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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
I NVENTI ON 5 100011 The present invention relates to

woBedid glsg Of mcrofluidics. In particular, ipcrelabeszi7

to a mcrofluidic channel structure for readlng

fluorescent m crobeads. BACKGROUND OF THE | NVENTI ON
[ 0002] The | ast decade has seen many advances in the
fields of nicrotechnology and nanot echnol ogy. One of

]%%{[ )(n;—['}?éﬁ TVREF RORITAREE
dev ¢%p|ng practical 'uses for dlscovere% SC|en{$f|c

phenonena. p&goos A feM/ﬂsbllshed reports of attenpts
to integra SN A B EPHLE AR PSBAE f or
bi onol ecul ar or viral detection have been descri bed
[W Liu et al., Lab Chip, 5, 1327(2005); K. Yun, D
Lee, H. Kin1 E. Yoon Meas. Set Technot, 17, 3178
é gp) . Stel rt et al., JALA, 10, 331 (2005)]. In
FI 15 researchers used a conbi nati on
of nanopartldes m cr obeads, and m crofluidics for
[000Et Hetpredent ihferdtioh relatke g thi: Iﬁieldckﬁtrmcmiﬂorahcse hepdriiwildryit
was | ower than desirable for a ducti ve, nmer ci a
relpfep i hePRBE e ghEr s JuggseepighicEttiot ed
in serum which could decrease sensitivity because of
BACREROENIN OF THIOINVENDIDNONponents [E. D. Gol uch et
al., Lab Chip, 6, 1293 (2006)]. 20 [0004] Sinmlarly,
in ol d n kL gl
oo RN 05 Ko S0k PIRGEY b 2B NG BB oty
andd NineRHrbldyag me t bfC thelkhallahges c(ﬁeatéMIbd th&dei mdvances is
Bi ochem  Rev., 25, 105 (2004Lﬁ S. Stoeva, J. Lee,
deysloping piRgbiqrbyses for digcoyareden “Ghem Int. Ed.,
45, 3303 (2006); P. Mtchell, Nat. Blotech 20, 225
[000R00 2y . pliblishbe s eepivat hofl Sattdhhﬁ‘s det cotegoune stamat egith

requires nultiple step achj eve assay, de n_as
mwerqd%oafrfﬁx ‘P‘PF‘&EF‘F‘BW“%“ZEWFW@ gﬂ%é‘ﬁﬁiﬁ’?‘ff{w—‘
et AN CHD 8T B2F &0 f)fl@eidmf BIL&, pkekﬁlctﬂ ©Bors Wk Boi 1 Thdnol.,
“only requires a few steps and can achi eve a 5

17, T8 GPRBL J. Seeighrtl covib] JAKA, SONERY (30PDY, Tn (s ghudies, the
L a
res%g%%gf%%fb%m?h%g f%%ngﬁ‘&ﬁ s, ‘ﬁ‘glﬁéﬂ: Q; 'aﬂﬁ nl}ilgroﬂmdlcs f

taV|s et a oses a nethod o
forGeteegdnt. g al] daget, uhe debcion @msugm;resamlma tba;txlmahi@ﬁweb er
fl uidi c channel The ross sect,j ona slze

Prodystivre cammersipl prodsel Farthermgre, fheanalygis w f"‘% %%Hﬁﬁegnd
in 5¥8md QEG! StlILC ARrAEA LS H Ny Hex 0k € intbiifer&dQ from blood

components [E. D. Goluch et al., Lab Chip, 6, 1253 (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. L Stoeva, J. Lee, C. 5. Thaxton, C. A. Mirkin,
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10 nm Furthennore, in order to achieve single
conjugate detection, the concentration of the sanple
was reduced to the fentonolar |evel, increasing the
wdl fobdieilsky of sanple preparation and the |inpéfcRor002317
the detection system An alternative and nore
efficient system and net hod of single conjugate
detection, ideally for use with nore easily handl ed
m cro-scal e nol ecules, is needed. 15 10006] Objects

of this invention are ferahly acconpli t.
ATy Tl 56 Fete S0 Pty BOHEDy Ve ehe e 22 o e
hPBCASAASY Ofetion @%@E} Sedu@eb enANONRbE ShachidY Asay

singl e enbodi ment of the invention. Additional ]
degidstien bs Wik s bepHEcoivp |t ghdeve gnod sgratyipt Thus dgre is a

her.ei n. .1 0007 £, i |.ec LSy LAV
g At PP T yes TR b P eh Lk LV ARMAD
refRhsphQh 186! diRenspiviyor e target types by irradiating
and detecting fluorescent emssion froma single-file

oFh] S5t TSR BRI P e

ot SAMAIsE8sek Qf nidMi@L lof QléSectthd @aamtam Hbtsi @nfughtes tier sub-
object to enable testing of specific_ hiological .

m rasfladic phameel sBieuipssspilicamh Sfrdpbteutpirels wiedoigo)

stdis fs Bn e &ngxe&tsoem DSt BURAE B8yl e BARhEorder of 5-10
nmul ti pl exed testing for infectious diseases in

nopi ol fegihemhorgampl @der | pehievef gnglie Forpigate t detastiom abiee

mul ti pl exed testing fo iLtis B, afitis .C and
copge R RPN AP Gesd B o o T i BOf
diffidhity N \VARBIE QlepRattirO¥Ad] thedlimitéTRh QHe dettdrOfsteudi Bnb
channel structure that facilitates flow through the
altermativienrd megoeffiqient syplemanddpiteed obfirgle reivsieitirdi™ o
. ' fi - I i LKL hoN; i&ge, such
g R R R i
test systemsuch that the incident EM- r%giation 39d
10906 bieets fof ((oip daveBHER ar¢ BRRIARY tagpqyarbshed. bubgRay pgtere
negé;garhg; gsvc%scﬂleg%rtlpﬁ néc%%qpﬁy h]?@ﬂ)jeo@%me QEdoﬁ{p]iEl%dtﬂi}%
emtte uorescence 10 entering the detection
sirghhy 0kodifn@MX1 ] the tinvestiom  dldidéipnalofbjedd may e @ptomphishes
" artialj% gr conpletely fulfill one or nore of the
thalipet R VST ME8Y obj ects and to nitigate and/ or
anel i orate any di-sadvantages of the prior art,
[0002 i rig] ke ssjeafof \thie tiinemtiom yo enable wibimtixech detgetipnaf darget
escri hed herein. 15 SUVVARY [.0 ] ace
m%e E'S‘tchk%é) "HredEh t%figg%%‘%exf%éa%%i? h[h ege %F%% gﬁ 2t est
enfi 6Rirefidm a single-file stream of test molecules.

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

sarmples of blood, serum, sputum and/or urine.
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for use with a buffer to test for the presence of
target nol ecul es of one or nore target types in a
bi ol ogi cal test sanple. The test systemindudes a
first set of test nolecules, a mcrofluidic chip, an
irradiating device, and a detection device. The 20
first set of test nolecules is selected froma group
t hat includes bio-recognition nol ecules (BRMs) and
c (MP3) g es objEct i ehiBRIVEnICtoteRebIE awieﬂgalf&%g?&iﬁef:ﬁous
present in the test sanple. The BRVE are of oOne or
nBPESERVPIREER! sqraplRs- Jf spHerthenbisphiesnphie oumiiplgeid testing
Wok Heﬁatftﬁ%pﬁgﬂa{u O ICHV 151'11% tcgﬁlgﬁlghél{ pes. The
conj ugates are of one or mor & conj ugate types each
corresponding to a different -3- one of the BRM
t@?}@%ffi if a@oviiery afi BiF ivericnt b paivider e fmptived oieofhfidic
t 13 [ fl,u.dic chip includes a
éﬂ?ﬁk§ﬁ§§?¥é¥§?%%¥§.o%@5n§§8$ébéﬁg%% “f0 define one
or nore elongate sanpl e channels, and one or nore
993% ¥ de @i PRiect heinthed énventiy ¢ rproitie as fingal-eacdiapae IEMF
' . nabl assage theret hrough 5 of the
PSR 0T PRS00 ot BRI i e  bpystenm
oypbrehdt the ipadenha GMVF RRHSIIAT U Bniled 8 B8 FronT B S
or_ nore flow focusing channels adjoin the one or nore
Brifyace sayshrlons ibnsiateoptivaleoatiyprierto dhe ¢rsitted Gnvtehence
éﬂéﬂ&g@ggégggngﬂgﬂggls and operatively directs a
single-file streamof the test nolecul es through at
east one of the sanple channels. The irradiating
H b isopephiect | s iovendion vie el crrcommietely i Falfill one or
Hé YabotdVbnaSd Ak ~an_iyradiation position
al xgg%fe?ﬁeabgf or egalalgéag%b}?%agtﬁ &ot%eﬂ%[#ga haé%i[‘gnﬁ’?‘ghome any
dfadrarahass of te priisarptdganilisg of RdetheSiny BikeR Qikh @ankd}el B

- SihglesfilJe stream The test nol ecul es emt
e

g@@ﬁbe after absorption of the EMF radiation.

The fluorescence of the test nol ecul es includes a
fluorescent spectrum for each one of the

conj ugate types. The detection 15 device nonitors the

1 0 SeddrdeSt rescence emtted by
[thgp%egt nnfecﬁ?gg¥k%ﬁghggpé%??%%I%%@ﬁ%ggﬁagﬁvﬁp?es
for ivee prithseindter o tésh éorctha prigjab@sofitirgbthQolkiled of <k Rfmore

nmol ecul es. by nmonitoripng for the distinct

8 bR o] i A Sy Br it A i aetet est
mblAAEs, a klicrbiiudli ORAP S irthBBrhe Heviey She TubAehl] Jd.88 the

.presence of the target nolecules in the test sanpleé.
firstget of tetrmglecylps is felected fawrpecgroup st éndhisdgarbttadeghition
ndlESHesS r LI N r.totest for the
T oresence oir; {"gr 5@8%5{3%%%%0 oﬁ%éjé?e ?ﬁﬁ%‘ rofegdes. if
Prisgmes thantest shinplle JTenBRM@Ste 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-
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sanple, the test systemconprising: (a)a first set of
detecti on nol ecul es, each conprising one or nore
bi orecogni ti on nol ecul es (BRMs) inmobilized relative
to one or nore BRM fl uorophores, wherein each of the
BRVs is specific for one of the target types, so as
to fat in conjugates of the BEMs and the target
nol ecul es, if present in the test sanple, with the
conj ugat es conpri sing one_or, nore conj e LN P B et
on€@at the GRM exges i caRjugadion Witk f&Said 7o r?glj“gf “he B
det ecti on .ecul es i O RiHabdtar Mirtith tHasisshamed ioc
%ﬁe%mﬂﬁ%fg’t?‘é{wg?‘%‘f}lsg%{ (b) a mcrofluidic ch%%ﬁ_
3BT S ASre@iGilap: Sutlise Khirmepornd orF ShEWE Y UeriFe:
1) one or nore el ongate sanpl e, _chanpels L ihFough
Etﬁﬁ"egg?ﬁﬁtrooeg%ﬂ Ef The 8
onj ugat £s.; ANgy. ([ow (QHAGNRIchaBdes fledior operaBYnpassage
Ofglﬂaa#%tg glee%ﬁkés?ei nefor operative passage herfetalaroggg‘@
the@fthidagh bfifegmifeni The ohecoMETOAOYHIPES E&%@‘F'&?us gy

channel s adj oi ni t he an &6 HBROAE GowaBplsthg
ong RRARE] don Wpﬁ%dﬁalTFFlg’T %)%F’FFE% fromthe flow

& L?lgﬂséimpig ]Qf’ SqiRRET at dinglk¥ildisremt ichghe teitrigrlecies e
stréam o

the conjugates through. at.. |l.east . .
thisagiphidessh anmel e Sjegl%&maf“ﬁ"dﬁi i}q‘? R 4E0e ?%“g%@eg%’i“{?gfy

delivering electro ed_j' 6 L SRS Gy oh Eividiatiard paditicon,
deljyers, Rleptrqagrels %)rﬁqlﬁosﬁ'ti on’ al ong said at |east Ene of
alc{n%%tu%ﬁ%ﬁd Iﬁham?bis of ﬂ?rsampwpmm %f%ﬁb?qﬁ%“%'dﬁ_ it ?éFf'es

| e single- file stream r el b henGonirgat.as
ecdesidles ity SBgerfie e TREIEY ﬁ‘ﬁ%ch‘iegf Tha ENb ’

radiat i WHEEL] Frd Meorbicifrees oenes mfectlrpinciudes
abﬁoéﬂ?%ng%fgg%]a@g%%ri ses a distinct fluorescent spectrym

a di@ncemaiesoae spéctvivefos gph g e the conugate types.

device monitors the single-file stream for the fluorescence emiited by the test

molecules. The detection device identifies 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. In this manner, the test system identifies the

presence of the farget molecules in the test sample.



types, and (d)a detection device nonitoring the

single-file streamfor the fluorescence emtted by

t he conjugates, wherein the detection device

identifies the presence of the conjugates by

nmonitoring for the distinct fluorescent spectrum of

each one of the conjugate types; whereby the test
systemidentifies the presence of the target

nol ecules in the test sanple. [0013b] In a second

aspect, there is provided a test systemto test for

(03] e sditsteaspéctt thetgels proYidedip dast sistegm &orgise pafhea buffer to test for
target types in a biological test sanple, with the, . .

the greseyst efitargieh gnoleculrseofpnd OF IO RTERE tyRRY Ing biological test
first set of detection nolecules, with each of the
sdatpde tthe hestey gem e@M@SHPRE5i ng one or nore

bi orecogni ti on nol ecul es (BRMs) inmobilized relative

to one or nore BRM fl uorophores, erein each of the

BRV (@} spedirti getf of dsiectsi pHICFUrySpCh \[RBTiEpg e or more
to form conjugates of the and e target
ol e dUPESOSTHIOPr BYJAFUICH @?@@%W&ﬂﬁe& rSlfiye feone or more

conj tes conprising,one of PeS
eachﬁ%ﬂé‘éﬁ‘@%oﬁﬁs’t hgr%?aec:ﬂgéfm%ne o% %% ﬁsgtegﬁ% for one of the
detection ol ecul es_ i j,ugat. i dehitd SraReChid

one %ﬁrgteﬁ ewg?’gg? 'fsif/ pfg)s ?8%“'t %%]Hggtgé\ﬁtéefcﬂ%n% ol eé(l:{ljdl1 gtge target
em tt] | i teRS@tME | Withahe conjugates comprisin
el echg%lﬁgﬁgﬁ‘%rg%gﬁgﬁ%@(t%ﬁ) radi ati on; vvh]ergei n P &
the tgstoSystetd Rt sRses edtel dortspofdihgane differamitone of the
el ongate sanpl e channel’s therein sized to enable

pass age:cibamebletalighinaforfingatimmivithatsepecifindne @f ithe target types;
or nore flow focusing channels therein for operative
passage therethrough of the buffer, wth_the one or

mor e (6) owaimiueflnidic FAHRISBHFEEHR AYPtHESTAE BPTHRS; ghaped to
elon%ape sanmpl e channels, with the buffer exiting

fro ef | ow focusi ng channel s operatively directing

a single-file streamof the conjugates through at

| east one.pf the sanp h ; 2Azhk At A0

devi ce opgfatiQg?ygﬂé%ﬁger?%gﬁ%ﬁéSENgkiadiaf?%g#é%?ﬂ sized to
an irradigtl |dd B8 cha)f theddorieagbs; and of '
t he sanpl %tlé:tﬁg ﬁgﬁéé?{gféggsorgpti on b;/{]t e conj ugates

in the single-file stream wherein the fluorescence

of the co?j)uga@@@ @0 ipdies flova fdossing) charinals thamentfor operative
spectrum for each one of the conjugate types; and

passage therethrough of the bulfer, 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 conjugates through |

at least one of the sample channels;

() 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 conjugates in the single-

-4a-



(c) a detection device nonitoring the single-file

stream for the fluorescence emtted by the

conj ugates, wherein the detection device identifies

the presence of the conjugates by nmonitoring for the

di stinct fluorescent spectrum of each one of the

conjugate types; whereby the test systemidentifies

the presence of the target e ' :
Sl strepoD £SLe ot (e TP EARSnant: s e BB sbrprption of

a test em,tq.tes PFRS §RGE &fe targetn ] ;
rol Sha BTG R g&]thg{rbg%t fypes in a biological ©

test _sanmple, W barRefd e ddr onts 6f \Whd Bonjugate
- a PRIt H%gftﬂidﬁgﬁg%:%r?%n%?ecul es, each conpri sing e
one ) bi orecogni ti on nol ecul es ( BR\VE)

|nnt§)gé$s{T§é relative to one or nore BRM fl uorophores,
wherein each of the BRVs is specific for one of the

targel typektecprasdedcd omondonfggahessioslefile mipgm for the
and the target nolecules, if present jn the test, . i
samfluerestihte temaittashbig e SORBIESSSs | WHCHR BF ar%‘ieéhon device

conj ugat e types each carrespondi o a di.fferent one,. ..
of idntifisetie, DReBrec| e SAIGHE o PSRRI s te distinct

e Rt A b s e

sor pti
el ectromagneti c frequency (EMF) radiation; and
- a_nai gr ot ui di P ; SRR s FhB Prasdite R $HR $4rpat folecules in
porf"frigeﬁé@ﬁ ee%ed%tg’yg!eéﬁ}le one or %Dre el ongat e sggn'pl e
cha fin sized to enabl e passage therethrough
of P%:%e%%gnéjl}ﬁgafes, with a single-file stream of the
conj ugat es-passi ng through at |east -one of the sanple

channel s; erei he test t C | 8Pt forkhe@Presence of
{001 Pplak 65995 RERF e%h(?ﬁee}sa?ﬂo‘\fi?ég aﬁ%%i ser ﬁ]g, the EVF B

radiatio e '@'%?&imim@' agl o8t shraple, with the
ta“rg%e@fﬁeﬁl éso&?ﬁgoggﬁnp e C%an I's, for ab%or ption by

he.conj LhWifg single-file stream wherein the
tesi%frﬁt%%la egléqgtgr% Pb.?l ulorescence after absorptioh of the

EMF r dif%tgi_ on, and wherein the fluorescence of the

conrﬁgjé'l ' &hprises a distinct fluorescent spectrum

for each one of the conjugate types; and (b) a '

det %Lh&? S0V G Bk GRblRGIcBewsineich bf Hee deteetiom molecules
for the fluorescence emtted by the conjugates,

cox)ﬂ?ﬂs%i@ ohbeodgieethioreadguitiven maleeles (BEMshémprelziliped relative
of the conjugates by nonitoring for the distingct .

to bhi @raaesn BRypdhtonophofes adhershe egh ehehaB tspecific for one

types; _

of t¥tg target types, so as to form conjugates of the BRMs and the target
molecules, if present in the test sample, with the conjugates comprising one or
more conjugate types each corresponding to a different one of the detection
molecules in conjugation with its specific one of the target types, with the

detection molecules emitting fluorescence after absorption of electromagnetfic

frequency (EMF) radiation;
wherein the test system comprises:

~4b -



whereby the test systemidentifies the presence of
the target nolecules in the test sanple. [0013d] In
a fourth aspect, there is provided a test systemto
test for the presence of target nol ecul es of one or
nore target types in a biological test sanple, with
the test systembeing for use with: - a buffer;
- a first set of detection nolecules, each conprising
one nor e .bi gf ecogni : ( ; i
ol 1§ 2o ety SaPR R SRR i Boion shaped to
V\herg‘%fﬂ%eeach of the BRMs is specific for one of the
targe ypes, so as to form conjugates of the BRMs
and the target nolecules, if present in the test
sanpl e, wifh tdiee cannuget elongarpsimpley chaends theredn sized to
conj ugate types each corresponding to a different one
of the detrebld passagkéoeretzoughobtheeaiigresistd its
speci fic one of the target types; and - an
irradiati ng; and detection device.ca
e

n pabl e ,of . )
del i ver i i) el €ne GFEGAER OV rfeatﬁé?ﬁzﬁﬁi“ﬁkﬁiﬁ thergim feropperative
for absorption by the conjugate wi.th. ks
e 11 mg Bastedbeirie Lot PP aE St B B QRp A Re flow
radi ation, wherein the f hg\+& Nd1Y8&H:€ Ssampl
i ncl udesr}gc?ﬁuégi ﬁ@?mﬁ Suoérdi(gce% qgr%:%lg lﬂrn for eacttone T
of the c @éﬂﬂ@%e WiiRe8e bARE: Wkithg henl fadbat irrnsidgthannels
det ecti on device al so capabl e of nonitoring for and

i dent i fyipgdiee]GOmirttdmices shigld-fie gresent chotortjhgates through
“distinct fluoresCent spectrum for each one of the

conj ugat et fa4eesnewieghesamplecttaaselssyst em conpri ses a
mcrofluidic chip conprising a chip substrate portion

shaped to define. (a)one or nore elopgate sa .
charbpl s anhieraslin tingzéevied OpREMIVELHES ‘gf‘gré“& ﬁr&"ﬁ#ﬁﬁ Ffijpion, at
of the conjugates; and b) one. or re £low focusi
charsmeir s TR POSTIRT 6‘6’@%&%‘@ at 3%?&@8% 0% i ?ﬁ?%u%‘h%ds’ for
of the buffer, with the g I e fhomd QSN Gwherein th
chafRePP g c'ﬂynm]?ﬁ tcﬁré]ugﬁge%o?ﬁn%l%eg’agjééggate sanpl e erem e
chanpel s, Wi t ; ExbiiRel LaMEAE fih®dscent spectrum
focSgoﬁascgﬂgéﬁgl@go%ﬁéﬁ%el y g?r gcti ng a single-fi I%
strq?p%%émmé@ﬁgﬁe &ighdat | east one of the

sanpl e channels; wherein the mcrofluidic chipis

adapted to operatively receive the EMI radiation from

t he (i r adi atetegianddedtectricotoding dhe aingifile stream for the
irradiation position along said at Iegst ,ontg of the devi
sampherevancelesnitiask bybdles porgBasSS ( WaCTdh thgafleiectiqn device
the single-file strea erei n,the m.

m. and wh crof | yi dic 4. .
chi plersiingaiecBr erreRat| B FRIVFRRSIR FSHUGRES K€ distinct
detection device to nonitaor t | -] tream
f or ﬂv%@tﬁ%%&%ﬂéﬂf%&@eeﬁflﬁ Ped er'f;)%/h G? E@qlég%ﬁfelfgg?%s;

whereby the test system identifies the presence of the target molecules in

the test sample.

~-4c -



wher eby the conjugates are operatively identifiable

by the presence of the distinct fluorescent spectrum

for each one of the conjugate types, such that the

presence of the target nolecules in the test sanple

Is operatively identifiable by the test system
[0P03]3e] thind aspfeict.tthemspprtvidetihae® sy gemprtowisdéd thdipresaee of target

of the test system as defined above for a diagnosis
mefecalesi eleone os e Satget tipred iromtibRgHa0 UBSICORSHRL WA%h the test

of bacterial disease states, viral disease states,
sypipmy being fosaise witht es, and vector-induced di sease

states. [0013f] In a sixth aspect, there is provided

t he use of the tist system fined, above for a

as d
di aghodi 87561 @t o FefRbRan] et Susl o CHBEES I GRggPr more
ol s bEfUET AR R M r e BIRL GRRACH Y g BRM

ﬂﬁf)rcgﬁ ed WRGEIPWS I bf glgegﬁﬁh{s is [SEQ&QE' For! he8f @ledtdLt types, so

asp , there I's provi the use of the test syst®&m

afifo fehd Y T8k BRMNE BAHULRA @ﬂg@t BoRGDDS] F HesdrWln the tes
or nore o he conditions selected fromthe group :

sanpk stithgthel cbihjigdtBy centbriiivg ¢rR0bB hota canjlighitd types each
aspect, there is provided a nethod of facilitating a

careespohding hea ptiéceenieoné of dhedeteridm cndlesiles impenjogation with
nore target types in a biological test sanple, the

ityenasHfir ermelthei tagsethiypssepidhdhe conjugates emydiisigelluorescence after
fl om ng step of passing detection nolecul es through

abspEplipn ﬁi@lécté%w&cgweg% G T g 3ome@dn a chip
substrate portion of a mcrofluidic chip, wherein

each of .th egl.j.on | lLes.: ' o e

by or comeRr R TR B Eered SBGHAE oo Bl L B detine
orle® RNen Qe %%ﬁBMSQn LOPhOLRSy MBRES! f-88CH, oln e passage

BRVE I1s specific for one of the target types, so as
théRthQUFhC 8] tHeatefjudatéewBRME giRglelfle §@EfAt of the conjugates

nol ecul’es, if present in the test sanple, with the
passing iwyaheh adepst chagf thecsaarplawheneds)j ugat e types

each corresponding to a different one of the

detection nol ecules in conjugation with its specific
whygeinghetess sy siege compasgs: a buffer flow ng step

of passing a buffer through one or nore flow focusing

o U)o ST WP B B on
20184 B AL 08 2050 IORE SIEADRS: AT g LBARR. Biarcis o
F1 oY RPLALEPoy Ofndi &gﬁh'gggsah%iﬂﬁal &l ié»ﬁlesgﬁ%énﬁ, g&;herein the

the conjugates throu t | east one of the sa

chagsifhgatby chas S@6redterdeatbesl AiRdorpfiemodf iBie FEMIW radiation, and
focusing channels into the one or nore el ongate

sanwhereaih dnnfihioresde0d 4f thie conjdgaigs tomanises p @ddtinat fluorescent
one preferred enbodi nent of the-invention disclosure,
eactpegtrurrhforBRIvh ¢me pfithescanjngirtedpprsagnd agged with

one or nore 13RM '

(b) a detection device monitoring the single-file stream for the

fluorescence ernitted by the conjugates, wherein the detection device

-44d -



fl uorophores that are coupled to the rnicrobead. The
BRM f | uorophores enmt at |least a BRM part of the
fluorescence of the distinct fluorescent spectrum

after absorption of the EMF radi ati.on. [Q015 . -
Ac Cpieditifigs tthe grresesecel 1e EPYUSRISE P E‘HJIB&%_B%E g fhe flistinct
t hei nventi on disclosure, the M_f l.uor.onh s include
onefloprasoeet S@G‘éﬁﬂ‘mﬁ%@lﬁg FF % %e cc)?m%g?%%rgé%t um dot

types. The quantum dots together emt at |east the

ERM part of the fluore > heelieSdf fRettarget molecules in
fl uUrh§§*°é?é’nfhest6§tb?3fsgerrr{l§? %g{?ﬁ‘gsb%r%ti on of the

radj.at,i on, 16] According to a preferred enbodi nent '
of {ff}?eteﬁﬁss?glﬁéig'ure, the quantum dots are of two or

nore of the quantum dot types. [0017] According to a

prieter ped, enbodi ! i tesCLaeuK & tebiffor BRIgresence of target
[00 1f3|db£ﬂ, 3 Bqﬂgp]easSpF% Cﬂ%%els %frmﬁﬁ@d disachR €

ne or nore fluorescent dyes of
ol QB Ur JHRI & rhbkoest epsesdpen biphegical Thm srmpdt, i e test system
yes together emt at |east the BRMpart of the
beinglfororseseiérice of the distinct fluorescent spectrum

after absorption of the 10 EMF radi ati on.
- a buffer;

_ a first set of detection molecules, each comprising one oOr more
biorecognition molecules (BRMS) immobilized relative to one or more BRM
ﬂuofophores, wherein each of the BRMs is spedific for one of the target types, so
as to form conjugates of the BRMs and the target mqlecules, if present in the test
samplé, with the conjugates comprising one or mnore conjugate types each

i i ' ion ecules in conjugation with
corresponding to a different one of the detection molecules jug

its specific one of the target types; and

- an irradiating and detection device capablé of delivering electromagnetic
frequency (EMF) radiation for absorption by the conjugates, with the conjugates
emitting ﬂuorescénce after absorption of the EMF radiation, wherein the

fluorescence of the conjugates includes a distinct fluorescent spectrum for each

one of the conjugate types, and with the irradiation and detection device also

capable of monitoring for and identifying the conjugates by the presence of the

distinct fluorescent spectrum for each one of the conjugate types;

wherein the test system comprisés a microfluidic chip comprising a chip

substrate portion shaped to define:

(a) one or more elongate sample channels therein sized to enable

passage therethrough of the conjugates; and

-4e -



[0018] According to a preferred enbodi nent of the
di scl osure, the conjugates are |ess than about 10
m croneters (pm in size, and preferably | ess than
about 5 pmin size, and MII| nore preferably, |ess
than about 1 Inn in sirs'. [0019] According to a
preferred enbodi nent of the disclosure, 15 each of
the conjugates further includes a target marker

fl UO@;‘?pho&’}:‘e BPYRErd Bow FRSBREG! tumnekahefeit Her baemptive passage
nol ecdl es_ The target marker fluorophore enmts a

t ar g@ferdBfdudf of fike bufferesdénte afe ehemoge dhoiwfecusing chanmels
fluorescent spectrum after absorption of the EMF

r adi afjbipiing [8826he Aucoratienglongaie pirepler el ddithethe buffer
of the disclosure, 20 each ot the 13RMs includes a . .
m croteag froay dbe law foaranschapneds BRRR IVBB'r QBFTHMsa single-file

that are coypled to the Tidal:head. E of , X

conj SigRees! '&}?r‘fq’\é?g?tﬁé E’&Wg}l‘aattq‘é?sg ate ﬁ%?\?esra otgl€ channels;

fl uorophore bound to a respective one of the target

- nol ecul es. .For_.e £ ofe]a) opeffiBRMreceive the EMF

fl uo"l"'g‘ﬁﬁ%?‘ &ae gﬁ:?&@i%&k}ﬁ%%?{?ﬂ nd ?ﬁgﬂear get marker

f | UGLARRALE HRfh | Bhe b 3HARInD UL dofechidte ddviey eaCemGeradiation
e -5- [

of t stinct fluorescent spectrum after

abs gfc%ﬁﬁ&{] aR)fngt hedEMResadirat bbthe Ampdeichantdie fBRbsorption by
fl uorophores and the target marker fluorophore’

t ogahbebnjematestiheht sirggledile streamf ande di sti nct
fluorescent spectrum after absorption of the EMF

wherein the microfluidic chip is adapted to enable the irradiation and

detection device to monitor the singlefile stream for the fluorescence

emitted by the conjugates;

whereby the conjugates are operatively identifiable by the presence of the
distinct fluorescent spectrum for each one of the conjugate types, such that
the presénce of the target molecules in the test sample is operatively

identifiable by the test system.

[0013e] In a fifth aspect, there is provided the use of the test system as defined above for
a diagnosis of a disease state selected from the group consisting of bacterial

disease states, viral disease states, fungal disease states, and vector-induced

disease states.
[0013f] In a sixth aspect, there is provided the use of the test system as defined above

for a diagnosis of one or more infectious diseases.

[0013g] In a seventh aspect, there is provided the use of the test system as defined

above for a diagnosis of one or more infectious diseases.

-4f -



radi ation. 5 [00211 According to a preferred

enbodi nent of the disclosure, the detection device

i ncludes at | east two aval anche phot odetectors (APDs)
nmonitoring the single-file streamfor the

- rescence emtted by the, test nolecules. A first
10013k B 8 R bt e Tt wavids e k6 G dhe st hiygs dofined

bovielT8r RisBAARERoR! dfabloBFM RS
a()APﬁg gdaptedoto récei ve and&ﬂ%@?g%ﬁﬁgsgﬁt gﬁggﬂééﬁiggnthe

groupfcontigtingoffdtV,dadBY, andfHEWe fl uorescence of the
di stinct fluorescent spectrumfor said each of the

ugat.es. [0022] Accordi.ng,to _a.preferred .
001U sspen b oS Hottine: ' mERd bE gy o petsfor the
preséhct OfRIrgdt th@B&I1EY of &ﬁafbﬁrﬁ&é&ﬁ?bt 8864 irof blolMical test sample, the

fluorescence of the distinct fluorescent spectrumfor

methed spmprisingdhe #apuighit es. The second one of the 15 APDs
has a greater sensitivity than the first one of the

APDBampROASind s@@c‘dfgﬁ@ﬁﬁg ditédtidrng@opicaksnhrough one or more
di scl osure there is disclosed another test systemfor
clongste sainthleactaminklr fdrmddest af diipt hbsprisspag®rod! eangeofluidic

- nol ecul es of one or nore target types in a_ biologica
chipt eshexeampeach Ack othdi miytfm@ionhir@%ﬂ%gﬁi FERPTIFES t glee Or Imore
~ disclosure, the test system.s g{éso for use with a
biorqepgaitiosemalecules  (RYEL IPEtiized TelAE 1 Gpf g BRM

o RUSISh 26 PR S RSP Bk e
t. th T.

o 5B By LG MR FATELRE PEAOIG -0 9B Bf e s

s} Bty SEPBSHLUEA R, 608! URCSanTRR e o

corre8PSRARl RNa AliffEMnlt orddbdhicQfietediién eatlpdiged 85 c@tj@g@ion with
ohe or “25 nore conjugate types each corresponding to

its spaciflicidrer dithe engeotypdse BRIV1 types in

a buffer flowing step of passing a buffer through one or more flow
focusing channels formed in the chip substrate portion of the microfluidic chip,
with the flow focusing channels adjoining the one or more elongate sample
channels; and

a sample focusing step, after the buffer ﬂow-ing step, of directing a single-

file stream of the conjugates through at least one of the sample channels by

passage of the buffer from the flow focusing channels into the one or more

elongate sample channels.



-6- conjugation with its said respective one of the
target types. According to this enbodi nent of the

di scl osure, the test systemincludes a mcrofluidic
chip, an irradiating device, and a detection device.
The mcrofluidic chip includes a chip substrate
portion shaped to define one or nore el ongate sanple
channels, and 5 one or nore flow focusing channel s,
‘therein. The sanpl e channels are sized to enable
passage therethrough of the test nolecules. The flow
focusi ng channels are for operative passage

DRt Adeord BB todn dspet b preferrfhentddiownt «f ghesiregiion disclosure,
channel s adjoin the sanple channels. The buffer exits

fepgmot e ARy fertedasny BifEdRet S2egser withvensy odimest PRY
- S . -

R R TS R e A A

deaoi T BREpparabf el flucteicenerd thé distindnfiugmescéng spectoure ngr

P).. radj,ation, at.an irradiation position along
t(aﬁ%fghé’flé’?g‘s?;q@pﬁﬁ?b&%t one of the sanpl e channels,
for absorption by the test nolecules in the
pong| ’edotdig 16 i-espert-olFive frifaodesbedivent of the-heerties tisclosure,

es jncl.udes a disti m
P PREL LR BhE PR De b Al KELFSETmoRREERENT |
device nonitors the single-file streamfor the
fluorescence emtted by the test nol ecul es. The
detection device identifies the presence of the
conjugates in the first set of test nolecul es by
moni toring for the distinct fluorescent spectrum of-
each one of the conjugate types- In this nmanner, the
test systemidentifies the presence of the target
nol ecules in the test sanple. 20 [0024] According to
a preferred enbodi nent of the disclosure, said at
| east one of the sanple channels is defined by one or-
nore el ongate channel walls of the chip substrate
portion. The channel walls include two opposing side
channel portions. The buffer, exiting front the flow
focusi ng channel s, operatively directs the
single-file streamof the test nolecules along a
sanple 25 path that is in spaced relation from at
| east the aforesaid two opposing side channe
portions_ -7-
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[ 0025] According to a preferred enbodi nent of the

di scl osure, the mcrofluidic chip further includes a
gl ass slide underlying the chip substrate portion.

The gl ass slide defines a bottom channel portion of
said at | east one of the sanple channels. The channel
wal | s additionally jnclud &he BRBOIHaEOBE the
dpl dyreanpiiee BH%IFF“F% %Eef%e%\?gl%/&?ﬁgfh%gpaf or Qsai%l
ffi,%geg%ﬂcg 5& Al B0f&Omiorbokd sfaetribat Afemabsrrptien obshe EMHF
an e top channel portion. [0026] According to a
iadigfey red enbodi nent of the disclosure, the aforesaid
at | east one of the sanple channels includes a sanple
focused channel .. T [Sul §e qhdiintidés are
mg'&ﬁi‘p‘?“é"%‘ﬁ% Oy p&%fgrﬁ%eﬁnﬁ)i%?lﬂ#e Ui 10§dcormuni ¢ation with
oftthe os bRl of teapuged dotiapatel . The sanpl e focused

channel is downstream of the flow focusi ng channel s.

[@ﬁﬁ %gpcgditgh go {13 okgkd gl?ﬂé(?d};rﬁ%t £ @eatshesdrd, @ f ocusi ng

e sing e stream of the test

N BiERL %Bmo%é&@tddéebyefdrrowomrfbwgwcqrﬁedss@anai N JEBEER

10

15

20

_ conjugates are less than ab

channel .” [0027] According to a preferr. | pRmt
Sigbresdeot djesiybess Fke SROTECBY AT ORTT %‘th %ER% part

ffer, operatiyel L Dsdeif epgluirhattaniisbiption of the
022%?@@6355%5’5# @%‘%ﬂl{%{cgﬁ%r than a test flow rate of
ealiggbn.nol ecules in the single-file stream [0028]

According to a preferred enbodi nent of the

di scl osure, the flow fpcusi . el ude at
[00&8)s AceRRBE FOWPFEET FIHgOd(i:I gl{r%%g s?ﬂﬁ%gﬁk%ie’nti ng the

out 10 micrometers (pm) in size, and preferably Jess

than about 5 pm in size, and still more preferably, less than about 1 ym in size.

[0019] According to a preferred embodiment of the disclosure, |
each of the conjugates furtber 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 a preferred embodiment of the disclosure,

each ot the BRMs includes a microbead tagged with one or more BRM

fluorophores that ace coupled fo the microbead. Each of the conjugates further

macker fluorophore bound to 2 respective one of the target
the BRM fluorophores emit a BRM part,

includes a target

molecules. For each of the conjugates,
and the target marker fluorophore emits 2 target part, of the fluorescence of the

-5- -
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 (ioee) osuording tdveplefepwnd Pobedimer of tha AREIPLTS
t

15

20

20 sanpl e channel s upstream of the aforesaid at | east
one of the sanple channels. The two fl ow focusing
channel s adjoin the sanpl e channels from opposi ng
sides of the aforesaid at | east one of the 'sanple
channel s. [0029] According to a preferred enbodi nent
of the disclosure, the two fl ow focusi ng channel s

adj oin the sanple channels at a comon intersection
PP AuordRentdy 30k Aceeitioh ot GMF prtionr Aslsuch, the
enbodi nent of t(he disclosure, the buffer exiting froﬂng
t BRMf Frowoploares i angt dhanieaet TBHFERE (TUPERIOTe AQReHheT ( it e

test mol ecul.es into the single-filerst LEarbidn bERR EMF
t esﬁ*d‘t?ﬁtoyfff’ %wg?’ ng ers ;_grg&domstrga@n?gf t he _
CQAHEBM.I ntersection portion. .5 [0031] According to a

preferred enbodi nent of the disclosure, each of the

fl f Qcusi.ng, channel dj,oi n e eLchannel s at
G S S e e A
ARRES Nvi® BROLAGT apriedser twexl salodienphotodétettive (APDS)
di scl osure, each of flow focusi Hg channel s. agj lg%[}:?_‘
theniwsing | the chieglrdile wteamnfofafhs APEECERG E B aBb e 485
10 .degrees. . [0033] O} & Pr&f&ef@tind identify th
é’i‘ﬂ}%?ﬁi’han‘fi fb‘%ptoﬁ‘é’ ﬁ%l%ﬁ%?g% tm?iil‘l‘?alechi 0 substrat gy the

Esbohe@bf tise BRI 3;&&&3@.6 o seamdpaicyod itreA Piyd midptedanaeceive and
?FP’DI\{IS). [ 0034] _Accordi ng to Egprgfe[&sr edc en g_ldei nept
odentifie thii prasersgr f PRALTRFPER PhET 8T iol et e
through, t he af of 4. 2l s heashipaesof the sanple
g’}gﬁ]e LR %{Cf’?f?ggg ogy 159{%& ?oki netic flow
[ 0035] According to a preferred enbodi rrerﬂ% of the

in fluid

communi_cati on w t Shannel & tndhRofbidice of th
§nggu1?35f. 50D vf%rnﬂ}térgg%g?ml)%%al I y%ﬁdaped to define a
sk &r audedskhent apearimincfoneich bl sorjegatrsn dhe wedopd opg ehthe

e e Sk ASP B bR AL R ASd | N0

[0023] In accordance with the present disclosure 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 disclosure, 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 BRMs are of one or more BRM types. Each of the BRM types is conjugable
w1th a respective one of the target types. The test molecules are such as to emnif
fluorescence after absorption of EMF radiation. The conjugates are of cne or

more conjugate types each corresponding to 2 different one of the BRM types in

-6-
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20 point of each one of the flow focusing channels.

The sanple well is adjacent to a sanple starting
poi nt of the sanple channels upstream of the flow
focusi ng channels. The term nal well is adjacent to

an end point of the aforesaid at |east one of the
sanpl e channel s downstream of the fl ow focusing
channel s. The test systemalso includes a sanple well
elc@(;ﬁgaﬁahe with joudid rrew;el:hveewtﬁc@fr be&rsEimPy depripgto this

el ectr The sa e tr.
oegmm% ol P Gies prits ot o S g AR P o e, an
bHiaf g@lejwc@ LRAtS Sslecton dePRE aThasdlcybfinbit thup fddudds a chip
one buffer well. The term nal well

ehé:sttmte perticm sbppp@tw v?éfﬂye PR X MeHetoTsite fFERle Frrs]s, and

wel | The e uel ! { | | are
S o ogerpe syl B JPREE, (g e o

f drfaBle [ﬁﬁ’sj.a?é kleYetnThiaH 6F ik nat mubichlee| Biot floddodusing channels
operatively s

I d h | .
e G aiRtYe p%ggaé)%@sq%gg el e Sprra R o g e
l t d Oas nmeis
Weldin BEG e B 8n 0O TRL UELY o3t Rk B (Wt Mokl dhélnnel

first polarity.
" operatively directing a single-file stream of the test molecules through at least

one of the sample channels. The irradiating device operatively delivers
electromagnetic frequency (EMF) radiation, at an irradiation position along that
aforesaid at least one of the sample charmmels, for absorption by the test molecules
in the smgle—file stream. The fluorescence of the test molecules includes a
distinct fluorescent spectrum for each one of the conjugate types. The detecnon
device monitors the single-file stream for the fluorescence emitted by the test
molecules. The detection device identifies the presence of the corjugates in the 7
first set of test molecules by monitoring for the distinct fluorescent spectrum of

each one of the conjugate types. In this manner, the test system identifies the

presence of the target molecules in the test sample-

[0024] According to a preferred embodiment of the disclosure, said
at least one of the sample channels is defined by one or more elongate channet
walls of the chip substrate portion. The channel walls include two opposing side

channel portions. The buffer, exiting from the flow focusing charmels,
operatively directs the single-file stream of the test molecules ajong a sample

path that is in spaced relation from at least the aforesaid two opposing side

channel portions.
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[0036] According to a preferred enbodi nent of the

di scl osure, the third electrical potential is higher
than the first electrical potential. [0037] According
to a preferred enbodi nent of the disclosure, a ratio
of the third electrical potential relative to the
first electrical potential is about 1.8:1(9:5).

[ 0038] According to a preferred enbodi nent of the
d[@e$losorcedingtobprefersed dutodingeat of the disdhasureetde nol ecul es

in the single-file stream:i 1.e Ubhe 38id &3str
nBiEeiiys Wﬁt‘%‘fm A ﬁfagsfaélﬁdaebﬁeg?p‘ %eagt gbout ati
60orki6e! W88 dRBhes'd Hitiotn ctaandelgtortidn ofprid at least one o
p?%r%gl?aﬁg;gg%odt 500 %sest no| ecgl es '

: i iH ?rr' r[l] EUt e?) channe}
[ 5@ 3@inplencrawnds.d dHee cygrepl PARS BREYRM Y dPERroduloB
there i s al so.discl ose : F&etaid edNrdl icheBém
f ¥ Phe ‘?@%né‘ﬂ%é’agl? lﬁggeé-gtt“kﬁ{)%ﬂg{ﬁl es of g%g or nore
t 1549 e BB Thixthed pafiohiapkiciy oglcharast pasterp| e.
According to this enbodi nent of the disclosure, the
test systemis for use wwth a first rc(,)et %etest

r6026¢ Uheserding te & pesdorred SAAPAI GBS e OFHE Wtes |
F%axfe%%mm B8Rk BPHRGHINGS dhildRSincadd comjplgiiresdghamel.
the BRMs and the target nol ecul es, I%ﬁﬁ’iﬁs nt_in.t h&uid
tBet ssaplkl ehaiflels BRWs aFladef 2 ofRYR B‘%@H‘g}pes.
Each of the BRMt i ugabl envbddbia fdcasaeBinne;
FRETRSGEHEn %&%?é%ﬁﬁ%%%@?&we'conj ug%%es are of one15
HowIREEark BRI IRAE fdctpieg chamels. Aomcbspohdiargxitips from the

different one of the BRMtypes.jn _conjugatio '
iftesv dborsingaicopnnelpead] e 6%?%#% ﬁ%eat"g_r"geﬁhet 385%2151'-’?%&‘

-~ test system.,s e b Mhadnell crof | ui di ¢ chi
HE R bRt ahpiictt P

e I'p substrate portion, which is
shaped to define one or nore el ongate sanple channels
{{hE7Ri Atcorling teapfeered kmhortimentf ©eglisglose 2t o enabl e
assage ther ethrough o 184wt | tRQuER She Ample focused
gﬁ“%f Oy T ‘gtérj'%am o Cgpﬁgbsggf rmlﬁgcul eg asses .
tchE@ieghs algherfisin arnestdiow heteshiht &5t pg in the single-file
According to this enbodi nent of the disclosure, the
tsEgamgsyst em i ncl udes an irradi ating device arid a
detection device. The irradiating device operatively
q2B) StcSortting &t # prefegré tinbodimens GERE fistieesy, theadi at'i on,
at an irradiation position, 10 ne ke i Ghidk the
lengiocusing GRneais el 1 BRI LY HsbHE SRR SR L
tsgg?fe S5tk bb tidofbaig|at dast enestfrtbaam i ghannels.
tes

nol ecul es emt fluorescence after gbsorptio .
IThe sebowciiabigo armels RIS FECEE BT BT gpSin sides

l.ecul es.jncl udes LSLi- ARt nhhi®d escent spectrum
F’g?‘e@gflfﬁ %qﬁsg%%gﬁ%ﬁ%%g%e types. The detection -
device nonitors the single-file streamfor the )
10404 SREERAE 18 Hipkdr@fbdhynbolienchesiithd Ssaleshese th do flyj docusing
&ete tion device identifies the pteser Zpo?cﬁon@ he
sbajralyadiein thesapple ghppnsts A AEYFF €5t nol ecul es by
monitoring for the distinct fluorescent spectrum of
each one of the conjugate types. In this manner, the
test systemidentifies the _gresence of the target
nol ecules in the test sanple.
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[ 0040] According to a preferred enbodi nent of the

di scl osure, the 20 irradiating device includes an
LET) which operatively emts the F. M- radiation for
absorption by the test nolecules in the single-Ede
stream [0041] According to another preferred

enbodi nent of the disclosure, the irradiating device
i ncludes a | aser, which operatively enmts the EMF

radi ati on for absorptlon by the test nDI r]%§¥
160304 | Accbiding te & peeferred eﬂr@edp;z]eﬂmfélt?rddﬁ%ufﬁot ‘B%éﬁ’é‘?‘? m
ﬂeenﬁow fg%%% %flan'ﬁglg 09%) eﬁve@ys chﬁses 1RAed ARALcuRA TS Ehe single-file

t ween about 2 negawatts (ynW
samdn allyo Udss Eﬁam@omaw Slm@mweter%r{amhﬁ}ognﬁfeéme PE mwy common

n t 20 megawatts (nmMWN and about 25
m“mwc PPgQ?H . 5[ 0043] According to a preferred

enbodlnent of the disclosure, the, EMI radiatjo

(0071l atéovrling ted ipveferell pybediaent afAhe AISFRgTaetAR 21 i flow
Pcum%g cht V! &d&&h? a0 <ADRUELARES WtiBn alRRAY ake of dbdig 90

erre enbod nt of the disclosure, the
cﬁg@ectlon device includes at | east three aval anche
phot odet ect ors ( APDs)

[0032] According to another preferred embodiment of the disclosure, each of flow

focusing channels adjoins the sample channels at an adjoining angie of about 45

degrees.

[0033] According to a preferred embodiment of the disclosure, the chip substrate
portion is fabricated from polydimethylsiloxane (PDMS).

[0034] According to a pfeferred embodiment of the disclosure, passage of the test

molecules through the aforesaid at Jeast one of the sample channels is facilitated by

electrokinetic flow.

[0035] According to a preferred embodiment of the disclosure, the

flow focusing channels are in fliiid communication with the sample channels.
The chip substrate porton is additionally 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
charmels. 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

systemn also includes a sample well electrode, a buffer well electrode, and 2

-9-
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19 nmonitoring the single-file streamfor the
fluorescence enmtted by the test nol ecul es. Each of
the APDs is adapted to receive and identify the
presence of a different range of wavel engths in the
fluorescence emtted by the test nol ecul es. [0045]
According to a preferred enbodi nent of the
di sclosure, a first one of the APDs is adapted to .
reeahM avadingecird@nt Thy sirhple prafisdenredeis operptvely positioged)
of wavel engths__A secon ne of .the APDs i d
fbe Faele selar B doaer (yelk RESETESE A oYo g & one
'3 r}gét%idgi%ﬁ‘é‘@é’vgﬁ.ef‘ﬂé Rfmirl W1l £l6cAe isdpeiatiectpplsitibsed in the
adapte O receive arid identify the presence of a .
h@thifiARge. Ofhenauaplengtihelect@ig 46 PPHE e Fgplied with  first
preferred enbadi gent of. t i L£58)
N i L SR e A e
fs%ﬁéo’ifed QB Plecde REARPotdnSalast ap bppbsing seec peariiyd Each
Identify the presence of a glreen. ra%_‘@ o{ . dal of
heffel eeihtlbgroda is eportveneuppliadEiing BET] glegyical pofents!
receive and identify the presence of a yell ow range

e Rt hs. A third one of the APDs is adapted to
receive and identify the presence of an orange range
of wavel engths. A fourth one of the APDs ist aﬂ.?;ﬁtee%trical
{036 Aetaringnal ai prefetrpd ymberimerit e dhit d1sgpsuze. iy nEe
of 25 wavel engt hS. - - BQ4r] According to yet
BAIGRIRL P ?tg%}eaﬁésﬁ‘g%éflﬁé % of the disclosure, the
at | east three APDs include at |east . four APDﬁ. Oﬁhe third
f0039] Aenerdif t he pAEBEed; ambsdimsbel 16 disgoM G FHY
identify th r 1 SoteRROR abbutwavieoengt hs_
,&eg@ff%lrﬁ’étegtﬁagro?tgﬁ%ﬁg&%g%&se?%tggdgpt ed to receive and
identify the 5 presence of a green range of

\[Io\l%\éi?]l irég(}rglgg toAz\l ]t)rg%e{‘rgd gnqgod%\erft Remb B8 oduse, @adapt ed to

test flow rate of the test molecules in the single-file stream is at least about 30 test

molecules per minute, and preferably at leést about 60 test molecules per minute,

and still more preferably about 500 test molecules per minnte.

[0039] In accordance with the present disclosure 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 disclosure, the |

test system is for use with a first set of test molecules selected from a group that
inclndes bio-recognition molecules (BRMs) and conjugates of the BRMs and the
térget 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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receive and identify the presence of a yellow range
of wavel engths. A fourth one of the APDs is adapted
to receive and identify the presence of a red range
of wavel engths. [0048] According to a preferred
enbodi nent of the disclosure, the 10 detection device
i'ncl udes a charge-coupl ed device nonitoring the

single-file streamfor the fl cence ' :
teleespesdingrob ec dilereny 0w of %E%M?%PSS o é%ﬁéée?%gr % e
enbodj ment of the .di B TBedl 8t isabodavise evith a
i‘11“?6?33’6‘6@593{:"‘1@é’g'set()f?‘}l \/\%&gé/égﬁ?%f:he p‘ra]ot%tos_det esct ors (APDS)
ga&ioh&m@gﬁls higatS idtBides fa tep stubsizate petiophwhich is shape
l'uorescence emtted by the tes %)
Gt e AP DYt S1CagaI BE PG FERET ki, (et Ae v “HAH are
presence, of di.f 1EFa8e @fst waallengt bisglerild steeam
FVﬂiF@%@B%é@ggﬁﬁﬁ%%gﬁgéq{he test nol ecul es, The o el
detiec tisp ingl@viese pastds tthomgh| 3t lepd| @gey he sample channels.
char ge-coupl ed device nitorin i Birdks e
stacerdmg fiothisembopinfgt %@gg?fécéos i ?’te téeg&g)%br?% t est -
mol ecull 68, ;etddd af dtrbdih dévire. dBtediohiiotingldetice operatively
Fﬁ%ﬁ%ﬁ§§&%c§ﬁkktﬁtﬁgans for smﬁtphinﬁrbetmegn.%g on
dERictOEleapoidgaest MyiqueryeEMDAARRPY 7t &1 (HET PHL PRBER

glroné rt]lxee' a%cl;]rggagde étcl%légtl oerlg of the sample channels, for absorption by the test

molecules in the single-file stream. The test molecules emit fluorescence after

absorption of the EMF radiation. The fluorescenca of the test molecules inchudes

a distinct fluorescent spectrum for each
am for the fluorescence emitted by the test

ornie of the conjugate types. The detection

device monitors the single-file stre

molecules. The detection device identifies the presence of the conjugates in the

first set of test molecules by monitoring for the distinct fluorescent spectrum of

cach one of the conjugate types. In this m
presence of the target molecules in the test sample.

annet, the test system identifics the

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

for ébsorpf:ion by the test molecules ir the single-file stream.

[0041] Accordingto . another preferred embodiment of the disclosure,

the irradiating device includes a laser, which operatively emits the EMF

radiation: for absorption by the fest molecules in the single-file stream.
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_ first one of the APDs is adapted to receive an

devi ce. [0050] According to a preferred enbodi nent of
the di sclosure, the detection device includes at

| east one trip sensor nonitoring the single-file
stream for the fluorescence emtted by the test

nol ecul es. Each aforesaid trip - 13 - sensor
generates a digital signal corresponding to an

intensity of the fluqgrescence. ) ding to a
PMLE rcerrdBaROY PIFERTE SWg?‘ﬁ@ergiogéhfgggé%se@w each

aforesaid trip sensor b B pdlAtst @Wpbghaout 50
&?F’;;‘a\ﬁﬁ@ﬁp?ﬁ@‘%ﬁoé"%f)fg oi SLYt%EIé fl lgjoresc(encg bin

UG ER SV, Thil ihw® prafeedsy, bytweBaghpub POMESaT ey o yy) and
serfisor has a different pre-determ ned said m ninmum

iabiue A8 regaw §BASHY)-According to a preferred enbodi ment
of the disclosure, the test system al so includes a

gbdn@] ARbidGhetaR bR AGRU IeMBbdiRgntidithefdisulosiesdience to the
etection device from substant] allzé?%g%a&q’rgt o th
EMFaeidttion noppaativalp rdeliveisd hdhe §* SATd at ™) Eds
one of the sa channel s. [0053] According to a
W@?lﬁﬁ%agmg‘%ﬁ%%t of the disclosure, the test

system al so includes a,h ' L8 thdhe
i[eﬁ%hiﬁaacprﬁg’gd%eiptﬂge ﬁgmpgéé%gigt@r‘gg??%ﬁ@ge% ce. The

housing i s sized and agaptgd.f Q2R APhStoddttttors (AEDs)

gefeionoflevice in ' _
monitoring the single-file strearn for the fluorescence emitted by the test

molecules. Fach of the APDs is adapted to receive and identify l:}_\e presen;e of a

different range of wavelengths in the fluorescence emitted by the test molecules.

[0045] According to a preferred embodiment of the disclosure, a |
d identify the presence of a green

i ceive and
range of wavelengths. A second one of the A_PDS is adapted to receive
engths. A third one of the APDs

identify the presence of a yellow range of wavel
is adapted to receive and identify the presence of a red range of wavelengths.
[0046] According to a preferred embodiment of the disclosure,

the aforesaid ét least three APDs include at least four APDs. A first one of the

APDs is adapted to Treceive and identify the presence of a green range of

wavelengths. A second one of the APDs is adapted to receive and identify the
adapted
A fourth

presence of a yellow range of wavelengths. A third one of the APDs is
to receive and identify the presence of an orange range of wavelengths.

one of the APDs is adapted to receive and identify the presence of a red range of
wavelengths.
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of BRVAT P 6% 2{aPTRb AP FERETC

care di agnostic use. 15[0054] According to a
preferred enbodi nent of the disclosure, the housing
is sized and adapted for hand-held use. [0055] In
accordance wth the present disclosure there is still
further disclosed yet another test systemfor use
wth a buffer to test for the presence of target
R iR Rd bRbSEhedt Y PRE disBloshrbii] £ 8agal
[O‘{XEL?*%E%%%??YGR%&rdPng to this embodi ment of 20t he
threli ABDoipcinds at fdass fowAPISy 8fEthorgolfhso for use with a
first set of test nolecules selected froma_group ¢
AbDAts baghieles Ricave esdgiventibn haypreseise ¥ T BRIBYEE ©
conj ugates of the BR\Vs t he, t anget. eGHigSwis h
wnRlsopie. Ansecord 0BG Of %%P@?’ de""%ﬂ%ﬁ/ﬁ%?é nigehuty the
nore BRM type Sindone BRud gnees tHesaARInij adpplitdeto
prwe?ﬁ:o?a r%%é%ﬁ%?/gﬁg%é of  the target types Th? "
re@QURj Mg i @SifpRe hsconeobr yellopgrange PRy Bgﬁhﬁg‘é Qurth one
types, each correspondi ng t b edeite @NEreBfrahdior
Eﬁ%‘feﬂéﬁyktzg’?or esai d , §e

respegtive one of the target types. The test system
Wﬁvgﬁeg%tg‘f&ti onally for use with an irradiating and
detection device that is. ca e.. | jpgering
[omgemctonm : %ﬂiptz?rf@(fﬁ@ﬁt&é} ag?‘eekg‘iﬂr‘}lg‘?ﬁ"assﬁ ion for e
absorption. e ReplRCHERG. mbhitordirgsthe single-file
def?ﬁ‘f’@c@f"élge g?%uéuc 25 fo0 enit fluor escence after
Srals @ithd BforefcehbieeriideR bydtie st wAlcCReRe f | uor escence of
the test nol ecules includes a distinct fluorescent

spectrum for eagh gne.of. GRNMGALR, thypes. The
[0049} pcardingdo %ﬁf?%ﬁ’éegén’g}b?%ﬁ&e _g(\)/i ce is al 50 capable of
GefBDRl QIS fetuaaandt dieat byngyeltios cﬂrﬂ%ﬁc@ﬁ Dk
presence of the distinct, fluores . LB Qe
mapdtoting e ofinglRdile GHFAgLLE" 1 etfyf/uﬁg%?&' %(F?e%‘}?{di ng;yt o this
nbodi t t 'ggglg)@grts cbive ahd Blentifyshepresence of a
mq?%fead gboﬁ%#ﬁ%di ¢ chi pﬂiﬁavi %%g%d&%g subst.rate
ARGt :Op el drakasieSergpmathe flugefrHee G S dPoRgaTe
sanpl e channel g, . and,one d Q¥ fe CéSich ghonitoring
The Hakeniddms devisrpafifc H%%‘r%% sgg) %%%n‘glug are sized to |
neCORP- 0P 35540 Fol ik Elubrestighoe afithbby die Tesbietegrles Stll
e”Tlow focusing channels are o&ea?lg%p%&i RPBSAREL
furthes Behderegionofievice dp@uUERF 2 TV HHR®FT ow focusithg
channel s adj pi g, t e efhanme | SeDsThette uhiuge-coupled
MOPYBHNg (Re F‘I’Jﬁ%ﬁl&%ﬁaﬁgq@hannel s and operatively
deféd ects a single-file streamof the test nol ecul es
through at | east one of the sanple channels. The
merofiyjclic chip.is : atively receive
[0060e AERRIHV‘%‘? %P’iegeﬁl%fi F Iélr]?]g 1%%5?(%‘:2%(}1%?(%&9 *and detectjo
AetBQIGnC Beviad itlludéd atliledst omepbrin SPRAT AGHGTPH e single-itle

St af ogoerst%:a %uaatrescm‘lce emitted by the test molecules. Each aforesaid trip
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ki gk fment pre-deter s

20 | east one of the sanple channels, for absorption
by the test nolecules in the single-file stream The
mcrofluidic chip is adapted to enabl e the
irradiation and detection device to nonitor the
single-file streamfor the fluorescence enmtted by
the test nolecules. In this manner, the conjugates
are operatively_ identifiable b ESENREL: td¥e the
enser HERCTAPLGY eigEH S t U Og?gga% one o Eyhe :

onjugate 25 types. As such, the presence of the
e

ol ecules in the test sanple is operatively

‘identifiable by the test syst etxort}1 % 05(3] According to
37

B0pTleAesarding Wripsefpiahimbodinggngo TS, the test
temi i cul iefdalfs whbh tieriateasity of
S5 o0 P bl gBfertB AL Blarl bt oty oD

sanpl es "sel ected fromthe group
SRMGbaticn@ 9fn Btesdof umimigms puensiy- B ortR BT
According to_a pr_efgr red -eUbBQJiHE%Ii of the
G IPIHTHE " 6E % used f or
di agnosi s of a disease state selected fromthe group
posi HckQginpho Paclpti ahbsliinensethsintiesye, vier al  di sease
tates, fungal disease stat eg d %cﬁ_lgr-dopggeg_\ggm the
itsgsise dtoaindgdef GoHEr WICEH e T8 preterre
mbadi nent. of the di t fohtRe frRgiation Posfvialny the
‘f@%ao? g'?m&el fgc@ 5§$§‘g}6$£%ﬁ%df%§nnore i nfecti %Ss-

5888 83casiéh]SIAhOFardplechaiinedp-t 0 a preferred

enbodi nent - of the disclosure, the test system may be

R
t%ftgs?gtginnﬂsé OncPudésCh atduethgeakesihgehe pFdiatpe device

| osure, the test syste y . b : o and point-of-
detantibn dedcusTh BGRTSE & iFe \%Bngéﬂafﬁ‘o#g&%’ge’%%naéﬁ fons.

sel ected.fromthe group 15 consisting of H'V, HBV and
?TS&“?E@%TfE1n accordance with the present disclosure
there al so disclosed a nmethod of focusing nolecul es
[t)@zlz;ﬁ Q@(icbﬂdlr@tte adprbftd Embodimentprf dleedisdosote, thagge?ng is Smled
nol ecul es or, or nore target types in a biologica
aP%@ngﬂﬁHﬂﬁwigﬂg“ﬁ%thod i ncl udes a sanple flowing
step, a buffer flow ng step, and a sanpl e focusing
[80%pP Afidesiddnbe witifthepresent disclosure 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 disclosure, 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 prese@F 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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20 flowi ng step. In the sanple flow ng step, test
nol ecul es are passed through one or nore el ongate
sanpl e channels forned in a chip substrate portion of

~a mcrofluidic chip. In the buffer flowng step, a

buffer is passed through one or nore flow focusing
channels forned in the chip substrate portion of the
rnicrofluidic chi p The fl ow focusing channg%gqgglj oi n
t he one QPGS ding 16 a-diffisemphectiha es|1p
ri"?fé%"&“%ﬁ%%éum ng step, a single-file st g{&t%g e
ENS agmlva&uiwﬁormdlre.ﬂ:@t@(ﬁ coRPb BB YRR st ohe “Of

the s | e chann, Qlebidé feK isfcapibletdie
mdﬂmm{;@nﬁrﬁ@e b‘ﬁ‘g‘h r}s/ad%%?%ggﬁg@%fgmof more ol o%gmét e

. diting forrbsopien &Y (igfest
A it ootk soioter b/
m&@med.e%atemmlemdewa Fechias fh TR g?resce%e AN

e flown 8 ma,hee@wd exchadesrk diptinct
WQEF @“P’éfs%}‘l‘ﬁﬁgcesl g%éeggeél?orsﬁred by i ntroducl n%ﬂd

fﬁ’l lBe fabeett es &(eapnpga@ftymﬁe

types. Each of the BRM t i s._conj tcBn X
depstigcddvice ipriso ofpableof 81{11‘1% ?01' a%ﬁ 1(%1 iy ‘ME ]@%a es

test nol ecu » #Jﬁi@o QBdu4s aitﬂﬁx\fbieadtensmemﬂﬂt?e
bﬁ'é%‘fg%‘iesﬁ?ﬁ?g}cfﬁfdj%c rgsentt inthe test sample

types. According to this embodiment of the disclosure, the test system 1

uldlc cl-up havmg a chip substrate porton that is shaped to define one or
therein.

microfl

more elongate sample channels, and one or maore flow focusing channels,

The sample channels are sized to mable passage therethrough of the test

flow focusing channels are for operative passage therethrough of
focusing channels adjoin the sample channels. The buffer

molecules Tha

the buffer. The How

exits from the flow focusing channels and operatively directs a single-file stream
The

of the test molecules through at least one of the sample channels.

rmcxoﬁuxdm ¢hip is adapted to operatively receive the EMF radiation from the

irradiating and detection device,
e channels, for absorption by the test molecules in the

at an irradiation position along the aforesaid at

least one of the sampt

single-file stream. The microfluidic chip is adapted to enable the irradiation and

detection device to monitor the single-file stream for the fluorescence 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 fest system.
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[0063] According to a preferred enbodi nent of the
di scl osure, in the test nolecule-formng step, the
conjugates are |less than about 10 mcteters (pm in
size, and preferably |ess than about 5 pmin size,
and still nore 15 preferably, less than about 1 pmin
size. [0064] According to a preferred enbodi nent of
the disclosure, in the test nolecul e-form ng step,
target marker fluorephores are introduced. The target
O o B et Bl foses
parfigwidriyddapseshipugsst it e of ﬁ‘é’r@‘fﬂﬁlg&, tetsﬁeﬁjtpaergée]? mar ker

YA QRBRGESuridNGutuhgaddsemel ol ecul es, if present
gmlg?cw)ct"flswle tgggt san‘pﬁ e.nsg[ 0065] According to a preferred

enbodi nent of the disclosure,.|n S 4
(008 Tl psccrhe siamgrienry tabaeth bt SpQiieg BR-E paRAT

iR IO et wan e
. ! : ' ] disease

disgree Stghovief Iptase é?aﬁﬁsweé"ﬁgag%ésfegsgesgage? ’ E(lal‘lrzie 5t he sar;%elase
safehannel's. -17- [0066] According to another preferred
enbodi ment of the disclosure, in the sanple focusing

tep, th ingle-fil f '
R e T T o

usdd@haidoAkid 5 8f mbeasketioapdiasusesbot t om channel
. portions of the aforesaid-at least one of the sanple

channel s. .[0067]. Agcor di.ng .t r j e

et o -%?%‘él%%téﬁpﬂfeeﬁ?g’%ﬁ%itﬁ%@gﬁ;@lﬁ iagh

usdaUf Bgubliowsa édtiditidnneleatdfres dieckratp dopsiginzf &8s HBN @nd
sanpl e channels at a buffer flow rate that is higher

HG¥han a test flowrate of the test nolecules in the
single-file stream _

[0060] According to a preferred embodiment of the disclosure, the test system may be

- used for simultaneous diagnesis of two or more the conditions selected from the group

consisting of HIV, FIBV and HCV.

[0061] In accordance with the present disclosure there also disclosed a method of

fomsing molecules to facilitate a test for the presence ot target molecties Of ong

or more target types in a biological test sample. The method includes 2 sample

fiowing step, a buffer flowing step, and a sample focusing step after the buffer
’

flowing step. In the sarnmple 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 q;ore elongate
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[0068] According to a preferred enbodi nent of the
di scl osure, in the sanple focusing step, at |east two
of the flow focusing channel s adjoin the sanple
channel s, from opposi ng sides thereof, upstream of
said at | east one of the sanple channels. [0069]
According to a preferred enbodi nent of the
di scl osure, in the sanple focusing step, the two flow
f ocusi.n a LRl & | #ngidfilanadesmaif the test
Sgg%%oﬁhﬁgﬁ%grggc ?OS%Q %r%ﬁ% }%g%] Eg\dgcor ding to a
Rbled.ass e direpibtlirongh ableast leae 6f Be|syRple chanslsYPassisn rh
focusi ng step, each of the on r s?ahﬁﬂe'
téﬁb‘?ff?élf?“bﬂ]eéxc’?&??%@“Ewglséetg%ee 3 02%1{ d;g&gﬁogj oi Nni ng
of about 90 degrees. [0071] According to a
anot her preferred enbodi nent of the disclosure, in

et R R R T

r%(%a&y%ﬁjn i A2NP L& M o1@bRUL e BeGe theGXRple flowing

Ing to a preferred enbodi nent of the _

stbbs Clro skt eest inmolehdesemphe: sfepe (B9 RSt Srolqsulep 2es Sgareds by
the single-file stream of TP LESUERS w48 Each
FRdYGER 1%?%?8%é?%e%€ﬁl(%e§%f}%ﬁ%eof “the san%#% ach,

%k loSisc8fRidchbRASh Agsiiced srelot iheadnget tpaswAs su
ng‘% %ggglrsglaﬁiggtlao a preferred _enbodi nent of t]ehme11 i
tishi @il molerdes nebadrectnigais $6 e ERYeEd i target molectles,
el eda- gki netic gtep before the sanpl e focusing step.

Praten i Hhe et &8 Ptki netic step, a first electrical

potential of a first polarity is supplied to the

[Wa3ip hecatiagied grefepst pobedinént phidie disdosuradusi ng

channel s. 1n the el ectroki | BharPaboaEMNHicrometers
the et Ppqlecyfe- 9T Fi5P m&‘ﬁ%&ﬁ%@ﬂﬁ% second polarity
(;l]ﬁ) SURPLl g tretdignIf Rtsetandatatut | e pat irp pige, ofind; pi@l more
sanpl e channel s downstream of the flow focusing
prefeabig) lsss then alputd| et BF%netic step, a third

el ectrical potential of 10 the first polarity is

[GU4AP A BEkdIng € RPRIGRA ebodifient(df @w disolrst,ig channel s.
[0074] According to a preferred eanldl g’entingrg Még The
trebi tetIroeleeude-forming step) BEAS AATKE TR S THEPRITT
electric ot.ent | LS MaBa6kith Bador deref df ritd target types.
mﬁ%é’?’ﬁ‘ rgljlluf)'o }g%{elhg}-e o éiag%%] According to Bt
ABRLAL Qhé ads epatilarintiugt conjogetes of He RS, ithe fepgst marker

el ectrokinetic 15step, ratio Q‘E{}: BitGe
ﬂ‘@PféEl‘?fﬁééﬂdﬁtﬁféﬁg?téP&F%ﬂ?egtﬁ Eesfﬂg T e%f'slftr stlgiel ectrical
potential is _
[0065] According to a preferred embodiment of the disclosure, in

the sample focusing step, tha 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 portians of the aforesaid at least one of the sample channels.
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about 1.8:1 (9:5). [0076] According to a preferred
enbodi nent of the disclosure, in the test

nol ecul e-form ng step, the conjugates are of one or
nore conj ugate types, each corresponding to a
different one of the ERNI types in conjugation 20
wWthits said respective one of the target types. The

QE@ET% eA?cl,oi mcr Cl alljlgjﬁwr prefe]grfs(i ng@dtuh&g 0?1%19 Fals@ltaglﬁé il 91% sample

uorescence-detectl ng step
afdceding fiep, Itl‘l‘erﬂcgleaﬁﬁersg‘e&n ©p theaest] n@lecules is directed along a sample

SP% %%?Efe?'hsggc% :;‘t% 1on r(?I%l %P e%gt tglg ralge({] ? HOH é}ﬁhﬁél (l’)Blgjons of the

at’i ng ctromagnet
fm@&uﬁmmymﬁﬁmﬁbfmadmmﬂeommndsdeI|vered to the t est
nol ecules in the single-file stream 1In the

f Hﬁbg C RO r}% et ecf%llr%geﬂﬁ% ?Hnen{ S]fethczéséf’ésﬂlgl Sthd Aaﬁlp]e focusmg

mils uorescence em fted
t esp, tméd:iu@euﬂm intoltBe afoféaaith atotast pree of G aagnabecbmma!staéﬁ buffer

%‘S o at 15 {11 glﬁr %ha'iz’il\g:ters?‘ﬁéngtrétg g th%r%ét %JIACHQE e ﬁl%rb‘ﬁ%le—ﬁ]e

uorescent spectrum for each one of
thmmmonjugate types, In the conjugate-identifying
step, the presence of the target nolecules in the

f(ﬁ)%S}S gnp % u%&) Spqgfgltrécf érﬁg)dm{enm% @Eﬁdl@sgref ﬁrthé Déple focusing
nct t rescent spectrum of each one of F
C stRp, g dtast twopelSthe flow focusing channels adjoin the sample channels from

opposing sides thereof, upstream of said at least one of the sample channels.

[0069] According to a preferred embodiment of the disclosure, in the sample focusing
step, the two flow focusing channels adjoin the sample channels at a common

intersection portion.

[0070] According to a preferred embodiment of the disclosure, in the sample focusing
step, each of the one or more flow focusing channels adjoins the sample channels at an

adjoining angle of about 90 degrees.

[0071] According to a another preferred embodiment of the disclosure, in the sample

focusing step, cach of the one or more flow focusing channels adjoins the sample

channels at an adjoining angle of about 45 degrees.

[0072] According to a preferred embodiment of the disclosure, in the sample focusing

step, passage of the single-file stream of the test molecules

-18-
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10077] According to a preferred enbodi nent of the
di scl osure, in the test-nolecule form ng step, target
mar ker fl uorophores are bound to respective ones of
the target nol ecules. As such, in the
fl uorescence-detecting step, the target marker
-fluorophores enit a target part of the distinct
fluorescent 10 spectrum for each one of the conjugate
thiHPBSthe RG-S hAdehdtr bhef ithe bautigs charBRIst Bofagilifged by
Step, before the test-nolecule form ng step, of
elécarglineige Bowri cr obead with one or nore BRM fl uor ophores
that are coupled to the maobead. As such, in the
(075 NESERDGSa BREEEH LbodtiER o 1RRIU3RN, biior ophor es
emt a BRMpart of the distinct fluorescent spectr%m
méthod eias mchries af eldvbrobtngio gap #etoyr be sampe F‘Efb‘?‘s"ﬁ step. in
According to a preferred pfell . ; ied to
g P BEe Sopep DS Secies ERR BES fusd ool s supptied
thd ls"éﬁ%‘?é RRGRIL ligskh@bmDYort be Cow Ggaties denndsei Jediey
at least two aval anche photodetectors . APDSA. AEJJrst
cleptrokinétictstap, ARRonAstedmie PRt GEFR TRICERS F470 PRIERCE
of.. t.he BRI Vvl rt .an Shddnels RBWABESam of the
supphed; tg e %fﬂ‘a"*ﬁ eaﬁt]?afslggge t%ﬁggg%g?gnce of the target
floRPlokusif cHaRRe12.0 Th e eRsrelinericotep: héhind Sedirieal potential of
fluorescent spectrumfor said each of the conjugates.
thd DET]laciy sorpPrhed toearhnngo F}}Bé{?fwef%‘a‘a’ﬁ HEESt t he
di sclosure, in the irradiating step, a |aser having
~an operating power of between about 2 negawatts (nmA
and aboyt 50 mne &f}mg Y fi8 einBME electrokinetic
U“Vﬁbfﬁf?gﬂg?%a1”gé%%%é%?est]ﬁg?ggdﬁggﬁin’the_
stefitROthRd Blebifica poeatial iviigher fraefhefagelpctrie @o5p# at i ng
power 25 i s between about 20 negawatts (mA and about
[002.7?] %ggr\é%tgttg a l@fgri'ed' %Qdodiment of the disclosure, in the electrokinetic

step, a ratio of the third electrical potential relative to the first electrical potential is

about 1.8:1 (9:3).

[0076] Accordingtoa preferred embodiment of the disclosure, in

the test molecule-forming step, the conjugates are of one .or mmore conjugate
types, each corresponding to a different one of the BRM types in conjugation
wilh its said respective one of the target types. The method also includes an

'irradiating step after the sample focusing siep, 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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[ 0080] According to a preferred enbodi nent of the

di scl osure, in the irradiating step, the EMF

radi ati on has an EMF wavel ength of about 488 nm

[ 0081] According to a preferred enbodi nent of the

di scl osure, in the fluorescence-detecting step, the

fluorescence emtted by the conjugates is received by
"a charge-5 coupl ed device. [0082] According to a
rRHebehE eshjenad hfrenibsaptitrhet it Edfrgdiagon, jepuisifiorescence

fl uorescence-detectin tep, the uorescen My t
cby Bt OMTEERE SIS SEITE BT O B U Se By B 1BaSt

one. of ; : %@%&%@@wtﬁ@m@@ﬂmﬁs i ME €est sample
C%I\L}Iﬁag%%:cﬁegg%ﬁ{&g%a%t ectors (APDs). [0083] O her and
if Meddren Borantades fartte fistnribpresrent fRectiEr ploggh gne of

wi |l be apparent to 10those skilled in the art from
theranigrie feHg det ai | ed description thereof, taken in

conjunction with the acconpanfyi ngiggrawi ngs. BRI EF
[(DESCRIEFHiehkGFprEfdEeDRAMIGNGS! of the BB THe i nvent i on

wi Il now be described in npre detall 0
the taspirelesmle ofpmiping, 5P r BasH e‘ﬁ%r?elce'i gllu? he Ré%e‘é?fr% a%?ﬂnrﬁl g o

Law D L WRLCR, LidkRuiasl MARsS c, @h Blie fhioredctre-detecting

re?‘aecrrgﬁt%éfs J\>/vhere|“r~#igt [0085] Figure IAis an,
step, |6 targét inenike fraorbphats onihpigaerRAcRisheiflitgne fluprpgcent

present inyentiop, .- [0086] Firgure 13 L&afcdud
SHeFF et PREFTP Ogghee??gﬁlégtgo %sgaJtﬂge ag%ordi ng to the -
BIRNISS ﬁ'ﬂ&ét%&gl BMSRAL 10 st [RRBIE thinging step, Of kaggng a microbead

[

iI1lTustr n of -a third conjugate according to the
wjth esent more/BRMifdrorop@egbyt ¢ @WP&E‘%R q‘%mé‘“gtéefgpéé Ve

. view of a mcrofluidic.chi j ekt § BREMPSREE
in; e BRprest oy Gog T e e gg i's a(grgig?égpectti_ve Vi ew of .

disthcRfh&reRRhesprl- et fotibathone bi {heaogogad geto t he
present invention; 5 [0090] Figure 2Cis a close-up

' [OE,%S u)r%‘? Wﬁggf tola 1FetTrSd AiodlfHnf ot Bsd bRl HECTI ON Of

the Ffuorescence-detecting step, fluorescence emitted by the conjugétes is
received by at least two avalanche photodetectors (APDs). A first one of the
APDs receives and identifies the presénce 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 distinect fuorescent spectrum for said each of the conjugates.

[6079] According to a preferred embodiment of the disclosure, in

the irradiéf:ing step, a laser having an operating power of between about 2
megawatts (mW) and about 50 megawaits (W) delivers the EMF radiation to
the test molecules in the single-file stream. More preferably, the operating power

is between about 20 megawatts (mW) and about 25 megawatts (mW),
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[0091] Figure 3Ais a schematic of a test system
accordi ng of the present invention; [ 00921 Figure
38 is a schematic of the irradiation device of Figure
34; 10 [0093] Figure 3Cis a schematic of the
detection device of Figure 3A; [00941 Figure 4Ais a
perspective view of the system housing; 10095] Figure
48 is a perspective view of the systemw th the
housi ng renoved; 10096] Figure 4C is a perspective
view of the mcrochip platformand irradi ati on device
[008@] tzhccbﬂfﬂlg&a rﬁ'ﬁirﬁ'eﬁai Ehbod st of thbdicd@ak] inFhe itradiadih) step, a

vi.ew of the crochl Llatformwi th the sanple
1heﬁ%&ﬁﬁhﬁﬁﬁﬁasTU%@@§“¥F§W¥€°i§O?§@5n91de vi ew of the
| ens, notors and mcrochip platform [0099] Figure 4F
[00813 AccofdfStoSeprelupid $ﬁlb6(ﬁﬁ]bht00f(1ﬁe ﬁlhcéodu&m;n ﬂladluorescence—

deteglgntﬁigtg L‘E% Hé{%es%gé 1}:5?% E¥ Eﬂ acltg%_]rtlx atgs %Frgcgegveé by a charge-
coufléh@imlel ¢ of the indicated section of Flgure 4F and a
cross-section along line 46-40 of Figure 2C. [0101]

[00§i r!c%ng%)tlg]sa %Iggebrlrelgu%% é'? tgllelgtn fn dlS lfgsruees gﬁnﬁ%ffﬂlu %néeﬁén

detcblindOst@s te Mot LM Eed By ﬂ{e&ﬂaﬁjﬁ&a‘c@ugﬁbﬂe&t@e@ tegseiged by at
spectrum_of the aptum.dots and_band i

teast, 08t of 7 %%%6&58@? HEE 208 Oe’F.%eIa"fﬁer"gfl%“&e hfﬁ’%ﬁtﬁ“f‘”s

QAPEggure 613 is a spectrum of the quantum dots of
‘Figure 58; [01051 Figure 7A is a graph of raw and

[OOSEEWE%%DB S%[r.hgs Vg%’iag%]rag { g.ues o\f%eecins%}ogmg %vtiﬁlbef: ggpa}eﬁte[o

those skilled in the art from the fo]lowmg detailed description thereof, taken in

conjunction with the accompanying drawings.

BRIEF DESCRiPTION OF THE DRAWINGS

[0084] The invention will now be descrlbed in more detail, by way of example

only, with referen

to like eiements, wherein:

[0085] Figure 1A is an illustration of a first conjugate ;zccording to the present

mvention;

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

invention;

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

invention;
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[0106] Figure 7B is a graph of raw and fitted
fluorescent em ssion wavel ength data for the BRM
conjugate of Figure in; 10 [01071 Figure 7Cis a

r f raw and fitted fluorescent em SSi OMpericA2007/002317
wg’é\%/@ﬁ%g%é‘?h data for the BRM conjugate of Figure 1C

[0108J Figure BAis a graph of intensity vs tine
nmeasurenents for the BRM conjugates of Figure IA
[0109] Figure 813 is a graph of intensity vs. tine
[0088 hBignennisa porspedtiee BRIwy bt 4 Bnigroflyidigeahirs aesprdigytey iee
113;. g(h_e _Figure BCis a graph of intensity vs. tine
PIRERETIVEY Nt s for the BRM conjugates of Figure 1C
[01111 Figure 9 is a close-up of the indicated
[0RSET Figore 2Bfis Fpguapecti8dview of afi QlickRite Fiigofteidic@Npiascaading
raph of intensity vs. concentration neasurenents for
t‘:’?('f?ég?"‘(ﬁ’“@?{mn@f}ﬂj ugates of Figure 1A [0113] Figure
10B is a graph of intensity is concentration
[00PepBignentthiss: flose-uih epBRAK o6 thamicrabiidié dRipgniemseatinn of
[01141 Figure 10Cis a graph of intensity vs
Figpe®nt rati on neasurenents for the BEM conj ugates of
Figure 1A; 5 [0115] Figure 11A is a histogramof W
[OBi PPighrer 341 i0Sa fochienidtie B121ds |system| agatleyy of e gresent
. 1A; [0116] Figure 118 is a histogramof R'Y signal
MyRP¥s for the BRIvi conjugates of Figure 18;
10117] Figure 11Cis a histogramof EPI signal ratios
[0d90T Fighe: 3BRMV: soeimagabiake dfadkiofrdguicenf Tgurd 84;18] Fi gure
11D is a nerged histogram of Figures 11A, 1113, and

103 iph ¥ 3L o Fr QB Bfand SerbtBh tebite SPERRUL BRI 2

[0094] Figure 4A is a perspective view of the system housing;
[0095] Figure 4B is a perspective view of the systern 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-4( of Figure 2C.
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[0120] Figure 13A is a graph of 2-pathogen
mul tiplexing results; and [0121] Figure 138 is a
graph of 3-pathogen multiplexing results; 15 DETAI LED
DESCRI_PT| ON OF THE PREFERRED EMBCDI MENTS [ 01

ngengﬁﬂpi"ﬁ‘ﬁ now to Figures 1A through 4G therg@%/gmeowoozsﬂ
shown a test system 100 according to a preferred

" enbodi nent of the present invention. The test system
100 is for use with a buffer 50 to test for the

[0p31d StgmeeSofs apdhgentipmpidbgresng gentypiotsige (46a-c) of
one or nore target types in a biological test sanple

(042 rithee §88 b ﬁ&s&h(ﬁ&rfsémlﬂ%s@ﬁ%&ﬁnabwoisncl udes a
first set of test nolecules 102, a mcrofluidic chip

200, an irradiatin vi ce 300, and etection .
(OHD Fisir b STRETUE 0! By RRTOle e B B g rased n
[ HEes j H00 encasing the irradiating
thggﬁ‘% ce 38816@%%& E;IQEQPCT/ CA2008/ 002027 01 Decenber 2008
%%i-;Z-ZOOB) and the detectiog de %pe 0, with
(O340 Sieer oo 2 BRGHY PRI R HRS CETEYE  por t abl e,
hand- hel d, and poi nt-of-care di agnostic use.
[0105] Figure 7A is a graph of raw and fitted fluorescent emission wavelength

data for the BRM conjugate of Figure 1A;

[0106] Figure 7B is a graph of raw and fitted flnorescent emission wavelength

data for the BRM conjugate of Figure 1B;

[0107] Figure 7C is a graph of raw and fitted fluorescent emission wavelength

data for the BRM conjugate of Figure 1C;

[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 BC is a graph of intensity vs. time measurements for the BRM

conjugates of Figure 1C;
[0111] Fignre 9 is a close-up of the indicated section of Figure 8A

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

BRM conjugates of Figure 1A;
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[0123] Introduction to the System 101241 Preferably,
the first set of test nolecules 102 may include (i)
detection 5 nol ecul es 106a, 106b, 106c (106a-c) and

i jugates 126a, 126b, 126c of the detegdq
“&HO@%‘E’?Q‘]& 106a-c and the target nolecul es ,46%%{,%}&%0?7/002317
present in the test sanple 40. 10125] As best seen in
Fi gures 1A through 1C, the detection nol ecul es 106a-c
are of one or nore detection nolecule types. Each of
[0 ¢ Fiipwe 198 iop smphedf iftengity pissconsenirgtietompigaaprantspor Heg

spective .ane aof, the target types. Each of the
B%@tcgc]fl%%%sor%%gé%&u Aés 106a-c preferably includes a
m cr obead 108 along with one or nore - and preferably
[Oh14p Figuad 10G/is ofgraphist dntrratiygri conomtpidreneisasenieng for the
B%R{)v.{lsatelslo(ﬂ:, bloe d to the surface of the m crobead
g IHyga car%xy I'c acid 118. Each of the BRMs 116 is

specific for one of the target types of the target
[OHS] Epuretl MG a-TdstogEamiof FFY Figoplohteniol 08 FRM pomjfigrtetodfy
I:J.Lbou to a plurality of BRVs 116. The plurality of
BRIVi*s 116 bound to the microbead 108 may

coll ectively be cortjugable with nore than one - but,
[OP6eFenahl i, is ahistepah et 1Y elgpalcenpsuign bleBRM ichnjogrtess et
F.sig ,b_e one - of the target types. Each m crobead 108
Y 8 ‘ef erably al so tagged with one or nore BRM

fl uorophores 112a-b that are coupled to the m crobead
[OMIBFigitect 18R 2@ tédrararod A6 sigaallrifes- for redfRM abijygates of
.include one or nore quantumdots 112a, 112b of one or
FIgsFdquant um dot types. In some cases, and as best
seen in Figure 1C, the quantum dots 112a, 112b nmay be
[010B] Figerean Dring secged iristoprakotof Figpes 11A.d18.and 185 quant um
dots 112b and yel |l ow quantum dots 112a. Alternately,

B ?EM | KL BPQL.ES }aggs Y.sbd2Cl ude one or nore

{01%1| EEI esc]%r#gdlygs&%not %ﬁofm }ﬁ%f S253 one or nore
fluorescent dye types. - 25 - PCT/ CA2008/ 002027 01

[G]@Qh@iﬂﬁ@lSMgI(aB]lg 22;:%9@}\ multiplexing results; and

[0121} Figure 13B is a graph of 3-pathogen multiplexing results;

DETAJILED DESCRIPTION OF THE PREFERRED EMEBODIMENTS

[0122] Referring now to Figures 1A through 4G, there is shown a test system 100
according toa 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—) of one or more target types in a biological l:ést sarnple 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

L4 .
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[0126] As best seen in Figures 1A through 1C, the

conj ugates 126a, 126b, 126c¢ are of one or nore

conj ugate types each corresponding to a different one
of the detection nolecule types in conj ugati@RoRB{¢L2027

its corresponding target type. The conju§atkacerPgy, 2008 (01-12-2008)

126b, 126c are preferably | ess than about 10

mcroneters (um in 5 size. In sone enbodi nents, the

conj ugates 126a, 126b, 126c may be |ess than about 5
andPThé HetbdRn Qbviyany! f%%h hHaina Bt bengWided &hd @dapted for

Preferably, and as best seen in Fi gures 1A through
porkible aratd-bild; fed pohjrugatesdibgbastich®éb, 126c¢ al so

includes a target marker fluorophore 130 bound to a

respective one of the target nolecul es 46a, 46b, 46c.
10123 Yognodpjcting tpdbe Syslem i n Fi gures 2A and 2B, the

m crofluidic chip 200 preferably i ncludes a chip

oSBT AP 292, e T S5 gmcion
f f of the
mogecwrlf’egrﬁ%t%hgﬁéskl; ll?)%g 39@6(315%@ (ﬁ)r HM%egt@%Eggagtﬁ@b ‘I%E‘ f th

detggédrpﬁcﬁ&%lég 16@3&%@&1 @im@eérgetsa{mé@é:sm&ehs 204nt Bnthe test
one or nore flow focusing channel s 220a, 15 220b,

' sardplBEei N. The fl ow focusi ng channel s 220a, 220b are in

fluid conmmuni cation with at | east one of the sanple
channel s 204. Preferabl the chip substrate portion
[01Z%]2A$ bestdden ioFigurgs Shabe afbl@etfﬂﬁ sletestion ppplecylgs 00a-c are

242, two buff iI's 244 {
2, BT el 2t Sadb g L e
| | s 204
cow‘%%é?e AFdach ePeeRe B8 Cnifesitet MiBs” REpTTREGistection
mole cufesgl;(brég 2 LﬁrAfetrgblﬁ'an %H@a%%@b%mei@ng%tﬂ BRé Yeenore —

anne and a sanpl e focused

an§g?é1@1%%1 2981l B d 1OFRBHERsH afbludulids TTe(BRMPI £6) bound
pply charnnel 206. The sample well 242 is adjacent

to the sarfespk ehshdttobagd P08 by a2da’a‘bof<yltdwatlé dip! Easlippltye BRMs
channel 206 - i.e., upstream(i.e., in a direction

11é6gierepreaificyfooppesed theotagetatipew ofAth)e tegat Haokerplgs 46a-c. Each
ot e e s M T i

%rﬁ%%l |u¥1d W the ;r%\é\{'obgz;zi 18% may c06ﬂect1vely be conjugable with more
than one — but, preferably, are collectively conjugable with only a single one — of
the target types. Each microbead 108 is preferably also tagged with one or more
BRM fluorophores 112a-b that are coupled to the microbead 108. The BRM
fluorophores 112a-b preferably include one or more quantum dots 112a, 112b of
one or more quantuin dot types. In some cases, and as best seen in Figure 1C,
the quantum dots 112a, 112b may be of two or more quantum dot types - e.g.,
réd quantum dots 112b and yellow quantum dots 112a. Alternately, the BRM

fluorophores 112a-b may include one or more fluorescent dyes (not shown) of

one or more fluorescent dye types.

.25-
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008) the
fl ow focusi ng channel s 220a, 220b. The term nal well
246 is adjacent to an end point 216 of the sanple

focused channel 208 - i.e., downstream (i 54
direction indicated generally by arrow " g{lﬂi{ﬁzzgg/oozo

fl ow focusi ng channel s 220a, 270b. As best seen In
Figure 4G the sanple focused channel 208 is defined
by one or nore 5 el ongate channel walls 284 of the

[0124)i Rs BEOSLERLEFRANES DA ROUhTIE thb anjebatealbas, 286, 126¢ are
i nclude a top channel portion 282a and two opposi ng

of shdercharmmebnjpgatel bHipes 282 . cofsespesdingetena idiff&iegtioae of the
4G, the glass slide 250 defines a bottom channel

detpgiar owla8kbtygfestihgosiagptien oty de gouwhspmeling tigget type. The
[0129] The fl ow focusing channel s 220a, 220b are fO{ i

congipgatet 1308, patbs A4 are IrAEF N A8 Jrrrotba d O piicrapetses (um) in

sizg | ﬁ?%ﬁ?ﬁeeﬁa&%ﬂ %ﬁg{f@ %}5&1&%&% 3%6%5 P b@ﬁb?é?%%% by{ss than
a"-’%@%@ ﬁ*“&?%g %%E‘é%’g fot E*?%%??‘ﬁ%%' piftin cige. ??ﬁ%%%% i %‘Sd as best

seeﬁiigeﬁigag&? 1&81_?(9011@& fdee2aNHt ehd @@ﬂjﬁgﬂﬁ hapnel2680826¢ also
As shown in Figure 2A, each buffer 'well 244a, 244b is

incladiea @adiget onakbuifllierodioze BN gopnd nd a 2ddaectidd oRd 4b tief target
a respective one of the flow focusing channels 220a,
moR20les 4bacdobotéa he fl ow focusi ng channel s 220a, 220b
may adj oin the sanple channels 204 at an adj oi ni ng
arro i.n Fi

angl e. (as indi cated general ] y SET L gur es
0183 % b S creBin disuesgon gogr Theht aacEHbier FhiBi0g eefeiably
.2 about 45 degrees he een..in ELaur [ s
inctfighs et BRG0P Pt R chip
hown: .20+ i : :
suof SR AT ThO550 25800 Pl Hopldaiy phricaca
frorfi 2fBlRS BARNEIXaRO{ PEIMS), CRRTHBNIs SHapeders idefin® Vriel 6A more
230. '[0130] As shown in Figure 2C, the buffer 50
elorgydté Safpdenchivendll oW4f asdsimgoc haneeley 220asing 20bnaeisl 2204,
- operatively directs a single-file stream 140 of the
220b,etberaim| Sbalflesv f@2isirty cuginelt 2208a230b@ie inpfluicheorsamgiieation
channels (i.e., the sanple focused_channel 25 208) -
wiﬂpraéfléafémée BY the sammiar rapseie AH. nfe S@ré‘e(%\w)wbsﬂﬁe
do ream A" of the intersecti ortiaqn
porbay 2oioguitionpiy shaped K Berar Avari s Mss2 P s cter wells
2442 bauy, £ATE Eha08/ D08 944 therein.

[0128] As best seen in Figure 2C, the sample channels 204 are sized to enable
passage therethrough of the test molecules 102. As best seen in Figures 2A to 2C,
the sample channels 204 include a sample supply channel 206, and a sample
focused channel 208 in fluid communication with the sample supply channel 206. |
The sample well 242 is adjacent to a sample starting point 212 of the sample
supply channel 206 — ie. upsiream (i.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

-26 -
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01 Decenber 2008 (01-12-2008) the sanple focused
channel 208. As indicated generally by the relative

| engths of arrows "B", "Dr and "D2" in Figure 2C, a
buffer flow rate (as indicated general |l ychycarooswsoz027

"Dr, "D2") of the buffer 50 is typicall yihbghembetrhaops (01-12-2008)

a test flowrate (as indicated generally by arrow
"B") of the test nolecules 102 in the 5 single-file
stream 140. The single-file stream 140 is directed
the Ao fhcasBarbhangla R0, 220b.ritiectatrethadjerdlr2b liya djpceart town end
"B") that is preferably in spaced relation fromthe
poinppbEbhthesiadeple Hanmsetl channelsifs -2B2cdogneir¢as (el direction

ind ot pez8ID DRMIE A o SNAHE) (OG0T 1E GHAm 8 50 2200, As
best seen in Figure 4 10 131 S of .t he
bes{ S8R NGBS s O BIPRIGHR S LARMD 1 JeIngy Pk R sgmore
208 i refer faci.lj - § netd ehddVayall
el?%%&’%?ﬁﬁf algsﬁi ERes Ssapgﬁég%t@rﬁe ?:‘DS%‘%‘EQ@D ﬁt;lhe test
el BBior2 SR ArtME eppasiba i« cilnel portions
2843%2%??0%%%2%%%%\/\2 buffer well el S?Pr odgs 264a, 26§b,
2828NdA @ bb&T ¥eRah e shedhd gmes 2B6e 2F0elefinss timottary cbfinnel
the el ectrodes 262, 264a, 264b and 266 nmay be best
poréipareeh af e skingle donuaed chanm@ 2884 on of Figures 4D and
4E. The sanple well electrode 262 is operatively

positioned in the sanple well 242 Each_buffer well
[0129]ddher dHav 2Bwasing2shpNels o getat 7o P et iBRERY Y Passase

one of .the buffer I 1 44a, . 244b. e term
(e GEbE THBUIE: FhPaPryers” JOLItIBACOTTE CRaTertmly two
t ey mi nal |1 24 0 T : |
flowg Cflgmgp\é\g%egse%oé’u%%ﬁ’eﬁdfﬁﬁgé@i pgelt el E%ﬁcihgglﬁels 204
upstQaBPLEDL 1Al 5 Ofliréctidr! $enPRIG bbBoset@ot &frdivnaA”yehhd from

7.

el ectrode 266 is operatively supplied with a second

oppsent ideal2speberd i gtl tef sanphppasised chenned2$ol axd syown in

Each buffer well electrode 264a, 264b is operatively
Figatphh | @dhiufferavelhPish, 8iléris idjadenp b entiligr sertinggoint 214a,

first polarity. Preferably, the third electy]cal ’
214pmfentéspective pngRéthe Al famskg @%an@re@ccit%ﬂﬁc%f’%- Each of the

o e e A8 o U L 8t 2 ot
R SR ST T 20 s
abos,lg?%(l)gé%ggssgas[ A3 iRrebarably, abhe 10 segfdedWa dest scen in

est nolecules 102°in the single-file

Figitd 2@t 4foiter PoidRaghy Ahoutaddoustyljdidby dredé “E”. As shown:
nol ecul es 102 per minute. Mdre preferably, the test

in Figaves ahearid2Brajie tevcatlome dstusiaim whasiels 206 0320bepreferably
nol ecul es 102 per m nute. Preferably, even. higgher

adjvipsthe smple draancl A)4.at @ qgmmep dpfergeictign portion Z30.

[0130] As shown in Figure 2C, the buffer 50 exits from the flow focusing channels

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

27 -
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5 hundred (500) test nol ecules 102 per mnute - nay
afford even nore advantageous utility. [0134] As best
seen in Figures 3A and 3B, the irradiatin 2evic
operatively delivers el ectromagnetic fredﬁ; §
radiation 302, at an irradiation position 210 T Dest
seen in Figures 2A and 2B) al ong the sanple focused
channel 10 208, for absorption by the test nol ecul es
102 in the single-file stream 140. The irradiating
the GEMIAE IR Qe dBiartRe bogleAah diERed bénérally B9 the seliivd Rngths of
Figures 4E and 4F) and/or a | aser 310 (as best seen
arr(i)\;ﬂs F‘ﬂﬂ'l,l r'g31’3Andn ﬂDB’B)int Elgﬂm 24t i & é:luj?fee rldaw thage EWF indicated
radi ation 302. Preferably, the laser 310 has_an
gerepaiyaby ngrpenéP1af “BEDwdehe dvdler 58 imbypigribt Bighenthang test

about 50 nW and nore preferably tween about 15 20
flownAptn@sapeisatepbgengralby Eb’él%FB’Vy ,By% ﬁg st gmtf%ﬂuﬁ??n the

. may..have an, EME wavel.engt h, of ut .4 LUR. .
singig e S oo 1T Horee s Apamacd i gl 2hiRble pach
102 .em.t_f] 304 i t .
o PR 0P SR SR, BLA L pRER) |y Bl
fo% g0l 128 DBAE (asf beke1s08C &h tFi 2C), and
thegglct#Eﬁ?g%ég?hggggeﬁﬁggegiag beg% 20 ;een inliﬁgurgsan

frorhAhk BolOn thineaghrace 26fb thé the pjpudatrael ppesn 282a (as best
Preferably, and as best seen in Figures 6A to 7C,

seed i BiguabdGipti on of the EMF radiati on 302, the BRM
fl uorophores 112a-b - whether quantum dots 112a, 112b
or fluorescent dyes (not

sh - it | t BRI
101 Hes RS 80495 TEDacH calt THEUER ot maleyerised dhannel 208

s I T Bl PP, B et s
FiggRoab! HD tz%ggyst«{r%%o Jiefia Bl 8o FRIQUAL A Qndle Vo8 diErode

radiation he t'arget part 604d nay have a | ower

2621 REEBsHbYwleldedRRcBRM D aklb,6Rdica tebfdim] wellPdeetrode 266. The
PCT/ CA2008/ 002027 :

positioning of the electrodes 262, 264a, 264b and 266 may be best appreciated

027

from a consideration of Figures 4D and 4E. The sample well electrode 262 is

operatively positioned in the sample well 242. Each buffer well electrode 264a,

'264b is operatively positioned in one of the buffer wells 244a, 244b. The terminal

well electrode 266 is operatively positioned in the terminal well 246.

[0132] The sample well electrode 262 is operatively supplied with a first electrical
i:o’cential of a first polarity. The terminal well electrode 266 is operélﬁvely
supplied with a second electrical potential of an opposing second polarity. Each
buffer well electrode 264a, 264b is operatively supplied with a third electrical
potential of the first polarity. Prreferab}y, the third electrical potential is higher
than the first electrical potential, with a ratio of the third elecirical potential

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

-8 -
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01 Decenber 2008 (01-12-2008) 604c, of the
fluorescence 304 of the distinct fluorescent spectrum
726a, 726b, 726c for each of the conjugates 126a,
126b, 126c¢.) The BRM fl uorophores 112a,
target marker fluorophore 130 together eﬁ%ﬁgc 8&%&&5027
fluorescence 304 of the distinct fluorescent spectr
726a, 726b, 726c after absorption of the EMF 5
radi ati on 302. [0136] Though not shown in the

[0153] PERSably NBel:ef oSy S48 MBL 0P timestnbicnRisalY in thed sidgle-file
a fiber optic cable delivering the fluorescence 304

strebfn 14@ idlet éetst abodevhicy @) tbstomokgblesalil2i péd gninute. More
adj acent to the irradiation position 210 (i.e., along

prefeneblgaths! test Dousete Chanme boegleastigbquy sty () thghympiecules
best appreciated froma_ c nsidergtion of, Fi gures

A

102 3T HRUAd ALt VR GRS oS HEOCE 06 o ?-Emﬁg‘m five
the. si -file st 0_for {he fl

hunged ¢ @@%Lstef,%éﬁ?%g@%aﬁo”}izﬁ o A éeﬁg‘?gf%ﬁ&%e e more

i 1. detecti on device 400 identifies the
adv%ﬁ%%%%g%ug% the conjugates 126a, 126b, 126¢ in the

first set of test nolecules 102 by nonitoring for the-
(0134} Std Bkt sberint PReesd 3ASrepest tharirradfaing 7@6lce FW6cpdragvely
best seen in Figures 7Ato 7C) of each one of the =
deliconj eiatentagresc #0488]cyAENESt radiation n343 gafr en3@radiation
the detection device 400 may preferably ingluyde
positiem ZHclhesipiendodigeres 2 a16aD) 411 TEremPla JoaseAshennel
r..one

zogﬁég?a'bgs)af&paigéﬂé‘fﬁg iR aROIE igm02 3%%2 SRR SR fho. The
. S| £ 40 .

BTy LA 5 Y e et s o
4T) %@@?kg%ger‘}? gf&gbé&%eéﬁ‘ﬁﬁ RS el BR arfdBB&0 JpRHitivedf emit the

nonitoring the single-file stream

EME40aihapntz0e. PhaRrAss afe 89410 Mab badbeyatitepbest of between
nol ecul es 102. Each of the APDs 410a-d is preferably

' aboad2pteednaatsi(aos) uad ahdui HentWf gnd rerppesierably, dfetween about

di fferent range of wavel engt hs - ekg.‘ bl ue (not
20 mW and about 25 mW. Preferably, the EMF radiation 302 may have an EMF

wavelength of about 488 nm.

[0135] As best seen in Figures 3A to 3C, the test molecules 102 emit fluorescence
304 after absorption of the EMF radiation 302. The fluorescence 304 of the test
molecules 102 includes a distinct fluorescent spectrum 726a, 726b, 726¢ (as best

seen in Figures 7A to 7C) for each one of the cohjugate types. Preferably, and as

‘best seen in Figures 6A to 7C, after absorption of the EMF radiation 302, the BRM

fluorophores 112a-b — whether quantum dots 112a, 112b orr fluorescent dyes (not
shown) — emit 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
fluorescent spectrum 726a, 726b, 726¢ after absorption of the EMF radiation 302.
(The target part 604d may have a lower intensity than the BRM part 604a, 604b,

.29 -
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(01-12-2008) shown), green 602d, yell ow 602a, orange
602c, or red 602b ranges of wavel engths. [0139] In

sone enbodi nents of the invention, a firsty@ngaffosl/B62027

APDs 410a-d may preferably be adapted to rQC8LMGrRRI2008 (01-12-2008)

identify the presence of the BRM part 604a, 5 604b,
604c, with a second one of the APDs 410a-d being
adapted to receive and identify the presence of the

604t affgRt fR@FdscERAB04adf thédistinuofleseenee spedrioh Rbe 726b, 726¢
di stinct fluorescent spectrum 726a, 726b, 726c¢c for

for eatthobfhd benjugaips d2fed 200686 28he BRMdluarephereh 112a, 1120

enbodi nents, the second one of_ the APDs 410a-d ngﬁg
andptheftergsiyatkgy dugrephage dp0 segrihen ¢nitythe Algeressends; $04tof the

one of the APDs 410a-¢. 1 e the detecti.on devic
distigy eenopseonatney el s /nar Get iguaPRdHOY) O the BMF
dAéQ gog may al so include a switch neans 464 (as best
radieBOh 3% Figure 3C) for switching between monitoring
the single-file stream 140 with either the APDs
[0-1345#%0@1 ar n&th%&bﬁfiﬁef}féoﬁghﬁd, deviae Sﬁgt@m 10048y Afternately
aforesdi d, and though not shown in the figures, the
incldgt ecibe@npirWabR: d8iviobgrthy fluncbudece3Eenithe defectne device
or nore trip sensors. Each such trip sensor may
400 pfrefe suztistyntgpdiye ndipeerst i tiet radipgeralpastione3Hbhich nglopg the
an intensity 802a, 802b, 802c (as best seen in
sanfpilg fpcase@pbgnedf0Phe f| uorescence 304, but only when.
the intensity of the fluorescence 304 is in excess of

mnimumtrip intensjt C L: 0L ¢ i e
v GaASER bl B B SsRRRCb Bk o o
andp?ﬁiéj Ghe & dnQedibd '4@@?‘ Mhdkikdrsi Mk aRSIEYile ShBameldBfr the
of trip sensors nay preferably be arranged in
flucRe&RE BO4 UmGRACHNdhA Ge@t! BRlecllesn 08 MOBrierdlly speaking, the

intensities. [0141] In this manner, the test system
detd@Qni dientd 400eslehbfieptiesprsendf oft the coajugetes 126a, 126b, 126¢ in

‘the first set of test molecules 102 by monitoring for the distinct {luorescent

spectrum 726a, 726b, 726c (as best seen in Figures 7A to 7C) of each one of the

conjugate types.

[0138] As best seen in Figure 3C, the detection device 400 may preferably include
avalanche photodetectors 410a, 410b, 410c, 410d (APDs 410a-d), a charge-coupled
device 420, and/or one or more trip sensors (not shown), so as to monitor the
single-file stream 140 for the fluorescence 304 emitted by the test molecules 102.
Preferébiy, the detection device 400 includes two, three, four, or more APDs
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

230 -
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nol ecul es 46a, 46b, 46¢ in the test sanple 40.
Preferably, the test system 100 is particularly

suited for use with blood, urine, sputum and serum
test sanples. It 25 is intended to be uset/txao08/002027

di agnosi s of infectious diseases, and/ oniobesatieries (01-12-2008)

- 31 - AMENDED SHEET PCT/ CA2008/ 002027 01 Decenber

2008 (01-12-2008) disease states, viral disease

states, fungal disease states, and/or vector-induced
shodir§easent 80RE. yelloRardguloaingd l@2test sydt edablG@nges of

may be particularly useful in sinultaneously
wadklaggibsi si ng whet her an organismis infected with

H'V, HBV or HCV. 5 [0142] At this stage, it may be

worthwhile to specifically note that, i

o
[01Hdparmerrrabedimemig oiherdrRenting algpesro itfig AUDs 410a-d may

' [ h . i
oGRS S5 PR, e Ry g s

604%?45%414%1 @{og@e{;@m apedpeR rmey.?%eiﬁg;au%gteﬁh@t reka-e;age and

5 .
or exanp e test system provi

ideM thentesy el @esbiesart D4d} beuBh fldordb@hte SOkl df the
lde%% 1gﬁ%ﬁtended for usegaﬁ ﬁrsane. Sinila#?&, tﬁé t est

distsyS HamréQlniByefieupr I6ad Eds i 72Bolbr eadh of thorenjofatehd 26a,
m crofluidic chip 200, the irradi ating device 300,

126Bnt2ddh e Inlestieb t émohodievirde  #@0secontioengh of dhe ctlPs &10p-¢d may
m ght still be intended for use with sanme. For

prefexabip| laveanhegieatdiesansiivity thasmhn §irsts ope &ifi g Ahsha10a-d.
neither the irradiatjn evi ce 30 or the detection, .

Whepsy theedaigetion deyip ?%%@ﬁaégy gt o pogped evice
canbi ned ir.radi;ati ng..and ' j 300 Cal™ £

207 770 e PRA0GE S 1P BN RETRERRL S, SRHLF R TRl 00 for

swil ! Bane n%t&ﬁ%gﬁgp&%sﬁﬂgletfﬂg bR 140 QFith AltREr the APDs

I scl osed a net hod,
410a-d or the charge-coupled device 420.

[0140] As aforesaid, and though not shown in the figures, the detection device
400 may include a series of one or more trip sensors. Each such trip sensor may
preferably generate a digital signal corresponding to an intensity 802a, 802b, 802c
(as best seen in Figures 8A-9) of the fluorescence 304, but only when the intensity
of the fluorescence 304 is in excess of a minimum trip intensity. Each trip sensor
in the series may preferably be provided with a different pre-determined
minimum trip intensity. The series of trip sensors may preferably be arranged in

ascending or descending order of minimum trip intensities.

[0141] In this manner, the test system 100 identifies the presence of the target
molecules 46a, 46b, 46¢ in the test sample 40. Preferably, the test system 100 is
particularly suited for use with blood, urine, sputum, and serum test samples. Tt

is intended to be used for diagnosis of infectious diseases, and/or of bacterial

~31-
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inter alia, of focusing nolecules to facilitate a

test for the presence of target nol ecul es 46a, 46D,

46¢ of one or nore target types in a biological test
sanpl e 40. 20 The nmethod preferably incl udesr/caacos/002027

detection nolecule form ng step, a conjugat @ckenipamngoos (01-12-2008)

step after the detection nolecule foilling step, an
el ectrokinetic step, - a sanple flowing step after
the conjugate-foiing step, 25- a buffer flow ng step,

dlséasézstates,Pgél%%QQﬁ/ 9129211231 Beegsbanieg 08%/or vector-induced
2008) - a sanple focusing step after the

d1séahﬁ05ttﬁt@kl natpeetistilap, fiedethsysbanh {160 e nupriteprly-usaful in

irradiating step after the sanple focusing step,
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
be provided without (though preferably still for use with) one or more of its
aforementioned component parts. That is, and for example, the test system 100
may be provided without the test molecules 102, though it might still be
intended for use with same. Similarly, the test system 100 may be provided
without one or more of the microfluidic chip 200, the irradiating device 300, and
the detection device 400 — though, of course, it might still be intended for use
with same. For example, where the test system 100 is provided with neither the
irradiating device 300 nor the detection device 400, it may be intended for use

with a combined irradiating and detection device 300, 400.

[0143] Introduction to the Method

[0144] In accordance with the present invention there also disclosed a method,
inter alia, of focusing molecules to facilitate a test for the presence of target
molecules 46a, 46b, 46¢ of one or more target types in a biological test sample 40.
The method preferably includes:

- a detection molecule forming step,

- a conjugate-forming step after the detection molecule forming step,

- an electrokinetic step,

- a sample flowing step after the conjugate-forming step,

- a buffer flowing step,

-32 -
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- a fluorescence-detecting step after the irradiating
step, and/or - a conjugate-identifying step after the
irradiating step. 5 [0145] In the detection nolecule

fointing step, a mcrobead 108 is taggedppt}di-888/8®2027

more BRM fl uorophores 112a, 112b that argyGURLES-tRos (01-12-2008)

the m crobead 108. In the conjugate-form ng step, the
conj ugates 126a-c are preferably forned by
i ntroduci ng target marker fluorophores 130 and
- a S81AE QRIS Hkes tHBact foliRbticuiep ofid B BufdetiBaringmtep,
nol'ecul e types) into the biological test sanple. Each
- arafradiginkstee b et ihersangile fodusirigyphes i s conj ugabl e with
a respective one of the target types, and the target
- a fiesresrent¢-deegphg sep AB0 the irpadiféngplep. and/or
conj ugabl e/ bi ndable wth one or nore (and/or all) of
- a qopgugadeitantifyipesternaitei bR RfiatiRg Stk get nol ecul es
46a, 46b, 46c are present in the test sanple, the

vk PGS AR IR 1 HEAASRL 5
onetcﬂ%n&gﬁr %Ig&/l @%}@%ﬁﬁs fihdorephRLEs k30plcans thh e it@basd 108.

nolec 46c. Preferably, the conjugates

In t%%%njdg%@@for&ﬁﬁ% iop,B@ idhjlides OPgugate ptefenbing fsireqd by
are | ess than about” 10 mcroneters (un) in size. In

intr&ﬂﬁ&ng rdagg meater filveopbojes dad esidl@actici? iplecddar106a-¢ (of
formed may be | ess than about 5 umin size, or even

onel essoterdatecivounclecile gipee. infthibediplpaigat iest seomple. Foghof the

126¢c so fornmed are of o or._.nore 20 .conj ugat es,
detection relecelefyRAT HyCQBUSARS Mith B ESHRGEVR POE RS the tgePeypes,
det ecti on | ecul e types i .caonj .0 i .
and; e B aR AT EHGaPH DGRt B TR puidabidrbtfdable with
el ectroki i > pdd kT RCk thEBlroRAMBRLLRE 462,
One&FI§°¥1é@?ﬁ%6ﬁ%?%?§eFéﬁéﬁﬁg%kegkﬁgkthe sané%e supply :
46bCHANRR] pRBnt In Ehe tARSARAN thie. st miofecdlddi T(RCHIagNpreferably
,generaIPy opposed to arrow "A") of the flow focusing
inclGarRBejuga @2 026a, 2P0y, 106d df the2detsatonchoddcadasr i0batc, the target
potential of an opposing second polarity is supplied
mattker floerazmpbe13®b consedhechegatanolpodes foa 46bdtwn Jtretunply, the
"A" of the flow focusing_channels PCI/CA2008/ 002027

~ conjugates 126a, 126b, 126¢ formed in the conjugate-forming step are less than

about 10 micrometers (um) in size. In some embodiments, the conjugates 126a,
126b, 126¢ formed may be less than about 5 pm in size, or even less than about 1
um in size. The conjugates 126a, 126b, 126c so formed are of one or more

conjugate types, each corresponding to a different one of the detection molecule

types in conjugation with the corresponding target type.

[0146] In the electrokinetic step: (i) a first electrical potential of a first polarity is

- supplied to the sample supply channel 206, ie., upstream (ie., in a direction

generally opposed to arrow “A”) of the flow focusing channels 220a, 220b; (if) a
second electrical potential of an opposing second polarity is supplied to the
sample focused channel 208, i.e., downstream “A” of the flow focusing channels

-33-
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01 Decenber 2008 (01-12-2008) 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 REeELIH Yoz027

hi gher than the first electrical pOt ent I(ﬁJ Deéénmtrl 8008 (01-12-2008)

of the third electrical potential relative to the

first electrical potential is preferably about 1.8:1

(i.e., 5 about 9:5). In the sanple flowi ng step, the
220k estoprahaqubestifl cREGiARpSRGAtRhsPE@HithpolamPiLsupplied to

supply channel 206. In the buffer flow ng step, the
cachuitf e BOvifscpasg etatdvlo 280, t226bf [Tohw thocuslecgical potential is

channel s 220a, 220b, adjoining the sanple channels _
prefably[ IGghF] than thadirstelptteichlopeisniig. b egio af the third electrical

single-file stream 140 of the test nolecules 10 102 .
potpmtig relelivel te jhe b ?lﬁéwahﬁ%eﬂﬁéia%eaef%‘r%ﬁh é%o‘é'{)é‘sﬂy (e,
a3 ors Bearrtiincten 1 bRl Pl 102 4R Riberg throven

. oL ning . e S .

R e P Rl S et N S SR G R

thrcﬂ.?%}h thBHoW Bcubihg Mhapeeshzehatt, ojbihain thesaRpRSiRgnels
si'de channel portions 282c, 282c, fromthe top channe

204portion 282a, and fromthe 15 bottom channel portion

282b of the sanple focused channel 208. Typically,
the buffer 50 flows into the sanple focused channe
[014M dnahe satgplid Eycusingustent @ stngle-filerpreamh 340 psthy {gelemolecules
natest flowrate "B' of the tes Sgglecules

t ha 2
102iif, dfnqeted; thepuelt Heesasnplednrused. CRRNE BrEE eh %eriadffer
tep, the buffer 50 may, fl.aw iyata the s S
50 %ﬂ@n‘i‘ﬂéﬁ’ EPWOEHCBWH%‘]%@PH%% gﬁzgﬁ’g@ "IEEO %fe %E%{’}g qg%‘%%&i tHnnel
de9r a8 dif | sdebigH, . #5188 888m 140
S L A P G
is dRRERAtAIBhE ¥ AAHARLABLOBS tREl i9iiN spgre@nglionHiom the opposing
Preferably, in’the sanple focusing step, passage o
sidd Bearsiehgbidris| 2828 28 Aa fircid hofoyt trennekportivhe®ih emnd 2m the
t hrough the sanpl e focused channel 208 is facilitated
botioyn chanmdl guirfioki28el iof the spmploiorged ghatmel 208.adiypiGaHy, the
step, electromagnetic frequency (ENF) radiatign 302 , .
buffes "9elafes inieriba RRRIREOTEH HaNBR B BUTF fiY rate D17,
Single-file stream 1 ref er.gbl a.laser i
Dol GEBTHT DPBAIRT o1 bRORCRC dBSUrOHliralts in the
Smg%%ge f*%%ﬁ‘igoég)dthﬁ/g?e%é e¥ er gﬁ %Q 5’t ﬁle% ]%%Jffer ati ng§ ow nto
helhweeRoabavbhathikaaRt: ‘B0stabdnt PW\Hegfees (as
fheg%§$%¥g?%?$§% enbodiﬁent, the E ?adiatig% 302 ha% @
shodm EMRigjavel gnagidbuefisabiegiced §8s st seen in Figure 2C), or from
another potentially advantageous adjoining angle “E”. Preferably, in the sample
focusing step, passage of the single-file stream 140 of the test molecules 102

through the sample focused channel 208 is facilitated by the electrokinetic step.

[0148] In the irradiating step, electromagnetic frequency (EMF) radiation 302 is
delivered to the test molecules 102 in the single-file stream 140, preferably by a

laser 310 having an operating power of between about 2 mW and about 50 mW.

-34-
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[0149] After absorption of the EMF radi ati on 302,

each of the conjugates 126a, 5 126b, 126¢ (i.e., of
each conjugate type) emts fluorescence 304 of a

di stinct fluorescent spectrum 726a, 726bPCT26x2008H@02027

target marker fluorophores 130 enmt a targebPegaiber 2008 (01-12-2008)

604d, and the BRM fl uorophores 112a, 112b emt a BRM
part 604a, 604b, 604c, of the distinct fluorescent
spectrum 726a, 726b, 726c¢ for each conjugate type. 10

Mok® boéibrdydy tine éﬁemnegsg@meﬂw BEbéRgeatabput LhenW and about
single-file stream 140 is nonitored for fluorescence

25 3O eliht dred phefetried ¢mbodimydrdc the $MP2adifhen 302 has an EMF
fluorescence 304 emitted by the conjugates 126a,

watglebgthiofedoas 4pF Bfrer abl y recei ved by two or nore APDs
410a-d - with first and second APDs 410a-d receivVing

[01%??@{;‘11?% %%E%ﬂéfhtﬁgfs@gﬂgg%@%4g?z 804b 1 GRI%oRNdald 1260,
126, d2CIBEEF 5 vlafisrlvBl ik BPEEaFEE qper Y ¥ilnat

| %6ct MRe tArder RS ERATRIOBOFhQEE 13Beit a
ﬂm%éggﬁ%éégﬁFﬁgg?gém?ggg?éiZ6b, f%gc may be rg%%ived by
tar%atﬁ:ﬁﬁ‘f @e4d,0apl gtk BRW CRioA@PhoiBh i11Ra, flueb heenip ai BRMhpart 604a,

| uorescence-detecting step, the fluorescence 304
604bmicted obythehdistionf Uhatresenp Gpectt@®b 726:26¢24kay729e for each
sel ectively received by the APDs 410a-d, the 20
conpigatgioupl ed device 420, or both. [0151] Finally,
in the conjugate-identifying step, the presence of

B N A T
o SEFELI Bl TR 255 0y 5, 00 L S e o

em o 2 ae0QBNud AdoR6aT oMb €M profdeb gt eteiled Bl ltwo or more

0153] The test system 100 according to the invention
AP i ppnaw betdiist uasesdcomnd ¢diids deradirycegringtaed iden@fying the
[0154] The test system 100 is designed to test
BRMi phogiéodd, 6881 €¥rphed (he dargst opdt ®4dpuesprctiselyurpfl the
urine, etc.? for various conditions a%g I nf ctio%s h of
fluatperensed04 At theedinBBEL HitRyepicaV iSHEET 1 Re/ Sanx08, 726¢ for each o
I nfectious di S tested n include, but e t
the KPRiEalS oo bePor 208t ety sty Ereepty oY Ellfupy the
stal 8Spef | 1SS - el QUE&ROdevice 420, Still
confie@LEorage AP B SRE Be Inth o b SChilee UG dovice a2,

furtBgE Tl ﬁ\%e%(l&%s&ﬁ@i.d&é&n edi86 ! HRN1IBIe&-e 301 Qpditied by the
w t'h the biol ogical sanple to forma
conjugates 126a, 126b, 126¢ may be selectively received by the APDs 410a-d, the

charge-coupled device 420, or both.

[0151] Finally, in the conjugate-identifying step, the presence of the target
molecules 46a, 46D, 46c in the test sample 40 is identified when the distinct

fluorescent spectra 726a, 726b, 726¢ of the conjugate types is detected.
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10t est sanple 40. [0155] The test nol ecul es 102 may
preferably include conjugates 126a-c as illustrated

in Figures 1A, 1B and 1C. Each of the conjugates

126a-c preferably includes a detection noketida@o08/002027

106a-c. The detection nol ecul e 106a-c preberaddeyber 2008 (01-12~ 2008)

i ncl udes a pol yner m crobead 108, with enbedded BRM
fl uorophores, such as 15 quantum dots 112a-b creating
a uni que spectral pattern or "barcode" associ ated

[glm]tﬁ@‘%;ﬁ;eﬁqhqgfdammabﬁcul e 106a-c. The detection

nol ecule 6a-c preferably further includes a BRM 116
bound to the surface of the m crobead 108 by a )

(0155 Thexybi systen d 00 k8corTieg tatkeinveotieouydl asy-ke diseppsed in
its target marker fluorophore 130 is thus bound to

congideraily gr¢aser @ftailhe rni crobead 108 t hrough BRM 116 to
form 20 the conjugate 126a-c. [0156] More

oS A RS RV A0 i
spu¥\tuJH| Qe By %ﬁgneg%ﬁ)r]v]a%ﬁms%o ftﬁﬁls]a%dai@@ec%@u§ IEfi’yfi‘ases in the

er various’comnbl nations o red (112b), and red

host WP br@Aded 8hé Qiinbld 2Mfecthsiusadl B6assh tvdied okin iefladertag are
In Figures 5A and 5B, orange (112c), 25 green (112d)

not dipditd] ve batikza) d%aﬁmﬁstﬁrﬁmsﬂlsemstb’@su&mgal disease states,
Al ternative - 36 - PCT/ CA2008/ 002027 01 Decenber '

vec2008d (004 mﬁezﬁa@&)afess;mdombie@tiog@ thereef. f Tesbingsie dgrformed
dyes, can be used in place of m dot s Eacigﬂt BR

by ccprubmp@@ieéecﬁpw@@@u s fi06 |Cn‘€t fE\ﬁg% 190gLeal sTHR F‘h%rm a
such aégshown in Figure 6A - e.g., distinct :

testspgiledent spectrum 604b for red quantum dots. The
target type 46a is conjugated to detection nol ecul e

1015159 Gt Qest %g‘lec{lfégei@ermﬂ@ tﬂ}eferably include conjugates 126a-c as
illustrated in Figures 1A, 1B and 1C. Each of the conjugates 126a-c preferably
includes a detection molecule 106a-c. The detection molecule 106a-c preferably
includes a polymer microbead 108, with embedded BRM fluorophores, such as
quantum dots 112a-b creating a unique spectral pattern or “barcode” associated
with each detection molecule 106a-c. The detection molecule 106a-c preferably
further includes a BRM 116 bound to the surface of the microbead 108 by a
carboxylic acid 118. The target molecule 46a-c with its target marker fluorophore
130 is thus bound to the exterior of the microbead 108 through BRM 116 to form

the conjugate 126a-c.

[0156] More specifically, with reference to Figure 1A, the microbead 108 has
embedded. BRM fluorophores shown as yellow quantum dots 112a. Figures 18
and 1C show other various combinations of red (112b), and red (112b) and
yellow (112a). As also shown for reference in Figures 5A and 5B , orange {(112c),

green (112d) and blue (112¢) quatum dots can also be used. Alternafive
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5 the target marker fluorophore 130, the conjugate

126a. Simlarly, in Figures 1B and 1C, target types

46b and 46c¢c are conjugated to detection nol ecul es

106b and 106c to form together with the tBfTjEp2008/002027

mar ker fluorophores 130, conjugates 126b dHdPegeeeer 2008 (01-12-2008)

respectively. [0 57] Assenbly 10 [0158] Figure 3A
shows a schematic of an enbodi nent the present
i nventive system 100. The test system 100 is

fluc¥ 3k | Musorprisadcait @dy) exobkuisdildngblaqe 20Quanimeh dots.
i rradi ati ng device 300 and a detection device 400.

Each G4 flakhrephory pfdduices e didtinyt f00reseentispettramodmcti ps shown
Fi gures 2A and 2B, conprises a chip substrate portion

in FRAGe fduneed dstinctdlugsescent specgon 6&@@%%%%%%{1} detg The

mrgéﬁa?{?eﬁé’af‘”%iéosrgﬁﬁ%d A ”%rt‘%ﬁi:%ﬁégl?e’?{lﬁw%% 3&38%3? s with
200 : & .

e RSy ST ol P Y s
mdggﬁ?%e\gﬁ}séeﬁp%%é ! a%@%g,ﬁgaﬁe@@mt&%ae@%@qom and

whi ch has two parts, a

1068 @ Rirfn, SH r GHBNNRI 12204 ARtked (BREPHIRIEOLBE &Onjugates 126b
channel 208. Simlarly, "the buffer wells 20 244a and

and 244 rasgectiesigect i vel y connected at buffer starting
poi nts 214a and 214b to flow focusing channels 220a
and 220b. The sanple supply channel 206 joins the

[015(] dgsémddlgi ng channel s 220b and 220b at a common
intersection 230, with the resulting focused

IR RIS o T T

| 46, Al e . ich ic chi

systP S0 ad s AeS0GPATR0E 5 GeHeRlly duebiilaror & Michan@lic chip
e 30he ¢ @R2QHBHARARA001 Decenb

20&%%%%?%b1-155%%%533?%%5%? Two %g?%antsoof thgeflgu

focusi ng channel s 220a and 220b are shown in Figures
[0152ATAB dnRBofledpediip\d®Dyas best Ehgunen Figuneh @Af jugdy2B, comprises

focusi ng channel s 220a and 220b enter the . )
a chipsebsede ipontioa @0Amewned ot # glasy sidedYedhe shiphgfhstrate is

to the sanple s | y. channel 206 and s | ¢ f.ocused ..
comgmisnR Gl 20B DR SR IS BCR IS BE G eusT Ao o Figure
hannel s, 220a. a 20b _ent t inte hO
28, Gineramerr Foimn 2y FaedpSoielis) LSk Blel R Ry UL wells

Cha{{‘ %F,Z%ﬁd aTregnmnwenymf The sehanels 204isashietied at
eln f

24%%%% e a ersection 230 is preferably between a

& Qﬁﬂ{r?g,e?&ﬂg 20 902 de@beeciangiet 20, wiitiehasewb parts, a sample
SaJm%owever, he exact ang?ggis best determ ned by

sup gpjhrahﬁ@l 20FRARUA eeple foassdl drartieb2Gthdiiadkeelyi Btelmdfagfwells
e test sanple 40 and ' B

244a and 244b are respectively connected at buffer starting points 214a and 214b

to flow focusing channels 220a and 220b. The sample supply channel 206 joins

the flow focusing channels 220b and 220b at a common intersection 230, with the

resulting focused buffer/sample flow entering sample focused channel 208 and

terminating at end point 216 into terminal well 246. Along sample focused

channel 208 is an irradiating position 210 for aiming the irradiating device 300.
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10 buffer 50, as well as the desired flow rate.
[0161] Based on Figure 2B, Figure 2C provides a
cl ose-up cross-sectional schematic of t
I ntersection 230 and the flow patter nsg% é i 00843%5027
40 and buffer 50. The general direction of flow
towards the termnal well 246 is indicated by arrow
A, representing a downstreamdirection. Sanple flow
al ong 15 sanpl e supply channel 206 is indicated by

[0180] " D¥6 Brarl=@y 66 & flog wcadnp|ddapadlh 22Fhend 20braré Isbvwn in
along flow focusing channels 220a and 220b is

Figiirai Dateed 25 respeotvee! €2 Tarfigdle, 24 ebpdlrw JedusingBalidnmels 220a
flow in the sanple focused channel 208 is indicated

andhy 28 reoiey e Eviersprtionr 80 i giuesentiphe i dhdesHet aRglg to the
he fl focusi h | 20 220b !
sanaglins P B LA R FOB oS e S0 E. Fotgse AR the
t buf f 50 ' t | f.ocusi . .
TR B e
45-{1%%@% g%%f%l{foftﬁé s%pm?r thendddl 086.Nghs 28Rhetrd Of ii©Mannels

e supp 206 to narrow and force the
204l Bt ﬂi@cﬁr%@élhﬁﬁle]iﬁi?erké’tﬁ@n@% i prederablyebstiveenm IN@egree and a
Fi gure 4G shows a cross-section of sanple focused 25
90-g&orae ahgROB, initédsactiona tiomgevieh athe teectf drggle fobesgidugermined by
effect of buffer 50 on sanple 40 function in the both
empliricet hicanerensartj leasedtan e shararigristss ehehecipghgample 40 and
wal | s 284, - 38 - PCJ/ CA2008/ 002027 01 Decenber 2008
buffey 0135 webay hedesitalowdaist e 40 extends to the
bott om channel portion 282b defined by the gl ass

l,ide 250, but n o] t ' o .
[Olf?lélsl?asgél sl u?%%lrioggé’t \gAl re ggf?gc}’ﬁﬁgﬁ% ﬁage c?’éggir}% i éorﬁgélgechonal
T, I @ d
schéigfc oFMRsOlidiSecel S Eha RPRRSY Mhiepale of (ROBRple 40 an

buffVss. thee tRpechagnedtich porildwnodsddds theleshirkhewell 246 is
mcrofluidic chip 200 is nounted on a platform 270 as

indhesid shawow A, depresénting Fidguresredi dineltion. Seiveple flow along
el ectroki netic drivi ng force for the sanple 40 and

saniplé feppBochasnpl 204 teiadiptes) by prioRes, FHAESSRIBS heurplpath.
into each of the wells.  Thu for e chi 00 sh
The Refler apa Slasienbion: fesvising Spintss 2385 a0, BPEOR; Biidfed by
I | d 6 ) i .
o e e G TR
md%c%?eg: b%ﬁ%ﬁ%@%ﬁ 0, gsucerihgnsleest kel Befdohi B flow

[ carries the sanple 40 and buffer 50 al ong

| fochdi8E Eh&@sReSilaVaE PEIN@LS the sample supply channel 206 is shown as

E.

[0162] As the buffer 50 exits the flow focusing channels 220a and 220b into the
intersection, the force of the flowing buffer 50 causes the ﬂowing sample 40 from
the sample supply channel 206 to narrow and force the test molecules 102 into a
single file stream 140. Figure 4G shows a cross-section of sample focused
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.
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[0164] The mcrofluidic chip 200 is manufactured
according to known nethods. One such nethod uses a
pol ydi met hyl si | oxane (PDMS) m crofluidic chi/p. The 19
PDVB ni crofl uidic chips are preferably fapri/Cageap/ 002027
usi ng conventional soft Iithography m crotabff
t echni ques. Photonasis of the desired m crochannel
pattern are prepared and printed on a transparency. A
master is fabricated on Si wafers coated wth a |ayer
NoRfthRheiRpRSitséxtands Ri ahaleebm Kaahnsafeetion 262b kizfinedéy the
phot omask |l aid on top of the photoresist, ink surface
glagdalide 220, lancharsovelyp os previeot wlhdsiaqghef the tesh mplpefles 102 to the
duration. Follow ng standard postbaki ng procedures,
botiolre dhanvels partor @b s edhe PHER ot PRV FHePPRS S s hannel

away any phot oresi st n posed to.t W light. The
porfeiet 2052 aVBe MO AL HE SR T hoT S R aADI YR G gy Ehennel

W tg ?onpr essed N2 gas. [ 0165] The -
Porfigi v8f3ret hyl si | oxane (PDMS) is general |y supplied as
prepol yner 25 kits in two parts; part Ais the

I todd \tA8 o £ RSB THeAs best sh i
(01631 3G A TECOBEEL BIDLATR 18 MEADS o EP RIS TS best shown in

detdTBst Bigfurad @ERInRCeH, iThepyle@xolBatiid ddivsiefrantbmiteedmple 40
prepolynmer was poured on top of each. The sanples are
andt hefferpilaseetovitthel by atedtmmdes tegre Tivestedviatd gatll esthe wells.
from the prepolyner. An incubation period follows in
Thugnfagvtba .chign 26 Pavethare gf AHATHIR welk glectersretppivg butfer

weibeBafaden abB pe s e T Feh I AR R A Wiage
. d. A sihaqgl ' f .
el STRAER: aPaPbEin P Bkt 5 ARULECHR: Lt asing
forc R A A B panER bR
PDMS channel s can then be used to nake the walls .

[0142y dhephidrbfuidBothipt 100 RRVEsfabsiredinesrdd Bnkinghbagsethods.
slides 250 10 are | oaded into the chanber of a plasm
Onechednetetiamt uesspa gedy dionshy g nxgpleasTRVS) miewiiatidicychip. The

after, the surfaces of the P 202 gnd slides 250
PDMpentienstigidic ghips cere aseterablyr 61@?f§ab}1§}n§e5?mf‘ﬁ@% soft

UM% L, U LS LhERMBLE E b o
mic%?c%gﬁlgél p‘?’a{ﬁgr%geﬁé g}ég&%@h&kd %{m{t: d'8hlaYer kdn Rl e&‘?l;laster is

st dre on top e channel® welI's 242,

fabrid i oh5i2d4R 8R4 i%ﬁGWFt@l K @8R-rt drepN@bRIsist @l prebaked. Each

=

evaporating, enabling |ong tam st'orage of the chips
waf@Ofhen[ kSt gligohidsRdhial b gosley ilwe pBODresdtoimk surface down,

greater detail in Figure 3B, emts a streamof EMF '
and (ielegposedmagbiat light feequbrief furattinatfiodawde stpnidetd pestbaking

directed onto
procedures, the wafers are immersed in nanodeveloper to dissolve away any
photoresist not exposed to the UV light. The masters are then washed with

isopropanol and dried with compressed Nz gas.
[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.
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the irradiating position 210 to irradi ate the test

nol ecul es 102 flowng in the 20 sanple focused

channel 208 as discussed above. As shown, |aser 310

is used to produce the EMF radiation, h 2008/002027

alternative sources, such as an LED can % $5°BEPTR&408 (01-12-2008)

The LED can be positioned in the sane | ocation as
| aser 310, or in the position shown by LED 312.
[0168] As shown in Figure 4F, the emtted EMF
ThelBgétafs 00 p3Rdiis gireePeatl dishas and mined pre3dgnteh veasghoured
an objective lens 330 to focus the beamonto the
on fopr afdeahi nhe sa#Bples REThEAZOSBA00RB2 VagIuDe teApgRs (remove
2008 (01-12-2008) position 210. The f?c | length of
bubbhﬁfhenéﬂ@hﬁ“ﬁ@hﬁﬂ?@sf%kﬂ%W@#&P%F@ﬁ@@,Oégws%Mﬁ“?YQ%igkme

I h in Fi 4 4D) b :
remongd Qv oy oo il By hobo? E-oBORC ARl Jhoppes and
exeB g PP HENERE I U FohEidl pih, B3shid0. 4

smgg%ﬁégjcér%oléﬁ_%ﬁ%ffg%% ngg micGoddahhekMEtheRYirfaces of the

ating and asuring the intensity of the

© PDME 0B traidd dn @ gidds bbh@ shipeishhat tleanrd nsihhecotch angk.

z-axis for proper alignment with the sanple focused
channel 208 and irradiating position 210. -

[0168] Pérsnat bvgten, pteteaymani of duy TEMP sharngis sen doerbetusgd to
manual ly to optim ze the s%sﬂgg results

...Manual .
maled thgrive hy dropbii oPp ey NG BEHaias9adRdopass slides 250
adj ustment 10 knob 506,. the input interfa 504 r
are fHBirAR U CHERESC! 2 288) CHIEh § RRAR IR P gedpfbma
adj.ust ment  of the | ' I ~ IR i
e R, B S8 0R 9P rile 0 Sl FREL ¥sg Ve v
conggz Yé?ﬁfbartepﬁbl eRs SrbvancuidigitLRizefRl etihdse d3R116gIWAger is
adj usted to ensure the test nol ecules 102 are
dispribid GihiBthb ¥nR¥sdHagdcRy20he 1R thadihatheinsB62es hydrophilic.
Simlarly, the x-axis focal distance, F., is 15 _
Findlljj yatdldpicoesact glans afoplided i zep Ehithit Khasytel tielly 28, 244a,
nol ecul es 102. [0170] The detection devic? 400, shown ¢
244% angd2éGte keepthd Walter Fpgueerseating fEeRIms ggrage o
collection of mrrors and filters to direct the
the diPE @Y f1 uorescence 304 fromthe irradiated test
nol ecul es 102 into fluorescence detection devices. As
1N Egur h TN i.f | 86396n304utsS3B, emits
[Olézmggtﬂera dlaalt%%gg%‘ﬁ%e? g@t Slq)lon 2%)]’lcl h%ﬁ%gl 8?150 byég s e

i FYelokQbnBBRetid MR qlibHe a8 aenRe F20Ralchiis dieted onto
Streg%l(?f?é%yr(g beam pleitterq m‘?}por 464. One portion of

the ﬁﬁﬁdﬁﬂh?tptﬁsﬁtﬁ@{ escancersligrathe ®stimdetdes a0ddlpvang in the
intensity channel 422 to a Charge-CDugIed Device = -

samiplORiyedt 26arutel EH8 detdesavispab abdree- odesaPvy sehdiq ip efed to
t he signal. .

produce the EMF radiation, however, alternative sources, such as an LED can

also be used. The LED can be positioned in the same location as laser 310, or in

the position shown by LED 312.
[0168] As shdwn 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
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[0171] The other portion of split fluorescence signa

is directed along a detection 25 channel 450 where it
passes through a series of bandpass filters é%% - d

Each - 41 - PCT/ CA2008/ 002027 01 Decenbef 0087002027

3
(01-12-2008) filter 440a-d covers a speci ffcPecember 2008 (01-12-2008)

wavel ength corresponding to the fluorescence signals
304 enitted by each of the BRM fl uorophores 112a-b
and target marker fluorophores 130 in the test

posiRieel). eshd Zal Ehet bf fiereds siighabdjudddadschgte seagh and z-
di rected al ong detection channels 452a-d to APDs

axig (A¥ alsanatieeviPhroFigDe¢set ond HIH yDavenemaf thenbigrplatihen 270
fluorescence signal into an electrical signal which

using nhbrons Q0w AN @36b dp galign phocedisBen 498 Wih the irradiating
analysis. [0172] Taki ng. one sigga as an,eégpple, a

posiiaser? Mav e Adiggiteiantpab’ PRIPBRCU4HHOMQUGESY ¢l manualy.

L B L0 R 420 B oL PGS e
integ\lrsgg ak i gi%]étlﬁlg?ﬂﬁta Etﬁptﬁgﬁgﬁvé?ﬂ?rnji E}?tlrﬂeQ(—ra?@Ui—EAxi's $ofproper

n wave out put “si g or analysis.

alighh{Brl itAl @6 ekt plak@sudliacitariwl 798 yeld Bvadiamepassition 210.
filter 440b, orange bandpass filter 440c and red

Alidrandpass tid J-aels AfAdmenit ichn bercoadpordimgnulPstoddiitimite the
produci ng output signals for the yellow, orange and
sigrrad desnditse Magi sligirent ontsingedledityridie siseothrergh gbadjustment

roduce a spectrum_which is jnterpreted to determ ne
knogw@&i thernpuiingirag SOt a qmppREen e fgz that have
fluoresced. [0173] As the target fluorophore 130 is

l] f.l ft i
S EITE N TR N—
in PR GG %ﬁé 0. have L ings AR NESPaieR e {6 330 and the test

nerating the target fluorophore spectrumto operate

molBtulds Nog rt%'in% ﬁﬂ%istéd/ kd ¥nthanttiehesARBedudsprizsitel sufficiently
generating the BRM 20 conjugate spectra. In the

excis&h egatticc EMTowndiadBh 30P0aSimiladpporsibkis fogal distance, Fs, is
generating the spectrum of target fluorophore 130,
adjatell oparcaussionithhsiae Gwedihe pf tertestnoieryles Adh APDs
410b-d used for the BRM fl uorophores 112a-b. As

{01 72)517 8"\%3 @e@%@jo?&l%%ﬁlﬁiﬂﬁ& Ff»?sgfvls%/rg }erhtép%&%gcfeg?%l gl'é gg%%r? \?’Ik? )kgeneraﬂy
con%\é‘gslr% %gﬁ (?clgle ec');}fr)m gf(ﬁ]i](s%ﬁdﬁltéls 46 RBLERY enffted Buorescence 304
from the irradiated test molecules 102 into fluorescence detection devices. As
shown in Figure 3C, incoming fluorescence 304 is directed along a detection
channel 450 by a primary mirror 462. The fluorescence signal is then split by a
beam splitter mirror 464. One portion of the split fluorescence signal is directed

along an intensity channel 422 to a Charge-Coupled Device (“CCD”) 420 which

determines the overall intensity of the signal.
[0171] The other portion of split fluorescence signal is directed along a detection

channel 450 where it passes through a series of bandpass filters 440a-d. Each
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25 470, a tenperature control system 472 can be

i npl emented to naintain APD 410a at a constant
tenperature bel ow anbient. -42 - PCT/ CA2008/ 002027

01 Decenber 2008 (01-12-2008) [0174] The BYR{RRPOE/002027

systemis encased in housing 500, which i fAt|Rfgegber 2008 (01-12-2008)

sanpl e access port 502 for insertion and renoval of .
sanpl e-1 oaded m crofl uidic chips 200, and displ ay
504, which is preferably a touch-screen device to

fitteeNAfOh Q! duabrsf singletitin @aveledgtiacentspordéng de. thithBuorescence
housi ng al so i ncl udes knobs 506 used to 5 perform

sigrabn®ed emiiterh b reachef ad¢ BEMéhtorephense Tldabranshtagget marker
chip 200. [0175] Operation_ [0O1 Ln use,

fluchppihergs dapd in dhe tephmyrlecyipt 6@%, %g% é&l“iﬁﬁﬁf %P%’rﬁ"f‘%ﬁdn%rf" each

- etc) js prepared for in tian \pto A I .

discigs! BMEHES oA M S LT B 200 PRHE Bl Bl g ey eggors)
S le is ¢ [ ' - t .gat 1 Yhich is th

11055 el FEHRME R L Beb oL BB uipfsfiel Aich I fhen

out%%{t %n*hgsig%@%{%és%r IqiErophAseERe of target nol ecul es 46

re target typeS, as determ ned by the
nature of the test. Detection nolecules 106 of one or
[0177D q@kd%tb@&i sighalna acetanplepe gramewnreienguzandpass filter 440a
conjugable wth one of the target nolecules. | L
is uBed fer dintert anfiligeee poution Hé2e ctiethe HHOMSFEKE| gnalnd)4 into
the target nol ecul es correspon differe
detatbionchamchOhgol Hus AT gt e cHIEEs () Hopand the
second set of nol ecul es.nn (Y] esent. -
resudiint 8rec BV SN B BHIFTS 3%%‘&%%%%‘%@5’% et rfEess takes
the .ol eglil es i esREC ARG S b WHndiady 8liter 440c and red
Pla‘ien‘(l%%p’éeﬁisjoevg%uaﬁ‘a?%% é‘gﬁ%l e rl %‘tvevm%b th t%{g test

ban[?ﬁggscfﬂltﬁs Nl detseddpPndif APTseSbidptdiiciryg stitpsebignals

e second set of nol ecul es can be used for )

for M4 %vélme,xgﬁng@%&ﬁi @ Ravelepgttat eltvet@ubined sigriade apldestively
or for systemtests such as calibration and i

proétic@n-speakimgyhish isgntrptited tnoteteraniag dhe 1dentity of the test

molecules 102 that have fluoresced.

[0173] As the target fluorophore 130 is generally of lower, often substantially
jower, intensity than the BRM fluorophores 112a-b, it can be advantageous to
have the APD responsiblé for generating the target fluorophore spectrum to
operate at a higher sensitivity than the APDs responsible for generating the BRM
conjugate spectra. In the schematic shown, APD 410a is responsible for
generating the spectrum of target fluorophore 130, and operates with a greater
sensitivity than APDs 410b-d used for the BRM fluorophores 112a-b. As shown,
APD 410a is of a type that uses a heat sink 470 to cool the APD, providing greater
sensitivity over uncooled APDs 410b-d. Alternately, or in addition to heat sink
470, a temperature control system 472 can be implemented to maintain APD 410a

at a constant temperature below ambient.
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[0178] The mcrofluidic chip 200 is then inserted

into the test system 100 through the sanpl e access

port 502 in the housing 500. Alignment of (gg

330 and irradiation position 210 is then pgf or

di scussed above. Operation 25 paraneters are i

t hrough the display 504 and the necessary electrlca

- 43 - PCT/ CA2008/ 002027 01 Decemnber 2008

(01-12-2008) potential is applied through el ectrodes
[0178 Zhe26480all2 And @k8sdd i€ eimenge 500, owhith bkiddes sample

sanpl e 40 and buffer 50. A first electrical potentia
accéss @ERplS0Rdot dnsatiph endetdmmelabof segplebrded m@@ﬂh@ﬁdw chips

electrical potential to buffer well electrodes 264
200amcd 264ilay 94, whidhi ksdprsfereblyi @ dpugios@ern device to enable dual

teimnal Well el ectrode_26 9,
fungiien P&RF dRtaNtDh €RVICFow ftehli“%}{fé’ilé @# %&Wﬁeé%ﬁg&%@é used to
hannel 2 and t.hrough ro C C Oa
perfid moona. tiapeetet o gt bR R0k 42

channels 206, 220a and 220b neet at a conmon .

b jhon 230 and the flow of the sanple 40 is
mlfgggégggrﬁto a single-file stream 140 of test

nol ecul es 102. 10 [0180] The test nol ecul es 102 are
[0176hen ide adbiilegicalt teh shmpdeli(hlviodg spobimi eerugiOutipe,aptc.) is

irradi ati on devi ce 300. Preferablﬁ an EMF radi ation

prepaeilder discatitn jrad thasahplegyhll 242 ﬁa’smscm%@@ﬁc ghup 2§p- The
LED, is used The test nolecules t

h
biolpgise} test éﬁtﬂ‘}ﬁ le :a@@mbéw%wzfél 3 Hetheetios deterasn meleelsdo form
h h t
A e R U
h (S
e Py pa e S

Detéédf&ﬂla lﬁloi&mé%e 104t BEtoh® 8¢ Srh@f’@' dReacassPbldcale types are
ent the conjugate types in the test sanple.

ind vl @fﬁ@g&lﬂ@ titd oiesiittiegafddt 88}lediied. Heiffexentpiopjugates of
descrlbed herein, three pathogens (hepatitis B virus
the - déiBMion molecules and the target molecules correspond to different

/002027

detection molecules and target molecules.

[0177] A second set of molecules may also be present in the sample, such as
unconjuga_ted sample molecules, and the molecules in the second set might travel
interspersed in the sample flow with the test molecules (and detection molecules)
in the first set. The second set of molecules can be used for multiplexed tests of
separate detection molecules, or for system tests such as calibration and error-

checking, or ignored as non-relevant.

[0178] The microfluidic chip 200 is then inserted into the test system 100 through
the sample access port 502 in the housihg 500. Alignment of the Jens 330 and
irradiation posttion 210 is then performed as discussed above. Operation

parameters are input through the display 504 and the necessary electrical
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15

20

20 hepatitis Cvirus - HCV, and human

i mmunodeficiency virus - HV, as illustrated in

Figures 1A, 1B and 1C, respectively) were selected to
denonstrate the utility of this integrateBCHSPRREB409R027

i nfectious di sease di agnostics. These t hr &k D55eHdgefg8 (01-12-2008)

are all bl ood-borne viruses, using simlar routes of

transm ssion and are anong the nost preval ent

di seases in the world with a significant inpact on -
potéddtial isPPpIEAR 00BN M r difles Qe R4, 28D 8r(dD26d 20 2008)ence

overall 1D norbidity and nortality. For exanple, H'V
flowinfgeatt thed@mmple|400amd bBVei 5. eAt Grst@ciridal porentights agplted to

infects 170 mllion people worldw de with an

h

sargde el elgcrodpi2a2t 3 seopne Bectaorlepiemtigldn buger pyell elgefpodes
million chronic HBV i nfections nd 130 - m.l Lion

264 Arh PR R T HEERE S haal BhSATa] o Py By e tdle 266

are |located in the devel oping world. Current

[01?% Ialgl%lo % %J{l@le $BNETES: A& tﬁ‘g’? hB(Aﬁﬁ'xﬁ@%? ﬁ%tast%rr]ﬂggg %ﬁp@%hmei

"arge anounts bl ood f
20696 dEREOOEh ﬂEhﬁﬁ;%ugiﬁg Whh SAE D DSOLERRLEOLA résp@btifdlgantshown in
negative i mpact on the cost of analysis and speed of
FigARapySiThe dohntlhe0deylaopidg2Gkonied; at fieommon intersection 230
i npl enentation of a universal diagnostic device has
and He: fotenf itad seopdavil indyuseadvisdo a1 ginpletilelsteagamtldof test
Dot Synthesis [0185] CdSe core ZnS capped quantum
molgeules 192dot s") were synthesi zed using prior art
organonetal lic nmethods. Briefly, 12-20 g of

o1 g PROGRY B AL AR (ilf dgiat{ag%‘ﬂ/%ﬁ WrdiaBh8 Bsition 210 by
an grﬁé{éﬁ@ﬁcég@fgg erPré‘fgtr?%% ahOBMT |rhdféfiign device of a fixed

mum (97% Chem cal s,
wa%m LY BH as MAhsMeB10l 6 EEDe G afsll. nTThededt invletliled Figen emit
eated TOPO for - 15 mnutes. After three purges
flugtBstency apuaing (te thointdmesioof mpheuihiyge aretfkr torjoRate type,
were heated to 350C. A 2 nol ar precursor solution of
each @heimigmiE8achiwdescerg 9pe9s g gna Al dri ch) and
tri-n-octyl phosphine (TOP, Signma Al drich) was then. .

[01%}3{1‘3’% gq)%%t*éq%éta hife gg%{)g%ege k‘@gralpqiottggetteghrg)ne&géi%erz,esuch as an

APD or CCD as discussed above, and the resulting Signalg can be output to a

signal processor to identify the conjugate types in the test sample.

[0182] Experimental Results

[0183] In the example described herein, three pathogens (hepatitis B virus -~ HBV,
hepatitis C virus — HCV, and human immunodeficiency virus - HIV, as
illustrated 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-borne viruses, using similar routes of transmission and

are among the most prevalent diseases in the world with a significant impact on
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20 ratios in the ranges of 1.5:1 to 2.5:1 were used.

(dot em ssion was tracked during the growth phase by
measuring the emssion profile of aliquots of th

solution in the three neck flask using a f?%%@%ﬁ%?%ﬁm2°27

(Fl uor oMax- 3, Jobin Yvon Horiba, Edison, N} Degaper 2008 (01-12-2008)

the desired peak em ssion wavel ength had been
reached, capping precursor solution consisting of
diethyl zinc (Sigma Aldrich), 25

ovekbﬁkmm&qs hhathbeabty TRE26SMp!S YIRY infegts %(h)mgm HBV
was injected into the three_neck drop vwgﬁ% h
mfebﬁt ﬁ)mfm}hdrmalrm BICV 4infects PEST/moidbep PrROpED PV Ide Wwith an

em%%%nbm%r%%?ﬂ%@%@é% %ﬁib%‘g‘? 50 oo hrogic, OV
infonBeRaROH WHARGHPBRBA ORI BT af PR s ol s gases
e S P AT RPOAL S 2l s e
Sepggit AAL Qhar 1 éé{*]ﬂ&éélé AR afokAL8 ¢ Qlani fun padiogtar doetion

hesi s arcodes or BRM parts

* Thebd€E 1@%&&% cr@i@taBﬁéa1fm€ﬁEnpgﬁparm¢ag$|ongthemﬁh of analysis

nmet hods (M Han T Z Su, S. Ne
andBpt@C s , arllysi6 3oy 200 Hevelopigaoyodd, ke impgnentation of a

Chem, 76, 2406 (2004)). Briefly, 5 urn di-aneter
unipekylstiygeoricrayicinsdse prignga! IOBSE FY RS- Fi sher s,

IN wth carboxylic add functional 10 groups on the
~surface were swollen in propanol and TOPO coat ed
ml&&i&@ﬁ%@‘—’éﬁ@é@%re added (roughly 1.5 x 107

beads in 1 nL of propanol -and < 100 p.L of Qdots in
[Olﬁ%{{s%f Orrg)ZDSO#gl;%fo 9 R (O dtgnopbabignthesized using

teraction t's dlffused into the m crobead

pnd(xn&%fd Emoﬁ@%llh@ erbBbi S B, e2-20 hoof tri-goc@iphdphineoxide
emtting Qlots only) and QdotB2 (615 nm
(TOFD, i8N guf Sigano Algic, St Slarmgsb, dO) wiasl heatest ingyirpg neck flask
the incubation was split into two steps% 570(§ﬂ1m al
to LY inderQdat sasad@8 il of dimethirsadmHEnr 7 fie micals,

and 615 nmemttin ot s, adde onI or t .
NewhhtypestrMATHEaS gH%¢tg§ e, B! Bt bR e TG for - 15
(bet ween W t h o anol c
mng;tte%@fgm %Ireeu Eggefsolll pvar}.% n?qgﬁ%[')ﬂ{eﬁgs bf“;k%otfh‘i‘é@ﬂgd flask

assay e Interva

r r i oPkelafiads der,
WeH %Wﬁgﬁ gxcee ahl?%ﬂaq I%Eg Sbg%to:ﬁgtg{l Sanpl e By pidvde

99. ﬁ,ﬁ, ﬁaﬁ?g Ah @%@sﬁﬁé‘%@%’%%ﬂ eTOP( Siymex éfptiah)ywas then
m]ected into the three neck and the temperature quickly lowered to 300°C. Cd:Se
ratios in the ranges of 1.5:1 to 2.5:1 were used. Qdot emission was tracked during
the growth phase 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 AIdi:ic:h),
hexamethyldisilathiane (TMS2(S), Sigma Aldrich) and TOP was injected into the

three neck drop wise at a rate of ~ ImL/min.
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N-di rnet hyl am nopropyl -N - et hyl carbodii m de

(EDC) - assi sted crosslinking. The antigens used were

- 46 - PCT/ CA2008/ 002027 01 Decenber 2688 caz008/002027

(01-12-2008) Hepatitis B surface anti gem QEBsAgr, 2008 (01-12-2008)

non-structural protein 4 (NSP4) and gl ycoprotein 41

(gp4l) for HBV, HCV and HV, respectively. [0191]

(Mot Bs prepared in propanol were vortexed, sorticated
[0146)Foldvaagaidst asbitpethe three eokigbmpeituic fiabtlewered to <

(Falcon, WIR). Sanples initially suspended in 1 5 nL
60°Gfarpr dpargbrmatwas addaskPeratl WS%‘FS ‘ztf.ltg etpgrolnghhlgroform
~ were split into 250 FL al {i{guots and cent“[}\ii%fuged at ted
(in g0@0! mpHPX overs Wisslitte sPrepHERG PR N2 eSS AEPTr B G

proso b e BRSSP RET L Lt gl e

with MES buffer were conpleted and the sanples were

[Oléﬁg%gum @%%‘?&icd(ﬂa %gt’ﬁksi@f MES buffer. A stock
sol 0 . g

N- di net hyl am rt opropyl - N - et hykar bodi i m de (EDC,

~ [015¥] MBotAd Atbdd) ol BRU phrtdARrbimbfter “Qestis ppare greprged using

FL were added to each sanple. Sanples were then
knoiwe aizheds OV HavoKt 6x¢, /i AdGei hgVe Nejgeotethald, 63012045; X

oo S ek 5 SR 67 T2 TR e
irated. A h with 100 FL e .

i SSBELea LRAD R840 U5 S St
L ut | . - . o

3t %, 5L BRGS0l PRSP B ERCTO e o

chh%ﬁlgg%g Rrerd %eﬁeeggfcﬁlr%gg atd %1157 Besd fraceniant E&%ﬁ&{l@l and < 100

, Advanc ochem cal, Long Beach, ),
uL BPQdkd HCEbAIfoRhRI@vingtd MaBbphaticanaidphobic interaction, the

I mm_nochem: cal ). and glycoprotein 41 (gg41, Advanced
Qddtendiffoshd ihtak)e fwicrobead interior. The incubation lasted 1 hour for
QdotB1 (570 nm emitting Qdots only) and QdotB2 (615 nm emitting Qdots only)
samples, while for QdotB3, the incubation was split into two steps with 570 nm
emitting Qdots added for the whole hour incubation and 615 nm emitting Qdots
added only for thesecond half hour. The samples were washed several times
(between 7-10) with propanol and stored in a fridge at 4°C until used for an
assay. The interval of fime between bead preparation and the start of an assay

did not exceed 12 hrs.

[0189] Antigen Sample Preparation

[0190] Pathogen antigens (an exemplary type of the BRMs 116) were then
covalently linked to the microbead surface using N-dimethylaminopropyl-N'-

ethylcarbodiimide (EDC)-assisted crosslinking. ~ The antigens used were
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20 hepatitis B virus (HBV), hepatitis C virus (HCV)

and human i mmunodeficiency virus (H V), respectively.

The diluted antigen stock solutions were added to the
sanples to a final volune of 100 FL fol | owedrhyaz@ogboo2027

m nute incubation on a vortex. [ 0193] oAf bedember 2008 (01-12-2008)

i ncubation with antigen sol ution, sanples were
centrifuged at 6500 25 rpmfor 3 mnutes, then
aspi rated. The QdotBs were then resuspended in 100 4

HefH:CA2Q08/:00 201 ¢ A1 (1BBe2RN ehor@Bt:04dl- pPo2BOS) (BISPy) and
guenchi ng buffer (50 MM dycine and 0. 1% Tweert) and

glybdpoteat et (£or1) AnckIBEY IV and G185 raspeetivedy-t ex.
Fol Il owi ng this incubation, sanples were centrifuged

at 5500 rpmfor 3 mnutes, aspirated and resui@ende d
1019973 Q_@Q)%B,g [prq?argd/&quzquwl HF5S Hﬁétt%e @p@gﬁt@gla{p}' seconds an

el eSS RSO B PSRty o n 1
RSB S e FIOLPS By e 50 .

- Lhiugatd: r B 5 setnke Tl sdpbenatant
ahqglt%g:itrggﬁd%ﬁ%%%iag%@?f%cessary. [0194] St g?kaan e

aspialedt iRD &0 db B ORtrearbiinadyiedahu0D pisofiel &1 MBS buffer (pH
prepared in human serum For HBV, clone X12

5.5)aMnto HBsAgvashes uf ¢be paddamdtd MEmbmbehewie apinplated fapd the
HCV cl one 8Al anti-HCV NS-4 was used (Bi odesig )
samipheseveag itheralresuspended/ip Wnplsof MES/buiden e sofution of

oo s S e T g
[ 0 T

o S SBLER A 1L LR O 0T

werfe(%h%ﬁ) )ﬁf:‘abg%dtd/fpa @?ﬁ@)@ﬁnéﬁﬁ.&iﬁ a-]l_i 1o shaRd) rOU S @nutes.

centritugrng sanples at 500 rpm [0195] A stock
sol ution of Al exaFl uor-488 dye conjugated goat
(0192 FollfRse thgEDaNrichbali@s sahipled wege nentBiugdednajt WP rpm for
was diluted 1:300 in RIS wash buffer. 100 u.L of
3 niifives soldutsmirateds Ausedht withellds pbnef bHEhbyHaplfellowed, with
Sanpl es were covered in tinfoil (to prevent organic
cengfifasplien isénchi AP0 aRE- piRceBtisn SO Prgpared at a

conGasgoTon! L biNAAIS Bacs TOUF e UBP B EoRBSE ag 0. The
e B P USRET AR §W ey NS BI85 A8
T ERHetitANLong Beach, CA), non-structural protein 4 (NSP4, Advanced
Immunochemical) and glycoprotein 41 (gp4l, Advanced Immunochemical) for
hepatitis B virus (HBV), hepatitis C virus (HHCV) and human immunodeficiency
virus (HIV), 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
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[0197] For the multipl exed assays, antigen-coated
Qdot Bs were prepared as 25 descri bed above. Al
experiments used approxi mately the same nunbe f
total - 48 - PCT/ CA2008/ 002027 01 DecenbeE;:'% 008/002027
(01-12-2008) beads during anti body capture. ™| SRR

were two types of antigen Qdot Bs bei ng used, then

hal f the mi crobeads in a sanple corresponded to one

code, while the rest corresponded to the other. The

of qEARIAEbLAEr WasMIEEllydies aisd Opled wehml angsiwgubaied dor another
different QdotBs. 5 [0198] For the incubation of
15 dagotdsoniatortexr Gellowing Busynepiakien wimples e spniifuged at

t ot al I f 100 4 | ) or ef gy
s a0 e S, JOFLS! 8Ll
phoggg"tralég gg-lggqs{ sati}gr;%n KI%)SI);\//!A iosfpbg%ﬁ%g% g%llé?eodat%%r S Qb Ofbr 30

erent argeting

R e
Wasﬁgr g&%ﬁ%?%%%y%g?ﬁgg%ﬁ& basLpaiIEd 0y Lbinghieptrifugation at

human serum sanpl es. For ‘
500FQIHh! Phis CRAplAEEAY bartileadity canpigts if remaryser um
w'th no target antibodies was added instead. The rest
of the target antibody capture assay followed the
(0191 Bhettsotlefnsidicergrb ontbod 0 200 FONs wese High PEBRieaR yHman
15 [0201] As discussed above, ni%{eggannel hemical)
servnabfarddBVodlone {13 vasdi-5BaAGar &° B8t (FHansgs ApRypnochemical)

R
e G TPl g
Ant%?g—tggﬁ?ééicddot@%re TesudPQIERNIn £ik&C hahein, seiumRiamples to a

I'ence, 288, 113 (2000). 20 [0202] Photonmasks
finaPhollife @200 84, MieKowkanfein patibated everevqutexplar dg minutes,
usi ng Aut oCAD software (San Rafael, CA) and printed
foll@Red byt @ns parshac ysing TRE Rash dpifter, Smoribigingpangirs at 5000
Springs, CO. The resolution of the print was 1.59 um
rpm(t he di stance between two pixels). Fabrication of the
masters began by spin coating a 15 [imthick | ayer of

01950 exaksetineh MeRi S hsd W& BRGNPt ari-iRuse 1gG
antibodies (Invitrogen, Burlington, ON) was diluted 1:300 in TRIS wash buffer.
100 pL of this solution was used to resuspend each sample. Samples were
covered in tinfoil (to prevent organic dye photobléaching) and placed on a vortex
for 15 minutes. Two final washes of the QdotB-complexes using 100 pL of TRIS
wash buffer were completed before resuspending the samples 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
-48 -
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01 Decenber 2008 (01-12-2008) Newton, MA) on 3.5 inch
di aneter Si wafers (Virginia Sem conductor,
Fredericksburg, VI) and prebaki ng the sanples. Each
waf er then had the photonmask |aid on top BSF/¢4A908/002027

phot oresi st, ink surface down, and was e¥goBeerrber38¥P8 (01-12-2008)

rimUV light at a power-density of 35 miWcnR for a
duration of - 4 seconds 5 using a SUSS MM nask
aligner (SUSS M croTec Inc., Waterbury Center, VT).
beali§ d@Mighsh oy dptRO B thatd Werdtoe eghases antigen WateBs being
were inmrersed in SU8 Nanodevel oper (M croC hern
use@potien) h4ld the microbendsanteosadnglecioveesporgedatyyone code, while the
phot oresi st not exposed to the UV light. The masters
restereesphadedés fedthet Ahe samespaier watuend; ey synples that used
conpressed N2 gas. 10 [0203] The pol ydi et hyl si | oxane
thfe(eF‘gEfB)‘erﬁ $mer kits (RTV 615, General Electric
Silicones, Wlton, CT) used cone in two parts; part A
' h re r.; : j ; =0 IHMEES
014 JR Ry RLFREAUOT LY cRRfEs SEGR AR dBoly SRl Mt serum
totd L RGEHel JF BT EX PRt dllvadl 3888, BRctelte Jif Of saph SOl ¥ TRIcubated
was poured on top of each. The sanples were then '
witR hR6RUHUAGE targattigl ahfiosdies, 2him SO b, afegds spikedwerini Solution
bubbl es fronm) the prepolyner. A 3-hour incubation
werkohildwed Simaarlpyén toee diff@o0 tOgeting eamieailies ovgTeho be
oven, the cured PDMS sl abs were peel ed off the
incyhmsed 33 1Wnal eachesbtinn yaEraddslind the out si de of the

m crochannel pattern was renpoved. A single master had

terns for two polyner nicr e - I :
o rierep B SR e R by MR R ticn
tar&ep gﬁga%%gsﬁiﬁﬁgﬁ%a@%s.ﬁﬁc&m (688t btibody)
samples, human serum with no target antibodies was added instead. The rest of

the target antibody capture assay followed the methods described above.

[0200] Microchip fabrication

[0201] As discussed above, microchannel fabrication followed standard soft
lithography techniques - e.g., as described in Y. Xia, G. M. Whitesides, Annu.
Rev. Mater. Sci., 28, 153 (1998); D. C. Duffy, 1. C. McDonald, O.]. A. S5chueller, G.
M. Whitesides, Anal. Chem., 70, 4974 (1998); and M. A. Unger, H. Chou, T.
Thorsen, A. Scherer, S. R. Quake, Science, 288, 113 (2000).

[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 um thick layer of 2015 series SU8 photoresist (MicroChem Corp.,
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substrates and gl ass coverslips were |oaded into the
chanber of a plasma cleaner (Harrick Plasm, |thaca,

NY) and exposed to oxygen plasma for 1 Mygrr/caz008/002027

Imredi ately after, the surfaces of the PNSpaBdwer 2008 (01-12-2008)

coverslips were brought into contact to irreversibly
seal the two substrates together. Double distilled
wat er 25 was di spensed into the m crocharunels to
keep the channel surfaces hydrophilic.
NeweH, CA2AP8H00282Tndl deeerderS 20@8erf 0VitginR0 Mmiconductor,

Finally, small pieces of glass were placed on top of
Freddrickcharg eViwehis prabakiwp ththesaneples. Fadmveafapahean il the
enabl ing long term storage of the saqPIes. [.0204]
phoemas 138 cExteraftbapiotorpastp Ik stirfage daptasdcyapiessd to
in 500 uL of TRI'S wash. bu r re,centrifuged at, 5
365 3600 'Y BT O @ ORISR GBS Hl B TR 0" & HBGAHREr ot hdgronds
.res in 30 vL of I istid
usiffoS GRS 6 i s B3P R ey S aliEh ety Center, V)
Ll | t ; EQIRirbS Ghe Wafbld WeRDihR@rsed in SUS
Fouéhé@%fﬁgﬂﬁﬁgég%gﬁggﬁggﬁand gpply?ngasdztionlat f%% .
NartRIRER P! (Mi¢sdTBerd Clash.prick 0ol 1 hiuitd waslisselmyvadray any
fromall wells prior to the introduction
photoresist not exposed to the UV light. The masters were then washed with

isopropanol and dried with compressed N2 gas.

[0203] The polydimethylsiloxane (PDMS) prepolymer kits (RTV 615, General
Electric Silicones, Wilton, CT) used come in two parts; part A is the prepolymer;
part B contains a cross-linker. Prepolymer was mixed in a 10A:1B ratio. Masters
were placed in pyrex Petri dishes and 22 g of prepolymer was poured on top of
each. The samples were then placed under vacuum for ~ 2 hrs to degas (remove
bubbles from) the prepolymer. A 3-hour incubation followed in an oven set at
80°C. Once removed from the oven, the cured PDMS slabs were peeled off the
masters and excess polymer around the outside of the microchannel pattern was
removed. A single master had patterns for two polymer microchannels. The
surfaces of the PDMS substrates and glass coverslips (170 pum thick, VWR,
Mississauga, ON) were then carefully cleaned using scotch tape. Both PDMS5
substrates and glass coverslips were loaded into the chamber of a plasma cleaner
(Harrick Plasma, Ithaca, NY) and exposed to oxygen plasma for 1 min.
Immediately after, the surfaces of the PDMS and coverslips were brbught into
contact to irreversibly seal the two substrates together. Double distilled water

was dispensed into the microchannels to keep the channel surfaces hydrophilic.
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10 of sanple into the chip. 20 uL of sanple were

| oaded into the sanple well, followed by 20 1iL of
doubl e distilled water into each of the buffer and
waste wells. The mcrofluidic chip was theeraazgoethoz027

on the stage of an inverted epifl ourescentl meeeasan@E08 (01-12-2008)

(I' X712, A ynpus, Center Valley, PA) and inmmrersion oil
was applied to the Iens of a 60X objective (1.35 NA
A ynpus). The objective |l ens 15 was brought into

FindlBg UsnaAl plcbes enilasnwercoplatdibors aop betiwetHannpDROIS to keep the
El'ect rod%s were placed in each of the wells, |eads

wateo froec tesbdratingecrablipglengiera sfotaga§é theemmples-on

circuit (see Figure S2). The input of the voltage

reqgul ation _circuit was connected to a high voltage
[UZWM&%@RMOR Spel | man Hi gh Vol t age

El ectroni cs Corp., Hauppauge, NY), which supplied
{02{%»3 g:?llrég:}ﬂdgt% c20 nﬁlﬂ%{(éso 113:15?%) \}'E)I(I? QPJTRES QR bhFdt Lvegé'E%rgﬂf@ged at

experi tage ratio between t

400%]?éé1€f8§@9ﬂ§%9 L8 dCAPNARIES THRS W&k thbn ies%&sgﬁlgf&ﬁn 30 uL of

ot B conpl exes started to flowinto
doubicanananrRelte206 as descri bed above, the objective
| ens focus was noved to align with the sanple
focusing stream | ocated downstream fromthe
[0206) \dicsedtanopisagereoflustied withfdguhle ghistilled water once before use,
PCT/ CA2008/ 002027 01 Dec}%nbe 208’8 éOl’- 12- 200&% i "
by EHimgntie bodenpad sapgie avel PPPHANS PHEUYbRE LT jeople we

usil{éigzﬂ gtg%@ \{@ﬁs%gﬁgi v:.'%esig ?eélﬁr%?'{eféf ﬁ%ﬁn 4 E?IllJ lé/\flaezlg rﬁrﬁ(}%‘%ﬁ g@e Fm’cr%uction
| .310.4 i ne. f [ti =t :
o PRSI B ol s heosinpe e

byl 80 jUIMbiieen R d8tiRed i feb i @chtdfeam bkdfr aHewaste
fon{wgg%ryé pgvver was set at a constant 25 nW A dichroic

well T nlidd¥ioRlc wuglenanllgh&D ovmthosgzsef an inverted
em ssion filter 320 (7512, Chroma Technol ogy Corp., )

epifRackicghartrosd)padKé1 Byt nus, SeptarafaleyhBAdred immegsion oil
light 302 fromthe collected fluorescence

304. L.
wasrinpiedstodhe dersmissdBh obieativiae - Ee 4y QIEEH‘%%I-%%@FE?&CPXF lens
band Si di ' ' 555115 d 610d1p,
wasCHiPBRRL TG FRROR G Bt B R RRIBRLe 11 It or o

440a-d before being focused on the active areas of

(02077 SRR GvetB ?Jtié)cegqh eGLiPhBiallend 148G oRhSMEE t3Me outputs
of a voltage regulation circuit (see Figure 52). The input of the voltage regulation
circuit was connected to a high voltage power supply (CZE1000R, Spellman
High Voltage Electronics Corp., Hauppauge, NY), which supplied 300V and 60
uA 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
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[0209] The spectra of the Qdots and bandpass filters
used is displayed in Figure 6A. A conparison of the
spectral peaks for the red, yell ow and orange (dotBs
is displayed in Figure 6B. For green rang&cT/Ca2008/002027

wavel engt hs, shown as peaks 602d for 15 the& Dedember 2008 (01-12-2008)

and 604d for the raw fl uorescence, a 500-540 run
bandpass filter 440a (HQ20/40, Chroma Technol ogy
Corp.) was used with a hi-convex lens (LB1761- A,

charl@rdo8bsnd Rempldenb el M3) The dbfetise lhasEslenias shansised to
on a PIN phot Odl ode detector 410a (818 Seri es,

focd¥enReet s@Eol peasthiringned LA difiaerdetdeusiog ﬂm§88 nm Ar laser
connected to an optical power neter (1830-C

310 Goe firom aSiowlti-direy ArKy gﬁé%ﬁ@é&@ﬁﬁl‘% € Ia%o%ﬁrﬁﬁ éilaonA) in
HQ675/ 30 and 30160, hnol
TEM@hetais, i 89 AT Gt P AL ﬁﬂéﬁ%@%ﬁl&% (b, 06 daser

e R e

500 el%hI gl‘.sy rgﬂ%ﬁmfﬁfércgﬁ@ (759! @%Wae rTechlogghQIorp,

nge of wavelengths are shown as peaks 6

Rocf< ghE\H\e i) t9fve 2364 6RABefHhtet R AW light eX)2encen the
he red range of wavel engths are shown as peaks

coﬂ@t@&bﬂﬁ@fes&d&&efﬁdﬁlt Bluoresean@0thision 30hevasaparated into spectral
fluorescence. Voltage outputs for all three detectors

bands G2ing AVENDEDNSHEET (5551 @Aéo@@/ihm@wrm’fm@i@ﬁy Corp.)
2008 (01 12-2008). were connected to ports of
and @@qdp@ﬁ& filggys é&@%d(hqfol@%lf@ S‘?@a@ﬁl "I‘C“l"ﬁﬁ? r?ngi‘S’fa’fe

tin, yed to a comput er and
Pho tﬁfté’as‘@q ré?%f&&a ftvvare (Nat i onal
Instrunments). Sanpling at 1 kHz was used, though the

G R e R e

6A. SNR¥E #aﬁ@o@bﬂﬂgiesﬁe%&ﬁﬁ peikswoy eleend; hellms apdairangdeloths is
for the filter (see above) and 604c for the raw Qdot

dispSpeet inuRigulheB s frec tgracr pangeheaydengihabshopet howealza602d for
and orange 612c Qdot B conpl exes are overlaid_ in

the Fitgurede®4toior dbapaw ﬁéﬂreg@ﬁqs@s%§0015@@w} bangdpaisciilfer 440a

(HQ@@& E&gﬁgm%f%g&ﬁl%éogg Cm rpSltv?aSs us%ldlxgl a 1Ec%%vex lens (LB1761-

A, Thorlabs Inc., Newton, NJ) to focus these emissions on a PIN photodiode
detector 410a (818 Series, Newport Corp. Irvine, CA). This detector was
connected to an optical power meter (1830-C, Newport Corp.). Similarly,
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 outpuis for all three detectors
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10 MB of data and - 1000 detection events. After an
experinment, the QdotB conpl exes renmaining in the

sanpl e channel were collected and counted using a

cell counter (Vi-Cell XR, Beckman-Coulter,pdiybhebdddBoz027

CA) and the m crochannel was di scarded usigidpecember 2008 (01-12-2008)

appropriate disposal technniques. QdotB conpl ex
concentrations in the sanple well were 1.5 x 107 /nL
(9 x 106 standard deviation) 15 during a typical :
wer@X B dIRRt o [l bf @ldaes ticqaisRfonSpeat (M1 Wsdhg25t, Qdkional
Array Canera [0212] The coll'ection of spectra such as
Instrhe®ats oygin, MEi that esas? AelGyads éul astamipaier sindpspdrated using
those given above. Fluorescence em ssion, hoWver,
Labwiesv dofterre (Nebomaldesanthentd uSuwaplns ehé i pasceed) though
of a spectrograph (Acton Research Inc., 20 Act.op, )
the paP AR IACE 0 GPRATE CRATURBAG KT LS CRATESTIAT Ofnb iy for
Inc,). Lnside the spectrograph a grati wi £:h
comgisbis FRRFE A s BSGer 0 aront: SrRHd il Aol as peaks
Li f Q148 LRAO D shBErRiX elise Yectr
GOz%f%ﬁe‘re%@&g\ﬁ%c?%%ﬁl%&? QU bt W7 OdY 5}3?7581- 0002?Erec .

for id REEEDM, hr@ﬁ&%ﬁ@i‘faﬁd SeREE 8mc bR Thapiskeatd ofedfid in
this grating allowed i nspection of the spectrumfrom

FQﬁHé%ﬁXorC&&@aﬁgaﬁgﬂmpbﬁﬁ.a|igned for a centra
I m

wavel engt h of 570 r The integration time of the -
[02'150? 15: typical experiment ran for 15 minutes, allowing the collection of ~ 30
MB of data and ~ 1000 detection events. After an experiment, the QdotB
complexes remaining in the sample channel were collected and counted using a
cell counter (Vi-Cell XR, Beckman-Coulter, Fullerton, CA) and the microchannel
was discarded using appropriate disposal technniques. QdotB complex

concentrations in the sample well were 1.5 x 107 /ml. (9 x 106 standard deviation)

during a typical experiment.

[0211] Collection of Spectra Using a CCD Array Camera

[0212] The collection of spectra such as those shown in Figures 7A-C used similar
steps to those given above. Fluorescence emission, however, was directed
towards and focused on the entrance slit of a spectrograph (Acton Research Inc.,
Acton, MA) using a 50.0 mm focal length lens (LA1131-A, Thorlabs 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 spectruin from ~ 450 — 700

nm when aligned for a central wavelength of 570 nm. The integration time of the
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008) CCD
array was 50 nsec, set by a nechanical shutter, while
typi cal readout time was -250 nsec. Data taken qY t he
canera was col | ected and anal yzed usi ng mﬁﬁ@g@%z 08/002027
software (Princeton Instrunents). By col | éct

mul tiple, successive spectra, it was possible to

di scri m nate background and detection signals fromb5
each other. The raw data for the HBV, H 'V and HCV

CCERIRAL v AR BBy 42AdhakZ4bsiantbr/RAde typical readout time
respectively, with fitted curves matched to the raw

wadlabs) assati Statnabkdd bordecemierapees callat26h and2@miprm using
726¢, respectively. The respective fitted curves show

WigFpdcosofpeates (Biaegton dustiyenkstsh0l), colrting aumbiphe Juspessive
orange peak 604c. The green_ peak 60éd for the target

spepiraort gppoPessiRle dpstsgiaysie badprpand apdulrierlpr pgiarp from

o B R 5o Ty Ly SRR i 0 g 20
724})”9194:7%?(% 9&%@5&{\7& Lhe tfﬁt%ﬁn?.ll&g%/ matda&d W%C{h%bﬁﬁgﬁiata as
I'n"the e r he

‘owtend t0 non-speci all'y adso onto t

dis VB U Clbnt AP Bl 8316Y, HdiLahd 1126c, QBpedteB0ddhe respective

measurenents. "Wth flow focusing, the Qot- 15
fittQREEREe shoW/8lcllotv Paliei d0Ratded RBIS6GID stitidt eomnbine for orange
mnimzed. [0215] The size and shape of the channels
peakreOtheThe grashl poadlic®4d hopthegacet Enpfopdgrip alsreprsisert. of
t he beads and conj ugates being detected. A 5prn bead,
for_exanple, requires approxinmately 7-8 p. mof space
[0233 ¥heog¥af t er functional i zati on and conj ugati on,
therefore a focused flow channel no larger 10jxrn in

i dth 20 al | f i
ot 1oy R e 2E o Bl Rl (e FSnndt ln Rergocs
flotfoPudihd®- FIbR2 dusi isC%fihﬂﬂﬂi%Ht%)f:)&ft dtheeChanrnslogy since

s optim™ized to permit the focused Tl ow nicrobeads to

midrbifeels iRaRd floWeetdtts eloncapepdically adsorbtondo thaBDMihivihirh can
mai ntaining the flowrate such that there is no

gresily affeagther QdggbaredatimemurdnenisonMiguflawi wugisg, the Qdot-
depends on several factors, including the voltage

baregufsl inéataction Wéthfthe J3iMg subslzate is minimized.

[0215] The size and shape of the channels in the microftuidic chip is determined
by the size of the beads and conjugates being detected. A 5um bead, for
example, requires approximately 7-8 pm of space to flow after functionalization
and comjugation, therefore a focused flow channel no larger 10pm in width
allows for regular flow of the beads, 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
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channel, the voltage applied to the sanple channel,

and the length of the various channels. [0217] The
velocity of beads is determ ned by: 5% ve&s/akoos/002027

+5*Ces E 1-1 (1) 5[0218] Wiere E: el ectrocaeckiedd2008 (01-12-2008)

s :electrical permttivity, Cel- : zeta potential of
the channel wall; P : viscosity of the fluid. 4-
zeta potential of the bead surface. E* Pis also

cha®@ll! &2 VRALE bb1ed t& B fdroile Bilifnel, and the length of the various

channels.

[0217] The velocity of beads is determined by:

Vﬂ—g* eof E‘l‘g*gephE

H H (N
[0218] Where E: electrical field; € -electrical permittivity, Seat : zeta potential of

the channel wall; # : viscosity of the fluid. Sert: zeta potential of the bead surface.

E*(
H s also called mobility of the flow.

g%
[0219] The mobility of the flow H g determined by the buffer and channel

£

wall material, ¢ ‘f, H have a relationship with buffer solution’s pH,
temperature and other characteristics. From Equation (1) above it is shown that

the microbead velocity has to be >0 to build a stable flow, which sets the criteria

for selecting the buffer.

[0220] The voltage ratio (not absolute voltage) of the focusing channel to the
o= U%j
i is subject to

& in sas T en (2)

sample channel (at the sample well)

[0221] Where Crin and Fm= are related to the length of each part of the channel.

L L
“ oy a1y Pt 21, "I, L, L
pr, 27, and where nt o, 1ty Lal Lf, i

are the length of the outlet, inlet and focusing channel, respectively. As the
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[0219] The nobility of the flow P is determ ned by

the buffer and channel wall material,,P have a
relationship with buffer solution's pH 10

tenperature and ot her characteristics. Franydeoabyairo27

(1) above it is shown that the m crobeadotebfeinbyr ta®s (01-12-2008)

to be >0 to build a stable flow, which sets the

criteria for selecting the buffer. [0220] The voltage

rati o (not absolute voltage) of the focusing channe
foctiging beaenatth senplefercéhoniel ddsin haserskivphpe, Mels Jafmed as the

subject to amu, 5 a 5 o-ma" 15(2) [0221] Were anti
sunantiLamad Lar dertelogarens efdhe Keanmhgt h of each part of

the channel. L, a. +1+ -1 2fl , and where

[0222] Theoretically, there is no limitation for voltage applied to one of the
channels (focusing or sample). As shown in Equation (1), flow velocity is
proportional to the voltage, such that a higher voltage results in a larger flow
velocity. However, there is limitation for the voltage ratio as shown in equation

(2). Beyond this range, the flow cannot be generated.

[0223] Thus, the ratio of the focused width, W of the sample flow, is related to

the width of the inlet channel according to the equation:
Wi/ W=(1+2p-2Ba)/(1+2va) (3)

[0224] In the sample chiP used, Li=8mm, Lo = 10mm, La + Le = 18mm. Thus, for

a W= 100 um channel, for various values of a:

a=15 Wi/ W=0.19, We=19 pm

a=1.6: Wi/ W =014, We=14 um
a=17: Wi/ W=0.09, We=9 um
o=1.8: We/ W=0.04, Wi=4um

with Gimax = 1‘93, Xmin= .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
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L, L, Lf are the length of the outlet, inlet and
focusi ng channel, respectively. As the - 55 -
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focusi ng channel in the preferred chip CrRI/ga20Eg0ap027

L-shape, Lf is defined as the sum of Lf 10laRdcembert AR08 (01-12-2008)

two arns of the channel. [0222] Theoretically, there
is nolimtation for voltage applied to one of the
channel s (focusing or sanple). As shown in Equation

of dalh,briheny aselliseidnt lebpthbegpribipativhomndll rheretyheesudll hadiéferent
such that a higher vo%tage results in a larger flow
widdled facithy foddoes¥lenid. t here is limtation for the
voltage ratio as shown in equation (2). Beyond this

range, the flow cannot be generated. [0223] Thus, the
mz%tﬁﬁ—#‘ﬁ—b@—a Iygist ocused width, W of the sanple flow, is

related to the width of the inlet channel according
[0227? Ftigt?reg%@-ﬁ Y show 10-second intervals of raw data collected during

experiments where large fluctuations in detector output voltages indicate
detection events in real time. For these experiments, a PIN photodiode coupled
to an optical power meter and amplifier was used to examine green (500-540 nm)
wavelengths 802a-c, corresponding to the target fluorophore part of the
spectrum, shown as 604d in Figure 7A-C, while APDs were used for yellow 804a-
¢ and red channels 806a-c (550-590 nm and 600-650 nm, respectively), which
correspond to the BRM part of the spectrum shown as 604a-c in Figures 7A-C.
Outputs from all three detectors were linked to a computer using a data
acquisition card and run using Labview software. Since the speed that a barcode
traverses the laser spot is inversely proportional to the peak intensity measured
by a detector, normalized voltage peak values with respect to time were used for _
signal analysis. For example, the green channel, which indicates target antibody
detection, used the metric G = JpeaxV(1)dt / Jreakdt, where V(1) is the voltage signal
as a function of time, f. Figuré 9 provides a close-up of a series of peak to

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 iimit for the platform is
importaﬁt and serial dilution sensitivity curves for HBV HBsAg, HCV NS5Ps and
HIV gp4l target antibodies were prepared and compared to commercially

available ELISA kits. The detection algorithm first scanned the green channel for
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10W/ W= (1 + 2.f3 - 2-13.a) / (1 + 2.-ra)(3) [0224]
In the sanple chip used, Li = 8rnm Lo = 10mm La +
La = 18mm Thus, for a W= 100 } AM channel, for
various values of a: a = 1.5:W / W 0.19,W_= 1394_3)11
a=16W / W=0.14 W = 14 pm 15a = 1. 7554/ P2Ypes 002027
0.09,W =9 pana=18W/ W=0.04W ="aPFF
with aroo. = 1.93; arroo= 0.59. [0225] The fornul as
above are based on the asSunption that all the

peadiBangahen atRiedufraafPtoprititt pedla wonrvdsgpensentandhe yellow and
di vergence, and the height is the sane for all 20

redtanabishefbfe 4 deteassumyenbwas sohfivoed.edihe takees r dgtertion

wi |l change, but will obey the sane principles as

peaatdterlotted rinabigiresoh0Atherlog surres | i0P2.at08R angt 194 are
res]leegepnp%tfgf_ éggg)tc_) da?ﬂr%%?gﬁgfoa%%lzl& Wi ﬁ%ggaexgdez QI%WS 1002a,
1002b and 1002c respectively showing addition detail at the tail end of the
curves. For HBsAg antibodies, the detection sensitivity limit was measured in

the femtomolar (10-3-10"M) range, while the limits for NSP: and gp41 were on

the picomolar scale (107%-102M).

[0229] The required bead concentration is based on the need to measure the
single bead signal; high bead concentrations require higher speed detectors and

data acquisition systems. Bead to bead interactions become a factor due to the

small separation between beads, which will affect flow. For low bead

concentrations, it will take longer to generate enough counts for statistical
analysis {over 1000 in the current experiment). The average bead concentration
is 15 x 105 m/I. with a standard deviation of 9 x 10¢ m/L in the examples shown,
taking apprdximately 15 minutes to get »1000 counts. The range of acceptable
concentration is thus estimated between 15 x 107 m/L and 15 x 10° m/L, with a
corresponding change in the time required for count acquisition. The actual size

of the beads can range from as a little as 100 nm up to 5 pm.

[0230] A major benefit 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 (HHBV 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
HBYV, 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
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of each branch, as different |ength conbinations w ||
nmerely result in different wwdths for the focused

fluid. 102261 Data Analysis [0227] Figures 8A-C and
show 10-second intervals of raw data col | ectrgchabosyoapoz7

5 experinments where |arge fluctuations inodebeginber 2008 (01-12-2008)

out put voltages indicate detection events in rea
time. For these experinents, a PIN photodi ode coupl ed
to an optical power neter and anplifier was used to
fro@XEMVI IOV @8 (ROP-104R dddFly WaNRlbenthbe &@R%cifes in the R/Y
corresponding to the target fluorophore part of the
ratispeebmumw showdias 004gh, respedivedy, WAHCa coltigaeiséPDs all three
were used for yellow 804a- 10 c¢ and red channel s
in 18g6ee t11p53%) 690 g amep©00h, 650 asryossibép br tdendfy fhe different
whi ch correspond to the BRM part of the spectrum
pathpgrin datecBon sventsninrigusasae yanple, endpihen the frgei molecules

L T e .

Since the speed that a barcode traverses the |aser

D | Ctional Dt ,

b AR SRIORP bR b LRl SN 120

FigitR! 1R sMbivh thesdeedds Jfe ﬁdtﬁ@gé&«ﬁﬁ@dﬁ%@ inbQixpstigtaks with HBV
anal ysis. For exanple, the green channel, which

and HIV c & @aret BBgdiovantlichedyltdef & phitagenuseattipl®dngekpérdments
G = PeakV(t)dt / Peakdt, where Mxéﬁ_is the vol t age

witls HR&I H&Y and bi¥t Theseotsulinghow negligibleecrgsspieaotidbstog these
cl ose-up of a series of Eeak to_demonstrate the range

thresrparBpg ey Barkens. [Oowptpipag ohb Y, BB aydetls Ve Smlopiies for

_clinically encountered. pro for_ assays,bein
this RS R Aot o Bk TS SR S5t GRERE (RRERRSt one
gﬁ, Lo sensitivity limt of the diagnostic.
st %$§%8?£$ﬁhssessing the detection limt for the
platformis inportant and serial dilution sensitivity

[02RY THeSmi@s il HBeAGon HEMeMSRprageitdh ¥ugpddiut a@@ﬁrﬁence of
anti bodi es were prepared and conpared to commercially

nandb aadaintiahitechbolGAekiwish Mbiecdetredivgoostalsgontd thrmultiplexed
first scanned the green channel for - 57--
infectious disease bioanalytical tool. Certain modifications can be made to the
system to adapt it for detection of specific molecules or use with specific
antibodies. Other modification can be made to adjust the size and structure of
the overall system incorporating the microfluidic chip. For example, an LED or
other radiation emitting element may 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.
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008) peaks
and then nmade sure appropriate peaks were al so
present in the yellow and red channels befy 8 008/002027
detection event was confirmed. The val ues ccember 2008 (01-12-2008)
detection peaks are plotted in Figures 10£&C; iog
curves 1000a, 1000b and 1000c are respectively fitted
to data for HBV, HV and HCV, with expanded vi ews
1002a, 5 1002b and 1002c respectively show ng

[OZ@JQdi'Hi'S edndelel theatesthptibabt a phekenfly phefetret wasbodiorent of the
HBsAg anti bodi es, the detection sensitivity limt was

inveetasured in the fentonolar (1013-10-15M range, while
the limts for NSP4 and gp4l were on the piconolar
scale (10-10-1017M. [0229] The required bead
concentration is based on the need to neasure the 10
singl e bead signal; high bead concentrations require
hi gher speed detectors and data acquisition systens.
Bead to bead interactions becone a factor due to the
smal | separation between beads, which will affect
flow For |ow bead concentrations, it will take
| onger to generate enough counts for statistica
anal ysis (over 1000 in the current experinent). The
average bead concentration 15 is 15 x 106 mL with a
standard deviation of 9 x 106 ml|, in the exanples
shown, taking approximately 15 mnutes to get >1000
counts. The range of acceptable concentration is thus
esti mated between 15 x 107 mL and 15 x 105 mL, with
a correspondi ng change in the tine required for count
acqui sition. The actual size of the beads can range
fromas alittle as 100 nmup to 5 Mal. 20 [0230] A
maj or benefit of using fluorescent barcodes is their
mul ti pl exi ng detection capacity and the ability to
apply it to pathogen detection. Figures 11A-D, 12 and
13A-B show results of two (HBV and H V) and three
(HBV, FICV and H V) pat hogen nultipl exing ,
experiments. The detector data was anal yzed by first
i ndi cati ng where green channel peaks were present,
and then classified as 25 HBV, HCV or H V detection
events based on the ratio of normalized values RY.
Fi gures 11A-C show how hi stograns 1100a, 1100b, 1100c
of detection events - 58 - PCT/ CA2008/ 002027 01
Decenber 2008 (01-12-2008) from HBV, H V and HCV have
clearly distinguishable differences in the RY
ratios, fromlowto nediumto high, respectively,
with a conparison of all three in Figure 11D. By
using this approach, it was possible to identify the
di fferent pathogen detection events in the sane
sanpl e, and when the target nol ecul es
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5 present during the assay were nodified, the results
accounted for this change. [0231] Figure 12 shows a
tabl e of experinents used for Figures 13A and 13B)
Fi gure 13A shows the results of 2 pathogen pcT/ca2008/002027
mul ti pl exi ng experinments with HBV and H V. (i ge¢eober 2008 (01-12-2008
1313 shows the results of 3 pathogen nultiplexing
experiments with HBV, HCV and H'V. These results show
negligible cross-reactivity for these 10 three
Whheikhagerdmar kers. Concentrations of HBV, HV, and HCV
anti bodies for this experinent were all 4.74 x 10-9
M The error bars shown represent one standard
1. deA destosystgro XRp]uskhevithi arloiffan i EesHdpdhs sresrpst g target
represents a successful convergence.of nano: and
molieleb PEEHAGT SuTEdataa Ky PR IBELN L IOREA GO SETBL (R [psteystem
mul tiplexed 15 infectious disease bi oanal ytical tool.
co 1g$n modi fi cations can be made to the systemto
adapt it for detection of specific nolecules or use
W E@ specifd Geali pAdiesh ntdiBalledRdih | OatpInE hebEr more
made to adjust the size and structure of the overal
SY Hhi &R AEa6R ahaldcibst (BRMEC iofdobilitied wdtatpre Eorone or more
exanpl e, an LED or other radiation emtting el enent
P flisedphargs) adercih ¢dve dlaterBRYIs isspeabic for poseof the
of exciting the nol ecul es. Further devel gpnents_anpd
r eftangeheEiipes, #otasatd fermwepribgales | ofhéhg é’%ﬁﬁ’lﬁ Vb g ul@rset
to-those skilled in the art, resent thensel ves.
s e A

[ 0ZadtpcdRs | 16 PrererdpBviac dettHsd: CPBE R S GRPTIsinG
th text of . t f-

g e AR PR RRR P Bt e
25 Lo 1.6 _ e r ,
e AR E T D e e SPeD Ee P sl g et pes
[ 0234] This concludes the description of a presently

pr gber r admedrbogidie rhipptompeisingve nbiposubstrate portion shaped to

define:

1) one or more elongate sample channels therein sized to

enable passage therethrough of the conjugates; 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 elongate sample
channels, with the buffer exiting from the flow focusing channels
operatively directing a single-file stream of the conjugates through

at least one of the sample channels;

{c) an irradiating device operatively delivering electromagnetic
frequency (EMF) radiation, at an irradiation pésition along said at least
one of the sample channels, for absorption by the conjugates in the single-
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008 What
is clained is: 1. A test systemfor use with a buffer

to test for the presence of target nol ecules
or nore target types in a biological test Pﬁ gﬁgzﬂoig?(m—lz—zoom
test systemconprising: (a) a first set O etection

nol ecul es, each conprising one or nore biorecognition

nol ecul es (BRMs) inmobilized relative to one or nore

BRM f | uor ophores, wherein each of the BRVs is

speilé fstreainp wlasenothet duajtgatege tmityesiessncasiteo absrrpiion of
conjugates of the BRvs and the target nol ecules, if

pr ebenEMEn radiietivrs tandanphareinnithdy fungesmeniaugut 8y conjugates
conprising one or nore conjugate types each .
corcpabRgiangistipcallgpraesntPesHEMo ot frs gt et thyh conjugate
nmol ecul es.in conjugation with its specific one of the
taFﬁB?$?9§es; (b) a microfluidic chip conprising a

chip substrate portion shaped to define: (1)one or

ggg& el %n%te%ﬁéﬁmb%c%hm{o%ﬁ &hel Bnglezfll Lfre8MALLE the

s%ge t heret hrough of the conjugates; and (ii)one

Or fRARkEscEh@NVehRRHS| Y thharifhSatbd) evBibitid ahe Opeeaidry Rlevice
passage therethrough of the buffer, with the one or

monderftifow fhecpresagechine ksnjagpies miyngdniieriogefosr theodistinct

el ongate sanpl e channels, with the buffer exiting

f r Aot dreefl sprctrovusi erghacheridhe copegateityRdsy directi ng
~asingle-file streamof the conjugates through at

| east one of the saml.e ¢

| s: [ di ati .
e L5 S S B B s e S LR

the test sample.

2. The test system according to claim 1, wherein each of the detection
molecules further comprises a microbead immobilized relative to, and
substantially interposed between, the BRMs and the BRM f{luorophores, and
wherein the BRM fluorophores emit at least a BRM part of the fluorescence of the

distinct fluorescent spectrum after absorption of the EMF radiation.

3. The test system acf:ording to claim 2, wherein the BRM fluorophores
comprise one or more quantum dots, with the quantum dots comprising one or
more quantum dot types, and wherein the quantum dots together emit at least
said BRM part of the fluorescence of the distinct fluorescent s?ectruxn after

absorption of the EMF radiation.

4. The test system according to claim 3, wherein the quantum dots comprise

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, with the fluorescent dyes comprising one
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frequency (EMF) radiation, at an irradiation position
al ong said at | east one of the sanple channels, for
absorption by the conjugates in the single- - 61 -
AVENDED SHEET PCT/ CA2008/ 002027 01 DecenB&r/ 8/002027
(01-12-2008) file stream wherein the conjldgBted R $008 (01-12-2008)
fluorescence after absorption of the EMF radiation,
and wherein the fluorescence of the conjugates
conprises a distinct fluorescent spectrum for each
or mbee fitioteheent diyf tgpdse ahyg pdseremnithe ((Wosestentedydsdngetber eeuit at
nmonitoring the single-file streamfor the
leagt|saisk BBYEped cénhe flagraspendseoidbpjdifgack fuorgsesdispestpem after
detection devjce identifies the presence of the
absprpfjQiyel 188 FHY Rt ng for the distinct fluorescent
spectrum of each one of the conjugate types; whereby
t henqte ) [ Jfi,es r - h
6 ot Bt YRk FEg (Bophy o SEERERSL 7, LARGh the
conAfRREl A% on sl Rbdltho MhebeleRreaah) Bisithie det ection
ecul es further conprises a mcrobead i mobilized
relative to, and substantially interposed between,
7. t heltBRst Bietbnt hecdBRMf toudaiop bowbsreiaite whgngitas areeless than
BRM f | uor ophores emt at |east a BRM part of the
abolik gresweimce of the distinct fluorescent spectrum
after absorption of the EMF radiation. 3. The test
system according tq.claimz2, .wherei.n the BRM
. 11 USoBRoPEeT SRSt Bhde Bt 7nBrE il AR L teTies 245 e than
b %g élgHantiugwdots conprising one or nore quantum dot
avbo g T IhRE Wher ei n the quantum dots together enit at
| east said BRM part of the fluorescence of the
9. di Steeh: JPJSM 85&RAInSRERLY bR of Hiaimabsespivhereinkatthef the
EMF radi at'i on.
conjugates further comprises a target marker fluorophore bound to a respective

one of the target molecules, and wherein the target marker fluorophore emits a
target part of the fluorescence of the distinct fluorescent specirum after

" absorption of the EMF radiation.

10. The test system according to claim 1, wherein each of the detection
molecules further comprises a microbead immobilized relative to, and
substantially interposed between, the BRMs and the BRM fluorophores, wherein
each of the conjugates further comprises a target marker fluorophore bound to a
respective one of the target molecules, and wherein for each of the conjugates,
the BRM fluorophores emit a BRM part, and the target marker {luorophore 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.
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4. The test systemaccording to claim3, wherein the
guantum dots conprise two or nore of the quantum dot
types. 5. The test systemaccording to claim 2, _
wherein the BRM fl uor ophores conprise onePgF/GigPas/002027
fluorescent dyes, with the fluorescent dy8% December 2008 (01-12-2008)
conprising one - 62 - PCT/ CA2008/ 002027 01 Decenber
2008 (01-12-2008) or nore fluorescent dye types, and
wherein the fluorescent dyes together emt at | east
11. SaiTtheBRM RtfenOfacthi@igd uor danenie whetehe tte sdétadton device
fluorescent spectrum after absorption of the EMF ]
contpatheatat denst to aMatartchs tpreyedeartatc@IPHgnovitamys de single-
of claims 1 to 5, wherein the conjugates are |ess :
file strammalion e flgorrscersremaitied Ringhe gorgigates, wath gfigsteng of the

APISY 304ed 1 R it i PR Rge o8 o pRiE B BT weond
oneﬁﬁgﬁggggﬁf%gaq#?hﬁ%§g§gg%5gﬁﬁ?ﬁgﬁvgg3h§§§%§ﬁf%&?nﬁ§é§pm¢

of tg%c{f LRG0 &ML RBHAEE ¢h@rdRedt 5fe@ruMhBE &all @36 of the

€ conjugates further conprises a target marker
Con%%%ggpphore bound to a respective one of the target
ecul es, and wherein the target marker fl uorophore
emts a target part of the fluorescence of the
12. di Shiertest dfybueor esmedingsipedainu il af hereimwoppget garidrasthiower
EMF radiation. 10. The test systemaccording to :
intepbiay rHhan (isoPEM RAEIPlofNa RECIRTCERE Gh eI BETRgs Auorescent

further conprise m cr obead i ili.z relative
SpegtEimalRy SibERSh I dPE ST T B eﬁ%*éﬁt?‘et%o%kﬁéle of the
nd the BRM fl uor [ re t he
AP e A Rreec e ReTS apR e HERLRL B BAEALRS, o
fl uorophore bound to a respective one of the target

13. Mol eedll SsteANEh WREES thef Bes@rebfohrddienclenjlugat ese or more
the BRM fl uorophores emit a BRLVI part, and the - '

tardefEygRls ifaMidibgicaliasophople, editt hededtaygetn pamg forofsetvhigh:
fluorescence of the distinct fluorescent spectrum
after absorption of the El VEF radiation, such that
t he aBRfefr] arst ophores and the target marker
fl uorophore together emt the fluorescence of the

gIMS:ta:, ggqtt ,c.?fp’lf gﬁ rd%?e%%%%_r%&%%ﬁ elél,mwef{ht gichagfsﬁ'{epaétgéh(ﬁ{ oddi&ules
comprising one or more biorecognition molecules (BRMs) immobiliied relative
to one or more BRM fluorophores, wherein each of the BRMs is specific for one
of the target types, so as fo formm conjugates of the BRMs and the target
molecules, if present in the test sample, with the conjugates comprising one or
more conjugate types each corresponding to a different one of the detection
molecules in conjugation with its specific one of the target types, with the

detection molecules emitting fluorescence after absorption of electromagnetic

frequency (EMF) radiation;

wherein the test system comprises:
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008) 11.

The test system according to claim 10, wherein the

detecti on device conprises at |east two avglcg?c?pg%os/oozoz'i

phot odet ectors (APDs) nonitoring the singlé:

stream for the fluorescence emtted by theOl December 2008 (01-12-2008)

conjugates, wth a first one of the APDs adapted to

receive and identify the presence of the BRM part,

and a second one of the APDs adapted to receive and

id g f v LhecRLERBERR _@mﬁﬁﬁng"ﬁ gap Pdkfrateoportive shaped to

fl uorescence of the distinct fluorescent spectrumfor

saigdfigach of the conjugates. 12. The test system

according to claim11l, wherein the target part has a

lower intensity than the BRM part of the fluorescence

of the di)sti ot ¢ ueeisselorgatspsemPiimcharndygera igyd to

t he conjugates, and wherein_t second ,one qf the

APDs hagrablgmastage %%W%%Pﬂ?%%%ﬁ%@e% iant ‘one of

the APDs. 13. A test systemto test for the presence

of tar gglt;ﬂ mol.& ucgreﬁlogé ileing fEEufRé ChhARE thEMRE S Bplrative
e, wmtht

bi ol ogi test sanp e test system being

for use Wlfo teRetRHiiB of @RE buffer, with &d iohstors alorefflow
det ecti on l ecul es, wth each of the detection

nol ecul gscaimprdhahigs onoingmhe bhorcrcogrei¢lpogate sample
nol ecul es (BRMVs) imobilized relative to one or nore
BRM f | uchaphds, esjthwhereiffer eating froph ghaafimy fosusing channels
specific for one of the tar%et‘ types, O?rg]rlas t.0 forgI h
conj ugapsrasivelihdirprives asialerdle o e Hgate; faroug
present in the te sample,. with the conjugates

conpr i siaﬁbi?aé‘h%“eo‘?fsﬁi?ﬁﬁ%mé%%f%‘é'tegf types each
corresponding to a different one of the detection

mol gcul es 4.0, ¢an ] Ldddly SleBPEEhd ke BN fddibhign, at
ta@et taf/lplgg‘]i,d?a\%m{}%#gt 1583)5%%%% reml ecuf es emtting

f1 UQresSeRNss AbdiBbn ARSI Rlillon 186t eheef HaBgNple channels, for
frequency (EMF) .radi ation; wherein the test system

CORPEHSADN bybdhe colfildaEA2G0811R020% -Gl Deremberhegdg the
(01-12-2008) (a) a mcrofluidic chip conprising a '
chiffucsedzsheaatk tporonjogateh apewprises defishact fluorescent spectrum

for each one of the conjugate types; and

(c) a detection device monitoring the single-file stream for the
fluorescence emitted by the conjugates, wherein the detection device
identifies the presence of the c:oh}'ugates 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.

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 portion, with the channel walls comprising
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one or nore elongate sanple channels therein sized to
enabl e passage therethrough of the conjugates; and
(ii)one or nore flow focusing channel s thergirfcdRbs/002027

operative passage therethrough of the buffes, plddder 2008 (01-12-2008)
the one or nore flow focusing channel s adjoining the

one or nore elongate sanple channels, with the buffer
exiting fromthe flow focusing channels operatively
directing a single-file stream of the conjugates

twd Bf)@éﬁhgaﬁdé eastndNpordiont,hend avfpdreinc tanbeffs:; exifiby fasm the
irradi ating device operatively delivering the EMF

flow dckathg tharatelappdratieely atiteors the sirtglefileadttragm ehihg canjugates
| east one of the sanple channels, for absorption by

alothe seovflegathedat is infspasecheplation fremsatlgaghth gPROspg side
fluorescence of the conjugates conprises a distinct

chapnelp@di©8at spectrum for each one of the conjugate
types; and (c) a detection device nonitoring the

5 si ngl e31d, lgsgts A ea\?\:lggé{dglﬁ%ttgeclgi Of£SGRACE: ¢ trheeh¥dic chip

"the "Cconju €es, the detection device

furth@EMbh{iRes LSl S8@N a8 defl ﬁ%etl\%oéﬂipl%bﬁt&at@r‘porﬁon, with the
noni toring for the dlstlnc¥ ‘uor escent spectrum of

gla®adilOngrithg thisoteR] digahel pyprs; owid ebjeashent eSthe sample
systemidentifies the presence of the target

chanbélecuhesein the Heartred tvadlarfpttber ¢amPhise e dep chyryted portion, and
according to any one of clainms 1 to 10 %ﬂd 13, )
whenketry Shansaaple path) is pperdinelp Posioned |81 FRafRe| glatign from
defi ned by one or nore el ongate channel .walls of the
botl fipbeUBRRPANBIRATPBANAREAOR FRURARHETThar | s
conprising - 65 - AMENDED SHEET
16. The test system according to any one of claims 1 to 10 and 13 to 15,
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 downstream of the flow focusing channels, such that the

buffer exiting from the flow focusing channels and the single-file stream of the

conjugates operatively flow through the sample focused channel.

17.  The test system according to claim 16, wherein a buffer flow rate of the
buffer in the sample focused channel is higher than a test flow rate of the

conjugates 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
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008) two
opposi ng side channel portions, and wherein the
buffer exiting fromthe flow focusing chaﬁggkg%%? §,/002027
operatively directs the single-file strea %ﬂg
conj ugates along a sanple path that is in SpReEg>eT 2008 (01-12-2008)
relation fromat |east the two opposing side channe
portions. 15. The test system according to claim 14,
wherein the mcrofluidic chip further conprises a

mofH a8agslel e IPABERNEBGrdh@ppkihgssibed bAtddparitasdmne of the
W th %he gl ass slide defining a bottom channel

sanfpé thamedd. said at | east one of the sanple channels,
wherein the channel walls further conprise a top

channel portion, and wherein the sanpleéﬁath ia .
19. opditet iepeisystpas pEOBREG 1on clsindlE prpedt dhatrentiey gifeusing

both the boftom channel pqrtion and the top,channe
chappelsi ?ﬁ%?’m ¢ Gie FeBT8y Pﬁﬁtgcﬁ%?aten ?Fg%é%f ohe of o
. tclai[.ms 1 ggnlo and 13 to 15, wherein said at |east
MG oF AR Sanpl e channel s conprises a sanpl e focused
channel, with the sanple channels further conprising
20. 2 SRIRL& SYRB| Ychampeb ddnd 19ivh&oreitadidr@Rititig flom the
t he sanmpl & focused channel, and with the sanple
flow detseds ahannek deiragvepwostsesatheofortjigattd dwiof feusingly-file
channel s, such that the buffer exiting fromthe flow
strehocbyilegs thannkdet 40 dnichemeieny (e davagtresam @ f the ommon
~conjugates operatively flow through the sanple
intefgetigedotPd@hnel . 17. The test systemaccording to
claim 16, wherein a buffer flowrate of the buffer in
t he sanp] e _focused channel s hi - est 4 f4k0
21, af%‘eogg{ ﬁ%St%@nfﬁC§5§1$§ |p°n a4 eorgel %gl%{ea- | ﬁgtgtltrﬂe%rﬁ 13°8 20,

wh%rginl%ﬂgncge@% O?%%&?Hbl%% 45A%iRS R P 8djBnsGh@loRE of more

wherein the” fl ow focusing
elorfRROREH BleCORRhEIS @t 8h aliRAsThglamg]d boabdieo0slepres.
channels, adjoining the one or nore el ongate sanple
channel s upstream of said at |east one of the sanple
22. chdheetest sydtein aording fd eny farusl slpigkahiel ¥ and 13 to 20,
adj oi ning the one or - 66 - PCT/ CA20 8[_0202% 01
whepeireersbrot 1hogne @r-moreios foersiegs gh JeH}Ffhe one or more

channel s from apposi ng. si.des of sai,d at,.least one of
elonifée SpleaTehariner an digningogle 3ot e deBikesy di ng
to claim18, wherein the two flow focusing channel s

23. 2dwentegp?%ﬁ@[ﬁ QLB e € Qﬂﬁ%r?e%@@iﬁscf%nﬁl gnd@lizato 22,

ormmon 1 ntersection portion. 20. The test system
wh@EEOHH NGid Gubk@hm Bdridh gk efaBrichedbibbe rpddydinhdilylsiloxane
fromthe flow focusing channels operatively focuses
(PDIM®. conj ugates into the single-file streamby |ess
t han about 10 mi croneters (pm downstream of the

common i ntersection portion. .
24.  The test system according to any one of claims 1 to 10 and 13 to 23,

wherein passage of the conjugates 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 channels

are in fluid communication with the sample channels; wherein the chip substrate
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21. The test system according to any one of clains 1
to 10 and 13 to 20, wherein each of the one or nore
fl ow focusi ng channel s adjoins the one or PE?/EAz 08/002027
el ongate sanpl e channels at an adj oi ni ng apg c@ﬁber 2008 (01-12-2008)
about 90 degrees. 22. The test systemaccording to
any one of clains 1 to 10 and 13 to 20, wherein each
of the one or nore flow focusing channels adjoins the
one or nore elongate sanple channels at an adj oi ni ng
porBA9kLnthabtibedSo dRgineesbufidd3vell bajadcesta byStesmrting point
according to any one of clains 1 to 10 and 13 to 22,
of arblRr@ien of e dhivp feutstg ahenpast a gampe fvadll iadfrcent & rsomple
pol ydi met hyl sil oxarie (PDV5). 24. The test system
startiog qraainhgf tloe apynpdmeharinedd apsiseamtqd the fayy fagising dapnnels,
wher ei n passage. of the caonjugates through said .a
and| @ Agmigae votll pHECSRhAN endnbpibIL SF%‘P £DLSHT pag Y g sample
el ectyokinetic flow , 2 The t S ' _
chasg T e B A ort 0 (St MRS GRE A ystem
. - . . : _ | s
RO TS S eS0T SN B s
welD3 HgeewRar c12898d4 Q%er%ﬁv@l?@ﬁ))si’cﬁﬁfeﬂiiﬂ Rattssdidblikfer well, and a
Shaped to define a buffer well adjacent a buffer
ternsital Wellglp@idte operadcllygnesitidnedhia thedwrrhimel siehlyg wherein the
channel s, a sanple well adjacent a sanple starting
sampbi wellofledthel esiampicsatistedn sepplieshwithea firfelackical peygntial of a
focusi ng channels, and a term nal well adjgcent an,6 .
Firstaplapti MHGPI Hiedegninad 4l SlRETafe {HRPLARAE SERRRFFGHh 2
downstream of the flow focusin hannel s;: rei.n the .
secondalouy e G PR s Rt S e ] M et
erativel it j cnal I - bf :
but QPR USRI SLRRRH P iR AL £ R elecu Ol gcfinsal of

1, and a term nal well electrode
the%%% g%?@ﬁiy positioned in the termnal well; wherein
the sanple well electrode is operatively supplied
26. Wi tthe atekt rsytteet eadcoidiag potadaitd &5, ofrherefr rthe third electrical
polarity; wherein the termnal well electrode is
potaiel Hthigbeythenpbeifiest alabica podasdid el ectri cal
potential of an opposing second polarity; and wherein

each said buffer well electrode,is erativel. .
27. suppri Bat WML ACHPCIR% B HATR a‘?’é’ p‘é’?‘%ﬁﬁlﬁ‘ at ’ %gt?fe the third
L rst pol.ari V. 6, - . > ' 40
cleclii B8R ey e R D G LRSI ERAT R, |
hi gher than the first electrical potential. 27. The

28, t e3he 3R 0BRAL SRIAHNG o0 8hdTLRBlaiMereI1n, 26 tallé andfis to
the third electrical potential relative to the first

27, @hefdif acabt Powenid af thecatjogited n8tHe singR-filbhwrenests at least
system according to any one of clains 1 to 10, 13 to

aboltBtamahjuteop@7mivkier ein a test flow rate of the
conjugates in the single-file streamis at |east

bout 30 conj ugat i . . 29. The test t
29. 2o8be Hhey O A28, GIEPh “CHESPELE T gy BB & least

ab01?‘ct6d ceo%?&ga gsollajér r%?m.?tg.nj ugates per mnute.

30.  The test system according to claim 29, wherein the test flow rate is about

500 conjugates per minute.
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30. The test system according to claim?29, wherein
the test flowrate is about 500 conjugates per
mnute. -68 - PCT/CA2008/ 002027 01 Decenbes.2808008,/002027
(01-12-2008 31. A test systemto test for thg BLESENGC2008 (01-12-2008
of target nol ecules of one or nore target types in a
bi ol ogi cal test sanple, with the test system bei ng
for use wth: - afirst set of detection
nol ecul es, each conprising one or nore biorecognition

31. N0l ast €9steiBRIdS Jest foroibiel preedhce elf avigee nicdearies of onope more
BRM f | uor ophores, wherein each of the BRVs is .

targep egidsiic aftivlogivel st ssmepleawifbtthe yqsesysters hegng foriuse with:
conjugates of the BRMs and the target nolecules, if

present. in the test sanple, with the conjugates
conpfi Br$igsgnat o‘setﬁ%t}cgl CBAREYSEe 2§ he? éﬁﬂ“g One or more

) di i ffe . . ti
biongaapgerioneulss YO R oAERR, Sabif (obE h Ofhorg pRM
ﬂuo#% es L RERIn %’!ta&hof R IOk YO L5 M bhk R the target types, so

orescence arter absorption of el ectronagneticC

as th TS9N BEMgh VY thaBiRALS A tiNthrget moleculas Nt pr@bhtindihe test
chip conprising a chip substrate portion shaped to

sarr@Ré, | ethoiee @onjuyaese comgaisngs ampl @ chamnebyughier Gipes each
Si zed to enabl e passage therethrough of the ] ) ]

correepgnidjagas,a ditferent ehngf thef detectinn Bwhswiest ieconjugation with
conj ugates passing through at |east one, of t

: fpe sanpl e
its SpRAAR NG OF Ao FBBR BRE KR U iR AtE T g oy ey oy after

irradi ating device erativ eld.verin he EMF
absorgiom e shengmagner SR Bhpy FVEL AR e S
, | east one of the sanple channels, for absorption by

the ﬁﬁ@&@@h@&ﬂagl JS@?%@%@% {?Zcﬂg% kbt BBHM Shled thBofine

conjugates emt ter - absorption of the

oneEMF Rtk atlofBateangniiler ehdhriche thbnar esicehc® anablee passage
conjugates conprises a distinct fluorescent spectrum
therktiroaghhoOiee aforfimtennyvithab esingleefdle stnehntb)f ghe conjugates
- detection device nonitoring the single-file stream
pasfing thiverghl ai drast can ot therramad chyna9hs conj ugat es,
wherein the detection device - 69 -

PCT/ 008/ 002027 .
wherein the test system comprises:

(a) an irradiaﬁng device operatively delivering the EMF radiation, at
an irradiation position along said at least one of the sample channels, for
absorption by the conjugates in the single-file stream, wherein the
conjugates emit fluorescence after absorption of the EMY radiation, and
wherein the fluorescence of the conjugates comprises a distinct fluorescent

spectrum for each one of the conjugate types; and

(b) a detection device monitoring the singlefile stream for the

fluorescence emitted by the conjugates, wherein the detection device
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01 Decenber 2008 (01-12-2008 identifies the presence
of the conjugates by nonitoring for the distinct
fluorescent spectrum of each one of the conjatgaheoos/002027
types; whereby the test systemidentifies tdie pecember 2008 (01-12-2008
presence of the target nolecules in the test sanple.
32. The test system according to any one of clains 1
to 10 and 13 to 31, wherein the irradiating device
conprises a light emtting diode (LED) operatively
enifithiited he FMsenadbatherofjugatdyr ptanderipy, forethe distinct
conjugates in the single-file stream 33. The test
sy stemeseoospichyn of eanj @reeofdhe epjigate 1yRes: 10 and 13
to 31, wherein the irradiati ng device conprises a
| aser oBerativer enixtigg‘t e EMF radi ign fgr lecules in
b SORBEPBIT® o5 A BT HUES LI EREIG) g (rgep molecules
stream . 34..The test system according to claim 33,
whedPE i e#8PI%ser has an operating power of between
about 2 negawatts (MmN and about 50 negawatts (nW.
32. 35 ThkNGest %?Eteﬁy SEQIFUBLEL 6 %F}goﬁ@ of | s 38 to WiDe AR 13 to 31,
the operating power of the laser is between about 20
wheRgaWeHe! Sriaiifkingn deaiautccdbprimgawatlight (ejtting3aliodhe(LED)
test system according to any one of clains 1 to 10
operatiivel@ dnittdg twhEME nadingoENpr ebatirptivn iy dpererjugatss in the
delivered by the irradiating device has an EMF
singlevfBé emgarh- of about 488 run. 37. The test system
according to any one of clainms 1 to 10 and 13 to 36,

39. b Hn b BHOTLAGIELEY £ (ABCRIC RorSeLar e (igend oo 31,
whi‘?}i%aﬂg WS ?izjrllﬁfaﬁ}té Q%ﬂi%ogor}l ﬁs%é KRS GPRERIVRN) bhBGirdYthe EMT

€ conj ugat esf each of the APDs adapted to

radi 2R8I e B pHER B thi chhfigREe SR BEEsing ledildbfrbanent
range of magelengths in tthe fluorescence enitted by

the conjugates. - 70 - PCT/ CA2008/ 002027 01 Decenber
34. 200 Rit $2t20@8YordBE tThleimn St whpstinihadser Bangn operating
claim37, wherein a first one of the APDs is adapt
power pidmtiveen abebt asgrtatts pa Vi dxbihaut e megvedts @aﬁge
of wavel engt hs, wherein a second one of the APDs is
adapted to receive ,and

oA bR TR SR P g v
Iase% rlséé(gt%vébe‘ﬁg?)og§ %g%&%&ﬁ%&&&ﬂ%gh? &b Ql'i‘ﬁZH &@Q&WE%S frhW)

nce el engt hs.

36. The test system according to any one of claims 1 to 10 and 13 to 35,
wherein the EMF radiation operatively delivered by the irradiating device has an

EMF wavelength of about 488 nm.

37.  The test system according to any one of claims 1 to 10 and 13 to 36,
wherein the detection device comprises three or more avalanche photodetectors
(APDs) monitoring the single-file stream for the fluorescence emitted by the
conjugates, with each of the APDs adapted to receive and identify the presence

of a different range of wavelengths in the fluorescence emitted by the conjugates.
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39. The test system according to claim37, wherein a
first one of the APDs is adapted to receive and
identify the presence of a green range of T /CA2008/002027
wavel engt hs, wherein a second one of the Aé DdSember 2008 (01-12-2008)
adapted to receive and identify the presence of a
yel |l ow range of wavel engths, wherein a third one of
the APDs is adapted to receive and identify the
presence of an orange range of wavel engths, and
38. Whermgi @sisyisaur hbctengdfo tlagn APDe/hiesciadaiisednt of the APDs is
receive and identify the presence of a red range of
adapeacelengiehs. andi@deriffe thegiresyet erhagreendiange 106 waedlengths,
37, wherein a first one of the APDs is adapted to
wheretes yeroaddricdd the AP s agppiedriesesivean| fenfifn the piesence
wavel engt hs, wherein a second one of the APDs .i .
of aghPwdranger ek N AE RS, R i RPrEiRea pt}‘éfgeﬁlé@e otthg APDs is
reen range_of . I t.hs, wherej [
adaflset oseeive »Sa iy BB PeenlOLEl Aokt bf o fREntlhs
presence of a yell ow range of wavel engths, and

39, WNef Qi t@stasﬁrgﬁz% fabcd%ﬁg'té)fo ER8n APDesHeseiAGa@ise dnk @f the APDs is

receive a i denti f he presence of a red range of

adapelergleli® andtidenttie thesfresytt e agoendiange tod vamyelengths,
one of claims 1 to 10 and 13 to 36, wherein the

wheteires técond dewiof ¢he AR is edaptedHargesi coupd stentiéy teepresence
nmonitoring the single-file streamfor the )

of afytellomerarcd vernealeanhe wherein p fiing sneS! the AFIRs i adppted to

systen1accordi?% to an o?e'of clains 1 Eg 10ang &% and
receive 36 WHAHEY nhEnBITERET I o (8O Ee "RBRpI T s 88 VA e
| east . t aval anch Q t.Qr. S Rk ard
wharil & (S PERETSERAT; SRRHEE Prish AL idERTrY Bid féscnce
: = ool E 008/ 002027 01 Decenber 2008
of a%%%&%ggez%%‘g?v%g tﬁggtzés, with each of the APDs
adapted to receive and identify the presence of a
40. di friereatsycragacafrdway el enghtls, Whetdie o fitsooes eéribe APDs is
emtted by the conjugates; wherein the detection
adageni oe réaiiehand doemtifysty: preshaegyef eovlpre@ngewif cgavelengths,
nnnitoring the single-file streamfor t

he. .
whdrpilor gesen oge @ﬁ]ﬂ{lg %,1.5 @ﬁép@gfﬁodﬁcaqﬂé% ancgmr\mg Fléef presence
of arfg A HHE GNP ERFRE 5O ISR Db PTG Py Do i HHs6Rd to
| ngl e 4d] . . nd wherein
e e R

a fo%‘ﬁé‘a‘%t HBe APSd B dWapled @ MedlarkBideatiBpthafhiRE@dR of a red

ect1on device conprises at |east one trip
ranSeRSRhvEBEthor i ng the single-file streamfor the
f1uorescence enitted by the conjugates, with each
said trip sensor generating a digital signa
41. coffhestesnsiystemt accandingt thahyyors of iaimsyblesiPenpd 13 to 36,
44. The test system according.to claim

. . _ 4%, MhereLP e the
whasgishthe dedeqtion eaeR BrmEtie? AcBer 8T gl CAYICE Pypitorme

_ Ly wh he. i it f t fl : IS i
singdigtlidig frhrmamacmenerty e aniN RIS At Cai d

trip sensor has a different pre-deternined said

42, M R AU %;sg{igi Lbord 3 toTEﬁPrt&%I 08 YL@ 8a60rdhAg 10to 36,

“any one o ims 1 tOo 44, further conprising a fiber
whe@Bin theCabkegiowidekideherhphisss apldast ablavabprehatihatbgetectors
del ivering the fluorescence to the detection device
(APDspmsnibsignthalsingladilactream dot fee iffuogeHcapieopmitted by the
position along said at |east one of the sanple
channel s. 71
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46. The test system according to any one of clains 1

to 45, further conprising a housing encasing the

irradi ati ng device and the detection device, with the

housi ng si zed and adapted for portable apgr/cazo0s/002027

poi nt - of - care di agnostic use. - 72 - A o T 2008 (01-12-2008)
PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008) 47.

The test system according to claimd46, wherein the
housing is sized and adapted for hand-held use. 48. A
con @i%&egiwsﬂﬂ@ eudloof g8t APDE ddaptal esemeiweaindtidegtfy the presence
nol ecul es of one or nore target types in a biological
of a disferasnphge ofvvekelehgthsds the fisprsrdnst sgritted bydhe gpnjngates;

- a buffer; - afirst set of detection

whensireclicesietesiion c6Hisei Sitheiorfemprisier @ BhgBecyRied cifvice
o 457 SRl T B SREo @ Py e BB

i ficf fydk r
anc Bt o B PP i h FRE LSRRGy 3o} Bk Ahfins o
swiPJh?ﬁg Bh sk &bl ﬁ%nﬁ@ﬁ%%ﬁ@%@le—ﬂé Srdahe we@N¢ilGRURS APDs or the

conpri sing one or re conjugate types each
Chagg;&ﬁﬁﬂ@a@bﬁgglo a different one of the detection
nol ecul es in conjugation with its specific one of the
target types; and - an irradiating and
43. detTéet tosh sgisteic ecougily to ahydens werclaigs 1 to 10 and 13 to 36,
electrona%Petic frequency (EMF) radiatjon f

or e
whersgbiln Hefechon dediceqiugatest IirstiPienEipcssgg gdtoring the
. emtting fluorescence after S ion of t.h EME .
Slng%g—dh %FF%WP ‘J\?&ﬁéﬁ% Oféffgeiﬁeu%f‘%gecen}g t(teheo?mﬁﬁ%étg% nj ugat gh said
. include Estingt . C SN Al LR5HPNE th
TP, FERE %ﬁ?%ﬁ%%é?&%%%%ﬁgﬁgﬁﬁﬁﬁ t he ﬁ?radiation gﬁd ¢

fhugg&%ﬁEéon device al so capabl-e of nonitoring for and
Identifying the conjugates by the presence of the
di stinct fluorescent spectrumfor each one of the.
44. confugadse syyees acedreing not dain et whgemmeednpaids &3p gensor
mcrofluidic chip conprising a chip substrate portion
genstrpedhe dligitdli signal( enlsnehep Wer Brtetsdigel & dyprescence is in
excéqg%?nwemel S@a}q}hﬁ%%%ggtéﬁ%& %?ggle%d? gg’i%[a@i% stetr]tgér tepsrsg H%Perent

pre-determined said minimum intensity.

45.  The test system according to any one of claims 1 to 44, further comprising
a fiber optic cable, with the fiber optic cable operatively delivering the
fluorescence to the detection device from substantially adjacent to the irradiation

position along said at least one of the sample channels.

46.  The test system according 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.
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008)

(b)one or nore flow focusing channels therein for

operative passage therethrough of the buffer

the one or nore flow focusing channels adg1 02027

one or nore el ongate sanpl e channels, tH7e If@POS (01-12-2008)

exiting fromthe fl ow focusing channels operatively

directing a single-file stream of the conjugates

through at | east one of the sanple channels; wherein
47t hq}'{@ t%t%y%%éxﬂ'a"éc&'&ﬁhl% kS cﬁ@kapé&dvlt@emp&@aiousﬁigus sized and

receive the EMF radiation fromthe irradiating and
adagedde@rihanddedd aee. at an irradiation position along

said at |east one of the sanple channels, for

absorption by the conjugates in the S|n Ie fléﬁ
48. st rekept sastlarininetest frrtihe RRCeFSEIiteeet oM %Cq%s 9yt ggmore

to enabl e the Jr adj at i ev
torr IR FIROISEHG] o1 e B PUE St rraer T e it
emtted by the conjugates; whereby the conjugates are
operq£1 ely identifiable by the presence of the
dlstlnc quorescent spectrum for each one of the
conj ugate types, such that the presence of the target
nmolegufigs &dt bheddtegiors anpleeules, epelr adonvelising one or more
identifiable by the test system 49. The test system
biorecegiitibngmblecoleai (ARE5) wherdiibizeshirdatve Itea@tte onemgfe BRM
the sampl e channels is defined by one or

fluceb piveas.evbeigitherchel the Pd%Mﬁ e SRAHS f@&@é\?r@étﬂée E?é‘g?‘i lyRes, so
th the ch

as t%“m@p%y%a%%hgﬁhﬁ 7B g R Roa PRERRL Y st

s MR DB PTG QPO b A SRR Bl Mo act

con%g;%)!;h&ﬁgtto' dfffé é&a&?éjof &{eaaéteéhérr ﬁ{m@&ﬂéseﬁs(@mﬁ e HoOwith

si de C annel pOftI ons. . he test system

its s?@&ﬁ&@!n@%fﬂ{b ﬁkg&@ﬁ&s MRET ei n the m cr of luidic chip
urther conprisées a glass slide underlying the chip

substrate portion, with the - 74 - - PCT/ CA2008/ 002027
01- Bederii@tin2Gos! {atction devigy capable of delivering electromagnetic

frequency (EMF) radiation for absorption by the conjugates, with the conjugates
~ emitting fluorescence after absorption of the EMF radiation, wherein the
fluorescence of the conjugates includes a distinct fluorescent spectrum for each
one of the conjugate types, and with the irradiation and detection device also
capable of monitoring for and identifying the conjugates by the presence of the

distinct fluorescent spectrum for each one of the conjugate types;

wherein the test system comprises a microfluidic chip comprising a chip

substrate portion shaped to define:

(a) one or more elongate sample channels therein sized to enable

passage therethrough of the conjugates; and
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gl ass slide defining a bottom channel portion of said

at | east one of the sanple channels, wherein the

channel walls further conprise a top channel portion,
and wherein the sanple path is operativel yagrgsazaosiiec2027
in said spaced relation from both the bot tanpebsutael 2008 (01-12-2008)
portion and the top channel portion. 51. The test
system according to any one of clainms 48 to 50,

wherein said at | east one of the sanple channels

CONpY | SeBedrsabR fofvofuasdgahannesk, theveirh fathepeatipt passage
channel s further conprising a sanple supply channel

i n theéretttrooghmirthe diffen, withHhe meesanppee flovuksedsing channels
channel, and with the sanple focused channel hein
dowdgtiniegmilef onReott Puwe f JenSItA gFaEHaA rFé13§1,r‘EI§u8‘H§l A buffer
the buffer exiting fromthe flow focusing,.channel s .
an@itig Egis 447 docti At P SEHT Y i RRS ngle-fe
operativ flow thr h .
SoSbih Fele "of et el PPl eGSR ETIARREL)

to 51, wherein the flow focusing channels conprise at

| eaaterb i Qk-hAGHEE RRiCRanngIEd t@dpeiatively tdheiverttie EMF
or nore elongate sanpl e channels upstream of said at

| easdiaiog fbnt hise danpieinghandedstectivnt kievive, tivorf pediation
focusi ng channel s adjoi ning the one or nore elongate
sappbitionhanng lssidf atdmappesiinge spowie drargwls for absegption by
one of the sanpl e channels. 53. The test system

ac e errigstes & emimgle-flpare ¥HE two flow focusi ng
channel s adjoin the one or nore el ongate sanple

h ls at a. i nter. t L1On.
Costhegyy B RucOMiRRy PUSoF ZERPEY PRRLHER reptaglitfon and
ex 'd%%e%go{\ F O10;E &0 Trh QWb OGS 'sﬂ%l&-lﬁf?@ RELSMORSRT Bl MBbdescence
focuses 'the conjugates into the single-file stream by

| egmittb@ByaROWbnjhRatel,crometers (im downstream of the
common in?ersecti on portion. - 75 - AMENDED SHEET

PCT1CA2008/ 002027 01 Decenber 2008 (01-12-2008) 55. '
Thevheesltty gyestaimgteoan operadvelpydeiiabie by dherprepgnecoof the
54, wherein each of the one or nore_flow focusi ng

chdintielcs flugjesrend spRerwRdop pashoere of Ihg Ganiealiiypes, such that

channel s at a dj oi ni.n ngl. e of ,abqut. 90 rees. ..

56 therpeesense %y@’?eﬁ%@c&@?‘%&eﬁ g éﬁ‘?/ %S%esag?glglgl i Rerggvely
"to.54,. rei ach he one or nore flow focusing
chh%ﬁ&ﬁ&é}@%dﬁ’%&ﬁgtegthsgg%ﬁ% or nore el ongate sanple
channel s at an adjoi ning angl e of about 45 degrees.

49. STThINEstt §5ters YeLOIDIAL GO WAIRY 4BO whRYeiANRIDat ¢éaat WBe 4l the
to 56, wheérein the chip substrate portion is

sambabéhaatcddis damgbby dirmedhylet |eboagute CRDMBI . walk8of Hwechip
est system according to any one of clains 48 to 57
subathte @ontipa ssily ehe thatee] gor]suganpssing TP RAFRE sidle channel
| east one of the sanple channels is facﬂ' litated by
portidrse tansk iwibetetn fthewpuffer exiting from the How focusing channels
operatively directs the single-file stream of the conjugates along a sample path

that is in spaced relation from at least the two opposing side channel portions.
50. The test system according to claim 49, wherein the microfluidic chip

further comprises a glass slide underlying the chip substrate portion, with the

- 74 -
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59. The test system according to claimb58, wherein

the flow focusing channels are in fluid communication

with the sanpl e channels; wherein the chip substrate

portion is further shaped to define a buffBFTAH@RPO8/002027 :

adj acent a buffer starting point of each oftk Rfcepper 2008 (01-12-2008)

fl ow focusi ng channels, a sanple well adjacent a

sanpl e starting point of the sanple channels upstream

of the flow focusing channels, and a teimnal well
clagdjiakedtfimingentopoinnthanhel porticat of wéd at brset ofie Phéhe sample

sanpl e channel s downstream of the flow focusin .
chaghalsneihereintibe ehannd evallsdurthys CRMPTiEe # P @ ipegisory and

sanpl e well el ectrode operatively 8osi t{éfned i,n Ih.e ¢
wheggirptiee vinple RathyisroReraiYqly Mositongddn spist SRacd) fytanon from

osifioned.in each said ffer well,; a teim nal

bo"ﬁéﬁ? {"éTt@E}%&@e L A @;"eﬁ%%f: ?%nﬁéggﬁorf'he t er mi nal

wel | ; wherein the sanple well electrode is

51. OP&fit jce\éF Ejy t@%\ cbﬁgng‘gslt)rén S 8t c18i8£ 1% k€ 8D, wherein said at

potenti a osf I rst arity; wherein the term nal
leadtRide &f 8R!t L06i8le i BAREE abntelsys suppipledonisell dhameelpndth the

el ectrical potential of an opposing second polarity; _
sangsld Whenedln Bathersaiothprisifg - a PETPERA2GGHIQ0LERTY 1IN fluid

Decenber 2008 (01-12-2008) buffer well electrode js
conppenitktivel itk thplshewlededsed chprrpleped fyijlt e sample focused

tential of the fi larity. 60. The test tem.
e e S P o 90, ThE L BBl
potential, i s, hi th the.first >t i
ex1€r§3 gtﬂclni!nglthtle ng)lvlv g%@swgi?hasnﬁgetlse Ir%rn?(: élgér %%ﬁn%ll%{%fgé Csihaalarrﬁ of the
N | b Oy | Ll tential -
corf s a el R rrBligh I H R o e oLt

1.8:1. 62. The test system according to claim®6l,

52. Whermngi RsBsyis@sh abtaniin@teant ohbef chijnugatte$1j whieten the flow
single-file streamis at |east about 30 conjugates

focsing mhathes cofigrisehet teast twey Steamfecsorglichenneds, cidieiping the
62, wherein the test flowrate is at | east about tgo
onegmhotfatlengpe samiphe eannefyupstrran ggaid gk Teash QRecel e Agmple
to claim®63, wherqii n }he test fl o%/ r%ie IS ?.gout e5810 more
chagpplpy gatle sheerv e et efocUgEs Fhigqely AR Em 32 B1FdPhd
t o .any one .of cl aj . rei
cloief NPT rPuEl aPR e Gire oY e e PR R e ot
nel is higher than a test flow rate of the
conjugates in the single-file stream 66. The test
system according to any one of clains 1 to 65,

53. Whemei fest Besters hesyrdhgmts slgiar 62 culherdiy theapte dlofofocusing
use with one or nore biological test sanples selected
chafinelm tdjeirgrtbapononsi snimgelhghleosamplg ichennelpudiyg common

and serum_ 67. Use of the test system of any one of

integpegtips pPriten66 for a diagnosis of a disease state
selected fromthe group consisting of bacteri al

di sease states, viral di S gl di582%8m th
4.5t e iR erb e it BREPe kAL Ry L08R SLGRETm he
flow focusing channels operatively focuses the conjugates into the single-file
stream by less than about 10 micrometers (um) downstream of the common

intersection portion.
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- 77 - AVMENDED SHEET PCT/ CA2008/ 002027 01 Decenber
2008 (01-12-2008) 68. Use of the test system of any
one of clainms 1 to 66 for a diagnosis of one or nore
i nfectious di seases. 69. Use of the test PSTAFAERPBF002027 |
any one of claims 1 to 66 for a di agnosi s %4fDgpember 2008 (01-12-2008)
condition selected fromthe group consisting of HV,
HBV and HCV. 70. Use of the test system of any one
of clains 1 to 66 for a simnultaneous diagnosis of two
55.0r THY RsDfystdia rondiihg omang eneatfethifiscld tch®d, grlorpin each of
consisting of HV, HBV and HCV. - 71. A nethod_ of
thefomeidrimhatd flgy dotestng Homnelreadipias dhe ene pr mgrgelongate sample
nol ecul es of one or nore target types in a biologica
dﬁm@@ba§aﬁﬂﬁEFWﬂ&?Wﬁﬁ?&ﬁp%%ﬁB%ﬁgﬁﬁ the steps of:

a sanple flow ng step of passing detection nol ecul es

h el
6. NI PR B TS0 B POIRL P AU SaCDBNELE ETR e of
they)é{?@fo%'rﬁo%%&%ﬂsﬁﬁ% Aol arld QN)o#RIRE Bhe Sr FasRId GRS tORple

nore bi orecogni tTon nol ecul es (BRVs) 1 mmobilized

chahBERlk ¥R aHRIGNG AldBf I3 tegaseophor es, wherei n
each of the BRVs i's specific for one of the target

types, so as to formconjugates of the BRVE and the )
57. t arljet tesdyeearh escording tesmn ong pf chéems 48 tto Sanphereinjtih chip

the conjugates conprising one or npre conj te types
subetagte pUHPEB dptaREicAgdtsom WiY‘ﬁl@??éhYlggﬁ’@I@f(w@&'

detection nolecules in conjugation with its specific

58. g? e%%g@tpagrsge%% %ﬁ%%rtld%{%]e ?% ﬁ% one of Cpalf&fs R t%)l MI%%ssage

one or nore flow focusi‘ng

of tfr':xﬁre] gc:)]lgﬁlg%tle% %grq;gx%hi Aid BEGh ReSH RS LALBIRPERHOR idfactiftfted by

I'p, Wwth the flow focusing channels

eké%%ﬁ&éﬁ&ﬂb&he one or nore el ongate sanpl e channel s;
and - 78 - PCT/ CA2008/ 002027

59, The test system according to claim 58, wherein the flow focusing channels
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 sam_pie 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 electrode operatively positioned in the sample
well, a buffer well electrode operatively positioned in each said buffer well, and a
terminal well electrode operatively positioned in the terminal well; wherein the
sample well electrode is operatively supplied with a first electrical potential of a
first polarity; wherein the terminal well electrode is operatively supplied with a

second electrical potential of an opposing second polarity; and wherein each said
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01 Decenber 2008 (01-12-2008) a sanpl e focusing
step, after the buffer flowng step, of directing a
single-file stream of the conjugates through at | east
one of the sanple channels by passage ofctiuazibosdfae2027
fromthe flow focusing channel s i nto theldwepberm®0e8 (01-12-2008)
el ongate sanple channels. 72. The nethod accordi ng
to claim 71, further conprising a conjugate-formng
step, before the sanple flowing step, of formng the
bufePRi-dlDaleaolly it Bpeadbielnguppie:dBRIMb 4 Hiiod thetfied tpotential of
sanple, so as to formthe conjugates of the BEMs and
the fife podargigt nol ecules, if present in the test sanple.
73. The nethod according to claim72 wherein, in the

conj ugate-fornming step, the conjugates are of less. .
60. t héflﬂil'ea%@tSthﬁ% 'é‘?@ﬁg_‘ﬁ‘ér & (IR iSﬁf Shgremn 7he electrical

nmet hod, accor.di to claim 73 in, in the
PO“?HH?H%QE§9¥%Pﬁﬂﬂ&fg?%%?dFﬁ%f%%gﬁﬁgates are of |ess
than about 5 micrometers (um in size. 75. The
61. ”E‘Iﬁk%dte%t:%%ééh{‘ga&&dahg'tm ZAiwhed eivherdi 4 hatio of the third
conj ugate-form ng step, the conjugates are of |ess

electii@il pBRatHal el 8l 6 RMBleqtrs{ lBtrical [Sitastial i¥Sooukhies: ret hod
according to claim72 wherein, in the

conj ugate-form ng step, target marker fluorophores
62. coffhagmbl eyaemhacnediog orkimnfol Hféhftfﬁlfgétteﬁ’yg@%’ ggte of the
i ntroduced, such that the tar%et ngrker,fluoroghore;
conjmgatasinshe singledilestrennyis af fragnePati el Conregiis T mupite.

The nethod according to any one of claims 71 to 76

wher ei in th | e f j D, i _fj
T e e
abogg%gg%ﬂgé%%%gégﬁgﬁﬂgﬁd relation fromat |east two

portions of said at |east one
of the sanple channels. - 79 - PCT/ CA2008/ 002027 01
64. Deqaphest 2008 6Bdordizh? @08him 38, wheeeinehd ot Slovorate rgabout
to any oné of clainms 71 to 76 wherein, in the sanple
500 tagjughteg pet epputene single-file stream of the
conjugates is directed along a sanple path that is in

o TS oo, Lom o | sast ton and o el o
79. T hod_accor di . f. cl aj {8 higher
i BRGFE P AR EPLEL IR0 L gttt
thar] b QU8 B Qe ﬁle%nﬁgfa'i{-%s ANRe AnidigISarmLe channel s
at 'a buffer t ha

oW ra t 1s higher than a test flow
rate of the conjugates in the single-file stream
66.  The test system according to any one of claims 1 to 65, wherein the test

system is particularly adapted for use with one or more biological test samples

selected from the group consisting of blood, urine, sputum, and serum.

67. Use of the test system of any one of claims 1 to 66 for a diagnosis of a
disease state selected from the group consisting of bacterial disease states, viral

disease states, fungal disease states, and vector-induced disease states.
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80. The nethod according to any one of clains 71 to
79 wherein, in the sanple focusing step, at |east two

of the fIOM/focu5|ng channel s adjoin the sa ngaﬁ?
0§/002027

channel s, from opposi ng si des thereof, u
said at |east one of the sanple channels §f°ﬂ?ﬁﬂ‘2°°8 (01-12-2008)

nmet hod according to claim80 wherein, in the sanple
focusing step, the two flow focusing channel s adjoin
the sanmpl e channels at a common intersection portion.
68. 82 Uskhe thetdsbsysienaf dinggreef akymeido6b fot almgnpgistod one or
79 wherein, in the sanple focusing step, each of the
IﬂOﬁﬂBﬁmﬁOﬁ@d§3@$ﬁMIfOCUSIng channel s adj oi ns the sanple
channel s at an adj oi ni ng angle of about 90 degrees.

83. The t hod accor to a one 0 41 to.
9. 76 Uit te?mssfsﬁeﬂ oinaaﬁf OF e SRSIHEE o 55 B4R B of 2
0 [ sanpl e
con R b8 ﬁBﬂsﬁﬁ"‘?%@Fff*?‘é%%%? BB ST cae
84. The net hod accordlng to any one of clalns 71 to
70. 79 14ae5eIR, tekiNsF@MSEIMRAE ohecdfSilignss1 ep, cepas sagendlianeous
the single-file stream of the conjugates through said
diagrtostseafstivwoemoie bh ehes eorplitonharientd fiosn fracgioupatcadishing of
el ectrokinetic flow - 80 - PCT/CA2008/002027 01
HIVDEUEYbed FX0¥8 (01-12-2008) 85. The nethod according
to claim84, further conprising an electrokinetic

L e
oe T B LBRE 3 BF ST, e KRR G RHSID o

of- Opposi ng second polarlty to said at |east one of the
sanpl e channel s downstream of the fl ow focusing
channels, and (iii) a third electrical potential of
t he sfahfl:ﬂé flpatiy bty df passin deetioh ndlecdleotirbogisiagr more
channel's. 86. The net hod according to claim85 -

elongatr eampld charmelsefaaotadoki aethie ssbepate tpsstiphiqf . microfluidic
el ectrical potenti al |s hi gher thqn the first

chipe| sdier¢ipalcagot ehtthgl . detegponTRRolRgHRD - ERRHS gt §r more
g S RSBl B SRS DGHAE 958, of B B
ﬂuomagflﬁérgg | Gkl C@Jchp&{tﬁ tﬁﬁd%%ssekﬁegﬁwfo} ofle bf thefgélrgel{n?pes, 50

accordi Ihg to c rein the nethod

as t i‘lfrtnlf' €bnj ﬁg&ﬂéﬁ b8 e BRMIS4RP T Ofarget molecdBs,if pAdbAL inGe test
step, after the sanple focu3|ng step, of delivering

sam@leg Clvitnagnebhjaghtce quanpyisingVbhe radinadreoeortjogdthetypes each
conjugates in the single-file stream and
corresponding to a different one of the detection molecules in conjugation with

its specific one of the target types;

a buffer flowing step of passing a buffer through one or more flow
focusing channels formed in the chip substrate portion of the microfluidic chip,
with the flow focusing channels adjoining the one or more elongate sample

channels; and
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a fluorescence-detecting step, after the irradiating

step, of nonitoring the single-file streamfor

fluorescence emtted by the conjugates, with each of

the conjugates, after absorption of the MECY/Fa2008/002027

radi ation, emtting fluorescence of a di $fi Regember 2008 (01-12-2008)

fluorescent spectrum for each one of the conjugate

types; and a conjugate-identifying step, after

the irradiating step, of nonitoring for the distinct

f | uoseesplerfocsyieg srepefiér dadvffmdlosfing istere ohjlirgeting a single-

, types, so as to identify the 1presence of the target

file rateapulob Shi ronfitgatess thretigh) &, leastgqne. of the sample channels by
PCT/ CA2008/ 002027 O Dﬁce er 2008 (01- 12-2(r)F 8)  89.

pasyage RETRD PUbEE F‘b‘i“né‘et OF| HWEEE MRS {hgige Of more

- ,.conjugate-formng step, target marker fluorophores

EIO%%EB%ERC?F ‘fhc?npgfs%pect ive ones of the target nolecul es,
such that in the fluorescence-detecting step, the

72. targel hBLKET addbHAnEPROT@SEMI Rrfhaf GRinPMihg @NGnjugate-
the BRM fl uorophores emt a BRM part, of the distinct

forrhirigok RS Gforepatt samplofloadan aeaes of fdrengoheugategates by
types. 90. The nethod according to claim89 wherein,

intrbduting the BRMds detic thad@st satinply, Spas, tof foror s ceniugates of the
emtted by the conjugates is_received b){ at least two

BRMvahdﬁbﬁ@rﬁﬁbWQlfﬁétl{?étléP§eL°@API%§}}e GFLSAT !4 r st one of
the APDs receiving and identifying the presence of

t he,BRM part., and a, second,on f ot LV
73 and TedBRTAAKIERE O F s%‘nczeng Ioeflhelﬂt%&éﬁgge%ﬁu%%rgt% {jyﬂ(}?‘% step,
r h St _spectrum
the il RES SPREFAL b 1 B e RS Pod
according to any one of clains 88 to 90 wherein, in :
74. t hgHerhaghodt 4agrEhe o cRitdaSewhbain, ng the cagegatifogning step,
power of between about 2 negawatts (mA and about 50
the negjagates sré ofpssdlainabost § melcENEetesdam) iprsizco t he
conjugates in the single-file stream 92. The net hod

according to claim91 wherein, in the irradiati.ng .
75. ot dhe MABCHRSFARIRG [HEREP 1WBETaieR tap EU B e-foring step,

the RO RBAA SEOPGITg ¥ SHRY AR BT AL BErs 02

wherein, in the irradiating step, the EME radi ation
76. ha?ﬁ%gn%d }f&lcﬁﬁ‘%‘%@ Rimaohe ABS iAMhe c&ﬁugig_t%qormmg step,

me according to any one of clains 88 to

targe 8FfBy fluBrdpiRréd vajegsidaceterecdr mgrebeihe tahget types are
fluorescence emtted by the conjugates is received by
intradateal, gaele dupilthd taget oerker $2oropANVENDED ISHEDIlized relative to

and the conjugates.

77.  The method according to any one of claims 71 to 76 wherein, in the sample
focusing step, the single-file stream of the conjugates is directed along a sample
path that is in spaced relation from at least two opposing side channel portions

of said at least one of the sample channels.
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PCT/ CA2008/ 002027 01 Decenber 2008 (01-12-2008)
95. The nethod according to claim88 wherein, in the
fluorescence-detecting step, the fluorescence emtted

by the conjugates is selectively receive L '
one of a charge-coupl ed device and one o?ﬁ%ﬁ;ﬁf@%gm_n_mg,

aval anche phot odetectors (APDs).
78.  The method according to any one of claims 71 to 76 wherein, in the sample
focusing step, the single-file stream of the conjugates is directed along a sample
path that is in spaced relation from at least top and bottom channel portions of

said at least one of the sample channels.

79.  The method according to any one of claims 71 to 78 wherein, in the sample
focusing step, the buffer flows into said at least one of the sample channels at a
buffer flow rate that is higher than a test flow rate of the conjugates 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.

82.  The method according to any one of claims 71 to 79 wherein, in the sample
focusing step, each of the one or more flow focusing channels adjoins the sample

channels at an adjoining angle of about 90 degrees.

83. The method according to any one of claims 71 to 79 wherein, 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.

84.  The method according to any one of claims 71 to 79 wherein, in the sample
focusing step, passage of the single-file stream of the conjugates through said at
least one of the sample channels is facilitated by electrokinetic flow.
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85.  The method according to claim 84, further comprising an electrokmetic
step, before the sample focusing step, of supplying (i) a first electrical potential of
a first polarity to the sample channels upstream of the flow focusing channels, (ii)
a second electrical potential of an opposing second polarity to said at least one of
the sample channels downstream of the flow focusing channels, and (iii) a third

electrical potential of the first polarity to each one of the flow focusing channels.

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 potentiai relative to the first electrical potential is

about 1.8:1.

88.  The method according to claim 72 wherein the method further comprises

the steps of:

an irradiating step, after the sample focusing step, of delivering

electromagnetic frequency (EMF) radiation to the conjugates in the single—fi1e

stream; and

a fluorescence-detecting step, after the irradiating step, of monitoring the
single-file stream for fluorescence emitted by the conjugates, with each of the
conjugates, after absorption of the EMF radiation, emitting fluorescence of a

distinct fluorescent spectrum for each one of the conjugate types; and

a conjugate-identifying step, after the irradiating step, of monitoring for
the distinct fluorescent spectrum of each one of the conjugate types, so as to

identify the presence of the target molecules in the test sample.
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89.  The method according to claim 88 wherein, in the conjugate-forming step,
target marker fluorophores are bound to respective ones of the target melecules,
such that in the fluorescence-detecting step, the target marker fluorophores emit
a target part, and 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 spectrum for said each of the conjugates.

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 conjugates 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 438 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

received by a charge-coupled device.

-82-

AMENDED SHEET



BCT/CAZ2008/002027
01 December 2008 (01-12-2008)

95.  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 charge-coupled device and one or more avalanche photodetectors

(APDs)}.
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