬁn ot eat AoldiRs (& fitected

nol ecules is directed along a sanple path that is in
alogg acwerpielpath Bt iy dmspaced gglation ipmo @p derish ¢pps ante bottom

hannel ns t foresai d at ast .one of the
a0 Foorh o e s e off & Ry Sy BPa P REACt o
another preferred enbodi nent of the invention, in the

(00673 ke dirgrlosirnagpsadtesd ont peefsira b@bbdilens bf Barheh tibhein
test_nolecules is directed along a sanple path that is

thesample-foasing $tapi the brffenilays fadpe ef@pesawoataectst ohg of the
Anek t 0 f the
b R L S A T R T
mopkra@beinrthesiagiadil sranaim.of the invention, in the sanmple
focusi ng step, the buffer floms into the aforesaid at
st gne of the sanple c ann buffer flow rate
1004 202 e PR "¢ BT MEwP B aF Of HE ipisgpon. in
the FRInBRULESiAd stbh CatIbRO ko ok i B4 98Msi ;go&éﬁkelés&,%deh@g
to an aspect of one preferred enbodi nent of
samprigy efreninels, from appesisgreplee thaeofs upgrestrepf sa@d al Bagtoriewd
tl_lof t e ro focusi ng channel s adjoin the sanple
¢ S#ARis&h on1opposing si des thereof, upstream of
sai d at Ieast one of the sanple channels. [0069]
[006% CRESHIRG thGnadipas REGhe plef@i@l ghBbdEMeREOEIND atkanasd, iR f
the invention, in the sanple focusing step, the two

the sppler fRcuging Glapnaimére ety drasingechaands adioha Mirepample a
chaf RV JotRLPRERLANORBEHICAN. [0070] According to an

aspect of one pre enbodi nent of the invention,
in
[0070] According to an aspect of one preferred embodiment of the invention, in
the sample focusing step, each of the one or more flow focusing channels adjoins

the samnple channels at an adjoining angle of about 90 degrees.

[0071] According to an aspect of another preferred embodiment of the invention,
in the sample focusing step, each of the one or more flow focusing channels

adjoins the sample channels at an adjoining angle of about 45 degrees.

[0072] According to an aspect of one preferred embodiment of the invention, in

the sample focusing step, passage of the single-file stream of the test molecules
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the sanple focusing step, each of the one or nore flow
focusi ng channel s adj oins the sanple channels at an

wa@ejosionitmg angl e of about 90 degrees. [0071] AeCDCARM0EG002317

to an aspect of another preferred enbodi nent of the
invention, in the sanple focusing step, each of the
one or nore flow focusing channel s adjoins the sanple

channel s, at an adj oining_apgle o bout. 45 degr ees.
L e e N T e e e e
cleiRAALARYL,. Oof the invention, in the sanple focusing

step, passage of the single-file streamo the test

mol ecul est hrough the aforesaid at |east one of the
[C0'53 pysrerdingatnrmalaspqos of ey priefeated eripdisnent of H1d ipsentionf thew,

0Q7 Agcordin 0.,an..aspect .of .one preferr.ed
meliRR S RE ST Rer R BaE SR Mot (L TRBE KREERE sispudas
the @bc@bRIGEHOH) A6t Qb@BcAN PORNBaIl IS HBNPbIErifyaS YapPIRd to

step. In the electrokinetic step, a first "electrical

thepetrapiei dianoels aupitreatn pd| drd thpw sfosusing idbdniads.t hén the

anpl e channel s str.eam of .the fl ow focusin L
cleciiRAIeRr 895 o ee Pt SRITAEEIE 2B eBRoSE Sppgolariy is
suppli6g td ineakorRQiE M ledt oAl oRheQRRPH HANAAS ABANPRLAL bf thel S

supplied to the aforesaid t | east one of the sanple

flow eawsieig shamveies t Incthmebictrokivetid dep, faothirdi ateptridah pnehdal dfn
he e| ectrokinetic step, third el ectrjcal potential
the Gt pRIEER 5 SEPRIGEP Pt S LI BRI B AT of 1t he
fl ow focusi ng channels. [0074] According to an aspect
[007H] ABsrdiizeben! Rfe@ P ode Poilérr@f erhb@liindMEHK the invenfioh Ne
el ectrokinetic st eﬁ_, the third electrical potential is
the rglegokine g tapn dhe jthisd edecaiqal inogantipbise ighgr thirpetrs first
I.ng..to an aspect of one preferred enbodi nent of
deﬁ%%gt\%n l'l on, in the electrokinetic step, a ratio of
the third electrical potential relative to the first
[007] ectoridioel topot apedt @k one pedfomd dmBodimest &) thp @dved}on, in

nelFSorE0g. 10 an aspegt. ol e RLPLSLLE] SRRk

electrical potential is about 1.8:1 (9:5).

[0076] According to an aspect of one preferred embodiment of the invention, in
the test molecule-forming step, the conjugates are of one or more conjugate
types, each corresponding to a different one of the BRM types in conjugation
with its said respective one of the target types. The method also includes an
irradiating step after the sample focusing step, a fluorescence-detecting step after
the irradiating step, and a conjugate-identifying step after the irradiating step. In
the irradiating step, electromagnetic frequency (EMF) radiation is delivered to
the test molecules in the single-file stream. In the fluorescence-detecting step, the

single-file stream is monitored for fluorescence emitted by the test molecules.
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the test nol ecule-formng step, the conjugates are of
one or nore conjugate types, each corresponding to a

waledoserams one of the BRM types in conjugati onP@i/CA2007/902317

said respective one of the target types. The nethod
al so includes an irradiating step after the sanple
focusing step, a fluorescence-detecting step after the

LI | ati t COoNj -i.dentifying ste
Bachich 3 (il s p B R b by BRpE P i B
of £HBEhEOMRGBREMCspetH SDE Y¥adhEdR) of Adi @hju@Btel §pae! iV aleed

to the test nolecules in the single-file stream In

conjuygateridguifEngstive theatreseniaryf the epsetmimdecsiayd theftpdt@ample
st I.S_nmonitor for. fl escence enitted by the
i R o R B o St ISR SeSt B oath dntor
the gsptbgRrsof the EMF radiation, enmts fluorescence of
istinct fluorescent spectrumfor each one of the

a
jugate types. In.the caonjugate-identifying step,.
imﬁ?ﬁﬁg@g&f@@%ﬁspﬁéﬁ 8¢ geatersest embpdimenhof the Ipyspion, in
heS Sl ifi ' j e.di stjnet
the B rElckae) PERkle pB HralD ARl WokihotitCah BLAF o
respeyies ondsOfF AR} tAgeamdienged. 0AaRuES PR Glie Mioresend-@ftedtingd
enbodi nent of the invention, in the test-nolecule

steq Srhiangst StafsT fugrqpireneankbr trpeidaspiche dising fhsuerdento
K e - r e : suc in

spel P! B T 5 P RS BLPE, [ACREBE e Hilhgel B

BRNIHuoning Bepekefemithe RstabRetle Pabdingftep,E taligiid Nlcrobead
fluorescent_spectrum for each one of the conjugate

with preer mpr BT g rheresHaat arpequpsstoghpmigrebaagi vyg sselep,
. - | i .of '
in tpg flggﬁs&géﬁﬁﬁ&ggglegwcfﬁe%w Igﬁkfcgwl}l%}eg %gﬁto aB Irggf @le

m Cr obea f " or e uor opnor es al are

distrat fii@dsdeqit dpaeirif E6:aaciatne AIhE uﬁﬁugaitm?z be
fl uorescence-detecting step, the BRM fl uorophores emt

RM part. of the distinct fluorescent spectrum for,
1007 AieosHiade SPEPES A BRRPE e CbnTe) SABE ST HE™ B
the %cﬁrﬁ&;@ﬁ&rc&ftzecﬁﬁ% REET 8LER6LARDQALIEN IhyOthd Nenjugates is
invention, in the fluorescence-detecti'ng step,

receivadlob e gt teastetvenivtaladhy photedeteoopuGsiles. iA first one of the

APDs receives and identifies the presence of the BRM part, and a second one of
the APDs receives and identifies the presence of the target part, of the

fluorescence of the distinct fluorescent spectrum for said each of the conjugates.

[0079] According to an aspect of one preferred embodiment of the invention, in
the irradiating step, a laser having an operating power of between about 2
megawatts (mW) and about 50 megawatts (mW) delivers the EMF radiation to
the test molecules in the single-file stream. More preferably, the operating power

is between about 20 megawatts (nW) and about 25 megawatts (mW).
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received by at |east two aval anche phot odetectors
(AFDs). A first one of the APDs receives and

WO dwsvifises the presence of the BRM part, and BCEE€az0d/002317

one of the APDs receives and identifies the presence
of the target part, of the fluorescence of the
di stinct fluorescent spectrumfor said each of the

nj ugat.es. [0079 ccor di n.aspect .of. on
005%%8@&5 o SHTEH L GF REFEF P CENpHBTEr ot g vaton, in
the! 1&5&@5@% 508 thl EMF AdaASEhadAVENE wiR eRREhA hHELtABYRH. Of
bet ween  about 2 megawatts (mWA and about 50 negawatts
érn/z delivers the EMF radiation to the test nolecul es
[00PH Adserding b &n pareet efranemirfemsd empedieqnyof jhe inpention, in

e fS0rRlsR e et T FEGRORh AT 80 AL s 30

recBiive®B a@hﬁﬁefl‘c.ﬁlqﬂe@amm ment of the invention, in the
|rrad| ating step, the EMF radi ati on has an EMF
wavel engt h of about 488 nm %8081 According to an
WOQ%M%‘EFP‘ 8 han pIRSFePfr ¥ REAED, digpert 1 ﬂi‘W&?ﬂqo in

thd Auddg gL{) RESGENGS: Q8L FRblAcRL %emusch% hHQBEBEREE &

emtte onjugates Is received
seledmaelgerequl pdatdeast oae of H@BdEe-Aoeded daged andonaspeote
one preferred enbodi nent of the invention, in the
avalmﬁeéef@ﬁeféﬁa@t(éé’ﬂ%g step, the fluorescence enitted

by the conjugates is selectively received by at |east

[008MEOPEr Ana hREGRr GRAVRAEEkdRYd GeataRd SNeOinvERtich will be
aval anche phot odetectors (APDs). @£0083] O her and

ap}panemrhevr thadw shillad e té\ﬁdarf depmy rt@sf owing detailedt desarimion
arent tothosgl% IIe art fromthe
SC

th
thef%cf 6}8 g calé’f]a‘fqonc}v rafub [ onyfr}%errgofng taken in

conj unctl on wth the acconpanyi ng drawi ngs. BRI EF
BRIEISDREPRIEN OF OFFEHEDRRAWBSGS0084] The invention wil |
now be descri bed in nore detail, by way of exanple

[Ooggl: %L'Ha 1|n|v%ré ioy '»ﬁ@féx?cgvg %g#cf?ePcrﬂv%dauc{%?%ac{ye{ﬂn gydra%%fngémp'l@
only, with reference to the accompanying drawings, in which like numbers refer

to like elements, wherein:

[0085] Figure 1A is an illustration of a first BRM (Bio-Recognition Molecule)

conjugate according to the present invention;

[0086] Figure 1B is an illustration of a second BRM conjugate according to the

present invention;

[0087] Figure 1C is an illustration of a third BRM conjugate according to the

present invention;
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to like elements, wherein: [0085] Figure IAis an
illustration of a first BRM (Bi o- Recognition Ml ecul e)
w@oMgale according to the present invention;P¢D0883107/002317

Figure IBis an illustration of a second BRM conj ugate
according to the present invention; [0087] Figure 1C
is an illustration of a third BRM conjugate accordi ng

he pr.esent invention;[0088] Fiqgure 2A is
oo i BT PetiPHEYS i PoR I TG Dok B ths
présfiR iffeRBERNE | nvention; [0089] Figure 2B is a
perspective view of an alternate mcrofluidic chip
according to the present invention; [0090] Figure 2C
[008Y Fag'aeages YPeEBFivE BiFWOI antdterriage widrefiuidis chipigscording
el.38GidQR.Qf Figure 2B; [0091] Figure 3Ais a
emati c of a test system accordi ng of the present
i nvention; [0092] Figure 3B is a schematic of the
[00PQ] rEaghtrat2Cois addvieaep ofp Fegurfehd AicioflORIAd cipdgnteesedon of a
. schematic of the detection device of Figure 3A; [0094]
Fighteghf e 4A is a perspective view of the system housing:
[0095] Figure 4B is a perspective view of the system
[00w |tiigiree3 A1l RéhehiiRVstda thA0SG entiditr8ingCof $hel present
. perspective view of the mcrochip platform and
mvephiqdi at i on device with the sanple hatch cl osed;
[0097] Figure 4D is a top view of the mcrochip
[00P11 3£ AW £ DntBR S AL Srlithih ARRA L EYARBIAF gure 4E
IS a side view of the [ens, notors and m cr dchip

pl atform
[0093] Figure 3C is a schematic of the detection device of Figure 3A;

to thl}
O'SER

[0094] Figure 4A is a perspective view of the system housing;
[0095] Figure 4B is a perspective view of the systermn with the housing removed;

[0096] Figure 4C is a perspective view of the microchip platform and irradiation

device with the sample hatch closed;

[0097] Figure 4D is a top view of the microchip platform with the sample hatch

open;
[0098] Figure 4E is a side view of the lens, motors and microchip platform;

[0099] Figure 4F is a cross-section schematic of the lens and microfluidic chip

platform along line 4F-4F of Figure 4E;

[0100] Figure 4G is a close-up schematic of the indicated section of Figure 4F and

a cross-section along line 4G-4G of Figure 2C.
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[0099] Figure 4F is a cross-section schematic of the
l ens and mcrofluidic chip platformalong |ine 4F-4F
w@booBiogure 4E; [0100] Figure 4G is a cl ose-up BCIEARI07/002317
of the indicated section of Figure 4F and a
cross-section along line 4G 4G of Figure 2C [0101]
Figure S5A is an illustration of fluorescing quantum
ts 02] . FEi 5B 4.s i llustration of
R Lyt A
spectrum of the quantum dots and bandpass filters used
[0107) KigeredBoean ileutrstideddluobsdnpgnantnm @404] Fi gure 6B
is a spectrumof the quantum dots of Figure 5B; [0105]
oML e 7TA | raph.of raw and fitted fl uorescent..
01 A s 5Pt O e 0T e e e p g KRS Gea m
theRix@bimehtAdedBibObhekingure 7B is a graph of raw and
fitted fluorescent em ssion wavel ength data for the
BRM . conj ugate of Figure I1B; [0107] Figure 7Cis a
[018?]a?ﬁ“’8f6%r1%19\ﬁ%€ﬁ8‘1¥‘1 AitgavanTyP SobeiFrewe 381 on
wavel ength data for the BRM conjugate of Figure 1C
(010910 ZhreFi QW £ gfBPhi &F rawlir@Pif AhoreQBA1 bxis¥idon WdvdRngth
measurenents tor the BRM conjugates of Figure A
dafadahp BRMyeoninge® ofFigurgi Aph of intensity vs. time
nmeasurenents for the BRM conjugates of Figure IB
Fioqur i Oby, OF o ey G .
O B ot AP P PR, 1A RSB b b fenen
dafa@drlth BRMyeoh@ipQtd o Fipued OBe- up of the indicated section
of Figure 8A [0112] Figure 10Ais a graph of intensity

R R A i A S R RN
datéSor (O BRENdnfldaibiFRASHIETENt S for the

[0108] Figure 8A is a graph of intensity vs. time measurements for the BRM

conjugates of Figure 1A;

[0109] Figure 8B is a graph of intensity vs. time measurements for the BRM

conjugates of Figure 1B;

[0110] Figure 8C is a graph of intensity vs. time measurements for the BRM

conjugates of Figure 1C;
[0111] Figure 9 is a close-up of the indicated section of Figure BA

[0112] Figure 10A is a graph of intensity vs. concentration measurements for the

BRM conjugates of Figure 1A;
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BRM conj ugates of Figure |A, [0114] Figture IOCis a
graph of intensity vs concentration neasurenents for

wao b@sBRWMEconj ugates of figure A, [0115] Fi gurBCTFACA2G03/002317
a histogramo R'Y signal ratios for the BRM conjugates
of Figure IA; [0116] Figure HB is a histogramof R'Y
signal ratios for the BRM conjugates of Figure IB

7] Figyre H C.is.a histogramof R'Y signal ratios
013 b T 2 BB B e S erd it s The o
BRMBccmjuRREgefFRiai1ogr am of Figures HA, HB, and HC

[0119] Figure 12 is table of experinental sanples

used, [0120] Figure 13A is a graph of 2-pathogen
Wlﬁ%ﬁls'p'{eéﬂfiﬁ@a BER af dntensiey Y09 IpntEtpaecasBientsiog thiph
- | .1 pl exi ng results; DETAILED
BR%E%C&%%%F%Rﬁ%%Q$ PREFERRED EMBODI MENTS [ 0122]
Referring now to Figures | A through 4G there is shown
(0135 tRagure Sy Atie mId0ogramodf IRIY reigriab ragiop fexf the BRM eotjoghtaeot
£i0f jfie present invention. The test system 100 is for
B¥e“With a buffer 50 to test for the presence of
target nol ecul es 46a, 46b, 46c¢c (46a-c) of one or nore
[011€Rygire 1Y PasSa hibt@grim G GRinal £%bs $RNBE BRM coriigatbL51
. system 100 preferably includes a first set of test
Fightsi e ul es 102, a microfluidic chip 200, an irradiating
devi ce 300, and a detection device 400. The test

[01 8% Fi A 198 ;ak mt@r%e&q@#x@ap}mg%rw %@1 g%ptg%Qes of

encasing the irradiating device 300and t ron
FigdendiCce 400, with housing 500 being sized and adapted
for portable, hand-held, and point-of-care diagnostic

[Olﬂﬁ %‘ig\lrg }gﬁ ]is e! rr;\te{ggg %?stt(i)é)rgmto? F}gtjl?es%)f% Flrﬁ, and 11C;

[0119] Figure 12 is table of experimental samples used;

[0120] Figure 13A is a graph of 2-pathogen multiplexing results; and
[0121} Figure 13B is a graph of 3-pathogen multiplexing results;
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0122] Referring now to Figures 1A through 4G, there is shown a test system 100
according to a preferred embodiment of the present invention. The test system
100 is for use with a buffer 50 to test for the presence of target molecules 46a, 46b,
46¢ (46a-c) of one or more target types in a biological test sample 40. The test
system 100 preferably includes a first set of test molecules 102, a microfluidic
chip 200, an irradiating device 300, and a detection device 400. The test system

100 also preferably includes a housing 500 encasing the irradiating device 300
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[0124] Preferably, the first set of test nol ecules 102
is selected froma group that includes bio-recognition
worpdoeoies 106a, 106b, 106c (BRMs 106a-c) and PCT/CA2007/002317
conj ugates 126a, 126b, 126c¢c of the BRMs | Qa c and the
. target nolecules 46a-c, if present in the test sanple
40. [0125] As best seen in Figures | A through 1C, the

Vs .106a-c  ar.e on rnor M types. Each of the

and B e BnC 8GR, SR TR SoPERbl DR angneastied i
porka¥ & @hnd Y¥P@Sand53G -G cald\@a BRVE: 4Q06a- ¢ preferably

i ncl udes a m crobead 108 tagged with one or nore BRM

fl uorophores 112a-c that are coupled to the m crobead
H“%ﬁé&£$&¥ﬂ§@#ﬂh&§w%%hores 112a-c preferably include
one or nore quantumdots 112a, 112b, 112c of one or

[0179) PR ErABIL WR GIO st YPRSt mbR SSRGS $8S0te PRI Jesﬁgtthat
seen in Figure 1C, in the quantum dots 112a, %12 ,

incluges biayedognigibnt welamlesp il @ag uHIGbu r0dot (BRMpe d06a-€). gind
ted nt ym.dot s 2b d 1o uantum dots 112a.

confiis? ﬁg?aeﬁ%bf T ?ﬁ%@aﬂﬁ%ﬁw& £ fTgetemplsgules Garg i

pﬁgﬁghpgmmgggngﬁwqﬁescent dyes (not shown) of one or
nore fluorescent dye types. [0126] As best seen in

Figures | A through 1C, the conjugates 126a, 126b, 126¢c
[012 é\soesh prenon Higitres d dnthirpehel € the $RMe 6 or are i omei arg

i fferen e the BRM t i n_conjugation
mob IRl 130 o B HiM st VR Y SaBinEfin 2 of
the 12@ay typ2HbEach2BahaBRMRIIOELE ablryrabBSificlliiéia AlQUbealiOios

mcronmeters (mm in size. In sone enbodi nents, the

taggeshviigares of 26ere BRMplucroplorany12ec et sare ranplad oot the

- LR 1Sk Z n less than abqut mmi.n size.
wicsh 19 e By T XROsockRes adAFe BPRMaub AT of St rertc
quaR@ah dofs e 1C) il UG Bhe drB8se Bim 4866 p&. IR sdhELaLdes

a targetmarker fl uorophore 130 bound t0 a respective

andopfebesf sqenen tFiguge flCnisl Beuestas dots 488, 148 11RONRY [be Ay

best seen in Figures 2A and 2B the mcr uidic chip
t - g, re
wozgxg nbc}refqé,nrag Y Jo¥ types™— ‘e.g., reg quanpum A Qﬂb hnd yeﬁow
quantum dots 112a. Alternately, the BRM fluorophores 112a-c may include one

or more fluorescent dyes (not shown) of one or more fluorescent dye types.

[0126] As best seen in Figures 1A through 1C, the conjugates 126a, 126b, 126c¢ are
of one or more conjugate types each corresponding to a different one of the BRM
types in conjugation with its corresponding target type. The conjugates 126a,
126b, 126¢ are preferably less than about 10 micrometers (um) in size. In some
embodiments, the conjugates 126a, 126b, 126c may be less than about 5 pm in
size, or even less than about 1 pum in size. Preferably, and as best seen in Figures

1A through 1C, each of the conjugates 126a, 126b, 126c also includes a target
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i ncludes a chip substrate portion 202 and a gl ass

slide 250 underlying the chip substrate portion 202.
wab@sohipe substrate portion 202 is preferably PCT/CA2007/002317

fabricated from pol ydi net hyl si |l oxane (PDVM5S), which is

shaped to define one or nore el ongate sanpl e channels

204, and one or nore flow focusing channel s 220a,

The f|OMIfOCUSIn channel s 220a 220b

maﬁ‘?% q‘“ﬁ’f?ﬁeh? 0REHIR oo FSREUIE R Pairses seolpfulds o

asrsabPl e channel s 204. Preferably, the chip substrate
portion 202 is additionally shaped to define a sanple

242, two buffer wells 244a, 244b, and a term na
[olg\gm@ bosh secRencliguTep @hog)d %@ the sticrofuidiq shipi2gQ peefexably

na assa
inchfifs SR Su080NEB0f O B 320 D25 AG, RRSRE I
subsfraEI ;guﬁels 2210\ tThe Z&ip §1h$tr§ﬂf’§mrﬁoﬁ hennep iy ifaskdide a
sanpl e su channel 206, and a sanpl e focused

fropy, gphrim 1 sitigxang (PAMSYnvhish catshapedata idefiree Osanqyl more
coRHek *Péﬁa?%%%%%%oanﬁf SP et Bl ns fsha

ZZCMhﬁBﬂﬁ{ PR ow Focising YURSIHEBDNY, 226 arelif f18iddonERthi®flion
lgenerally opposed to arrow "A") of the flow focusing
W1l

hrigest ong xthe 22mple trandaPfite Hreferabis tbha‘hlpekulﬁﬁstel s
U R SR AT

2443 ) 1e14b Qi NAIminEl WelPAB th&e@d] acent to an end point 216
of the sanple focused channel 208 - i.e., downstream

i.n the direction indicated generall by arrow "A") of
01 ‘P%W‘?‘-’Bc‘ﬂsﬁﬁ‘g’ecﬁ%ﬁ%P@“EEG&a“mMe%@ t@e@ﬁ?ﬂien
P e L PO R R e LM
thessabgle aiaanplorit dncl2d@ a shivplec hgmpnelchavalel 206 8hdi nedmipie a

channel partion 282a and two opposi ng side channe

fOGE%aﬁhw%%n flnid gramurisatipny it Higrsampls supRly rard 206.
rhesganqﬁe 200 88f i %%Eagﬁr;}tgﬁ%tg Q;m@a ek POLE 99 f3RP Bl ke

sanpl e focused c
supply channel 206 - ie. upstream (1.e., in a direction generally opposed to

arrow “A”) of the flow focusing channels 220a, 220b. The sample focused
channel 208 is downstream (in the direction indicated generally by arrow “A”) of
the flow focusing channels 220a, 220b. The terminal well 246 is adjacent to an end
point 216 of the sample focused channel 208 - i.e., downstream (in the direction
indicated generally by arrow “A”) of the flow focusing channels 220a, 220b. As
best seen in Figure 4G, the sample focused channel 208 is defined by one or more
elongate channel walls 284 of the chip substrate portion 202. The channel walls

284 include a top channel portion 282a and two opposing side channel portions
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[0129] The flow focusing channels 220a, 220b are for
oper ati ve passage therethrough of the buffer 50. As

whe®s/osaen in Figure 2C, there are preferably PEDCAR@N002317

focusi ng channel s 220a, 220b, which adjomthe sanple
channel s 204 upstream (i.e., in a direction generally
opposed to arrow "A"), and from opposi ng si des

)
82 of. S d . Wn
282 {
AR B Seon LRGSRTRNE o OE HRR A A 5 eBron PR
poition@8thbifthe sahple Focngedodianhel 288ta, 214b of a respective
one of the flow focusing channels 220a, 220b Each of

flaw focusi ng channels 220a 220 djoin th
018 e A A 2 GhE S 0 ORI A APDIPe(oe Passate

thek R oRigh SHHBVNEE A5, YA DesPIbOW Fiiire 2, E{egé‘&%?rgf@fagf}dm%c)
of about 90 degrees (as shown in Figure 2A), about 45

flogefpcasing (chentds 12282 6220bn whidu rdjoRClhe sampleotivemels 204
otentjal |y advant ageous adj oi ning an "E'. As shown

le "E".
UPTTRAR Gifrel” 2 AdEproB prenerRlly s QRPISPAvior He0e R )c RRANEP
i r I bR e-dzha 0.
opét%g? sideOBsRLBIETRRLY AHbRI PG SANRLE: fk@%’g&éﬁoﬁm

common | ntersection portion 230. [0130
Figure A guacteb@€r wde24ao,f feb isS0ljexnt to of udfer blaetirfg oint 214a,
eratively directs a

ocusi ng channel s 220a, .220b and o
214&% H kespcee gpe 8§Pﬁefﬁw §CutiRg RS R R0k Engpof the
N f : i5g... Lhe
flote N Alank 825028 0R N5 éﬁnﬁb%aﬁ%g{%eﬂ@ezgg at hag\n

sanpl e Tocused channel 2 8)’- prefer
adjainong arfplle (ws dndinatd gendrally) bylavwost 1 aim Fiflireo DAt i€l BONGION
ection portion_230. The buffer 50 al so

ﬁbc!é‘gte"?’%w 25 PRENE P'hFistgh 2 heAbSah AP dlepises Qsdbesh senen
i . . 1 b | i /2, //l f
Flga@zC)A%" éBﬂE)?ﬁe‘l“ %B%E%W%D\%H@éem : athﬁnirng éﬂ%ie % ?@%&P%\?\I

ar r ows I’n” Figure a buffe
in Figtiees(20s ahd diBc ahe twg dlvar &bduyingychanmadn@20aDi220b HEREpblOf
the buff%r 50 is @g ically higher than a test flow
adjpin;the sample chnpgls @ g‘mmqrymgvsealﬂ%ww 283 the test

nol ecul es 102 in the single-file stream 140. The
[01801 79 shofvinli® Flk €Mt S0xiadt@f 1l NG fRuSARBhMAnpBt h

220a, 220b and operatively directs a single-file stream 140 of the test molecules
102 through at least one of the sample channels (i.e., the sample focused channel
208) — preferably by less than about 10 micrometers (um) downstream “A” of the
common intersection portion 230. The buffer 50 also operatively flows through
the sample focused channel 208. As indicated generally by the relative lengths of
arrows “B”, “D1” and “D2” in Figure 2C, a buffer flow rate (as indicated
generally by arrows “D1”, “D2") of the buffer 50 is typically higher than a test
flow rate (as indicated generally by arrow “B”) of the test molecules 102 in the
single-file stream 140. The single-file stream 140 is directed along a sample path

(as indicated generally by arrow “B”) that is preferably in spaced relation from
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(as indicated generally by arrow "B") that is

preferably in spaced relation fronthe opposing side
web@snaii4gorti ons 282c, 282c (as best seen in FPQUCA2007/002317

2C), and fromthe bottom channel portion 282b and the

top channel portion 282a (as best seen in Figure 4G).

[0131] Passage of the test nnlecules 102 through t he

u abI CI|I te
e R R R RIS BEaR R B e 2 B,
frointhEbgtte hBhnd hertioasis2b Yad era tl)QQhﬁlﬁrﬁafl 96&%%@5 &R best
includes a sanple well electrode 262, two buffer well

seepipBigHiRs- 264a, 264b, and a ternminal well el ectrode
266. The positioning of the el ectrodes 262, 264a, 264b

° 3 : :
15042 e A O BRI SRR
is pogferably faeilijatebby bleonaldnétit fidve sanpl@glyekhd 24 Best Bashin

buf&sr wel |l el ectrode 264a, 264b is operatively
Fightss it th &t pystand 00 preferably pliceinclieey & sampls welkialsetropige

2621 BFSHEHR: Wi élecﬁoagﬁf %6@9 &40 ?8%% 5?’:&%9%:;‘(@41 CdQ8 F%é ofgd

In the term na 246. e sanple we
positiedy oflthe2B8& ticsleo P62, Abda/ Obdb anpRbs athyViel best appretibted
electrical potential of a first polarity. The term na

frogieq FO’EF‘EE%Wd%f Bgeres 4Dopnsh 4E.i \Téwa%lmﬁpwreléele\ﬁxrm ge2 is

orsfanso Sl ILSDC| ", 0 RERGSBPuEE RS o

264b edmira h/s&lyypc&ltmbﬂ etlond dthhabhffdrreklgbesd pigpalThep@éaihd1al
of the first polarity. Preferably, the third
welk pleetfodeip issmernitvely Poskionedyinepe forminal well2i6.st

el ectrical potential, with a ratio of the third

[01%] bk rsa@arﬁ?ie VROt SRtk 262%5 @ﬁérﬁﬁvél sﬁﬁﬁleﬁ IFifd a gis?@lta&h&ﬁl
potential being about 1.8:1 (9: 0133] Preferably,

potetiial tadst fifstopelaritye TR t@fmtxddewelégﬂecngdedéﬁ ds opeatively

e SI | e-fi an114 i.s at |east about thir
surphes %985 Srpid et SHa o ananpbS ey PeRERAU
bufted e.vélﬁatectfdc@%mt Bab Bs oﬂﬁxu@é}y ahpplRAs €v1tﬁb£%rc15éléét%cal

(60) test nolecules 102 n1nu¥ Preferably, even

potentighef thegftst polantyr alfreferﬁlys tbe third db@utalfpomnal is higher
than the first electrical potential, with a ratio of the third electrical potential

relative to the first electrical potential being about 1.8:1 (9:5).

[0133] Preferably, the test flow rate “B” of the test molecules 102 in the single-file
stream 140 js at least about thirty (30) test molecules 102 per minute. More
preferably, the test flow rate “B” may be at least about sixty (60) test molecules
102 per minute. Preferably, even higher test flow rate “B”s — e.g., about five
hundred (500) test molecules 102 per minute - may afford even more

advantageous utility.
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hundred (500) test nol ecules 102 per mnute - may

afford even nore advantageous utility.[0134] As best
W@ e@n/07414d=i gures 3A and 3B, the irradiati ng deRCT/EA3DD002317

oper ahvely delivers el ectromagnetic frequency (EM)

radi ati on 302, at an irradiation position 210 (best

seen in Figures 2A and 2B) along the sarrpl e focused

, I n cul e 2

oL R 220 A o el P B B
del3efd eRytromagnigie ABqidnt) JEXMK)asadd@h S€ENat AnFirgidi/PHrdE

and 4F) and/or a |aser 310 (as best seen in Figures 3A
Posifiph Z8)(besy S%ﬁs@r\aﬁlweq; YA @Rft2 ﬁ@nmﬂe yaacile focypedBgmnnel

P ef a n
zosbgctﬁ m%g%%g o uwg k&?ﬁ{olﬁgg?% [he eaﬁ %ﬁgﬁm% O@n
irradiit@g pleefce 3ab nyay iaehiean 1#post?2 (&Q bE@Ns@d}dmathMes 48 W

Preferably, the EMF radi ation 302 nay have an EMF
AF) g der edepeh 3 (aab@meemse Fﬁﬁﬂres[@islst} Sﬁ)stom@gtangelermmﬂme

[ t C ecules 102 em

eMF 88 3. (aent M bER o1 Bt e G Y er B 9 ReatsRon
aboa®2 me gmatftg GOS8 AER1t BO h\0f arddBofeg st feFBLE SRS A0Sut

i ncludes a distinct fluorescent spectrum’726a, 726D,
20 p¥6anq akous @5 tmWe direferabli, o BYF 2adiniGov @) hay haacin BHE

e n e types. Preferably, and as best seen
Wa&elerﬁ%ﬁf?%gbg%%tén7c after absorption of the EMF

radi ati on 302, the BRM fl uorophores 112a-c - whet her
[013p) avsthent e tn HigRees 3ALBIBC, fHE2estariolédularios et fludy&serdaot

a'ﬁlg - emt at |east a BRMpart 604a, 604b, 604c,
304 48T AR T%?rg‘éftﬂlﬁe?ﬂ\ﬂ%ﬁdﬁfrtl%‘r%’ﬁhé‘}héf&@@séﬁﬁc? 30404 thegegt

1 u e I

o S0l LI LS RSB S bl g Al B

seemin FigereEVA toad)) adricach 8020f thd b@mh@tzg@tpe@ aIPrTefeﬁéMjEl adfid)as
have_a_l ower intensity than the BRM part 604a, 604hb,

besgrgan in Bjgugen 841t by %fgeééh%fépmofdbe ENG rafliatiomad, the BV

S ESODt SOOI, il 190, FEEE LB sl gl
(noﬂ_él’iba\;n) Lléhhit at least a BRM part 604a, 604b, 604c, and the target marker
fluorophore 130 emits a target part 604d, of the fluorescence 304 of the distinct
tluorescent spectrum 726a, 726b, 726c after absorption of the EMF radiation 302.
(The target part 604d may have a lower intensity than the BRM part 604a, 604b,
604c, of the fluorescence 304 of the distinct fluorescent spectrum 726a, 726b, 726¢
for each of the conjugates 126a, 126b, 126¢.) The BRM fluorophores 112a, 112b,
112¢ and the target marker fluorophore 130 together emit the fluorescence 304 of

the distinct fluorescent spectrum 726a, 726b, 726¢ after absorption of the EMF

radiation 302.
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112c and the target marker fluorophore 130 together
emt the fluorescence 304 of the distinct fluorescent

WGEp@snT4me 726a, 726b, 726c after absorption of PETIEAENF002317

radi ati on 302.[0136] Though not shown in the figures,
the test system 100 may alternately include a fiber
optic cable delivering the fluorescence 304 to the

[013‘3?1}‘?8&@0 @ndv?ne intt Q0 Eé&)‘% %\Q%&” yst%' | ¥0(F‘rr{a ‘%r%}natr@%

OSI e Sa

inclh @€ & sbek (ﬁ:hﬁ&ﬁﬁlb dzﬁaénng[tﬁé- ﬁﬁ])reé&:n@i&o-’mﬁ tb@‘&étectlon device
apprecjated froma consideration of Figures 3A, 3C 6A

400 Jpan pabgantially ayhacert [othedexadisgionqepsitioni 210r Get plong the
m 140 for the fl uorescence 304
R Lo

st nol ecul es 102. General ly speaking,
the detection device 400 identifies the presence of
[0137hé&s cony bghee sippREatedl26d, 2 d@Bilerationhe Higures 3828C06A
| ecul es 102 %¥9non|tor|ng faor the distinct

and 7475, the AHHHCHEp sl e dY S 072 B, ST sseaB 0 Gudhe n
ﬂuoEésgéHc@%OZ’%rﬁxﬂec? (‘% &k £ahoRAG O h%eﬁgamng%g&%ﬁﬁ%ew o

best en in Figure 3C
deteﬁbﬁ@n uwcqoumf:emﬁiey thapleaatee ay elcadonjigatel a2aad 161 186 Sn
410a, 410b, 410c, 41Qd (AFDs 410a-d), a_ _charge-coupl ed
the dizgfi tob of 2est mAkrdes bk bBrm%‘F%mtSr f% %\érfgmf gtescent

a e
PRI, TR ThcalB Bl dpRl o B ARty
conjhf@@te typeef er abl y, the detectlon devi ce 400 i ncl udes
two, three, four, nor e APDs 410a d nonitoring the

i file st 0 for the
0158} AP sy éﬁ%ﬂ#%ps@%ﬁ eries O ForerRD npede
avaBA@r-ghotstieRicRir 8] Mosdast athd @quqoaaa), araﬂaﬂget%m;uéd/

the presence of a di fferent range of wavel engt hs -
devige ¢29, dgidirs C(rm:ontr mhmmya segs@e n@GRdyny elol BWwo G0 or the

Smg?er- 1 e%trea 021%0 £5F thé %gogzgézegcg 508, een%ttgcfl b\}lfvat}\\/ee te%t I%Oft‘ecules 102
Preferably, the detection device 400 includes two, three, four, or more AFPDs
410a-d monitoring the single-file stream 140 for the fluorescence 304 emitted by
the test molecules 102. Each of the APDs 410a-d is preferably adapted to receive
and identify the presence of a different range of wavelengths - e.g., blue (not
shown), green 602d, yellow 602a, orange 602¢, or red 602b ranges of

wavelengths.

[0139] In some embodiments of the invention, a first one of the APDs 410a-d may
preferably be adapted to receive and identify the presence of the BRM part 604a,
604b, 604c, with a second one of the APDs 410a-d being adapted to receive and
identify the presence of the target part 604d, of the fluorescence 304 of the
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[0139] In sonme enbodi nents of the invention, a first
one of the APDs 410a-d may preferably be adapted to

wo e@meiova4@nd i dentify the presence of the BRM PEr/CA2007/002317
604a, 604b, 604c, with a second one of the APDs 410a-d
bei ng adapted to receive and identify the presence of
the target part 604d, of the fluorescence 304 of

. t.hedi st fl t 72 726b.. 726
oA ShRR LR 268E 790 YRR Rl
1268hzadi NBNSEch éBodRCARM HaNgcoihd e ARRS ARSA4thalBYnay

preferably have a greater sensitivity than the first
prefmigblpfhavhen pPBEeT 420%tivity Wivey thet fisst dek eaft the PATIRY 48@n-4.00
di;tional.ly jncl S .a..ch e- coupl ed device. 420, .it
Whr%fgey{hael ki, defice _lé‘ggv*&_d?{:“ﬁ“a 7 Fciist i %%%QE‘PLCLél’e%éV???
20FRgHES ado) intRide SIVbI G REaREUBL R PRPIEA iMBighhesC) for
single-file stream 140 with either the APDs 410a-d or
switdengo beirvgen swmiforng des siogle4i1e strp0n 49] with eitter dbaiAdDs
nd thouygh not own, | he figures, the detection
ﬂoa'edsﬁ"cee %%ﬁ%?p?%cﬁ&gqg&ser ies of one or more trip
sensors. Each such trip sensor may preferably generate
[0140] disgifbmbaid, griathoagh Mes BEsVeh BYtHeO@ited, HhefStbinonSlde
802b, 802c (as best seen in Figures 8A-9) of the
400 mapninslide A serieoef ong or e FimERBROTSh EafthsuchdHip yersbr g
: LS - of mi.ni [
Pttt ESREE LRI B RofbaRR St I LB N Ry 58w, 0
(as pese be@nah Figube -9\t desflirbdredcedol firit enly Wher e tRedsimed
nininun1trh§ intensity. The series of trig sensors nmay
of the Hpeiessnee 194 inirexrrye 8f # MIBERER &l intensitie Se@niaiprignsor
: der...of i ni rhp in itjes, [0141] ln . this.
in Qe SicR o) TR (R LRVERR WS o PeBek e o

mirifent @Ripgetensigl. et sefiesAasip 46BorsABSy pivfdriigy begira he
40 Preferably, the test system 100 I1s particularly

ascendingper degrendig axtenpf s Buem P densiffgt um  and serum
test sanples. It is intended to be used for diagnosis

(01491 14 e GldralS tll 8RASR%em DM idinHAks BACHREIRE oHIRLASSt
states, viral disease states, fungal disease state

molgadfotoay &t ¢bc inmidhadend sample 40. Preferably, the test system 100 is
particularly suited for use with blood, urine, sputum, and serum test samples. It
is intended to be used for diagnosis of infectious diseases, and/or of bacterial
disease states, viral disease states, fungal disease states, and/or vector-induced
disease states. In particular, the test system 100 may be particularly useful in
simultaneously diagnosising whether an organism is infected with HIV, HBV or

HCV.

[0142] At this stage, it may be worthwhile to specifically note that, in some

embodiments falling within the scope of the invention, the test system 100 may
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di sease states. In particular, the test system 100 nay

be particularly useful in sinmultaneously diagnosising
wob@slari4@an organismis infected with H'V, HBWOF/CKEN7/002317

[0142] At this stage, it may be worthwhile to

specifically note that, in sonme enbodi nents falling

Wi thin the scope of the invention, the test system 100

p I de it h r.ef erabl [ f or.

e FRURPE ML ol (PO PLE SRR ke S bl
afopidnSiondd@&impdhenfpgtts. OTh X apd €or dBeple She BYSeRMLID

may be provided without the test nol ecul es 102, though
may tbeypgtidesh ithoge thettesidaelesdes 492 fongh dampight still be
S lar | .he t est 0 be aovi ded wi t hqut
intdlddh B bl whilCealES! BB TN B 2B My B oAl
withitasheddr inftge dEMHeGRIcEIRidia BklptoDe HeteLdiiely difYde0e0,49E -

t hough, of course, it mght still be intended for use
thegletestign gevicEdP0 extaerahe of apere it méshtesil] beyistended dor qss

.provided w.th,nei.ther the irradiatin eyi ce 300 nor
wile e P P BB ot {ER bR P PrieH i Aol B
irrdfidting 0 REBLO REr te ddbaiohn@vabdoglat a6l IRNNERMEE or3@R,

_400-@&0143] I ntroduction to the Method [0144] In
with@acombined érradinting and detediontdeyingdift #¥h t here al so

di scl osed a nethod, inter alia, of focusing nol ecul es
(014 1tha6adddoRls ut Mefifogl OF the presence of target |

nol"ecul es 46a, 46b, 46c¢ of one or nore target types in

a biological test sanple 40. The nethod preferably
[01#4) dn @aessdance aviBRVef rresenh inventen therg alseslisclosed a method,

ol -f or mi t ter .the BRM forni t -
el G PhETHODE BASTUE o i i 1651 [P gy o bsper”
molebftled £l 46 heCH | B bd EBrd thr$dt @Pbes in & bRIGSi&N tdst QWS 40,

st ep,
The method preferably includes:

- a BRM-forming step,

- a test molecule-forming step after the BRM-forming step,

- an electrokinetic step,

- a sample flowing step after the test molecule-forming step,

- a buffer flowing step,

- a sample focusing step after the electrokinetic step and the buffer flowing step,
- an irradiating step after the sample focusing step,

-a ﬂuoms«:ence—detecting step after the irradiating step, and/or

- a conjugate-identifying step after the irradiating step.

[0145] In the BRM-forming step, a microbead 108 is tagged with one or more
BRM fluorophores 112a, 112b, 112¢ that are coupled to the microbead 108. In the
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- a sanple focusing step after the el ectrokinetic step
and the buffer flowng step, - an irradiating step

w@bdoen74ile sanpl e focusing step, - a PCT/CA2007/002317

fluorescence-detecting step after the irradiating
step, and/or - a conjugate-identifying step after the
irradiating step. [0145] In the BRMform ng step, a

i.crobead 108 js t w.t h.on r_nor M
esf AR EAE0E 4 AOSEH MkOaENFoPbrd BEForbl tormed iy
intdBaG AR eadelBrker MubRGIHRSds 130! SAUBTRNME QUEH-O GofSdrePor TbR:
test nolecules 102 are preferably fornmed by

BRMntypes it e biglogieal teetrrewle: | kash ob erifM 18pesan eorravble

.106a-c (of an r.nore BRM type into,the biolo
with gl o ARt R Fradenay 5 Bhet oS Fudafh 8% R,
is Prefe@ S GbhjMBaKEBinahblk NItk JRE: h¥ReGnd/c2Nd) dhahé arget
mar ker” f1 uorophores 130 is preferably

typewnjAsgsushe fbihadatget maledulesrisaofbtnmite afaupedsont @ e topt

seriils, b8 4 gt Bl a0b el onlizpiee TR 0 ABa AT P ERMzs.
10640 @fitabstr HAKENGhMHEph&GRNh D %&&h&@ﬁ?et héfiluled 46£ 406,
the BRVs 106a-c, the target marker fluorophores 130,

46canbrefarably athg etonjughtes URes 126, 1246 ormedcin the gbsrmablegyle-

‘ t he conj%%ak$s ﬁ26a 122@, 126¢ for Ln the test

oripifiee StfPefGr Hithdh et dpoul &V BT Wivlutn fipe  In some

emBbGHRARY ﬁ{escoﬁf&lglteb Ro&d, 186b, 1 S0 R LAY VB tRan LSt 5
conj ugates 126a, 126b, 126c fornmed may be | ess than

uabcire, & aven lass giapepoolrl emen sizes $he banugrbesi264, 186h, i1Boc

i ze.. The conjugates 126a, 126b, 126c so. forned _ are of
50 gREed Fr‘h‘bfrcg‘eé;érﬁ‘%ﬁ SPUUEHOF S A CUBTPERHBAIP ﬁém?‘ife%‘

ondbfthEBRIE Béﬁnqgmhgﬁloﬁ%ﬂtﬂ Bf\@%érr.bﬁ)oggmgl-fgx%te{ %E.Wi th the
correspondi ng target type. [0146] In the

el ectroki netic step: éi)_a first electrical potenti al
[01¢4] Ig the elegtrldnietie step: (g a digyslackirat potepiial habird rolasity ¥

chapnel., 206, j.e. .. upstr (ke directi .
oA 8 e Splsc Sy bh P G5 Pt R (iR e iy
gerehad N2 Rarr@20R) §f) tha flsrcondig éahnéle aboaparmnti)al

of an opposing second polarity is supplied to the
second electrical potential of an opposing sécond polarity is supplied to the
sample focused channel 208, i.e., downstream “A” of the flow focusing channels
220a, 220b; and (iii) a third electrical potential of the first polarity is supplied to
each of the flow focusing channels 220a, 220b. The third electrical potential is
preferably higher than the first electrical potential. A ratio of the third electrical
potential relative to the first electrical potential is preferably about 1.8:1 (9:5). In
the sample flowing step, the test molecules 102 are passed through the sample

supply channel 206. In the buffer flowing step, the buffer 50 is passed through

the flow focusing channels 220a, 220b, adjoining the sample channels 204,
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sanpl e focused channel 208, i.e., downstream "A" of
the flow focusing channel s 220a, 220b; and (iii) a
wao biosai7aahkect ri cal potential of the first pol arP€HCA007/002317
supplied to each of the flow focusing channels 220a,
22b. The third electrical potential is preferably
hi gher than the first electrical potential A ratio of
petrical potent the fir
o7 G b e Suind Beo PSS BRki ll sBRR 106 48
102I1§1 dirBRed BERh@h the QPR 588Bd chdtthel ﬂ&ibﬁ@s@ﬁﬂ&&h@lﬂiﬁe&f e
5Ogassed t hrough the sanpl e supply channel 206. In the

ehfteie favofdengng tegnnelsi?@0h 2l ints thy smple é@dsqdhq&@n{‘;ﬂ

w focusin ann | s_220a,
2051 e T O A PP a0 s D B B eflg ¥
is d¥e8Pd aBngian@pid ﬁ[)itﬁ 8t A HAPaeld fiRichefdm &QJ ﬁ\g
102 is directed through the sanple focused channel 208

51d¢a§hapaslswgleor§f28£dﬁ32bdfcm the30p ichenmel mhbh@ﬁﬁfa‘ @n@uénongthe

oG85 UFRSLIEOHa 87 W R ORAD PHCEY SBRTTOA po

buffed &0 $loh@ifrof the @axﬁﬁfqums@éﬂ@hérﬁled boest assluf@érqnﬂv aata anw e
path "B" that is I n spaced relation fromthe opposing

“D% thet shildghe! thporat fesnBo? Sate, TE20f, thiertesh mbleculesp1@hianthe|

2 d f he bott t 82b
singJp 004 SR A0e T Gt S0P FOHIHGE P88 erg e P RO 497G 1o
the Q%ﬁl%a fQsdd &%ném&n bl Qd;%ﬁlipg %ﬁl@%‘&ﬁ%&!ﬂ@@r& red@fhsat

buffer flowrate " that is higher than a
showstn Figow 2A) eboB 45)fdegrh:es (@sbesmecﬂcm Bgutd 2C], rort fvem

b o S BRSSP
c@ﬁ?@@@ %5595%@& el Qﬁ%b—@xﬂe RS 128 of Fhe 2ROWo1Q1es 102

degt ees’ {as shown in ure 2A), about 45 degrees (as

thrdnedit the emmple fpcﬁsegim‘enﬂ@)’lOB mrfaqiht@ttda)mdhmétdm@m s&pl y
advantageous adjoining angle "E'. Preferably, in the

0 i | g .
e T Gt R T i e
delargdl 1© the egsedleetianne in208 singld fileistredratiat) gryfetrdbdy by a

el ectrokinetic step, [0148] In the |rrad|at|ng ste
lasqs| 3@ h2 & gh @PPIGLRE BHWRTEHP ahoyh? iV grdapous L m

More preferably, the operating power may be between about 20 mW and about
25 mW. In one preferred embodiment, the EMF radiation 302 has an EMF

wavelength of about 488 nm.

[0149] After absorption of the EMF radiation 302, each of the conjugates 126a,
126b, 126¢ (i, of each conjugate type) emits fluorescence 304 of a distinct
fluorescent spectrum 726a, 726b, 726c. The target marker fluorophores 130 emit a

target part 604d, and the BRM fluorophores 112a, 112b, 112c emit a BRM part
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delivered to the test nolecules 102 in the single-file
stream 140, preferably by a I aser 310 havi ng an

woep@sariimg power of between about 2 mAN and abopdT/6@200Wi002317

Mote preferably, the operating power nay be between
about 20 nWand about 25 m\W In one preferred
enbodi nent, the EMF radi ation 302 has an EMF

L1 R, A0 OASALRL  Sotpnar

conjldfl type?6C (| e , of each conjugate type) emts
fluorescence 304 of a distinct fluorescent spectrum
726a, 726b, 726c. The tar ker fluorophores 13
01585@1 ths fugreepariecBemeeP. gﬁ‘a ST 5 BROFFIDIAD prigpPdore
for h&gﬁscegiéez@ﬂfi é;gf&dem thtcBRMoR211-6Q68, T804R0r&04 ke 304
the distinct fluoréscent spectrum 726a, 726b, 726c¢ for
emiget hy denjouahes 194e 1260150 fis prefdraidy received by two or more
fl uorescence-detecting step, the single-fjle stream

APy s 5P R SPOTR) ABPB 4enid E-csneand IeRB B e
e c S f 3 e

BRD%Ihégrct: cfr'r%ﬁ g%dt‘Lgs 6 ngh%% 8 F;b ‘ég‘} e%%?gﬁ%l&r g’é k(gfl}{'\a/ed
fludDyscénad 304 ofthie ehsﬁli-lasﬂnﬂa}@@exd spemrarh 7Réa, g6 mbcsfef;mﬂ of

APDs 410a-d receiving and identifying the BRM part
the mﬁgat@dgéa 1860 d 266 P igratelyy a‘@tﬂL‘ﬁ’éﬁ’sFerGB @gtl emitted by the

V. t

con R T ot 0B bl B e DS g sl b eFlaB] SEE
furthen jiu gad Ssordd6dge- cﬂe?&bng fk%ﬁ theAlh@estahe@l 304 dofiied by the

fluorescence 304 emtted t he conJ@ Ig%at es 126a, 126b,

P

conjirggies efip. bedbr ke .%cbeoa?leahmar@éwe‘é B ARDY iea-d 2he
Cha%Ie by leHrdE%‘é‘é%zéﬂArE‘rﬁcﬂﬁ fl uorescence-detecting step, the

uorescence emtted by the conjugates 126a, 126D,
126c may be selectively received by the APDs 41Ca-d,
[OlﬁlhEir@H}ﬂr 'geﬂuﬁoupﬂljesiatdédﬁin@éfiﬁ&memrthbomlhsenff@wli}\e target

molsilletee 4 Aan F BT P D ét fsed e, kR st
flucir@s%&nt%ﬁéﬂ&'aefzéa{? 7b6b, Vm 1k el BFjuphR By bl & girsddanct

[0152] The System in Greater Detail

[0153] The test systern 100 according to the invention will now be discussed in

considerably greater detail.

[0154] The test system 100 is designed to test biological test samples (i.e. blood,
sputum, serum, urine, etc.) for various conditions and infectious diseases in the
host who provided the sample. Infectious diseases tested can include, but are
not limited to, bacterial disease states, viral diseases states, fungal disease states,

vector-induced diseases states, and combinations thereof. Testing is performed
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fluorescent spectra 726a, 726b, 726c of the conjugate
types is detected. [0152] The Systemin Geater Detail

W 0887417dhe test system 100 according to the | PUBEAOAR®OM002317

wi |l now be di scussed in considerably greater detail.

[0154] The test system 100 is designed to test

bi ol ogi cal test sanples (i.e. blood, sputum serum
oy g e B LSOO, NG e
40.1 nfecti ous di seases tested can include, but are not

limted to, bacterial disease states, viral diseases

tates, -i nd d
OFarEs kBB nd07 ofE AHErEBP. WeSiTHg g Moteodte
(heP8RITRE MBRIY) @&{]‘Qgeﬂwﬂzesﬁsgs iMR4ecd ﬁﬁmﬂgg?esw hpt 46 1
bi ol ogi cal sanple to forma test sanple 40. [0155] The

The dett mwleaded 482 1:0Q camprpe@fcér alpolyBen niRecdgr tI0Hnwith
reinafter "BRM') conjugates 126a-c as
emp/%ff?ﬁfﬁ\déﬁmmphﬁfﬁsu Fad ?SAquE\nénarf#taéH%@reﬁ@ﬁ a unique

efEQlale at 0388 C QEREL /A r
P 8, Evmte?ﬁ Oérr%gddegl BRM flégo}vg%h%Fg?M\gﬁchma?kgﬁgﬁ?}&erh

mCdeEsa ]:inlmg:moIeewlte ilig baundhioctbie sefeetaf ahe pPadrdlsad 108 by a
bar.cod oci at ed iNIth each BRM The BRM furt her
CafP?fmha ged! h#dﬁ%ﬁt melesdls ren-q e aiget matseluerophere

13096 Hhli®olhe 'Ecpﬁ’@ %Qtekggop%e %1&%59&?1’%68 tﬁro@%ﬁ%ﬂﬂﬁg mbute

target nolecule 46a-c wth its target
llﬁtbmmh(BRMchﬁhgasem&ms bound to the exterior of the
m cr obead 108 through bi ndi ng nol ecule 116 to formthe

Qnj 126 0156] ..More. sp CIfIC
017 pdg(?rengegﬁ wdr er‘ﬁf% "Eh é’] Figais Bé ®10¢” ha@ge e}bf‘aed
emweﬁlm @nbﬂfpasres RAYAN AS y¥EIW QUatuaNESEN A8 SFiddRs 1B
Figures I B and 1C show ot her vari ous comnbi nati ons of

and é shewoether aw@pqse@n(blrlazwsawﬁdec}éuzbw @nd2xsyl (11%) ahdo
yel 1 %af) Ohs an]:)esLenC?orl r%feﬁler%g I;I? lc“lgures CP 5B, oran St ang 812(‘.‘)
,green (112d) and blue (112e) quatum dots can also be used. Alternative
fluorophores, such as fluorescent dyes, can be used in place of quantum dots.
Each BRM fluorophore produces a distinct fluorescent spectrum, such as shown
in Figure 6A e.g. 604b for red quantum dots. The target type 46a is conjugated to
BRM 106a to form the BRM conjugate 126a. Similarly, in Figures 1B and 1C,
target types 46b and 46¢ are conjugated to BRMs 106b and 106c to form BRM

conjugates 126b and 126¢, respectively.
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,green (112d) and blue (112e) quatumdots c n also be

used. Alternative fluorophores, such as fluorescent
waely@s/ 0748 be used in place of quantum dots. BaCTCBRION/002317

fl uor ophore produces a distinct fluorescent spectrum

such as shown in Figure 6A e.g. 604b for red quantum

dots. The target type 46a is conjugated to BRM 106a to

r RM conjugate 126a. Simlarly, in Figures B

Ungﬁéﬁ%%gﬁpgrget types 46b and 46c are conjugated to

BRVs 106b and 106c to form BRM conj ugates 126b and
01381 dggure Sdpetrtvwsve lsyhdn@tis 74f ais emhibdiynen 158 présegtuinee@ive

shows a_schematic an enbodi nent the present =
syl alt | Ve LSl o ISﬁ?éé?@gtﬂfw&q%@EP&edﬁlf@ﬂgw% Py
200C P ARMNG Tde BBV kil st Gof QERLHY_and irradi ating
devi ce 300 and a detection device 400. [0159] The
m crofl uidic chip 200, as best shown i Figures 2A and
[0158, The smigroflyiddc ehip RPG as her shewre impbigutes #4202 3 gpmptsasn
a cﬁp%h?%?atg N 1%%1’1 %ﬁ? ino-lrlh1.ev.=_-dcolﬂr]1I P é’lsbsiitd%%& jI‘ﬁe ¢ Oln.%{lfj Sfr(:"a(ije gf
a*nunper BYRerts an conne€ting channel's. RSUHEWh"i n
corlipr@he &F ABuritie o NeIP hid Yorkttchng Bhnhas. Ushowe InSFigre
sanple well 242, two buffer wells 244a and 244b, and a
2B,tthe riemeplayedhip 20BhasTiawr wehylacsawalle wal 242 stwobuféstweallsat
aml tarting poi nt t.n a sanpl e.channel 204,
2 AP NP e 2 o s e R R PO
sanSetaftid j;ma et el dR@le dGinelH0T) WRich Yas tMEpHY b 84mpl
D%ZIIS Zf a and 244bﬂg#e respectively conne%ted aﬁnpe
supplyf fhannegl28¢ anche sazople farusechanmr] 208, 4milerly,| thebiitrruedliag

2 e P SR S NEIFE S M 2350t 230
to SOMIRDsing eBiGRE! 1208 ardB200M THE dahthlé BSIPIY icRShrlePS0ESB s

buf fer/sanple flow entering sanple focused channel 208
thedlony fospsmmaeianngs 220bemd 2300 aita @DENPM irgerseatinn 330, wid] the
246. ‘Al ong, s | e fogcused channel . 208 i n
res R PR P T G S B ar Pl RS e 207 age
ter€lBMEAL aBRAd point 216 into terminal well 246. Along sample focused

channel 208 is an irradiating position 210 for aiming the irradiating device 300.

[0160] Two variants of the flow focusing channels 220a and 220b are shown in
Figures 2A and 2B respectively. In Figure 2A, the flow focusing channels 220a
and 220b enter the intersection 230 at substantially a 90-degree angle to the
sample supply channel 206 and sample focused channel 208. In Figure 2B, the
flow focusing channels 220a and 220b entef the intersection 230 at substantially a
45-degree angle to the sample supply channel 206. The geometry of the channels
204 and the angle at the intersection 230 is preferably between a 30-degree and a

90-degree angle of intersection, however, the exact angle is best determine by
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[0160] Two variants of the flow focusi ng channel s 220a
and 220b are shown in Figures 2A and 2B respectively.
wo pooBiogure 2A, the flow focusi ng channel s 220aPErdA2@g02317
enter the intersection 230 at substantially a
90-degree angle to the sanple supply channel 206 and
sanpl e focused channel 208 In Figure ZB the flow
S] n 0 & inter ctl on
e SRR PR Hado O L BRRG0BLRIE e 1Bt 2B

bufsdiBp) ¢ veMar tied dRB6d fidheageonetry of the channel s 204
and the angl e at the intersecti on 230 is preferably

0- degr.ee_and ree angl e of
gl gﬁur%%@e&é@ret e et S ah i FTUP [5ease-sectional
schgﬁtaﬁ‘rf B} & me%ge%sﬁ 9@6 ANB ARV ETE ttel?ﬁssgfjﬂ'%n aaﬁage 2pd

er as

characteristics of the test sa e 40 a
bufiez| 30. aThé¢ lgenateldy dédctfdnowd flawetowatdSie Banad! evellFR4guise
2B, Figure 2C provides a cl ose-up. cross-sectional
mdéfef?éd’é(ﬁf@%f’* f??éeﬁeﬂ’f”é&’r %éewaﬁeaﬂséﬂ%@nt famplegiipw along

sa i3 dnnb ?ﬁ)ss@ml&tegion}ﬂ%gmp f fre’ﬂreﬁig él' F gﬁgﬂ%aﬁjx Iy

rectlon of flow towar e tefmna
The hdﬁf@raﬂ@d akhgn@ﬂowwoélsﬁ:qp tles@nki 220a and @AOS tis @adltated by
[ mpl.e flow aI ong sanpl e supply channel 206

directi
aﬂ?%ﬂ& fgsﬂ'éasnsyn\éﬁlx Jttfsr £ Pwﬂé&%ﬁmm@foau%eérﬁbpwéa@%ﬁ
A L Sowh! f is 2 d
ind P HL oFouk 98 D00 B8 A MR e AengY
foctBihgf afanﬁélemoamnﬂlmotsaﬁm&@ shR@USRGpB@anedl 2808 shéwn as
i ndicated by arrows D2 and D. The angle of incidence
E. petween the flow focusi ng channel s 220a and 220b and
the sanpl e supply channel 206 is shown as E. [0162] As

[018) & shub b feDsh BXisithe HBH Hhaw f GRHaLIEGGNAMNEI0B l&%%e

and 220b into the intersection, the force of the
intérjegtipm ghebigfdeart t(floyvaing beifeh® dahmthfgﬂ@mqglsem@& 40rfoom

ol SRR BR o [0, 30k ARILOU AU e e
singlb GHE Strl&m STHOWS FRuA A8SsIRAGT b QRoRtse@RRPHE QR KB Elised
channel 208, illustrating that the flow focusing effect of buffer 50 on sample 40
function in the both directions, subject to constraint by the channel walls 284.
Note that sample 40 extends to the bottom channel portion 282b defined by the
glass slide 250, but narrowly, to prevent adhesion of the test molecules 102 to the
bottom channel portion 282b. The buffer 50 covers opposing side channel
portions 282¢, while both the buffer 50 and sample 40 cover the top channel

portion 282a.

[0163] The microfluidic chip 200 is mounted on a platform 270 as best shown in

detail in Figure 4E. The electrokinetic driving force for the sample 40 and buffer
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channel 208, illustrating that the flow focusing

effect of buffer 50 on sanple 40 function in the both
wa@leoosot41ahs, subject to constraint by the chanpel/Caalolr®02317

284. Note that sanple 40 extends to the bottom channe

- portion 282b defined by the glass slide 250, but

narromy, to prevent adhesion of the test nol ecul es

50 %%%{ige& elQ&Md%g}h h%qggert@? 11&8 c§% 'gﬁ s ]\?\H{ f tg)r 50

e channe i ons
chip eo fnsfufre mhe(i@alarholsaﬁf;ﬂmmu éi@amezreztm Bu@fer mﬁ@ré%hodes
portion 282a. [0163] The mi crof |l uidic chip 200 is
264015t éftboAnd qoteétr\ﬂw rvelly elegtsodeedds. s hownltigs @iéfe:annhalu i

] E. ctr inetic.d farce for t
+piO IR skt REPEBHAE T Bktabiogy afid oM
carﬂés&hb Bﬁﬁfﬂbﬁd ah@b@ff@ﬂ?@rél&\fg tﬁaﬁre\ésédnse dmk\%ls for the

chip 200 shown, there are a sanple well el ectrode 262,

buf f er mell el ectrodes 264a and 264b, and a
101 raieraffyidic ghip P dy@angpciumd AFUdingG @i mosmemethass. s
orEBa Ay SRS A O bt

PDMH; aictohiuiiie thip® @b Opi@fetdtay rfalhRGREACUENE EeBMEnsI soft
[0164] The m.crofluidic chip 200 is nmanufactured
lithograghy ﬁ@mtoéabm@f\m nigelaaues. Ondhotrmasiet 106 d ths edesired

BRI B S L Bl

fabti&d et of (smmmrs Qb@bd SAfil a ldyeh 0g pReYesttt Gﬁ@fp?i‘&fak%t]ﬁééﬁ
t echni ques- Phot onasks of the desired m crochanne

wafshfhearhns éh‘éplmtéb‘ﬁ?}@h’“hmi tqw inthe @photeresist, rlah me@rcbmn A

d te
and]?'%&ﬁoste sl sglgh 8§5rbg%f g‘érﬁ\qla’éa O%V\\%?ge ‘wéa pﬁ’gt a@%‘
oﬁrﬂﬁi SITABK wallirsl aRNih@Brs@d it REnRNILBPESIcSHisidNe aWh) ARP

down, and is exposed to UV light for a brief duration.
PhCFt@uewew‘Prge@tOémUm thep bt bglkti Ahe prastasel are ghent tashrdf with

nanodeve per. to di ssol ve away any
ISOPIRB?%OEEIE‘? éfe nthcom SE6 JtIQ §he wv 1 ght. The nasters

are then mashed MAth
[0165] The polydimethylsiloxane (PDMS) is generally supplied as prepolymer

kits in two parts; part A is the prepolymer and part B contains a cross-linker.
The masters are placed in pyrex Petri dishes and mixed prepolymer was poured
on top of each. The samples are then placed under vacuum to degas (remove
bubbles from) the prepolymer. An incubation period follows in an oven. Once
removed from the oven, the cured PDMS slabs are peeled off the masters and
excess polymer around the outside of the microchannel pattern is removed. A
single master holds patterns for two polymer microchannels. The surfaces of the

PDMS substrates and glass coverslips is then cleaned using scotch tape.
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i sopropanol and dried with conpressed gas. [0165] The
pol ydi net hyl si | oxane (PDM5) is generally supplied as

w@e@pormaer kits in two parts; part A is the pPEpOAywR002317

and part B contains a cross-linker. The masters are
placed in pyrex Petri dishes and m xed prepol yner was
poured on top of each. The sanples are then pl aced

[01%?12%%%%%*#@&13?%%% SRS ST FISE e 498
g?f{ft ﬁéﬁgm bQ@\ RY Phvid Bﬁ)s&H{eQQOfMgﬁdL:@Qﬁe@Q@

pee mast ers and excess pol ynmer around the
areoluhaecdﬁtcofhetchanmrocrf@qhaamedzlemt tued axpczseql enoxyeEn pRAsma.

i ngle ster holds patt r two , polymner .
Iirieg A e P, eSS R ERE 02 RS PR FE PRABBEI
n
e e e el o TP U e i
di s(pbﬁmﬁeh& hamitfreharbelsidedo keepnthkehtdre] watth®s hydrophilic.

?(dro philic. Both the PDMS substrates 202 a I]!dﬂ%}gass
Fingily qeraalbgigees @f §lassdeal Pladeh op ep oh Sipelanpel we mgt4a,

24*4 S8 BT HRAREE: EBmUATARL T8 P PRE L Sinbe of
.into contact to irreversibly seal the two
subst rates together. Doubl e disti I led water is

to. th h IS

oD R ety b SHRAFR i e fity! Sy kGERe 1P et 2

strdhAD? EME(e Rlcésﬁqal% kmgfc Ima)armlwma{ JsStirdidd onto
to

244a, 244 and 2 eep the water from evaporati ng,
the uramlatng; poniiiprt @k rmdage tuf tash @Ctlfmlbfé @@mOV‘{l@a@?]the

sopf PR B2l e OB fererh g auf Futed "
prbdCAUBR GXIF FRmIRIN AhwaRZ, mneahvtessodfcre@%ew a@rahq,mean

irradi ati ng p05|t| on 210 to irradiate the test
alatvdiee@ad e¥hd BEDfcrn ke pgsitiencdtia thamphelobgirsadasendiher in

108, ?‘P ngng% ove. As shown, laser 310 is used to
%P%étboé‘e t4di ation, however, alternative
sources, such as an LED can

[0168] As shown in Figure 4F, the emitted EMF radiation 302 is directed via a

mirror 320 through an objective lens 330 to focus the beam onto the irradiating

position 210. The focal length of the lens can be adjusted along the x-, y-, and z-

axis (as also shown in Figures 4C and 4D) by movement of the chip platform 270

using motors 280a and 280b to align the radiation 302 with the irradiating

position 210. Alignment can be performed automatically or manually.

Automatic alignment is performed by activating LED 312 and measuring the

intensity of the signal, and adjusting the platform in the x- and z-axis for proper

alignment with the sample focused channel 208 and irradiating position 210.

Alternatively, the y-axis adjustment can be conducted manually to optimize the
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al so be used. The LED can be positioned in the sane

| ocation as |aser 310, or in the position shown by LBD
W@ 1®8/0f0168] As shown in Figure 4F, the em tt ePICEVA2007/002317

radiation 302 is directed via a mrror 320 through an

obj ective lens 330 to focus the beamonto the

i rradiating positi on 210. The focal length of the |lens

alon t he | so
SiEERRaR o gl et o ey BN R ph A ufmat
knBb 8id, Q{erﬁ\&mnségawo@&&r&n%%%oﬁmrzﬁm to align the

radi ation 302 with the irradiating position 210.

Ali %‘i‘ﬁa ment can be perfornmed automatically or manual |
[0188} Drrudlisement g%fﬂ?tﬂ qdjusaepta) ﬁ%l%f;ﬁ%@clﬁ PPEE r—lﬁfgrlm@mz
in %%%r Sk B L8 LENShA%, £ olilRes NBhe 3N the tost

a i'ng t ep ormln he” X- and aclt s for oper
m@bdgRNMBNtbeg! Adjluited sapdiLe ftlﬁmtésedmwﬁﬁl@m ab2 B%sﬂﬂdenﬂy

irradiati ng@posnl on 210. Alternatively, the y-acis

a

exgitsrdu M EMFaradinionotu chigdlanunthel ¥-yxie éo‘@btdilﬁﬁnze F,, is
ach BRGNS VBIHE o A BOTRAL|S oot Tl | ed by

€ user roug kno the input
interface 504, or a conbl nation thereof. [0169] The
[0%7D] Tmeetectinddvie dl00, athpwatingndatarfdetdileinl Bgisce 38D gemerathyr e
clearly shovvn in Figure 4G aci

copPEpesficiellegtion 05atlvc@wnﬁlﬁétersetﬁ&us%ﬂ%\Ffaltmeﬂ%%‘;feme 304
frﬁltﬁ&ﬁﬁaté@%spﬁl&&u ghuﬂrﬁg LB KBSHE Qelebford aéstlﬁg As

nol ecul es 102 are sufticiently excited by the
shoadi 1atIi1gme 302 . in&imin aﬂ"doyesc«tﬂte 3}04 ax idsreftod allorgh & tdatecion

F*, is adjusted to account r the size (width) of the
chargie] 43(bbyea BFER™ 6917OF B27 Ofh fﬁ@r%fé%e ﬂgaﬁl i3 é}\‘ﬁwhadd

begxggr,gﬂnwmgr&%@f d;#@tp%moﬂ & tFd Qi BudfescQED Qgﬁésl ¥ directed

rises a collection of mrrors and fil
alatigr cintdnbity etmrtrkle4P2f th woltesgeoepldd Dekico f1TER") 420 which

irradi ated test nol ecules 102 into fluorescence
defrepdnes it Pveeal ipkeasitpf BagRli n Fi gure 3C, i nconi ng

fluorescence 304 is directed along a detection channel
[oﬁpmo@ep{mﬁaﬁw BplitfRioré4Behice fiBRallil HRERET FORE a Tefbidn

c]'tlar?netl 2&_8)61 Wsl‘lereI 1tt p?isse? through a series of bandpass filters 440a-d. Each
filter 440a-d covers a specific wavelength corresponding to the fluorescence
signals 304 emitted by each of BRM fluorophores 110 and target marker
fluorophores 130 in the test molecules 102. The filtered signals 442a-d are each
directed along detection channels 452a-d to APDs (Avalanche PhotoDetectors)

410a-d that convert the fluorescence signal into an electrical signal which is then

output to a signal processor 490 for analysis.

[0172] Taking one signal as an example, a green wavelength bandpass filter 440a

is used to divert a filtered portion 442a of the fluorescence signal 304 into
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beam splitter mrror 464. One portion of the split

fluorescence signal is directed along an intensity
wW@eb@snei146122 to a Charge- Coupl ed Devi ce (" CCD'BRCEHEA2007/002317

whi ch determ nes the overall intensity of the signal.

[0171] The other portion of split fluorescence signa

is directed along a detection channel 450 where it

asses t hrough serjes of bandpass filt 440a- d.
acRaar ek A0 aTRE Cotorghg e Preegyab Al id tre
resh | SENGE s8l H@nS1a3 ol faked
SR Rt R i e e

plaft usingpyebloesbdridPpassnfiltére440bsorangt bendmss filter 430veand red

filtered signals 442a-d_ar ach directed al gng .
bansipast Bt LR AL FETRRAINE AT DABIL{ AU e Ritprt signals

forF%'RQkgﬁ%},e&sﬁéﬁanﬁ%&eﬁmmp M RbinbiRe. il QUCANRE

si g nto el ectrical “signal which is then output
prédiica aSipgttahmpwbixdsis driterf3etefl o dateakirel the If&itFY of Takieng

one si?nal as an exanple, a green wavel ength bandpass
particles dP2 habhaviedlugesseed o divert a filtered porhon 442a

of the fluorescence signal 304 intodetection channe

[0193PAs N sgdti hicRb@tbrs 18N & gditalyl SPRGES ARR dibtansay
the result”is a dgreen mave?engtﬁ-output signal for
loweralintensgty tharsitd BRM finoropberes dkdasc, i eemebaisdvagtagepnsolo

band filter .440b, orange,hband fitter 440c_apd
ho Y b AR R SR 47 HORRERONN Y O LGB Repe o
opArh@stth HREIA UG SR8, QURRHEhe AR SpdnGiblc fBR g Rk R thOBRIIDE
and red wavel engt hs. The conbi ned S|gna§s col l'ectively
cojugate cepecirs pelet khamschaimiagh shownnt Al r e dist esprasilarifpe
the,idggtitg of the tg@t ga%tig% S %OZ tQat Qﬁve "
BRI ATR R S YT £3TRE TYRECRIG &0 AL SRSPIGT ™ 1 3T Ee
Semwbﬂ APDs 49086 18 R IhSBREL Mrb}ﬁ{drys 1104RI As shown,
intensity than the BRM fl uorophores 112a-c, it can be

ATid4Hntinefedype that hees e heltsinAPH0 te syed tiwi PG, [Hroviding greater

enerating th et_fluorophore spectrumt rat.e
seliGhish Sp Sk RFPS -4 ARSI o 3 BRY' Bl
476 @Nempbiafge bhrdBRMtem 472 can be implemented to maintain APD 4102

at a constant temperature below ambient.

[0174] The overall system is encased in housing 500, which includes sample
access port 502 for insertion and removal of sample-loaded microfluidic chips
200, and display 504, which is preferably a touch-screen device to enable dual
function as a data-entry device. The housing also includes knobs 506 used to

perform manual alignment an adjustment of the position of the chip 200.
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conj ugate spectra. In the schematic shown, APD 410a is
responsi bl e for generating the spectrum of target
w0 bawsoopior e 130, and operates with a greater PCT/CA2007/002317
sensitivity than APDs 410b-d used for the BRM
fl uorophores 112a-c. As shown, APD 410a is of a type
that uses a heat sink 470 to cool the APD, providing
lﬂ§§ ter senS|t|V|ty over uncool ed APDs 410b-d.
in addition to heat sink 470, a
tenperature control system 472 can be inplenented to
{0176 Int @den a/bibloditBlateat s@mplon®lodtl] sphepe rsafuds,eulied, Qdbe.) is
anbi ent, [0174] The overal |l stemis encased in
PrepatRs fRg nseriion dkp che samutie well 2%%%‘111@ migre8yidipgip 280 2Theor
l3 I I
biok R 1y G RY P, B o QAT B0 i o

sarhipld @b wehidheie Fes fhe \biyGRe mteanﬁbluee }d'uﬁincé binetdeOhoRGules 46 of
data-entry device. The housi ng al so i ncludes knobs 506
On%%mtedaig@if Yeemasrdpigamningd by mirrematurerpf Ao tgst rhesttmelpculese
hj 00. 7 erat| 0176
us&lo (.sa lhglglclg lfBg%\}lﬂsgla (#fe é’lt% ot n[‘lcg)r Bé%l\g%%e wh 1011? a[‘e mdé\Ld]&eﬂly

corljlﬁgdb&; with Gng of thelaBiRa Erﬁﬂ’ecf.dé% ahd %&ﬁlh%&@s bfﬂERME hged sagpl e
wel | 242 of the mcrofluidic chi 0. The bi ol ogi ca

mofesyies,svgith Hikferent @@W‘ew@&jcqmespprahﬁg fosdifferent BRMs @nd target

nu?QLEQUleS to forma test sanple 40 which is tested by
fie System for the presence of target nol ecul es 46 of
one or nore target types, as determ ned by the nature

[0187] A kerohé sét. of Tess indiaubs mmlmlmjpmaemt hmﬂietﬂde\p&QMSckﬂ.dBG
of ,one or re FRM pes. whi ch are individu

UNEOSHER IR G TRlesHES: ﬁdtth%t%v‘@lgfulﬁ%%@a |S%r§>n9ﬁat would

2 f I t
raf QR ABERS: R BRI Rt 1 e (R nﬁﬁé’clu?eglu]} ¥l4€ eleldst set, The

nt conjugates corresponding to rent
secand| s¢tayf gest moidceles kesbe {191 Ad] mAltiq:&mﬂdess:ebf @f)aﬂaeestMs

| ecul es may al so resent in the sanp such as
or e eabaaﬁféosuglaﬁwélb*ﬁ«a Gt ML ETTORR KRG %éﬁnomﬂ SRR

relévant. he second set woul d

[0178] The microfluidic chip 200 is then inserted into the test system 100 through
the sample access port 502 in the housing 500. Alignment of the lens 330 and
irradiation position 210 is then performed as discussed above. Operation
parameters are input through the display 504 and the necessary electrical
potential is applied through electrodes 262, 264a, 264b and 266 to commence
flowing of the sample 40 and buffer 50. A first electrical potential is applied to
sample well electrode 262, a second electrical potential to buffer well electrodes

= 264a and 264D, and a third electrical potential to terminal well electrode 266.
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travel interspersed in the sanple flowwth the test
mol ecules in the first set. The second set of test

woriosowies can be used for nultipl exed tests oOPCT/CA2007/002317

separate BRMs, or for systemtests such as calibration
and error-checking, or ignored as nonrel evant. [0178]
The mcrofluidic chip 200 is then inserted into the

(b BE IhtrSinle At Soafe et Bach B8 65531 Biety 2Rane
206 bh@WoA foesi® ShdrineR 2330 kS 2300 sPREF Q) B8 Ih&Sn in Figure

di scussed above. Operation paraneters are input
2CGt Hhodapnnel 206 2304 aryd BB raged at heompeads@rsgctongtdd and dhe

otential is plied.through el ectrode 6 2644,
o e amief Blotna 16 % FowFHlF srerhdidabisremaBedsy
1opuf fer 50. A first electrical potential is applied to

sanple well electrode 262 a second el ectrica

otential to buffer well electrodes 264a and 264b, and
[0180} Fhe tgsteneleculpscR apothenitradiated at @ wtaditinggopition 210 by

el ect rode . 266. 7 The, sa 0 d buff.er 50 t.he
oy P ARPOUGAS AL < B ERN T Ve SRR s GhaT A B
wREMEI Gughannelsr 2907 13D i 300 I BsPREt ¥R e thei RAWN
in Frgure 2C. the channels 206, 220a and 220b neet at
flupensrange, i ascardingdp it BRY tipelandi BRM eomjugiatet thipe, sadphavizg)
a single-file stream 140 of test
0] The test nol ecules 102 are then
irradiated at an irradiating position 210 by an
[0781T Tk Atibresredeyvis tker3@&ect&d bY arpivkodetatioENEvirdudt asoam

device of a fixed wavel ength, such as a |aser 310 or

AlEpr GCD ag dipcusperd 2bevey apd e rcwléing fignalsyfap be output to a
- j | and BRM
S B e K e e L P e O s ot
sgectrunl [0181] The fluorescence is then detected by
(018 Itsievi ce, such as an APD or CCD as
di scussed above, and the resulting signals can be
(0139} Bithe bR1Ap1S 1IRRLPRALES BRbe ftnd LD Ricb¥ddPvie@nl HEY! e
types in the test sanple.
hepatitis C virus- HCV, and human immunodeficiency virus - HIV, as illustrated

|.5. fogused intq
* RSN EE P

in Figures 1A, 1B and 1C, respectively) were selected to demonstrate the utility of
this integrated device for infectious disease diagnostics. These three pathogens
are all blood-borme viruses, using similar routes of transmission and are among
the most prevalent diseases in the world with a significant impact on overall ID
morbidity and mortality. For example, HIV infects 40 million, HBV infects 400
million, and HCV infects 170 million people worldwide with an estimated
morbidity rate of 39.5 million for HIV, 350 million chronic HBV infections, and
130 million chronic HCV infections. The majority of these cases are located in the

developing world. Current diagnostic schemes require three separate tests and
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[0182] Experinmental Results (0183) In the exanple
descri bed herein, three pathogens (hepatitis Bvirus -

woiBMg/ohapat i tis C virus- HCV, and human PCT/CA2007/002317

i mmunodeficiency virus - HV, as illustrated in
Figures 1A 1B and 1C, respectively) were selected to
denonstrate the utility of this integrated device for

| nf ectl ous di sease di agnostics. These tﬁ at hcl)TgePQ
relaffyelnjareq PHERE SHPIN (s £8thogeR AGHeSTaR | &5 ot s
cre'é{eaans? ﬁé:!n@ﬂe e Pad TR LRE BRIy RIBYUALEN ofnaRBBES

In the world haS|gn|f|cant |rrpact on overall "I D

Forreld adrielopirgnetortdr thaliinplemdatationxad mplus yersil\diagrfoeidt devd@
m.llion, HBV infects 400 mllion, and HCV i nfects 170

hagthe PRBRERER SR BTN ﬁ\’/ﬁsde with an estimted norbidity
rate of 39.5 mllion for HYV, 350 mllion chronic HBV

[0188f @GAdtaRSDoeShtAedds M | | i on chronic HCV infections.
The majority of these cases are located in the
devel opi ng worl d- Current diagnostic schene re uire

(018} e@Sesepa raperapiad guaitmefot (s arge s Hns
or%Jngﬁ'Qtaﬁl?J rﬂ%a{ %chﬁ&tdegkbmsl T@@%@% r]ﬁ‘i’éﬂlyr qa@ﬂt of tri-

reate a significant negative’ihpac he cos
noatpphpspéneaniiies (TRD, 098%apaty Sigma Addritt estdbungk, OMO) gwas
world, the inplementati on of a universal dia nostlc

heeté@ “‘cé thyge n%qlfeﬂa,ﬁbtt% Aok undgr 45 gas- ek of dizaethy
55(4 r%@ﬁﬁ&fl)gll@@) x\gg ie&tRd ggg[ﬁﬁx&ﬁf?\p@ﬂh the

qdantu wer'e “synt iesi zed usi ng
hesxed &m’meﬁoal- 115 enifiefe xter dirae pufge@l upde wiaoush ythé Siht&d) of

Briefly, 12-20 g of trirtoct “ghosphl neoxi de ( TOPO,
tho gduep uieek tapkymerahgrted o 38P°C- 1453 Bolaygyregysomsalptian ph

bl 5, RSkl 9%, Bl 0B 80 BaSefppORAL e
Sigig AWaRh) Whethier Gnjediel] imtotdd thre médkhmtihﬁe hﬁqieeaiuféqa@ld}or

~ 15 mnutes. After three purges under vacuum é@
lovierRe dn380°6H Gokie Taipdn Hhectengsadfil vk te 2Rdat st Pfi?ds @

en&s%nmagrtrzf%kg& lHL&'xQ\rg 8l gxlowm p@iase by measuring the emission
profile of aliquots of the solution in the three neck flask using a fluorimeter
(FluoroMax-3, Jobin Yvon Horiba, Edison, NJ). Once the desired peak emission
wavelength had been reached, capping precursor solution consisting of diethyl
zinc (Sigma Aldrich), hexamethyldisilathiane (TMS2(S), Sigma Aldrich) and TOP

was injected into the three neck drop wise at a rate of ~ ImL/min.

[0186] Following Qdot capping, the three neck temperature was lowered to <
60°C and chloroform was added. Several washes with methanol and chloroform
(in a 2:1 ratio) were used to precipitate out nanoparticles from unreacted

precursors. The final TOPO coated Qdots were stored in chloroform until use.
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sel enium (Se powder, 99.5% Sigma Aldrich) and
tri-H octyl phosphine (TOP, Sigma Al drich) was then
WO mjosot4ads i nto the three neck and the tenperat BCBCA2007/002317
quickly lowered to 3000C Cd: Se ratios in the ranges of
1.5:1 to 2.5:1 were used. (dot em ssion was tracked
during the growth phase by neasuring the em ssion
r o |Ie of aI quots of the solution in the three neck
IOE | uor oMax- 3, Jobin Yvon
Hor i ba, Edi son, Once the desired peak em ssion
ow@;vcgb&rt&mda@ar mxelrpdraa(ﬁ&eﬂuﬁelammgs pﬁ/&e@ papared using
sol ution conS|st|n8 of diethyl zinc (Sigma Aldrich)

knres ameshonsl (Y. HanakhGemé 2 FuSS (Péy Naj @ﬁ*achAl 18r 63 H?Oﬂéhdk

Gaé,r? zg,fAquJ et ed7él[, B.btfg%]t(ﬂ)g O)ﬁ P%w% %Ck d&gxgnség:r ﬁg)lﬁtyraqe

mit b &RYs \BEkKgs! EME@hblé' EFidMRss, |1N\}\ﬁl(r1ﬁd chi®oxylfOadd aafictional
chl orof orm was added. Several washes w th net hanol and

gratpsorrofter mrface vwere swotlen jim prepane! gséd Q@q@%@d |51Q0éﬂt i

TR SR ST b 2 07 e breb et < T
HLUSF R LB ThidH@B R [BRYERARSIRBRPhSbIL Hi8BLkudd] ete

barcodes or BRM parts (hereinafter " Qdot Bs") were
Qdwtse gffuset mstprtge kmombemeulﬁed@ (bt ifrbation las@ab] hour for |

Qi Bl eniiin G195 S50 e PooB 5 S 00 hiiegle eRgpnisy

saxqbﬁw«ﬁqe 2P be%tw @(bemmt%@maegss ﬁﬁ%mav&ﬁbpg A7 fim

Fishers, IN with carboxylic aci d functional groups on
enhhmgﬂddsawea!émeﬂs\whdltehournnmb@pm aid aiPduT CPOting Aldets

ts I f dd 107 bead
ad c? E’Bf ?fg%g\gg%zm ge%reﬁiég ! ougr@}é%s&eg r?r-:veral t?rgess
(b&mfa{ o110] Mth ;Q&b&%lt&dmé&wﬁh%bﬁﬁrglayﬁ reQNahil Gised for an

|nteract|on (dots diffused into the m crobead
assapt Ene mtervalmf ume:: bejatem pedchptepdratiohoud the staQdeft Bl ast®70

m em tti Qdots only) and QdotB2 (615 run emtting
d’@ﬁ%&%‘“?fﬂﬂg% Banmpl es, while for QdotB3, the incubation

was split into two steps with 570 nm
[0189] Antigen Sample Preparation

[0190] Pathogen antigens (BRMs) were then covalently linked to the microbead
surface using N-dimethylaminopropyl-N’-ethylcarbodiimide (EDC)-assisted
crosslinking. The antigens used were Hepatitis B surface antigen (HBsAg), non-
structural protein 4 (NSPs) and glycoprotein 41 (gp41) for HBV, HCV and HIV,

respectively.

[0191] QdotBs prepared in propanol were vortexed, sonicated for 10 seconds and
then run through a 5 mL filter (Falcon, VWR). Samples initially suspended in 1

mL of propanol at a concentration of 1.5 x 107 beads/mL were split into 250 pL

-46 -



10

15

20

25

emtting Qdots added for the whole hour incubation and
615 nmemtting Qdots added only for thesecond half

whows/074ile sanpl es were washed several tines (PEr/caz07/002317

7-10) with propanol and stored i a fridge at 4C until
used for an assay The interval of tinme between bead
preparation and the start of an assay di d not exceed

12 hrs. 10189 Sanpl e_Pre 019
aligagts, 3pd n':eﬁmffléeéﬁg %%"\C:E?re t’ﬂ’éﬁ‘ Co Fe egi‘agﬁke%s
asgiftdd e dne fcgﬁﬁ@&«:&&%%ﬁreﬁtﬁédng 100 pL of 0.1 M MES buffer (pH

N- di et hyl axni nopr opyl et hyl car bod m de

5.5(. ADG) mass watled of the beadskvitly MBHbuffertwere rompleted wet ¢he

sarppBy erehe NSRRI G ol 0 B T oty 7 et
0.008\ ﬁn&k m&ﬁﬁ%ﬁ@gﬁo&mgk&%%m@m spglﬁﬁpmcer@h) ﬁ\

pr opanol re vo , nicated for 10 seconds and
1 thh MES buffer waygbpaed andl 5f il were @&wdcbmacmm\pleWI%

initially s ended in 1 nL of p
wez e MBI Ab o O niwﬂtﬁeaa%@)tﬁ-ﬁ%%e&é 13 HPW‘E? nto 250
mLal i quots and centrifuged at SOOO rpm for 3 m nutes.

[019PEr SRk B ADC Watbasdy, Eahslds artk dnaiftdatl Bsooee Elsm for
resuspended in 100 nL of 0.1 M MES buffer (pH 5.5).
3 minytesornal updated. df walle WiERAR0 witt of MES hndfer é@llqm&de Wlth

t ed d th d d
i R S e o
cm%eﬁtrmhhbk 2gign EEI QD Yih- Mrb&{amlea%@@ﬂe vlige (@ED@A) Sigema

drich) in MES buffer was prepared and 5 nL were

anm@@d used ea'fﬁne shﬁmtéls %nﬂ@@em@m@g@meﬂﬁﬁwba‘i@@ﬂ@w a

vort Ci t sh for o2]
Gty W ety b P R Stempiralehy ZRSh EnalRE
Imﬁ{un%%&dlﬁhrﬁd) gly%oﬁ?oﬂiiﬁ a$ g‘;ﬁ“ﬂ Mhﬁéﬂ%mﬁ'\d@éﬁlcﬂh ttbr

nL of MES buffer foIIovved with centrifugarion

hea@ferB wires GODO. hepatital wims GEA)swid humoen wamunedafisiensy a
vu-us ?H]V), respectively. The diluted antigen stock solutions were added to the

samples to a final volume of 100 uL followed by a 15 minute incubation on a

vortex.

[0193] After incubation with antigen solution, samples were centrifuged at 6500
rpm for 3 minutes, then aspirated. The QdotBs were then resuspended in 100 pL
of quenching buffer (50 mM Glycine and 0.1% Tween) and incubated for another
15 minutes on a vortex. Following this incubation, samples were centrifuged at
5500 rpm for 3 minutes, aspirated and resuspended in 100 pL of 3% milk in
phosphate buffer saline (’PBS). A subsequent incubation on a vortex for 30

minutes served to block the QdotBs with milk proteins. Finally, the QdotBs were
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concentration of 34.4 ng/nL in carbonate-bi carbonate
buffer (pH 9.4). The antigens used were hepatitis B

waesata4@nt i gen (HBsAg, Advanced | mmunochem cBECT/CARNINQ/002317

Beach, CA), non-structural protein 4 (NSP4, Advanced
| mmunochem cal ) and gl ycoprotein 41 (gp4l, Advanced
| munochemi cal) for hepatitis B virus (HBV), hepatitis

waphedh o rhe S BRSp et BRHER 00 D chR e ST RahEAS
soc@QPﬁdem@ siABleBNIA Stdr8d Bry bR high®lfWeBsfry 100 Nl

| owed by a 15 m nute incubation on a vortex. [0193]
After incubation with antigen solution, sanples were

[018ﬁrﬁtqaqkf&9bé@na@f B5E0 2R AdGPIIoNT Mistedien PrepTredipiramasy
el e A g 81 SRR E RIS ¥ M logermen

foriHCVRRNhedAfl ahna{@v IS4 as TiedUBREesipn Bntuiaticial, Saco, ME)

Fol | owing this incubation, sanples were centrif uged at
and §5TVp fone PAS anﬁﬁﬂb’elsgpﬁsvm%@@é Biaderigrelntpativgal- The

s Rt iy FOnTERET B bt b SR o £

finSeFIEde 1P 160 pekThewtrtomhbs nVUutheEﬂdnka PEAEEIIISIS minutes,
Finally, the QdotBs werewashed one nore tine with TRI'S

follgavs tyuffemagin t@n@) TRIGsvrly dferrienufnging rrarples o G000
rpin. This sanple could be stored dry over night if

"PRecessary. [0194] Stock solutions of target antibody

sol utions were then prepared in human serum For HBV

[016bloAatotk sBluaiohi of HBe A lwmstd8isigd cOorjdgatnd gdat anti mouse IgG
I mTunochem cal k for HQV clo &8AI ant i tﬁ?

Rdies (BroEessty UIIthé?‘hé%N)o‘ﬁ%ﬂ wgd 4 30%) TEI?dWF%H’ af

10(9 :,iﬁlngf BN sé‘h%bn Rl LsQPt ré%§péﬁ§139acﬁ@aﬂ{%§§ eples were

ternational ). The Anti gen-coated Qdot

cowme:lmpﬂﬁdedo pmv:em dn-gﬂkuh dpaphsteblamhiagiphd plated an f vodex
vol une of wer e then incubated on a éﬂ%g{x
forg 1§y mipeiteg; FWP églal ‘P’é?l}eé\ﬂ’é thedydetionziares viies 1Y HRre h

waBl' blufer wgr%rl{)ﬁllpﬁéf&i 9&01%%55&&}@ ﬁ%@mples in 500 uL of TRIS

wash buffer for short term storage.

[0196] Assay Preparation

[0197] For the multiplexed assays, antigen-coated QdotBs were prepared as
described above. All experiments used approximately the same number of total
beads during antibody capture. If there were two types of antigen QdotBs being
used, then half the microbeads in a sample corresponded to one code, while the
rest corresponded to the other. The same method was used for samples that used

three different QdotBs.
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rpm [0195] A stock solution of Al exaFl uor-488 dye
conj ugat ed goat anti-nouse 1gG anti bodies (Invitrogen,
w@eoBiongson, ON) was diluted 1:300 in TRTS wasPChaAtmr/002317
100 mL of this solution was used to resuspend each
sanpl e. Sanples were covered in tinfoil (to prevent
organic dye phot obl eachi ng) and pl aced on a vortex for
washes of the -co | exes

10133} s Mty eittacion of KRGBAIETN BEBS epEul STk it o

tothESUSRENEI108 L NEaS ARl £8:ddN TROGLIL. iPh IRbR oo@ssﬁc@éafté@r
for short ternrstorage [0196] Assay Preparation

wiftO&/diffBent takhgetng Iahhlpﬁcﬁeseﬂrea% alLof eaaht spged-senam sgution
(ot Bs  wer.e Egepared as_ descri bed above

Weé‘?q?é’rdF‘i’remS%m b ibShres xdiffaieat ya&gﬁ%nfseﬁ%bﬁ@ﬁsoérersfw be

d apture. If there were two
m&@%@é %ﬁ&aﬁte?gé%%%}%%g%?% used, then half the

m crobeads in a sanple corresponded to one code, while

[019REFiguret 1?cleﬂt$ whirbradigen-coaterk QdoHisrwergiaaatpd with [ygich

B e O LA

sa@pleb, Warﬁ%ﬁdm@ﬁ@fhr?&raﬂﬂbocﬁeg Rhabadeal HeBaDrhd 94kt Bh
was al ways used. Therefore, if a sanple was incubated

thevardet Bn\tubadlryfcrnptuemssa)aiogeweah theanethpdridessribadabnve0 nl of
each spi ked serum solution were added. Simlarly, if

Largeting antibodies were to be
mﬂﬁf ulibaagilasba of each solution were added. [0199]

Flgure 12 lists which antigen-coated Qdot Bs were
Iozoﬁbmo@dnmlt fabmigsitioh fblémg@t standdrd owft- kibpgraghy weriiniques

For contral (nq@ targ | bady)
el Whifeaies i Bt oo gie Tz PPl Rugy. )
C. @@ﬁ%naf&ﬁ@?dA SERGelfe8SE. »@fwﬁxn@sla@r aghl. &REinho0y4902 Piogs)e
assay followed the methods described above.
M. A. Unger, H. Chou, T. Thorsen, A. Scherer, 5. R. Quake, Science, 288, 113

(2000).) as discussed above.

[0202] Photomasks of the desired microchannel pattern were prepared using
AutoCAD software (San Rafael, CA) and printed on a transparency by the
Photoplot Store (Colorado Springs, CO). The resolution of the print was 1.59 pm
(the distance between two pixels). Fabrication of the masters began by spin
coating a 15 pum thick layer of 2015 series SU8 photoresist (MicroChem Corp.,
Newton, MA) on 3.5 inch diameter Si wafers (Virginia Semiconductor,
Fredericksburg, VI) and prebaking the samples. Each wafer then had the
photomask laid on top of the photoresist, ink surface down, and was exposed to
365 nm UV light at a power density of 35 mW/cm?2 for a duration of ~ 4 seconds

using a SUSS MA6 mask aligner (SUSS MicroTec Inc., Waterbury Center, VT).
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[0200] M crochip fabrication [0201] M croChannel
fabrication foll owed standard soft |ithography
wo embiigues (Y. Xia, G M Witesides, Annu. Re@T/CA2007/002317
Mater. Sd., 28, 153 (1998); D. C. Duffy, J. C
McDonald, O J. A Schueller, G M Whitesides, Anal.
Chem 70 4974 (1998) M A. Unger, H Choti, T.
A. her er, Quake, .Sci ence, 288 1
Folécmoa)stﬁsﬂdagd B?%‘Eéﬂ‘é%?e ar%fs%%s %mé?rs PHIE dmEereddp
e n [
B L R A e e
phbtofasBp abeegmosty td h&: BRoligi) The Staeues wed theadoasBpd wids,
CO . The resolution of the print was 1.59 mm (the
isogreppalcadsetedes FRPEIREN)E2SFabri cation of the
mast ers began by spin coating a 15 mmthick |ayer of
[oz@éﬁ)lﬁess&lysfme‘ékﬁmm%@rﬁ@ms tedhdiyaah e QRTP. 615Newhadl
on 3.5 inch dianmeter SI wafers (Virginia
Eleseivi Slacedes; Witton e Bdeeil ctusb i tyyo pat)s; padt Apisdbe krepglymies;

Pafil RGO P EUTeT, PERRVET 128 S B, S0 he@oo st
w%@gﬁ@éﬂ ﬁgﬂﬁ% PdfitisHb afld PO WRSt ﬂﬁﬂﬁﬁ'\& Whs pourBy\ba8p bor

urati 4 seconds using a SUSS MA6 mask aligner
eadhSUBSsdvhppleowere thae plackhtieddywayui@e dioret 2 hystp, deghd gwinaye

t andar ost baki n rocedures, the fers were
bup a0 1 DSDRY R A B G Br i aoR FabSEsH BLALoyeT it 2t
sorﬂc rqrngtr&n&&ddfr&a%g SvayaNe A4 NI LRSE %r@ﬂ@el@(msﬁ‘@

[ 1 ght he masters were then washed
massammmbemeﬂs pabondrareghdmiti h:utso;ﬂqnfebsﬁdcrhﬂlagasl pa[ctGrZO@}is

Th Iy, dj thy Isil Ki .t
re Rt SnBlac el hed PRI (eF PCCHREnGY PR ety s Doy
sufiQ4LE dfthb %P@Qrsﬁlﬁ 414 bind lacsst&)%eﬂflﬁsp?i%nﬁﬁ't tHRA! bR,

contains a Cross- |nker fepol ymer was mixed in a
Mit<D¥hadgh, ) WerdVEtBehetrasef\A&y elephal esing rscq)iyln dapeP@pth PDMS

su‘gqltrsélgeisan % ass cox%rs%ps ev g loaggge mt(y\gls CR b& of a platus?rpa c?eaner
(Harrick Plasma, Ithaca, NY) and exposed to oxygen plasma for 1 min.
Immediately after, the surfaces of the PDMS and coverslips were brought into
contact to irreversibly seal the two substrates together. Double distilled water
was dispensed into the microchannels to keep the channel surfaces hydrophilic.
Finally, small pieces of glass were placed on top of the channel wells to keep the

water from evaporating, enabling long term storage of the samples.
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each. The sanples were then placed under vacuumfor ~

2 hrs to degas (renove bubbles fron) the prepolyner. A
w@20eer41dicubat i on foll owed in an oven set at BOODCA2007/002317

Once renoved fromthe oven, the cured PDVS sl abs were

peel ed off the masters and excess pol yner around the

out si de of the m crochannel pattern was renoved. A

' atterns for two pol yner
[02%!1@6%@ e o qmpsurfaces of the PDMS substrates and

gl ass coverslips (170 mmthick, VWR M ssissauga, ON)
[02@B) Eirst HedotB apmplexesyindi0e ahed TRES wgslsbwta lwdra pentriBged at

DVB suhstrates and gl ass_coversljps were | oaded into
40‘5%@“& ?PA%O'SPI%?S aﬁpﬁsagﬁfégﬁfé’an‘@?m@% Fesuspeptieds g0 ML of
dolblRaGRiledYhteand exposed to oxygen plasma for 1 mn.

| mredi ately after, the surfaces of the PDMS and

coverslips were brought into contact to irreversibly
[029ebMicrechanggls wigtrsfludied gvitho dentte distibed plater dinge béfpreduse,
er i.spensed into the m crochannels. to keep the
by A, R BB P R T B e P PRE R o il S Reel
usiE ASEsBT BoR| BERCY M rehRRe@frohh Sl (RANPARLT thetht SitfdukEsD
the water from evaporating, enabling |ong term storage

of gimpledntopihg| &ip-[ 60 04] oDerrewle ivosre Bogsledi inentte @805 Jvell,

i rst B in 500.nL of TRLS wash byff
oS e 0 P BRS80S0 LB AR R VS
wellS PTRA N EkoATRBY MR &k NG raﬁg?% SRded diike3 le ah iggerted

doubl e distilled water. [020 crochannel s wer
epiloutshieat wiiarpscdpe GK8L, @lgmplis, €dnigaVelleyo RA@ abeé fromersigan]

by filli he bu r.and t | s and_appl yin
wedSpplistodfe kRgoctiny tave (G2 N Bt bl e Bhetivilgns
wabBEZAIBYEbchd AThedbriraeh bShBEiRple bR he i ntroduct i on

of sanple into the chip. 20 nL of sanple were | oaded

into the sanple well, followed by 20 nL of doubl e
[0297 Ik lpqtradas wigtegrlaqertin cachcHh tht welkielepds qampeieritaths putputs

of ¥5bhae rfARBCE ALY WA R f0H. YROInbOPSY RE LORGH GfilY
2 aga}' z élgn |nnvert g% gu B m&:} 33 tﬁL vgltag% rggulgtlo%
circuit was connected to a high voltage power supply (CZE1000R, Spellman
High Voltage Electronics Corp., Hauppauge, NY), which supplied 300V and 60
HA to the regulation circuit during a typical experiment. The voltage ratio

between the buffer and sample channels was set at 1.8,

[0208] Once QdotB complexes started to flow into the microchannel 206 as
described above, the objective lens focus was moved to align with the sample
focusing stream located downstream from the intersection 230 of the buffer
channel 208 and sample channel 206. The objective lens 330 was then used to
focus a laser spot, measuring ~ 8 um in diameter and using the 488 nm Ar laser

310 line from a multi-line, Ar/Kr gas laser (COHERENT Inc., Santa Clara, CA) in
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epi fl ourescent m croscope (1X71, A ynpus, Center
Vall ey, PA) and imersion oil was applied to the |lens

W@R008/06@% obj ective (1.35 NA, A ynpus). The obPECAM®7/002317

| ens was brought into focus at the entrance of the
sanple well. [0207] El ectrodes were placed in each of
the wells, |eads connected to the outputs of a voltage

ulation circyit (see Figyre S2). The inpu he
TERGR, e gl Aot B 4 S CORE CET oL R: P eser
pot@t a8t ROYESnsRHPES Y G Bl X dilmirPhE(U- Kbl @%A@Jsj age
El ectronics Corp., Hauppauge, NY), which supplied 300V

50@ rein 6 ngpadso etrtidione dilleat 320N (TH12.c Wlkrothar TachreldgypiConap.,

experinment. The voltage ratio between the buffer and
RO%‘HJE%}P@'CHXM@% 4ied teeteraraty the exghayen ]eﬁse%dg@s* the

coltR! (22683 ctcB BAL B1oPeshd RWe s Rinl0g vJEF g%;%lgg\:@& Beb s X g'atps

descri bed above, the objective lens was no 0
bamds geingvdirbhrofvemenrp l(go5bipcars] AP, r@anmladbahedogy Corp.)
downstream fromthe intersection 230 of the buffer

and Randnass Blinys 440a-dbeipredebrdamsed opbhe arHEe aispeetsolid st s
3 . f,qcus a | aser spot, neasuring - 8
phﬁi%%eﬁ%rékn@?ﬁg%%déﬁgia%g the 488 nm Ar laser 310 |ine
froma multi-line, Ar/Kr gas |aser (COHERENT Inc.,
(0283t Pectrapt GARdowTEMIGndpdss, filtens téed is- disPlaynl wi Sggure

i ngl e- £l | 140, Th t
o Sronstsp af PR BPERGA) REART L1107 By 10t e PR RDomDs i
dis??aéf%lﬁizigﬁﬁd6§ O%Jg%érofag@@asav@l@h%sg%%ow ds§eaB2E02d for

/ , Chroma Technol ogy Corp., ki ngham™ VT) were
theléet, eyl 6dafonthe taheflecrescents o P00-PghhmIg@dprasniilten d40a

FR B KR o A RO SR e baih & PGP ORP G 7o
A, o165 16 W08k o AR LD the G EBRBICRE AN P YpH Ao

and bandpass filters 44Qa-d before being focused on
detehlor A0k V818 Sedes, dfewpitt dowpat kviphod)d dhéc tetestod 1Was- d

o R R, 9B e g Db
bandpass filters 440b and 440d (HQ575/30 and HQ630/60, Chroma Technology
Corp.) and lenses (LB1811-A and LA1027-A, respectively, Thorlabs Inc.) were
used for two avalanche photodiodes (C4777-01 and C5460 for yellow and red
channels, respectively, Hamamatsu Corp., Bridgewater, NJ). The yellow range of
wavelengths are shown as peaks 602a for the filter, and 604a for the raw
fluorescence and the red range of wavelengths are shown as peaks 602b for the
filter, and 604b for the raw fluorescence. Voltage outputs for all three detectors
were connected to ports of a data acquisition card (NI USB-6251, National
Instruments, Austin, TX) that was relayed to a computer and operated using

Labview software (National Instruments). Sampling at 1 kHz was used, though
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6A. A conparison of the spectral peaks for the red,
yell ow and orange QdotBs is displayed in Figure 6B.

wo-008QT7Heh range wavel engt hs, shown as peaks 6BRUCA2N07/002317

the filter, and 604d for the raw fl uorescence, a
500- 540 nm bandpass filter 440a (HQ@20/40, Chronma
Technol ogy Corp.) was used with a bi-convex | ens
(LBl 761- A, Thorlabs Inc., Newton, NJ) to focus the
thegsfipglifitiers ob head ap RepmE o otk atfe PR b Prder o 1 8%
t CLEIHMRS
confEiriER; EREIERE s, A KD Ehle of Hi35FR %9 S
602cqbPthe. filS (Bek abbye) ab@ BOEABS tHel dam@soma@ﬁbtmd M@pectra
(H@®75/ 30 and 30/ 60, Chroma_Technol ogy Corp and
for| thp secs 6 2bRIG TR B R PIRIES P12 Q?@?o@&tﬂl%ﬁ gre EIYFéltal‘daB"s
aval anche phot odi odes
Flg@&%ffrﬁﬁmganc?%&gﬂgbo fg%? yel |l ow and red channel s,
respectively, Hamamatsu Corp., Bridgewater, NJ). The
[02y@]l A aypirad rgperbhemave fentft dnaes albwing the qoéatti@neﬂza?»o
for the filter, and 604a for the raw fl uorescence .a
ME 1 42 Fting dOB} UHEEPLAEERE AVET ORI TLaRS RIS
oﬂing{exéﬁ%mah{tﬁ%fn th@ @ngfg@alfuﬁfl Wb ch1RWefil MAr8aRRAGRING a
tage outputs tor all three detectors were connect ed
celt ocqaontdrs (UfCalldaﬁBa Bedkmnasi-Cowoter,c diudlefth, USB) 6%5dle the
National Instrunents, Austin, TX) that was  rel aged Ptuo

migroghyngel &ts diprpsehel Sidath el ForseRtEons 1 the samble W
d,
Weg%%éﬁ?ﬁ?%ggﬁogqﬁg?%)sddg?t hj&gmgé gygwy gﬁéggrd
arc- on the order of 1 I\/B/s for conpari son, Fgiure 6A
(0231} e chia Ly pafes ; ARRY WAMEINgt hs as peaks
602c for the f||ter (see above) and 604c for the raw
[Oﬂﬁhes&ﬁg&irot{@f sJéEﬁa %&%rtﬁosféﬁom bn Ei gre@ ¥20¢ used similar
yel [ owol2a and ‘orange 612 ot B | exes are
stepy @bl thbgk pivefri pove GBucﬁx@Sceooerrpanss@on hpwepors esas {I@Qcm]
A typical experinment ran for 15 m nut eg/b t he
towai @b fessaskon (e SR GRlitiah HREROET R SO ER RECET O,

ARHENRY udtld £50.8 TR 08! HBR lend AR ABThorlabs Inc.). Inside

the spectrograph a grating with 150 grooves per mm was used to disperse the

emission light by wavelength before illuminating the pixels of a thermo-
electrically cooled CCD camera (7481-0002, Princeton Instruments, Trenton, NJ).
The selection of this grating allowed inspection of the spectrum from ~ 450 - 700
nm when aligned for a central wavelength of 570 nm. The integration time of the
CCD array was 50 msec, set by a mechanical shutter, while typical readout time
was ~250 msec. Data taken by the camera was collected and analyzed using
WinSpec software (Princeton Instruments). By collecting multiple, successive

spectra, it was possible to discriminate background and detection signals from
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conpl exes remai ning in the sanple channel were

coll ected and counted using a cell counter (Vi-Cell
WXR)j08Baakeran- Coul ter, Fullerton, CA) while thePCT/CA2007/002317

m crochannel was di sposed of. QdotB conpl ex

concentrations in the sanple well were 1.5 107 /nL (9

106 standard deviation) during a typical experinent.

0211 | lectio f I, a CCD Array Canera
a5 TR s E Seltr s Y. el e A amles et mandadt
7240 ahitl QL€ Sredpechivel$ e dithi M BluSeSRRatbRd RPYS MWt as

above. Fluorescence eni ssion, however, was directed

digtewh flyaresnedt Sprstrs 6oV 26handniéaneepestively of The respective
..spectrograph (Acto earch Inc.. Acton, MA) using a
f‘%ﬁ.“&”r"r‘ﬁn%?%‘ggﬁﬁcr“éﬁaiqﬁ §2th’_%hé%bmhﬂ%&ﬁrn§6¥ fpherange
eh0804d e ThE £re8R BEAN VEH AR InE ISR 1l BEL AL ves per
P nm was usgrd tg di sperse tthagé em ssip\g&ﬁ JI]lS é‘%‘?PE{?%

wave| ength before illum nating the pixels of a

(0713b hentV ect ri cal |y cool ed CCD canmera (7481- 0002
Princeton Instrunents, Trenton, NJ). The sel ection of

[0410] Bo@h&tdaRy ofllt}legs\l”?ﬁg:ilé BRP E%f'lno&a&‘&xefs,h&es&gﬁﬁé %’Rd%{%%ﬂ% :

450 - 700 ran wh i gne or a central wavel eng
flos7 ensing. THdow foegirgt isom inhpretant abret GEEI@E&&YOIM?S sinte

.HBEC, set %%)a mechani cal shutter, while té i cal
MIFRORERSITT et wnkre - to BanRsHicaln pdsoriarein thy PP whisk can
grov@s ARL @6 tc?‘cﬂat—%gpcoﬁg A GH RN G HRS ?rouc?x?l:;\%l i £ Qdot-

(PFinceton Tnstrunments). By collecting ,
bagude B¢ghctenspdc the #DMS suiasaRasitinezedo di scri m nate
background and detection signals fromeach other. The

. r .th V, . H V. and, HCV samml es.are, shown as
(0 HRALS, de o B of Y cn et AR RS AT TRl
by ntiak cdr@doft €het Beadis add %r@u%gesdﬁéﬁé mtecfehu%eg%ﬁn%ead, for
e

spectra 726a, 726b and c, respectively.
eXFPRIBCATIRS FrPredaratelyr 18 $ims hbspayetd Bow péak 1r@Bkmlizatih

: 4b,.. whi ch conbi ne, for, orange peak 604c., Th
mg%@@ﬁgg‘%& thdigiste srf%f‘hssgt%%“@ec%‘mﬁ"]gwo%ﬁwel BE i} apdth
allpwe @ niegulhP Ad3] of THE ®eXds, while only permitting one beads to pass
through the channel at a time.

[0216] The configuration of the channels is optimized to permit the focused flow
microbeads to travel past the detection point one at a time, while maintaining the
flow rate such that there is no clumping or agglomeration. The configuration
depends on several factors, including the voltage applied to the focusing
channel, the voltage applied to the sample channel, and the length of the various

channels.
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[0214] Downstream of the sanple and buffer channels,

t he channel undergoes flow focusing. Flow focusing is
wa@eoosipare ant aspect of the technol ogy since nPCr/ohamds02317

inthe flowtend to non-spec fically adsorb onto the

PDMS whi ch can greatly affect the (Qdot-barcode

measurenents. Wth fIOM/focusing, t he Qdot bar code

n th ubstrate is mnimzed.'
Kukﬁé§§rw#ﬁ§ygﬁ%§gg &@ ¥ the channels in the
mcrofluidic chipis detern1ned by the size of the
beads and conj ugatses besnd,det ected. A 5nm bead, for
. exanpl e, redﬂlres 1P 'bxuna ly 7-8 nm of space to
flow after functlonallzatlon and conj ugati on,
therefore a focused flow channel no larger I Omin

h I f f .t
o2 fhe e ?et sl B B Pty S SOt
[0216] The configuration of the channels is
fh%bf‘ﬁ“ﬁ-‘ﬁ ?gﬁ t oVisesHY ot thedluid s ettta PUGRHAL oF B bserd syréuce.

Qﬁavel past the detection point one at a tine, while
|nta|n|n the flow rate such that there is no
Eﬁﬁ°ﬁ§1 mgkiliotfdhatleBn. The configuration depends

on several factors, including the voltage applied to

t he focu3|ng channelf* e voltage applied to the

h | | th of th
023 e 1R St e FE “?’Fm gk e Bulfh Bhihieee
8 | ect t |
wall ik BET oy B e AL R (it PR T (B

tempeYdt& fe0Skit kh&f chbhRtelibiidsd Fr@rﬁthﬁu%neﬁg bl%ve(ﬁ is sh@wﬁqgéjc
surface. is also called nobility of the flow [O

theThigrapeiyl V¢lo<§1fydfa5tth be P bwbiisl aletable fiome avHichysetdie luufdrer
Weill material, have a relationship with
ﬁ”ng?U§%§%VHﬁion s pH, tenperature and ot her
characteristics. From Equation (1) above it is shown
[022dthe voltage ratio (not absolute voltage) of the focusing channel to the

U /
a= 1
sample channel (at the sample well) Uis subject to

min S XS0, )

[0221] Where “min and s are related to the length of each part of the channel,

L L
ﬁ —-1+L ﬁ: 2 Y= !

o, .= @,
ﬂ+7 - 20 , and where Lfl+l‘}'2; Lf1+Lf2‘ Lnl L Lf

’

are the length of the outlet, inlet and focusing channel, respectively. As the
focusing channel in the preferred chip design has an L-shape, L+ is defined as the

sum of La and Lz, the two arms of the channel.
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the m crobead velocity has to be >0 to build a stable

flow, which sets the criteria for selecting the
whoedoBer414¢ 0220] The voltage ratio (not absol ut BCT/CA2007/002317

vol tage) of the focusing channel to the sanpl e channel

(at the sanple well) is subject to [0221] Were and

are related to the |l ength of each part of the channel.

er e t.he length of the outlet, inlet a
o2p2gelto MR e 1 i R Py’ Vs S iy B e
ch:@RaB N@bcubiftgt e sRRFERT A8 h64h Pind Eghgidnh ﬁz, ABwlvabareis

is defined as the sumof L 1 and Lf2, the two arns of
Prapigetiih h e, {biaga | sudi ot et highét yoltagh gestlts $n pdarger flow

Li.mtati for vol.tage appljed.to one of the channels
velbif) 30V, R RIS RR e Fe e el SveS MR
(2) MBRlyORd: s 125 @D 0% b Gerleffed 0l t age, such that a

hi gher voltage results in a larger flow velocity.

there is limtation for the voltage ratio as

However
[022Fc\irrsi the Safimaef 8 focused widiy ¥ief the semple few. iselatadotn
: . 022 Thus,. the ratio of the
mefgglggg%f %n%?ﬁﬁ&%ﬁ%cﬁ%@%#% eeql%alhgt\}\}, is related to the

wi dth of the inlet channel according to the equation:
[0224] Wh/Whe(sahpt 2pei l uded) Li 3F 8nm Lo = 10mm
Ln + Ln = 18mm Thus, for ) 0 a W= 100 nm channel, for
02Y4)'Th WSsa¥s = &R D §0625] Fhe fior nubas
[ a@ove are éajl(ée‘g%%gencet]‘ e asgvllinptl éon’? ng‘ f2aIfgn}“ﬁelrﬁlus’ for
a WehBEOneh shaane), filr vati@htvalwds bhano conver gence and
di vergence, and the height is the sane for all
branches. If t ssunptign is incorrect, the formula
Wi IQ"gﬁ'ange,w‘dB?'?:&rH%i obeV THéH8ame principl es as
outlined- In addition, there is no limtation for the
| emgt he:0 of Waok =lrianch, ws=difkerent |ength

conbinations will nerely result in different
a=17: Wi/ W =0.09, Wi=9 um
a=138: Wi/ W=0.,04, Wi=4 um

With amax = 1.93} amin= 0.59.

[0225] The formulas above are based on the assumption that all the channels are
straight, with no convergence and divergence, and the height is the same for all
branches. If the assumption is incorrect, the formula will change, but will obey
the same principles as outlined. In addition, there is no limitation for the length
of each branch, as different length combinations will merely result in different

widths for the focused fluid.
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wi dths for the focused fluid.[0226) Data Anal ysis
[0227] Figures 8A-C and show 10-second interval s of
WO 2awsdat136 col | ect ed during experiments where |BECHEA2007/002317
fluctuations in detector output voltages indicate
detection events in real tine. For these experinents,
a PI'N phot odi ode coupled to an optical power neter and
ifier was used to exam ne green (500-540 ran)
mz%ﬁ&@ﬁ%#§§h§§802a-c, corresponding to the target
fl uorophore part of the spectrum shown as 604d in
(02BN i ed PALC, anihsory ARB:one ittetibicbffraw degd kaivc@A4hoirgnd
red channel s 806a-c (550-590 nm and 600-650 run,
expegigpats Whers) Yargahileduation sop SABCED THRu BRI t Ngicatene

4 h . T . ‘ P
detgﬁ%%: ﬁr)]rlréxr\rt]s% ge\{gg 8?% %{} Hete F&}{%%%E&Z%aﬁlg J)ﬁ%&%ag%&uéoiﬁterdo m

ee d s were usi hg a
to HodpRicAGEw e intdt@in@aihthidiel wiat sddSthRYarhie\gr @ (SQIFF40ains).
Since the speed that a barcode traverses the |aser
wagglensths 80Rv6r setrssppréipsr 9 dhel tatgst tforprhdee i parerfi the
asur.ed b etgct or orml i,zed vol t val,ues
spFER Peopeh Bea T FRuRa B HERAPER MR aR S e s
¢ ahArre@*RERAEs sbdae @He8M0 ahRaBRE@I6n0-6h) ahh, irbdictinted, Widgpet
anti body detection, used the netric G = Jf> ky(f)df /
correspod £ theH@kN pett of the spersrup lireyge as pefa ingligares 7A-C.

unct. on time, t, Fiqgure. rovi des a,cl ose- a
Oulgaff 18 9 e toeetond <8R Syrikell 8 p SEByust! 0885 1P il

acdL@RZH coF@bRE riPSditgd VAS i@ Soffw SO NBRBe fHelspbdithhya barcode
encount ered problem for assays being perforned at

traversegethe froerespot & inesretly pagnsBensth it thetprek detersilyi pepsured

sensitivity l.imt of the diagnostic. Therefor
by § 0Bl g PaliediouBes bR PhRE B i’ St §efy yege or
sighMNRAEBRL FaNtkatPld, @he ShebltDReIS RMSdhtihdicdtYs Gbgt Qatihsdy
HBV HBsAg, HCV N$P and HIV gp4l target antibodies were
dqufttpwarléﬁdi i @\Qt@ﬂ_ﬁ&rfé*d‘V(fdﬂf_d dtitidy _evihat d Yty dld editage Eignga
as lé(al,]i{a.ﬁc’r‘]l t'éq-[\h%esfoiggte,eg t IFPgQJrg |9 or!alv}dlgsm af élgssé!ups S8 Qr]“sgest QF pt;garke%n
demonstrate the range of voltages. ’

[0228] False positives are a common clinically encountered problem for assays
being performed at target molecule levels approaching the detection sensitivity
limit of the diagnostic. Therefore, assessing the detection limit for the platform is
important and serial dilution sensitivity curves for HBV HBsAg, HCV NSP: and
HIV gp41 target antibodies were prepared and compared to commercially
available ELISA kits. The detection algorithm first scanned the green channel for
peaks and then made sure appropriate peaks were also present in the yellow and
red channels before a detection event was confirmed. The values for detection

peaks are plotted in Figures 10A-C. Log curves 1000a, 1000b and 1000c are
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peaks and then nmade sure appropriate peaks were al so

present in the yellow and red channels before a
waledoeot4ian event was confirmed. The val ues f orPCT/CA2007/002317

detection peaks are plotted in Figures | OA-C. Log

curves 1000a, 1000b and 1000c arerespectively fitted

to data for HBV, HV and HCV, with expanded vi ews

1002a, 1002b and 10Q02c .respectively show ng addition

respeqtiyely fiteds lodata for FEG TV anebHEYy vadh epandgdgangs 10022,
t re I ) 1

]D(%Eair%?g%@?n %I%ghf eJorml 2 c[%%&l:;”\%{_tﬂy’\% hl?a%g;}:@% i the

cuxtvla:e FcbanBsA antiti@ifes, amddeg@%nwemsenﬂ@ Litaé ‘p;hsi:ﬁhmiﬁuadfd in

(10-" M [0229 The required bead
thecfs%@ﬁ?%ﬂﬂ nlorw%%aa Vrs*ﬁ o the limdisdfor BSReard)gpdh Were on
L8habnn i gh bead concentrations require
meﬁ‘%‘?a%gglg TQdde;ﬂée}c )rs and data acqui sition systens.
Bead to bead interactions becone a factor due to the
[022NealHe wgpaedbieah chatenaatinrbsablsed wini te mielll toahbesute the
. flow. .For | ow he concentrations, will take Ionger
singls g, R PN COTHTEST GG bighrimeeharsoraand
dath QVEhisiiBA Qyitbmb hBe & IS saah lﬁeépa%bnseﬂécbmmefa@t Plyad s, agad

concentratlon is 15 x 10 L with a standard devi ati on
small @paration lmfthreem Hehds, ewhn:pl esil siffean flomwaki Bor low bead
roxi mately nut es to get >l 000 counts. The

ot BRERost i Cwil s one B eRelt oo FRaEh: FRE Lo HaLsisal
iVBRBr 10%n lt}(tg?mm'ént @ﬂgerﬂ'xﬁzr% ), % ewel'a e g&c? c@hcentrahon

correspondlng change | he t'i nme reqU|re or count
is JacqUi sa/t.ivorh a Shedadt didatioh 2€ 90f10¢ heél bregdsexemples ahgen,

f [ it 100 to 5 0230] A
S B e85 100 gy Lo, T 0230] 2 TEL S

i t ls
cofbtdeR- WD SRR B EADRFL I A ahd T AN bl bt .

corﬂ_@p\orBhsg chmnige s thedtinod rdquived HiB\Voantchchliidtioandht hetes! size
%‘ HCV and _HI \/c)1 pat hogen nul ti pl exi ng experinents.

of thp Bedflscar fg15e fras aldta ARt Q)78 UBO # #Fst i ndi cat i ng
where green channel peaks were present, and then

[0280}3% Sihhjoe (beSfit of using fluorescent barcodes is their multiplexing

detection capacity and the ability to apply it to pathogen detection. Figures 11A-
D, 12 and 13A-B show results of two (HBV and HIV) and three (HBV, HCV and
HIV) pathogen multiplexing experiments. The detector data was analyzed by
first indicating where green channel peaks were present, and then classified as
HBV, HCV or HIV detection events based on the ratio of normalized values R/Y.
Figures 11A-C show how histograms 1100a, 1100b, 1100c of detection events
from HBV, HIV and HCV have clearly distinguishable differences in the R/Y
ratios, from low to medium to high, respectively, with a comparison of all three

in Figure 11D. By using this approach, it was possible to identify the different
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HBV, HCV or HIV detection events based on the ratio of
normal i zed values R'Y. Figures 11A-C show how

wohe@sogracns 1100a, 1100b, |1 OCc of detection eRE@nCa2007/002317

from HBV, HTV and HCV have clearly distinguishable
differences in the R'Y ratios, fromlow to nediumto
hi gh, respectively, with a conparison of all three in
Figure HD, By using this approach, it was possible to
pathgeen Py Hee YT 5t ‘B%Eﬁtsia"&? ﬁ@’é@w e aden dhe &gl olerulphe
P AR s B oD B O pPLP R FEL P (PLBRERE, .
for this change [0231] Figure 12 shows a table of
[028%dpEgineeldt showsed tably ofFixgparienentt3ssed rior BigByes Bidgand13A

. Sho he results of.2 pathogen. nultiplexin .
FRo It RIRLAR aitte 2 8RR G ls kS v 1Y

aeﬁvlﬁﬂé 3B pRIVAOGRR F BlpaoBen SXMEsIEARE bepdM
amHBV, anél HI V. Thesg%gal tp?ﬂs?ﬁow negI]i gi %I )gpmegts
withrldB ¥, - e ¥ enid iliVy These resnds shavhnegligide trogereantivilyepsthese

e BT coontraipt of 6] Fifvarrd B, sl or °
thiS RQYEHAERTCSENHN 278 ~SIRH AR PhdBMbADLIShoWh &gﬁ%&l{t Jie

mcroflu dic detection systemrepresents a cessft ul
stapdardeileymboe of nano- and rnctrotechnol ogies with
nol ecul ar diagnostics into a nultiplexed infectious
j . D YA [ rtain Lfications c
1025 RS RURRIR LR ofe S0 ropeh ¥ L PR RS FRgrS
naspedrid ndortdcROdlbgiss it sblatulad EPEWshiésCiradtd Badiigisxed
O her nodification can be made to adjust the size and

infeqtioys disease domalyisalgpal af-¢rtaiy sashifiqatieny poy e magde th the

icr.af L ui di. i EFor ex . e n. LED or ot her o
Sysgéa itgt %’%ﬁ é?nf§{1idgf§c% ercr’gr?? é@n%%/ hbogecﬂgeg rihlseplvgg}e S%efmfche

antitagiess. f@thert MOdiHi¢s RS ante ©XEE td AfuithBe BBE @BHIsBScture of
Further devel opnents and refinements, not all of which
the, gvierallyy stegniaeprporsing ghe mierotwgisechin Foreaxample; pa LEP or

otHEP Y LESE %iﬁi'ﬂ@”&&hé’ﬁsmay be used in place of the laser for the
purpose of exciting the molecules. Further developments and refinements, not
all of which will be readily obvious to those skilled in the art, may present

themselves.,

(0233} While the above method has been presented in the context of a quantum
dot-based barcode the method is equally applicable to fluorescent dyes and other

types of luminescent particles.

[0234] This concludes the description of a presently preferred embodiment of the
invention. The foregoing description has been presented for the purpose of

illustration and is not intended to be exhaustive or to limit the invention to the
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0 [0233] Wiile the above nethod has been presented in
the context of a quantum dot-based barcode the nethod
wo g008quakd y applicable to fluorescent dyes andP@r/iar007/002317
types of |um nescent particles. [0234] This concl udes
the description of a presently preferred enbodi nent of
the invention. The foregoing description has been
resented for he p gse of 5 illustration and is not
Prici @15?1859[-‘}:3 (O ikerderh e hop 6t 1 dreenfinR by HTWiRE NEHPY o
thib BERFBESEu T rtﬂéghﬁﬂtﬂ§§glloxlv.t |s Intended the scope of
t he |nvent|o [1Tmt not by this description but
by the clains that follow Wiat is clained is: 1. A
test systemfor use with a buffer to test for the
presence of target nol ecul es of one or nore target
types in a biological test sanple, the test system
conprising: a) a first set of test nolecul es sel ected
fromthe group consisting of: i) bio-recognition
nol ecul es (BRVs) of one or nore BRM types, wherein
each of the BRMtypes is conjugable with a respective
one of the target types; and ii) conjugates of the
BRVeE and the target nolecules, if present in the test
sanpl e, wherein the conjugates are of one or nore
conj ugate types each corresponding to a different one
of the BRMtypes in conjugation with its said
respective one of the target types; b) a mcrofluidic
chip conprising a chip substrate portion shaped to
define: i) one or nore el ongate sanple channels
therein sized to enabl e passage therethrough of the
test nolecules; and ii) one or nore flow focusing
channel s therein for operative passage therethrough of
the buffer, with the one or nore flow focusing
channel s
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adj oining the one or nore el ongate sanple channel s,
wth the buffer exiting fromthe flow focusing
w@e b@nnaiige operatively directing a single-file BCT/€amoon02317
the test nol ecul es through at |east one of the sanple
channels; c¢) an irradiating device operatively
delivering el ectromagnetic frequency (EMF) radiation,
ﬂ#l@ﬁmh& adiation position along said at |east one of
e sanp e channels, for absorption by the test
nol ecules in the S|ngle file stream whereinthe test
L. ol &ctettesystamt forf hgrorétboruéenta éast dbrs Greppiesrncofofttheget

ation, erein cence, of the?
i Bt oF Ber EB s Rt e bies Lol P ehg et Seiem
compisihgum for each one of the conjugate types; and d) a

detecti on device nDn|tor|ng the single-file streamfor
the fluorescence emtte y the test nol ecul es,

2) whet Bishsat ﬁéteafé%letwl%wetfék?ﬂé@m Hhedroyn eansisheg pft esence
of the conjugates in the first set of test nolecules

by #Honi HQyiR8fiddn hftediat {m\t{s)f SUBHE S CRbrsS BREA Wﬁ%sOf
each one of the conjugate types; whereby the test

sy svhereindeaah of reBRM dypasds emgegabie witke atrespgetivenmieed whes
in the est sgnple. 2. The test system according to

cl af ﬁ?f @Pgin each of the BRMs conprises a

m cr obead tagged with one or nore BRM fl uor ophores

t hail) ar eogjogibesk the BRMs sdrebeqd: moheaks if pheed@RVithe
fluorophores emt at |least a BRM part of the
f | UBHedBWi aviyrein Hbe apajtigHes o dorestenpresiaigatmiypes

aft f diation, 3. The test.
2y Fr SRR Bl MR ALY gl Ehbon
f | uwith jtk edié Sespartiveiode oDihe tagetPpa; quant um dots of one
or nore quantum dot types and wherein the quantum

dots t 0 ery emt at. RM part of t
) (P SIS P e inseihie S fraPabbii hefistbifine
after absorption of the EM
i) one or more elongate sample channels therein sized to enable

passage therethrough of the test molecules; and

i) one or more flow focusing channels therein for operative passage
therethrough of the buffer, with the one or more flow focusing channels
adjoining the one or more eclongate sample channels, with the buffer
exiting from the flow focusing channels operatively directing a single-file

stream of the test molecules through at least one of the sample channels;

c) an irradiating device operatively delivering electromagnetic frequency
(EMF) radiation, at an irradiation position along said at least one of the sample

channels, for absorption by the test molecules in the single-file stream, wherein
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radi ation. 4. The test system according to claim 3,
wherein the quantum dots are of two or nore of the
werashmmnedot types. 5. The test system accor di POI/CA2007/002317
claim 2, wherein the BRM fl uorophores conprise one or
nore fluorescent dyes of one or nore fluorescent dye
types and wherein the fluorescent dyes together em t

l east. a id BRM hef | t he
tne Bt i BN B iy S P ML EREERGR o 4k
whEMn ﬂ@dﬂl@ré@@nceﬁﬁ thé eest ﬁ&ﬂec&}é§ O RpRIBE04 dtsﬁgctt DudkBytene

of clains 1 to 5 wherein the conjugates are | ess than

spegiywmntfon eachriope ohtbe epugatajypesi adilze. 7. The test system
according to claim®6, wherein the conj ugat es are |ess

)t h%n a08ih &y m;?é":h&hx th§ i ;gieefﬂte%ﬁreaﬁ AGGRLLhRY

to c alm 7, erein conJ gates are ess than a out
emitteinby nhei z&. ndleciiies tvieteirs \thé ehét@acmrdzhvng Identfies dhiee

of claims 1 to 8, wherein each of the conjugates
pregence RbEhecoRjygries i e disstget "frFﬁ?fR’é‘?le‘fql‘%fé’rYo‘Bﬂ%‘ FNFfeRhe o

d1s?n&t?l§8§e§5€nk gpe(apﬁmoctf eh orte?Hr 9% oo ﬂglgtg S, Wherein the

ar get uor ophore emts t "part of the

fluorescence of the distinct fluorescent spectrum
wheifeb thealpst sy gieimdAergifies He fERfenrenchi the tagget m@eculdsdn testest
ami%stem according to claim1l, wherein each of the BRWs
Saliohpri ses a microbead tagged with one or nore BRM

fl uorophores that are coupled to the rnicrobead,
2. WheTheitsst eptdin @tcotdiftg oMY R vasréit chitesf thOBRMssempaises

t,arget mar ker fl uorophore bound to a respective _one of
a migrabeagl tgggedniith ene esmophBRY; frarephargchabreicpapled to the

mi?ﬁ%@aﬁg r&Pein th§ B%ﬂ/lffdoy&;l‘%?&o&ﬁﬁ aecnfetristaa BRM %@Ftt of AR

target nar
fluorescence of the distinct fluorescent spectrum after absorption of the EMF

radiation.

3. The test system according to claim 2, wherein the BRM fluorophores
comprise one or more quantum dots of one or more quantum dot types, and
wherein the quanturn dots together emit at least said BRM part of the
fluorescence of the distinct fluorescent spectrum after absorption of the EMFA

radiation.

4. The test systern according to claim 3, wherein the quantum dots are of two

or more of the quantum dot types.

5. The test system according to claim 2, wherein the BRM fluorophores
comprise one or more fluorescent dyes of one or more fluorescent dye types, and

wherein the fluorescent dyes together emit said at least said BRM part of the
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fluorophore emts a target part, of the fluorescence
of the distinct fluorescent spectrum after absorption
wo@RoosheilVF radi ati on, such that the BRM fl| uorp@hioAz®7/002317
and the target marker fluorophore together enmt the
fluorescence of the distinct fluorescent spectrum
after absorption of the EMF radiation. 11. The test
stem a to claim10, wherein. the.d i
1GEREEE B 500 fboFeRuit P Eh GRETBIHOR Shate Vs
radifBRS) nmonitoring the singlefile streamfor the
fluorescence emtted by the test nolecules, with a
first one of the APDs adapted to receive and i dentify

6. phellsr kegle ArsterpaceRrdinsRIA FRY 101 eapfd 'k d ofd™onbes the
corﬁﬁgﬁesaaqgfgs$gmﬂ gbcELﬁfqlS lnﬁgroﬁ%qer& gﬁ-ﬁ)‘ ihfset he presence of
t sce

target part uor nce of the distinct
fluorescent spectrum for said each of the conjugates.
7. 12.Thehesttspsemsysirdimgae chird ibnyhewircthaiconjugatesargrleds tharhe
tar art has a lower intensity than the BRM part of
abgyf 3 %F?H'E?Jéescence of the distinct fluorescent spectrum
for said each of the conjugates, and wherein the
8. SeCTHteQnRQstoh debirdANBR6 chas 7aweeat e BRNGhiks ¥etlysstthan
the first one of the APDs. 13- A test system for use
abgytiliipimiied.er to test for the presence of target
nol ecul es of one or nore target types in a biol ogical

9. t STheSRERY Gem@hbr %xgnota.hﬁ oh€8f clsit el AhiRrdeLns Jieke

vise with a first t of test nolecules selected from
cotjhgateq fouthec comsprides agamgpt iajkeb floeropbogripaundrio rolespegtivs

B Ve f BRM t i th h of the B
ont G e HHEFH O BT U BRI WECHYE FAASLRNT TR EmgE Sger
pahtdf AR ALYRESncAR0he)didRARE BOGHESnOlpHEmBRE 2BAdplife of

target nolecules, \f present in the test sanpl e W th
the IdF redetiornl ecul es bei ng such as to emt fluorescence
after absorption of EMF radiation, and with the

oSBT PP A SO E S
a microbead tagged with one or more BRM fluorophores that are coupled to the
microbead, wherein each of the conjugates further comprises a target marker
fluorophore bound to a respective one of the target molecules, wherein for each
of the conjugates, the BRM fluorophores emit a BRM part, and the target marker
fluorophore emits a target part, of the fluorescence of the distinct fluorescent
spectrum after absorption of the EMF radiation, such that the BRM fluorophores
and the target marker fluorophore together emit the fluorescence of the distinct

fluorescent spectrum after absorption of the EMF radiation.

11.  The test system according to claim 10, wherein the detection device

comprises at least two avalanche photodetectors (APDs) monitoring the single-
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conjugation with its said respective one of the target
types, the test systemconprising: a) a mcrofluidic

W@ koop/oTampri sing a chip substrate porti on shapedr/Ca2007/002317
define: i) one or nore el ongate sanpl e channel s
therein sized to enabl e passage therethrough of the
test nolecules; andii) one or nore flow focusing

channel s th rein for tive passa t her et hrou

e RARBIPT 512 FSHEn R GG BY HHieD Th B 6p et vt o of !
theCRBPH G SHr18dk PLRLRE ahB8dNEY e PREEQ’\C@ P RABERVSSHIP|Bd a
channel s, with the buffer eX|t ng fromthe flow

secbnd use ofghe ARBx ellspted &r mceivehnd diengdytthegreaersk p§the-téngke
streamof the tes | ecul es through at | eas
Pagtf tae HEPIESEREM?, g i *aghlqr?%fsr&isa ‘ftﬂtj“ Raaicbeach of e
co@%ﬁ?éﬁ'vely delivering el ectromagnetic frequency (EM)
lation, at an irradiation position along said at
| east one of the sanple channels, for absorption by
12.t helThegsst sygiera @9¢(E‘éml8ﬁ0 chgn slilngh@emu the tasgeteamh hagiadewem
fluor S e o st _nol ecu
iy kB (8 oe@h ot Be FRRTOF Sall GRERG: Afaften

spdefQbl gt Bid YRS @B ctoﬁ}h Atesl eArRICThORId 86l LoD BhE OF iRy
the single-file strean1§or the fluorescence emtted by

ARDsédhas e gteates bersitivaty thathde dirst onhef thet™dtis on devi ce
identifies the presence of the conjugates in the first

13. > etA Qs s§§ttenﬂ¥8re&§é' Gfn Y bUHﬂH {5 ?orf ﬁ{a prldGnlll SFIAGE:

| uorescent spectrum of each one o conj ugat e
mdicy:p&s of whebehoré kagétegpessinst BIUIoIgﬂ'ﬁhteBIf saenplé rmd pﬁﬁls dénce
the target nolecules in the tes

tQS? gxstery glep BRing fetonssi wigh f dirghppt %fnt@std’flole@%?wlﬁt%iér% tl}fnd
A e R S A o
typebewith eqrhsifhisd BRIEtypey bheificonjgablet high aheapa&ive\mielos the
targeotnt‘?}gés?gr?cg (i1) conjugates of the BRMs and the target molecules, if present
in the test sample, with the test molecules being such as to emit fluorescence after
absorption of EMF radiation, and with the conjugates being of one or more
conjugate types each corresponding to a different one of the BRM types in
conjugation with its said respective one of the target types, the test system

comprising:
a) a microfluidic chip comprising a chip substrate portion shaped to define:

i) one or more elongate sample channels therein sized to enable

passage therethrough of the test molecules; and



two opposi ng side channel portions, and wherein the

buffer exiting fromthe fl ow focusi ng channel s
wopesatiivel y directs the single-file stream of PETIEAR®IN02317

nol ecul es along a sanple path that is in spaced

relation fromat |east the two opposing side channe

portions. 15. The test system accor di ng to cIain114

\é\?gégl 2 Iltnethr Iﬁ‘mﬁg rR Iﬂgilsﬁgccmaﬁnels t r11eelr 668 ] %%sage
W trherbih@ohasiShe Ibuﬁ@: d&m the Rfhe D1 bﬁﬁ&wmﬂﬂﬁg cR&XirleisON
of said at |east one of the sanple channels, wherein
t hadigiring d¢he wak | oy xfngret h@ngﬁgrﬁpmpéee chartr@b atiinfe buffer

ortion, n the sa erativ in
P et @R helliSt Focoind SpeRR: SheR Bl FedBEk A sipgie e
POTstrie o fHd tédR ehollRR1eS RRBAEH N84t bdlof thEsanlple chasiels;
system according to any one of clainms 1 to 10 and 3 to

15, wherein said at | east one of the sanple cgannels

b) coripr irediating sdavifeeopesatiesy delsring elemrha&rﬁec RpPeY
(Eb@ﬁﬂlagﬁhén, a famﬁsd&e&{)mﬂsﬁh%}g aﬁngéﬁﬁ' &QP&WO gliGh1e N

comuni cat 1 on npl e ocused anne
chaRélsWot Bbdobgticsaplie ttdehsedilaianhebinpeifig sd&mabm@aim

of the flow focusing channels, such that the buffer
thefyoresagnep b te e POISGRlesOTRRTIGS @ ARG HuerRifenhgpectrum

for% Hale-Jules cﬁgiuﬁ r%{pnp Jhe test nolecul es operatively

ow throu 1'e focused channel. 17. The test
systen1accord|ng to claim16, wherein a buffer flow
) r ataedeéctivh aleisk freenitwping the \?@Igiﬁ-fﬁlb Giwearg foh ﬂwﬂjtlipr‘eﬂence

eI RE PBSE B ERRR P A Rt B e B ©

preftiRebede &M@gm BLGR it 6t éfqe@wolémesqu hbfitdgliot helO
and 13 to 1 wherein the fl ow focusing channels

distuetlubsecet sfegrsin df weckf drevwf thocwsjuggtedheasnel s,
adj oining the one or nore el ongate sanple channels

wh\%lﬁt% W%&t%&gé:?lxge jel %%res%gge & th% P.ﬁ-%é%%L&:léériﬁ‘ REE S

ocusi'ng channe dj oining the one
samyple.

14.  The test system according to any one of claims 1 to 10 and 13, wherein
said at least one of the sample channels is defined by one or more elongate
channel walls of the chip substrate poi-tion, with the channel walls comprising
two opposing side channel portions, and wherein the buffer exiting from the
flow focusing channels operatively directs the single-file stream of the test
molecules along a sample path that is in spaced relation from at least the two

opposing side channel portions.
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nore el ongate sanpl e channel s from opposi ng sides of

said at | east one of the sanple channels. 19. The test
waymBemiaccording to claim18, wherein the twoPET/O0n2007/002317

focusi ng channel s adjoin the one or nore el ongate

sanmpl e channels at a common intersection portion. 20.

The test system according to claim 19, wherein the

buffer exiting fromthe f] ow focusin hannel s . . )
Bopettt eIy tFBctrsesintee casp ifol PRSP s TatEdic chip

' sl ] rhfh POELATBHE R
b o e s B AN g BT st bR BB e
gladd slidihdefirdsd a2 Sysdmmhaced pditig dfoadhyt leme oaé of Hei sample

to 10 ggd‘li% to 20, wherein each of the_one_or npore

channels. whetrdt Hig Bpriichuids Sufhsr femPFs 2i7e Yanpg)pertion, and
with QRAAL aABIAL A, G0 BRAGHSe1 R n ARaAGRLLN LI ANBLE Bih the

grees. test systemaccording to any
boeto dhbingd] pbitinhnti eheldpahshrikBpddioA0, wherein each of

the one or nore flow focusing channel s adjoins the one
I t I h I t dj oi ni
165 TB6 G PENB GreTEss, "onan eLILyLie KLRH dPrg o
wiRn 3R & 1e6dt AInB%of dhd SardPrle aREnrdeds E&ngx]gsesvrgwneﬁx@ fbfBed

chip substrate portion is fabricated fro
chpiey, divitte theydagiplostanaelf ROV -comprisige taastle sypplp rhannel
: di fo. . f cl ai 1 d 13 to 23,
in 60 SRRt S v o germile fodtied chhe! R iR MecieirHls
fob RS thRRE Kind BEwRARRNKE fCthﬁ@lBGJ Rchsing BGnhbisaheH 1M the

el ectrokinetic flow. 25c.) The test system according to
budfenpxitig fromhthedlaw fdrasihg gharfrebsumidnide chrgghmblestmam df rthe

fluid communi.cati.on with the sa e channel s; wherein
e e AT RSN St D A
a buffer well adjacent a buffer starting point
17. The test system according to claim 16, wherein a buffer flow rate of the

buffer operatively flowing through the sample focused channel is higher than a

test flow rate of the test molecules in the single-file stream.

18.  The test system according to any one of claims 1 to 10 and 13 to 17,
wherein the flow focusing channels comprise at least two flow focusing channels,
adjoining the one or more elongate sample channels upstream of said at least one
of the sample channels, with the two flow focusing channels adjoining the one or
more elongate sample channels from opposing sides of said at least one of the

sample channels.

19.  The test system according to claim 18, wherein the two flow focusing
channels adjoin the one or more elongate sample channels at a common

intersection portion.
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of each one of the flow focusing channels, a sanple

wel | adjacent a sanple starting point of the sanple
w@b@snadige upst ream of the fl ow focusi ng channePGT/Cand7/802317

term nal well adjacent an end point of said at |east

one of the sanple channels downstream of the flow

focusi ng channel s; wherein the test system further

co ises a sanple.well el ectrode. operativel.
207 oo b BEEw PR PR s i, MEoRur PEroer Podheopate
floWp fcaihy ChahnBR IpktBREIY fbéhsBAGR t8RInth1RWidsehtoWRL kingRle a
term nal well electrode operatively positioned in the

streamnlpyh #8ss Jiledn abash dfemnisrarhetersalpt)ed avetdtreeinectt thedepnimgon

inggsee&?t i vogjfignsuppl ied with a first electrical potential
of ca Tifs polarity; wherein the termnal well
el ectrode Ls operatively supplied with a second

2lel ethe itsshlsypatentordingofo amy oppesichgnms dcent)d pnd asi toyz20,
and wherein each said buffer well electrode is

whsein gpch ef the e pY e Hgw Foasingichennelsaadioing e 0ve e e

' ritve .2 St accordi ng
eltgateimpld Rl Alak'atioutify ld)e of &R MY GFAIACID! 01 MO
hi gher than the first electrical potential. 27. The
22 esthe yest eyaters coratding tooamgt anenop @laimbdr iei 1) and dBito 28§
1%he t hi r%tgl ectrical fﬁJot gnti,al Lel aliive to.the first
WRTER P TR N SR RE TaTe Y Kisstins thapnelsagiadys ths gne ¢ ore
eldrRale saXPlAMRCIPLGNNAR cifAn @ RYg10 Bt 43 @dgFBes] tO 10, 13
to 16 and 18 to 27, Whereln atest flowrate of the

test nolecules in the single-file streamis at |east
Babolife Kyt sEsem ASFALinge® yor ong rbckimpg, toTHbangdp to 22,

15¥She a&qr' Lai m . rein e.te f.l ow
At e % atplsgggtgat%g)ggttl&%& %%s Caﬁglfg%rﬁl é@y%@?é%’%‘k{x@pe
(PBMS).The test system according to claim 29, wherein the

test flowrate is about 500 test nol ecul es per m nute,

31. est stemto test for the presence of target
24.rm | g@eu?:eé;g s%s?é/ naécod‘flmﬁot'oeany one o clapms% to 10 and lg tg 23,
wherein passage of the test molecules through said at least one of the sample

channels is facilitated by electrokinetic flow.

25. The test system according to claim 24, wherein the flow focusing c¢hannels
are in fluid communication with the sample channels; wherein the chip substrate
portion is further shaped to define a buffer well adjacent a buffer starting point
of each one of the flow focusing channels, a sample well adjacent a sample
starting point of the sample channels upstream of the flow focusing channels,
and a terminal well adjacent an end point of said at least one of the sample
channels downstream of the flow focusing channels; wherein the test system

further comprises a sample well elecirode operatively positioned in the sample
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target types in a biological test sanple, with the

test systembeing for use with a first set of test
woriosowies sel ected fromthe group consisting BET/CA2007/002317

bi o-recognition nol ecul es (BRVs) of one or nore BRM

types, with each of the BRMtypes bei ng conjugabl e

Wth a respective one of the target types, and (ii)

0 lecul e
wBPTRREN etblEop e bod lieh 8 B8H ARNEIM BBty
terofinad meellcalechrotie operafi g @ ipesitiyMeiSinetBe lferfrfidl @840 AdieAgn i a

different one of the BRM tY pes in conjugation with its
SaTaRie Qv S eRIFREOEF PePRSFEVEEY wpeliechmibra fsphalactrienl rotantinl oftte

firsk BRlariBYSHRALR O Qurh o T EREHHER el By TLBERL] Whfla"

I p conprising substrate
secdad Ehﬁn@ﬂ@o@d’nhﬁb&f&n&ip@ﬁ %1 @ec&ﬁdﬂpbl@nﬁ,h and Q*h‘érdiﬁ@d’cﬁlsald
sized to enabl e passage therethrou of the test ~
bufig weliplegrods ke ioparadivelyisupplies with eaaighlr@lf eledydcal potential of

R L ~passing through at |east one of the sanple
t‘%ﬁéﬁﬁﬁkﬁ§ the test system conprising: a) an

irradi ati ng device operatively delivering
26e|é@WrUﬁhgﬂ@ﬂhcm@peﬁugnoydﬁﬁwﬁﬁ machran i thn, thikd akctrical

di at osition alo sai d at | east one of the
P°%3ﬁ§#‘“§ %}émf?%ﬁkﬁ%ggﬁ%¥?ﬁﬁLby the test nol ecul es
in the single-file stream wherein the test nol ecul es

27.emiThef tesiobpsaR Neorafrigeto AREAT Y Ivoiersth & hELHEMF the third
radi ati on, and wherein the fluorescence of the test

elegpiral Paleasalaslapre ndbe frsypleetriel pofandakie sl 908E).r um
for each one of the conjugate types; and b) a

28 detBethR By faH & raBpitd 9 dy Bie bNGaifsNAbtrof 13 & Kl deerm &0
t he fluorescence emtted by the test nolecules,

27, Whlmrenra mbteﬂmietretetqfcﬁhe theviroleculde it id dsgledfite greaseinca

1 b %ﬁ’ s in the first set of test nol ecul es
eaﬁf Wb %mﬂ P PEHEMYSt i nct 1 uorescent spectrum of

each one of the conjugate types; whereby the test
29.sy Slthe et eestdrh ht@sdihf e @aiasE) edetiin tHeaedt Wogetatd o heruites

in the test sanple.
about 60 test molecules per minute.

30.  The test system according to claim 29, wherein the test flow rate is about

500 test molecules per minute,

31. A test system to test for the presence of target molecules of one or more
target types in a biological test sample, with the test system being for use with a
first set of test molecules selected from the group consisting of (i) bio-recognition
molecules (BRMs) of one or more BRM types, with each of the BRM types being
conjugable with a respective one of the target types, and (ii) conjugates of the

BRMs and the target molecules, if present in the test sample, with the conjugates
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32. The test system according to any one of clains 1
to 10 and 13 to 31, wherein the irradiating device
w@owpiniHes an LED operatively emtting the EMAPCT/CA2007/002317
radi ati on for absorption by the test nolecules in the
single-file stream 33. The test systemaccording to
any one of clains 1 to 10 and 13 to 31 wherein the
iLradihatd ' rise S oper.a tivel
e ey P Bl eR eGP R r R R e PR Rel Fdorct
BR¥O ltgmealie sonjngithe ithdlseald legpativeant oBdhe thiagt tt@sds, and
system according to claim33, wherein the |aser has an
W@{)&eéﬁf AEieBReIEder Bathgerse Wb armzrefiidingbipscommnsingl
PUREEH -3 e system accor di,ng
Chit%g&%}sgiérgn 34, zﬁ‘té‘ﬁ’gﬁ‘% t féneo%?aer &ol—ljtqﬁr?ée é;%'\}\%re ot %e‘:%ﬁ%eésr
thersinisedei e anabioptssade therginaighsof (Hd/Vestmdlealled) twidba single-
.hegawat t s (n\/\z. 36. The test system according to any
hlgsigeag of |the iest mqlepulay paseing FhraysB st lnkse rasierpft the sEviple

i Ak ratively delivered by the irradiating
Chggi\%%sgae‘eg%éggﬁe"%ﬂgﬁﬁ%n&ength of about 488 nm 37. The
test system according to any one of claims 1 to 10 and
a) 13 o ir3Slisthrey device bperdgtdy tdetinertiey eletrarangietis effeqiiency
EIE st,.three aval anche phot odetectors (APDs) nonitoring
(EMRLradiatiopeatiany iradiafion mopigen aleespidotdetst re okthiersegiay
chdrh@is! ﬁﬁtab%@&w)f $he W RoBAGE Qb Q]?lglg?fg? fg?gﬁﬁt frﬂertegl

receive and identify the presence o erent range
theofestwavietdeggerns flunrdsteacé hitar Ascition of ihd ERG Ayliatibe, draist
nol. ecul 38. The test s sten1accordin% to claim 37,

S.
W G UOTFIFRTe hibe S1 FHeoRs o iera Hislinel N aTE P
Spéﬁqlﬂ fdeBidhfiote Bh@\e EE)Iﬁﬁgﬂ& gggg,éﬂd green range of
Secon

wavel engt hs, wher el one of the APDs is
adapted to receive and identify the presence of a

b) yeld Btfestiongievise menittrisgghhsinglenile wirenrmi for shet fiiordscone
med | apted.to receive and jdentjfy 1he

¢ preesgﬁc@gclﬁ S'ta%roze ]%%n‘évgergf &g'?/ é‘egeﬁ theieviee tdedifies”the

presence of the conjugates in the first set of test molecules by monitoring for the

distinct fluorescent spectrum of each one of the conjugate types;

whereby the test system identifies the presence of the target molecules in the test

sample.

32.  The test system according to any one of claims 1 to 10 and 13 to 31,
wherein the irradiating device comprises an LED operatively emitting the EMF

radiation for absorption by the test molectiles in the single-file stream.
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39. The test system according to claim 37, wherein the
at least three APDs conprise at |east four APDs,
wob@sei4i4@ first one of the APDs is adapted toPCECAR002/002317
and identify the presence of a green range of
. wavel engt hs, wherein asecond one of the APDs is
adapted to receive and identify the presence 0 a

yel

4 hemm%sta%%?ada %@%}gkgg%e e?rtleeoaﬁl lms ntt’h]fo ‘ﬁTE 8,

whetdis enC Rradiatiug dHval GempaiBeea @fsex\/\@p@b@m;t Bﬁutnag Ghe EMF
wherein a fourth one of the APDs I1s adapted to receive

radigfipn; fgephsprRfionhy the testanelecudgs in thesinglenfidpestrghm.

wavel engt hs. 40. The test system according to claim

34.37, THMI@ﬁt%yﬁeﬁtrh%ctﬁﬁmgecg%IalrL hg e\@héothsﬁ}]\Q Q%g{ hac‘seanadéy .

four AFDs; wherein first one o Ds is ap
power ofdebiece abnat 2 egrwatly (e apdedbenic® rmégaavals l(xﬁW)ange

of wavel engt hs, wherein a second one of the APDs is

ad ece| and ipdentif resence of
5 o e b e BaP BR g RS e R e e 3 e
las&RE)Beﬂn&etadﬂﬁit ednte QawQEAIWR) Ahbodets nbyad g F)\W)Sence

of a yellow range of wavel engths, and Wherein fourth
36,07 of the APDs is adapted to receive and |dent|fythe
pr eSEniedt gptep r“é‘d’r‘?‘ﬁﬁé% gy vl Engtns to 49 andn 3 t@ 36

KL AR 0 0 ) 0Ty

EMihengéengtugflabdutdi@8inee nonitoring the single-file
stream for the fluorescence emtted by the test

molgcul.es. 42. The.te stem cord n of
7.7 e sty accafiind Yo sRUSEREER| I herdcls B
wheRi €@ &b Sesic@tothPagsh at ms@&@é@mmcﬁ@sﬁ&g&ét@&mf S
APDs) nonitoring the single-file streamfor the

Pusrendiosns heevingle-lp wipamtfer t}eestiuqmcer,cmeesttewm thegtagth
PDs t o ve and i.den
mo?ec%fs?gn c@ & o?ng AR Egﬁﬁ £ecgY e Rag éﬁ?eé"ﬁi‘ pr‘F?E'PT'F
a tﬂltfuﬁhe&ﬁﬁglaC of afdveled@ttlyinl Ifiee RSkescence emitted by the test

molecules.

38.  The test system according to claim 37, wherein a first one of the APDs is
adapted to receive and identify the presence of a green range of wavelengths,
wherein a second one of the APDs is adapted to receive and identify the presence
of a yellow range of wavelengths, and wherein a third one of the APDs is

adapted to receive and identify the presence of a red range of wavelengths.

39.  The test system according to claim 37, wherein the at least three APDs
comprise at least four APDs, wherein a first one of the APDs is adapted to

receive and identify the presence of a green range of wavelengths, wherein a
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nol ecul es; wherein the detection device further
conpri ses a charge-coupl ed device nonitoring the
waemglaHiié | e stream for the fluorescence enittecr/bx2aomne2317
test nol ecul es; and wherein the detection device still
further conprises a switchneans for sw tching between
monitoring the single-file streamw th either the APDs
t p | 4 1e stem
seShd I, GoRE QIO UIRBPLN) B ing J08u1T T PSHET gy o
yeﬂdnerrehge bheadetgnhd, Grhetlai iaChirGosi b588 APDE @ASIapARE to
rip sensor _nonitoring the single-file streamfor the
feqef"&o?%% dTtEy éhr trregnigy of B eresge mwlzeced e@velmngths eash
1 I.tal
IR st Rtk A8PETABto f ik Bna it BB e preseners
of el fangé ofsysletimgaecor ding to claim43 wherein each
sai dtrip sensor generates the digital signal only

;H’n R"ﬁ ensi t of the, fl scence is in excess of
O il REPFIREASPIYRE 4R GGV otheean fesati it Hage Jddor
cm&gﬁs@aﬁlefagtefoﬁp%fﬁﬁse vﬂ@r&ﬁ?jﬂ pad Ral g WMSC{H@%@I &y :

The test system according to any one of

receiyedayd identifyethequeppnisohg Hud rdigle @Pheel&RMsS wherein a
del.i ver{g‘? the fluorescence to the detection device

SQCPP‘ES AT BbLE Afiisds ?‘iﬁpéﬁﬂﬁ tgaessivernd idamtify thadrepenesof a green
%'ftwlaggl tﬁ@ 2L 2 3hird 6RSLe AP %Pg é Qc?ap?% reéceive and
anne S. e test system accordi ngrto any  one of

1dea:lhé§1 tthes piestm:eétﬁ A yElloWw heige 0ORRT IS dIHs, and) QihStdiga ERGASIIRY

the radl ting device and the detection device, with
of feARD ﬁ‘gapé"fdg Ereseide apd eadin die PeraanIob agad range of

Wapgbgéthgf care di agnostic use. 47. The test system
according to claim46, wherein the housing is sized
and adapted for hand-held use. 48. A test systemfor

41.yselhg tept arstamt faeqording tte snyf e ethdaiprebande ail targE6,

wherein the detection device comprises a charge-coupled device monitoring the

single-file stream for the fluorescence emitted by the test molecules,

42, The test system according to any one of claims 1 to 10 and 13 to 36,
wherein the detection device comprises at least two avalanche photodetectors
(APDs) monitoring the single-file stream for the fluorescence ernitted by the test
molecules, with each of the APDs adapted to receive and identify the presence of
a different range of wavelengths in the fluorescence emitted by the test
molecules; wherein the detection device further comprises a charge-coupled
device monitoring the single-file stream for the fluorescence emitted by the test

molecules; and wherein the detection device still further comprises a switch
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nol ecul es of one or nore target types in a biologica
test sanple, and with the test systemal so being for
wais@smi4ile a first set of test nol ecul es sel ectBdI/CAZINT/002317
the group consisting of (i) bio-recognition nolecul es
. (BRMs) of one or nore BRMypes, with each of the BRM
types bei ng conjugable wth a respective one of t he

t  nan n at.e
mep 2 85 AR, pRlert plobn SR RIS LBGrT IR SR
Afmhmrﬂﬁnﬂug@m@ﬁpmakmgm@f one or nore conjugate types
each corresponding to a different one of the BRM types
3 ugatlon with its said res ective one of th
31 o 8 ey BL AP HOURE st B9 H Ittt &7 36,
w t eVl
B e e LR AL s SRt LS ER R,
mnghdﬂabhannﬁmr&ahﬁmnﬂﬁmmaebyu&hbyUQSESMEb&@MEQSwﬂWb&m
,éh test nok-cul es being such as to emt fluorescence
5210 PR SeR0E SFMT RS 61‘1‘&1%9’5“/# PHESREHEE, ovdT Wienkisy of the
flublod@rgscence of the test nolecules including a
di stinct fluorescent spectrumfor each one of the
conj ugate types, and with the irradiation and
44. det Teéhs)cﬁéﬂﬁi\ cﬁécgﬂ'mg twagaibt d3,0hemii eathi srgd ftop sensbr

nt i.f o by the presence of the
sedgP Pt Mo il Doty 3%199 PR EBROR % FéoHROBICeRRols in
ex @Y UgRIEM 1B fensity) @ndl SeHer Y 84 BP0 deRidd Fias & different
m crofluidic chip conprising a chip Substrate portion

presépiprarinedbsagibmimigun intgwigy.or nore el ongate sanpl e
channel s therein S|zed to enabl e passage therethrough

45.01 filiGed @%erﬂ‘% %o afNhd 89(:13919? 198 4490 fndy! cgmprzsmg

focu3|ng C anne ereln or operative passa
a fﬂ:lwercmnhrcrablghdﬂfvehhg tbélffftﬁfescé&dc& hotthe defetioh st)rce frbaw

focusji ng.channel s adjoining the one or nore el ongate
substantiplly adiaceng te theyrradiatioe Rastticaraleng saichgt fezsinenenel theow

Sm{@ggﬁhgg channel's operatively directing a single-file
ream of the test nol ecul es t hrough at | east one of

t he sanpl e channel s;
46.  The test system accordmg to any one of claims 1 to 45, further comprising

a housing encasing the irradiating device and the detection device, with the

housing sized and adapted for portable and point-of-care diagnostic use.

47.  The test system according to claim 46, wherein the housing is sized and

adapted for hand-held use.

48. A test system for use with a buffer to test for the presence of target
molecules of one or more target types in a biological test sample, and with the
test system also being for use with a first set of test molecules selected from the

group consisting of (i) bio-recognition molecules (BRMs) of one or more BRM
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wherein the mcrofluidic chip is adapted to
operatively receive the EMF radiation fromthe

WO peoativ4Asé ng and detection device, at an irradP@Er/iCar07/002317
position along said at | east one of the sanple
channel s, for absorption by the test nolecules in the
single-file stream andwherein the mcrofluidic chip

oyied PERRAACL e BRAPYBel Bilin) FUABL' Ot ARk i 2l the

Vi ce to noni Si

targbtUopes AN AB coifugitedotie BRYL £E! theRlr8QULEIS 1IN 8RRt
. the conjugates are operatively identifiable by the
in Bedess srraples with ghegjonivisptes being of ercemmorspeniugaimtipes eecich

: COR e type ch that the.presence of
coftfipoRink 5 - @RLAPLS. b RE IR dirtst SpriBru f 2 o
respa@iviioht ab iR thiget BPet, @Al vANBHR Mst 4ibtent MRINLTSE SWaE GED

according to claima48, wherein said at | east one of

withhan EzmditingcanshAeteeionsdayidei qapeblp pf dakvaymgnadeatroslagnetixt e
hann |ls of the chip sybstrate portion, wth the
oD ML 7 B i PR o p e I EFE i ot
mddles Wiing 3hch Whabedit AR bl LT arRX] Jus&%ﬁfomé? Pﬁegf«{fow
focusi ng channel s operatively directs the single-file
raddaticmarwidi thé dluogescenre| efc thee teshlmolgeidess ampidingat distinett
ﬂuh% %ﬂt%p cedfrelaﬁion L%on1at | east thg t. wo_ opposi ng
SiegE " cHARNET "B GRS O 159 orfpats wops: 39S raih the kardiating
and OdetéctibM ddsiceMABbEEdpablae ofM kbRl dide ShU Hd&ﬂ'[f%lplgr the
conprises a glass slide underlying the chip substrate
corpagatesdry, thei presenpreofythaslistiict feordsfennsprgtrambiot tad one of
thchannel ortion of said at |east one of the sanple
CRANRREYPSRHEE EPhSYeIfE COMRFNS wal | s further conprise a
top channel portion, and wherein the sanple path is
a nagreflaidicalipy conipisahgla P ek tiad irt @sHapbednd@det he
bott om channel portion and the top channel portion.

i) one or more elongate sample channels therein sized to enable passage

therethrough of the test molecules; and

1i) one or more flow focusing channels therein for operative passage
therethrough of the buffer, with the one or more flow focusing channels
adjoining the one or more elongate sample channels, with the buffer exiting from
the flow focusing channels operatively directing a single-file stream of the test

molecules through at least one of the sample channels;

wherein the microfluidic chip is adapted to operatively receive the EMF
radiation from the irradiating and detection device, at an irradiation position
along said at least one of the sample channels, for absorption by the test

molecules in the single-file stream; and
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51. The test system according to any one of clains 48
to 50, wherein said at | east one of the sanple

web@nnaiige conpri ses a sanpl e focused channel , BET/OARMR002317
sanpl e channels further conprising a sanple supply
channel 1 fluid conmunication with the sanple focused
channel, and with the sanple focused channel being

treamof. .t he. fl ow focusi ng,channel s, such .t hat
wil AR ARk Mirri SR Y6 s BRI R R e € ing
detibetsmbiér the lshgfd @ aMedh bh el MFretBBCHIIRKI by the test
operatively flow through the sanple focused channel.

mojruleghe test system according to any one of clainms 48
to 51, wherein the flow focusing channels conprise at

I t f [.0G: . [.OLni n h or
wheBBT! i noledts RS el AR W bl Biehi® e
dishisatStuomeeerafspbdiuns afidaeh @aaRh BeSconpMghate tyPes, ki fhapwe
focusi ng channel s adj oi ning the one or nore el ongate
Presgieg |06 theniarges molscuiskin gieoestigipledie Spefatively ddestifipbla by
he sanpl e channels. 53. The test system
&mggggg%?ﬁg to claimb52, wherein the two flow focusing
channel s adjoin the one or nore el ongate sanple
49 chdhectes system amnordimg ko tlains dét vbereposdid @n leabdonelbethe

test. system according to claim53, wherein the buffer
sorigJF Ch e BAERED PY GWe (B ETRT Bl RGeS ol DR FD

HsRaM4SRR ) Svi DL | b8 bHsBiof di am
e S B Koy o e Br s e i S

porttipes, conhorhereinh ethe elot ffep nexpiing ifom 166, flobhdotsitly slysinels

accordi.ng to any one of clains 48 to 54, wherein each
opgrayahy dghgs dhe ﬁéﬁ’@gﬁ? 8P Of She st molisules aloneor sEnpKe

pat®@NaOfs LS LS PBYALE AL %5"’%?@5)"? gggosg@% ?gllr%o&hgfqu

angl e of about 90 degrees.
poriconr di ng to any one of clains 4 to 54, wherein each

of
50.  The test system according to claim 49, wherein the microfluidic chip

further comprises a glass slide underlying the chip substrate portion, with the
glass slide defining a bottom channel portion of said at least one of the sample
channels, wherein the channel walls further comprise a top channel portion, and
wherein the sample path is operatively in said spaced relation from both the

bottom channel portion and the top channel portion.

51.  The test system according to any one of claims 48 to 50, wherein said at
least one of the sample channels comprises a sample focused channel, with the
sample channels further comprising a sample supply channel! in fluid
communication with the sample focused channel, and with the sample focused

channel being downstrearn of the flow focusing channels, such that the buffer
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the one or nore flow focusing channel s adjoins the one

or nore el ongate sanple channels at an adjoi ni ng angl e
w@booabouss 45 degrees. 57. The test system accordi/0g2i00/002317

any one of clainms 48 to 56, wherein the chip substrate

portion is fabricated from pol ydi net hyl si | oxane

(PDMVS) . 58. The test system according to any one of

.¢cl ai_ s ﬁghﬁo 57, wherein passage of the test nplecul es
exifipg Gogh teatler decysiigs thaphels gndi the singlpfile treamned thej test

Iod | I ' ' The test

o L o SV BELER I ChBY Rinel"? o

focusi ng channels are in fluid communication with the
52. s anfhie dest ngatere lascorging te pry pheofcthiipssilie 6t avkerpiorthe Gowi s

further aped to defi a buffer .well adjacent a
tocylf MbAnglORbrad o Hos0RvE 0B’ (oFleity charBehr S0PPBR eng
oneCdiafisrelefongate SAMPlehihdls FSRSARM sad 3RRRI@nS bAthk sdple

poi nt of the sanple channels upstream of the flow
chappelaswityy Hiratwelfow demisingt hraminelal adjgihingatieacmnor anorend

oint_of said at. | east one .qf the. sanple channel s
clofiiih s PR PRI PO T0r TR Lo AR TmeRe
chath88t. system further conprises a sanple well el ectrode

operatively positioned in the sanple well, a buffer
wel | el ectrode operatively positioned in each said
53. pufihgrtesieiysteny Acrording torickam Rehestindhe due fspye feruping| v
L] d.1i,n t i nal (I [Nt S
chaflifit PR el B GELE BBt smpll'Ehlhs 4P £ R
inteebe@tivei po@lonpot ential of a first polarity; wherein the
termnal well electrode is operatively supplied with a

secon lectrical ,.potential_ of an 0sj ng .second
4.0 AP S 555 SRR 1P Haizh o B AU e i er BEET e
flow SoRBREThhMANY o RRlel 2B el thetelithblagbenld e lngle-file
potential of the first polarity. 60. The test system
stregore by désagham abpati 1 Socromitere{m} Hewnbtrqadh ef ¢nt réromon

. . potential.is higher than the first electrica
mterse 01t1 F%ﬁhon.

poten

55.  The test system according to any one of claims 48 to 54, wherein each of
the one or more flow focusing channels adjoins the one or more elongate sample

channels at an adjoining angle of about 90 degrees.

56.  The test system according to any one of claims 48 to 54, wherein each of
the one or more flow focusing channels adjoins the one or more elongate sample

channels at an adjoining angle of about 45 degrees.

57. The test system according to any one of claims 48 to 56, wherein the chip

substrate portion is fabricated from polydimethylsiloxane (PDMS).
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61. The test system according to claim60, wherein a
ratio of the third electrical potential relative to

wao bh@soi4isé el ectrical potential is about 1.8:1P¢PCAE2007/002317
62. The test system according to claim6l, wherein a
test flowrate of the test nolecules in the
single-file streamis at |east about 30 test nol ecul es

per.m nyte. 63. The test system accordj to claim62,
58 e R At oHinp pay S £F BRIt Hn bl P
of MY eGulBSelds %BU,{;I@ saf@dat 16 bRStorShat SMAC GRAEHNT st O

claim 63, wherein the test flowrate is about 500 test

facivibited by elsctpaddinaticiiigme. 65. The test system according to
any one of clainms 1 to 61, wherein a buffer flowrate

5 01 LS SREERL L IO S PG SRR,

aretie Sluid@neatihiestion with ehedafi@lecHahhéls; St Ke@amthSéhip RSt
system according to any one of clainms 1 to 65, wherein
PORtiQB i§ fythes yhanedh tpflefing p ibufierawel adidegnt e buffer staxtmgaroint
L.ologi cal test, sanples selected fromthe
of B8, e TR R SR ShaSbo FIRSE BRI L3kl

staftifg gt Off thle HAMpPRS Ehasmsl RIPs@Earnd RY RN HoRf foblsiigBhahndls,
66 for diagnosis of a disease state selected fromthe

angyadgpmivahwiel tadinget arp ared @pind (of ghisleaisleast tame e, the isprple

' S al .di sease state an
cn i AR BLRSr hd IR rhRRRIRaRb A BnerBR g dev supeem
furBies tefipAfesaNdangNe wall ddcBlbi® operhBvdP phbifiolPBNGS issmple
one or nore infectious di seases. 69. Use of the test

welyashudfer piell glgtrodeopsrativel pesitioned iseachspiddiubfignosi.endf a

L.Lho lLected .fromtphe gr.o onsisting of HY,
e el e BUE b S G o8 e SR v Mt s
sarfplaiwill electrod 66 J@Ea@bmﬁu@?n&pw&htﬁ RINASdtEc holeWBalt a

nore the conditions séelected fromthe group consisting

firs polapity; wirvein tae tgayinal well electrode is operatively supplied with a

second electrical potential of an opposing second polarity; and wherein each said
buffer well electrode is operatively supplied with a third electrical potential of

the first polarity.

60. The test systern according to claim 59, wherein the third electrical

potential is higher than the first electrical potential.

61.  The test system according to claim 60, wherein a ratio of the third

electrical potential relative to the first electrical potential is about 1.8:1 (9:5).

62.  The test system according to claim 61, wherein a test flow rate of the test

molecules in the single-file stream is at least about 30 test molecules per minute.
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71. A nethod of focusing nolecules to facilitate a

test for the presence of target nolecul es of one or
woree/otdarget types in a biological test sanpl ePCT/ha2007/002317

nmet hod conprising the steps of:a sanple flow ng step

of passing test nol ecul es through one or nore el ongate

sarrpl e channels fornmed in a chip substrate portion of

croflujdic chi a _buff flowing step of passing

i s R SN R R A
abd‘u@smtmme&.n@s inRingipstrate portion of the

mcrofluidic chip, with the flow focusi ng channel s

adj ?‘gnl ng the one or nore el ongate sanpl e channel s;
e At PERATE NGO staip 63at heein the t@?ufﬂpté’rfafel oAby

500%55%9\01?&1@;0@?&% g a singlefile streamof the test

nol ecu hrou at | east one of the sanple channels
by passage of the buffer fromthe fl ow focusing
65. chdhw dest syrstero dctmdmgetomyrmme)f elabmgatte 63,anbérein a buffer

od _according to m 71
o A AL 8’85‘5& ?%%r?fnggy Hasre forush Iﬂéeff@i“‘m?%%%ﬁ‘fé shatgst igr e
highfeh SAMREErdW Ok BIHEEEP mofecliRE m g sing]& fh@? ' ecul es
by i ntroduci ng bio-recognition no ) of one
or nore BRM types, with each of the BRM t ype$ bei ng
66. codjradem |81fﬁtv¢;r1tqqccadmstpee@m are oretaing ltthest wherein thepest,

t
oy M B o B PR B e oo R PR Fimlee
seldc@Eitfrdpa B! Roup donskhifg BELIBEE @& pihiE, 4nd chah.m 72
V\herel n, in the test nolecule-formng step, the

rl]% %tﬁs are of Iess t han about 10 nicroneter
P8 the fest prslemetfiily oneceh drimy 1 do é?éPhﬂ’PﬁnWF’e%Pn

mséa@e b6 defsled MR G gmf#?g% u?&ﬂ;ac{eﬁgl &@éﬂsy geteésw?aﬁ

| ess than about
dlsease states, fungal disease states, and vector—mduced disease states
68.  Use of the test system of any one of claims 1 to 66 for diagnosis of one or

more infectious diseases.

69.  Use of the test system of any one of claims 1 to 66 for diagnosis of a

condition selected from the group consisting of HIV, HBV and HCV.

70.  Use of the test system of any one of claims 1 to 66 for simultaneous

diagnosis of two or more the conditions selected from the group consisting of

HIV, HBV and HCV.

71. A method of focusing molecules to facilitate a test for the presence of
target molecules of one or more target types in a biological test sample, the

method comprising the steps of:
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75. The nethod according to claim74 wherein, in the
test nolecule-formng step, the conjugates are of |ess
W0 bas/oatieat 1 mcrometer (mMm) in size.76. The PeL/haeh07/002317
according to claim71 wherein, in the test
nol ecul e-form ng step, target marker fluorophores
conjugable with one or nore of the target types are
intro such th t he test | ecul es conpri se
corf CORRE Do Ricbadhtsbiig, G mkrEs THPUGS GBRGF dBore
eloAgie khfipleahgfieldTrBeH! i8S clif RE&RRNbottdn &t kESbauidic
sanple. 77. The nmethod according to any one of clains
chigl to 76 wherein, in the sanple focusing step, the
single-file streamof the test nolecules is directed
al gn S t . LS, relation fr at
e oo s iy o pfRbing % brBCBEGE Shd o ol BE%
fochsng thaymels Gbrridieinsthophip wibatiaelpdrtiofSof th eniceiiRe: chip,
_accorging to any one of clainms 71 to 76 wherein, in
withp, dhe; Hayi fecusdeg Shangelst adioiningethe j ang| @- miprecclongade mupple
chﬁﬂgskﬁﬁt nol ecules is directed along a sanple path
that" 1's in spaced relation fromat |east top and
bott om channel portions of said at | east one of the
s arpampihfarurihgsste Siftell e bdeh 8dwargotepd iohdirtaing pysirge
., 0f cl ai /1 to 7 erei.n, in the sanple focusing
f‘lessgsaf,“ G iBe 155 ‘?‘81901’8‘19%0%}1 ot least gna ot thefempln ehapnelf kg
pasSEPbCHENAIAS iforhe AW FRfisth Wil LirkDdhe bite - GRG
than a test flowrate of the test nolecules In the

eloggatgybamflé tlenselseam SO. The net hod according to any
one of clainms 71 to 79 wherein, in the sanple focusing

7 S8 Al AL SR PO

adjorn

formhy @68, belips thicempmé NSy fbp, GA6imARahOtest R1LARP L
. channels. 81. The method according to claim 80 .
intigaipg Rio-fecqgniticgamplesules RV sngpr more BRM types, with

each of the BRM types being conjugable with a respective one of the target types,
such that the test molecules comprise conjugates of the BRMs and the target

molecules, if present in the test sample.

73.  The method according to claim 72 wherein, in the test molecule-forming

step, the conjugates are of less than about 10 micrometers (um) in size.

74.  The method according to claim 73 wherein, in the test molecule-forming

step, the conjugates are of less than about 5 micrometers (um) in size.

75.  The method according to claim 74 wherein, in the test molecule-forming

step, the conjugates are of less than about 1 micrometer (um) in size.
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the two flow focusing channels adjoin the sanple
channel s at a common intersection portion.82. The
woreioRodtiaccordi ng to any one of clains 71 to 7BCT/CA2007/002317
wherein, in the sanple focusing step, each of the one
or nore flow focusing channels adjoins the sanple
channel s at an adjoi ni ng angl e of about 90 degrees.
83...The hod accordjn o .any one_of clains 71 to 79
76w RGi R, AR lgﬁﬁ%rﬁfelf?g%u%‘?%ﬁ nsighe tesh applequlcfoampige
steflta t BiaflleP | '!ilg”éyikeiv el
%haﬁ%els atﬂgﬁgggﬁggg?ﬁg anglghg?bg%gﬁ¥é§§&%zggg§¥Pes
aregdtrodined netchatiatabe desimgetudesaroynperise cohjughtat o6 thelBRMs,79
wherein, in the sanple focusing step,  passage of the
gt YRS | “8“§itﬂ'P’éeémanE‘i‘ the, dargg’s aleaulisy HeRrepti oightesigrld
Smﬁgmjeast one of the sanple channels is facilitated by
el ectrokinetic flow. 85. The nethod according to claim
84, further conprising an el ectrokinetic step, before
77-t hdhe anfhed Fcgendanatg asy ope obflaimeFp ity Yhgrheiejn, in fhiesample

l.ectri.c otential of irs larity t.0 e sanmpl e
focIyifie slepc ﬁj‘&pg‘{%‘g‘?ﬁ e ol ihe e Shelesiies %h@ﬁﬁtﬁgs?k’% i)
san@plé PaONhaelsaRlshh@al reRBLE Monht Rbstal ORI ING%iREAR e

polarity to said at |east one of the sanple channels

porgenhaitsarlahlesst arteef thepamipbedwinngs.channel s, and (iii) a
third electrical potential of the first polarity to

ea - ' n T od

78 e e R ackbinly B Bt 5! HnSDIUIP Sty i BF oD

focading stephehet fingld-fidd eg¢anh ©althd bdse mhdleduldsSis Highed A1ban a
the first electrical potential. 87. The nethod

sample Rl Hgt € Tt FRACRY gelatipre ey at least kp and boktem danne

porfibffPof s@idra?iéaﬁchnfe folff ?{Saetstaglpged%h%meq%r i cal potential

relative to ctrical potential is about
1.8:1 (9:5). 88. The method according to claim71
79- whéhe methadacedrdingaganyroheefdldms i kg Hgwherep, int the sample

focS O Ugat are of one or e conjugate t s each
octtel r% e otﬁ% Ibﬂ{gert Jows info i TPLeSst Rl of 9 sarn}}ig channels at a
buffer flow rate that is higher than a test flow rate of the test molecules in the

single-file stream:.

80.  The method according to any one of claims 71 to 79 wherein, in the sample
focusing step, at least two of the flow focusing channels adjoin the sample
channels, from opposing sides thereof, upstream of said at least one of the

sample channels.

81.  The method according to claim 80 wherein, in the sample focusing step,
the two flow focusing channels adjoin the sample channels at a common

intersection portion.
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different one of the BRMtypes in conjugation with its
sai d respective one of the target types, and wherein
wao b@soptiod further conprises the steps of:an PCT/CA2007/002317
irradiating step, after the sanple focusing step, of
delivering el ectromagnetic frequency (EMF) radiation
to t he test rml ecules in the single-file stream and a
2 resce [ﬂt_‘ectlng steE after the irradiating
8 6%? bisP TP AW ETE ChYPEN 11 TR 7 phgrsin iy he sample
focﬁélag 525 CRRK B Rk 88 RYe HAS &g rmgmé ﬁogommﬂe%aﬁ@?&
of The conjugates, after absor ptl on of EM-
chanadlsatarom]olamgtmlvg)ffabmﬂmslegmeﬁ of a distinct
fluorescent spectrum for each one of the conj ugate

ty onj u atelde e after t
8., ¥ Pl ScB RS Akl BP il 190 9b Rltegelh i Teteiiple
fochibib@ kP CRBk osm%hé umr@).fre 866 Ho@Bgthati®s £G6hs BRlEmple
types, so as to identify the presence of the targe

Ch%*ﬁﬁ?‘éemlb@iwlnﬂmgteeﬁtab@arﬁIdegresg The met hod accordi ng
to claim 88 wherei n in the test-nolecule formng

84.51 Cfhe SR GLLCORY] aL YL BPOALES13E 9 %&4&% gcgthe sample

respective ones 0 target nol ecu hat
foctv‘;i&g btepgrassage 0f thedigdsfilengreshal the taet rhé\lﬁg_ﬂ&s tl’(ﬁrdghrsald
| uorophores emt a target part of the distinct
at IP?SﬁB?Ge‘éféBﬁfa’%Fﬁé EharelsioRclien phelegstokinesic o ugat e
types, and wherein the nmethod further conprises a

85. BRMRIrMbtAed Sk&RdinBebMAmt £ thAR - ARG L ad @Iemr&gnenc
step, of tagging a microbcad with one or nore

step|bgbsre Precreple fhensiag ger obiplmdying (i} hérs’mel:embelamtersubbf
t he . BRM

fI uaQr &s e- det ect St e
a i Btel i Sy SRR T alro- ! BB Bt enaels, @
a sdcbH@ eRECIRApoRRAIAL SAHM JpposiR R SELoRR PoRfit) REsabPRY 1BG8bRe of
types. 90- The net hod according to claima89 wherein,

thej sampleechiiuydls dowasiceandef the flongfostsng clidrmels,e:smb(m)el third
t tt
ol LS55 L5 LS st Y o) Gt

the APDs receiving and identifying the
86. The method according to claim 85 wherein, in the electrokinetic step, the

third electrical potential is higher than the first electrical potential.

87.  The method according to claim 86 wherein, in the electrokinetic step, a
ratio of the third electrical potential relative to the first electrical potential is

about 1.8:1 (9:5).

88.  The method according to claim 72 wherein, in the test molecule-forming
step, the conjugates are of one or more conjugate types each corresponding to a
different one of the BRM types in conjugation with its said respective one of the

target types, and wherein the method further comprises the steps of:
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presence of the BRM part, and a second one of the APDs

receiving and identifying the presence of the target
w@2008/074afi6 t he fl uorescence of the distinct fluPcEEazNO0/002317

spectrum for said each of the conjugates.91. The

nmet hod according to any one of clains 88 to 90

wherein, in the irradiating step, a |aser having an

operatin ower of between about. 2 pegawatts and
DSt et B < P T GRIG: dorRERT o0 P b

eleéthindR8tic IBHRGU EMFYkalil@oR kd'Heedt kldle $id: 8@ Me Hégle-filte
met hod according to claim9l1 wherein in the

strqapr@add at i ng step, the operating power is between about
20 negawatts (nmW and about 25 nmegawatts (nW. 93. The

met j : y 0 Lai 88 to 92 .

undr SorBRGRL R (AP B Il ARl Pohfaring e

sinflagilastrdaonaveteetigtdeitteatguhe E8BmbRACuIRE wiltheachek Brd
according to any one of clains 88 to 93 wherein, in

corjygates| plieredserittiondel thet EME radisont ¢raitfing dluercseance of a
o . . Ued b
sl B R S G0 8RN GBe b SRS B Brdi ng 1o

clai m 88 wherein, in the fluorescence-detecting step,
t he donjngatesidentifgingndtér, eftebhet iradinting womt ©f mogitoring for
ely received by at | east one of a

sel ectiv C
thec‘ﬁ%\ti“ﬁéf%‘a‘[?ﬁfe@a SRERFUCR o8 sEchofRe Bf thepraaiuapln iReheo as to
ideﬁmttﬁéjﬁlegé}kg Bisth(a/t\ﬂg@l) molecules in the test sample.

39. The method according to claim 88 wherein, in the test-molecule forming
step, target marker fluorophores are bound to respective ones of the target
molecules, such that in the fluorescence-detecting step, the target marker
fluorophores emit a target part of the distinct fluorescent spectrum for each one
of the conjugate types, and wherein the method further comprises a BRM-
torming step, before the test-molecule forming step, of tagging a microbead with
one or more BRM fluorophores that are coupled to the microbead, such that in
the fluorescence-detecting step, the BRM fluorophores emit a BRM part of the

distinct fluorescent spectrum for each one of the conjugate types.

90.  The method according to claim 89 wherein, in the fluorescence-detecting
step, fluorescence emitted by the conjugates is received by at least two avalanche
photodetectors (APDs), with a first one of the APDs receiving and identifying the
presence of the BRM part, and a second one of the APDs receiving and
identifying the presence of the target part, of the fluorescence of the distinct

fluorescent spectrumn for said each of the conjugates.
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91.  The method according to any one of claims 88 to 90 wherein, in the
irradiating step, a laser having an operating power of between about 2
megawatts (mW) and about 50 megawatts (mW) delivers the EMF radiation to

the test molecules in the single-file stream.

92. The method according to claim 91 wherein, in the irradiating step, the
operating power is between about 20 megawatts (mW) and about 25 megawatts

{mW).

93.  The method according to any one of claims 88 to 92 wherein, in the

irradiating step, the EMF radiation has an EMF wavelength of about 488 nm.

94.  The method according to any one of claims 88 to 93 wherein, in the
fluorescence-detecting step, the fluorescence emitted by the conjugates is

Teceived by a charge-coupled device.

93.  The method according to claim 88 wherein, in the fluorescence-detecting
step, the fluorescence emitted by the conjugates is selectively received by at least
one of a chargecoupled device and one or more avalanche photodetectors

(APDs).
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